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Foreword

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

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

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

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

z thethird digit isincremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall indicates a mandatory requirement to do something
shall not indicates an interdiction (prohibition) to do something

The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in
Technical Reports.

The constructions "must” and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided
insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced,
non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a
referenced document.

should indicates a recommendation to do something
should not indicates a recommendation not to do something
may indicates permission to do something

need not indicates permission not to do something

The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions
"might not" or "shall not" are used instead, depending upon the meaning intended.

can indicates that something is possible
cannot indicates that something isimpossible
The constructions "can" and "cannot” are not substitutes for "may" and "need not".

will indicates that something is certain or expected to happen as aresult of action taken by an agency
the behaviour of which is outside the scope of the present document

will not indicates that something is certain or expected not to happen as aresult of action taken by an
agency the behaviour of which is outside the scope of the present document

might indicates a likelihood that something will happen as aresult of action taken by some agency the
behaviour of which is outside the scope of the present document
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might not indicates a likelihood that something will not happen as a result of action taken by some agency
the behaviour of which is outside the scope of the present document
In addition:
is (or any other verb in the indicative mood) indicates a statement of fact
isnot (or any other negative verb in the indicative mood) indicates a statement of fact

The constructions"is" and "is not" do not indicate requirements.
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1 Scope

The present document establishes the minimum RF characteristics of NR Repeater and network controlled repeater. For
network controlled repeater (NCR), requirements for NCR-Fwd and NCR-MT apply. In this version of the specification
mixed type NCR are not considered.

2 References

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

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

- For aspecific reference, subsequent revisions do not apply.

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

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

2] 3GPP TS 38.104: “NR; Base Station (BS) radio transmission and reception”.

[3] 3GPP TR 25.942: "RF system scenarios'.

[4] Recommendation I TU-R SM.328: " Spectra and bandwidth of emissions’.

[5] ITU-R Recommendation SM.329: "Unwanted emissions in the spurious domain™.

[6] ITU-R Recommendation M.1545: “Measurement uncertainty asit appliesto test limits for the
terrestrial component of International Mobile Telecommunications — 2000”.

[7] 3GPP TS 38.115-1: “NR; Repeater conformance testing - Part 1: Conducted conformance testing”.

[8] 3GPP TS 38.115-2: “NR; Repeater conformance testing - Part 2: Radiated conformance testing” .

[9] ERC Recommendation 74-01, "Unwanted emissions in the spurious domain".

[10] "Title 47 of the Code of Federal Regulations (CFR)", Federa Communications Commission.

[11] Void

[12] Void

[13] 3GPP TS 38.101-1: “NR User Equipment (UE) radio transmission and reception; Part 1: Range 1
Standalone”.

[14] 3GPP TS 38.101-2: “NR User Equipment (UE) radio transmission and reception: Part 2: Range 2
Standalone”.

[15] Void

[16] Void

[17] Void

[18] Voaid

[19] Void

[20] 3GPP TS 36.104: “Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)

radio transmission and reception”
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[21] Void

[22] 3GPP TS 38.174: "NR; Integrated Access and Backhaul (IAB) radio transmission and reception”.

[23] 3GPP TS 38.331: “NR; Radio Resource Control (RRC); Protocol specification”.

[24] 3GPP TS 38.213: “NR; Physical layer procedures for control”.

[25] 3GPP TS 38.321: “NR; Medium Access Control (MAC) protocol specification”.

[26] 3GPP TS 38.211: “NR; Physical channels and modulation”.

[27] 3GPP TS 38.306: “NR; User Equipment (UE) radio access capabilities’.

[28] 3GPP TS 38.214: "NR; Physical layer procedures for data’.

[29] 3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHz"
3 Definitions of terms, symbols and abbreviations
3.1 Terms

For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term
defined in the present document takes precedence over the definition of the sameterm, if any, in 3GPP TR 21.905 [1].

Antenna connector: connector at the conducted interface of the repeater type 1-C

Beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array

Beam centre direction: direction equal to the geometric centre of the half-power contour of the beam
Beam direction pair: data set consisting of the beam centre direction and the related beam peak direction
Beam peak direction: direction where the maximum EIRP isfound

Beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two
pattern cuts that respectively contain the major and minor axis of the ellipse

directional requirement: requirement which is applied in a specific direction within the OTA coverage range.

Equivalent isotropic radiated power: equivaent power radiated from an isotropic directivity device producing the
same field intensity at a point of observation as the field intensity radiated in the direction of the same point of
observation by the discussed device

Fractional bandwidth: fractional bandwidth FBW is defined as FBW = 200 - -EEWhigh=Frewiow o

FrewhightFFBWIow

gap between passbhands: frequency gap between two consecutive passbands that belong to the same operating band,
where the RF requirements in the gap are based on co-existence for un-coordinated operation

I nter-passband gap: The frequency gap between two supported consecutive passbands that belong to different
operating bands.

Maximum passband output power: mean power level measured per passband at the antenna connector, during the
transmitter ON state in a specified reference condition

Maximum passband TRP output power: mean power level measured per passband during the transmitter ON state in
a specified reference condition and corresponding to the declared rated passband TRP output power (Prated,p, TRP)

M easurement bandwidth: RF bandwidth in which an emission level is specified

multi-band connector: Antenna Connector for a Multi-band repeater.
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M ulti-band repeater: Repeater Type 1-C whose antenna connector is associated with a transmitter and/or receiver that
is characterized by the ability to process two or more passband(s) in common active RF components simultaneously,
where at least one passhand is configured at a different operating band than the other passband(s) and where this
different operating band is not a sub-band or superseding-band of another supported operating band

NCR type 1-C: NCR-MT or NCR-Fwd at FR1 with a requirement set consisting only of conducted requirements
defined at individual antenna connectors.

NCR type 1-H: NCR-MT or NCR-Fwd operating at FR1 with arequirement set consisting of conducted requirements
defined at individual TAB connectors and OTA requirements defined at RIB.

NCR type 2-O: NCR-MT or NCR-Fwd operating at FR2 with arequirement set consisting only of OTA requirements
defined at the RIB.

Nominal channel bandwidth: Bandwidth calculated as min(100MHz, BW gasshang) in FR1 or min(400MHz, BW passband)
in FR2. If this bandwidth is not defined for BS channel bandwidth for the operating band, nominal channel bandwidth
shall be defined as the widest BS channel bandwidth for the operating band which is narrower than BW passand-

Non-contiguous spectrum: spectrum consisting of two or more passhands separated by inter-passband gap(s).

Operating band: frequency range in which NR operates (paired or unpaired), that is defined with a specific set of
technical requirements

OTA coverage range: acommon range of directions within which OTA requirements that are neither specified in the
OTA peak directions sets nor as TRP requirement are intended to be met

OTA peak directions set: set(s) of beam peak directions within which certain OTA reguirements are intended to be
met, where all OTA peak directions set(s) are subsets of the OTA coverage range

Passband: The frequency range in which the repeater operates in with operational configuration, this frequency range
can correspond to one or several consecutive nominal channels, if they are not consecutive each subset of channels shall
be considered as an individual passband, a repeater can have one or several passbands, all channels within the
passhand(s) shall belong to a single operator or collaborating operators.

passband edge: Frequency at the edge of the passband

Radiated interface boundary: operating band specific radiated requirements reference where the radiated
requirements apply

Rated beam EIRP: For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power
that the repeater is declared to radiate at the associated beam peak direction during the transmitter ON state

Rated passband output power: mean power level associated with a passband the manufacturer has declared to be
available at the antenna connector, during the transmitter ON state in a specified reference condition

Rated passband TRP output power: mean power level declared by the manufacturer per passband, that the
manufacturer has declared to be available at the RIB during the transmitter ON state

Rated total output power: mean power level associated with a particular operating band the manufacturer has
declared to be available at the antenna connector, during the transmitter ON state in a specified reference condition

Rated total TRP output power: mean power level associated with a particular operating band, that the manufacturer
has declared to be available at the RIB during the transmitter ON state in a specified reference condition

Reference beam direction pair: Beam direction pair in the reference direction declared by the manufacturer.

Repeater type 1-C: Repeater operating at FR1 with arequirement set consisting only of conducted requirements
defined at individual antenna connectors.

Repeater type 2-O: Repeater operating at FR2 with a requirement set consisting only of OTA requirements defined at
the RIB

Requirement set: one of the NR requirements set as defined for NR repeater

single-band connector: Repeater type 1-C antenna connector supporting operation either in a single operating band
only, or in multiple operating bands but does not meet the conditions for a multi-band connector.
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Sub-band: A sub-band of an operating band contains a part of the uplink and downlink frequency range of the
operating band.
sub-block: one contiguous allocated block of spectrum for transmission and reception by the repeater.

Super seding-band: A superseding-band of an operating band includes the whole of the uplink and downlink frequency
range of the operating band.

Total radiated power: isthe total power radiated by the antenna

NOTE: Thetotal radiated power isthe power radiating in al direction for two orthogonal polarizations. Total

radiated power is defined in both the near-field region and the far-field region

Transmitter OFF state: Time period during which the repeater downlink or uplink is not allowed to transmit in the
corresponding direction.

Transmitter ON state: Time period during which the repeater is transmitting downlink or uplink signalsin the
corresponding direction.

Transmitter transient period: Time period during which the repeater is changing from the OFF state to the ON state
or vice versa.

3.2

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

Symbols

BW config Transmission bandwidth configuration, where BWcontig = Nrg X SCSx 12

BWnomina Nominal channel bandwidth

BW passhand Passband bandwidth

Af Separation between the passband edge frequency and the nominal -3 dB point of the measuring
filter closest to the carrier frequency

Afmax f_offsetmax minus half of the bandwidth of the measuring filter

Afosue Maximum offset of the operating band unwanted emissions mask from the operating band edge

FoLjow The lowest frequency of the downlink operating band

FoL high The highest frequency of the downlink operating band

Frawhigh Highest supported frequency within supported operating band, for which fractional bandwidth
support was declared

Frawiow Lowest supported frequency within supported operating band, for which fractional bandwidth
support was declared

Filter Filter centre frequency

Foffset,high Frequency offset from Fcnigh to the upper passband edge

Foftset low Freguency offset from Fc 0w t0 the lower passband edge

f_offset Separation between the passband edge frequency and the centre of the measuring

f_offsetmax The offset to the frequency Afosue outside the operating band

Fetep,x Frequency steps for the OTA transmitter spurious emissions (Category B)

FuLlow The lowest frequency of the uplink operating band

FuL high The highest frequency of the uplink operating band

Pem nsoin7s,ind Declared emission level for Band n50/n75; ind = a, b

Pem nsa,ind Declared emission level for Band n54; ind=a, b, ¢, d, g, f

Pratedp.Ac Rated passband output power per antenna connector

Pratedt,ac Rated total output power declared per antenna connector

Prated p EIRP Rated passband EIRP output power

Prated,p,TRP Rated passband TRP output power declared per RIB

Prated, TRP Rated total TRP output power declared per RIB

Pinpac Input power intended to produce the maximum rated output power (Praedpac) @ the antenna
connector

PinpEIRP Input power intended to produce the maximum rated output power (Praed,ptre) at the RIB

Prated,out,FBWhigh

Prated,out,FBWIow

The rated output EIRP for the higher supported frequency range within supported operating band,
for which fractional bandwidth support was declared

The rated output EIRP for the lower supported frequency range within supported operating band,
for which fractional bandwidth support was declared
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Prax p.Ac Maximum passband output power measured per antenna connector

Prmax,p,EIRP Maximum passband EIRP output power when repeater is configured at the rated passband TRP
output power (Prated,p,TRP)

Prmax,p,TRP Maximum passband TRP output power measured per RIB

Wgp Inter passband Bandwidth gap size

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP 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
3GPP TR 21.905 [1].

