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This Technical Specification (TS) has been produced by ETSI 3rd Generation Partnership Project (3GPP).
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Modal verbs terminology
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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.

The present document is part 1 of a multi-part deliverable covering the 5G System (5GS) User Equipment (UE)
protocol conformance specification, as identified below:

- 3GPP TS38.523-1: "5GS; User Equipment (UE) conformance specification; Part 1: Protocol" (the present
document).

- 3GPP TS 38.523-2[2]: "5GS; User Equipment (UE) conformance specification; Part 2: Applicability of protocol
test cases'.

- 3GPP TS 38.523-3[3]: "5GS; User Equipment (UE) conformance specification; Part 3: Protocol Test Suites'.
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1 Scope

The present document specifies the protocol conformance testing for the 3GPP UE connecting to the 5G System (5GS)
viaitsradio interface(s).

The following information can be found in the present document (first part of a multi-part test specification):

- theoverall test structure;

the test configurations,

- the conformance reguirement and references to the core specifications;

- thetest purposes; and

- abrief description of the test procedure, the specific test requirements and short message exchange table.

The applicability of the individual test casesis specified in the | CS proforma specification (3GPP TS 38.523-2 [2]). The
Test Suites are specified in part 3 (3GPP TS 38.523-3 [3]).

The present document is valid for UE implemented according to 3GPP Releases starting from Release 15 up to the
Release indicated on the cover page of the present document.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

[2] 3GPP TS 38.523-2: "5GS; UE conformance specification; Part 2: |mplementation Conformance
Statement (1CS) proforma specification”.

[3] 3GPP TS 38.523-3: "5GS; User Equipment (UE) conformance specification; Part 3: Protocol Test
Suites".

[4] 3GPP TS 38.508-1: "5GS; User Equipment (UE) conformance specification; Part 1: Common test
environment".

[5] 3GPP TS 38.508-2; "5GS; User Equipment (UE) conformance specification; Part 2: Common
Implementation Conformance Statement (1CS) proforma’

[6] 3GPP TS 38.509: "5GS; Special conformance testing functions for User Equipment (UE)".

[7] 3GPP TS 36.508: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universa

Terrestrial Radio Access (E-UTRAN); Common Test Environments for User Equipment (UE)
Conformance Testing".

[8] 3GPP TS 36.509: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal
Terrestrial Radio Access Network (E-UTRAN); Specia conformance testing functions for User
Equipment (UE)".

[9] 3GPP TS 38.113: "New Radio (NR); Requirements for support of radio resource management”.
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[10] 3GPP TS 36.133: "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management”.

[11] 3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC); Protocol specification”.

[12] 3GPP TS 38.331: "NR; Radio Resource Control (RRC) protocol specification”.

[13] 3GPP TS 36.523-1: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Packet
Core (EPC); User Equipment (UE) conformance specification; Part 1: Protocol conformance
specification”.

[14] 3GPP TS 38.212: "NR; Multiplexing and channel coding".

[15] 3GPP TS 38.214: "NR; Physical layer procedures for data’".

[16] 3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1
Standalone’.

[17] 3GPP TS 38.101-2: "NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2
Standalone".

[18] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification”.

[19] 3GPP TS 38.323: "NR; Packet Data Convergence Protocol (PDCP) specification”.

[20] 3GPP TS 33.501: " Security Architecture and Procedures for 5G System .

[21] 3GPP TS 24.301: "Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS); Stage
3"

[22] 3GPP TS 24.501: "Non-Access-Stratum (NAS) protocol for 5G System (5GS); Stage 3"

[23] 3GPP TS 38.306: "NR: User Equipment (UE) radio access capabilities'[24] 3GPP TS 38.211:
"NR; Physical channels and modulation”.

[25] 3GPP TS 36.523-3: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved
Universal Terrestrial Radio Access (E-UTRAN); User Equipment (UE) conformance
specification; Part 3: Abstract Test Suites (ATS)".

[26] 3GPP TS 38.300: "NR; NR and NG-RAN Overall Description; Stage 2".

[27] 3GPP TS 38.322: "NR; Radio Link Control (RLC) protocol specification”.

[28] 3GPP TS 37.340: "NR; Multi-connectivity; Overall description; Stage-2".

3 Definitions, symbols and abbreviations
3.1 Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1], specifications
referred to in the tests Conformance requirements subclauses and the following apply. A term defined in the present
document takes precedence.

Floor: Floor(x) isthe largest integer smaller than or equal to x.

Céll: Celil (x) isthe smallest integer larger than or equal to x.
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3.2 Symbols

For the purposes of the present document, symbols defined in specifications referred to in the tests' Conformance
requirements subclauses and the following apply. A symbol defined in the present document takes precedence

None.

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1]], specifications referred to in
the tests' Conformance requirements subclauses and the following apply. An abbreviation defined in the present
document takes precedence.

ICS I mplementation Conformance Statement
FFS For Further Study
4 Overview

4.1 Test methodology

4.1.1  Testing of optional functions and procedures

Any function or procedure which is optional, asindicated in the present document may be subject to a conformance test
if it isimplemented in the UE.

A declaration by the apparatus supplier (ICS) is used to determine whether an optional function/procedure has been
implemented.

4.1.2 Test interfaces and facilities

Detailed descriptions of the UE test interfaces and special facilities for testing are provided in 3GPP TS 38.509 [6].

4.2 Implicit testing

For some 3GPP signalling and protocol features conformance is not verified explicitly in the present document. This
does not imply that correct functioning of these featuresis not essential, but that these are implicitly tested to a
sufficient degree in other tests.

Implicit testing of 5GS requirements may be done also in tests specified in other 3GPP conformance test specifications.
For clarity these are listed below:

- Indication for support of EN-DC.: if the UE supports E-UTRA-NR dual connectivity, then the UE shall set the
DCNR bit to "dual connectivity with NR supported” in the UE network capability |E of the ATTACH
REQUEST/TRACKING AREA UPDATE REQUEST message; verified implicitly (the setting of the DCNR bit
to 1) by tests specified in TS 36.523-1 [13].

NOTE 1: Itisassumed that an UE supporting EN-DC will support EPS (legacy LTE) and therefore it will be tested
against al relevant legacy LTE tests.

4.3 Repetition of tests
Asageneral rule, thetest cases specified in the present document are highly reproducible and don't need to be repeated

unless otherwise stated. However, the rate of correct UE behaviour such as cell re-selection, measurement and handover
is specified statistically, e.g. "at least 90%" [8], [9]. Additionally, in some of the test cases, presented in TS 38.523-3
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[3], HARQ retransmissions are not tolerated, because of characteristics of the test case. In such cases arepetition of test
may be required. Details are FFS.

4.4 Handling of differences between conformance requirements
in different releases of core specifications

The conformance requirements which determine the scope of each test case are explicitly copy-pasted from relevant
core specifications in the especially dedicated for this section of each test with the title 'Conformance reguirements.

NOTE: When in the copy/pasted text there are references to other specifications the reference numbers will not
match the reference numbers used in the present document. This approach has been taken in order to
allow easy copy and then search for conformance requirementsin those specifications.

When differences between conformance requirements in different releases of the cores specifications have impact on
the Pre-test conditions, Test procedure sequence or/and the Specific message contents, the Conformance requirements
related to different releases are specified separately with clear indication of the Release of the spec from which they
were copied.

When there is no Release indicated for a conformance requirement text, this should be understood either as the
Conformance requirements in the latest version of the spec with release = the TC Applicability release (which can be
found in the column 'Release’ for the relevant for the test case entry in the tablesin TS 38.523-2 [2], subclause 4.1, or,
as the Conformance requirements in the latest version of the spec of the rel ease when the feature was introduced to the
core specs.

5 Reference conditions and generic setup procedures

5.1 Reference conditions

The reference environments used by all signalling and protocol tests will be specified in TS 38.508-1 [4]. If atest
requires an environment that is different, this will be specified in the test itself.

5.2 Generic setup procedures

A set of basic generic procedures for radio resource signalling, and generic setup procedures for layer 3 NAS signalling
will be described in TS 38.508-1 [4]. These procedures will be used in numerous test cases throughout the present
document.

6 |dle mode operations
6.1 NR idle mode operations
Editor’s note: Intended to capture tests of Idle Mode behaviour defined in TS 38.304
FFS
7 Layer 2

7.1 NR Layer 2

7.1.0 Common test case specific values for Layer 2

For all layer 2 test cases, default values for periodicBSR-Timer, retxBSR-Timer and phr-Config shall be taken
according to the table 7.1.0-1 unless test case specific values are given in the test case.
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Table 7.1.0-1: MAC-CellGroupConfig

Derivation Path: TS 38.308 [6], clause Table 4.6.3-49

Information Element Value/remark Comment Condition

MAC-CellGroupConfig ::= SEQUENCE {

bsr-Config SEQUENCE {

periodicBSR-Timer infinity

retxBSR-Timer sf10240

}

phr-Config CHOICE {

release NULL
}

}

7.1.1 MAC
7.11.0 Default Pre-Test Conditions for all MAC test cases

The following pre-test conditions shall be applied in all MAC test cases until the test case explicitly over writes these
conditions

System Simulator:

- The SS configures the test environment in accordance to the execution conditionsin Table 7.1.1.0-1.
UE:

- None
Preamble:

- The SS performs the generic procedure in [4] to get UE in state RRC_CONNECTED in accordance to the
execution conditionsin Table 7.1.1.0-2 and using the message condition UE TEST LOOP MODE A to return
one PDCP SDU per DL PDCP SDU.

Table 7.1.1.0-1: Test environment

Execution Condition Cell configuration System Information
Combination
([4] clause FFS)
IF [pc_nrFDD] or NR Cell 1 FFS
[pc_nrTDD]
ELSE IF [pc_EN_DC] E-UTRA Cell 1 is PCell, EUTRA: System information
NR Cell 1 is PSCell Combination 1
NR: N/A
ELSE IF [pc_NGEN_DC] NG-RAN E-UTRA Cell 1 is PCell, EUTRA: System information
NR Cell 1 is PSCell Combination 1
NR: N/A
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Table 7.1.1.0-2: Preamble parameters

Execution Condition

Generic Procedure Parameters

Primary DRB used for Data
testing

IF [pc_nrFDD] or
[pc_nrTDD]s

Connectivity(NR),
Test loop function(On)

DRB on NR Cell

ELSE IF [pc_EN_DC]

Connectivity(EN-DC),

DC bearer(MN Terminated MCG
bearer and SN terminated SCG
bearer),

Test loop function(On)

SN Terminated SCG bearer
unless explicitly specified in test
case

ELSE IF [pc_NGEN_DC]

Connectivity(NGEN-DC),

DC bearer(MN Terminated MCG
bearer and SN terminated SCG
bearer),

Test loop function(On)

SN Terminated SCG bearer
unless explicitly specified in test
case

7111
7.1.1.1.1

Random Access Procedures

Correct selection of RACH parameters / Random access preamble and PRACH

resource explicitly signalled to the UE by RRC / contention free random access

procedure
711111
(1)

with { UE in RRC Connected }
ensure that {

Test Purpose (TP)

when { SS sends an RRCReconfigurati on nessage incl udi ng RACH Confi gDedi cated information el enent }
then { UE sends a prach preanble given in the RACH Confi gDedi cated on the target cell }

2

with { UE in RRC _Connected state after transm ssion of a PRACH preanble on NR SpCell received in
RACH- Conf i gDedi cated on the target cell }

ensure that {

when { UE does not receive a natching Random Access response in ra-ResponseW ndowSi ze (hence
considers RACH attenpt as failed) and PREAVMBLE _TRANSM SSI ON_COUNTER i s | ess than PREAMBLE TRANS_ MAX

then { UE retransmits a PRACH preanbl e received i n RACH Confi gDedi cated on the target cell }

}

711112

Conformance requirements

References. The conformance requirements covered in the present test case are specified in: TS 38.321, clauses 5.1.2,
5.1.4. Unless otherwise stated these are Rel-15 requirements.

[TS38.321, clause 5.1.2]
The MAC entity shall:

1> elseif the ra-Preamblel ndex has been explicitly provided by either PDCCH or RRC; and

1> if the ra-Preamblelndex is not 0b000000; and

1> if contention-free Random Access Resource associated with SSBs or CSI-RS have not been explicitly provided

by RRC:

2> set the PREAMBLE_INDEX to the signalled ra-Preamblel ndex.

1> if an SSB is selected above and an association between PRACH occasions and SSBsis configured:
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2> determine the next available PRACH occasion from the PRACH occasions corresponding to the selected
SSB permitted by the restrictions given by the ra-ssb-OccasionMaskindex if configured (the MAC entity
may take into account the possible occurrence of measurement gaps when determining the next available
PRACH occasion corresponding to the selected SSB).

1> elseif aCSI-RSis selected above and an association between PRACH occasions and CSI-RSs is configured:

2> determine the next available PRACH occasion from the PRACH occasionsin ra-OccasionList corresponding
to the selected CSI-RS (the MAC entity may take into account the possible occurrence of measurement gaps
when determining the next available PRACH occasion corresponding to the selected CSI-RS).

1> else

2> determine the next available PRACH occasion (the MAC entity may take into account the possible
occurrence of measurement gaps when determining the next available PRACH occasion).

1> perform the Random Access Preambl e transmission procedure (see subclause 5.1.3).
[TS38.321, clause 5.1.4]

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the
MAC entity shall:

1> else

2> start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as specified
in TS 38.213 [6] from the end of the Random Access Preamble transmission;

2> monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while thera-
ResponseWindow is running.

1> if notification of areception of a PDCCH transmission is received from lower layers; and

1> if PDCCH transmission is addressed to the C-RNTI; and

1> elseif adownlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is
successfully decoded:

2> if the Random Access Response contains a Backoff Indicator subheader:

3> set the PREAMBLE_BACKOFF to value of the Bl field of the Backoff Indicator subheader using Table
7.2-1.

2> ese
3> set the PREAMBLE_BACKOFF to 0 ms.

2> if the Random Access Response contains a Random Access Preamble identifier corresponding to the
transmitted PREAMBLE_INDEX (see subclause 5.1.3):

3> consider this Random Access Response reception successful.
2> if the Random Access Response reception is considered successful:
3> if the Random Access Response includes RAPID only:
4> consider this Random Access procedure successfully completed;
4> indicate the reception of an acknowledgement for the Sl request to upper layers.
3> dse

4> apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:
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5> process the received Timing Advance Command (see subclause 5.2);

5> indicate the preambl eReceivedTargetPower and the amount of power ramping applied to the latest
Random Access Preamble transmission to lower layers (i.e.
(PREAMBLE_POWER_RAMPING_COUNTER - 1) x preamblePower RampingStep);

5> if the Serving Cell for the Random Access procedure is SRS-only SCell:
6> ignore the received UL grant.

5> elser
6> process the received UL grant value and indicate it to the lower layers.

4> if the Random Access Preamble was not selected by the MAC entity among the contention-based
Random Access Preambl e(s):

5> consider the Random Access procedure successfully completed.

1> if ra-ResponseWindow configured in RACH-ConfigCommon expires, and if the Random Access Response
containing Random Access Preambl e identifiers that matches the transmitted PREAMBLE_INDEX has not been
received; or:

1> if ra-ResponseWindow configured in BeamFailureRecoveryConfig expires and if the PDCCH addressed to the
C-RNTI has not been received:

2> consider the Random Access Response reception not successful;
2> increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2> if PREAMBLE_TRANSMISSION_COUNTER = preambleTxMax + 1:
3> if the Random Access Preamble is transmitted on the SpCell:
4> indicate a Random Access problem to upper layers.
3> elseif the Random Access Preamble is transmitted on a SCell:
4> consider the Random Access procedure unsuccessfully completed.

2> if in this Random Access procedure, the Random Access Preambl e was selected by MAC among the
contention-based Random Access Preambl es:

3> select arandom backoff time according to a uniform distribution between 0 and the
PREAMBLE_BACKOFF;

3> delay the subsequent Random Access Preambl e transmission by the backoff time.
2> perform the Random Access Resource selection procedure (see subclause 5.1.2).

The MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after
successful reception of a Random Access Response contai ning Random Access Preamble identifiers that matches the
transmitted PREAMBLE_INDEX.

HARQ operation is not applicable to the Random Access Response transmission.
7.1.1.1.1.3 Test description

7.11.113.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.3.0 except the following:

- 2NRcels(NR Cél 1 and NR Cell 2) are configured with SN terminated SCG bearersin RLC AM mode.
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7.1.1.1.1.3.2 Test procedure sequence

Table 7.1.1.1.1.3.2-1: Main behaviour

St Procedure Message Sequence TP | Verdict
U-S Message
1 The SS transmits an <-- RRCConnectionReconfiguration - -
RRCConnectionReconfiguration message (RRCReconfiguration)

containing NR RRCReconfiguration message i
to handover source PSCell NR Cell 1 to target
NR Cell 2, including RACH-ConfigDedicated
information element

2 Check: Does the UE transmit an --> RRCConnectionReconfigurationC - -
RRCConnectionReconfigurationComplete omplete
message containing NR (RRCReconfigurationComplete)
RRCReconfigurationComplete message?

3 Check: Does the UE transmit Preamble on --> (PRACH Preamble) 1 P
PRACH corresponding to ra-Preamblelndex in
step 1?

4 Check: Does the UE re-transmits Preamble on --> (PRACH Preamble) 2 P
PRACH corresponding to ra-Preamblelndex in
step 1?

5 The SS transmits Random Access Response <-- Random Access Response - -

on NR cell 2, with RAPID corresponding to ra-
Preambleindex in step 1
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Table 7.1.1.1.1.3.3-1: RRCConnectionReconfiguration (step 1, Table 7.1.1.1.1.3.2-1)

Derivation Path: 36.508 [7], Table 4.6.1-8

Information Element

Value/remark

Comment

Condition

RRCConnectionReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

c1 CHOICE {

rrcConnectionReconfiguration-r8 ::= SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCiriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nr-Config-r15 CHOICE {

setup SEQUENCE {

nr-SecondaryCellGroupConfig-r15

OCTET STRING
including the
RRCReconfiguration
message containing the
IE secondaryCellGroup

}

nonCriticalExtension ::= SEQUENCE {}

Table 7.1.1.1.1.3.3-2: RRCReconfiguration (Table 7.1.1.1.1.3.3-1)

Derivation Path: 38.508-1 [4], Table [4.6.1-3]

Information Element

Value/remark

Comment

Condition

RRCReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

rrcReconfiguration ::= SEQUENCE {

secondaryCellGroup

CellGroupConfig

}

}

}
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Table 7.1.1.1.1.3.3-3 CellGroupConfig (Table 7.1.1.1.1.3.3-2)

Derivation Path: 38.508-1 [4], Table [4.6.3-13] with conditions EN-DC, SCG and RECONFWITHSYNC

Information Element Value/remark Comment Condition

CellGroupConfig ::= SEQUENCE {

spCellConfig SEQUENCE {

servCelllndex 1

reconfigurationWithSync SEQUENCE {

rach-ConfigDedicated CHOICE {

uplink RACH-ConfigDedicated
}

}

}

}

Table 7.1.1.1.1.3.3-4: RACH-ConfigDedicated (Table 7.1.1.1.1.3.3-3)

Derivation Path: TS 38.331 [6], clause 6.3.2

Information Element Value/remark Comment Condition

RACH-ConfigDedicated::= SEQUENCE {

cfra-Resources CHOICE {

ssb SEQUENCE {

ssb-ResourceList SEQUENCE (SIZE(1..maxRA- 1 entry
SSB-Resources)) OF SEQUENCE {

ssh 0
ra-Preamblelndex 52 Randomly
selected
}
ra-ssb-OccasionMaskindex 0
}
cfra-Occasions Not present
}
7.1.1.1.2 Random access procedure / Successful / C-RNTI Based / Preamble selected by
MAC itself
7.1.1121 Test Purpose (TP)
1)

with { UE in RRC Connected NR SpCel| TineAl ignnmentTiner expired, and has UL Data to send }
ensure that {
when { the UL MAC PDU Size is | ess than nessageSi zeG oupA }
then { UE transnits a random access preanble using a preanble in group A of random access
preanbl es }

}

)

with { UE in RRC Connected state after transm ssion of a PRACH preanble on NR SpCell }
ensure that {
when { SS does not answer with a matching Random Access Response within ra-ResponseW ndowSi ze }
then { UE retransmits a PRACH preanbl e from sane group }

}

©)

with { UE in RRC Connected state after transm ssion of a PRACH preanble on NR SpCell }
ensure that {
when { UE receives while ra-ResponseW ndowSi zeTi ner is running MAC PDU containing nultiple RARs
but none of the subheaders contains a RAPID corresponding to the UE }
then { UE retransmits a PRACH preanbl e from sane group }

}
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4

with { UE in RRC Connected state after transm ssion of a PRACH preanble on NR SpCell }
ensure that {
when { SS sends a Random Access Response including a Backoff |ndicator and the Random Access
Preanble identifier is different fromthe value received fromthe UE }
then { UE triggers RA preanble after a randomtinme between O and the indicated Backoff paraneter
fromsane group }

®)

with { UE in RRC Connected state after transm ssion of a PRACH preanble on NR SpCell }
ensure that {

when { UE receives while ra-ResponseW ndowSi zeTi ner is running MAC PDU containing nultiple RARs
and one of the subheaders contains a RAPID corresponding to the UE and contai ni ng Backoff | ndicator

then { UE stores Backoff Indicator UE transmts RACH procedure MSG3 }
}

(6)
with { UE in RRC Connected state after transm ssion of Msg3 on NR SpCell without dedicated preanble

ensure that {
when { The SS does not schedul e any PDCCH transni ssion addressed to UE C-RNTI before Contention
resolution timer expiry }
then { UE transmts a random access preanble using a preanble in the sane group of random access
preanbl es as used for the first transm ssion of Mg3 }

}

Q)
with { UE in RRC Connected state after transmi ssion of Msg3 on NR SpCell without dedicated preanble

ensure that {
when { UE receive PDCCH transm ssion addressed to its G RNTI before Contention resolution tiner

expiry }
then { UE considers RACH procedure as conplete }

}

(8)
with { UE in RRC_Connected NR SpCell| TinmeAlignnmentTinmer expired, and has UL Data to send }
ensure that {

when { the UL MAC PDU Size is greater than nessageSi zeG oupA }

then { UE transnits a random access preanble using a preanble in group B of random access
preanbl es }
}

©)

with { UE in RRC Connected state and having initiated a random access procedure in NR SpCell }
ensure that {
when { The SS transnits a Timng Advance Comrand in a Random Access Response nessage }
then {the UE applies the received Timng Advance value in the next transmtted MAC PDU }

7.1.1.1.22 Conformance requirements

References. The conformance requirements covered in the present test case are specified in: TS 38.321, clauses 5.1.2,
5.1.3,5.1.4,5.15,5.2,6.1.3.2, 6.1.5 and 6.2.3. Unless otherwise stated these are Rel-15 requirements.

[TS38.321, clause 5.1.2]
The MAC entity shall:

1> else
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2> if at least one of the SS blocks with SS-RSRP above rsrp-ThresholdSSB is avail able:
3> select an SS block with SS-RSRP above rsrp-Threshol dSSB.

2> else
3> select any SS block.

2> if Msg3 has not yet been transmitted:
3> if Random Access Preambles group B exists; and

3> if the potential Msg3 size (UL data available for transmission plus MAC header and, where required,
MAC CEys) is greater than ra-Msg3S zeGroupA and the pathloss is less than PCMAX (of the Serving Cell
performing the Random Access Procedure) —preambleReceivedTargetPower

4> select the Random Access Preambles group B.
3> ese
4> select the Random Access Preambles group A.
2> else (i.e. Msg3 is being retransmitted):

3> select the same group of Random Access Preambles as was used for the Random Access Preamble
transmission attempt corresponding to the first transmission of Msg3.

2> if the association between Random Access Preambles and SS blocks is configured:

3> select ara-Preamblelndex randomly with equal probability from the Random Access Preambles
associated with the selected SS block and the selected group.

2> else

3> select ara-Preamblelndex randomly with equal probability from the Random Access Preambles within
the selected group.

2> set the PREAMBLE_INDEX to the selected ra-Preamblel ndex.

1> else:

2> determine the next available PRACH occasion (the MAC entity may take into account the possible
occurrence of measurement gaps when determining the next available PRACH occasion).

1> perform the Random Access Preambl e transmission procedure (see subclause 5.1.3).
[TS38.321, clause 5.1.3]
The MAC entity shall, for each Random Access Preamble:
1> if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1> if the notification of suspending power ramping counter has not been received from lower layers; and
1> if SSbhlock selected is not changed (i.e. same as the previous Random Access Preamble transmission):
2> increment PREAMBLE_POWER_RAMPING_COUNTER by 1.

1> set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower +
(PREAMBLE_POWER_RAMPING_COUNTER — 1) x preamblePower RampingStep;

1> except for contention-free Random Access Preamble for beam failure recovery request, compute the RA-RNTI
associated with the PRACH occasion in which the Random Access Preambl e is transmitted;

1> instruct the physical layer to transmit the Random Access Preamble using the selected PRACH, corresponding
RA-RNTI (if available), PREAMBLE_INDEX and PREAMBLE_RECEIVED _TARGET_POWER.
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The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI=1+sid+14xt id+14x X xf id+ 14 x X x Y x ul_carrier_id

where s id istheindex of the first OFDM symbol of the specified PRACH (0 <s id < 14), t_id istheindex of the first
slot of the specified PRACH in asystem frame (0 <t_id < X), f_id isthe index of the specified PRACH in the
frequency domain (0 <f_id<Y), and ul_carrier_id isthe UL carrier used for Msgl transmission (O for normal carrier,
and 1 for SUL carrier). Thevalues X and Y are specified in TS 38.213 [6].

[TS38.321, clause 5.1.4]

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the
MAC entity shall:

1> else

2> start the ra-ResponseWindow at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the
Random Access Preamble transmission;

2> monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while thera-
ResponseWindow is running.

1> if notification of areception of a PDCCH transmission is received from lower layers; and
1> if PDCCH transmission is addressed to the C-RNTI; and

1> if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC
entity:

2> consider the Random Access procedure successfully completed.

1> elseif adownlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is
successfully decoded:

2> if the Random Access Response contains a Backoff Indicator subheader:

3> set the PREAMBLE_BACKOFF to value of the Bl field of the Backoff Indicator subheader using Table
7.2-1.

2> else
3> set the PREAMBLE _BACKOFF to 0 ms.

2> if the Random Access Response contains a Random Access Preamble identifier corresponding to the
transmitted PREAMBLE_INDEX (see subclause 5.1.3):

3> consider this Random Access Response reception successful.
2> if the Random Access Response reception is considered successful:
3> if the Random Access Response includes RAPID only:
4> consider this Random Access procedure successfully completed;
4> indicate the reception of an acknowledgement for the Sl request to upper layers.
3> dse
4> if 'multiple Random Access Preamble transmission’ has been signalled:
5> stop transmitting remaining Random Access Preambles, if any.
4> apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:

5> process the received Timing Advance Command (see subclause 5.2);
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5> indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest
Random Access Preamble transmission to lower layers (i.e.
(PREAMBLE_POWER_RAMPING_COUNTER — 1) x preamblePower Ramping3tep).

5> if the Serving Cell for the Random Access procedure is SRS-only SCell:
6> ignore the received UL grant.

5> elser
6> process the received UL grant value and indicate it to the lower layers.

4> if the Random Access Preamble was not selected by the MAC entity among the contention-based
Random Access Preambl e;

5> consider the Random Access procedure successfully completed.
4> else:
5> set the TEMPORARY_C-RNTI to the value received in the Random Access Responsg;

1> if ra-ResponseWindow expires, and if the Random Access Response containing Random Access Preamble
identifiers that matches the transmitted PREAMBLE_INDEX has not been received; or:

1> if ra-ResponseWindowBFR expires and if the PDCCH addressed to the C-RNTI has not been received:
2> consider the Random Access Response reception not successful;
2> increment PREAMBLE_TRANSMISS ON_COUNTER by 1;
2> if PREAMBLE_TRANSMISSION_COUNTER = preambleTxMax + 1:
3> if the Random Access Preamble is transmitted on the SpCell:
4> indicate a Random Access problem to upper layers.
3> elseif the Random Access Preamble is transmitted on a SCell:
4> consider the Random Access procedure unsuccessfully completed.

2> if in this Random Access procedure, the Random Access Preamble was selected by MAC among the
contention-based Random Access Preambl e;

3> select arandom backoff time according to a uniform distribution between 0 and the
PREAMBLE_BACKOFF;

3> delay the subsequent Random Access Preamble transmission by the backoff time.
2> perform the Random Access Resource selection procedure (see subclause 5.1.2).

The MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after
successful reception of a Random Access Response contai ning Random A ccess Preambl e identifiers that matches the
transmitted PREAMBLE_INDEX.

[TS38.321, clause 5.1.5]

Contention Resolution is based on either C-RNTI on PDCCH of the SpCell or UE Contention Resolution Identity on
DL-SCH.

Once Msg3 is transmitted, the MAC entity shall:

1> start the ra-ContentionResol utionTimer and restart the ra-ContentionResolutionTimer at each HARQ
retransmission;

1> monitor the PDCCH while the ra-ContentionResolutionTimer is running regardless of the possible occurrence of
ameasurement gap;
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1> if notification of areception of a PDCCH transmission is received from lower layers:
2> if the C-RNTI MAC CE wasincluded in M sg3:

3> if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the
PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission; or

3> if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmissionis
addressed to the C-RNTI; or

3> if the Random Access procedure was initiated by a beam failure indication from lower layer and the
PDCCH transmission is addressed to the C-RNTI:

4> consider this Contention Resolution successful;
4> stop ra-ContentionResolutionTimer;
4> discard the TEMPORARY_C-RNTI;

4> consider this Random Access procedure successfully completed.

1> if ra-ContentionResolutionTimer expires:
2> discard the TEMPORARY_C-RNTI;
2> consider the Contention Resolution not successful.
1> if the Contention Resolution is considered not successful:
2> flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;
2> increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2> if PREAMBLE_TRANSMISSION_COUNTER = preambleTxMax + 1:
3> indicate a Random Access problem to upper layers.

2> select arandom backoff time according to a uniform distribution between 0 and the
PREAMBLE_BACKOFF;

2> delay the subsequent Random Access Preambl e transmission by the backoff time;
2> perform the Random Access Resource selection procedure (see subclause 5.1.2).
[TS38.321, clause 5.2]
RRC configures the following parameters for the maintenance of UL time alignment:

- timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging
to the associated TAG to be uplink time aligned.

The MAC entity shall:

1> when a Timing Advance Command MAC CE isreceived, and if aN+a (asdefined in TS 38.211 [8]) has been
maintained with the indicated TAG:

2> apply the Timing Advance Command for the indicated TAG;

2> start or restart the timeAlignmentTimer associated with the indicated TAG.

1> when atimeAlignmentTimer expires:

2> if the timeAlignmentTimer is associated with the PTAG:
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3> flush all HARQ buffersfor all Serving Cells;
3> notify RRC to release PUCCH for al Serving Cells, if configured;
3> notify RRC to release SRS for all Serving Cells, if configured,
3> clear any configured downlink assignments and configured uplink grants;
3> consider al running timeAlignmentTimers as expired;
3> maintain Nta (defined in TS 38.211[8]) of all TAGs.
2> dseif the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3> flush all HARQ buffers;
3> notify RRC to release PUCCH, if configured;
3> notify RRC to release SRS, if configured;
3> clear any configured downlink assignments and configured uplink grants;
3> maintain Nta (defined in TS 38.211 [8]) of this TAG.

When the MAC entity stops uplink transmissions for an SCell due to the fact that the maximum uplink transmission
timing difference between TAGs of the MAC entity or the maximum uplink transmission timing difference between
TAGs of any MAC entity of the UE is exceeded, the MAC entity considers the timeAlignmentTimer associated with the
SCell as expired.

The MAC entity shall not perform any uplink transmission on a Serving Cell except the Random Access Preamble
transmission when the timeAlignmentTimer associated with the TAG to which this Serving Cell belongsis not running.
Furthermore, when the timeAlignmentTimer associated with the pTAG is not running, the MAC entity shall not perform
any uplink transmission on any Serving Cell except the Random Access Preambl e transmission on the SpCell.

[TS38.321, clause 6.1.3.2]
The C-RNTI MAC CE isidentified by MAC PDU subheader with LCID as specified in Table 6.2.1-2.
It has afixed size and consists of asingle field defined as follows (Figure 6.1.3.2-1):

- C-RNTI: Thisfield containsthe C-RNTI of the MAC entity. The length of the field is 16 hits.

C-RNTI Oct 1

C-RNTI Oct 2

Figure 6.1.3.2-1: C-RNTI MAC CE

[TS 38.321, clause 6.1.5]

A MAC PDU consists of one or more MAC subPDUs and optionally padding. Each MAC subPDU consists one of the
following:

- aMAC subheader with Backoff Indicator only;
- aMAC subheader with RAPID only (i.e. acknowledgment for Sl request);
- aMAC subheader with RAPID and MAC RAR.

A MAC subheader with Backoff Indicator consists of five header fields E/T/R/R/BI as described in Figure 6.1.5-1. A
MAC subPDU with Backoff Indicator only is placed at the beginning of the MAC PDU, if included. 'MAC subPDU(s)
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with RAPID only' and 'MAC subPDU(s) with RAPID and MAC RAR' can be placed anywhere between MAC subPDU
with Backoff Indicator only (if any) and padding (if any).

A MAC subheader with RAPID consists of three header fields E/T/RAPID as described in Figure 6.1.5-2.

Padding is placed at the end of the MAC PDU if present. Presence and length of padding isimplicit based on TB size,
size of MAC subPDU(s).

E T R R Bl Octl

E T RAPID Octl

Figure 6.1.5-2: E/T/RAPID MAC subheader

E/T/R/R/BI E/T/RAPID E/T/RAPID
subheader subheader subheader MAC RAR

| [ | // pid

| I Iy e

| (] 1y s

| (] 1y ad

| I 1/ s

I 1 1/ .7

I 1 I/ .7

I It " e

MAC subPDU 1 | MAC subPDU 2 MAC subPDU 2 '

(Bl only) (RAPID only) (RAPID and RAR) MAC subPDU 3 ans MAC subPDU n Padding (opt)

Figure 6.1.5-3: Example of MAC PDU consisting of MAC RARs

[TS38.321, clause 6.2.3]
The MAC RAR isof fixed size as depicted in Figure 6.2.3-1, and consists of the following fields:

Timing Advance Command: The Timing Advance Command field indicates the index value Ta used to control
the amount of timing adjustment that the MAC entity hasto apply in TS 38.213 [6]. The size of the Timing
Advance Command field is 12 hits;

UL Grant: The Uplink Grant field indicates the resources to be used on the uplink in TS 38.213 [6]. The size of
the UL Grant field is 20 bits;

- Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the MAC
entity during Random Access. The size of the Temporary C-RNTI field is 16 bits.

The MAC RAR isoctet aligned.
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Timing Advance Command Oct1

Timing Advance UL Grant Oct 2
Command

UL Grant Oct 3

UL Grant Oct 4

Temporary C-RNTI Oct 5

Temporary C-RNTI Oct 6

Figure 6.2.3-1: MAC RAR

7.1.1.1.2.3 Test description
7111231 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0.
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7.1.1.1.2.3.2 Test procedure sequence

Table 7.1.1.1.2.3.2-1: Main behaviour
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St

Procedure

Message Sequence

Message

TP

Verdict

SS transmits Timing Advance command to
SpCell. SS does not send any subsequent
timing alignments. Start Timer_T1 = Time
Alignment timer value on SS.

MAC PDU (Timing Advance
Command MAC Control Element)

40 to 50 TTI before Timer_T1 expires the SS
transmits a MAC PDU containing a PDCP
SDU of size 56 bits, less then ra-
Msg3SizeGroupA(208 bits) on SpCell . (Note
1)

MAC PDU

The SS ignores scheduling requests and does
not allocate any uplink grant.

Check: Does the UE transmit preamble on
PRACH using a preamble in group A defined
in nr-SecondaryCellGroupConfig in
RRCConnectionReconfiguration
(totalNumberOfRA-Preambles, ssb-perRACH-
OccasionAndCB-PreamblesPerSSB and
numberOfRA-PreamblesGroupA) on SpCell in
frame number X meeting condition ns,n mod 8
=1, subframe number 2,6,9 (FDD FR1) 4,9
(FR1 TDD) and frame number X and Slot
number 0,1,2...39 (FR2)?

PRACH Preamble

Check: does the UE transmit a preamble on
PRACH, in frame number X+1 or X+2
subframe number 2,5,8 (FDD FR1)/ 7,8,9 (FR1
TDD) and frame number X and slot number
0,1,2...39 (FR2) using the same group A?

PRACH Preamble

The SS transmits a MAC PDU addressed to
UE RA-RNTI, containing multiple RARs but
none of the MAC sub headers contains a
matching RAPID on SpCell

<--

Random Access Response

EXCEPTION: In parallel with step 7, parallel
behaviour defined in table 7.1.1.1.2.3.2-2 is
executed

Check: Does the UE re-transmit a preamble on
PRACH on SpCell using the same group A?

PRACH Preamble

The SS transmits a Random Access Response
with the back off parameter set to value Index
field ‘X’ and with the Random Access Preamble
identifier different from the value received from
the UE in the Random Access Preamble.

The SS sets Timer_T2 to the Back off value 'y’
associated with the Index value ‘X’ and starts
Timer T2.

Random Access Response(BlI,
RAPID)

Check: Does UE send a Random Access

Preamble on SpCell while Timer_T2 is running
?

Random Access Preamble

10

SS sends Random Access Response with an
UL Grant of 56-bits, a back off parameter set
to value Index field ‘x’ and the Random Access
Preamble identifier value set to the same value
as received from the UE in the Random
Access Preamble. (Note 2)

Random Access Response(Bl,
RAPID)

11

Check: Does UE sends a msg3 in the grant
associated to the Random Access "Response
received in step 10 on SpCell?

msg3 (C-RNTI MAC CONTROL
ELEMENT)

12

SS Does not schedule any PDCCH
transmission for UE C-RNTI.

The SS sets Timer_T3 to the Back off value 'y’
associated with the Index value ‘X’ plus
Contention Resolution Timer and starts
Timer_T3.

13

Check: Does the UE transmit preamble on
PRACH using a preamble belonging to group
A for time equal to Timer_T3 on SpCell?

PRACH Preamble
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14 | The SS transmits Random Access Response <-- Random Access Response - -
with an UL Grant of 56-bits and RAPID
corresponding to the transmitted Preamble in
step 13, including T-CRNTI.
15 UE sends a msg3 using the grant associated --> msg3 (C-RNTI MAC CONTROL - -
to the Random Access "Response received in ELEMENT)
step 14 on SpCell?
16 SS schedules PDCCH transmission for UE <-- Contention Resolution - -
C_RNTI and allocate uplink grant.
- EXCEPTION: In parallel with step 17, parallel - - - -
behaviour defined in table 7.1.1.1.2.3.2-3 is
executed
17 The UE transmits a MAC PDU with C-RNTI --> MAC PDU 7 P
containing looped back PDCP SDU
18 SS transmits Timing Advance command to <-- MAC PDU (Timing Advance - -
SpCell. SS does not send any subsequent Command MAC Control Element)
timing alignments. Start Timer_T4 = Time
Alignment timer value on SS
19 40 to 50 TTI before Timer_T4 expires the SS <-- MAC PDU - -
transmits a MAC PDU containing a PDCP
SDU of size > ra-Msg3SizeGroupA(208 bits)
20 The SS ignores scheduling requests and does - - - -
not allocate any uplink grant.
21 Check: Does the UE transmit preamble on --> PRACH Preamble 8 P
PRACH using a preamble in group B defined
in nr-SecondaryCellGroupConfig in
RRCConnectionReconfiguration ( ssb-
perRACH-OccasionAndCB-
PreamblesPerSSB, numberOfRA-
PreamblesGroupA and numberOfRA-
Preambles) on SpCell?
22 The SS transmits Random Access Response <-- Random Access Response - -
with an UL Grant of 56-bits and RAPID
corresponding to the transmitted Preamble in
step 21, including T-CRNTI.
23 UE sends a msg3 using the grant associated --> msg3 (C-RNTI MAC CONTROL - -
to the Random Access "Response received in ELEMENT)
step 22 on SpCell?
23 SS schedules PDCCH transmission for UE <-- Contention Resolution - -
C_RNTI and allocate uplink grant.
24 The UE transmits a MAC PDU with C-RNTI --> MAC PDU 9 P
containing looped back PDCP SDU
Note 1: MAC PDU size of 56bits is selected to allow UE send status PDU and still stays below the limit of ra-
Msg3SizeGrioupA.
Note 2: UL grant of 56bits is to make UE not send any loopback data in uplink with msg3.
Table 7.1.1.1.2.3.2-2: Parallel behaviour
St Procedure Message Sequence TP | Verdict
Uu-S Message
1 | Check: Does the UE transmit msg3 message --> msg3 (C-RNTI MAC CONTROL - F
on SpCell. ELEMENT)
Table 7.1.1.1.2.3.2-3: Parallel behaviour
St Procedure Message Sequence TP | Verdict
U-S Message
1 Check: Does the UE transmit an PRACH --> PRACH Preamble - F

preamble or msg3 on SpCell?

OR
msg3 (C-RNTI MAC CONTROL
ELEMENT)
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Derivation Path: TS 38.508-1 [4], Table 4.6.1-3

Information Element Value/remark Comment Condition
RRCReconfiguration ::= SEQUENCE {
rrc-Transactionldentifier RRC- Table [4.6.5-1].
Transactionldentifier
criticalExtensions CHOICE {
rrcReconfiguration ::= SEQUENCE {
secondaryCellGroup CellGroupConfig OCTET STRING EN-DC
(CONTAINING
CellGroupConfig)
}
}
}
Table 7.1.1.1.2.3.3-2: CellGroupConfig (Table 7.1.1.1.2.3.3-1)
Derivation Path: TS 38.508-1 [4], Table 4.6.3-13
Information Element Value/remark Comment Condition
CellGroupConfig ::= SEQUENCE {
spCellConfig SEQUENCE {
reconfigurationWithSync SEQUENCE {
spCellConfigCommon ServingCellConfigComm
on
newUE-Identity RNTI-Value
t304 ms2000
rach-ConfigDedicated CHOICE {
uplink Not Present CFRA resources
not available
supplementaryUplink Not Present
}
}
Table 7.1.1.1.2.3.3-3: ServingCellConfigCommon (Table 7.1.1.1.2.3.3-1)
Derivation Path: TS 38.508-1 [4], Table 4.6.3-129
Information Element Value/remark Comment Condition
ServingCellConfigCommon ::= SEQUENCE {
uplinkConfigCommon SEQUENCE {
initialUplinkBWP BWP-UplinkCommon
}
}
Table 7.1.1.1.2.3.3-4: BWP-UplinkCommon (Table 7.1.1.1.2.3.3-1)
Derivation Path: TS 38.508-1 [4], Table 4.6.3-6
Information Element Value/remark Comment Condition

BWP-UplinkCommon ::= SEQUENCE {

rach-ConfigCommon CHOICE {

setup

RACH-ConfigCommon

}

}
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Table 7.1.1.1.2.3.3-5: RACH-ConfigCommon (Table 7.1.1.1.2.3.3-1)

Derivation Path: TS 38.508-1 [4], Table 4.6.3-97

Information Element

Value/remark

Comment Condition

RACH-ConfigCommon::= SEQUENCE {

rach-ConfigGeneric

RACH-ConfigGeneric

totaINumberOfRA-Preambles

42

ssb-perRACH-OccasionAndCB-PreamblesPerSSB

CHOICE {

One n32

}

groupBconfigured SEQUENCE {
ra-Msg3SizeGroupA b208
messagePowerOffsetGroupB minusinfinity
numberOfRA-PreamblesGroupA 28

}

ra-ContentionResolutionTimer sf48

}
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Derivation Path: TS 38.508-1 [4], Table 4.6.3-98

Information Element

Value/remark

Comment

Condition

RACH-ConfigGeneric ::= SEQUENCE {

prach-Configurationindex

119

As per Table
6.3.3.2-2: of TS
38.211 [24], this
results in PRACH
preamble
transmission in a
radio frame
meeting nsen mod
8=1, subframe
number 2, 6, 9
and starting
symbol 0 using
preamble Format
A2.

FR1 FDD

prach-Configurationindex

94

As per Table
6.3.3.2-3: of TS
38.211 [24], this
results in PRACH
preamble
transmission in a
radio frame
meeting nsen mod
8=1, subframe
number 4, 9 and
starting symbol 0
using preamble
Format A2.

FR1 TDD

prach-Configurationindex

As per Table
6.3.3.2-4: of TS
38.211 [24], this
results in PRACH
preamble
transmission start
in any radio frame
number, slot
number
0,1,2,...,39 and
starting symbol 0.

FR2

preambleReceivedTargetPower

dBm-104

preambleTransMax

n10

powerRampingStep

dB2

ra-ResponseWindow

sI8

}

7.11.2 Downlink Data Transfer
7.1.1.2.1
711211
@

with { UE in RRC_CONNECTED state }
ensure that {

Test Purpose (TP)

when { UE receives downlink assignnent on the PDCCH for the UE's C RNTI

associ ated Slot and UE perforns HARQ operation }

then { UE sends a HARQ feedback on the HARQ process }

}

2

with { UE in RRC_CONNECTED state }
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ensure that {
when { SS transmits downlink assignnent on the PDCCH with a C RNTI unknown by the UE and data is
avail able in the associated Slot }
then { UE does not send any HARQ feedback on the HARQ process }

}

3

with { UEin RRC _CONNECTED state }
ensure that {
when { the UE receives a MAC PDU addressed to its G RNTI and decode fails in the associated Slot }
then { the UE transmits a NACK for the correspondi ng HARQ process }

}

(4)

with { UE in RRC_CONNECTED state }
ensure that {
when { the UE receives a MAC PDU retransni ssion addressed to its GRNTI, and results in successful
decode in the associated Slot}
then { the UE transmits an ACK for the correspondi ng HARQ process and forward to higher |ayer }

}

®)

with { UEin RRC CONNECTED state }
ensure that {
when { UE receives a MAC PDU containing nultiple MAC sub PDUs each containing a MAC SDU that is
| arger than 256 bytes (16 bits L field used) wi th padding MAC sub PDU at the end }
then { UE successfully decodes the MAC PDU and forward to higher |ayer }

}

(6)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives a MAC PDU containing nultiple MAC sub PDUs each containing a MAC SDU that is
smal | er than 256 bytes (8 bits L field used) with padding MAC sub PDU at the end }
then { UE successfully decodes the MAC PDU and forward to higher |ayer }

}

(7

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives a MAC PDU contai ning MAC sub PDU contai ning a MAC SDU and no paddi ng MAC sub
PDU}
then { UE successfully decodes the MAC PDU and forward to higher |ayer }
}

©)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives a MAC PDU contai ning MAC sub PDU containing a MAC SDU that is smaller than 256
bytes (8 bits L field used) plus MAC sub PDU containing a MAC SDU that is greater than 256 bytes (16
bits L field used)and no padding }
then { UE successfully decodes the MAC PDU and forwards the AMD PDUs to higher |ayer }

}

7.1.1.21.2 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.321, clauses5.3.1,
5.3.2.1,5.3.2.2 and 6.1.2. Unless otherwise stated these are Rel-15 requirements.

[TS38.321, clause 5.3.1]

Downlink assignments received on the PDCCH both indicate that there is a transmission on a DL-SCH for a particular
MAC entity and provide the relevant HARQ information.
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When the MAC entity hasa C-RNTI, Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH
occasion during which it monitors PDCCH and for each Serving Cell:

1> if adownlink assignment for this PDCCH occasion and this Serving Cell has been received on the PDCCH for
the MAC entity’s C-RNTI, or Temporary C-RNTI:

2> if thisisthe first downlink assignment for this Temporary C-RNTI:
3> consider the NDI to have been toggled.

2> if the downlink assignment is for the MAC entity’s C-RNTI, and if the previous downlink assignment
indicated to the HARQ entity of the same HARQ process was either a downlink assignment received for the
MAC entity’s CS-RNTI or a configured downlink assignment:

3> consider the NDI to have been toggled regardless of the value of the NDI.

2> indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ
entity.

1> elseif adownlink assignment for this PDCCH occasion has been received for this Serving Cell on the PDCCH
for the MAC entity’s CS-RNTI:

2> if the NDI in the received HARQ information is 1:
3> consider the NDI for the corresponding HARQ process not to have been toggled;

3> indicate the presence of a downlink assignment for this Serving Cell and deliver the associated HARQ
information to the HARQ entity.

2> if the NDI in the received HARQ information is O:
3> if PDCCH contents indicate SPS deactivation:
4> clear the configured downlink assignment for this Serving Cell (if any);
4> if the timeAlignmentTimer associated with the PTAG is running:
5> indicate a positive acknowledgement for the SPS deactivation to the physical layer.
3> elseif PDCCH content indicates SPS activation:

4> store the downlink assignment for this Serving Cell and the associated HARQ information as
configured downlink assignment;

4> initialise or re-initialise the configured downlink assignment for this Serving Cell to start in the
associated PDSCH duration and to recur according to rulesin subclause 5.8.1;

4> set the HARQ Process ID to the HARQ Process I D associated with this PDSCH duration;
4> consider the NDI bit for the corresponding HARQ process to have been toggled;

4> indicate the presence of a configured downlink assignment for this Serving Cell and deliver the stored
HARQ information to the HARQ entity.

For each Serving Cell and each configured downlink assignment, if configured and activated, the MAC entity shall:

1> if the PDSCH duration of the configured downlink assignment does not overlap with the PDSCH duration of a
downlink assignment received on the PDCCH for this Serving Cell:

2> ingtruct the physical layer to receive, in this PDSCH duration, transport block on the DL-SCH according to
the configured downlink assignment and to deliver it to the HARQ entity;

2> set the HARQ Process I D to the HARQ Process ID associated with this PDSCH duration;

2> consider the NDI hit to have been toggled;
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2> indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the
HARQ entity.

For configured downlink assignments, the HARQ Process I D associated with the slot where the DL transmission starts
is derived from the following equation:

HARQ Process ID = [floor (CURRENT _dlot x 10/ (numberOf SlotsPerFrame x semiPersistSchedinterval DL))] modulo
nrofHARQ-Processes

where CURRENT _glot = [(SFN x number OfS otsPer Frame) + slot number in the frame] and number OfS otsPer Frame
refers to the number of consecutive slots per frame as specified in TS 38.211 [8].

When the MAC entity needs to read BCCH, the MAC entity may, based on the scheduling information from RRC:
1> if adownlink assignment for this PDCCH occasion has been received on the PDCCH for the SI-RNTI;

2> indicate a downlink assignment and redundancy version for the dedicated broadcast HARQ process to the
HARQ entity.

[TS38.321, clause 5.3.2.2]

When a transmission takes place for the HARQ process, one or more (in case of downlink spatial multiplexing) TBs
and the associated HARQ information are received from the HARQ entity.

For each received TB and associated HARQ information, the HARQ process shall:

1> if the NDI, when provided, has been toggled compared to the value of the previous received transmission
corresponding to this TB; or

1> if the HARQ processis equal to the broadcast process, and thisisthe first received transmission for the TB
according to the system information schedul e indicated by RRC; or

1> if thisisthe very first received transmission for this TB (i.e. there is no previous NDI for this TB):
2> consider this transmission to be a new transmission.

1> else
2> consider this transmission to be a retransmission.

The MAC entity then shall:

1> if thisisanew transmission:
2> attempt to decode the received data.

1> elseif thisisaretransmission:
2> if the datafor this TB has not yet been successfully decoded:

3> ingtruct the physical layer to combine the received data with the data currently in the soft buffer for this
TB and attempt to decode the combined data.

1> if the data which the MAC entity attempted to decode was successfully decoded for this TB; or
1> if the datafor this TB was successfully decoded before:
2> if the HARQ processis equal to the broadcast process:
3> deliver the decoded MAC PDU to upper layers.
2> dseif thisisthe first successful decoding of the data for this TB:
3> deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

1> else:
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2> instruct the physical layer to replace the data in the soft buffer for this TB with the data which the MAC
entity attempted to decode;

1> if the HARQ processis associated with atransmission indicated with a Temporary C-RNTI and the Contention

Resolution is not yet successful (see subclause 5.1.5); or

1> if the HARQ processis equal to the broadcast process; or

1> if the timeAlignmentTimer, associated with the TAG containing the Serving Cell on which the HARQ feedback

isto be transmitted, is stopped or expired:

2> not ingtruct the physical layer to generate acknowledgement(s) of the datain this TB.

1> else

2> ingtruct the physical layer to generate acknowledgement(s) of the datain this TB.

The MAC entity shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when
determining if NDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission.

[TS38.321, clause 6.1.2]

A MAC PDU consists of one or more MAC subPDUs. Each MAC subPDU consists of one of the following:

A MAC subheader only (including padding);
A MAC subheader and aMAC SDU;

A MAC subheader and aMAC CE;

A MAC subheader and padding.

The MAC SDUs are of variable sizes.

Each MAC subheader corresponds to either aMAC SDU, aMAC CE, or padding.

A MAC subheader except for fixed sized MAC CE and padding consists of the four header fields R/F/LCID/L. A MAC
subheader for fixed sized MAC CE and padding consists of the two header fields R/LCID.

R F LCID Octl

L Oct 2

Figure 6.1.2-1: R/F/LCID/L MAC subheader with 8-bit L field

R F LCID Oct 1
L Oct 2
L Oct 3

Figure 6.1.2-2: R/F/LCID/L MAC subheader with 16-bit L field
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R R LCID Oct 1l

Figure 6.1.2-3: R/LCID MAC subheader

MAC CEs are placed together. DL MAC subPDU(s) with MAC CE(s) is placed before any MAC subPDU with MAC
SDU and MAC subPDU with padding as depicted in Figure 6.1.2-4. UL MAC subPDU(s) with MAC CE(s) is placed
after all the MAC subPDU(s) with MAC SDU and before the MAC subPDU with padding in the MAC PDU as
depicted in Figure 6.1.2-5. The size of padding can be zero.

R/LCID Fixed-sized R/F/LCID/L | Variable-sized R/F/LCID/L MAC SDU
subheader MAC CE subheader MAC CE subheader
/ /
| / \ |
| // / // \ [
I ;! / \ I
| ; // // \\ |
| / / |
| 1/ / N |
| 17 // \ |
| Vi V2 \ |
MAC subPDU MAC subPDU MAC subPDU including MAC subPDU including | MAC subPDU including
including MAC CE 1 | including MAC CE 2 MAC SDU e MAC SDU padding (opt)

Figure 6.1.2-4: Example of a DL MAC PDU

R/F/LCID/L MAC SDU R/LCID Fixed-sized R/F/LCID/L | Variable-sized
subheader subheader MAC CE subheader MAC CE
/ /
I / I /
| / | // / //
I / I fayd /
| / | / / /
| // [ /// //
| / | 17 /
I / I 7 7
[ / | V3 7
MAC subPDU MAC subPDU MAC subPDU MAC subPDU MAC subPDU including
including MAC SDU including MAC SDU """ |including MAC CE 1 | including MAC CE 2 padding (opt)

Figure 6.1.2-5: Example of a UL MAC PDU

A maximum of one MAC PDU can be transmitted per TB per MAC entity.
7.1.1.2.1.3 Test description
7112131 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except that set to return no datain uplink and parametersasin Table
7.11.2.13.1-1.

Table 7.1.1.2.1.3.1-1: MAC Parameters

| nrofHARQ-ProcessesForPDSCH [ n16
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7.1.1.2.1.3.2 Test procedure sequence

Table 7.1.1.2.1.3.2-1: Main behaviour

ETSI



3GPP TS 38.523-1 version 15.0.0 Release 15

40

ETSI TS 138 523-1 V15.0.0 (2018-07)

St

Procedure

Message Sequence

Message

TP

Verdict

SS transmits a downlink assignment
addressed to the C-RNTI assigned to the UE

(PDCCH (C-RNTI))

SS transmits in the indicated downlink
assignment a MAC PDU including a RLC PDU
with poll bit not set.

MAC PDU

Check: Does the UE transmit an HARQ ACK
on PUCCH?

HARQ ACK

SS transmits a downlink assignment to
including a C-RNTI different from the assigned
to the UE

(PDCCH (unknown C-RNTI))

SS transmits in the indicated downlink
assignment a RLC PDU in a MAC PDU PDU
including a RLC PDU with poll bit not set.

MAC PDU

Check: Does the UE send any HARQ
ACK/NACK on PUCCH?

HARQ ACK/NACK

EXCEPTION: Steps 7 to 10 are run repeated
using test parameter values as given for each
iteration in table 7.1.1.2.1.3.2.-2.

The SS indicates a new transmission on
PDCCH and transmits a MAC PDU PDU
including a RLC PDU with poll bit not set, with
content set so that UE could not successfully
decode the data from its soft buffer. (Note 1)

MAC PDU

Check: Does the UE transmit a HARQ NACK?

HARQ NACK

EXCEPTION: Step 9 shall be repeated till
HARQ ACK is received at step 10 or until
HARQ retransmission count = 4 is reached for
MAC PDU at step 9 (Note 2).

The SS indicates a retransmission on PDCCH
and transmits the same MAC PDU like step 7
(Note 1).

MAC PDU

EXCEPTION: Up to [3] HARQ NACK from the
UE should be allowed at step 10 (Note 2).

10

Check: Does the UE send a HARQ ACK?

HARQ ACK

11

The SS transmits a MAC PDU containing three
MAC sub PDUs each containing a MAC
SDU(RLC PDU) that is of 260 bytes (16 bits L
field used) and a padding MAC sub PDU at the
end. The third RLC PDU contained will have
poll bit set.

MAC PDU

12

Check: Does the UE transmit a MAC PDU
containing an RLC STATUS PDU
acknowledging the reception of all the AMD
PDUs in step 11?7

MAC PDU (RLC STATUS PDU )

13

The SS transmits a MAC PDU containing three
MAC sub PDUs each containing a MAC
SDU(RLC PDU) that is of 128 bytes (8 bits L
field used) and a padding MAC sub PDU at the
end. The third RLC PDU contained will have
poll bit set.

MAC PDU

14

Check: Does the UE transmit a MAC PDU
containing an RLC STATUS PDU
acknowledging the reception of all the AMD
PDUs in step 13?

MAC PDU (RLC STATUS PDU)

15

The SS transmits a MAC PDU containing one
MAC sub PDU containing a MAC SDU(RLC
PDU) that is of [128] bytes (8 bits L field used)
and no padding MAC sub PDU at the end. The
RLC PDU contained will have poll bit set.

<--

MAC PDU

16

Check: Does the UE transmit a MAC PDU
containing an RLC STATUS PDU
acknowledging the reception of the AMD PDU
in step 157

MAC PDU (RLC STATUS PDU )
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17 The SS transmits a MAC PDU containing one <-- MAC PDU - -
MAC sub PDU containing a MAC SDU(RLC
PDU) that is of [128] bytes (8 bits L field used),
one MAC sub PDU containing a MAC
SDU(RLC PDU) that is of [260] bytes (16 bits L
field used) and no padding MAC sub PDU at
the end. The second RLC PDU contained will
have poll bit set.

18 Check: Does the UE transmit a MAC PDU --> MAC PDU (RLC STATUS PDU) 8 P
containing an RLC STATUS PDU
acknowledging the reception of all the AMD
PDUs in step 17?

Note 1:  SS should transmit this PDU so as to ensure at least one NACK.

Note 2:  The value 4 for the maximum number of HARQ retransmissions has been chosen based on an assumption
that, given the radio conditions used in this test case, a UE soft combiner implementation should have
sufficient retransmissions to be able to successfully decode the data in its soft buffer.

Table 7.1.1.2.1.3.2-2: Test Parameters

Iteration DL HARQ process

K=1to 16 X=K-1 o
7.1.1.2.1.3.3 Specific message contents
None.
7.1.1.3 Uplink Data Transfer
7.1.1.3.1 Correct Handling of UL MAC PDU / Assignment / HARQ process
7.1.1311 Test Purpose (TP)
1)

with { UEin RRC CONNECTED state }
ensure that {
when { UE receives for a Slot an uplink grant with valid G RNTI }
then { UE transnmits data and associated HARQ i nformation to the HARQ entity for this Slot }

}

)

with { UEin RRC CONNECTED state }
ensure that {
when { SS transnits for a Slot an uplink grant with not allocated G RNTI }
then { UE does not transnits data and associated HARQ infornation to the HARQ entity for this
Slot }
}

©)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives an UL Grant with toggled NDI and has data available for transmission }
then { UE transmits a new MAC PDU }

}

(4)

with { UE in RRC_CONNECTED state and having transmitted a MAC PDU on a HARQ process }
ensure that {
when { UE receives an uplink grant on PDCCH for the next Slot corresponding to the HARQ process
with old NDI not toggl ed}
then { UE perforns an adaptive retransm ssion of the MAC PDU wi th redundancy version as received
on PDCCH }
}
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®)

with { UE in E-UTRA RRC_CONNECTED state }
ensure that {
when { UE receives an uplink grant on PDCCH for the next Slot corresponding to the HARQ process
with toggled NDI, and data is not available for transm ssion }
then { UE transmts any MAC Paddi ng PDU }

}

(6)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE has a MAC SDU to be transmitted that is smaller or equal to 256 bytes }
then { UE sets F field to O and includes 8 bit L field in the MAC sub PDU}

}

(7

with { UE in RRC_CONNECTED state }
ensure that {
when { UE has a MAC SDU to be transmitted that is larger than 256 bytes }
then { UE sets F field to 1 and includes 16 bit L field in the MAC sub PDU }

}

©)

with { UE in E-UTRA RRC_CONNECTED state }
ensure that {
when { UE has to insert padding in a MAC PDU }
then { UE inserts the |last MAC sub PDU as a paddi ng sub PDU }

}

7.1.1.3.1.2 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.321, clauses5.4.1,
5.4.2.1,5.4.2.2 and 6.1.2. Unless otherwise stated these are Rel-15 requirements.

[TS38.322, clause 5.4.1]

Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, or configured semi-
persistently by RRC. The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested
transmissions, the MAC layer receives HARQ information from lower layers.

If the MAC entity hasa C-RNTI, aTemporary C-RNTI or CS-RNTI, the MAC entity shall for each PDCCH occasion
and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer and for each grant received for
this PDCCH occasion:

1> if an uplink grant for this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI or
Temporary C-RNTI; or

1> if an uplink grant has been received in a Random Access Response:

2> if the uplink grant isfor MAC entity’s C-RNTI and if the previous uplink grant delivered to the HARQ entity
for the same HARQ process was either an uplink grant received for the MAC entity’s CS-RNTI or a
configured uplink grant:

3> consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the
NDI.

2> deliver the uplink grant and the associated HARQ information to the HARQ entity.

