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Foreword

This Technical Specification has been produced by the 3" 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.
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1 Scope

The present document describes the physical channels for evolved UTRA.

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
a GSM 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 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE physical layer;
General description”.

[3] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding”.

[4] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures’.

[5] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer;
Measurements”.

[6] 3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
radio transmission and reception”.

[7] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio transmission and reception”.

[8] 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”.

[9] 3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) Protocol specification™

[10] 3GPP TS 36.304, "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
procedures in idle mode"

[11] 3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access'

[12] 3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universa

Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2"
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3 Symbols and abbreviations

3.1 Symbols

For the purposes of the present document, the following symbols apply:

(k,1) Resource element with frequency-domain index k and time-domain index |
alh Value of resource element (k, 1) [for antennaport p ]

D Matrix for supporting cyclic delay diversity

Dra Density of random access opportunities per radio frame

fo Carrier frequency

fra PRACH resource frequency index within the considered time-domain location
T it hp PRACH frequency hopping offset, expressed as a number of resource blocks

| nPOCCHStat Start symbol in slot 0 for NPDCCH
| NPDSCHStat Start symbol in ot 0 for NPDSCH

M ZBCH Bandwidth for PSBCH transmission, expressed as a number of subcarriers

M Bandwidth for PSBCH transmission, expressed as a number of resource blocks

M 2eeH Bandwidth for PSCCH transmission, expressed as a number of subcarriers

M <t Bandwidth for PSCCH transmission, expressed as a number of resource blocks

M SDCH Bandwidth for PSDCH transmission, expressed as a number of subcarriers

M E5PCH Bandwidth for PSDCH transmission, expressed as a number of resource blocks

M 35CH Scheduled bandwidth for PSSCH transmission, expressed as a number of subcarriers

M E5cH Scheduled bandwidth for PSSCH transmission, expressed as a number of resource blocks

M 2ISEH Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers

M fa > Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks

M rZ":USCH Scheduled number of repetitions of a NPUSCH transmission

M g5 Scheduled number of repetitions of a NPDSCH transmission

M SPUSCH Scheduled bandwidth for uplink NPUSCH transmission, expressed as a number of subcarriers
M N Number of repetitions of identical slots for NPUSCH

M f)?t) Number of coded bitsto transmit on a physical channel [for codeword q ]

M g}?nb Number of modulation symbols to transmit on a physical channel [for codeword q]

M ';{neg Number of modulation symbols to transmit per layer for aphysical channel

M ;,pmb Number of modulation symbols to transmit per antenna port for a physical channel

M2 Number of consecutive subcarriersin an UL resource unit for PUSCH sub-PRB allocation
Mg Number of Slotsin an UL resource unit for PUSCH sub-PRB allocation

M;,Lm Number of SC-FDMA symbolsin an uplink slot for PUSCH sub-PRB allocation

Number of subcarriersin the frequency domain for PUSCH sub-PRB allocation
M §;{1 Number of reference signal sequences available for the UL resource unit size for PUSCH sub-PRB
allocation

Mgy Number of scheduled UL resource units for PUSCH sub-PRB allocation

N A constant equal to 2048 for Af =15kHz, 4096 for Af =7.5kHz and 8192 for Af =3.75kHz
Nep, Downlink cyclic prefix length for OFDM symbol | inaslot

Ncs Cyclic shift value used for random access preamble generation
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NG

2
Nig

PRACH
Nstart

NPRACH
Nrep

NPRACH
N period

Number of cyclic shifts used for PUCCH formats 1/1a/1b in aresource block with a mix of
formats 1/1a/1b and 2/2al2b
Bandwidith available for use by PUCCH formats 2/2a/2b, expressed in multiples of N&°

The offset used for PUSCH frequency hopping, expressed in number of resource blocks (set by
higher layers)

Physical layer cell identity

Narrowband physical layer cell identity

MBSFN areaidentity

Physical layer sidelink synchronization identity

Positioning reference signal identity

Downlink bandwidth configuration, expressed in multiples of NSFéB
Smallest downlink bandwidth configuration, expressed in multiples of NSFéB
Largest downlink bandwidth configuration, expressed in multiples of NSFéB
Uplink bandwidth configuration, expressed in multiples of NS

Smallest uplink bandwidth configuration, expressed in multiples of NZ°
Largest uplink bandwidth configuration, expressed in multiples of N&°

Sidelink bandwidith configuration, expressed in multiples of N&°

Duration of RSS measured in subframes
Number of scheduled subframes for NPDSCH transmission

Number of symbols for NPSS in a subframe

Number of symbolsfor NSSS in a subframe

Number of consecutive subcarriersin an UL resource unit for NB-10T
Number of reference signal sequences available for the UL resource unit size
Number of scheduled UL resource units for NB-1oT

Total number of uplink narrowbands

Total number of uplink widebands

Number of subcarriersin the frequency domain for NB-10T

Number of consecutive absolute subframes over which the scrambling sequence stays the same
Total number of absolute subframes a PUSCH with repetition spans expressed as a number of
absolute subframes

Number of repetitions of a PUSCH transmission

Number of consecutive absolute subframes over which PUCCH or PUSCH stays at the same
narrowband before hopping to another narrowband, expressed as a number of absolute subframes
Narrowband offset between one narrowband and the next narrowband a PUSCH hops to,
expressed as a number of uplink narrowbands

Total number of absolute subframes a PUCCH with repetition spans, expressed as a number of
absolute subframes

Number of repetitions of a PUCCH transmission

Number of PRACH repetitions per preamble transmission attempt
Number of subframes allowed for preamble transmission within a 1024-frame interval

PRACH starting subframe periodicity
Number of NPRACH repetitions per preambl e transmission attempt

NPRACH resource periodicity
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N NPRACH
scoffset

NPRACH
NSC

N NPRACH
sc_cont

NPRACH
Nstart

N NPRACH
MSG3

Ngap,period

N gap,duration

N gap,threshold

MPDCCH
N abs

MPDCCH
N

MPDCCH
N abs,ss

MPDCCH
N rep,ss
N MPDCCH
ECCE

DL
Nwmb

UL
Nwmb

retune
N symb

NTA offset
I\ITA,SL

Frequency location of the first sub-carrier allocated to NPRACH
Number of sub-carriers allocated to NPRACH

Number of starting sub-carriers allocated for UE initiated random access

NPRACH starting subframe

Fraction for starting subcarrier index for UE support for multi-tone msg3 transmission
Periodicity for NPDSCH/NPDCCH gaps

Duration for NPDSCH/NPDCCH gaps

Threshold for applying NPDSCH/NPDCCH gaps

Total number of downlink narrowbands
Total number of downlink widebands
Total number of absolute subframes a PDSCH with repetition spans, expressed as a number of

absolute subframes
Number of repetitions of a PDSCH transmission

Number of consecutive absolute subframes over which MPDCCH or PDSCH stays at the same
narrowband before hopping to another narrowband, expressed as a number of absolute subframes
Number of narrowbands over which MPDCCH or PDSCH frequency hops

Narrowband offset between one narrowband and the next narrowband an MPDCCH or PDSCH
hops to, expressed as a number of downlink narrowbands

Number of timesa PDSCH carrying SIB1-BR is transmitted over 8 radio frames

Total number of absolute subframes a MPDCCH with repetition spans, expressed as a number of
absol ute subframes

Number of repetitions of a MPDCCH transmission

Total number of absolute subframes a MPDCCH search space with maximum repetition level
spans, expressed as a number of absolute subframes

Maximum repetition level of aMPDCCH search space

Number of ECCEs in a subframe for one MPDCCH
Number of OFDM symbolsin a downlink slot

Number of SC-FDMA symbolsin an uplink slot
Number of symbolsin aguard period for narrowband or wideband retuning

Number of consecutive slotsin an UL resource unit for NB-10T
Number of SC-FDMA symbolsin asidelink slot

Resource block size in the frequency domain, expressed as a number of subcarriers

Number of sub-bands for PUSCH fregquency-hopping with predefined hopping pattern

Size of each sub-band for PUSCH fregquency-hopping with predefined hopping pattern, expressed
as a number of resource blocks

Size of narrow-band random-access resource in number of subcarriers

Number of downlink to uplink switch points within the radio frame

Number of reference symbols per slot for PUCCH

Number of reference symbols per subslot or per slot for SPUCCH

Timing offset between uplink and downlink radio frames at the UE, expressed in units of T
Fixed timing advance offset, expressed in units of T

Timing offset between sidelink and timing reference frames at the UE, expressed in units of T
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n,%@CH Resource index for PUCCH formats 1/1a/1b

n,%g)CH Resource index for PUCCH formats 2/2a/2b

n%@CH Resource index for PUCCH format 3

NepccH Number of PDCCHSs present in a subframe

Nprp Physical resource block number

nFFfQB First physical resource block occupied by PRACH resource considered
nFFfQBOffset First physical resource block available for PRACH
NpRB RSS Lowest PRB number of RSS

nsF:;A Subcarrier occupied by NPRACH resource considered

Nyre Virtual resource block number

NRNTI Radio network temporary identifier

N Sidelink group destination identity

" System frame number

ng Slot number within aradio frame

n> Absol ute subframe number

ng Index for subframes allowed for preamble transmission
Ogss Starting frame offset of RSS in each RSS period

P Number of antenna ports used for transmission of a channel

p Antenna port number
PRrss Period of RSS measured in frames

q Codeword number

MrA Index for PRACH versions with same preamble format and PRACH density
Qm Modulation order: 1 for n/2-BPSK, 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 for 256QAM

transmissions

q‘ P) (t) Time-continuous baseband signal for antennaport p and SC-FDMA/OFDM symbol | inadot
tégi Radio frame indicator index of PRACH opportunity

tgi Half frame index of PRACH opportunity within the radio frame

téfA) Uplink subframe number for start of PRACH opportunity within the half frame
T; Radio frame duration

T Basic time unit

Tyot Slot duration

W Precoding matrix for downlink spatial multiplexing

Berach Amplitude scaling for PRACH

BneracH Amplitude scaling for NPRACH

Brucch Amplitude scaling for PUCCH

Prusch Amplitude scaling for PUSCH

Brusch Amplitude scaling for NPUSCH

Bepucen Amplitude scaling for SPUCCH

Bsrs Amplitude scaling for sounding reference symbols

Af Subcarrier spacing

Afga Subcarrier spacing for the random access preamble

v Number of transmission layers
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3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply.
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any,
in TR 21.905 [1].

CCE Control Channel Element
CDD Cyclic Delay Diversity
CRS Cell-gpecific Reference Signal
csl Channel-State Information
DCI Downlink Control Information
DM-RS Demodulation Reference Signal
ECCE Enhanced Control Channel Element
EPDCCH Enhanced Physical Downlink Control CHannel
EREG Enhanced Resource-Element Group
MPDCCH MTC Physical Downlink Control Channel
MWUS MTC Wake-Up Signd
NCCE Narrowband Control Channel Element
NPBCH Narrowband Physical Broadcast CHannel
NPDCCH Narrowband Physical Downlink Control CHannel
NPDSCH Narrowband Physical Downlink Shared CHannel
NPRACH Narrowband Physical Random Access CHannel
NPUSCH Narrowband Physical Uplink Shared CHannel
NPRS Narrowband Positioning Reference Signal
NPSS Narrowband Primary Synchronization Signal
NSSS Narrowband Secondary Synchronization Signal
NRS Narrowband Reference Signal PBCH Physical Broadcast CHannel
PCFICH Physical Control Format Indicator CHannel
PDCCH Physical Downlink Control CHannel
PDSCH Physical Downlink Shared CHannel
PHICH Physical Hybrid-ARQ Indicator CHannel
PMCH Physical Multicast CHannel
PRACH Physical Random Access CHannel
PRB Physical Resource Block
PRG Precoding Resource Block Group
PRS Positioning Reference Signal
PSBCH Physical Sidelink Broadcast CHannel
PSCCH Physical Sidelink Control CHannel
PSDCH Physical Sidelink Discovery CHannel
PSSCH Physical Sidelink Shared CHannel
PUCCH Physical Uplink Control CHannel
PUSCH Physical Uplink Shared CHannel
REG Resource-Element Group
RSS Resynchronization Signal
SCCE Short Control Channel Element
SCG Secondary Cell Group
SPDCCH Short Physical Downlink Control CHannel
SPUCCH Short Physical Uplink Control CHannel
SREG Short Resource-Element Group
SRS Sounding Reference Signal
VRB Virtual Resource Block

4 Frame structure

Throughout this specification, unless otherwise noted, the size of various fieldsin the time domain is expressed as a
number of time units T, =1/(15000x 2048) seconds.

Downlink, uplink and sidelink transmissions are organized into radio frames with T; = 307200x T, =10ms duration.
Three radio frame structures are supported:
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- Typel, applicable to FDD only,

- Type2, applicableto TDD only,

- Type3, applicable to LAA secondary cell operation only.

NOTE: LAA secondary cell operation only applies to frame structure type 3.

Transmissions in multiple cells can be aggregated where up to 31 secondary cells can be used in addition to the primary
cell. Unless otherwise noted, the description in this specification applies to each of the up to 32 serving cells. In case of
multi-cell aggregation, different frame structures can be used in the different serving cells.

4.1 Frame structure type 1

Frame structure type 1 is applicable to both full duplex and half duplex FDD only. Each radio frameis
T; =307200- T, =10ms long and consists of 10 subframes of length 30720- T, =1ms, numbered from O to 9.

Subframe i inframe ry has an absolute subframe number n2b3=10nf +i where ry isthe system frame number.

For subframesusing Af = 2.5 kHz, Af =7.5kHz, or Af =15kHz, subframe i isdefined astwo dots, 2i and 2i +1,
of length Ty, =15360-T, = 0.5ms each.

For subframesusing Af =1.25kHz, subframe i isdefined asone dot, 2i, of length Ty, =30720-T, =1ms.

For transmissions using Af = 1/(82944T,) ~ 0.37 kHz, adot has alength of 92160T, = 3 ms. There are 13 dots,
numbered in increasing order from 0 to 12, in a40 ms period starting at n; mod 4 = 0 with dlot O starting at 307207, in
the 40 ms period.

For subframes using Af =15kHz , the subframe can further be divided into six subslots according to Table 4.1-1.
Downlink subslot pattern 1 is applied if the number of symbols used for PDCCH isequal to 1 or 3 and downlink subslot
pattern 2 is applied if the number of symbols used for PDCCH is equal to 2. For system bandwidths NRDé‘ <10, subdot
transmission is not supported in case 4 symbols used for PDCCH.

For FDD, 10 subframes, 20 dots, or up to 60 subslots are available for downlink transmission and 10 subframes, 20
dots, or up to 60 subslots are available for uplink transmissions in each 10 msinterval. Uplink and downlink
transmissions are separated in the frequency domain. In half-duplex FDD operation, the UE cannot transmit and receive
a the same time while there are no such restrictionsin full-duplex FDD.

One radio frame, 7¢=3072007,= 10 ms
One slot, Tgo:= 153607,= 0.5 ms
4—»1

#0 #1 #2 #3 | #18 #19

One subframe

Figure 4.1-1: Frame structure type 1 (assuming Afe{2.5,7.5,15} kHz).

Table 4.1-1: SC-FDMA/OFDM symbols in different subslots of subframe i

Subslot number o | 1 [ 2 3 [ 4 ] 5
Slot number 2i 2i+1
Uplink subslot pattern 0,1,2 3,4 5,6 0,1 2,3 4,5, 6
Downlink subslot pattern 1 0,1,2 3,4 5,6 0,1 2,3 4,56
Downlink subslot pattern 2 0,1 2,3, 4 56 0,1 2,3 4,5,6
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4.2 Frame structure type 2

Frame structure type 2 is applicable to TDD only. Each radio frame of length T; =307200-T, =10ms consists of two
half-frames of length 153600- T, = 5 ms each. Each half-frame consists of five subframes of length 30720- T, =1ms.
Each subframe i is defined astwo slots, 2i and 2i +1, of length Ty, =15360-T, = 0.5ms each. Subframe i inframe

ny has an absol ute subframe number n;'j}bs =10n; +i where n; isthe system frame number.

The uplink-downlink configuration in a cell may vary between frames and controls in which subframes uplink or
downlink transmissions may take place in the current frame. The uplink-downlink configuration in the current frameis
obtained according to Clause 13 in [4].

The supported uplink-downlink configurations are listed in Table 4.2-2 where, for each subframein aradio frame, "D"
denotes a downlink subframe reserved for downlink transmissions, "U" denotes an uplink subframe reserved for uplink
transmissionsand "S" denotes a special subframe with the three fields DWPTS, GP and UpPTS. The length of DWPTS
and UpPTS s given by Table 4.2-1 subject to the total length of DWPTS, GP and UpPTS being equal to

30720- T, =1ms where X is the number of additional SC-FDMA symbolsin UpPTS provided by the higher layer

parameter srs-UpPtsAdd if configured otherwise X is equal to 0. The UE is not expected to be configured with 2
additional UpPTS SC-FDMA symbols for special subframe configurations{3, 4, 7, 8} for normal cyclic prefix in
downlink and special subframe configurations{2, 3, 5, 6} for extended cyclic prefix in downlink and 4 additional
UpPTS SC-FDMA symbols for specia subframe configurations{1, 2, 3, 4, 6, 7, 8} for normal cyclic prefix in downlink
and special subframe configurations{1, 2, 3, 5, 6} for extended cyclic prefix in downlink.

Uplink-downlink configurations with both 5 ms and 10 ms downlink-to-uplink switch-point periodicity are supported.
- Incase of 5 ms downlink-to-uplink switch-point periodicity, the special subframe existsin both half-frames.

- Incase of 10 ms downlink-to-uplink switch-point periodicity, the specia subframe existsin the first half-frame
only.

Subframes 0 and 5 and DWPT S are always reserved for downlink transmission. For special subframe configurations 1,
2,3,4,6,7and 8 DWPTS s split into two parts, of which thefirst part isa slot and the second part is of X-symbol
duration within the second slot. Downlink subframes, downlink slots in the downlink subframe and DwPTS, and the X—
symbol duration in the second slot of DWPTS are available for downlink transmission. The X-symbol transmission
opportunity is only available for special subframe configuration 3,4 and 8.

UpPTS and the subframe immediately following the special subframe are always reserved for uplink transmission.
Uplink subframes, uplink slots and UpPTS with special subframe configuration 10 are available for uplink transmission.
Note that UpPTS with special subframe configuration 10 are not available for SPUCCH transmission.

In case multiple cells are aggregated, the UE may assume that the guard period of the special subframe in the cells using
frame structure type 2 have an overlap of at least 1456-T;.

In case multiple cells with different uplink-downlink configurations in the current radio frame are aggregated and the
UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:

- if the subframein the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a
secondary cell in the same subframe

- if the subframe in the primary cell isan uplink subframe, the UE is not expected to receive any downlink
transmissions on a secondary cell in the same subframe

- if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink
subframe, the UE is not expected to receive PDSCH/EPDCCH/PM CH/PRS transmissions in the secondary cell
in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM
symbols that overlaps with the guard period or UpPTS in the primary cell.

For frame structure type 2, the higher-layer parameters for symbol-level resource reservation for BL/CE UES
(symbolBitmapl and symbol Bitmap2) do not apply to special subframes.
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One radio frame, 7;=3072007, = 10 ms

One half-frame, 1536007; =5 ms

One slot, [

Tuo=153607; 307207, T
\ I \ \ o \ I \ \ ro
Subframe #0 | | Subframe #2 Subframe #3 Subframe # Subframe #5 | | Subframe #7 Subframe #8 Subframe #9
Ur\le i : | | | | | | | |
subframe, / T \ / T
-—30720%—»
pweTs G 7T owets  Gp  JPFT

Figure 4.2-1: Frame structure type 2 (for 5 ms switch-point periodicity)

Table 4.2-1: Configuration of special subframe (lengths of DWPTS/GP/UpPTS)

Special Normal cyclic prefix in downlink Extended cyclic prefix in downlink
Sugfr‘gr?]e DWPTS UpPTS DWPTS UpPTS
configuratio Normial FYCI'C Extended_ el Normal cyclic Extended cyclic
n e ETE refix in uplink refix in uplink
in uplink in uplink P P P P
0 6592- T, 7680 T,
1 19760- T 20480 T,
(l+X)~2192~TS (1+X)-2560-TS
2 21952 T, (l+ X) -2192-T, (l+ X ) -2560-T, | 23040 T,
3 24144.T, 25600- T
4 26336 T, 7680 T,
5 6592- T, 20480-T,
(2+X)-2192.T, | (2+X)-2560-T,
6 19760-T, 23040-T,
7 21952-T, | (2+X)-2192-T, | (2+X)-2560-T, | 12800-T,
8 24144 T, - - -
9 13168 T, - - )
10 13168- T, 13152-T, 12800- T, - - -
Table 4.2-2: Uplink-downlink configurations
Uplink-downlink Downlink-to-Uplink Subframe number
configuration Switch-point periodicity 0 1 2 3 4 5 6 7 8 9
0 5ms D S ) U U D S ) U U
1 5ms D S U U D D S U U D
2 5ms D S U D D D S U D D
3 10 ms D S U ) U D D D D D
4 10 ms D S U U D D D D D D
5 10 ms D S U D D D D D D D
6 5ms D S U U U D S U U D
4.3 Frame structure type 3

Frame structure type 3 is applicable to LAA secondary cell operation with normal cyclic prefix only. Each radio frame
is T; =307200- T, =10ms long and consists of 20 slots of length Ty, =15360- T, = 0.5ms, numbered from 0 to 19. A

subframe is defined as two consecutive slots where subframe i consists of dots 2i and 2i + 1.
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The 10 subframes within aradio frame are available for downlink or uplink transmissions. Downlink transmissions
occupy one or more consecutive subframes, starting anywhere within a subframe and ending with the last subframe
either fully occupied or following one of the DwWPTS durations in Table 4.2-1. Uplink transmisisons occupy one or
more consecutive subframes.
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5 Uplink

5.1 Overview

The smallest resource unit for uplink transmissions is denoted a resource element and is defined in clause 5.2.2.

51.1 Physical channels

An uplink physical channel corresponds to a set of resource elements carrying information originating from higher
layers and is the interface defined between 3GPP TS 36.212 [3] and the present document 3GPP TS 36.211.
The following uplink physical channels are defined:

- Physical Uplink Shared Channel, PUSCH

- Physical Uplink Control Channel, PUCCH

- Short Physical Uplink Control Channel, SPUCCH
- Physical Random Access Channel, PRACH

51.2 Physical signals

An uplink physical signal is used by the physical layer but does not carry information originating from higher layers.
The following uplink physical signals are defined:

- Reference signa

5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of Ngg N&® subcarriersand Ngr,

SC-FDMA symbols. The resource grid isillustrated in Figure 5.2.1-1. The quantity Ngé‘ depends on the uplink

transmission bandwidth configured in the cell and shall fulfil
NRS < Ng < N

min,UL max,UL

where Ngg™~~ =6 and Ngg = =110 arethe smallest and largest uplink bandwidths, respectively, supported by the
current version of this specification. The set of allowed values for N&g is given by 3GPP TS 36.101 [7].

The number of SC-FDMA symbolsin a slot depends on the cyclic prefix length configured by the higher layer
parameter UL-CyclicPrefixLength and isgiven in Table 5.2.3-1.

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred
from the channel over which another symbol on the same antenna port is conveyed. There is one resource grid per
antenna port. The antenna ports used for transmission of a physical channel or signal depends on the number of antenna
ports configured for the physical channel or signal as shown in Table 5.2.1-1. Theindex p isused throughout clause 5

when a sequential numbering of the antenna portsis necessary.
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One uplink slot Ty,
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Figure 5.2.1-1: Uplink resource grid

Table 5.2.1-1: Antenna ports used for different physical channels and signals

Antenna port number p as a function of
Physical channel or signal | Index P the number of antenna ports configured
for the respective physical channel/signal
1 2 4
0 10 20 40
1 - 21 41
PUSCH > - : 12
3 - - 43
0 10 20 40
1 - 21 41
SRS 2 - - 42
3 - - 43
0 100 200 -
PUCCH, SPUCCH 1 : 201 .
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52.2 Resource elements

Each element in the resource grid is called a resource element and is uniquely defined by the index pair (k,I ) inasglot
where k=0,...,NggN&® —L and | =0,..., Ny, —1 are theindicesin the frequency and time domains, respectively.
Resource element (k,|) on antennaport p corresponds to the complex value a,ﬁﬁ) .

When thereis no risk for confusion, or no particular antenna port is specified, the index p may be dropped.
Quantities a,((ﬁ’) corresponding to resource elements not used for transmission of a physical channel or a physical signal

in aslot shall be set to zero.

5.2.3 Resource blocks

A physical resource block is defined as Ngr"nb consecutive SC-FDMA symbolsin the time domain and N2 consecutive
subcarriersin the frequency domain, where Ng5, and N&® are given by Table 5.2.3-1.
A physical resource block in the uplink thus consists of Ng, x N&® resource elements, corresponding to one slot in

the time domain and 180 kHz in the frequency domain.

Table 5.2.3-1: Resource block parameters

Configuration NSFéB N;J,r';]b
Normal cyclic prefix 12 7
Extended cyclic prefix 12 6

The relation between the physical resource block number nprg in the frequency domain and resource elements (k, 1) in

adotisgiven by
| Kk
Nprg = _NSR;B

Resource units are used to describe the mapping of PUSCH using sub-PRB allocations to resource elements for BL/CE
UEs. A resource unit is defined as Mg, Mgee SC-FDMA symbolsin the time domain and M 2V consecutive

5.2.3A Resource unit

subcarriersin the frequency domain, where M2V and Mg, are given by Table 5.2.3A-1.

Table 5.2.3A-1: Supported combinations of M2, M, and Mg, for PUSCH using sub-PRB
allocations for Frame Structure type 1 and Frame Structure type 2.

Physical Af Modulation uL RU uL uL Comment
cthneI scheme M M Mo Mo
PUSCH 15 kHz m/2-BPSK 3 16 7 2 out of 3 subcarriers used
QPSK 12 3 8
6 4

524 Narrowbands and widebands

A narrowband is defined as six non-overlapping consecutive physical resource blocksin the frequency domain. The
total number of uplink narrowbands in the uplink transmission bandwidth configured in the cell is given by

NUL
i
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The narrowbands are numbered nyg = 0,...,Nyg —1 in order of increasing physical resource-block number where
narrowband nyg is composed of physical resource-block indices

Bnyg +ig+i  if N3y mod2=0
BNy +ig+i  if NSt mod2=1andnyg < No5 /2
BNyg +ig+i+1 if NSt mod2=1andnyg = NY5 /2

where
i=01..,5

| _{Ngg|_6wg
°7l 2 2

If Nk,“é >4 awideband is defined as four non-overlapping narrowbands in the frequency domain. The total number of
uplink widebands in the uplink transmission bandwidth configured in the cell is given by

UL
NUL — NNB
wB 4

and the widebands are numbered nyg =0...., Nbﬂ,'é —1 in order of increasing narrowband number where wideband ny,g
is composed of narrowband indices 4nyg +i where i =01...,3.

If N,ﬁ,“é <4, then Nb’v'é =1 and the single wideband is composed of the NHE non-overlapping narrowband(s).

5.2.5  Guard period for narrowband and wideband retuning

For BL/CE UEs, aguard period of at most N;;‘nzge SC-FDMA symbolsis created for Tx-to-Tx frequency retuning

between two consecutive subframes.

- If the higher layer parameter ce-RetuningSymbolsis set, then N;j‘n;*ge equal s ce-RetuningSymbols, otherwise

retune _
Nymb = 2.

- If the higher layer parameter ce-pusch-maxBandwidth-config is set to 5 MHz, then the rules for guard period
creation defined in the remainder of this clause do not apply for retuning between narrowbands but for retuning
between widebands and for transmissions involving multiple widebands.

- If aUE isconfigured with higher layer parameter ce-PUSCH-FlexibleStartPRB-AllocConfig and the allocation
resources are not fully within one narrowband, the rules for guard period creation defined in the remainder of
this clause apply for retuning between tuning narrowbands, where

- Incase of CEModeA, the tuning narrowband is defined as the 6 consecutive PRBs starting from RB; 4,
defined in 8.1.1 of [4] with the center frequency set in the middle.

- Incase of CEModeB, the tuning narrowband is defined as the 6 consecutive PRBs with the center frequency
set in the middle of allocated two PRBs.

- If the UE retunes from afirst narrowband carrying PUSCH to a second narrowband carrying PUSCH, or if the
UE retunes from afirst narrowband carrying PUCCH to a second narrowband carrying PUCCH,

- if N;j‘n;*ge =1, aguard period is created by the UE not transmitting the last SC-FDMA symbol in the first

subframe;

- if N;;*,;*ge =2, aguard period is created by the UE not transmitting the last SC-FDMA symbol in the first
subframe and the first SC-FDMA symbol in the second subframe.
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- If the UE retunes from a first narrowband carrying PUCCH to a second narrowband carrying PUSCH,

- if the PUCCH uses a shortened PUCCH format and N;;*,;*ge =1, aguard period is created by the UE not
transmitting the last SC-FDMA symbol in the first subframe;

- if the PUCCH uses a shortened PUCCH format and N;j‘n;*ge =2, aguard period is created by the UE not
transmitting the last SC-FDMA symbol in the first subframe and the first SC-FDMA symbol in the second
subframe;

- if the PUCCH uses anorma PUCCH format, a guard period is created by the UE not transmitting the first

Ngmb. SC-FDMA symbolsin the second subframe.

- If the UE retunes from afirst narrowband carrying PUSCH to a second narrowband carrying PUCCH,

- aguard period is created by the UE not transmitting the last N;;*,;*ge SC-FDMA symbolsin the first
subframe.

- For CEModeA, if the PUSCH is associated with C-RNTI or SPS C-RNTI and the higher layer parameter ce-
pusch-maxBandwidth-config is set to 5 MHz,

- If the PUSCH resource allocation is within a5 MHz wideband, the center frequency of the transmission
bandwidth is the center frequency of the wideband;

- If the PUSCH resource allocation spans two 5 MHz widebands, the center frequency of transmission
bandwidth isin the center of PUSCH resource alocation.

Furthermore, for BL/CE UEs configured with the higher layer parameter srs-UpPtsAdd, a guard period of at most

N;;*,;*ge SC-FDMA symbolsis created for Tx-to-Tx frequency retuning between afirst special subframe and a second

uplink subframe for frame structure type 2 according to:

- If the UE retunes from afirst narrowband carrying SRS in the last UpPTS symbol to a second narrowband
carrying PUSCH,
- aguard period is created by the UE not transmitting the first N;;*,;*ge SC-FDMA symbolsin the second
subframe.
- If the UE retunes from afirst narrowband carrying SRS in the last but one UpPTS symbol, but not in the last
UpPTS symbol, to a second narrowband carrying PUSCH,
- if N;;‘nzge =1, aguard period is created by the UE not transmitting the last UpPTS symbol in the first
subframe;

- if Ns’fn‘j{}e =2, aguard period is created by the UE not transmitting the last UpPTS symbol in the first

subframe and the first SC-FDMA symbol in the second subframe.

- If the UE retunes from afirst narrowband carrying SRS to a second narrowband carrying PUCCH,

- if N;j‘n;*ge =1, aguard period is created by the UE not transmitting the last UpPTS symbol in the first

subframe;

- if N;;*,;*ge =2, aguard period is created by the UE not transmitting the last UpPTS symbol in the first
subframe and the first SC-FDMA symbol in the second subframe.

N retune

gmp > 0, and for SRStransmission in a special subframe, a BL/CE UE is not expected to be configured with a

For

first SRS transmission in symbol | and a second SRS transmission in any of symbols {I +1,...,1 + N;‘;Qe} if the first

SRS transmission and the second SRS transmission use different narrowbands.
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5.3 Physical uplink shared channel
The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- transform precoding to generate complex-valued symbols
- precoding of the complex-valued symbols
- mapping of precoded complex-valued symbols to resource elements

- generation of complex-valued time-domain SC-FDMA signal for each antenna port

codewords layers antenna ports
/ . Modulation / Transform Resource SC-FDMA \
Scrambling mapper precoder element mapper signal gen.
Layer Precoding
mapper
. Modulation Transform Resource SC-FDMA
Scrambling mapper precoder element mapper signal gen.

Figure 5.3-1: Overview of uplink physical channel processing

5.3.1 Scrambling

For each codeword q , the block of bits b@ (0),....b (MP —1), where M is the number of bits transmitted in
codeword ¢ on the physical uplink shared channel in subframe(s)/slot/subslot, shall be scrambled with a UE-specific

scrambling sequence prior to modulation, resulting in ablock of scrambled bits b(@ (0),....0 @ (M@ —1) according to

the following pseudo code
Seti=0
ila i (9)
while i <M
if b@ (i) =x // ACK/NACK or Rank Indication placeholder bits
b@(i)=1
else
if b@ (i) =y // ACK/NACK or Rank Indication repetition placeholder bits
b (@ ()= b (@ (i-1)
else // Dataor channel quality coded bits, Rank Indication coded bits or ACK/NACK coded hits
@ (i) = (b (i) +c@ (i) /mod2
end if
end if

i=i+1
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end while

where x and y are tags defined in 3GPP TS 36.212 [3] clause 5.2.2.6 and where the scrambling sequence ¢(@ (i) is
given by clause 7.2. The scrambling sequence generator shall be initialised with

Cinit = Nenm - 24 +- 2%+ ng/2]- 27 + NE" at the start of each subframe where Ny, ;, corresponds to the RNTI
associated with the PUSCH transmission as described in clause 8 in 3GPP TS 36.213 [4]. For AUL PUSCH, ngyr = 0.

For BL/CE UEs,
- if the PUSCH transmission is using sub-PRB allocations, the scrambling sequence generator shall be initialised
with

mod 10| - 2° + N

l
Mgy - Mg / ZJ

at the first valid uplink subframe of every Mgy - M3L, / 2 subframes comprising the allocated UL resource
unit(s), wherei = 0,1, ..., N — 1, and N is the number of BL/CE UL subframes for the PUSCH transmission as
determined in clause 8.0in [4].

Cinit = NpNr - 27 + g 28 + H

- otherwise, the same scrambling sequence is applied per subframe to PUSCH for agiven block of N,
subframes. The subframe number of the first subframe in each block of N, consecutive subframes, denoted as

Ny, » Satisfies N, mod N = 0. For the j™ block of N, subframes, the scrambling sequence generator
shall be initialised with

Ginit = NRNTI '214+Q’213+[(jo + j)Nacc m0d10]~29+ N|c|§II

where
: g+ N -1
j=01.., 0" %abs  —f_ o
NEX:C
jo= |_i0/Nach
and i, isthe absolute subframe number of the first uplink subframe intended for PUSCH. The PUSCH transmission

spans N;,%SCH consecutive subframes including subframes that are not BL/CE UL subframes where the UE postpones

the PUSCH transmission. For a BL/CE UE configured in CEModeA, N, =1. For aBL/CE UE configured with
CEModeB, N, =4 for frame structuretype 1 and N, =5 for frame structure type 2.

For PUSCH with a subframe duration, up to two codewords can be transmitted in one subframe, i.e., ge {01}. Inthe
case of single-codeword transmission, g =0.

532 Modulation

For each codeword q , the block of scrambled bits b@ (0),....b@ (M @ —1) shall be modulated as described in
clause 7.1, resiting in ablock of complex-valued symbols d(¥(0),...,d @ (M {3, 1) . Table5.3.2-1 specifies the

modulation mappings applicable for the physical uplink shared channel. For sub-PRB alocations only n/2 BPSK and
QPSK are supported.

Table 5.3.2-1: Uplink modulation schemes

Physical channel Modulation schemes
PUSCH /2 BPSK, QPSK, 16QAM, 64QAM, 256QAM
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5.3.2A Layer mapping

The complex-valued modulation symbols for each of the codewords to be transmitted are mapped onto one or two
|layers. Complex-valued modulation symbols d‘? (0),...,d®@ (M {9, —1) for codeword g shall be mapped onto the

layers x(i) = [x(o)(i) x(”‘l)(i)]r, i=01..,M¥T ~1 where v isthe number of layersand M < is the number of

modulation symbols per layer.

5.3.2A.1 Layer mapping for transmission on a single antenna port

For transmission on a single antenna port, asingle layer isused, v =1, and the mapping is defined by
%0 (i) = d© (i)

| 0
with M &Y = Méﬂ)nb

5.3.2A.2 Layer mapping for spatial multiplexing

For spatial multiplexing, the layer mapping shall be done according to Table 5.3.2A.2-1. The number of layers v isless
than or equal to the number of antenna ports P used for transmission of the physical uplink shared channel.

The case of asingle codeword mapped to multiple layersis only applicable when the number of antenna ports used for
PUSCH is four, except for slot-PUSCH and subslot-PUSCH transmission where a single codeword is used irrespective
of the number of layers.

Table 5.3.2A.2-1: Codeword-to-layer mapping for spatial multiplexing

Codeword-to-layer mapping

Number of layers | Number of codewords . I
Y i=01., Mg -1
1 1 XM =d0)  MgE =M
0 iy = 4O (9
X () =d" (2
) 1 0] (2) gﬁi_M(O)b/z

xP (i) =d@(2i+2)
Oy O
) , X (1) =d™ (i) M MO, =MD,
x® (i)= d® @i R sy
X(O)(i) =d®© @)
|
° 2 xO()=dD@)  Mapg =M =M, /2
x@ (i)=d® (2 +1)
xQ (i) =d (2i)
Dy = g (o
4 ) x7 (i) =d™ (2 +1) M e —M(O)b/z M(l)b/z
x (i) =d® (2i) i
x® () =d® (2 +1)
xO (i) =d©4i)
D iy = 4O (4
XT()=d™ (4i+1) )\ lever (0)
@ iy = 4O (4i Mymb = Mg, b/4
X {)=d" (4i+2)
x® (i) =d@4i+3)
NOTE 1: Only used for slot-PUSCH and subslot-PUSCH

41 11
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5.3.3 Transform precoding

For each layer 4=041,..,v-1 the block of complex-valued symbols x*)(0),..., ¥ (M &% 1) isdivided into

M ;7;; M SF;USCH sets, each corresponding to one SC-FDMA symbol. Transform precoding shall be applied according

to

1 ;usm_l - 27k
PUSCH

— Z XD MESH 1i)e M=

VMg i=0

k=0,..,M2X*H 1

| PUSCH
1=0,.., M2 /MEISH —1

yP (MU LK) =

resulting in a block of complex-valued symbols y*(0)...., y® (M@ —1). The variableM &5 = M g5>™ - N&®,

where M ELBJSCH represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

M RoSCH = 2% . 3% .5% < NSE
where o, 5,05 iSaset of non-negative integers.

In case of PUSCH transmissions using sub-PRB allocations for BL/CE UEs, the variable MJ"5" =M? +Q, -2.

5.3.3A Precoding

The precoder takes as input a block of vectors [y(o) (i .. y®? (i)]r ,i=01..,M&% 1 from the transform
precoder and generates a block of vectors [z(o) (i ... zPP (i)]T ,i=01..,M$ 1 to be mapped onto resource
elements.

5.3.3A.1 Precoding for transmission on a single antenna port

For transmission on a single antenna port, precoding is defined by
29 )=y i)

. |
Whel’e | =O,1,---, Mg/pmb _11 M;/pmb = M;{nerb "

5.3.3A.2 Precoding for spatial multiplexing

Precoding for spatial multiplexing is only used in combination with layer mapping for spatial multiplexing as described
in clause 5.3.2A.2. Spatial multiplexing supports P =2 or P =4 antenna ports where the set of antenna ports used for
spatial multiplexingis pe {20,21} and pe {40,41,42,43}, respectively.

Precoding for spatial multiplexing is defined by
2 (i) y ()
: =W :
20 y"P0

P |
where i =01,..,MJ, -1, Mg, =MoL

The precoding matrix W of size Px v isgiven by one of the entriesin Table 5.3.3A.2-1 for P =2 and by Tables
5.3.3A.2-2 through 5.3.3A.2-5 for P =4 where the entriesin each row are ordered from left to right in increasing order
of codebook indices.
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Table 5.3.3A.2-1: Codebook for transmission on antenna ports {20,21}

Codebook index vN:Tber of I?)yir;
111 1|10
o | B o
1)1
1 —_— -
AL
11
’ ﬁL} '
1(1
’ \FzL} '
1|1
MENR
110
-

Table 5.3.3A.2-2: Codebook for transmission on antenna ports {40,41,42,43} with v =1

Codebook index Number of layers v =1

(1] 1 (1] 1] 1 1 1] 1]

0_7 B I A I A R I A I A Ly apad
2| 1 2| j 20 -1 | 2|-] 2|1 2| j 2|11 | 2|-j

|—1] J | 1] -] j 1 -] =1

1 (1 (1] [ 1] 1 1 (1] [ 1]

615 B A A B e AR R I A A Ay
2| 1 2| j 2-1| | 2|-j| | 2| 1 2| 2| -1 | 2|-j

1] - -1 L] -] -1 L] | 1]

1 [1 1 [ 1] 0 0 0 [ 0]

1|0 1| 0 1|0 1/ 0 11 1] 1 1|1 1| 1

16-23 211] | 2|-1 | 2| | 2|-il| 2lo| | 2|0]| | 2]o| | 2| 0
0 | 0 0 | 0| 1 -1 j -]
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Table 5.3.3A.2-3: Codebook for transmission on antenna ports {40,41,42,43} with v = 2

Codebook index Number of layers v = 2

1 0 1 0 1 0 1 0

111 0 1/1 o| | 1|-j o| | 1]-j o©

0-3 2l0 1 210 1] |20 1/] 20 1
0 —j 0 | 0 1 0 -1

1 0 (1 0] 10 1 0

1/1-1 o|| 1/-1 0| | 1]j o 1/j o0

4-7 20 1|]2 0o 1/| 201 2l0 1
0 —j 0 j] 01 0 -1

(1 0] (1 0] (1 O] (1 0]

110 1 110 1(] 1/0 1|/] 1/0 1

§-11 2|1 0 2/1 of| 2[-1 0] 2/-1 0
0 1 0 -1 0 1] 0 -1

(1 0] (1 0] 1 0] 1 0

110 1 110 1|]1/0 1/] 1/0 1

12-15 2l0 1 2/0 -1/ | 2|0 1| | 2/0 -1
10 1 0] -1 0] -1 0

Table 5.3.3A.2-4: Codebook for transmission on antenna ports {40,41,42,43} with v =3

Codebook index Number of layers v =3
(1 0 0] [1 0 O] (1 0 0] [1 0 O]
1/1 0 O | 1/-1 0 0| | 2/0 12 O | 1/0 1 O
0-3 20 10/ 20 10/|2/100/]|2-100
0 0 1 |0 0 1] 0 0 1 |0 0 1]
(1 0 0] [1 0 O] [0 1 0] [0 1 O]
110 1 0| | 1/0 1 0| 1/1 0 Ol | 11 0O
4-7 20 01/ 20 01|21 00]/]|2-100
11 0 0 -1 0 0] 0 0 1 |0 0 1]
[0 1 0] [0 1 0] [0 1 0] [0 1 0]
11 0 O | 11 0 O] | 1/0 O 1| | 1|0 0 1
8-11 2001|200 o1||2/1 00|21 00
11 0 0] -1 0 O] 11 0 0] -1 0 0]

Table 5.3.3A.2-5: Codebook for transmission on antenna ports {40,41,42,43} with v = 4

Codebook index | Number of layers v =4
1 000
110 1 0 O
0 200010
0 001
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5.34 Mapping to physical resources

For each antennaport p used for transmission of the PUSCH in a subframe the block of complex-valued symbols
2P(0),... 2P (MZ 1) shall be multiplied with the amplitude scaling factor Spyscy in order to conform to the
transmit power Ppgoy Specified in clause 5.1.1.1 in 3GPP TS 36.213 [4], and mapped in sequence starting with

(P (0) to physical resource blocks on antennaport p and assigned for transmission of PUSCH. The relation between

theindex p and the antenna port number p isgiven by Table 5.2.1-1. The mapping to resource elements (k,I )
corresponding to the physical resource blocks assigned for transmission shall fulfil the following criteria:

- not used for transmission of reference signals, and

- not part of the last SC-FDMA symbol in a subframe, if the UE transmits SRS in the same subframe in the same
serving cell, and

- not part of the last SC-FDMA symbol in a subframe configured with cell-specific SRS for non-BL/CE UEs and
BL/CE UEsin CEModeA, if the PUSCH transmission partly or fully overlaps with the cell-specific SRS
bandwidth, and

- not part of an SC-FDMA symbol reserved for possible trigger type 1 SRS transmission as specified in[4] ina
UE-specific aperiodic SRS subframe in the same serving cell, and

- not part of an SC-FDMA symbol reserved for possible trigger type O SRS transmission as specified in [4] ina
UE-specific periodic SRS subframe in the same serving cell when the UE is configured with multiple TAGs

- not part of the first SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH starting position
'01', '10', or '11" and does not indicate PUSCH mode 2.