ACLR Adjacent Channel Leakage Ratio

AOA Angle of Arriva

BFD Beam Failure Detection

BW Bandwidth

BWP Bandwidth Part

CACLR Cumulative ACLR

CBD Candidate Beam Detection

CP-OFDM Cyclic Prefix-OFDM

CSI-RS Channel State Information - Reference Signal

DFT-ssOFDM  Discrete Fourier Transform-spread-OFDM

DL Downlink

DMRS Demodulation Reference Signal

EIRP Effective | sotropic Radiated Power

EVM Error Vector Magnitude

FBW Fractional Bandwidth

FR Freguency Range

ITU-R Radiocommunication Sector of the International Telecommunication Union

LA Local Area

MR Medium Range

NCR Network Controlled Repeater

NCR-MT NCR Mobile Termination

NCR-Fwd NCR Forward

NR New Radio

OBUE Operating Band Unwanted Emissions

OOB Out-of-band

OTA Over-The-Air

QAM Quadrature Amplitude Modulation

QCL Quasi Co-Location

RF Radio Frequency

RIB Radiated I nterface Boundary

RLM Radio Link Monitoring

RLM-RS Reference Signal for RLM

RMSI Remaining Minimum System Information

RSRP Reference Signal Received Power

RX Receiver

SA Standal one operation mode

SCS Sub-Carrier Spacing

SMTC SSB-based Measurement Timing configurationSS-RSRP  Synchronization Signal based
Reference Signal Received Power

SSB Synchronization Signal Block

SSS Secondary Synchronization Signal

TCl Transmission Configuration Indicator

TRS Tracking Reference Signal

TX Transmitter

TRP Total Radiated Power

UL Uplink

WA Wide Area
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4 General

4.1 Relationship between Minimum Requirements and Test
Requirements

Conformance to the present specification is demonstrated by fulfilling the test requirements specified in the
conformance specification TS 38.115-1 [7] or TS 38.115-2 [8].

The minimum regquirements given in this specification make no allowance for measurement uncertainty. The test
specifications TS 38.115-1 [ 7] and TS 38.115-2 [8] define test tolerances. These test tolerances are individually
calculated for each test. The test tolerances are used to relax the minimum reguirements in this specification to create
test requirements. For some requirements, including regulatory requirements, the test tolerance is set to zero.

The measurement results returned by the test system are compared - without any modification - against the test
requirements as defined by the shared risk principle.

The shared risk principleis defined in recommendation ITU-R M.1545 [6].

4.2 Conducted and radiated requirement reference points

4.2.1 Repeater type 1-C

For repeater type 1-C, the requirements are applied at the repeater antenna connector (BS-side connector or UE-side
connector) for downlink or uplink for the configuration in normal operating conditions.

Downlink
—_—
|
|
[ ] [ ]
D q
[ ] [ ]
|
\
— .
BS-side Uplink UE-Side

connector connector

Figure 4.2.1-1: Repeater type 1-C downlink and uplink interface

4.2.1A Network controlled Repeater type 1-C

For NCR type 1-C, the NCR-Fwd RF requirements are applied at the NCR antenna connector (BS-side connector or
UE-side connector) for downlink or uplink for the configuration in normal operating conditions.

For NCR type 1-C, the NCR-MT RF requirements are applied at the NCR antenna connector (BS-side connector) for
the configuration in normal operating conditions.
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UE-side
antenna
connector

Figure 4.2.1-1A: Network controlled Repeater type 1-C downlink and uplink interface

NOTE 1. the NCR-MT and NCR-Fwd may have the same or separate antenna connectors.

4.2.1B Network controlled Repeater type 1-H

For NCR type 1-H, the requirements are defined for two points of reference, signified by radiated requirements and

conducted requirements.

For NCR type 1-H, the NCR-Fwd conducted RF requirements are applied at the NCR individual or groups of TAB
connectors at the transceiver array boundary (BS-side TAB connector or UE-side TAB connector) for downlink or
uplink for the configuration in normal operating conditions.

For NCR type 1-H, the NCR-MT conducted RF requirements are applied at the NCR individua or groups of TAB
connectors at the transceiver array boundary (BS-side TAB connector) for the configuration in normal operating

conditions.
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Figure 4.2.1-1B: Network controlled Repeater type 1-H downlink and uplink interface

NOTE 1: the NCR-MT and NCR-Fwd may have the same or separate TAB connectors.

4.2.2 Repeater type 2-O

For repeater type 2-O, the radiated characteristics are defined over the air (OTA), where the operating band specific
radiated interface is referred to as the Radiated Interface Boundary (RIB). Radiated requirements are also referred to as
OTA requirements. The (spatial) characteristicsin which the OTA requirements apply are detailed for each
requirement.
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Figure 4.2.2-1: Radiated reference points for repeater type 2-O

4.2.2A Network controlled Repeater type 2-O

For NCR type 2-0, the radiated characteristics for NCR-Fwd and NCR-MT are defined over the air (OTA), where the
operating band specific radiated interface is referred to as the Radiated Interface Boundary (RIB). Radiated
requirements are also referred to as OTA requirements. The (spatial) characteristics in which the OTA requirements
apply are detailed for each requirement.

For NCR type 2-O, the NCR-MT conducted RF requirements are applied at the BS side RIB for the configuration in
normal operating conditions.
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Figure 4.2.2-1A: Radiated reference points for network controlled repeater type 2-O

NOTE 1: the NCR-MT and NCR-Fwd may have the same or separate RIB

4.3

43.1

Repeater classes

Repeater class for downlink

The reguirementsin this specification apply to downlink Wide Area repeaters, downlink Medium Range repeaters and
downlink Local Area repeaters unless otherwise stated. The associated deployment scenarios for each class are exactly
the same for repeater with and without connectors.

For repeater type 1-C and type 2-O, repeater downlink classes are defined as indicated below:

- Wide Arearepeaters are characterised by requirements derived from Macro Cell scenarios with arepeater to UE
minimum distance along the ground equal to 35 m.

- Medium Range repeaters are characterised by requirements derived from Micro Cell scenarios with a repeater to
UE minimum distance along the ground equal to 5 m.

- Local Arearepeaters are characterised by requirements derived from Pico Cell scenarios with a repeater to UE
minimum distance along the ground equal to 2 m or from Femto Cell scenarios.

- Note: The requirementsin this specification for LA 1-C repeaters apply to 1-C repeaters with declared output
power less than or equal to LA rated output power limitsasin table 6.2.1-1.
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4.3.2 Repeater class for uplink

The requirements in this specification apply to uplink Wide Area repeaters and uplink Local Arearepeaters unless
otherwise stated. The associated deployment scenarios for each class are exactly the same for repeater with and without
connectors.

For repeater type 1-C and type 2-O, repeater uplink classes are defined as indicated below:
- Wide Arearepeaters are characterised by requirements derived from Macro Cell and/or Micro Cell scenarios.

- Loca Arearepeaters are characterised by requirements derived from Pico Cell and/or Micro Cell scenarios.

4.3A  Network controlled repeater classes

4.3A.1 Network controlled repeater class for downlink

The requirements in this specification apply to downlink Wide Area NCR, downlink Medium Range NCR and
downlink Local Area NCR unless otherwise stated. The associated deployment scenarios for each class are exactly the
same for repeater with and without connectors.

For NCR type 1-C, type 1-H and type 2-O, NCR downlink classes are defined as indicated below:

- Wide AreaNCR are characterised by requirements derived from Macro Cell scenarios with aNCR to UE
minimum distance along the ground equal to 35 m.

- Medium Range NCR are characterised by requirements derived from Micro Cell scenarios with aNCR to UE
minimum distance along the ground equal to 5 m.

- Local AreaNCR are characterised by requirements derived from Pico Cell scenarios with a NCR to UE
minimum distance along the ground equal to 2 m or from Femto Cell scenarios.

- Note: Therequirementsin this specification for LA NCR type 1-C apply to NCR type 1-C with declared output
power less than or equal to LA rated output power limitsasin table 6.2.1-1.

4.3A.2 Network controlled repeater class for uplink

The requirements in this specification apply to uplink Wide Area NCR and uplink Local Area NCR unless otherwise
stated. The associated deployment scenarios for each class are exactly the same for NCR with and without connectors.

For NCR type 1-C, type 1-H and type 2-O, NCR uplink classes are defined as indicated below:
- Wide AreaNCR are characterised by requirements derived from Macro Cell and/or Micro Cell scenarios.

- Local AreaNCR are characterised by requirements derived from Pico Cell and/or Micro Cell scenarios.

4.4 Regional requirements

Some requirements in the present document may only apply in certain regions either as optional requirements, or as
mandatory requirements set by local and regional regulation. It is normally not stated in the 3GPP specifications under
what exact circumstances the regional reguirements apply, since thisis defined by local or regional regulation.

Table 4.4-1 lists al requirements in the present specification that may be applied differently in different regions.
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Table 4.4-1: List of regional requirements

Clause Requirement Comments
number
5.2 Operating bands Some NR operating bands may be applied regionally.
6.2 Repeater output power For Band n41 and n90 operation in Japan, additional output
power limits shall be applied.
6.2.4, Repeater output power, These requirements may be applied regionally as additional
7.3.4 OTA repeater output power: repeater output power requirements.
Additional requirements
6.5.2 Adjacent Channel Leakage For Band n41 and n90 operation in Japan, absolute ACLR limits
Power Ratio shall be applied to the sum of the absolute ACLR power over all
antenna connectors for repeater type 1-C.
6.5.3.2, Operating band unwanted Category A or Category B operating band unwanted emissions
7.5.3.2 emission, limits may be applied regionally.
OTA operating band unwanted
emissions
6.5.3.25.1 Operating band unwanted The repeater may have to comply with the additional
emission requirements, when deployed in regions where those limits are
applied, and under the conditions declared by the manufacturer.
6.5.3.2.5.2 Operating band unwanted The repeater operating in Band n20 may have to comply with the
emission additional requirements for protection of DTT, when deployed in
certain regions.
6.5.3.2 Operating band unwanted For Band n41 and n90 operation in Japan, the operating band
emissions unwanted emissions limits shall be applied to the sum of the
emission power over all antenna connectors for repeater type 1-
C.
6.5.4.2.1, Tx spurious emissions, Category A or Category B spurious emission limits, as defined in
7.5.4.2 OTA Tx spurious emissions ITU-R Recommendation SM.329 [5], may apply regionally.
6.5.4.2.2, TX spurious emissions: These requirements may be applied for the protection of system
75423 additional requirements, operating in frequency ranges other than the repeater operating
OTA Tx spurious emissions: band.
additional requirements
6.5.4.2 Transmitter spurious emissions | For Band n41 and n90 operation in Japan, the sum of the
spurious emissions over all antenna connectors for repeater type
1-C shall not exceed the basic limits.
6.5.5.1 Receiver spurious emissions For Band n41 and n90 operation in Japan, the sum of receiver
spurious emissions requirements over all antenna connectors for
repeater type 1-C shall not exceed minimum requirements
defined in clause 6.5.5.2.

6.7.2 Input intermodulation Interfering signal positions that are partially or completely
outside of any downlink operating band of the repeater are not
excluded from the requirement in Japan in Band n77, n78, n79.

6.8 Output intermodulation For Band n41 and n90 operation in Japan, the repeater may
have to comply with the additional requirements, when deployed
in certain regions.

4.5

Applicability of requirements

Intables4.5-1, 4.5-1aand 4.5-1b the requirement applicability for each requirement set is defined. For each
requirement, the applicable requirement clause in the specification is identified. Requirements not included in a
requirement set is marked not applicable (NA).
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Table 4.5-1: Requirement set applicability

Requirement Requirement set
Repeater type 1-C | Repeater type 2-O
Repeater output power 6.2
Frequency stability 6.3
Out of band gain 6.4
Unwanted emissions 6.5
Error Vector Magnitude 6.6 NA
Input intermodulation 6.7
Output intermodulation 6.8
Adjacent Channel Rejection Ratio (ACRR) 6.9
Transmit ON/OFF power 6.10
Repeater output power 7.2
OTA frequency stability 7.3
OTA out of band gain 7.4
OTA unwanted emissions 7.5
OTA Error Vector Magnitude NA 7.6
OTA input intermodulation 7.7
OTA Adjacent Channel Rejection Ratio (ACRR) 7.8
OTA transmit ON/OFF power 7.9

Table 4.5-1a: Requirement set applicability for NCR-Fwd

Requirement Requirement set
NCR-Fwd type | NCR-Fwd type | NCR-Fwd type
1-C 1-H 2-0
Repeater output power 6.2 6.2
Freguency stability 6.3 6.3
Out of band gain 6.4 6.4
Unwanted emissions 6.5 6.5
Error Vector Magnitude 6.6 6.6 NA
Input intermodulation 6.7 6.7
Output intermodulation 6.8 6.8
Adjacent Channel Rejection Ratio (ACRR) 6.9 6.9
Transmit ON/OFF power 6.10 6.10
Repeater output power 7.2
OTA frequency stability 7.3
OTA out of band gain 7.4
OTA unwanted emissions 7.5
OTA Error Vector Magnitude NA NA 7.6
OTA input intermodulation 7.7
OTA Adjacent Channel Rejection Ratio 7.8
(ACRR)
OTA transmit ON/OFF power 7.9
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Table 4.5-1b: Requirement set applicability for NCR-MT

Requirement Requirement set
NCR-MT type NCR-MT type NCR-MT type
1-C 1-H 2-0
Conducted transmitter power 6.2.3.2 6.2.3.2
Conducted output power dynamics 6.11 6.11
Conducted transmit signal quality 6.12 6.12
Conducted output RF spectrum emissions 6.5 6.5
Conducted transmit intermodulation 6.13 6.13
Diversity characteristics 6.15 6.15 NA
Conducted reference sensitivity 6.16 6.16
Conducted maximum input level 6.17 6.17
Conducted adjacent channel selectivity 6.18 6.18
Conducted blocking characteristics 6.19 6.19
Conducted spurious response 6.20 6.20
Conducted intermodulation characteristics 6.21 6.21
Conducted spurious emissions 6.5.5 6.5.5
6.22 6.22
Radiated transmitter power 7.2
Radiated output power dynamics 7.10
Radiated transmit signal quality 7.11
Radiated output RF spectrum emissions 7.5
Diversity characteristics NA NA 7.12
Radiated reference sensitivity 7.13
Radiated maximum input level 7.14
Radiated adjacent channel selectivity 7.15
Radiated blocking characteristics 7.16
Radiated spurious emissions 7.17
4.6 Requirements for contiguous and non-contiguous spectrum

A spectrum allocation where a repeater operates can either be contiguous or non-contiguous. Unless otherwise stated,
the requirements in the present specification apply for repeater configured for both contiguous spectrum operation and
non-conti guous spectrum operation.