1> elseif an uplink grant for this PDCCH occasion has been received for this serving cell on the PDCCH for the
MAC entity’s CS-RNTI:

2> if the NDI in the received HARQ information is 1:

3> consider the NDI for the corresponding HARQ process not to have been toggled;
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3> stop the ConfiguredGrantTimer for the corresponding HARQ process, if running;
3> deliver the uplink grant and the associated HARQ information to the HARQ entity.
2> elseif the NDI in the received HARQ information is O:
3> if PDCCH contents indicate configured grant Type 2 deactivation:
4> trigger configured grant confirmation.
3> elseif PDCCH contents indicate configured grant Type 2 activation:
4> trigger configured grant confirmation;

4> store the uplink grant for this serving cell and the associated HARQ information as configured uplink
grant;

4> initiaise or re-initialise the configured uplink grant for this serving cell to start in the associated
PUSCH duration and to recur according to rulesin subclause 5.8.2;

4> set the HARQ Process | D to the HARQ Process ID associated with this PUSCH duration;
4> consider the NDI bit for the corresponding HARQ process to have been toggled;
4> stop the ConfiguredGrantTimer for the corresponding HARQ process, if running;
4> deliver the configured uplink grant and the associated HARQ information to the HARQ erntity.
For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1> set the HARQ Process ID to the HARQ Process I D associated with this PUSCH duration;
1> if the ConfiguredGrantTimer for the corresponding HARQ processis not running:
2> consider the NDI bit for the corresponding HARQ process to have been toggled,;
2> deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

NOTE 1: For the same serving cell, an uplink grant addressed to C-RNTI shall override a configured uplink grant
in case of overlap in time domain.

For configured uplink grants, the HARQ Process ID associated with this symbol is derived from the following equation:
HARQ Process ID = [floor(CURRENT _symbol/periodicity)] modulo number OfConfGrant-Processes

where CURRENT _symbol=(SFN * number OfS otsPerFrame * number Of SymbolsPerSJot + slot number in the frame *
number OfSymbol sPerSot + symbol number in the slot), and number OfS otsPer Frame and number Of Symbol sPer S ot
refer to the number of consecutive dots per frame and the number of consecutive symbols per slot, respectively as
specified in TS 38.211 [8].

NOTE 2: CURRENT _symbol refersto the symbol index of the first transmission of a repetition bundle that takes
place. [TS 36.322, clause 5.4.2.1]

The MAC entity includes aHARQ entity for each Serving Cell with configured uplink (including the case wheniit is
configured with supplementaryUplink),which maintains a number of parallel HARQ processes.

The number of parallel UL HARQ processes per HARQ entity is specified in TS 38.214 [7].
Each HARQ process supports one TB.

Each HARQ processis associated with a HARQ process identifier. For UL transmission with UL grant in RA
Response, HARQ process identifier 0 is used.

When repetition is configured with repK >1, the parameter repK provides the number of repetitions of a TB within a
bundle. Repetition operation relies on the HARQ entity for invoking the same HARQ process for each transmission that
is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for
feedback from previous transmissions according to repK.
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For each uplink grant, the HARQ entity shall:
1> identify the HARQ process(es) associated with this grant, and for each identified HARQ process:

2> if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the
associated HARQ information has been toggled compared to the value in the previous transmission of this
TB of thisHARQ process; or

2> if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified processis
empty; or

2> if the uplink grant was received in a Random Access Response:

3> if thereisaMAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access
Response:

4> obtain the MAC PDU to transmit from the Msg3 buffer.
3> dse

4> obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity, if any;
3> if aMAC PDU to transmit has been obtained:

4> deliver the MAC PDU and the uplink grant and the HARQ information of the TB to the identified
HARQ process,

4> ingtruct the identified HARQ process to trigger a new transmission.
4> if the uplink grant is addressed to CS-RNTI or the uplink grant is a configured uplink grant:

5> start or restart the ConfiguredGrantTimer, if configured, for the corresponding HARQ process
when the transmission is performed.

2> else

3> if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the
identified processis empty:

4> ignore the uplink grant.
3> else

4> deliver the uplink grant and the HARQ information (redundancy version) of the TB to the identified
HARQ process,

4> instruct the identified HARQ process to trigger a retransmission;
4> if the uplink grant is addressed to CS-RNTI or the uplink grant is a configured uplink grant:

5> start or restart the ConfiguredGrantTimer, if configured, for the corresponding HARQ process
when the transmission is performed.

When determining if NDI has been toggled compared to the value in the previous transmission the MAC entity shall
ignore NDI received in al uplink grants on PDCCH for its Temporary C-RNTI.

[TS38.322, clause 5.4.2.2]
Each HARQ process is associated with aHARQ buffer.

New transmissions are performed on the resource and with the MCS indicated on either PDCCH, Random Access
Response, or RRC. Retransmissions are performed on the resource and, if provided, with the MCS indicated on
PDCCH.

If the HARQ entity requests a new transmission for a TB, the HARQ process shall:
1> storethe MAC PDU in the associated HARQ buffer;
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1> store the uplink grant received from the HARQ entity;
1> generate a transmission as described below.
If the HARQ entity requests aretransmission for a TB, the HARQ process shall:
1> store the uplink grant received from the HARQ entity;
1> generate a transmission as described below.
To generate atransmission for a TB, the HARQ process shall:
1> if the MAC PDU was obtained from the Msg3 buffer; or

1> if there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission
does not collide with atransmission for aMAC PDU obtained from the M sg3 buffer:

2> instruct the physical layer to generate a transmission according to the stored uplink grant.
[TS38.322, clause 6.1.2]
A MAC PDU consists of one or more MAC subPDUs. Each MAC subPDU consists of one of the following:
- A MAC subheader only (including padding);
- A MAC subheader and aMAC SDU;
- A MAC subheader and aMAC CE;
- A MAC subheader and padding.
The MAC SDUs are of variable sizes.
Each MAC subheader corresponds to either aMAC SDU, aMAC CE, or padding.

A MAC subheader except for fixed sized MAC CE and padding consists of the four header fields R/F/LCID/L. A MAC
subheader for fixed sized MAC CE and padding consists of the two header fields R/LCID.

R F LCID Octl

L Oct 2

Figure 6.1.2-1: R/F/LCID/L MAC subheader with 8-bit L field

R F LCID Oct 1
L Oct 2
L Oct 3

Figure 6.1.2-2: R/F/LCID/L MAC subheader with 16-bit L field
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R R LCID Oct 1l

Figure 6.1.2-3: R/LCID MAC subheader

MAC CEs are placed together. DL MAC subPDU(s) with MAC CE(s) is placed before any MAC subPDU with MAC
SDU and MAC subPDU with padding as depicted in Figure 6.1.2-4. UL MAC subPDU(s) with MAC CE(s) is placed
after all the MAC subPDU(s) with MAC SDU and before the MAC subPDU with padding in the MAC PDU as
depicted in Figure 6.1.2-5. The size of padding can be zero.

R/LCID Fixed-sized R/F/LCID/L | Variable-sized R/F/LCID/L MAC SDU
subheader MAC CE subheader MAC CE subheader
/ /
| / \ |
| // / // \ [
I ;! / \ I
| ; // // \\ |
| / / |
| 1/ / N |
| 17 // \ |
| Vi V2 \ |
MAC subPDU MAC subPDU MAC subPDU including MAC subPDU including | MAC subPDU including
including MAC CE 1 | including MAC CE 2 MAC SDU e MAC SDU padding (opt)

Figure 6.1.2-4: Example of a DL MAC PDU

R/F/LCID/L MAC SDU R/LCID Fixed-sized R/F/LCID/L | Variable-sized
subheader subheader MAC CE subheader MAC CE
/ /
I / I /
| / | // / //
I / I fayd /
| / | / / /
| // [ /// //
| / | 17 /
I / I 7 7
[ / | V3 7
MAC subPDU MAC subPDU MAC subPDU MAC subPDU MAC subPDU including
including MAC SDU including MAC SDU """ |including MAC CE 1 | including MAC CE 2 padding (opt)

Figure 6.1.2-5: Example of a UL MAC PDU

A maximum of one MAC PDU can be transmitted per TB per MAC entity.
7.1.1.3.1.3 Test description
7113131 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0.
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7.1.1.3.1.3.2 Test procedure sequence

Table 7.1.1.3.1.3.2-1: Main behaviour

St Procedure Message Sequence TP | Verdict
U-S Message

1 The SS ignores scheduling requests and does - - - -
not allocate any uplink grant.

2 SS transmits a MAC PDU including a RLC <-- MAC PDU - -
Sbu

- EXCEPTION: Step 3 runs in parallel with - - - -
behaviour in table 7.1.1.3.1.3.2-2

3 For 400 ms SS transmits an UL Grant every <-- (UL Grant (unknown C-RNTI)) - -
10 ms , allowing the UE to return the RLC SDU
as received in step 2, on PDCCH, but with the
C-RNTI different from the C-RNTI assigned to

the UE.

4 Check: Does the UE transmit a MAC PDU --> MAC PDU 2 F
corresponding to grant in step 3?

5 SS transmits an UL Grant, allowing the UE to <-- (UL Grant (C-RNTI)) - -

return the RLC SDU as received in step 2, on
PDCCH with the C-RNTI assigned to the UE.

6 Check: Does the UE transmit a MAC PDU --> MAC PDU 1 P
corresponding to grant in step 6?

7 The SS Transmits a valid MAC PDU <-- MAC PDU - -
containing RLC PDU

8 The SS allocates an UL Grant for one HARQ <-- Uplink Grant - -

process X, sufficient for one RLC SDU to be
looped back in a Slot, and NDI indicates hew
transmission redundancy version to be used

as 0

9 Check: Does the UE transmit a MAC PDU --> MAC PDU 3 P
including one RLC SDU, in HARQ process X?

10 | The SS transmits an UL grant corresponding <-- Uplink Grant - -

to slot for HARQ process X, with NDI not
toggled and redundancy version to be used as

1

11 Check: Does the UE retransmit the MAC PDU --> MAC PDU 4 P
in for HARQ process X, using redundancy
versionl?

12 | The SS transmits an UL grant corresponding <-- Uplink Grant - -

to SLOT for HARQ process X, with NDI
toggled and redundancy version to be used as
2

13 Check: Does the UE retransmit the MAC PDU --> MAC PDU 5 P
containing padding for HARQ process X,
using redundancy version 2?

14 SS transmits a MAC PDU including a RLC <-- MAC PDU - -
PDU of size 128 bytes
15 The SS transmits an UL Grant, allowing the <-- (UL Grant (C-RNTI)) - -

UE to return the RLC SDU as received in step
14 and padding.

16 Check: Does the UE transmit a MAC PDU > MAC PDU 6,8 P
corresponding to grant in step 14 with F field
set to 0 and includes 8 bit L field in the MAC
sub PDU and includes a padding sub PDU at

end?

17 SS transmits a MAC PDU including a RLC <-- MAC PDU - -
PDU of size 512 bytes

18 | The SS transmits an UL Grant, allowing the <-- (UL Grant (C-RNTI)) - -

UE to return the RLC SDU as received in step
17 and padding.

19 Check: Does the UE transmit a MAC PDU -> MAC PDU 7,8 P
corresponding to grant in step 17 with F field

set to 1 and includes 8 bit L field in the MAC

sub PDU and includes a padding sub PDU at
end?
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Table 7.1.1.3.1.3.2-2: Parallel behaviour

St Procedure Message Sequence TP | Verdict
U-S Message
1 UE transmits a Scheduling Request. --> (SR) - -
7.1.1.3.1.3.3 Specific message contents

Table 7.1.1.3.1.3.3-1: MAC-CellGroupConfig (preamble)

Derivation Path: TS 38.508-1 [4], Table 4.6.3-49
Information Element Value/remark Comment Condition
MAC-CellGroupConfig ::= SEQUENCE {
tag-ToAddModList SEQUENCE (SIZE 1 entry
(1..maxNrofTAGs)) OF SEQUENCE {
timeAlignmentTimer infinity
}
}
}
7.1.1.3.2 Logical channel prioritization handling
7.1.1.321 Test Purpose (TP)
1)

with {UE in RRC_CONNECTED st at e}
ensure that {
when { UE is sending data on the uplink }
then { UE serves the |ogical channels according to their priority and configured PBR }

}

7.1.1.3.1.2 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.321, clause 5.4.3.1.1,
5.4.3.1.2, 5.4.3.1.3. Unless otherwise stated these are Rel-15 requirements.

[TS38.321, clause 5.4.3.1.1]
The Logical Channel Prioritization procedure is applied whenever anew transmission is performed.
RRC controls the scheduling of uplink data by signalling for each logical channel per MAC entity:
- priority where an increasing priority value indicates alower priority level;
- prioritisedBitRate which sets the Prioritized Bit Rate (PBR);
- bucketSzeDuration which sets the Bucket Size Duration (BSD).
RRC additionally controls the LCP procedure by configuring mapping restrictions for each logical channel:
- allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;
- maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;
- configuredGrantTypelAllowed which sets whether a Configured Grant Type 1 can be used for transmission;
- allowedServingCells which sets the allowed cell(s) for transmission.
The following UE variable is used for the Logical channel prioritization procedure:
- Bj which is maintained for each logical channdl j.

The MAC entity shal initialize Bj of the logical channel to zero when the logical channel is established.
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For each logical channel j, the MAC entity shall:

1> increment Bj by the product PBR x T before every instance of the LCP procedure, where T isthe time elapsed
since Bj was last updated;

1> if the value of Bj is greater than the bucket size (i.e. PBR x BSD):
2> set Bj to the bucket size.

NOTE: The exact moment(s) when the UE updates Bj between L CP proceduresis up to UE implementation, as
long as Bj is up to date at the time when a grant is processed by L CP.

[TS38.321, clause 5.4.3.1.2]
The MAC entity shall, when a new transmission is performed:
1> select thelogical channels for each UL grant that satisfy all the following conditions:

2> the set of allowed Subcarrier Spacing index valuesin allowedSCS-Ligt, if configured, includes the Subcarrier
Spacing index associated to the UL grant; and

2> maxPUSCH-Duration, if configured, islarger than or equal to the PUSCH transmission duration associated
to the UL grant; and

2> configuredGrantTypelAllowed, if configured, is set to TRUE in case the UL grant is a Configured Grant
Typel; and

2> allowedServingCells, if configured, includes the Cell information associated to the UL grant.

NOTE: The Subcarrier Spacing index, PUSCH transmission duration and Cell information are included in Uplink
transmission information received from lower layers for the corresponding scheduled uplink transmission.

[TS38.321, clause 5.4.3.1.3]
The MAC entity shall, when a new transmission is performed:
1> allocate resources to the logical channels as follows:

2> logical channels selected in subclause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resourcesin a
decreasing priority order. If the PBR of alogical channel is set to "infinity", the MAC entity shall allocate
resources for all the datathat is available for transmission on the logical channel before meeting the PBR of
the lower priority logical channel(s);

2> decrement Bj by the total size of MAC SDUs served to logical channel j above;
NOTE: Thevaue of Bj can be negative.

2> if any resources remain, al the logical channels selected in subclause 5.4.3.1.2 are served in a strict
decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL
grant is exhausted, whichever comesfirst. Logical channels configured with equal priority should be served
equally.

The UE shall also follow the rules below during the scheduling procedures above:
- the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole
SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the
associated MAC entity;

- if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the
grant of the associated MAC entity as much as possible;

- the UE should maximise the transmission of data;

- if the MAC entity isgiven an UL grant size that is equal to or larger than 8 bytes while having data available for
transmission, the MAC entity shall not transmit only padding BSR and/or padding.

The MAC entity shall not generate aMAC PDU for the HARQ entity if the following conditions are satisfied:
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- the MAC entity is configured with skipUplinkTxDynamic and the grant indicated to the HARQ entity was
addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; and
- the MAC PDU includes zero MAC SDUs; and

- the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU
includes only the padding BSR.

Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
- MAC CE for C-RNTI or datafrom UL-CCCH,;
- MAC CE for SPS confirmation;
- MAC CE for BSR, with exception of BSR included for padding;
- MAC CE for single entry PHR or multiple entry PHR;
- datafromany Logical Channel, except datafrom UL-CCCH,;
- MAC CE for BSR included for padding.
7.1.1.3.2.3 Test description
7.11.3.23.1 Pre-test conditions
Same Pre-test conditions asin clause 7.1.1.0 except the conditions mentioned in this section.
System Simulator
- 3 UM DRBsare configured involving NR MAC entity are configured as depicted in the table below:
Table 7.1.1.3.2.3.1-1: Test environment

Execution Message condition exceptions
Condition
IF [pc_nrFDD] or FFS
[pc_nrTDD]
ELSE IF message condition SRB2-DRB(1,3) is used for step 7
[pc_EN_DC] in 4.5.4.2 according to [4]
ELSE IF message condition SRB2-DRB(1,3) is used for step 7
[pc_NGEN_DC] in 4.5.4.2 according to [4]

- The3 UM DRBs are configured according to Table 7.1.1.3.2.3.1-2.

Table 7.1.1.3.2.3.1-2: Priority, PBR and Bucket Delay settings

DRB priority prioritizedBitRate bucketSizeDuration
(kbytes/s) (ms)
DRB1 6 8 100
DRB2 7 16 100
DRB3 8 32 100

Table 7.1.1.3.2.3.1-3: PDCP Settings

Parameter Value
Discard_Timer ms1500
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7.1.1.3.2.3.2 Test procedure sequence

Table 7.1.1.3.2.3.2-1: Main behaviour

St Procedure Message Sequence TP | Verdict

U-S Message

- EXCEPTION: Steps 1 to 3 are run 4 times - - - -

using the parameters specified for each run in

table 7.1.1.3.2.3.2-3.

1 | The SS transmits N1 320-octet RLC SDUs on <-- (RLC SDuUs) - -

DRB1, N2 320-octet RLC SDUs on DRB2, and

N3 320-octet RLC SDUs on DRB3.

- EXCEPTION: In parallel to the event described - - - -

in step 2 the events specified in Table

7.1.1.3.2.3.2-2 shall take place.

2 The SS is configured for Uplink Grant <-- (UL grants) - -

Allocation Type TBD*. 150 ms after Step 1

(Notel), for a duration of T2, the SS transmits

an UL grant of D octets every T1.

Editor’ s note: The periodic UL grant type

needs to be referred here once it
isdefined in [3].

3 Check: Are the total number of octets of the UL - - 1 P
RLC SDUs received at the SS for each DRB
as follows:
- total number of octets received for DRB1 is
D1 octets +/- 10%
- total number of octets received for DRB2 is
D2 octets +/- 10%
- total number of octets received for DRB3 is
D3 octets +/- 10% ?
Note 1:  This wait time will ensure that a) all octets have been completely received by the UE on all 3 DRBs before
the first UL grant is received and b) the Bjs for each logical channel have reached their maximum value i.e.
the bucket size of the corresponding logical channel before the first UL grant is received.

Table 7.1.1.3.2.3.2-2: Parallel behaviour

St Procedure Message Sequence TP | Verdict
U-S Message
1 Check: Does the UE transmit the RLC SDUs --> - 1 P
back to the SS?

Table 7.1.1.3.2.3.2-3: Test parameter values

Parameter First run Second run Third run Fourth run
N1 (SDUs) 13 13 7 104
N2 (SDUs) 25 25 50 25
N3 (SDUs) 50 50 50 50
D (octets) 1143 573 1143 1143
T1 (ms) 20 20 20 10
T2 (ms) 500 700 500 500
D1 (octets) 4160 4160 2240 33000 (Note 1)
D2 (octets) 8000 8000 10260 (Note 1) 8000
D3 (octets) 16000 7790 (Note 1) 16000 16000
Note 1:  Calculated using the following equation for the case of the least header size:

(D1+D2+D3)=(D-3)*T2/T1

NOTE: The Test parameter values above and the test procedure assume that the UE has aloopback buffer of at
least 57280 octets.
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7.1.1.3.2.3.3 Specific message contents

Table 7.1.1.3.2.3.3-1: SchedulingRequest-Config (Preamble)

Derivation Path: 36.508 [7], Table 4.6.3-20

Information Element Value/remark Comment Condition
sr-TransMax nl6
7.1.1.3.3 Correct handling of MAC control information / Scheduling requests
7.1.1.331 Test Purpose (TP)

)

with { UE in RRC_CONNECTED state with SR resource on PUCCH is configured }
ensure that {
when { UE has UL data available for transmission and UE has no UL-SCH resources avail abl e and
SR COUNTER is | ess than sr-TransMax }
then { the UE transmits a SR on every available PUCCH until resources are granted }

}

2

with { UE in RRC_CONNECTED state with SR resource on PUCCH is configured }
ensure that {
when { UE receives an UL grant for a new transm ssion }
then { UE cancels all pending SR(s) }

}

©)

with { UE in RRC_CONNECTED state with SR resource on PUCCH is configured }
ensure that {
when { UE has UL data available for transmi ssion and UE has no UL-SCH resources avail able or
SR_COUNTER becones equal to sr-TransMax }
then { the UE transmits a PRACH Preanble to initiate a Random Access procedure }

}

4

with { UE in RRC_CONNECTED state with SR resource on PUCCH is configured and | ogi caChannel SR-
Del ayTinmer is configured }
ensure that {
when { UE has UL data available for transmission on LCH for which | ogi caChannel SR-Del ayTi ner is
configured and UE has no UL-SCH resources avail able and SR_ COUNTER is | ess than sr-TransMax }
then { the UE delays transm ssion of SR until | ogicaChannel SR-Del ayTi ner expires }

}

®)

with { UE in RRC_CONNECTED state with SR resource on PUCCH is configured and | ogi caChannel SR-
Del ayTi ner is running }
ensure that {
when { UE has UL data available for transmission for transm ssion on LCH for which
| ogi caChannel SR-Del ayTi ner is not configured and UE has no UL-SCH resources avail abl e and SR _COUNTER
is less than sr-TransMax }
then { the UE transnits a SR on every available PUCCH until resources are granted }

}

7.1.1.3.3.2 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.321, clauses 5.4.4 and
5.4.5. Unless otherwise stated these are Rel-15 requirements.

[TS38.321, clause 5.4.4]

The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.
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The MAC entity may be configured with zero, one, or more SR configurations. An SR configuration consists of a set of
PUCCH resources for SR across different BWPs and cells. For alogical channel, at most one PUCCH resource for SR
is configured per BWP.

Each SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to zero or
one SR configuration, which is configured by RRC. The SR configuration of the LCH that triggered the BSR (subclause
5.4.5) (if such a configuration exists) is considered as corresponding SR configuration for the triggered SR. For BSR
triggered by retxBSR-Timer expiry, the corresponding SR configuration for the triggered SR is that of the highest
priority LCH (if such a configuration exists) that has data available for transmission at the time the BSR is triggered.

RRC configures the following parameters for the scheduling request procedure:
- sr-ProhibitTimer (per SR configuration);
- sr-TransMax (per SR configuration);
- sr-Configlndex.
The following UE variables are used for the scheduling request procedure;
- SR COUNTER (per SR configuration).

If an SR istriggered and there are no other SRs pending corresponding to the same SR configuration, the MAC entity
shall set the SR_COUNTER of the corresponding SR configuration to 0.

When an SR istriggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and
each respective sr-ProhibitTimer shall be stopped when aMAC PDU is assembled and this PDU includes a BSR which
contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5), or when the UL
grant(s) can accommodate all pending data available for transmission.

Only PUCCH resources on a BWP which is active at the time of SR transmission occasion are considered valid.
Aslong as at least one SR is pending, the MAC entity shall for each pending SR:
1> if the MAC entity has no valid PUCCH resource configured for the pending SR:
2> initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel the pending SR.
1> elsg, for the SR configuration corresponding to the pending SR:
2> when the MAC entity has an SR transmission occasion on the valid PUCCH resource for SR configured; and
2> if sr-ProhibitTimer is not running at the time of the SR transmission occasion; and
2> if the PUCCH resource for the SR transmission occasion does not overlap with a measurement gap; and
2> if the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource;
3> if SR_COUNTER < sr-TransMax:
4> increment SR COUNTER by 1;
4> ingtruct the physical layer to signal the SR on one valid PUCCH resource for SR;
4> start the sr-ProhibitTimer.
3> dse
4> notify RRC to release PUCCH for all serving célls;
4> notify RRC to release SRS for all serving cells;
4> clear any configured downlink assignments and uplink grants;

4> initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs.
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NOTE: The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more

than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE
implementation.

[TS38.321, clause 5.4.5]
For Regular BSR, the MAC entity shall:
1> if the BSR istriggered for alogical channel for which logical Channel SR-Delay is configured by upper layers:
2> dtart or restart the logical Channel SR-DelayTimer.
1> else

2> if running, stop the logicalChannel SR-DelayTimer.

The MAC entity shall:
1> if the Buffer Status reporting procedure determines that at |east one BSR has been triggered and not cancelled:

2> if UL-SCH resources are available for a new immediate transmission:
3> ingtruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);
3> start or restart periodicBSR-Timer except when all the generated BSRs are long or short Truncated BSRs;
3> start or restart retxBSR-Timer.

2> elseif aRegular BSR has been triggered and logical Channel SR-DelayTimer is not running:
3> if an uplink grant is not a configured grant; or

3> if the Regular BSR was not triggered for alogical channel for which logical channel SR masking
(logicalChannel SR-Mask) is setup by upper layers:
4> trigger a Scheduling Request.
7.1.1.3.3.3 Test description
7.1.1333.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 with the exception of 2 AM DRBs configured according to Table
7.1.1.3.33.1-1.

Table 7.1.1.3.3.3.1-1: Logical Channel Configuration Settings

Parameter DRB1 DRB2
LogicalChannel-Identity 4 5
Priority 7 6
prioritizedBitRate Okbs Okbs
logicalChannelGroup 2 (LCG ID#2) 1 (LCG ID#1)
logicalChannelSR- False True
DelayTimerApplied
logicaChannelSR-DelayTimer | Not Present sf512
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7.1.1.3.3.3.2 Test procedure sequence
Table 7.1.1.3.3.3.2-1: Main behaviour
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St Procedure Message Sequence TP | Verdict
U-S Message
1 The SS transmits a MAC PDU containing A <-- MAC PDU (containing 1 MAC sub - -
MAC Sub PDU containing a RLC SDU on LCH PDU)
5
2 | Check: Does the UE transmit Scheduling --> (SR) 4 F

Requests for logicaChannelSR-DelayTimer
(sf512) from step 1?

3 | Check: Does the UE transmit [x] Scheduling --> (SR) 14 P
Requests separately on [x] consecutively
available PUCCHs after logicaChannelSR-
DelayTimer expiry? (Note 1)

4 | The SS transmits an UL grant to allocate UL- <-- (UL Grant) - -
SCH resources that are enough to transmit
looped back PDU

5 Check: Does the UE transmit a MAC PDU --> MAC PDU (containing 1 MAC sub 1 P
containing MAC Sub PDU containing a RLC PDU containing RLC SDU)
SDuU?

6 The SS transmits a MAC PDU containing A <-- MAC PDU (containing 1 MAC sub - -
MAC Sub PDU containing a RLC SDU on LCH PDU)
5

7 | Check: Does the UE transmit Scheduling -> (SR) 4 F

Requests for logicaChannelSR-DelayTimer /2
(sf512/2) from step 5

8 | After logicaChannelSR-DelayTimer /2 <-- MAC PDU (containing 1 MAC sub - -
(sf512/2) from step 5, the SS transmits a MAC PDU)
PDU containing A MAC Sub PDU containing a
RLC SDU on LCH 4

9 Check: Does the UE transmit Scheduling > (SR) 15 P
Requests separately on [x] consecutively
available PUCCHs? (Note 1)

10 | The SS transmits an UL grant to allocate UL- <-- (UL Grant) - -
SCH resources that are enough to transmit
looped back PDU

11 | Check: Does the UE transmit a MAC PDU --> MAC PDU (containing 1 MAC sub 1 P
containing MAC Sub PDU containing a RLC PDU containing RLC SDU)
SDU?

12 | Check: For 1 second, does the UE transmit a --> (SR) 1,2 F
Scheduling Request?

13 | The SS transmits a MAC PDU containing a <-- MAC PDU (Timing Advance - -
Timing Advance Command MAC Control Command)
Element, but does not send any subsequent
alignments.

14 | The SS transmits a MAC PDU containing a <-- MAC PDU (MAC SDU) - -

MAC SDU on LCH 4
- EXCEPTION: Step 13 is repeated less than - - - -
[64] times (sr-TransMax)
15 | The UE may transmit Scheduling Requests -> (SR) - -
before time alignment timer expires. The SS
shall not respond to the Scheduling Requests
in this step. (Note 2)

16 | Check: does the UE transmit a preamble on --> (PRACH Preamble) 3 P
PRACH? (Note 3)
17 | The SS transmits a Random Access Response <-- Random Access Response - -

including an UL grant to enable UE to transmit
C-RNTI MAC Control Element and the MAC
SDU as received in step 12.

18 | The UE transmit a MAC PDU including a C- --> MAC PDU (MAC Sub PDU - -
RNTI MAC Control Element and a MAC SDU. containing C-RNTI control
(Note 4) element, MAC sub PDU

containing MAC SDU)
19 | The SS sends PDCCH transmission for UE C- <-- - R -
RNTI
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Note 1:  [FFS] The UE repeats the scheduling requests on every available PUCCH as long as SR_COUNTER <
dsr-TransMax and there is UL data available for transmission and there are no resources available to
transmit it. At the reception of first Scheduling Request from the UE, SS will be scheduled to transmit a
grant after 100ms. Hence SS will receive 6 Scheduling Requests as sr-Configindex = 30.

Note 2:  In step 8, SR repetition of [63] times (sr-TransMax (64)) will take at least [63*20 = 1260] ms which is much
larger than TA timer [750ms].

Note 3:  When UL time alignment timer expires in the UE then "UL synchronization” is lost and the UE initiates a
Random Access Procedure.

Note 4:  The UE transmission of the MAC PDU ensures that the random access procedure was successful.

7.1.1.3.3.3.3 Specific message contents

FFS

7.1.1.34 Correct handling of MAC control information / Buffer status / UL data arrive in the
UE Tx buffer / Regular BSR

711341 Test Purpose (TP)

1)

with { UE in RRC_CONNECTED state }
ensure that {
when { UL data arrives in the UE transmi ssion buffer and the data belongs to a | ogical channel
with higher priority than those for which data is already available for transnission and the new
| ogi cal channel and the existing |ogical channels belongs to the different LCG }
then { UE Reports a Long Buffer Status Reporting (BSR }

}

)

with { UE in RRC_CONNECTED state }
ensure that {
when { UL data arrives in the UE transmission buffer and there is no data available for
transmssion for any of the |ogical channels which belong to a LCG }
then { UE Reports a Short Buffer Status Reporting (BSR) }

}

©)

with { UE in RRC_CONNECTED state }
ensure that {
when { UL data arrives in the UE transmi ssion buffer and the data belongs to a | ogical channel
with higher priority than those for which data is already available for transmi ssion and the new
| ogi cal channel and existing |ogical channels belong to the sane LCG }
then { UE Reports a Short Buffer Status Reporting (BSR) }

4

with { UE in RRC_CONNECTED state }
ensure that {
when { retxBSR-Tinmer expires and only one LCG has data avail able for transmi ssion }
then { UE triggers a regular BSR and Reports a Short Buffer Status Reporting (BSR) }
}

®)

with { UE in RRC_CONNECTED state }
ensure that {
when { a Regul ar BSR has been triggered and UE has pending data for transm ssion and UE has only
resources to send either BSR report or data }
then { UE transmits the BSR report }

}
(6)

with { UE in E-UTRA RRC_CONNECTED state }
ensure that {
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when { UE determines that a BSR has been triggered since the last transmi ssion of a BSR and UE has
no UL resources allocated for new transm ssion for this TTl }
then { UE transnits a scheduling request }

}

(7

with { UE in RRC_CONNECTED state }
ensure that {
when { a Regul ar BSR has been triggered and UE has pending data on several |ogical channels for
transm ssion and UE has only UL resources to send all pending data avail able for transm ssion, but
UL grant is not sufficient to additionally accommodate the BSR MAC control elenent }
then { UE cancels the triggered BSR report and transmits the UL data }

}

®)

with { UE in RRC_CONNECTED state }
ensure that {
when { a Regul ar BSR has been triggered and UE has pending data on several |ogical channels for
transm ssion and UE has UL resources to send all pending data including BSR}
then { UE transnmits the UL data and reports buffer status reporting (BSR) that indicates there
is no nore data in the buffer }

}

7.1.1.34.2 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.321, clauses 5.4.5,
6.1.3.1, 6.2.1 and TS 38.323 clause 5.6. Unless otherwise stated these are Rel-15 requirements.

[TS38.321, clause 5.4.5]

The Buffer Status reporting (BSR) procedure is used to provide the serving gNB with information about UL data
volume in the MAC entity.

RRC configures the following parameters to control the BSR:
- periodicBSR-Timer;
- retxBSR-Timer;
- logicalChannel SR-Delay;
- logicalChannel SR-DelayTimer;
- logicalChannel Group.

Each logical channel may be allocated to an LCG using the logical Channel Group. The maximum number of LCGsis
eight.

The MAC entity determines the amount of UL data available for alogical channel according to the data volume
calculation procedurein TSs 38.322 and 38.323 [3] [4].

A BSR shall be triggered if any of the following events occur:
- the MAC entity has new UL data available for alogical channel which belongsto an LCG; and either

- thenew UL databelongsto alogical channel with higher priority than the priority of any logical channel
containing available UL data which belong to any LCG; or

- none of the logical channels which belong to an LCG contains any available UL data.
in which case the BSR isreferred below to as 'Regular BSR';

- UL resources are allocated and number of padding bitsis equal to or larger than the size of the Buffer Status
Report MAC CE plusits subheader, in which case the BSR is referred below to as 'Padding BSR';

- retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in
which case the BSR is referred below to as 'Regular BSR';

ETSI



3GPP TS 38.523-1 version 15.0.0 Release 15 59 ETSI TS 138 523-1 V15.0.0 (2018-07)

- periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR..
For Regular BSR, the MAC entity shall:
1> if the BSR istriggered for alogical channel for which logical Channel SR-Delay is configured by upper layers:
2> start or restart the logical Channel SR-DelayTimer.
1> dse
2> if running, stop the logicalChannel SR-DelayTimer.
For Regular and Periodic BSR, the MAC entity shall:
1> if more than one LCG has data available for transmission when the BSR isto be transmitted:
2> report Long BSR for all LCGs which have data available for transmission.
1> dse
2> report Short BSR.
For Padding BSR:

1> if the number of padding bitsis equal to or larger than the size of the Short BSR plusits subheader but smaller
than the size of the Long BSR plus its subheader:

2> if more than one LCG has data available for transmission when the BSR is to be transmitted:
3> if the number of padding bitsis equal to the size of the Short BSR plus its subheader:

4> report Short Truncated BSR of the LCG with the highest priority logical channel with data available
for transmission.

3> dse

4> report Long Truncated BSR of the LCG(s) with the logical channels having data available for
transmission following a decreasing order of priority, and in case of equal priority, inincreasing order
of LCGID.

2> ese
3> report Short BSR;
1> elseif the number of padding bitsis equal to or larger than the size of the Long BSR plus its subheader:
2> report Long BSR for al LCGs which have data available for transmission.
The MAC entity shall:
1> if the Buffer Status reporting procedure determines that at |east one BSR has been triggered and not cancelled:
2> if UL-SCH resources are available for a new immediate transmission:
3> ingtruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);
3> dtart or restart periodicBSR-Timer except when all the generated BSRs are long or short Truncated BSRs,
3> dtart or restart retxBSR-Timer.
2> elseif a Regular BSR has been triggered and logical Channel SR-DelayTimer is not running:
3> if an uplink grant is not a configured grant; or

3> if the Regular BSR was not triggered for alogical channel for which logical channel SR masking
(logicalChannel SR-Mask) is setup by upper layers:

4> trigger a Scheduling Request.
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A MAC PDU shall contain at most one BSR MAC CE, even when multiple events have triggered a BSR by the time.
The Regular BSR and the Periodic BSR shall have precedence over the padding BSR.

The MAC entity shall restart retxBSR-Timer upon reception of a grant for transmission of new data on any UL-SCH.

All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data available for
transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All
triggered BSRs shall be cancelled when aBSR isincluded inaMAC PDU for transmission.

The MAC entity shall transmit at most one BSR in one MAC PDU. Padding BSR shall not be included when the MAC
PDU contains a Regular or Periodic BSR.

[TS38.322, clause 6.1.3.1]
Buffer Status Report (BSR) MAC CEs consist of either:
- Short BSR format (fixed size); or
- Long BSR format (variable size); or
- Short Truncated BSR format (fixed size); or
- Long Truncated BSR format (variable size).
The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in Table 6.2.1-2.
Thefieldsinthe BSR MAC CE are defined as follows:

- LCGID: The Logical Channel Group ID field identifies the group of logical channel(s) whose buffer statusis
being reported. The length of the field is 3 bits;

- LCG;: For the Long BSR format, this field indicates the presence of the Buffer Size field for the logical channel
group i. The LCG; field set to "1" indicates that the Buffer Size field for the logical channel groupi is reported.
The LCG; field set to "0" indicates that the Buffer Size field for the logical channel group i is not reported. For
the Long Truncated BSR format, this field indicates whether logical channel group i has data available. The
LCG; field set to "1" indicates that logical channel group i has data available. The LCG; field set to "0" indicates
that logical channel group i does not have data available;

- Buffer Size: The Buffer Size field identifies the total amount of data available according to the data volume
calculation procedure in TSs 38.322 and 38.323 [3] [4] across al logical channels of alogical channel group
after the MAC PDU has been built (i.e. after the logical channel prioritization procedure, which may result the
value of the Buffer Size field to zero). The amount of dataisindicated in number of bytes. The size of the RLC
and MAC headers are not considered in the buffer size computation. The length of this field for the Short BSR
format and the Short Truncated BSR format is 5 bits. The length of thisfield for the Long BSR format and the
Long Truncated BSR format is 8 bits. The values for the 5-bit and 8-bit Buffer Size fields are shown in Tables
6.1.3.1-1 and 6.1.3.1-2, respectively. For the Long BSR format and the Long Truncated BSR format, the Buffer
Sizefields are included in ascending order based on the LCG;. For the Long Truncated BSR format the number
of Buffer Size fields included is maximised, while not exceeding the number of padding bits.

NOTE: The number of the Buffer Size fieldsin the Long Truncated BSR format can be zero.

LCG ID Buffer Size Oct 1

Figure 6.1.3.1-1: Short BSR and Short Truncated BSR MAC CE
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LCG7|LCGg|LCG5|LCG4|{LCG3|LCG,|LCG1|LCGq Oct 1
Buffer Size 1 Oct 2
Buffer Size 2 Oct 3
Buffer Size m Oct m+1

Figure 6.1.3.1-2: Long BSR and Long Truncated BSR MAC CE

Table 6.1.3.1-1: Buffer size levels (in bytes) for 5-bit Buffer Size field

Index BS value Index BS value Index BS value Index BS value
0 0 8 <102 16 < 1446 24 < 20516
1 <10 9 <142 17 <2014 25 < 28581
2 <14 10 <198 18 < 2806 26 < 39818
3 <20 11 < 276 19 < 3909 27 < 55474
4 <28 12 < 384 20 < 5446 28 < 77284
5 <38 13 <535 21 < 7587 29 < 107669
6 <53 14 <745 22 < 10570 30 < 150000
7 <74 15 <1038 23 < 14726 31 > 150000
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Table 6.1.3.1-2: Buffer size levels (in bytes) for 8-bit Buffer Size field
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Index | BSvalue | Index | BSvalue | Index BS value Index BS value
0 0 64 <526 128 <29431 192 < 1647644
1 <10 65 <560 129 < 31342 193 < 1754595
2 <11 66 < 597 130 < 33376 194 < 1868488
3 <12 67 <635 131 < 35543 195 < 1989774
4 <13 68 <677 132 < 37850 196 <2118933
5 <13 69 <720 133 < 40307 197 < 2256475
6 <14 70 <767 134 < 42923 198 < 2402946
7 <15 71 <817 135 < 45709 199 < 2558924
8 <16 72 < 870 136 < 48676 200 < 2725027
9 <17 73 <926 137 <51836 201 < 2901912
10 <18 74 <987 138 < 55200 202 < 3090279
11 <19 75 <1051 139 < 58784 203 < 3290873
12 <20 76 <1119 140 < 62599 204 < 3504487
13 <22 77 <1191 141 < 66663 205 < 3731968
14 <23 78 <1269 142 < 70990 206 < 3974215
15 <25 79 <1351 143 < 75598 207 < 4232186
16 <26 80 <1439 144 < 80505 208 < 4506902
17 <28 81 < 1532 145 < 85730 209 < 4799451
18 <30 82 <1631 146 < 91295 210 <5110989
19 <32 83 <1737 147 < 97221 211 < 5442750
20 <34 84 < 1850 148 < 103532 212 < 5796046
21 <36 85 <1970 149 < 110252 213 < 6172275
22 <38 86 < 2098 150 < 117409 214 < 6572925
23 <40 87 <2234 151 < 125030 215 < 6999582
24 <43 88 < 2379 152 < 133146 216 < 7453933
25 <46 89 < 2533 153 < 141789 217 < 7937777
26 <49 90 < 2698 154 < 150992 218 < 8453028
27 <52 91 <2873 155 < 160793 219 < 9001725
28 <55 92 < 3059 156 <171231 220 < 9586039
29 <59 93 < 3258 157 < 182345 221 < 10208280
30 <62 94 < 3469 158 <194182 222 < 10870913
31 <66 95 < 3694 159 < 206786 223 < 11576557
32 <71 96 <3934 160 < 220209 224 < 12328006
33 <75 97 <4189 161 < 234503 225 < 13128233
34 <80 98 < 4461 162 < 249725 226 < 13980403
35 <85 99 <4751 163 < 265935 227 < 14887889
36 <91 100 < 5059 164 < 283197 228 < 15854280
37 <97 101 < 5387 165 < 301579 229 < 16883401
38 <103 102 <5737 166 < 321155 230 < 17979324
39 <110 103 <6109 167 < 342002 231 < 19146385
40 <117 104 < 6506 168 < 364202 232 < 20389201
41 <124 105 <6928 169 < 387842 233 < 21712690
42 <132 106 <7378 170 < 413018 234 < 23122088
43 <141 107 <7857 171 < 439827 235 < 24622972
44 <150 108 < 8367 172 < 468377 236 < 26221280
45 <160 109 <8910 173 < 498780 237 < 27923336
46 <170 110 < 9488 174 <531156 238 < 29735875
47 <181 111 <10104 175 < 565634 239 < 31666069
48 <193 112 < 10760 176 < 602350 240 < 33721553
49 <205 113 < 11458 177 < 641449 241 < 35910462
50 <218 114 < 12202 178 < 683087 242 < 38241455
51 <233 115 < 12994 179 < 727427 243 < 40723756
52 < 248 116 < 13838 180 < 774645 244 < 43367187
53 < 264 117 < 14736 181 < 824928 245 < 46182206
54 <281 118 < 15692 182 < 878475 246 < 49179951
55 <299 119 < 16711 183 < 935498 247 < 52372284
56 < 318 120 < 17795 184 < 996222 248 < 55771835
57 < 339 121 < 18951 185 < 1060888 249 < 59392055
58 <361 122 <20181 186 < 1129752 250 < 63247269
59 < 384 123 <21491 187 < 1203085 251 < 67352729
60 <409 124 < 22885 188 < 1281179 252 < 71724679
61 <436 125 < 24371 189 < 1364342 253 < 76380419
62 < 464 126 < 25953 190 < 1452903 254 < 81338368
63 <494 127 < 27638 191 < 1547213 255 > 81338368
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[TS38.321, clause 6.2.1]

[TS38.323, clause 5.6]

For the purpose of MAC buffer status reporting, the transmitting PDCP entity shall consider the following as PDCP

data volume:
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Table 6.2.1-2 Values of LCID for UL-SCH

Index LCID values

000000 CCCH
000001-100000 Identity of the logical channel
100001-110110 Reserved

110111 Configured Grant Confirmation

111000 Multiple Entry PHR

111001 Single Entry PHR

111010 C-RNTI

111011 Short Truncated BSR

111100 Long Truncated BSR

111101 Short BSR

111110 Long BSR

111111 Padding

- the PDCP SDUs for which no PDCP Data PDUs have been constructed;

- the PDCP Data PDUs that have not been submitted to lower layers;

- the PDCP Control PDUs;

- for AM DRBs, the PDCP SDUs to be retransmitted according to subclause 5.1.2;

- for AM DRBs, the PDCP Data PDUs to be retransmitted according to subclause 5.5.

7.1.1.3.4.3
7.1.1.343.1

Test description

Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 with the exception of 3 AM SN terminated SCG bearers configured
accordingto Table7.1.1.3.4.3.1-1.

Table 7.1.1.3.4.3.1-1: Logical Channel Configuration Settings

Parameter Value DRB1 Value DRB2 Value DRB3
LogicalChannel-Identity 4 5 6
Priority 8 7 6
prioritizedBitRate 0 kB/s 0 kB/s 0 kB/s
logicalChannelGroup 2 (LCG ID#2) 2 (LCG ID#2) 1 (LCG ID#1)
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7.1.1.3.4.3.2 Test procedure sequence
Table 7.1.1.3.4.3.2-1: Main behaviour
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St Procedure Message Sequence TP | Verdict
U-S Message

1 The SS ignores scheduling requests and does - - - -
not allocate any uplink grant.

2 The SS transmits a MAC PDU containing two <-- MAC PDU (2 RLC SDUs on LC 4) - -
RLC SDUs of size 12 byteson LC 4

3 | SS allocates an UL Grant of 32 bits. (Note 1) <-- (UL Grant, 32 bits) - -

4 Check: Does the UE transmit a Short BSR with --> MAC PDU (MAC Short BSR (LCG | 2,5 P
‘LCG ID’ field set to ‘2" and ‘Buffer size’ field ID="2", Buffer Size="4’ or bigger))
set to value ‘4’ or bigger? (Note 2)

5 | Wait for retxBSR-Timer expiry on UE side. - - - -

6 Check: Does the UE transmit a scheduling --> (SR) 6 P
request?

7 The SS respond to the scheduling request in <-- (UL Grant, 32 bhits) - -
step 6 by an UL Grant of 32 bits. (Note 1)

8 Check: Does the UE transmit a Short BSR with --> MAC PDU (MAC Short BSR (LCG | 4,5 P
‘LCG ID’ field set to ‘2" and ‘Buffer size’ field ID="2", Buffer Size="4" or bigger))
set to value ‘4’ or bigger? (Note 2)

9 The SS transmits a MAC PDU containing one <-- MAC PDU (1 RLC SDUs on LC 5) - -
RLC SDUs of size 12 byteson LC 5

10 | Check: Does the UE transmit a scheduling --> (SR) 6 P
request?

11 | The SS respond to the scheduling request in <-- (UL Grant, 32 bits) - -
step 10 by an UL Grant of 32 bits. (Note 1)

12 | Check: Does the UE transmit a Short BSR with -> MAC PDU (MAC Short BSR (LCG | 3,5 P
‘LCG ID’ field set to ‘2’ and ‘Buffer size#1’ field ID="2", Buffer Size="5’ or bigger))
set to value ‘5’ or bigger? (Note 2)

13 | The SS transmits a MAC PDU containing two <-- MAC PDU (2 RLC SDUs on LC 6) - -
RLC SDUs of size 8 byteson LC 6

14 | Check: Does the UE transmit a scheduling --> (SR) 6 P
request?

15 | The SS respond to the scheduling request in <-- (UL Grant, 32 bhits) - -
step 14 by one UL Grant of 32 bits. (Note 1)

16 | Check: Does the UE transmit a Long BSR with --> MAC PDU (MAC Long BSR 15 P
‘Buffer size#1’ field set to value ‘3’, ‘Buffer (Buffer size#1="8’ or bigger, Buffer
size#2’ field set to value ‘21’ or bigger? (Note size#2="21" or bigger)
3)

17 | Wait for retxBSR-Timer expiry on the UE side. - - -

18 | Check: Does the UE transmit a scheduling --> (SR) 6 P
request?

19 | SS allocates an UL Grant of 576 bits. (Note 4) <-- (UL Grant, 576 bits) - -

20 | Check: Does the UE transmit a MAC PDU --> MAC PDU (16 Byte 2 MAC sub 7 P
including five RLC SDUs and not including any PDU from LC 4, 16 Byte 1 MAC
BSR? (Note 5) sub PDU from LC 5 and 01 Byte 2

MAC Sub PDU from LC 6)

21 | SStransmits an RLC STATUS PDU to <-- RLC STATUS PDU (ACK_SN=2) - -
acknowledge correctly received
data(LCID="000100")

22 | SStransmits an RLC STATUS PDU to <-- RLC STATUS PDU (ACK_SN=1) - -
acknowledge correctly received
data(LCID="000101")

23 | SS transmits an RLC STATUS PDU to <-- RLC STATUS PDU (ACK_SN=2) - -
acknowledge correctly received
data(LCID="000110")

24 | The SS transmits a MAC PDU containing two <-- MAC PDU - -
MAC SDUs, the first containing a 8 byte RLC
SDU with LCID set to 4 and the second
containing a 7 byte RLC SDU with LCID set to
6.

25 | The UE sends Scheduling Request --> (SR) - -

26 | The SS transmits an uplink grant of size 256 <-- (UL grant) - -
bits. (Note 6)
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27 | Check: Does the UE return a MAC PDU of -> MAC PDU (12 Byte MAC Sub 8 P
length 256 bits including 2 RLC SDUs, PDU from LC 4 and 11 Byte MAC
Padding and Short BSR or LongBSR with Sub PDU from LC 6 and 4 Byte
Buffer size(s) set to ‘0'? (Note 5) MAC Sub PDU containing Long

BSR and 5 Byte MAC Sub PDU

containing Padding)

Or

MAC PDU (12 Byte MAC Sub

PDU from LC 4 and 11 Byte MAC

Sub PDU from LC 6 and 9 Byte

MAC Sub PDU containing

Padding)

28 | SS transmits an RLC STATUS PDU to <-- RLC STATUS PDU (ACK_SN=3) - -

acknowledge correctly received

data(LCID="000100")

29 | SS transmits an RLC STATUS PDU to <-- RLC STATUS PDU (ACK_SN=3) - -

acknowledge correctly received

data(LCID="000110")

Note 1: 32 bits enables UE to transmit a MAC PDU with a MAC BSR header and a Short BSR (1 bytes) or a Long
BSR (3 byte with 2 LCG configured).

Note 2:  UE triggers a Short BSR of type "Regular BSR" to report buffer status for one LCG for that TTI. The UE
should not send any of the received RLC SDUs (segmented) due to Regular BSR has higher priority than
U-plane logical channels.

Note 3:  UE triggers and transmit a Long BSR of type "Regular BSR". The UL grant would be enough for UE to
transmit one RLC SDU as received in step 8, but Regular BSR has higher priority than U-plane logical
channels.

Note 4:  The UE has 48 bytes of RLC SDU data (received in steps 2, 9 and 13) in the transmission buffer. 544 bits
enables UE to transmit user data in MAC PDU 2 RLC SDU of 12 byte on LC 4, each 2 Byte RLC Header
and 2 Byte MAC Header resulting in 2 MAC Sub PDU of 16 Bytes Each. Similarly one 16 Byte MAC Sub
PDU for 12 Byte RLC SDU on LC 5. Two 8 Byte RLC SDUs on LC 6 with 2 Byte RLC header each and 2
Byte MAC header each, will result in 2 MAC sub PDUs of 10 bytes each. Total comes to 16+16+16+12+12
=72 Bytes.

Note 5: The MAC SDUs for the different logical channels may be in any order in the MAC PDU.

Note 6: UL grant of 256 bits is chosen to enable UE to transmit two MAC SDUs of size 10 and 9 bytes in a MAC
PDU (8 bytes RLC SDU + 2 bytes AMD PDU header +2 Byte MAC sub Header + 7 bytes RLC SDU+ 2
bytes AMD PDU header+2 Byte MAC sub Header + 1Byte Long BSR MAC Sub Header + 3 Byte Long
BSR + 5 Byte MAC Padding Sub PDU) or (8 bytes RLC SDU + 2 bytes AMD PDU header +2 Byte MAC
sub Header + 7 bytes RLC SDU+ 2 bytes AMD PDU header+2 Byte MAC sub Header + 9 Byte MAC
Padding Sub PDU) = 32 Bytes

7.1.1.3.4.3.3 Specific message contents

FFS

7.1.1.35 Correct handling of MAC control information / Buffer Status / UL resources are
allocated / Padding BSR

7.11.351 Test Purpose (TP)

(1)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE transmits a MAC PDU and the nunber of padding bits is equal to the size of a Short BSR
plus its subheader and the UE has avail able data for transnission fromnore than one LCGin the TTI
where the BSRis transmitted }
then { UE reports a Truncated short BSR of the LCG with the highest priority |ogical channel
with data available for transm ssion }

}

2

with { UE in E-UTRA RRC_CONNECTED state }
ensure that {
when { UE transmits a MAC PDU and the nunber of padding bits is larger than the size of a Short
BSR plus its subheader but snaller than the size of a Long BSR plus its subheader and the UE has
avail abl e data for transm ssion fromnore than one LCGin the TTl where the BSRis transnmtted }
then { UE reports a Truncated | ong BSR }
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3

with { UE in RRC_CONNECTED state }
ensure that {
when { UE transnmits a MAC PDU and the nunber of padding bits is equal to or larger than the size
of a Short BSR plus its subheader but smaller than the size of a Long BSR plus its subheader and the
UE has available data for transmssion fromonly one LCGin the TTI where the BSRis transnmtted }
then { UE reports a Short BSR}

(4)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE transmts a MAC PDU and the nunber of padding bits is equal to or larger than the size
of a Long BSR plus its subheader }
then { UE reports a |l ong BSR }

7.1.1.35.2 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.321, clauses 5.4.5,
6.1.3.1 and 6.2.1. Unless otherwise stated these are Rel-15 requirements.

[TS 38.321, clause 5.4.5]

The Buffer Status reporting (BSR) procedure is used to provide the serving gNB with information about UL data
volume in the MAC entity.

RRC configures the following parameters to control the BSR:
- periodicBSR-Timer;
- retxBSR-Timer;
- logicalChannel SR-Delay;
- logicalChannel SR-DelayTimer;
- logicalChannel Group.

Each logical channel may be allocated to an LCG using the logical Channel Group. The maximum number of LCGsis
eight.

The MAC entity determines the amount of UL data available for alogical channel according to the data volume
calculation procedurein TSs 38.322 and 38.323 [3] [4].

A BSR shall be triggered if any of the following events occur:
- the MAC entity has new UL data available for alogical channel which belongsto an LCG; and either

- thenew UL databelongsto alogical channel with higher priority than the priority of any logical channel
containing available UL data which belong to any LCG; or

- none of the logical channels which belong to an LCG contains any available UL data.
in which case the BSR isreferred below to as 'Regular BSR';

- UL resources are allocated and number of padding bitsis equal to or larger than the size of the Buffer Status
Report MAC CE plusits subheader, in which case the BSR is referred below to as 'Padding BSR';

- retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in
which case the BSR is referred below to as 'Regular BSR';

- periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.
For Regular BSR, the MAC entity shall:
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1> if the BSR istriggered for alogical channel for which logical Channel SR-Delay is configured by upper layers:
2> dtart or restart the logical Channel SR-DelayTimer.
1> else
2> if running, stop the logicalChannel SR-DelayTimer.
For Regular and Periodic BSR, the MAC entity shall:
1> if more than one LCG has data available for transmission when the BSR is to be transmitted:
2> report Long BSR for all LCGs which have data available for transmission.
1> dse
2> report Short BSR.
For Padding BSR:

1> if the number of padding bitsis equal to or larger than the size of the Short BSR plusits subheader but smaller
than the size of the Long BSR plus its subheader:

2> if more than one L CG has data available for transmission when the BSR isto be transmitted:
3> if the number of padding bitsis equal to the size of the Short BSR plus its subheader:

4> report Short Truncated BSR of the LCG with the highest priority logical channel with data available
for transmission.

3> ese

4> report Long Truncated BSR of the LCG(s) with the logical channels having data available for
transmission following a decreasing order of priority, and in case of equal priority, inincreasing order
of LCGID.

2> else
3> report Short BSR;
1> elseif the number of padding bitsisequal to or larger than the size of the Long BSR plus its subheader:
2> report Long BSR for all LCGs which have data available for transmission.
The MAC entity shall:
1> if the Buffer Status reporting procedure determines that at |east one BSR has been triggered and not cancelled:
2> if UL-SCH resources are available for a new immediate transmission:
3> ingtruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);
3> start or restart periodicBSR-Timer except when all the generated BSRs are long or short Truncated BSRs;
3> start or restart retxBSR-Timer.
2> elseif a Regular BSR has been triggered and logical Channel SR-DelayTimer is not running:
3> if an uplink grant is not a configured grant; or

3> if the Regular BSR was not triggered for alogical channel for which logical channel SR masking
(logicalChannel SR-Mask) is setup by upper layers:

4> trigger a Scheduling Request.

A MAC PDU shall contain at most one BSR MAC CE, even when multiple events have triggered a BSR by the time.
The Regular BSR and the Periodic BSR shall have precedence over the padding BSR.
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The MAC entity shall restart retxBSR-Timer upon reception of a grant for transmission of new data on any UL-SCH.

All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data available for
transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All
triggered BSRs shall be cancelled when aBSR isincluded inaMAC PDU for transmission.

The MAC entity shall transmit at most one BSR in one MAC PDU. Padding BSR shall not be included when the MAC
PDU contains a Regular or Periodic BSR.

[TS38.322, clause 6.1.3.1]
Buffer Status Report (BSR) MAC CEs consist of either:
- Short BSR format (fixed size); or
- Long BSR format (variable size); or
- Short Truncated BSR format (fixed size); or
- Long Truncated BSR format (variable size).
The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in Table 6.2.1-2.
Thefieldsin the BSR MAC CE are defined as follows:

- LCGID: The Logical Channel Group ID field identifies the group of logical channel(s) whose buffer statusis
being reported. The length of the field is 3 bits;

- LCG;: For the Long BSR format, this field indicates the presence of the Buffer Size field for the logical channel
groupi. The LCG; field set to "1" indicates that the Buffer Size field for the logical channel group i is reported.
The LCG; field set to "0" indicates that the Buffer Size field for the logical channel group i is not reported. For
the Long Truncated BSR format, this field indicates whether logical channel group i has data available. The
LCG; field set to "1" indicates that logical channel group i has data available. The LCG; field set to "0" indicates
that logical channel group i does not have data available;

- Buffer Size: The Buffer Size field identifies the total amount of data available according to the data volume
calculation procedure in TSs 38.322 and 38.323 [3] [4] across al logical channels of alogical channel group
after the MAC PDU has been built (i.e. after thelogical channel prioritization procedure, which may result the
value of the Buffer Size field to zero). The amount of datais indicated in number of bytes. The size of theRLC
and MAC headers are not considered in the buffer size computation. The length of this field for the Short BSR
format and the Short Truncated BSR format is 5 bits. The length of thisfield for the Long BSR format and the
Long Truncated BSR format is 8 bits. The values for the 5-bit and 8-bit Buffer Size fields are shown in Tables
6.1.3.1-1 and 6.1.3.1-2, respectively. For the Long BSR format and the Long Truncated BSR format, the Buffer
Sizefields are included in ascending order based on the LCG;. For the Long Truncated BSR format the number
of Buffer Size fields included is maximised, while not exceeding the number of padding bits.

NOTE: The number of the Buffer Size fieldsin the Long Truncated BSR format can be zero.

LCG ID Buffer Size Oct 1

Figure 6.1.3.1-1: Short BSR and Short Truncated BSR MAC CE
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LCG7|LCGg|LCG5|LCG4|{LCG3|LCG,|LCG1|LCGq Oct 1
Buffer Size 1 Oct 2
Buffer Size 2 Oct 3
Buffer Size m Oct m+1

Figure 6.1.3.1-2: Long BSR and Long Truncated BSR MAC CE

Table 6.1.3.1-1: Buffer size levels (in bytes) for 5-bit Buffer Size field

Index BS value Index BS value Index BS value Index BS value
0 0 8 <102 16 < 1446 24 < 20516
1 <10 9 <142 17 <2014 25 < 28581
2 <14 10 <198 18 < 2806 26 < 39818
3 <20 11 < 276 19 < 3909 27 < 55474
4 <28 12 < 384 20 < 5446 28 < 77284
5 <38 13 <535 21 < 7587 29 < 107669
6 <53 14 <745 22 < 10570 30 < 150000
7 <74 15 <1038 23 < 14726 31 > 150000
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Table 6.1.3.1-2: Buffer size levels (in bytes) for 8-bit Buffer Size field
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Index | BSvalue | Index | BSvalue | Index BS value Index BS value
0 0 64 <526 128 <29431 192 < 1647644
1 <10 65 <560 129 < 31342 193 < 1754595
2 <11 66 < 597 130 < 33376 194 < 1868488
3 <12 67 <635 131 < 35543 195 < 1989774
4 <13 68 <677 132 < 37850 196 <2118933
5 <13 69 <720 133 < 40307 197 < 2256475
6 <14 70 <767 134 < 42923 198 < 2402946
7 <15 71 <817 135 < 45709 199 < 2558924
8 <16 72 < 870 136 < 48676 200 < 2725027
9 <17 73 <926 137 <51836 201 < 2901912
10 <18 74 <987 138 < 55200 202 < 3090279
11 <19 75 <1051 139 < 58784 203 < 3290873
12 <20 76 <1119 140 < 62599 204 < 3504487
13 <22 77 <1191 141 < 66663 205 < 3731968
14 <23 78 <1269 142 < 70990 206 < 3974215
15 <25 79 <1351 143 < 75598 207 < 4232186
16 <26 80 <1439 144 < 80505 208 < 4506902
17 <28 81 < 1532 145 < 85730 209 < 4799451
18 <30 82 <1631 146 < 91295 210 <5110989
19 <32 83 <1737 147 < 97221 211 < 5442750
20 <34 84 < 1850 148 < 103532 212 < 5796046
21 <36 85 <1970 149 < 110252 213 < 6172275
22 <38 86 < 2098 150 < 117409 214 < 6572925
23 <40 87 <2234 151 < 125030 215 < 6999582
24 <43 88 < 2379 152 < 133146 216 < 7453933
25 <46 89 < 2533 153 < 141789 217 < 7937777
26 <49 90 < 2698 154 < 150992 218 < 8453028
27 <52 91 <2873 155 < 160793 219 < 9001725
28 <55 92 < 3059 156 <171231 220 < 9586039
29 <59 93 < 3258 157 < 182345 221 < 10208280
30 <62 94 < 3469 158 <194182 222 < 10870913
31 <66 95 < 3694 159 < 206786 223 < 11576557
32 <71 96 <3934 160 < 220209 224 < 12328006
33 <75 97 <4189 161 < 234503 225 < 13128233
34 <80 98 < 4461 162 < 249725 226 < 13980403
35 <85 99 <4751 163 < 265935 227 < 14887889
36 <91 100 < 5059 164 < 283197 228 < 15854280
37 <97 101 < 5387 165 < 301579 229 < 16883401
38 <103 102 <5737 166 < 321155 230 < 17979324
39 <110 103 <6109 167 < 342002 231 < 19146385
40 <117 104 < 6506 168 < 364202 232 < 20389201
41 <124 105 <6928 169 < 387842 233 < 21712690
42 <132 106 <7378 170 < 413018 234 < 23122088
43 <141 107 <7857 171 < 439827 235 < 24622972
44 <150 108 < 8367 172 < 468377 236 < 26221280
45 <160 109 <8910 173 < 498780 237 < 27923336
46 <170 110 < 9488 174 <531156 238 < 29735875
47 <181 111 <10104 175 < 565634 239 < 31666069
48 <193 112 < 10760 176 < 602350 240 < 33721553
49 <205 113 < 11458 177 < 641449 241 < 35910462
50 <218 114 < 12202 178 < 683087 242 < 38241455
51 <233 115 < 12994 179 < 727427 243 < 40723756
52 < 248 116 < 13838 180 < 774645 244 < 43367187
53 < 264 117 < 14736 181 < 824928 245 < 46182206
54 <281 118 < 15692 182 < 878475 246 < 49179951
55 <299 119 < 16711 183 < 935498 247 < 52372284
56 < 318 120 < 17795 184 < 996222 248 < 55771835
57 < 339 121 < 18951 185 < 1060888 249 < 59392055
58 <361 122 <20181 186 < 1129752 250 < 63247269
59 < 384 123 <21491 187 < 1203085 251 < 67352729
60 <409 124 < 22885 188 < 1281179 252 < 71724679
61 <436 125 < 24371 189 < 1364342 253 < 76380419
62 < 464 126 < 25953 190 < 1452903 254 < 81338368
63 <494 127 < 27638 191 < 1547213 255 > 81338368
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Table 6.2.1-2 Values of LCID for UL-SCH

Index LCID values
000000 CCCH
000001-100000 Identity of the logical channel
100001-110110 Reserved
110111 Configured Grant Confirmation
111000 Multiple Entry PHR
111001 Single Entry PHR
111010 C-RNTI
111011 Short Truncated BSR
111100 Long Truncated BSR
111101 Short BSR
111110 Long BSR
111111 Padding
7.1.1.35.3 Test description
7.1.1.35.3.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 with the exception of 2 AM SN terminated SCG bearers configured

accordingto Table7.1.1.3.5.3.1-1.