- not part of the first SC-FDMA symbol in the second dlot in a subframe if the associated DCI indicates PUSCH
starting position '01', "10', or '11' and PUSCH mode 2.

- not part of the last SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH ending symbol '1'
and does not indicate PUSCH mode 3.

- not part of the second slot in a subframe if the associated DCI indicates PUSCH ending symbol ‘0" and PUSCH
mode 3.

- not part of SC-FDMA symbols 5 to 13 in asubframe if the associated DCI indicates PUSCH ending symbol '1'
and PUSCH mode 3.

The mapping to resource elements (k,I) shall beinincreasing order of first theindex k , thentheindex | . The

mapping starts with the first slot in an uplink subframe, except for slot-PUSCH, subslot-PUSCH transmission, or
PUSCH mode 2.

In case of PUSCH transmissions using sub-PRB allocations for BL/CE UEs, the mapping starts over in every valid
uplink subframe composing an UL resource unit.

In case of dot-PUSCH, the mapping shall start at | = 0 in the ot assigned for transmission.
In case of PUSCH mode 2, the mapping shall start at | = 0 in the second dot of the subframe assigned for transmission.

In case of subslot-PUSCH, the mapping shall start at symbol | where the start of the mapping is dependent on the
uplink subslot number in the subframe assigned for transmission and the DMRS-pattern field in the related uplink DCI
format [3] according to Table 5.3.4-1 where starting symbol index "4" for subslot #5 is applied if the UE hasindicated
the capability ul-pattern-ddd-r15.
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Table 5.3.4-1: Starting symbol index for subslot-PUSCH transmission

DMRS-pattern field in uplink- Uplink subslot number
related DCI format [3] #0 #1 #2 #3 #4 #5
00 1 4 6 1 3 5
01 0 3 5 0 2 4
10 - 3 - 0 2 -
11 - 3 - - 2

In case of a semi-persistently scheduled subslot-PUSCH, and semi-persistent scheduling (i.e. higher layer parameter
sps-ConfigUL-STTI is configured, see 3GPP TS 36.331 [9]) with a configured periodicity of 1 subslot (i.e.
semiPersistSchedinterval UL-STTI set to sTTI1), the mapping shall start at symbol | depending on the DMRS-pattern
field in the related uplink DCI format [3] according to Table 5.3.4-2.

In case of a semi-persistently scheduled subslot-PUSCH and semi-persistent scheduling (the higher layer parameter sps-
ConfigUL-sTTI-r15 is configured, see 3GPP TS 36.331 [9]) with repetitions enabled (the higher layer parameter

total Number PUSCH-SPS-STTI-UL-Repetitions is configured), the mapping shall start at symbol | depending on the
DMRS-pattern field in the related uplink DCI format [3] according to Table 5.3.4-2.

Table 5.3.4-2: Starting symbol index for subslot-PUSCH transmission in case of semi-persistent
scheduling with a configured periodicity of 1 subslot

DMRS-pattern field in uplink- Uplink subslot number
related DCI format [3] #0 #1 #2 #3 #4 #5
00 1 4 6 1 3 5
10 1 3 6 0 3 5

In case of subslot-PUSCH and semi-persistent scheduling with a configured periodicity longer than 1 subslot the
mapping shall start at symbol | according to the first row of Table 5.3.4-2 (i.e. equivalent to a signalling of DMRS
pattern field set to '00").

For the UpPTS, the mapping shall start at symbol | =1 and if dmrsLess-UpPtsis set to true the mapping shall end at
symbol | = symPUSCH_UpPts in the second slot of a special subframe, otherwise, the mapping shall end at symbol

| = symPUSCH_UpPts+1 in the second slot of a special subframe.

For BL/CE UEs, the PUSCH transmission is restricted as follows:

- For CEModeA, if the PUSCH is associated with C-RNTI or SPS C-RNTI and the higher layer parameter ce-
pusch-maxBandwidth-config is set to 5 MHz, the maximum number of allocatable PRBsfor PUSCH is 24 PRBs.
The alocatable PRBs include the PRBs belonging to the narrowbands defined in clause 5.2.4 and the odd PRB at
the center of the uplink system bandwidth in case of odd total number of uplink PRBs. If a resource assignment
or frequency hopping would result in a PUSCH resource allocation outside the allocatable PRBs then the
PUSCH transmission in that subframe is dropped.

- For al other cases, the maximum number of alocatable PRBs for PUSCH is 6 PRBsrestricted to one of the
narrowbands defined in clause 5.2.4.

For BL/CE UEsin CEModeB, resource elementsin the last SC-FDMA symbol in a subframe configured with cell-
specific SRS shall be counted in the PUSCH mapping but not used for transmission of the PUSCH.

For BL/CE UEs, if one or more SC-FDMA symbol(s) are left empty due to guard period for narrowband or wideband
retuning, the affected SC-FDMA symbol(s) shall be counted in the PUSCH mapping but not used for transmission of
the PUSCH.

For a UE configured with SRS carrier switching, if the first symbol in a subframe overlaps with an SRS transmission
(including any interruption due to uplink or downlink RF retuning time) in a carrier without PUSCH/PUCCH, the
resource elementsin the first SC-FDMA symbol shall be counted in the PUSCH mapping but not used for transmission
of PUSCH.

For a UE configured with SRS carrier switching, if the last symbol in a subframe is counted in the PUSCH mapping and
the last symbol in the subframe overlaps with an SRS transmission (including any interruption due to uplink or
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downlink RF retuning time) in a carrier without PUSCH/PUCCH, the resource elementsin the last SC-FDMA symbol
shall be counted in the PUSCH mapping but not used for transmission of PUSCH.

For a UE configured with SRS carrier switching, if the last symbol in a subframe is not counted in the PUSCH mapping
and the second-to-last symbol in the subframe overlaps with an SRS transmission (including any interruption due to
uplink or downlink RF retuning time) in a carrier without PUSCH/PUCCH, the resource elements in the second-to-last
SC-FDMA symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH.

For a UE configured with PUSCH Mode 1, if DCI indicates PUSCH mode 1 enabled and the corresponding
transmission of PUSCH starts in the second sot of a subframe, the resource elementsin the first slot of the subframe
shall be counted in the PUSCH mapping but not used for transmission of PUSCH.

For a UE configured with autonomous uplink,

- if the UE indicates PUSCH ending symbol 1" in uplink control information, or endingSymbol AUL is set to '12',
the resource elements in the last SC-FDMA symbol shall be counted in the PUSCH mapping but not used for
transmission of PUSCH;

- if the UE indicates PUSCH starting symbol '1' in uplink control information, the resource elements in the first
SC-FDMA symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH.

If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguousin
frequency, the set of physical resource blocks to be used for transmissionis given by npgg = Nygg Where nygg is

obtained from the uplink scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4].

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for
transmission is given by clause 8.4.1 in 3GPP TS 36.213 [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used
for transmission in slot ng is given by the scheduling grant together with a predefined pattern according to

Nprg (Ns) = nVRB + fhop( i)- NRB + ((NRB 1) Z(HVRB mod NIS?bB )) fm(i))mOd(le?bB ‘Ng)
|_n /2] inter —subframehopping
ng intraand inter — subframehopping

Nprg (Ns) Ng, =1

"era () = {nPRB(ns)"'N /2-‘ Ng >1

= nVRB Ng, =1
VRE Nyre — NRB /2 Ng >1

where nygg isobtained from the scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4]. The parameter
pusch-HoppingOffset, NS | is provided by higher layers. The size N, of each sub-band is given by,

N = Npg Ng =1
" =1 (N - NEO - NEO mod2)/Ng, | Ny >1

where the number of sub-bands Ny, isgiven by higher layers. The function f,, (i) {01} determines whether mirroring

isused or not. The parameter Hopping-mode provided by higher layers determinesif hopping is "inter-subframe" or
"intra and inter-subframe"

The hopping function fy,,,(i) and the function f (i) are given by
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0 Ng =1
i-10+9 i
(frop =D+ Y c(k)x2 1 V)mod Ny, N, =2
fhop = k=i-10+1
i-10+9 )
(Frop( —1){ Zc(k)ka("m*l)] mod(Ng, —1)+1)mod Ny, Ng >2
k=i-10+1

i mod 2 Ny, =1 andintra and inter — subframe hopping
fn(i)=1CURRENT_TX_NBmod2 Ng =1 andinter —subframe hopping
c(i -10) Ng >1

where fp,,(—1) =0 and the pseudo-random sequence c(i) isgiven by clause 7.2 and CURRENT_TX_NB indicates the
transmission number for the transport block transmitted in slot n, as defined in [8]. The pseudo-random sequence

generator shall beinitialised with C,;; = Nfg' for frame structure type 1 and ¢, = 2°- (n; mod4) + NS for frame

nit —
structure type 2 at the start of each frame.

For BL/CE UEs, the PRB resources for PUSCH transmission in the first subframe are obtained from the DCI as
described in clauses 5.3.3.1.10 and 5.3.3.1.11 in [3]. Each of the Ny = 1 PUSCH codewords is transmitted with

NS> > Lrepetitions, where Ny, is the number of transport blocks defined in clause 8.0 of 3GPP TS 36.213 [4]. The

PUSCH transmission spans Ny > N5 NEUSCH consecutive subframes, including subframes that are not BL/CE UL

PUSCH >1.

subframes where the UE postpones the PUSCH transmission if Nrep

- If uplink resource reservation is enabled for the UE as specified in [9], and the Resource reservation field in the
DCl is et to 1, then in case of PUSCH transmission with N> > 1 associated with C-RNTI or SPS C-RNTI
using UE-specific MPDCCH search space including PUSCH transmission without a corresponding MPDCCH,

- Inasubframethat isfully reserved as defined in clause 8.0 in [4], the PUSCH transmission is postponed until
the next BL/CE uplink subframe that is not fully reserved.

- Inasubframethat is partially reserved, the reserved SC-FDMA symbols shall be counted in the PUSCH
mapping but not used for transmission of the PUSCH.

- Incasethe UE isa BL/CE UE configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15 or
subPRB-Allocation in PUR-PUSCH-Config, the PUSCH transmission spans N 25" > Npp NESSCH My MY,
2 consecutive subframes including subframes that are not BL/CE UL subframes where the UE postpones the
PUSCH transmission, where N isthe number of scheduled TBsif ce-PUSCH-MultiTB-Config is enabled and
multiple TBs are scheduled, otherwise Ny = 1.

- For BL/CE UE in CEModeA,
- If PUSCH istransmitted using preconfigured uplink resources,

- PUSCH frequency hopping is enabled when the higher layer parameter pur-PUSCH-FregHopping is set,
otherwise frequency hopping is disabled.

- Else, if PUSCH scheduled by DCI format 6-0A is associated with PUR-RNTI,

- PUSCH frequency hopping is enabled when the higher layer parameter pur-PUSCH-FreqHopping is set
and the frequency hopping flag in DCI format 6-0A indicates frequency hopping, otherwise frequency
hopping is disabled.

- Elsg

- PUSCH freguency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set and
the frequency hopping flag in DCI format 6-0A indicates frequency hopping, otherwise frequency
hopping is disabled.

- For BL/CE UE in CEModeB,

- If PUSCH istransmitted using preconfigured uplink resources,
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- PUSCH frequency hopping is enabled when the higher layer parameter pur-PUSCH-FregHopping is set,
otherwise frequency hopping is disabled.
- Else, if PUSCH scheduled by DCI format 6-0B is associated with PUR-RNTI,

- PUSCH freguency hopping is enabled when the higher layer parameter pur-PUSCH-FreqHopping is set,
otherwise frequency hopping is disabled.

- Elsg

- PUSCH freguency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set,
otherwise frequency hopping is disabled.

- If frequency hopping is not enabled for PUSCH, all PUSCH repetitions are |ocated at the same PRB resources.

- If aBL/CE UE isconfigured with higher layer parameter ce-PUSCH-FlexibleStartPRB-AllocConfig, the UE is
not expected to have the frequency hopping enabled for PUSCH with the resource alocation including the center
PRB not belonging to any narrowband.

- If frequency hopping is enabled for PUSCH and the UE is not configured with CEModeA and higher layer
parameter ce-PUSCH-FlexibleStartPRB-AllocConfig,

- PUSCH istransmitted in uplink subframe i within the N2>"' consecutive subframes using the same
number of consecutive PRBs as in the previous subframe startl ng from the PRB resources of the narrowband
n{) with the same RIV as that of narrowband n) . The narrowband n{}} is defined as

El) if [i/NSUE—jolmod 2 =0
(g\,g+f§§’5hg;’)modNﬁ'§ it [i/NeUt o] mod 2 = 1

o :\_i /NCh’ULJ

o <i<ig+ Nt -1

kb =

where i, isthe absolute subframe number of the first UL subframe intended for carrying the PUSCH and

NRYS and fsnon are cell-specific higher-layer parameters. For the NEYSSH consecutive subframes, the

UE shall not transmit PUSCH in subframe i if it is not a BL/CE UL subframe.

- If frequency hopping is enabled for PUSCH and the UE is configured with CEModeA and higher layer
parameter ce-PUSCH-FlexibleStartPRB-AllocConfig,

- Except when the PUSCH resource allocation includes the center PRB not belonging to any narrowband,
PUSCH istransmitted in uplink subframe i within the N525°H consecutive subframes using the same

number of consecutive PRBs as in the previous subframe, where n(’O) is the narrowband index that starting
PRB located in the absolute subframe number of the first UL subframe iy, defined as

- 1f N% mod 2 =0 or N% mod 2 = 1 With RBsypr < |N¥E/2], n(Y = %j

- If N¥§ mod 2 = 1 with RBsranr > |NEE/2], nijy) = |FEsTaRr=et)

wherel, = IN"BJ GN”B is the number of edge PRB(S) not belonging to narrowbands in one side of system

bandwidth Nk, NY |sthe number of narrowbands, the starting PRB index RBgyart and thelength Legps Of
the all ocated resources are defined in clause 8.1.1 of [4]. After hopping, the narrowband n{} in subframe i
is defined as
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b ) it [i/ NS —j lmod 2 =0
B ( (°)+f§§’5h§;')mode,”§ if [i/NSUE—j, mod 2 =1

jO — \- /N ch, ULJ

o <i<ig+ Nt -1
where NJEY and 5SS are cell-specific higher-layer parameters. For the N5 consecutive
subframes, the UE shall not transmit PUSCH in subframe i if it is not a BL/CE UL subframe. After hopping,
the resource blocks have the same relative location of starting PRB in n( ) asin narrowband n(’O)

- If frequency hopping is enabled for PUSCH and the UE is configured with higher layer parameter ce-PUSCH-
FlexibleStartPRB-AllocConfig,

- If afrequency hopping leads to a split resource allocation, where some PRB(S) is (are) on one edge and some
PRB(s) is (are) on the other edge of the system bandwidth, the PUSCH transmission is dropped in that
subframe.

- If afrequency hopping leads to aresource allocation, where some PRB(s) is (are) not belonging to any
narrowband, the PUSCH transmission is dropped in that subframe.

For BL/CE UEs, for PUSCH transmission corresponding to the random access response grant and its retransmission,
frequency hopping of the PUSCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

- if PRACH CE level 0 or 1 is used for the last PRACH attempt, NSEU" is set to the higher layer parameter
interval-UlHoppingConfigCommonModeA,

- if PRACH CE level 2 or 3isused for the last PRACH attempt, NCh UL isset to the higher layer parameter
interval-UlHoppingConfigCommonModeB.

For BL/CE UEsin CEModeB, for PUSCH transmission not associated with Temporary C-RNT], for frame structure
type 1, after atransmission duration of 256- 30720T, time units (which may include subframesthat are not BL/CE UL

subframes), agap of 40-30720T, time units shall be inserted, according to the UE capability ue-CE-NeedULGaps, as
specified in 3GPP TS 36.331 [9]. BL/CE UL subframes within the gap of 40-30720T time units shall be counted for
the PUSCH resource mapping but not used for transmission of the PUSCH.

For BL/CE UEs, for PUSCH transmission associated with Temporary C-RNTI for frame structure type 1, and if
PRACH CE level 2 or 3 isused for the last PRACH attempt, after atransmission duration of 256 - 30720T, time units

(which may include subframes that are not BL/CE UL subframes), agap of 40-30720T, time units shall be inserted.
BL/CE UL subframes within the gap of 40-30720T time units shall be counted for the PUSCH resource mapping but
not used for transmission of the PUSCH.

For UEs configured with PUSCH-EnhancementsConfig, the number of PUSCH subframe repetitions N2 and the
PRB resources for PUSCH transmission in the first subframe are obtained from the DCI as described in clause
5.3.3.1.1Cin[3]. The PUSCH transmission spans N2> > N5 consecutive subframes, including DL subframes

where the UE postpones the PUSCH transmission in the case of frame structure type 2. PUSCH frequency hopping is
enabled when the higher-layer parameters pusch-HoppingOffsetPUSCH-Enh and interval-ULHoppingPUSCH-Enh are
set and the frequency hopping flag in DCI format OC indicates frequency hopping, otherwise frequency hopping is
disabled. If frequency hopping is not enabled for PUSCH, the PUSCH repetitions are located at the same PRB resources
asinthefirst subframe. If frequency hopping is enabled for PUSCH, PUSCH is transmitted in uplink subframe i within

the N> consecutive subframes using the PRB resources starting at PRB index nike

ng}%%; if l . joJ mod2=0
n(l) — NPRB ,hop
PRB —
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iy

| | - C s PUSCH __
]O—INPUSCHJ,10S1S10+N 1
PRB,hop

abs

PUSCH

where i isthe absolute subframe number of the first UL subframe carrying the PUSCH and Npgg pop

isgiven by the

PUSCH

higher-layer parameter interval-ULHoppingPUSCH-Enh and fpgg oy,

HoppingOffsetPUSCH-Enh.

is given by the higher-layer parameter pusch-

5.4

The physical uplink control channel, PUCCH, carries uplink control information. Simultaneous transmission of PUCCH
and PUSCH from the same UE is supported if enabled by higher layers. For frame structure type 2, the PUCCH is not
transmitted in the UpPTSfield.

Physical uplink control channel

The physical uplink control channel supports multiple formats as shown in Table 5.4-1 with different number of bits per
subframe, where M FFQEJCCH“ represents the bandwidth of the PUCCH format 4 as defined by clause 5.4.2B, and

NGV and NVS“H are defined in Table 5.4.2C-1.
Formats 2a and 2b are supported for normal cyclic prefix only.

Table 5.4-1: Supported PUCCH formats

PUCCH format | Modulation scheme Number of bits per subframe, M ;
1 N/A N/A
la BPSK 1
1b QPSK 2
2 QPSK 20
2a QPSK+BPSK 21
2b QPSK+QPSK 22
3 QPSK 48
4 QPSK M PUCCH4 | B _(NgUCCH + NlPUCCH). 2
5 QPSK NRB . (NPUCCH | PUceH]

All PUCCH formats use a cyclic shift, nfse”
according to

(ng, 1), which varies with the symbol number | and the slot number ng

nS(ng, 1) =zi7:0c(8N§,h1b-ns+8l +i)-2

where the pseudo-random sequence c(i) is defined by clause 7.2. The pseudo-random sequence generator shall be

initialized with G,;, =%, where nf& isgiven by clause 5.5.1.5 with N&'

beginning of each radio frame.

corresponding to the primary cell, at the

The physical resources used for PUCCH format 1/1a/1b and PUCCH format 2/2a/2b depends on two parameters, N%
and Ng) , given by higher layers.

The variable N% =0 denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats
2/2a/2b transmission in each slot. The variable N denotes the number of cyclic shift used for PUCCH formats
1/1a/1bin aresource block used for amix of formats 1/1a/1b and 2/2a/2b. The value of Ng) is an integer multiple of

APUCECH ithin therange of {0, 1, ..., 7}, where AT0¢CH

it <t isprovided by higher layers. No mixed resource block is

present if Ng) =0. At most one resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b.
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Resources used for transmission of PUCCH formats 1/1a/1b, 2/2a/2b, 3, 4, and 5 are represented by the non-negative

~ ~ ND ~
P 1, 2, 2)\|RB RB 1 3, 4 5 i
indices N2, NG, < NGNE J{TCS (NBE-ND -2), n&P., n& . and N8y, respectively.

541 PUCCH formats 1, 1a and 1b

For PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH from the UE.
In the remainder of this clause, d(0) =1 shall be assumed for PUCCH format 1.

For PUCCH formats 1aand 1b, one or two explicit bits are transmitted, respectively. The block of bits
b(0),...,b(My;; =1 shall be modulated as described in Table 5.4.1-1, resulting in a complex-valued symbol d(0) .

The modulation schemes for the different PUCCH formats are given by Table 5.4-1.

The complex-valued symbol d(0) shall be muitiplied with acyclically shifted length N&;““" =12 sequence ru(f’,ﬁ) (n)
for each of the P antenna ports used for PUCCH transmission according to

VPO = P, n= 01 N

where ru(y’f,ﬁ"s) (n) isdefined by clause 5.5.1 withM £° = N5 and & = 0. The antenna-port specific cyclic shift o

varies between symbols and slots as defined below.
The block of complex-valued symbols y(P (0),..., y® (NSIC 1) shall be scrambled by S(ng) and block-wise

spread with the antenna-port specific orthogonal sequence w o (i) according to

pal) (m'.NSF’FUCCH NG & +meNG&H + n): S(ng)- W, (M) y® (n)

where
m=0,..., NG -1
n=0,..,Ngg° -1
m'=01

and

S(n) = 1 if ni(ng)mod 2=0
S el? otherwise

with Ngé’CCH for the two slotsin a subframe given by Table 5.4.1-1a The sequence W) (i) isgivenby Table5.4.1-2
and Table 5.4.1-3 and n(ns) is defined below.

Resources used for transmission of PUCCH format 1, 1laand 1b are identified by a resource index n,%@CH from which

the orthogonal sequence index nf,cﬁ)(ns) and the cyclic shift a5(ns,|) are determined according to
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- Lnfp—,(ns) - ARHECH / N’J for normal cyclic prefix
Noc” (Ns)= ’ PUCCH /n” i i
2~\_n5(ns) At /N J for extended cyclic prefix

az(ng.l)= 27-n{P (ng,1)/ NS

"B (1) [nccg'(ns,l)+(n'5(ns)~AzhL{ﬁCH +(nf)§) (ng) mod ATHCCH ))mod N’] modNZB  for normal cyclic prefix
o [ng;-“ (ns,1) + (nfﬁ(ns) L ATHECH 4 (D) (ns)/2)mod N’] mod N8 for extended cyclic prefix

where

N’ = NG if nélLJpC)CH<C'Nésl)/AZE.JigCH
NRB  otherwise

_ |3 normal cyclic prefix

" |2 extended cyclic prefix

The resource indices within the two resource blocks in the two dots of a subframe to which the PUCCH is mapped are
given by

B R 1) / \PUCCH
M (n )={”§CJ%)CH if nfon <c-N& /AT
5(Ns B 1) / \PUCCH RB / \PUCCH -
(nSL"JpC)CH —c-NQ/aARS )mod(c- N2 /ARIC ) otherwise

for nymod2=0 and by

() [c(n’ﬁ(ns—l)+1)] mod(cNSRcB /ARIeCH +1)—1 n&R., >c- NY /AZuCCH

n%(n) =
P th Icl+ (hs modc)N'/ ATSEH otherwise

for nymod2=1, where h; = (n’ﬁ(nS -1+ d)mod(cN '/ ARIECH ) with d = 2for normal CP and d = 0 for extended CP.

The parameter deltaPUCCH-Shift AZH%CH isprovided by higher layers.

Table 5.4.1-1: Modulation symbol d(0) for PUCCH formats 1a and 1b

PUCCH format | b(0),....b(Mpi;=1) | d(0)
0 1
la 1 1
00 1
01 -]
1b -
10 J
11 -1

Table 5.4.1-1a: The quantity N&'““" for PUCCH formats 1a and 1b

N PUCCH
PUCCH format SF
first slot | second slot
normal 1/1a/l1b 4 4
shortened 1/1a/1b 4 3
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Table 5.4.1-2: Orthogonal sequences [W(O) e w(NEPeeH —1)] for NG =4
Sequence index nf)cﬁ)(ns) Orthogonal sequences [W(O) e W(NEEH —1)]
0 [+1 +1 +1 +1]
1 [+1 -1 +1 -1
2 [+1 -1 -1 +1]
Table 5.4.1-3: Orthogonal sequences [W(O) e w(NEPeeH —1)] for N&P°H =3
Sequence index nf)cﬁ)(ns) Orthogonal sequences [W(O) e W(NEEH —1)]
0 h 11
1 [1 oi2n/3 ej47r/3]
2 [1 oi4r/3 ej27r/3]
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5.4.2 PUCCH formats 2, 2a and 2b
The block of bits b(0),...,b(19) shall be scrambled with a UE-specific scrambling sequence, resulting in a block of
scrambled bits 5(0),...,6(19) according to
b(i) = (b(i)+c({))mod2
where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be initialised with

Gt = (ns/2]+2)- (2N|°§” +l)- 2'® 4 ngypy at the start of each subframe where Ny is C-RNTI.

The block of scrambled bits 5(0),...,6(19) shall be QPSK modulated as described in clause 7.1, resulting in a block of
complex-valued modulation symbols d(0),...,d(9) .

Each complex-valued symbol d(0),...,d(9) shall be muitiplied with acyclically shifted length NZ;““" =12 sequence
ru(y’f,ﬁ"s) (n) for each of the P antenna ports used for PUCCH transmission according to

1 (@5.9)

(P) PUCCH o ;
A\ ‘n+i) = d(n)-r, > (@
(Neq ) G (n)-ry" (1)
n=01...9
i=01..,N® -1

where (% (i) is defined by clause 5.5.1 with M £S = NZYCH and 5 = 0.

Resources used for transmission of PUCCH formats 2/2a/2b are identified by a resource index n%@CH from which the

cyclic shift a(ng,l) is determined according to
a5(ns,1) = 272-nd (ng, 1)/ NG?
where
@ (ng.1) = (1 (.1 + 15 (ng) Jmod NE
and

2. RB if (2D RBp;(2
1 (ny = {PocoimodNg 1 5B < NEPNES
P (n%@CH +NO +1)mod NE2B  otherwise

for nymod2=0 and by

ns(ng) = [NS'EB (n’-,;(ns —12+1)]m0d(NS'§B +1)—1 if n%@CH < NSBN%
P NG - 2- @2, JmodNE® otherwise

for nymod2=1.

For PUCCH formats 2a and 2b, supported for normal cyclic prefix only, the bit(s) b(20),...,b(M; —1) shall be
modulated as described in Table 5.4.2-1 resulting in a single modulation symbol d(10) used in the generation of the
reference-signal for PUCCH format 2a and 2b as described in clause 5.5.2.2.1.
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Table 5.4.2-1: Modulation symbol d(10) for PUCCH formats 2a and 2b

PUCCH format | b(20),...,.b(My, -1 | d(10)

0 1

2a 1 1
00 1
01 =]

2b -
10 J
11 -1

5.4.2A PUCCH format 3

The block of bits b(0),...,b(M; —1) shall be scrambled with a UE-specific scrambling sequence, resulting in ablock of
scrambled bits 5(0),...,5(M wit —1) according to

b(i) = (b(i) +c(i))mod2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be initialised with
Guit = ([ns/2)+2)- (2NEE' +1)- 22° + gy, at the start of each subframe where ngyr, isthe C-RNTI.

The block of scrambled bits 5(0),...,5(M kit —1) shall be QPSK modulated as described in Clause 7.1, resulting in a
block of complex-valued modulation symbols d(0),...,d(Mgmp—1) where Mg, =My, /2=2N&° .

The complex-valued symbols d(0),...,d(M g, —1) shall be block-wise spread with the orthogonal sequences w ) @)
c,0

and i (i) resuitingin Ner FUSCH L NEPEH sets of N2 values each according to

) - W) (M) eirlne /o2 ) n< NSYSeH
y I ocC
" W) (M- EEJ”Lcs (n)fse)2 d(NRB +i) otherwise
1 = nmod N& g
N=0,., NG5 + NG -1
i=04,..,N28 -1

where NG = NEYFM =5 for both slotsin a subframe using normal PUCCH format 3 and N& g H =5,

N& M = 4 holds for the first and second slot, respectively, in a subframe using shortened PUCCH format 3. The

orthogonal sequences W) (i) and w o) (i) aregiven by Table 5.4.2A-1. Resources used for transmission of PUCCH

format 3 are identified by a resource index N2, from which the quantities n{?) and n{?) are derived according to

(B _ 0GP PUCCH
Noc.o = MpuceH MOd N

) {(Sn(”) )mod NPUCCH if NGO =5

ocl —
N PUCCH

n{?) mod otherwise

oc
Each set of complex-valued symbols shall be cyclically shifted according to

P (i) = y(p)(( Cdl(nS,l))modNRB)

where n°e”(ns,l) isgiven by Clause 5.4, n, isthe slot number within aradio frameand | isthe SC-FDMA symbol
number within aslot.
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The shifted sets of complex-valued symbols shall be transform precoded according to
NE RB_q 2;zik
\/_ \/ N RB i 0

k=0,.,N2% -1

2P (n-NFB +k) = ynF’)(l)e NE

where P isthe number of antenna ports used for PUCCH transmission, resulting in ablock of complex-valued symbols
2 (0),..., 2P ((N PUCCH |\ PUCCH )N Re —l) _

Table 5.4.2A-1: The orthogonal sequence w, (i)

_ Orthogonal sequence [Wn ©) - w, (NPUCCH 1)]
Sequence index Ny o
NPUCCH 5 NPUCCH 4

0 L1111 [+1 +1 +1 +1]
1 h i2n/s  gi4n/s  i6a/5 ej87r/5] [+1 -1 +1 -1
2 h Qi4/s i85 gi2n/5 ej6/r/5] [+1 +1 -1 -1]
3 h ib7/5  gi2n/5  gisr/s ej4;r/5] [+1 -1 -1 +1]
4 h Qi®r/5  gi6r/5  j4n/5 ej27r/5] )
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5.4.2B PUCCH format 4

The block of bits b(0),...,b(M; —1) shall be scrambled with a UE-specific scrambling sequence, resulting in a block
of scrambled bits b(0),...,.b(M;, —1) according to

b(i) = (b(i) +c(i))mod2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be initialised with
Gt = (ns/2]+2)- (2N,°§" +l)- 2'® 4 ngyry at the start of each subframe where Ny isthe C-RNTI.

The block of scrambled bits 5(0),...,5(M wit —1) shall be QPSK modulated as described in Clause 7.1, resulting in a
block of complex-valued modulation symbols d(0),...,d(M gy, —1) where Mg, = My /2.

The block of complex-valued symbols d(0),...,d(M g, —1) isdivided into NFY““ + NfY“™ sets, each
corresponding to one SC-FDMA symbol. Transform precoding shall be applied according to

M PucCHa_q i 27k
1 =, .. T Puccha
Tomen 2 d0MST e T

Mg i=0
k=0,..,M 2 _1

[ =0,..,NJYCH 4 NPUCCH

(P) (I-M SF;u(:CH4 1K) =

where §=0, NGV and NV““" are given by Table 5.4.2C-1 for normal PUCCH format 4 and shortened PUCCH

format 4, resulting in ablock of complex-valued symbols z(P (0),..., zP (M ., —1) . The variable

M PUCCH4 __ M RPlBJCCH4 N RB
sC - sC

blocks, shall fulfil

symb

, where M ;g™ represents the bandwidth of the PUCCH format 4 in terms of resource

PUCCH4 _ Ha. . 7 UL
Mpg CH*=2%.3% .5% < NGE

where o, 5,05 iSaset of non-negative integers.

5.4.2C PUCCH format 5
The block of bits b(0),...,b(M; —1) shall be scrambled with a UE-specific scrambling sequence, resulting in a block
of scrambled bits t~)(0),...,l:~)(M pit —1) according to

b(i) = (b(i) +c(i))mod2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be initialised with
Gt = (ns/2]+2)- (2N,°§" +l)- 2'® 4 ngyry at the start of each subframe where Ny isthe C-RNTI.

The block of scrambled bits 5(0),...,5(M wit —1) shall be QPSK modulated as described in Clause 7.1, resulting in a
block of complex-valued modulation symbols d(0),...,d(M gy, —1) where Mgy, = My /2.

The complex-valued symbols d(0),...,d(M g, —1) shall be divided into N§¥““" + NV sets, each corresponding
to one SC-FDMA symbol. Block-wise spreading shall be applied according to

yn(i)=Wnoc(i)~d(i mod NSFéB/NS'}JCCH +n- NSIEB/N&JCCH)
n=0,... NEUCCH + N1PUCCH -1

i=01..,N® -1
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where NG =2, NFYC and N/YC are given by Table 5.4.2C-1 for normal PUCCH format 5 and shortened
PUCCH format 5, and W, (l) isgiven by Table 5.4.2C-2 with n.. provided by higher layers.

The block-wise spread complex-valued symbols shall be transform precoded according to

1 NEa _j 2k
) RB _ . NZB
2V (n-Ng +Kk) = y,()e ™=
YNZB ;
k=0,.,N® -1

n=0,.., NgU< + NPUCCH _1
where P =0, resulting in ablock of complex-valued symbols z(P(0),..., 2P ((NOPUCCH + NfUeCH )N;B —1).

Table 5.4.2C-1: The quantities N5'““" and N/VCH

PUCCH format type Normal cyclic prefix Extended cyclic prefix

N (I;’UCCH N 1F>UCCH N (I;’UCCH N 1PUCCH
Normal PUCCH 6 6 5 5
format
Shortened PUCCH 6 5 5 4
format

Table 5.4.2C-2: Orthogonal sequences W, (i)

Ncom Ncom (NSFE:B _1)J
0 | [+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1]
[+1 +1 +1 +1 +1 +1 -1 -1 -1 -1 -1 -1

N | Orthogonal sequences lw 0) - w,

5.4.3 Mapping to physical resources

The block of complex-valued symbols (P (i) shall be multiplied with the amplitude scaling factor fp ey in order to
conform to the transmit power Puccy SPecified in Clause 5.1.2.1 in 3GPP TS 36.213 [4], and mapped in sequence

starting with zP (0) to resource elements. PUCCH uses one or more resource block in each of the two dotsina

subframe. Within the physical resource block(s) used for transmission, the mapping of zZP (i) to resource elements
(k,1) onantennaport p and not used for transmission of reference signals shall be in increasing order of first k , then
| and finally the slot number, starting with the first slot in the subframe. The relation between theindex p and the
antenna port number p isgiven by Table 5.2.1-1.

For non-BL/CE UEs, except for PUCCH format 4, the physical resource blocks to be used for transmission of PUCCH
ingdlot ng are given by

L%J if (m+ngmod2)mod2=0

Npr = m
Nas _1{EJ if (m+ngmod2)mod2=1
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For BL/CE UEs, PUCCH is transmitted with N//°™" > 1 repetitions. The PUCCH transmission spans

N = N5 consecutive subframes, including subframes that are not BL/CE UL subframes where the UE

postpones the PUCCH transmission if N, PUCCH > 1.

- Thequantity N/2““"" isgiven

- by the higher layer parameter pucch-NumRepetitionCE-Formatl for PUCCH format 1/1a and pucch-
NumRepetitionCE-Format2 for PUCCH format 2/2a/2b, if configured. Otherwise

- by the higher-layer parameter pucch-NumRepetitionCE-Msg4-Level 0-r13, pucch-NumRepetitionCE-Msg4-
Level1-r13, pucch-NumRepetitionCE-Msg4-Level 2-r 13 or pucch-NumRepetitionCE-Msg4-Level 3-r13.
- If uplink resource reservation is enabled for the UE as specified in [9], then in case of PUCCH transmission with
NPYCCH > 1 associated with C-RNTI or SPS C-RNTI using UE-specific MPDCCH search space including
PUCCH transmission without a corresponding MPDCCH,

- Inasubframethat is fully reserved as defined in clause 8.0 in [4], the PUCCH transmission is postponed
until the next BL/CE uplink subframe that is not fully reserved.

- Inasubframethat ispartially reserved, the reserved SC-FDMA symbols shall be counted in the PUCCH
mapping but not used for transmission of the PUCCH.

The physical resource blocksto be used for transmission of PUCCH in subframe i within the NPUCCH consecutive
subframes are given by
e (i) = ’(j)/2 if m’(j)m0d2:0
PRB s —1-|n(j)/2] if m(j)mod2=1
m if jmod2=0
m(j)=<m+1 if jmod2=1andmmod2=0
m-1 if jmod2=1andmmod2=1
. i
)= \‘ ch ULJ
Ny
i <i <ig+ Nt —1
where i, isthe absolute subframe number of the first uplink subframe intended for PUCCH.
The variable m depends on the PUCCH format.
- Formats 1, laand 1b:
NG if NP, <c.ND /aRIecH

c-NgP /AGR™
|3 normal cyclic prefix
" |2 extended cyclic prefix

_ (Lp) _~.N@ /APUCCH (1)
m= \‘nPUCCH c-NQ /A% J N%_{Ngs—‘ otherwise

- Formats 2, 2aand 2b:

m= LnI(DZUPC)CH/ N;BJ

- Format 3:

m= i /NG
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- Format 5 (non-BL/CE UEs only):
5
m=nScen

For non-BL/CE UEs, for PUCCH format 4, the physical resource blocksto be used for transmission of PUCCH in slot
n, are given by

m if nymod2=0
N =
B TINSL —1-m  if nymod2=1

_n4® (4) (4) PUCCH4
M=Npicen s NpuccH T 1 Mpucer + Mgs -1

where M 25°“H* is obtained from [4].

Mapping of modulation symbols for the physical uplink control channel for PUCCH formats 1 — 3 isillustrated in
Figure5.4.3-1.

In case of simultaneous transmission of sounding reference signal and PUCCH format 1, 1a, 1b, 3, 4 or 5 when thereis
one serving cell configured, the shortened PUCCH format shall be used where the last SC-FDMA symbol in the second
dlot of a subframe shall be left empty.

In case of guard period for narrowband or wideband retuning for BL/CE UEs, if an SC-FDMA symbol is left empty due
to guard period, the SC-FDMA symbol shall be counted in the PUCCH mapping but not used for transmission of the
PUCCH. The SC-FDMA symbol affected by the guard period can be the first SC-FDMA symbol in the first slot of a
subframe and/or the last SC-FDMA symbol in the second slot of a subframe.

Nere = Npg —1 =1 =0
=3

: m=23

Nprg =0 m=0 m=1

-<+—O0One subframe—»

Figure 5.4.3-1: Mapping to physical resource blocks for PUCCH formats 1 — 3 for non-BL/CE UEs.
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5.4A  Short Physical Uplink Control Channel

54A.1 General

The short physical uplink control channel, SPUCCH, carries uplink control information. Simultaneous transmission of
SPUCCH and PUSCH from the same UE where both SPUCCH and PUSCH is using either slot or subslot transmission
is supported if enabled by higher layers (see simultaneousPUCCH-PUSCH in 3GPP TS 36.331 [9]). For frame structure
type 2 and in UpPTS, transmission of SPUCCH is hot supported.

SPUCCH supports multiple formats as shown in Table 5.4A-1 and Table 5.4A-2 with different number of bits carried
by each SPUCCH.

Table 5.4A-1: SPUCCH formats for slot transmission

SPUCCH format | Modulation scheme | Number of bits per slot, My;
1 N/A N/A
la BPSK 1
1b QPSK 2
3 QPSK 24
4 QPSK M%UCCHA_NSI?:B_NS.S;;UCCH 2

Table 5.4A-2: SPUCCH formats for subslot transmission

SPUCCH format | Modulation scheme | Number of bits per subslot, My
1 N/A N/A
la N/A 1
1b N/A 2
4 QPSK MSSUCCHA -N;BANSSE%?H .2

The quantity M35"““H* represents the bandwidth of the SPUCCH format 4 as defined by clause 5.4A.4.1, and N$PVecH
and N3PISCH are defined in Table 5.4A.4.1-1 and Table 5.4A.4.2-1, respectively.

SPUCCH formats 1/1a/1b use a cyclic shift, ncme" (ng, 1), which varies with the symbol number | and the slot number
N, as described in clause 5.4.

5.4A.2 SPUCCH formats 1,1a,1b

5.4A2.1 Slot-SPUCCH

Slot-SPUCCH format 1, 1a, 1b can be configured by higher layersto either have frequency hopping enabled or disabled
(see N190tSPUCCH-FH-AN-List and n190tSPUCCH-NoFH-AN-List in 3GPP TS 36.331 [9]).

In case slot-SPUCCH format 1, 1a, 1b and frequency hopping is enabled, the scrambled and block-wise spread
complex-valued symbols zP are generated as described in clause 5.4.1 for PUCCH format 1/1a/1b where S(n,) =1,
m =0 andw(m)=+1.

In case slot-SPUCCH format 1, 1a, 1b and frequency hopping is disabled, the scrambled and block-wise spread
complex-valued symbols z2P are generated as described in clause 5.4.1 for PUCCH format 1/1a/1b where m"=0.

Irrespective of frequency hopping being enabled or disabled, NFY°“" is applied as described in clause 5.4.1 for the slot
in which the slot-SPUCCH is transmitted in, i.e. either in the first or the second slot of the subframe.

Resources used for transmission of dot-SPUCCH format 1, 1aand 1b areidentified by aresource index n&;&m from

which the cyclic shift a5(ng,1) isderived:
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a5 (ng,1) =27 n{P (ng,1)/NSE

In case frequency hopping is enabled, the cyclic shift is determined as described in clause 5.4.2, assuming the condition
n&P., <NEENG isfulfilled.

In case frequency hopping is disabled, the resource index né,lsSéCH aso indicates the orthogonal sequence index

ngf) (ny) . Both the cyclic shift and the orthogonal sequenceindex isin this case determined as described in clause 5.4.1.

5.4A.2.2 Subslot-SPUCCH
For subslot-SPUCCH formats 1a and 1b, one or two bits are communicated by SPUCCH resource selection. The
resource set available for selection are configured by higher layers (see n1SubslotSPUCCH-AN-List and sr-

Subsl otSPUCCH-Resourcelist in 3GPP TS 36.331 [9]). For subslot-SPUCCH format 1, information is carried by the
presence/absence of transmission of subslot-SPUCCH from the UE.

The sequence y(ﬁ'5)(n) is generated as described in clause 5.4.1, assuming d(0) =1.

The block of complex-valued symbols y(® (0),..., yP (N2 1) shall be scrambled by S(n,) =1 as described in
clause 5.4.1 assuming W (1) =1, m'=0, and with N&°* replaced by NFV“", defined in Table 5.4A.2.2-1.