For repeater operation in non-contiguous spectrum, some requirements apply at the repeater passband edges. For each
such requirement, it is stated how the limits apply relative to the repeater gap between passbands and the Inter-
passband gap respectively.

For NCR operation in hon-contiguous spectrum, some reguirements apply at the NCR-Fwd passband edges or NCR-
MT carrier edges. For each such requirement, it is stated how the limits apply relative to the NCR gap between
passbands and the I nter-passband gap respectively.

4.7 Requirements for repeater capable of multi-band operation

For multi-band connector or multi-band RIB, the RF requirementsin clauses 6 and 7 apply separately to each supported
operating band unless otherwise stated. For some requirements, it is explicitly stated that specific additions or
exclusions to the requirement apply at multi-band connector(s), and multi-band RIB(s) as detailed in the requirement
clause. For repeater or NCR capable of multi-band operation, various structures in terms of combinations of different
downlink and uplink implementations (multi-band or single band) with mapping to one or more antenna connectors for
repeater type 1-C, NCR type 1-C, type 1-H in different ways are possible. For multi-band connector(s) the exclusions
or provisions for multi-band apply. For single-band connector(s), the following applies:
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- Single-band transmitter spurious emissions, operating band unwanted emissions, ACLR, output intermodulation,
ACRR and receiver spurious emissions requirements apply to this connector that is mapped to single-band.

- If therepeater or NCR is configured for single-band operation, single-band requirements shall apply to this
antenna connector configured for single-band operation and no exclusions or provisions for multi-band capable
repeater or NCR are applicable. Single-band requirements are tested separately at the antenna connector
configured for single-band operation, with all other antenna connectors terminated.

5 Operating bands

5.1 General

The channel arrangements presented in this clause are based on the operating bands defined in the present rel ease of
specifications.

NOTE: Other operating bands may be considered in future releases.

Requirements throughout the RF specifications are in many cases defined separately for different frequency ranges
(FR). The frequency ranges in which NR can operate according to the present version of the specification are identified
as described in table 5.1-1.

Table 5.1-1: Definition of frequency ranges

Frequency range designation Corresponding frequency range
FR1 410 MHz — 7125 MHz
FR? FR2-1 24250 MHz — 52600 MHz
FR2-2 52600 MHz — 71000 MHz

Whenever FR2 isreferred, both FR2-1 and FR2-2 frequency sub-ranges shall be applied, unless otherwise stated.

5.2 Operating bands

NR repeater is designed to operate in the operating bands in FR1 and FR2-1 defined in TS 38.104 [2] except the
operating bands n46, 96 and n102.

5.3 Channel arrangement

531 Channel raster

5311 NR-ARFCN and channel raster

For repeater and NCR-Fwd, the NR-ARFCN and channel raster is the same as specified for BSin TS 38.104 [2],
subclause 5.4.2.1.

For NCR-MT, the NR-ARFCN and channel raster is the same as specified for UE in TS 38.101-1 [13] for FR1in
subclause 5.4.2.1 and in TS 38.101-2 [14] for FR2-1 in subclause 5.4.2.1.
5.3.1.2 Channel raster entries for each operating band

For repeater and NCR-Fwd, the channel raster entries for NR bands for FR1 and FR2-1 defined in TS 38.104 [2] are the
same as specified for BSin TS38.104 [2], clause 5.4.2.3.

For NCR-MT, the channel raster entries for NR bands for FR1 are the same as specified for UE in TS 38.101-1 [13] in
subclause 5.4.2.3 and for NR bands for FR2-1 are the same as specified for UE in TS 38.101-2 [14] in subclause
5.4.2.3.
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5.3.1.3 Channel raster to resource element mapping

For NCR-MT, the channel raster to resource element mapping is the same as specified for UE in TS 38.101-1 [13] for
FR1 in subclause 5.4.2.2 and in TS 38.101-2 [14] for FR2 in subclause 5.4.2.2.

5.3.2 Synchronization raster

5.3.2.1 Synchronization raster and numbering

For repeater and NCR-Fwd, the synchronization raster and numbering are the same as specified for BSin TS38.104 [2],
clause 5.4.3.1.

For NCR-MT, the synchronization raster and numbering are the same as specified for UE in subclause 5.4.3.1in TS
38.101-1 [13] for FR1 in subclause 5.4.3.1 and in subclause 5.4.3.1in TS 38.101-2 [14] for FR2-1 in subclause 5.4.3.1.

5.3.2.2 Synchronization raster entries for each operating band

For repeater and NCR-Fwd, the synchronization raster entries for NR bands for FR1 and FR2-1 defined in TS38.104 [2]
are the same as specified for BSin TS38.104 [2], clause 5.4.3.3.

For NCR-MT, the synchronization raster entries for NR bands for FR1 in Table 5.2-1 are the same as specified for UE

in TS 38.101-1 [13] in subclause 5.4.3.3 and for NR bands for FR2-1 are the same as specified for UE in TS 38.101-2
[14] in subclause 5.4.3.3.

5.3.2.3 Synchronization raster to synchronization block resource element mapping

For NCR-MT, the synchronization raster to synchronization block resource element mapping is the same as specified
for UEin TS 38.101-1 [13] for FR1 in subclause 5.4.3.2 and in TS 38.101-2 [14] for FR2-1 in subclause 5.4.3.2.

5.3.3 Channel spacing

For NCR-MT, the channel spacing isthe same as specified for UE in TS 38.101-1 [13] for FR1 in subclause 5.4.1 and
in TS 38.101-2 [14] for FR2-1 in subclause 5.4.1.

5.3.4  TX-RX frequency separation

The default TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separation for operating
bandsis specified in Table 5.3.4-1.
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Table 5.3.4-1: NCR-MT TX-RX frequency separation

NR Operating Band TX - RX
carrier centre frequency
separation
nl 190 MHz
n2 80 MHz
n3 95 MHz
n5 45 MHz
n7 120 MHz
n8 45 MHz
ni2 30 MHz
nl3 -31 MHz
nl4 -30 MHz
nl8 45 MHz
n20 -41 MHz
n24 -101.5, -120.5 MHz
n25 80 MHz
n26 45 MHz
n28 55 MHz
n30 45 MHz
n65 190 MHz
n66 400 MHz
n70 300 MHz
n71 -46 MHz
n74 48 MHz
n85 30 MHz
n91l 570 MHz — 595 MHz
(NOTE 2)
n92 575 MHz — 680 MHz (u = 0)
580 MHz — 675 MHz (u = 1)
(NOTE 2)
n93 517 MHz — 547 MHz
(NOTE 2)
n94 522 MHz — 632 MHz (u = 0)
527 MHz — 627 MHz (u = 1)
(NOTE 2)
n100 45 MHz
n105 -51 MHz
NOTE 1: Void
NOTE 2: The range of TX-RX frequency separation given paired
UL and DL channel bandwidths BWuL and BWoL is
given by the respective lower and upper limit FoL_jow —
FuL_nigh + 0.5(BWpL + BWuL) and FoL_high — FuL_low —
0.5(BWboL + BWuL). The UL and DL channel bandwidth
combinations specified in Clause 5.4 depend on the
subcarrier spacing configuration p [21].

5.4 NCR-MT channel bandwidth

541 General

The NCR-MT supports asingle NR RF carrier per passband in the uplink or downlink in thisrelease. From aBS
perspective, different NCR-MT channel bandwidths may be supported within the same spectrum for transmitting to and
receiving from NCR-MT connected to the BS. Transmission of multiple carriers to different NCR-MT within the BS
channel bandwidth can be supported.

From aNCR-MT perspective, the NCR-MT per passband is configured with one carrier and NCR-MT is configured
with one or more BWPs. The NCR-MT does not need to be aware of the BS channel bandwidth or how the BS allocates
bandwidth to different NCR-MT.

The placement of the NCR-MT channel bandwidth is flexible but can only be completely within the BS channel
bandwidth.
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The relationship between the NCR-MT channel bandwidth, the guardband and the transmission bandwidth
configuration is shown in Figure 5.4.1-1.

Channel Bandwidth [MHz]

Transmission Bandwidth Configuration Ngg [RB]
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Figure 5.4.1-1: Definition of channel bandwidth and transmission bandwidth configuration for one NR

channel

5.4.2  Transmission bandwidth configuration

For NCR-MT, the transmission bandwidth configuration is the same as specified for UE in TS 38.101-1 [13] for FR1in
subclause 5.3.2 and in TS 38.101-2 [14] for FR2-1 in subclause 5.3.2.

5.4.3 Minimum guardband and transmission bandwidth configuration

For NCR-MT, the minimum guardband and transmission bandwidth configuration is the same as specified for UE in
TS38.101-1 [13] for FR1 and in TS 38.101-2 [14] for FR2-1 in subclause 5.3.3.

54.4 RB alignment

For NCR-MT, the RB alignment is the same as specified for UE in TS38.101-1 [13] for FR1 in subclause 5.3.4 and in
TS38.101-2 [14] for FR2-1 in subclause 5.3.4

5.4.5 NCR-MT channel bandwidth per operating band

For NCR-MT, the channel bandwidth for NR bands for FR1 in Table 5.2-1 is the same as specified for UE in TS38.101-
1[13] in subclause 5.3.5 and is the same as specified for UE in TS38.101-2 [14] in subclause 5.3.5.

6 Conducted characteristics

6.1 General

Unless otherwise stated, the conducted transmitter characteristics are specified at the antenna connector for repeater
type 1-C configuration in normal operating conditions.

Reguirements apply in both DL and UL unless otherwise stated or declared.

ETSI



3GPP TS 38.106 version 18.4.0 Release 18 32 ETSI TS 138 106 V18.4.0 (2024-05)

For the DL the antenna connector on the BS side is the input and the antenna connector on the UE side is the output.

For the UL the antenna connector on the UE side is the input and the antenna connector on the BS side is the output.

6.2 Repeater output power

6.2.1 General

The repeater conducted output power requirement is at the antenna connector.

The rated passband output power of the repeater type 1-C and NCR-FWD type 1-C shall be as specified in table 6.2.1-
1l andtable 6.2.1-2.

Table 6.2.1-1: Repeater type 1-C and NCR-FWD type 1-C DL transmission classes rated output power
limits for repeater classes

Repeater class Prated,p,Ac
Wide Area repeater Note 1
Medium Range repeater <38 dBm + X, Note 2
Local Area repeater <24 dBm + X, Note 2
NOTE 1: There is no upper limit for the Prated,p.ac rated passband output power of the Wide Area
repeater
NOTE 2: X = 10*log (ceil (passband bandwidth/20MHz))

Table 6.2.1-2: Repeater type 1-C and NCR-FWD type 1-C UL transmission classes rated output power
limits for repeater classes

Repeater class Prated,p,Ac
Wide Area repeater Note 1
Local Area repeater < 24 dBm+ X, Note 2
NOTE 1: There is no upper limit for the Prated,p.ac rated passband output power of the Wide Area
repeater.
NOTE 2: X = 10*log (ceil (passband bandwidth/20MHz))

The rated passband output power of the NCR-Fwd 1-H shall be as specified in table 6.2.1-3 and table 6.2.1-4.