Table 7.1.1.3.5.3.1-1: Logical Channel Configuration Settings

Parameter DRB1 DRB2
LogicalChannel-Identity 4 5
Priority 7 6
prioritizedBitRate Okbs Okbs
logicalChannelGroup 2 (LCG ID#2) 1 (LCG ID#1)
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7.1.1.3.5.3.2 Test procedure sequence
Table 7.1.1.3.5.3.2-1: Main behaviour

St Procedure Message Sequence TP | Verdict
U-S Message
1 The SS ignores scheduling requests and does - - - -
not allocate any uplink grant.
- EXCEPTION: Step 2 shall be repeated for 3 - - - -
times
2 The SS transmits a MAC PDU including an <-- MAC PDU (RLC SDU on LC 5) - -
RLC SDU of size 12 bytes on logical channel
5.
3 | The SS transmits a MAC PDU including an <-- MAC PDU (RLC SDU on LC 4) - -
RLC SDU of size 12 bytes on logical channel
4.
4 | UE transmits a Scheduling Request on --> (SR) - -
PUCCH.
5 | The SS sends an uplink grant of size 32 bits. <-- (UL grant) - -
(Note 1)
6 | The UE transmit a Long BSR report. -> MAC PDU (Long BSR header - -
(LCID=" 111110"), Long BSR)
7 The SS sends an uplink grant of size 128 bits. <-- (UL grant) - -
(Note 2)
8 | Check: Does UE transmit a MAC PDU -> MAC PDU (MAC sub PDU for 1 P
containing an RLC SDU and a short truncated RLC PDU, short truncated BSR
BSR indicating pending data (‘Buffer size’ field header (LCID="111011"), short
> ‘0") for logicalChannelGroup 1 (‘LCG ID’ field truncatedBSR(LCG ID =01,
set to ‘01")? Buffer size>'0",)
9 | The SS sends an uplink grant of size 136 bits. <-- (UL grant) - -
(Note 3)
10 | Check: Does UE transmit a MAC PDU -> MAC PDU (MAC sub PDU for 2 P
containing an RLC SDU and a long truncated RLC PDU, long truncated BSR
BSR indicating pending data (‘Buffer size’ field header (LCID="111100’), long
> ‘0’) for logicalChannelGroup 1 (‘'LCG ID’ field truncatedBSR(LCG ID ='01’,
set to ‘01")? Buffer size>'0",)
11 | The SS sends an uplink grant of size 136 bits. <-- (UL grant) - -
(Note 4)
12 | Check: Does UE transmit a MAC PDU -> MAC PDU (Short BSR 3 P
containing an RLC SDU and with a Short BSR header(LCID="11101"), Short
indicating pending data (‘Buffer size’ field > ‘0) BSR(LCG ID ='10’,Buffer size>'0’),
for logicalChannelGroup 2 (‘LCG ID’ field RLC SDU)
='10")?
13 | The SS sends an uplink grant of size 152 bits. <-- (UL grant) - -
(Note 5)
14 | Check: Does UE transmit a MAC PDU > MAC PDU (Long BSR header 4 P
containing a RLC SDU and a Long BSR? (LCID="11110’), Long BSR), RLC
SDU)
Note 1: 32 bits enables UE to transmit a MAC PDU with a MAC BSR header (1 byte) and a Short BSR (1 bytes) or
a Long BSR (3 byte when 2 LCG configured).
Note 2:  UE triggers a truncated Short BSR of type "Padding BSR" to report buffer status for one LCG for that TTI.
(2 Byte MAC Data sub PDU header + 12 Byte MAC SDU + 1 Byte Short truncated BSR sub header + 1
Byte short truncated BSR)
Note 3:  UE triggers a truncated Long BSR of type "Padding BSR" to report buffer status for one LCG for that TTI.
(2 Byte MAC Data sub PDU header + 12 Byte MAC SDU + 1 Byte Short truncated BSR sub header + 2
Byte long truncated BSR)
Note 4:  UE triggers a Short BSR of type "Padding BSR" to report buffer status for one LCG for that TTl. (2 Byte
MAC Data sub PDU header + 12 Byte MAC SDU + 1 Byte Short BSR sub header + 1 Byte short BSR)
Note 5:  UE triggers a long BSR of type "Padding BSR" to report buffer status for one LCG for that TTI. (2 Byte
MAC Data sub PDU header + 12 Byte MAC SDU + 1 Byte long BSR sub header + 3 Byte long BSR + 1
Byte Padding)

7.1.1.35.3.3 Specific message contents

FFS
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7.1.1.3.6 Correct handling of MAC control information / Buffer status / Periodic BSR timer
expires

7.1.1.3.6.1 Test Purpose (TP)

1)

with { UE in RRC_CONNECTED state }
ensure that {
when { periodi cBSR-Tinmer expires and nore than one LCG has buffered data }
then { UE triggers a Periodic BSR and reports Long BSR and restarts the periodi cBSR-Ti ner }

)

with { UE in E-UTRA RRC_CONNECTED state }
ensure that {
when { periodi cBSR-Ti mer expires and one LCG has buffered data }
then { UE triggers a Periodic BSR and reports Short BSR and restarts the periodi cBSR-Ti ner }

}

7.1.1.3.6.2 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.321, clauses 5.4.5,
6.1.3.1 and 6.2.1. Unless otherwise stated these are Rel-15 requirements.

[TS 38.321, clause 5.4.5]

The Buffer Status reporting (BSR) procedure is used to provide the serving gNB with information about UL data
volume in the MAC entity.

RRC configures the following parameters to control the BSR:
- periodicBSR-Timer;
- retxBSR-Timer;
- logicalChannel SR-Delay;
- logicalChannel SR-DelayTimer;
- logicalChannel Group.

Each logical channel may be allocated to an LCG using the logical Channel Group. The maximum number of LCGsis
eight.

The MAC entity determines the amount of UL data available for alogical channel according to the data volume
calculation procedurein TSs 38.322 and 38.323 [3] [4].

A BSR shall be triggered if any of the following events occur:
- the MAC entity has new UL data available for alogical channel which belongsto an LCG; and either

- thenew UL databelongsto alogical channel with higher priority than the priority of any logical channel
containing available UL data which belong to any LCG; or

- none of the logical channels which belong to an LCG contains any available UL data.
in which case the BSR isreferred below to as 'Regular BSR';

- UL resources are allocated and number of padding bitsis equal to or larger than the size of the Buffer Status
Report MAC CE plusits subheader, in which case the BSR isreferred below to as 'Padding BSR';

- retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in
which case the BSR is referred below to as 'Regular BSR';

- periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.

ETSI



3GPP TS 38.523-1 version 15.0.0 Release 15 77 ETSI TS 138 523-1 V15.0.0 (2018-07)

For Regular BSR, the MAC entity shall:
1> if the BSR istriggered for alogical channel for which logical Channel SR-Delay is configured by upper layers:
2> start or restart the logical Channel SR-DelayTimer.
1> else
2> if running, stop the logical Channel SR-DelayTimer.
For Regular and Periodic BSR, the MAC entity shall:
1> if more than one LCG has data available for transmission when the BSR is to be transmitted:
2> report Long BSR for al LCGs which have data available for transmission.
1> else
2> report Short BSR.
For Padding BSR:

1> if the number of padding bitsis equal to or larger than the size of the Short BSR plusits subheader but smaller
than the size of the Long BSR plusits subheader:

2> if more than one LCG has data available for transmission when the BSR isto be transmitted:
3> if the number of padding bitsis equal to the size of the Short BSR plusits subheader:

4> report Short Truncated BSR of the LCG with the highest priority logical channel with data available
for transmission.

3> ese

4> report Long Truncated BSR of the LCG(s) with the logical channels having data available for
transmission following a decreasing order of priority, and in case of equal priority, in increasing order
of LCGID.

2> else
3> report Short BSR;
1> elseif the number of padding bitsis equal to or larger than the size of the Long BSR plusits subheader:
2> report Long BSR for al LCGs which have data available for transmission.
The MAC entity shall:
1> if the Buffer Status reporting procedure determines that at |east one BSR has been triggered and not cancelled:
2> if UL-SCH resources are available for a new immediate transmission:
3> instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);
3> start or restart periodicBSR-Timer except when all the generated BSRs are long or short Truncated BSRs;
3> dtart or restart retxBSR-Timer.
2> elseif aRegular BSR has been triggered and logical Channel SR-DelayTimer is not running:
3> if an uplink grant is not a configured grant; or

3> if the Regular BSR was not triggered for alogical channel for which logical channel SR masking
(logicalChannel SR-Mask) is setup by upper layers:

4> trigger a Scheduling Request.
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A MAC PDU shall contain at most one BSR MAC CE, even when multiple events have triggered a BSR by the time.
The Regular BSR and the Periodic BSR shall have precedence over the padding BSR.

The MAC entity shall restart retxBSR-Timer upon reception of a grant for transmission of new data on any UL-SCH.

All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data available for
transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All
triggered BSRs shall be cancelled when aBSR isincluded inaMAC PDU for transmission.

The MAC entity shall transmit at most one BSR in one MAC PDU. Padding BSR shall not be included when the MAC
PDU contains a Regular or Periodic BSR.

[TS38.322, clause 6.1.3.1]
Buffer Status Report (BSR) MAC CEs consist of either:
- Short BSR format (fixed size); or
- Long BSR format (variable size); or
- Short Truncated BSR format (fixed size); or
- Long Truncated BSR format (variable size).
The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in Table 6.2.1-2.
Thefieldsinthe BSR MAC CE are defined as follows:

- LCGID: The Logical Channel Group ID field identifies the group of logical channel(s) whose buffer statusis
being reported. The length of the field is 3 bits;

- LCG;: For the Long BSR format, this field indicates the presence of the Buffer Size field for the logical channel
group i. The LCG; field set to "1" indicates that the Buffer Size field for the logical channel groupi is reported.
The LCG; field set to "0" indicates that the Buffer Size field for the logical channel group i is not reported. For
the Long Truncated BSR format, this field indicates whether logical channel group i has data available. The
LCG; field set to "1" indicates that logical channel group i has data available. The LCG; field set to "0" indicates
that logical channel group i does not have data available;

- Buffer Size: The Buffer Size field identifies the total amount of data available according to the data volume
calculation procedure in TSs 38.322 and 38.323 [3] [4] across al logical channels of alogical channel group
after the MAC PDU has been built (i.e. after the logical channel prioritization procedure, which may result the
value of the Buffer Size field to zero). The amount of dataisindicated in number of bytes. The size of the RLC
and MAC headers are not considered in the buffer size computation. The length of this field for the Short BSR
format and the Short Truncated BSR format is 5 bits. The length of thisfield for the Long BSR format and the
Long Truncated BSR format is 8 bits. The values for the 5-bit and 8-bit Buffer Size fields are shown in Tables
6.1.3.1-1 and 6.1.3.1-2, respectively. For the Long BSR format and the Long Truncated BSR format, the Buffer
Sizefields are included in ascending order based on the LCG;. For the Long Truncated BSR format the number
of Buffer Size fields included is maximised, while not exceeding the number of padding bits.

NOTE: The number of the Buffer Size fieldsin the Long Truncated BSR format can be zero.

LCG ID Buffer Size Oct 1

Figure 6.1.3.1-1: Short BSR and Short Truncated BSR MAC CE
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LCG7|LCGg|LCG5|LCG4|{LCG3|LCG,|LCG1|LCGq Oct 1
Buffer Size 1 Oct 2
Buffer Size 2 Oct 3
Buffer Size m Oct m+1

Figure 6.1.3.1-2: Long BSR and Long Truncated BSR MAC CE

Table 6.1.3.1-1: Buffer size levels (in bytes) for 5-bit Buffer Size field

Index BS value Index BS value Index BS value Index BS value
0 0 8 <102 16 < 1446 24 < 20516
1 <10 9 <142 17 <2014 25 < 28581
2 <14 10 <198 18 < 2806 26 < 39818
3 <20 11 < 276 19 < 3909 27 < 55474
4 <28 12 < 384 20 < 5446 28 < 77284
5 <38 13 <535 21 < 7587 29 < 107669
6 <53 14 <745 22 < 10570 30 < 150000
7 <74 15 <1038 23 < 14726 31 > 150000
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Table 6.1.3.1-2: Buffer size levels (in bytes) for 8-bit Buffer Size field
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Index | BSvalue | Index | BSvalue | Index BS value Index BS value
0 0 64 <526 128 <29431 192 < 1647644
1 <10 65 <560 129 < 31342 193 < 1754595
2 <11 66 < 597 130 < 33376 194 < 1868488
3 <12 67 <635 131 < 35543 195 < 1989774
4 <13 68 <677 132 < 37850 196 <2118933
5 <13 69 <720 133 < 40307 197 < 2256475
6 <14 70 <767 134 < 42923 198 < 2402946
7 <15 71 <817 135 < 45709 199 < 2558924
8 <16 72 < 870 136 < 48676 200 < 2725027
9 <17 73 <926 137 <51836 201 < 2901912
10 <18 74 <987 138 < 55200 202 < 3090279
11 <19 75 <1051 139 < 58784 203 < 3290873
12 <20 76 <1119 140 < 62599 204 < 3504487
13 <22 77 <1191 141 < 66663 205 < 3731968
14 <23 78 <1269 142 < 70990 206 < 3974215
15 <25 79 <1351 143 < 75598 207 < 4232186
16 <26 80 <1439 144 < 80505 208 < 4506902
17 <28 81 < 1532 145 < 85730 209 < 4799451
18 <30 82 <1631 146 < 91295 210 <5110989
19 <32 83 <1737 147 < 97221 211 < 5442750
20 <34 84 < 1850 148 < 103532 212 < 5796046
21 <36 85 <1970 149 < 110252 213 < 6172275
22 <38 86 < 2098 150 < 117409 214 < 6572925
23 <40 87 <2234 151 < 125030 215 < 6999582
24 <43 88 < 2379 152 < 133146 216 < 7453933
25 <46 89 < 2533 153 < 141789 217 < 7937777
26 <49 90 < 2698 154 < 150992 218 < 8453028
27 <52 91 <2873 155 < 160793 219 < 9001725
28 <55 92 < 3059 156 <171231 220 < 9586039
29 <59 93 < 3258 157 < 182345 221 < 10208280
30 <62 94 < 3469 158 <194182 222 < 10870913
31 <66 95 < 3694 159 < 206786 223 < 11576557
32 <71 96 <3934 160 < 220209 224 < 12328006
33 <75 97 <4189 161 < 234503 225 < 13128233
34 <80 98 < 4461 162 < 249725 226 < 13980403
35 <85 99 <4751 163 < 265935 227 < 14887889
36 <91 100 < 5059 164 < 283197 228 < 15854280
37 <97 101 < 5387 165 < 301579 229 < 16883401
38 <103 102 <5737 166 < 321155 230 < 17979324
39 <110 103 <6109 167 < 342002 231 < 19146385
40 <117 104 < 6506 168 < 364202 232 < 20389201
41 <124 105 <6928 169 < 387842 233 < 21712690
42 <132 106 <7378 170 < 413018 234 < 23122088
43 <141 107 <7857 171 < 439827 235 < 24622972
44 <150 108 < 8367 172 < 468377 236 < 26221280
45 <160 109 <8910 173 < 498780 237 < 27923336
46 <170 110 < 9488 174 <531156 238 < 29735875
47 <181 111 <10104 175 < 565634 239 < 31666069
48 <193 112 < 10760 176 < 602350 240 < 33721553
49 <205 113 < 11458 177 < 641449 241 < 35910462
50 <218 114 < 12202 178 < 683087 242 < 38241455
51 <233 115 < 12994 179 < 727427 243 < 40723756
52 < 248 116 < 13838 180 < 774645 244 < 43367187
53 < 264 117 < 14736 181 < 824928 245 < 46182206
54 <281 118 < 15692 182 < 878475 246 < 49179951
55 <299 119 < 16711 183 < 935498 247 < 52372284
56 < 318 120 < 17795 184 < 996222 248 < 55771835
57 < 339 121 < 18951 185 < 1060888 249 < 59392055
58 <361 122 <20181 186 < 1129752 250 < 63247269
59 < 384 123 <21491 187 < 1203085 251 < 67352729
60 <409 124 < 22885 188 < 1281179 252 < 71724679
61 <436 125 < 24371 189 < 1364342 253 < 76380419
62 < 464 126 < 25953 190 < 1452903 254 < 81338368
63 <494 127 < 27638 191 < 1547213 255 > 81338368
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Table 6.2.1-2 Values of LCID for UL-SCH

Index LCID values
000000 CCCH
000001-100000 Identity of the logical channel
100001-110110 Reserved
110111 Configured Grant Confirmation
111000 Multiple Entry PHR
111001 Single Entry PHR
111010 C-RNTI
111011 Short Truncated BSR
111100 Long Truncated BSR
111101 Short BSR
111110 Long BSR
111111 Padding
7.1.1.3.6.3 Test description
7.1.1.3.6.3.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 with the exception of 2 SN terminated SCG bearers configured according

to Table 7.1.1.3.6.3.1-1.

Table 7.1.1.3.6.3.1-1: Logical Channel Configuration Settings

Parameter DRB1 DRB2
LogicalChannel-Identity 4 5
Priority 7 6
prioritizedBitRate Okbs Okbs
logicalChannelGroup 2 (LCG ID#2) 1 (LCG ID#1)
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7.1.1.3.6.3.2 Test procedure sequence
Table 7.1.1.3.6.3.2-1: Main behaviour
St Procedure Message Sequence TP | Verdict
U-S Message
1 The SS ignores scheduling requests and does - - - -
not allocate any uplink grant.
2 The SS transmits a MAC PDU containing an <-- MAC PDU (RLC PDU)
RLC PDU on logical channel 4 (LCG ID 2),
which contains 1 RLC SDU of size 14 bytes.
3 | The SS sends an uplink grant of size 32 bits. <-- (UL grant) - -
(Note 1)
4 | The UE transmits a short BSR report and --> MAC PDU ((LCID="111101', LCG - -
restarts periodicBSR-Timer ID="10", Buffer size index > 0)
- EXCEPTION: Steps 5 to 7 shall be repeated - - - -
two times (Note 2)
5 | Wait for periodicBSR-Timer expiry. - - - -
6 | The SS sends an uplink grant of size 32 bits - - - -
7 Check: Does UE transmit a MAC PDU --> MAC PDU (LCID="111101", LCG 2 P
containing a Short BSR with ‘LCG ID’ field set ID="10’, Buffer Size index > 0)
to ‘10’ (logicalChannelGroup 2) and Buffer
Size Index > 0?
8 | The SS transmits a MAC PDU containing an <-- MAC PDU (RLC PDU) - -
RLC PDU on logical channel 5 (LCG ID 1),
which contains 1 RLC SDU of size 14 bytes.
9 The SS sends an uplink grant of size 32 bits <-- (UL grant) - -
(Note 3)
10 | The UE transmits a long BSR report with --> MAC PDU (( ‘Buffer size#1 index’ - -
‘Buffer size#1’ (LCG ID=1) and ‘Buffer size#2’ > 0, ‘Buffer size#2 index=">0")
(LCG ID=2) fields set to value > ‘0’
- EXCEPTION: Step 11 to 13 shall be repeated - - - -
twice. (Note 4)
11 | Wait for periodicBSR-Timer expiry. - - - -
12 | The SS sends an uplink grant of size 32 bits - - - -
13 | Check: Does UE transmit a MAC PDU --> MAC PDU 1 P
containing a Long BSR with ‘Buffer size#1’
(LCG ID=1) and ‘Buffer size#2’ (LCG ID=2)
fields set to value > ‘0'?
14 | The SS transmits 1 UL grant of size 328 bits to - -
enable the UE to loopback RLC SDU on LCG
4 and LCG 5.
15 | The UE transmits MAC PDU containing the --> MAC PDU - -
remaining RLC SDUs as sent by the SS in
steps 2 and 8.
Note 1:  SS transmits an UL grant of 32 bits to allow UE to transmit a Regular BSR triggered by the new data
received logicalChannelGroup 1 in step 2.
Note 2:  One short BSR due to first expiry of periodicBSR-Timer and one short BSR due to second expire of
periodicBSR-Timer.
Note 3:  SS transmits an UL grant of 32 bits to allow UE to transmit a Regular BSR triggered by the new data
received on higher priority logicalChannelGroup 1 in step 8.
Note 4:  One long BSR due to expire of periodicBSR-Timer and one long BSR due to second expiry of
periodicBSR-Timer.
7.1.1.3.6.3.3 Specific message contents
FFS
7.1.1.3.7 UE power headroom reporting / Periodic reporting / DL pathloss change reporting
7.1.1.3.7.1 Test Purpose (TP)
1)

with { UE in RRC_CONNECTED state }
ensure that {
when { phr-PeriodicTimer is configured in UE }
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then { UE transmits a MAC PDU contai ni ng Power Headroom MAC Control El enent }
}

)

with { UE in RRC_CONNECTED state with periodic power headroomreporting configured }
ensure that {
when { phr-PeriodicTinmer expires and UL resources allocated for new transmi ssion }
then { UE transmits a MAC PDU contai ni ng Power Headroom MAC Control El enent }

}

3
with { UE in RRC_CONNECTED state with periodic power headroomreporting configured }
ensure that {

when { power headroomreporting is disabled }
then { UE stops transmitting Power Headroom MAC Control El enent }

}

4
with { UE in RRC Connected state with Power headroomreporting for phr-Tx-PowerFactor Change
configured }
ensure that {
when { the DL Pathl oss has changed nore than phr-Tx- Power Fact or Change dB and phr-ProhibitTiner is

runni ng }
then { UE does not transmit a MAC PDU contai ni ng Power Headroom MAC Control El enent }

}

®)

with { UE in RRC Connected state with Power headroomreporting for phr-Tx-PowerFact or Change
configured }
ensure that {

when { phr-ProhibitTiner expires and power headroomreport is triggered due to DL Pathl oss change

then { UE transmits a MAC PDU contai ni ng Power Headroom MAC Control El enent }
}

7.1.1.3.7.2 Conformance requirements

References. The conformance requirements covered in the current TC are specified in: TS 38.321 clause 5.4.6 and
6.1.3.8. Unless otherwise stated these are Rel-15 requirements.

[TS 38.321, clause 5.4.6]

The Power Headroom reporting procedure is used to provide the serving gNB with information about the difference
between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated
Serving Cell and also with information about the difference between the nominal UE maximum power and the
estimated power for UL-SCH and PUCCH transmission on SpCell and PUCCH SCell.

RRC controls Power Headroom reporting by configuring the following parameters:
- phr-PeriodicTimer;
- phr-ProhibitTimer;
- phr-Tx-PowerFactorChange;
- phr-Type2PCedll;
- phr-Type20therCell;
- phr-ModeOtherCG;
- multiplePHR.

A Power Headroom Report (PHR) shall be triggered if any of the following events occur:
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- phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-Power Factor Change
dB for at least one activated Serving Cell of any MAC entity which is used as a pathl oss reference since the last
transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;

- phr-PeriodicTimer expires,

- upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, whichis
not used to disable the function;

- activation of an SCell of any MAC entity with configured uplink;
- addition of the PSCell;

- phr-ProhibitTimer expires or has expired, when the MAC entity has UL resources for new transmission, and the
following istrue for any of the activated Serving Cells of any MAC entity with configured uplink:

- thereare UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the
required power backoff due to power management (as allowed by P-MPR; as specified in TS 38.101 [10]) for
this cell has changed more than phr-Tx-Power Factor Change dB since the last transmission of a PHR when
the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.

NOTE: The MAC entity should avoid triggering a PHR when the required power backoff due to power
management decreases only temporarily (e.g. for up to afew tens of milliseconds) and it should avoid
reflecting such temporary decrease in the values of Pcuax,o/PH when a PHR is triggered by other
triggering conditions.

If the MAC entity has UL resources allocated for new transmission the MAC entity shall:
1> if itisthefirst UL resource allocated for anew transmission since the last MAC reset:
2> dtart periodicPHR-Timer;

1> if the Power Headroom reporting procedure determines that at |east one PHR has been triggered and not
cancelled, and;

1> if the alocated UL resources can accommodate the MAC CE for PHR which the MAC entity is configured to
transmit, plusits subheader, as aresult of logical channel prioritization:

2> if multiplePHR is configured:
3> for each activated Serving Cell with configured uplink associated with any MAC entity:
4> obtain the value of the Type 1 or Type 3 power headroom for the corresponding uplink carrier;
4> if this MAC entity has UL resources allocated for transmission on this Serving Cell; or

4> if the other MAC entity, if configured, has UL resources allocated for transmission on this Serving
Cdll and phr-ModeOtherCG is set to real by upper layers:

5> obtain the value for the corresponding Pcwax c field from the physical layer.
3> if phr-Type2PCdll is configured:
4> obtain the value of the Type 2 power headroom for the PCell;
4> obtain the value for the corresponding Pcwax ¢ field from the physical layer.
3> if phr-Type20therCell is configured:
4> if PUCCH SCell is configured:
5> obtain the value of the Type 2 power headroom for the PUCCH SCell.
4> else (i.e. other CG is configured):

5> obtain the value of the Type 2 power headroom for the SpCell of the other MAC entity.
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4> obtain the value for the corresponding Pcvax ¢ field from the physical layer.

3> ingtruct the Multiplexing and Assembly procedure to generate and transmit a PHR MAC CE according to
configured ServCellIndex and the PUCCH(s) for the MAC entity as defined in subclause 6.1.3.9 based on

the values reported by the physical layer.

2> else (i.e. Single Entry PHR format is used):

3> obtain the value of the Type 1 or Type 3 power headroom from the physical layer for the corresponding
uplink carrier of the PCell;

3> obtain the value for the corresponding Pcwax ¢ field from the physical layer;
3> instruct the Multiplexing and Assembly procedure to generate and transmit a PHR MAC CE as defined in
subclause 6.1.3.8 based on the value reported by the physical layer.
2> start or restart periodicPHR-Timer;
2> start or restart prohibitPHR-Timer;
2> cancel al triggered PHR(S).

[TS38.321, clause 6.1.3.8]

The Single Entry PHR MAC CE isidentified by aMAC PDU subheader with LCID as specified in Table 6.2.1-2. It has
afixed size and consists of two octet defined as follows (figure 6.1.3.8-1):

- R:reserved bit, setto "0";

Power Headroom (PH): thisfield indicates the power headroom level. The length of the field is 6 bits. The
reported PH and the corresponding power headroom levels are shown in Table 6.1.3.8-1 below (the
corresponding measured valuesin dB are specified in TS 38.133 [11]);

Pcemax c: thisfield indicates the Pevax ¢ (as specified in TS 38.213 [6]) used for calculation of the preceding PH
field. The reported Pcuwax,c and the corresponding nomina UE transmit power levels are shown in Table 6.1.3.8-
2 (the corresponding measured valuesin dB are specified in TS 38.133 [11]).

R | R PH (Type X, PCell)

R R Pomax.c

Figure 6.1.3.8-1: Single Entry PHR MAC CE

Table 6.1.3.8-1: Power Headroom levels for PHR

PH Power Headroom Level
POWER_HEADROOM_0

0

1 POWER_HEADROOM_1
2 POWER HEADROOM 2
3 POWER_HEADROOM 3

60 POWER_HEADROOM_60

61 POWER_HEADROOM_61
62 POWER_HEADROOM_62
63 POWER_HEADROOM_63

ETSI



3GPP TS 38.523-1 version 15.0.0 Release 15 87 ETSI TS 138 523-1 V15.0.0 (2018-07)

Table 6.1.3.8-2: Nominal UE transmit power level for PHR

Pcmax.c Nominal UE transmit power level

0 PCMAX_C_00

1 PCMAX_C_01

2 PCMAX_C_02

61 PCMAX_C_61

62 PCMAX_C_62

63 PCMAX_C_63
7.1.1.3.7.3 Test description
7.1.1.3.7.3.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except that set to return no datain uplink.
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7.1.1.3.7.3.2 Test procedure sequence
Table 7.1.1.3.7.3.2-1: Main behaviour
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St Procedure Message Sequence TP | Verdict
U-S Message
1 | The SS transmits UL grant to the UE at every <-- - - -
10ms in PDCCH occasion.
2 | SStransmits RRCConnectionReconfiguration <-- - - -

message containing nr-
SecondaryCellGroupConfig-rl15 to configure
specific Power Headroom parameters for
PSCell.

3 | Check: does the UE transmit a MAC PDU --> MAC PDU 1 P
containing Power Headroom MAC Control
Element?

(Note 1)

4 | The UE transmits an > - - -
RRCConnectionReconfigurationComplete
message to confirm the setup of Power
Headroom parameters.

(Note 1)

5 | Check: does the UE transmit a MAC PDU --> MAC PDU 2 P
containing Power Headroom MAC Control
Element 200ms after step 3?

6 | The SS transmits an <-- - - -
RRCConnectionReconfiguration message
containing nr-SecondaryCellGroupConfig-r15
to disable Power Headroom reporting.

7 The UE transmits an --> - - -
RRCConnectionReconfigurationComplete
message to confirm the disabling of Power
Headroom parameters.

8 Check: for 2 seconds, does the UE transmit a > MAC PDU 3 F
MAC PDU containing Power Headroom MAC
Control Element?

9 SS Transmits RRCConnectionReconfiguration <-- - - -
message containing nr-
SecondaryCellGroupConfig-r15 to configure
specific Power Headroom parameters for
PSCell.

10 | Check: does the UE transmit a MAC PDU --> MAC PDU 1 P
containing Power Headroom MAC Control
Element?

(Note 2)

11 | The UE transmits an > - - -
RRCConnectionReconfigurationComplete
message to confirm the setup of Power
Headroom parameters.

(Note 2)

12 | Wait for T1= 10% of prohibitPHR-Timer. - - - -
13 | Reduce SS power level for NR Cell so as to - - - -
cause a DL_Pathloss change at UE by 5dB.
14 | Check: for 80% of prohibitPHR-Timer since --> MAC PDU 4 F
step 3, does the UE transmit a MAC PDU
containing Power Headroom MAC Control
Element?

15 | Check: after prohibitPHR-Timer after step 3, --> MAC PDU 5 P
does the UE transmit a MAC PDU containing
Power Headroom MAC Control Element?

16 | Increase SS power level for NR Cell so as to - - - -
cause a DL_Pathloss change at UE by 5dB.
17 | Check: for 80% of prohibitPHR-Timer since --> MAC PDU 4 F
step 7, does the UE transmit a MAC PDU
containing Power Headroom MAC Control
Element?

18 | Check: after prohibitPHR-Timer after step 7, --> MAC PDU 5 P
does the UE transmit a MAC PDU containing
Power Headroom MAC Control Element?
Note 1:  Steps 3 and 4 can happen in 2 MAC PDU'’s, or may be combined in one MAC PDU.
Note 2:  Steps 10 and 11 can happen in 2 MAC PDU'’s, or may be combined in one MAC PDU.
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Table 7.1.1.3.7.3.3-1: RRCConnectionReconfiguration (step 2, Table 7.1.1.3.7.3.2-1)

Derivation Path: 36.508 [7], Table 4.6.1-8

Information Element

Value/remark

Comment

Condition

RRCConnectionReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

c1 CHOICE{

rrcConnectionReconfiguration-r8 SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nr-Config-r15 CHOICE {

setup SEQUENCE {

nr-SecondaryCellGroupConfig-r15

RRCReconfiguration

OCTET STRING
including the
RRCReconfigurati
on

Table 7.1.1.3.7.3.3-2: RRCReconfiguration (Table 7.1.1.3.7.3.3-1)

Derivation Path: 38.508-1 [4], Table [4.6.1-3]

Information Element

Value/remark

Comment

Condition

RRCReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

rrcReconfiguration SEQUENCE {

secondaryCellGroup

CellGroupConfig

OCTET STRING
(CONTAINING
CellGroupConfig)

EN-DC
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Derivation Path: 38.508-1 [4], Table [4.6.3-n]

Information Element Value/remark Comment Condition
cellGroupConfig::= SEQUENCE {
cellGroupld 1
mac-CellGroupConfig SEQUENCE {
phr-Config CHOICE {
setup SEQUENCE {
phr-PeriodicTimer sf200
phr-ProhibitTimer sf1000
phr-Tx-PowerFactorChange infinity
multiplePHR false
phr-Type2PCell false
phr-Type20therCell false
phr-ModeOtherCG real
}
}
}
}
Table 7.1.1.3.7.3.3-4: RRCConnectionReconfiguration (step 6, Table 7.1.1.3.7.3.2-1)
Derivation Path: 36.508 [7], Table 4.6.1-8
Information Element Value/remark Comment Condition

RRCConnectionReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

c1 CHOICE{

rrcConnectionReconfiguration-r8 SEQUENCE {

nonCiriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nr-Config-r15 CHOICE {

setup SEQUENCE {

nr-SecondaryCellGroupConfig-r15

RRCReconfiguration

OCTET STRING
including the
RRCReconfigurati
on
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Derivation Path: 38.508-1 [4], Table [4.6.1-3]

Information Element Value/remark Comment Condition
RRCReconfiguration ::= SEQUENCE {
criticalExtensions CHOICE {
rrcReconfiguration SEQUENCE {
secondaryCellGroup CellGroupConfig OCTET STRING EN-DC
(CONTAINING
CellGroupConfig)
}
}
}
Table 7.1.1.3.7.3.3-6: cellGroupConfig (Table 7.1.1.3.7.3.3-5)
Derivation Path: 38.508-1 [4], Table [4.6.3-n]
Information Element Value/remark Comment Condition

cellGroupConfig::= SEQUENCE {

cellGroupld 1
mac-CellGroupConfig SEQUENCE {
phr-Config CHOICE {
release NULL
}
}
}
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Table 7.1.1.3.7.3.3-7: RRCConnectionReconfiguration (step 9, Table 7.1.1.3.7.3.2-1)

Derivation Path: 36.508 [7], Table 4.6.1-8

Information Element Value/remark Comment Condition

RRCConnectionReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

c1 CHOICE{

rrcConnectionReconfiguration-r8 ::= SEQUENCE

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nr-Config-rl5 CHOICE {

setup SEQUENCE {

nr-SecondaryCellGroupConfig-r15 RRCReconfiguration OCTET STRING
including the
RRCReconfigurati
on

Table 7.1.1.3.7.3.3-8: RRCReconfiguration (Table 7.1.1.3.7.3.3-7)

Derivation Path: 38.508-1 [4], Table [4.6.1-3]

Information Element Value/remark Comment Condition

RRCReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

rrcReconfiguration SEQUENCE {

secondaryCellGroup CellGroupConfig OCTET STRING EN-DC
(CONTAINING
CellGroupConfig)
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Table 7.1.1.3.7.3.3-9: cellGroupConfig (Table 7.1.1.3.7.3.3-8)

Derivation Path: 38.508-1 [4], Table [4.6.3-n]

Information Element Value/remark Comment Condition
cellGroupConfig::= SEQUENCE {
cellGroupld 1
mac-CellGroupConfig SEQUENCE {
phr-Config CHOICE {
setup SEQUENCE {
phr-PeriodicTimer sf200
phr-ProhibitTimer sf1000
phr-Tx-PowerFactorChange 3dB
multiplePHR false
phr-Type2PCell false
phr-Type20therCell false
phr-ModeOtherCG real
}
}
}
}
7.1.1.4 Transport Size Selection
7.1.1.4.1 DL-SCH Transport Block Size Selection
711411 DL-SCH Transport Block Size selection / DCI format 1_0
7114111 Test Purpose (TP)
1)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE on PDCCH receives DCI format 1_0 indicating a resource block assignnent correspondent to
physi cal resource blocks , Tine domain resource assignment and a nodul ati on and codi ng }
then { UE decodes the received transport block of size correspondent as per Mdul ati on Coding
schenme, tinme domain resource allocation and PRB's and forwards it to higher layers }

}

7114112 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.212 clause 7.3.1.2.1, TS
38.214 clause5.1.2.1,5.1.2.2,5.1.2.2.2,5.1.3, 5.1.3.1 and 5.1.3.2. Unless otherwise stated these are Rel-15
requirements.

[TS38.212, clause 7.3.1.2.1]

DCI format 1_0Ois used for the scheduling of PDSCH in one DL cell.

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by C-RNTI:
- ldentifier for DCI formats — 1 bits

- Thevaueof thishit field isalways set to 1, indicating a DL DCI format

- Frequency domain resource assignment —’_I og, (N (NS +1)/ 2)-‘ bits

Nov B isthe size of theinitial bandwidth part in case DCI format 1_0 is monitored in the common search
space

Nov B isthe size of the active bandwidth part in case DCI format 1_0 is monitored in the UE specific
search space and satisfying

- thetotal number of different DCI sizes monitored per dot is no more than 4, and
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- thetotal number of different DCI sizes with C-RNTI monitored per slot is no more than 3

- Time domain resource assignment — X bits as defined in Subclause 5.1.2.1 of [6, TS38.214]

- VRB-to-PRB mapping — 1 bit according to Table 7.3.1.1.2-33

- Modulation and coding scheme — 5 hits as defined in Subclause 5.1.3 of [6, TS38.214]

- New dataindicator — 1 bit

- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2

- HARQ process number — 4 bits

- Downlink assignment index — 2 bits as defined in Subclause 9.1.3 of [5, TS38.213], as counter DAI

- TPC command for scheduled PUCCH —[2] bits as defined in Subclause 7.2.1 of [5, TS38.213]

- PUCCH resource indicator — 3 bits as defined in Subclause 9.2.3 of [5, TS38.213]

- PDSCH-to-HARQ_feedback timing indicator —[3] bits as defined in Subclause x.x of [5, TS38.213]
[TS38.214, clause 5.1.2.1]

When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field of the DCI provides
arow index of ahigher layer configured table pdsch-symbol Allocation, where the indexed row defines the dot offset Ko,
the start and length indicator SL1V, and the PDSCH mapping type to be assumed in the PDSCH reception.

Given the parameter values of the indexed row:

HPDSCH

- Thedot alocated for the PDSCH is {n- 2

2 HPDCCH

‘+ Ky, where nisthe slot with the scheduling DCI, and Ko is

based on the numerology of PDSCH, and

- Thestarting symbol Srelative to the start of the slot, and the number of consecutive symbols L counting from the
symbol Sallocated for the PDSCH are determined from the start and length indicator SLIV:

if (L-1)<7 then
LIV =14-(L-1)+S
else
IV =14-(14-L+1)+(14-1-9)
whereO< L <14-S, and
- The PDSCH mapping typeis set to Type A or Type B as defined in sub-clause 7.4.1.1.2 of [4, TS 38.211] .

The UE shall consider the Sand L combinations defined in table 5.1.2.1-1 as valid PDSCH allocations:

Table 5.1.2.1-1: Valid S and L combinations

PDSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L
Type A {0,1,2,3} {3,...,14} {3,...,14} {0,1,2,3} {3,...,12} {3,...,12}
Type B {0,...,12} {2,4,7} {2,...,14} {0,...,10} {2,4.,6} {2,...12}
[38.214 clause 5.1.2.2)

The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the
detected PDCCH DCI. Two downlink resource allocation schemes, type 0 and type 1, are supported. The UE shall
assume that when the scheduling grant is received with DCI format 1_0, then downlink resource allocation type 1 is
used.
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[38.214 clause 5.1.2.2.2]

In downlink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set
of contiguously allocated localized or distributed virtual resource blocks within the active carrier bandwidth part of size

NSZ, PRBs except for the case when DCI format 1_0 is decoded in the common search spacein CORESET 0in
which case the initial bandwidth part of size N5 shall be used.

A downlink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting
virtual resource block ( RBy,,; ) and alength in terms of contiguously allocated resource blocks L gg, . The resource
indication valueis defined by

if (Lges —1)£\_N§6§P/2J then
RIV = N§im (Lggs —1) + RBgar
else
RIV = Ng\?\?P(Ng\i?P —Lpgs +D+ (Ng\ﬁp —1-RBgyart)
where Lggs> 1 and shall not exceed N3 —RB,__. .

[TS38.214, clause 5.1.3]

To determine the modulation order, target code rate, and transport block size(s) in the physical downlink shared
channel, the UE shall first

- read the 5-bit modulation and coding scheme field (Iwcs) in the DCI to determine the modulation order (Qm) and
target code rate (R) based on the procedure defined in Subclause 5.1.3.1.

and second

- the UE shall use the number of layers (v), the total number of allocated PRBs before rate matching (ners) to
determine to the transport block size based on the procedure defined in Subclause 5.1.3.2.

The UE may skip decoding atransport block in aninitial transmission if the effective channel code rate is higher than
0.95, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded.

[TS38.214, clause 5.1.3.1]

For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI,
CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI,

if the higher layer parameter MCS-Table-PDSCH is not set to '256QAM’, and the PDSCH is scheduled with C-RNTI

- the UE shall use Imcs and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

else

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel scheduled with C-RNTI and table 5.1.3.1-1 with other RNTI.

End

The UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qn) and Target code rate (R) used in the
physical downlink shared channel scheduled with other RNTIsthan C-RNTI. The UE is not expected to decode a
PDSCH scheduled with SI-RNTI and (Qm) > 2
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Table 5.1.3.1-1: MCS index table 1 for PDSCH

MCS Index | Modulation Order | Target code Rate R x [1024] Spectral
Imcs Qm efficiency
0 2 120 0.2344
1 2 157 0.3066
2 2 193 0.3770
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.8770
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
11 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 438 2.5664
18 6 466 2.7305
19 6 517 3.0293
20 6 567 3.3223
21 6 616 3.6094
22 6 666 3.9023
23 6 719 4.2129
24 6 772 4.5234
25 6 822 4.8164
26 6 873 5.1152
27 6 910 5.3320
28 6 948 5.5547
29 2 reserved
30 4 reserved
31 6 reserved

[TS38.214, clause 5.1.3.2]

For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI,
CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI, if the higher layer parameter MCS Table-PDSCH is set to '256QAM" and
0< Iyes £270 < Iyes < 27, or the higher layer parameter MCS-Table-PDSCH is not set to '256QAM' and

0<1lpcs £280 < Iyes < 28, the UE shall first determine the TBS as specified below:
1) The UE shal first determine the number of RES (Nre) Ng) within the dlot.

- A UE first determines the number of REs allocated for PDSCH within aPRB (N 'RE) by

Nee = N& NSy — Noks — NG, where NS =12 is the number of subcarriersin aphysical resource

block, N3, NS9t, isthe number of symbols of the PDSCH allocation within the slot, Nfiks NORE isthe
number of REsfor DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM
groups indicated by DCI format 1_0/1_1, and N7® NZR? isthe overhead configured by higher layer

parameter Xoh-PDSCH. If the Xoh-PDSCH is not configured (avalue from 0, 6, 12, or 18), the Xoh-PDSCH
issetto 0.

- A UE determines the total number of REs allocated for PDSCH ( Nz Ngg) by N = min(156, N e ) Nprs
Ngg = Njg * nprp, Where negg is the total number of allocated PRBs for the UE.

2) Intermediate number of information bits (Ninto) TBS¢emyp) isobtained by N, = Nge - R- Q- 0TBStemp =
Ngg * R * Qi * v.
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If N, <3824

Use step 3 asthe next step of the TBS determination
else

Use step 4 as the next step of the TBS determination
end

3) When N, <3824, TBSis determined as follows

- quantized intermediate number of information bits N, = max(24,2n L%D , Where
n=max(3,[10g,(Nirgo )]~ 6).
- useTable5.1.3.2-2 find the closest TBS that is not less than N, -

Table 5.1.3.2-2: TBS for N4, <3824

Index TBS Index TBS Index TBS Index TBS
1 24 31 336 61 1288 91 3624
2 32 32 352 62 1320 92 3752
3 40 33 368 63 1352 93 3824
4 48 34 384 64 1416
5 56 35 408 65 1480
6 64 36 432 66 1544
7 72 37 456 67 1608
8 80 38 480 68 1672
9 88 39 504 69 1736
10 96 40 528 70 1800
11 104 41 552 71 1864
12 112 42 576 72 1928
13 120 43 608 73 2024
14 128 44 640 74 2088
15 136 45 672 75 2152
16 144 46 704 76 2216
17 152 47 736 77 2280
18 160 48 768 78 2408
19 168 49 808 79 2472
20 176 50 848 80 2536
21 184 51 888 81 2600
22 192 52 928 82 2664
23 208 53 984 83 2728
24 224 54 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
27 272 57 1160 87 3104
28 288 58 1192 88 3240
29 304 59 1224 89 3368
30 320 60 1256 90 3496

4) When N;;, >3824, TBSisdetermined as follows.

o . . L - Niyo—24
- quantized intermediate number of information bits N , = max(3840,2n x round (”‘fz‘)—nD , Where
n= LI 09, (Niys o — 24)J— 5and tiesin the round function are broken towards the next largest integer.

- if R<1/4
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TBS=8.C- Nigto +24 _ 24 where C = N'nfo—"'24
8-C ’ 3816
else
if Niy o >8424
TBS=8-C- M — 24 where C = N'nfo—"'24
8-C 8424
else
TBS=8. {—N"‘f" i zﬂ 24
8
end
end
7114113 Test description
71141131 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except set the NR Cell bandwidth and applicable BWP to maximum for
the NR Band under test as specified in Table 5.3.5-1in TS 38.101-1 [16] / TS 38.101-2 [17] (to enable testing of nprs
up to maximum value).

71141132 Test procedure sequence

Table 7.1.1.4.1.1.3.2-1: Maximum TBS for different UE categories

UE Category Maximum number of bits of a UL-SCH transport
block received within a TTI

TS 38.306 [23] clause 4.1.2 require UE without ue-CategoryDL and ue-
CategoryUL, to support Max TBS achievable based on max bandwidth of
the Band under test.
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Table 7.1.1.4.1.1.3.2-2: Number of downlink PDCP SDUs and PDCP SDU size used as test data

TBS Number of PDCP SDU size
[bits] PDCP SDUs [bits]
(Note 1)

132 < TBS 12128 note 2 1 8*FLOOR((TBS — 128)/8)
12129 < TBS 24200 2 8*FLOOR((TBS — 200)/16))
24201 < TBS < 36272 3 8*FLOOR((TBS — 272)/24))
36273 < TBS 48344 4 8*FLOOR((TBS — 344)/32))
48345< TBS 60416 5 8*FLOOR((TBS — 416)/40))
60417 < TBS < 72488 6 8*FLOOR((TBS —488)/48))
72489 < TBS 84560 7 8*FLOOR((TBS — 560)/56)
84561 < TBS <96632 8 8*FLOOR((TBS —632)/64))
96633< TBS 108704 9 8*FLOOR((TBS —704)/72))
10705 < TBS 120776 10 8*FLOOR((TBS — 776)/80))
120777< TBS 132848 11 8*FLOOR((TBS —848)/88))
132849 < TBS < 144920 12 8*FLOOR((TBS — 920)/96))
TBS> 144920 13 8*FLOOR((TBS — 992)/112))

Each PDCP SDU is limited to 1500 octets (to keep below maximum SDU size of ESM as specified in TS

PDCP SDU size = (TBS — N*PDCP header size — N*AMD PDU header size - N*MAC header size — Size
of Timing Advance — RLC Status PDU size- MAC header for RLC Status PDU) / N, where

MAC header size for AMD PDU = 16 or 24 bits depending on L=8 or 16 bits. Worst case 24 is taken.

Size of Timing Advance MAC CE with header is 16 bits (if no Timing Advance and/or RLC status needs to

RLC Status PDU size = 24 bits with 1 ACK_SN, With a MAC header of 16 bits.

Note 1:

24.301 [21] clause 9.9.4.12).

The PDCP SDU size of each PDCP SDU is

PDCP header size is 24 bits for the RLC AM and 18-bit SN case;

AMD PDU header size is 24 bits with 18 bit SN;

be sent, padding will occur instead).

This gives:

PDCP SDU size = 8*FLOOR((TBS — N*24- N*24 — N*24 -56 )/(8*N)) bits.
Note 2:

According to the final PDCP SDU size formula in Note 1, the smallest TBS that can be tested is 136 bits.

Table 7.1.1.4.1.1.3.2-3: Specific Parameters

Parameter

Value

Comment

PDSCH mappingType

typeA

starting symbol S

0 Or 3 to avoid clash with
PDCCH symbols

number of consecutive symbols L 3..14-S

kO 0 or 1 (if S=0)

number of layers (v) 1

mcs-Table gam64

xoh-PDSCH Not Present Results in value 0(xoh0)
dmrs-AdditionalPosition pos0 Results in 1 DMRS symbol per two

carrier (N5R5 )for Duration in symbols
>=3 (TS 38.211 [24], table 7.4.1.1.2-3)
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Table 7.1.1.4.1.1.3.2-4: Main behaviour

St Procedure Message Sequence TP Verdict
U-S Message
- EXCEPTION: Steps 1to 5 are - - - -
repeated for allowed values of

Nes 1to N2S2YP in BWP, time
domain resource length L 3 to 14-
Sand | fromOto 28.

1 | The SS calculates or looks up - - - B
TBS in TS 38.214 [15] based on

the value of S, L, | ,,csand ners.

- EXCEPTION: Steps 2to 5 are - - - -
performed if TBS is less than or
equal to UE capability "Maximum
number of DL-SCH transport
block bits received within a TTI"
as specified in Table
7.1.1.4.1.1.3.2-1 and larger than
or equal to 132 bits as specified in
Table 7.1.1.4.1.1.3.2-2

2 The SS creates one or more - - - -
PDCP SDUs, depending on TBS,
in accordance with Table

7.1.1.4.1.1.3.2-2.

3 | The SS transmits the PDCP SDUs <-- MAC PDU (NxPDCP - -
concatenated into a MAC PDU SDUs)
and indicates on PDCCH DCI DCI: (DCI Format 1_0, S,

Format 1_0 and values of S, L,
I wes@nd ners.

4 | Atthe reception of scheduling <-- (UL Grant) - -
request the SS transmits UL Grant
for transmitting loop back PDCP
SDUs.

5 | CHECK: Does UE return the -> (NxPDCP SDUs) 1 P
same number of PDCP SDUs with
same content as transmitted by
the SSin step 3?

L, I ycsand ners)

71141133 Specific message contents

[Non€].

7.1.1.4.1.2 DL-SCH Transport Block Size selection / DCI format 1_0/ 256QAM
7114121 Test Purpose (TP)

)

with { UE in RRC_CONNECTED state and nts-Table is set as ‘qank56‘ }
ensure that {
when { UE on PDCCH receives DCI format 1_0 indicating a resource block assignnent correspondent to
physi cal resource blocks , Tine domain resource assignment and a nodul ati on and codi ng }
then { UE decodes the received transport block of size correspondent as per Mdul ati on Coding
scheme, tinme domain resource allocation and PRB's and forwards it to higher layers }

}

7.1.1.4122 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.212 clause 7.3.1.2.1, TS
38.214 clause 5.1.2.1,5.1.2.2,5.1.2.2.2,5.1.3,5.1.3.1 and 5.1.3.2. Unless otherwise stated these are Rel-15
requirements.

[TS38.212, clause 7.3.1.2.1]
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DCI format 1_0 isused for the scheduling of PDSCH in one DL cell.

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by C-RNTI:

Identifier for DCI formats— 1 bits

- Thevalueof thishit field isalways set to 1, indicating a DL DCI format

Frequency domain resource assignment —’_I og, (N (NS +1)/ 2)-‘ bits

Noc B isthe size of the initial bandwidth part in case DCI format 1_0 is monitored in the common search
space

Naov B isthe size of the active bandwidth part in case DCI format 1_0 is monitored in the UE specific
search space and satisfying

- thetotal number of different DCI sizes monitored per dot is no more than 4, and

- thetotal number of different DCI sizes with C-RNTI monitored per ot isno more than 3
Time domain resource assignment — X bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
VRB-to-PRB mapping — 1 bit according to Table 7.3.1.1.2-33
Modulation and coding scheme — 5 bits as defined in Subclause 5.1.3 of [6, TS38.214]
New data indicator — 1 bit
Redundancy version — 2 bits asdefined in Table 7.3.1.1.1-2
HARQ process number — 4 hits
Downlink assignment index — 2 bits as defined in Subclause 9.1.3 of [5, TS38.213], as counter DAI
TPC command for scheduled PUCCH —[2] bits as defined in Subclause 7.2.1 of [5, TS38.213]
PUCCH resource indicator — 3 bits as defined in Subclause 9.2.3 of [5, TS38.213]
PDSCH-to-HARQ _feedback timing indicator —[3] bits as defined in Subclause x.x of [5, TS38.213]

[TS38.214, clause 5.1.2.1]

When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field of the DCI provides
arow index of ahigher layer configured table pdsch-symbol Allocation, where the indexed row defines the dot offset Ko,
the start and length indicator SL1V, and the PDSCH mapping type to be assumed in the PDSCH reception.

Given the parameter values of the indexed row:

HPDSCH

The dlot allocated for the PDSCH is {n- ‘+ Ky, where nisthe slot with the scheduling DCI, and Ko is

2 HPDCCH

based on the numerology of PDSCH, and

The starting symbol Srelative to the start of the slot, and the number of consecutive symbols L counting from the
symbol Sallocated for the PDSCH are determined from the start and length indicator SLIV:

if (L—1)<7 then
IV =14-(L-D)+S
else
LIV =14-(14-L+1)+(14-1-9)

where0< L <14-S, and
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- The PDSCH mapping typeis set to Type A or Type B asdefined in sub-clause 7.4.1.1.2 of [4, TS38.211] .
The UE shall consider the Sand L combinations defined in table 5.1.2.1-1 as valid PDSCH allocations:

Table 5.1.2.1-1: Valid S and L combinations

PDSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L
Type A {0,1,2,3} {3,...,14} {3,...,14} {0,1,2,3} {3,...,12} {3,...,12}
Type B {0,...,12} {2,4,7} {2,...14) {0,...,10} {2,4,6} {2,...,12}
[38.214 clause 5.1.2.2)

The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the
detected PDCCH DCI. Two downlink resource allocation schemes, type 0 and type 1, are supported. The UE shall
assume that when the scheduling grant is received with DCI format 1_0, then downlink resource allocationtype 1 is
used.

[38.214 clause 5.1.2.2.2]

In downlink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set
of contiguously allocated localized or distributed virtual resource blocks within the active carrier bandwidth part of size

NSZ, PRBs except for the case when DCI format 1_0 is decoded in the common search spacein CORESET 0in
which case the initial bandwidth part of size NSZ, shall be used.

A downlink type 1 resource allocation field consists of aresource indication value (RIV) corresponding to a starting
virtual resource block ( RBy,,; ) and alength in terms of contiguously allocated resource blocks L gg, . The resource
indication valueis defined by

if (Lges —1)£\_N§6§P/2J then
RIV = N§im (Lggs —1) + RBgar
else
RIV = N33 (N3ik — Lres +1) + (N5ip —1- RBgyy)

where Lggs > 1 and shall not exceed N3z, — RB

start *

[TS38.214, clause 5.1.3]

To determine the modulation order, target code rate, and transport block size(s) in the physical downlink shared
channel, the UE shall first

- read the 5-bit modulation and coding scheme field (Iwcs) in the DCI to determine the modulation order (Qm) and
target code rate (R) based on the procedure defined in Subclause 5.1.3.1.

and second

- the UE shall use the number of layers (v), the total number of allocated PRBs before rate matching (nprs) to
determine to the transport block size based on the procedure defined in Subclause 5.1.3.2.

The UE may skip decoding atransport block in aninitial transmission if the effective channel code rate is higher than
0.95, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded.

[TS38.214, clause 5.1.3.1]

For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI,
CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI,
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if the higher layer parameter MCS-Table-PDSCH is not set to '256QAM’, and the PDSCH is scheduled with C-RNTI

- the UE shall use Imcs and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

else

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel scheduled with C-RNTI and table 5.1.3.1-1 with other RNTI.

End

The UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qn) and Target code rate (R) used in the
physical downlink shared channel scheduled with other RNTIsthan C-RNTI. The UE is not expected to decode a
PDSCH scheduled with SI-RNTI and (Qm) > 2

Table 5.1.3.1-2: MCS index table 2 for PDSCH

MCS Index | Modulation Order | Target code Rate R x [1024] Spectral
Imcs Qm efficiency
0 2 120 0.2344
1 2 193 0.3770
2 2 308 0.6016
3 2 449 0.8770
4 2 602 1.1758
5 4 378 1.4766
6 4 434 1.6953
7 4 490 1.9141
8 4 553 2.1602
9 4 616 2.4063
10 4 658 2.5703
11 6 466 2.7305
12 6 517 3.0293
13 6 567 3.3223
14 6 616 3.6094
15 6 666 3.9023
16 6 719 4.2129
17 6 772 4.5234
18 6 822 4.8164
19 6 873 5.1152
20 8 682.5 5.3320
21 8 711 5.5547
22 8 754 5.8906
23 8 797 6.2266
24 8 841 6.5703
25 8 885 6.9141
26 8 916.5 7.1602
27 8 948 7.4063
28 2 reserved
29 4 reserved
30 6 reserved
31 8 reserved

[TS38.214, clause 5.1.3.2]

For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI,
CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI, if the higher layer parameter MCS-Table-PDSCH is set to '256QAM" and
0<Iyes £270 < Iyes < 27, or the higher layer parameter MCS-Table-PDSCH is not set to '256QAM" and

0<1lpes £280 < Iycs < 28, the UE shall first determine the TBS as specified below:

1) The UE shdl first determine the number of REs (Nre) Ngz) within the dlot.
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- A UE first determines the number of REs allocated for PDSCH within aPRB (N 'RE) by

Nee = NE& NS, — Npiks — NG, where NS =12 is the number of subcarriersin aphysical resource

block, N3, NSlot, isthe number of symbols of the PDSCH allocation within the slot, Nfiks NORE isthe

number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM
groups indicated by DCI format 1_0/1_1, and N7® NZR? isthe overhead configured by higher layer

parameter Xoh-PDSCH. If the Xoh-PDSCH is not configured (avalue from 0, 6, 12, or 18), the Xoh-PDSCH
issettoO.

- A UE determines the total number of REs allocated for PDSCH ( Nge Ngg) by N = min(156, N'RE ) Nprs
Ngg = Njg * nprg, Where negg is the total number of alocated PRBs for the UE.

2) Intermediate number of information bits (Ninto) TBS¢emyp) isobtained by N, = Nge - R- Q- 0TBStemp =
Ngg * R * Qp * v.

If Ny <3824

Use step 3 as the next step of the TBS determination
else

Use step 4 as the next step of the TBS determination
end

3) When N;, <3824, TBSisdetermined as follows

- quantized intermediate number of information bits N, = max{24,2n L%D , Where
n=max(3,10g, (N, )] 6).

- use Table5.1.3.2-2 find the closest TBSthat is not lessthan N

info -
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Table 5.1.3.2-2: TBS for Ny, <3824

Index TBS Index TBS Index TBS Index TBS
1 24 31 336 61 1288 91 3624
2 32 32 352 62 1320 92 3752
3 40 33 368 63 1352 93 3824
4 48 34 384 64 1416
5 56 35 408 65 1480
6 64 36 432 66 1544
7 72 37 456 67 1608
8 80 38 480 68 1672
9 88 39 504 69 1736
10 96 40 528 70 1800
11 104 41 552 71 1864
12 112 42 576 72 1928
13 120 43 608 73 2024
14 128 44 640 74 2088
15 136 45 672 75 2152
16 144 46 704 76 2216
17 152 47 736 77 2280
18 160 48 768 78 2408
19 168 49 808 79 2472
20 176 50 848 80 2536
21 184 51 888 81 2600
22 192 52 928 82 2664
23 208 53 984 83 2728
24 224 54 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
27 272 57 1160 87 3104
28 288 58 1192 88 3240
29 304 59 1224 89 3368
30 320 60 1256 90 3496

4) When Ny, >3824, TBSisdetermined as follows.

. Ny o —24
- quantized intermediate number of information bits N, = max(3840,2n x round ("‘fz"—nD , where
n=|log,(N;y , — 24)|-5and tiesin the round function are broken towards the next largest integer.
- if R<1/4

TBszg.c(ww_mywhere CZP\IWO—"'Zﬂ

3816

else

if Niy o >8424

. N 24
TBS=8.C.| Nito T 24| 5 yhere ¢ =| Ninto £ 24
8.C 8424

ese
TBSZS.{w}m

end
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end
7.1.1.41.23 Test description
7.1.1.4.1.23.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except set the NR Cell bandwidth and applicable BWP to maximum for
the NR Band under test as specified in Table 5.3.5-1in TS 38.101-1 [16] / TS 38.101-2 [17] (to enable testing of Npre
up to maximum value).

7.1.1.41.2.3.2 Test procedure sequence

Table 7.1.1.4.1.2.3.2-1: Maximum TBS for different UE categories

UE Category Maximum number of bits of a UL-SCH transport block
received within a TTI

TS 38.306 [23] clause 4.1.2 require UE without ue-CategoryDL and ue-
CategoryUL, to support Max TBS achievable based on max bandwidth of the
Band under test.

Table 7.1.1.4.1.2.3.2-2: Number of downlink PDCP SDUs and PDCP SDU size used as test data

TBS Number of PDCP SDU size
[bits] PDCP SDUs [bits]
(Note 1)

132 < TBS <12128 note 2 1 8*FLOOR((TBS — 128)/8)
12129 < TBS 24200 2 8*FLOOR((TBS — 200)/16))
24201 < TBS < 36272 3 8*FLOOR((TBS — 272)/24))
36273 < TBS 48344 4 8*FLOOR((TBS — 344)/32))
48345< TBS 60416 5 8*FLOOR((TBS — 416)/40))
60417 < TBS < 72488 6 8*FLOOR((TBS —488)/48))
72489 < TBS <84560 7 8*FLOOR((TBS — 560)/56)
84561 < TBS <96632 8 8*FLOOR((TBS —-632)/64))
96633< TBS 108704 9 8*FLOOR((TBS —704)/72))
10705 < TBS 120776 10 8*FLOOR((TBS — 776)/80))
120777< TBS 132848 11 8*FLOOR((TBS —848)/88))
132849 < TBS < 144920 12 8*FLOOR((TBS — 920)/96))
TBS> 144920 13 8*FLOOR((TBS — 992)/112))

Note 1:  Each PDCP SDU is limited to 1500 octets (to keep below maximum SDU size of ESM as specified in TS
24.301 clause 9.9.4.12).