Table 5.4A.2.2-1: The quantity NF“““" for subslot-SPUCCH formats 1a and 1b

SPUCCH format type Subslot number in subframe NSPUCeH
Normal SPUCCH format 1,2,3,4 2
Normal SPUCCH format 0,5 3
Shortened SPUCCH format 5 2

Resources used for transmission of SPUCCH format 1, 1laand 1b are identified by aresource index ng;'SZ:CH j from
which the cyclic shift a5(ng,1) isdetermined, as described in clause 5.4.2, assuming the condition n32,, < NN is

fulfilled.The resource set for subslot-SPUCCH format 1/1a/1b is configured by higher layers (see n1SubslotSPUCCH-
AN-List in 3GPP TS 36.331[9)]):

- subslot-SPUCCH format 1: n&sbkey; i€ {0}
- subslot-SPUCCH format 1a: n§sibey.i € {01}
- subslot-SPUCCH format 1b: bk, i {0123}

Each resource indicates (a) bit state(s) as defined by Table 5.4A.2.2-2.

Table 5.4A.2.2-2: Subslot-SPUCCH resource for formats 1a and 1b

PUCCH format | b(0),...,b(Mp;; —12) nélF;g)CCHj
"
1 - néPS)CCH,O
T
0 néPL‘J)%ZCH,O
la (1,p)
1 NSpUCCH,1
00 @)
ISPUCCH,0
10 e
ISPUCCH, 1
1b o1 @)
SPUCCH,2
5
11 néPLpJ)CCHB
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54A.3 SPUCCH format 3

5.4A3.1 Slot-SPUCCH

The complex-valued modulation symbols d(0),...,d(Mgm, —1) shall be generated as described in clause 5.4.2A.

Depending on if the slot-SPUCCH is transmitted in the first or the second slot of the subframe, different block-wise

spreading with the orthogonal sequences w ), (i) or w ) (i) isapplied. Each spreading resultsin NS:DUCCH sets of

NZ® values each according to:

Ben | o) (n)- e/ e/l gy it mod2 =0
Yo (i)=9 ° 1
" Wn(rn(“)'e'”bél("s")/ﬁ“yz-d(i) otherwise

oc,1

n=0,..,N$YH" _1

i=01..,NJP -1
where

- NV = NEF (seeclause 5.4.2A) if transmitted in the first slot, and NV = NEZT (see clause
5.4.2A), if transmitted in the second slot.

- Theorthogonal sequences W ) (i) and w ) (i) aregivenby Table 5.4.2A-1
C, c,1
Resources used for transmission of SPUCCH format 3 are identified by a resource index n(S%S)CCH from which the
quantities n{P) and n{P) are derived according to clause 5.4A.3 by replacing n& P, with NS5k,

Each set of complex-valued symbols shall be cyclically shifted and transform precoded according to clause 5.4.2A with

NS + NET replaced by NSEY““ in the transform precoding.

5.4A.4 SPUCCH format 4

5.4A4.1 Slot-SPUCCH

The block of bits b(0),...,b(M; —1) shall be scrambled according to clause 5.4.2B.

The block of scrambled bits b(0),...,0 (M ;, —1) shall be QPSK modulated as described in Clause 7.1, resulting in a

block of complex-valued modulation symbols d(0)....,d(Mg,, —1) where Mgy, =My, /2.

The block of complex-valued symbols d(0),...,d(M g, —1) isdivided into NgH’° (defined in Table 5.4A.4.1-1) sets,
each corresponding to one SC-FDMA symbol. Transform precoding shall be applied according to clause 5.4.2B
replacing M EYCCH4 with M SPUCCH4 and replacing NEVCH + NPUCCH with NgEYCeH.

The variable M Ve = M 30CH. NF® | where M $UCH represents the bandwidth of the SPUCCH format 4 in terms

of resource blocksin the frequency domain, and is determined by higher layer signalling (ndnumber OfPRB-r15, see
3GPP TS 36.213 [4, Table 10.1.1-2] and 3GPP TS 36.331[9]), and shall fulfil

SPUCCHA _ nay o o uL
M Rs =2"2.3%.5% < Ngg ,

where, o, 03,00 isaset of non-negative integers.
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Table 5.4A.4.1-1: The quantity NSPUCCH |

slot

SPUCCH format type NSICCH
Normal SPUCCH format 5
Shortened SPUCCH format 4

5.4A.4.2 Subslot-SPUCCH
For subslot-SPUCCH the procedure of slot-SPUCCH in clause 5.4A.4.1 is followed except that:

- theblock of complex-valued symbols d(0),...,d(M
sets, instead of N3TYCH sets, and,

-1) isdivided into NJPUCCH (defined in Table 5.4A.4.2-1)

symb subslot

- NSPUCCH isreplaced by NSPUSSH| in the transform precoding.

Table 5.4A.4.2-1: The quantity NSPUCCH |

subslot

SPUCCH format type Subslot number in subframe Ni};gtCH
Normal SPUCCH format 1,234 1
Normal SPUCCH format 0,5 2
Shortened SPUCCH format 5 1

5.4A.5 Mapping to physical resources

The block of complex-valued symbols pald (i) shall be multiplied with the amplitude scaling factor Sgpccy 1N order
to conform to the transmit power Pgpyccn SPecified in Clause 5.1.2.1 of 3GPP TS 36.213 [4], and mapped in sequence

starting with zP (0) to resource elements.

SPUCCH uses one or more resource block in the frequency domain and is mapped to either aslot or asubdot in the
time domain. Within the physical resource block(s) used for transmission, the mapping of zP (i) to resource elements
(k,I) on antennaport p and not used for transmission of reference signals shall be in increasing order of first k , then
l.

The starting symbol | for each subslot number is provided by Table 5.4A.4.5-1 for subslot-SPUCCH.

For dot-SPUCCH the starting symbol is | = 0 for the slot the SPUCCH is transmitted in.

Table 5.4A.5-1: Starting symbol for subslot-SPUCCH mapping

Subslot number
0 1 2 3 4 5
Format 1/1a/lb 0 3 5 0 2 4
Format 4 1 4 6 1 3 5

The relation between theindex p and the antenna port number p isgiven by Table 5.2.1-1.

The physical resource blocks ( npgg ) within which the transmission of SPUCCH is carried out in slot n, depends on the
SPUCCH format and whether frequency hopping is enabled or not.

In case of dot-SPUCCH format 1, 1a, 1b and frequency hopping disabled, the PRB used is determined as described in
clause 5.4.3 for PUCCH format 1, 1a, 1b.

In case of dot-SPUCCH format 3, the PRB used is given by
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LgJ if (m+ngmod2)mod2=0

Nprg = 0
NRs _1{EJ if (m+nymod2)mod2=1

For the other SPUCCH formats, it is determined by Table 5.4A.5-2, Table 5.4A.5-3 and Table 5.4A.5-4.
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Table 5.4A.5-2: npgg for slot-SPUCCH format 1, 1a, 1b with frequency hopping enabled

Slot number Slot-SPUCCH format
Format 1/1a/1b with frequency hopping
enabled
nmod2=0 EJ forl =0lor 2

N —1—{%J forl=3450r6

for (m+ngmod2)mod2 = 0

NG —1—PJ for| =0or 2
2

EJ forl =3450r 6
for (m+ngmod2)mod2 =1
n.mod2=1
S LgJ forl =0,20r 3

NES -1-@ forl = 4,50r 6

for (m+ngmod2)mod2 = 0

Ny —1—{%J forl =0120r3
LgJ forl =450r6

for (m+ngmod2)mod2 =1

Table 5.4A.5-3: npgg for slot-SPUCCH format 4

Slot number Slot-SPUCCH format
Format 4
ngmod 2 =0 m forl =0lor 2

NSt —1-m  forl =3450r6

ngmod 2=1 m forl =4,50r6
Nggs —1-m  forl =01,20r3

Table 5.4A.5-4: npgg for subslot-SPUCCH format 1, 1a, 1b, 4
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Subslot SPUCCH format
number Format 1/1a/l1b Format 4
0 forl =12
{EJ forl =0 m orl=1
for (m+nymod2)mod2 =0

N,g’g—l—{— forl =1,2

Ny —1-|—| forl=0

for (m+nymod2)mod2 =1
{EJ forl =12

1
m forl=4
LEJ forl =4
for (m+ngmod2)mod2 =0

N —1—L_J forl =3

N9 —1-| 2| forl=4
2 for (m+ngmod2)mod2 =1
FJ forl =3
2
2
m forl=6
LEJ forl=5
2 for (m+ngmod2)mod2 = 0
NG —1- %J forl =6
NS 1| for1=5
2 for (m+ngmod2)mod2 =1
LEJ forl =6
2
3
m  forl=1
L%J forl =1

for (m+ngmod2)mod2 = 0
NS —1—L—J forl=0

NSE —1- —J forl =1

LEJ forl=0
2

4
m forl=3

LEJ forl =2

2 for (m+ngmod2)mod2 =0

for (m+ngmod2)mod2 =1

NS —1-|—| forl=3

N,% -1-|—| forl=2

FJ forl =3
2

for (m+ngmod2)mod2 =1
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Tl

UL m
N3 —1{?

forl =5,6
forl =4
forl =56

for (m+ngmod2)mod2 =0

m forl =56

m
NUL g | M
RB D)

o

for (m+ngmod2)mod2 =1
forl =4

The variable m depends on the SPUCCH format as defined in Table 5.4A.5-5.

Table 5.4A.5-5: m for SPUCCH

SPUCCH Format m
Slot Format 1, 1a, 1b | Frequency hopping disabled:
see derivation of m for PUCCH format 1, 1a, 1b in clause 5.4.3 replacing n&;P),, with
nGcn
Frequency hopping enabled:
see derivation of m for PUCCH format 2, 2a, 2b in clause 5.4.3 replacing n&2.,, with
G5ty
Format 3 3,p PUCCH
\_néPLFJ)g:CH / Nsro J
Format 4 4 4 4 SPUCCH4
M= ccn"Sucen + 1 uccn + Mg -1
Subslot | Format1, 1a, 1b see derivation of m for PUCCH format 2, 2a, 2b in clause 5.4.3 replacing n&P.,, with
5
néPB%ZCHj
Format 4 (@ 4 4 SPUCCH4
M=o Nucer + 1 nSucen + MR -1

In case of subslot-SPUCCH, there is a configuration restriction that each SPUCCH resource in the resource set, of up to
four resources, n(S}sS)CCHj ,ie{01,2,3}, shall map to the same pair of PRBs ( Nprg ) Thisrestriction applies separately to

each of n1SubsotSPUCCH-AN-List and sr-SubslotSPUCCH-Resource in 3GPP TS 36.331 [9].

In case of simultaneous transmission of sounding reference signal and SPUCCH when there is one serving cell
configured, the shortened SPUCCH format shall be used where the last SC-FDMA symbol in the second slot of a

subframe shall be left empty.

5.5

Two types of uplink reference signals are supported:

Reference signals

- Demodulation reference signal, associated with transmission of PUSCH or (S)PUCCH
- Sounding reference signal, not associated with transmission of PUSCH or (S)PUCCH

The same set of base sequencesis used for demodulation and sounding reference signals.

5.5.1 Generation of the reference signal sequence

(a.0)

Reference signal sequence 1’ (n) is defined by acyclic shift « of abase sequence T, (n) according to

afmodzj
2 r, (), 0sn<Mf®

ja(n+§
2 (n)=e

where
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- MES=mNRB/2% isthelength of the reference signal sequence, 1< m< NIV | &7 is defined in clause

5.5.2.1.2, and,
- § =1 when either

- the higher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-related DCI contains the
Cyclic Shift Field mapping table for DMRS hit field which is set to 1 to indicate the use of Table 5.5.2.1.1-3,
or,

- the Cyclic Shift Field mapping table for DMRS bit is set to 1 in the most recent uplink-related DCI format 7
which indicates the use of Table 5.5.2.1.1-4, and

- =0 otherwise.
Multiple reference signal sequences are defined from a single base sequence through different values of ¢ .

Base sequences T, (n) are divided into groups, where ue {0.1....,29} isthe group number and v is the base sequence

number within the group, such that each group contains one base sequence (v = 0 ) of each length M 35 = mN28 |

1< m<5 and two base sequences (v = 0,1) of each length M 3> =mNZ® | 6<m< NFY" | The sequence group

number U and the number v within the group may vary in time as described in clauses 5.5.1.3 and 5.5.1.4,
respectively. The definition of the base sequence T, (0),....T, ,(M&> 1) depends on the sequence length M 5°.

5.5.1.1 Base sequences of length 3N2® or larger
For ME> > 3N&Z8, the base sequence T, (0),....T, (M 1) isgiven by
fv(M) =X (NModNFZ), 0<n<MZ®

where the qth root Zadoff-Chu sequence is defined by

. mgm(mH1)
X, (m)=e NZ | 0<sms<NES-1

with g given by

a=[a+y2)+v (-n
g=Nzg-(u+1/31

Thelength NZ2 of the Zadoff-Chu sequence is given by the largest prime number such that N3 < M .
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55.1.2 Base sequences of length less than 3N7®
For MBS =NE®, MBS=2NB® MBS=N&B/2 and MES=3NE®/2 | the base sequenceiis given by
F(n)=e?™7/4 o<n<MBS-1

where the value of ¢(n) isgiven by Table 5.5.1.2-1, Table 5.5.1.2-2, Table 5.5.1.2-3, and Table 5.5.1.2-4 for
MBS =N MES=2NB® MES=NRB/2 and MBS =3NE®/2 respectively. For M =5N28/2 | the base
sequence T, (0),...,7,,(ME° 1) isgiven by

- z(u+l)(n+1)(n+2)

iu(n)=e 3 , 0<nsMfB-1

Table 5.5.1.2-1: Definition of ¢(n) for M&> = NZP.

u 0(0),...,0(12

0 |-1|1|3|-3]3|3|1|1|3|1|-3|3
1 (21]1|3|3|3|-1|]1|-3|-3|]1|-3|3
2 1 1|-3|-3(-3|-1|-3|-3| 1|-3| 1]|-1
3 |-111|1|1|1|-1|-3|-3|1|-3|] 3]|-1
4 |-1|3|1|-1|1|-1(-3|-1|1|-1|1|3
5 1(-3| 3|-1|-1| 1| 1|-1|-1| 3|-3|1
6 |-1| 3|-3|-3|-3| 3| 1|-1| 3| 3|-3|]1
7 |-3|-1(-1|-1| 1(-3| 3|-1|1|-3|] 3|1
8 1(-3| 3| 1(-1|-1|-1|1| 1| 3|-1|1
9 1(-3(-1| 3| 3|-1(-3]1|1|1|1|1
10 |-1| 3|-1| 1| 1|-3|-3|-1(-3|-3| 3]|-1
11| 3| 1|-1|-1| 3| 3|-3| 13| 1| 3|3
12 | 1|-3] 1| 1|-3] 1| 1| 1(-3|-3|-3|1
13| 3| 3|-3| 3|-3| 1| 1| 3|-1|-3| 3| 3
14 |-3| 1|-1(-3|-1| 3| 1| 3| 3| 3|-1| 1
15| 3|-1| 1(-3|-1|-1| 1| 1| 3| 1|-1|-3
16 | 1| 3| 1|-1| 1| 3| 3| 3|-1|-1| 3|-1
17 |-3| 1| 1| 3|-3| 3|-3|-3| 3| 1| 3|-1
18 |-3| 3| 1| 1|-3| 1|-3|-3|-1|-1| 1|-3
19 |-1| 3| 1| 3| 1|-1|-1| 3|-3|-1|-3]|-1
20 |-1(-3{1|1|1|1|3]1|-1|]1|-3|-1
21 |-1| 3|-1| 1|-3|-3|-3|-3|-3| 1|-1|-3
22 | 1| 1|-3|-3|-3|-3|-1| 3|-3| 1|-3| 3
23 |1 1|-1|-3|-1|-3|1|-1| 1| 3|-1|1
24 | 1|1 3|1|3|3|-1]1|-1|-3|-3|1
25| 1(-3] 3| 3|1|3|3]1|-3|]-1|-1| 3
26 | 1| 3|-3|-3| 3|-3| 1|-1|-1| 3|-1|-3
27 |-3|-1(-3|-1|-3| 3| 1|-1| 1| 3|-3|-3
28 |-1| 3|-3| 3|-1| 3| 3|-3| 3| 3|-1|-1
29 | 3|-3(-3|-1|-1|-3|-1| 3|-3| 3| 1|-1
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5.5.1.3 Group hopping

The sequence-group number U inslot ng isdefined by agroup hopping pattern fy, (ns) and a sequence-shift pattern f
according to

u=(fgh (ng) + fS)modSO

There are 17 different hopping patterns and 30 different sequence-shift patterns. Sequence-group hopping can be
enabled or disabled by means of the cell-specific parameter Group-hopping-enabled provided by higher layers.
Sequence-group hopping for PUSCH can be disabled for a certain UE through the higher-layer parameter Disable-
sequence-group-hopping despite being enabled on a cell basis unless the PUSCH transmission correspondsto a
Random Access Response Grant or a retransmission of the same transport block as part of the contention based random
access procedure.

The group-hopping pattern fg, (ns) may be different for PUSCH, (S)PUCCH and SRS and is given by

0 if group hoppingisdisabled
f h(nS) = 7 . i . . .
g Zi:o c(8ng+i)-2' {mod30 if group hoppingisenabled
where the pseudo-random sequence c(i) is defined by clause 7.2. The pseudo-random sequence generator shall be

RS
initialized with Gy = {Z_CD)J at the beginning of each radio frame where anDS isgiven by clause 5.5.1.5.

The sequence-shift pattern f, definition differs between PUCCH, PUSCH and SRS.

For SPUCCH/PUCCH, the sequence-shift pattern f2"““" isgiven by fLY°“H = nf$>mod30 where n is given by
clause 5.5.1.5.

For PUSCH, the sequence-shift pattern f 25" isgivenby £ USH = (Nfg' +Ass)mod30, where Ag e {04,...,29} is

configured by higher layers, if no value for n%’SCH is provided by higher layersor if the PUSCH transmission

corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure, otherwiseit isgiven by fEUS®™ = n?mod30 with n/S given by clause
55.1.5.

For SRS, the sequence-shift pattern 5> isgiven by fo > = njyy mod30 where nf isgiven by clause 5.5.1.5.

ETSI



3GPP TS 36.211 version 16.4.0 Release 16 62 ETSI TS 136 211 V16.4.0 (2021-02)

5.5.1.4 Sequence hopping

Sequence hopping only applies for reference-signals of length M35 >6N78 .

For reference-signals of length M 2° < NP , the base sequence number v within the base sequence group is given by
v=0.

For reference-signals of length M SFéS 2 GNSFEB , the base sequence number v within the base sequence group in slot ng
is defined by

Ve c(ng) if group hopping isdisabled and sequence hopping is enabled
o otherwise

where the pseudo-random sequence c(i) isgiven by clause 7.2. The parameter Sequence-hopping-enabled provided by

higher layers determines if sequence hopping is enabled or not. Sequence hopping for PUSCH can be disabled for a
certain UE through the higher-layer parameter Disable-sequence-group-hopping despite being enabled on a cell basis
unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same
transport block as part of the contention based random access procedure.

For PUSCH or SPUCCH/PUCCH format 4 transmission with > 6 RBs, the pseudo-random sequence generator shall be
RS
initialized with ¢;; = {E—SJ .25+ £2USCH 4t the beginning of each radio frame where anDS isgiven by clause 5.5.1.5.

RS
For SRS, the pseudo-random sequence generator shall be initialized with ¢, = {Q—BJ 25+ (n,FfDS +A$)mod30 at the

beginning of each radio frame where anDS isgiven by clause 5.5.1.5 and A isgiven by clause 5.5.1.3.

5.5.1.5 Determining virtual cell identity for sequence generation
The definition of N>’ depends on the type of transmission.

Transmissions associated with PUSCH:

- niE=NE" if novaluefor nfyS" is configured by higher layers or if the PUSCH transmission correspondsto a

Random Access Response Grant or a retransmission of the same transport block as part of the contention based
random access procedure,

RS _ - PUSCH .
np =N/p otherwise.

Transmissions associated with SPUCCH/PUCCH:

- S =NE if no value for nfy““ is configured by higher layers,
- np =n" otherwise.

Basic sounding reference signals:

- nf = nil if the higher-layer parameters nSRS-| dentity-Legacy and nSRS-Identity both are configured, where
RS equals the higher-layer parameter nSRS-| dentity

- 0§ = NS otherwise.
Additional sounding reference signals:
- nfS = NEUif no value for niRS is configured by the higher-layer parameter nSRS-ldentity

- nf5 =nf} otherwise.
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5.5.2 Demodulation reference signal

55.2.1 Demodulation reference signal for PUSCH

55.21.1 Reference signal sequence

The PUSCH demodulation reference signal sequence réﬁ)SCH () associated with layer A e {O,l..., v—l} is defined by
o (M MES )= w® (m)r 59 )

where

_ |0 for special subframeand (sub)slot - PUSCH
101 otherwise

n=0,.,M%-1
and MZS = MEUSH [ jf

- the higher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-related DCI contains the Cyclic
Shift Field mapping table for DMRSbit field which is set to 1 to indicate the use of Table 5.5.2.1.1-3, or,

- the Cyclic Shift Field mapping table for DMRSbit field is set to 1 in the most recent uplink-related DCI format 7
which indicates the use of Table 5.5.2.1.1-4, or,

- subslot-PUSCH/dlot-PUSCH for the transport block is semi-persistently scheduled (i.e. higher layer parameter
sps-ConfigUL-STTI is configured, see 3GPP TS 36.331 [9]), and ifdma-Config-SPSis set.

Inall other cases, M35 =M 2USH,

Clause 5.5.1 defines the sequence rtffi,’l 2)(0)...., ru(,‘i,’l 9)(MZ5_1) where, for PUSCH demodulation reference signal
sequence, § =1 when

- the higher-layer parameter ul-DMRSIFDMA is set and the most recent uplink-related DCI contains the Cyclic
Shift Field mapping table for DMRS bit field which is set to 1 to indicate the use of Table 5.5.2.1.1-3, or,

- the Cyclic Shift Field mapping table for DMRS bit field is set to 1 in the most recent uplink-related DCI format 7
which indicates the use of Table 5.5.2.1.1-4, or,

- subslot-PUSCH/slot-PUSCH for the transport block is semi-persistently scheduled (i.e. higher layer parameter
sps-ConfigUL-STTI is configured, see 3GPP TS 36.331[9]), and ifdma-Config-SPSis set.

Inall other cases, 6 =0.

The orthogonal sequence w? (m) isgiven by WP (m) =1 for subslot-PUSCH/slot-PUSCH. In all other cases, it is

given by [w‘ ) w (1)] =[1 1] for DCI format O if the higher-layer parameter Activate-DMRS-with OCC is not set

or if the temporary C-RNTI was used to transmit the most recent uplink-related DCI for the transport block associated
with the corresponding PUSCH transmission. Otherwise,

- if higher-layer parameter ul-DMRSIFDMA is not set, Ww(m) isgiven by Table 5.5.2.1.1-1 using the cyclic
shift field in the most recent uplink-related DCI [3],

- if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRSbit field is
not present in the most recent uplink-related DCI, w'* (m) is given by Table 5.5.2.1.1-1 using the cyclic shift
field in the most recent uplink-related DCI,

- if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRShit field is
present in the most recent uplink-related DCI, W (m) is given by Table 5.5.2.1.1-1 using the cyclic shift field
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in the most recent uplink-related DCI when the Cyclic Shift Field mapping table for DMRSbit field is set to O,
and

- if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRSbit field is
present in the most recent uplink-related DCI, W™ (m) is given by Table 5.5.2.1.1-3 using the cyclic shift field
in the most recent uplink-related DCI when the Cyclic Shift Field mapping table for DMRSbit field is set to 1.

The cyclic shift «; inaslot ng isgivenas «; =0if the ul-V-SPS-RNTI-r14 was used to transmit the most recent

uplink-related DCI for the trangport block associated with the corresponding PUSCH transmission. For PUSCH
transmissions not using sub-PRB allocations, if pusch-CyclicShift in higher layer parameter PUR-PUSCH-Config is
configured it provides the value of n., ; and the cyclic shift «, inaslot ng isgivenas o, = 22n , /12.

Otherwise, the cyclic shift «; inadot ng isgivenas =27zncsl/12 with

Nesp = (ngr)w rs + Ny rs,4 + 1+ )Npy (ns))m0d12

where the value of ng,z,' rs isgiven by Table 5.5.2.1.1-2 according to the parameter cyclicShift provided by higher
layers. For non-BL/CE UES n) s ; iS given using the most recent uplink-related DCI 3GPP TS 36.212 [3] for the

transport block associated with the corresponding PUSCH transmission, except for subslot-PUSCH/slot-PUSCH, as
follows:

- if the higher-layer parameter ul-DMRSIFDMA is not set, s ; isgiven by Table5.5.2.1.1-1 using the cyclic
shift field in the most recent uplink-related DCI,

- if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRShit field is
not present in the most recent uplink-related DCI, nggﬂ rs, 4 ISgiven by Table5.5.2.1.1-1 using the cyclic shift
field in the most recent uplink-related DCI,

- if higher-layer parameter ul-DMRSIFDMA is set and the Cyclic Shift Field mapping table for DMRShit field is
present in the most recent uplink-related DCI, %)z , isgiven by Table 5.5.2.1.1-1 using the cyclic shift field
in the most recent uplink-related DCI when the Cyclic Shift Field mapping table for DMRSbit field is set to O,
and

- if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRShit field is
present in the most recent uplink-related DCI, n s  isgiven by Table 5.5.2.1.1-3 using the cyclic shift field

in the most recent uplink-related DCI when the Cyclic $hift Field mapping table for DMRS bit field is set to 1.

For subslot-PUSCH/slot-PUSCH for non-BL/CE UESs, n)xs , isgiven by Table 5.5.2.1.1-4, using the cyclic shift field

in the most recent uplink-related DCI. If the Cyclic Shift Field mapping table for DMRS bit field isset to 0, @ in Table
5.5.2.1.1-4 isignored. If the Cyclic Shift Field mapping table for DMRSbit field is set to 1, both nggm , and @ are

given by Table 5.5.2.1.1-4.

For BL/CE UEs, acyclic shift field of '000' shall be assumed when determining n),s , from Table5.5.2.1.1-1.

For subframe-based PUSCH transmission, the first row of Table 5.5.2.1.1-1 shall be used to obtain n),zs o and

w? (m) if thereis no uplink-related DCI for the same transport block associated with the corresponding PUSCH
transmission, and

- if theinitial PUSCH for the same transport block is semi-persistently scheduled and cyclicShiftSPSis not
configured, or

- if theinitial PUSCH for the same transport block is scheduled by the random-access response grant.
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An exception applies if subframe-based PUSCH for the transport block is semi-persistently scheduled and the higher-
layer parameter cyclicShiftSPSis configured. In this case, the value of n,(:,z,?,l Rso ISgiven by Table 5.5.2.1.1-1 according
to the higher-layer parameter cyclicShiftSPS.

An exception appliesif subdot-PUSCH/d ot-PUSCH for the transport block is semi-persistently scheduled (see 3GPP
TS 36.331, sps-ConfigUL-sTTI). In this case;

- nl(gzh)ﬂ rs,0 iSgiven by Table5.5.2.1.1-1 according to the higher-layer parameter cyclicshiftSPS-STTI if the higher
layer parameter ifdma-Config-SPSis not set, and,

- n[()ZKARS’O and @ are given by Table 5.5.2.1.1-3 according to the higher-layer parameter cyclicShiftSPS-STTI if

the higher layer parameter ifdma-Config-SPSis set.

The quantity npy (ng) isgiven by

7 o
Npy (Ns) = Z:OC(SNSL;/:%U ng+i)-2

where the pseudo-random sequence c(i) is defined by clause 7.2. The application of c(i) is cell-specific. The pseudo-
random sequence generator shall beinitialized with c;;; at the beginning of each radio frame. The quantity c;;; is

cell
givenby G = { N:;g J.ZS +((N|°§” +Ass)mod30) if no value for N&-PMRS s configured by higher layers for

PUSCH/(S)PUCCH format 4/PUCCH format 5 or the PUSCH transmission corresponds to a Random Access Response
Grant or aretransmission of the same transport block as part of the contention based random access procedure,
csh_ DMRS

otherwise it isgiven by G, = {IDTJ 25+ (N G DMRS mod30) .

The vector of reference signals shall be precoded according to

7(0) o)

PUSCH PUSCH
Pool=W

r(P-1) aC)

PUSCH PUSCH

where P isthe number of antenna ports used for PUSCH transmission.
For PUSCH transmission using asingle antennaport, P=1, W=1and v =1.

For spatial multiplexing, P =2 or P =4 and the precoding matrix W shall beidentical to the precoding matrix used in
clause 5.3.3A.2 for precoding of the PUSCH in the same subframe.

Table 5.5.2.1.1-1: Mapping of Cyclic Shift Field in uplink-related DCI format to n$)-s , and

[WW © w? (1)]

Cyclic Shift Field in NSrs, 2 [w@) 0 w? (J)]

uplink-related DCI format [3] /1=O|/1=1|/1=2‘/1=3 1-=0 ‘ 1=1 l 1=2 ‘ 1=3

ETSI



3GPP TS 36.211 version 16.4.0 Release 16 66 ETSI TS 136 211 V16.4.0 (2021-02)

000 o | 6 | 3 o | g | g |[po-1 @1
001 6 0 9 3 |- |p-1d|fq |1
010 3 | 9 | s B e | R A 4

011 4 | 10 | 7 O | O O |
100 2 |8 | s | u |\ 1g b1 | g | g

101 8 | 2 | 1 | s \[L-1 |- -1 |} -1
110 0 | 4 | 1 R s N !
111 9o | 3 | 0 6 | b1l | g |- |} -

Table 5.5.2.1.1-2: Mapping of cyclicShift to n® . values

DMRS

cyclicShift | nShrs

oo~ lwWwINO|IZE

~N|OO|R|WIN|F|O

[EnY
o

Table 5.5.2.1.1-3: Mapping of Cyclic Shift Field in uplink-related DCI format to nE,ZR,,RSﬂ, @ ,and

W) wd )

Cyclic Shift Field in @ s [WM)(O) \/\/M)(])]
uplink-related DCI format [3] 1=0 1=1 | 21=2 1=3 1=0 1=1 1=2 1-3
000 1 0 6 3 9 La] | Laf [ -1 | [ -1
001 1 6 0 9 3 |- | k-] R | 4
010 1 3 9 6 o |- | k-] b | i
011 0 4 10 7 1 Lal | Lo | R | b
100 0 2 8 5 11 L 1] [L 1] L 1] L1
101 0 8 2 11 5 |- |-k -]| R -1
110 0 10 4 1 7 L -1 | o -af | -1 | ] -1
111 1 9 3 [L 1] L1 | -1 |} -1

Table 5.5.2.1.1-4: ngh),,Rsﬂ for subslot-PUSCH/slot-PUSCH

(2)
Nburs, 2 a

Cyclic Shift Field in
uplink-related DCI format [3]

[l (=]
(O
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55.2.1.2 Mapping to physical resources

For each antenna port used for transmission of the PUSCH, the sequence (P}, () shall be multiplied with the

PUSCH

amplitude scaling factor v/1+ o puscH @nd mapped in sequence starting with 7.(8).. (0) to the resource blocks.

PUSCH

- 0=1 when either

- the higher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-related DCI contains the
Cyclic Shift Field mapping table for DMRSbit field which is set to 1 to indicate the use of Table5.5.2.1.1-3,
or

- the Cyclic Shift Field mapping table for DMRSbit field is set to 1 in the most recent uplink-related DCI
format 7 which indicates the use of Table 5.5.2.1.1-4, and

- 0=0 otherwise.

If higher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-related DCI contains the Cyclic Shift Field
mapping table for DMRS bit field which is set to 1 to indicate the use of Table 5.5.2.1.1-3, the mapping to resource

elements (k,1), with | =3 for normal cyclic prefix and | =2 for extended cyclic prefix, in the subframe shall bein

increasing order of first K for all values of K satisfying kmod2=a, then the slot number. The quantity » isgiven by
Table5.5.2.1.1-3 using the cyclic shift field in the most recent uplink-related DCI.

In case of slot-PUSCH, the mapping to resource elements (k,1) , with | =3 for normal cyclic prefix, in the slot of the
subframe where slot-PUSCH is transmitted shall be in increasing order of first K for all values of k, except if the Cyclic
Shift Field mapping table for DMRS bit field is set to 1 in the most recent uplink-related DCI format 7, which indicates
the use of Table 5.5.2.1.1-4. In this case the mapping to resource element shall be in increasing order of first K only for
values of Kk satisfying kmod2=a .

In case of subdot-PUSCH, the mapping to resource elements (k,1) , in the subframe shall bein increasing order of first

k for all values of K, except if the Cyclic Shift Field mapping table for DMRSbit field is set to 1 in the most recent
uplink-related DCI format 7, which indicates the use of Table 5.5.2.1.1-4. In this case the mapping to resource element
shall bein increasing order of first k only for values of Kk satisfying kmod2=a . The value of | depends on the uplink
subslot number and the DMRS-pattern field in the most recent uplink-related DCI, according to Table 5.5.2.1.2-1, or
according to Table 5.5.2.1.2-2 in case of semi-persistent scheduling of subslot-PUSCH (i.e. higher layer patameter sps-
ConfigUL-sTTI-r15is configured, se 3GPP TS 36.331 [9]) and with a configured periodicity of 1 subslot (i.e.
semiPersistSchedinterval UL-STTI-r15 set to sTTI1). In case of subslot-PUSCH and semi-persistent scheduling with a
configured periodicity longer than 1 subslot, the mapping shall start at symbol | according to the first row of Table
5.5.2.1.2-2 (i.e. equivalent to a signalling of DMRS-pattern field set to '00). In case no value of | is defined for the
uplink subslot number, and in case no valid starting symbol index (see table 5.3.4-1), no reference signal is transmitted
associated with the uplink-related DCI format.

Table 5.5.2.1.2-1: The quantity | for subslot-PUSCH

DMRS-pattern field in uplink- Uplink subslot number
related DCI format [3] #0 #1 #2 #3 #4 #5
00 0 3 5 0 2 4
01 2 4 1 3 -
10 - - - 2 - -
11 - 5 - - 4 -

Table 5.5.2.1.2-2: The quantity | for subslot-PUSCH for semi-persistent scheduling

DMRS-pattern field in uplink- Uplink subslot number
related DCI format [3] #0 #1 #2 #3 #4 #5
00 0 3 5 0 2 4
10 0 5 5 2 2 4

For all other cases, the set of physical resource blocks used in the mapping process and the relation between the index p
and the antenna port number [ shall be identical to the corresponding PUSCH transmission as defined in clause 5.3.4.
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The mapping to resource elements (k, 1), with | =3, or with | according to Table 5.5.2.1.2-1 for subslot-PUSCH, for

normal cyclic prefix and | =2 for extended cyclic prefix, in the subframe shall bein increasing order of firstk, then the
dlot number, except for lot-PUSCH and subslot-PUSCH where the reference signal is only mapped to the slot where
the slot-PUSCH/subsl ot-PUSCH is transmitted). No DM-RS shall be transmitted in UpPTS if dmrsLess-UpPtsis set to
true.

For BL/CE UEs, if uplink resource reservation is enabled for the UE as specified in [9], and the Resource reservation
fieldinthe DCI isset to 1, then in case of PUSCH transmission with N;’SCH > 1 associated with C-RNTI or SPS C-
RNTI using UE-specific MPDCCH search space including PUSCH transmission without a corresponding MPDCCH,

- Inasubframe that is fully reserved as defined in clause 8.0 in [4], the demodulation reference signal
transmission is postponed until the next BL/CE uplink subframe that is not fully reserved.

- Inasubframe that is partially reserved, the demodulation reference signal transmission in a SC-FDMA symbol
that is reserved is dropped.

5.5.2.1A Demodulation reference signal for PUSCH with sub-PRB allocations

5.5.2.1A1 Reference signal sequence using modulation schemes other than /2-BPSK

The reference signal sequence r,, o, (n) for M2 >1 isdefined by acyclic shift » of abase sequence according to

Frugen (N) = elmelmt

0<n<M

where ¢(n) isgiven by Tables5.5.2.1A.1-1 and 5.5.2.1A.1-2forM 2’ =3 and M2 =6, respectively. The cyclic shift

o isderived from higher layer parameters threeTone-CyclicShift and sixTone-CyclicShift, respectively, as defined in
Table5.5.2.1A.1-3.

If group hopping is enabled, the base sequence index u isgiven by clause 5.5.2.1A.3.
If group hopping is not enabled, the base sequenceindex u isgiven by

Ng' mod12 ¢ MZ” =3

N;5' mod14 ¢, MZ” =6

Table 5.5.2.1A.1-1: Definition of ¢(n) for M2’ =3

u 0(0), ... ,0(2

0 1 -3 -3
1 1 -3 -1
2 1 -3 3
3 1 -1 -1
4 1 -1 1
5 1 -1 3
6 1 1 -3
7 1 1 -1
8 1 1 3
9 1 3 -1
10 1 3 1
11 1 3 3
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Table 5.5.2.1A.1-2: Definition of ¢(n) for M2 =6

u #(0),...,#(5)
0 1 1 1 1 3 -3
1 1 1 3 1 -3 3
2 1 -1 -1 -1 1 -3
3 1 -1 3 -3 -1 -1
4 1 3 1 -1 -1 3
5 1 -3 -3 1 3 1
6 -1 -1 1 -3 -3 -1
7 -1 -1 -1 3 -3 -1
8 3 -1 1 -3 -3 3
9 3 -1 3 -3 -1 1
10 3 -3 3 -1 3 3
11 -3 1 3 1 -3 -1
12 -3 1 -3 3 -3 -1
13 -3 3 -3 1 1 -3
Table 5.5.2.1A.1-3: Definition of ¢
RU _
ME =3 MY =6
threeTone-CyclicShift o sixTone-CyclicShift o
0 0 0
2r/3 1 2r/6
2 4r/3 2 47/6
- - 3 87/6
5.5.2.1A.2 Reference signal sequence using 1/2-BPSK modulation scheme

For MR =3 using n/2-BPSK modulation scheme, N{3"mod2 is used to determine which 2 of 3 subcarriers will be
used:

- Oindicates that the two subcarriers having the lowest indices among the three allocated are utilized.
- lindicates that the two subcarriers having the highest indices among the three allocated are utilized.

The reference signal sequencesT,; (n) and r,(n) for M2 =3 using 2 out of 3 subcarriers are defined by

7a(n) = %(1 +)(1-2c(n))wnmod 16), 0 <n < NEYSCHMUL Mg,

slots

slots

7o) = (1) (% 1 + (1 = 2¢(m))w(n mod 16)), 0 < n < NEUSCHMUL My,

where the binary sequence c(n) is defined by clause 7.2 and shall beinitialised with c,;, =35 at the start of the
PUSCH transmission using sub-PRB allocations for BL/CE UEs. The quantity w(n) isgiven by Table 5.5.2.1A.2-1

whereu = N$&"mod16 if group hopping is not enabled, and by clause 5.5.2.1A.3 if group hopping is enabled for
PUSCH using sub-PRB allocations for BL/CE UEs.
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Table 5.5.2.1A.2-1: Definition of w(n)

u w(0),..., w(15)
0 112 /1}1|1}21j1]1(1]1]1]1]1]1]1] 1
1 i1/11}1|1}|-1j1]-12|1]-1]21]-1]1]-1]1]-1
2 171 /-1}1|/1}21/-1}-12j1]1}|-1]-1}(1]1]-1]-1
3 i1/1)/-1}1/1}1}/-1]1 /1 ]-12}-1]1]|1)-1]-1]1
4 1772 ,1}1|1}1-1}-12j1]1}1]1|-1]-1]-1]-1
5 i1/1,1}-1|-1}1|-1]1(1]-12]1]-1]-1]1]-1]|1
6 i1/]12/-1}|1|-1}12j1]1j1]1]|-1]-1]-1]-1]1]1
7 i1/1/-1}1|/-1}j1 /1|21 ]2 }-1]1-1]1]1] -1
8 17721 }1|/1}j2 1|1 |-1}]1}-1]-12}-1]-1]-1]|-1
9 i1/11}-1|12}|-1j1}]-2(-1]1]-1]1]-1]1]-1]|1
10 i1/11/-1}-1|12}21|-1}]-12|-1]-1]21]1]|-1]-1]1] 1
11 i1/1/-1}j1|1}|1j-1]1|-1]1j1]-1}j-1]1]1]-1
12 172,171 }1|-1}1|-1}-2 -1 ]2 |-1]-1]1]1]1 1
13 i1/12)1}1|/-1}1/-1]1(-1]1}-1]1}1]-1]1] -1
14 i17112/-1}1|-1}-12j1]1|-1}]-12]212]1]|1]1]-1]-1
15 i1/1/-1}1|-1}]11}]-12|-1]1]1]-1]1]-1]-1]1

The reference signal sequences for PUSCH using sub-PRB allocations for BL/CE UEs s given by clause 5.3.3, where
T.,(n) and 7,,(n) correspond to the complex-valued symbols &t the input of the transform precoding. The resulting

complex-valued symbols at the output of the transform precoding correspond to the sequence r(-) which is mapped to
physical resources as described in clause 5.5.2.1A .4.

5.5.2.1A3 Group hopping

For the reference signal for PUSCH transmission using sub-PRB allocations for BL/CE UES, sequence-group hopping
can be enabled where the sequence-group number v inslot ng of aradio frame ny is defined by a group hopping

pattern fq,(n") and a sequence-shift pattern f according to

u= (fgh(n') + fss)modMsRelf1

where the number of reference signal sequences available for each resource unit size, M iﬂl isgiven by Table
5.5.2.1A.3-1.

Table 5.5.2.1A.3-1: Definition of M{,

Modulation MRU MRU
Scheme 5¢ sed
/2-BPSK 3 16
QPSK 3 12
6 14

Sequence-group hopping can be enabled or disabled as described in clause 5.5.1.3.
The group-hopping pattern fy,(n') is given by

fgh(n’) = (Xoc(8n + i) - 2)modML,

wheren’ = n, for M2 >1 using QPSK modulation scheme. When M &Y = 3 using n/2-BPSK modulation scheme, for

frame structure type 1, n’ is the slot number n, of the first slot of the resource unit, and for frame structure type 2, n'’ is
the frame number n; of the first sot of the resource unit. The pseudo-random sequence c(i) isdefined by clause 7.2.

The pseudo-random sequence generator shall beinitialized with ¢, = | NS /MRS | at the beginning of the resource
unit for M2 = 3 using n/2-BPSK modulation scheme and in every even slot for M RY'>1 using QPSK modulation
scheme.

The sequence-shift pattern f isgiven by
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f.,(ng) = (V' + A )modMEY,

where A =0.

5.5.2.1A4 Mapping to physical resources

The sequence r(-) shall be multiplied with the amplitude scaling factor Sy s, and mapped in sequence starting with
r(0) tothe sub-carriers.

The set of sub-carriers used in the mapping process shall be identical to the corresponding PUSCH transmissions using
sub-PRB allocations for BL/CE UEs as defined in clause 5.3.4.

The mapping to resource elements (k,|) shall beinincreasing order of firstk, then |, and finally the slot number. The
value of the symbol index | inadotis3.

For BL/CE UEs, if uplink resource reservation is enabled for the UE as specified in [9], and the Resource reservation
field in the DCI is set to 1, then in case of PUSCH transmission with N2> > 1 associated with C-RNTI or SPS C-
RNTI using UE-specific MPDCCH search space including PUSCH transmission without a corresponding MPDCCH,

- Inasubframethat isfully reserved as defined in clause 8.0 in [4], the demodulation reference signal
transmission is postponed until the next BL/CE uplink subframe that is not fully reserved.

- Inasubframethat is partially reserved, the demodulation reference signal transmission in a SC-FDMA symbol
that is reserved is dropped.
5.5.2.2 Demodulation reference signal for PUCCH

55.2.2.1 Reference signal sequence
The PUCCH demodulation reference signal sequence r b, () for PUCCH formats 1, 1a, 1b, 2, 24, 2b, and 3 is defined
by

P + Nj PUCCH RS RS —(p (a5.,0)
e (M NFECCH MBS 1 B WP (m) 2(m)r% (n)

)= L
Jp

where
m=0,...,Nge - -1

n=0,..,M>-1
m'=01

and p isthe number of antenna ports used for PUCCH transmission. For PUCCH formats 2a and 2b, z(m) equals
d(10) for m=1, where d(10) isdefined in clause 5.4.2. For all other cases, z(m) =1.