Table 6.2.1-3: NCR-Fwd 1-H DL rated output power limits for NCR classes

Repeater class Prated,c,sys Prated,c,TABC
Wide Area NCR (Note 1) (Note 1)
Medium Range NCR < 38 dBm +10l0g(NTxu,counted) + X (NOTE < 38 dBm+ X
2) (NOTE 2)
Local Area NCR < 24 dBm +10l0g(NTxu,counted) + X (NOTE < 24 dBm+ X
2) (NOTE 2)
NOTE 1: There is no upper limit for the Prated,c,sys O Prated,c.Tasc Of the Wide Area NCR-Fwd.
NOTE 2: X =10%*log (ceil (passband bandwidth/20MHz))

Table 6.2.1-4: NCR-Fwd 1-H UL rated output power limits for NCR classes

Repeater class Prated,c,sys Prated,c,TABC

Wide Area NCR (Note 1) (Note 1)

Local Area NCR < 24 dBm +10log(NTxu,counted) + X (NOTE 2, <24 dBm+ X
3) (NOTE 2)

NOTE 1: There is no upper limit for the Prated.c.sys OF Prated,c.Tasc Of the Wide Area NCR.

NOTE 2: X =10*log (ceil (passband bandwidth/20MHz))

NOTE 3: For joint transmission of NCR-FWD and NCR-MT, Prated,csys Shall apply to the total
power of NCR-FWD and NCR-MT.
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6.2.2 Minimum requirement for RF repeater
The reguirements shall apply with NR signalsin the passhand of the repester at:
The lowest input power (Pinp,ac) that produces the rated passband output power (Prated,p,ac)-
Up to:
The lowest input power (Pinpac) that produces the rated passband output power (Praedpac), plus 10dB

In normal conditions, the measured output power, Pmaxp.ac Shall remain within +2 dB and -2 dB of the rated passband
output power Praedpac, declared by the manufacturer.

In extreme conditions, the measured output power, Pmaxpac shall remain within +2.5 dB and -2.5 dB of the rated
passband output power Praedpac, declared by the manufacturer.

6.2.3 Minimum requirement for NCR

6.2.3.1 Minimum requirement for NCR-Fwd

6.2.3.1.1 Minimum requirement for NCR-Fwd type 1-C
The requirements shall apply with NR signalsin the passband of the NCR-Fwd at:
The lowest input power (Pinpac) that produces the rated passband output power (Pratedp,Ac)-
Up to:
The lowest input power (Pinpac) that produces the rated passband output power (Praedpac), plus 10dB

In normal conditions, the measured output power, Praxpac shall remain within +2 dB and -2 dB of the rated passband
output power Praedp,ac, declared by the manufacturer.

In extreme conditions, the measured output power, Praxpac Shall remain within +2.5 dB and -2.5 dB of the rated
passband output power Praedpac, declared by the manufacturer.

6.2.3.1.2 Minimum requirement for NCR-Fwd type 1-H
The reguirements shall apply with NR signalsin the passband of the NCR-Fwd at:
The lowest input power (PinpTasc) that produces the rated passband output power (Prated,p,TABC).-
Up to:
The lowest input power (Pinptasc) that produces the rated passband output power (Praedpasc), plus 10dB

In normal conditions, the measured output power, Pmaxptasc Shall remain within +2 dB and -2 dB of the rated passband
output power PraedpTaBc, declared by the manufacturer.

In extreme conditions, the measured output power, Pmaxptasc shal remain within +2.5 dB and -2.5 dB of the rated
passband output power Praedptasc, declared by the manufacturer.

6.2.3.2 Minimum requirement for NCR-MT

6.2.3.2.1 General

The NCR-MT conducted output power requirement is at antenna connector for NCR-MT type 1-C, or at TAB connector
for NCR-MT type 1-H.

Therated carrier output power of the NCR-MT type 1-C shall be as specified in table 6.2.3.2.1-1.
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Table 6.2.3.2.1-1: NCR-MT type 1-C UL transmission classes rated output power limits

Repeater class Prated,c.AC
Wide Area NCR-MT (Note)
Local Area NCR-MT <24 dBm
NOTE:  There is no upper limit for the Prated,c.ac rated output power of the Wide Area NCR-MT.

Therated carrier output power of the NCR-MT type 1-H shall be as specified in table 6.2.3.2.1-2.

Table 6.2.3.2.1-2: NCR-MT type 1-H UL transmission classes rated output power limits

Repeater class Prated,c,sys Prated,c,TABC
Wide Area NCR-MT (Note 1) (Note 1)
Local Area NCR-MT?3 < 24 dBm +10log(NTxu counted) <24 dBm
NOTE 1: There is no upper limit for the Prated.c.ac rated output power of the Wide Area NCR-
MT.
NOTE 2: LA MT cannot exceed highest power class for that band as specified in TS 38.101-
1.
NOTE 3: Nrxu,counted = MiN(NTxU active ,4)

6.2.3.2.2 Minimum requirement for NCR-MT type 1-C and NCR-MT type 1-H

In normal conditions, Pmaxcac shall remain within +2 dB and -2 dB of the rated carrier output power Praedcac, declared
by the manufacturer.

In extreme conditions, Pmax.c,ac shall remain within +2.5 dB and -2.5 dB of the rated carrier output power Praed.cac,
declared by the manufacturer.

6.3.3 Minimum requirement for NCR

6.3.3.1 Minimum requirement for NCR-Fwd

6.3.3.1.1 Minimum requirement for NCR-Fwd type 1-C

The frequency deviation of the output signal with respect to the input signal shall be no more than +0,01 PPM.

6.3.3.1.2 Minimum requirement for NCR-Fwd type 1-H

The frequency deviation of the output signal with respect to the input signal between corresponding input/output TAB
connectors shall be no more than 0,01 PPM.

6.3 Frequency stability

6.3.1 General

Frequency stability is the ability to maintain the same frequency on the output signal with respect to the input signal.

6.3.2 Minimum requirement for RF repeater

The frequency deviation of the output signal with respect to the input signal shall be no more than +0,01 PPM.
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6.3.3 Minimum requirement for NCR

6.3.3.1 Minimum requirement for NCR-Fwd

6.3.3.1.1 Minimum requirement for NCR-Fwd type 1-C

The frequency deviation of the output signal with respect to the input signal shall be no more than £0,01 PPM.

6.3.3.1.2 Minimum requirement for NCR-Fwd type 1-H

The frequency deviation of the output signal with respect to the input signal between corresponding input/output TAB
connectors shall be no more than 0,01 PPM.

6.4 Out of band gain

6.4.1 General

Out of band gain refers to the gain of the repeater outside the passband.

Theintended use of arepeater in a system isto amplify the in-band signals and not to amplify signals outside of the
passband.

In the intended application of the repeater, the out of band gain is less than lowest expected the coupling loss to the
nearest source of emissions.

6.4.2 Minimum requirement for RF repeater
The gain outside the passband shall not exceed the maximum level specified in table 6.4.2-1 or table 6.4.2-2, where:

- f_offset CW isthe offset between the outer channel edge frequency of the outer channel in the passbhand and a
CW signal.

Table 6.4.2-1: Out of band gain limits 1 for bands below 2496 MHz

Frequency offset, f_offset CW Maximum gain
0,2 <f offset CW < 1,0 MHz 60 dB
1,0 <f offset CW < 5,0 MHz 45 dB
5,0 <f offset CW < 10,0 MHz 45 dB
10,0 MHz < f offset CW 35dB

Table 6.4.2-2: Out of band gain limits 1 for bands above 2496 MHz

Frequency offset, f_offset CW Maximum gain
[0,2] < f offset CW < 4,0 MHz 60 dB
4,0 <f offset CW < 15,0 MHz 45 dB
15,0 MHz < f offset CW 35 dB

6.4.3 Minimum requirement for NCR

6.4.3.1 Minimum requirement for NCR-Fwd

6.4.3.1.1 Minimum requirement for NCR-Fwd type 1-C

The gain between the input antenna connector and output antenna connector outside the passband shall not exceed the
maximum level specified in table 6.4.2-1 or table 6.4.2-2
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6.4.3.1.2 Minimum requirement for NCR-Fwd type 1-H

The gain defined between corresponding input/output TAB connectors outside the passband shall not exceed the
maximum level specified in table 6.4.2-1 or table 6.4.2-2.

6.5 Unwanted emissions

6.5.1 General

Unwanted emissions consist of out-of-band emissions and spurious emissions according to ITU definitions[5]. InITU
terminology, out of band emissions are unwanted emissions immediately outside the channel bandwidth resulting from
the modulation process and non-linearity in the transmitter but excluding spurious emissions. Spurious emissions are
emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission,
intermodulation products and frequency conversion products, but exclude out of band emissions.

The out-of-band emissions requirement for the Repeater transmitter is specified both in terms of Adjacent Channel
Leakage power Ratio (ACLR) and operating band unwanted emissions (OBUE).

The maximum offset of the operating band unwanted emissions mask from the operating band edge is Afogue. The
Operating band unwanted emissions define al unwanted emissions in each supported downlink operating band of
repeater type 1-C DL and uplink operating band of repeater type 1-C UL, plus the frequency ranges Afosue above and
Afosue below each band. Unwanted emissions outside of this frequency range are limited by a spurious emissions
requirement.

The values of Afogue are defined in tables 6.5.1-1 and 6.5.1-2 for the NR operating bands.

Table 6.5.1-1: Maximum offset of OBUE outside the downlink operating band of repeater type 1-C,
NCR-Fwd type 1-C and NCR-Fwd type 1-H DL

Repeater Operating band characteristics Afosue (MHZz)
or NCR
type
NCR-Fwd Fou,high — FoLlow < 100 MHz 10
type 1-H
100 MHz < Fpt high — FpL,jow £ 900 MHz 40
Repeater FoL high — FoL,jow < 200 MHz 10
type 1-C
and NCR-
Fwd type 1-
C
200 MHz < FpL high — FpL,jow < 900 MHz 40

Table 6.5.1-2: Maximum offset of OBUE outside the uplink operating band of repeater 1-C UL

Repeater Operating band characteristics Afosue (MHZ)
or
NCRtype
NCR-Fwd Fou,high — FoLlow < 100 MHz 10
type 1-H
100 MHz < Fpt high — FpL,jow £ 900 MHz 40
Repeater FoL high — FoLjow < 200 MHz 10
type 1-C
and NCR-
Fwd type 1-
C
200 MHz < FpL high — FpL,jow < 900 MHz 40
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For NCR-Fwd type 1-H the unwanted emission requirements are applied per the TAB connector TX min cell groups for
all the configurations supported by the repeater. The basic limits and corresponding emissions scaling are defined in
each relevant clause.

Thereis no co-location unwanted emission requirement for LA NCR-Fwd type 1-C and repeaters type 1-C deployed in
Femto cell scenario.

6.5.2  Adjacent Channel Leakage Power Ratio

6.5.2.1 General

Adjacent Channel Leakage power Ratio (ACLR) isthe ratio of the filtered mean power centred on the assigned channel
frequency to the filtered mean power centred on an adjacent channel frequency.

The requirements shall apply outside the repeater type 1-C passband whatever the type of transmitter considered (single
carrier or multi-carrier) and for all transmission modes foreseen by the manufacturer’ s specification.

For arepeater operating in hon-contiguous spectrum, the ACLR requirement in clause 6.5.2.2 shall apply in Gaps
between passbands for the frequency ranges defined in table 6.5.2.2-3, while the CACLR requirement in clause 6.5.2.2
shall apply in gaps between passbands for the frequency ranges defined in table 6.5.2.2-4.

For a multi-band connector, the ACLR requirement in clause 6.5.2.2 shall apply in inter-passband gaps for the
frequency ranges defined in table 6.5.2.2-3, while the CACLR requirement in clause 6.5.2.2 shall apply ininter-
passhand gaps for the frequency ranges defined in table 6.5.2.2-4.

The reguirement shall apply during the transmitter ON state.