The PDCP SDU size of each PDCP SDU is

PDCP SDU size = (TBS — N*PDCP header size — N*AMD PDU header size - N*MAC header size — Size
of Timing Advance — RLC Status PDU size- MAC header for RLC Status PDU) / N, where

PDCP header size is 24 bits for the RLC AM and 18-bit SN case;
AMD PDU header size is 24 bits with 18 bit SN;

MAC header size for AMD PDU = 16 or 24 bits depending on L=8 or 16 bits. Worst case 24 is taken.

Size of Timing Advance MAC CE with header is 16 bits (if no Timing Advance and/or RLC status needs to
be sent, padding will occur instead).

RLC Status PDU size = 24 bits with 1 ACK_SN, With a MAC header of 16 bits.
This gives:

PDCP SDU size = 8*FLOOR((TBS — N*24- N*24 — N*24 -56 )/(8*N)) bits.

Note 2:  According to the final PDCP SDU size formula in Note 1, the smallest TBS that can be tested is 136 bits.
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Table 7.1.1.4.1.2.3.2-3: Specific Parameters

Parameter

Value

Comments

PDSCH mappingType

typeA

starting symbol S

0 Or 3 to avoid clash
with PDCCH symbols

number of consecutive symbols L 3..14-S]

kO 0 or 1 (if S=0)

number of layers (v) 1

mcs-Table qam256

xoh-PDSCH Not Present Results in value

0(xoh0)

dmrs-AdditionalPosition

pos0

Results in 1 DMRS
symbol per two
carrier (N5EE )for
Duration in symbols
>=3 (TS 38.211 [24],

table 7.4.1.1.2-3)

Table 7.1.1.4.1.2.3.2-4: Main behaviour

St

Procedure

Message Sequence

TP Verdict

Message

EXCEPTION: Steps 1to 5 are
repeated for allowed values of

Npgg 1to NESPYP in BWP, time
domain resource length L from 3
to 14-Sand |, from 0 to 27.

The SS calculates or looks up
TBS in TS 38.214 [15] clause
5.3.1 based on the value of S, L,

I wcs@and nere.

EXCEPTION: Steps 2to 5 are
performed if TBS is less than or
equal to UE capability "Maximum
number of DL-SCH transport
block bits received within a TTI"
as specified in Table
7.1.1.4.1.2.3.2-1 and larger than
or equal to 132 bits as specified in
Table 7.1.1.4.1.2.3.2-2.

The SS creates one or more
PDCP SDUs, depending on TBS,
in accordance with Table
7.1.1.4.1.2.3.2-2.

The SS transmits the PDCP SDUs
concatenated into a MAC PDU
and indicates on PDCCH DCI
Format 1_0 and values of S, L,

I wcsand nere.

MAC PDU (NxPDCP
SDUs)
DCI: (DCI Format 1_0, S,

L, I ycsand nere.)

At the reception of scheduling
request the SS transmits UL Grant
for transmitting loop back PDCP
SDUs.

(UL Grant)

CHECK: Does UE return the
same number of PDCP SDUs with
same content as transmitted by
the SSin step 3?

>

(NxPDCP SDUs)

7.11.4
[Nong].

1.2.33

Specific message contents
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7.1.1.4.1.3 DL-SCH transport block size selection / DCI format 1_1/ RA type O/RA Type 1/ 2
Codewords enabled

7114131 Test Purpose (TP)

1)

with { UEin RRC CONNECTED state and maxNr of CodeWor dsSchedul edByDCl set to 'n2' }
ensure that {
when { UE on PDCCH receives DCI format 1_1 indicating resource allocation type O a resource bl ock
assi gnment correspondent to physi cal resource blocks , Tinme domain resource assignment and a
modul ation and coding }
then { UE decodes the received transport block of size correspondent as per Mdul ati on Codi ng
schenme, tinme domain resource allocation and PRB's and forwards it to higher |ayers }

}

2

with { UEin RRC CONNECTED state and maxNr of CodeWor dsSchedul edByDCl set to 'n2' }
ensure that {
when { UE on PDCCH receives DCI format 1_1 indicating resource allocation type 1 a resource bl ock
assi gnment correspondent to physi cal resource blocks , Time domain resource assignnent and a
modul ation and coding }
then { UE decodes the received transport block of size correspondent as per Mdul ati on Coding
scheme, tinme domain resource allocation and PRB's and forwards it to higher layers }

}

7.1.1.41.32 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.212 clause 7.3.1.2.2, TS
38.214 clause 5.1.2.1,5.1.2.2.1,5.1.2.2.2,5.1.3, 5.1.3.1 and 5.1.3.2. Unless otherwise stated these are Rel-15
requirements.

[TS38.212, clause 7.3.1.2.2]
DCI format 1_1 is used for the scheduling of PDSCH in one cell.
The following information is transmitted by means of the DCI format 1_1 with CRC scrambled by C-RNTI:
- Carrier indicator — 0 or 3 bits as defined in Subclause x.x of [5, TS38.213].
- ldentifier for DCI formats — 1 bits
- Thevaueof thishit field is always set to 1, indicating a DL DCI format

- Bandwidth part indicator — O, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bit width for thisfield is determined
as [log, (Ngye) | bits, where

= Ngyp = Ngyprec +1 if the higher layer parameter BandwidthPart-Config configures up to 3 bandwidth parts
and the initial bandwidth part is not included in higher layer parameter BandwidthPart-Config;

- otherwise Nawe = Nawprre

- Ngyprec 1Sthe number of configured bandwidth parts according to higher layer parameter BandwidthPart-
Config.

- Frequency domain resource assignment — number of bits determined by the following, where N 22 ®"* isthe size
of the active bandwidth part:

bitsif only resource alocation type O is configured, where N__ . isdefined in Subclause 5.1.2.2.1 of

N RBG RBG

[6, TS38.214],

- ’—I 0g, (NP (NS B +1)/ 2)-‘ bitsif only resource allocation type 1 is configured, or
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- max (’_Iog , (N PUBWP (N DL BWP 4 1)/ 2)-‘ N e )+ 1 bitsif both resource allocation type 0 and 1 are
configured.

- If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation
type 0 or resource alocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit
value of 1 indicates resource allocation type 1.

- For resource allocation type O, theN
5.1.2.2.1of [6, TS38.214].

sc LSBs provide the resource alocation as defined in Subclause

- For resource alocation type 1, the ’_I 0d, (N5 2" (N2 +2)/ 2)-‘ L SBs provide the resource allocation as

defined in Subclause 5.1.2.2.2 of [6, TS38.214]

- Time domain resource assignment — 0, 1, 2, 3, or 4 bits as defined in Subclause 5.1.2.1 of [6, TS38.214]. The bit
width for thisfield is determined as [log, (1) ] bits, where | is the number of entriesin the higher layer parameter
pusch-AllocationList.

- VRB-to-PRB mapping — 0 or 1 bit
- Ohbitif only resource allocation type 0 is configured;

- 1 bit according to Table 7.3.1.1.2-33 otherwise, only applicable to resource alocation type 1, as defined in
Subclause xxx of [4, TS38.211].

- PRB bundling size indicator — 0 bit if the higher layer parameter PRB_bundling is not configured or is set to
‘gtatic’, or 1 bit if the higher layer parameter PRB_bundling is set to ‘dynamic’, according to Subclause 5.1.2.3
of [6, TS38.214].

- Rate matching indicator — 0, 1, or 2 bits according to higher layer parameter rate-match-PDSCH-resour ce-set.

- ZPCSI-RStrigger — 0, 1, or 2 bits as defined in Subclause x.x of [6, TS38.214]. The bit width for thisfield is
determined as [log, (n, +1)| bits, where n,, isthe number of ZP CSI-RS resource setsin the higher layer
parameter [ZP-CSY-RS-ResourceConfigList].

For transport block 1:
- Modulation and coding scheme — 5 hits as defined in Subclause x.x of [6, TS38.214]
- New dataindicator — 1 bit
- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2

For transport block 2 (only present if Number-MCS-HARQ-DL-DCI equals 2
- Modulation and coding scheme — 5 hits as defined in Subclause x.x of [6, TS38.214]
- New dataindicator — 1 bit
- Redundancy version — 2 hitsas defined in Table 7.3.1.1.1-2

- HARQ process number — 4 bits

- Downlink assignment index — number of bits as defined in the following

- 4 bitsif more than one serving cell are configured in the DL and the higher layer parameter HARQ-ACK-
codebook=dynamic, where the 2 MSB bits are the counter DAI and the 2 L SB bits are the total DAI,;

- 2bitsif only one serving cell is configured in the DL and the higher layer parameter HARQ-ACK-
codebook=dynamic, where the 2 bits are the counter DAI;

- Obitsotherwise.
- TPC command for scheduled PUCCH — 2 hits as defined in Subclause x.x of [5, TS38.213]
- PUCCH resource indicator — 3 bits as defined in Subclause 9.2.3 of [5, TS38.213]
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- PDSCH-to-HARQ_feedback timing indicator — 3 bits as defined in Subclause 9.2.3 of [5, TS38.213]

- Antennaport(s) — 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups
without data of values 1, 2, and 3 refersto CDM groups {0}, {0,1}, and {0, 1,2} respectively.

- Transmission configuration indication — 0 bit if higher layer parameter tci-PresentinDCI is not enabled,;
otherwise 3 bits as defined in Subclause x.x of [6, TS38.214].

- SRSrequest — 2 hits as defined by Table 7.3.1.1.2-24 for UEs not configured with SUL in the cell; 3 bitsfor UEs
configured SUL in the cell where the first bit isthe non-SUL/SUL indicator as defined in Table 7.3.1.1.1-1 and
the second and third bits are defined by Table 7.3.1.1.2-24.

- CBG transmission information (CBGTI) -0, 2, 4, 6, or 8 hits as defined in Subclause x.x of [6, TS38.214],
determined by higher layer parameter maxCodeBlockGroupsPer TransportBlock for the PDSCH.

- CBG flushing out information (CBGFI) — 0 or 1 bit as defined in Subclause x.x of [6, TS38.214], determined by
higher layer parameter codeBlockGroupFlushlndicator.

- DMRS sequenceinitiaization — 1 bit for n selection defined in Subclause 7.4.1.1.1 of [4, TS38.211].

SCID
[TS38.214, clause 5.1.2.1]

When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field of the DCI provides
arow index of ahigher layer configured table pdsch-symbol Allocation, where the indexed row defines the dot offset Ko,
the start and length indicator SL1V, and the PDSCH mapping type to be assumed in the PDSCH reception.

Given the parameter values of the indexed row:

HPDSCH

2 HPDCCH

- Thedot allocated for the PDSCH is {n- 2 ‘+ Ky, where n isthe slot with the scheduling DCI, and Ko is

based on the numerology of PDSCH, and

- The starting symbol Srelative to the start of the slot, and the number of consecutive symbols L counting from the
symbol Sallocated for the PDSCH are determined from the start and length indicator SLI1V:

if (L-1)<7 then
IV =14-(L-1)+S
else
LIV =14-(14-L+1)+(14-1-9)
where0O< L<14-S, and
- The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 of [4, TS 38.211] .
The UE shall consider the Sand L combinations defined in table 5.1.2.1-1 as valid PDSCH allocations:
Table 5.1.2.1-1: Valid S and L combinations

PDSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L

Type A {0,1,2,3} {3,...,14} {3,...,14} {0,1,2,3} {3,...,12} {3,...,12}

Type B {0,...,12} {2,47} {2,...,14} {0,...,10} {2,4,6} {2,...,12}

[TS38.214, clause 5.1.2.2.1]

In downlink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the
Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual
resource blocks defined by higher layer parameter rbg-Sze configured for PDSCH and the size of the carrier bandwidth
part as defined in Table 5.1.2.2.1-1.
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Table 5.1.2.2.1-1: Nominal RBG size P

Bandwidth Part Size Configuration 1 Configuration 2
1-36 2 4
37-72 4 8
73 —-144 8 16
145 - 275 16 16

The total number of RBGs ( Nggg ) for adownlink carrier bandwidth part i of size Ng\f\‘fp,i PRBsis given by

Nrag z‘(Ng\ﬁp,i "‘(Ng\%,i mod P))/P ‘,where
- thesizeof thefirt RBG is RBG3™ = P- NSt mod P,

- thesize of last RBG isRBGSZ =( o N )mod P if (N S i+ Nave )mod P >0 and P otherwise,
- thesizeof al other RBGsisP.
The bitmap is of size Nggg bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be
indexed in the order of increasing frequency and starting at the lowest frequency of the carrier bandwidth part. The

order of RBG bitmap is such that RBG 0 to RBG Ny —1 are mapped from MSB to LSB. The RBG is alocated to the
UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

[TS38.214, clause 5.1.2.2.2]

In downlink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set
of contiguously alocated localized or distributed virtual resource blocks within the active carrier bandwidth part of size

N S22, PRBs except for the case when DCI format 1_0 is decoded in the common search spacein CORESET 0in
which case the initial bandwidth part of size N5 shall be used.

A downlink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting
virtual resource block ( RBg,, ) and alength in terms of contiguously allocated resource blocks Lgg, . The resource
indication valueis defined by

if (Lpas -1)sLN§@°;P /2J then
RIV = N5 (Legs 1) + RBar
else
RIV = Ng\?\?P(Ng\i?P —Lpgs tD+ (Ng\ﬁp —1- RBgqr)
where Lggs> 1 and shall not exceed N3 —RB,__. .

[TS38.214, clause 5.1.3]

To determine the modulation order, target code rate, and transport block size(s) in the physical downlink shared
channel, the UE shall first

- read the 5-bit modulation and coding scheme field (Imcs) in the DCI to determine the modulation order (Qm) and
target code rate (R) based on the procedure defined in Subclause 5.1.3.1.

and second

- the UE shall use the number of layers (v), the total number of allocated PRBs before rate matching (ners) to
determine to the transport block size based on the procedure defined in Subclause 5.1.3.2.

The UE may skip decoding atransport block in aninitial transmission if the effective channel code rate is higher than
0.95, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
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divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded.

[TS38.214, clause 5.1.3.1]

For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI,
CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI,

if the higher layer parameter MCS-Table-PDSCH is not set to '256QAM’, and the PDSCH is scheduled with C-RNTI

- the UE shall use Imcs and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

else

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel scheduled with C-RNTI and table 5.1.3.1-1 with other RNTI.

End

The UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qn) and Target code rate (R) used in the
physical downlink shared channel scheduled with other RNTIsthan C-RNTI. The UE is not expected to decode a
PDSCH scheduled with SI-RNTI and (Qm) > 2

Table 5.1.3.1-1: MCS index table 1 for PDSCH

MCS Index | Modulation Order | Target code Rate R x [1024] Spectral
Imcs Qm efficiency
0 2 120 0.2344
1 2 157 0.3066
2 2 193 0.3770
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.8770
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
11 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 438 2.5664
18 6 466 2.7305
19 6 517 3.0293
20 6 567 3.3223
21 6 616 3.6094
22 6 666 3.9023
23 6 719 4.2129
24 6 772 4.5234
25 6 822 4.8164
26 6 873 5.1152
27 6 910 5.3320
28 6 948 5.5547
29 2 reserved
30 4 reserved
31 6 reserved

[TS38.214, clause 5.1.3.2]

For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI,
CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI, if the higher layer parameter MCS Table-PDSCH is set to '256QAM" and
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Iycs < 27, or the higher layer parameter MCS-Table-PDSCH is not set to '256QAM' and
Iycs < 28, the UE shall first determine the TBS as specified below:

0< I yes <270

<
0< s <280 <

1) The UE shal first determine the number of REs (Nre) Ngz) within the dot.

- A UE first determines the number of REs allocated for PDSCH within a PRB ( N;?E) by

Nre = N& - NS, — NDks — N, where NS =12 is the number of subcarriersin aphysical resource

block, N3r,, NELot, isthe number of symbols of the PDSCH allocation within the slot, Nfi2s N2RE isthe

number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM
groupsindicated by DCI format 1_0/1_1, and N ® NJR® isthe overhead configured by higher layer

parameter Xoh-PDSCH. If the Xoh-PDSCH is not configured (avalue from 0, 6, 12, or 18), the Xoh-PDSCH
issetto 0.

- A UE determines the total number of REs allocated for PDSCH ( Nge Ngg) by N = min(156, N'RE ) Nprs
Ngg = Njg * nprg, Where negg is the total number of allocated PRBs for the UE.

2) Intermediate number of information bits (Nirto) TBS¢emyp) isobtained by N, = Nge - R- Q- 0TBS ey =
Ngg * R * Q¥ 0.

If Ny, <3824

Use step 3 as the next step of the TBS determination
else

Use step 4 as the next step of the TBS determination
end

3) When N, <3824, TBSisdetermined as follows

- quantized intermediate number of information bits N, = max(24,2n L%D , Where
n=max(3, 109, (Niro )| 6)

- useTable5.1.3.2-2 find the closest TBS that is not lessthan N, .
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Table 5.1.3.2-2: TBS for Ny, <3824

Index TBS Index TBS Index TBS Index TBS
1 24 31 336 61 1288 91 3624
2 32 32 352 62 1320 92 3752
3 40 33 368 63 1352 93 3824
4 48 34 384 64 1416
5 56 35 408 65 1480
6 64 36 432 66 1544
7 72 37 456 67 1608
8 80 38 480 68 1672
9 88 39 504 69 1736
10 96 40 528 70 1800
11 104 41 552 71 1864
12 112 42 576 72 1928
13 120 43 608 73 2024
14 128 44 640 74 2088
15 136 45 672 75 2152
16 144 46 704 76 2216
17 152 47 736 77 2280
18 160 48 768 78 2408
19 168 49 808 79 2472
20 176 50 848 80 2536
21 184 51 888 81 2600
22 192 52 928 82 2664
23 208 53 984 83 2728
24 224 54 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
27 272 57 1160 87 3104
28 288 58 1192 88 3240
29 304 59 1224 89 3368
30 320 60 1256 90 3496

4) When Ny, >3824, TBSisdetermined as follows.

- Ny o —24
- quantized intermediate number of information bits N, = max(3840,2n x round ("‘fz"—nD , where

n=|log,(N;y , — 24)|-5and tiesin the round function are broken towards the next largest integer.

- if R<1/4
TBS=8-C- M — 24, where C = N'nfo—"'24
8-C 3816
else
if Niy o >8424
TBS=8-C- Nmfo—+24 — 24 where C = M
8-C 8424
else
TBSZS(MLM
8
end
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end
7.1.1.41.33 Test description
7.1.1.4.133.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except set the NR Cell bandwidth and applicable BWP to maximum for
the NR Band under test as specified in Table 5.3.5-1in TS 38.101-1 [16] / TS 38.101-2 [17] (to enable testing of Npre
up to maximum value).

7.1.1.41.33.2 Test procedure sequence

Table 7.1.1.4.1.3.3.2-1: Maximum TBS for different UE categories

UE Category Maximum number of bits of a UL-SCH transport block received
within a TTI

TS 38.306 [23] clause 4.1.2 require UE without ue-CategoryDL and ue-CategoryUL, to
support Max TBS achievable based on max bandwidth of the Band under test.

Table 7.1.1.4.1.3.3.2-2: Number of downlink PDCP SDUs and PDCP SDU size used as test data

TBS Number of PDCP SDU size
[bits] PDCP SDUs [bits]
(Note 1)

192 < TBS 12184 note 2 1 8*FLOOR((TBS — 184)/8)
12185< TBS 24256 2 8*FLOOR((TBS — 256)/16))
24257< TBS < 36328 3 8*FLOOR((TBS — 328)/24))
36329 < TBS <48400 4 8*FLOOR((TBS —400)/32))
48401< TBS 60472 5 8*FLOOR((TBS — 472)/40))
60473 < TBS < 72544 6 8*FLOOR((TBS — 544)/48))
72545< TBS <84616 7 8*FLOOR((TBS — 616)/56)
84617 < TBS <96688 8 8*FLOOR((TBS — 688)/64))
96689< TBS <108760 9 8*FLOOR((TBS — 760)/72))
108761 < TBS <120832 10 8*FLOOR((TBS —832)/80))
120833< TBS <132904 11 8*FLOOR((TBS — 904)/88))
132905 < TBS < 144976 12 8*FLOOR((TBS — 976)/96))
TBS> 144976 13 8*FLOOR((TBS — 1048)/112))

Note 1:  Each PDCP SDU is limited to 1500 octets (to keep below maximum SDU size of ESM as specified in TS
24.301 [21] clause 9.9.4.12).

The PDCP SDU size of each PDCP SDU is

PDCP SDU size = (TBS — N*PDCP header size — N*AMD PDU header size - N*MAC header size — Size
of Timing Advance — RLC Status PDU size- MAC header for RLC Status PDU — 32 bit Additional RLC
header with SO if one RLC SDU gets splitin 2 TBS and 24 bit MAC header for this additional PDU) / N,
where

PDCP header size is 24 bits for the RLC AM and 18-bit SN case;
AMD PDU header size is 24 bits with 18 bit SN;

MAC header size for AMD PDU = 16 or 24 bits depending on L=8 or 16 bits. Worst case 24 is taken.

Size of Timing Advance MAC CE with header is 16 bits (if no Timing Advance and/or RLC status needs to
be sent, padding will occur instead).

IF RLC SDU does not get split the 32 bits additional padding gets added instead

RLC Status PDU size = 24 bits with 1 ACK_SN, With a MAC header of 16 bits.

This gives:

PDCP SDU size = 8*FLOOR((TBS — N*24- N*24— N*24 -112 )/(8*N)) bits.

Note 2:  According to the final PDCP SDU size formula in Note 1, the smallest TBS that can be tested is 192 bits.
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Table 7.1.1.4.1.3.3.2-2A: Bandwidth part Dependent Parameters for Resource allocation 0 with start of

BWP assumed as 0

NELBWP _ Nominal RBG Size N
. size P of Allowed ""PRBValues
Bwpi | (Configurationl) | last
RBG
11 2 1 Alll1..11
18 2 2 2,4,6,8,10,12,16,18
24 2 2 2,4,6,8,10,12,16,18,20,22,24
25 2 1 All1...25
31 2 1 All1..31
32 2 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32
38 4 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32,34,36,38
51 4 3 3,4,7,8,11,12,15,16,19,20,23,24,27,28,31,32,35,36,39,40,43,44,47,48,51
52 4 4 4,8,12,16,20,24,28,32,36,40,44,48,52
65 4 1 1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,32,33,36,37,40,41,44,45,48,49,
52,53,56,57,60,61,64,65
66 4 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32,34,36,38,40,42,44,46,48,50,52,
54,56,58,60,62,64,66
79 8 7 7,8,15,16,23,24,31,32,39,40,47,48,55,56,63,64,71,72,79
106 8 2 2,8,10,16,18,24,26,32,34,40,42,48,50,56,58,64,66,72,74,80,82,88,90,96,
92,104,106
107 8 3 3,8,11,16,19,24,27,32,35,40,43,48,51,56,59,64,67,72,75,80,83,88,91,96,
99,104,107
132 8 4 4,8,12,16,20,24,28,32,36,40,44,48,52,56,60,64,68,72,76,80,84,88,92,96,
100,104, 108,112,116,120,124,128,132
133 8 5 5,8,13,16,21,24,29,32,37,40,45,48,53,56,61,64,69,72,77,80,85,88,93,96,
101,104, 109,112,117,120,125,128,133
135 8 7 7,8,15,16,23,24,31,32,39,40,47,48,55,56,63,64,71,72,79,80,87,88,95,96,
103,104, 111,112,119,120,127,128,135
216 16 8 8,16,24,32,40,48,56,64,72,80,88,96,104,112,120,128,136,144,152,160,
168, 176,184,192,200,208,216
217 16 9 9,16,25,32,41,48,57,64,73,80,89,96,105,112,121,128,137,144,153,160,
169,176,185,192,201,208,217
264 16 8 8,16,24,32,40,48,56,64,72,80,88,96,104,112,120,128,136,144,160,168,
176,184,192,200,208,216,224,232,240,248,256,264
270 16 14 14,16,30,32,46,44,62,64,78,80,94,96,110,112, 126,128,142,144,158,
160,174, 176,190,192, 206,208,222,224,238,240, 254,256,270
273 16 1 1,16,17,32,33,48,49,64,65,80,81,96,97,112,113,128,129,144,145,160,
161,176,171, 192,193, 208,209, 224,225,240,241,256,257,272,273
Table 7.1.1.4.1.3.3.2-3: Specific Parameter
Parameter Value Comments
PDSCH mappingType typeA
starting symbol S 0 Or 3 to avoid clash with
PDCCH symbols
number of consecutive symbols L 3..14-S
kO 0 or 1 (if S=0)
number of layers (v) 1
mcs-Table gam64
xoh-PDSCH Not present Results in value 0(xoh0)
dmrs-AdditionalPosition posO Results in 1 DMRS symbol per

two carrier (NJEB Yfor Duration in
symbols >=3 (TS 38.211 [24],
table 7.4.1.1.2-3)

resourceAllocation

dynamicSwitch

maxNrofCodeWordsScheduledByDCI | n2

both codewords enabled

rbg-Size

Not present configuration 1 applicable

N startBW P

0
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Table 7.1.1.4.1.3.3.2-4: Main behaviour
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St Procedure Message Sequence TP | Verdict
U-S Message
- EXCEPTION: Steps 1 to 5 are repeated for - - - -

allowed values of Nz, as per table
7.1.1.4.1.3.3.2-2A in BWP, time domain
resource length L 3 to 14-S and |, from O

to 28.
1 | SS calculates or looks up TBS in TS 38.214 - - - -

[15] based on the value of S, L, | ,cgand

NPRB.
The SS uses the same |,.gand TBS for
both transport blocks:

Iwcsa = Twcsso = Tucs
TBS 1= TBS 2= TBS

- EXCEPTION: Steps 2 to 5 are performed if - - - -
TBS1 + TBS2 is less than or equal to UE
capability "Maximum number of DL-SCH
transport block bits received within a TTI" as
specified in Table 7.1.1.4.1.3.3.2-1 and
larger than or equal to 192 bits as specified
in Table 7.1.1.4.1.3.3.2-2.

2 SS creates one or more PDCP SDUs for - - - -
transport block 1 and 2 depending on TBS1,
and TBS2 in accordance with Table

7.1.1.4.1.3.3.2-2.

3 | SStransmits the PDCP SDUs concatenated <-- Transport block 1: - -
into a MAC PDU and indicates on PDCCH MAC PDU
DCI Format 1_1 resource allocation 0 and Transport block 2:

MAC PDU

values of S, L, | ycsurs | wcsse @nd ners. DCI: (DCI Format 1.1, S, L,

I vicssss | vcss and ners)

4 | Atthe reception of scheduling request the <-- (UL Grant) - -
SS transmits UL Grant for transmitting loop
back PDCP SDUs.

5 | CHECK: Does UE return the same number --> (NxPDCP SDUSs) 1 P
of PDCP SDUs with same content as
transmitted by the SS in step 3?

- EXCEPTION: Steps 6 to 10 are repeated for - - - -

allowed values of Npeg 1to NSE#YF in
BWP, time domain resource length L 3 to 14-
Sand | from 0 to 28.

6 | SS calculates or looks up TBS in TS 38.214 - - - -
[15] based on the value of S, L, | ,cgand

NPRB.
The SS uses the same |,.gand TBS for
both transport blocks:

e = Twcsso = Tucs
TBS 1= TBS 2= TBS

- EXCEPTION: Steps 7 to 10 are performed if - - - -
TBS1 + TBS2 is less than or equal to UE
capability "Maximum number of DL-SCH
transport block bits received within a TTI" as
specified in Table 7.1.1.4.1.3.3.2-1 and
larger than or equal to 192 bits as specified
in Table 7.1.1.4.1.3.3.2-2.
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7 SS creates one or more PDCP SDUs for - - - -
transport block 1 and 2 depending on TBS1,
and TBS2 in accordance with Table

7.1.1.4.1.3.3.2-2.

8 | SStransmits the PDCP SDUs concatenated <-- Transport block 1: - -
into a MAC PDU and indicates on PDCCH MAC PDU
DCI Format 1_1 resource allocation 1 and Transport block 2:

MAC PDU

val fS, L nd n
alues of S, L lycsn: Imcsip and nese DCI: (DCI Format1_1, S, L,

Ivicsis | vcss and ners)
9 | Atthe reception of scheduling request the <-- (UL Grant) - -
SS transmits UL Grant for transmitting loop
back PDCP SDUs.

10 | CHECK: Does UE return the same number --> (NxPDCP SDUSs) 2 P
of PDCP SDUs with same content as
transmitted by the SS in step 3?

7.1.1.4.1.3.3.3 Specific message contents

[Non€].

7.1.1.4.1.4 DL-SCH transport block size selection / DCI format 1_1 / RA type O/RA Type 1/ 2
Codewords enabled / 256QAM

7114141 Test Purpose (TP)

@

with { UEin RRC_CONNECTED state, maxNrof CodeWrdsSchedul edByDCl set to 'n2' and nts-Table is set
as ‘gank56‘' }
ensure that {

when { UE on PDCCH receives DCI format 1_1 indicating resource allocation type O a resource bl ock
assi gnment correspondent to physi cal resource blocks , Time domain resource assignnent and a
nodul ati on and codi ng }

then { UE decodes the received transport block of size correspondent as per Mdul ati on Codi ng

schenme, tine donmin resource allocation and PRB's and forwards it to higher layers }

}

@
with { UEin RRC_CONNECTED state, maxNrof CodeWrdsSchedul edByDCl set to 'n2' and nts-Table is set
as ‘gank56‘' }
ensure that {

when { UE on PDCCH receives DCI format 1_1 indicating resource allocation type 1 a resource bl ock
assi gnment correspondent to physi cal resource blocks , Time domain resource assignnent and a
nodul ati on and codi ng }

then { UE decodes the received transport block of size correspondent as per Mdul ati on Codi ng

schenme, tine donmin resource allocation and PRB's and forwards it to higher layers }

}

7.1.1.41.4.2 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.212 clause 7.3.1.2.2, TS
38.214 clauses 5.1.2.1,5.1.2.2.1,5.1.2.2.2,5.1.3, 5.1.3.1 and 5.1.3.2. Unless otherwise stated these are Rel-15
requirements.

[TS38.212, clause 7.3.1.2.2]

DCI format 1 1 is used for the scheduling of PDSCH in one cell.

The following information is transmitted by means of the DCI format 1_1 with CRC scrambled by C-RNTI:
- Carrier indicator — 0 or 3 bits as defined in Subclause x.x of [5, TS38.213].
- ldentifier for DCI formats — 1 bits

- Thevalueof thishit field isalways set to 1, indicating a DL DCI format

ETSI



3GPP TS 38.523-1 version 15.0.0 Release 15 121 ETSI TS 138 523-1 V15.0.0 (2018-07)

- Bandwidth part indicator — 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bit width for this field is determined
as [10g, (Ngye) | bits, where

= Ngwp = Ngwerre +1 if the higher layer parameter BandwidthPart-Config configures up to 3 bandwidth parts
and theinitial bandwidth part is not included in higher layer parameter BandwidthPart-Config;

- otherwise Ngye = Ngywprre

- Ngwpree 1Sthe number of configured bandwidth parts according to higher layer parameter BandwidthPart-
Config.

- Frequency domain resource assignment — number of bits determined by the following, where N2 ®"" isthe size
of the active bandwidth part:

bitsif only resource alocation type 0 is configured, where N . isdefined in Subclause 5.1.2.2.1 of

N RBG RBG

[6, TS38.214],

- ’_I 0g, (N " (N5 B +1)/ 2)-‘ bits if only resource allocation type 1 is configured, or

RB RB

- max ( ﬂog o (N S-BWP (N BLBWP 1) 2)—\ N e )+ 1 bitsif both resource allocation type 0 and 1 are
configured.
- If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation

type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit
value of 1 indicates resource allocation type 1.

- For resource alocation type 0, the N
5.1.2.2.1 of [6, TS38.214].

s LSBs provide the resource alocation as defined in Subclause

- For resource allocation type 1, the ’_I 0g, (NS PP (NPT +1)/ 2)-‘ L SBs provide the resource allocation as
defined in Subclause 5.1.2.2.2 of [6, TS38.214]

- Timedomain resource assignment — 0, 1, 2, 3, or 4 bits as defined in Subclause 5.1.2.1 of [6, TS38.214]. The bit
width for thisfield is determined as [log, (1) ] bits, where | is the number of entriesin the higher layer parameter

pusch-AllocationList.
- VRB-to-PRB mapping — 0 or 1 bit
- Obitif only resource allocation type 0 is configured;

- 1 bit according to Table 7.3.1.1.2-33 otherwise, only applicable to resource allocation type 1, as defined in
Subclause xxx of [4, TS38.211].

- PRB bundling size indicator — O bit if the higher layer parameter PRB_bundling is not configured or is set to
‘gtatic’, or 1 bit if the higher layer parameter PRB_bundling is set to ‘dynamic’, according to Subclause 5.1.2.3
of [6, TS38.214].

- Rate matching indicator — 0, 1, or 2 bits according to higher layer parameter rate-match-PDSCH-resource-set.

- ZPCSl-RStrigger —0, 1, or 2 bits as defined in Subclause x.x of [6, TS38.214]. The bit width for thisfield is
determined as [log, (n, +1)| bits, where n,, isthe number of ZP CSI-RS resource setsin the higher layer
parameter [ZP-CS-RS-ResourceConfigList].

For transport block 1:
- Modulation and coding scheme — 5 bits as defined in Subclause x.x of [6, TS38.214]
- New dataindicator — 1 bit

- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2
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For transport block 2 (only present if Number-MCS-HARQ-DL-DCI equals 2
- Modulation and coding scheme — 5 hits as defined in Subclause x.x of [6, TS38.214]
- New dataindicator — 1 bit
- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2

- HARQ process number — 4 bits

- Downlink assignment index — number of bits as defined in the following

- 4 bitsif more than one serving cell are configured in the DL and the higher layer parameter HARQ-ACK-
codebook=dynamic, where the 2 MSB bits are the counter DAI and the 2 L SB bits are the total DA,

- 2 hitsif only one serving cell is configured in the DL and the higher layer parameter HARQ-ACK-
codebook=dynamic, where the 2 bits are the counter DAI;

- Obitsotherwise.
- TPC command for scheduled PUCCH — 2 hits as defined in Subclause x.x of [5, TS38.213]
- PUCCH resource indicator — 3 bits as defined in Subclause 9.2.3 of [5, TS38.213]
- PDSCH-to-HARQ_feedback timing indicator — 3 bits as defined in Subclause 9.2.3 of [5, TS38.213]

- Antennaport(s) — 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups
without data of values 1, 2, and 3 refersto CDM groups {0}, {0,1}, and {0, 1,2} respectively.

- Transmission configuration indication — O bit if higher layer parameter tci-PresentinDCI is not enabled;
otherwise 3 hits as defined in Subclause x.x of [6, TS38.214].

- SRSrequest — 2 bits as defined by Table 7.3.1.1.2-24 for UEs not configured with SUL in the cell; 3 bitsfor UEs
configured SUL in the cell where the first bit is the non-SUL/SUL indicator as defined in Table 7.3.1.1.1-1 and
the second and third bits are defined by Table 7.3.1.1.2-24.

- CBG transmission information (CBGTI) -0, 2, 4, 6, or 8 bits as defined in Subclause x.x of [6, TS38.214],
determined by higher layer parameter maxCodeBlockGroupsPer TransportBlock for the PDSCH.

- CBG flushing out information (CBGFI) — 0 or 1 bit as defined in Subclause x.x of [6, TS38.214], determined by
higher layer parameter codeBlockGroupFlushindicator.

- DMRS sequenceinitialization — 1 bit for ng,, selection defined in Subclause 7.4.1.1.1 of [4, TS38.211].

[TS38.214, clause 5.1.2.1]

When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field of the DCI provides
arow index of ahigher layer configured table pdsch-symbol Allocation, where the indexed row defines the slot offset Ko,
the start and length indicator SL1V, and the PDSCH mapping type to be assumed in the PDSCH reception.

Given the parameter values of the indexed row:

HPDSCH

2 HPDCCH

- Thedlot alocated for the PDSCH is {n- 2 ‘+ Ky, where nisthe slot with the scheduling DCI, and Ko is

based on the numerology of PDSCH, and

- Thestarting symbol Srelative to the start of the slot, and the number of consecutive symbols L counting from the
symbol Sallocated for the PDSCH are determined from the start and length indicator SLIV:

if (L—1)<7 then
SLIV=14-(L-D)+S

else
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IV =14-14-L+1)+(14-1-9)
whereO< L <14-S, and
- The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 of [4, TS 38.211] .
The UE shall consider the Sand L combinations defined in table 5.1.2.1-1 as valid PDSCH allocations:
Table 5.1.2.1-1: Valid S and L combinations

PDSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L

Type A {0,1,2,3} {3,...,14} {3,...,14} {0,1,2,3} {3,...,12} {3,...,12}

Type B {0,...,12} {2,4,7} {2,...,14} {0,...,10} {2,4,6} {2,...12}

[TS38.214, clause 5.1.2.2.1]

In downlink resource allocation of type 0O, the resource block assignment information includes a bitmap indicating the
Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual
resource blocks defined by higher layer parameter rbg-Sze configured for PDSCH and the size of the carrier bandwidth
part asdefined in Table 5.1.2.2.1-1.

Table 5.1.2.2.1-1: Nominal RBG size P

Bandwidth Part Size Configuration 1 Configuration 2
1-36 2 4
37-72 4 8
73 —-144 8 16
145 - 275 16 16

The total number of RBGS ( Nggg ) for adownlink carrier bandwidth part i of size Ngi\f\‘,ep,i PRBsis given by

Nrag z‘(Ng\ﬁp,i "‘(Ng\%,i mod P))/P ‘,where
- thesizeof thefirst RBG is RBG3™ = P— NS mod P,

- thesize of last RBG isRBGSZ =( o N )mod P if (N S i+ Nave )mod P >0 and P otherwise,
- thesizeof al other RBGsisP.

The bitmap is of size Nggg bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be
indexed in the order of increasing frequency and starting at the lowest frequency of the carrier bandwidth part. The
order of RBG bitmap is such that RBG 0 to RBG Ny —1 are mapped from MSB to LSB. The RBG is alocated to the
UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

[TS38.214, clause 5.1.2.2.2]

In downlink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set
of contiguously allocated localized or distributed virtual resource blocks within the active carrier bandwidth part of size

N S22, PRBs except for the case when DCI format 1_0 is decoded in the common search spacein CORESET 0in
which case the initial bandwidth part of size N5 shall be used.

A downlink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting
virtual resource block ( RBg,, ) and alength in terms of contiguously allocated resource blocks Lgg, . The resource
indication valueis defined by

if (Lpgs -1 < LN Sl 2J then

RIV = Ng\i\e;P(LRBs -0+ RBgart
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else
RIV = Ngie (NS — Lgs +1) + (Ngp —1- RBgyy)

where Lgg > 1 and shall not exceed N2, — RB,_, .

[TS38.214, clause 5.1.3]

To determine the modulation order, target code rate, and transport block size(s) in the physical downlink shared
channel, the UE shall first

- read the 5-bit modulation and coding scheme field (Imcs) in the DCI to determine the modulation order (Qm) and
target code rate (R) based on the procedure defined in Subclause 5.1.3.1.

and second

- the UE shall use the number of layers (v), the total number of allocated PRBs before rate matching (nprs) to
determine to the transport block size based on the procedure defined in Subclause 5.1.3.2.

The UE may skip decoding atransport block in aninitial transmission if the effective channel code rate is higher than
0.95, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded.

[TS38.214, clause 5.1.3.1]

For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI,
CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI,

if the higher layer parameter MCS-Table-PDSCH is not set to '256QAM’, and the PDSCH is scheduled with C-RNTI

- the UE shall use Imcs and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

else

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel scheduled with C-RNTI and table 5.1.3.1-1 with other RNTI.

End

The UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qn) and Target code rate (R) used in the
physical downlink shared channel scheduled with other RNTIsthan C-RNTI. The UE is not expected to decode a
PDSCH scheduled with SI-RNTI and (Qm) > 2
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Table 5.1.3.1-2: MCS index table 2 for PDSCH

MCS Index | Modulation Order | Target code Rate R x [1024] Spectral
Imcs Qm efficiency
0 2 120 0.2344
1 2 193 0.3770
2 2 308 0.6016
3 2 449 0.8770
4 2 602 1.1758
5 4 378 1.4766
6 4 434 1.6953
7 4 490 1.9141
8 4 553 2.1602
9 4 616 2.4063
10 4 658 2.5703
11 6 466 2.7305
12 6 517 3.0293
13 6 567 3.3223
14 6 616 3.6094
15 6 666 3.9023
16 6 719 4.2129
17 6 772 4.5234
18 6 822 4.8164
19 6 873 5.1152
20 8 682.5 5.3320
21 8 711 5.5547
22 8 754 5.8906
23 8 797 6.2266
24 8 841 6.5703
25 8 885 6.9141
26 8 916.5 7.1602
27 8 948 7.4063
28 2 reserved
29 4 reserved
30 6 reserved
31 8 reserved

[TS38.214, clause 5.1.3.2]

For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI,
CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI, if the higher layer parameter MCS Table-PDSCH is set to '256QAM" and
0< Iyes £270 < Iyes < 27, or the higher layer parameter MCS-Table-PDSCH is not set to '256QAM' and

0<1lpcs £280 < Iyes < 28, the UE shall first determine the TBS as specified below:
1) The UE shal first determine the number of RES (Nre) Ng) within the dlot.

- A UE first determines the number of REs allocated for PDSCH within aPRB (N 'RE) by

Nee = N& NSy — Npks — NG, where NS =12 is the number of subcarriersin aphysical resource

block, N3, NS9t, isthe number of symbols of the PDSCH allocation within the slot, Nfiks NARE isthe
number of REsfor DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM
groups indicated by DCI format 1_0/1_1, and N® NZR? isthe overhead configured by higher layer

parameter Xoh-PDSCH. If the Xoh-PDSCH is not configured (avalue from 0, 6, 12, or 18), the Xoh-PDSCH
issetto 0.

- A UE determines the total number of REs allocated for PDSCH ( Nge Ngg) by N = min(156, N'RE ) Nprs
Ngg = Njg * nprp, Where negg is the total number of allocated PRBs for the UE.

2) Intermediate number of information bits (Ninto) TBS¢emyp) isobtained by N, = Nge - R- Q- 0TBStemp =
Ngg * R * Qi * v.
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If N, <3824

Use step 3 asthe next step of the TBS determination
else

Use step 4 as the next step of the TBS determination
end

3) When N, <3824, TBSis determined as follows

- quantized intermediate number of information bits N, = max(24,2n L%D , Where
n=max(3,[10g,(Nirgo )]~ 6).
- useTable5.1.3.2-2 find the closest TBS that is not lessthan N, -

Table 5.1.3.2-2: TBS for N, <3824

Index TBS Index TBS Index TBS Index TBS
1 24 31 336 61 1288 91 3624
2 32 32 352 62 1320 92 3752
3 40 33 368 63 1352 93 3824
4 48 34 384 64 1416
5 56 35 408 65 1480
6 64 36 432 66 1544
7 72 37 456 67 1608
8 80 38 480 68 1672
9 88 39 504 69 1736
10 96 40 528 70 1800
11 104 41 552 71 1864
12 112 42 576 72 1928
13 120 43 608 73 2024
14 128 44 640 74 2088
15 136 45 672 75 2152
16 144 46 704 76 2216
17 152 47 736 77 2280
18 160 48 768 78 2408
19 168 49 808 79 2472
20 176 50 848 80 2536
21 184 51 888 81 2600
22 192 52 928 82 2664
23 208 53 984 83 2728
24 224 54 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
27 272 57 1160 87 3104
28 288 58 1192 88 3240
29 304 59 1224 89 3368
30 320 60 1256 90 3496

4) When N;;, >3824, TBSisdetermined as follows.

o . . L - Nio—24
- quantized intermediate number of information bits N , = max(3840,2n x round (”‘f;—nD , Where
n= LI 095 (Niys o — 24)J— 5and tiesin the round function are broken towards the next largest integer.

- if R<1/4
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TBS=8.C- Nigto +24 _ 24 where C = N'nfo—"'24
8-C ’ 3816
else
if Niy o >8424
TBS=8-C- M — 24 where C = N'nfo—"'24
8-C 8424
else
TBS= 8(—'\"”0 +2ﬂ 24
8
end
end
7.1.1.41.43 Test description
71141431 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except set the NR Cell bandwidth and applicable BWP to maximum for
the NR Band under test as specified in Table 5.3.5-1in TS 38.101-1 [16] / TS 38.101-2 [17] (to enable testing of nprs
up to maximum value).

7.1.1.41.432 Test procedure sequence

Table 7.1.1.4.1.4.3.2-1: Maximum TBS for different UE categories

UE Category Maximum number of bits of a UL-SCH transport
block received within a TTI

TS 38.306 [23] clause 4.1.2 require UE without ue-CategoryDL and ue-
CategoryUL, to support Max TBS achievable based on max bandwidth of the
Band under test.
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Table 7.1.1.4.1.4.3.2-2: Number of downlink PDCP SDUs and PDCP SDU size used as test data

TBS Number of PDCP SDU size
[bits] PDCP SDUs [bits]
(Note 1)

192 < TBS 12184 note 2 1 8*FLOOR((TBS — 184)/8)
12185< TBS <24256 2 8*FLOOR((TBS — 256)/16))
24257< TBS < 36328 3 8*FLOOR((TBS — 328)/24))
36329 < TBS <48400 4 8*FLOOR((TBS —400)/32))
48401< TBS 60472 5 8*FLOOR((TBS — 472)/40))
60473 < TBS < 72544 6 8*FLOOR((TBS — 544)/48))
72545< TBS <84616 7 8*FLOOR((TBS — 616)/56)
84617 < TBS <96688 8 8*FLOOR((TBS — 688)/64))
96689< TBS <108760 9 8*FLOOR((TBS — 760)/72))
108761 < TBS <120832 10 8*FLOOR((TBS —832)/80))
120833< TBS 132904 11 8*FLOOR((TBS — 904)/88))
132905 < TBS < 144976 12 8*FLOOR((TBS — 976)/96))
144785 < TBS < 157048 13 8*FLOOR((TBS — 1048)/56)
157049 < TBS =< 169120 14 8*FLOOR((TBS — 1120)/64))
169121< TBS < 181192 15 8*FLOOR((TBS — 1192)/72))
181193 < TBS 193336 16 8*FLOOR((TBS — 1264)/80))
193337 < TBS < 205408 17 8*FLOOR((TBS — 1336)/88))
205409 < TBS < 217480 18 8*FLOOR((TBS — 1408)/96))
TBS> 217480 19 8*FLOOR((TBS — 1480)/112))

Each PDCP SDU is limited to 1500 octets (to keep below maximum SDU size of ESM as specified in TS

PDCP SDU size = (TBS — N*PDCP header size — N*AMD PDU header size - N*MAC header size — Size
of Timing Advance — RLC Status PDU size- MAC header for RLC Status PDU — 32 bit Additional RLC
header with SO if one RLC SDU gets splitin 2 TBS and 24 bit MAC header for this additional PDU) / N,

MAC header size for AMD PDU = 16 or 24 bits depending on L=8 or 16 bits. Worst case 24 is taken.
Size of Timing Advance MAC CE with header is 16 bits (if no Timing Advance and/or RLC status needs to
IF RLC SDU does not get split the 32 bits additional padding gets added instead

RLC Status PDU size = 24 bits with 1 ACK_SN, With a MAC header of 16 bits.

Note 1:

24.301 [21] clause 9.9.4.12).

The PDCP SDU size of each PDCP SDU is

where

PDCP header size is 24 bits for the RLC AM and 18-bit SN case;

AMD PDU header size is 24 bits with 18 bit SN;

be sent, padding will occur instead).

This gives:

PDCP SDU size = 8*FLOOR((TBS — N*24- N*24— N*24 -112 )/(8*N)) bits.
Note 2:

According to the final PDCP SDU size formula in Note 1, the smallest TBS that can be tested is 192 bits.
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Table 7.1.1.4.1.4.3.2-2A: Bandwidth part Dependent Parameters for Resource allocation 0 with start of

BWP assumed as 0

NELBWP Nominal RBG Size N
A size P of Allowed ""PRBValues
Ngwpi | (Configuration1) | last
RBG

11 2 1 Alll...11

18 2 2 2,4,6,8,10,12,16,18

24 2 2 2,4,6,8,10,12,16,18,20,22,24

25 2 1 All1...25

31 2 1 All1...31

32 2 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32

38 4 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32,34,36,38

51 4 3 3,4,7,8,11,12,15,16,19,20,23,24,27,28,31,32,35,36,39,40,43,44,47,48,51

52 4 4 4,8,12,16,20,24,28,32,36,40,44,48,52

65 4 1 1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,32,33,36,37,40,41,44,45,48,49,
52,53,56,57,60,61,64,65

66 4 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32,34,36,38,40,42,44,46,48,50,52,
54,56,58,60,62,64,66

79 8 7 7,8,15,16,23,24,31,32,39,40,47,48,55,56,63,64,71,72,79

106 8 2 2,8,10,16,18,24,26,32,34,40,42,48,50,56,58,64,66,72,74,80,82,88,90,96,
92,104,106

107 8 3 3,8,11,16,19,24,27,32,35,40,43,48,51,56,59,64,67,72,75,80,83,88,91,96,
99,104,107

132 8 4 4,8,12,16,20,24,28,32,36,40,44,48,52,56,60,64,68,72,76,80,84,88,92,96,
100,104, 108,112,116,120,124,128,132

133 8 5 5,8,13,16,21,24,29,32,37,40,45,48,53,56,61,64,69,72,77,80,85,88,93,96,
101,104, 109,112,117,120,125,128,133

135 8 7 7,8,15,16,23,24,31,32,39,40,47,48,55,56,63,64,71,72,79,80,87,88,95,96,
103,104, 111,112,119,120,127,128,135

216 16 8 8,16,24,32,40,48,56,64,72,80,88,96,104,112,120,128,136,144,152,160,168,
176,184,192,200,208,216

217 16 9 9,16,25,32,41,48,57,64,73,80,89,96,105,112,121,128,137,144,153,160,169,
176,185,192,201,208,217

264 16 8 8,16,24,32,40,48,56,64,72,80,88,96,104,112,120,128,136,144,160,168,
176,184,192,200,208,216,224,232,240,248,256,264

270 16 14 14,16,30,32,46,44,62,64,78,80,94,96,110,112, 126,128,142,144,158,160,
174, 176,190,192, 206,208,222,224,238,240, 254,256,270

273 16 1 1,16,17,32,33,48,49,64,65,80,81,96,97,112,113,128,129,144,145,160,
161,176,171, 192,193, 208,209, 224,225,240,241,256,257,272,273

Table 7.1.1.4.1.4.3.2-3: Specific Parameter

Parameter Value Comments
PDSCH mappingType typeA
starting symbol S 0 Or 3 to avoid clash with PDCCH
symbols
number of consecutive symbols L 3..14-S
kO 0 or 1 (if S=0)
number of layers (v) 1
mcs-Table gam256
xoh-PDSCH Not present Results in value 0(xoh0)
dmrs-AdditionalPosition posO Results in 1 DMRS symbol per

two carrier (N )for Duration
in symbols >=3 (TS 38.211 [24],
table 7.4.1.1.2-3)

resourceAllocation

dynamicSwitch

maxNrofCodeWordsScheduledByDCI n2 both codewords enabled
rbg-Size Not present configuration 1 applicable
Nst@rtgyp 0
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Table 7.1.1.4.1.4.3.2-4: Main behaviour
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St Procedure Message Sequence TP | Verdict
U-S Message
- EXCEPTION: Steps 1 to 5 are repeated for - - - -

allowed values of Nz as per Table
7.1.1.4.1.4.3.2-2A in BWP, time domain
resource length L 3 to 14-S and |, from O

to 27.
1 | SS calculates or looks up TBS in TS 38.214 - - - -

[15] based on the value of S, L, | ,cgand

NPRB.
The SS uses the same |,.gand TBS for
both transport blocks:

Iwcsa = Twcsso = Tucs
TBS 1= TBS 2= TBS

- EXCEPTION: Steps 2 to 5 are performed if - - - -
TBS1 + TBS2 is less than or equal to UE
capability "Maximum number of DL-SCH
transport block bits received within a TTI" as
specified in Table 7.1.1.4.1.4.3.2-1 and
larger than or equal to 192 bits as specified
in Table 7.1.1.4.1.4.3.2-2.

2 SS creates one or more PDCP SDUs for - - - -
transport block 1 and 2 depending on TBS1,
and TBS2 in accordance with Table

7.1.1.4.1.4.3.2-2.

3 SS transmits the PDCP SDUs concatenated <-- Transport block 1: MAC PDU - -
into a MAC PDU and indicates on PDCCH Transport block 2: MAC PDU
DCI Format 1_1 resource allocation 0 and DCI: (DCl Format1_1, S, L,

values of S, L, | . and nere. | |
Mcs#Lr | mcst Mcsi ' MCS2 and nPRB.)

4 | Atthe reception of scheduling request the <-- (UL Grant) - -
SS transmits UL Grant for transmitting loop
back PDCP SDUs.

5 CHECK: Does UE return the same number --> (NxPDCP SDUSs) 1 P
of PDCP SDUs with same content as
transmitted by the SS in step 3?

- EXCEPTION: Steps 6 to 10 are repeated for - - - -

allowed values of Npeg 1to N2S®Y in
BWP, time domain resource length L 3 to 14-
Sand |, fromO0 to 27.

6 | SS calculates or looks up TBS in TS 38.214 - - - -
[15] based on the value of S, L, |, @and

NPRB.
The SS uses the same |,.gand TBS for
both transport blocks:

licsa= Tmese= lvcs
TBS 1= TBS 2= TBS

- EXCEPTION: Steps 7 to 10 are performed if - - - -
TBS1 + TBS2 is less than or equal to UE
capability "Maximum number of DL-SCH
transport block bits received within a TTI" as
specified in Table 7.1.1.4.1.4.3.2-1 and
larger than or equal to 192 bits as specified
in Table 7.1.1.4.1.4.3.2-2

7 SS creates one or more PDCP SDUs for - - - -
transport block 1 and 2 depending on TBS1,
and TBS2 in accordance with Table
7.1.1.4.1.4.3.2-2.
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8 | SStransmits the PDCP SDUs concatenated <-- Transport block 1: MAC PDU - -

into a MAC PDU and indicates on PDCCH Transport block 2: MAC PDU
DCI Format 1_1 resource allocation 1 and DCI: (DCl Format 1_1, S, L,
values of S, L, | e+ | mess @and ners. |MCS#1, | vesi and nPRB.)
9 | Atthe reception of scheduling request the <-- (UL Grant) - -

SS transmits UL Grant for transmitting loop
back PDCP SDUs.

10 | CHECK: Does UE return the same number --> (NxPDCP SDUSs) 2 P
of PDCP SDUs with same content as
transmitted by the SS in step 3?

7.1.1.41.43.3 Specific message contents

[None].

7.1.1.4.2 UL-SCH Transport Block Size Selection

711421 UL-SCH Transport Block Size selection / DCI format 0_0
7114211 Test Purpose (TP)

1)

with { UE in RRC_CONNECTED state }
ensure that {

when { UE has pending data for transm ssion and receives on PDCCH DCI format O_O indicating a
resource bl ock assignment correspondent to physical resource blocks , Time domain resource

assi gnment and nodul ati on and coding }
then { UE transmits MAC PDU on PUSCH as per Mbdul ati on Codi ng schene, tine donmin resource

allocation and PRB' s }

}

7.1.1.4.2.1.2 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS38.212 clause 7.3.1.1.1, TS
38.214 clause 6.1.2.1,6.1.2.2,6.1.2.2.2,6.1.4.1,5.1.3.1, 6.1.4.2 and 5.1.3.2. Unless otherwise stated these are Rel-15
requirements.

[TS38.212, clause 7.3.1.1.1]

DCI format 0_0is used for the scheduling of PUSCH in one cell.

The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by C-RNTI:
- ldentifier for DCI formats — 1 bit

- Thevaueof thishit field isalways set to 0, indicating an UL DCI format
- Frequency domain resource assignment — [log, (N-2¥(NLL8% 1)/ 2) | bits where

- NRgBWP isthesize of theinitial bandwidth part in case DCI format O_0 is monitored in the common search
space

- Npg®WP isthe size of the active bandwidth part in case DCI format 0_0 is monitored in the UE specific
search space and satisfying

- thetotal number of different DCI sizes monitored per dot is no more than 4, and
- thetotal number of different DCI sizes with C-RNTI monitored per slot is no more than 3

- For PUSCH hopping with resource allocation type 1:
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- Ny MSB bitsare used to indicate the frequency offset according to Subclause 6.3 of [6, TS 38.214],

where Ny, ,,, =1 if the higher layer parameter Frequency-hopping-offsets-set contains two offset values
and Ny, =2 if the higher layer parameter Frequency-hopping-offsets-set contains four offset values

- ’—I 0d, (Nse P (NS +1) / 2)-‘ —Ny._hop bits provides the frequency domain resource allocation

RB RB

according to Subclause 6.1.2.2.2 of [6, TS 38.214]

For non-PUSCH hopping with resource alocation type 1:

- ’_I 09, (Nas 2P (Nge ®YF +1) / 2)-‘ bits provides the frequency domain resource allocation according to

RB RB

Subclause 6.1.2.2.2 of [6, TS 38.214]

- Time domain resource assignment — X bits as defined in Subclause 6.1.2.1 of [6, TS 38.214]

- Fregquency hopping flag — 1 bit.

- Modulation and coding scheme — 5 hits as defined in Subclause 6.1.3 of [6, TS 38.214]

- New dataindicator — 1 hit

- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2

- HARQ process number — 4 bits

- TPC command for scheduled PUSCH —[2] bits as defined in Subclause x.x of [5, TS 38.213]

- UL/SUL indicator — 1 bit for UEs configured with SUL in the cell as defined in Table 7.3.1.1.1-1 and the
number of bitsfor DCI format 1_0 before padding is larger than the number of bitsfor DCI format O_0 before
padding; O bit otherwise.

If the UL/SUL indicator is present in DCI format 0_0 and the higher layer parameter dynamicPUSCHSUL is
set to Disabled, the UE ignores the UL/SUL indicator field in DCI format 0_0, and the corresponding
PUSCH scheduled by the DCI format 0_0 isfor the carrier indicated by the higher layer parameter
pucchCarrierSUL;

If the UL/SUL indicator is not present in DCI format 0_0, the corresponding PUSCH scheduled by the DCI
format 0_0 isfor the carrier indicated by the higher layer parameter pucchCarrier SUL.

The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by TC-RNTI:

- ldentifier for DCI formats— 1 bit

The value of thisbit field is aways set to 0, indicating an UL DCI format

- Frequency domain resource assignment —’_I 0g,(Nas " (Ns®"F +1)/ 2)-‘ bits where

RB

N BWP isthe size of theinitial bandwidth part in case DCI format 0_0 is monitored in the common search
spacein CORESET 0

N5 BWP isthe size of the active bandwidth part in case DCI format 0_0 is monitored in the UE specific
search space and satisfying

- thetotal number of different DCI sizes monitored per dot is no more than 4, and
- thetotal number of different DCI sizes with C-RNTI monitored per slot is no more than 3

For PUSCH hopping with resource allocation type 1:

- Ny MSB bitsare used to indicate the frequency offset according to Subclause 6.3 of [6, TS 38.214],
where Ny, =1 if N3%®"" <50 and Ny, p,,, =2 otherwise
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- ’—I 09, (Nas " (N2 +1)/ 2)-‘ — Ny._rop bits provides the frequency domain resource allocation
according to Subclause 6.1.2.2.2 of [6, TS 38.214]

- For non-PUSCH hopping with resource allocation type 1:
- ’—I 09, (Nas ®"P(Nge ®YF +1)/ 2)-‘ bits provides the frequency domain resource allocation according to
Subclause 6.1.2.2.2 of [6, TS 38.214]
- Time domain resource assignment — X bits as defined in Subclause 6.1.2.1 of [6, TS 38.214]
- Freguency hopping flag — 1 bit.
- Modulation and coding scheme — 5 hits as defined in Subclause 6.1.3 of [6, TS 38.214], using Table 5.1.3.1-1
- New dataindicator — 1 bit, reserved
- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2
- HARQ process nhumber — 4 bits, reserved
- TPC command for scheduled PUSCH —[2] bits as defined in Subclause x.x of [5, TS 38.213]

- UL/SUL indicator — 1 bit if the cell hastwo ULs and the number of bitsfor DCI format 1_0 before padding is
larger than the number of bits for DCI format 0_0 before padding; 0 bit otherwise.

- If 1 hit, reserved, and the corresponding PUSCH is always on the same UL carrier as the previous
transmission of the same TB

The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by CS-RNTI:

If DCI format 0_0 is monitored in common search space and if the number of information bitsin the DCI format 0_0
prior to padding is less than the payload size of the DCI format 1_0 monitored in common search space for scheduling
the same serving cell, zeros shall be appended to the DCI format 0_0 until the payload size equals that of the DCI
format 1 0.

If DCI format 0_0 is monitored in common search space and if the number of information bitsin the DCI format 0_0
prior to padding is larger than the payload size of the DCI format 1_0 monitored in common search space for
scheduling the same serving cell, the bit width of the frequency domain resource allocation field in the DCI format 0_0
is reduced such that the size of DCI format 0_0 equals to the size of the DCI format 1_O..

[TS38.214, clause 6.1.2.1]

When the UE is scheduled to transmit a transport block and no CSl report, or the UE is scheduled to transmit a transport
block and a CSl report on PUSCH by a DCI, the Time domain resource assignment field of the DCI provides arow index
of ahigher layer configured table pusch-symbol Allocation, where the indexed row defines the dot offset Ko, the start and
length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission.

When the UE is scheduled to transmit a PUSCH with no transport block and with a CSl report by a CS request field on
aDCl, the Time-domain PUSCH resourcesfield of the DCI providesarow index of ahigher layer configured table pusch-
symbol Allocation, where the indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to

be applied in the PUSCH transmission and K is determined based on the corresponding list entries Yj, j = 0,...,Ngey —1
of the higher layer parameter reportSotOffset for the Nge,triggered CSI Reporting Settings. The ith codepoint of Kz s
determined as K, = maxY; where Y; (i) istheith codepoint of Y .

j

2 HPUSCH

- Thedot where the UE shall transmit the PUSCH is determined by K; as {n- J+ K, wherenisthe slot

2 HPDCCH

with the scheduling DCI, K is based on the numerology of PUSCH, and
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- The starting symbol Srelative to the start of the dlot, and the number of consecutive symbols L counting from the
symbol Sallocated for the PUSCH are determined from the start and length indicator SLIV of the indexed row:

if (L-1)<7 then
LIvV=14-(L-D+S
else
1V=14-14-L+D)+(14-1-9)
whereO< L <14-S, and

- The PUSCH mapping typeis set to Type A or Type B asdefined in Subclause 6.4.1.1.3 of [4, TS 38.211] as
given by the indexed row.