The sequence rLff,’ﬁ) (n)isgiven by clause 5.5.1 with m £ =12 and 0 = 0 where the expression for the cyclic shift as
is determined by the PUCCH format.

For PUCCH formats 1, 1laand 1b, o (n,,1) isgiven by
— () fr \ L , PUCCH »J
Noc ' (Ns)="[N5(Ns) - Agrirt /N
a5(n)= 272-AQ (g 1)/Ng*

. [ngse”(ns,l)+(n’5(ns)»AZﬁ’iffCH +(ﬁ(§f)(ns) mod AT ))mod N’] mod N8 for normal cyclic prefix
Y [n‘cf” (ng,) + (n’f,(ns) L APICCH | /(D) (ns))mod N’] mod N8 for extended cyclic prefix
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where n(n,) N", aPccH and n (n_,1) aredefined by clause 5.4.1. The number of reference symbols per slot
N fueet and the sequence w(n) are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-2, respectively.

For PUCCH formats 2, 2aand 2b, ag(ngl) is defined by clause 5.4.2. The number of reference symbols per slot
N fecct  and the sequence w (P (n) are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-3, respectively.

For PUCCH format 3, o;(n,,1) isgiven by

a5 (ng,1) =270 (ng, 1) /NP

n® (n,.1) = (1! (1, 1)+ iy (ny) Jmod NE®
where n(n,) isgiven by Table5.5.2.2.1-4 and ng?}) and né? for the first and second slot in a subframe, respectively,

are obtained from clause 5.4.2A. The number of reference symbols per slot N FY°SH  and the sequence W(n) are given
by Table 5.5.2.2.1-1 and 5.5.2.2.1-3, respectively.

Table 5.5.2.2.1-1: Number of PUCCH demodulation reference symbols per slot n FyccH

PUCCH format | Normal cyclic prefix | Extended cyclic prefix
1,1a,1b 3 2
2,3 2 1
2a, 2b 2 N/A
Table 5.5.2.2.1-2: Orthogonal sequences \Tv(ﬁ)(O) v_v(ﬁ)(NggCCH —ZD] for PUCCH formats 1, 1a and
1b

Sequence index A{P (n,) | Normal cyclic prefix | Extended cyclic prefix

0 111 11

1 b ez g4 =
2 [1 ol 473 ej27r/3] N/A
Table 5.5.2.2.1-3: Orthogonal sequences [v_v(ﬁ)(O) v_v(ﬁ)(NggCCH —D] for PUCCH formats 2, 2a, 2b
and 3.

Normal cyclic prefix | Extended cyclic prefix

11 [l

Table 5.5.2.2.1-4: Relation between n{P and ny(n,) for PUCCH format 3.

NG p (Ns)
o Ng1=5 N1 =4
0 0 0
1 3 3
2 6 6
3 8 9
4 10 N/A

The PUCCH demodulation reference signal sequence rp)., () for PUCCH formats 4 and 5 is defined by

PUCCH
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ré@cc»—(m' M+ n) =1 (n)

where

p=0

m=0,1

n=0,., M2 -1
and

MES M PUCCH4 - for PUCCH format 4
< INEE for PUCCH format5

Clause 5.5.1 defines the sequence ru(f\),{’“é) (0),---,fu(f,{’1’é) (MZ5-1) where 6 =0.

Thecyclic shift o, inaslot ng isgivenas o, = 27m , /12 With

cs, A

Nesp = ( (1)M Rsh r\(azr)vl rst nPN(ns)) modL2

where the values of n@ . and npy (n,) aregiven by Clause 5.5.2.1.1 and

DMRS

0 PUCCH format 4
n@ < =10 PUCCH format 5with n,, =0
6 PUCCH format 5with n,, =1

with n,, obtained as described in clause 5.4.2C.

5.5.2.2.2 Mapping to physical resources

ETSI TS 136 211 V16.4.0 (2021-02)

The sequence r 2L, () shall be multiplied with the amplitude scaling factor Sp,ccy @d mapped in sequence starting

PUCCH

with (P, (0) toresource elements(k,l) on antennaport . The mapping shall beinincreasing order of firstk, then

PUCCH

| and finally the slot number. The set of values for k and the relation between the index p and the antenna port number

[ shall be identical to the values used for the corresponding PUCCH transmission. The values of the symbol index | in

adot aregiven by Table5.5.2.2.2-1.

Table 5.5.2.2.2-1: Demodulation reference signal location for different PUCCH formats.

PUCCH format Set of values for |

Normal cyclic prefix | Extended cyclic prefix
1,1a,1b 2,3,4 2,3
2,3 1,5 3
2a, 2b 1,5 N/A
4,5 3 2

For BL/CE UEs, if uplink resource reservation is enabled for the UE as specified in [9], then in case of PUCCH

.. . PUCCH
transmission with N,

including PUCCH transmission without a corresponding MPDCCH,

> 1 associated with C-RNTI or SPS C-RNTI usi ng UE-specific MPDCCH search space

- Inasubframethat is fully reserved as defined in clause 8.0 in [4], the demodulation reference signal
transmission is postponed until the next BL/CE uplink subframe that is not fully reserved.

- Inasubframethat is partially reserved, the demodulation reference signal transmission in a SC-FDMA symbol

that is reserved is dropped.
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The SPUCCH demodulation reference signal sequence YS(QUCC}G) for subslot-SPUCCH format 4, and, slot-SPUCCH

formats 1, 1a, 1b, 3 and 4 is as defined for ﬁgB)CCF(') in clause 5.5.2.2.1 for PUCCH format 1, 1a, 1b, 2, 2a, 2b and 3,
using the parameter settingsin Table 5.5.2.3.1-1, and with the number of reference symbols  Puect replaced by
N Sveer and given by Table 5.5.2.3.1-2.

NOTE: Subslot-SPUCCH format 1/1a/1b does not employ areference signal based design.

The sequence ru(f,’ﬁ) (n)isgiven by clause 5.5.1 with & = 0, where the expression for the cyclic shift  is determined

depending on the SPUCCH format, seetable 5.5.2.3.1-3.

Table 5.5.2.3.1-1: Parameters for SPUCCH demodulation reference signal

SPUCCH format Frequency | m M RS WP (m) 2(m)
hopping
Slot 1, 1a, 1b Disabled 0 12 See Table 5.5.2.2.1-2 for normal cyclic prefix 1
Enabled 0 12 1 1
3 Disabled 0 12 See clause 5.5.2.2.2 1
4 Enabled 0 M SPuccHa 1 1
Subslot 4 Disabled 0 I SPuccha 1 1

Table 5.5.2.3.1-2: Number of SPUCCH demodulation reference symbols vt per slot or per

subslot
SPUCCH format Frequency hopping | N 32UecH
Slot 1,1a, 1b Enabled or disabled 3
3 Disabled 2
4 Enabled 2
Subslot 4 Disabled 1
Table 5.5.2.3.1-3: ¢4
SPUCCH format Frequency hopping a
Slot 1, 1a, 1b Enabled or disabled see o in clause 5.4A.2
3 Disabled see o for PUCCH format 3 in clause 5.5.2.2.1 and determining
n(()% and nég)l in clause 5.4A.3.1
4 Enabled see o for PUCCH format 4 in clause 5.5.2.2.1
Subslot 4 Disabled see ¢, for PUCCH format 4 in clause 5.5.2.2.1
5.5.2.3.2 Mapping to physical resources

The sequence rp@ucc(.]) shall be multiplied with the amplitude scaling factor ﬁgpucc and mapped in sequence
starting with ré@ucc(@) to resource elements (k,l) on antennaport P . The mapping shall be in increasing order of

first k ,then | . The set of valuesfor k and the relation between theindex P and the antenna port number P shall

be identical to the values used for the corresponding SPUCCH transmission. The values of the symbol index | inaslot
and a subslot are given by Table 5.5.2.3.2-1 and Table 5.5.2.3.2-2 respectively.
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Table 5.5.2.3.2-1: Demodulation reference signal location for different slot-SPUCCH formats

SPUCCH format Frequency hopping Slot Set of values for |
1, 1a, 1b Enabled 1st 1,4,5
2nd 1,2,5
Disabled 1st and 2nd 2,3,4
3 Disabled 1st and 2nd 1,5
4 Enabled 1st and 2™ 1,5

Table 5.5.2.3.2-2: Demodulation reference signal location for different subslot-SPUCCH formats

SPUCCH format Subslot Slot |

number in
subframe

4 0 18t 0

1 1st 3

2 1st 5

3 2nd 0

4 2nd 2

5 2nd 4
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5.5.3 Sounding reference signal

Two types of sounding reference signals can be configured:
- basic sounding reference signal, supporting periodic or aperiodic transmission
- additional sounding reference signal, supporting aperiodic transmission only

Basic SRS corresponds to either SRS trigger type 0 or type 1 in clause 8.2 of [4]. Additional SRS corresponds to SRS
trigger type 2 in clause 8.2 of [4].

5531 Sequence generation

55.3.1.1 Sequence generation for basic SRS

The sounding reference signal sequence rS(S)S(n) = ru(f,a'é) (n) is defined by clause 5.5.1, where u is the sequence-group
number defined in clause 5.5.1.3, » is the base sequence number defined in clause 5.5.1.4, and & = 0. The cyclic shift

a; of the sounding reference signal is given as

csp
Nsrs
CS,max

o= =
p
Ners

_ ST 15
ngR =| NSg +—22 mod nGe™
Nap

Pe{0L..,Ny-1

where ng,_ = {0, 1,..., NS _1} is configured separately for periodic and each configuration of aperiodic sounding by the
higher-layer parameters cyclicShift and cyclicShift-ap, respectively, for each UE and N ® is the number of antenna

ports used for sounding reference signal transmission. The parameter n&™ =g if Ky =2, otherwise n&M™ =12 .

The parameter K isgiven by the higher layer parameter transmissionCombNum if configured, otherwise K. = 2.

5.5.3.1.2 Sequence generation for additional SRS
The sounding reference signal Ts(fs) (n) isdefined by clause 5.5.3.1.1 with the following exceptions
- ngksisgiven by the higher-layer parameter srs-CyclicShiftAdd
- N, isgiven by the higher-layer parameter srs-AntennaPortAdd
- Kpc isgiven by the higher-layer parameter srs-TransmissionCombNumAdd
- thefunction fy, in clause 5.5.1.3 isgiven by
0 if group hopping is disabled
fan(ns D) = (27 . 2'c(8(nsNgmp + 1) + 1)) mod 30 if group hopping is enabled
i

where I isthe SC-FDMA symbol index within the slot n; and N, is the number of SC-FDMA symbols per
dot

- thefunction v in clause 5.5.1.4 is given by

o= {c(nSNS‘;,Eqb +1) if group hopping is disabled and sequence hopping is enabled
0 otherwise
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5.5.3.2 Mapping to physical resources

5.5.3.2.1 Mapping to physical resources for basic SRS

The sequence shall be multiplied with the amplitude scaling factor B¢ in order to conform to the transmit power
Psrs SPecifiedin clause 5.1.3.1in 3GPP TS 36.213 [4], and mapped in sequence starting with r{®) (0) to resource
elements (k,1) onantennaport [0 according to

1

(p) _
aKTCk'+kgp),| v Nap

0 otherwise

Brst&R (k) k'=04...,M2% -1

where N ® is the number of antenna ports used for sounding reference signal transmission and the relation between the

index p and the antenna port Pisgiven by Table5.2.1-1. The set of antenna ports used for sounding reference signal
transmission is configured independently for periodic and each configuration of aperiodic sounding. The quantity k{?’

is the frequency-domain starting position of the sounding reference signal and for b = Bz¢ and M;ﬁi isthe length of
the sounding reference signal sequence defined as

MsFélsa = ”hRsszT:B/ Kre

where mgy , is given by Table 5.5.3.2-1 through Table 5.5.3.2-4 for each uplink bandwidth N &% . The cell-specific
parameter srs-BandwidthConfig, Cr5€{0.1,2,34,5,6,7} and the UE-specific parameter srs-Bandwidth, Byge {01,2,3 are

given by higher layers. For UpPTS, mg , shall be reconfigured to Mixeo = maxoeCSRS{ngso}s (N,;JBL —6NRA)
if this reconfiguration is enabled by the cell-specific parameter srsMaxUpPts given by higher layers, otherwise if the
reconfiguration is disabled W?F?éf Myrs where ¢ isa SRS BW configuration and Cgg isthe set of SRSBW

configurations from the Tables 5.5.3.2-1 to 5.5.3.2-4 for each uplink bandwidth N , Nga isthe number of format 4
PRACH in the addressed UpPTS and derived from Table 5.7.1-4.

The frequency-domain starting position k() isdefined by

Bsrs
™ . s
k§P =kgP + Z KrcMghs
b=0

where for normal uplink subframes k() is defined by

kP = Ngis /2]~ 2INES 1 k(P
Ko RB Mersp/ 4/Nsc TKrc

and for UpPTS by

Co ) (NRE —mES )NEE +k® if ((ny mod2)- (2— Ngp) + Ny )mod2=0
ko = k(P) otherwise
TC

The quantity k(P e{01,..,K;c -1 isgiven by

o _ [Tk ifngoe{4567tand pe L3tand N, = 4
ke otherwise

where the relation between the index p and the antennaport Fisgivenby Table5.2.1-1, k.. € {0,1,...,K,. -1} iSgiven

by the UE-specific parameter transmissionComb or transmissionComb-ap for periodic and each configuration of
aperiodic transmission, respectively, provided by higher layersfor the UE, and n,, isfrequency positionindex. The
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variable n, isequal to 0 for UpPTS in thefirst half frame and equal to 1 for UpPTS in the second half frame of aradio
frame.

The frequency hopping of the sounding reference signal is configured by the parameter Brep € {0.1,2,3} provided by

higher-layer parameter srs-HoppingBandwidth. Frequency hopping is not supported for aperiodic transmission, except
for additional SRS. If frequency hopping of the sounding reference signal is not enabled (i.e., Brep = Bers ), the

frequency positionindex n, remains constant (unless re-configured) and is defined by n, =|4nggc /Mg, IMod Ny,

where the parameter ng. is given by higher-layer parameters fregDomainPosition and freqgDomainPosition-ap for

periodic and each configuration of aperiodic transmission, respectively. If frequency hopping of the sounding reference
signal isenabled (i.e., Brop < Bsrs ), the frequency position indexes n,, are defined by

n = \meR(‘/ Msrsp J mOdNb b< bnop
GRG™S +L4nRR(‘/ nrgRSbJ}modNb otherwis

where N, isgiven by Table 5.5.3.2-1 through Table 5.5.3.2-4 for each uplink bandwidth N %

RB !

N, /2){ Ngrs MOATTE_p, Ny | . { Ners MOATTp_p, Ny

b-1 b-1
Ny 2010, Ny

| if N, even
LNb/ZJLnSRS/HE;l% Ny, if N, odd

Fo(Nsrs) =

where N b, =1 regardless of the N, value on Table 5.5.3.2-1 through Table 5.5.3.2-4, and

2Ngpry +2(Ngp —1)[%J + {_I_Tﬂ| for 2msSRSperiodicity of framestructuretype2

Ners = offset_max
| (0 x10+| ng/2)) I Tegs ) otherwise

counts the number of UE-specific SRS transmissions, where Tg,g IS UE-specific periodicity of SRS transmission
defined in clause 8.2 of 3GPP TS 36.213 [4], T 1S SRS subframe offset defined in Table 8.2-2 of
3GPPTS36.213 [4] and T,y o ISthe maximum valueof T for acertain configuration of SRS subframe offset.

The sounding reference signal shall be transmitted in the last symbol of the uplink subframe.

Table 5.5.3.2-1! mgg, and Ny, b=0123, values for the uplink bandwidth of 6 < N % <40

SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
SRS bandwidth configuration Bsrs =0 Bsrs =1 Bsrs =2 Bsrs =3
Cers Msrs o No Mgrs 1 N MgRs, 2 N, Mgrs, 3 N3
0 36 1 12 3 4 3 4 1
1 32 1 16 2 8 2 4 2
2 24 1 4 6 4 1 4 1
3 20 1 4 5 4 1 4 1
4 16 1 4 4 4 1 4 1
5 12 1 4 3 4 1 4 1
6 8 1 4 2 4 1 4 1
7 4 1 4 1 4 1 4 1
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Table 5.5.3.2-2: mgg, and Ny, b=0123, values for the uplink bandwidth of 40 < N3 <60

5.5.3.2.2

SRS bandwidth . . SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
an Wlé configuration Bars =0 Bers =1 Bage = 2 Bags =3
SRS Mgrs, 0 No MgRs, 1 N, Megs, 2 N, Mgrs, 3 N,
0 48 1 24 2 12 2 4 3
1 48 1 16 3 8 2 4 2
2 40 1 20 2 4 5 4 1
3 36 1 12 3 4 3 4 1
4 32 1 16 2 8 2 4 2
5 24 1 4 6 4 1 4 1
6 20 1 4 5 4 1 4 1
7 16 1 4 4 4 1 4 1
Table 5.5.3.2-3: mgg, and Ny, b=0123, values for the uplink bandwidth of 60 < N < 80
SRS bandwidth SRS-Bandwidth SRS-Bandwidth SRS-Bandwidth SRS-Bandwidth
configuration Bsrs =0 Bsrs =1 Brs =2 Bsrs =3
Csrs Mszs, 0 No MgRs, 1 Ny MgRs, 2 N, Mggrs 3 [\
0 72 1 24 3 12 2 4 3
1 64 1 32 2 16 2 4 4
2 60 1 20 3 4 5 4 1
3 48 1 24 2 12 2 4 3
4 48 1 16 3 8 2 4 2
5 40 1 20 2 4 5 4 1
6 36 1 12 3 4 3 4 1
7 32 1 16 2 8 2 4 2

Table 5.5.3.2-4: mgg,and Ny, b=0123, values for the uplink bandwidth of go < N3 <110

SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
SRS bandwidth configuration Bsrs =0 Bsrs =1 Bsrs =2 Bsrs =3
Cars Msrs, 0 No Mggs, 1 N, Mars, 2 N, Mars, 3 Nj
0 96 1 48 2 24 2 4 6
1 96 1 32 3 16 2 4 4
2 80 1 40 2 20 2 4 5
3 72 1 24 3 12 2 4 3
4 64 1 32 2 16 2 4 4
5 60 1 20 3 4 5 4 1
6 48 1 24 2 12 2 4 3
7 48 1 16 3 8 2 4 2

Mapping to physical resources for additional SRS

An additional SRS spans one or more SC-FDMA symbolsin the time domain, where

the starting SC-FDMA symbol [, within the subframe is given by the higher-layer parameter srs-StartPosAdd;

the duration N in number of SC-FDMA symbols, including potential guard symboals, is given by the higher-layer
parameter srs-DurationAdd.

Mapping to physical resources shall be done according to clause 5.5.3.2.1 with the following exceptions:

frequency hopping between SC-FDMA symbolsis supported and if a UE is configured by higher layer

parameter srs-GuardSymbol FH-Add, a guard symbol is added between every frequency hop;

antenna switching within a subframe is supported and if a UE is configured by higher layer parameter srs-
GuardSymbol AS-Add, a guard symbol is added between every antenna switching;

ETSI



3GPP TS 36.211 version 16.4.0 Release 16 80 ETSI TS 136 211 V16.4.0 (2021-02)

- ngps = |I'/R] wherel" isthe additional SRS transmission number not counting guard symbol(s) within the
subframe with I' = 0 corresponding to the starting SC-FDMA symbol [,, and R € {1,2,3,4,6,7,8,9,12,13} isthe
repetition factor given by the higher-layer parameter srs-RepNumAdd;

- Bggrs isgiven by the higher-layer parameter srs-BandwidthAdd;
- byop iSgiven by the higher-layer parameter srs-HoppingBandwidthAdd;

- Npy isthe number of frequency hops with the same antenna/antenna pair for additional SRS, derived from N =
RNgy + (Ngy — 1)Gpy if antenna switching is not configured for additional SRS, and from N = RNpgNgy +
(Nas — 1)Gas + (Ney — 1) NGy + (Nas — 1)(1 — Gas) Gy if antenna switching is configured for additional
SRS, where R is the repetition factor given by the higher-layer parameter srs-RepNumAdd, N is the number of
antenna switches for additional SRS defined in 8.2 of [4], Gag € {0, 1} isthe guard-symbol configuration for
antenna switching given by the higher-layer parameter srs-GuardSymbolAS, Gy € {0, 1} is the guard symbol
configuration for frequency hopping given by the higher-layer parameter srs-GuardSymbolFH, and N isgiven
by the higher-layer parameter srs-DurationAdd;

- ngpc iSgiven by the higher-layer parameter srs-FregDomainPosAdd;

- N,, isgiven by the higher-layer parameter srs-AntennaPortAdd;

- ngs isgiven by the higher-layer parameter srs-CyclicShiftAdd;

- Kpc isgiven by the higher-layer parameter srs-TransmissionCombNumAdd;

- kqc isgiven by the higher-layer parameter srs-TransmissionCombAdd.

5.5.3.3 Sounding reference signal subframe configuration

The cell-specific subframe configuration period T~ and the cell-specific subframe offset A for the transmission of

sounding reference signals are listed in Tables 5.5.3.3-1 and 5.5.3.3-2, for frame structures type 1 and 2 respectively,
where the parameter srs-QubframeConfig is provided by higher layers. Sounding reference signal subframes are the
subframes satisfying Lns / 2J mod T € Ag - FOr frame structure type 2, a sounding reference signal is transmitted

only in uplink subframes or UpPTS.

Table 5.5.3.3-1: Frame structure type 1 sounding reference signal subframe configuration

. . Configuration Period | Transmission offset

srs-SubframeConfig | Binary Tqc (subframes) Agc (subframes)

0 0000 1 {0}

1 0001 2 {0}

2 0010 2 {1}

3 0011 5 {0}

4 0100 5 {1}

5 0101 5 {2}

6 0110 5 {3}

7 0111 5 {0,1}

8 1000 5 {2,3}

9 1001 10 {0}

10 1010 10 {1}

11 1011 10 {2}

12 1100 10 {3}

13 1101 10 {0,1,2,3,4,6,8}

14 1110 10 {0,1,2,3,4,5,6,8}

15 1111 reserved reserved
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Table 5.5.3.3-2: Frame structure type 2 sounding reference signal subframe configuration

. ) Configuration Period | Transmission offset

srs-SubframeConfig | Binary Tec (subframes) Agc (subframes)

0 0000 5 {1}

1 0001 5 {1, 2}

2 0010 5 {1, 3}

3 0011 5 {1, 4}

4 0100 5 {1, 2,3}

5 0101 5 {1, 2, 4}

6 0110 5 {1, 3, 4}

7 0111 5 {1,2,3 4}

8 1000 10 {1, 2, 6}

9 1001 10 {1, 3, 6}

10 1010 10 {1,6,7}

11 1011 10 {1,2,6,8}

12 1100 10 {1, 3, 6, 9}

13 1101 10 {1,4,6, 7}

14 1110 reserved reserved

15 1111 reserved reserved
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5.6 SC-FDMA baseband signal generation

This clause appliesto all uplink physical signals and uplink physical channels except the physical random access
channel and PUSCH using sub-PRB allocations for BL/CE UEs.

The time-continuous signal ﬁ(p)(t) for antenna port in SC-FDMA symbol | in an uplink slot is defined by

[NgNER 2] -1 _
sP ()= Z al(<(p_)) | @i 22T -Nep, )

k:{NgBL N;Blzj

foro<t<(Nep, + N)xT, where k) =k + [N N /2|, N=204€ Af =15kHz and aﬁ!?) is the content of
resource element (k,1) on antenna port [.
For frame structure type 3, if the associated DCI indicates PUSCH starting position other than '00' or if ‘autonomous
PUSCH' is configured, ﬁ(p)(t)J =0 isgiven by
F
()= 0 OSFI <NgaTs
~s(Pt- NCP,OTS) NeaTs <t< (Ncp,o +NJT,
where

768 if theassociated DCI indicatesPUSCH starting position '01'
Ni> =768+ N,, if theassociated DCI indicatesPUSCH starting position '10'
Nepo+ N if theassociated DCI indicatesPUSCH starting position '11'

and were NFS2 isgiven by TS36.213 [4] if ‘autonomous PUSCH' is configured.

The quantity N, isgiven by clause 8.1. The UE behaviour if Nga%‘t > Nepo+ N isundefined.

The SC-FDMA symbolsin aslot shall be transmitted in increasing order of |, starting with | =0, where SC-FDMA
symbol | >Ostarts at time Z:f_lO(NCPV,/ + N)T, within the slot.

Table 5.6-1 liststhe valuesof N ., | that shall be used.

Table 5.6-1: SC-FDMA parameters

Configuration Cyclic prefix length N |

160 for 1 =0
144 for 1 =1,2,...,.6
Extended cyclic prefix | 512 for | =01,...,5

Normal cyclic prefix
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5.6A SC-FDMA baseband signal generation for PUSCH using
sub-PRB allocations

5.6A.1 Modulation schemes other than 1/2-BPSK

For M2 >1, the time-continuous signal ﬁ(p)(t) for antennaport 0in SC-FDMA symbol | inan uplink slot is defined

UL (RB
by clause 5.6 with NRBNsc replaced by mU-.

5.6A.2 Modulation scheme 1/2-BPSK

For MRV = 3 and n/2-BPSK modulation only 2-of-3 adjacent subcarriers are selected as described in 5.5.2.1A.2. The
time-continuous signal s, , (t) in SC-FDMA symbol | in an uplink slot is defined by

S (1) = S () + 5 (1)
Sg; (t) — ak( ej‘l’k] ej 27 (k+Y/2) Af (t-Ngp Tg)
1 SN
sL=a,, ol @i27 (DA (t-Nea To)
41l
kO =k+| M2 /2]
for 0<t <(Ncp,| + N)TS where N=204€, Af =15kHz , N, isgivenby Table5.6-1, and a,, ada,  ae
respectively the modulation value for subcarrier index k™ and k™ +1 for symbol |, and the values of k used on
s, (t) and s, (t) arerespectively obtained by subtracting LM SL;L / ZJ from the resulting set of allocated subcarriers as

described in Table 8.1.6-1 of [4], and k™ represents the lower subcarrier index among the selected subcarriers and
k) +1 isthe subcarrier index adjacent to it. The phase rotation ¢ is given by

b =5 (1m0d 2) + g0, (1)

Pavg (1) = Pavg, (I— 1) + 21Af (k + 1)(N + Ngp;)Ts when 1> 0
Pavg, (0) =0
[=0,..., NtgNros " MruMgoesMaymb — 1
I = Imod Mgmb

where Ntg isthe number of transport blocks defined in clause 8.0 of 3GPP TS 36.213 [4]. If Ntg >1 and interleaving
between codewords is applied according to clause 8.0 of 3GPP TS 36.213 [4], then the symbol counter | isreset at
the start of the first PUSCH codeword transmission and incremented for each symbol during the transmission of the

N+ PUSCH codewords. For other cases, the symbol counter | isreset at the start of each PUSCH codeword
transmission and incremented for each symbol during the transmission of the PUSCH codeword.

The SC-FDMA symbolsin aslot shall be transmitted in increasing order of | , starting with | =0, where SC-FDMA
symbol | >0 starts at time Z:;IO(NCPJ, + N)T, withintheslot.
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5.7 Physical random access channel

5.7.1 Time and frequency structure

The physical layer random access preamble, illustrated in Figure 5.7.1-1, consists of a cyclic prefix of lengthT., and a
sequence part of length T, . The parameter values are listed in Table 5.7.1-1 and depend on the frame structure and the
random access configuration. Higher layers control the preamble format.

CP Sequence

TCP TSEQ

Figure 5.7.1-1: Random access preamble format

Table 5.7.1-1: Random access preamble parameters

Preamble format Tep Teeo

0 3168 - T, 24576 -Tg

1 21024 - T 24576 - T

2 6240 - T 2-24576 - T

3 21024 - T 2-24576 - T

4 (see Note) 448- T 4096 - T,

NOTE:  Frame structure type 2 and special subframe configurations with UpPTS lengths 4384 - T and 5120 - T, only

assuming that the number of additional SC-FDMA symbols in UpPTS X in Table 4.2-1is 0.

The transmission of arandom access preamble, if triggered by the MAC layer, isrestricted to certain time and
frequency resources. These resources are enumerated in increasing order of the subframe number within the radio frame
and the physical resource blocks in the frequency domain such that index 0 correspond to the lowest numbered physical
resource block and subframe within the radio frame. PRACH resources within the radio frame are indicated by a
PRACH configuration index, where the indexing isin the order of appearancein Table 5.7.1-2 and Table 5.7.1-4.

For non-BL/CE UEs there are up to two PRACH configurationsin acell. The first PRACH configuration is configured
by higher layers with a PRACH configuration index (prach-Configurationlndex) and a PRACH frequency offset

nX: e (Prach-FreguencyOffset). The second PRACH configuration (if any) is configured by higher layers with a
PRACH configuration index (prach-Configurationl ndexHighSpeed) and a PRACH frequency offset n24, ., (prach-
FreguencyOffsetHighSpeed).

For BL/CE UEs, for each PRACH coverage enhancement level, there isa PRACH configuration configured by higher
layers with a PRACH configuration index (prach-Configurationindex), a PRACH frequency offset aR, . (prach-

FrequencyOffset), a number of PRACH repetitions per attempt N,Z';ACF (numRepetitionPer Preambl eAttempt) and

optionally a PRACH starting subframe periodicity N PRACH  (prach-SartingSubframe). PRACH of preamble format 0-3

start
PRACH
Nrep

istransmitted 21 times, whereas PRACH of preamble format 4 is transmitted one time only.

For BL/CE UEs and for each PRACH coverage enhancement level, if frequency hopping is enabled for a PRACH
configuration by the higher-layer parameter prach-HoppingConfig, the value of the parameter n}, ., dependson the

SFN and the PRACH configuration index and is given by

- In casethe PRACH configuration index is such that a PRACH resource occursin every radio frame when
calculated as below from Table 5.7.1-2 or Table 5.7.1-4,

nRA _ MIPRB of et if ng mod2=0
PRBoffset = | (=RA PRACH uL -
(nPRBoffset + fPRB,hop)mOd Nrg if nf mod2=1
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- otherwise

_ | ng mod 4
RS offset if L_f 5 JZO

RA
NpRB offset =
ARA PRACH UL | Mg mod4 |

(nPRBoffset + prB,hop)mOd Ngg if LT =1

where n; is the system frame number corresponding to the first subframe for each PRACH repetition, fPFl)ltBBAJ%g

corresponds to a cell-specific higher-layer parameter prach-HoppingOffset. If frequency hopping is not enabled for the
PRACH configurationthen n24, o = TR e -

For frame structure type 1 with preamble format 0-3, for each of the PRACH configurations there is at most one random
access resource per subframe.

Table 5.7.1-2 lists the preambl e formats according to Table 5.7.1-1 and the subframes in which random access preamble
transmission is allowed for a given configuration in frame structure type 1. The start of the random access preamble
shall be aligned with the start of the corresponding uplink subframe at the UE assuming N;, =0, where N, is
defined in clause 8.1. For PRACH configurations 0, 1, 2, 15, 16, 17, 18, 31, 32, 33, 34, 47, 48, 49, 50 and 63 the UE
may for handover purposes assume an absol ute value of the relative time difference between radio frame i inthe
current cell and the target cell of less than 153600 - T .

The first physical resource block n2%, allocated to the PRACH opportunity considered for preamble formats 0, 1, 2 and

3isdefinedas n, = nRy e -

Table 5.7.1-2: Frame structure type 1 random access configuration for preamble formats 0-3

Colr?fFi{g;l\J(r:al:t'ion Preamble S;‘yr/asrts(ran Subframe Colr?fFi{g;l\J(r:al:t'ion Preamble S;‘yr/asrts(ran Subframe
Format number Format number
Index number Index number
0 0 Even 1 32 2 Even 1
1 0 Even 4 33 2 Even 4
2 0 Even 7 34 2 Even 7
3 0 Any 1 35 2 Any 1
4 0 Any 4 36 2 Any 4
5 0 Any 7 37 2 Any 7
6 0 Any 1,6 38 2 Any 1,6
7 0 Any 2.7 39 2 Any 2.7
8 0 Any 3,8 40 2 Any 3,8
9 0 Any 1,4,7 41 2 Any 1,4,7
10 0 Any 2,5,8 42 2 Any 2,5,8
11 0 Any 3,6,9 43 2 Any 3,6,9
12 0 Any 0,2,4,6,8 44 2 Any 0,2,4,6,8
13 0 Any 1,3,57,9 45 2 Any 1,3,57,9
0,1,2,3,4,

14 0 Any 567809 46 N/A N/A N/A
15 0 Even 9 47 2 Even 9
16 1 Even 1 48 3 Even 1
17 1 Even 4 49 3 Even 4
18 1 Even 7 50 3 Even 7
19 1 Any 1 51 3 Any 1
20 1 Any 4 52 3 Any 4
21 1 Any 7 53 3 Any 7
22 1 Any 1,6 54 3 Any 1,6
23 1 Any 2.7 55 3 Any 2.7
24 1 Any 3,8 56 3 Any 3,8
25 1 Any 1,4,7 57 3 Any 1,4,7
26 1 Any 2,5,8 58 3 Any 2,5,8
27 1 Any 3,6,9 59 3 Any 3,6,9
28 1 Any 0,2,4,6,8 60 N/A N/A /
29 1 Any 1,3,57,9 61 N/A N/A N/A
30 N/A N/A / 62 N/A N/A N/A
31 1 Even 9 63 3 Even 9
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For frame structure type 2 with preamble formats 0-4, for each of the PRACH configurations there might be multiple
random access resources in an UL subframe (or UpPTS for preamble format 4) depending on the UL/DL configuration
[seetable 4.2-2]. Table 5.7.1-3 lists PRACH configurations allowed for frame structure type 2 where the configuration
index corresponds to a certain combination of preamble format, PRACH density value, D, and versionindex, rg,.
For frame structure type 2 with PRACH configuration indices 0, 1, 2, 20, 21, 22, 30, 31, 32, 40, 41, 42, 48, 49, 50, or
with PRACH configuration indices 51, 53, 54, 55, 56, 57 in UL/DL configuration 3, 4, 5, the UE may for handover
purposes assume an absolute value of the relative time difference between radio frame 1 in the current cell and the
target cell isless than 153600 - T .

Table 5.7.1-3: Frame structure type 2 random access configurations for preamble formats 0-4

PRACH Density . PRACH Density .
configuration Plr:eamble Per 10 ms Verr3|on configuration P'r:eamb':e Per 10 ms Verr3|on
Index orma DRA R Index orma DRA R
0 0 0.5 0 32 2 0.5 2
1 0 0.5 1 33 2 1 0
2 0 0.5 2 34 2 1 1
3 0 1 0 35 2 2 0
4 0 1 1 36 2 3 0
5 0 1 2 37 2 4 0
6 0 2 0 38 2 5 0
7 0 2 1 39 2 6 0
8 0 2 2 40 3 0.5 0
9 0 3 0 41 3 0.5 1
10 0 3 1 42 3 0.5 2
11 0 3 2 43 3 1 0
12 0 4 0 44 3 1 1
13 0 4 1 45 3 2 0
14 0 4 2 46 3 3 0
15 0 5 0 47 3 4 0
16 0 5 1 48 4 0.5 0
17 0 5 2 49 4 0.5 1
18 0 6 0 50 4 0.5 2
19 0 6 1 51 4 1 0
20 1 0.5 0 52 4 1 1
21 1 0.5 1 53 4 2 0
22 1 0.5 2 54 4 3 0
23 1 1 0 55 4 4 0
24 1 1 1 56 4 5 0
25 1 2 0 57 4 6 0
26 1 3 0 58 N/A N/A N/A
27 1 4 0 59 N/A N/A N/A
28 1 5 0 60 N/A N/A N/A
29 1 6 0 61 N/A N/A N/A
30 2 0.5 0 62 N/A N/A N/A
31 2 0.5 1 63 N/A N/A N/A

Table 5.7.1-4 lists the mapping to physical resources for the different random access opportunities needed for a certain
PRACH density value, Dg, . Each quadruple of the format (., ,t(9),t{ ,t) indicatesthe location of a specific

random access resource, where f, isafrequency resource index within the considered timeinstance, t) = 01,2

indicates whether the resource is reoccurring in all radio frames, in even radio frames, or in odd radio frames,
respectively, t& =0, indicates whether the random access resource is located in first half frame or in second half

frame, respectively, and where @ isthe uplink subframe number where the preamble starts, counting from O at the first

uplink subframe between 2 consecutive downlink-to-uplink switch points, with the exception of preamble format 4
where 2 isdenoted as (*). The start of the random access preamble formats 0-3 shall be aligned with the start of the

corresponding uplink subframe at the UE assuming N, =0 and the random access preamble format 4 shall start
4832 - T, before the end of the UpPTS at the UE, where the UpPTS is referenced to the UE's uplink frame timing
assuming N, =0.

ETSI



3GPP TS 36.211 version 16.4.0 Release 16 87 ETSI TS 136 211 V16.4.0 (2021-02)

The random access opportunities for each PRACH configuration shall be allocated in time first and then in frequency if
and only if time multiplexing is not sufficient to hold all opportunities of a PRACH configuration needed for a certain
density value Dy, without overlap intime. For preamble format 0-3, the frequency multiplexing shall be done

according to

NPRB offset +6L%AJ, if framod2=0
RA -~ _
Npre = ¢
ngé -6- nség offset — 6\‘%J, otherwise
where N3 isthe number of uplink resource blocks, n2, isthe first physical resource block alocated to the PRACH

opportunity considered and where nR, .. i1sthefirst physical resource block available for PRACH.

For preamble format 4, the frequency multiplexing shall be done according to

e {szA, if ((ry mod2)x (2— Nep) +t&, Jmod2=0
PRB —

Nag —6(fra +1), otherwise
where n; is the system frame number and where N g, is the number of DL to UL switch points within the radio frame.

For BL/CE UEs, only a subset of the subframes allowed for preamble transmission are allowed as starting subframes for
the PRACH repetitions. The alowed starting subframes for a PRACH configuration are determined as follows:

- Enumerate the subframes that are allowed for preamble transmission for the PRACH configuration as
n¥ =0,..N¥ -1 where n?* =0 and n?* = N3* -1 correspond to the two subframes allowed for preamble

- . ab .
transmission with the smallest and the largest absolute subframe number Ng y , respectively.

- If aPRACH starting subframe periodicity N PRACH isnot provided by higher layers, the periodicity of the

Start
alowed starting subframes in terms of subframes allowed for preamble transmissionis PRacH The allowed

starting subframes defined over n? = o,. N5 -1 aregiven by ij;';AC“ where j=0,1,2,...

- If aPRACH starting subframe periodicity N PRACH isprovided by higher layers, it indicates the periodicity of

start
the allowed starting subframes in terms of subframes allowed for preamble transmission. The allowed starting

NJPRACH NPRACI-
rep

subframes defined over n%* =o0,..N® -1 aregivenby [Nyt T+ where j=0,1,2,...

- No starting subframe defined over n2 - o,. N2 —1 suchthat NG > Ng* — NrF;EACH is allowed.