6.5.2.2 Limits and basic limits

The ACLR is defined with a square filter of bandwidth equal to the transmission bandwidth configuration of the
transmitted signal (BWcanrig) centred on the assigned channel frequency and a filter centred on the adjacent channel
frequency according to the tables below.

For DL (all repeater classes), and for UL for WA class, either the ACLR (CACLR) absolute basic limitsin table
6.5.2.2-2, 6.5.2.2-5 or else the relevant the ACLR (CACLR) limitsin table 6.5.2.2-1, 6.5.2.2-3 or 6.5.2.2-4, whichever
isless stringent, shall apply for each antenna connector. For UL for LA class, the ACLR (CACLR) and basic limitsin
table 6.5.2.2-1a, 6.5.2.2-3 or 6.5.2.2-4a shall apply.
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Table 6.5.2.2-1: ACLR limit for DL (all repeater classes) and for UL for Wide Area class

ETSI TS 138 106 V18.4.0 (2024-05)

nominal channel Repeater type 1-C Assumed adjacent | Filter on the adjacent ACLR
bandwidth BWnominal adjacent channel channel carrier channel frequency limit
(MHz) (NOTE 5) centre frequency (informative) and corresponding
offset below or above filter bandwidth
the passband edge
5, 10, 15, 20, 25, 30, 35, BWnNominal/2 NR of same BW Square (BWconfig) 45 dB
40, 45, 50, 60, 70, 80, (Note 2) 38dB
90, 100 (Note 4)
1.5 X BWnominal NR of same BW Square (BW config) 45 dB
(Note 2) 38 dB
(Note 4)
2.5 MHz 5 MHz E-UTRA Square (4.5 MHz) 45 dB
(Note 3)
7.5 MHz 5 MHz E-UTRA Square (4.5 MHz) 45 dB
(Note 3)
NOTE 1: BWnominal is the nominal channel bandwidth. BWconfig is the transmission bandwidth configuration
assumed for the adjacent channel.
NOTE 2: With SCS that provides largest transmission bandwidth configuration (BW config).
NOTE 3: The requirements are applicable when the band is also defined for E-UTRA or UTRA.
NOTE 4: For repeater operating in band n104, ACLR requirement 38 dB applies. For repeater operating in other
bands, ACLR requirement 45 dB applies.
NOTE 5: For simultaneous NCR-Fwd and NCR-MT transmission, if the NCR-MT carrier is within the NCR-Fwd

then the nominal bandwidth shall be the NCR-Fwd passband. If the NCT-MT carrier is adjacent to the
NCR-Fwd passband then the nominal bandwidth shall be the combined bandwidth of NCR-Fwd
passband and NCR-MT carrier bandwidth. If the NCR-MT carrier is not adjacent to the passband then
CACLR shall be applied in the gap between the NCR-Fwd passband and the NCR-MT carrier.

Table 6.5.2.2-1a: ACLR limit for UL for Local Area

nominal channel Repeater type 1-C Assumed adjacent | Filter on the adjacent ACLR
bandwidth BWnominal adjacent channel channel carrier channel frequency limit
(MHz) (NOTE 4) centre frequency (informative) and corresponding
offset below or above filter bandwidth
the passband edge
5, 10, 15, 20, 25, 30, 35, BWNominal/2 NR of same BW Square (BWconfig) 31dB
40, 45, 50, 60, 70, 80, (Note 2)
90, 100
1.5 x BWnominal NR of same BW Square (BWconfig) 31dB
(Note 2)
2.5 MHz 5 MHz E-UTRA Square (4.5 MHz) 31dB
7.5 MHz 5 MHz E-UTRA Square (4.5 MHz) 31dB

NOTE 1:

BWnominal is the nominal channel bandwidth. BWconiig is the transmission bandwidth configuration

NOTE 2:
NOTE 3:
NOTE 4:

assumed for the adjacent channel.

With SCS that provides the largest transmission bandwidth configuration (BW conig)-

The requirements are applicable when the band is also defined for E-UTRA or UTRA.

For simultaneous NCR-Fwd and NCR-MT transmission, if the NCR-MT catrrier is within the NCR-Fwd
then the nominal bandwidth shall be the NCR-Fwd passband. If the NCT-MT carrier is adjacent to the
NCR-Fwd passband then the nominal bandwidth shall be the combined bandwidth of NCR-Fwd
passband and NCR-MT carrier bandwidth. If the NCR-MT carrier is not adjacent to the passband then
CACLR shall be applied in the gap between the NCR-Fwd passband and the NCR-MT catrrier.

The ACLR absolute basic limit is specified in table 6.5.2.2-2 and is applicable for both contiguous spectrum, non-
contiguous spectrum and multiple bands
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Table 6.5.2.2-2: ACLR absolute basic limits for DL and UL for WA class, for DL for MR class and for
DL for LA class

Repeater category / class ACLR absolute basic limit
Category A Wide Area DL and UL -13 dBm/MHz
Category B Wide Area DL and UL -15 dBm/MHz

Medium Range DL -25 dBm/MHz
Local Area DL -32 dBm/MHz

Table 6.5.2.2-3: ACLR limit in non-contiguous spectrum or multiple bands for DL (all repeater
classes) and for UL for Wide Area class

nominal Gap between Repeater type 1-C Assumed Filter on the adjacent ACLR
channel passbands or inter- adjacent channel adjacent channel frequency limit
bandwidth passband gap size centre frequency channel and corresponding
BWnominal (MHZ) (Wgap) where the offset below or carrier filter bandwidth
(NOTE 6) limit applies (MHz) | above the passband
edge (inside the gap)
5,10, 15, 20 Woagap 2 15 (Note 3) 2.5 MHz 5 MHz NR Square (BWconfig) 45 dB
Wgap 2 45 (Note 4) (Note 2) 38 dB
(Note 5)
Woaap 2 20 (Note 3) 7.5 MHz 5 MHz NR Square (BWconig) 45 dB
Wogap 2 50 (Note 4) (Note 2) 38 dB
(Note 5)
25, 30, 35, 40, Wogap 2 60 (Note 4) 10 MHz 20 MHz NR Square (BWconfig) 45 dB
45, 50, 60, 70, Wogap 2 30 (Note 3) (Note 2) 38dB
80, 90, 100 (Note 5)
Woyap 2 80 (Note 4) 30 MHz 20 MHz NR Square (BW config) 45 dB
Wgap 2 50 (Note 3) (Note 2) 38 dB
(Note 5)
NOTE 1: BWnominal is the nominal channel bandwidth. BWconfig is the transmission bandwidth configuration assumed

for the adjacent channel.

NOTE 2:
NOTE 3:
MHz.
NOTE 4:
MHz.
NOTE 5:

bands, ACLR requirement 45 dB applies.

NOTE 6:

With SCS that provides the largest transmission bandwidth configuration (BW config).
Applicable in case the repeater type 1-C nominal channel bandwidth at the other edge of the gap is < 20

Applicable in case the repeater type 1-C nominal channel bandwidth at the other edge of the gap is > 20
For repeater operating in band n104, ACLR requirement 38 dB applies. For repeater operating in other

For simultaneous NCR-Fwd and NCR-MT transmission, if the NCR-MT carrier is within the NCR-Fwd then

the nominal bandwidth shall be the NCR-Fwd passband. If the NCT-MT carrier is adjacent to the NCR-Fwd
passband then the nominal bandwidth shall be the combined bandwidth of NCR-Fwd passband and NCR-MT
carrier bandwidth. If the NCR-MT carrier is not adjacent to the passband then CACLR shall be applied in the
gap between the NCR-Fwd passband and the NCR-MT carrier.
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Table 6.5.2.2-3a: ACLR limit in non-contiguous spectrum or multiple bands for UL for Local Area

class
nominal Sub-block or Repeater type 1-C Assumed Filter on the adjacent | ACLR
channel inter-passband adjacent channel adjacent channel frequency limit
bandwidth gap size (Wgap) centre frequency channel and corresponding
BWnominal (MHZ) where the limit offset below or above carrier filter bandwidth
(NOTE 5) applies (MHz) the passband edge
(inside the gap)
5, 10, 15, 20 Waap 2 15 (Note 3) 2.5 MHz 5 MHz NR Square (BW coniig) 31dB
Wgap 2 45 (Note 4) (Note 2)
Woaap 2 20 (Note 3) 7.5 MHz 5 MHz NR Square (BW coniig) 31dB
Wgap 2 50 (Note 4) (Note 2)
25, 30, 35,40, | Wgap 2 60 (Note 4) 10 MHz 20 MHz NR Square (BWconiig) 31dB
45, 50, 60, 70, Wgap 2 30 (Note 3) (Note 2)
80, 90, 100
Woaap 2 80 (Note 4) 30 MHz 20 MHz NR Square (BW coniig) 31dB
Wgap 2 50 (Note 3) (Note 2)

NOTE 1: BW.caonfig is the transmission bandwidth configuration assumed for the adjacent channel.

NOTE 2: With SCS that provides the largest transmission bandwidth configuration (BW config).

NOTE 3: Applicable in case the repeater type 1-C nominal channel bandwidth at the other edge of the gap is < 20
MHz.

NOTE 4: Applicable in case the repeater type 1-C nominal channel bandwidth at the other edge of the gap is > 20
MHz.

NOTE 5: For simultaneous NCR-Fwd and NCR-MT transmission, if the NCR-MT carrier is within the NCR-Fwd then
the nominal bandwidth shall be the NCR-Fwd passband. If the NCT-MT carrier is adjacent to the NCR-Fwd
passband then the nominal bandwidth shall be the combined bandwidth of NCR-Fwd passband and NCR-
MT carrier bandwidth. If the NCR-MT carrier is not adjacent to the passband then CACLR shall be applied
in the gap between the NCR-Fwd passband and the NCR-MT carrier.

The Cumulative Adjacent Channel Leakage power Ratio (CACLR) in agap between passbands or the inter-passhband
gap istheratio of:

a) the sum of the filtered mean power centred on the assigned channel frequencies for the two carriers adjacent to
each side of the gap between passbands or the inter-passband gap, and

b) the filtered mean power centred on afrequency channel adjacent to one of the respective repeater type 1-C
passband edges.

The assumed filter for the adjacent channel frequency is defined in table 6.5.3.2-4 and the filters on the assigned
channels are defined in table 6.5.2.2-6.

CACLR shall aso be applied in case NCR-Fwd and NCR-MT transmit simultaneously in uplink and the NCR-Fwd
passband and NCR-MT carrier are not contiguous. In this case, the gap between the NCR-Fwd passband and the NCR-
MT carrier shall be considered in the same manner as a gap between passbands.

For operation in non-contiguous spectrum or multiple bands, the CACLR for NR carriers located on either side of the
gap between passbands or the inter-passband gap shall be higher than the value specified in table 6.5.2.2-4.
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Table 6.5.2.2-4: CACLR limit for DL (all repeater classes) and for UL for Wide Area class

nominal Gap between adjacent channel Assumed Filter on the adjacent | CACLR
channel passbands or inter- centre frequency adjacent channel frequency limit
bandwidth passband gap size offset below or channel and corresponding
BWnominal (Wgap) Wwhere the above the carrier filter bandwidth
(MHz) limit applies (MHz) passband edge
(inside the gap)
5,10, 15,20 | 5 <Wgap< 15 (Note 3) 2.5 MHz 5 MHz NR Square (BWconig) 45 dB
5 <Wgap< 45 (Note 4) (Note 2) 38 dB
(Note 5)
10 < Wgap< 20 (Note 7.5 MHz 5 MHz NR Square (BWconfig) 45 dB
3) (Note 2) 38dB
10 =Wgap< 50 (Note (Note 5)
4)
25, 30, 35,40, | 20 SWgap< 60 (Note 10 MHz 20 MHz NR Square (BWconig) 45 dB
45, 50, 60, 70, 4) (Note 2) 38dB
80, 90, 100 20 £Wgap< 30 (Note (Note 5)
3)
40 < Wyap< 80 (Note 30 MHz 20 MHz NR Square (BW config) 45 dB
4) (Note 2) 38 dB
40 sWgap< 50 (Note (Note 5)
3)
NOTE 1: BW.caonfig is the transmission bandwidth configuration assumed for the adjacent channel.
NOTE 2: With SCS that provides the largest transmission bandwidth configuration (BW config).
NOTE 3: Applicable in case the nominal channel bandwidth at the other edge of the gap is < 20 MHz.
NOTE 4: Applicable in case the nominal channel bandwidth at the other edge of the gap is > 20MHz.
NOTE 5: For repeater operating in band n104, ACLR requirement 38 dB applies. For repeater operating in other

bands, ACLR requirement 45 dB applies.