The UE shall consider the Sand L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations
Table 6.1.2.1-1: Valid S and L combinations

PUSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L

Type A 0 {4,...,14} {4,...,14} 0 {4,...,12} {4,...,12}

Type B {0,...,13} {1,...,14} {1,...,14} {0,...,12} {1,...,12} {1,...,12}

When the UE is configured with aggregationFactorUL > 1, the same symbol allocation is applied across the
aggregationFactor UL consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat
the TB across the aggregationFactor UL consecutive slots applying the same symbol allocation in each dlot.

If the UE procedure for determining slot configuration, as defined in subclause 11.1 of [6, TS 38.213], determines
symbols of aslot allocated for PUSCH as downlink symbols, the transmission on that slot is omitted for multi-slot
PUSCH transmission.

[38.214 clause 6.1.2.2]

The UE shall determine the resource block assignment in frequency domain using the resource alocation field in the
detected PDCCH DCI. Two uplink resource allocation schemes type 0 and type 1 are supported. Uplink resource
alocation scheme type 0 is supported for OFDM-based PUSCH. Uplink resource allocation scheme type 1 is supported
for PUSCH for both cases when transform precoding is enabled or disabled.

If the scheduling DCI is configured to indicate the downlink resource allocation type as part of the Frequency domain
resource assignment field, the UE shall use uplink resource alocation type 0 or type 1 as defined by thisfield.
Otherwise the UE shall use the uplink frequency resource allocation type as defined by the higher layer parameter
Resour ce-allocation-config for PUSCH.

The UE may assume that when the scheduling PDCCH is received with DCI format 0_0, then uplink resource alocation
type 1 isused.

If a bandwidth part indicator field is not configured in the scheduling DCI, the RB indexing for uplink type 0 and type 1
resource allocation is determined within the UE's active carrier bandwidth part. If a bandwidth part indicator field is
configured in the scheduling DCI, the RB indexing for uplink type 0 and type 1 resource allocation is determined within
the UE's carrier bandwidth part indicated by bandwidth part indicator field value in the DCI, except for the case when
DCI format 0_0 is decoded in the common search space in CORESET 0 in which case the initial bandwidth part shall
be used. The UE shall upon detection of PDCCH intended for the UE determine first the uplink carrier bandwidth part
and then the resource allocation within the carrier bandwidth part.

[38.214 clause 6.1.2.2.2]

In uplink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks within the active carrier bandwidth part of size Ngyy» PRBs
except for the case when DCI format 0_0 is decoded in the common search space in CORESET 0 in which case the

initial bandwidth part of size NS, shall be used.
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An uplink type 1 resource alocation field consists of aresource indication value (RIV) corresponding to a starting
virtual resource block ( RBg,,) and alength in terms of contiguously allocated resource blocks L gz . The resource
indication value is defined by

I (Less ~1) <|N&R /2] then
RIV = NS (Lras —1) + RByary
else
RIV = N5 (NSip — Lras +3) + (Ngip —1- RByar)
where Lggs > 1 and shall not exceed N3¢, — RB__ ..

[TS38.214, clause 6.1.4.1]

For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, or CS-RNTI,if
transform precoding is disabled and MCS-Table-PUSCH is not set to '256QAM',

- the UE shall use Imcs and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif transform precoding is disabled and MCS Table-PUSCH is set to '256QAM’,

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to '256QAM’,

- the UE shall use Imcs and Table 6.1.4.1-1 to determine the modulation order (Qm) and Target code rate (R) used
in the physical uplink shared channel.

- for MCSindex 0 and 1, g=1 if UE has reported to support pi/2 BPSK modulation; and g=2 in other cases
else

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

end

[TS38.214, clause 5.1.3.1]

ETSI



3GPP TS 38.523-1 version 15.0.0 Release 15

[TS38.214, clause 6.1.4.2]

137

ETSI TS 138 523-1 V15.0.0 (2018-07)

Table 5.1.3.1-1: MCS index table 1 for PDSCH

MCS Index | Modulation Order | Target code Rate R x [1024] Spectral
Imcs Qm efficiency
0 2 120 0.2344
1 2 157 0.3066
2 2 193 0.3770
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.8770
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
11 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 438 2.5664
18 6 466 2.7305
19 6 517 3.0293
20 6 567 3.3223
21 6 616 3.6094
22 6 666 3.9023
23 6 719 4.2129
24 6 772 4.5234
25 6 822 4.8164
26 6 873 5.1152
27 6 910 5.3320
28 6 948 5.5547
29 2 reserved
30 4 reserved
31 6 reserved

For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, or CS-RNTI,

if

0< 1 ycs £ 27and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM', or

0= 1 pycs 27 and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is set to

'256QAM’, or

0< I ycs < 28 and transform precoding is disabled and MCS-Table-PUSCH is not set to "256QAM", or

0< I ycs <27 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to
'256QAM’, the UE shall first determine the TBS as specified below:

The UE shall first determine the number of RES (Nre) within the dlot:

- A UE first determines the number of REs allocated for PUSCH within a PRB (N 'RE) by

PRB

©_ \RB, PRB
- Nge =Ng * Ngmy — Npyrs = Non

, where N =12 isthe number of subcarriersin the frequency

domainin aphysical resource block, N ;',"mb is the number of symbols of the PUSCH allocation within the

sot, NSR®s isthe number of REs for DM-RS per PRB in the scheduled duration including the overhead of
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elseif

the DM-RS CDM groupsindicated by DCI format 0_0/0_1, and N;RB isthe overhead configured by higher

layer parameter Xoh-PUSCH. If the Xoh-PUSCH is not configured (avalue from O, 6, 12, or 18), the Xoh-
PDSCH isset to O.

- A UE determines the total number of REs alocated for PUSCH (N RE) by Nge = Nge * Nprg Where Npgg is
the total number of allocated PRBs for the UE.

- Next, proceed with steps 2-5 as defined in Subclause 5.1.3.2

28< | \es <31 and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM’, or

28< | \cs <31 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is set to
'256QAM’, or

28< | \ycs <31 and transform precoding is enabled and M CS-Table-PUSCH-transform-precoding is not set to
'256QAM", or

the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< | ycs < 27. If thereis no PDCCH for the same transport block using 0< | ;o <27, and if the

initial PUSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the
most recent configured scheduling PDCCH.

else

the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0<,cs < 28. If thereisno PDCCH for the same transport block using 0< | yc5 <28, and if the

initial PUSCH for the same transport block is transmitted with configured grant, the TBS shall be determined
from the most recent configured scheduling PDCCH.

[TS38.214, clause 5.1.3.2]

2) Intermediate number of information bits (Ninto) TBS¢emyp) isobtained by N, = Nge - R-Qq - 0TBStemp =

Npg * R * Qp, * v.
If N, <3824

Use step 3 as the next step of the TBS determination
else

Use step 4 as the next step of the TBS determination

end

3) When N;, <3824, TBSisdetermined as follows

- quantized intermediate number of information bits N, = max{24,2n L%D , Where
n=max(3,10g, (N, )] 6).

- use Table5.1.3.2-2 find the closest TBSthat is not lessthan N

info -
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Table 5.1.3.2-2: TBS for Ny, <3824

Index TBS Index TBS Index TBS Index TBS
1 24 31 336 61 1288 91 3624
2 32 32 352 62 1320 92 3752
3 40 33 368 63 1352 93 3824
4 48 34 384 64 1416
5 56 35 408 65 1480
6 64 36 432 66 1544
7 72 37 456 67 1608
8 80 38 480 68 1672
9 88 39 504 69 1736
10 96 40 528 70 1800
11 104 41 552 71 1864
12 112 42 576 72 1928
13 120 43 608 73 2024
14 128 44 640 74 2088
15 136 45 672 75 2152
16 144 46 704 76 2216
17 152 47 736 77 2280
18 160 48 768 78 2408
19 168 49 808 79 2472
20 176 50 848 80 2536
21 184 51 888 81 2600
22 192 52 928 82 2664
23 208 53 984 83 2728
24 224 54 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
27 272 57 1160 87 3104
28 288 58 1192 88 3240
29 304 59 1224 89 3368
30 320 60 1256 90 3496

4) When Ny, >3824, TBSisdetermined as follows.

: Nint o — 24
- quantized intermediate number of information bits N; , = max(3840,2n xround ('mz"—nD , where

n=|log,(N;y , —24)|—5and tiesin the round function are broken towards the next largest integer.

- if R<1/4
TBS=8-C- M — 24, where C = N'nfo—"'24
8-C 3816
else
if Niy o >8424
TBS=8-C- Nmfo—+24 — 24 where C = M
8-C 8424
else
TBSZS(MLM
8
end
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end
7.1.1.421.3 Test description
71142131 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except set the NR Cell bandwidth and applicable BWP to maximum for
the NR Band under test as specified in Table 5.3.5-1in TS 38.101-1 [16] / TS 38.101-2 [17] (to enable testing of Npre
up to maximum value).

71142132 Test procedure sequence

Table 7.1.1.4.2.1.3.2-1: Maximum TBS for different UE categories

UE Category Maximum number of bits of a UL-SCH transport block
received within a TTI

TS 38.306 [23] clause 4.1.2 require UE without ue-CategoryDL and ue-CategoryUL, to
support Max TBS achievable based on max bandwidth of the Band under test.

Table 7.1.1.4.2.1.3.2-2: Number of uplink PDCP SDUs and PDCP SDU size used as test data

Note 2:

TBS Number of PDCP SDU size
[bits] PDCP SDUs [bits]
(Note 1)

132 < TBS <12128 note 2 1 8*FLOOR((TBS — 128)/8)
12129 < TBS 24200 2 8*FLOOR((TBS — 200)/16))
24201 < TBS < 36272 3 8*FLOOR((TBS — 272)/24))
36273 < TBS 48344 4 8*FLOOR((TBS — 344)/32))
48345< TBS 60416 5 8*FLOOR((TBS — 416)/40))
60417 < TBS < 72488 6 8*FLOOR((TBS —488)/48))
72489 < TBS 84560 7 8*FLOOR((TBS — 560)/56)
84561 < TBS 96632 8 8*FLOOR((TBS —632)/64))
96633< TBS 108704 9 8*FLOOR((TBS —704)/72))
10705 < TBS <120776 10 8*FLOOR((TBS — 776)/80))
120777< TBS 132848 11 8*FLOOR((TBS —848)/88))
132849 < TBS < 144920 12 8*FLOOR((TBS — 920)/96))
TBS> 144920 13 8*FLOOR((TBS — 992)/112))
Note 1:  Each PDCP SDU is limited to 1500 octets (to keep below maximum SDU size of ESM as specified in TS

24.301 [21] clause 9.9.4.12).
The PDCP SDU size of each PDCP SDU is

PDCP SDU size = (TBS — N*PDCP header size — N*AMD PDU header size - N*MAC header size — Size
of Timing Advance — RLC Status PDU size- MAC header for RLC Status PDU) / N, where

PDCP header size is 24 bits for the RLC AM and 18-bit SN case;
AMD PDU header size is 24 bits with 18 bit SN;

MAC header size for AMD PDU = 16 or 24 bits depending on L=8 or 16 bits. Worst case 24 is taken.

Size of Timing Advance MAC CE with header is 16 bits (if no Timing Advance and/or RLC status needs to
be sent, padding will occur instead).

RLC Status PDU size = 24 bits with 1 ACK_SN, With a MAC header of 16 bits.
This gives:

PDCP SDU size = 8*FLOOR((TBS — N*24- N*24 — N*24 -56 )/(8*N)) bits.

According to the final PDCP SDU size formula in Note 1, the smallest TBS that can be tested is 136 bits.
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Table 7.1.1.4.2.1.3.2-3: Specific Parameters

Parameter Value Comment
PUSCH mappingType typeA
starting symbol S 0
number of consecutive 4.14
symbols L
K2 Not present UE applies the value 01 when

PUSCH SCS is 15/30KHz; 2 when
PUSCH SCS is 60KHz and 3 when
PUSCH SCS is 120KHz

number of layers (v) 1

mcs-Table gam64

xoh-PUSCH( N()F;1RB) Not present Results in value 0(xoh0)

dmrs-AdditionalPosition pos0 Results in 1 DMRS symbol per two
carrier (N5RE )for Duration in
symbols >=4

Table 7.1.1.4.2.1.3.2-4: Main behaviour

St Procedure Message Sequence TP Verdict
U-S Message
- EXCEPTION: Steps 1to 5 are - - - -
repeated for allowed values of

Npgg 1t0 NasBYP in BWP, time
domain resource length L 4 to 14-
Sand |, from 0 to 28.

1 The SS calculates or looks up - - - -
TBS in TS 38.214 [15] based on

the value of S, L, | ,csand ners.

- EXCEPTION: Steps 2to 5 are - - - -
performed if TBS is less than or
equal to UE capability "Maximum
number of UL-SCH transport
block bits received within a TTI"
as specified in Table
7.1.1.4.2.1.3.2-1 and larger than
or equal to 136 bits as specified in
Table 7.1.1.4.2.1.3.2-2

2 The SS creates one or more - - - -
PDCP SDUs, depending on TBS,
in accordance with Table

7.1.1.4.2.1.3.2-2.
3 After 300ms, the SS transmits all <-- MAC PDU (NxPDCP - -
PDCP SDUs (Nspus) as created in SDUs)

step 2 in a MAC PDU.
4 | After 60ms of step 3, SS transmits <-- (UL Grant) (DCI Format - -

UL Grant DCI 0_0, and values of 0.0, S, L, I csand nere)
S, L, I yes@and ners..

5 CHECK: Does UE return the --> MAC PDU (N x PDCP 1 P
same number of PDCP SDUs with SDU)

same content as transmitted by
the SS in step 3 using Time,
frequency Resources and
modulation and coding scheme as
configured by the SS in step 4?

7.1.1.4.2.1.3.3 Specific message contents

[Non€].
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7.1.1.4.2.2 UL-SCH Transport Block Size selection / DCI format 0_0 / 256QAM
7.1.1.4221 Test Purpose (TP)
1)

with { UE in RRC_CONNECTED state and nts-Table is set as ‘qank56‘ }
ensure that {
when { UE has pending data for transm ssion and receives on PDCCH DCI format O0_O indicating a
resource bl ock assignment correspondent to physical resource blocks , Time domain resource
assi gnment and nodul ati on and coding }
then { UE transmits MAC PDU on PUSCH as per Modul ati on Codi ng schene, tine donmin resource
allocation and PRB s }

}

7.1.1.4222 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS38.212 clause 7.3.1.1.1, TS
38.214 clause 6.1.2.1,6.1.2.2,6.1.2.2.2,6.1.4.1,5.1.3.1, 6.1.4.2 and 5.1.3.2. Unless otherwise stated these are Rel-15
requirements.

[TS38.212, clause 7.3.1.1.1]

DCI format 0_0is used for the scheduling of PUSCH in one cell.

The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by C-RNTI:
- ldentifier for DCI formats — 1 bit

- Thevaue of thishit field is always set to 0, indicating an UL DCI format

- Frequency domain resource assignment — [log, (N-2¥(NLL8% 1)/ 2) | bits where

- NRpgBWP isthesize of theinitial bandwidth part in case DCI format O_0 is monitored in the common search
space

- NpeBWP isthe size of the active bandwidth part in case DCI format 0_0 is monitored in the UE specific
search space and satisfying

- thetotal number of different DCI sizes monitored per dot is no more than 4, and
- thetotal number of different DCI sizes with C-RNTI monitored per slot is no more than 3
- For PUSCH hopping with resource allocation type 1:

Ny hop MSB bits are used to indicate the frequency offset according to Subclause 6.3 of [6, TS 38.214],
where N, ,,, =1 if the higher layer parameter Freguency-hopping-offsets-set contains two offset values
and Ny, =2 if the higher layer parameter Frequency-hopping-offsets-set contains four offset values

- ’—I 09, (Nas " (N2 +1)/ 2)-‘ — Ny, bits provides the frequency domain resource allocation
according to Subclause 6.1.2.2.2 of [6, TS 38.214]

- For non-PUSCH hopping with resource allocation type 1:

- ’—I 0d, (N PP (Ngs ®YF +1) / 2)-‘ bits provides the frequency domain resource allocation according to
Subclause 6.1.2.2.2 of [6, TS 38.214]

- Time domain resource assignment — X bits as defined in Subclause 6.1.2.1 of [6, TS 38.214]
- Freguency hopping flag — 1 bit.
- Modulation and coding scheme — 5 hits as defined in Subclause 6.1.3 of [6, TS 38.214]

- New dataindicator — 1 hit
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- Redundancy version — 2 bitsas defined in Table 7.3.1.1.1-2
- HARQ process number — 4 bits
- TPC command for scheduled PUSCH —[2] bits as defined in Subclause x.x of [5, TS 38.213]

- UL/SUL indicator — 1 bit for UEs configured with SUL in the cell as defined in Table 7.3.1.1.1-1 and the
number of bits for DCI format 1_0 before padding is larger than the number of bitsfor DCI format 0_0 before
padding; O bit otherwise.

- If the UL/SUL indicator is present in DCI format 0_0 and the higher layer parameter dynamicPUSCHSUL is
set to Disabled, the UE ignores the UL/SUL indicator field in DCI format 0_0, and the corresponding
PUSCH scheduled by the DCI format O_0 isfor the carrier indicated by the higher layer parameter
pucchCarrierSUL;

- If the UL/SUL indicator is not present in DCI format 0_0, the corresponding PUSCH scheduled by the DCI
format O_0 isfor the carrier indicated by the higher layer parameter pucchCarrier SUL.

The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by TC-RNTI:
- ldentifier for DCI formats— 1 bit

- Thevaue of thishit field is always set to 0, indicating an UL DCI format
- Frequency domain resource assignment —’_I 0g,(Nas " (Ns®"F +1)/ 2)-‘ bits where

- NoeBYP isthe size of theinitial bandwidth part in case DCI format 0_0 is monitored in the common search
spacein CORESET 0

- N%BYP isthe size of the active bandwidth part in case DCI format 0_0 is monitored in the UE specific
search space and satisfying

- thetotal number of different DCI sizes monitored per slot is no more than 4, and
- thetotal number of different DCI sizes with C-RNTI monitored per ot isno more than 3

- For PUSCH hopping with resource allocation type 1:

- Ny MSB bitsare used to indicate the frequency offset according to Subclause 6.3 of [6, TS 38.214],
where Ny o =1 if NP <50 and Ny, =2 otherwise

RB RB

according to Subclause 6.1.2.2.2 of [6, TS 38.214]

- ’—I 0d, (Nse P (NS +1) / 2)-‘ — Ny hop bits provides the frequency domain resource allocation

- For non-PUSCH hopping with resource allocation type 1:

- ’_I 0g,(Ngs®"F(Ngs 2" +1)/ 2)-‘ bits provides the frequency domain resource allocation according to
Subclause 6.1.2.2.2 of [6, TS 38.214]

- Time domain resource assignment — X bits as defined in Subclause 6.1.2.1 of [6, TS 38.214]

- Freguency hopping flag — 1 bit.

- Modulation and coding scheme — 5 hits as defined in Subclause 6.1.3 of [6, TS 38.214], using Table 5.1.3.1-1
- New dataindicator — 1 bit, reserved

- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2

- HARQ process number — 4 bits, reserved

- TPC command for scheduled PUSCH —[2] bits as defined in Subclause x.x of [5, TS 38.213]
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- UL/SUL indicator — 1 hit if the cell hastwo ULs and the number of bitsfor DCI format 1_0 before padding is
larger than the number of bits for DCI format 0_0 before padding; O bit otherwise.

- If 1 bit, reserved, and the corresponding PUSCH is aways on the same UL carrier as the previous
transmission of the same TB

The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by CS-RNTI:

If DCI format 0_0 is monitored in common search space and if the number of information bitsin the DCI format 0_0
prior to padding isless than the payload size of the DCI format 1_0 monitored in common search space for scheduling
the same serving cell, zeros shall be appended to the DCI format 0_0 until the payload size equals that of the DCI
format 1 0.

If DCI format O_0 is monitored in common search space and if the number of information bitsin the DCI format 0_0
prior to padding is larger than the payload size of the DCI format 1_0 monitored in common search space for
scheduling the same serving cell, the bit width of the frequency domain resource allocation field in the DCI format 0_0
isreduced such that the size of DCI format 0_0 equals to the size of the DCI format 1_0..

[TS38.214, clause 6.1.2.1]

When the UE is scheduled to transmit a transport block and no CSl report, or the UE is scheduled to transmit a transport
block and a CSl report on PUSCH by a DCI, the Time domain resource assignment field of the DCI provides arow index
of ahigher layer configured table pusch-symbol Allocation, where the indexed row defines the slot offset Ky, the start and
length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission.

When the UE is scheduled to transmit a PUSCH with no transport block and with a CSl report by a CS request field on
aDCl, the Time-domain PUSCH resourcesfield of the DCI providesarow index of ahigher layer configured table pusch-
symbol Allocation, where the indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to

be applied in the PUSCH transmission and K is determined based on the corresponding list entries Yj, j = 0,...,Ngey —1
of the higher layer parameter reportSotOffset for the Nge,triggered CSI Reporting Settings. The ith codepoint of Kz s
determined as K, = maxY; where Y; (i) istheith codepoint of Y; .

j

HMPUSCH

2 HPDCCH

- The dot where the UE shall transmit the PUSCH is determined by K> as {n- J+ K, wherenisthe slot

with the scheduling DCI, K is based on the numerology of PUSCH, and

- The starting symbol Srelative to the start of the dlot, and the number of consecutive symbols L counting from the
symbol Sallocated for the PUSCH are determined from the start and length indicator SLIV of the indexed row:

if (L-1)<7 then
LIvV=14-(L-D+S
else
1V=14-14-L+D)+(14-1-9)
whereO< L <14-S, and

- The PUSCH mapping typeis set to Type A or Type B asdefined in Subclause 6.4.1.1.3 of [4, TS 38.211] as
given by the indexed row.

The UE shall consider the Sand L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations
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Table 6.1.2.1-1: Valid S and L combinations

PUSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L

Type A 0 {4,...,14} {4,...,14} 0 {4,...,12} {4,...,12}

Type B {0,...,13} {1,...,14} {1,...,14} {0,...,12} {1,...,12} {1,...,12}

When the UE is configured with aggregationFactorUL > 1, the same symbol allocation is applied across the
aggregationFactorUL consecutive slots and the PUSCH islimited to asingle transmission layer. The UE shall repeat
the TB across the aggregationFactorUL consecutive slots applying the same symbol allocation in each slot.

If the UE procedure for determining slot configuration, as defined in subclause 11.1 of [6, TS 38.213], determines
symbols of aglot allocated for PUSCH as downlink symbols, the transmission on that slot is omitted for multi-slot
PUSCH transmission.

[38.214 clause 6.1.2.2)

The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the
detected PDCCH DCI. Two uplink resource allocation schemes type 0 and type 1 are supported. Uplink resource
allocation scheme type 0 is supported for OFDM-based PUSCH. Uplink resource allocation scheme type 1 is supported
for PUSCH for both cases when transform precoding is enabled or disabled.

If the scheduling DCI is configured to indicate the downlink resource allocation type as part of the Frequency domain
resource assignment field, the UE shall use uplink resource allocation type 0 or type 1 as defined by thisfield.
Otherwise the UE shall use the uplink frequency resource allocation type as defined by the higher layer parameter
Resource-allocation-config for PUSCH.

The UE may assume that when the scheduling PDCCH is received with DCI format 0_0, then uplink resource alocation
type 1is used.

If abandwidth part indicator field is not configured in the scheduling DCI, the RB indexing for uplink type 0 and type 1
resource allocation is determined within the UE's active carrier bandwidth part. If a bandwidth part indicator field is
configured in the scheduling DCI, the RB indexing for uplink type 0 and type 1 resource allocation is determined within
the UE's carrier bandwidth part indicated by bandwidth part indicator field value in the DCI, except for the case when
DCI format 0_0 is decoded in the common search spacein CORESET 0 in which case theinitial bandwidth part shall
be used. The UE shall upon detection of PDCCH intended for the UE determine first the uplink carrier bandwidth part
and then the resource allocation within the carrier bandwidth part.

[38.214 clause 6.1.2.2.2]

In uplink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks within the active carrier bandwidth part of size Ngvz\‘fp PRBs
except for the case when DCI format 0_0 is decoded in the common search space in CORESET 0 in which case the
initial bandwidth part of size Ngvz\‘fp shall be used.

An uplink type 1 resource alocation field consists of aresource indication value (RIV) corresponding to a starting
virtual resource block ( RBg,,) and alength in terms of contiguously allocated resource blocks Lrgg . The resource
indication value is defined by

if (LRBS—l)sLNgﬁp/zj then
RIV = N5 (Lres =) + RByar
ese
RIV = NSZ (NSZ, — g +1) + (NSE, —1- RByyy)

where Lggs > 1 and shall not exceed N3, — RB,

Start -

[TS38.214, clause 6.1.4.1]
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146

transform precoding is disabled and MCS-Table-PUSCH is not set to '256QAM’,

- the UE shall use Imcs and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used

in the physical downlink shared channel.

elseif transform precoding is disabled and MCS Table-PUSCH is set to '256QAM’,
- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used

in the physical downlink shared channel.

elsaif transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to '256QAM’,

- the UE shall use Imcs and Table 6.1.4.1-1 to determine the modulation order (Qm) and Target code rate (R) used

in the physical uplink shared channel.

- for MCSindex 0 and 1, g=1 if UE has reported to support pi/2 BPSK modulation; and g=2 in other cases

else

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used

in the physical downlink shared channel.

end

[TS38.214, clause 5.1.3.1]

Table 5.1.3.1-2: MCS index table 2 for PDSCH

ETSI TS 138 523-1 V15.0.0 (2018-07)

MCS Index | Modulation Order | Target code Rate R x [1024] Spectral
Imcs Qm efficiency
0 2 120 0.2344
1 2 193 0.3770
2 2 308 0.6016
3 2 449 0.8770
4 2 602 1.1758
5 4 378 1.4766
6 4 434 1.6953
7 4 490 1.9141
8 4 553 2.1602
9 4 616 2.4063
10 4 658 2.5703
11 6 466 2.7305
12 6 517 3.0293
13 6 567 3.3223
14 6 616 3.6094
15 6 666 3.9023
16 6 719 4.2129
17 6 772 4.5234
18 6 822 4.8164
19 6 873 5.1152
20 8 682.5 5.3320
21 8 711 5.5547
22 8 754 5.8906
23 8 797 6.2266
24 8 841 6.5703
25 8 885 6.9141
26 8 916.5 7.1602
27 8 948 7.4063
28 2 reserved
29 4 reserved
30 6 reserved
31 8 reserved

[TS38.214, clause 6.1.4.2]
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For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, or CS-RNTI,

if

elseif

0< I ycs < 27 and transform precoding is disabled and MCS Table-PUSCH is set to "256QAM’, or

0< I yycs =27 and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is set to
'256QAM', or

0< 1 ycs <28 and transform precoding is disabled and MCS-Table-PUSCH is not set to '256QAM", or

0= 1 s £27 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to
'256QAM’, the UE shall first determine the TBS as specified below:

The UE shall first determine the number of REs (Ngre) within the slot:

A UE first determines the number of REs allocated for PUSCH within a PRB (N 'RE) by

- Npe =N NG, — Noies — NGO, where NS =12 isthe number of subcarriersin the frequency
domainin aphysical resource block, N g,"mb is the number of symbols of the PUSCH allocation within the

dot, Ng,\RA%S is the number of REsfor DM-RS per PRB in the scheduled duration including the overhead of

the DM-RS CDM groups indicated by DCI format 0_0/0_1, and N5 isthe overhead configured by higher

layer parameter Xoh-PUSCH. If the Xoh-PUSCH is not configured (avalue from O, 6, 12, or 18), the Xoh-
PDSCH isset to O.

- A UE determines the total number of REs allocated for PUSCH (N RE) by Nge = N'RE * Nprg Where Npgg s
the total number of allocated PRBs for the UE.

- Next, proceed with steps 2-5 as defined in Subclause 5.1.3.2

28< | \es <31 and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM’, or

28< 1 ycs <31 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is set to
'256QAM’, or

28< | \ycs <31 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to
'256QAM", or

the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< | ycs < 27. If thereis no PDCCH for the same transport block using 0< | ;o <27, and if the

initial PUSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the
most recent configured scheduling PDCCH.

else

the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< I ,cs < 28. If thereisno PDCCH for the same transport block using 0< | yc5 <28, and if the

initial PUSCH for the same transport block is transmitted with configured grant, the TBS shall be determined
from the most recent configured scheduling PDCCH.

[TS38.214, clause 5.1.3.2]

2)

Intermediate number of information bits (Ninto) TBStemp) isobtained by N, = Nge - R- Q- 0TBSiemy =
Ngg * R * Qi * v.

If N, <3824
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Use step 3 as the next step of the TBS determination
else

Use step 4 as the next step of the TBS determination
end

3) When N;, <3824, TBSisdetermined as follows

- quantized intermediate number of information bits N, = max(24,2n L%D , Where
n=max(3,[10g,(Nirgo )]~ 6).
- useTable5.1.3.2-2 find the closest TBS that is not less than N, -

Table 5.1.3.2-2: TBS for N4, <3824

Index TBS Index TBS Index TBS Index TBS
1 24 31 336 61 1288 91 3624
2 32 32 352 62 1320 92 3752
3 40 33 368 63 1352 93 3824
4 48 34 384 64 1416
5 56 35 408 65 1480
6 64 36 432 66 1544
7 72 37 456 67 1608
8 80 38 480 68 1672
9 88 39 504 69 1736
10 96 40 528 70 1800
11 104 41 552 71 1864
12 112 42 576 72 1928
13 120 43 608 73 2024
14 128 44 640 74 2088
15 136 45 672 75 2152
16 144 46 704 76 2216
17 152 47 736 77 2280
18 160 48 768 78 2408
19 168 49 808 79 2472
20 176 50 848 80 2536
21 184 51 888 81 2600
22 192 52 928 82 2664
23 208 53 984 83 2728
24 224 54 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
27 272 57 1160 87 3104
28 288 58 1192 88 3240
29 304 59 1224 89 3368
30 320 60 1256 90 3496

4) When N;;, >3824, TBSisdetermined as follows.

o . . L - Nini o —24
- quantized intermediate number of information bits N, , = max(3840,2n xround (”‘fz‘)—nD , Where
n= LI 09, (Niys o — 24)J— 5and tiesin the round function are broken towards the next largest integer.

- if R<1/4
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TBS=8.C- Nigto +24 _ 24 where C = N'nfo—"'24
8-C ’ 3816
else
if Niy o >8424
TBS=8-C- M — 24 where C = N'nfo—"'24
8-C 8424
else
TBS= 8(—'\"”0 +2ﬂ 24
8
end
end
7.1.1.42.2.3 Test description
7.1.1.4.223.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except set the NR Cell bandwidth and applicable BWP to maximum for
the NR Band under test as specified in Table 5.3.5-1in TS 38.101-1 [16] / TS 38.101-2 [17] (to enable testing of nprs
up to maximum value).

71142232 Test procedure sequence

Table 7.1.1.4.2.2.3.2-1: Maximum TBS for different UE categories

UE Category Maximum number of bits of a UL-SCH transport block received
within a TTI

TS 38.306 [23] clause 4.1.2 require UE without ue-CategoryDL and ue-CategoryUL, to
support Max TBS achievable based on max bandwidth of the Band under test.
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Table 7.1.1.4.2.2.3.2-2: Number of downlink PDCP SDUs and PDCP SDU size used as test data

TBS Number of PDCP SDU size
[bits] PDCP SDUs [bits]
(Note 1)

132 < TBS 12128 note 2 1 8*FLOOR((TBS — 128)/8)
12129 < TBS 24200 2 8*FLOOR((TBS — 200)/16))
24201 < TBS < 36272 3 8*FLOOR((TBS — 272)/24))
36273 < TBS 48344 4 8*FLOOR((TBS — 344)/32))
48345< TBS 60416 5 8*FLOOR((TBS — 416)/40))
60417 < TBS < 72488 6 8*FLOOR((TBS —488)/48))
72489 < TBS 84560 7 8*FLOOR((TBS — 560)/56)
84561 < TBS <96632 8 8*FLOOR((TBS —632)/64))
96633< TBS 108704 9 8*FLOOR((TBS —704)/72))
10705 < TBS 120776 10 8*FLOOR((TBS — 776)/80))
120777< TBS 132848 11 8*FLOOR((TBS —848)/88))
132849 < TBS < 144920 12 8*FLOOR((TBS — 920)/96))
TBS> 144920 13 8*FLOOR((TBS — 992)/112))

Note 1: Each PDCP SDU is limited to 1500 octets (to keep below maximum SDU size of ESM as specified in TS
24.301 [21] clause 9.9.4.12).
The PDCP SDU size of each PDCP SDU is
PDCP SDU size = (TBS — N*PDCP header size — N*AMD PDU header size - N*MAC header size — Size
of Timing Advance — RLC Status PDU size- MAC header for RLC Status PDU) / N, where
PDCP header size is 24 bits for the RLC AM and 18-bit SN case;
AMD PDU header size is 24 bits with 18 bit SN;
MAC header size for AMD PDU = 16 or 24 bits depending on L=8 or 16 bits. Worst case 24 is taken.
Size of Timing Advance MAC CE with header is 16 bits (if no Timing Advance and/or RLC status needs to
be sent, padding will occur instead).
RLC Status PDU size = 24 bits with 1 ACK_SN, With a MAC header of 16 bits.
This gives:
PDCP SDU size = 8*FLOOR((TBS — N*24- N*24 — N*24 -56 )/(8*N)) bits.
Note 2:  According to the final PDCP SDU size formula in Note 1, the smallest TBS that can be tested is 136 bits.
Table 7.1.1.4.2.2.3.2-3: Specific Parameters
Parameter Value Comment
PUSCH mappingType typeA
starting symbol S 0
number of consecutive 4.14
symbols L
K2 Not present UE applies the value 01 when PUSCH SCS
is 15/30KHz; 2 when PUSCH SCS is
60KHz and 3 when PUSCH SCS is
120KHz
number of layers (v) 1
mcs-Table gam256
xoh-PUSCH( NCI;]RB) Not present Results in value 0(xoh0)
dmrs-AdditionalPosition pos0 Results in 1 DMRS symbol per two carrier
(NSEE Hfor Duration in symbols >=4

Table 7.1.1.4.2.2.3.2-4: Main behaviour

St Procedure

Message Sequence TP

Verdict

U-s |

Message
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- EXCEPTION: Steps 1to 5 are - - - -
repeated for allowed values of

Nprg 110 NgSBWP in BWP, time
domain resource length L 4 to 14-
Sand |, fromO to 27.

1 | The SS calculates or looks up - - - B
TBS in TS 38.214 [15] based on

the value of S, L, | ,csand ners.

- EXCEPTION: Steps 2to 5 are - - - -
performed if TBS is less than or
equal to UE capability "Maximum
number of UL-SCH transport
block bits received within a TTI"
as specified in Table
7.1.1.4.2.2.3.2-1 and larger than
or equal to 136 bits as specified in
Table 7.1.1.4.2.2.3.2-2

2 The SS creates one or more - - - -
PDCP SDUs, depending on TBS,
in accordance with Table

7.1.1.4.2.2.3.2-2.
3 After 300ms, the SS transmits all <-- MAC PDU (NxPDCP - -
PDCP SDUs (Nspus) as created in SDUs)

step 2 in a MAC PDU.
4 After 60ms of step 3, SS transmits <-- (UL Grant) (DCI: (DCI - -
UL Grant DCI 0_0, and values of Format0_0, S, L, |,,csand

S, L, I yesand ners.. NPRB.)

5 CHECK: Does UE return the --> MAC PDU (N x PDCP 1 P
same number of PDCP SDUs with SDU)
same content as transmitted by
the SS in step 3 using Time,
frequency Resources and
modulation and coding scheme as
configured by the SS in step 4?

7.11.4.2.233 Specific message contents
[Nong].

7.1.1.42.3 UL-SCH transport block size selection / DCI format 0_1 / RA type O/RA Type 1/ 2
Codewords enabled

7.1.1.4231 Test Purpose (TP)
(1)

with { UEin RRC CONNECTED state and maxNr of CodeWor dsSchedul edByDCl set to 'n2' }
ensure that {
when { UE has pending data for transmi ssion and receives DCl fornmat O_1 indicating resource
all ocation type 0 a resource block assignment correspondent to physi cal resource blocks , Time
donmi n resource assi gnnent and a nodul ati on and codi ng }
then { UE transmits MAC PDU s on PUSCH as per Mbdul ati on Codi ng schene, tine donmin resource
allocation and PRB s }

}

2

with { UEin RRC _CONNECTED state and maxNr of CodeWor dsSchedul edByDCl set to 'n2' }
ensure that {
when { UE has pending data for transmi ssion and receives DCl fornmat O_1 indicating resource
allocation type 1 a resource block assignment correspondent to physi cal resource blocks , Tinme
donmi n resource assignnent and a nodul ati on and codi ng }
then { UE transnmts MAC PDU s on PUSCH as per Mdul ation Codi ng schene, time donmain resource
allocation and PRB' s }

}
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7.1.1.4.2.3.2 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.212 clause 7.3.1.1.1, TS
38.214 clause 6.1.2.1,6.1.2.2,6.1.2.2.1,6.1.2.2.2,6.1.4.1, 5.1.3.1, 6.1.4.2 and 5.1.3.2. Unless otherwise stated these are
Rel-15 requirements.

[TS38.212, clause 7.3.1.1.2]

DCI format 0_1 is used for the scheduling of PUSCH in one cell.

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI:

Carrier indicator — 0 or 3 bits, as defined in Subclause x.x of [5, TS38.213].

UL/SUL indicator — 0 bit for UEs not configured with SUL in the cell or UEs configured with SUL in the cell
but only PUCCH carrier in the cell is configured for PUSCH transmission; 1 bit for UEs configured with SUL in
the cell asdefined in Table 7.3.1.1.1-1.

Identifier for DCI formats— 1 bit
- Thevaue of thishit field is always set to 0, indicating an UL DCI format

Bandwidth part indicator — 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bit width for this field is determined
as [log, () | bits, where

= Ngyp = Ngypree +1 if the higher layer parameter BandwidthPart-Config configures up to 3 bandwidth parts
and theinitial bandwidth part is not included in higher layer parameter BandwidthPart-Config;

- otherwise Nawe = Nawprre !

- Ngwerre 1Sthe number of configured bandwidth parts according to higher layer parameter BandwidthPart-
Config.

Frequency domain resource assignment — number of bits determined by the following, where NS5EYP isthe size
of the active bandwidth part:

N s Ditsif only resource allocation type O is configured, where N, is defined in Subclause 6.1.2.2.1 of

[6, TS 38.214],

RBG

- ’—I 0g, (NS PP (NS P +1)/ 2)-‘ bitsif only resource allocation type 1 is configured, or

RB
max ( ’_Iog »(Ngs B (N ™ +1)/ 2)—‘ N e )+ 1 bitsif both resource allocation type O and 1 are
configured.

If both resource alocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0
or resource allocation type 1, where the bit value of 0 indicates resource alocation type 0 and the bit value of 1
indicates resource allocation type 1.

For resource allocation type 0, the N
of [6, TS38.214].

L SBs provide the resource allocation as defined in Subclause 6.1.2.2.1

RBG

For resource allocation type 1, the ’_I 09, (N& 2P (N2 +1)/ 2)-‘ L SBs provide the resource allocation as
follows:

- For PUSCH hopping with resource allocation type 1:

- Ny MSB bitsare used to indicate the frequency offset according to Subclause 6.3 of [6, TS 38.214],
where Ny, ,, =1 if the higher layer parameter Frequency-hopping-offsets-set contains two offset values
and Ny, = 2 if the higher layer parameter Frequency-hopping-offsets-set contains four offset values
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- ’—I 09, (Nas " (N2 +1)/ 2)-‘ — Ny._rop bits provides the frequency domain resource allocation
according to Subclause 6.1.2.2.2 of [6, TS 38.214]

- For non-PUSCH hopping with resource allocation type 1:
- ’_I 09, (Nas ®"P(Nge ®YF +1)/ 2)-‘ bits provides the frequency domain resource allocation according to
Subclause 6.1.2.2.2 of [6, TS 38.214]

- Time domain resource assignment — 0, 1, 2, 3, or 4 bits as defined in Subclause 6.1.2.1 of [6, TS38.214]. The bit
width for this field is determined as |'|og2(| )'| bits, where | the number of entriesin the higher layer parameter

pusch-AllocationList.
- VRB-to-PRB mapping — 0 or 1 bit:
- 0bitif only resource alocation type 0 is configured or if PUSCH-tp=Enabled;

- 1bit according to Table 7.3.1.1.2-33 otherwise, only applicable to resource alocation type 1, as defined in
Subclause 6.3.1.7 of [4, TS 38.211].

- Frequency hopping flag — 0 or 1 bit:
- 0bitif only resource allocation type 0 is configured,;
- 1 hit otherwise, only applicable to resource allocation type 1, as defined in Subclause 6.3 of [6, TS 38.214].
- Modulation and coding scheme — 5 bits as defined in Subclause x.x of [6, TS 38.214]
- New dataindicator — 1 bit
- Redundancy version — 2 hits as defined in Table 7.3.1.1.1-2
- HARQ process number — 4 bits
- 1% downlink assignment index — 1 or 2 hits:
- 1 bit for semi-static HARQ-ACK codebook;
- 2 bitsfor dynamic HARQ-ACK codebook with single HARQ-ACK codebook.
- 2" downlink assignment index — 0 or 2 bits:
- 2 bitsfor dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
- Obit otherwise.
- TPC command for scheduled PUSCH — 2 bits as defined in Subclause 7.1.1 of [5, TS38.213]
min{L g Ners |

k=1

- SRS r@ourceindicator—{mgz[ [N?S]ﬂ or [log,(Ngs) | bits, where Ny isthe number of

configured SRS resources in the SRS resource set associated with the higher layer parameter SRS SetUse of
value 'CodeBook' or 'NonCodeBook', and L, isthe maximum number of supported layers for the PUSCH.

Min{L e - Nops ) N
- {Iogz( > ( ERSB—‘ bits for non-codebook based PUSCH transmission according to Tables

k=1
7.3.1.1.2-28/29/30/31, where Ng isthe number of configured SRS resourcesin the SRS resource set
associated with the higher layer parameter SRS SetUse of value 'NonCodeBook;

- [log,(Ngs)| bits for codebook based PUSCH transmission according to Tables 7.3.1.1.2-32, where N is

the number of configured SRS resourcesin the SRS resource set associated with the higher layer parameter
SRS SetUse of value 'CodeBook'.
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- Precoding information and number of layers — number of bits determined by the following:

0 bitsif the higher layer parameter ul TxConfig = NonCodeBook;
0 bitsfor 1 antenna port and if the higher layer parameter ulTxConfig = Codebook;

4, 5, or 6 hits according to Table 7.3.1.1.2-2 for 4 antenna ports, if ul'TxConfig = Codebook, and according to
the values of higher layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset;

2,4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if ulTxConfig = Codebook, and according to
the values of higher layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset;

2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if ulTxConfig = Codebook, and according to the
values of higher layer parameters ULmaxRank and ULCodebookSubset;

1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if ulTxConfig = Codebook, and according to the
values of higher layer parameters ULmaxRank and ULCodebookSubset.

- Antenna ports — number of bits determined by the following

2 bits as defined by Tables 7.3.1.1.2-6, if PUSCH-tp=Enabled, UL-DMRS-config-type=1, and UL-DMRS
max-len=1;

4 hits as defined by Tables 7.3.1.1.2-7, if PUSCH-tp=Enabled, UL-DMRS-config-type=1, and UL-DMRS
max-len=2;

3 bitsas defined by Tables 7.3.1.1.2-8/9/10/11, if PUSCH-tp=Disabled, UL-DMRS-config-type=1, and UL-
DMRS-max-len=1, and the value of rank is determined according to the SRS resource indicator field if SRS
SetUse = NonCodeBook and according to the Precoding information and number of layersfield if SRS
SetUse = CodeBook;

4 bits as defined by Tables 7.3.1.1.2-12/13/14/15, if PUSCH-tp=Disabled, UL-DMRS-config-type=1, and
UL-DMRS-max-len=2, and the value of rank is determined according to the SRS resource indicator field if
SRS-SetUse = NonCodeBook and according to the Precoding information and number of layersfield if SRS
SetUse = CodeBook;

4 bits as defined by Tables 7.3.1.1.2-16/17/18/19, if PUSCH-tp=Disabled, UL-DMRS-config-type=2, and
UL-DMRSmax-len=1, and the value of rank is determined according to the SRS resource indicator field if
SRS-SetUse = NonCodeBook and according to the Precoding information and number of layersfield if SRS
SetUse = CodeBook;

5 bits as defined by Tables 7.3.1.1.2-20/21/22/23, if PUSCH-tp=Disabled, UL-DMRS-config-type=2, and
UL-DMRS-max-len=2, and the value of rank is determined according to the SRS resource indicator field if
SRS-SetUse = NonCodeBook and according to the Precoding information and number of layersfield if SRS
SetUse = CodeBook.

where the number of CDM groups without data of values 1, 2, and 3 in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 refers
to CDM groups {0}, {0,1}, and {0, 1,2} respectively.

- SRSrequest — 2 hits as defined by Table 7.3.1.1.2-24 for UEs not configured with SUL in the cell; 3 bitsfor UES
configured SUL in the cell where the first bit is the non-SUL/SUL indicator as defined in Table 7.3.1.1.1-1 and
the second and third bits are defined by Table 7.3.1.1.2-24. This bit field may also indicate the associated CSl-
RS according to Subclause 6.1.1.2 of [6, TS 38.214].

- CSlrequest—0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter ReportTrigger Size.

- CBG transmission information (CBGTI) -0, 2, 4, 6, or 8 bits determined by higher layer parameter
maxCodeBlockGroupsPer TransportBlock for PUSCH.

-  PTRS-DMRS association — number of bits determined as follows

0 bit if UL-PTRS-present=0OFF and PUSCH-tp=Disabled, or if PUSCH-tp=Enabled;

2 bits otherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between
PTRS port(s) and DMRS port(s) for UL-PTRS-ports = 1 and UL-PTRS-ports = 2 respectively, and the
DMRS ports are indicated by the Antenna portsfield.
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- beta offset indicator — O if the higher layer parameter dynamic in uci-on-PUSCH is not configured; otherwise 2
bits as defined by Table 9.3-3in[5, TS 38.213].

- DMRS sequenceinitialization — 0 if the higher layer parameter PUSCH-tp=Enabled or 1 bit if the higher layer
parameter PUSCH-tp=Disabled for ng,, selection defined in Subclause 7.4.1.1.1 of [4, TS 38.211].

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by CS-RNTI:
- XXX =X bit

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by SP-CSI-RNTI:
- XXX —x bit

For a UE configured with SUL inacell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of
the cell and if the number of information bitsin format O_1 for the SUL isnot equal to the number of information bitsin
format O_1 for the non-SUL, zeros shall be appended to smaller format O_1 until the payload size equals that of the
larger format O_1.

Table 7.3.1.1.2-1: Bandwidth part indicator

Valui g;‘tBWP |nd|caztc:3ritf;eld Bandwidth part
0 00 First bandwidth part configured by higher layers
1 01 Second bandwidth part configured by higher layers
10 Third bandwidth part configured by higher layers
11 Fourth bandwidth part configured by higher layers
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Table 7.3.1.1.2-2: Precoding information and number of layers, for 4 antenna ports, if PUSCH-
tp=Disabled and ULmaxRank =2 or 3or 4

Bitfield | U-COUeDOOKSUD | ppfigg | ULCOdEBOOkSUD | gy fielg | ULCodebooksub
ma};r)]zgt)j( to fullAndPartialAnd ma};r)]zgt)j( to partialAndNonCo ma};r)]zgt)j( to non(s':gth:rent
NonCoherent herent
0 1 layer: TPMI=0 0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 2 layers: TPMI=0 4 2 layers: TPMI=0 4 2 layers: TPMI=0
9 2 layers: TPMI=5 9 2 layers: TPMI=5 9 2 layers: TPMI=5
10 3 layers: TPMI=0 10 3 layers: TPMI=0 10 3 layers: TPMI=0
11 4 layers: TPMI=0 11 4 layers: TPMI=0 11 4 layers: TPMI=0
12 1 layer: TPMI=4 12 1 layer: TPMI=4 12-15 reserved
19 1 layer: TPMI=11 19 1 layer: TPMI=11
20 2 layers: TPMI=6 20 2 layers: TPMI=6
27 2 layers: TPMI=13 27 2 layers: TPMI=13
28 3 layers: TPMI=1 28 3 layers: TPMI=1
29 3 layers: TPMI=2 29 3 layers: TPMI=2
30 4 layers: TPMI=1 30 4 layers: TPMI=1
31 4 layers: TPMI=2 31 4 layers: TPMI=2
32 1 layers: TPMI=12
47 1 layers: TPMI=27
48 2 layers: TPMI=14
55 2 layers: TPMI=21
56 3 layers: TPMI=3
59 3 layers: TPMI=6
60 4 layers: TPMI=3
61 4 layers: TPMI=4
62-63 reserved

Table 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if PUSCH-tp=
Enabled, or if PUSCH-tp=Disabled and ULmaxRank =1

Bitfield | U-COUEDOOKSUDS | gy figjg | ULCOdEDOOKSUDS | gitfielq | uLCodebooksub
mapped to . mapped to . N mapped to set =
i fullAndPartialAnd v . partialAndNonCoh v . nonCoherent
NonCoherent erent

0 1 layer: TPMI=0 0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 1 layer: TPMI=4 4 1 layer: TPMI=4
11 1 layer: TPMI=11 11 1 layer: TPMI=11
12 1 layers: TPMI=12 12-15 reserved
27 1 layers: TPMI=27

28-31 reserved

ETSI




3GPP TS 38.523-1 version 15.0.0 Release 15 157

ETSI TS 138 523-1 V15.0.0 (2018-07)

Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if PUSCH-

tp=Disabled and ULmaxRank =2

Bit field ULCodebookSubset = Bit field ULCodebookSubse
mapped | fullAndPartialAndNonCohere | mapped _
. - t = nonCoherent
to index nt to index
0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1
2 2 layers: TPMI=0 2 2 layers: TPMI=0
3 1 layer: TPMI=2 3 reserved
4 1 layer: TPMI=3
5 1 layer: TPMI=4
6 1 layer: TPMI=5
7 2 layers: TPMI=1
8 2 layers: TPMI=2
9-15 reserved

Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if PUSCH-tp=
Enabled, or if PUSCH-tp= Disabled and ULmaxRank =1

Bit field ULCOd‘Z‘:‘l""S”bS Bit field ULCodebookSub
mapped to " mapped to set =
i[r)1[c)1ex fullAndPartialAnd iFr)lzex nonCoherent

NonCoherent

0 1 layer: TPMI=0 0 1 layer: TPMI=0

1 1 layer: TPMI=1 1 1 layer: TPMI=1

2 1 layer: TPMI=2

3 1 layer: TPMI=3

4 1 layer: TPMI=4

5 1 layer: TPMI=5

6-7 reserved

Table 7.3.1.1.2-33: VRB-to-PRB mapping

Bit field mapped to index

VRB-to-PRB mapping

0

Non-interleaved

1

Interleaved

[TS38.214, clause 6.1.2.1]

When the UE is scheduled to transmit a transport block and no CSI report, or the UE is scheduled to transmit a transport
block and a CSl report on PUSCH by a DCI, the Time domain resource assignment field of the DCI provides arow index
of ahigher layer configured table pusch-symbol Allocation, where the indexed row defines the dlot offset Ko, the start and
length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission.

When the UE is scheduled to transmit a PUSCH with no transport block and with a CSl report by a CS request field on
aDClI, the Time-domain PUSCH resourcesfield of the DCI providesarow index of ahigher layer configured table pusch-
symbol Allocation, where the indexed row defines the start and length indicator SLI1V, and the PUSCH mapping type to

be applied in the PUSCH transmission and K is determined based on the corresponding list entries Yj, j =0,...,Nggy —1

of the higher layer parameter reportSotOffset for the Ngg,triggered CSI Reporting Settings. The ith codepoint of Kz s

determined as K, = mJ_aij where Y; (i) istheith codepoint of Y; .

- The dot where the UE shall transmit the PUSCH is determined by K- as {n-

with the scheduling DCI, K is based on the numerology of PUSCH, and
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- The starting symbol Srelative to the start of the dlot, and the number of consecutive symbols L counting from the
symbol Sallocated for the PUSCH are determined from the start and length indicator SLIV of the indexed row:

if (L-1)<7 then
LIvV=14-(L-D+S
else
1V=14-14-L+D)+(14-1-9)
whereO< L <14-S, and

- The PUSCH mapping typeis set to Type A or Type B asdefined in Subclause 6.4.1.1.3 of [4, TS 38.211] as
given by the indexed row.

The UE shall consider the Sand L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations
Table 6.1.2.1-1: Valid S and L combinations

PUSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L

Type A 0 {4,...,14} {4,...,14} 0 {4,...,12} {4,...,12}

Type B {0,...,13} {1,...,14} {1,...,14} {0,...,12} {1,...,12} {1,...,12}

When the UE is configured with aggregationFactorUL > 1, the same symbol allocation is applied across the
aggregationFactor UL consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat
the TB across the aggregationFactor UL consecutive slots applying the same symbol allocation in each slot.

If the UE procedure for determining slot configuration, as defined in subclause 11.1 of [6, TS 38.213], determines
symbols of aslot allocated for PUSCH as downlink symbols, the transmission on that slot is omitted for multi-slot
PUSCH transmission.

[38.214 clause 6.1.2.2]

The UE shall determine the resource block assignment in frequency domain using the resource alocation field in the
detected PDCCH DCI. Two uplink resource allocation schemes type 0 and type 1 are supported. Uplink resource
alocation scheme type 0 is supported for OFDM-based PUSCH. Uplink resource allocation scheme type 1 is supported
for PUSCH for both cases when transform precoding is enabled or disabled.

If the scheduling DCI is configured to indicate the downlink resource allocation type as part of the Frequency domain
resource assignment field, the UE shall use uplink resource alocation type 0 or type 1 as defined by thisfield.
Otherwise the UE shall use the uplink frequency resource allocation type as defined by the higher layer parameter
Resour ce-allocation-config for PUSCH.

The UE may assume that when the scheduling PDCCH is received with DCI format 0_0, then uplink resource alocation
type 1 isused.

If a bandwidth part indicator field is not configured in the scheduling DCI, the RB indexing for uplink type 0 and type 1
resource allocation is determined within the UE's active carrier bandwidth part. If a bandwidth part indicator field is
configured in the scheduling DCI, the RB indexing for uplink type 0 and type 1 resource allocation is determined within
the UE's carrier bandwidth part indicated by bandwidth part indicator field value in the DCI, except for the case when
DCI format 0_0 is decoded in the common search space in CORESET 0 in which case the initial bandwidth part shall
be used. The UE shall upon detection of PDCCH intended for the UE determine first the uplink carrier bandwidth part
and then the resource allocation within the carrier bandwidth part.

[38.214 clause 6.1.2.2.1]

In uplink resource alocation of type 0, the resource block assignment information includes a bitmap indicating the
Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual
resource blocks defined by higher layer parameter rbg-Szeconfigured for PUSCH and the size of the carrier bandwidth
part as defined in Table 6.1.2.2.1-1.
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Table 6.1.2.2.1-1: Nominal RBG size P

Carrier Bandwidth Part Size Configuration 1 Configuration 2
1-36 2 4
37-72 4 8
73 —-144 8 16
145 - 275 16 16

The total number of RBGs ( Nggg ) for auplink carrier bandwidth part i of size Ng\ﬁ,epli PRBsisgiven by

Nrsc :‘(N Bpi +(N Bwe, mod P))/ P ‘ where
- thesizeof thefirst RBG is RBG3™ = P— N3, mod P,

- thesize of thelast RBG is RBGSZ = (N o+ N )mod Pif (N o+ NS, )mod P> 0and P otherwise.
- thesizeof al other RBGisP.

The bitmap is of size Nzg bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be
indexed in the order of increasing frequency of the carrier bandwidth part and starting at the lowest frequency. The

order of RBG bitmap is such that RBG 0to RBG Nggs —1 are mapped from MSB to LSB of the bitmap. The RBG is
alocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not alocated to the UE otherwise.

[38.214 clause 6.1.2.2.2]

In uplink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks within the active carrier bandwidth part of size Ngvz\‘fp PRBs
except for the case when DCI format 0_0 is decoded in the common search space in CORESET 0 in which case the
initial bandwidth part of size N, shall be used.

An uplink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting
virtual resource block ( RBg,,) and alength in terms of contiguously allocated resource blocks Lrgg . The resource
indication value is defined by

if (LRBS-l)sLNgﬁ;P/zj then
RIV = NS (Lrgs —1) + RByary
else
RIV = NSZ (NSZ, — g +1) + (NSE, —1- RByyy)

where Lggs > 1 and shall not exceed N3, — RB,

Start -
[TS38.214, clause 6.1.4.1]

For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, or CS-RNTI,if
transform precoding is disabled and MCS-Table-PUSCH is not set to '256QAM’,

- the UE shall use Imcs and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif transform precoding is disabled and MCS Table-PUSCH is set to '256QAM’,

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elsaif transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to '256QAM’,
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- the UE shall use Imcs and Table 6.1.4.1-1 to determine the modulation order (Qm) and Target code rate (R) used

in the physical uplink shared channel.

- for MCSindex 0 and 1, g=1 if UE has reported to support pi/2 BPSK modulation; and g=2 in other cases

else

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

end

[TS38.214, clause 5.1.3.1]

Table 5.1.3.1-1: MCS index table 1 for PDSCH

160
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MCS Index | Modulation Order | Target code Rate R x [1024] Spectral
Imcs Qm efficiency
0 2 120 0.2344
1 2 157 0.3066
2 2 193 0.3770
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.8770
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
11 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 438 2.5664
18 6 466 2.7305
19 6 517 3.0293
20 6 567 3.3223
21 6 616 3.6094
22 6 666 3.9023
23 6 719 4.2129
24 6 772 4.5234
25 6 822 4.8164
26 6 873 5.1152
27 6 910 5.3320
28 6 948 5.5547
29 2 reserved
30 4 reserved
31 6 reserved

[TS38.214, clause 6.1.4.2]

For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, or CS-RNTI,

if

- 0<lycs = 27and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM", or

- 0=l cs £27 and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is set to

'256QAM’, or

- 0=l cs £28 and transform precoding is disabled and MCS-Table-PUSCH is not set to '256QAM', or

ETSI




3GPP TS 38.523-1 version 15.0.0 Release 15 161 ETSI TS 138 523-1 V15.0.0 (2018-07)

- 0=l yes =27 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to
'256QAM’, the UE shall first determine the TBS as specified below:

The UE shall first determine the number of RES (Nre) within the dlot:

A UE first determines the number of REs allocated for PUSCH within a PRB (N 'RE) by

- Npe =N« NG, — Noias — N, where NS =12 isthe number of subcarriersin the frequency

domainin aphysical resource block, N g,"mb is the number of symbols of the PUSCH allocation within the

dot, NSR%s isthe number of REs for DM-RS per PRB in the scheduled duration including the overhead of

the DM-RS CDM groups indicated by DCI format 0_0/0_1, and N5 isthe overhead configured by higher

layer parameter Xoh-PUSCH. If the Xoh-PUSCH is not configured (avalue from O, 6, 12, or 18), the Xoh-
PDSCH isset to O.

- A UE determines the total number of REs allocated for PUSCH (N RE) by Nge = N'RE * Nprg Where Npgg IS
the total number of allocated PRBs for the UE.

- Next, proceed with steps 2-5 as defined in Subclause 5.1.3.2
elseif
- 28= | cs <31 and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM’, or

- 28<1cs <31 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is set to
'256QAM’, or

- 28<Iycs <31 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to
'256QAM’, or

- the TBSisassumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< | ycs < 27. If thereis no PDCCH for the same transport block using 0< | ;o < 27, and if the

initial PUSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the
most recent configured scheduling PDCCH.

else

- the TBSisassumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< | ycs < 28. If thereis no PDCCH for the same transport block using 0< | ;o <28, and if the

initial PUSCH for the same transport block is transmitted with configured grant, the TBS shall be determined
from the most recent configured scheduling PDCCH.

[TS38.214, clause 5.1.3.2]

2) Intermediate number of information bits (Nirto) TBS¢emyp) isobtained by N, = Nge - R- Q- 0TBS ey =
Ngg * R * Q¥ 0.

If N, <3824

Use step 3 as the next step of the TBS determination
else

Use step 4 as the next step of the TBS determination
end

3) When N;, <3824, TBSisdetermined as follows
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- quantized intermediate number of information bits N, = max(24,2n : L%D , Where
n=max(3, 109, (Niro )| 6)
- useTable5.1.3.2-2 find the closest TBS that is not lessthan N, .

Table 5.1.3.2-2: TBS for Ny, <3824

Index TBS Index TBS Index TBS Index TBS
1 24 31 336 61 1288 91 3624
2 32 32 352 62 1320 92 3752
3 40 33 368 63 1352 93 3824
4 48 34 384 64 1416
5 56 35 408 65 1480
6 64 36 432 66 1544
7 72 37 456 67 1608
8 80 38 480 68 1672
9 88 39 504 69 1736
10 96 40 528 70 1800
11 104 41 552 71 1864
12 112 42 576 72 1928
13 120 43 608 73 2024
14 128 44 640 74 2088
15 136 45 672 75 2152
16 144 46 704 76 2216
17 152 47 736 77 2280
18 160 48 768 78 2408
19 168 49 808 79 2472
20 176 50 848 80 2536
21 184 51 888 81 2600
22 192 52 928 82 2664
23 208 53 984 83 2728
24 224 54 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
27 272 57 1160 87 3104
28 288 58 1192 88 3240
29 304 59 1224 89 3368
30 320 60 1256 90 3496

4) When Ny, >3824, TBSisdetermined as follows.

. Nint o — 24
- quantized intermediate number of information bits N; , = max(3840,2n xround ("‘fz"—nD , where

n=|log,(N;y , — 24)|-5and tiesin the round function are broken towards the next largest integer.

- if R<1/4
TBS=8.C.| Ninto*24| o4 \here c=| Ninto +24
8-C 3816
else
if Niy o >8424
TBS=8-C- M — 24 where C = N'nfo—"'24
8-C 8424
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else

TBS=8(N"“°T+2AW—24

end
end
7.1.1.4.2.3.3 Test description
71142331 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except set the NR Cell bandwidth and applicable BWP to maximum for
the NR Band under test as specified in Table 5.3.5-1in TS 38.101-1 [16] / TS 38.101-2 [17] (to enable testing of npre

up to maximum value).