Each random access preambl e occupies a bandwidth corresponding to 6 consecutive resource blocks for both frame
structures.
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Table 5.7.1-4: Frame structure type 2 random access preamble mapping in time and frequency
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PRACH UL/DL configuration (See Table 4.2-2)
configuration Index
(See Table 5.7.1-3) v 1 2 ‘ “ e &

0 0.1,02) | 01,00 | 0,5,00) | 05,02 | (0,L0,1) | (0,1,0,0) | (0.1,0.2)
1 (0.20.2) | (0.20.1) | (0.2.0.0) | (0.2.0.2) | (0.2.0.1) | (0.2.0,0) | (0.2.0.2)
2 (0.1.1.2) | (0..1.1) | (0110 | 0.1.01) | (0.1.00) | NA | (0.LL1)
3 (0.00.2) | (0.00.) | (0.0.0.0) | (0.0,0.2) | (0.0.0.1) | (0,0,0,0) | (0.0.0.2)
4 (0.01.2) | (0.01.1) | (0.0..0) | (0.0,0.0) | (00.00) | NA | (0.011)
5 (0,00.) | (0,000 | NA | (00,00 | NA NA | (0,0,0,0)
. (0.00.2) | (0.00.) | 0,0,00) | (0.0,0.1) | (0,0,0,0) | (0,0,0,0) | (0.0.0.2)
0,012 | 0.011) | 0010 | 0.0,02) | (0001 | (1.0.0,0 | (0.0.1.1)

(0.0.0.1) | (0.0.0.0) (0.0.0.0) (0.0.0.1)

7 ©011) | ©o10 | VA | (0002 | NA NA~ | (001.0)
(0,0,0,0) (0.0,0,0) (0,0,0,0)

8 ovey | a NA | 00D | Na va | B8
(0.00.1) | 0,000 | 0.0,00) | (0.0,0.0) | (0,0,0,0) | (0,0,0,0) | (0.0.0.1)

9 (0.002) | (0,00.1) | (00.1.0) | (0.0,01) | (0.00.1) | (1.0.0.0) | (0.0.0,2)
0.01.2) | 0.011) | (1000) | 00,02 | (10.01) | (2.00,0) | (0.0.1.1)

(0,000 | (0,001 | (0,0,0,0) (0.0,0.0) (0,0,0.0)

10 (0,0.1,0) | (0,010 | 0010 | NA | (0001 | NA | (0002
0011 | (0011 | (1010 (1.0.0.0) (0.0.1.0)

(0,0,0,0) (0,0,0,1)

11 NA | (0001) | NA N/A N/A NA | (00,1,0)
(0,0,1,0) (0.0.1.1)

0.00.0) | (0,0.0.0) | (0.0,0,0) | (0.0,0,0) | (0,0,0,0) | (0.0,0,0) | (0,0.0,1)

i (0.002) | (0,00.1) | (00.1.0) | (0.0,01) | (0.00.1) | (1.0.0.0) | (0.0.0,2)
0.011) | (0,010 | (1.000) | 0.0,02) | (1.0.00) | (2,0.0,0) | (0.0.1.0)

0.012) | (0011) | (10.1.0) | (1.0,02) | (10.0.1) | (3.00.0) | (00.1.1)

(0.0.0.0) (0.0.0.0) (0.0.0.0)

(0.0.0.2) (0.0.0.1) (0.0.0.1)

13 oot | A vA | B0z | e va | 003
(0.0.1.2) (1.0.0.1) (0.0.1.1)

(0.0.0.0) (0.0.0.0) (0.0.0.0)

(0.0.0.1) (0.0.0.1) (0.0.0.2)

14 OoTe | a NA | 0003 | A va | G
(0.0.1.1) (1.0.0.0) (0.0.1.1)

(0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0)
0,0,0,1) | (0,0,01) | (0,0,1,0) | (0,0,0,1) | (0,0,0,1) | (1,0,0,0) | (0,0,0,1)
15 (0,0,02) | (0,0,1,0) | (1,0,00) | (0,0,0,2) | (1,0,0,0) | (2,0,0,0) | (0,0,0,2)
(0,0,1,1) | (0,0,1,1) | (1,0,1,0) | (1,0,0,1) | (1,0,0,1) | (3,0,0,0) | (0,0,1,0)
0,012 | (1,0,01) | (20,00 | (1,0,02) | (20,01 | (40,00) | (0,0,1,1)
(0,0,0,1) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0)
(0,0,0,2) | (0,0,0,1) | (0,0,1,0) | (0,0,0,1) | (0,0,0,1)
16 (0,0,1,0) | (0,0,1,0) | (1,0,00) | (0,0,0,2) | (10,00) | NA N/A
(0,0,1,1) | (0,0,1,1) | (1,0,1,0) | (1,0,0,0) | (1,0,0,1)
0,012 | (10,41 | (2,0,1,0) | (1,0,0,2) | (2,0,0,0)

(0,0,0,0) | (0,0,0,0) (0,0,0,0)
(0,0,0,1) | (0,0,0,1) (0,0,0,1)
17 (0,0,0,2) | (0,0,1,0) N/A (0,0,0,2) N/A N/A N/A
(0,0,1,0) | (0,0,1,1) (1,0,0,0)
0,0,1,2) | (1,0,0,0) (1,0,0,1)

(0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0)
(0,00,1) | (0,0,0,1) | (0,0,1,0) | (0,0,0,1) | (0,0,0,1) | (1,0,0,0) | (0,0,0,1)
0,00,2) | (0,0,1,0) | (1,0,0,0) | (0,0,0,2) | (1,0,0,0) | (2,0,0,0) | (0,0,0,2)

18 0,010) | 0011 | (1010) | (1.0,00) | (1.0.0.1) | (300,0) | (0.0.1.0)
©0.011) | (10,01) | (2000) | (1.0.01) | (2:00.0) | (400,0) | (0.0.1.2)

0.012) | 10.11) | 2010 | (10.02) | 2.001) | 5.00,0) | (1.0.02)

(0.0.0,0) (0.0.0,0)

(0.0.0,1) (0.0.0,1)

(0.0.1,0) (0.0.0.2)

19 va | SOTD | e N/A N/A nA | 6003
(1,0.0,0) (0.0.1.1)

(1.0.1.0) (1.0.1.1)

20730 0104 | 0100 | NA [ (0400 | 04,00 | NA | (010D
21/31 (0.201) [ (0200 | NA [ (0201 | (0200 ] NA | (0201
22132 (0.111) [ 0110 | NA N/A N/A NA | (0.4.10)
23733 (0,001) | (00,00 | NA | (0000 | 0,000 | NA | (0001
24134 (0.01.1) | (0.01.0 | NA N/A N/A NA | (00.1.0)
(0,0.0.1) | (0.0,0.0) ©.00,1) | (0,0,0,0) (0.0.0.1)

25135 0011 | 0010 | VA | @oo1) | o000 | VA | (0010
(0,0.0.1) | (0.0,0.0) (0.0.0.1) | (0.0.0.0) (0.0.0,1)

26136 00L1) | 0010 | \ya | @001 | @000 [ n | ©0L10)
(1.00.1) | (1.0.0.0) (2.001) | (2.0,00) (1.0.0.1)
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(0,0,0,1) | (0,0,0,0) (0,0,0,1) | (0,0,0,0) (0,0,0,1)

07 /37 0,0,1,1) | (0,0,1,0) (1,0,0,1) | (1,0,0,0) (0,0,1,0)

(1,0,0,1) | (1,0,0,0) N/A (20,0,1) | (20,00 | NA | (1,00.1)

(1,0,1,1) | (1,0,1,0) (3,0,0,1) | (3,0,0,0) (1,0,1,0)

(0,0,0,1) | (0,0,0,0) (0,0,0,1) | (0,0,0,0) (0,0,0,1)

0,0,1,1) | (0,0,1,0) (1,0,0,1) | (1,0,0,0) (0,0,1,0)

28/38 (1,0,0,1) | (1,0,0,0) (2,0,0,1) | (2,0,0,0) (1,0,0,1)

(1,0,1,1) | (1,0,1,0) N/A (30,01) | (30,00) | NA | (1,0,1,0)

(2,0,0,1) | (2,0,0,0) (4,0,0,1) | (4,0,0,0) (2,0,0,1)

(0,0,0,1) | (0,0,0,0) (0,0,0,1) | (0,0,0,0) (0,0,0,1)

0,0,1,1) | (0,0,1,0) (1,0,0,1) | (1,0,0,0) (0,0,1,0)

29 139 (1,0,0,1) | (1,0,0,0) (2,0,0,1) | (2,0,0,0) (1,0,0,1)

(1,0,1,1) | (1,0,1,0) N/A (3001 | (3000) |\ | 10LO)

(2,0,0,1) | (2,0,0,0) (4,0,0,1) | (4,0,0,0) (2,0,0,1)

(2,0,1,1) | (2,0,1,0) (5,0,0,1) | (5,0,0,0) (2,0,1,0)

40 (0,1,0,0) N/A N/A (0,1,0,0) N/A N/A__ | (0,1,0,0)

41 (0,2,0,0) N/A N/A (0,2,0,0) N/A N/A__ | (0,2,0,0)
42 (0,1,1,0) N/A N/A N/A N/A N/A N/A

43 (0,0,0,0) N/A N/A (0,0,0,0) N/A N/A__ | (0,0,0,0)
44 (0,0,1,0) N/A N/A N/A N/A N/A N/A

(0,0,0,0) (0,0,0,0) (0,0,0,0)

45 0.0.10) N/A N/A (1.0,0.0) N/A NA | (L000)

(0,0,0,0) (0,0,0,0) (0,0,0,0)

46 (0,0,1,0) (1,0,0,0) (1,0,0,0)

(1.0,0.0) N/A N/A 20.00) N/A NA | 2000)

(0,0,0,0) (0,0,0,0) (0,0,0,0)

47 (0,0,1,0) (1,0,0,0) (1,0,0,0)

(1,0,0,0) N/A N/A (2,0,0,0) N/A N/A | (2,0,0,0)

(1,0,1,0) (3,0,0,0) (3,0,0,0)

48 0,109 | (0,1,0 | (0,1,0% | (0,1,0 | (0,109 | (0,109 | (0,1,0,%)

49 02,05 | (0,209 | (0,209 [ (0,209 | (0,204 | (0,205 | (0,2,0,%)

50 0119 [ 0119 [ (011" N/A N/A N/A 0,1,1,9

51 (0,00, | (0,0,0% | (0,0,0% | (0,00 | (0,00 | (0,009 | (0,0,0,")

52 0,019 [ (0,0,1% [ (0,0,1% N/A N/A N/A (0,0,1,%

3 (0,005 | (0,0,0% | (0,0,0% | (0,009 | (0,004 | (0,00 | (0,0,0,%)

0,015 | (0019 | (0019 | (1,004 | (1,004 | (1,004 | (0,0,1,%
(0,009 | (0,0,0% | (0,0,0% | (0,0,0% | (0,0,0% | (0,005 | (0,00,
54 0,015 | (0,0,1% | (001% | (1,004 | (1,004 | (1,004 | (0,0,1,%
(1,009 | (1,0,04 | (10,09 | (2,009 | (2,004 | (2,004 | (1,0,0,
0,005 | (0,0,0% | (0,0,0% | (0,00% | (0,004 | (0,00 | (0,0,0,%
0,015 | (0,01% | (001% | (1,0,0% | (1,004 | (1,004 | (0,0,1,%
(1,004 | (1,0,0% | (1,004 | 200% | (20,0 | (200 | (1,00%
(1,019 | (1,019 | (1,019 | (3,009 | (3,004 | (3,004 | (1,0,1,%
(0,005 | (0,0,0% | (0,0,0% | (0,009 | (0,00% | (0,00 | (0,0,0,%
0,015 | (0,01% | (001% | (1,0,0% | (1,0,0% | (1,004 | (0,0,1,%
56 (1,005 | (1,0,0% | (1.0,0% | (2004 | (20,04 | (2,004 | (1,0,0,%
(1,019 | (1,0,1% | (1.0,1% | (30,04 | (30,04 | (3,004 | (1,0,1,%
(2,009 | (2004 | (2009 | (4,009 | (4009 | (4,004 | (2,0,0%
(0,005 | (0,0,0% | (0,0,0% | (0,00% | (0,004 | (0,00 | (0,0,0,%
0,015 | (0,014 | (001% | (1,00% | (1,0,0% | (1,004 | (0,0,1,%
(1,009 | (1,0,0% | (10,04 | (2004 | (20,04 | (2,004 | (1,0,0,%

55

57 (L1014 | (1019 | (1019 | (30,09 | (300 | (30,04 | (10,1
2009 | (2004 | (2004 | (4009 | 4004 | (400% | (2.0.0%
2014 | 2019 | 2019 | (5009 | (5004 | (5002 | (2.0.1%
58 N/A N/A N/A N/A N/A N/A N/A
59 N/A N/A N/A N/A N/A N/A N/A
60 N/A N/A N/A N/A N/A N/A N/A
61 N/A N/A N/A N/A N/A N/A N/A
62 N/A N/A N/A N/A N/A N/A N/A
63 N/A N/A N/A N/A N/A N/A N/A

NOTE: * UpPTS
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5.7.2 Preamble sequence generation

The random access preambles are generated from Zadoff-Chu sequences with zero correlation zone, generated from one
or several root Zadoff-Chu sequences. The network configures the set of preamble sequences the UE is allowed to use.

There are up to two sets of 64 preambles available in a cell where Set 1 corresponds to higher layer PRACH
configuration using prach-Configurationlndex and prach-FrequencyOffset and Set 2, if configured, corresponds to
higher layer PRACH configuration using prach-Configurationl ndexHighSpeed and prach-FrequencyOffsetHighSpeed.
The set of 64 preamble sequencesin acell isfound by including first, in the order of increasing cyclic shift, al the
available cyclic shifts of aroot Zadoff-Chu sequence with the logical index rootSequencelndexHighSpeed (for Set 2, if
configured) or with the logical index RACH_ROOT_SEQUENCE (for Set 1), where both

rootSequencel ndexHighSpeed (if configured) and RACH_ROOT_SEQUENCE are broadcasted as part of the System
Information. Additional preamble sequences, in case 64 preambles cannot be generated from a single root Zadoff-Chu
sequence, are obtained from the root sequences with the consecutive logical indexes until all the 64 sequences are
found.

Thelogical root sequence order is cyclic: the logical index O is consecutive to 837. The relation between alogical root
sequence index and physical root sequence index v isgiven by Tables5.7.2-4 and 5.7.2-5 for preamble formats 0 — 3
and 4, respectively.

The u™ root Zadoff-Chu sequence is defined by

_ . aun(n+1)

x,(n)=e MNe | 0<n<Ny,-1

wherethelength N, of the Zadoff-Chu sequence is given by Table 5.7.2-1. From the u™ root Zadoff-Chu sequence,
random access preambles with zero correlation zones of length N -5 — 1 are defined by cyclic shifts according to

Xu,v(n) = Xu ((n+cv)m0d NZC)

where the cyclic shift is given by

WNgq v=0,1,...,| Ny /Ngs |-1 Neg #0  for unrestricted sets

0 Nes=0 for unrestricted sets
C,={ga Lv/ n;’;t} (vmodn®, Ngs  v=01,..,w—-1 for restricted setstype A and B

oy + (V= W)Ng V=W,..., W+ M —1 for restricted setstype B

d,,. + (v—w—ﬁsffif’*t)NCS V=WHIA L WA + e —1 for restricted setstype B

_ ~RA RA =RA
w= nshift ngroup + nshift

and Ng isgiven by Tables5.7.2-2 and 5.7.2-3 for preamble formats 0-3 and 4, respectively, where the higher-layer
parameters zeroCorrelationZoneConfig and zeroCorrelationZoneConfigHighSpeed shall be used for PRACH preamble

Set 1 and Set 2 (if configured), respectively. Restricted set type B shall be used for PRACH preamble Set 2 (if
configured), and the parameter High-speed-flag provided by higher layers determines if unrestricted set or restricted set
type A shall be used for PRACH preamble Set 1.
Thevariable d, isthe cyclic shift corresponding to a Doppler shift of magnitude 1/Tg, and isgiven by
4P 0< p<Ng/2
“"|N,c—p otherwise

where [isthe smallest non-negative integer that fulfils (pu)mod N, = 1. The parameters for restricted sets of cyclic
shiftsdependon d, .

For restricted set type A and Ng < d, < N, /3, the parameters are given by
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n;ﬁt = Ldu/NCSJ
dstart =2d, + nsFﬁlﬁt Nes

group |_NZC/dstartJ
nshift = max(]f’“zc - 2du ;ﬁupdstart)/NCSJO)

For restricted set type A and N, /3<d, < (Nz — Ncg)/2, the parameters are given by

niﬁt = |_(Nzc - 2du)/NCSJ
dstart =Nz -2d, + ns'ﬁf}t Nes

group Ld / daartJ

nshift = mm max(L(d group start)/NCSJO nshlft

For restricted set type B and Ng < d, < N, /5, the parameters are given by

ns?i?t = Ldu/Nch
dstart =4d, + “s'mt Nes

group LNZC/daartJ
nshift = max(]ﬂ“zc _4du ;ﬁupdstart)/NCSJO)

For restricted set type B and N, /5<d, < (N,c — N¢g)/4, the parameters are given by

”;ﬁt = L(Nzc —4d, )/NCSJ
daart =Nzc—4d, + nsF;\ﬁt Ncs
group |_d / dstartJ

nshift = mln maX(L(du ;ﬁupdaart)/NCSJO nShIfI

For restricted set type B and (N, + N¢g)/4 < d, < 2N, /7, the parameters are given by

i = |_(4d - Nzc)/Nch
Ogart = 4d, —Ngc + ngﬁt Nes
dstart - NZC 3d + ngroupdstart + nshlft NCS

o

sat = Nzc —2d,, + ngroupdstart +NginNes

ngroup = Ldu / dstartJ

Mgyt = maxM“'zc -3d, - ngrﬁupdstart )/ NCSJIO)

v = Lmi ”(du - ”gRrﬁupdstart Ad,, — Ngc — i Ncs)/Nch

%sthfAt = \_((1_ mi n(l ﬁsﬁﬁt) dy, — NoupOatart )+ mi n(L At )(4du —Nyzc —Tigrn Ncs))/Nch_ﬁsﬁi/}\t

For restricted set type B and 2N, /7 <d, < (N, — Ngg)/3, the parameters are given by
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n?hli/_}t = L(Nzc _Sdu)/NCSJ

RA

dgat = Nzc —3dy + Ngyist Nes

I _ RA —RA
daan - du + ngroupdaan + Nahitt NCS
dgo =0

ngr\;ﬁup = Ldu/daanJ
i = mex( (40, ~ Nzc - 3 )/ Nes J0)
Ngpige = MaX 4du NZC ngroupdstart / NCS 0
A =[min{d, ~ A0t Nzc - 30, -1 Nes/Nes
=RA
0

Nghife =

For restricted set type B and (N, + N¢g)/3< d, < 2N, /5, the parameters are given by

ngit =L (3d, =Nzc)/Nes |
Ogat =3dy = Ngc + ns;F!wiAfths
sat =0
astart =0
ngFf'ﬁup = Ldu/dstartJ
it = mad{(Nzc ~2d, - gt )/ Nes 0)
Ngiee = MaX NZC 2du ngroupdstart /NCS 0

A&y =0
g =0

For restricted set type B and 2N, /5<d, < (N, — Ng)/2, the parameters are given by

ni’?n = L(Nzc - 2du)/NCSJ

Ogat =2(Nzc—2d,) + n;?\ft Nes
astart =0
astart =0

ngergurJ - |_(NZC - du)/dstartJ

N = maxd_(3du —Ngc - ngRrﬁupdstart )/ Ncslo)
g =0

i =0

For all other valuesof d,, , there are no cyclic shiftsin the restricted set.

Table 5.7.2-1: Random access preamble sequence length

Preamble format | Nzc

0-3 839
4 139
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Table 5.7.2-2: Ng for preamble generation (preamble formats 0-3)

zeroCorrelationZoneConfig, Ng value
zeroCorrelationZoneConfigHighSpeed | ynrestricted set | Restricted set type A | Restricted set type B
0 0 15 15
1 13 18 18
2 15 22 22
3 18 26 26
4 22 32 32
5 26 38 38
6 32 46 46
7 38 55 55
8 46 68 68
9 59 82 82
10 76 100 100
11 93 128 118
12 119 158 137
13 167 202 -
14 279 237 -
15 419 - -

Table 5.7.2-3: Ng for preamble generation (preamble format 4)

zeroCorrelationZoneConfig | Ncg value

0 2

1 4
2 6
3 8
4 10
5 12
6 15
7 N/A
8 N/A
9 N/A
10 N/A
11 N/A
12 N/A
13 N/A
14 N/A
15 N/A
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Table 5.7.2-4: Root Zadoff-Chu sequence order for preamble formats 0 — 3

Logical root Physical root sequence number u
sequence - . . .
ATTRET (in increasing order of the corresponding logical sequence number)
129, 710, 140, 699, 120, 719, 210, 629, 168, 671, 84, 755, 105, 734, 93, 746, 70, 769, 60, 779
0-23
2,837,1, 838
24-29 56, 783, 112, 727, 148, 691
30-35 80, 759, 42, 797, 40, 799
36-41 35, 804, 73, 766, 146, 693
42-51 31, 808, 28, 811, 30, 809, 27, 812, 29, 810
52-63 24, 815, 48, 791, 68, 771, 74, 765, 178, 661, 136, 703
64-75 86, 753, 78, 761, 43, 796, 39, 800, 20, 819, 21, 818
76-89 95, 744, 202, 637, 190, 649, 181, 658, 137, 702, 125, 714, 151, 688
217,622,128, 711, 142, 697, 122, 717, 203, 636, 118, 721, 110, 729, 89, 750, 103, 736, 61, 778, 55, 784, 15
90-115 824, 14, 825
116-135 12, 827, 23, 816, 34, 805, 37, 802, 46, 793, 207, 632, 179, 660, 145, 694, 130, 709, 223, 616
136-167 228, 611, 227, 612, 132, 707, 133, 706, 143, 696, 135, 704, 161, 678, 201, 638, 173, 666, 106, 733, 83, 756, 91,
748, 66, 773, 53, 786, 10, 829, 9, 830
168-203 7,832, 8, 831, 16, 823, 47, 792, 64, 775, 57, 782, 104, 735, 101, 738, 108, 731, 208, 631, 184, 655, 197, 642,

191, 648, 121, 718, 141, 698, 149, 690, 216, 623, 218, 621

152, 687, 144, 695, 134, 705, 138, 701, 199, 640, 162, 677, 176, 663, 119, 720, 158, 681, 164, 675, 174, 665
204-263 171, 668, 170, 669, 87, 752, 169, 670, 88, 751, 107, 732, 81, 758, 82, 757, 100, 739, 98, 741, 71, 768, 59, 780
65, 774, 50, 789, 49, 790, 26, 813, 17, 822, 13, 826, 6, 833

5, 834, 33, 806, 51, 788, 75, 764, 99, 740, 96, 743, 97, 742, 166, 673, 172, 667, 175, 664, 187, 652, 163, 676,
264-327 185, 654, 200, 639, 114, 725, 189, 650, 115, 724, 194, 645, 195, 644, 192, 647, 182, 657, 157, 682, 156, 683
211, 628, 154, 685, 123, 716, 139, 700, 212, 627, 153, 686, 213, 626, 215, 624, 150, 689

225, 614, 224, 615, 221, 618, 220, 619, 127, 712, 147, 692, 124, 715, 193, 646, 205, 634, 206, 633, 116, 723
328-383 160, 679, 186, 653, 167, 672, 79, 760, 85, 754, 77, 762, 92, 747, 58, 781, 62, 777, 69, 770, 54, 785, 36, 803, 32
807, 25, 814, 18, 821, 11, 828, 4, 835

3, 836, 19, 820, 22, 817, 41, 798, 38, 801, 44, 795, 52, 787, 45, 794, 63, 776, 67, 772, 72

767,76, 763, 94, 745, 102, 737, 90, 749, 109, 730, 165, 674, 111, 728, 209, 630, 204, 635, 117, 722, 188, 651
159, 680, 198, 641, 113, 726, 183, 656, 180, 659, 177, 662, 196, 643, 155, 684, 214, 625, 126, 713, 131, 708
219, 620, 222, 617, 226, 613

230, 609, 232, 607, 262, 577, 252, 587, 418, 421, 416, 423, 413, 426, 411, 428, 376, 463, 395, 444, 283, 556
456-513 285, 554, 379, 460, 390, 449, 363, 476, 384, 455, 388, 451, 386, 453, 361, 478, 387, 452, 360, 479, 310, 529
354, 485, 328, 511, 315, 524, 337, 502, 349, 490, 335, 504, 324, 515

323, 516, 320, 519, 334, 505, 359, 480, 295, 544, 385, 454, 292, 547, 291, 548, 381, 458, 399, 440, 380, 459
514-561 397, 442, 369, 470, 377, 462, 410, 429, 407, 432, 281, 558, 414, 425, 247, 592, 277, 562, 271, 568, 272, 567
264, 575, 259, 580

237, 602, 239, 600, 244, 595, 243, 596, 275, 564, 278, 561, 250, 589, 246, 593, 417, 422, 248, 591, 394, 445
393, 446, 370, 469, 365, 474, 300, 539, 299, 540, 364, 475, 362, 477, 298, 541, 312, 527, 313, 526, 314, 525

384-455

562-629 353, 486, 352, 487, 343, 496, 327, 512, 350, 489, 326, 513, 319, 520, 332, 507, 333, 506, 348, 491, 347, 492
322, 517

630659 330, 509, 338, 501, 341, 498, 340, 499, 342, 497, 301, 538, 366, 473, 401, 438, 371, 468, 408, 431, 375, 464
249, 590, 269, 570, 238, 601, 234, 605
257, 582, 273, 566, 255, 584, 254, 585, 245, 594, 251, 588, 412, 427, 372, 467, 282, 557, 403, 436, 396, 443

660-707 392, 447, 391, 448, 382, 457, 389, 450, 294, 545, 297. 542, 311, 528, 344, 495, 345, 494, 318, 521, 331, 508
325, 514, 321, 518

708-729 346, 493, 339, 500, 351, 488, 306, 533, 289, 550, 400, 439, 378, 461, 374, 465, 415, 424, 270, 569, 241, 598

730-751 231, 608, 260, 579, 268, 571, 276, 563, 409, 430, 398, 441, 290, 549, 304, 535, 308, 531, 358, 481, 316, 523

752-765 293, 546, 288, 551, 284, 555, 368, 471, 253, 586, 256, 583, 263, 576

766-777 242, 597, 274, 565, 402, 437, 383, 456, 357, 482, 329, 510

778-789 317, 522, 307, 532, 286, 553, 287, 552, 266, 573, 261, 578

790-795 236, 603, 303, 536, 356, 483

796-803 355, 484, 405, 434, 404, 435, 406, 433

804-809 235, 604, 267, 572, 302, 537

810-815 309, 530, 265, 574, 233, 606

816-819 367, 472, 296, 543

820-837 336, 503, 305, 534, 373, 466, 280, 559, 279, 560, 419, 420, 240, 599, 258, 581, 229, 610
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Table 5.7.2-5: Root Zadoff-Chu sequence order for preamble format 4

Logical root Physical root sequence number y
sequence number (in increasing order of the corresponding logical sequence number)

0-19 1(138| 2137 | 3|136| 4|135| 5[134| 6[133| 7132 | 8]131| 9|130|10| 129
20-39 11128 |12 | 127 |13 | 126 |14 | 125 |15[124 |16 | 123 |17 | 122 |18 121 |19 |120 | 20 | 119
40 - 59 211118 22| 117 |23 |116 |24 |115|25|114 |26 (113 |27 |112 |28 | 111 |29 |110 30109
60-79 31|108 |32 |107 | 33[106|34|105|35|104 |36 103 |37|102|38|101 |39 100 40| 99
80 — 99 41| 98 (42| 97 |43 | 96|44 | 95|45| 94|46 93|47 | 92|48 | 91[49| 90|50 | 89

100 -119 51| 88 |52| 87 |53| 86|54| 85|55| 84 |56| 83 |57| 82|58| 81|59| 80|60| 79

120 — 137 61| 78|62| 77|63 | 76|64| 75|65| 74|66 73|67| 72|68| 71[(69| 70| - -

138 — 837 N/A

5.7.3 Baseband signal generation

The time-continuous random access signal s(t) isdefined by

Nzc—1Nzc-1 —j—zzznk )
S(t)Z ﬂPRACH Z Z X, v(n) e Nz ,er’T(kJr(/’*K(ko*}/z))AfRA(t‘TCP)
k=0 n=0

whereo <t < Teg +Tep » Brracy 1S a0 amplitude scaling factor in order to conform to the transmit power Ppgacyy
specified in clause 6.1 in 3GPP TS 36.213 [4], and k, = nX%; N2® — NS5 N28 /2. Thelocation in the frequency domain
is controlled by the parameter nR4, isderived from clause 5.7.1. The factor K = Af /Afg, accounts for the difference
in subcarrier spacing between the random access preamble and uplink data transmission. The variable Af., , the
subcarrier spacing for the random access preamble, and the variable ¢, a fixed offset determining the frequency-domain
location of the random access preamble within the physical resource blocks, are both given by Table 5.7.3-1.

Table 5.7.3-1: Random access baseband parameters

Preamble format | Afga ¢
0-3 1250Hz | 7
4 7500 Hz | 2
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5.8 Modulation and upconversion
Modulation and upconversion to the carrier frequency of the complex-valued SC-FDMA baseband signal for each

antenna port or the complex-valued PRACH baseband signal is shown in Figure 5.8-1. Thefiltering required prior to
transmission is defined by the requirementsin 3GPP TS 36.101 [7].

oos (27fot )

l

Re{s (t)}

s

— > Split Filtering |—»

Im{s (t)}

—dn(2afyt)

Figure 5.8-1: Uplink modulation
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6 Downlink

6.1 Overview

The smallest time-frequency unit for downlink transmission is denoted a resource element and is defined in clause
6.2.2.

A subset of the downlink subframesin aradio frame can be configured as MBSFN subframes by higher layers. For
Af =~ 0.37 kHz the MBSFN region is defined as one dot of 3 ms. Except for Af ~ 0.37 kHz, each MBSFN
subframe is divided into a non-MBSFN region and an MBSFN region.

- For subframes using Af =15kHz, the non-MBSFN region spans the first one or two OFDM symbolsin an
MBSFN subframe where the length of the non-MBSFN region is given according to Clause 6.7.

- For subframesusing Af =7.5kHz, Af = 2.5 kHz, Af =1.25kHz, or dlotsusing Af = 0.37 kHz, the non-
MBSFN regionis of zero size.

- The MBSFN region in an MBSFN subframe is defined as the OFDM symbols not used for the non-MBSFN
region.

For an MBM S-dedicated cell, subframes where PSS/SSS/PBCH or PDSCH carrying system information are transmitted
with Af =15kHz are non-MBSFN subframes.

For frame structure type 3, MBSFN configuration shall not be applied to downlink subframesin which at least one
OFDM symbol is not occupied or discovery signal is transmitted.

Unless otherwise specified, transmission in each downlink subframe shall use the same cyclic prefix length as used for
downlink subframe #0.
6.1.1 Physical channels

A downlink physical channel corresponds to a set of resource elements carrying information originating from higher
layers and is the interface defined between 3GPP TS 36.212 [3] and the present document 3GPP TS 36.211.
The following downlink physical channels are defined:

- Physical Downlink Shared Channel, PDSCH

- Physical Broadcast Channel, PBCH

- Physical Multicast Channel, PMCH

- Physical Control Format Indicator Channel, PCFICH

- Physical Downlink Control Channel, PDCCH

- Physical Hybrid ARQ Indicator Channel, PHICH

- Enhanced Physical Downlink Control Channel, EPDCCH
- MTC Physical Downlink Control Channel, MPDCCH

- Short Physical Downlink Control Channel, SPDCCH

6.1.2 Physical signals

A downlink physical signal corresponds to a set of resource elements used by the physical layer but does not carry
information originating from higher layers. The following downlink physical signals are defined:

- Reference signal
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- Synchronization signal
- Discovery signal

- MTC wake-up signa, MWUS

6.2 Slot structure and physical resource elements

6.2.1 Resource grid

DL

The transmitted signal in each slot is described by one or several resource grids of Ngg NG subcarriersand Ny,

OFDM symbols. The resource grid structureisillustrated in Figure 6.2.2-1. The quantity NRg

transmission bandwidth configured in the cell and shall fulfil

depends on the downlink

min,DL DL max,DL
NRB < NRB = NRB

where NJ"PE =6 and NT2PL =110 are the smallest and largest downlink bandwidths, respectively, supported by
the current version of this specification.

The set of allowed valuesfor NRg is given by 3GPP TS 36.104 [6]. The number of OFDM symbolsin a slot depends
on the cyclic prefix length and subcarrier spacing configured and isgivenin Table 6.2.3-1.

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred
from the channel over which another symbol on the same antenna port is conveyed. For MBSFN reference signals,
positioning reference signals, UE-specific reference signals associated with PDSCH, demodulation reference signals
associated with SPDCCH, and demodulation reference signals associated with EPDCCH, there are limits given below
within which the channel can be inferred from one symbol to another symbol on the same antenna port. There is one
resource grid per antenna port. The set of antenna ports supported depends on the reference signal configuration in the
cell:

- Cedll-specific reference signal's support a configuration of one, two, or four antenna ports and are transmitted on
antennaports p=0, pe {01}, and pe {01,2,3}, respectively.

- MBSFN reference signals are transmitted on antenna port p = 4. The channel over which a symbol on antenna
port p = 4is conveyed can be inferred from the channel over which another symbol on the same antenna port is

conveyed only if the two symbols correspond to subframes (slotsin case of 0.37 kHz subcarrier spacing) of the
same MBSFN area.

- UE-specific reference signals associated with PDSCH intended for non-BL/CE UE are transmitted on antenna
port(s) p=5, p=7, p=8,oroneor several of pe {7,8,9,10,1L12,13,14}. The channel over which a symbol on
one of these antenna portsis conveyed can be inferred from the channel over which another symbol on the same

antenna port is conveyed only if the two symbols are within the same subframe and in the same PRG when PRB
bundling is used or in the same PRB pair when PRB bundling is not used.

- UE-specific reference signals associated with PDSCH intended for BL/CE UE are transmitted on one or several
of antenna port(s) pe {7,8,9,10,1112,13,14}. The channel over which a symbol on one of these antenna portsis
conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed

only if the two symbols are in the same set of N ﬁ,hB'D" consecutive subframes and have the same PRB index.

- Demodulation reference signals associated with EPDCCH are transmitted on one or several of
pe {107,108,109,110}. The channel over which a symbol on one of these antenna portsis conveyed can be

inferred from the channel over which another symbol on the same antenna port is conveyed only if the two
symbols arein the same PRB pair.

- Demodulation reference signal's associated with MPDCCH are transmitted on one or severa of
pe {107,108,109,110}. The channel over which a symbol on one of these antenna portsis conveyed can be

inferred from the channel over which another symbol on the same antenna port is conveyed only if the two
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symbols arein the same set of N ,f,'gDL consecutive subframes and have the same PRB index.

- Demodulation reference signal's associated with SPDCCH are transmitted on pe {107}.

- Positioning reference signal s are transmitted on antenna port p = 6 . The channel over which a symbol on
antenna port p=6 isconveyed can be inferred from the channel over which another symbol on the same
antenna port is conveyed only within one positioning reference signal occasion consisting of Npgg consecutive
downlink subframes, where Npgs is configured by higher layers.

- CSl reference signals support a configuration of 1, 2, 4, 8, 12, 16, 20, 24, 28, or 32 antenna ports and are
transmitted on antennaports p=15, p=1516, p=15,...18, p=15,..,22, p=15,..,26, p=15,..,30,

p=15,..,34, p=15,..,38, p=15...,42 and p=15,...,46 , respectively.
Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on
one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is

conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain,
and average delay.

6.2.2 Resource elements

Each element in the resource grid for antennaport p is called aresource element and is uniquely identified by the
index pair (k,1) inasiot where k=0,..,NggNg° —1 and | =0,.., NJ5, ~1 aretheindicesin the frequency and time
domains, respectively. Resource element (k,1) on antennaport p corresponds to the complex valuea(? .

When thereis no risk for confusion, or no particular antenna port is specified, the index p may be dropped.
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Figure 6.2.2-1: Downlink resource grid

6.2.3 Resource blocks

Resource blocks are used to describe the mapping of certain physical channelsto resource elements. Physical and
virtual resource blocks are defined.

A physical resource block is defined as Ng;;b consecutive OFDM symbols in the time domain and NSFéB consecutive
subcarriersin the frequency domain, where Ng;;b and NSFEB are given by Table 6.2.3-1. A physical resource block thus

consists of Ngry, x N&® resource elements, corresponding to one slot in the time domain and 180 kHz in the frequency
domain.

Physical resource blocks are numbered from O to NF";’E'; —1 inthe frequency domain. The relation between the physical
resource block number npgg in the frequency domain and resource elements (k,l) inaslot is given by

|k
Nprp = rig
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Table 6.2.3-1: Physical resource blocks parameters

Configuration NZB | Ngmp
Normal cyclic prefix Af =15kHz " 7
Af =15kHz 6
Extended cyclic prefix Af =75kHz 24 3
Af =25kHz | 72 1
Af =125kHz | 144 1
Af ~037kHz | 486 1

Except for subcarrier spacing Af = 1.25 kHz and Af =~ 0.37 kHz, a physical resource-block pair is defined as the two
physical resource blocks in one subframe having the same physical resource-block number npgg -

A virtual resource block is of the same size as a physical resource block. Two types of virtual resource blocks are
defined:

- Virtual resource blocks of localized type
- Virtual resource blocks of distributed type

For each type of virtual resource blocks, a pair of virtual resource blocks over two slotsin a subframeis assigned
together by asingle virtual resource block number, Ny g .

6.2.3.1 Virtual resource blocks of localized type

Virtual resource blocks of localized type are mapped directly to physical resource blocks such that virtual resource
block nygg correspondsto physical resource block Npgg = Nyrg - Virtual resource blocks are numbered from O to

DL DL _ nDL
Nygrg —1, where Nygg = Ngg -

6.2.3.2 Virtual resource blocks of distributed type

Virtual resource blocks of distributed type are mapped to physical resource blocks as described below.

Table 6.2.3.2-1: RB gap values

Gap (Ngg)
System BW (N2%
4 (Nre) = Gap (Nggp1) | 2" Gap (Nggp2)

6-10 (N % /2-‘ N/A

11 4 N/A
12-19 8 N/A
20-26 12 N/A
27-44 18 N/A
45-49 27 N/A
50-63 27 9
64-79 32 16
80-110 48 16

The parameter Ny, isgiven by Table 6.2.3.2-1. For 6< N2y <49, only one gap value Ny, 1 isdefined and
Ngap = Nggp1- FOr 50< NE; <110, two gap values Ngg,; and Ngg o are defined. Whether Ny = Ngan 4 OF
Ngap = Ngap2is signaled as part of the downlink scheduling assignment as described in 3GPP TS 36.212 [3].

Virtual resource blocks of distributed type are numbered from 0 to N5, —1, where
Nors = Noks oy =2 min(N

DL DL
VRB gapl N

gap’ NRI?IIB_ - Ngap) for Ngap = Ngap,l and Nygs = VRBgapZZ\_NRDé /ZNgapJ' 2Ngap for
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Ngap =N

gap gap.2 -

Consecutive NP5, VRB numbers compose a unit of VRB number interleaving, where NP5, = NS5, for Ny = Ngao
and N\?,;B = 2Ny, for Ngap = Ngap 2 - Interleaving of VRB numbers of each interleaving unit is performed with 4
columnsand N, rows, where N, =|NCk, /(4P) | P, and P isRBG size as described in 3GPP TS 36.213 [4]. VRB
numbers are written row by row in the rectangular matrix, and read out column by column. N,,; nullsareinserted in

thelast N, /2 rows of the 2 and 4™ column, where N, = 4N, — NOgs . Nulls are ignored when reading out. The
VRB numbers mapping to PRB numbersincluding interleaving is derived as follows:

For even slot number ng;

Nprs — Niow Npu #0 and  Nygg 2 NVRB Np  and  nygg mod2=1
Fong () = Ners — Nrow + Nt /2 Ny #0 and nVRB 2 NVRB Npgi @d  Nygg mod2=0
pre \Ns) =13 ~, ;
NprB , otherwise

= = = DL J DL
where fipeg = 2N,q,, - (yre M0d2)+| fyrg / 2|+ NURs ’LnVRB / NVRBJ'
and Migrg = Ny - (Ayrg M0d4)+ | Ayrg / 4]+ Nkg '\_nVRB / N\%ij
where nyrg = Nyrg Mod N\?'F;B and nygg isobtained from the downlink scheduling assignment as described in
3GPP TS 36.213 [4].

For odd slot number ng;

Nprg (Ns) = (ﬁPRB(n -+ NVRB /z)mOdNVRB + NVRB LnVRB / NVRBJ

Then, for all ng;

Nprg (Ns), Mprg (Ns) < N\?IR_’B 12
Nprg (Ns) + Nz — NvRs /2, Npra(ng) 2 NVRB 12

Nerg (Ns) = {
Virtual resource blocks of distributed type are not applicable to BL/CE UEs.

6.2.4 Resource-element groups (REGS)
Resource-element groups are used for defining the mapping of control channelsto resource elements.

A resource-element group is represented by theindex pair (k’,1") of the resource element with the lowest index k in
the group with all resource elementsin the group having the same value of | . The set of resource elements (k,l) ina
resource-element group depends on the number of cell-specific reference signals configured as described below with
Ko = Nprg - NEP | 0< Npg < NS5

- Inthefirst OFDM symbol of the first slot in a subframe the two resource-element groups in physical resource

block npgg consist of resource elements (k,I =0) with k=k,+0,k,+1,...,k; +5 and
k=Kky+6,ky+7,...,Ky+11, respectively.

- Inthe second OFDM symbol of the first slot in a subframe in case of one or two cell-specific reference signals
configured, the three resource-element groups in physical resource block npgzg consist of resource elements

(k,I =D with k=ky+0,ky+1...,ky+3, k=Ky+4,ky+5,....ky+7 and k=ky,+8 k, +9,..., kg +11,
respectively.

- Inthe second OFDM symbol of the first slot in a subframe in case of four cell-specific reference signals
configured, the two resource-element groups in physical resource block npgg consist of resource elements
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(k,I =1 with k=ky+0,Ky +1,...,kg+5 and k =k, +6,ky +7,..., kg +11, respectively.

- Inthethird OFDM symbol of the first ot in a subframe, the three resource-element groups in physical resource
block npgg consist of resource elements (k,I = 2) with k=ky+0,ky+1...,Ky +3, K=Ky +4,ky +5,..., kg +7

and k=Kky+8,ky+9,..., ky +11, respectively.

- Inthefourth OFDM symbol of the first slot in a subframe in case of normal cyclic prefix, the three resource-
element groups in physical resource block npzg consist of resource elements (k,l = 3) with

k=Ky+0,ky+1....Ky+3, K=Ky +4,ky+5,...,Ky +7 and k=ky+8 ky+9,..., kg +11, respectively.

- Inthefourth OFDM symbol of the first slot in a subframe in case of extended cyclic prefix, the two resource-
element groups in physical resource block npzg consist of resource elements (k,l = 3) with

k=Ky+0,ky+1,....,ky +5 and k=ky +6,Ky +7,..., kg +11, respectively.

Mapping of a symbol-quadruplet (z(i), Z(i+1),z(i+2),z(i + 3)) onto a resource-element group represented by resource-
element (k’,1") isdefined such that elements z(i) are mapped to resource elements (k,|) of the resource-element

group not used for cell-specific reference signalsin increasing order of i and k . In case asingle cell-specific reference
signal is configured, cell-specific reference signals shall be assumed to be present on antenna ports 0 and 1 for the
purpose of mapping a symbol-quadruplet to a resource-element group, otherwise the number of cell-specific reference
signals shall be assumed equal to the actual number of antenna ports used for cell-specific reference signals. The UE
shall not make any assumptions about resource elements assumed to be reserved for reference signals but not used for
transmission of areference signal.

For frame structure type 3, if the higher layer parameter subframeStartPosition indicates 'sO7' and the downlink
transmission starts in the second slot of a subframe, the above definition applies to the second slot of that subframe
instead of the first dot.

6.2.4A Enhanced Resource-Element Groups (EREGS)

EREGs are used for defining the mapping of enhanced control channels to resource elements.

There are 16 EREGs, numbered from 0 to 15, per physical resource block pair. Number all resource elements, except
resource elements carrying DM-RS for antenna ports p = {107,108,109,110} for normal cyclic prefix or p = {107,108}

for extended cyclic prefix, in a physical resource-block pair cyclically from 0 to 15 in an increasing order of first
frequency, then time. All resource elements with number i in that physical resource-block pair constitutes EREG
number i .

For frame structure type 3, if the higher layer parameter subframeStartPosition indicates 'sO7' and the downlink
transmission starts in the second slot of a subframe, the above definition applies to the second slot of that subframe
instead of the first dot.

6.2.4B Short Resource-Element Groups (SREGS)

Short resource-element groups (SREGS) are used for defining the mapping of short control channels to resource
elements.

One SREG is composed of all resource elementsin a physical resource block in a given OFDM symbol. The set of
resource elements (k,l) inan SREG in physical resource block npgg consist of resource elements with

k=K, +0,Ky+1,..., ky +11 With Ky = Npgg - N&® , 0< nprg < NRg , al having the same value of | .

6.2.5 Guard period for half-duplex FDD operation
For type A half-duplex FDD operation, a guard period is created by the UE by
- not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.

For type B half-duplex FDD operation, guard periods, each referred to as a half-duplex guard subframe, are created by
the UE by
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- not receiving adownlink subframe immediately preceding an uplink subframe from the same UE, and

- not receiving adownlink subframe immediately following an uplink subframe from the same UE.

6.2.6 Guard Period for TDD Operation

For frame structure type 2, the GP field in Figure 4.2-1 serves as a guard period.

6.2.7 Narrowbands and widebands

A narrowband is defined as six non-overlapping consecutive physical resource blocksin the frequency domain. The
total number of downlink narrowbands in the downlink transmission bandwidth configured in the cell is given by

NDL
R

The narrowbands are numbered nyg = 0,...,NNg —1 in order of increasing physical resource-block number where
narrowband nyg is composed of physical resource-block indices

BNy +ig+i+i if N3y mod2=0
BNy +ig+i+1  ifNZEmod2=1andng < Ngs /2
BNy +ip +i+1+1 if NS mod2=1andn, >N /2
where
i=01..5

| _{N%|_6N5;
°7l 2 2

and t isaccording to Table 6.2.7-1 for the narrowbands used for PDSCH resource allocation in CEModeB if the higher-
layer parameter ce-PDSCH-FlexibleStartPRB-AllocConfig is set, otherwise T = 0.

If N,El’g >4, awideband is defined as four non-overlapping narrowbands in the frequency domain. The total number of
downlink widebands in the downlink transmission bandwidth configured in the cell is given by

N DL
ey
and the widebands are numbered nyg =0,..., N\',':’,'é —1 in order of increasing narrowband number where wideband ny,g
is composed of narrowband indices 4nyg +i wherei=01...,3.
If Nog <4, then N5 =1 and the single wideband is composed of the N5 non-overlapping narrowband(s).

Table 6.2.7-1: Shift of narrowbands for PDSCH resource allocation in CEModeB when higher layer
parameter ce-PDSCH-FlexibleStartPRB-AllocConfig is set.

System bandwidth NBL Shift of narrowband ©

6 0

15 -1 for narrowband #O;
0 for narrowband #1

25 0 for narrowbands 0, 1;
- 1 for narrowband 2, 3

50 - 1 for all narrowbands

75 -1 for narrowbands 0, 1, ..., 5;
0 for narrowbands 6, 7, ..., 11

100 -2 for all narrowbands.
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6.2.8 Guard period for narrowband and wideband retuning

For BL/CE UEs, aguard period of at most N;f‘n;‘{,‘e OFDM symbolsis created for Rx-to-Rx and Tx-to-Rx frequency
retuning between two consecutive subframes.

retune

- If the higher layer parameter ce-RetuningSymbolsis set, then Ng° equals ce-RetuningSymbols, otherwise

retune __
Nymb = 2.

- If the higher layer parameter ce-pdsch-maxBandwidth-config is set to 5 MHz, then the rules for guard period
creation defined in the remainder of this clause apply not for retuning between narrowbands but for retuning
between widebands and for transmissions involving multiple widebands.