The CACLR shall be higher than the value specified in table 6.5.2.2-4afor UL Local Area.

Table 6.5.2.2-4a: CACLR limit for UL for Local Area

nominal Gap between adjacent channel Assumed Filter on the adjacent | CACLR
channel passbands or inter- centre frequency adjacent channel frequency limit
bandwidth passband gap size offset below or channel and corresponding
BWnominal (Wgap) where the above the carrier filter bandwidth
(MHz) limit applies (MHz) passband edge
(inside the gap)
5,10, 15,20 | 5 <Wgap< 15 (Note 3) 2.5 MHz 5 MHz NR Square (BW config) 31dB
5 <Wgap< 45 (Note 4) (Note 2)
10 < Wgap< 20 (Note 7.5 MHz 5 MHz NR Square (BWconfig) 31dB
3) (Note 2)
10 sWgap< 50 (Note
4)
25, 30, 35, 40, 20 sWgap< 60 (Note 10 MHz 20 MHz NR Square (BWconfig) 31dB
45, 50, 60, 70, 4) (Note 2)
80, 90, 100 20 sWgap< 30 (Note
3)
40 < Wgap< 80 (Note 30 MHz 20 MHz NR Square (BW config) 31dB
4) (Note 2)
40 =sWgap< 50 (Note
3)
NOTE 1: BWcaonfig is the transmission bandwidth configuration assumed for the adjacent channel.
NOTE 2: With SCS that provides the largest transmission bandwidth configuration (BW config).
NOTE 3: Applicable in case the nominal channel bandwidth at the other edge of the gap is < 20 MHz.
NOTE 4: Applicable in case the nominal channel bandwidth at the other edge of the gap is > 20 MHz.

The CACLR absolute minimum requirement is specified in table 6.5.2.2-5.
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Table 6.5.2.2-5: CACLR absolute basic limit for DL and UL for WA class, for DL for MR class and for
DL for LA class

Repeater category / class CACLR absolute basic limit
Category A Wide Area DL and UL -13 dBm/MHz
Category B Wide Area DL and UL -15 dBm/MHz

Medium Range DL -25 dBm/MHz
Local Area DL -32 dBm/MHz

Table 6.5.2.2-6: Filter parameters for the assigned channel

RAT of the carrier adjacent | Filter on the assigned channel frequency
to the gap between and corresponding filter bandwidth
passbands or inter-

passband gap
NR NR of same BW with SCS that provides
largest transmission bandwidth configuration

6.5.2.3 Minimum requirement for RF repeater

The ACLR (CACLR) absolute basic limits or the ACLR (CACLR) limits, whichever is less stringent, shall apply for
each antenna connector.

For Band n41 and n90 operation in Japan, absolute ACLR limits shall be applied to the sum of the absolute ACLR
power over al antenna connectors for repeater type 1-C.

6.5.24 Minimum requirement for NCR
6.5.2.4.1 Minimum requirements for NCR-Fwd
6.5.24.1.1 Minimum requirements for NCR-Fwd type 1-C

The ACLR (CACLR) absolute basic limits or the ACLR (CACLR) limits, whichever is less stringent, shall apply for
each antenna connector.

For Band n41 and n90 operation in Japan, absolute ACLR limits shall be applied to the sum of the absolute ACLR
power over al antenna connectors for NCR-Fwd type 1-C.

6.5.2.4.1.2 Minimum requirement for NCR-Fwd type 1-H

The ACLR (CACLR) absolute basic limits + X (where X = 10l0g10(Nxu,countedperceir) for DL and for WA UL and X=0
for LA UL) or the ACLR (CACLR) limits, whichever isless stringent, shall apply for each TAB connector TX min cell
group. For joint transmission of NCR-Fwd and NCR-MT in uplink, the limits shall apply to the sum of emissions from
both NCR-Fwd and NCR-MT.

NOTE: Conformance to the NCR-Fwd type 1-H ACLR requirement can be demonstrated by meeting at least one
of the following criteria as determined by the manufacturer:

1) Theratio of the sum of the filtered mean power measured on each TAB connector in the TAB
connector TX min cell group at the assigned channel frequency to the sum of the filtered mean power
measured on each TAB connector in the TAB connector TX min cell group at the adjacent channel
frequency shall be greater than or equal to the ACLR basic limit of the repeater. This shall apply for
each TAB connector TX min cell group.

Or

2) Theratio of the filtered mean power at the TAB connector centred on the assigned channel frequency
to the filtered mean power at this TAB connector centred on the adjacent channel frequency shall be
greater than or equal to the ACLR basic limit of the repeater for every TAB connector in the TAB
connector TX min cell group, for each TAB connector TX min cell group.
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In case the ACLR (CACLR) absolute basic limit of repeater type 1-H are applied, the conformance can
be demonstrated by meeting at least one of the following criteria as determined by the manufacturer:

1) The sum of the filtered mean power measured on each TAB connector in the TAB connector TX min
cell group at the adjacent channel frequency shall be less than or equal to the ACLR (CACLR)
absolute basic limit + X of the repeater. This shall apply to each TAB connector TX min cell group.

Or

2) Thefiltered mean power at each TAB connector centred on the adjacent channel frequency shall be
less than or equal to the ACLR (CACLR) absolute basic limit + X of the repeater scaled by X -
10log10(n) for every TAB connector in the TAB connector TX min cell group, for each TAB connector
TX min cell group, where n isthe number of TAB connectors in the TAB connector TX min cell group.

6.5.2.4.2 Minimum requirement for NCR-MT

6.5.24.2.1 Minimum requirements for NCR-MT type 1-C
For WA NCR-MT type 1-C, the BS ACLR basic requirements specified in clause 6.6.3 and 6.6.4 in TS 38.104 apply.
For LA NCR-MT type 1-C, the UE ACLR requirements specified in clause 6.5.2.5 in TS 38.101-1 apply.

For simultaneous transmission the limits apply for sum of NCR-MT transmission and NCR-Fwd transmission

6.5.2.4.2.2 Minimum requirements for NCR-MT type 1-H
Limitsfor NCR-MT type 1-H apply to the sum of emissions across all TAB connectors.

For WA NCR-MT type 1-H, the repeater relative ACLR requirements specified in clause 6.6.3 and 6.6.4 in TS 38.104
apply. For Absolute ACLR requirements, the following scaling factor should be added on on top of NCR-MT type 1-C
basic limit requirements.

10log(NTxu,counted), Where Ntxu,counted = MIN(NTxu, active ,8)
For LA NCR-MT type 1-H, the UE ACLR requirements specified in clause 6.5.2.5in TS 38.101-1 apply.

For simultaneous transmission the limits apply for sum of NCR-MT transmission and NCR-Fwd transmission.

6.5.3 Operating band unwanted emissions

6.5.3.1 General

Unless otherwise stated, the operating band unwanted emission (OBUE) basic limits for DL are defined from Afosue
below the lowest frequency of each supported downlink operating band up to Afesue above the highest frequency of
each supported downlink operating band. The values of Afosue are defined in table 6.5.1-1 for the NR operating bands.

Unless otherwise stated, the operating band unwanted emission (OBUE) basic limits for UL are defined from Afosue
below the lowest frequency of each supported uplink operating band up to Afosue above the highest frequency of each
supported uplink operating band. The values of Afogue are defined in table 6.5.1-2 for the NR operating bands.

The reguirements shall apply whatever the type of transmitter considered and for all transmission modes foreseen by the
manufacturer’s specification. In addition, for repeater operating in non-contiguous spectrum, the basic limits apply
inside any gap between passbands. In addition, for arepeater operating in multiple bands, the basic limits apply inside
any inter-passband gap.

Basic Limits are specified in the tables bel ow, where:

- Af isthe separation between the passhand edge frequency and the nominal -3dB point of the measuring filter
closest to the carrier frequency.

- f_offset isthe separation between the passhand edge frequency and the centre of the measuring filter.
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- f_offsetma is the offset to the frequency Afosue outside the downlink operating band of repeater type 1-C DL
and uplink operating band of repeater type 1-C UL, where Afosue is defined in tables 6.5.1-1 and 6.5.1-2.

- Afmx isequal to f_offsetmax minus half of the bandwidth of the measuring filter.

For amulti-band connector of UL, the operating band unwanted emission basic limits apply also in a supported uplink
operating band without any carrier transmitted, in the case where there are carrier(s) transmitted in another supported
uplink operating band. In this case, no cumulative basic limit is applied in the inter-band gap between a supported
uplink operating band with carrier(s) transmitted and a supported uplink operating band without any carrier transmitted
and

- Af isthe separation between the repeater type 1-C passband edge frequency and the nominal -3 dB point of the
measuring filter closest to the repeater type 1-C passhand edge.

- f_offset isthe separation from the repeater type 1-C passband edge frequency to the centre of the measuring
filter.

- f_offsetma isequal to the inter-passband gap minus half of the bandwidth of the measuring filter.
- Afmx isequal to f_offsetmax minus half of the bandwidth of the measuring filter.

For a multi-band connector of DL, the operating band unwanted emission basic limits apply also in a supported
downlink operating band without any carrier transmitted, in the case where there are carrier(s) transmitted in another
supported downlink operating band. In this case, no cumulative basic limit is applied in the inter-band gap between a
supported downlink operating band with carrier(s) transmitted and a supported downlink operating band without any
carrier transmitted and

- Incasetheinter-band gap between a supported downlink operating band with carrier(s) transmitted and a
supported downlink operating band without any carrier transmitted is less than 2* Afogue, f_offsetmax shall be the
offset to the frequency Afosue MHz outside the outermost edges of the two supported downlink operating bands
and the operating band unwanted emission minimum requirement of the band where there are carriers
transmitted, as defined in the tables of the present clause, shall apply across both downlink bands.

- Inother cases, the operating band unwanted emission basic limit of the band where there are carriers transmitted,
as defined in the tables of the present clause for the largest frequency offset (Afmax), shall apply from Afosue
MHz below the lowest frequency, up to Afosue MHZz above the highest frequency of the supported downlink
operating band without any carrier transmitted.

For amulti-band connector of UL, the operating band unwanted emission limits apply aso in a supported uplink
operating band without any carrier transmitted, in the case where there are carrier(s) transmitted in another supported
uplink operating band. In this case, no cumulative basic limit is applied in the inter-band gap between a supported
uplink operating band with carrier(s) transmitted and a supported uplink operating band without any carrier transmitted
and

- In casetheinter-band gap between a supported uplink operating band with carrier(s) transmitted and a supported
uplink operating band without any carrier transmitted is less than 2* Afosug, f_offsetmax shall be the offset to
the frequency Afosue MHz outside the outermost edges of the two supported uplink operating bands and the
operating band unwanted emission basic limit of the band where there are carriers transmitted, as defined in the
tables of the present clause, shall apply across both uplink bands.

- In other cases, the operating band unwanted emission basic limits of the band where there are carriers
transmitted, as defined in the tables of the present clause for the largest frequency offset (Afmax), shall apply
from Afosue MHz below the lowest frequency, up to Afosue MHz above the highest frequency of the supported
uplink operating band without any carrier transmitted.

In addition, inside any gap between passbands for a single-band connector operating in non-contiguous spectrum, a
combined basic limit shall be applied which is the cumulative sum of the basic limit specified for the adjacent sub-
blocks on each side of the gap between passhands. The basic limit for each sub-block is specified in clauses 6.5.3.2.1 to
6.5.3.2.4 below, where in this case:

- Af isthe separation between the sub-block edge frequency and the nominal -3 dB point of the measuring filter
closest to the sub-block edge.

- f_offset isthe separation between the sub-block edge frequency and the centre of the measuring filter.
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- f_offsetma isequal to the gap between passbands bandwidth minus half of the bandwidth of the measuring filter.
- Afmx isequal to f_offsetmax minus half of the bandwidth of the measuring filter.

For Wide Arearepeater type 1-C, the basic limits of either clause 6.5.3.2.1 (Category A limits) or clause 6.5.3.2.2
(Category B limits) shall apply.

For Medium Range repeater type 1-C, the basic limitsin clause 6.5.3.2.3 shall apply (Category A and B).
For Local Arearepeater type 1-C, the basic limits of clause 6.5.3.2.4 shall apply (Category A and B).

The application of either Category A or Category B basic limits shall be the same as for Transmitter spurious emissions
in clause 6.5.4.