7.1.1.4.2.3.3.2 Test procedure sequence

Table 7.1.1.4.2.3.3.2-1: Maximum TBS for different UE categories

UE Category

Maximum number of bits of a UL-SCH transport block received
within a TTI

TS 38.306 [23] clause 4.1.2 require UE without ue-CategoryDL and ue-CategoryUL, to
support Max TBS achievable based on max bandwidth of the Band under test.
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Table 7.1.1.4.2.3.3.2-2: Number of downlink PDCP SDUs and PDCP SDU size used as test data

TBS Number of PDCP SDU size
[bits] PDCP SDUs [bits]
(Note 1)

192 < TBS 12184 note 2 1 8*FLOOR((TBS — 184)/8)
12185< TBS <24256 2 8*FLOOR((TBS — 256)/16))
24257< TBS < 36328 3 8*FLOOR((TBS — 328)/24))
36329 < TBS <48400 4 8*FLOOR((TBS —400)/32))
48401< TBS 60472 5 8*FLOOR((TBS — 472)/40))
60473 < TBS < 72544 6 8*FLOOR((TBS — 544)/48))
72545< TBS <84616 7 8*FLOOR((TBS — 616)/56)
84617 < TBS <96688 8 8*FLOOR((TBS — 688)/64))
96689< TBS <108760 9 8*FLOOR((TBS — 760)/72))
108761 < TBS <120832 10 8*FLOOR((TBS —832)/80))
120833< TBS 132904 11 8*FLOOR((TBS — 904)/88))
132905 < TBS < 144976 12 8*FLOOR((TBS — 976)/96))
TBS> 144976 13 8*FLOOR((TBS — 1048)/112))

Each PDCP SDU is limited to 1500 octets (to keep below maximum SDU size of ESM as specified in TS

PDCP SDU size = (TBS — N*PDCP header size — N*AMD PDU header size - N*MAC header size — Size
of Timing Advance — RLC Status PDU size- MAC header for RLC Status PDU — 32 bit Additional RLC
header with SO if one RLC SDU gets splitin 2 TBS and 24 bit MAC header for this additional PDU) / N,

MAC header size for AMD PDU = 16 or 24 bits depending on L=8 or 16 bits. Worst case 24 is taken
Size of Timing Advance MAC CE with header is 16 bits (if no Timing Advance and/or RLC status needs to
IF RLC SDU does not get split the 32 bits additional padding gets added instead

RLC Status PDU size = 24 bits with 1 ACK_SN, With a MAC header of 16 bits.

Note 1:

24.301 [21] clause 9.9.4.12).

The PDCP SDU size of each PDCP SDU is

where

PDCP header size is 24 bits for the RLC AM and 18-bit SN case;

AMD PDU header size is 24 bits with 18 bit SN;

be sent, padding will occur instead).

This gives:

PDCP SDU size = 8*FLOOR((TBS — N*24- N*24— N*24 -112 )/(8*N)) bits.
Note 2:

According to the final PDCP SDU size formula in Note 1, the smallest TBS that can be tested is 192 bits.
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Table 7.1.1.4.2.3.3.2-2A: Bandwidth part Dependent Parameters for Resource allocation 0 with start of

BWP assumed as 0

NELBWP _ Nominal RBG Size N
. size P of Allowed ""PRBValues
Bwpi | (Configurationl) | last
RBG

11 2 1 Alll...11

18 2 2 2,4,6,8,10,12,16,18

24 2 2 2,4,6,8,10,12,16,18,20,22,24

25 2 1 All1...25

31 2 1 All1...31

32 2 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32

38 4 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32,34,36,38

51 4 3 3,4,7,8,11,12,15,16,19,20,23,24,27,28,31,32,35,36,39,40,43,44,47,48,51

52 4 4 4,8,12,16,20,24,28,32,36,40,44,48,52

65 4 1 1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,32,33,36,37,40,41,44,45,48,49,
52,53,56,57,60,61,64,65

66 4 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32,34,36,38,40,42,44,46,48,50,52,
54,56,58,60,62,64,66

79 8 7 7,8,15,16,23,24,31,32,39,40,47,48,55,56,63,64,71,72,79

106 8 2 2,8,10,16,18,24,26,32,34,40,42,48,50,56,58,64,66,72,74,80,82,88,90,96,
92,104,106

107 8 3 3,8,11,16,19,24,27,32,35,40,43,48,51,56,59,64,67,72,75,80,83,88,91,96,
99,104,107

132 8 4 4,8,12,16,20,24,28,32,36,40,44,48,52,56,60,64,68,72,76,80,84,88,92,96,
100,104, 108,112,116,120,124,128,132

133 8 5 5,8,13,16,21,24,29,32,37,40,45,48,53,56,61,64,69,72,77,80,85,88,93,96,
101,104, 109,112,117,120,125,128,133

135 8 7 7,8,15,16,23,24,31,32,39,40,47,48,55,56,63,64,71,72,79,80,87,88,95,96,
103,104, 111,112,119,120,127,128,135

216 16 8 8,16,24,32,40,48,56,64,72,80,88,96,104,112,120,128,136,144,152,160,
168, 176,184,192,200,208,216

217 16 9 9,16,25,32,41,48,57,64,73,80,89,96,105,112,121,128,137,144,153,160,
169,176,185,192,201,208,217

264 16 8 8,16,24,32,40,48,56,64,72,80,88,96,104,112,120,128,136,144,160,168,
176,184,192,200,208,216,224,232,240,248,256,264

270 16 14 14,16,30,32,46,44,62,64,78,80,94,96,110,112, 126,128,142,144,158,
160,174, 176,190,192, 206,208,222,224,238,240, 254,256,270

273 16 1 1,16,17,32,33,48,49,64,65,80,81,96,97,112,113,128,129,144,145,160,
161,176,171, 192,193, 208,209, 224,225,240,241,256,257,272,273

Table 7.1.1.4.2.3.3.2-3: Specific Parameter

Parameter Value Comment
PUSCH mappingType typeA
starting symbol S 0
number of consecutive symbols L 4.14

K2

Not present UE applies the value 01 when
PUSCH SCS is 15/30KHz; 2 when
PUSCH SCS is 60KHz and 3 when

PUSCH SCS is 120KHz

number of layers (v)

1

gam64

mcs-Table
xoh-PUSCH(N;®)

Not present Results in value 0(xoh0)

dmrs-AdditionalPosition

pos0 Results in 1 DMRS symbol per two
carrier (N5 -)for Duration in

symbols >=4

resourceAllocation

dynamicSwitch

maxNrofCodeWordsScheduledByDCI | n2

both codewords enabled

rbg-Size

Not present configuration 1 applicable

NstartBWP

0
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Table 7.1.1.4.2.3.3.2-4: Main behaviour

St Procedure Message Sequence TP | Verdict
U-S Message
- EXCEPTION: Steps 1 to 5 are repeated for - - - -

allowed values of N as per table
7.1.1.4.2.3.3.2-2A in BWP, time domain
resource length L 3to 14-S and | ,g from O

to 28.
1 | SS calculates or looks up TBS in TS 38.214 - - - -

[15] based on the value of S, L, | ,cgand

NPRB.
The SS uses the same | ,,.gand TBS for
both transport blocks:

Iwcss = Twcsso= Tucs
TBS 1= TBS 2= TBS

- EXCEPTION: Steps 2 to 5 are performed if - - - -
TBS1 + TBS2 is less than or equal to UE
capability "Maximum number of UL-SCH
transport block bits received within a TTI" as
specified in Table 7.1.1.4.2.3.3.2-1 and
larger than or equal to 192 bits as specified
in Table 7.1.1.4.2.3.3.2-2

2 SS creates one or more PDCP SDUs for - - - -
transport block 1 and 2 depending on TBS1,
and TBS2 in accordance with Table

7.1.1.4.2.3.3.2-2.

3 | After 300ms, the SS transmits all PDCP <-- MAC PDU (NxPDCP SDUs) - -
SDUs (Nsbus) as created in step 2 in a MAC
PDU.

4 | After 60ms of step 3 SS transmits UL Grant <-- (UL Grant) (DCI: (DCI Format - -
DCI0_1, and values of S, L, | ,,cgand ners.. 0.1, S, L, Iycsand nere)

5 CHECK: Does UE return the same number --> (NxPDCP SDUSs) 1 P

of PDCP SDUs with same content as
transmitted by the SS in step 3 using Time,
frequency Resources and modulation and
coding scheme as configured by the SS in
step 4?

- EXCEPTION: Steps 6 to 10 are repeated for - - - -
allowed values of Npggs 1to NSEYP in
BWP, time domain resource length L 3 to 14-
Sand | from O to 28.

6 | SS calculates or looks up TBS in TS 38.214 - - - -

[15] based on the value of S, L, |, and

NPRB.
The SS uses the same |,.gand TBS for
both transport blocks:

Ivcsa= Tmeso= Tvcs
TBS 1= TBS 2= TBS

- EXCEPTION: Steps 7 to 10 are performed if - - - -
TBS1 + TBS2 is less than or equal to UE
capability "Maximum number of UL-SCH
transport block bits received within a TTI" as
specified in Table 7.1.1.4.2.3.3.2-1 and
larger than or equal to 192 bits as specified
in Table 7.1.1.4.2.3.3.2-2.

7 SS creates one or more PDCP SDUs for - - - -
transport block 1 and 2 depending on TBS1,

ETSI



3GPP TS 38.523-1 version 15.0.0 Release 15 167 ETSI TS 138 523-1 V15.0.0 (2018-07)

and TBS2 in accordance with Table

7.1.1.4.2.3.3.2-2.

8 | After 300ms, the SS transmits all PDCP <-- MAC PDU (NxPDCP SDUs) - -
SDUs (Nsbus) as created in step 7 in a MAC
PDU.

9 | After 60ms of step 8 SS transmits UL Grant <-- (UL Grant) (DCI: (DCI Format - -
DCI0_1, and values of S, L, | ,,csand ners.. 0.1, S,L,Iycsand nere)

10 | CHECK: Does UE return the same number --> (NxPDCP SDUSs) 2 P

of PDCP SDUs with same content as
transmitted by the SS in step 8 using Time,
frequency Resources and modulation and
coding scheme as configured by the SS in

step 9?
7.11.4.2.3.3.3 Specific message contents
[Nong].
7.1.1.424 UL-SCH transport block size selection / DCI format 0_1 / RA type O/RA Type 1/ 2
Codewords enabled / 256QAM
7.11.4.24.1 Test Purpose (TP)
@

with { UEin RRC_CONNECTED state, maxNrof CodeWrdsSchedul edByDCl set to 'n2' and nts-Table is set
as ‘gan56' }
ensure that {
when { UE has pending data for transmission and receives DCl fornmat 1_1 indicating resource
al l ocation type O a resource bl ock assignnent correspondent to physi cal resource blocks , Tine
domai n resource assignment and a nodul ati on and coding }
then { UE transmits MAC PDU s on PUSCH as per Mbdul ati on Codi ng schene, tine donmin resource
al l ocation and PRB' s }

}

2

with { UEin RRC_CONNECTED state, maxNrof CodeWrdsSchedul edByDCl set to 'n2' and nts-Table is set
as ‘gan56' }
ensure that {
when { UE has pending data for transmission and receives DCl fornmat 1_1 indicating resource
al location type 1 a resource bl ock assignnent correspondent to physi cal resource blocks , Tine
domai n resource assignment and a nodul ati on and coding }
then { UE transmits MAC PDU s on PUSCH as per Modul ati on Codi ng schene, tine donmin resource
al l ocation and PRB' s }

}

7.1.1.42.4.2 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS38.212 clause 7.3.1.1.1, TS
38.214 clause 6.1.2.1,6.1.2.2,6.1.2.2.1,6.1.2.2.2,6.1.4.1,5.1.3.1, 6.1.4.2 and 5.1.3.2. Unless otherwise stated these are
Rel-15 requirements.

[TS38.212, clause 7.3.1.1.2]

DCI format 0_1 isused for the scheduling of PUSCH in one cell.

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI:
- Carrier indicator — 0 or 3 bits, as defined in Subclause x.x of [5, TS38.213].

- UL/SUL indicator — 0 hit for UEs not configured with SUL in the cell or UEs configured with SUL in the cell
but only PUCCH carrier in the cell is configured for PUSCH transmission; 1 bit for UEs configured with SUL in
the cell asdefined in Table 7.3.1.1.1-1.

- ldentifier for DCI formats— 1 bit

- Thevaue of thishit field is always set to 0, indicating an UL DCI format
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- Bandwidth part indicator — 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bit width for this field is determined
as [log, (Ng,e) | bits, where

= Ngwp = Ngypree +1 if the higher layer parameter BandwidthPart-Config configures up to 3 bandwidth parts
and theinitial bandwidth part is not included in higher layer parameter BandwidthPart-Config;

- otherwise Ngwe = Nawprre s

- Ngypree 1Sthe number of configured bandwidth parts according to higher layer parameter BandwidthPart-
Config.

- Frequency domain resource assignment — number of bits determined by the following, where NS:BYP isthe size
of the active bandwidth part:

bitsif only resource alocation type O is configured, where N . isdefined in Subclause 6.1.2.2.1 of

N RBG RBG

[6, TS 38.214],

- ’—I 0g, (NS PP (NS P +1)/ 2)-‘ bitsif only resource allocation type 1 is configured, or

max (’_Iog (NS B (NS 1)/ 2)—‘ N gae )+ 1 bitsif both resource allocation type 0 and 1 are
configured.
- If both resource allocation type 0 and 1 are configured, the MSB hit is used to indicate resource allocation type O

or resource alocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1
indicates resource allocation type 1.

- For resource alocation type 0, the N ... L SBs provide the resource allocation as defined in Subclause 6.1.2.2.1

of [6, TS 38.214].

RBG

- For resource allocation type 1, the ’_I 09, (N& 2" (N2 +1)/ 2)-‘ L SBs provide the resource allocation as
follows:

- For PUSCH hopping with resource allocation type 1:

Ny hop MSB bits are used to indicate the frequency offset according to Subclause 6.3 of [6, TS 38.214],
where N, ,,, =1 if the higher layer parameter Freguency-hopping-offsets-set contains two offset values
and Ny, =2 if the higher layer parameter Frequency-hopping-offsets-set contains four offset values

- ’—I 09, (Nas " (N2 +1)/ 2)-‘ — Ny bits provides the frequency domain resource allocation
according to Subclause 6.1.2.2.2 of [6, TS 38.214]

- For non-PUSCH hopping with resource allocation type 1:

- ’_I 0g,(Ngs®"F(Ngs 2" +1)/ 2)-‘ bits provides the frequency domain resource allocation according to

Subclause 6.1.2.2.2 of [6, TS 38.214]

- Time domain resource assignment — 0, 1, 2, 3, or 4 bits as defined in Subclause 6.1.2.1 of [6, TS38.214]. The bit
width for this field is determined as |'|og2(| )'| bits, where | the number of entriesin the higher layer parameter

pusch-AllocationList.
- VRB-to-PRB mapping — 0 or 1 bit:
- Ohbitif only resource alocation type 0 is configured or if PUSCH-tp=Enabled,;

- 1bit according to Table 7.3.1.1.2-33 otherwise, only applicable to resource alocation type 1, as defined in
Subclause 6.3.1.7 of [4, TS 38.211].

- Frequency hopping flag — 0 or 1 bit:

- 0bitif only resource allocation type 0 is configured,;
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- 1 bit otherwise, only applicable to resource allocation type 1, as defined in Subclause 6.3 of [6, TS 38.214].
- Modulation and coding scheme — 5 hits as defined in Subclause x.x of [6, TS 38.214]
- New dataindicator — 1 bit
- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2
- HARQ process number — 4 bits
- 1% downlink assignment index — 1 or 2 bits:
- 1 bit for semi-static HARQ-ACK codebook;
- 2 bitsfor dynamic HARQ-ACK codebook with single HARQ-ACK codebook.
- 2" downlink assignment index — 0 or 2 bits:
- 2 bitsfor dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
- Obit otherwise.

- TPC command for scheduled PUSCH — 2 bits as defined in Subclause 7.1.1 of [5, TS38.213]

Min{L ey ,Nsgs }

- SRS r@ourceindicator—{mgz[ [N?S]ﬂ or [log,(Ngs) | bits, where Ng.g is the number of

k=1
configured SRS resources in the SRS resource set associated with the higher layer parameter SRS SetUse of
value 'CodeBook' or 'NonCodeBook', and L, isthe maximum number of supported layers for the PUSCH.

k=1

Min{La  Ners
- {Iogz[ > (N:*SD—‘ bits for non-codebook based PUSCH transmission according to Tables

7.3.1.1.2-28/29/30/31, where Ng isthe number of configured SRS resourcesin the SRS resource set
associated with the higher layer parameter SRS-SetUse of value 'NonCodeBook’;

- ﬂ ng(NSRsﬂ bits for codebook based PUSCH transmission according to Tables 7.3.1.1.2-32, where N is

the number of configured SRS resources in the SRS resource set associated with the higher layer parameter
SRS SetUse of value 'CodeBook'.

- Precoding information and number of layers — number of bits determined by the following:
- 0 bitsif the higher layer parameter ul TxConfig = NonCodeBook;
- Obitsfor 1 antenna port and if the higher layer parameter ul TxConfig = Codebook;

- 4,5, or 6 bitsaccording to Table 7.3.1.1.2-2 for 4 antenna ports, if ulTxConfig = Codebook, and according to
the values of higher layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset;

- 2,4, or 5bitsaccording to Table 7.3.1.1.2-3 for 4 antenna ports, if ulTxConfig = Codebook, and according to
the values of higher layer parameters PUSCH-tp, ULmaxRank, and UL CodebookSubset;

- 2or 4 bitsaccording to Table7.3.1.1.2-4 for 2 antenna ports, if ulTxConfig = Codebook, and according to the
values of higher layer parameters ULmaxRank and ULCodebookSubset;

- 1or 3bitsaccording to Table7.3.1.1.2-5 for 2 antenna ports, if ulTxConfig = Codebook, and according to the
values of higher layer parameters ULmaxRank and ULCodebookSubset.

- Antenna ports — number of bits determined by the following

- 2 bitsasdefined by Tables 7.3.1.1.2-6, if PUSCH-tp=Enabled, UL-DMRS-config-type=1, and UL-DMRS
max-len=1;

- 4 bitsasdefined by Tables 7.3.1.1.2-7, if PUSCH-tp=Enabled, UL-DMRS-config-type=1, and UL-DMRS
max-len=2;
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- 3 bitsasdefined by Tables 7.3.1.1.2-8/9/10/11, if PUSCH-tp=Disabled, UL-DMRS-config-type=1, and UL-
DMRS-max-len=1, and the value of rank is determined according to the SRS resource indicator field if SRS
SetUse = NonCodeBook and according to the Precoding information and number of layersfield if SRS
SetUse = CodeBook;

- 4 bitsasdefined by Tables 7.3.1.1.2-12/13/14/15, if PUSCH-tp=Disabled, UL-DMRS-config-type=1, and
UL-DMRS-max-len=2, and the value of rank is determined according to the SRS resource indicator field if
SRS-SetUse = NonCodeBook and according to the Precoding information and number of layersfield if SRS
SetUse = CodeBook;

- 4 bitsasdefined by Tables 7.3.1.1.2-16/17/18/19, if PUSCH-tp=Disabled, UL-DMRS-config-type=2, and
UL-DMRS-max-len=1, and the value of rank is determined according to the SRS resource indicator field if
SRS SetUse = NonCodeBook and according to the Precoding information and number of layersfield if SRS
SetUse = CodeBook;

- 5bitsasdefined by Tables 7.3.1.1.2-20/21/22/23, if PUSCH-tp=Disabled, UL-DMRS-config-type=2, and
UL-DMRS-max-len=2, and the value of rank is determined according to the SRS resource indicator field if
SRS SetUse = NonCodeBook and according to the Precoding information and number of layersfield if SRS
SetUse = CodeBook.

where the number of CDM groups without data of values 1, 2, and 3in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 refers
to CDM groups {0}, {0,1}, and {0, 1,2} respectively.

- SRSrequest — 2 hits as defined by Table 7.3.1.1.2-24 for UEs not configured with SUL in the cell; 3 bitsfor UEs
configured SUL in the cell where the first bit isthe non-SUL/SUL indicator as defined in Table 7.3.1.1.1-1 and
the second and third bits are defined by Table 7.3.1.1.2-24. This bit field may also indicate the associated CSI-
RS according to Subclause 6.1.1.2 of [6, TS 38.214].

- CSlrequest—-0, 1, 2, 3, 4,5, or 6 bits determined by higher layer parameter ReportTrigger Sze.

- CBG transmission information (CBGTI) —0, 2, 4, 6, or 8 bits determined by higher layer parameter
maxCodeBlockGroupsPer TransportBlock for PUSCH.

-  PTRS-DMRS association — number of bits determined as follows
- 0hitif UL-PTRS-present=OFF and PUSCH-tp=Disabled, or if PUSCH-tp=Enabled,;

- 2 hitsotherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between
PTRS port(s) and DMRS port(s) for UL-PTRS-ports = 1 and UL-PTRS-ports = 2 respectively, and the
DMRS ports are indicated by the Antenna portsfield.

- beta offset indicator — O if the higher layer parameter dynamic in uci-on-PUSCH is not configured; otherwise 2
bits as defined by Table 9.3-3in[5, TS 38.213].

- DMRS sequenceinitialization — 0 if the higher layer parameter PUSCH-tp=Enabled or 1 bit if the higher layer
parameter PUSCH-tp=Disabled for ng,, selection defined in Subclause 7.4.1.1.1 of [4, TS 38.211].

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by CS-RNTI:
- XXX —x bit

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by SP-CSI-RNTI:
- XXX —x bit

For a UE configured with SUL inacell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of
the cell and if the number of information bitsin format O_1 for the SUL isnot equal to the number of information bitsin
format 0_1 for the non-SUL, zeros shall be appended to smaller format 0_1 until the payload size equals that of the
larger format 0_1.
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Value of BWP indicator field

Bandwidth part

1 bit 2 bits
0 00 First bandwidth part configured by higher layers
1 01 Second bandwidth part configured by higher layers
10 Third bandwidth part configured by higher layers
11 Fourth bandwidth part configured by higher layers

Table 7.3.1.1.2-2: Precoding information and number of layers, for 4 antenna ports, if PUSCH-
tp=Disabled and ULmaxRank =2 or 3 or 4

?#agglg ULCodebookSubset = ?#agglg ULCodebookSubset = ?r:tagglg ULCodebookSubse
d to fuIIAndPartlaIAtndNonCoheren d to partlaIAndl\tlonCoheren d to t = nonCoherent
index index index
0 1 layer: TPMI=0 0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 2 layers: TPMI=0 4 2 layers: TPMI=0 4 2 layers: TPMI=0
9 2 layers: TPMI=5 9 2 layers: TPMI=5 9 2 layers: TPMI=5
10 3 layers: TPMI=0 10 3 layers: TPMI=0 10 3 layers: TPMI=0
11 4 layers: TPMI=0 11 4 layers: TPMI=0 11 4 layers: TPMI=0
12 1 layer: TPMI=4 12 1 layer: TPMI=4 12-15 reserved
19 1 layer: TPMI=11 19 1 layer: TPMI=11
20 2 layers: TPMI=6 20 2 layers: TPMI=6
27 2 layers: TPMI=13 27 2 layers: TPMI=13
28 3 layers: TPMI=1 28 3 layers: TPMI=1
29 3 layers: TPMI=2 29 3 layers: TPMI=2
30 4 layers: TPMI=1 30 4 layers: TPMI=1
31 4 layers: TPMI=2 31 4 layers: TPMI=2
32 1 layers: TPMI=12
47 1 layers: TPMI=27
48 2 layers: TPMI=14
55 2 layers: TPMI=21
56 3 layers: TPMI=3
59 3 layers: TPMI=6
60 4 layers: TPMI=3
61 4 layers: TPMI=4

62-63 reserved
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Table 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if PUSCH-tp=
Enabled, or if PUSCH-tp=Disabled and ULmaxRank =1

Bit field Bit field Bit field

dto ¢ dto ¢ d to t = nonCoherent

index index index
0 1 layer: TPMI=0 0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 1 layer: TPMI=4 4 1 layer: TPMI=4
11 1 layer: TPMI=11 11 1 layer: TPMI=11
12 1 layers: TPMI=12 12-15 reserved
27 1 layers: TPMI=27

28-31 reserved

Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if PUSCH-
tp=Disabled and ULmaxRank =2

E]g f'eég ULCodebookSubset = E]g f'eég ULCodebookSubset
to i?]rc)iex fullAndPartialAndNonCoherent to i?]rc)iex = nonCoherent
0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1
2 2 layers: TPMI=0 2 2 layers: TPMI=0
3 1 layer: TPMI=2 3 reserved
4 1 layer: TPMI=3
5 1 layer: TPMI=4
6 1 layer: TPMI=5
7 2 layers: TPMI=1
8 2 layers: TPMI=2
9-15 reserved

Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if PUSCH-tp=
Enabled, or if PUSCH-tp= Disabled and ULmaxRank =1

S ) ULCodebookSubset = S ) ULCodebookSubset
EIEEE fullAndPartialAndNonCoherent EIEEE = nonCoherent
to index to index
0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1
2 1 layer: TPMI=2
3 1 layer: TPMI=3
4 1 layer: TPMI=4
5 1 layer: TPMI=5
6-7 reserved

Table 7.3.1.1.2-33: VRB-to-PRB mapping

Bit field mapped to index

VRB-to-PRB mapping

0

Non-interleaved

1

Interleaved

[TS38.214, clause 6.1.2.1]
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When the UE is scheduled to transmit a transport block and no CSI report, or the UE is scheduled to transmit a transport
block and a CSl report on PUSCH by a DCI, the Time domain resource assignment field of the DCI provides arow index
of ahigher layer configured table pusch-symbol Allocation, where the indexed row defines the slot offset Ky, the start and
length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission.

When the UE is scheduled to transmit a PUSCH with no transport block and with a CSl report by a CS request field on
aDCl, the Time-domain PUSCH resourcesfield of the DCI providesarow index of ahigher layer configured table pusch-
symbol Allocation, where the indexed row defines the start and length indicator SLI1V, and the PUSCH mapping type to

be applied in the PUSCH transmission and K is determined based on the corresponding list entries Yj, j =0,...,Nggy —1
of the higher layer parameter reportSotOffset for the Nge,triggered CSI Reporting Settings. The ith codepoint of Kz s
determined as K, = maxY; where Y; (i) istheith codepoint of Y; .

i

HMPUSCH

- The dot where the UE shall transmit the PUSCH is determined by K> as {n- J+ K, wherenisthe slot

2 HPDCCH

with the scheduling DCI, K is based on the numerology of PUSCH, and

- The starting symbol Srelative to the start of the slot, and the number of consecutive symbols L counting from the
symbol Sallocated for the PUSCH are determined from the start and length indicator SLIV of the indexed row:

if (L—1)<7 then
LIvV=14-(L-D+S
else
IV=14-(14-L+D) +(@14-1-9)
whereO< L <14-S, and

- The PUSCH mapping type is set to Type A or Type B as defined in Subclause 6.4.1.1.3 of [4, TS 38.211] as
given by the indexed row.

The UE shall consider the Sand L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations
Table 6.1.2.1-1: Valid S and L combinations

PUSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L

Type A 0 {4,...,14} {4,...,14} 0 {4,...,12} {4,...,12}

Type B {0,...,13} {1,...,14} {1,...,14} {0,...,12} {1,...,12} {1,...,12}

When the UE is configured with aggregationFactorUL > 1, the same symbol allocation is applied across the
aggregationFactorUL consecutive slots and the PUSCH islimited to asingle transmission layer. The UE shall repeat
the TB across the aggregationFactor UL consecutive slots applying the same symbol allocation in each slot.

If the UE procedure for determining slot configuration, as defined in subclause 11.1 of [6, TS 38.213], determines
symbols of aslot allocated for PUSCH as downlink symbols, the transmission on that slot is omitted for multi-slot
PUSCH transmission.

[38.214 clause 6.1.2.2)

The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the
detected PDCCH DCI. Two uplink resource allocation schemes type 0 and type 1 are supported. Uplink resource
alocation scheme type O is supported for OFDM-based PUSCH. Uplink resource allocation scheme type 1 is supported
for PUSCH for both cases when transform precoding is enabled or disabled.

If the scheduling DCI is configured to indicate the downlink resource allocation type as part of the Frequency domain
resource assignment field, the UE shall use uplink resource allocation type 0 or type 1 as defined by thisfield.
Otherwise the UE shall use the uplink frequency resource allocation type as defined by the higher layer parameter
Resource-allocation-config for PUSCH.
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The UE may assume that when the scheduling PDCCH is received with DCI format 0_0, then uplink resource alocation
type 1is used.

If abandwidth part indicator field is not configured in the scheduling DCI, the RB indexing for uplink type 0 and type 1
resource allocation is determined within the UE's active carrier bandwidth part. If a bandwidth part indicator field is
configured in the scheduling DCI, the RB indexing for uplink type 0 and type 1 resource allocation is determined within
the UE's carrier bandwidth part indicated by bandwidth part indicator field value in the DCI, except for the case when
DCI format 0_0 is decoded in the common search spacein CORESET 0 in which case theinitial bandwidth part shall
be used. The UE shall upon detection of PDCCH intended for the UE determine first the uplink carrier bandwidth part
and then the resource allocation within the carrier bandwidth part.

[38.214 clause 6.1.2.2.1]

In uplink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the
Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual
resource blocks defined by higher layer parameter rbg-Szeconfigured for PUSCH and the size of the carrier bandwidth
part asdefined in Table 6.1.2.2.1-1.

Table 6.1.2.2.1-1: Nominal RBG size P

Carrier Bandwidth Part Size Configuration 1 Configuration 2
1-36 2 4
37-72 4 8
73-144 8 16
145 - 275 16 16

The total number of RBGs ( Nggg) for auplink carrier bandwidth part i of size N,f;i\f\f,;i PRBsisgiven by

Nrec =‘(N S "‘(N Bwe,i mod P))/ P ‘ where
- thesizeof thefirst RBG is RBG§™ = P~ Ngan mod P,

- thesize of thelast RBG is RBGSZ = (N o+ N )mod Pif (N o+ NS, )mod P> 0and P otherwise.
- thesizeof al other RBGisP.

The bitmap is of size Nzg bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be
indexed in the order of increasing frequency of the carrier bandwidth part and starting at the lowest frequency. The

order of RBG bitmap is such that RBG 0to RBG Nggs —1 are mapped from MSB to LSB of the bitmap. The RBG is
allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

[38.214 clause 6.1.2.2.2]

In uplink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks within the active carrier bandwidth part of size Ngvz\‘fp PRBs
except for the case when DCI format 0_0 is decoded in the common search space in CORESET 0 in which case the
initial bandwidth part of size Ngvz\‘fp shall be used.

An uplink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting
virtual resource block ( RBg,,) and alength in terms of contiguously allocated resource blocks L rgs . The resource
indication value is defined by
if (Lpgs —1) < LN S, /2J then
RIV = Ng\f\?P (Lres =1 + RByart

else
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RIV = N5ib (NSip — Lras + 1) + (N5ip —1- RByyy)

where L ggs > 1 and shall not exceed N3e, —RB, .

[TS 38.214, clause 6.1.4.1]

For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, or CS-RNTI,if
transform precoding is disabled and MCS-Table-PUSCH is not set to '256QAM',

- the UE shall use Imcs and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif transform precoding is disabled and MCS Table-PUSCH is set to '256QAM’,

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to '256QAM’,

- the UE shall use Imcs and Table 6.1.4.1-1 to determine the modulation order (Qm) and Target code rate (R) used
in the physical uplink shared channel.

- for MCSindex 0 and 1, g=1 if UE has reported to support pi/2 BPSK modulation; and g=2 in other cases
else

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

end

[TS38.214, clause 5.1.3.1]
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Table 5.1.3.1-2: MCS index table 2 for PDSCH

MCS Index | Modulation Order | Target code Rate R x [1024] Spectral
Imcs Qm efficiency
0 2 120 0.2344
1 2 193 0.3770
2 2 308 0.6016
3 2 449 0.8770
4 2 602 1.1758
5 4 378 1.4766
6 4 434 1.6953
7 4 490 1.9141
8 4 553 2.1602
9 4 616 2.4063
10 4 658 2.5703
11 6 466 2.7305
12 6 517 3.0293
13 6 567 3.3223
14 6 616 3.6094
15 6 666 3.9023
16 6 719 4.2129
17 6 772 4.5234
18 6 822 4.8164
19 6 873 5.1152
20 8 682.5 5.3320
21 8 711 5.5547
22 8 754 5.8906
23 8 797 6.2266
24 8 841 6.5703
25 8 885 6.9141
26 8 916.5 7.1602
27 8 948 7.4063
28 2 reserved
29 4 reserved
30 6 reserved
31 8 reserved

For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, or CS-RNTI,

if

0< 1 ycs £ 27and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM', or

0= 1 s €27 and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is set to

'256QAM’, or

0< I yycs <28 and transform precoding is disabled and MCS-Table-PUSCH is not set to "256QAM", or

0< I yycs <27 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to
'256QAM’, the UE shall first determine the TBS as specified below:

The UE shall first determine the number of RES (Nre) within the dlot:

- A UE first determines the number of REs allocated for PUSCH within a PRB (N 'RE) by

PRB

©_ \RB, PRB
- Nge =Ng * Ngmy — Npyrs = Non

, where N =12 isthe number of subcarriersin the frequency

domainin aphysical resource block, N ;',"mb is the number of symbols of the PUSCH allocation within the

sdot, NSi%s isthe number of REs for DM-RS per PRB in the scheduled duration including the overhead of
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elseif

the DM-RS CDM groupsindicated by DCI format 0_0/0_1, and N;RB isthe overhead configured by higher

layer parameter Xoh-PUSCH. If the Xoh-PUSCH is not configured (avalue from O, 6, 12, or 18), the Xoh-
PDSCH isset to O.

- A UE determines the total number of REs alocated for PUSCH (N RE) by Nge = Nge * Nprg Where Npgg is
the total number of allocated PRBs for the UE.

- Next, proceed with steps 2-5 as defined in Subclause 5.1.3.2

28< | \cs <31 and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM’, or

28< | ycs <31 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is set to
'256QAM’, or

28< | \ycs <31 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to
'256QAM", or

the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< | ycs < 27. If thereis no PDCCH for the same transport block using 0< | ;o <27, and if the

initial PUSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the
most recent configured scheduling PDCCH.

else

the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< I ,cs < 28. If thereisno PDCCH for the same transport block using 0< | yc5 <28, and if the

initial PUSCH for the same transport block is transmitted with configured grant, the TBS shall be determined
from the most recent configured scheduling PDCCH.

[TS38.214, clause 5.1.3.2]

2) Intermediate number of information bits (Ninto) TBS¢emyp) isobtained by Ni, = Nge - R- Q- 0TBStepmp =

Npg * R * Qp, * v.
If N, <3824

Use step 3 as the next step of the TBS determination
else

Use step 4 as the next step of the TBS determination

end

3) When N;, <3824, TBSisdetermined as follows

- quantized intermediate number of information bits N, = max{24,2n L%D , Where
n=max(3,10g, (N, )] 6).

- use Table5.1.3.2-2 find the closest TBSthat is not lessthan N

info -
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Table 5.1.3.2-2: TBS for Ny, <3824

Index TBS Index TBS Index TBS Index TBS
1 24 31 336 61 1288 91 3624
2 32 32 352 62 1320 92 3752
3 40 33 368 63 1352 93 3824
4 48 34 384 64 1416
5 56 35 408 65 1480
6 64 36 432 66 1544
7 72 37 456 67 1608
8 80 38 480 68 1672
9 88 39 504 69 1736
10 96 40 528 70 1800
11 104 41 552 71 1864
12 112 42 576 72 1928
13 120 43 608 73 2024
14 128 44 640 74 2088
15 136 45 672 75 2152
16 144 46 704 76 2216
17 152 47 736 77 2280
18 160 48 768 78 2408
19 168 49 808 79 2472
20 176 50 848 80 2536
21 184 51 888 81 2600
22 192 52 928 82 2664
23 208 53 984 83 2728
24 224 54 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
27 272 57 1160 87 3104
28 288 58 1192 88 3240
29 304 59 1224 89 3368
30 320 60 1256 90 3496

4) When Ny, >3824, TBSisdetermined as follows.

: Nin o — 24
- quantized intermediate number of information bits N; , = max(3840,2n xround ("‘fz"—nD , where

n=|log,(N;y , — 24)|-5and tiesin the round function are broken towards the next largest integer.

- if R<1/4
TBS=8-C- M — 24, where C = N'nfo—"'24
8-C 3816
else
if Niy o >8424
TBS=8-C- Nmfo—+24 — 24 where C = M
8-C 8424
else
TBSZS(MLM
8
end

ETSI



3GPP TS 38.523-1 version 15.0.0 Release 15 179 ETSI TS 138 523-1 V15.0.0 (2018-07)

end
7.1.1.424.3 Test description
7.11.4.243.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except set the NR Cell bandwidth and applicable BWP to maximum for
the NR Band under test as specified in Table 5.3.5-1in TS 38.101-1 [16] / TS 38.101-2 [17] (to enable testing of Npre
up to maximum value).

7.1.1.42.432 Test procedure sequence

Table 7.1.1.4.2.4.3.2-1: Maximum TBS for different UE categories

UE Category Maximum number of bits of a UL-SCH transport block received
within a TTI

TS 38.306 [23] clause 4.1.2 require UE without ue-CategoryDL and ue-CategoryUL, to
support Max TBS achievable based on max bandwidth of the Band under test.
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Table 7.1.1.4.2.4.3.2-2: Number of downlink PDCP SDUs and PDCP SDU size used as test data

TBS Number of PDCP SDU size
[bits] PDCP SDUs [bits]
(Note 1)

192 < TBS 12184 note 2 1 8*FLOOR((TBS — 184)/8)
12185< TBS <24256 2 8*FLOOR((TBS — 256)/16))
24257< TBS < 36328 3 8*FLOOR((TBS — 328)/24))
36329 < TBS <48400 4 8*FLOOR((TBS —400)/32))
48401< TBS 60472 5 8*FLOOR((TBS — 472)/40))
60473 < TBS < 72544 6 8*FLOOR((TBS — 544)/48))
72545< TBS <84616 7 8*FLOOR((TBS — 616)/56)
84617 < TBS <96688 8 8*FLOOR((TBS — 688)/64))
96689< TBS <108760 9 8*FLOOR((TBS — 760)/72))
108761 < TBS <120832 10 8*FLOOR((TBS —832)/80))
120833< TBS 132904 11 8*FLOOR((TBS — 904)/88))
132905 < TBS < 144976 12 8*FLOOR((TBS — 976)/96))
144785 < TBS < 157048 13 8*FLOOR((TBS — 1048)/56)
157049 < TBS =< 169120 14 8*FLOOR((TBS — 1120)/64))
169121< TBS < 181192 15 8*FLOOR((TBS — 1192)/72))
181193 < TBS 193336 16 8*FLOOR((TBS — 1264)/80))
193337 < TBS < 205408 17 8*FLOOR((TBS — 1336)/88))
205409 < TBS < 217480 18 8*FLOOR((TBS — 1408)/96))
TBS> 217480 19 8*FLOOR((TBS — 1480)/112))

Each PDCP SDU is limited to 1500 octets (to keep below maximum SDU size of ESM as specified in TS

PDCP SDU size = (TBS — N*PDCP header size — N*AMD PDU header size - N*MAC header size — Size
of Timing Advance — RLC Status PDU size- MAC header for RLC Status PDU — 32 bit Additional RLC
header with SO if one RLC SDU gets splitin 2 TBS and 24 bit MAC header for this additional PDU) / N,

MAC header size for AMD PDU = 16 or 24 bits depending on L=8 or 16 bits. Worst case 24 is taken.
Size of Timing Advance MAC CE with header is 16 bits (if no Timing Advance and/or RLC status needs to
IF RLC SDU does not get split the 32 bits additional padding gets added instead

RLC Status PDU size = 24 bits with 1 ACK_SN, With a MAC header of 16 bits.

Note 1:

24.301 [21] clause 9.9.4.12).

The PDCP SDU size of each PDCP SDU is

where

PDCP header size is 24 bits for the RLC AM and 18-bit SN case;

AMD PDU header size is 24 bits with 18 bit SN;

be sent, padding will occur instead).

This gives:

PDCP SDU size = 8*FLOOR((TBS — N*24- N*24— N*24 -112 )/(8*N)) bits.
Note 2:

According to the final PDCP SDU size formula in Note 1, the smallest TBS that can be tested is 192 bits.
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Table 7.1.1.4.2.4.3.2-2A: Bandwidth part Dependent Parameters for Resource allocation 0 with start of

BWP assumed as 0

NELBWP Nominal RBG Size N
‘ size P of Allowed ""PRBValues
Ngwpi | (Configuration1) | last
RBG

11 2 1 Alll...11

18 2 2 2,4,6,8,10,12,16,18

24 2 2 2,4,6,8,10,12,16,18,20,22,24

25 2 1 All1...25

31 2 1 All1...31

32 2 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32

38 4 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32,34,36,38

51 4 3 3,4,7,8,11,12,15,16,19,20,23,24,27,28,31,32,35,36,39,40,43,44,47,48,51

52 4 4 4,8,12,16,20,24,28,32,36,40,44,48,52

65 4 1 1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,32,33,36,37,40,41,44,45,48,49,
52,53,56,57,60,61,64,65

66 4 2 2,4,6,8,10,12,16,18,20,22,24,26,28,30,32,34,36,38,40,42,44,46,48,50,52,
54,56,58,60,62,64,66

79 8 7 7,8,15,16,23,24,31,32,39,40,47,48,55,56,63,64,71,72,79

106 8 2 2,8,10,16,18,24,26,32,34,40,42,48,50,56,58,64,66,72,74,80,82,88,90,96,
92,104,106

107 8 3 3,8,11,16,19,24,27,32,35,40,43,48,51,56,59,64,67,72,75,80,83,88,91,96,
99,104,107

132 8 4 4,8,12,16,20,24,28,32,36,40,44,48,52,56,60,64,68,72,76,80,84,88,92,96,
100,104, 108,112,116,120,124,128,132

133 8 5 5,8,13,16,21,24,29,32,37,40,45,48,53,56,61,64,69,72,77,80,85,88,93,96,
101,104, 109,112,117,120,125,128,133

135 8 7 7,8,15,16,23,24,31,32,39,40,47,48,55,56,63,64,71,72,79,80,87,88,95,96,
103,104, 111,112,119,120,127,128,135

216 16 8 8,16,24,32,40,48,56,64,72,80,88,96,104,112,120,128,136,144,152,160,168,
176,184,192,200,208,216

217 16 9 9,16,25,32,41,48,57,64,73,80,89,96,105,112,121,128,137,144,153,160,169,
176,185,192,201,208,217

264 16 8 8,16,24,32,40,48,56,64,72,80,88,96,104,112,120,128,136,144,160,168,
176,184,192,200,208,216,224,232,240,248,256,264

270 16 14 14,16,30,32,46,44,62,64,78,80,94,96,110,112, 126,128,142,144,158,160,
174, 176,190,192, 206,208,222,224,238,240, 254,256,270

273 16 1 1,16,17,32,33,48,49,64,65,80,81,96,97,112,113,128,129,144,145,160,
161,176,171, 192,193, 208,209, 224,225,240,241,256,257,272,273

Table 7.1.1.4.2.4.3.2-3: Specific Parameter

Parameter Value Comment
PUSCH mappingType typeA
starting symbol S 0
number of consecutive symbols L 4.14

K2

Not present UE applies the value 01 when
PUSCH SCS is 15/30KHz; 2 when
PUSCH SCS is 60KHz and 3 when

PUSCH SCS is 120KHz

number of layers (v)

1

gam256

mcs-Table
xoh-PUSCH(N;)

Not present Results in value 0(xoh0)

dmrs-AdditionalPosition

pos0 Results in 1 DMRS symbol per two
carrier (N5 -)for Duration in

symbols >=4

resourceAllocation

dynamicSwitch

maxNrofCodeWordsScheduledByDCI | n2

both codewords enabled

rbg-Size

Not present configuration 1 applicable

NstartBWP

0
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Table 7.1.1.4.2.4.3.2-4: Main behaviour
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St Procedure Message Sequence TP | Verdict
U-S Message
- EXCEPTION: Steps 1 to 5 are repeated for - - - -

allowed values of Nz as per Table
7.1.1.4.2.4.3.2-2A in BWP, time domain
resource length L 3 to 14-S and |, from O

to 27.
1 | SS calculates or looks up TBS in TS 38.214 - - - -

[15] based on the value of S, L, | ,cgand

NPRB.
The SS uses the same |,.gand TBS for
both transport blocks:

Iwcsa = Twcsso = Tucs
TBS 1= TBS 2= TBS

- EXCEPTION: Steps 2 to 5 are performed if - - - -
TBS1 + TBS2 is less than or equal to UE
capability "Maximum number of UL-SCH
transport block bits received within a TTI" as
specified in Table 7.1.1.4.2.4.3.2-1 and
larger than or equal to 192 bits as specified
in Table 7.1.1.4.2.4.3.2-2.

2 SS creates one or more PDCP SDUs for - - - -
transport block 1 and 2 depending on TBS1,
and TBS2 in accordance with Table

7.1.1.4.2.4.3.2-2.

3 After 300ms, the SS transmits all PDCP <-- MAC PDU (NxPDCP SDUs) - -
SDUs (Nsbus) as created in step 2 in a MAC
PDU.

4 | After 60ms of step 3 SS transmits UL Grant <-- (UL Grant) (DCI: (DCI Format - -
DCI 0_1, and values of S, L, | ycs@and neres.. 0_1, S, L, Iycsand ners)

5 | CHECK: Does UE return the same number --> (NxPDCP SDUSs) 1 P

of PDCP SDUs with same content as
transmitted by the SS in step 3 using Time,
frequency Resources and modulation and
coding scheme as configured by the SS in
step 4?

- EXCEPTION: Steps 6 to 10 are repeated for - - - -
allowed values of Npeg 1to NSEEYF in
BWP, time domain resource length L 3 to 14-
Sand |, fromO0 to 27.

6 | SS calculates or looks up TBS in TS 38.214 - - - -

[15] based on the value of S, L, |, @and

NPRB.
The SS uses the same | mcsand TBS for
both transport blocks:

Ivcsi= Twesee=vcs
TBS 1= TBS 2= TBS

- EXCEPTION: Steps 7 to 10 are performed if - - - -
TBS1 + TBS2 is less than or equal to UE
capability "Maximum number of UL-SCH
transport block bits received within a TTI" as
specified in Table 7.1.1.4.2.4.3.2-1 and
larger than or equal to 192 bits as specified
in Table 7.1.1.4.2.4.3.2-2.

7 SS creates one or more PDCP SDUs for - - - -
transport block 1 and 2 depending on TBS1,
and TBS2 in accordance with Table
7.1.1.4.2.4.3.2-2.
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8 | After 300ms, the SS transmits all PDCP <-- MAC PDU (NxPDCP SDUs) - -
SDUs (Nsbus) as created in step 7 in a MAC
PDU.

9 | After 60ms of step 8 SS transmits UL Grant <-- (UL Grant) (DCI: (DCI Format - -
DCI 0_1, and values of S, L, | ycs@and nere.. 0_1, S, L, Iycsand ners)

10 | CHECK: Does UE return the same number --> (NxPDCP SDUSs) 2 P

of PDCP SDUs with same content as
transmitted by the SS in step 8 using Time,
frequency Resources and modulation and
coding scheme as configured by the SS in

step 4?
7.1.1.4.2.43.3 Specific message contents
[None].
7.1.15 Discontinuous reception
7.1.15.1 DRX operation / Short cycle not configured / Parameters configured by RRC
(1)

with { UE in RRC_CONNECTED state }
ensure that {
when { Long DRX cycle is configured and [(SFN * 10) + subfranme nunber] nodul o (drx-LongCycle) =
drx-StartOffset }
then { UE starts the OnDurationTiner and nonitors the PDCCH for OnDurationTi mer PDCCH Cccasi ons}

}

2

with { UE in RRC_CONNECTED state }
ensure that {
when { Long DRX cycle is configured and a new DL transmi ssion is indicated on the PDCCH during
Active Time }
then { UE starts or restarts the Drx-lnactivityTimer and nonitors the PDCCH for Drx-
I nactivityTi ner PDCCH occasions starting fromthe next PDCCH occasion of the PDCCH occasi on where
the DL new transm ssion was indicated }

}

3

with { UE in RRC CONNECTED state }
ensure that {
when { Long DRX cycle is configured and if a HARQ RTT Tiner expires in this PDCCH Cccasion and the
data in the soft buffer of the correspondi ng HARQ process was not successfully decoded }
then { UE starts the drx-RetransnissionTinmer-DL for the correspondi ng HARQ process and nonitors
the PDCCH for drx-Retransm ssionTi mer consecutive PDCCH Cccasion }

}

(4)

with { UE in RRC_CONNECTED state }
ensure that {
when { Long DRX cycle is configured and an uplink grant for a pendi ng HARQ retransni ssion can
occur in this PDCCH occasi on}
then { UE nonitors the PDCCH in this PDCCH occasion }

}

7.1.151.2 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.321, clause 5.7. Unless
otherwise stated these are Rel-15 requirements.

[TS38.321, clause 5.7]

The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring.
When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using
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the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously. When
using DRX operation, the MAC entity shall monitor PDCCH according to requirements found in this specification.
RRC controls DRX operation by configuring the following timers:

- drx-onDurationTimer: the duration at the beginning of a DRX Cycle;

- drx-SotOffset: the delay in slots before starting the drx-onDurationTimer;

- drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates an initial UL or DL
user data transmission for the MAC entity;

drx-RetransmissionTimerDL (per DL HARQ process): the maximum duration until a DL retransmissionis
received;

- drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until agrant for UL
retransmission is received;

drx-LongCycle: the Long DRX cycle;
- drx-ShortCycle (optional): the Short DRX cycle;
- drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;

- drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum duration before a DL assignment for HARQ
retransmission is expected by the MAC entity;

- drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission
grant is expected by the MAC entity.

When a DRX cycle is configured, the Active Time includes the time while:

- drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or
ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

- aScheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

- aPDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after
successful reception of a Random Access Response for the preamble not selected by the MAC entity (as
described in subclause 5.1.4).

When DRX is configured, the MAC entity shall:
1> if adrx-HARQ-RTT-TimerDL expires:
2> if the data of the corresponding HARQ process was not successfully decoded:
3> start the drx-RetransmissionTimerDL for the corresponding HARQ process.
1> if an drx-HARQ-RTT-TimerUL expires:
2> start the drx-RetransmissionTimer UL for the corresponding HARQ process.
1> if aDRX Command MAC CE or aLong DRX Command MAC CE isreceived:
2> stop drx-onDurationTimer;
2> gtop drx-InactivityTimer.
1> if drx-InactivityTimer expires or aDRX Command MAC CE isreceived:
2> if the Short DRX cycleis configured:
3> start or restart drx-ShortCycleTimer;
3> use the Short DRX Cycle.

2> else
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3> usethe Long DRX cycle.
1> if drx-ShortCycleTimer expires:
2> usethe Long DRX cycle.
1> if aLong DRX Command MAC CE isreceived:
2> stop drx-ShortCycleTimer;
2> usethe Long DRX cycle.

1> if the Short DRX Cycleisused, and [(SFN * 10) + subframe number] modulo (drx-ShortCycle) = (drx-
SartOffset) modulo (drx-ShortCycle); or

1> if the Long DRX Cycleisused, and [(SFN * 10) + subframe number] modulo (drx-LongCycle) = drx-
SartOffset:

2> if drx-SotOffset is configured:
3> start drx-onDurationTimer after drx-SotOffset.
2> else
3> start drx-onDurationTimer.
1> if the MAC entity isin Active Time;
2> monitor the PDCCH,;
2> if the PDCCH indicatesa DL transmission or if aDL assignment has been configured:

3> start the drx-HARQ-RTT-Timer DL for the corresponding HARQ process immediately after the
corresponding PUCCH transmission;

3> stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
2> if the PDCCH indicates a UL transmission or if aUL grant has been configured:

3> dtart the drx-HARQ-RTT-TimerUL for the corresponding HARQ process immediately after the first
repetition of the corresponding PUSCH transmission;

3> stop the drx-RetransmissionTimer UL for the corresponding HARQ process.
2> if the PDCCH indicates a new transmission (DL or UL):
3> dtart or restart drx-1nactivityTimer.
1> else (i.e. not part of the Active Time):
2> not report CQI/PMI/RI on PUCCH.
7.1.1.5.1.3 Test description
7115131 Pre-test conditions
Same Pre-test conditions asin clause 7.1.1.0 except that set to return no datain uplink.
7.1.1.5.1.3.2 Test procedure sequence

For FDD, Normal SLT(current SFN,current subframe, current slot,y)=y; For TDD, Normal SLT(current SFN, current
dlot,y) counts the minimum number of normal slots needed to cover y number of PDCCH-occasions(slots) until next
PDCCH-occasion(slot) available, starting from current slot on current subframe.
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Table 7.1.1.5.1.3.2-1: Main behaviour
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St Procedure Message Sequence TP | Verdict
U-S Message
1 SS transmits RRCConnectionReconfiguration <-- - - -
to configure specific DRX parameters.
2 The UE transmits > - - -
RRCConnectionReconfigurationComplete
3 In the first PDCCH occasion when the Drx- <-- MAC PDU - -

onDurationTimer is running, the SS indicates
the transmission of a DL MAC PDU on the
PDCCH.

i.e., on the PDCCH occasion csnl within the
subframe number = (csfnl + floor([ csnl+
NormalSLT(SFN1, csfnl,csnl, 0)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN1 + floor([csfnl +
floor([csn1+ NormalSLT(SFN1, csfnl,csnl, 0))/
numberofslotswithinsubframe)/10); where
[(SFN1 * 10) + csfnl] modulo (LongDRX-
Cycle) = drx-StartOffset; csnl=drx-slotoffset.

4 Check: Does the UE transmit a HARQ ACK for --> HARQ ACK 1 P
the DL MAC PDU in Step 3?

5 At least drx-InactivityTimer PDCCH occasions <-- MAC PDU - -
after the transmission of the MAC PDU in Step
3 has been indicated (This means the next
DRX cycle or later after Step 2) in the last
PDCCH occasion while the drx-
onDurationTimer is still running, the SS
indicates the transmission a DL MAC PDU on
the PDDCH. (Note 4).

i.e., on the PDCCH occasion = [csn2 +
NormalSLT(SFN2,csfn2,csn2,drx-
onDurationTimer-1)] modulo
numberofslotswithinsubframe within the
subframe number = (csfn2+ floor([csn2 +
NormalSLT(SFN2,csfn2,csn2,drx-
onDurationTimer-1)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN2 + floor([csfn2 +
floor([csn2+ NormalSLT(SFN2,csfn2,drx-
onDurationTimer-1)]
/numberofslotspersubframe)]/10); where
[(SFN2 * 10) + csfn2] modulo (LongDRX-
Cycle) = drx-StartOffset and csn2=drx-
slotoffset. (Note 5)

6 Check: Does the UE transmit a HARQ ACK for --> HARQ ACK 1 P
the DL MAC PDU in Step 5?

7 drx-InactivityTimer PDCCH-occasions after the <-- MAC PDU - -
transmission of the MAC PDU transmitted in
step 5 was indicated on the PDCCH, the SS
indicates the transmission of a DL MAC PDU
on the PDCCH. (Note 4)

i.e. on the PDCCH occasion = [csn2 +
NormalSLT(SFN2,csfn2,csn2, drx-
onDurationTimer + drx-InactivityTimer-1)]
modulo numberofslotswithinsubframe within
the subframe number = (csfn2 + floor([ csn2 +
NormalSLT(SFN2,csfn2,csn2,drx-
onDurationTimer + drx-InactivityTimer-1)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN2 + floor([csfn2 +
floor([csn2 + NormalSLT(SFN2,csfn2,drx-
onDurationTimer+ drx-InactivityTimer-1)]/
numberofslotspersubframe)]/10)

8 Check: Does the UE transmit a HARQ ACK for --> HARQ ACK 2 P
the DL MAC PDU in Step 7?
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At least drx-InactivityTimer PDCCH occasions
after the transmission of the MAC PDU in Step
7 has been indicated (This means the next
DRX cycle or later after Step 5) and 1 PDCCH
occasion before the Drx-onDurationTimer
expires, the SS indicates the transmission of a
DL MAC PDU on the PDDCH. The DL MAC
PDU transmitted is invalid. (Note 1, Note 4)

i.e. on the PDCCH occasion = [csn3 +
NormalSLT(SFN3,csfn3,csn3,drx-
onDurationTimer- 2)] modulo
numberofslotswithinsubframe within the
subframe number = (csfn3 + floor([ csn3 +
NormalSLT(SFN3,csfn3,csn3, drx-
onDurationTimer- 2)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN3 + floor([csfn3 +
floor([csn3 + NormalSLT(SFN3,csfn3, drx-
onDurationTimer- 2)]/
numberofslotspersubframe)]/10); where
[(SFN3 * 10) + csfn3] modulo (LongDRX-
Cycle) = drxStartOffset and csn3=drx-
slotoffset.

Invalid MAC PDU - -

10

Check: Does the UE transmit a HARQ NACK
for the DL MAC PDU in Step 9?

HARQ NACK 1 P

11

In the first PDCCH occasion when the Drx-
RetransmissionTimerDL for the MAC PDU in
Step 9 is started, the SS indicates the
transmission of a DL MAC PDU on the
PDCCH.

i.e., on the PDCCH occasion with the
subframe number = (csfn4 + floor([csn4 +
NormalSLT(SFN4, csfn4, 0)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN4 + floor([csfn4 +
floor([csn4+NormalSLT(SFN4, csfn4,
0)l/numberofslotswithinsubframe)]/10));

where csn4 = [csn3 + NormalSLT(SFN3,
csfn3, drx-onDurationTimer-2)+ drx-HARQ-
RTT-TimerDL timer] modulo
numberofslotswithinsubframe within the csfn4
= (csfn3 + floor([ csn3 + NormalSLT(SFN3,
csfn3, drx-onDurationTimer-2)+ drx-HARQ-
RTT-TimerDL timer] /
numberofslotswithinsubframe)) modulo 10, and
SFN4 = SFN3 + floor([csfn3 + floor([csn3 +
NormalSLT(SFN3, csfn3, drx-
onDurationTimer-2)+ drx-HARQ-RTT-TimerDL
timer])/ numberofslotspersubframe)]/10).

MAC PDU - -

12

Check: Does the UE transmit a HARQ ACK for
the DL MAC PDU in Step 1172

HARQ ACK 3 P
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13

At least drx-InactivityTimer PDCCH occasions
after the transmission of the DL MAC PDU in
Step 11 has been indicated (This means the
next DRX cycle or later after Step 11) and 1
subframe before the Drx-onDurationTimer
expires, the SS indicates the transmission of
DL MAC PDU on the PDCCH. The DL MAC
PDU transmitted is invalid. (Note 1, Note 4)

i.e. on the PDCCH occasion = [csn5 +
NormalSLT(SFN5,csfn5,csn5,drx-
onDurationTimer-1)] modulo
numberofslotswithinsubframe within the
subframe number = (csfn5 + floor([ csn5 +
NormalSLT(SFN5,csfn5,csn5,drx-
onDurationTimer + drx-onDurationTimer-2)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN5 + floor([csfn5 +
floor([csn5 + NormalSLT(SFN5,csfn5,
csn5,drx-onDurationTimer-2)]/
numberofslotspersubframe)]/10); where
[(SFN5 * 10) + csfn5] modulo (LongDRX-
Cycle) = drxStartOffset and csn5=drx-
slotoffset.

Invalid MAC PDU - -

14

Check: Does the UE transmit a HARQ NACK
for the DL MAC PDU in Step 137

HARQ NACK 1 P

15

In the last PDCCH occasion when the drx-
RetransmissionTimerDL for MAC PDU in Step
13 is still running, the SS indicates the
transmission of a DL MAC PDU on the
PDCCH.

i.e., on the PDCCH occasion with the
subframe number = csfn6 + floor([csn6 +
NormalSLT(SFN6, csfn6, drx-
RetransmissionTimerDL -1)] /
numberofslotswithinsubframe), and system
frame number = SFN6 + floor([csfn6 +
floor([csn6+NormalSLT(SFN6, csfn6, drx-
RetransmissionTimerDL -
1))/numberofslotswithinsubframe)]/10));
where ¢csn6 = [csn5 + NormalSLT(SFNS5,
csfn5, drx-onDurationTimer-2+ drx-HARQ-
RTT-TimerDL] modulo
numberofslotswithinsubframe within csfn6 =
(csfn5 + floor([ csn5 + NormalSLT(SFNS5,
csfn5, drx-onDurationTimer-2+ drx-HARQ-
RTT-TimerDL] /
numberofslotswithinsubframe)) modulo 10, and
SFN6 = SFN5 + floor([csfn5 + floor([csn5 +
NormalSLT(SFNS5, csfn5, csn5,drx-
onDurationTimer-2+ drx-HARQ-RTT-
TimerDL)])/ numberofslotspersubframe)]/10).

MAC PDU - -

16

Check: Does the UE transmit a HARQ ACK for
the DL MAC PDU in Step 157

HARQ ACK 3 P
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17

The SS is configured for Uplink Grant <-- UL grant on PDCCH - -
Allocation Type [0]. At least drx-InactivityTimer
PDCCH subframes after the transmission of
the DL MAC PDU in Step 15 has been
indicated in the last subframe when the
onDuratiopnTimer is still running (This means
the next DRX cycle or later after Step 9), the
SS indicates an UL grant to the UE on the
PDCCH. (Note 4)

i.e. on the PDCCH occasion = [csn7 +
NormalSLT(SFN7,csfn7,csn7,drx-
onDurationTimer-1)] modulo
numberofslotswithinsubframe within the
subframe number = (csfn7 + floor([ csn7 +
NormalSLT(SFN7,csfn7,csn7,drx-
onDurationTimer + drx-onDurationTimer-1)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN7 + floor([csfn7 +
floor([csn7 + NormalSLT(SFN7,csfn7, csn7,
drx-onDurationTimer-1)]/
numberofslotspersubframe)]/10); where
[(SFN7 * 10) + csfn7] modulo (LongDRX-
Cycle) = drxStartOffset and csn7=drx-
slotoffset.

18

Check: Does the UE transmit a Buffer Status --> Buffer Status Report MAC control 1 P
Report on the UL indicating an empty buffer? element

19

In the last PDCCH occasion when the drx- <-- MAC PDU - -
RetransmissionTimer-UL for MAC PDU from
Step 17 is still running, the SS indicates the
transmission of a DL MAC PDU on the
PDCCH.

i.e., on the PDCCH occasion with the
subframe number = csfn8 + floor([csn8 +
NormalSLT(SFNS8, csfn8, drx-
RetransmissionTimerUL -1)]/
numberofslotswithinsubframe), and system
frame number = SFN8 + floor([csfn8 +
floor([csn8+NormalSLT(SFN8, csfn8, drx-
RetransmissionTimerUL -
1))/numberofslotswithinsubframe)]/10));
where csn8 = [csn7 + NormalSLT(SFN7,
csfn7, drx-onDurationTimer-2+ drx-HARQ-
RTT-TimerDL] modulo
numberofslotswithinsubframe within csfn8 =
(csfn7 + floor([ csn7 + NormalSLT(SFN7,
csfn7, drx-onDurationTimer-2+ drx-HARQ-
RTT-TimerDL] /
numberofslotswithinsubframe)) modulo 10, and
SFN8 = SFN7 + floor([csfn7 + floor([csn7 +
NormalSLT(SFN7, csfn7, csn7,drx-
onDurationTimer-1+ drx-HARQ-RTT-
TimerUL)])/ numberofslotspersubframe)]/10).

20

Check: Does the UE transmit a HARQ ACK for --> HARQ ACK 4 P
the DL MAC PDU in Step 19?

Note 1:
Note 2:
Note 3:
Note 4:

Note 5:

Invalid MAC PDU is a MAC PDU that fails the CRC check.