- If the UE is configured with CEModeA and higher layer parameter ce-PDSCH-FlexibleStartPRB-AllocConfig,
therules for guard period creation defined in the remainder of this clause apply for retuning between tuning
narrowbands defined for the allocation resources not fully within one narrowband defined in Clause 6.2.7 as the
consecutive 6PRBs starting from RBg; .+ if RBgqr¢ 1S aigned with RBG boundary, or the consecutive 6PRBs
ending at RBgqrt + Lepps — 1 1f RBgiare + Lerps — 1 is@ligned with RBG boundary, where RBg; -+ 80d Legps
are defined in Table 7.1.6.3-2 [4].

- If the UE is configured with CEModeB and higher layer parameter ce-PDSCH-FlexibleSartPRB-AllocConfig,
the rules for guard period creation defined in the remainder of this clause apply for retuning between the tuning
narrowband defined as the narrowband shifted according to Table 6.2.7-1.

- If the UE retunes from afirst downlink narrowband to a second downlink narrowband with a different center
frequency, a guard period is created by the UE not receiving at most N;/e;;*ge OFDM symbolsin the second
narrowband.

- If the UE retunes from afirst uplink narrowband to a second downlink narrowband with a different center
frequency for frame structure type 2, aguard period is created by the UE not receiving at most N;f‘n;‘{,‘e OFDM

symbolsin the second narrowband.

Furthermore, for BL/CE UEs configured with the higher layer parameter srs-UpPtsAdd, a guard period of at most

N;ye‘n;*ge OFDM or SC-FDMA symbolsis created for Rx-to-Tx frequency retuning within a special subframe for frame

structure type 2. Primarily, the TDD guard period (GP) specified in clause 4.2 serves as the guard period for
narrowband retuning, and if GP is not sufficient then additional guard period is created by the UE according to:

- If SRSisconfigured to be transmitted in the first UpPTS symbol, the additional guard period is created by the

UE not receiving at most Ngii® DWPTS symbolsin the first narrowband.

- If SRSis configured to be transmitted in the second UpPTS symbol but not in the first UpPTS symbol, the
additional guard period is created by the UE primarily by not transmitting the first UpPTS symbol and (if

N;f‘n;‘{,‘e = 2) secondarily by not receiving the last DWPTS symbol.

6.3 General structure for downlink physical channels

This clause describes a general structure, applicable to more than one physical channel.
The baseband signal representing a downlink physical channel is defined in terms of the following steps:
- scrambling of coded bits in each of the codewords to be transmitted on a physical channel
- modulation of scrambled bits to generate complex-valued modulation symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- precoding of the complex-valued modulation symbols on each layer for transmission on the antenna ports

- mapping of complex-valued modulation symbols for each antenna port to resource elements
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- generation of complex-valued time-domain OFDM signal for each antenna port

antenna
codewords layers

ports
) Modulation & Resource OFDM signal
Scrambling mapper element mapper generation
Layer Precoding
mapper
. Modulation Resource OFDM signal
Scrambling mapper element mapper generation

Figure 6.3-1: Overview of physical channel processing

6.3.1 Scrambling

For each codeword q , the block of bits b® (0),....b{ (M® —1) , where M (P isthe number of bitsin codeword q
transmitted on the physical channel in one subframe/d ot/subslot, shall be scrambled prior to modulation, resulting in a
block of scrambled bits b (0),...,.b @ (M@ —1) according to

b@ (i) = (b (i) + ¢ (i) )mod2

where the scrambling sequence ¢(@ (i) is given by clause 7.2. The scrambling sequence generator shall be initialised at
the start of each subframe, where theinitialisation value of c;;; depends on the transport channel type according to

L 2% 1922 +|ng/2]-2° +NE'  for PDSCH
" Ing/2)-2° + NjgBES for PMCH
where ngyp, corresponds to the RNTI associated with the PDSCH transmission as described in clause 7.1
3GPP TS 36.213 [4].

For BL/CE UEs, the same scrambling sequence is applied per subframe to PDSCH for agiven block of N,

subframes. The subframe number of the first subframe in each block of N, consecutive subframes, denoted as N, |,
satisfies (nabs’1 +iy ) mod N,.. = 0. For the j ™ block of N, subframes, the scrambling sequence generator shall be
initialised with

Cinit = Nt - 27 40+ 2% +[(jo + )Nyo; mod10]- 2 + Ni!

where

. g+ NDSCH L 1]
j :0,1'".,\‘ 0 abs A _ JO

Nacc
jo =Llio+is)/Negc
P 0, for framestructuretypel or N =1
% |Ngc—2, forframestructuretype2 and N, =10

and iy isthe absolute subframe number of the first downlink subframe intended for PDSCH. The PDSCH transmission
spans N ng;SCH consecutive subframes including subframes that are not BL/CE DL subframes where the PDSCH
transmission is postponed.

For BL/CE UEs,

- if the PDSCH iscarrying SIB1-BR
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N =1

- €eseif the PDSCH iscarrying SI message (except for SIB1-BR) or if the PDSCH transmission is associated with
P-RNTI or SC-RNTI:

- Ny =4 for frame structuretype 1 and N, =10 for frame structure type 2
- otherwise

N, =1for UEs assuming CEModeA (according to the definition in Clause 12 of [4]) or configured with
CEModeA

- N, =4 for frame structure type 1 and N, =10 for frame structure type 2 for UES assuming CEModeB
(according to the definition in Clause 12 of [4]) or configured with CEModeB

For PDSCH with a subframe duration, up to two codewords can be transmitted in one subframe, i.e., ge {01}. Inthe
case of single codeword transmission, q isequal to zero.

6.3.2 Modulation

For each codeword g , the block of scrambled bits b‘@ (0),...,b @ (M & —1) shall be modulated as described in
clause 7.1 using one of the modulation schemesin Table 6.3.2-1, resulting in a block of complex-valued modulation
symbols d?(0),..,d DM, -1).

Table 6.3.2-1: Modulation schemes

Modulation schemes
QPSK, 16QAM, 64QAM, 256QAM
QPSK, 16QAM, 640QAM, 256QAM

Physical channel
PDSCH
PMCH

6.3.3

The complex-valued modulation symbols for each of the codewords to be transmitted are mapped onto one or severa
|layers. Complex-valued modulation symbols d? (0),...,d@ (M ), 1) for codeword g shall be mapped onto the

Layer mapping

layers x(i) = [x(o) (i) x@D (i)]r ,i=01..,M&% 1 where v isthe number of layersand MY isthe number of

modulation symbols per layer, unless v = 2 and "MUST interference presence and power ratio (MUSTIdx)" signalled in

the associated DCI is'00' for only one codeword in which case x(i) = [a(o)x(o) i aWx® (i)]r , Where

_ [22-8)

)

for thelayer j for which MUSTIdx is'00', and ol = /ﬁ for thelayer | for which MUSTIdXx is

not '00". The value of § is determined from Table 6.3.3-1 using MUSTIdx and the modulation order of the codeword for
which MUSTIdx is not '00'".

Table 6.3.3-1; Values for S

MUSTIdx Modulation order
QPSK 16QAM | 64QAM
01 8/10 32/42 128/170
10 50/58 144.5/167 | 40.5/51
11 264.5/289 | 128/138 | 288/330

6.3.3.1 Layer mapping for transmission on a single antenna port

For transmission on a single antenna port, asingle layer isused, v =1, and the mapping is defined by
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xO (i) =d@ (i)

with MPS =ME) .

6.3.3.2 Layer mapping for spatial multiplexing

For spatial multiplexing, the layer mapping shall be done according to Table 6.3.3.2-1. The number of layers v isless
than or equal to the number of antenna ports P used for transmission of the physical channel. The case of asingle
codeword mapped to multiple layersis only applicable when the number of cell-specific reference signalsis four or
when the number of UE-specific reference signalsis two or larger. For subslot/slot-PDSCH, the number of codewords
isawaysone.

Table 6.3.3.2-1: Codeword-to-layer mapping for spatial multiplexing

Codeword-to-layer mapping

Number of layers | Number of codewords . I
y i=0L. M -1
1 1 xO (i) =d© i) Mgms =M &,

X(O)(i) :d(O)(Zi) M e
O =dO@+y O™

Oy A0
) , X (1) =d™ (i) Iaymetr):M(O%b:M(l%b

X i) =d® () o

X9 (i) =d©(3i)
5 1 x® () =d@ @i +1) Ms{ne{) ='VIS(;/)r%Wb/3
x®@()=d@ @ +2)
x9 (i) =d ()
3 2 xB)=dO@)  Mar =Mamo =Mgm /2
X (i) =d®(2i +2)
x© (i) = d© (4i)
x® () =d@4i+1) M e
x® (i) =d©(4i +2) e
x®()=d@4i+3)
x (i) =d @ (2i)

@ iy — 4O (5
) , X7 (i)=d™(2+1 VS VICH
A@=ad@ "
x® (i) =d® @2+
x© (i) = d @ (2i)
x¥(i)=d@ (@ +1)
. 5 X(Z)(i)=d(l)(3i) M;{naszg)r%b/2= Mg?m/:%
x@ (1) =d® @i +2)
x9()=d¥@+2)
x© (i) =d© (3
x® (i) =d@ (3 +1)
6 , x@ ()= d© Bi+2 M layer _ M (0)

X(3) (|) — d(l) (3|) symb symb

x@ (i) =d® @i +1)
x®(@1)=d® @ +2)

=M, /2

mi

=M, /4

mi

(RN

[3=M$), /3
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%0 (i) = d©@ (3)

x® (i) =d@ 3 +1)
x?(H)=d?(3+2)
7 2 x@ (i) = d® (4i) i};aymetr)—M(O)b/3 M(l)b/4
x@ (i) = d® (4i +1)
x® (i) =d® (4i +2)
x® (i) =d® 4i +3)
x© (i) = d @ (4i)

x® (i) =d@4i+1)
x@ () =d@4i+2)
xP (i) =d@4i+3

MBE MO Ja=mE . /4
8 2 N0 (i) = q@ (i) symb symb/ wmb/

x® (i) =d® (4i +2)
x® (i) =d® (4i +2)
x (i) =d® 4 +3)

6.3.3.3 Layer mapping for transmit diversity

For transmit diversity, the layer mapping shall be done according to Table 6.3.3.3-1. There is only one codeword and
the number of layers v isequal to the number of antenna ports P used for transmission of the physical channel.

Table 6.3.3.3-1: Codeword-to-layer mapping for transmit diversity

Codeword-to-layer mapping

Number Number of _ |
of layers | codewords i=0L., Mgt -1
x@ (i) = d©@(2i)
M e — p ©
2 1 x® (i) =d©2i+1) Mgmb = wmb/z
x® (i) = d® (4i) e MOu/4 it MO, moda=0
D iy = 4O (45 Mme = (0) (0)
x® (i) =d© (4i +1) (M b+2)4 it M{), mod40
4 1 2) (i 0) ( 4i
x@(i)=d(4i+2) If Mé%b mod4 = 0 two null symbols shall be
@ (i) = 4O (45
X (1) =d™ (41 +3) appended to d @ (M g,)%b -1

6.3.4 Precoding

The precoder takes as input a block of vectors x(i) = [x(o) (i) .. x®? (i)]r , i1 =01..,M&% 1 from the layer
mapping and generates a block of vectorsy(i) = [ yP) (i) ]T i=01..M2& omb —1 10 be mapped onto resources on

each of the antenna ports, where y( P) (i) representsthe signal for antennaport p .

6.34.1 Precoding for transmission on a single antenna port

For transmission on a single antenna port, precoding is defined by
0 =x)

where pe {0,4,5,7,8,11,13,107,108,109,110} isthe number of the single antenna port used for transmission of the
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physical channel and i =01,...M&, -1, M3 =M &

6.3.4.2 Precoding for spatial multiplexing using antenna ports with cell-specific
reference signals

Precoding for spatial multiplexing using antenna ports with cell-specific reference signalsis only used in combination
with layer mapping for spatial multiplexing as described in clause 6.3.3.2. Spatial multiplexing supports two or four
antenna ports and the set of antenna ports used is pe {01} or pe {0,,2,3}, respectively.

6.3.4.2.1 Precoding without CDD

Without Cyclic Delay Diversity (CDD), precoding for spatial multiplexing is defined by

y @ (i) x (i)
: =W(i)
y® ) XU (i)

where the precoding matrix W (i) isof size Pxv and i =01...M3& -1, M3 =M2%.

For spatial multiplexing, the values of W (i) shall be selected among the precoder elements in the codebook configured

in the eNodeB and the UE. The eNodeB can further confine the precoder selection in the UE to a subset of the elements
in the codebook using codebook subset restrictions. The configured codebook shall be selected from Table 6.3.4.2.3-1
or 6.3.4.2.3-2.

6.3.4.2.2 Precoding for large delay CDD
For large-delay CDD, precoding for spatial multiplexing is defined by

yO ) x (i)
=W(i)D(i)U
y*2 ) Xt i)
where the precoding matrixW (i) isof size Pxv and i =01,...M$, -1, MH, =M The diagonal size- vxv
matrix D(i) supporting cyclic delay diversity and the size- vxXv matrix U are both given by Table 6.3.4.2.2-1 for
different numbers of layers v.

The values of the precoding matrix W (i) shall be selected among the precoder elements in the codebook configured in

the eNodeB and the UE. The eNodeB can further confine the precoder selection in the UE to a subset of the elementsin
the codebook using codebook subset restriction. The configured codebook shall be selected from Table 6.3.4.2.3-1 or
6.3.4.2.3-2.

For 2 antenna ports, the precoder is selected according to W (i) = C; where C; denotes the precoding matrix
corresponding to precoder index 0 in Table 6.3.4.2.3-1.

For 4 antenna ports, the UE may assume that the eNodeB cyclically assigns different precoders to different vectors

[x(o) (i) .. x@D (i)]T on the physical downlink shared channel as follows. A different precoder is used every v
vectors, where v denotes the number of transmission layersin the case of spatial multiplexing. In particular, the

precoder is selected according to W (i) = C, , where k isthe precoder index given by k = &'—J mod 4) +1e {1,2,3,4}
(%

and C;,C,,C;,C, denote precoder matrices corresponding to precoder indices 12,13,14 and 15, respectively, in Table
6.3.4.2.3-2.
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Table 6.3.4.2.2-1: Large-delay cyclic delay diversity

Number of layers v U D(i)
111 1
2 E 1 ei272 e JZM/Z
1 1 1 1 0
3 i 1 e j27/3 e_j4”/3 0 e ]2/!1/3 O
1 1 1 1 1 0 0 0
1 1 e7j271'/4 ef]'472'/4 e—szr/4 O e*j272i/4 0 0
4 3|1 e i4ma gisma goit2n4 0 0 el 0
1 e j6r/4 e j127z/4 e j187/4 0 0 e j67i/4

6.3.4.2.3

Codebook for precoding and CSI reporting

For transmission on two antenna ports, pe {0,1} , and for the purpose of CSI reporting based on two antenna ports
pe {01} or pe {1516}, the precoding matrix W (i) shall be selected from Table 6.3.4.2.3-1 or a subset thereof. For the

closed-loop spatial multiplexing transmission mode defined in 3GPP TS 36.213 [4], the codebook index 0 is not used
when the number of layersis v =2.

Table 6.3.4.2.3-1: Codebook for transmission on antenna ports {01} and for CSI reporting based on
antenna ports {04} or {1516}

Codebook Number of layers v
index 1 2
111 1/1 0
B
1)1 111 1
- F R
1|1 /1 1
’ EM EL —J
ALl
° 2l- '

For transmission on four antenna ports, pe {0,12,3}, the precoding matrix W shall be selected from Table 6.3.4.2.3-2
or a subset thereof. For the purpose of CSI reporting based on four antenna ports pe {0,12,3} or pe {15,16,17,18}, the

precoding matrix W shall be selected from Table 6.3.4.2.3-2 or a subset thereof except for
alternativeCodeBookEnabledFor4TX-r12 =TRUE in which case the precoding matrix W shall be selected from Tables
7.2.4-0A, 7.2.4-0B, 7.2.4-0C, 7.2.4-0D in [4] or a subset thereof, and except for advancedCodebookEnabled = TRUE in
which case the precoding matrix W shall be selected from Table 7.2.4-17C in [4] or a subset thereof. The quantity

MS} denotes the matrix defined by the columns given by the set {s} from the expression W, =1 —2unu,':I /u,'14 up,

where | isthe 4x4 identity matrix and the vector u, isgiven by Table 6.3.4.2.3-2.

Table 6.3.4.2.3-2: Codebook for transmission on antenna ports {0,12,3} and for CSl reporting based on
antenna ports {01,233} or {1516,17,18}

Codebook index

up,

Number of layers v

1

4

0

=R -1 -1 -1

\Né]}

2
Wi /2

3
RIS

wiz4 2
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1 ulz[]_ -j 1 j]T Wl{l} W1{12}/\/§ W1{123}/\/§ W1{1234}/2
2 u2=[1 1 -1 ﬂf Wf} Wz{la/ﬁ Wélzts}/ﬁ W§3214}/2
s u=[1 j 1 —jf Wil | w2 /Y2 | Wi /3| w2
4 w=f Ci-pAZ -i -] | W wE N2 | Wi | w2
5 = a2 ca-pNa] | W w2 | W E | w2
6 u6=[1 a+j)/V2 - (—1+j)/ﬁ]T W [ w2 | wies /e | wis o
7 b=l ez 0oasp/Na] | W | w2 | wit s | w2
8 ug=f1 -1 1 1 Wéj} Wélz}/\/i Wélzzq/@ W8{1234}/2
o U=t -j -1 -jf WE | Wi 2 | WS B | w2
10 o= 1 1 =l Wl{g} VV:I.{(:)LS}/\/E Wl{olZB}/\/é Wl{01324}/2
1 u, = j -1 Wl{l]} W1{113}/\/§ \/\/1{1134}/@ Wl{11324}/2
E R R A A K e KTl
1 wb 11T W | W2 | Wi | W
z wob Tt T W[ W | Wi
15 be-ll 11 0] W | w2 | Wi [ | W 2

For the purpose of CSI reporting for 8, 12, 16, 20, 24, 28, and 32 CSl reference signals the codebooks are givenin
clause 7.2.4 of 3GPP TS 36.213 [4].

6.3.4.3 Precoding for transmit diversity

Precoding for transmit diversity isonly used in combination with layer mapping for transmit diversity as described in
clause 6.3.3.3. The precoding operation for transmit diversity is defined for two and four antenna ports.

For transmission on two antenna ports, pe {01}, the output y(i) = [y(o) (i) yw® (i)]T ,i=0L., M, -1 of the

precoding operation is defined by

y©(2i) 1 0 j OfRrex©i
yP@) [_ 1|0 -1 0 j|Rex®()
yO@i+| +2/0 1 0 jimx@g)
vy (2i +1) 1 0 —j 0] Imx®i)

. | . |
fori=01.., Mgyt -1 with MJ  =2M 2.

For rank=1 transmission on two antenna ports, pe {7,8}, the output y(i) = [y”) i) y® (i)]T ,i=0L..,MJ, 1 of

the precoding operation is defined by

yP(20) 1 j 0 0ofRrex9qa))
y*o@2) | |0 0 -1 j|im(x?@)
yP@i+1) | [0 0 1 j|Rex®())
yPI2i+] |1 —j 0 0] Im(x®())

where p=7.

For transmission on four antenna ports, pe {0,,2,3}, the output y(i) = [y(o) i) yoa@) y@@ y® (i)]r ,
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i=01..MZ_ —1 of the precoding operation is defined by

symb
oy @4 | 1 0 00 j 0 0 0]
y® (4i) 0000 OO OO
v (40) 0-100 0 j 0O
y® (4i) 0000 OO OO
vy (4 +1) 0100 0 j 0 0fRdxOp]
y® (4 +2) 0 000 0 0 0 OfRelx®()
y@ (4i+1) 1.0 00 —-j 0 0 Of|Rex®)
y@@i+| 1]/0 0 0 0 0 0 0 O0fRex®()
yO4i+2)| 42/0 0 0 0 0 0 0 Ofimx©g)
yO (4 +2) 0010 0 0 j Ofmx®g)
y@ (4i +2) 0 00 0 0 0 0 Ofimx®q)
y@ (4i +2) 0 00-10 0 0 jlimx®q
y @ (4i +3) 0000 0O O Of '
vy (4i +3) 0 001 0 0 0 |j
y? (4i +3) 0000 OO OO
vy (4i +3) 0 01 0 0 0 —j O]
for i = 0., M2 —1 with Msfpmbz{(m:'\lﬂay%;g_z :; m%bzzjj:g_
symb symb
6.3.4.4 Precoding for spatial multiplexing using antenna ports with UE-specific

reference signals

Precoding for spatial multiplexing using antenna ports with UE-specific reference signalsis only used in combination
with layer mapping for spatial multiplexing as described in clause 6.3.3.2. Spatial multiplexing using antenna ports with
UE-specific reference signal's supports up to eight antenna ports.

If the higher-layer parameter dnrs-tableAlt is set to TRUE and the set of antenna ports p ={11,13} isused for two
layers transmission, the precoding operation for transmission on the two antenna ports is defined by

y@ )] [xO)
yB 0| | x@)

If the higher-layer parameter semiOpenLoop is set to TRUE for subframe PDSCH or the higher-layer parameter
semiOpenLoop-STTI is set to TRUE for dlot/subslot PDSCH and the set of antenna ports p = 7,8 isused for rank=2

transmission, the precoding operation for transmission on the two antenna portsis defined by

: |
where i =01..,.M®, -1, M3 =M2e.

Rex© (i)
yPa | 11 1 i imx©)
Lmﬂki)}ﬁ{e“’" jeit el Jej""}R X (i)

Imix@ i)

where p=7 and 6, = z(imod2)/2.

If the number of codewords is two and the DCI associated with the scheduled PDSCH is of Format 2D and the 'PDSCH
RE Mapping and Quasi-Co-L ocation indicator’ field in the DCI indicates a higher-layer configured PDSCH-RE-
MappingQCL containing two sets of parameters, the precoding operation for transmission on v antenna ports is defined

by
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y( Po) (i) %0 (i)

y( Py1) (i) %D (i)

where i =01..,MJ, -1, MF, =M ';yn% and set of antennaports p; used is given by Table 6.3.4.4-1.

Table 6.3.4.4-1: Layer-to-port mapping for two-codeword transmission when PDSCH-RE-MappingQCL
contains two sets of parameters

Number of layers v Layer-to-port mapping [po pv—l]
2 [7 g
3 [7 9 10|
4 [7 8 9 10]
5 7 8 9 10 12]
6 [7 8 11 9 10 12
7 7 8 11 9 10 12 14
8 [7 8 11 13 9 10 12 14

Otherwise, the set of antenna portsused is p=7,8,...,v+ 6 and the precoding operation for transmission on v antenna
portsis defined by

ya) || X920
y@a) |_| x¥0)

y(6+'v) (I) X(v—'l) (I)

: |
where i =01..,.M®, -1, M2 =M2e.

6.3.5 Mapping to resource elements

For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols

y?(0),... yP (M ~1) shall conform to the downlink power allocation specified in clause 5.2 in

3GPP TS 36.213 [4] and be mapped in sequence starting with y( P (0) to resource elements (k,1) which meet all of the
following criteriain the current subframe:

- they arein the physical resource blocks corresponding to the virtual resource blocks assigned for transmission,
and

- they are not used for transmission of the core part of PBCH, synchronization signals, and

- they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-
specific reference signals are given by clause 6.10.1.2 with the number of antenna ports for and the frequency
shift of cell-specific reference signals derived as described in clause 6.10.1.2 4, and

The mapping to resource elements (k, I) on antennaport p not reserved for other purposes shall be in increasing order

of first theindex k over the assigned physical resource blocks and then theindex| , starting with the first slot in a
subframe,

For BL/CE UEs, if the higher layer parameter ce-punctured-subcarriers-DL is configured, then in case of MPDCCH or
PDSCH transmission associated with C-RNTI or SPS C-RNTI,

- The parameter ce-punctured-subcarriers-DL indicates the number of subcarriers (1 or 2) and their position
(lower or higher edge) to puncture at the downlink narrowband edges.
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- If thevalueis'00', then the number of punctured subcarriers on the higher edge of narrowbands above the
DC subcarrier is 2 and the number of punctured subcarriers on the higher edge of narrowbands below the DC
subcarrier is 1.

- If thevalueis'01', then the number of punctured subcarriers on the higher edge of narrowbands above the
DC subcarrier is 1 and the number of punctured subcarriers on the higher edge of narrowbands below the DC
subcarrier is 0.

- If thevalueis'10', then the number of punctured subcarriers on the lower edge of narrowbands above the DC
subcarrier is 0 and the number of punctured subcarriers on the lower edge of narrowbands below the DC
subcarrier is 1.

- If thevalueis'11', then the number of punctured subcarriers on the lower edge of narrowbands above the DC
subcarrier is 1 and the number of punctured subcarriers on the lower edge of narrowbands below the DC
subcarrier is 2.

- Inthe mapping to resource elements, when a subcarrier k is punctured according to the above, the resource
elements (k,1) shall be counted but not used for transmission.

- Thesubcarrier puncturing is applied to transmission of the following physical signals and channels when the
transmission is aligned with a narrowband edge.

- MPDCCH
- PDSCH
- CSl reference signals

- No subcarrier puncturing is applied to transmissions that are not aligned with a narrowband edge.

6.4 Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in clause 6.3
with the following additions and exceptions:

- Inresource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on
the same set of antenna ports as the PBCH, which isone of {0}, {0}, or {0,1,2,3}.

- Inresource blocksin which UE-specific reference signal s are transmitted, the PDSCH shall be transmitted on
antennaport(s) {5},{7},{8}, {11}, {13}, {1113}, pe {7.8....,v+6}, or the antenna ports listed in Table 6.3.4.4-1,
where v isthe number of layers used for transmission of the PDSCH.

- If PDSCH istransmitted in MBSFN subframes as defined in 3GPP TS 36.213 [4], the PDSCH shall be
transmitted on one or several of antenna port(s) pe {7,8,..., v+ 6} or on the antenna portsindicated in Table

6.3.4.4-1, where v isthe number of layers used for transmission of the PDSCH.
- PDSCH is not mapped to resource elements used for UE-specific reference signals associated with PDSCH

- In mapping to resource elements, the same positions of the cell-specifc reference shall be assumed for all
antenna ports on which the PDSCH is transmitted and the positions of the cell-specific reference signals are
given by clause 6.10.1.2 with the number of antenna ports and the frequency shift of the cell-specific reference
signals derived as described in clause 6.10.1.2, unless indicated otherwise in clause 7.1.9 in 3GPP TS 36.213 [4],

- if one set of parameters for cell-specific reference signal positions are provided by clause 7.1.9in
3GPP TS 36.213 [4], the values of these parameters are used for all antenna ports whereon the PDSCH is
transmitted in the resource blocks indicated by the relevant DCI.

- if two sets of parameters for cell-specific reference signal positions are provided by clause 7.1.9in 3GPP TS
36.213 [4], the first set of parameters are used for the set of antenna ports associated with PDSCH codeword
g =0 while the second set of parameters are used for the set of antenna ports associated with PDSCH

codeword g =1, according to codeword-to-layer mapping and layer-to-port mapping in Clause 6.3.3.2 and
Clause 6.3.4.4, respectively.
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- If the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-RNTI, PDSCH modulation
symbols on the indicated antenna ports are not mapped to resource elements assumed by the UE to be used for
transmission of:

- zero-power CSl reference signals, where the positions of the CSI reference signals assumed for each antenna
port are given by clause 6.10.5.2. The configuration for zero power CS| reference signalsis

- obtained as described in clause 6.10.5.2 and used for al antenna ports whereon the PDSCH is transmitted,
unlessindicated otherwise in clause 7.1.9 in 3GPP TS 36.213 [4]

- if one set of parameters for zero power CSl reference signal configuration is provided by clause 7.1.9
in 3GPP TS 36.213 [4], the values of these parameters are used for all antenna ports on which the
PDSCH istransmitted in the resource blocks indicated by the corresponding DCI scheduling the
PDSCH, and

- if two sets of parameters for zero power CSl reference signal configuration are provided by clause
7.1.9in 3GPP TS 36.213 [4], the first set of parameters are used for the set of antenna ports associated
with PDSCH codeword g = 0 while the second set of parameters are used for the set of antenna ports

associated with PDSCH codeword q =1, according to codeword-to-layer mapping and layer-to-port
mapping in Clause 6.3.3.2 and Clause 6.3.4.4, respectively.

- obtained by higher-layer configuration of up to five reserved CSI-RS resources as part of the discovery
signal configuration following the procedure for zero-power CSI-RSin clause 6.10.5.2.

- non-zero-power CSl reference signals for CSl reporting, except for non-zero power CS| reference signals
configured by csi-RS-ConfigNZP-ApList, where the positions of the non-zero-power CSl reference signals for
CSl reporting are given by clause 6.10.5.2. The configuration for non-zero power CSl reference signalsis
obtained as described in clause 6.10.5.2.

- PDSCH is not mapped to any physical resource-block pair(s) carrying an EPDCCH associated with the PDSCH.

- PDSCH with subframe duration on antenna port 7, 8, 9, 10, 11, 12, 13 or 14 is not mapped to any physical
resource-block pair(s) carrying PBCH or synchronization signals.

- Frame structure type 1, PDSCH on antenna port 5 is not mapped to any physical resource-block pair(s) carrying
PBCH or synchronization signals.

- Frame structure type 2, PDSCH on antenna port 5 is not mapped to any physical resource-block pair(s) carrying
PBCH.

- For frame structure type 1 and 2, theindex | in thefirst slot in a subframe fulfils | > 1 .qa0 Where lpgagan IS
given by clause 7.1.6.4 of 3GPP TS 36.213 [4].

- For frame structure type 3,

- if the higher layer parameter subframeStartPosition indicates 'sO7' and the downlink transmission startsin the
second slot of a subframe

- theindex | inthe second dlot in asubframe fulfils | 21 .t Where lp aqar 1S given by clause 7.1.6.4
of 3GPP TS 36.213 [4],

- otherwise

- theindex | inthefirst dotinasubframe fulfils | > aqar Where |pgagar 1S 9iven by clause 7.1.6.4 of
3GPP TS 36.213 [4],

- In mapping to resource elements, if the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-
RNTI, and transmit diversity according to clause 6.3.4.3 is used, and if the higher-layer parameter
semiOpenLoop is not set and if the DCI associated with the PDSCH is not of format 7, resource elementsin an
OFDM symbol assumed by the UE to contain CSI-RS shall be used in the mapping if and only if al of the
following criteria are fulfilled:

- thereisan even number of resource elements for the OFDM symbol in each resource block assigned for
transmission, and
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- the complex-valued symbols y(P (i) and y'P (i +1), where i isan even number, can be mapped to resource
elements (k,!) and (k+n,l) in the same OFDM symbol with n < 3.

In mapping to resource elements, if the DCI associated with the PDSCH uses C-RNTI or semi-persistent C-
RNTI and if the higher-layer parameter semiOpenLoop is set for subframe PDSCH or the higher-layer parameter
semiOpenLoop-STTI is set for dot/subslot PDSCH or if the DCI associated with the PDSCH is of format 7 and
transmit diversity according to clause 6.3.4.3 is used, apair of resource elements (k',1), (k'+n,1) shall be used in

the mapping if and only if

- the complex-valued symbols y(P (i) and y(P (i +1) can be mapped to resource elements (k',1) and (k'+n,!)

in the same OFDM symbol and the same PRB with n < 3, where i isan even number and k’ starts from O
at the lowest subcarrier of the PRB.

6.4.1 Physical downlink shared channel for BL/CE UEs

For BL/CE UEs, the following additions and exceptions hold in addition to those in clause 6.4:

The maximum number of allocatable PRBs for PDSCH is restricted as follows:

- If the PDSCH isassociated with C-RNTI or SPS C-RNTI and the higher layer parameter ce-pdsch-
maxBandwidth-config is set,

- if the higher layer parameter ce-pdsch-maxBandwidth-config is set to 20 MHz, the maximum number of
alocatable PRBs for PDSCH is 96 PRBs restricted to the narrowbands defined in clause 6.2.7;

- if the higher layer parameter ce-pdsch-maxBandwidth-config is set to 5 MHz, the maximum number of
alocatable PRBs for PDSCH is 24 PRBs restricted to no more than four of the narrowbands defined in
clause 6.2.7.

- If the PDSCH is associated with G-RNTI and the higher layer parameter pdsch-MaxBandwidth-SC-MTCH is
set to 24 PRBs, the maximum number of allocatable PRBs for PDSCH is 24 PRBs restricted to no more than
four of the narrowbands defined in clause 6.2.7.

- For al other cases, the maximum number of allocatable PRBs for PDSCH is 6 PRBsrestricted to one of the
narrowbands defined in clause 6.2.7.

Resource elements occupied by CSl reference signals shall be counted in the PDSCH mapping but not used for
transmission of the PDSCH.

Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource
elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of
reference signals, shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.

PRB pairs occupied by RSS shall be counted in the PDSCH mapping but not used for transmission of the
PDSCH.

For BL/CE UEsin CEModeB configured in transmission mode 9, in MBSFN subframe(s), resource elements
that correspond to the positions of cell-specific reference signals as in subframe #0 shall not be counted in the
PDSCH mapping and not used for transmission of the PDSCH.

Resource elements belonging to PRBsin which PRS is transmitted (including PRS muted subframes) shall be
counted in the PDSCH mapping but not used for transmission of the PDSCH.

If the higher layer parameter ce-punctured-subcarriers-DL is configured, and the DCI associated with the
PDSCH uses C-RNTI or SPS C-RNTI, and transmit diversity according to clause 6.3.4.3 is used,
- Inthe mapping to resource elements, when the complex-valued symbols y(® (i) and y® (i +1) , where | is

an even number, are mapped to resource elements (k1) and (k+n,1) in the same OFDM symbol with N<3,
then if ce-punctured-subcarriers-DL indicates that any of (k,I) and (k+n,l) shall be counted but not used
for transmission, the UE shall assume that both (k,1) and (k+n,!) are counted but not used for transmission.
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- |f PDSCH transmission in the LTE control region is configured by higher layer parameter
transmissionlnControl ChRegion, after the initial mapping of the PDSCH to resource elements (k, [) starting
from [ = lpaeastart 1N the first slot to the last OFDM symbol available for downlink transmission in the subframe
has been performed, the mapping shall continue with resource elements (k, 1) not reserved for cell-specific
reference signalsin increasing order of first the index k over the assigned physical resource blocks and then the
index [ starting from ! = 0 inthefirst Slot to I = Ip,casiare — 1 iNthe first slot, where Iy yiastare 1S given by
clause 7.1.6.4 of 3GPP TS 36.213 [4].

For BL/CE UEs, if the PDSCH is not carrying SIB1-BR the PRB resources for PDSCH transmission in the first
subframe are obtained from the DCI as described in clauses 5.3.3.1.12, 5.3.3.1.13, and 5.5.1.3.14 in [ 3], or provided by

higher layers. Each of the Nz = 1 PDSCH codewords is transmitted with N5 > 1 repetitions, where Ny isthe

number of transport blocks defined in clause 7.1.11 of 3GPP TS 36.213 [4]. The PDSCH transmission spans NJ25¢H >
Ny NPDSCH consecutive subframes, including subframes that are not BL/CE DL subframes where the the PDSCH

rep

transmission is postponed.

- If downlink resource reservation is enabled for the UE as specified in [9], and the Resource reservation field in
the DCI is set to 1, then in case of PDSCH transmission associated with C-RNTI or SPS C-RNTI using UE-
specific MPDCCH search space including PDSCH transmission without a corresponding MPDCCH,

- Inasubframethat isfully reserved as defined in clause 7.1 in [4], the PDSCH transmission is postponed until
the next BL/CE downlink subframe that is not fully reserved.

- Inasubframe that is partially reserved, the reserved resource elements shall be counted in the PDSCH
mapping but not used for transmission of the PDSCH.

- If frequency hopping is not enabled for PDSCH, all PDSCH repetitions are located at the same PRB resources,
and

- if frequency hopping is enabled for PDSCH, the PDSCH shall be transmitted in subframe i within the N2>
consecutive downlink subframes using the PRB resources of the narrowband n{}} with the same RIV asthat of

narrowband n) . The narrowband n{}) is defined as

i i i+i .
n&l)B ={n$\'f’3)+@|\lch§|_ JOJ mod NIEJ%DhIBpJ fag homeOdNrelé

o \_( +iy) /NChDLJ

g i <ig+ NIRSH 1
i 0, for frame structure typel
ATINDPE 2 for framestructure type 2
where i, isthe absolute subframe number of the first downlink subframe intended for PDSCH and Nyg bl

N,f,hé?,tp and fNB,hop are cell-specific higher-layer parameters. For PDSCH carrying Sl other than SIB1-BR

and for PDSCH associated with P-RNTI, if interval-DIHoppingConfigCommonModeB is signalled in SIB1-BR,
then the frequency hopping granularity NPt is set to interval-DIHoppingConfigCommonModeB; otherwise,
NP is set to interval-DIHoppingConfigCommonModeA signalled in SIB1-BR.

For BL/CE UE in CEModeA, frequency hopping of PDSCH associated with C-RNTI or SPS C-RNTI is enabled when
higher layer parameter mpdcch-pdsch-HoppingConfig is set and the frequency hopping flag in DCI format 6-1A
indicates frequency hopping, otherwise, frequency hopping of is not enabled. For BL/CE UE in CEModeB, frequency
hopping of PDSCH associated with C-RNTI or SPS C-RNTI is enabled when higher layer parameter mpdcch-pdsch-
HoppingConfig is set, otherwise, frequency hopping of is not enabled.

The UE shall not expect PDSCH in subframe | if it is not a BL/CE DL subframe.

For BL/CE UEs, if the PDSCH carries SIB1-BR, the PDSCH transmission is repeated periodically in every period of 8
radio frames, where a period starts with aradio frame with n; mod 8 = 0 where n; isthe system frame number. The

PDSCH istransmitted N3E:S® timesin each period of 8 frames, Let {s, | bethe set of narrowbands, excluding
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narrowbands overlapping with the 72 center subcarriersfor N 2t > 15 , and ordered in increasing order of narrowband
index. The PDSCH transmission cycles through the set {5} of narrowbands in increasing order of 1, starting with 1 =0
for the first subframe, according to
Nyg =S;
j= (Ncheu mod N +i -\_NSB/mJ)mOd NXe
i=0%...m-1
1 NR§ <12
m=42 12< NR§ <50
4 50<NR%

where N isthe number of narrowbandsinthe set {s .

The set of frames and subframes used for SIB1-BR transmission in each period are given by Tables 6.4.1-1 and 6.4.1-2.

Table 6.4.1-1: The set of frames and subframes for SIB1-BR for N3. <15 .

Frame structure type 1 Frame structure type 2
s NS mod 2 n; mod2 Ng n; mod2 Ng
4 0 0 4 1 5
1 1 4 1 5

Table 6.4.1-2: The set of frames and subframes for SIB1-BR for N2} >15.

Frame structure type 1 Frame structure type 2
NS N& mod 2 n; mod?2 Ng ne mod2 Ng

4 0 0 4 1 5

1 1 4 1 0
8 0 0,1 4 0,1 5

1 0,1 9 0,1 0
16 0 0,1 4,9 0,1 0,5

1 0,1 0,9 0,1 0,5

. o h,DL :
BL/CE UEs may assume the same precoding matrix being used for a PRB across a block of N ,S,B consecutive
subframes when UE-specific reference signals are transmitted together with the PDSCH, where the subframe number of

the first subframe in each block of Ng°t consecutive subframes, denoted as N, ;, satisfies (nabsl +i, ) mod N,‘j”éD'- =0

For PDSCH transmission associated with SI-RNTI or P-RNTI to BL/CE UEs, frequency hopping of the PDSCH is
enabled when higher layer parameter si-HoppingConfigCommon is set.

For PDSCH transmission associated with PUR-RNTI to BL/CE UEs using UE-specific MPDCCH search space,
frequency hopping of the PDSCH is enabled when higher layer parameter pur-PDSCH-FreqHopping is set.

For PDSCH transmission associated with RA-RNTI or temporary C-RNTI to BL/CE UEs, frequency hopping of the
PDSCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

- if PRACH CE level 0 or 1 isused for the last PRACH attempt, NPt is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,;

- if PRACH CE level 2 or 3isused for the last PRACH attempt, NPt is set to the higher layer parameter
interval-DIHoppingConfigCommonModeB.

For PDSCH transmission associated with SC-RNTI to BL/CE UEs, frequency hopping of the PDSCH is enabled when
higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MCCH is set. Further
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h
- if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeA, N ,f,éDL is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,

h
- if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeB, N ,S,B’DL is set to the higher layer parameter
interval-DIHoppingConfigCommonModeB.

For PDSCH transmission associated with G-RNTI to BL/CE UEs,
- if the higher layer parameter mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeA,

- if the higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set and the frequency hopping flag
in DCI format 6-1A indicates frequency hopping, then frequency hopping of the PDSCH is enabled and
NP is set to the higher layer parameter interval-DIHoppingConfigCommonModeA, otherwise frequency

hopping is not enabled;
- if the higher layer parameter mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeB,

- if the higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set, then frequency hopping of the
PDSCH isenabled and NPt isset to the higher layer parameter interval-

DIHoppingConfigCommonModeB, otherwise frequency hopping is not enabled.

6.4.2 Slot/subslot-based physical downlink shared channel

For dot or subslot-based PDSCH, in this specification referred to as slot-PDSCH and subslot-PDSCH respectively, the
following additions and exceptions hold in addition to those in clause 6.4:

- PDSCH is not mapped to resource elements of SCCEs used by the associated SPDCCH, or resource elements
used for UE-specific reference signals associated with SPDCCH

- Incase of dot-PDSCH:

- the mapping to resource elements (k,|) on antennaport P not reserved for other purposes shall bein
increasing order of first theindex K over the assigned physical resource blocks and then theindex | , for the
dot of the assigned physical resourcesin the subframe, and

- incase of UE-specific reference signals, the PDSCH is not mapped to any physical resource blocks carrying
PBCH.

- In case of subsot-PDSCH:

- the mapping to resource elements (k,|) on antennaport P not reserved for other purposes shall bein
increasing order of first theindex k over the assigned physical resource blocks and then the index | |
starting from | given in Table 6.4.2-1. The starting value | and the val ue range of | depends on the number
of symbols used for PDCCH and the subslot number in the subframe, according to Table 6.4.2-1, and

- incase of UE-specific reference signals,

- the PDSCH is not mapped to any physical resource blocksin frequency domain carrying PBCH or
synchronization signals for the OFDM symbols of the given subslot.

- andin case the DCI associated with the subslot-PDSCH indicates the absence of the UE-specific
reference signals (see DMRS position indicator field in 3GPP TS 36.212 [3]), the PDSCH is not mapped
to any physical resource blocksin frequency domain that carried PBCH or synchronization signals for the
OFDM symbols of the previous subslot.

Table 6.4.2-1: Starting value of index |, i.e. |, » for subslot PDSCH

Number of symbols used for PDCCH Downlink subslot index
#0 #1 #2 #3 #4 #5
1 1 3 5 0 2 4
2 - 2 5 0 2 4
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- For PDSCH associated with UE-specific reference signals,

the PDSCH shall only be mapped to physical resource blocks in frequency domain assigned for PDSCH
transmission where the assignment maps to both physical resource blocks of a PRG.

the subslot-PDSCH shall not be mapped to the physical resource blocks of a PRG in case the resource
elements of the associated SPDCCH are mapped to those physical resource blocks.

- Inaddition, the following additions and exceptions related to L1 signaling and/or higher layer configuration
controlling rate-matching around SPDCCH resources hold:

PDSCH is not mapped to resource elements belonging to a SPDCCH resource set configured with higher
layer parameter rateMatchingMode indicating 'm2' if either this SPDCCH resource set is not configured with
higher layer parameter spdcch-L1-Reuselndication or it is configured with higher layer parameter spdech-L1-
Reuselndication 'nl' or 'n2" indicating '0' for the SPDCCH resource set.