In addition to, for the part of passbhand where thereis no input signal at DL input port, the basic limitsin Table 6.5.2.2-2

shall apply. In addition to, for the part of passband where thereis no input signal at UL input port, the basic limitsin
clause 6.5.3.2.6 shall apply.

6.5.3.2 Basic limits

6.5.3.2.1 basic limits for Wide Area repeater type 1-C (Category A)

For repeater operating in Bands n5, n8, n12, n13, n14, n18, n26, n28, n29, n31, n71, n72, n85, basic limits are specified
intable 6.5.3.2.1-1.

Table 6.5.3.2.1-1: Wide Area operating band unwanted emission basic limits (NR bands below 1 GHz)
for Category A

Frequency offset of Frequency offset of Basic limits (Notes 1, 2) Measurement

measurement measurement filter centre bandwidth
filter -3dB point, Af frequency, f_offset
0 MHz < Af <5 MHz 0.05 MHz < f_offset < 5.05 MHz 7 (f oOffseat 100 kHz

—7dBm—(——0.05]dB
5 MHz

5 MHz < Af < 5.05 MHz <f_offset < -14 dBm 100 kHz
min(10 MHz, Afmax) min(10.05 MHz, f_offsetmax)
10 MHZz < Af < Afmax | 10.05 MHz < f offset < f offsetmax -13 dBm (Note 3) 100 kHz

NOTE 1: For a repeater supporting non-contiguous spectrum operation within any operating band, the emission basic
limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands. Exception is Af 2 10MHz from both adjacent sub-blocks
on each side of the gap between passbands, where the emission limits within gaps between passbands shall
be -13 dBm/1 MHz.

NOTE 2: For a multi-band connector with inter-passband gap < 2*Afosue the emission basic limits within the inter-
passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on
each side of the inter-passband gap, where the contribution from the far-end sub-block or passband shall be
scaled according to the measurement bandwidth of the near-end sub-block or passband.

NOTE 3: The basic limit is not applicable when Afmax < 10 MHz.

For repeater operating in Bands nl, n2, n3, n7, n24, n25, n30, n34, n38, n39, n40, n41, n48, n50, n54, n65, n66, N70,
n74, n75, n77, n78, n79, n90, n92, n94, n109, basic limits are specified in table 6.5.3.2.1-2.
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Table 6.5.3.2.1-2: Wide Area operating band unwanted emission basic limits (NR bands above 1 GHz)
for Category A

Frequency offset of Frequency offset of Basic limit (Notes 1, 2 Measurement
measurement measurement filter centre bandwidth
filter -3dB point, Af frequency, f_offset
0 MHz < Af <5 MHz 0.05 MHz < f_offset < 5.05 MHz 7 (f oOffset 100 kHz
—7dBm—~[——0.05de
5 MHz
5 MHz < Af < 5.05 MHz < f_offset < -14 dBm 100 kHz
min(10 MHz, Afmax) min(10.05 MHz, f_offsetmax)
10 MHz < Af < Afmax 10.5 MHz < f offset < f_offsetmax -13 dBm (Note 3) 1MHz

NOTE 1: For a repeater supporting hon-contiguous spectrum operation within any operating band, the emission basic
limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands, where the contribution from the far-end sub-block shall
be scaled according to the measurement bandwidth of the near-end sub-block. Exception is OUf 2 10MHz from
both adjacent sub-blocks on each side of the gap between passbands, where the emission basic limits within
gaps between passbands shall be -13 dBm/1 MHz.

For a multi-band connector with inter-passband gap < 2*Afosue the emission basic limits within the inter-
passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on
each side of the inter-passband gap, where the contribution from the far-end sub-block or passband shall be
scaled according to the measurement bandwidth of the near-end sub-block or passband.

NOTE 3: The basic limit is not applicable when Afmax <10 MHz.

NOTE 2:

6.5.3.2.2 Basic limit for Wide Area repeater type 1-C (Category B)

For Category B Operating band unwanted emissions, there are two options for the basic limits that may be applied
regionally. Either the basic limitsin clause 6.5.3.2.2.1 or clause 6.5.3.2.2.2 shall be applied.

6.5.3.2.2.1 Category B basic limits (Option 1)

For repeater type 1-C operating in Bands n5, n8, n12, n20, n26, n28, n29, n31, n67, n71, n72, n85, the basic limits are
specified in table 6.5.3.2.2.1-1:

Table 6.5.3.2.2.1-1: Wide Area operating band unwanted emission basic limits (NR bands below 1
GHz) for Category B

Frequency offset of Frequency offset of Basic limit (Notes 1, 2) Measurement
measurement measurement filter centre bandwidth
filter -3dB point, Af frequency, f_offset
0 MHz < Af <5 MHz 0.05 MHz < f_offset < 5.05 MHz 7 (f oOffset 100 kHz
—7dBm—~(——0.05]dB
5 MHz
5 MHz < Af < 5.05 MHz < f_offset < -14 dBm 100 kHz
min(10 MHz, Afmax) min(10.05 MHz, f_offsetmax)
10 MHz < Af < Afmax | 10.05 MHz < f offset < f_offsetmax -16 dBm (Note 3) 100 kHz

NOTE 1: For a repeater supporting non-contiguous spectrum operation within any operating band, the emission basic

NOTE 2:

NOTE 3:

limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands. Exception is Af 2 10MHz from both adjacent sub-blocks
on each side of the gap between passbands, where the emission basic limits within gaps between passbands
shall be -15 dBm/1 MHz.

For a multi-band connector with inter-passband gap < 2*Afosue the emission basic limits within the inter-
passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on
each side of the inter-passband gap.

The basic limit is not applicable when Afmax < 10 MHz.

For repeater operating in Bands nl, n2, n3, n7, n25, n34, n38, n39, n40, n41, n48, n50, n65, n66, n70, n75, n77, N78,
n79, n90, n92, n94, n109 basic limits are specified in table 6.5.3.2.2.1-2.
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Table 6.5.3.2.2.1-2: Wide Area repeater type 1-C operating band unwanted emission basic limits for

Category B

Frequency offset of Frequency offset of Basic limits (Notes 1, 2) Measurement

measurement measurement filter centre bandwidth
filter -3dB point, Af frequency, f_offset
0 MHz < Af <5 MHz 0.05 MHz < f_offset < 5.05 MHz 7 (f oOffset 100 kHz

—7dBm—~[——0.05JdB
5 MHz

5 MHz < Af < 5.05 MHz < f_offset < -14 dBm 100 kHz
min(10 MHz, Afmax) min(10.05 MHz, f_offsetmax)
10 MHz < Af < Afmax 10.5 MHz < f offset < f_offsetmax -15 dBm (Note 3) 1MHz

NOTE 1:

NOTE 2:

NOTE 3:

For a repeater supporting non-contiguous spectrum operation within any operating band, the emission basic
limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands, where the contribution from the far-end sub-block shall
be scaled according to the measurement bandwidth of the near-end sub-block. Exception is OUf 2 10MHz from
both adjacent sub-blocks on each side of the gap between passbands, where the emission basic limits within
gaps between passbands shall be -15 dBm/1 MHz.

For a multi-band connector with inter-passband gap < 2*Afosue the emission basic limits within the inter-
passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on
each side of the inter-passband gap, where the contribution from the far-end sub-block or passband shall be
scaled according to the measurement bandwidth of the near-end sub-block or passband.

The basic limit is not applicable when Afmax < 10 MHz.

For repeater type 1-C operating in Band n104, the basic limits are specified in tables 6.5.3.2.2.1-2a

Table 6.5.3.2.2.1-2a: Wide Area operating band unwanted emission basic limits for band n104 for

Category B

Frequency offset of Frequency offset of Basic limits Measurement

measurement measurement filter centre bandwidth
filter -3dB point, Af frequency, f_offset

< < 7 100 kHz
0 MHz < Af<20 MHz | 0.05 MHz < f_offset < 20.05 MHz —7dBm — - fosfset 0.05
20\ MHz
20 MHz < Af < 20.05 MHz < f_offset < -14 dBm 100 kHz
min(40 MHz, Afmax) min(40.05 MHz, f_offsetmax)

40 MHz < Af < Afmax | 40.5 MHz < f_offset < f_offsetmax -15 dBm (Note 3) 1MHz

NOTE 1: For a repeater supporting non-contiguous spectrum operation within any operating band, the emission basic
limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passband, where the contribution from the far-end sub-block shall be
scaled according to the measurement bandwidth of the near-end sub-block. Exception is Uf = 40MHz from
both adjacent sub-blocks on each side of the gap between passband, where the emission basic limits within
gaps between passbands shall be -15 dBm/1 MHz.

NOTE 2:

For a multi-band connector with inter-passband gap < 2*Afosue the emission basic limits within the inter-

passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on

each side of the inter-passband gap, where the contribution from the far-end sub-block or passband shall be

scaled according to the measurement bandwidth of the near-end sub-block or passband.
NOTE 3: The basic limit is not applicable when Afmax < 40 MHz.
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6.5.3.2.2.2 Category B basic limits (Option 2)

Thebasic limitsin this clause are intended for Europe and may be applied regionally for repeater type 1-C operating in
bands n1, n3, n7, n8, n38, n65.

For arepeater type 1-C operating in bands n1, n3, n7, n8, n38 or n65, basic limits are specified in Table 6.5.3.2.2.2-1:

Table 6.5.3.2.2.2-1: For a repeater type 1-C operating in bands n1, n3, n7, n8, n38 or n65, basic limits
are specified in Table 6.5.3.2.2.2-1:

Frequency offset of Frequency offset of Basic limits (Notes 1, 2 Measurement
measurement measurement filter centre bandwidth
filter -3dB point, Af frequency, f_offset
0 MHz < Af<0.2MHz | 0.015 MHz <f offset < 0.215 MHz -14 dBm 30 kHz
0.2 MHz < Af< 1 MHz 0.215 MHz < f_offset < 1.015 MHz f offset 30 kHz
—14dBm—15(——O.215de
(Note 4) 1.015 MHz < f offset < 1.5 MHz -26 dBm 30 kHz
1 MHz < Af< 1.5 MHz < f_offset < -13 dBm 1 MHz
min(10 MHz, Afmax) min(10.5 MHz, f_offsetmax)
10 MHz < Af < Afmax 10.5 MHz < f _offset < f_offsetmax -15 dBm (Note 3) 1 MHz

NOTE 1: For a repeater supporting non-contiguous spectrum operation within any operating band, the emission basic
limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands, where the contribution from the far-end sub-block shall be
scaled according to the measurement bandwidth of the near-end sub-block. Exception is Af 2 10MHz from both
adjacent sub-blocks on each side of the gap between passbands, where the emission basic limits within gaps
between passbands shall be -15 dBm/1 MHz.

NOTE 2: For a multi-band connector with inter-passband gap < 2*Afosue the emission limits within the inter-passband
gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on each side of
the inter-passband gap, where the contribution from the far-end sub-block or passband shall be scaled
according to the measurement bandwidth of the near-end sub-block or passband.

NOTE 3: The basic limit is not applicable when Afmax < 10 MHz.

NOTE 4: This frequency range ensures that the range of values of f_offset is continuous.

6.5.3.2.3 Basic limits for Medium Range repeater type 1-C (Category A and B) for DL
For Medium Range repeater for DL, basic limits are specified in table 6.5.3.2.3-1 and table 6.5.3.2.3-2.

For the tables in this clause for repeater, Praedx = Praedpac - 10¥10g (céil (BW passhand/ 20MHZ))

Table 6.5.3.2.3-1: Medium Range repeater operating band unwanted emission basic limits, 31< Pratedx

<38dBm
Frequency offset of Frequency offset of Basic limits (Notes 1, 2) Measurement
measurement measurement filter centre bandwidth

filter -3dB point, Af frequency, f_offset

0 MHz < Af <5 MHz 0.05 MHz <f_offset < 5.05 MHz 100 kHz

7 (foffset
Prateax —53dB — §< T 0.05) dB
5 MHz < Af < min(10 5.05 MHz < f_offset < min(10.05 Pratedx - 60dB 100 kHz
MHz, Afmax) MHz, f_offsetmax)
10 MHz < Af £ Afmax 10.05 MHz < f offset < f offsetmax Min(Pratedx - 60dB, -25dBm) (Note 3) 100 kHz

NOTE 1: For a repeater DL supporting non-contiguous spectrum operation within any operating band the emission basic
limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands. Exception is Af 2 10MHz from both adjacent sub-blocks on
each side of the gap between passbands, where the emission basic limits within gaps between passbands shall
be Min(Prated.x -60dB, -25dBm)/100kHz.