All the DL MAC PDU are transmitted with the NDI set on the PDCCH.

Timer tolerances for the MAC DRX related timers measured in PDCCH occasions is 0. These timers are: drx-
InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-HARQ-RTT-TimerDL and drx-
HARQ-RTT-TimerUL.

The drx-InactivityTimer is started in the next PDCCH occasion of the PDCCH occasion where DL new
transmission is indicated.

The timer values expressed in number of slots.
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7.1.15.1.3.3 Specific message contents

Table 7.1.1.5.1.3.3-1: RRCConnectionReconfiguration (step 1, Table 7.1.1.5.1.3.2-1)

Derivation Path: 38.508-1 [4], Table [value]
Information Element Value/remark Comment Condition
RRCReconfiguration-IEs ::= SEQUENCE {
secondaryCellGroupToAddModList SEQUENCE [1 entry]
(SIZE (1..maxSCellGroups)) OF SEQUENCE {
cellGroupConfig [value] ::= SEQUENCE {
mac-CellGroupConfig ::= SEQUENCE {
drx-Config CHOICE {
setup ::= SEQUENCE {
drx-onDurationTimer ms20
drx-InactivityTimer ms6
drx-HARQ-RTT-TimerDL 56 Number of slots=4 | U
due to number of =0,1,2,3,4 (
symbol per 2 with
slot=14 normal CP)
drx-HARQ-RTT-TimerDL 48 Number of slots=4 U= 2 with
due to number of
symbol per externa CP
slot=12
drx-HARQ-RTT-TimerUL 56 Number of slots=4 | U
due to number of =0,1,2,3,4 (
symbol per 2 with
slot=14 normal CP)
drx-HARQ-RTT-TimerUL 48 Number of slots=4 U= 2 with
due to number of
symbol per external CP
slot=12
drx-RetransmissionTimerDL s12
drx-RetransmissionTimerUL s12
drx-LongCycleStartOffset CHOICE {
ms640 4
shortDRX Not present
drx-SlotOffset ms0
}
}
}
}
}
}
7.1.152 DRX operation / Short cycle not configured / Long DRX command MAC control
element reception
711521 Test Purpose (TP)
(1)

with { UE in CONNECTED node }
ensure that {
when { long DRX cycle is configured and a DRX Command MAC control elenent is received }
then { UE successfully decodes the MAC control PDU }

}

)

with { UE in CONNECTED node }
ensure that {
when { long DRX cycle is configured and the HARQ RTT Tiner is running and a DRX Conmand MAC
control elenment is received }
then { UE continues running the HARQ RTT tiner }

}

ETSI



3GPP TS 38.523-1 version 15.0.0 Release 15 193 ETSI TS 138 523-1 V15.0.0 (2018-07)

3

with { UE in CONNECTED node }
ensure that {
when { long DRX cycle is configured and the drx-Retransm ssionTiner is running and a DRX Conmand
MAC control elenment is received }
then { UE continues running the drx-Retransm ssionTiner and nonitors the PDCCH }

}

7.1.1522 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.321, clause 5.7. Unless
otherwise stated these are Rel-15 requirements.

[TS38.321, clause 5.7]

The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring.
When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using
the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously. When
using DRX operation, the MAC entity shall monitor PDCCH according to requirements found in this specification.

RRC controls DRX operation by configuring the following timers:
- drx-onDurationTimer: the duration at the beginning of a DRX Cycle;
- drx-SotOffset: the delay in dots before starting the drx-onDurationTimer;

- drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates an initial UL or DL
user data transmission for the MAC entity;

- drx-RetransmissionTimerDL (per DL HARQ process): the maximum duration until a DL retransmission is
received;

- drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL
retransmission is received;

- drx-LongCycle: the Long DRX cycle;
- drx-ShortCycle (optiona): the Short DRX cycle;
- drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;

- drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum duration before a DL assignment for HARQ
retransmission is expected by the MAC entity;

- drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission
grant is expected by the MAC entity.

When a DRX cycleis configured, the Active Time includes the time while:

- drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or
ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

- aScheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

- aPDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after
successful reception of a Random A ccess Response for the preamble not selected by the MAC entity (as
described in subclause 5.1.4).

When DRX is configured, the MAC entity shall:
1> if adrx-HARQ-RTT-TimerDL expires:
2> if the data of the corresponding HARQ process was not successfully decoded:

3> start the drx-RetransmissionTimerDL for the corresponding HARQ process.
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1> if an drx-HARQ-RTT-TimerUL expires:
2> dtart the drx-RetransmissionTimer UL for the corresponding HARQ process.
1> if aDRX Command MAC CE or aLong DRX Command MAC CE isreceived:
2> gtop drx-onDurationTimer;
2> stop drx-InactivityTimer.
1> if drx-InactivityTimer expires or aDRX Command MAC CE is received:
2> if the Short DRX cycleis configured:
3> start or restart drx-ShortCycleTimer;
3> use the Short DRX Cycle.
2> else
3> usethe Long DRX cycle.
1> if drx-ShortCycleTimer expires:
2> usethe Long DRX cycle.
1> if aLong DRX Command MAC CE isreceived:
2> stop drx-ShortCycleTimer;
2> usethe Long DRX cycle.

1> if the Short DRX Cycleisused, and [(SFN * 10) + subframe number] modulo (drx-ShortCycle) = (drx-
SartOffset) modulo (drx-ShortCycle); or

1> if the Long DRX Cycleisused, and [(SFN * 10) + subframe number] modulo (drx-LongCycle) = drx-
SartOffset:

2> if drx-SotOffset is configured:
3> start drx-onDurationTimer after drx-SotOffset.
2> else
3> start drx-onDurationTimer.
1> if the MAC entity isin Active Time;
2> monitor the PDCCH;
2> if the PDCCH indicatesa DL transmission or if aDL assignment has been configured:

3> dtart the drx-HARQ-RTT-TimerDL for the corresponding HARQ process immediately after the
corresponding PUCCH transmission;

3> stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
2> if the PDCCH indicates a UL transmission or if aUL grant has been configured:

3> dtart the drx-HARQ-RTT-TimerUL for the corresponding HARQ process immediately after the first
repetition of the corresponding PUSCH transmission;

3> stop the drx-RetransmissionTimer UL for the corresponding HARQ process.
2> if the PDCCH indicates a new transmission (DL or UL):
3> dtart or restart drx-1nactivityTimer.

1> else (i.e. not part of the Active Time):
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2> not report CQI/PMI/RI on PUCCH.
7.1.1.523 Test description
7.1.1523.1 Pre-test conditions
Same Pre-test conditions asin clause 7.1.1.0 except that set to return no datain uplink.
7.1.1.5.2.3.2 Test procedure sequence

For FDD, Normal SLT(current SFN,current sub-frame, current slot,y)=y; For TDD, Normal SLT(current SFN, current
slot,y) counts the minimum number of normal slots needed to cover y number of PDCCH-occasions(slots) until next
PDCCH-occasion(slot) available, starting from current slot on current SFN.
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Table 7.1.1.5.2.3.2-1: Main behaviour
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St Procedure Message Sequence TP | Verdict
U-S Message
1 SS transmits RRCConnectionReconfiguration <-- - - -
to configure specific DRX parameters.
2 The UE transmits - - - -

RRCConnectionReconfigurationComplete.

3 In a PDCCH occasion which is X PDCCH sub <-- MAC PDU - -
frames before the PDCCH occasion in which
the onDurationTimer expires, with drx-
InactivityTimer< X < the number of PDCCH
occasions encapsulated by Drx-HARQ-RTT-
TimerDL, the SS indicates the transmission of
a DL MAC PDU on the PDCCH. The SS
transmits an invalid MAC PDU. (Note 1)

i.e., on the PDCCH occasion csn2 = [csnl +
NormalSLT(SFN1,csfnl,csnl, drx-
onDurationTimer-1-X)] modulo
numberofslotswithinsubframe within the
subframe number csfn2 = (csfnl + floor([
csnl+ NormalSLT(SFN1, csfnl,csnl, drx-
onDurationTimer-1-X)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number SFN2 = SFN1 +
floor([csfnl + floor([csn1+ NormalSLT(SFN1,
csfnl,csnl, drx-onDurationTimer-1-X)]/
numberofslotswithinsubframe)/10); where
[(SFN1 * 10) + csfnl] modulo (LongDRX-
Cycle) = drx-StartOffset; csnl=drx-slotoffset.

4 Check: Does the UE transmit a HARQ NACK --> HARQ NACK 1 P
for the DL MAC PDU in Step 1?

5 In a PDCCH sub frames before the drx- <-- MAC PDU(DRX MAC Control - -
onDurationTimer expires, the SS indicates the element)

transmission of a DL MAC PDU on the
PDCCH. The SS transmits a DL MAC PDU
with DRX MAC Control element.

UE successfully decodes the MAC PDU.

i.e., on the PDCCH occasion = [csnl +
NormalSLT(SFN1,csfnl,csnl, drx-
onDurationTimer-1-X+Y)] modulo
numberofslotswithinsubframe within the
subframe number = (csfnl + floor([ csnl+
NormalSLT(SFN1, csfnl,csnl, drx-
onDurationTimer-1-X+Y)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN1 + floor([csfnl +
floor([csn1+ NormalSLT(SFN1, csfnl,csnl,
drx-onDurationTimer-1-X+Y)J/
numberofslotswithinsubframe)/10); and
0<Y<X).

6 Check: Does the UE transmit a HARQ ACK for --> HARQ ACK 1 P
the DL MAC PDU in Step 3?
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7 In the PDCCH sub frame when the drx- <-- MAC PDU - -
RetransmissionTimer for the MAC PDU
indicated in Step 1 on the PDCCH is started
the SS indicates the transmission of a DL MAC
PDU. The SS transmits an invalid MAC PDU.
(Note 1)

i.e., on the PDCCH occasion with csn5 = csn4
the subframe number = (csfn4 + floor([csn4 +
NormalSLT(SFN4, csfn4, 0)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN4 + floor([csfn4 +
floor([csn4+NormalSLT(SFN4, csfn4,
0)l/numberofslotswithinsubframe)]/10));

where csn4 = [csn2 + NormalSLT(SFN2,
csfn2, numberofslotswithinsubframe +Drx-
HARQ-RTT-TimerDL)] modulo
numberofslotswithinsubframe within the csfn4
= (csfn2 + floor([ csn2 + NormalSLT(SFN2,
csfn2, Drx-HARQ-RTT-TimerDL)] /
numberofslotswithinsubframe)) modulo 10, and
SFN4 = SFN2 + floor([csfn2 + floor([csn2 +
NormalSLT(SFN2, csfn2,
numberofslotswithinsubframe +Drx-HARQ-
RTT-TimerDL))/
numberofslotspersubframe)]/10);

8 Check: Does the UE transmit a HARQ NACK --> HARQ NACK 2,3 P
for the DL MAC PDU in Step 5?

9 Z PDCCH sub frames, where Z>drx- <-- MAC PDU(DRX MAC Control - -
InactivityTimer, before the PDCCH sub-frame element)

in which the drx-RetransmissionTimer for the
DL MAC PDU in Step 5 expires, the SS
indicates the transmission of a DL MAC PDU.
The SS transmits a DL MAC PDU with DRX
MAC Control element.

i.e., on the PDCCH occasion =csn6 within
subframe = (csfn6 + floor([ csn6+
NormalSLT(SFNG6, csfn6,csn6, drx-
RetransmissionTimer —2)] /
numberofslotswithinsubframe)) modulo 10 and
the system frame number =
SFN6+floor([csfn6+NormalSLT(SFN6, csfn6,
0)1/10* numberofslotswithinsubframe);where
PDCCH occasion csn6é = floor([ csn5+
NormalSLT(SFN5, csfn5,csn5, Drx-HARQ-
RTT-TimerDL)] modulo
numberofslotswithinsubframe, csfn6 = (csfn5
+ floor([ csn5+ NormalSLT(SFN5, csfn5,csn5,
Drx-HARQ-RTT-TimerDL)] /
numberofslotswithinsubframe)) modulo 10, and
the SFN6 = SFN5 + floor([csfn5 + floor([csn5+
NormalSLT(SFNS5, csfn5,csn5, Drx-HARQ-
RTT-TimerDL))/
numberofslotswithinsubframe)/10);

10 Check: Does the UE transmit a HARQ ACK for > HARQ ACK 2,3, P
the DL MAC PDU in Step 7? 1
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11

In the last sub frame when the Drx-
RetransmissionTimer for the DL MAC PDU
indicated on the PDCCH in Step 5 is still
running, the SS indicates the transmission of a
DL MAC PDU.

i.e., on the PDCCH occasion within subframe
number = (csfn6 + floor([ csn6+
NormalSLT(SFNG6, csfn6,csn6, drx-
RetransmissionTimer —1)] /
numberofslotswithinsubframe)) modulo 10, and
the system frame number = SFN6 +
floor([csfn6 + floor([csn6+ NormalSLT(SFNS6,
csfn6,csn6, drx-RetransmissionTimer —1)]/
numberofslotswithinsubframe)/10);

MAC PDU

12

Check: Does the UE transmit a HARQ ACK for
the DL MAC PDU in Step 9?

->

HARQ ACK

2,3 P

Note 1:
Note 2:
Note 3:

Invalid MAC PDU is a MAC PDU that fails the CRC check.

All DL MAC PDUs are transmitted with the NDI set on the PDCCH.
Timer tolerances for the MAC DRX related timers measured in PDCCH occasions(slots). These timers are:
drx-InactivityTimer, drx-RetransmissionTimer, Drx-HARQ-RTT-TimerDL.
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7.1.15.2.3.3 Specific message contents

Table 7.1.1.5.2.3.3-1: RRCConnectionReconfiguration (step 1, Table 7.1.1.5.2.3.2-1)

Derivation Path: 38.508-1 [4], Table [4.6.1-3]

Information Element Value/remark Comment Condition
RRCReconfiguration-IEs ::= SEQUENCE {
secondaryCellGroupToAddModList SEQUENCE [1 entry]
(SIZE (1..maxSCellGroups)) OF SEQUENCE {
cellGroupConfig ::= SEQUENCE {
mac-CellGroupConfig ::= SEQUENCE {
drx-Config CHOICE {
setup ::= SEQUENCE {
drx-onDurationTimer ms20
drx-InactivityTimer ms6
drx-HARQ-RTT-TimerDL 56 Number of slots=4 | U
due to number of | =0,1234(
symbol per 2 with
slot=14 normal CP)
drx-HARQ-RTT-TimerDL 48 Number of slots=4 U= 2 with
due to number of
symbol per external CP
slot=12
drx-HARQ-RTT-TimerUL 56 Number of slots=4 | U
due to number of | =01 234(
symbol per 2 with
slot=14 normal CP)
drx-HARQ-RTT-TimerDL 48 Number of slots=4 U= 2 with
due to number of
symbol per external CP
slot=12
drx-RetransmissionTimerDL s12
drx-RetransmissionTimerUL s12
drx-LongCycleStartOffset CHOICE {
ms640 4
}
shortDRX Not present
drx-SlotOffset ms0
}
}
}
}
}
}
7.1.1.5.3 DRX operation / Short cycle configured / Parameters configured by RRC
7.1.1531 Test Purpose (TP)
(1)

with { UE in RRC_CONNECTED state }
ensure that {
when { Short DRX cycle and drx-SlotOfset is configured and [(SFN * 10) + subfrane nunber] nodul o
drx-ShortCycle) = (drx-StartOfset) nodul o (drx-ShortCycle) }
then { UE starts the OnDurationTinmer after drx-SlotOffset and nonitors the PDCCH for
OnDur ati onTi mer PDCCH subfranes }

}

2

with { UE in RRC_CONNECTED state }
ensure that {

when { drxShortCycleTinmer is expired and [(SFN * 10) + subframe nunber] nodul o (drx-LongCycle) =
drx-StartOffset: }
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then { UE starts the OnDurationTiner after drx-SlotOffset and nonitors the PDCCH for
OnDur ati onTi mer PDCCH subfranes }
}

7.1.15.3.2 Conformance requirements

References: The conformance requirements covered in the present test case are specified in: TS 38.321, clause 5.7.
Unless otherwise stated these are Rel-15 requirements.

[TS38.321, clause 5.7]

The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring.
When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using
the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously. When
using DRX operation, the MAC entity shall monitor PDCCH according to requirements found in this specification.

RRC controls DRX operation by configuring the following timers:
- drx-onDurationTimer: the duration at the beginning of a DRX Cycle;
- drx-SotOffset: the delay in dots before starting the drx-onDurationTimer;

- drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates an initial UL or DL
user data transmission for the MAC entity;

- drx-RetransmissionTimerDL (per DL HARQ process): the maximum duration until aDL retransmission is
received;

- drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until agrant for UL
retransmission is received;

- drx-LongCycle: the Long DRX cycle;
- drx-ShortCycle (optional): the Short DRX cycle;
- drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;

- drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum duration before a DL assignment for HARQ
retransmission is expected by the MAC entity;

- drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission
grant is expected by the MAC entity.

When a DRX cycleis configured, the Active Time includes the time while:

- drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or
ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

- aScheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

- aPDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after
successful reception of a Random Access Response for the preamble not selected by the MAC entity (as
described in subclause 5.1.4).

When DRX is configured, the MAC entity shall:
1> if adrx-HARQ-RTT-TimerDL expires:
2> if the data of the corresponding HARQ process was not successfully decoded:
3> start the drx-RetransmissionTimerDL for the corresponding HARQ process.
1> if an drx-HARQ-RTT-TimerUL expires:
2> start the drx-RetransmissionTimer UL for the corresponding HARQ process.

1> if aDRX Command MAC CE or aLong DRX Command MAC CE isreceived:
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2> stop drx-onDurationTimer;
2> stop drx-InactivityTimer.
1> if drx-InactivityTimer expires or aDRX Command MAC CE isreceived:
2> if the Short DRX cycleis configured:
3> start or restart drx-ShortCycleTimer;
3> use the Short DRX Cycle.
2> else
3> usethe Long DRX cycle.
1> if drx-ShortCycleTimer expires:
2> usethe Long DRX cycle.
1> if aLong DRX Command MAC CE isreceived:
2> stop drx-ShortCycleTimer;
2> usethe Long DRX cycle.

1> if the Short DRX Cycleisused, and [(SFN * 10) + subframe number] modulo (drx-ShortCycle) = (drx-
SartOffset) modulo (drx-ShortCycle); or

1> if the Long DRX Cycleisused, and [(SFN * 10) + subframe number] modulo (drx-LongCycle) = drx-
SartOffset:

2> if drx-SotOffset is configured:
3> start drx-onDurationTimer after drx-SotOffset.
2> else
3> start drx-onDurationTimer.
1> if the MAC entity isin Active Time;
2> monitor the PDCCH,;
2> if the PDCCH indicates a DL transmission or if aDL assignment has been configured:

3> start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process immediately after the
corresponding PUCCH transmission;

3> stop the drx-RetransmissionTimer DL for the corresponding HARQ process.
2> if the PDCCH indicates a UL transmission or if aUL grant has been configured:

3> dtart the drx-HARQ-RTT-Timer UL for the corresponding HARQ process immediately after the first
repetition of the corresponding PUSCH transmission;

3> stop the drx-RetransmissionTimer UL for the corresponding HARQ process.
2> if the PDCCH indicates a new transmission (DL or UL):
3> dtart or restart drx-1nactivityTimer.
1> else (i.e. not part of the Active Time):

2> not report CQI/PMI/RI on PUCCH.
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7.1.1.5.3.3 Test description

7.1.1.533.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except that set to return no datain uplink.
7.1.1.5.3.3.2 Test procedure sequence

For FDD, NormalSLT (current SFN, current sub-frame, current slot, y) = y; For TDD, Normal SLT (current SFN, current
dlot, y) counts the minimum number of normal slots needed to cover y number of PDCCH-occasions(slots) until next
PDCCH-occasion(slot) available, starting from current slot on current Subframe.
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Table 7.1.1.5.3.3.2-1: Main behaviour
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St Procedure Message Sequence TP | Verdict
U-S Message

1 SS transmits RRCConnectionReconfiguration <-- - - -
message containing nr-
SecondaryCellGroupConfig-rl15 to configure
specific DRX parameters for PSCell

2 The UE transmits --> - - -
RRCConnectionReconfigurationComplete
message containing scg-ConfigResponseNR-
rl5

3 In the first PDCCH occasion, after the drx- <-- MAC PDU - -
SlotOffset when the drx-onDurationTimer is
running, the SS indicates the transmission of a
DL MAC PDU on the PDCCH.

i.e., on the PDCCH occasion csnl within the
subframe number = (csfnl + floor([ csn1+
NormalSLT(SFN1, csfnl,csnl, 0)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN1 + floor([csfnl +
floor(Jcsn1+ NormalSLT(SFN1, csfnl,csnl, 0))/
numberofslotswithinsubframe)/10); where
[(SFN1 * 10) + csfnl] modulo (ShortDRX-
Cycle) = drx-StartOffset modulo (ShortDRX-
Cycle); csnl=drx-slotoffset

4 Check: Does the UE transmit a HARQ ACK for --> HARQ ACK 1 P
the DL MAC PDU in Step 3?

5 At least drx-InactivityTimer PDCCH occasions <-- MAC PDU - -
after the transmission of the MAC PDU in Step
3 has been indicated (This means the next
DRX cycle or later after Step 1) in the last
PDCCH occasion while the drx-
onDurationTimer is still running, the SS
indicates the transmission a DL MAC PDU on
the PDDCH. (Note).

i.e., on the PDCCH occasion = [csn2 +
NormalSLT(SFN2,csfn2,csn2,drx-
onDurationTimer-1)] modulo
numberofslotswithinsubframe within the
subframe number = (csfn2+ floor([csn2 +
NormalSLT(SFN2,csfn2,csn2,drx-
onDurationTimer-1)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN2 + floor([csfn2 +
floor([csn2+ NormalSLT(SFN2,csfn2,drx-
onDurationTimer-1)]
/numberofslotspersubframe)]/10); where
[(SFN2 * 10) + csfn2] modulo (ShortDRX-
Cycle) = drx-StartOffset modulo (ShortDRX-
Cycle) and csn2=drx-slotoffset.

6 Check: Does the UE transmit a HARQ ACK for --> HARQ ACK 1 P
the DL MAC PDU in Step 5?

7 UE waits for drx-ShortCycleTimer expire. - - - -

ETSI



3GPP TS 38.523-1 version 15.0.0 Release 15

206

ETSI TS 138 523-1 V15.0.0 (2018-07)

In the first PDCCH occasion after the drx-
SlotOffset when the drx-onDurationTimer of
drx-LongCycle is running, the SS indicates the
transmission of a DL MAC PDU on the
PDCCH.

i.e., on the PDCCH occasion csnl within the
subframe number = (csfnl + floor([ csnl+
NormalSLT(SFN1, csfnl,csnl, 0)]/
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN1 + floor([csfnl +
floor([csn1+ NormalSLT(SFN1, csfnl,csni, 0))/
numberofslotswithinsubframe)/10); where
[(SFN1 * 10) + csfnl] modulo (LongDRX-
Cycle) = drx-StartOffset; csnl=drx-slotoffset

MAC PDU

Check: Does the UE transmit a HARQ ACK for
the DL MAC PDU in Step 8?

HARQ ACK

10

At least drx-InactivityTimer PDCCH occasions
after the transmission of the MAC PDU in Step
8 has been indicated (This means the next
DRX cycle or later after Step 5) in the last
PDCCH occasion while the drx-
onDurationTimer is still running, the SS
indicates the transmission a DL MAC PDU on
the PDDCH. (Note).

i.e., on the PDCCH occasion = [csn2 +
NormalSLT(SFN2,csfn2,csn2,drx-
onDurationTimer-1)] modulo
numberofslotswithinsubframe within the
subframe number = (csfn2+ floor([csn2 +
NormalSLT(SFN2,csfn2,csn2,drx-
onDurationTimer-1)] /
numberofslotswithinsubframe)) modulo 10, and
system frame number = SFN2 + floor([csfn2 +
floor([csn2+ NormalSLT(SFN2,csfn2,drx-
onDurationTimer-1)]
/numberofslotspersubframe)]/10); where
[(SFN2 * 10) + csfn2] modulo (LongDRX-
Cycle) = drx-StartOffset and csn2=drx-
slotoffset.

<--

MAC PDU

11

Check: Does the UE transmit a HARQ ACK for
the DL MAC PDU in Step 10?

>

HARQ ACK

2 P

Note:

The drx-InactivityTimer is started in the next PDCCH occasion of the PDCCH occasion where DL new

transmission is indicated.
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7.1.1.5.3.3.3 Specific message contents

Table 7.1.1.5.3.3.3-1: RRCConnectionReconfiguration (stepl, Table 7.1.1.5.3.3.2-1)

Derivation Path: 36.508 [7], Table 4.6.1-8
Information Element Value/remark Comment Condition
RRCConnectionReconfiguration ::= SEQUENCE {
criticalExtensions CHOICE {
cl CHOICE{
rrcConnectionReconfiguration-r8 ::= SEQUENCE

nonCriticalExtension ::= SEQUENCE {
nonCriticalExtension ::= SEQUENCE {
nonCriticalExtension ::= SEQUENCE {
nonCriticalExtension ::= SEQUENCE {
nonCriticalExtension ::= SEQUENCE {
nonCriticalExtension ::= SEQUENCE {
nonCriticalExtension ::= SEQUENCE {
nonCriticalExtension ::= SEQUENCE {
nr-Config-r15 CHOICE {
setup SEQUENCE {
nr-SecondaryCellGroupConfig-r15 OCTET STRING
including the
RRCReconfiguration
message and the |E
secondaryCellGroup.

Table 7.1.1.5.3.3.3-2: RRCReconfiguration (Table 7.1.1.5.3.3.3-1)

Derivation Path: 38.508-1 [4], Table 4.6.1-3

Information Element Value/remark Comment Condition

RRCReconfiguration ::= SEQUENCE {
criticalExtensions CHOICE {

rrcReconfiguration ::= SEQUENCE {

secondaryCellGroup CellGroupConfig
}
}

}
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Table 7.1.1.5.3.3.3-3: CellGroupConfig (Table 7.1.1.5.3.3.3-2)

Derivation Path: 38.508-1 [4], Table 4.6.3-13

Information Element Value/remark Comment Condition
cellGroupConfig ::= SEQUENCE {
cellGroupld [value]
mac-CellGroupConfig SEQUENCE {
drx-Config CHOICE {
setup SEQUENCE {
drx-onDurationTimer ms20
drx-InactivityTimer ms6
drx-LongCycleStartOffset CHOICE {
ms640 4
}
shortDRX SEQUENCE {
drx-ShortCycle ms64
drx-ShortCycleTimer 4
drx-SlotOffset ms0
}
}
}
}
7.1.154 DRX Operation / Short cycle configured / DRX command MAC control element
reception
7.1.1541 Test Purpose (TP)
@

with { UE in RRC_CONNECTED state }
ensure that {
when { Short DRX cycle is configured and a DRX Command MAC control elenent is received }
then { UE successfully decodes the MAC control PDU }

}

)

with { UE in RRC_CONNECTED state }
ensure that {
when { Short DRX cycle is configured and the HARQ RTT Tiner is running and a DRX Conmand MAC
control elenment is received }
then { UE continues running the HARQ RTT tiner }

}

©)

with { UE in RRC_CONNECTED state }
ensure that {
when { Short DRX cycle is configured and the drx-RetransmissionTinmer-DL is running and a DRX
Conmand MAC control elenent is received }
then { UE continues running the drx-Retransm ssionTiner-DL and nonitors the PDCCH }

}

7.1.1.54.2 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.321, clause 5.7. Unless
otherwise stated these are Rel-15 requirements.

[TS38.321, clause 5.7]

The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring
activity for the MAC entity's C-RNTI, CS-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI.
When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other
subclauses of this specification. Whenin RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the
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PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor
the PDCCH continuously.
RRC controls DRX operation by configuring the following parameters:

- drx-onDurationTimer: the duration at the beginning of a DRX Cycle;

- drx-SotOffset: the delay in slots before starting the drx-onDurationTimer;

- drx-StartOffset: the subframe where the DRX Cycle starts;

- drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates an initial UL or DL
user data transmission for the MAC entity;

- drx-RetransmissionTimerDL (per DL HARQ process): the maximum duration until a DL retransmission is
received;

drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL
retransmission is received;

- drx-LongCycle: the Long DRX cycle;
- drx-ShortCycle (optional): the Short DRX cycle;
- drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;

- drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum duration before a DL assignment for HARQ
retransmission is expected by the MAC entity;

- drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission
grant is expected by the MAC entity.

When aDRX cycle is configured, the Active Time includes the time while:

- drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or
ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

- aScheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

- aPDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after
successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC
entity among the contention-based Random Access Preambl e (as described in subclause 5.1.4).

When DRX is configured, the MAC entity shall:
1> if aMAC PDU istransmitted in a configured uplink grant:

2> gtart the drx-HARQ-RTT-Timer UL for the corresponding HARQ process immediately after the first repetition
of the corresponding PUSCH transmission;

2> stop the drx-RetransmissionTimer UL for the corresponding HARQ process.
1> if adrx-HARQ-RTT-TimerDL expires:
2> if the data of the corresponding HARQ process was not successfully decoded:
3> start the drx-RetransmissionTimer DL for the corresponding HARQ process.
1> if adrx-HARQ-RTT-TimerUL expires:
2> dtart the drx-RetransmissionTimer UL for the corresponding HARQ process.
1> if aDRX Command MAC CE or aLong DRX Command MAC CE isreceived:
2> stop drx-onDurationTimer;

2> stop drx-InactivityTimer.
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1> if drx-InactivityTimer expires or aDRX Command MAC CE isreceived:
2> if the Short DRX cycleis configured:
3> dtart or restart drx-ShortCycleTimer;
3> use the Short DRX Cycle.
2> else
3> usethe Long DRX cycle.
1> if drx-ShortCycleTimer expires:
2> usethe Long DRX cycle.
1> if aLong DRX Command MAC CE isreceived:
2> stop drx-ShortCycleTimer;
2> usethe Long DRX cycle.

1> if the Short DRX Cycleisused, and [(SFN x 10) + subframe number] modulo (drx-ShortCycle) = (drx-
SartOffset) modulo (drx-ShortCycle); or

1> if the Long DRX Cycleisused, and [(SFN x 10) + subframe number] modulo (drx-LongCycle) = drx-
SartOffset:

2> if drx-SotOffset is configured:
3> start drx-onDurationTimer after drx-SotOffset.
2> else
3> dtart drx-onDurationTimer.
1> if the MAC entity isin Active Time;
2> monitor the PDCCH;
2> if the PDCCH indicatesa DL transmission or if aDL assignment has been configured:

3> dtart the drx-HARQ-RTT-TimerDL for the corresponding HARQ process immediately after the
corresponding PUCCH transmission;

3> stop the drx-RetransmissionTimer DL for the corresponding HARQ process.
2> if the PDCCH indicates a UL transmission:

3> dtart the drx-HARQ-RTT-TimerUL for the corresponding HARQ process immediately after the first
repetition of the corresponding PUSCH transmission;

3> stop the drx-RetransmissionTimer UL for the corresponding HARQ process.
2> if the PDCCH indicates a new transmission (DL or UL):
3> dtart or restart drx-1nactivityTimer.
1> else (i.e. not part of the Active Time):
2> not transmit type-O-triggered SRS defined in TS 38.214 [7].
1> if CQI masking (cqgi-Mask) is setup by upper layers:
2> if drx-onDurationTimer is not running:
3> not report CSl on PUCCH.

1> else
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2> if the MAC entity isnot in Active Time:
3> not report CSI on PUCCH.

Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity transmits HARQ feedback and
type-1-triggered SRS defined in TS 38.214 [ 7] when such is expected.

The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts
or expiresin the middle of a PDCCH occasion).

7.1.1.54.3 Test description

7.1.1.543.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.1.0 except that set to return no datain uplink.
7.1.1.5.4.3.2 Test procedure sequence

For FDD, Normal SLT(current SFN, current subframe, current slot, y)=y; For TDD, Normal S_T(current SFN, current
subframe, current slot, y) counts the minimum number of normal slots needed to cover y number of PDCCH-occasions
(dots) until next PDCCH-occasion (slot) available, starting from current slot on current SFN.

ETSI



3GPP TS 38.523-1 version 15.0.0 Release 15 212 ETSI TS 138 523-1 V15.0.0 (2018-07)

Table 7.1.1.5.4.3.2-1: Main behaviour
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St Procedure Message Sequence TP Verdict
U-S Message
1 | SS transmits <-- RRCConnectionReconfiguration - -

RRCConnectionReconfiguration message
containing nr-SecondaryCellGroupConfig-
rl15 to configure specific DRX parameters for

PSCell.
2 | The UE transmits -> RRCConnectionReconfigurationCo - -
RRCConnectionReconfigurationComplete mplete

message containing scg-
ConfigResponseNR-r15.

3 | In a PDCCH occasion which is X subframes <-- MAC PDU - -
before the PDCCH occasion in which the
drx-onDurationTimer expires,

with drx-InactivityTimer < X < drx-
onDurationTimer-1, the SS indicates the
transmission of a DL MAC PDU on the
PDCCH. The SS transmits an invalid MAC
PDU. (Note 1)

i.e., on the PDCCH occasion csn2 = [csnl +
NormalSLT(SFN1, csfnl, csnl, drx-
onDurationTimer-1-X)] modulo
numberofslotswithinsubframe within the
subframe number csfn2 = (csfnl + floor([
csnl+ NormalSLT(SFN1, csfnl, csnl, drx-
onDurationTimer-1-X)] /
numberofslotswithinsubframe)) modulo 10,
and system frame number SFN2 = SFN1 +
floor([csfnl + floor([csnl +
NormalSLT(SFN1, csfnl,csnl, drx-
onDurationTimer-1-X)] /
numberofslotswithinsubframe)/10); where
[(SFN1 * 10) + csfnl] modulo (drx-
ShortCycle) = (drx-StartOffset) modulo (drx-
ShortCycle), csnl = drx-SlotOffset.

4 | Check: Does the UE transmit a HARQ NACK --> HARQ NACK 1 P
for the DL MAC PDU in Step 3?

5 | In a PDCCH occasion before the drx- <-- MAC PDU (DRX MAC Control - -
onDurationTimer expires, the SS indicates element)

the transmission of a DL MAC PDU on the
PDCCH. The SS transmits a DL MAC PDU
with DRX MAC Control element. UE
successfully decodes the MAC PDU.

i.e., on the PDCCH occasion = [csnl +
NormalSLT(SFN1, csfnl, csnl, drx-
onDurationTimer-1-X+Y)] modulo
numberofslotswithinsubframe within the
subframe number = (csfnl + floor([ csnl +
NormalSLT(SFN1, csfnl,csnl, drx-
onDurationTimer-1-X+Y)] /
numberofslotswithinsubframe)) modulo 10,
and system frame number = SFN1 +
floor([csfnl + floor(Jcsnl +
NormalSLT(SFN1, csfnl, csnl, drx-
onDurationTimer-1-X+Y)] /
numberofslotswithinsubframe)/10); and
K<Y<min{K+drx-HARQ-RTT_TimerDL, drx-
InactivityTimer}.(Note 4)

6 | Check: Does the UE transmit a HARQ ACK --> HARQ ACK 1 P
for the DL MAC PDU in Step 5?

ETSI




3GPP TS 38.523-1 version 15.0.0 Release 15 214 ETSI TS 138 523-1 V15.0.0 (2018-07)

7 | Inthe first PDCCH slot when the drx- <-- MAC PDU - -
RetransmissionTimerDL for the MAC PDU
indicated in Step 3 on the PDCCH is started,
the SS indicates the transmission of a DL
MAC PDU. The SS transmits an invalid MAC
PDU. (Note 1)

i.e., on the PDCCH occasion csn3 = [csn2 +
NormalSLT(SFN2, csfn2, csn2, K +drx-
HARQ-RTT_TimerDL)] modulo
numberofslotswithinsubframe within the
subframe number csfn3 = (csfn2 + floor([
csn2 + NormalSLT(SFN2, csfn2, csn2, K +
drx-HARQ-RTT_TimerDL)] /
numberofslotswithinsubframe)) modulo 10,
and system frame number SFN3 = SFN2 +
floor([csfn2+ floor([csn2+ NormalSLT(SFN2,
csfn2, csn2, K + drx-HARQ-RTT_TimerDL)] /
numberofslotswithinsubframe)/10);

8 | Check: Does the UE transmit a HARQ NACK --> HARQ NACK 2,3 P
for the DL MAC PDU in Step 7?

9 | In a PDCCH occasion which is Z slots before <-- MAC PDU(DRX MAC Control - -
the PDCCH slot in which the drx- element)

RetransmissionTimerDL for the DL MAC
PDU in Step 7 expires, with 1 <Z< drx-
RetransmissionTimerDL, the SS indicates
the transmission of a DL MAC PDU. The SS
transmits a DL MAC PDU with DRX MAC
Control element.

i.e., on the PDCCH occasion csn4 = floor([
csn3 + NormalSLT(SFN3, csfn3, csn3, K +
drx-HARQ-RTT-TimerDL + drx-
RetransmissionTimerDL — Z)] modulo
numberofslotswithinsubframe, csfn4= (csfn3
+ floor([ csn3 + NormalSLT(SFN3, csfn3,
csn3, K + drx-HARQ-RTT-TimerDL + drx-
RetransmissionTimerDL — Z)] /
numberofslotswithinsubframe)) modulo 10,
and the SFN4 = SFN3 + floor([csfn3 +
floor([csn3 + NormalSLT(SFN3, csfn3, csn3,
K + drx-HARQ-RTT-TimerDL +drx-
RetransmissionTimerDL —Z)] /
numberofslotswithinsubframe)/10);

10 | Check: Does the UE transmit a HARQ ACK > HARQ ACK 2,31 P
for the DL MAC PDU in Step 9?
11 | In the last PDCCH slot when the drx- <-- MAC PDU - -

RetransmissionTimerDL for the DL MAC
PDU indicated on the PDCCH in Step 7 is
still running, the SS indicates the
transmission of a DL MAC PDU.

i.e., on the PDCCH occasion csn5 = floor([
csn3 + NormalSLT(SFN3, csfn3, csn3, K +
drx-HARQ-RTT-TimerDL + drx-
RetransmissionTimerDL — 1)] modulo
numberofslotswithinsubframe, csfn5 = (csfn3
+ floor([ csn3 + NormalSLT(SFN3, csfn3,
csn3, K + drx-HARQ-RTT-TimerDL+ drx-
RetransmissionTimerDL — 1)] /
numberofslotswithinsubframe)) modulo 10,
and the SFN5 = SFN3 + floor([csfn3 +
floor([csn3 + NormalSLT(SFN3, csfn3, csn3,
K + drx-HARQ-RTT-TimerDL + drx-
RetransmissionTimerDL — 1)] /
numberofslotswithinsubframe)/10).

12 | Check: Does the UE transmit a HARQ ACK --> HARQ ACK 2,3 P
for the DL MAC PDU in Step 1172
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Note 1:  Invalid MAC PDU is a MAC PDU that fails the CRC check.

Note 2:  All DL MAC PDUs are transmitted with the NDI set on the PDCCH.

Note 3:  Timer tolerances for the MAC DRX related timers measured in PDCCH occasions (slots). These timers are:
drx-InactivityTimer, drx-RetransmissionTimer, Drx-HARQ-RTT-TimerDL.

Note 4: K is the time for given PDSCH to HARQ feedback of PUCCH and shall be shorter than drx-InactivityTimer. In
this TC, the DCI format should be configured to not include the PDSCH-to-HARQ-timing-indicator field. When
the UE schedules a PDSCH reception over a number of symbols where the last symbol is within slot n-k, the
UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot n-k+4
according to TS 38.321 clause 9.2.3. Thus, the maximum value of K is 4 slots in this test case.

7.1.15.4.3.3 Specific message contents

Table 7.1.1.5.4.3.3-1: RRCConnectionReconfiguration (step 1, Table 7.1.1.5.4.3.2-1)

Derivation Path: 36.508 [7], Table 4.6.1-8

Information Element Value/remark Comment Condition

RRCConnectionReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

c1 CHOICE{

rrcConnectionReconfiguration-r8 SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nr-Config-rl5 CHOICE {

setup SEQUENCE {

nr-SecondaryCellGroupConfig-r15 RRCReconfiguration OCTET STRING
including the
RRCReconfigurati
on

Table 7.1.1.5.4.3.3-2: RRCReconfiguration (Table 7.1.1.5.4.3.3-1)

Derivation Path: 38.508-1 [4], Table 4.6.1-3

Information Element Value/remark Comment Condition

RRCReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

rrcReconfiguration SEQUENCE {

secondaryCellGroup CellGroupConfig OCTET STRING EN-DC
(CONTAINING
CellGroupConfig)
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Table 7.1.1.5.4.3.3-3: CellGroupConfig (Table 7.1.1.5.4.3.3-2)

Derivation Path: 38.508-1 [4], Table 4.6.3-n

Information Element Value/remark Comment Condition
cellGroupConfig ::= SEQUENCE {
cellGroupld [value]
mac-CellGroupConfig SEQUENCE {
drx-Config CHOICE {
setup SEQUENCE {
drx-onDurationTimer ms20
drx-InactivityTimer ms6
drx-HARQ-RTT-TimerDL 56
drx-HARQ-RTT-TimerUL 56
drx-RetransmissionTimerDL sl12
drx-RetransmissionTimerUL sl12
drx-LongCycleStartOffset CHOICE {
ms640 4
}
shortDRX SEQUENCE {
drx-ShortCycle ms64
drx-ShortCycleTimer 10
}
drx-SlotOffset ms0
}
}
}
}
7.1.1.6 Semi-Persistent Scheduling
7.1.1.6.1 Correct handling of DL assignment / Semi-persistent case
7.1.1.6.1.1 Test Purpose (TP)
1)

with { UE in RRC Connected state with DRB established and sps-Configuration in DL is enabled }
ensure that {
when { UE receives a DL assignnent addressed to its stored CS-RNTI in slot y and with NDI set as
01}
then {UE starts receiving DL MAC PDU in slots y+n*[seni Persi st Schedl nterval DL] where ‘n’ is
positive integer starting at zero }

}

)

with { UE in RRC Connected state with DRB established and stored DL SPS assignnent to receive MAC
PDU in slot y+n*[seni PersistSchedl nterval DL] }
ensure that {

when { UE receives a DL assignnent addressed to its CS-RNTI in slot p and with NDI set as 0, where
p! = y+n*[sem Persi st Schedl nterval DL] }

then { UE starts receiving DL MAC PDU in slots p+n*[sem Persi st Schedl nterval DL] and stops
receiving DL MAC PDU at slots y+n*[semi PersistSchedl nterval DL]where ‘n’ is positive integer starting
at zero }
}

©)

with { UE in RRC Connected state with DRB established and stored DL SPS assignnent to receive MAC
PDU at sl ot p+n*[seni PersistSchedl nterval DL] }
ensure that {
when { UE receives a DL assignnent [for retransmi ssion] addressed to its CS-RNTI in Slot z and
with NDI set as 1, where z!= p+n*[sem PersistSchedl nterval DL] }
then { UE receives MAC PDU as per the retransmission grant for CS-RNTI }

}

ETSI




3GPP TS 38.523-1 version 15.0.0 Release 15 217 ETSI TS 138 523-1 V15.0.0 (2018-07)

4

with { UEin RRC Connected state with DRB established and stored DL SPS assignnent to receive MAC
PDU at slot y+n*[seni PersistSchedl nterval DL] }
ensure that {
when { UE receives a DL assignnment addressed to its GRNTI in Slot p, such that p=
y+n*[ sem Persi st Schedl nterval DL] }
then { UE receives MAC PDU as per assignnent addressed to its C RNTI }

}

®)

with { UE in RRC Connected state with DRB established and stored DL SPS grant to receive MAC PDU at
sl ot z+n*[sem Persi st Schedl nterval DL] }
ensure that {
when { UE receives a RRC Message including sps-Configuration with sps-ConfigurationDL set as
‘di sabl e’ and hence resulting in DL SPS grant deactivation }
then { UE del etes the stored sps-Configuration DL paraneters and stops receiving DL MAC PDU s as
per stored SPS assignnent in slot z+n*[sem PersistSchedlnterval DL] }

}

7.1.1.6.1.2 Conformance requirements

References. The conformance requirements covered in the present TC are specified in TS 38.321, clause 5.3.1, 5.8.1
and TS 38.300, clause 10.2. Unless otherwise stated these are Rel-15 requirements.

[TS38.321, clause 5.3.1]

Downlink assignments received on the PDCCH both indicate that there is atransmission on a DL-SCH for a particular
MAC entity and provide the relevant HARQ information.

When the MAC entity has a C-RNTI, Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH
occasion during which it monitors PDCCH and for each Serving Cell:

1> if adownlink assignment for this PDCCH occasion and this Serving Cell has been received on the PDCCH for
the MAC entity's C-RNTI, or Temporary C-RNTI:

2> if thisisthe first downlink assignment for this Temporary C-RNTI:
3> consider the NDI to have been toggled.

2> if the downlink assignment is for the MAC entity's C-RNTI, and if the previous downlink assignment
indicated to the HARQ entity of the same HARQ process was either a downlink assignment received for the
MAC entity's CS-RNTI or a configured downlink assignment:

3> consider the NDI to have been toggled regardless of the value of the NDI.

2> indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ
entity.

1> elseif adownlink assignment for this PDCCH occasion has been received for this Serving Cell on the PDCCH
for the MAC entity's CS-RNTI:

2> if the NDI in the received HARQ information is 1:
3> consider the NDI for the corresponding HARQ process not to have been toggled;

3> indicate the presence of a downlink assignment for this Serving Cell and deliver the associated HARQ
information to the HARQ entity.

2> if the NDI in the received HARQ information is O:
3> if PDCCH contents indicate SPS deactivation:
4> clear the configured downlink assignment for this Serving Cell (if any);
4> if the timeAlignmentTimer associated with the PTAG is running:

5> indicate a positive acknowledgement for the SPS deactivation to the physical layer.
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3> elseif PDCCH content indicates SPS activation:

4> store the downlink assignment for this Serving Cell and the associated HARQ information as
configured downlink assignment;

4> initialise or re-initialise the configured downlink assignment for this Serving Cell to start in the
associated PDSCH duration and to recur according to rulesin subclause 5.8.1;

4> set the HARQ Process ID to the HARQ Process ID associated with this PDSCH duration;
4> consider the NDI bit for the corresponding HARQ process to have been toggled;

4> indicate the presence of a configured downlink assignment for this Serving Cell and deliver the stored
HARQ information to the HARQ entity.

For each Serving Cell and each configured downlink assignment, if configured and activated, the MAC entity shall:

1> if the PDSCH duration of the configured downlink assignment does not overlap with the PDSCH duration of a
downlink assignment received on the PDCCH for this Serving Cell:

2> instruct the physical layer to receive, in this PDSCH duration, transport block on the DL-SCH according to
the configured downlink assignment and to deliver it to the HARQ entity;

2> set the HARQ Process ID to the HARQ Process ID associated with this PDSCH duration;
2> consider the NDI bit to have been toggled;

2> indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the
HARQ entity.

For configured downlink assignments, the HARQ Process I D associated with the slot where the DL transmission starts
is derived from the following equation:

HARQ Process ID = [floor (CURRENT _dlot x 10/ (numberOfSlotsPerFrame x semiPersistSchedintervalDL))] modulo
nrofHARQ-Processes

where CURRENT _dlot = [(SFN x number OfS otsPer Frame) + slot number in the frame] and number OfS otsPerFrame
refers to the number of consecutive slots per frame as specified in TS 38.211 [8].

[TS38.321, clause 5.8.1]

Semi-Persistent Scheduling (SPS) is configured by RRC per Serving Cell and per BWP. Multiple configurations can be
active ssimultaneously only on different Serving Cells. Activation and deactivation of the DL SPS are independent
among the Serving Cells.

For the DL SPS, aDL assignment is provided by PDCCH, and stored or cleared based on L1 signalling indicating SPS
activation or deactivation.

RRC configures the following parameters when SPSis configured:
- ¢sRNTI: CS-RNTI for activation, deactivation, and retransmission;
- nrofHARQ-Processes: the number of configured HARQ processes for SPS;
- periodicity: Interval of SPS.
When SPSis released by upper layers, al the corresponding configurations shall be released.

After adownlink assignment is configured for SPS, the MAC entity shall consider sequentially that the N™ downlink
assignment occurs in the slot for which:

(number OfSotsPerFrame x SFN + slot number in the frame) =
[(number OfSotsPerFrame x SFNsart time + S0tsarttime) + N % semiPersistSchedintervalDL x number OfSotsPerFrame /
10] modulo (1024 x number OfS otsPer Frame)

where SFNtart time aNd 9l Otgart iime are the SFN and slot, respectively, of the first transmission of PDSCH where the
configured downlink assignment was (re-)initialised.
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[TS 38.300, clause 10.2]

In the downlink, the gNB can dynamically allocate resources to UEs viathe C-RNTI on PDCCH(s). A UE aways
monitors the PDCCH(s) in order to find possible assignments when its downlink reception is enabled (activity governed
by DRX when configured). When CA is configured, the same C-RNTI appliesto al serving cells.

In addition, with Semi-Persistent Scheduling (SPS), the gNB can allocate downlink resources for the initial HARQ
transmissions to UEs: RRC defines the periodicity of the configured downlink assignments while PDCCH addressed to
CS-RNTI can either signal and activate the configured downlink assignment, or deactivate it; i.e. a PDCCH addressed
to CS-RNTI indicates that the downlink assignment can be implicitly reused according to the periodicity defined by
RRC, until deactivated.

NOTE: when required, retransmissions are explicitly scheduled on PDCCH(s).

When a configured downlink assignment is active, if the UE cannot find its C-RNTI on the PDCCH(s), a downlink
transmission according to the configured downlink assignment is assumed. Otherwise, if the UE findsits C-RNTI on
the PDCCH(s), the PDCCH allocation overrides the configured downlink assignment.

7.1.1.6.1.3 Test description
7.1.1.6.1.31 Pre-test conditions
System Simulator:

- EUTRA Cdl 1isthe PCell, NR Cdll x isthe PSCell, System Information combination [xx] as defined in TS
38.508-1 [4] clause [xx] isused in E-UTRA Cell 1 and NR Cdll x.

UE:
None
Preamble:

- The SS performs the generic procedure in [xx] to get UE in state RRC_CONNECTED using generic procedure
parameter connectivity (E-UTRA-EPC), UM DRB should be established on NR Cell x.
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7.1.1.6.1.3.2 Test procedure sequence

Table 7.1.1.6.1.3.2-1: Main behaviour
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St

Procedure

Message Sequence

Message

TP

Verdict

The SS transmits a DL assignment using UE’s
CS-RNTI in Slot ‘Y’, NDI=0.

(DL SPS Grant)

The SS transmits in Slot ‘Y’, a DL MAC PDU
containing a RLC PDU (DL-SQN=0)on UM
DRB.

MAC PDU

Check: Does the UE transmit a HARQ ACK?

HARQ ACK

The SS transmits in Slot ‘Y+X’, a DL MAC
PDU containing a RLC PDU (DL-SQN=1)on
DRB. (Note 1)

MAC PDU

Check: Does the UE transmit a HARQ ACK?

HARQ ACK

The SS transmits a DL assignment using UE’s
CS-RNTI in Slot ‘P’, NDI=0;
(Where Y+X<P<Y+2X)

(DL SPS Grant)

The SS transmits in Slot ‘P’, a DL MAC PDU
containing a RLC PDU (DL-SQN=2)on UM
DRB.

MAC PDU

Check: Does the UE transmit a HARQ ACK?

HARQ ACK

The SS transmits in Slot ‘“Y+2X’, a DL MAC
PDU containing a RLC PDU (DL-SQN=3)on
UM DRB.

MAC PDU

10

Check: Does the UE transmit a HARQ
Feedback?

HARQ ACK/NACK

11

The SS transmits a DL assignment using UE’s
C-RNTI in Slot ‘P+X’, NDI=0.

(DL Grant)

12

The SS transmits in Slot ‘P+X’, a DL MAC
PDU containing a RLC PDU (DL-SQN=3)on
UM DRB.(Note2)

MAC PDU

13

Check: Does the UE transmit a HARQ ACK?

HARQ ACK

14

The SS transmits in Slot ‘P+2X’, a DL MAC
PDU containing a RLC PDU (DL-SQN=4)on
UM DRB.

MAC PDU

15

Check: Does the UE transmit a HARQ ACK?

HARQ ACK

16

The SS transmits a DL assignment using UE’s
CS-RNTI in Slot ‘P+3X’, NDI=0.

(DL SPS Grant)

17

The SS transmits in Slot ‘P+3X’, a DL MAC
PDU containing 1 RLC PDU’s (DL-SQN=5)on
UM DRB; CRC is calculated in such a way will
result in CRC error in UE.

MAC PDU

18

Check: Does the UE transmit a HARQ NACK?

HARQ NACK

EXCEPTION: Step 19 and 20 shall be
repeated until HARQ retransmission count = 3
is reached for MAC PDU at step 17.(Note 3)

19

The SS transmits a DL assignment using UE’s
CS-RNTI in Slot ‘Z’, NDI=1;

Where (P+3X < Z <P+4X); The DL HARQ
process is same as in step 18.

(DL SPS Grant)

20

The SS re-transmits in Slot ‘Z’, a DL MAC PDU
containing a RLC PDU (DL-SQN=5)on UM
DRB.

MAC PDU

EXCEPTION: Up to 3 HARQ NACK from the
UE should be allowed at step 21(Note 3).

21

Check: Does the UE transmit a HARQ ACK?

HARQ ACK

22

SS transmits RRCConnectionReconfiguration
to disable SPS-ConfigurationDL.

RRCConnectionReconfiguration

23

The UE transmits
RRCConnectionReconfigurationComplete.

RRCConnectionReconfigurationC
omplete

24

The SS transmits in Slot ‘P+5X’, a DL MAC
PDU containing 1 RLC PDU’s (DL-SQN=7) on
UM DRB;

MAC PDU

25

Check: Dose the UE transmit a HARQ
Feedback?

HARQ ACK/NACK
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Note 1: X is equal to semiPersistSchedIntervalDL in this document.

Note 2:  The DL assignment for C-RNTI and hence the size of MAC PDU is different in size than stored CS-RNTI DL
assignment in step 6. This assures UE is receiving DSCH data as per DL assignment for C-RNTI and not as
per stored grant for CS-RNTI.

Note 3:  The value 4 for the maximum number of HARQ retransmissions has been chosen based on an assumption
that, given the radio conditions used in this test case, a UE soft combiner implementation should have
sufficient retransmissions to be able to successfully decode the data in its soft buffer.

7.1.1.6.1.3.3 Specific message contents

Table 7.1.1.6.1.3.3-1: RRCConnectionReconfiguration (Preamble)

Derivation path: 36.508 [7], Table 4.6.1-8

Information Element

Value/remark

Comment

Condition

RRCConnectionReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

c1 CHOICE{

rrcConnectionReconfiguration-r8 SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nr-Config-r15 CHOICE {

setup SEQUENCE {

nr-SecondaryCellGroupConfig-r15

RRCReconfiguration

OCTET STRING
including the
RRCReconfigurati
on

Table 7.1.1.6.1.3.3-2: RRCReconfiguration (Table 7.1.1.6.1.3.3-1)

Derivation path: 38.508-1 [4], Table 4.6.1-3

Information Element

Value/remark

Comment

Condition

RRCReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

rrcReconfiguration SEQUENCE {

secondaryCellGroup

CellGroupConfig

OCTET STRING
(CONTAINING
CellGroupConfig)

EN-DC
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Table 7.1.1.6.1.3.3-3: CellGroupConfig(Table 7.1.1.6.1.3.3-2)

Derivation path: 38.331 [12], clause 6.3.2

Information Element Value/remark Comment Condition

CellGroupConfig ::= SEQUENCE {

spCellConfig SEQUENCE {

servCelllndex ServCellindex of cell x

spCellConfigDedicated SEQUENCE {

initialDownlinkBWP SEQUENCE {

sps-Config CHOICE {

setup SEQUENCE {

periodicity ms40
nrofHARQ-Processes 8
n1PUCCH-AN SEQUENCE{
pucch-Resourceld 0
}
}
}
}

}
mac-CellGroupConfig SEQUENCE {

¢s-RNTI CHOICE {

setup SEQUENCE{

RNTI-Value FFS
}

}

}

}
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Table 7.1.1.6.1.3.3-4: RRCConnectionReconfiguration (step 22, Table 7.1.1.6.1.3.2-1)

Derivation path: 36.508 [7], Table 4.6.1-8

Information Element

Value/remark

Comment

Condition

RRCConnectionReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

c1 CHOICE{

rrcConnectionReconfiguration-r8 SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nonCriticalExtension SEQUENCE {

nr-Config-r15 CHOICE {

setup SEQUENCE {

nr-SecondaryCellGroupConfig-r15

RRCReconfiguration

OCTET STRING
including the
RRCReconfigurati
on

Table 7.1.1.6.1.3.3-5: RRCReconfiguration (Table 7.1.1.6.1.3.3-4)

Derivation path: 38.508-1 [4], Table 4.6.1-3

Information Element

Value/remark

Comment

Condition

RRCReconfiguration ::= SEQUENCE {

criticalExtensions CHOICE {

rrcReconfiguration SEQUENCE {

secondaryCellGroup

CellGroupConfig

OCTET STRING
(CONTAINING
CellGroupConfig)

EN-DC
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Table 7.1.1.6.1.3.3-6: CellGroupConfig (Table 7.1.1.6.1.3.3-5)

Derivation path: 38.331 [12], clause 6.3.2

Information Element Value/remark Comment Condition

CellGroupConfig ::= SEQUENCE {

spCellConfig SEQUENCE {

servCelllndex ServCellindex of cell x

spCellConfigDedicated SEQUENCE {

initialDownlinkBWP SEQUENCE {

sps-Config CHOICE {

release Null

7.1.2 RLC

Editor’s note: Intended to capture tests of RLC Layer behaviour defined in TS 38.322

7121 Default Pre-Test Conditions for all RLC test cases

The following pre-test conditions shall be applied in all RLC test cases until the test case explicitly over writes these
conditions.

71211 Default Pre-Test Conditions for AM RLC test cases
System Simulator:
- The SS configures the test environment in accordance to the execution conditionsin Table 7.1.2.1.1-1.
UE:
- None
Preamble:

- The SS performs the generic procedure in [4] to get UE in state RRC_CONNECTED in accordance to the
execution conditionsin Table 7.1.2.1.1-2 and the message condition UE TEST LOOP MODE A to return one
UL PDCP SDU per DL PDCP SDU.

Table 7.1.2.1.1-1: Test environment

Execution Condition Cell configuration System Information
Combination
([4] clause FFS)
IF [pc_nrFDD] or NR Cell 1 FFS
[pc_nrTDD]
ELSE IF [pc_EN_DC] E-UTRA Cell 1 is PCell, EUTRA: System information
NR Cell 1 is PSCell Combination 1
NR: N/A
ELSE IF [pc_NGEN_DC] NG-RAN E-UTRA Cell 1 is PCell, EUTRA: System information
NR Cell 1 is PSCell Combination 1
NR: N/A
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Execution Condition

Generic Procedure Parameters

Primary DRB used for Data
testing

IF [pc_nrFDD] or
[pc_nrTDD]

Connectivity(NR),
Test loop function(On)

DRB on NR Cell

ELSE IF [pc_EN_DC]

Connectivity(EN-DC),

DC bearer(MN Terminated MCG bearer and
SN terminated SCG bearer),

Test loop function(On)

SN Terminated SCG bearer
unless explicitly specified in test
case

ELSE IF [pc_NGEN_DC]

Connectivity(NGEN-DC),

DC bearer(MN Terminated MCG bearer and
SN terminated SCG bearer),

Test loop function(On)

SN Terminated SCG bearer
unless explicitly specified in test
case

7.1.2.1.2 Default Pre-Test Conditions for UM RLC test cases

Same Pre-test conditions asin clause 7.1.2.1.1 with the exceptionsin Table 7.1.2.1.2-1.

Table 7.1.2.1.2-1: Message conditions

Execution Message condition exceptions
Condition
IF [pc_nrFDD] or | FFS
[pc_nrTDD]
ELSE IF message condition SRB2-DRB(1,1) is used for step 7
[pc_EN_DC] in 4.5.4.2 according to [4]
ELSE IF message condition SRB2-DRB(1,1) is used for step 7

[pc_NGEN_DC] in 4.5.4.2 according to [4]

7.1.2.2 RLC Unacknowledged mode

7.1.2.2.1 UM RLC / Segmentation and reassembly / 6-bit SN / Segmentation Info (SI) field
712211 Test Purpose (TP)

1)

with { UE in RRC_CONNECTED state configured for 6 bit SNin RLC UM}

ensure that {

when { UE receives UMD PDU containing a SI field set to 00 }
then { UE correctly decodes the received UMD PDU }

}

)

with { UE in RRC_CONNECTED state configured for 6 bit SNin RLC UM}

ensure that {

when { UE receives a 6 bit SN configured UVD PDU containing a Sl

then { UE correctly decodes the received UMD PDU }

}

©)

with { UE in RRC_CONNECTED state configured for 6 bit SNin RLC UM}

ensure that {

when { UE receives a 6 bit SN configured UMD PDU containing a Sl

then { UE correctly decodes the received UMD PDU }

(4)

with { UE in RRC_CONNECTED state configured for 6 bit SNin RLC UM}

ensure that {

when { UE receives a 6 bit SN configured UMD PDU containing a Sl

then { UE correctly decodes the received UMD PDU }
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®)
with { UE in RRC_CONNECTED state configured for 6 bit SNin RLC UM}
ensure that {

when { UE has UL SDU to send and UL grant available is sufficient to send whole SDU in one PDU }
then { UE transnits RLC SDU containing a SI field set to 00 }

}

(6)
with { UE in RRC_CONNECTED state configured for 6 bit SNin RLC UM}
ensure that {
when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU

then { UE transmits first RLC SDU segment containing a Sl field set to 01 and including 6 bit SN

}

@)

with { UE in RRC_CONNECTED state configured for 6 bit SNin RLC UM}
ensure that {
when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU

then { UE transnmits middle RLC SDU segnent containing a SI field set to 11, including SO field
and including 6 bit SN}
}

©)

with { UE in RRC_CONNECTED state configured for 6 bit SNin RLC UM}
ensure that {
when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU

then { UE transmits last RLC SDU segnent containing a S| field set to 10, including SO field and
including 6 bit SN}
}

7.1.221.2 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.322, clauses 5.2.2.2.1,
5.2.2.2.2,6.2.3.4 and 6.2.2.3. Unless otherwise stated these are Rel-15 requirements.

[TS38.322, clause 5.2.2.2.1]

The receiving UM RLC entity shall maintain a reassembly window according to state variable RX_Next_Highest as
follows:

- aSN falswithin the reassembly window if (RX_Next Highest - UM_Window_Size) <= SN
<RX_Next_Highest;

- aSN falsoutside of the reassembly window otherwise.
When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:

- ether deliver the UMD PDU after removing the RLC header, discard the received UMD PDU, or placeit in the
reception buffer (see sub clause 5.2.2.2.2);

- if the received UMD PDU was placed in the reception buffer:

- update state variables, reassemble and deliver RLC SDUs to upper layer and start/stop t-Reassembly as
needed (see sub clause 5.2.2.2.3).