PDSCH is not mapped to resource elements belonging to a SPDCCH resource set configured with higher
layer parameter rateMatchingMode indicating 'm3' if the SPDCCH associated with PDSCH isfound in this
SPDCCH resource set and if either this SPDCCH resource set is not configured with higher layer parameter
spdcch-L1-Reuselndication or it is configured with higher layer parameter spdcch-L1-Reuselndication 'nl' or
'n2' indicating '0' for the SPDCCH resource set. If the SPDCCH associated with PDSCH is found on a
candidate belonging to two SPDCCH resource sets, the SPDCCH is assumed to be found in both SPDCCH
resource sets.

PDSCH is not mapped to resource elements belonging to a SPDCCH resource set configured with higher
layer parameter rateMatchingMode indicating 'm4' if the SPDCCH associated with PDSCH is not found in
this SPDCCH resource set and if either this SPDCCH resource set is hot configured with higher layer
parameter spdech-L1-Reuselndication or it is configured with higher layer parameter spdcch-L1-
Reuselndication 'nl' or 'n2" indicating '0' for the SPDCCH resource set.

PDSCH is not mapped to resource elements belonging to a SPDCCH resource set configured with higher
layer parameter spdcch-L1-Reuselndication 'nQ' if the bit of the Used/Unused SPDCCH resource indication
field corresponding to this SPDCCH resource set in the DCI format 7 associated with PDSCH is set to 1.

PDSCH is not mapped to resource elements belonging to SCCE#0 to SCCE#&NSCCE”‘J - 1] of a SPDCCH
2

resource set configured with higher layer parameter spdcch-L1-Reuselndication 'nl' or 'n2" indicating '2' for
the SPDCCH resource set if the most significant bit of the Used/Unused SPDCCH resource indication field
in the DCI format 7 associated with PDSCH is set to 1.

N
PDSCH is not mapped to resource elements belonging to SCCE#LSZCE’“J to SCCE# (NSCCEm —]7) of a

SPDCCH resource set configured with higher layer parameter spdcch-L1-Reuselndication 'nl' or 'n2'
indicating '2' for the SPDCCH resource set if the least significant bit of the Used/Unused SPDCCH resource
indication field in the DCI format 7 associated with PDSCH is set to 1.

It should be noted that not mapping PDSCH to resource elements belonging to a SPDCCH resource set holds
irrespective of other indications (spdcch-L1-Reusel ndication or rateMatchingMode) associated with other
SPDCCH resource sets (if configured).

For a UE with the higher-layer parameter blindS otSubsl otPDSCH-Repetitions set to TRUE and PDSCH
associated with a downlink assignment sent on PDCCH/SPDCCH with DCI format 7 indicating k
transmissions, the rate-matching around SPDCCH resources if applicable for PDSCH inthe k — 1 valid
slots/subd ots following the slot/subslot containing the downlink assignment follows

- the rate-matching around SPDCCH resources of the PDSCH in the slot/subslot containing the downlink
assignment, if the DCI format 7 indicating k transmissionsis received on SPDCCH.

- therate-matching around SPDCCH resources of the PDSCH in the SPDCCH resource set according to
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rateMatchingMode indicating 'm2', if configured by higher layers, if the DCI format 7 indicating

k transmissions is received on PDCCH. For other configurations of rateMatchingMode, no rate-matching
around SPDCCH resources for PDSCH in the k — 1 valid slots/subdlots following the PDCCH with DCI
format 7 indicating k PDSCH transmissionsis applied..

6.5 Physical multicast channel

The physical multicast channel shall be processed and mapped to resource elements as described in clause 6.3 with the
following exceptions:

- No transmit diversity schemeis specified.

- Layer mapping and precoding shall be done assuming a single antenna port and the transmission shall use
antenna port 4.

- The PMCH can only be transmitted in the MBSFN region. For PMCH with Af = 15 kHz, theindex | inthe first

glot in the MBSFN subframe fulfils | = |pMCHStartWhere | PMCHStart IS €qual to the value given by the higher
layer parameter non-MBSFNregionLength [9].

- The PMCH shall use extended cyclic prefix.
- The PMCH is not mapped to resource elements used for transmission of MBSFN reference signals.

- Inclause 6.3.1, for Af = 1.25 kHz and Af = 0.37 kHz, the scrambling generator shall beinitialised at the start of
each dot.

- For Af = 1/(82944T,) ~ 0.37 kHz the following exception applies to clause 6.3.5:

- Thetext "which meet al of the following criteriain the current subframe" shall be replaced by "which meet
all of the following criteriain the current slot"

- The mapping to resource elements (k, [) on antenna port p not reserved for other purposes shall bein
increasing order of first the index k over the assigned physical resource blocks and then the index 1.

6.6 Physical broadcast channel

The PBCH is not transmitted for frame structure type 3.

6.6.1 Scrambling

The block of bitsb(0),..., b(M ;; —1) , where M, , the number of bits transmitted on the physical broadcast channel,

equals 1920 for normal cyclic prefix and 1728 for extended cyclic prefix, shall be scrambled with a cell-specific
sequence prior to modulation, resulting in ablock of scrambled bits b (0),..., b (M ,;, —1) according to

b (i) = (b(i)+c(i))mod 2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence shall beinitialised with
¢ = N2 ineach radio frame fulfilling n; mod 4 = 0. For an MBM S-dedlicated cell, the scrambling sequence shall
beinitialised with ¢,;, = 2°+ N&' ineachradio frame fulfilling n; mod16=0.

ini

6.6.2 Modulation

The block of scrambled bits b (0),...,
complex-valued modulation symbolsd (0)
for the physical broadcast channel.

b (M, —1) shall be modulated as described in clause 7.1, resulting in a block of
d(Mgmp —1) - Table 6.6.2-1 specifies the modulation mappings applicable

Table 6.6.2-1: PBCH modulation schemes.
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Physical channel | Modulation schemes
PBCH QPSK

6.6.3 Layer mapping and precoding

The block of modulation symbols ¢ (0),..., d(M om — 1) shall be mapped to layers according to one of clauses 6.3.3.1 or

6.3.3.3 with Mgznf Mwmb and precoded according to one of clauses 6.3.4.1 or 6.3.4.3, resulting in ablock of vectors

y(i)=[y(°)(i) y(P’l)(i)r, i =0,.., M gy —1, Where y (P (i) representsthe signal for antennaport [ and where
p=0,...,P—1 and the number of antenna ports for cell-specific reference signals Pe {1,2,4}.

6.6.4 Mapping to resource elements
The block of complex-valued symbols Y (0),...,yP (Mgmb—1) for each antenna port shall

- for an MBMS-dedicated cell, be transmitted during 4 consecutive radio frames fulfilling n; mod 4 = 0, starting
in each radio frame fulfilling n; mod16 = 0, and

- otherwise, be transmitted during 4 consecutive radio frames, starting in each radio frame fulfilling n; mod 4 =0

The block of complex-valued symbols shall be mapped in sequence starting with y(0) to resource elements (k, 1)
constituting the core set of PBCH resource elements. The mapping to resource elements (k,1) not reserved for

transmission of reference signals shall bein increasing order of first the index Kk, thentheindex | inslot 1 in subframe
0 and finally the radio frame number. The resource-element indices are given by

DL p|RB
k = NRB NSC _36+k', k':O,l,...,71
1=01....3

where resource elements reserved for reference signals shall be excluded. The mapping operation shall assume cell-
specific reference signals for antenna ports 0-3 being present irrespective of the actual configuration. The UE shall
assume that the resource elements assumed to be reserved for reference signals in the mapping operation above but not
used for transmission of reference signal are not available for PDSCH or MPDCCH transmission. The UE shall not
make any other assumptions about these resource elements.

For an MBM S-dedicated cell configured with repetition, the physical broadcast channel shall be repeated as described
inclause 6.6.4.1.

If acell is configured with repetition of the physical broadcast channel

- symbols mapped to core resource element (k,1) in slot 1 in subframe O within aradio frame n, according to the
mapping operation above, and

- cell-specific reference signalsin OFDM symbols | in dot 1 in subframe 0 within aradio frame n, with |
according to the mapping operation above

shall additionally be mapped to resource elements (k,I’) in slot number n/ within radio frame n, —i unless resource
element (k,I") is used by CSl reference signals.

For frame structure type 1, I”, n’, and i are given by Table 6.6.4-1.
For frame structure type 2,

- if N 515, 1 and n; aregiven by Table6.6.4-2 and i =0;

ETSI



3GPP TS 36.211 version 16.4.0 Release 16 125 ETSI TS 136 211 V16.4.0 (2021-02)

- if7<NB <15, I” and n, aregiven by Table 6.6.4-2 and I =0, except that repetitions with n; =10 and
ng =11 arenot applied.

For both frame structure type 1 and frame structure type 2, repetition of the physical broadcast channel is not applicable
if N2L=6.

Resource elements already reserved or used for transmission of cell-specific reference signals in absence of repetition
shall not be used for additional mapping of cell-specific reference signals.

Table 6.6.4-1: Frame offset, slot and symbol number triplets for repetition of PBCH for frame
structure type 1.

Frame offset, slot and symbol number triplets (i,nZ,!")

Normal cyclic prefix Extended cyclic prefix
(1,18,3), (1,19,0), (1,19,4), (0,0,4) | (1,18,3), (1,19,0), (1,19,5)
(1,18,4), (1,19,1). (1,19,5), (0,1,4) | (1,18,4), (1,19,1). (0,0,3)
(1,18,5), (1,19,2), (1,19,6), (0,1,5) | (1,18,5), (1,19,2), (0,1,4)
(1,18,6), (1,19,3), (0,0,3), (0,1,6) | (1,19,3), (1,19,4), (0,1,5)

WIN|P|O

Table 6.6.4-2: Slot and symbol number pairs for repetition of PBCH for frame structure type 2.

Slot and symbol number pairs (nZ,1")
Normal cyclic prefix Extended cyclic prefix

0 [ (0,3),(1,4), (10,3), (11,0), (11,4) | (0,3), (10,3), (11,0)
1 [ (0,4), (1,5), (10,4), (11,1), (11,5) |  (0,4), (10,4), (11,1)
2 (0,5), (10,5), (11.2) (0,5), (10,5), (11.2)
3 (0,6), (10,6), (11.3) (1,4), (11,3), (11.4)
6.6.4.1 PBCH repetition in the cell acquisition subframe

For aMBM S-dedicated cell with NP¥ > 6,

- symbols mapped to core resource element (k, 1) in slot 1 in subframe 0 within aradio frame n; according to the
mapping operation in clause 6.6.4, and

- cell-specific reference signalsin OFDM symbols [ in dot 1 in subframe 0 within aradio frame n; with [
according to the mapping operation in clause 6.6.4

shall additionally be multiplied by 6, ,» and mapped to resource elements (k, I') in slot number ng within radio frame n;
where I’ and n; are given by Table 6.6.4.1-1 in frames fulfilling

- ngmod 4 = 0 for 25 < NR;
- mymod8 = 4for6 < N5, < 25

Resource elements already reserved or used for transmission of cell-specific reference signals in absence of repetition
shall not be used for additional mapping of cell-specific reference signals.

The quantity 6, ,» is given by

O = eJmc(2k")/2 gimc(2k'+1)

where the relationship between k' and k is defined in clause 6.6.4, and the pseudo-random sequence ¢ (i) is given by
clause 7.2 and initialized for each OFDM symbol I’ with

it = 213 ((N,‘§" + 1) (NDkpnl+ U + 1)) + 2 NS + (NOkpnl + 1)
Table 6.6.4.1-1: Slot and symbol number pair for repetition of PBCH.
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I Slot and symbol number pair (n, 1)
Normal cyclic prefix | Extended cyclic prefix
0 (0, 4) -
1 1, 4) (0,3)
2 (1,5) (1, 4)
3 (0,3),(1,6) (1,5)

6.7

Physical control format indicator channel

The physical control format indicator channel carries information about the number of OFDM symbols used for
transmission of PDCCHs in a subframe. The set of OFDM symbols possible to use for PDCCH in a subframeis given

by Table 6.7-1.

Table 6.7-1: Number of OFDM symbols used for PDCCH

Number of OFDM Number of OFDM
Subframe symbols for PDCCH symbols for PDCCH
when N 2% > 10 when N2 <10
Subframe 1 and 6 for frame structure type 2 or a subframe
for frame structure type 3 with the same duration as the 1,2 2
DwPTS duration of a special subframe configuration
MBSFN subframes with Af =15kHz and configured with 1 12 )
or 2 cell-specific antenna ports ’
MBSFN subframes with Af =15kHz and configured with 4 2 2
cell-specific antenna ports
MBSFN subframes with Af € {7.5,2.5,1.25} kHz or MBSFN 0 0
slots with Af =~ 0.37 kHz
Non-MBSFN subframes (except subframe 6 for frame
structure type 2) configured with positioning reference 1,2,3 2,3
signals
All other cases 1,2,3 2,3,4

The UE may assume the PCFICH is transmitted when the number of OFDM symbols for PDCCH is greater than zero

unless stated otherwise in [4, clause 12].

6.7.1 Scrambling

The block of bits b(0),..., b(31) transmitted in one subframe shall be scrambled with a cell-specific sequence prior to

modulation, resulting in ablock of scrambled bitsp (0)...., b

b (i) = (b(i)

(31) according to

+c(i))mod 2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be initialised with
e = (ns/2]+1)- 2N +1).2° + N at the start of each subframe.

6.7.2

The block of scrambled bitsp (0)

Modulation

b (31) shall be modulated as described in clause 7.1, resulting in a block of

complex-valued modulation symbolsd(0),..., d(15) . Table 6.7.2-1 specifies the modulation mappings applicable for the

physical control format indicator channel.

Table 6.7.2-1: PCFICH modulation schemes

Physical channel

Modulation schemes

PCFICH

QPSK
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6.7.3 Layer mapping and precoding

The block of modulation symbols d(0),..., d(15) shall be mapped to layers according to one of clauses 6.3.3.1 or 6.3.3.3
withM 2 symb =16 and precoded according to one of clauses 6.3.4.1 or 6.3.4.3, resulting in ablock of vectors
y(i) = [y(o) i .. y®? (i)]r ,1=0,...15, where y (» (i) representsthe signal for antennaport | and where

p=0,..., P—1and the number of antenna ports for cell-specific reference signals Pe {1,2,4}. The PCFICH shall be
transmitted on the same set of antenna ports as the PBCH.

6.7.4 Mapping to resource elements

The mapping to resource elementsis defined in terms of quadruplets of complex-valued symbols. Let
2P (i) = <y( P (4i), yP (4i +12), yP (4i +2), yP (4i + 3)> denote symbol quadruplet | for antenna port [0. For each of

the antenna ports, symbol quadruplets shall be mapped in increasing order of i to the four resource-element groupsin
the first OFDM symbol in adownlink subframe or DWPT S with the representative resource-element as defined in
clause 6.2.4 given by

z(? (0) ismapped to the resource - element group represented by

XI ~I

L DL/ZJ' R8 /
i+ [2nB5 /2] NEe /2

|Z LBNRL/ZJ NZB /2

z(P(2) ismapped to the resource - element group represented by

k
z(P (1) ismapped to the resource - element group represented by k
k
k=

z(P (3) ismapped to theresource - element group represented by
where the additionsare modulo NSt N BB,
K=(NE /2) (N mod 2N g )

and N isthe physical-layer cell identity as given by clause 6.11.

6.8 Physical downlink control channel

6.8.1 PDCCH formats

The physical downlink control channel carries scheduling assignments and other control information. A physical control
channel istransmitted on an aggregation of one or several consecutive control channel elements (CCESs), where a
control channel element corresponds to 9 resource element groups. The number of resource-element groups not
assigned to PCFICH or PHICH is N g - The CCEs available in the system are numbered from 0 to N -1, where

Nece = | Ngeg /9] . The PDCCH supports multiple formats as listed in Table 6.8.1-1 where PDCCH format 4 is
supported only for non-MBSFN subframesin an MBM S-dedicated cell. A PDCCH consisting of n consecutive CCEs
may only start on a CCE fulfillingi modn= 0, where | isthe CCE number.

Multiple PDCCHSs can be transmitted in a subframe.

Table 6.8.1-1: Supported PDCCH formats

PDCCH format | Number of CCEs | Number of resource-element groups | Number of PDCCH bits
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576
4 16 144 1152

6.8.2 PDCCH multiplexing and scrambling
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The block of bits B (0),-.-5” (M%) ~2) on each of the control channels to be transmitted in a subframe, where M) is

the number of bits in one subframe to be transmitted on physical downlink control channel number i , shall be
multiplexed, resulting in a block of bits

p©@ ),... b© (M l()?t) —:D,b(]) ),... p® (M l()ult) -D,... p(Neoce ),... Jp(Neoce ™ (M l()ir;PDCCHl) —1), where nppey iSthe
number of PDCCHs transmitted in the subframe.

The block of bits b@(0),...60 (M$ -2,6%(0),...b® (M) -1),... b d (), . pMPocer™ (M TFocer) _1) g pe
scrambled with a cell-specific sequence prior to modulation, resulting in ablock of scrambled bits b (0),..., b (M , —1)
according to

b (i) = (b(i) + c(i))mod 2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be initialised with
Cit = |Ns/2 2% + NE' at the start of each subframe.

CCE number n corresponds to bits b(72n),b(72n+1),...,b(72n+ 71) . If necessary, <NIL> elements shall be inserted in

the block of bits prior to scrambling to ensure that the PDCCHs starts at the CCE positions as described in
3GPP TS 36.213 [4] and to ensure that the length M, = 8N e > Z?_PZCC” MO of the scrambled block of bits
matches the amount of resource-element groups not assigned to PCFICH or PHICH.

6.8.3 Modulation

The block of scrambled bits (0),..., b (M, —1) shall be modulated as described in clause 7.1, resulting in ablock of
complex-valued modulation symbolsd (0).,..., d(m gm — 1) - Table 6.8.3-1 specifies the modulation mappings applicable

for the physical downlink control channel.

Table 6.8.3-1: PDCCH modulation schemes

Physical channel | Modulation schemes
PDCCH QPSK

6.8.4 Layer mapping and precoding

The block of modulation symbols ¢ (0),..., d (M om — 1) shall be mapped to layers according to one of clauses 6.3.3.1 or

6.3.3.3 with Mgznf Mwmb and precoded according to one of clauses 6.3.4.1 or 6.3.4.3, resulting in ablock of vectors

transmission, where y () (i) represents the signal for antenna port 0. The PDCCH shall be transmitted on the same set
of antenna ports as the PBCH.

6.8.5 Mapping to resource elements

The mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. Let
2P (i) = <y( P (4i), yP (4i +1), yP (4i +2), yP (4i + 3)> denote symbol quadruplet i for antenna port .

The block of quadruplets Z” (0),---,Z(p)(|\/|quad 1) , where m M gms /4 » Shall be permuted resuiting in

quad =
WP (0),... WP (Mquag—D) . The permutation shall be according to the sub-block interleaver in clause 5.1.4.2.1 of
3GPP TS 36.212 [3] with the following exceptions:

- theinput and output to the interleaver is defined by symbol quadrupletsinstead of bits
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- interleaving is performed on symbol quadruplets instead of bits by substituting the terms "bit", "bits" and "bit
sequence” in clause 5.1.4.2.1 of 3GPP TS 36.212 [3] by "symbol quadruplet”, "symbol quadruplets' and
"symbol-quadruplet sequence”, respectively

<NULL> elements at the output of the interleaver in 3GPP TS 36.212 [3] shall be removed when forming

wP) (0),---Wp)(Mquad—D . Note that the removal of <NULL> elements does not affect any <NIL> elements inserted in
clause 6.8.2.

The block of quadruplets WP (0),... WP (Mguaa—1) shall be cyclically shifted, resulting in

w?(0),...w " (M quad— D) where WP (i) =P ((i +N& modMquad)_

Mapping of the block of quadruplets WP (0),... WP (M quad— 1) is defined in terms of resource-element groups,
specified in clause 6.2.4, according to steps 1-10 below:

1) Initidlize m =0 (resource-element group number)
2) Initialize K=0

3) Initialize I'=0

4) If the resource element (K1) represents a resource-element group and the resource-element group is not
assigned to PCFICH or PHICH then perform step 5 and 6, else go to step 7

5) Map symbol-quadruplet w(® (m') to the resource-element group represented by (k’,1”) for each
antenna port [

6) Increase M by 1
7) Increase I by 1

8) Repeat from step 4 if I'< L, where L corresponds to the number of OFDM symbols used for PDCCH
transmission. The quantity L is obtained from

- the sequence transmitted on the PCFICH, or

- the higher-layer parameter cfi-SubframeMBSFN-r15 for DCI formats other than DCI format 7 in a
MBSFN subframe, or

- the higher-layer parameter cfi-SotSubslotMBSFN-r15 for DCI format 7 in a MBSFN subframe, or

- the higher-layer parameter cfi-SubframeNonMBSFN-r15 for DCI formats other than DCI format 7 in a
non-MBSFN subframe, or

- the higher-layer parameter cfi-SotSubs otNonMBSFN-r15 for DCI format 7 in a non-MBSFN
subframe, or

- the higher-layer parameter cfi-PatternSubframe-r15 for DCI formats other than DCI format 7 in one
subframe for frame structure 2, or

- the higher-layer parameter cfi-PatternSotSubslot-r15 for DCI formats 7 in one subframe for frame
structure 2.

9) Increase k' by 1
10) Repeat fromstep 3if k'< N35 - NE®

PDCCHs shdll not be transmitted in MBSFN subframes with zero-size non-MBSFN region.

6.8A  Enhanced physical downlink control channel
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For frame structure type 3, for a subframe with the same duration as the DwPTS duration of a special subframe
configuration, the enhanced physical downlink control channel is defined the same as that for the corresponding special
subframe configuration.

6.8A.1 EPDCCH formats

The enhanced physical downlink control channel (EPDCCH) carries scheduling assignments. An enhanced physical
downlink control channel is transmitted using an aggregation of one or several consecutive enhanced control channel
elements (ECCESs) where each ECCE consists of multiple enhanced resource element groups (EREGS), defined in
clause 6.2.4A. The number of ECCEs used for one EPDCCH depends on the EPDCCH format as given by Table
6.8A.1-2 and the number of EREGs per ECCE is given by Table 6.8A.1-1. Both localized and distributed transmission
is supported.

An EPDCCH can use either localized or distributed transmission, differing in the mapping of ECCEs to EREGs and
PRB pairs.

A UE shall monitor multiple EPDCCHSs as defined in 3GPP TS 36.213 [4]. One or two sets of physical resource-block
pairs which a UE shall monitor for EPDCCH transmissions can be configured. All EPDCCH candidatesin EPDCCH

st X m Use either only localized or only distributed transmission as configured by higher layers. Within EPDCCH set
X insubframe i , the ECCEs available for transmission of EPDCCHs are numbered from 0t0 N goqe mi—1 and
ECCE number n correspondsto
- EREGs numbered (n mOnggCE)+ iNFe ¢ in PRB index Ln/ NEE‘CEJ for localized mapping, and
X . , X X
- EREGs numbered |_n/ NZD j+ jNEo in PRB indices (n+ j ma>{], NS/ NES,SGE))modNRg for distributed
mapping,

. ECCE ECCE RB ECCE
where | =04....NEoeE—1, NESCEis the number of EREGs per ECCE, and Niene =16/ NSt isthe number of
ECCEs per resource-block pair. The physical resource-block pairs constituting EPDCCH set X m arein this paragraph

assumed to be numbered in ascending order from O to N;E -1

ECCE
Table 6.8A.1-1: Number of EREGs per ECCE, Nggec

Normal cyclic prefix Extended cyclic prefix
Normal Special subframe, Conﬁpﬁ(ﬁ;lilosnugfr;rge,? 9 Normal Special subframe,
subframe configuration 3, 4, 8 9 10 o subframe configuration 1, 2, 3,5, 6
4 8

Table 6.8A.1-2: Supported EPDCCH formats

EPDCCH
Number of ECCEs for one EPDCCH, Ngcce
EPDCCH format Case A Case B
Localized Distributed Localized Distributed
transmission transmission transmission transmission
0 2 2 1 1
1 4 4 2 2
2 8 8 4 4
3 16 16 8 8
4 - 32 - 16

Case A in Table 6.8A.1-2 is used when the conditions corresponding to case 1 in clause 9.1.4 of 3GPP TS 36.213 [4]
are satisfied, otherwise case B is used. The quantity ngppoqy for aparticular UE and referenced in 3GPP TS 36.213 [4]
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is defined as the number of downlink resource elements (k,l) available for EPDCCH transmission in a physical

resource-block pair configured for possible EPDCCH transmission of EPDCCH set Xo and fulfilling al of the
following criteria:

- they are part of any one of the 16 EREGs in the physical resource-block pair, and

- they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-
specific reference signals are given by clause 6.10.1.2 with the number of antenna ports for and the frequency
shift of cell-specific reference signals derived as described in clause 6.10.1.2 unless other values for these
parameters are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and-

- they are assumed by the UE not to be used for transmission of CSl reference signals, where the positions of the
CSl reference signals are given by clause 6.10.5.2 with the configuration for zero power CSl reference signals
obtained as described in clause 6.10.5.2 unless other values are provided by clause 9.1.4.3in
3GPP TS 36.213 [4], and with the configuration for non-zero power CSl reference signals obtained as described
in clause 6.10.5.2, and

- for frame structure type 1 and 2, theindex | inthe first slot in a subframe fulfils | > | ppccnsar Where
| epocensar ¢ 1S 0iven by clause 9.1.4.1 of 3GPP TS 36.213 [4], and

- for frame structure type 3,

- if the higher layer parameter subframeStartPosition indicates 'sO7' and if the downlink transmission startsin
the second dlot of a subframe

- theindex | inthe second slot in the subframe fulfils | > | ppcopgar Where lEPDCCHStal isgiven by clause
9.1.4.1 of 3GPP TS 36.213 [4],

- otherwise

- theindex | inthefirst slot in the subframe fulfils | > | ppccpga: Where |EpDCCHsm isgiven by clause
9.1.4.1 of 3GPP TS 36.213 [4].

6.8A.2 Scrambling

The block of bits B(0),...,0(M;; —=1) to be transmitted on an EPDCCH in a subframe shall be scrambled, resulting in a
block of scrambled bits b (0),..., b (M, —1) according to

b (i) = (b(i) + c(i))mod 2
where the UE-specific scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be

initialized with Gpit =\_ns/ ZJ‘ 2 +HEDF,RCCF where m isthe EPDCCH set number.

6.8A.3 Modulation

The block of scrambled bits b (0),..., b (M, —1) shall be modulated as described in clause 7.1, resulting in a block of
complex-valued modulation symbols d(0),..., d (M om —1) - Table 6.8A.3-1 specifies the modulation mappings

applicable for the enhanced physical downlink control channel.

.....

Table 6.8A.3-1;: EPDCCH modulation schemes

Physical channel | Modulation schemes
EPDCCH QPSK

6.8A.4 Layer mapping and precoding
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The block of complex-valued modulation symbols shall be mapped to a single layer and precoded according to 6.3.4.1
asfor y(i)=d(i), i=0,., M omb —1-

6.8A.5 Mapping to resource elements

The block of complex-valued symbols y(0),..., y(M -1) shall be mapped in sequence starting with y(0) to

resource elements (k,1) on the associated antenna port which meet all of the following criteria:

symb

- they are part of the EREGs assigned for the EPDCCH transmission, and

- they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-
specific reference signals are given by clause 6.10.1.2 with the number of antenna ports for and the frequency
shift of cell-specific reference signals derived as described in clause 6.10.1.2 unless other values for these
parameters are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and

- they are assumed by the UE not to be used for transmission of:

- zero-power CSl reference signals, where the positions of the CS| reference signals are given by clause
6.10.5.2. The configuration for zero power CSl reference signalsis

- obtained as described in clause 6.10.5.2 unless other values are provided by clause 9.1.4.3in
3GPP TS 36.213 [4], and

- obtained by higher-layer configuration of up to five reserved CSI-RS resources as part of the discovery
signal configuration following the procedure for zero-power CSI-RSin clause 6.10.5.2.

- non-zero-power CSl reference signals for CSl reporting, except for non-zero power CS| reference signals
configured by csi-RS-ConfigNZP-ApList, with the configuration for non-zero power CSl reference signals
for CSl reporting obtained as described in clause 6.10.5.2, and

- for frame structure type 1 and 2, theindex | in the first slot in a subframe fulfils | > | ppccnsar Where
| epoccnsar ¢ 1S Oiven by clause 9.1.4.1 of 3GPP TS 36.213 [4], and

- for frame structure type 3,

- if the higher layer parameter subframeStartPosition indicates 'sO7' and if the downlink transmission startsin
the second dlot of a subframe

- theindex | inthe second sot in the subframe fulfils | > leppcchsat Where lEPDCCHStal isgiven by clause
9.1.4.1 of 3GPP TS 36.213 [4],
- otherwise
- theindex | inthefirst dot in the subframe fulfils | > | eppcchsat Where |EpDCCHsm is given by clause

9.1.4.1 of 3GPP TS 36.213 [4].

The mapping to resource elements (k,I) on antennaport |0 meeting the criteria above shall be in increasing order of
first theindex Kk and then theindex | , starting with the first slot and ending with the second slot in a subframe.

For localized transmission, the single antenna port [ to useis given by Table 6.8A.5-1 with

. RB . EPDCCH , RB
N'= Neocjow MOANECeE + Ny MOAMIN(NEcce —  Necee)

where ngcee o, 1S thelowest ECCE index used by this EPDCCH transmission in the EPDCCH set, ngyy, equalsthe

EPDCCH . ,
C-RNTI, and Ngocg  isthe number of ECCEs used for this EPDCCH.

Table 6.8A.5-1: Antenna port to use for localized EPDCCH transmission

| | Normal cyclic prefix | Extended cyclic prefix |
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Normal subframes,
n' Special subframes, Special subframes, Any subframe
configurations 3, 4, 8 | configurations 1, 2,6, 7, 9, 10
0 107 107 107
1 108 109 108
2 109 - -
3 110 - -

For distributed transmission, each resource element in an EREG is associated with one out of two antenna portsin an
alternating manner, starting with antenna port 107, where p e {107,109} for normal cyclic prefix and pe {107,108} for

extended cyclic prefix.

6.8B  MTC physical downlink control channel

6.8B.1 MPDCCH formats

The MPDCCH formets are defined asin Clause 6.8A.1 with the following exceptions:

The term EPDCCH is replaced by MPDCCH.

The MTC physical downlink control channel carries downlink control information and is transmitted across

Nr'\é'pPDCCHZl consecutive BL/CE DL subframes. Within each of the Nr'\élpPDCCH BL/CE DL subframesan

MPDCCH istransmitted using an aggregation of one or several consecutive enhanced control channel elements
(ECCEs) where each ECCE consists of multiple enhanced resource element groups (EREGS), defined in clause
6.2.4A.

For frame structure type 2,

- If repetition is not configured for the MPDCCH, the number of EREGs per ECCE is given by Table 6.8A.1-
1. If repetition is configured for the MPDCCH, the number of EREGs per ECCE is given by Table 6.8B.1-1.

- For those special subframes where the MPDCCH is not supported, these special subframes are considered
BL/CE DL subframes for both MPDCCH and PDSCH transmission, only if they are indicated as BL/CE DL
subframe by higher layer signaling.

For an MPDCCH associated with 2 or 4 PRBs, if repetition is not configured for the MPDCCH, the supported
MPDCCH formats are given by Table 6.8A.1-2. Otherwise, the supported MPDCCH formats are given by Table
6.8B.1-2. However, for MPDCCH format 5, the equation defining the relation between ECCE index and EREG
index does not apply and the number of ECCEs refers to the MPDCCH mapping to the REs of the 2+4 PRB set
as defined in Clause 6.8B.5.

ECCE
Table 6.8B.1-1: Number of EREGs per ECCE, Ngggc, for frame structure type 2.

Normal cyclic prefix Extended cyclic prefix
Special subframe Special subframe,
Normal subframe pe 5 ’ Normal subframe configuration 1, 2, 3, 5,
configuration 3, 4, 8 6
4 8

Table 6.8B.1-2: Supported MPDCCH formats

Number of ECCEs in a subframe for one MPDCCH, N MFDCcH
ECCE ECCE
Mfz?rﬁ ;H Nepec=4 Negec=8
Localized Distributed Localized Distributed
transmission transmission transmission transmission
0 2 2 1 1
1 4 4 2 2
2 8 8 4 4

ETSI



3GPP TS 36.211 version 16.4.0 Release 16 134 ETSI TS 136 211 V16.4.0 (2021-02)

16 16 8 8

24 24 12 12

a|h|w

6.8B.2 Scrambling

Scrambling shall be perfomed according to Clause 6.8A.2 with EPDCCH replaced by MPDCCH except that the same
scrambling sequence is applied per subframe to MPDCCH for agiven block of N, subframesand m isthe

MPDCCH set number. For an MPDCCH associated with a 2+4 PRB set as defined in [4], M= 0 is used to generate the
scrambling sequence for mapping to REsin 6 PRBsaswell as2 PRBs and 4 PRBs.

The subframe number of the first subframe in each block of Nacc consecutive subframes, denoted as N, ;, satisfies
(nabsl +iy, ) mod N, =0. For the j* block of N, subframes, the scrambling sequence generator shall beinitialised
with
~ {[(jO + )N mod 10]-2° + N & for Typel - Common, Type2 - common
init

 (io + )N mod 10]-2° + nAPPCH otherwise

where

. g+ NMPPCCH 4§ 1
J =0,l,,\‘ 0 abSN A - JO

acc

jo= L(io +ip )/Nach
. 0, for frame structure typel or N, =1
A7 INg -2, forframestructuretype2 and N, =10

and iy is the absol ute subframe number of the first downlink subframe intended for the MPDCCH. The MPDCCH
transmission spans N MPPCCH - consecutive subframes, including subframes that are not BL/CE DL subframes where the
MPDCCH transmission is postponed.

For BL/CE UEs,
- if the MPDCCH transmission is associated with P-RNTI or SC-RNTI:
N, = 4 for frame structure type 1 and N, =10 for frame structure type 2
- otherwise

N, =1for UEsassuming CEModeA (according to the definition in Clause 12 of [4]) or configured with
CEModeA:

N, = 4 for frame structure type 1 and N, =10 for frame structure type 2 for UEs assuming CEModeB
(according to the definition in Clause 12 of [4]) or configured with CEModeB.

6.8B.3 Modulation

Modulation shall be performed according to 6.8A.3 with EPDCCH replaced by MPDCCH.

6.8B.4 Layer mapping and precoding

Layer mapping and precoding shall be done according to Clause 6.8A.4 with EPDCCH replaced by MPDCCH.

6.8B.5 Mapping to resource elements

Mapping to resource elements shall be done according to Clause 6.8A.5 with the following exceptions:
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The term EPDCCH shall be replaced by MPDCCH.

The mapping shall be repeated across each of the N:\QDPDCCH BL/CE DL subframes.

MPDCCH
Nrep

MPDCCH  js the number of ECCEs used for this MPDCCH in the first of the subframes.

N ECCE

For an MPDCCH associated with a 2+4 PRB set as defined in [4], the mapping to resource elements (k,|) on

antennaport [ shall beinincreasing order of first theindex Kk and then theindex | over the 6 PRBsfor
MPDCCH format 5 and over the 2 or 4 PRBs for the other MPDCCH formats.

For localized transmission and MPDCCH format 5, the single antenna port [ to use is given by Table 6.8A.5-1
with

. RB
N'= Ny MOANEce
where ngyp equalsthe C-RNTI.

Resource elements occupied by CSI reference signals shall be counted in the MPDCCH mapping but not used
for transmission of the MPDCCH.

PRB pairs occupied by RSS shall be counted in the MPDCCH mapping but not used for transmission of the
MPDCCH.

Resource elements belonging to PRBs in which PRS is transmitted (including PRS muted subframes) shall be
counted in the MPDCCH mapping but not used for transmission of the MPDCCH.

A BL/CE UE not configured with higher layer parameter ce-pdsch-maxBandwidth-config and not configured
with higher layer parameter ce-PDSCH-FlexibleStartPRB-AllocConfig may assume there isno MPDCCH
transmission which uses overlapping sets of subframes as PDSCH transmissions to that UE, where the
MPDCCH islocated at a different narrowband than the PDSCH.

A BL/CE UE configured with higher layer parameter ce-pdsch-maxBandwidth-config may assume that thereis
no MPDCCH transmission which uses overlapping sets of subframes as PDSCH transmissions to that UE, where
the MPDCCH transmission and PDSCH transmission in any of the overlapping subframes span a PRB region
larger than X contiguous PRBs where X=25 if ce-pdsch-maxBandwidth-configis set to 5 MHz and X=100 if ce-
pdsch-maxBandwidth-config is set to 20 MHz.

A BL/CE UE configured with higher layer parameter ce-PDSCH-FlexibleStartPRB-AllocConfig may assume
thereisno MPDCCH transmission in MPDCCH candidates not fully contained within the tuning narrowband
defined for PDSCH in Clause 6.2.8.

For BL/CE UEsin CEModeB, in MBSFN subframe(s), resource elements that correspond to the positions of
cell-specific reference signals as in subframe #0 shall not be counted in the MPDCCH mapping and not used for
transmission of the MPDCCH.

Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource
elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of
reference signals, shall be counted in the MPDCCH mapping but not used for transmission of the MPDCCH.

If MPDCCH transmission in the LTE control region is configured by the higher layer parameter
transmissionlnControl ChRegion,

- For frame structure type 1 and frame structure type 2 except special subframe configuration 9 or 10,

- Symbols used for transmission of MPDCCH or demodulation signals associated with MPDCCH and
mapped to resource element (k, [) in the second slot, where | € {0.. lyppccrstar: — 1}, shall additionally
be mapped to resource element (k, 1) in the first dlot.

- For frame structure type 2 and specia subframe configuration 9 or 10,

- Symbolsused for transmission of MPDCCH or demodulation signals associated with MPDCCH and
mapped to resource element (k, I + 4) inthefirst slot, where ! € {0.. lyppccrstar: — 13, shall additionally
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be mapped to resource element (k, 1) in the first dot, if resource element (k, 1) in the first ot is not used
for cell-specific reference signals.

- Inthe subframes where an MPDCCH or its associated PDSCH is transmitted in response to a physical random
access transmission initiated by a PDCCH order, the UE shall receive the MPDCCH or its associated PDSCH,
and assume no other UE-specific reception is needed.

- For MPDCCH transmission associated with C-RNTI or TPC-PUCCH-RNTI or TPC-PUSCH-RNTI or SPS C-
RNTI that are not configured to use the Type2-MPDCCH common search space, frequency hopping of the
MPDCCH is enabled when higher layer parameter mpdcch-pdsch-HoppingConfig is set.

- For MPDCCH transmission associated with PUR-RNTI using UE-specific MPDCCH search space, frequency
hopping of the MPDCCH is enabled when mpdcch-FreqHopping in higher layer parameter PUR-MPDCCH-
Configisset.

- For MPDCCH transmission associated with Type2-MPDCCH common search space, frequency hopping of the
MPDCCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

- if PRACH CE level 0 or 1isused for the last PRACH attempt, N is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,

- if PRACH CE level 2 or 3isused for the last PRACH attempt, N is set to the higher layer parameter
interval-DIHoppingConfigCommonModeB.

- For MPDCCH transmission associated with SC-RNTI, frequency hopping of the MPDCCH is enabled when
higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MCCH is set. Further

- if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeA, N&Pt is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,;

- if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeB, NPt is set to the higher layer parameter
interval-DIHoppingConfigCommonModeB.

- For MPDCCH transmission associated with G-RNTI, frequency hopping of the MPDCCH is enabled when
higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set. Further

- if mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeA, N&iPt is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,

- if mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeB, Nt is set to the higher layer parameter
interval-DIHoppi ngConfigCommonModeB.

- The narrowband nfj‘gS) for MPDCCH transmission in the first subframe of MPDCCH search space is provided
by higher layers. Starting subframe configuration of a search space where UE monitors an MPDCCH isaso
NMPDCCH

epss 21 subframes, spanning

provided by higher layers. The MPDCCH search space uses

MPDCCH~, pJMPDCCH
Napsss = Nigpss

MPDCCH transmission is postponed.

consecutive subframes, including subframes that are not BL/CE DL subframes where the

- If downlink resource reservation is enabled for the UE as specified in [9], then in case of MPDCCH
transmission associated with C-RNTI or SPS C-RNTI using UE-specific MPDCCH search space,

- Inasubframethat isfully reserved as defined in clause 7.1 in [4], the MPDCCH transmission is
postponed until the next BL/CE downlink subframe that is not fully reserved.

- Inasubframethat is partially reserved, the reserved resource elements shall be counted in the MPDCCH
mapping but not used for transmission of the MPDCCH.

- If frequency hopping is not enabled for MPDCCH, the repetitions of an MPDCCH candidate are located at

the same PRB resources in the same narrowband nfq'(’;) , and
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- if frequency hopping is enabled for MPDCCH, an MPDCCH candidate shall be transmitted in absolute
(i)

subframe | using the same PRB resources within each narrowband Nyg
h,DL
Ny
. . . h,DL
lo= L(los + IA)/NI‘\:IB J

; H MPDCCH
SISl t+ Npes ™ -1

i i I +i :
nl(\ll)B = nl(\ll[ESS) +ﬂ‘$_ JOJ mod NISPBDhIt-)pj fNDl?I:,hop mod NIEIF;

iO,ss
i 0} for framestructure typel
|, =

& NP2, for framestructure type 2

where io,ss is the absol ute subframe number of the first downlink subframe of MPDCCH search space, and

N,f,hB’%I{)p, NSLP- and f,\?Blj hop are cell-specific higher-layer parameters. The UE shall not expect MPDCCH

transmission in absolute subframe 1 if it isnot aBL/CE DL subframe.

- The UE may assume the same precoding matrix being used for a PRB across ablock of NgiP- consecutive
subframes for MPDCCH, where the subframe number of the first subframe in each block of N&P- consecutive

subframes, denoted as Ny, ;, satisfies (nabsl+iA)mod NSEL — o,

- If ers ChEStMPDCCH-ConfigCommon or crs-ChEstMPDCCH-ConfigDedicated is configured by higher layers,
the relation between the MPDCCH and CRS antenna ports is defined as follows:

- When one CRS port is configured by the eNB, the antenna port(s) used for MPDCCH transmission are
equivaent to CRS port 0.

- For distributed transmission and when two CRS ports are configured by the eNB, the relation between the
symbols transmitted on the antenna ports used for MPDCCH transmission and CRS ports 0 — 1 is defined by
the precoder matrix for single-layer transmission in Table 6.3.4.2.3-1 using codebook index 0 for antenna
port 107 and codebook index 1 for antenna port 109.

- For distributed transmission and when four CRS ports are configured by the eNB, in absolute subframe 7,5
and resource block index npgg within one or two MPDCCH PRB sets where UE monitors an MPDCCH, the
relation between the symbols transmitted on the antenna ports used for MPDCCH transmission and CRS
ports 0 — 3 is defined by the precoder matrix for single-layer transmission in Table 6.3.4.2.3-2 using
codebook index i for antenna port 107 and codebook index i + 1 for antenna port 109, where

Naps T 1
n&b

NB

- For localized transmission, when two CRS ports are configured by the eNB and predefined mapping type is
used, in absolute subframe n ;s and resource block index npgg Within one or twvo MPDCCH PRB sets where
UE monitors an MPDCCH, the relation between the symbol s transmitted on the antenna port used for
MPDCCH transmission and CRS ports 0 — 1 is defined by the precoder matrix for single-layer transmission
in Table 6.3.4.2.3-1, with codebook index i, where

. Naps + iA
L= <le + TlPRB) mOd 2

NB

- For localized transmission, when four CRS ports are configured by the eNB and predefined mapping typeis
used, in absolute subframe n,;,s and resource block index npgp Within one or twvo MPDCCH PRB sets where
UE monitors an MPDCCH, the relation between the symbol s transmitted on the antenna port used for
MPDCCH transmission and CRS ports 0 — 3 is given by the precoder matrix for single-layer transmission in
Table 6.3.4.2.3-2 using codebook index i where
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Ngps + 1
i=12+ IL; o

J + Aprg(Npgrp mod 4) | mod 4
NB

[Aprp(0) Aprp(1) Aprp(2) Aprp(3)]= [0213]

- For localized transmission and when CSl-based or reciprocity-based mapping type is used, the relation
between the symbols transmitted on the antenna port used for MPDCCH transmission and the CRS portsis
givenin[4]. When it isindicated in [4] that the antenna port is changed for an MPDCCH candidate with
aggregation level 2, the antenna port shall be replaced by the antenna port determined for an MPDCCH
candidate with aggregation level 4 in the same search space.