When t-Reassembly expires, the receiving UM RLC entity shall:
- update state variables, discard RLC SDU segments and start t-Reassembly as needed (see sub clause 5.2.2.2.4).
[TS38.322, clause 5.2.2.2.2]
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When an UMD PDU isreceived from lower layer, the receiving UM RLC entity shall:
- if the UMD PDU header does not contain an SN:
- remove the RLC header and deliver the RLC SDU to upper layer.
- eseif (RX_Next_Highest —UM_Window_Size) <= SN < RX_Next_Reassembly:
- discard the received UMD PDU.
- ese
- placethereceived UMD PDU in the reception buffer.
[TS38.322, clause 6.2.2.3]
UMD PDU consists of aDatafield and an UMD PDU header. The UMD PDU header is byte aligned
When an UMD PDU contains a complete RLC SDU, the UMD PDU header only containsthe Sl and R fields.

An UM RLC entity is configured by RRC to use either a6 bit SN or a 12 bit SN. An UMD PDU header contains the SN
field only when the corresponding RLC SDU is segmented. An UMD PDU carrying the first segment of an RLC SDU
does not carry the SO field in its header. The length of the SO field is 16 bits.

ss | RIR|JR[R|R]|]R]| oct2
Data Oct 2

OctN

Figure 6.2.2.3-1: UMD PDU containing a complete RLC SDU

Sli SN Oct 1
Data Oct 2

OctN

Figure 6.2.2.3-2: UMD PDU with 6 bit SN (No SO)

ssi | R| R SN Oct 1
SN Oct 2

Data Oct 3

OctN

Figure 6.2.2.3-3: UMD PDU with 12 bit SN (No SO)
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—t—t—t—t
SI SN Oct 1
SO Oct 2
SO Oct 3
Data Oct 4
OctN

Figure 6.2.2.3-4: UMD PDU with 6 bit SN and with SO

ss | R R[] sN Oct 1
SN Oct 2

SO Oct 3

SO Oct 4

Data Oct 5

OctN

Figure 6.2.2.3-5: UMD PDU with 12 bit SN and with SO

[TS38.322, clause 6.2.3.4]
Length: 2 bits.

The Sl field indicates whether a RLC PDU contains a complete RLC SDU or the first, middle, last segment of aRLC
SDU.

Table 6.2.2.6-1: Sl field interpretation

Value Description
00 Data field contains all bytes of a RLC SDU
01 Data field contains the first segment of a RLC SDU
10 Data field contains the last segment of a RLC SDU
11 Data field contains neither the first nor last segment of a RLC SDU
7.1.2.2.1.3 Test description
7122131 Pre-test conditions

Same Pre-test conditions asin clause 7.1.2.1.2 with the exception for the UM DRB is configured according to Table
7.12213.1-1.

Table 7.1.2.2.1.3.1-1: RLC parameters

Uplink UM RLC sn-FieldLength size6
Downlink UM RLC sn-FieldLength size6
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7.1.2.2.1.3.2 Test procedure sequence
Table 7.1.2.2.1.3.2-1: Main behaviour

St Procedure Message Sequence TP | Verdict
U-S Message

1 The SS transmits UMD PDU#1 containing a <-- UMD PDU#1 - -
complete RLC SDU#1 (Sl field = 00).

2 SS allocates an UL grant sufficient to loop <-- UL Grant - -
back RLC SDU#1 in one RLC/MAC PDU

3 Check: Does the UE transmit RLC SDU#1? --> (RLC SDU#1) 15 P

4 The SS transmits UMD PDU#2 with 6 bit SN = <-- UMD PDU#2 - -

X+1 containing the first segment of RLC
SDU#2 (Sl field = 01). Note 2

5 The SS transmits UMD PDU#3 with 6 bit <-- UMD PDU#3 - -
SN=X+1 containing the second segment of
RLC SDU#2 (Sl field = 11) and including SO
field. Note 2

6 The SS transmits UMD PDU#4 with 6 bit <-- UMD PDU#4 - -
SN=X+1 containing the last segment of RLC
SDU#2 (Sl field = 10) and including SO field.
Note 2

7 SS allocates 3 UL grants at an interval of 20 <-- UL Grants - -
ms so as to loop back RLC SDU#2 in 3
RLC/MAC PDUs. Note 2

8 Check: Does the UE transmit UMD PDU#2 --> (RLC SDU#2, first segment) 2,3, P
with 6 bit SQN = Y+1 containing the first 4.6
segment of RLC SDU#2 (Sl field = 01)?

9 Check: Does the UE transmit UMD PDU#3 --> (RLC SDU#2, second segment) 2,3, P
with 6 bit SN = Y+1 containing the second 4,7

segment of RLC SDU#2 (Sl field = 11) and
including SO field?

10 Check: Does the UE transmit UMD PDU#4 --> (RLC SDU#2, last segment) 2,3, P
with 6 bit SN = Y+1 containing the last 4.8
segment of RLC SDU#2 (Sl field = 10) and
including SO field?

Note 1: X and Y is last SN used by UE in DL and UL respectively, which could well be 0.

Note 2:  The RLC PDU containing segment shall be of size 224 bits and a MAC sub PDU header of 16 bits resulting
in a MAC PDU of size 240 bits. The data part in step 4 first segment not including SO is 216 bits (27 Bytes).
Step 5, second segment SO=27 and data is 200 bits (25 bytes). Step 6, third segment SO=27+25=52 and
data is 200 bits (25 bytes).

7.1.2.2.1.3.3 Specific message contents

None.

7.1.2.2.2 UM RLC / Segmentation and reassembly / 12-bit SN / Segmentation Info (SI)
field

712221 Test Purpose (TP)

1)

with { UE in RRC_CONNECTED state configured for 12 bit SNin RLC UM}
ensure that {
when { UE receives UMD PDU containing a SI field set to 00 }
then { UE correctly decodes the received UMD PDU }

2

with { UE in RRC_CONNECTED state configured for 12 bit SNin RLC UM}
ensure that {
when { UE receives a 12 bit SN configured UMD PDU containing a SI field set to 01 }
then { UE correctly decodes the received UMD PDU }

}
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3

with { UE in RRC_CONNECTED state configured for 12 bit SNin RLC UM}
ensure that {
when { UE receives a 12 bit SN configured UMD PDU containing a SI field set to 11 and SO field }
then { UE correctly decodes the received UMD PDU }

4

with { UE in RRC_CONNECTED state configured for 12 bit SNin RLC UM}
ensure that {
when { UE receives a 12 bit SN configured UMD PDU containing a SI field set to 10 and SO field }
then { UE correctly decodes the received UMD PDU }

}

®)

with { UE in RRC_CONNECTED state configured for 12 bit SNin RLC UM}
ensure that {
when { UE has UL SDU to send and UL grant available is sufficient to send whole SDU in one PDU }
then { UE transmits RLC SDU containing a SI field set to 00 }

}

(6)
with { UE in RRC_CONNECTED state configured for 12 bit SNin RLC UM}
ensure that {
when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU

then { UE transnits first RLC SDU segnment containing a SI field set to 01 and including 12 bit

}

SN}

(M
with { UE in RRC_CONNECTED state configured for 12 bit SNin RLC UM}
ensure that {

when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU

then { UE transmits middle RLC SDU segnent containing a SI field set to 11, including SO field
and including 12 bit SN}
}

(8)
with { UE in RRC_CONNECTED state configured for 12 bit SNin RLC UM}
ensure that {

when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU

then { UE transnits |ast RLC SDU segnent containing a SI field set to 10, including SO field and
including 12 bit SN}

712222 Conformance requirements
Same conformance requirements as clause 7.1.2.2.1.2
7.1.2.2.2.3 Test description
7.1.2.223.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.2.1.2 with the exception for the UM DRB is configured according to Table
7.1.2223.1-1.

Table 7.1.2.2.2.3.1-1: RLC parameters

Uplink UM RLC sn-FieldLength sizel?2
Downlink UM RLC sn-FieldLength sizel2
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7.1.2.2.2.3.2 Test procedure sequence

Same test procedure sequence as 7.1.2.2.1.3.2 except that RLC UM SN is 12 bit and the data part in step 4 first segment
not including SO is 208 bits (26 Bytes). Step 5, second segment SO=26 and data is 192 bits (24 bytes). Step 6, third
segment SO=26+24=50 and data is 192 bits (24 bytes).

7.1.2.2.2.3.3 Specific message contents

None.

7.1.2.2.3 UM RLC / 6-bit SN / Correct use of sequence numbering
7.1.2.2.3.1 Test Purpose (TP)

@

with { UE in RRC_CONNECTED state with UM RLC 6 bit SN}
ensure that {
when { UE transmits the first PDU which is segnented }
then { UE includes the SN field equal to O in each RLC segnent }

}

)

with { UE in RRC_CONNECTED state with UM RLC 6 bit SN }
ensure that {
when { UE transmit subsequent segnented PDUs }
then { UE includes the SN field increnented by 1 for each segnented PDU of one RLC SDU }

}

©)

with { UE in RRC_CONNECTED state with UM RLC 6 bit SN}
ensure that {
when { UE transmit segnents belonging to nore than 64 SDUs }
then { UE waps the SN after transmtting the segnents of 64 SDUs }

4

with { UE in RRC_CONNECTED state with UM RLC 6 bit SN}
ensure that {
when { segnents of nore than 64 SDUs are sent to UE }
then { UE accepts PDUs with SNs that wap around every 64 segnented SDUs }

}

7.1.2.2.3.2 Conformance requirements

References: The conformance requirements covered in the present TC are specified in: 3GPP TS 38.322, clause
5.2211,52.2.2,6.2.2.3,6.2.3.3and 7.1. Unless otherwise stated these are Rel-15 requirements.

[TS38.322, clause 5.2.2.1.1]
When submitting a UMD PDU to lower layer, the transmitting UM RLC entity shall:
- if the UMD PDU contains a segment of an RLC SDU, set the SN of the UMD PDU to TX_Next;

- if the UMD PDU contains a segment that maps to the last byte of an RLC SDU, then increment TX_Next by
one.

[TS38.322, clause 5.2.2.2]

Thereceiving UM RLC entity shall maintain areassembly window according to state variable RX_Next_Highest as
follows:

- aSN falswithin the reassembly window if (RX_Next Highest - UM_Window_Size) <= SN
<RX_Next_Highest;

- aSN falsoutside of the reassembly window otherwise.
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When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:

- éther deliver the UMD PDU after removing the RLC header, discard the received UMD PDU, or placeit in the
reception buffer (see sub clause 5.2.2.2.2);

- if thereceived UMD PDU was placed in the reception buffer:

- update state variables, reassemble and deliver RLC SDUsto upper layer and start/stop t-Reassembly as
needed (see sub clause 5.2.2.2.3).

When an UMD PDU isreceived from lower layer, the receiving UM RLC entity shall:
- if the UMD PDU header does not contain an SN:
- remove the RLC header and deliver the RLC SDU to upper layer.
- eseif (RX_Next_Highest —UM_Window_Size) <= SN < RX_Next_Reassembly:
- discard the received UMD PDU.
- edse

- placethereceived UMD PDU in the reception buffer.

When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:
- if dl byte segments with SN = x are received:

- reassemble the RLC SDU from all byte segments with SN = x, remove RLC headers and deliver the
reassembled RLC SDU to upper layer;

- if x = RX_Next_Reassembly:

- update RX_Next_Reassembly to the SN of the first SN > current RX_Next_Reassembly that has not been
reassembled and delivered to upper layer.

- €dseif x falsoutside of the reassembly window:
- update RX_Next_Highest to x + 1;
- discard any UMD PDUs with SN that falls outside of the reassembly window;
- if RX_Next_Reassembly falls outside of the reassembly window:

- set RX_Next_Reassembly to the SN of the first SN >= (RX_Next_Highest — UM_Window_Size) that has
not been reassembled and delivered to upper layer.

[TS38.322, clause 6.2.2.3]

An UM RLC entity is configured by RRC to use either a6 bit SN or a12 bit SN. An UMD PDU header contains the SN
field only when the corresponding RLC SDU is segmented.

[TS38.322, clause 6.2.3.3]

The SN field indicates the sequence number of the corresponding RLC SDU. .... For RLC UM, the sequence number is
incremented by one for every segmented RLC SDU..

[TS38.322, clause 7.1]

All state variables and all counters are non-negative integers.
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All state variables related to UM data transfer can take values from 0 to 63 for 6 bit SN or from O to 4095 for 12 bit SN.
All arithmetic operations contained in the present document on state variables related to UM data transfer are affected
by the UM modulus (i.e. final value = [value from arithmetic operation] modulo 64 for 6 bit SN and 4096 for 12 bit
SN).

Each transmitting UM RLC entity shall maintain the following state variables:
a) TX_ Next

This state variable holds the value of the SN to be assigned for the next newly generated UMD PDU with segment. It is
initially set to 0, and is updated after the UM RLC entity submitsa UMD PDU including the last segment of an RLC
SDU to lower layers.

Each receiving UM RLC entity shall maintain the following state variables and constant:

b) RX_Next_Reassembly — UM receive state variable

This state variable holds the value of the earliest SN that is still considered for reassembly. It isinitially set to O.
¢) RX_Timer_Trigger — UM t-Reassembly state variable

This state variable holds the value of the SN following the SN which triggered t-Reassembly.

d) RX_Next_Highest— UM receive state variable

This state variable holds the value of the SN following the SN of the UMD PDU with the highest SN among received
UMD PDUEs. It serves as the higher edge of the reassembly window. It isinitialy set to 0.

7.1.2.2.3.3 Test description
7.1.2.2.3.3.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.2.1.2 with the exception for the UM DRB is configured according to Table
7.1.2233.1-1.

Table 7.1.2.2.3.3.1-1: RLC parameters

Uplink UM RLC sn-FieldLength size6
Downlink UM RLC sn-FieldLength size6
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7.1.2.2.3.3.2 Test procedure sequence
Table 7.1.2.2.3.3.2-1: Main behaviour

St Procedure Message Sequence TP | Verdict
U-S Message
1 The SS transmits UMD PDU#1 with 6 bit SN = <-- UMD PDU#1 - -
0 containing the first segment of RLC SDU#1
(Sl field = 01).

2 The SS transmits UMD PDU#2 with 6 bit SN=0 <-- UMD PDU#2 - -
containing the last segment of RLC SDU#1 (Sl
field = 10) and including SO field

3 SS allocates 2 UL grants at an interval of 20 <-- UL Grants - -
ms so as to loop back RLC SDU#1 in 2
RLC/MAC PDUs.

4 Check: Does the UE transmit UMD PDU#1 --> (RLC SDU#1, first segment) 1 P
with 6 bit SN = 0 containing the first segment
of RLC SDU#1 (Sl field = 01)?

5 Check: Does the UE transmit UMD PDU#2 --> (RLC SDU#1, last segment) 1 P
with 6 bit SN = 0 containing the last segment
of RLC SDU#1 (Sl field = 10)?

- EXCEPTION: Steps 6 to 10 are executed 63 - - - -
times, the initial value of k =1, it is
incremented by one for each iteration.

6 | The SS transmits UMD PDU#(2*k+1) with 6 bit | <-- | UMD PDU#(2*k+1) - -
SN = k containing the first segment of RLC
SDU#(k+1) (Sl field = 01).

7 The SS transmits UMD PDU#(2*(k+1)) with 6 <-- UMD PDU#(2*(k+1)) - -
bit SN=k containing the last segment of RLC
SDU#(k+1) (Sl field = 10)

8 SS allocates 2 UL grants at an interval of 20 <-- UL Grants - -
ms so as to loop back RLC SDU#(k+1) in 2
RLC/MAC PDUs.

9 Check: Does the UE transmit UMD --> (RLC SDU#(k+1), first segment) 2 P
PDU#(2*k+1) with 6 bit SN = k containing the
first segment of RLC SDU#(k+1) (Sl field =
01)?

10 Check: Does the UE transmit UMD --> (RLC SDU#(k+1), last segment) 2 P
PDU#(2*(k+1)) with 6 bit SN = k containing the
last segment of RLC SDU#(k+1) (Sl field = 10)
and including SO field?

11 | The SS transmits UMD PDU#129 with 6 bit SN <-- UMD PDU#129 - -
= 0 containing the first segment of RLC SDU#4
(Sl field = 01).

12 The SS transmits UMD PDU#130 with 6 bit <-- UMD PDU#130 - -
SN= 0 containing the last segment of RLC
SDU#65 (Sl field = 10) and including SO field

13 SS allocates 2 UL grants at an interval of 20 <-- UL Grants - -
ms so as to loop back RLC SDU#65 in 2
RLC/MAC PDUs.

14 Check: Does the UE transmit UMD PDU#129 --> (RLC SDU#65, first segment) 3.4 P
with 6 bit SN = 0 containing the first segment
of RLC SDU#65 (Sl field = 01)?

15 Check: Does the UE transmit UMD PDU#130 --> (RLC SDU#65, last segment) 34 P
with 6 bit SN = 0 containing the last segment
of RLC SDU#65 (Sl field = 10) and including
SO field?

7.1.2.2.3.33 Specific message contents

None.
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7.1.2.2.4 UM RLC / 12-bit SN / Correct use of sequence numbering
712241 Test Purpose (TP)
(1)

with { UE in RRC_CONNECTED state with UM RLC 12 bit SN}
ensure that {
when { UE transmits the first PDU which is segnented }
then { UE includes the SN field equal to O in each RLC segnent }

}

(2)
with { UE in RRC_CONNECTED state with UM RLC 12 bit SN}
ensure that {
when { UE transmit subsequent segnented PDUs }
then { UE includes the SN field increnmented by 1 for each segnented PDU of one RLC SDU}
}

3

with { UE in RRC_CONNECTED state with UM RLC 12 bit SN}
ensure that {
when { UE transmit segnments belonging to nore than 4096 SDUs }
then { UE waps the SN after transmitting the segnents of 4096 SDUs }

4

with { UE in RRC_CONNECTED state with UM RLC 12 bit SN}
ensure that {
when { segnments of nore than 4096 SDUs are sent to UE }
then { UE accepts PDUs with SNs that wap around every 4096 segnented SDUs }

}

7.1.224.2 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: 3GPP TS 38.322, clause
52.2.1.1,5.222,6.2.2.3,6.2.3.3and 7.1. Unless otherwise stated these are Rel-15 requirements.

[TS38.322, clause 5.2.2.1.1]
When submitting a UMD PDU to lower layer, the transmitting UM RLC entity shall:
- if the UMD PDU contains a segment of an RLC SDU, set the SN of the UMD PDU to TX_Next;

- if the UMD PDU contains a segment that maps to the last byte of an RLC SDU, then increment TX_Next by
one.

[TS38.322, clause 5.2.2.2]

The receiving UM RLC entity shall maintain a reassembly window according to state variable RX_Next_Highest as
follows:

- aSN falswithin the reassembly window if (RX_Next Highest - UM_Window_Size) <= SN
<RX_Next_Highest;

- aSN falsoutside of the reassembly window otherwise.
When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:

- either deliver the UMD PDU after removing the RLC header, discard the received UMD PDU, or placeit in the
reception buffer (see sub clause 5.2.2.2.2);

- if thereceived UMD PDU was placed in the reception buffer:

- update state variables, reassemble and deliver RLC SDUsto upper layer and start/stop t-Reassembly as
needed (see sub clause 5.2.2.2.3).
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When an UMD PDU isreceived from lower layer, the receiving UM RLC entity shall:
- if the UMD PDU header does not contain an SN:
- remove the RLC header and deliver the RLC SDU to upper layer.
- dseif (RX_Next_Highest —UM_Window_Size) <= SN < RX_Next_Reassembly:
- discard the received UMD PDU.
- ese

- placethereceived UMD PDU in the reception buffer.

When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:
- if al byte segments with SN = x are received:

- reassemble the RLC SDU from all byte segments with SN = X, remove RLC headers and deliver the
reassembled RLC SDU to upper layer;

- if x = RX_Next_Reassembly:

- update RX_Next_Reassembly to the SN of the first SN > current RX_Next_Reassembly that has not been
reassembled and delivered to upper layer.

- dseif x falls outside of the reassembly window:
- update RX_Next Highest to x + 1;
- discard any UMD PDUs with SN that falls outside of the reassembly window;
- if RX_Next_Reassembly falls outside of the reassembly window:

- set RX_Next_Reassembly to the SN of the first SN >= (RX_Next_Highest — UM_Window_Size) that has
not been reassembled and delivered to upper layer.

[TS38.322, clause 6.2.2.3]

An UM RLC entity is configured by RRC to use either a6 bit SN or a12 bit SN. An UMD PDU header contains the SN
field only when the corresponding RLC SDU is segmented.

[TS38.322, clause 6.2.3.3]

The SN field indicates the sequence number of the corresponding RLC SDU. ... For RLC UM, the sequence number is
incremented by one for every segmented RLC SDU.

[TS38.322, clause 7.1]

All state variables and all counters are non-negative integers.

All state variables related to UM data transfer can take values from O to 63 for 6 bit SN or from O to 4095 for 12 bit SN.
All arithmetic operations contained in the present document on state variables related to UM data transfer are affected
by the UM modulus (i.e. final value = [value from arithmetic operation] modulo 64 for 6 bit SN and 4096 for 12 bit
SN).

Each transmitting UM RLC entity shall maintain the following state variables:
a) TX_Next
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This state variable holds the value of the SN to be assigned for the next newly generated UMD PDU with segment. It is
initially set to O, and is updated after the UM RL C entity submits a UMD PDU including the last segment of an RLC
SDU to lower layers.

Each receiving UM RLC entity shall maintain the following state variables and constant:

b) RX_Next_Reassembly — UM receive state variable

This state variable holds the value of the earliest SN that is still considered for reassembly. It isinitially set to O.
¢) RX_Timer_Trigger — UM t-Reassembly state variable

This state variable holds the value of the SN following the SN which triggered t-Reassembly.

d) RX_Next_Highest— UM receive state variable

This state variable holds the value of the SN following the SN of the UMD PDU with the highest SN among received
UMD PDUEs. It serves as the higher edge of the reassembly window. It isinitialy set to 0.

7.1.2.2.4.3 Test description
7.1.2.243.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.2.1.2 with the exception for the UM DRB is configured according to Table
7.1.2.243.1-1.

Table 7.1.2.2.4.3.1-1: RLC parameters

Uplink RLC sn-FieldLength sizel?2
Downlink RLC sn-FieldLength sizel?2
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7.1.2.2.4.3.2 Test procedure sequence
Table 7.1.2.2.4.3.2-1: Main behaviour

St Procedure Message Sequence TP | Verdict
U-S Message

1 The SS transmits UMD PDU#1 with 12 bit SN <-- UMD PDU#1 - -
= 0 containing the first segment of RLC SDU#1
(Sl field = 01).

2 The SS transmits UMD PDU#2 with 12 bit <-- UMD PDU#2 - -
SN=0 containing the last segment of RLC
SDU#1 (Sl field = 10) and including SO field

3 SS allocates 2 UL grants at an interval of 20 <-- UL Grants - -
ms so as to loop back RLC SDU#1 in 2
RLC/MAC PDUs.

4 Check: Does the UE transmit UMD PDU#1 --> (RLC SDU#1, first segment) 1 P
with 12 bit SN = 0 containing the first segment
of RLC SDU#1 (Sl field = 01)?

5 Check: Does the UE transmit UMD PDU#2 --> (RLC SDU#1, last segment) 1 P
with 12 bit SN = 0 containing the last segment
of RLC SDU#1 (Sl field = 10)?

- EXCEPTION: Steps 6 to 10 are executed 4095 - - - -
times, the initial value of k =1, it is
incremented by one for each iteration.

6 | The SS transmits UMD PDU#(2*k+1) with 12 <-- | UMD PDU#(2*k+1) - -
bit SN = k containing the first segment of RLC
SDU#(k+1) (Sl field = 01).

7 The SS transmits UMD PDU#(2*(k+1)) with 12 <-- UMD PDU#(2*(k+1)) - -
bit SN=k containing the last segment of RLC
SDU#(k+1) (Sl field = 10)

8 SS allocates 2 UL grants at an interval of 20 <-- UL Grants - -
ms so as to loop back RLC SDU#(k+1) in 2
RLC/MAC PDUs.

9 Check: Does the UE transmit UMD --> (RLC SDU#(k+1), first segment) 2 P
PDU#(2*k+1) with 12 bit SN = k containing the
first segment of RLC SDU#(k+1) (Sl field =
01)?

10 Check: Does the UE transmit UMD --> (RLC SDU#(k+1), last segment) 2 P
PDU#(2*(k+1)) with 12 bit SN = k containing
the last segment of RLC SDU#(k+1) (Sl field =
10) and including SO field?

11 | The SS transmits UMD PDU#8193 with 12 bit <-- UMD PDU#8193 - -
SN = 0 containing the first segment of RLC
SDU#4097 (Sl field = 01).

12 The SS transmits UMD PDU#8194 with 12 bit <-- UMD PDU#8194 - -
SN= 0 containing the last segment of RLC
SDU#4097 (Sl field = 10) and including SO
field

13 SS allocates 2 UL grants at an interval of 20 <-- UL Grants - -
ms so as to loop back RLC SDU#4097 in 2
RLC/MAC PDUs.

14 Check: Does the UE transmit UMD PDU#8193 --> (RLC SDU#4097, first segment) 3.4 P
with 12 bit SN = 0 containing the first segment
of RLC SDU#4097 (Sl field = 01)?

15 Check: Does the UE transmit UMD PDU#8194 --> (RLC SDU#4097, last segment) 3,4 P
with 12 bit SN = 0 containing the last segment
of RLC SDU#4097 (Sl field = 10) and including
SO field?

7.1.2.2.433 Specific message contents

None.
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7.1.2.2.5 UM RLC / Receive Window operation and t-Reassembly expiry
712251 Test Purpose (TP)
(1)

with { UE in RRC_CONNECTED state and using UM RLC }
ensure that {
when { UE receives a RLC PDU including SN and does not fall in UMreceive w ndow ' ( RX_Next_Hi ghest
— UM Wndow_Size) <= SN < RX_Next_Reassenbly' }
then { UE discards the PDU }
}

)

with { UE in RRC_CONNECTED state and using UM RLC }
ensure that {
when { UE receives a RLC PDU including SN and fall in UMreceive w ndow ' (RX_Next_H ghest —
UM W ndow_Si ze) <= SN < RX_Next _Reassenbly' }
then { UE stores the PDU in receive buffer }
}

3
with { UE in RRC_CONNECTED state and using UM RLC }
ensure that {
when { UE receives a RLC PDU including SN and in UMreceive w ndow ' (RX_Next_Hi ghest —
UM W ndow_Si ze) <= SN < RX_Next _Reassenbly' and all bytes of SN are received }

then { UE delivers the reassenbled SDU to upper |ayers and updates the RX variables and discard
any stored UMD PDUs with SN that falls outside of the updated reassenbly wi ndow }

}

4

with { UE in RRC_CONNECTED state and using UM RLC }
ensure that {
when { t-Reassenbly expires }
then { UE discards the correspondi ng PDU segnents and updates RX variables }

}

7.1.2.25.2 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.322, clauses 5.2.2.2.1,
5.2.2.2.2,5.2.2.2.3 and 5.2.2.2.4. Unless otherwise stated these are Rel-15 requirements.

[TS38.322, clause 5.2.2.2.1]

The receiving UM RLC entity shall maintain a reassembly window according to state variable RX_Next_Highest as
follows:

- aSN falswithin the reassembly window if (RX_Next Highest - UM_Window_Size) <= SN
<RX_Next_Highest;

- aSN falsoutside of the reassembly window otherwise.
When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:

- éther deliver the UMD PDU after removing the RLC header, discard the received UMD PDU, or placeit in the
reception buffer (see sub clause 5.2.2.2.2);

- if the received UMD PDU was placed in the reception buffer:

- update state variables, reassemble and deliver RLC SDUs to upper layer and start/stop t-Reassembly as
needed (see sub clause 5.2.2.2.3).

When t-Reassembly expires, the receiving UM RLC entity shall:

- update state variables, discard RLC SDU segments and start t-Reassembly as needed (see sub clause 5.2.2.2.4).
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[TS38.322, clause 5.2.2.2.2]

When an UMD PDU isreceived from lower layer, the receiving UM RLC entity shall:

if the UMD PDU header does not contain an SN:

- remove the RLC header and deliver the RLC SDU to upper layer.

eseif (RX_Next_Highest —UM_Window_Size) <= SN < RX_Next_Reassembly:
- discard the received UMD PDU.

else:

- placethe received UMD PDU in the reception buffer.

[TS38.322, clause 5.2.2.2.3]

When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:

if al byte segments with SN = x are received:

- reassemble the RLC SDU from all byte segments with SN = X, remove RLC headers and deliver the
reassembled RLC SDU to upper layer;

- if x = RX_Next_Reassembly:

- update RX_Next_Reassembly to the SN of the first SN > current RX_Next_Reassembly that has not been
reassembled and delivered to upper layer.

elseif x falls outside of the reassembly window:

- update RX_Next Highest to x + 1;

- discard any UMD PDUs with SN that falls outside of the reassembly window;
- if RX_Next_Reassembly falls outside of the reassembly window:

- set RX_Next_Reassembly to the SN of the first SN >= (RX_Next_Highest — UM_Window_Size) that has
not been reassembled and delivered to upper layer.

if t-Reassembly is running:
- if RX_Timer_Trigger <= RX_Next_Reassembly; or

- if RX_Timer_Trigger falls outside of the reassembly window and RX_Timer_Trigger is not equal to
RX_Next_Highest; or

- if RX_Next_Highest = RX_Next_Reassembly + 1 and there is no missing byte segment of the RLC SDU
associated with SN = RX_Next_Reassembly before the last byte of all received segments of this RLC SDU:

- stop and reset t-Reassembly.
if t-Reassembly is not running (includes the case when t-Reassembly is stopped due to actions above):
- if RX_Next_Highest > RX_Next_Reassembly + 1; or

- if RX_Next_Highest = RX_Next_Reassembly + 1 and thereis at |east one missing byte segment of the RLC
SDU associated with SN = RX_Next_Reassembly before the last byte of al received segments of thisRLC
SDuU:

- dtart t-Reassembly;

- set RX_Timer_Trigger to RX_Next_Highest.

[TS38.322, clause 5.2.2.2.4]

When t-Reassembly expires, the receiving UM RLC entity shall:
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- update RX_Next_Reassembly to the SN of the first SN >= RX_Timer_Trigger that has not been reassembled;
- discard al segments with SN < updated RX_Next_Reassembly;
- if RX_Next_Highest > RX_Next_Reassembly + 1; or

- if RX_Next_Highest = RX_Next_Reassembly + 1 and thereis at |east one missing byte segment of the RLC
SDU associated with SN = RX_Next_Reassembly before the last byte of al received segments of thisRLC
SDU:

- dtart t-Reassembly;

- set RX_Timer_Trigger to RX_Next_Highest.
7.1.2.25.3 Test description
7.1.2.253.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.2.1.1 with the exception that the UM DRB is configured according to Table
7.1.2253.1-1.

Table 7.1.2.2.5.3.1-1: RLC parameters

t-Reassembly ms200
Uplink UM RLC sn-FieldLength IF (pc_Um_WithShortSN ) size6
ELSE sizel2
Downlink UM RLC sn-FieldLength F (pc_Um_WithShortSN ) size6
ELSE sizel2
7.1.2.25.3.2 Test procedure sequence

Table 7.1.2.2.5.3.2-1: Main behaviour

St Procedure Message Sequence TP | Verdict
U-S Message

1 The SS transmits UMD PDU#1 containing first <-- UMD PDU#1 - -
segment of RLC SDU#1, SN=0.

2 The SS transmits UMD PDU#3 containing first <-- UMD PDU#3 - -
segment of RLC SDU#2, SN=1.

3 The SS transmits UMD PDU#4 containing last <-- UMD PDU#4 - -
segment of RLC SDU#2, SN=1.

4 Check: Does the UE transmit RLC SDU#2? --> (RLC SDU#2) 2,3 P

5 The SS transmits UMD PDU#2 last segment of <-- UMD PDU#2 - -
RLC SDU#1, SN=0.

6 Check: For 1 sec after step 6, Does the UE --> (RLC SDU#1) 1 F
transmit RLC SDU#1?

7 The SS transmits UMD PDU#5 containing first <-- UMD PDU#5 - -
segment of RLC SDU#3., SN=5.

8 Wait for 200 ms to ensure that t- Reassembly - - - -
for the UMD PDU#5 expires.

9 The SS transmits UMD PDU#6 containing last <-- UMD PDU#6 - -
segment of RLC SDU#3. SN=5.

10 Check: For 1 sec after step 6, does the UE --> (RLC SDU#3) 4 F
transmit RLC SDU#3?

11 The SS transmits UMD PDU#7 containing first <-- UMD PDU#7 - -
segment of RLC SDU#4, SN=8.

12 The SS transmits UMD PDU#8 containing last <-- UMD PDU#8 - -
segment of RLC SDU#4, SN=8.

13 Check: Does the UE transmit RLC SDU#4? --> (RLC SDU#4) 2,3 P
7.1.2.25.3.3 Specific message contents
None
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7.1.2.2.6 UM RLC / RLC re-establishment procedure
7.1.2.26.1 Test Purpose (TP)
(1)

with { UE in RRC_CONNECTED state and using UM RLC }
ensure that {
when { RLC re-establishnent is perfornmed upon request by RRC}
then { The UE discards all UMD PDUs where no RLC SDUs can be reassenbl ed }

}

2

with { UE in RRC_CONNECTED state and using UM RLC }
ensure that {
when { RLC re-establishnment is performed upon request by RRC }
then { The UE resets variable TX Next, RX_Next_Reassenbly, and RX_Next_Hi ghest to its initial
val ue of 0 }

}

7.1.2.2.6.2 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.322, clauses5.1.2 and 7.1,
TS 38.331 clause 5.3.5.5.4. Unless otherwise stated these are Rel-15 requirements.

[TS38.322, clause 5.1.2]

When upper layers request an RLC entity re-establishment, the UE shall:
- discard all RLC SDUs, RLC SDU segments, and RLC PDUs, if any;
- stop and reset al timers;
- reset al state variablesto their initial values.

[TS38.322, clause 7.1]

d) RX_Next_Highest — Highest received state variable

This state variable holds the value of the SN following the SN of the RLC SDU with the highest SN among received
RLC SDUs. Itisinitialy setto O.

Each transmitting UM RLC entity shall maintain the following state variables:
a) TX_ Next

This state variable holds the value of the SN to be assigned for the next newly generated UMD PDU with segment. It is
initially set to 0, and is updated after the UM RLC entity submits a UMD PDU including the last segment of an RLC
SDU to lower layers.

Each receiving UM RLC entity shall maintain the following state variables and constant:

b) RX_Next Reassembly — UM receive state variable

This state variable holds the value of the earliest SN that is still considered for reassembly. It isinitially set to O.
c) RX_Timer_Trigger — UM t-Reassembly state variable

This state variable holds the value of the SN following the SN which triggered t-Reassembly.

d) RX_Next_Highest— UM receive state variable

This state variable holds the value of the SN following the SN of the UMD PDU with the highest SN among received
UMD PDUEs. It serves as the higher edge of the reassembly window. It isinitially set to 0.

[TS38.331, clause 5.3.5.5.4]
For each RLC-Bearer-Config received in the rlc-BearerToAddModList |E the UE shall:
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1> if the UE’s current configuration contains a RLC bearer with the received logical Channel I dentity:
2> if reestablishRLC isreceived:
3> re-establish the RLC entity as specified in TS 38.322 [4];
2> reconfigure the RLC entity or entities in accordance with the received rlc-Config;
2> reconfigure the logical channel in accordance with the received mac-Logical Channel Config;

NOTE: The network does not re-associate an aready configured logical channel with another radio bearer. Hence
servedRadioBearer is not present in this case.

7.1.2.2.6.3 Test description
7.1.2.2.6.3.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.2.1.1 with the exception that the UM DRB is configured according to Table
7.1.22.6.3.1-1.

Table 7.1.2.2.6.3.1-1: RLC parameters

t-Reassembly ms200

Uplink UM RLC sn-FieldLength IF (pc_Um_WithShortSN ) size6
ELSE sizel2

Downlink UM RLC sn-FieldLength IF (pc_Um_WithShortSN ) size6
ELSE sizel2
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Table 7.1.2.2.6.3.2-1: Main behaviour

St

Procedure

Message Sequence

U-s

Message

TP

Verdict

The SS transmits UMD PDU#1. Header of
UMD PDU#1. This PDU carries RLC SDU#1.

<--

UMD PDU#1

The UE transmits RLC SDU#1.

(RLC SDU#1)

The SS transmits UMD PDU#2. Header of
UMD PDU#2 contains SN=0. This PDU carries
the first segment of SDU#2.

UMD PDU#2

The SS performs a RRCReconfiguration
procedure including the secondaryCellGroup
containing CellGroupConfig IE, including rlc-
BearerToAddModList containing RLC-Bearer-
Config for DRB with reestablishRLC set as true
triggering RLC re-establishment.

The SS transmits UMD PDU#3. Header of
UMD PDU#3 contains SN=0. This PDU carries
the last segment of RLC SDU#2. The UE
starts t- Reassembly.

UMD PDU#3

Check: Does the UE transmit RLC SDU#2?

(RLC SDU#2)

~N | o

300 ms (1.5 * t-Reordering) after step 5 the SS
transmits UMD PDU#4. This PDU carries the
first segment of RLC SDU#3.SN=1.

UMD PDU#4

The SS transmits UMD PDU#5. This PDU
carries the second and last segment of RLC
SDU#3.SN=1.

<--

UMD PDU#5

Check: Does the UE transmit first segment of
RLC SDU#3? Header of UMD PDU contains
SN=0.

(RLC SDU#3 first segment)

10

Check: Does the UE transmit second and last
segment of RLC SDU#3? Header of UMD
PDU contains SN=0.

(RLC SDU#3 last segment)

11

The SS performs a RRCReconfiguration
procedure including the secondaryCellGroup
containing CellGroupConfig IE, including rlc-
BearerToAddModList containing RLC-Bearer-
Config for DRB with reestablishRLC set as true
triggering RLC re-establishment.

12

The SS transmits UMD PDU#6. Header of
UMD PDU#6 contains SN=0. This PDU carries
the first segment of SDU#4.

<--

UMD PDU#6

13

The SS transmits UMD PDU#7. Header of
UMD PDU#6 contains SN=0. This PDU carries
the second segment of SDU#4.

UMD PDU#7

14

Check: Does the UE transmit first segment of
RLC SDU#3? Header of UMD PDU contains
SN=0.

(RLC SDU#4 first segment)

15

Check: Does the UE transmit second and last
segment of RLC SDU#3? Header of UMD
PDU contains SN=0.

(RLC SDU#4 last segment)
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7.1.2.2.6.3.3 Specific message contents

Table 7.1.2.2.6.3.3-1: RLC-Bearer-Config (steps 4, 11, Table 7.1.2.2.6.3.2-1)

Derivation Path: 38.508-1 [4], Table 4.6.3-110

Information Element Value/remark Comment Condition
RLC-Bearer-Config ::= SEQUENCE {
logicalChannelldentity Set to LCID of the DRB
under test
servedRadioBearer Not present
reestablishRLC true
rlc-Config Not present
mac-LogicalChannelConfig Not present
}
7.1.2.3 RLC Acknowledged Mode
7.1.2.3.1 AM RLC / 12-bit SN / Segmentation and reassembly / Segmentation Info (SI) field
7.1.2311 Test Purpose (TP)
(1)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives a 12 bit SN configured AVMD PDU containing a SI field set to 00 }
then { UE correctly decodes the received AMD PDU }

}

2

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives a 12 bit SN configured AVMD PDU containing a SI field set to 01 }
then { UE correctly decodes the received AMD PDU }

3

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives a 12 bit SN configured AMD PDU containing a SI field set to 11 and SO field }
then { UE correctly decodes the received AVMD PDU }

4

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives a 12 bit SN configured AVMD PDU containing a SI field set to 10 and SO field }
then { UE correctly decodes the received AVD PDU }

}

®)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE has UL RLC SDU to send and the UL Grant is sufficient to sent conplete PDU }
then { UE transnits AMD PDU contai ning a conplete AMD SDU and SI field set to 00 }

}

(6)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE has UL RLC SDU to send and the UL Grant is sufficient to sent first segnent only }
then { UE transnits AMD PDU containing first segnment of AMD SDU and SI field set to 01 }

}
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(7

with { UE in RRC_CONNECTED state }
ensure that {
when { UE has UL RLC SDU to send and the UL Grant is sufficient to sent mddle segnent only }
then { UE transmits AMD PDU containing middle segnent of AMD SDU and SI field set to 11,
including SO field }

(8)
with { UE in RRC_CONNECTED state }
ensure that {
when { UE has UL RLC SDU to send and the UL Grant is sufficient to sent |ast segnent only }
then { UE transmts AVD PDU containing | ast segnent of AMD SDU and S| field set to 10, including
SO field }
}

7.1.2.31.2 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.322, clauses 6.2.2.4 and
6.2.3.4. Unless otherwise stated these are Rel-15 requirements.

[TS38.322, clause 6.2.2.4]
AMD PDU consists of a Data field and an AMD PDU header. The AMD PDU header is byte aligned.

An AM RLC entity is configured by RRC to use either a 12 bit SN or a 18 bit SN. The length of the AMD PDU header
istwo and three bytes respectively.

An AMD PDU header containsaD/C, aP, aSl, and a SN. An AMD PDU header contains the SO field only when the
Datafield consists of an RLC SDU segment which is not the first segment, in which case a 16 bit SO is present.

pc| P | sI SN Oct 1
SN Oct 2

Data Oct 3

OctN

Figure 6.2.2.4-1: AMD PDU with 12 bit SN (No SO)

pc[P] st | R|RJ[ sN Oct 1
SN Oct 2

SN Oct 3

Data Oct 4

OctN

Figure 6.2.2.4-2: AMD PDU with 18 bit SN (No SO)
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—ttttttt+
pc| P | s SN
SN
SO
SO
Data

Oct1
Oct 2
Oct 3
Oct 4
Oct5

OctN

Figure 6.2.2.4-3: AMD PDU with 12 bit SN with SO

Data

Oct1
Oct 2
Oct 3
Oct 4
Oct5
Oct 6

OctN

Figure 6.2.2.4-4: AMD PDU with 18 bit SN with SO

[TS38.322, clause 6.2.3.4]

Length: 2 bits.
The Sl field indicates whether an RLC PDU contains a complete RLC SDU or the first, middle, last segment of an RLC
SDU.
Table 6.2.3.4-1: Sl field interpretation
Value Description

00 Data field contains all bytes of an RLC SDU

01 Data field contains the first segment of an RLC SDU

10 Data field contains the last segment of an RLC SDU

11 Data field contains neither the first nor last segment of an RLC SDU
7.1.2.31.3 Test description
7.1.2.31.3.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.2.1.1 with the exception that the AM DRB is configured according to Table

71231311

Table 7.1.2.3.1.3.1-1: RLC parameters

Uplink SN-FieldLength-AM

sizel2

Downlink SN-FieldLength-AM

sizel2
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7.1.2.3.1.3.2 Test procedure sequence
Table 7.1.2.3.1.3.2-1: Main behaviour

St Procedure Message Sequence TP | Verdict
U-S Message

1 The SS transmits AMD PDU#1 containing a <-- AMD PDU#1 - -
complete RLC SDU#1 (Sl field = 00).

2 Check: Does the UE transmit AMD PDU#1 --> (RLC SDU#1) 15 P
containing a complete RLC SDU#1 (Sl field =
00)?

3 | The SS transmits a STATUS PDU. <-- STATUS PDU (ACK SN=1) - -

4 | The SS transmits AMD PDU#2 containing the <-- AMD PDU#2 - -
first segment of RLC SDU#2 (Sl field = 01).
Note 2

5 | The SS transmits AMD PDU#3 containing the <-- AMD PDU#3 - -
second segment of RLC SDU#2 (Sl field = 11)
and including SO field. Note 2

6 | The SS transmits AMD PDU#4 containing the <-- AMD PDU#4 - -
last segment of RLC SDU#2 (Sl field = 10) and
including SO field.

7 Check: Does the UE transmits AMD PDU#2 --> (RLC SDU#2) 2,3, P
containing the first segment of RLC SDU#2 (SI 4,6
field = 01)?

8 Check: Does the UE transmits AMD PDU#3 --> (RLC SDU#2) 2,3, P
containing the middle segment of RLC SDU#2 4,7
(Sl field = 11) and including SO field?

9 Check: Does the UE transmits AMD PDU#4 > (RLC SDU#2) 2,3, P
containing the last segment of RLC SDU#2 (Sl 4,8
field = 10) and including SO field?

10 | The SS transmits a STATUS PDU. <-- STATUS PDU (ACK SN=2) -

Note 1:  The UL grants for step 7,8,9 is sufficiently small (240 bits) that UE transmits RLC SDU#2 in 3 UL RLC
PDUs by segmenting.

Note 2:  The RLC PDU containing segment shall be of size 224 bits and a MAC sub PDU header of 16 bits resulting
in a MAC PDU of size 240 bits. The data part in step 4 first segment not including SO is 208 bits (26
Bytes). Step 5, second segment SO=26 and data is 192 bits (24 bytes). Step 6, third segment
S0O=26+24=50 and data is 192 bits (24 bytes).

7.1.2.3.1.3.3 Specific message contents

None

7.1.2.3.2 AM RLC / 18-bit SN / Segmentation and reassembly / Segmentation Info (SI) field
7.1.2321 Test Purpose (TP)

1)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives a 18 bit SN configured AVMD PDU containing a SI field set to 00 }
then { UE correctly decodes the received AMD PDU or AMD PDU segnent }

2

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives a 18 bit SN configured AMD PDU containing a SI field set to 01 }
then { UE correctly decodes the received AMD PDU or AMD PDU segnent }

}

3

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives a 18 bit SN configured AMD PDU containing a SI field set to 11 and SO field }
then { UE correctly decodes the received AMD PDU or AMD PDU segnent }
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(4)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE receives a 18 bit SN configured AMD PDU containing a SI field set to 10 and SO field }
then { UE correctly decodes the received AMD PDU or AMD PDU segnent }

}

®)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE has UL RLC SDU to send and the UL Grant is sufficient to sent conplete PDU }
then { UE transnits AMD PDU contai ning a conplete AMD SDU and SI field set to 00 }

}

(6)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE has UL RLC SDU to send and the UL Grant is sufficient to sent first segnent only }
then { UE transnits AMD PDU containing first segment of AMD SDU and SI field set to 01 }

}

@)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE has UL RLC SDU to send and the UL Grant is sufficient to sent niddle segnent only }
then { UE transnits AVMD PDU contai ning niddle segnent of AVMD SDU and SI field set to 11,
including SO field }
}

®)

with { UE in RRC_CONNECTED state }
ensure that {
when { UE has UL RLC SDU to send and the UL Grant is sufficient to sent |ast segnent only }
then { UE transnmits AMD PDU containing | ast segnent of AMD SDU and SI field set to 10, including
SO field }
}

7.1.2.3.2.2 Conformance requirements
Same conformance requirements asin clause 7.1.2.3.1.2
7.1.2.3.2.3 Test description
7.1.23.23.1 Pre-test conditions

Same Pre-test conditions asin clause 7.1.2.1.1 with the exception that the AM DRB is configured according to Table
7.123.23.1-1

Table 7.1.2.3.2.3.1-1: RLC parameters

Uplink SN-FieldLength-AM sizel8
Downlink SN-FieldLength-AM sizel8
7.1.2.3.2.3.2 Test procedure sequence

Same test procedure asin clause 7.1.2.3.1.3.2 except that SN is 18 bit and the data part in step 4 first segment not
including SO is 200 bits (25 Bytes). Step 5, second segment SO=25 and data is 184 bits (23 bytes). Step 6, third
segment SO=25+23=48 and datais 184 bits (23 bytes).

7.1.2.3.2.3.3 Specific message contents

None
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7.1.2.3.3 AM RLC / 12-bit SN / Correct use of sequence numbering
7.1.2.331 Test Purpose (TP)
(1)

with { UE in RRC_CONNECTED state with AM RLC 12 bit SN}
ensure that {
when { UE transmits the PDU corresponding to first SDU }
then { UE includes the SN field equal to O in PDU }

}

2

with { UE in RRC_CONNECTED state with AMRLC 12 bit SN}
ensure that {
when{ UE transnmits subsequent SDUs }
then { UE includes the SN field incremented by 1 per SDU of each PDU transnitted }

}

3

with { UE in RRC_CONNECTED state with AMRLC 12 bit SN}
ensure that {
with { UE transnits nore than 4096 SDUs}
then { UE waps the SN after transmitting the 4096 SDUs}

4

with { UE in RRC_CONNECTED state with AM RLC 12 bit SN
ensure that {
with { nore than 4096 SDUs are sent to UE }
then { UE accepts PDUs with SNs that wap around every 4096 SDUs }

}

7.1.2.3.3.2 Conformance requirements

References. The conformance requirements covered in the present TC are specified in: TS 38.322, clauses 5.2.3.1.1,
5.2.3.2.1,5.2.3.2.2,6.2.2.4 and 7.1. Unless otherwise stated these are Rel-15 requirements.

[TS38.322, clause 5.2.3.2.1]

The receiving side of an AM RLC entity shall maintain a receiving window according to the state variable RX_Next as
follows:

- aSN falswithin the receiving window if RX_Next <= SN < RX_Next + AM_Window_Size;
- aSN falsoutside of the receiving window otherwise.
When receiving an AMD PDU from lower layer, the receiving side of an AM RLC entity shall:
- dther discard the received AMD PDU or placeit in the reception buffer (see sub clause 5.2.3.2.2);
- if thereceived AMD PDU was placed in the reception buffer:

- update state variables, reassemble and deliver RLC SDUsto upper layer and start/stop t-Reassembly as
needed (see sub clause 5.2.3.2.3).

When t-Reassembly expires, the receiving side of an AM RLC entity shall:
- update state variables and start t-Reassembly as needed (see sub clause 5.2.3.2.4).
[TS38.322, clause 5.2.3.2.2]

When an AMD PDU isreceived from lower layer, where the AMD PDU contains byte segment numbersy to z of an
RLC SDU with SN = x, the receiving side of an AM RLC entity shall:

- if x falsoutside of the receiving window; or
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- if byte segment numbersy to z of the RLC SDU with SN = x have been received before:
- discard the received AMD PDU.
- else
- placethereceived AMD PDU in the reception buffer;
- if some byte segments of the RLC SDU contained in the AMD PDU have been received before:
- discard the duplicate byte segments.
[TS38.322, clause 6.2.2.4]
AMD PDU consists of a Datafield and an AMD PDU header. The AMD PDU header is byte aligned.

An AM RLC entity is configured by RRC to use either a 12 bit SN or a 18 bit SN. The length of the AMD PDU header
istwo and three bytes respectively.

An AMD PDU header containsaD/C, aP, aSl, and a SN. An AMD PDU header contains the SO field only when the
Datafield consists of an RLC SDU segment which is not the first segment, in which case a 16 bit SO is present.

pc| P | sI SN Oct 1
SN Oct 2

Data Oct 3

OctN

Figure 6.2.2.4-1: AMD PDU with 12 bit SN (No SO)

I
pclP] st |RIR][] sN Oct 1

SN Oct 2
SN Oct 3
Data Oct 4

OctN

Figure 6.2.2.4-2: AMD PDU with 18 bit SN (No SO)

pc| P | s SN Oct 1
SN Oct 2

SO Oct 3

SO Oct 4

Data Oct 5

OctN

Figure 6.2.2.4-3: AMD PDU with 12 bit SN with SO
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pc|lp|] st | R|R]| sN Oct 1
SN Oct 2

SN Oct 3

SO Oct 4

SO Oct 5

Data Oct 6

OctN

Figure 6.2.2.4-4: AMD PDU with 18 bit SN with SO

[TS38.322, clause 7.1]
¢) RETX_COUNT — Counter

This counter counts the number of retransmissions of an RLC SDU or RLC SDU segment (see subclause 5.3.2). There
isone RETX_COUNT counter maintained per RLC SDU.

The receiving side of each AM RLC entity shall maintain the following state variables:
a) RX_Next — Receive state variable

This state variable holds the value of the SN following the last in-sequence completely received RLC SDU, and it
serves as the lower edge of the receiving window. Itisinitially set to O, and is updated whenever the AM RLC entity
receives an RLC SDU with SN = RX_Next.

b) RX_Next_Status Trigger —t-Reassembly state variable
This state variable holds the value of the SN following the SN of the RLC SDU which triggered t-Reassembly.
¢) RX_Highest_Status— Maximum STATUS transmit state variable

This state variable holds the highest possible value of the SN which can be indicated by "ACK_SN" when aSTATUS
PDU needs to be constructed. It isinitially set to O.

d) RX_Next_Highest — Highest received state variable

This state variable holds the value of the SN following the SN of the RLC SDU with the highest SN among received
RLC SDUs. Itisinitialy setto O.

Each transmitting UM RLC entity shall maintain the following state variables:
a) TX_Next

This state variable holds the value of the SN to be assigned for the next newly generated UMD PDU with segment. It is
initially set to 0, and is updated after the UM RLC entity submits a UMD PDU including the last segment of an RLC
SDU to lower layers.

Each receiving UM RLC entity shall maintain the following state variables and constant:

b) RX_Next_Reassembly — UM receive state variable

This state variable holds the value of the earliest SN that is still considered for reassembly. It isinitially set to O.
c) RX_Timer_Trigger — UM t-Reassembly state variable

This state variable holds the value of the SN following the SN which triggered t-Reassembly.

d) RX_Next_Highest— UM receive state variable

This state variable holds the value of the SN following the SN of the UMD PDU with the highest SN among received
UMD PDUEs. It serves as the higher edge of the reassembly window. It isinitialy set to O.
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7.1.2.3.3.3
7.1.2.33.3.1

Test description

Pre-test conditions
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Same Pre-test conditions asin clause 7.1.2.3.3 with the exception that the AM DRB is configured according to Table

7.1.2.3.33.1-1.

Table 7.1.2.3.3.3.1-1: RLC parameters

Uplink SN-FieldLength-AM

sizel2

Downlink SN-FieldLength-AM

sizel2
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7.1.2.3.3.3.2 Test procedure sequence
Table 7.1.2.3.3.3.2-1: Main behaviour

St Procedure Message Sequence TP | Verdict
Uu-s Message/PDU/SDU

- During the whole test sequence, the SS should - - - -
not allocate UL grants unless when explicitly
stated so in the procedure.

- EXCEPTION: The SS is configured 500ms - - - -
in advance for step 1 and 2. Step 1 is executed
2048 times such that 1 AMD PDU is
transmitted every second radio frame. (Note
1). Step 2 is started 60 ms after the first DL
AMD PDU has been transmitted in step 1
(Note 1).

- EXCEPTION: In parallel to steps 1 and 2, the - - - -
behaviour described in Table 7.1.2.3.3.3.2-2 is
running.

1 | The SS transmits an AMD PDU to the UE. SN <-- AMD PDU - -
equals 0 and is incremented for each PDU
transmitted (Note 1).

2 The SS transmits 1 UL grant (UL grant <-- (UL grants) - -
allocation type [2]) in every second radio frame
to enable the UE to return each received AMD
PDU in one looped back AMD PDU (Note 1).

3 | The SS does not allocate any uplink grant. - - - -
- EXCEPTION: The SS is configured 500ms in - - - -
advance for step 4 and 5. Step 4 is executed
2048 times such that 1 AMD PDU is
transmitted every second radio frame. (Note
1). Step 5 is started 60 ms after the first DL
AMD PDU has been transmitted in step 4
(Note 1).

- EXCEPTION: In parallel to steps 4 and 5, the - - - -
behaviour described in Table 7.1.2.3.3.3.2-3 is
running.

4 | The SS transmits an AMD PDU to the UE. SN <-- AMD PDU - -
equals 2048 and is incremented for each PDU
transmitted.

5 | The SS transmits 1 UL grant (UL grant <-- (UL grants) - -
allocation type [2]) in every second radio frame
to enable the UE to return each received AMD
PDU in one looped back AMD PDU (Note 1).

6 | The SS transmits an AMD PDU to the UE. SN <-- AMD PDU - -
equals 0.
7 The SS starts the UL default grant - - - -
transmission.

8 Check: Does the UE transmit an AMD PDU > AMD PDU 3,4 P
with SN=0?

9 The SS transmits a STATUS PDU with <-- STATUS PDU - -
ACK SN =1.

Note 1: 20 ms gap between transmissions both in DL and UL respectively allows TTCN to tolerate one HARQ
retransmission (FDD/TDD) per transport block, if such happen (TS 38.523-3 [3]).

Note 2:  Delaying first UL grant for 60 ms, ensures that UE UL buffer does not become empty every time one UL
AMD PDU is sent, i.e. the UE does not enable polling for every UL AMD PDU. The SS continuously
transmits the grants until it has received all PDUs in UL.
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Table 7.1.2.3.3.3.2-2: Parallel behaviour

St Procedure Message Sequence TP | Verdict
U-S Message
1 Check: Does the UE transmit an AMD PDU --> AMD PDU 1 P
with SN = 0?
- EXCEPTION: Steps 2 and 3al are executed - - - -
2047 times.
2 Check: Does the UE transmit an AMD PDU --> AMD PDU 2 P

with SN increased by 1 compared with the
previous one?

- EXCEPTION: Step 3al describes behaviour - - - -
that depends on the contents of the AMD PDU
transmitted at Step 2.

3al | IF the UE has set the poll bit in the AMD PDU <-- STATUS PDU - -
transmitted at Step 2 THEN the SS transmits a
Status Report.

Table 7.1.2.3.3.3.2-3: Parallel behaviour

St Procedure Message Sequence TP | Verdict
U-S Message
- EXCEPTION: Steps 1 and 2al are executed - - - -
2048 times.
1 Check: Does the UE transmit an AMD PDU --> AMD PDU 2 P

with SN increased by 1 compared with the
previous one?

- EXCEPTION: Step 2al describes behaviour - - - -
that depends on the contents of the AMD PDU
transmitted at Step 1.

2al | IF the UE has set the poll bit in the AMD PDU <-- STATUS PDU - -
transmitted at Step 1 THEN the SS transmits a
Status Report.

7.1.2.3.3.3.3 Specific message contents

None.

7.1.2.3.4 AM RLC / 18-bit SN / Correct use of sequence numbering
7.1.2341 Test Purpose (TP)

1)

with { UE in RRC_CONNECTED state with AM RLC 18 bit SN}
ensure that {
when { UE transmits the PDU corresponding to first SDU }
then { UE includes the SN field equal to O in PDU }

}

2

with { UE in RRC_CONNECTED state with AMRLC 18 bit SN}
ensure that {
when{ UE transmts subsequent SDUs }
then { UE includes the SN field increnmented by 1 per SDU of each PDU transnitted }

}

3

with { UE in RRC_CONNECTED state with AMRLC 18 bit SN}
ensure that {
with { UE transmits nore than 262144 SDUs }
then { UE waps the SN after transmitting the 262144 SDUs }
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4

with { UE in RRC_CONNECTED state with AMRLC 18 bit SN
ensure that {
with { nore than 262144 SDUs are sent to UE }
then { UE accepts PDUs with SNs that wap around every 262144 SDUs }

7.1.2.34.2 Conformance requirements

References. The conformance regquirements covered in the present TC are specified in: TS 38.322, clause 5.2.3.1.1,
5.2.3.2.1,5.2.3.2.2,6.2.2.4, 7.1. Unless otherwise stated these are Rel-15 requirements.

[TS38.322, clause 5.2.3.2.1]

The receiving side of an AM RLC entity shall maintain areceiving window according to the state variable RX_Next as
follows:

- aSN falswithin the receiving window if RX_Next <= SN < RX_Next + AM_Window_Size;
- aSN falsoutside of the receiving window otherwise.
When receiving an AMD PDU from lower layer, the receiving side of an AM RLC entity shall:
- either discard the received AMD PDU or placeit in the reception buffer (see sub clause 5.2.3.2.2);
- if thereceived AMD PDU was placed in the reception buffer:

- update state variables, reassemble and deliver RLC SDUsto upper layer and start/stop t-Reassembly as
needed (see sub clause 5.2.3.2.3).

When t-Reassembly expires, the receiving side of an AM RLC entity shall:
- update state variables and start t-Reassembly as needed (see sub clause 5.2.3.2.4).
[TS38.322, clause 5.2.3.2.2]

When an AMD PDU isreceived from lower layer, where the AMD PDU contains byte segment numbersy to z of an
RLC SDU with SN = x, the receiving side of an AM RLC entity shall:

- if x falsoutside of the receiving window; or
- if byte segment numbersy to z of the RLC SDU with SN = x have been received before:
- discard the received AMD PDU.
- dse
- placethereceived AMD PDU in the reception buffer;
- if some byte segments of the RLC SDU contained in the AMD PDU have been received before:
- discard the duplicate byte segments.
[TS38.322, clause 6.2.2.4]
AMD PDU consists of a Datafield and an AMD PDU header. The AMD PDU header is byte aligned.

An AM RLC entity is configured by RRC to use either a 12 bit SN or a 18 bit SN. The length of the AMD PDU header
istwo and three bytes respectively.

An AMD PDU header containsaD/C, aP, aSl, and a SN. An AMD PDU header contains the SO field only when the
Datafield consists of an RLC SDU segment which is not the first segment, in which case a 16 bit SO is present.
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pc| P | sI SN Oct 1
SN Oct 2

Data Oct 3

OctN

Figure 6.2.2.4-1: AMD PDU with 12 bit SN (No SO)

I
pclP] st | RI[R][] sN Oct 1

SN Oct 2
SN Oct 3
Data Oct 4

Oct N

Figure 6.2.2.4-2: AMD PDU with 18 bit SN (No SO)

pc| P | s SN Oct 1
SN Oct 2

SO Oct 3

SO Oct 4

Data Oct 5

OctN

Figure 6.2.2.4-3: AMD PDU with 12 bit SN with SO

pc|lp|] st | R|R]| sN Oct 1
SN Oct 2

SN Oct 3

SO Oct 4

SO Oct 5

Data Oct 6

OctN

Figure 6.2.2.4-4: AMD PDU with 18 bit SN with SO

[TS38.322, clause 7.1]
¢) RETX_COUNT — Counter

This counter counts the number of retransmissions of an RLC SDU or RLC SDU segment (see subclause 5.3.2). There
isone RETX_COUNT counter maintained per RLC SDU.
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The receiving side of each AM RLC entity shall maintain the following state variables:
a) RX_Next — Receive state variable

This state variable holds the value of the SN following the last in-sequence completely received RLC SDU, and it
serves as the lower edge of the receiving window. It isinitially set to 0, and is updated whenever the AM RLC entity
receives an RLC SDU with SN = RX_Next.

b) RX_Next_Status Trigger —t-Reassembly state variable
This state variable holds the value of the SN following the SN of the RLC SDU which triggered t-Reassembly.
¢) RX_Highest_Status— Maximum STATUS transmit state variable

This state variable holds the highest possible value of the SN which can be indicated by "ACK_SN" when aSTATUS
PDU needs to be constructed. It isinitially set to O.

d) RX_Next_Highest — Highest received state variable

This state variable holds the value of the SN following the SN of the RLC SDU with the highest SN among received
RLC SDUs. Itisinitialy set to 0.

Each transmitting UM RLC entity shall maintain t