- NOTE: npgg =0,...,K — 1, withK = 6 for N:;p =2+4,adK = N:;p otherwise, where the ordering of
PRBs within the PRB set(s) isin increasing order of PRB index.

The UE may assume that an MPDCCH associated with the P-RNTI is transmitted on the set {s J. } of narrowbands
where {sj } isdefined in Clause 6.4.1. For a UE monitoring an MPDCCH associated with the P-RNTI, the first
MPDCCH narrowband isgiven by s, where m = (Ngg + N&' Jmod NS5 » Ng € 01, Ng, -1} isthe Paging
Narrowband (PN) obtained according to [10], and N[, isthe higher-layer parameter paging-narrowBands.

If the higher-layer parameter si-HoppingConfigCommon disables frequency hopping for an MPDCCH associated
with P-RNTI, each MPDCCH candidate shall be located in the same PRB in narrowband s, where

m=(ﬂ§8 +NZ )mod Nrg -

If the higher-layer parameter si-HoppingConfigCommon enables frequency hopping for an MPDCCH with P-
RNTI, an MPDCCH candidate shall be located in narrowband s in absolute subframe i using the same PRB

resources within each narrowband s where

chDL
NB

: ~ I+i .

| 9 i = ot | 5 i
io =l +i. )/ NG
o <1 Sig + NAFOH 1

.0, for framestructuretypel
AT INSPL_ 2 for framestructuretype2

where io, ss isthe absolute subframe number of the first downlink subframe of MPDCCH search space

according to locations of paging opportunity subframes, and N,f,hé?,tp, NPt and f,\?BL, hop are cell-specific

higher-layer parameters. For MPDCCH associated with P-RNTI, if interval-DIHoppingConfigCommonModeB is
signalled in SIB1-BR, then the frequency hopping granularity NPt is set to interval-
DIHoppingConfigCommonModeB; otherwise, N&P- is set to interval-DIHoppingConfigCommonModeA
signalled in SIB1-BR.

The UE shall not expect MPDCCH transmission in absolute subframe i if it is not a BL/CE DL subframe.

6.8C  Short physical downlink control channel (SPDCCH)

6.8C.1 SPDCCH formats

The short physical downlink control channel (SPDCCH) carries scheduling assignments and other control information
for subslot PDSCH, slot-PDSCH, subslot-PUSCH, and slot-PUSCH. A SPDCCH istransmitted using an aggregation of
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one or several consecutive short control channel elements (SCCEs) where each SCCE consists of multiple short
resource element groups (SREGS), defined in clause 6.2.4B. The number of resource elements used for one SPDCCH
depends on the SPDCCH format as given by Table 6.8C.1-2 and the number of SREGs per SCCE is given by Table
6.8C.1-1.

Table 6.8C.1-1: Number of SREGs per SCCE,  ce

SREG

SCCE
N SREG

CRS based SPDCCH 4

4 for a 2-symbol SPDCCH?
DMRS based SPDCCH | 4 for 5 3-symbol SPDCCH:

NOTE 1: see table 6.8C.5-1 and table 6.8C.5-2

Table 6.8C.1-2: Supported SPDCCH formats

Number of SCCEs for one
SPDCCH format SPDCCH SPDCCH
» N SCCE
0 1
1 2
2 4
3 8

A UE shall monitor multiple SPDCCHSs as defined in 3GPP TS 36.213 [4]. One or two resource sets which a UE shall
monitor for SPDCCH transmissions in a slot/subslot can be configured. The SPDCCH can use either localized or
distributed transmission. All SPDCCH candidatesin SPDCCH set X m Use either only localized or only distributed
transmission as configured by higher layers (see transmissionType in 3GPP TS 36.331 [9]). Similarly, all SPDCCH

candidatesin SPDCCH set X m Use either only CRS-based demodulation or only DMRS-based demodulation as

configured by higher layers (see spdcch-SetReferenceSg in 3GPP TS 36.331 [9]). For aresource set with CRS-based
SPDCCH, the distributed transmission isimplemented at the SREG level, i.e. in the SCCE-to-SREG mapping. For a
resource set with DMRS-based SPDCCH, the distributed transmission isimplemented at the SCCE level, i.e. in the
SPDCCH candidate-to-SCCE mapping.

The number of OFDM symbols spanned by a SPDCCH resource set X |, configured with CRS based demodulation can
be configured to be one or two.

For slot based transmission, the number of OFDM symbols spanned by each SPDCCH candidate of aresource set X m
configured with DM RS-based demodulation is fixed to 2. For subslot based transmission, the number of OFDM

symbols spanned by each SPDCCH candidate of aresource set X m configured with DM RS-based demodulation is

equal to the number of OFDM symbols used for the subslot based PDSCH transmission (which depends on the starting
symbol index, as specified in Table 6.4.2-1).

The physical resource blocks in frequency domain constituting SPDCCH set X m arein this paragraph assumed to be

numbered in ascending order from O to Nég —1. For a CRS-based SPDCCH, SREGs within an SPDCCH set X, are
numbered in a frequency-first time-second manner fromOtoN X~ N X» — 1, where N X~ isthe number of configured

OFDM symbols (0S). The frequency-first, time-second mapping of the SREGs within a SPDCCH set is performed
from the lowest resource block in frequency domain to the highest resource blocks in frequency domain for the first
symbol, and from the highest resource block in frequency domain to the lowest resource block in frequency domain for
the second symbol. For a DMRS-based SPDCCH, SREGs within an SPDCCH set X,, are numbered in atime-first

frequency-second manner fromOtoN XN X — 1.

Within CRS-based SPDCCH set X, , the SCCEs available for transmission of SPDCCHSs are numbered from O to
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X N Xm | N|SCCE . . — Nn| WX 7 N[SCCE

Necce  —1 Where Ngecern :\_Nos N / NSREGJ for localized mapping and  Ngcgm = Nod \_NRB / NSREGJfor
distributed mapping. Within DMRS-based SPDCCH set X, , the SCCEs available for transmission of SPDCCHs are
numbered fromOto N_ . . —1 where Ngseer = \_Nég‘ NZ / N;gggj The SCCE number N corresponds

- SREGsnumbered n. N 4 j for localized SPDCCH mapping with CRS and DMRS based demodulation and
for distributed SPDCCH mapping with DMRS-based demodulation

- SREGs numbered NXp n « .| NX | for distributed SPDCCH mapping with CRS-
nmod SCCE X “Neg' + - SCCE
NSREG NRBm NSREG
Néeee
based demodulation.
where j=o,..., N e _1and NSSCE is the number of SREGs per SCCE.

NOTE: Néﬂ represents the number of SREGs per each configured OFDM symbol in the SPDCCH resource set X m
and NX"N2risthe total number of SREGsin SPDCCH resource set X, .

6.8C.2 Scrambling

The block of bits p(0),.., b(m ,, -1) o betransmitted on an SPDCCH in a subframe shall be scrambled, resulting in a

block of scrambled bits 5(0),---5(Mbit—1) according to
b(i) =(bi)+cfi)) moc

where the UE-specific scrambling sequence C(') isgiven by clause 7.2. The scrambling sequence generator shall be

initialized with Gt = \_ns/ ZJ' 2+ nlséf %CCF where M isthe SPDCCH resource set number.

6.8C.3 Modulation

The block of scrambled bitsP(0),...0(M;,;—1) shall be modulated as described in clause 7.1, resulting in a block of

complex-valued modulation symbolsd(o) " --d(Mwmb_]) . Table 6.8C.3-1 specifies the modulation mappings
applicable for the physical downlink control channel.

Table 6.8C.3-1: SPDCCH modulation schemes

Physical channel | Modulation schemes
SPDCCH QPSK

6.8C.4 Layer mapping and precoding

In case of CRS based SPDCCH, layer mapping and precoding shall be done according to clause 6.8.4 with PDCCH
replaced by SPDCCH.

In case of DMRS based SPDCCH the layer mapping and precoding shall be done according to clause 6.8A .4.

6.8C.5 Mapping to resource elements

The mapping to resource elementsis defined by operations on vectors of complex-valued symbols. Let
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RN (Y (P-) 1;
y(l)—[y( @0 .y (')P denotes symbol vector i and y(® (i) represents the signal for antenna port I

The block of vectors Y(i) = [y(o) @i .. y(P’l) (i)]r , 1 =0,..., Mg, —1 Shall be mapped in sequence starting with y(0) to
resource elements (k,|) on the associated antenna port(s) which meet all of the following criteria:

- they are part of the SREGs assigned for the SPDCCH transmission, and

- they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-
specific reference signals are given by clause 6.10.1.2 with the number of antenna ports and the frequency shift
of cell-specific reference signals derived as described in clause 6.10.1.2 unless other values for these parameters
are provided by clause 9.1.4.3in 3GPP TS 36.213 [4], and

- they are assumed by the UE not to be used for transmission of:
- UE-specific reference signal associated with SPDCCH

- zero-power CSI reference signals, where the positions of the CSI reference signals are given by clause
6.10.5.2. The configuration for zero power CSI reference signalsis

- obtained as described in clause 6.10.5.2 unless other values are provided by clause 9.1.4.3in
3GPP TS 36.213 [4], and

- obtained by higher-layer configuration of up to five reserved CSI-RS resources as part of the discovery
signal configuration following the procedure for zero-power CSI-RSin clause 6.10.5.2.

- non-zero-power CSI reference signals for CSl reporting with the configuration for non-zero power CS|
reference signals for CSI reporting obtained as described in clause 6.10.5.2.

- Theset of indices of | where the SPDCCH can be mapped to is dependent on if slot or subslot based SPDCCH is
used, the subslot number, if CRS or DM RS based SPDCCH is configured and the number of symbols used for
PDCCH. In case CRS based SPDCCH is configured, the set of indicesis also dependent on the number of
symbols, NSFRccH | configured by higher layers (see spdcch-NoOfSymbolsin 3GPP TS 36.331 [9]), that the

CRS

SPDCCH is mapped over.

- For dlot-SPDCCH and for frame structure type 1 and 2, the set of indices of | for the second Slot in the
subframeis given in Table 6.8C.5-1. It can be noted that no SPDCCH istransmitted in the first slot of the
subframe, where the DCI instead is carried in PDCCH, see[3].

- For subslot-SPDCCH and for frame structure type 1, the set of indicesof | for a given downlink subslot
number in a subframeis given in Table 6.8C.5-2. It can be noted that for subslot number 0 where no
SPDCCH istransmitted, and the DCI isinstead carried in PDCCH, see [3].

If y(i) has been precoded according to clause 6.3.4.3 and if there is an uneven number of resource elements per PRB

that fulfil all the above criteria, y(i) is not mapped to the resource element of the PRB with largest K.

Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource
elements reserved for reference signalsin the mapping operation of PBCH but not used for transmission of reference
signals, shall be assumed available in the SPDCCH mapping but not used for transmission of SPDCCH.

NOTE: For DMRS based SPDCCH, the UE is not required to use the PRGs of size 2 (see 3GPP TS 36.213 [4]) which
isare partially overlapped with PBCH/PSS/SSS for SPDCCH monitoring.

For DMRS based SPDCCH, the mapping to resource elements (Kl) on antennaport P, meeting the criteria above,
shall bein increasing order of first theindex k and thentheindex | .

For localized and distributed CRS based SPDCCH, the SREGs of a SPDCCH candidate are first interleaved according

to step 1 below and then the modul ated symbols are mapped to resource elements (Kl) of the interleaved SREGs
according to step 2 below.
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- Step 1: Perform ablock interleaver on the SREGs building the SPDCCH candidate, where the number of rows
equal to the number of SCCEs for the SPDCCH candidate and the number of columns equal to 4 (i.e. the number
of SREGsin an SCCE). The SREGs are written into the matrix row by row and read out column by column.

- Step 2: The modulated symbols are mapped in sequence starting with y (P) (o) to resource elements (k,1)on
antennaport P inincreasing order of the index k, meeting the criteria above, over the interleaved SREGs in the
order given by the block interleaver of step 1.

Table 6.8C.5-1: Set of indices of | for slot-SPDCCH

DMRS based SPDCCH CRS based SPDCCH
N EEEE N SRS = 2
{og {0} {og

Table 6.8C.5-2: Set of indices of | for subslot-SPDCCH

Number of Subslot index Set of indicies of |
symbols used for DMRS based CRS based SPDCCH
PDCCH SPDCCH NSPDCCH _q [ ySPDCCH _ 5
CRS CRS
lor3 1 34} {3} {34}

2 1 {234} {2} {2,3}
1,20r3 2 56} {5} 56}
1,20r3 3 {01} {o} {041}
1,20r3 4 {23} {2} {23}
1,20r3 5 fa567 {4} {45}

6.9 Physical hybrid ARQ indicator channel

The PHICH carries the hybrid-ARQ ACK/NACK. Multiple PHICHs mapped to the same set of resource elements
constitute a PHICH group, where PHICHs within the same PHICH group are separated through different orthogonal

sequences. A PHICH resource is identified by the index pair (nS{j“CpH,nﬁCH), where N3, isthe PHICH group

number and nﬂCH is the orthogonal sequence index within the group.
For frame structure type 1 and type 3, the number of PHICH groups Nng",Lg:PH isconstant in al subframes and given by

{Ng (N oL/ Bﬂ for normal cyclic prefix
NSL".LE:F’H = DL . .
2. ’_Ng (N REB / 8)-‘ for extended cyclic prefix

where Ny € {1/6,1/2,1.2} is provided by higher layers. Theindex n35&, rangesfrom 0 to NZ§&, —1.

For frame structure type 2, the number of PHICH groups may vary between subframes and is given by m - N33 &,
where N3 &, isgiven by the expression above and m; is given by Table 6.9-1 with the uplink-downlink configuration
provided by the higher-layer parameter subframeAssignment. Theindex n3§&, in asubframe with non-zero PHICH

resources ranges from 0 to m - N3 &, 1.

Table 6.9-1: The factor m; for frame structure type 2

Uplink-downlink Subframe number i

configuration 0|1]2|3|4|5|6|7|8]9
0 2|1|0]0j0]2]|1]0]0]O
1 o/1]0]j0Of1]|]0]1|0]0O]1
2 0j0jO0|1|j0j0O0]OJO]1]0O
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olu|hs|w
Ro|lo|r
R|o|lo|lo
olo|lo|o
olo|lo|o
olo|lo|o
r|o|lo|lo
rlo|lo|lo
olo|o|o
ok |k |k
Y =1 =Y =

6.9.1 Modulation

The block of bits b(0),...,b(M; —1) transmitted on one PHICH in one subframe shall be modulated as described in
clause 7.1, resulting in a block of complex-valued modulation symbols z(0),...,z(Mg—1) , where M, =My, . Table
6.9.1-1 specifies the modulation mappings applicable for the physical hybrid ARQ indicator channel.

Table 6.9.1-1: PHICH modulation schemes.

Physical channel | Modulation schemes
PHICH BPSK

The block of modulation symbols z(0),...,z2(M¢—1) shall be symbol-wise multiplied with an orthogonal sequence and
scrambled, resulting in a sequence of modulation symbols d(0),...,d(Mg, —1) according to

d(i) = wi mod NEF'H ). (1- 2c(i))- 2[[i/ NE'H )

where

i =0, Mgmp —1

M NEHICH p

symb =

NPHICH _ 4 normal cyclic prefix
& 2 extended cyclic prefix

and c(i) isacell-specific scrambling sequence generated according to clause 7.2. The scrambling sequence generator
shall beinitialised with Gy = (ny/2]+1)- 2NE" +1) 29+ N at the start of each subframe.

The sequence [W(O) o W(NEHEH —1)] is given by Table 6.9.1-2 where the sequence index iy COrresponds to

the PHICH number within the PHICH group.

Table 6.9.1-2: Orthogonal sequences [W(O) o W(NGHCH —1)] for PHICH
Sequence index Orthogonal sequence

- Normal cyclic prefix | Extended cyclic prefix

n PHICH PHICH

PHICH Ng = =4 Ng =2
[+1 +1 +1 +1] [+1 +1]
[+1 -1 +1 —1] [+1 —1]
[+1 +1 -1 -] +i +il
[+1 -1 -1 +1 +i —il

i +i i+ -
i -7 +i -l -
i +i -i -l -
i -7 -0 +il -

N ol lh{fW|IN|F]|O

6.9.2 Resource group alignment, layer mapping and precoding
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The block of symbols d(0),...,d(M g, —1) should be first aligned with resource element group size, resulting in a
block of symbols d @ (0),...,d© (c- Mgy, ~1) , where ¢ =1 for normal cydlic prefix; and ¢ = 2 for extended cyclic
prefix.

For normal cyclic prefix, d@(i)=d(i) , for i =0,..., Mg, —1.

For extended cyclic prefix,

[d(2) d@i+1) 0 o] nZ% mod2=0
PHICH

0O @) dOw@i+y dO@i+2) OI(0)(‘”+3)]T:{[o 0 d(@) d@+D[ ngiE mod2=1
PHICH -

for i =0,....(Mgmp/2)-1.

The block of symbols d(©(0),...,d® (c- Mg, —1) shall be mapped to layers and precoded, resulting in ablock of

vectors y(i)=[y(°)(i) y(P‘l)(i)]T, i =0,...,C-Mgmp—1, where y(P (i) representsthe signal for antennaport p,

p=0,..., P—1and the number of cell-specific reference signals Pe {l2,4} . The layer mapping and precoding operation

depends on the cyclic prefix length and the number of antenna ports used for transmission of the PHICH. The PHICH
shall be transmitted on the same set of antenna ports as the PBCH.

For transmission on asingle antenna port, P =1, layer mapping and precoding are defined by clauses 6.3.3.1 and

6.3.4.1, respectively, with MO =c-Mg, .

For transmission on two antenna ports, P =2, layer mapping and precoding are defined by clauses 6.3.3.3 and 6.3.4.3,
respectively, with MO =c- Mg, .

For transmission on four antenna ports, P =4, layer mapping is defined by clause 6.3.3.3with M@ =c-M omb and

symb —
precoding by
yOi) | 1 000 j 0 0 0
y® (4i) 0000 OOOODO
y@ (4i) 0-100 0 j 0 O
y® (4i) 0000 OO OO
yO (41 +1) 0100 0 j 0 OfRexO)
y® (4 +1) 0 000 0 0 0 OfRelx®g
y@ (4i +1) 1.0 00 -j 0 0 Of|Rex®)
y@@i+n| 1]/0 0 0 0 0 0 0 OfRex®(
yOui+2)| 42/0 0 1 0 0 0 | O0fimx@g
y®(4i+2) 0 000 0 0 0 Ofimx®g
y@(4i+2) 0 00-10 0 0 jlimx®q
y® (4i+2) 0 00 0 0 0 0 OfImx®q)
v (4i +3) 00041 00 0 j| _
y® (4i +3) 0000 OO0 OO
v (4i +3) 0 01 0 0 O0-j O
y® (4i +3) 0 000 0 0 0 O

if (i+n35a;)mod2=0 for normal cyclic prefix, or (i +\_n3{$|ucpH /Z_b mod2 =0 for extended cyclic prefix, where

n3e, isthe PHICH group number and i = 0,1,2, and by
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yO(4i) | 0000 OO0 OO
y® (40) 1 000 j O 0O
v (4i) 0000 OO0 OO
y (4i) 0-10 0 0 j 0O
yO (4 +1) 0000 0 0 0 OfRexOp)]]
y® (4i +1) 01 00 0 j 0 OfRex®
y@ (4i +1) 0 00 0 0 0 0 OfRex?(i)
y@@i+)| 1|1 0 0 0 —j 0 0 OfRex®()
yOQ@i+2)| J2/0 0 0 0 0 0 0 OfImx©)
yP (4i +2) 0 01 0 0 0 | Ofimx®g
y@ (4 +2) 000 0 0 0 0 O0fImMx®q
y® (4i+2) 0 00 -1 0 0 0 jlimx®q)
y© (4i +3) 0000 0O 0 Of )
y® (4i +3) 0001 0 0 0 j
y@ (4 +3) 0000 OO0 OO
y® (4i +3) 0 01 0 0 0 -j O

otherwisefor i =0,1,2.

6.9.3 Mapping to resource elements

The sequence y®(0),...,y® (M, —1) for each of the PHICH groupsis defined by
yP =Y yP(n)

where the sum is over all PHICHsin the PHICH group and yi( p)(n) represents the symbol sequence from the i :th
PHICH in the PHICH group.

PHICH groups are mapped to PHICH mapping units.

For normal cyclic prefix, the mapping of PHICH group m to PHICH mapping unit m'is defined by
(P)(n) y(p)(n)
where

m=m=| 01..,N3& -1 forframestructuretype 1 and type 3
01,...m-NZ& -1 for frame structure type 2

and where m; isgiven by Table 6.9-1.

For extended cyclic prefix, the mapping of PHICH group mand m+1 to PHICH mapping unit m' is defined by

(P)(n) y(P) (n)+ y(p) (n)
where

m=m/2

el 02 SNEI&E, -2 forframestructuretypel
0,2,...m N3 &, —2 forframestructuretype?2

and where m; isgiven by Table 6.9-1.
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Let z(P) (i) =<y<P> (40), Y (4i +2), P (4i +2), y P (4i +3)>, i =0,1,2 denote symbol quadruplet i for antennaport p .
Mapping to resource elements is defined in terms of symbol quadruplets according to steps 1-10 below:

1) For eachvaueof I’

2) Let n, denote the number of resource element groups not assigned to PCFICH in OFDM symbol I’

3) Number the resource-element groups not assigned to PCFICH in OFDM symbol I fromOton, —1, starting
from the resource-element group with the lowest frequency-domain index.

4) Initialize m" =0 (PHICH mapping unit number)
5) For eachvalueof i =0,1,2
6) Symbol-quadruplet z(P (i) from PHICH mapping unit m' is mapped to the resource-element group

represented by (k’,1"); asdefined in clause 6.2.4 where theindices k' and I; are given by steps 7 and 8
below:

7) Thetime-domainindex I; isgiven by

normal PHICH duration, all subframes

(Lm/ 2|+i+1)mod2 extended PHICH duration, MBSFN subframes
= ! (/2] +i +Dmod2 extended PHICH duration, subframeland 6in framestructuretype 2
(

Lm/2j+| +1 mod2 extended PHICH duration,

subframewith thesame duration as the DwWPTSduration of aspecifia subframeconfigurationin framestructuretype3
i otherwise

8) Set the frequency-domainindex ki to the resource-element group assigned the number 1 in step 3
above, where n; isgiven by
G_N -y /nlj+m mod n; i=0
G_NlD . n,;/nlj+ m+\_n,;/3j)mod n, =1

G_Nche” -n,;/nlj+ m‘+L2n|;/3J)mod n, i=2

in case of extended PHICH duration in MBSFN subframes, or extended PHICH duration in subframes 1
and 6 for frame structure type 2, or extended PHICH duration in subframe with the same duration as the
DwPT S duration of a special subframe configuration in frame structure type 3 and by

q_NCd' n,;/n0J+ mi)mod ny, i=0
q_N o n,i,/noj+ m'+Ln,;/3J)mod n, i=1
q_N ool n,;/noj+ m'+L2 ny /3J)mod n, i=2
otherwise.
9) Increase m” by 1.
10) Repeat from step 5 until al PHICH mapping units have been assigned.
The PHICH duration is configurable by higher layers according to Table 6.9.3-1.

The PHICH shall not be transmitted in MBSFN subframes with zero-size non-MBSFN region.

Table 6.9.3-1: PHICH duration in MBSFN and non-MBSFN subframes
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Non-MBSFN subframes
Subframe with the same
duration as the DwWPTS MBSFN
duration of a specifial All other cases subframes
subframe configuration in
case of frame structure type

PHICH Subframes 1 and 6
duration in case of frame
structure type 2

3
Normal 1 1 1 1
Extended 2 2 3 2

6.10 Reference signals
Six types of downlink reference signals are defined:
- Cdl-specific Reference Signal (CRS)
- MBSFN reference signal
- UE-gpecific Reference Signal (DM-RS) associated with PDSCH
- DeModulation Reference Signal (DM-RS) associated with EPDCCH or MPDCCH
- Positioning Reference Signal (PRS)
- CSl Reference Signal (CSI-RS)

Thereis one reference signal transmitted per downlink antenna port.

6.10.1 Cell-specific Reference Signal (CRS)

The UE may assume cell-specific reference signals are, unless otherwise stated in [4, clause 12], transmitted in
- al downlink subframes for frame structure type 1,
- al downlink subframes and DwPT S for frame structure type 2,
- non-empty subframes for frame structure type 3

in acell supporting PDSCH transmission.

If special subframe configuration 10 is configured by the higher layer signalling ssp10-CRS LessDWPTS, the UE cannot
assume that cell specific reference signals are transmitted in the 5" OFDM symbol of the special subframe.

Cell-specific reference signal s are transmitted on one or several of antenna ports 0 to 3.

Cell-specific reference signals are transmitted in subframes where Af =15kHz only.

6.10.1.1 Sequence generation

The reference-signal sequence 1y , (M) is defined by

1

M p, (M) = E(1—2- c(2m))+ ji(l— 2-¢(2m+1)), m=01..2Ns*P- 1

72

where ng isthe slot number within aradio frameand | isthe OFDM symbol number within the slot. The pseudo-
random sequence c(i) isdefined in clause 7.2. The pseudo-random sequence generator shall be initialised with

Gt =20 (7- (N, +2)+1 +1)~(2~ NSS! +1)+2~ N+ Nep at the start of each OFDM symbol where
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v {10LnS /10]+ngmod2  for framestructure type3when the CRSispart of aDRS

° o ng otherwise

1 for norma CP
Nep =
0 for extended CP

6.10.1.2 Mapping to resource elements

The reference signal sequence T (m) shall be mapped to complex-valued modulation symbols a,((ﬁ’) used as reference
symbols for antennaport p inslot n, according to

al(<,rl)) =Nn, (m’)
where

k = 6m-+ (V+ Vg, Jmod 6

- 0,Ngm, -3 if pe {0}
1 if pe {2,3}

m=01,...2-NRg -1

; max,DL DL
m =m+ Ngg —Ngs

Thevariables v and vg;;; define the position in the frequency domain for the different reference signals where v is
given by

0 if p=0andl =0
3 if p=0and!l #0
Ve 3 if p=1andl =0
0 if p=1andl =0
3(ng mod 2) if p=2
3+3(ngmod2) if p=3

The cell-specific frequency shift is given by Vg;e, = NS mod6 .

Resource elements (k, I ) used for transmission of cell-specific reference signals on any of the antenna portsin a slot
shall not be used for any transmission on any other antenna port in the same slot and set to zero.

In an MBSFN subframe, cell-specific reference signals shall only be transmitted in the non-MBSFN region of the
MBSFN subframe.

Figures 6.10.1.2-1 and 6.10.1.2-2 illustrate the resource elements used for reference signal transmission according to the
above definition. The notation R, is used to denote a resource element used for reference signal transmission on

antennaport p .
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One antenna port

“T'wo antenna ports

Four antenna ports

R R
Ro Ro
R Ro
Ro
1=0 1=61=0 1=6
R Ro
R Ry
R Ro
Ro
1=0 1=61=0 1=6
Ro Ro
R Ro
Ro Ro
R
1=0 | I=61=0 | 1=6
bered slots _ odd-numbered slots_

Antenna port 0

Figure 6.10.1.2-1.

Resource element (k,/)
4
R R
R Ry Not used for transmission on this antenna port
R R P Ref¢ symbols on this antenna port
R
1=0 1=61=0 1=6
R R Ry Ry
R R R Ry
Ry R R, Ry
R R Ry Ry
1=0 1=61=0 | 1=6 1=0 | 1=61=0 | 1=6 1=0 | 1=61=0 | 1=6
bered slots_ odd-numbered slots_ even-numbered slots _ odd-numbered slots even-numbered slots _ odd-numbered slots
Antenna port 1 Antenna port 2 Antenna port 3

Mapping of downlink reference signals (normal cyclic prefix)
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Ro Ry
i R Ry
2
= Ro Ry
Ro Ry
1=0 | I=51=0 I=5
Resource element (k,7)
A
Ro Ro R R K
2
=9
5 R Ro R R Not used for transmission on this antenna port
g
S
R Ry B i i Reference symbols on this antemna port
R
1=0 1=51=0 1=5 1=0 | 1=51=0 =5
Ro Ry R R R, R
: B R R R R, R
2
5
E]
s Ro Ry R R R, R;
Ry R R R, R;
=0 | I=51=0 I=5 =0 | I=51=0 1=5 =0 | I=51=0 1=5 1=0 | 1=51=0 I=5

even-numbered slotsodd-numbered slots even-numbered slots odd-numbered slots eyen-numbered slots odd-numbered slots even-numbered slots odd-numbered slots

Antenna port 0 Antenna port 1 Antenna port 2 Antenna port 3

Figure 6.10.1.2-2. Mapping of downlink reference signals (extended cyclic prefix)

6.10.2 MBSFN reference signals

MBSFN reference signals shall be transmitted in the MBSFN region of MBSFN subframes/sl ots only when the PMCH
istransmitted. MBSFN reference signals are transmitted on antenna port 4.

For an MBM S-dedicated carrier configured with asingle MBSFN area, and for a PMCH transmitted with 0.37 kHz
subcarrier spacing in slot n, which isindicated to contain MCCH by higher layer parameter MCCH-Config:

- for MBSFN reference signal pattern type 1, the UE may assume that MBSFN reference signals associated with

the same NPSFN are present in the three preceding slotsto slot 7.

- for MBSFN reference signa pattern type 2, the UE may assume that MBSFN reference signals associated with

the same NMESFN are present in the preceding slot to slot n.

MBSFN reference signals are defined for extended cyclic prefix only.
6.10.2.1 Sequence generation
6.10.2.1.1 Sequence generation for 15 kHz and 7.5 kHz subcarrier spacing

The MBSFN reference-signal sequence r; , (M) is defined by

L (1-2-c(2m))+ ji

rI,ns(rn) :E \/E

where ng isthe slot number within aradio frameand | isthe OFDM symbol number within the slot. The pseudo-
random sequence c(i) isdefined in clause 7.2. The pseudo-random sequence generator shall be initialised with

(1-2-¢c(2m+1)), m=01,...6NP- —1
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Guit = 2°+(7-(ng +1)+1+1)-(2- NMBSN 1)+ NMBSN 54 the start of each OFDM symbol.

6.10.2.1.2 Sequence generation for 1.25 kHz subcarrier spacing

The MBSFN reference-signal sequence T; ., (M) is defined by

1 a-2.com))+ ji2(1—2~c(2m+1)), m=01,...24Nfg“" —1

M ng (m) :E \/—

where ng isthe subframe number within aradio frame and | isthe OFDM symbol number within the subframe. The
pseudo-random sequence c(i) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with

it =27 (7-(ng +2)+1+2)- (2- NS +1)+ NMBSN 2t the start of each OFDM symbol.

6.10.2.1.3 Sequence generation for 2.5 kHz subcarrier spacing

The MBSFN reference-signal sequencer; , .(m) is defined by

1 1
Ting (M) = 5 (1-2c(2m)) +jﬁ(1 —2c(2m + 1))

m=0,1,.., 18N —1

where n is the subframe number within aradio frame and [ is the OFDM symbol number within the subframe. The
pseudo-random sequence c¢(i) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with

Cinit = 2°(7(ng + 1) + 1 + 1)(2NEEFN + 1) + N BN

6.10.2.1.4 Sequence generation for 0.37 kHz subcarrier spacing

The MBSFN reference-signal sequence 1, , (m) is defined by

1 1
Ting(m) = 5(1 — 2c(2m)) +jﬁ(l —2c(2m + 1))

_ NSFéB max,DL .
m=0,1, ...,ENRB —1 for MBMSFN reference signal pattern type 1
NRB
m=0,1, ...,%NQ";X’DL —1 for MBMSFN reference signa pattern type 2

where n, isthe 3 ms slot number within the 40 ms period and [ is the OFDM symbol number within the ot. The
pseudo-random sequence c¢(i) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with

cinie = 2°(7T(ns + 1) + 1+ D(2NEEN + 1) + NESN
6.10.2.2 Mapping to resource elements

6.10.2.2.1 Mapping to resource elements for 15 kHz and 7.5 kHz subcarrier spacing

The reference-signal sequence r|’ns(m') in OFDM symbol | shall be mapped to complex-valued modulation symbols

a{" with p=4 according to
al(<,rl)) =Nn, (m,)

where
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2m

2m+1
k =

4m

4m+2

152

if | #0and Af =15kHz
if | =0and Af =15kHz
if | #0and Af =7.5kHz
if | =0and Af =7.5kHz

2 if ngmod2=0and Af =15kHz

0,4 if ngmod2=1and Af =15kHz

1 if nymod2=0andAf =7.5kHz
0,2 if nymod2=21and Af =7.5kHz

m=04,..6Ngg —1

f = m+ N0 — NRDE%)

ETSI TS 136 211 V16.4.0 (2021-02)

Figure 6.10.2.2-1 illustrates the resource elements used for MBSFN reference signal transmission in case of
Af =15kHz . In case of Af =7.5kHz, the MBSFN reference signal shall be mapped to resource elements according to

Figure 6.10.2.2-3. The notation R, is used to denote a resource element used for reference signal transmission on

antennaport p .

R4

Ry Ry
R4

Ry Ry
Ry

Ry R,
R,

Ry Ry
R4

Ry Ry
Ry

Ry R,

1=0 1=51=0 1=5
even-numbered slots odd-numbered slots
Antenna port 4

Figure 6.10.2.2-1: Mapping of MBSFN reference signals (extended cyclic prefix, Af =15kHz)
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R,
Ry Ry
R,
Ry Ry
R,
Ry Ry
R,
Ry Ry
R,
Ry Ry
Ry
Ry Ry
! :esl)enl-: 2l= Ood(I:I-: 2
numbered  numbered
-gslots—p-—slotsp-

Antenna port 4
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Figure 6.10.2.2-3: Mapping of MBSFN reference signals (extended cyclic prefix, Af =7.5kHz)

6.10.2.2.2 Mapping to resource elements for 1.25 kHz

The reference-signal sequence T, (m’) in OFDM symbol | shall be mapped to complex-val ued modulation symbols

al with p=4 according to

al(<,FI)) =T ng (m’)

where
ke 6m if ng mod2=0
6m+3 if ng mod2=1
=0
m=041,..,24NRs -1
m =m+ 3(NE‘§’“DL - NRDEE)
6.10.2.2.3 Mapping to resource elements for 2.5 kHz subcarrier spacing

The reference-signal sequence ., (m") in OFDM symbol [ shall be mapped to complex-valued modulation symbols
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a,(f",) with p = 4 according to

® _
e, = rl,ng(m,)

where
_ (4m ifl=0
k_{4m+2 ifl=1
=01
RB
m=0,1, ...,%NRDBL -1
NRB
m =m+ %A
Nmax,DL _ NDL
A= RB RB
2
6.10.2.2.4 Mapping to resource elements for 0.37 kHz subcarrier spacing

The reference-signal sequencer; (m’) in OFDM symbol [ shall be mapped to complex-valued modulation symbols a,(f,)

with p = 4 according to

a](fl) = Tl,ns(m,)

when
0 <k < NRBNEY

and where 7, isthe 3ms absolute slot number, defined as i, = n, + 13|n;/4], n, isthe 3 ms slot number as defined in
clause 4.1 and

- for MBSFN reference signal pattern type 1

NRB
k=12 <m’ - %AD + 3(fi, mod 4)

,DL
N gy
2 RB
N
m' =01,.., 72 NEPt -1

- for MBSFN reference signal pattern type 2

RB

Ny
k=6 <m' - TAj> + 3(ﬁ5 mod 2)

=0
MOt — NG

A=
RB

N,
m' = 0,1, ...,%NS‘;X’DL -1

6.10.3 UE-specific reference signals associated with PDSCH
UE-specific reference signals associated with PDSCH

- aretransmitted on antennaport(s) p=5, p=7, p=8, p=11,p=13, p={11,13}, p=78...,0+6, oron
the antenna portsindicated in Table 6.3.4.4-1, where v isthe number of layers used for transmission of the
PDSCH;

- arepresent and are avalid reference for PDSCH demodulation only if the PDSCH transmission is associated
with the corresponding antenna port according to clause 7.1 of 3GPP TS 36.213 [4];
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- aretransmitted only on the physical resource blocks upon which the corresponding PDSCH is mapped.

A UE-specific reference signal associated with PDSCH is not transmitted in resource elements (k,1) in which one of

the physical channels or physical signals other than the UE-specific reference signals defined in 6.1 are transmitted
using resource elements with the same index pair (k,|) regardiess of their antennaport p .

A UE-specific reference signal associated with subslot-PDSCH or slot-PDSCH is only transmitted in physical resource
blocks in frequency domain assigned for PDSCH transmission where

- the assignment maps to both physical resource blocks of a given PRG (see clause 6.4.2);

- incase of subslot-PDSCH, the associated SPDCCH is not mapped to resource elements of a given PRG assigned
for PDSCH transmission (see clause 6.4.2)..

For frame structure type 3, for PDSCH in a subframe with the same duration as the DwPTS duration of a special
subframe configuration, the UE-specific reference signal s are defined the same as that for the corresponding special
subframe configuration.

6.10.3.1 Sequence generation

For antenna port 5, the UE-specific reference-signal sequence r, (m) isdefined by

o (M) = i(1—2- c(2m))+ ji(1—2~ c(2m+1)), m=0],..12Nf>" —1

V2 V2
where NR>" denotes the assigned bandwidth in resource blocks of the corresponding PDSCH transmission. The
pseudo-random sequence c(i) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with

Gt = (ns/2]+2)- (2N|°§” +l)- 2'® 4 ngypy at the start of each subframe where gy is as described in clause 7.1
3GPP TS 36.213 [4].

For any of the antenna ports pe {7.8,...,14} , the reference-signal sequence r(m) is defined by

r(m) :i(l—z-c(Zm))+ ji

V2 V2

The pseudo-random sequence c(i) isdefined in clause 7.2. The pseudo-random sequence generator shall be initialised
with

max,DL _ ; ;
(1-2-c(2m+1), m:{o,l,...;LZNRB 1 normal cyclicprefix

01,..16NJPL _1  extendedcyclicprefix

Cinit = (Lns / 2J+l)’ (an(lgscm) +l)’ 2%+ Nscip
at the start of each subframe.

For BL/CE UEs, the same scrambling sequence is applied per subframe to the UE-specific reference-signal sequence
for agiven block of N, subframes. The subframe number of the first subframe in each block of N, consecutive

subframes, denoted as N, , , satisfies (nab&l +igy ) mod N, = 0. For the j™ block of N subframes, the scrambling

sequence generator shall beinitialised with
Ginit =([(jo + )N e mod10]+1)- (2N|°§” +1)- 2" 4 ngep

where

: io+ N2 i, 1]

J =0,:L,\‘ 0 ébN A J_ 0

jo= L(io +iA)/Na:cJ

|0, for framestructuretypel or N, =1
~|N,_. —2 forframestructuretype2 and N =10

acc

Iz
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and i, isthe absolute subframe number of the first downlink subframe intended for PDSCH. The PDSCH

transmissions span N/>>"" consecutive subframes, including subframes that are not BL/CE DL subframes where the

PDSCH transmission is postponed. For a BL/CE UE configured in CEModeA, N, =1. For aBL/CE UE configured
with CEModeB, N, =4 for frame structuretype 1 and N, =10 for frame structure type 2.

The quantities nfB , i =01, aregiven by
- nl(B = N|°,§” if no value for n%MRS" is provided by higher layersor if DCI format 1A, 2B or 2C is used for the
DCI associated with the PDSCH transmission

- nQ =n2MRS otherwise
The value of ngyp iSzero unless specified otherwise. For a PDSCH transmission on ports 7 or 8, ngyp iSgiven by the

DCI format 2B, 2C, 2D, 6-1A, 7-1E, 7-1F and 7-1G in 3GPP TS 36.212 [3] associated with the PDSCH transmission.
In the case of DCI format 2B or 7-1E, ngyp isindicated by the scrambling identity field according to Table 6.10.3.1-1.

In the case of DCI format 2C or 2D, ngyp isgiven by Table 5.3.3.1.5C-1, Table 5.3.3.1.5C-2 or Table 5.3.3.1.5C-6 in
3GPP TS 36.212 [3]. In the case of DCI format 7-1F or 7-1G, ngp isgiven by Table 5.3.3.1.22-1, Table 5.3.3.1.22-2,
Table5.3.3.1.22-3 or Table 5.3.3.1.5C-6 in 3GPP TS 36.212 [3]. For a PDSCH transmission on ports 11 or 13, Ngyp
isgiven by the DCI format 2C or 2D in 3GPP TS 36.212 [3] associated with the PDSCH transmission where ngyp is
given by Table 5.3.3.1.5C-2in 3GPP TS 36.212 [3].

Table 6.10.3.1-1: Mapping of scrambling identity field in DCI format 2B to ngp values for antenna
ports 7 and 8

Scrambling identity field in
DCI format 2B Nscip
(3GPP TS 36.212 [3)])
0 0
1 1
6.10.3.2 Mapping to resource elements

For antenna port 5, in a physical resource block with frequency-domain index npgg assigned for the corresponding
PDSCH transmission, the reference signal sequence r, (m) shall be mapped to complex-valued modulation symbols

al? with p=5 inasubframe according to:
Normal cyclic prefix:

al =r, (3:1"- N> +m)

k= (K)mod NE® + N2 - npgg

k’—{ Am' Vg, if e {23}

| 4m+(2+ Vg, ) mod4  if | € (5,6}
3 I'=0
6 I'=1

=12 =2
5 I"'=3

, {0,1 if nymod2=0

“123 if nomod2=1

m'=021..,.3NSeH —1

Extended cyclic prefix:
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al =r, (4-1"-NE> +m)

k=(k)modNZ® + N2B - noeg

, | 3m+Vgyg if =4
_{3m4(2+vmm)nmd3 if =1
|:{4 I’'e{0,2
1 I'=1

12 if ngmod2=1

m'=04,..,.4N5p>" -1

I’—{ 0 ifngmod2=0

where m' isthe counter of UE-specific reference signal resource elements within a respective OFDM symbol of the
PDSCH transmission.

The cell-specific frequency shiftis given by V¢ = N|°§" mod3.

The mapping shall be inincreasing order of the frequency-domain index npgg of the physical resource blocks assigned

for the corresponding PDSCH transmission. The quantity NFFESCH denotes the assigned bandwidth in resource blocks
of the corresponding PDSCH transmission.

Figure 6.10.3.2-1 illustrates the resource elements used for UE-specific reference signals for normal cyclic prefix for
antenna port 5.

Figure 6.10.3.2-2 illustrates the resource elements used for UE-specific reference signals for extended cyclic prefix for
antenna port 5.

The notation R, is used to denote a resource element used for reference signal transmission on antenna port p .

R R
R R
Rs Rs
R R
Rs Rs
R R
=0 1=61=0 =6
even-numbered slots odd-numbered slots

Antenna port 5

Figure 6.10.3.2-1: Mapping of UE-specific reference signals, antenna port 5 (normal cyclic prefix)
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Rs
Rs Rs
Rs
Rs Rs
Rs
Rs Rs
Rs
Rs Rs
1=0 |=51=0 I=5
even-numbered <odd-numbered slots
-« Slois g

Antenna port 5

Figure 6.10.3.2-2: Mapping o