NOTE 2: For a multi-band connector with inter-passband gap < 2*Afosue the emission basic limits within the inter-
passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on
each side of the inter-passband gap.

NOTE 3: The basic limit is not applicable when Afmax < 10 MHz.
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For repeater operating in Band n104, the limits are specified in Table 6.5.3.2.3-1aand Table 6.5.3.2.3-2a.

Table 6.5.3.2.3-1a. Medium Range repeater operating band unwanted emission basic limits for band
n104; 31< Prated,x < 38 dBm

Frequency offset of Frequency offset of Basic limits (Notes 1, 2) Measurement
measurement measurement filter centre bandwidth
filter -3dB point, Af frequency, f_offset
7 t
0 MHz <Af<20 MHz | 0.05 MHz <f offset<20.05MHz | , W coqp - (f_lc\lgze _ 0_05) 100 kHz
20 MHz < Af < 20.05 MHz < f_offset < Pratedx - 60dB 100 kHz
min(40 MHz, Afmax) min(40.05 MHz, f_offsetmax)
40 MHz < Af < Afmax 40.05 MHz < f offset < f offsetmax Min(Pratedx - 60dB, -25dBm) (Note 3) 100 kHz

NOTE 1: For a repeater DL supporting non-contiguous spectrum operation within any operating band the emission basic
limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passband. Exception is Af =2 40MHz from both adjacent sub-blocks on
each side of the gap between passband, where the emission basic limits within gaps between passbands shall

be Min(Prated,x 'GOdB, -25dBm)/100kHZ

NOTE 2:

For a multi-band connector with inter-passband gap < 2*Afosue the emission basic limits within the inter-

passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on
each side of the inter-passband gap.
NOTE 3: The basic limit is not applicable when Afmax < 40 MHz.

Table 6.5.3.2.3-2: Medium Range repeater operating band unwanted emission basic limits, Pratedx < 31

dBm
Frequency offset of Frequency offset of Basic limits (Notes 1, 2 Measurement
measurement measurement filter centre bandwidth

filter -3dB point, Af frequency, f_offset

0 MHz < Af <5 MHz 0.05 MHz <f_offset < 5.05 MHz 7( f offset 100 kHz

-22dBm—g ——-0.05/dB
5 MHz < Af < min(10 5.05 MHz < f_offset < min(10.05 -29 dBm 100 kHz
MHz, Afmax) MHz, f offsetmax)
10 MHz < Af < Afmax 10.05 MHz <f offset < f offsetmax -29 dBm (Note 3) 100 kHz

NOTE 1: For a repeater DL supporting non-contiguous spectrum operation within any operating band the emission basic
limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands. Exception is Of = 10MHz from both adjacent sub-blocks on
each side of the gap between passbands, where the emission basic limits within gaps between passbands shall
be -29dBm/100kHz.

For a multi-band connector with inter-passband gap < 2*Afosue the emission basic limits within the inter-
passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on
each side of the inter-passband gap.

NOTE 3: The basic limit is not applicable when Afmax < 10 MHz.

NOTE 2:
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Table 6.5.3.2.3-2a. Medium Range repeater operating band unwanted emission basic limits for band
104, Prated'x S 31 dBm

Frequency offset of Frequency offset of basic limits (Notes 1, 2 Measurement
measurement measurement filter centre bandwidth
filter -3dB point, Af frequency, f_offset
0 MHz < Af< 20 MHz | 0.05 MHz < f offset < 20.05 MHz 7 (f_offset 100 kHz
—22dBm — — (— - 0.05)
20\ MHz
20 MHz < Af < 20.05 MHz < f_offset < -29 dBm 100 kHz
min(40 MHz, Afmax) min(40.05 MHz, f_offsetmax)
40 MHz < Af < Afmax | 40.05 MHz < f offset < f_offsetmax -29 dBm 100 kHz

NOTE 1: For a repeater DL supporting non-contiguous spectrum operation within any operating band the emission
basic limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent
sub-blocks on each side of the gap between passband. Exception is f 2 40MHz from both adjacent sub-blocks
on each side of the gap between passband, where the emission basic limits within gaps between passbands
shall be -29dBm/100kHz.

For a multi-band connector with inter-passband gap < 2*Afosue the emission basic limits within the inter-
passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on
each side of the inter-passband gap.

NOTE 2:

NOTE 3: The basic limit is not applicable when Afmax < 40 MHz.

6.5.3.24

For Local Area, basic limits are specified in table 6.5.3.2.4-1.

Basic limits for Local Area repeater type 1-C (Category A and B)

Table 6.5.3.2.4-1: Local Area repeater operating band unwanted emission basic limits

Frequency offset of Frequency offset of Basic limits (Notes 1, 2) Measurement
measurement measurement filter centre bandwidth

filter -3dB point, Af frequency, f_offset

0 MHz < Af <5 MHz 0.05 MHz <f_offset < 5.05 MHz 7( f offset 100 kHz

—30dBm — (— — 0.0deB
5 MHz
5 MHz < Af < min(10 5.05 MHz < f_offset < min(10.05 -37 dBm 100 kHz
MHz, Afmax) MHz, f offsetmax)
10 MHz < Af < Afmax 10.05 MHz < f_offset < f_offsetmax -37 dBm (Note 10) 100 kHz

NOTE 1: For a repeater supporting non-contiguous spectrum operation within any operating band the emission basic
limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands. Exception is Uf 2 10MHz from both adjacent sub-blocks
on each side of the gap between passbands, where the emission basic limits within gaps between passbands
shall be -37dBm/100kHz.

For a multi-band connector with inter-passband gap < 2*Afosue the emission basic limits within the inter-
passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on
each side of the inter-passband gap

NOTE 3: The basic limit is not applicable when Afmax <10 MHz.

NOTE 2:

For repeater operating in Band n104, basic limits are specified in Table 6.5.3.2.4-1a.
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Table 6.5.3.2.4-1a. Local Area repeater operating band unwanted emission basic limits for band n104

Frequency offset of Frequency offset of Basic limits (Notes 1, 2) Measurement
measurement measurement filter centre bandwidth
filter -3dB point, Af frequency, f_offset
0 MHz < Af< 20 MHz | 0.05 MHz < f offset < 20.05 MHz 7 (f_offset 100 kHz
—30dBm — — (— - 0.05)
20 MHz
20 MHz < Af < 20.05 MHz < f_offset < -37 dBm 100 kHz
min(40 MHz, Afmax) min(40.05 MHz, f_offsetmax)
40 MHz < Af < Afmax | 40.05 MHz < f offset < f_offsetmax -37 dBm 100 kHz

NOTE 1: For a repeater supporting non-contiguous spectrum operation within any operating band the emission basic
limits within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on
each side of the sub-block gap. Exception is Af 2 40MHz from both adjacent sub-blocks on each side of the
sub-block gap, where the emission basic limits within sub-block gaps shall be -37dBm/100kHz.

NOTE 2: For a multi-band connector with Inter RF Bandwidth gap < 2*Afosue the emission basic limits within the Inter
RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF
Bandwidth on each side of the Inter RF Bandwidth gap

NOTE 3: The basic limit is not applicable when Afmax < 40 MHz.

6.5.3.2.5 Additional basic limits

6.5.3.2.5.1 Limits in FCC Title 47

In addition to the basic limitsin clauses 6.5.3.2.1, 6.5.3.2.2, 6.5.3.2.3 and 6.5.3.2.4, the repeater type 1-C may have to
comply with the applicable emission basic limits established by FCC Title 47 [10], when deployed in regions where
those limits are applied, and under the conditions declared by the manufacturer.

6.5.3.2.5.2 Protection of DTT

In certain regions the following basic limit may apply for protection of DTT. For repeater type 1-C operating in Band
n20, the level of emissionsin the band 470-790 MHz, measured in an 8 MHz filter bandwidth on centre frequencies
Frier according to table 6.5.3.2.5.2-1, abasic limit Pew  is declared by the manufacturer. This basic limit appliesin the
frequency range 470-790 MHz even though part of the range falls in the spurious domain.

Table 6.5.3.2.5.2-1: Declared emissions basic limit for protection of DTT

Filter centre frequency, Measurement Declared emission
Filter bandwidth basic limit (dBm)
Fiiter = 8*N + 306 (MHz); 8 MHz Pemn
21 <sN=<60

Note: The regional requirement is defined in terms of EIRP (effective isotropic radiated power), whichis
dependent on both the repeater emissions at the antenna connector and the deployment (including
antenna gain and feeder 1oss). The requirement defined above provides the characteristics of the repeater
needed to verify compliance with the regiona requirement. Compliance with the regional requirement
can be determined using the method outlined in TS 36.104 [20], annex F.

6.5.3.2.6 Basic limit inside passband with no UL input signal

The requirement is defined as a function of frequency offset from the edge of some part of passband with non-zero
input signal. The requirement is measured as the ratio of the repeater output power in a zero-input basic unit to the
repeater output power in a non-zero input basic unit. Basic unit equal to 360KHz.

The average of the basic limits over 10 sub-frames shall not exceed the values specified in Table 6.5.3.2.6-1.
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Table 6.5.3.2.6-1: Basic limits inside passband with no UL input signal

Parameter Unit Basic Limit (NOTE 1) Applicable
description Frequencies
General dB max{—25— 10 - log,o( Nrg/Lcrp), Any zero-input
20-log1o EVM —3 =5 - (|4zg| — 1)/Lcras basic unit (NOTE
—57dBm + 101log,((SCS/15kHz) — Pgg} 2)
1Q Image dB -28 Image frequencies when output power > 10 dBm Image
frequencies
(NOTES 2, 3)
-25 Image frequencies when output power = 10 dBm
Carrier dBc -28 Output power > 10 dBm Carrier leakage
leakage frequency
(NOTES 4, 5)
-25 0 dBm = Output power < 10 dBm
-20 -30 dBm = Output power < 0 dBm
-10 -40 dBm < Output power < -30 dBm

NOTE 1: requirement is evaluated in each zero-input basic unit. For each such basic unit, the minimum requirement
is calculated as the higher of P - 30 dB and the power sum of all limit values (General, IQ Image or
Carrier leakage) that apply. Pg; is defined in NOTE 10.

NOTE 2: The measurement bandwidth is one basic unit and the limit is expressed as a ratio of measured power in
one zero-input basic unit to the measured average power per non-zero input basic unit, where the
averaging is done across all non-zero input parts of the passband.

NOTE 3: The applicable frequencies for this limit are those that are enclosed in the reflection of the non-zero input
part of passband, based on symmetry with respect to the carrier leakage frequency, but excluding any non-
zero input basic units.

NOTE 4: The measurement bandwidth is 1 basic unit and the limit is expressed as a ratio of measured power in one
zero-input basic unit to the measured total power in all non-zero input basic units

NOTE 5: The applicable frequencies are those that are enclosed either in the basic unit containing the carrier
leakage frequency, or in the two basic units immediately adjacent to the carrier leakage frequency but
excluding any non-zero input basic units.

NOTE 6: Lcreis the floor (tasbend)

basic unit ) )
NOTE 7: Nrs is the floor (”‘”‘”’W”th of e fmput “g”“l).
NOTE 8: EVM is the limit specified in Table 6.6.2.2-1 for the modulation format used in the non-zero input basic
units..

NOTE 9: Apg is the starting frequency offset between the end of nearest non-zero input basic unit and the
measured zero-input basic unit (e.g. 4rs = 1 or 4re = -1 for the first zero-input basic unit outside of the non-
zero input part of passband.

NOTE 10: Pyg is an average of the transmitted power over 10 sub-frames normalized by the number of non-zero
input basic units, measured in dBm.

6.5.3.3 Minimum requirement for NCR
6.5.3.3.1 Minimum requirement for NCR-Fwd
6.5.34.1.1 Minimum requirement for NCR-Fwd type 1-C

The operating band unwanted emissions for NCR-Fwd type 1-C for each antenna connector shall be below the
applicable basic limits defined in clause 6.5.3.2.

For Band n41 and n90 operation in Japan, the operating band unwanted emissions limits shall be applied to the sum of
the emission power over all antenna connectors for NCR-Fwd type 1-C.

For joint transmission of NCR-Fwd and NCR-MT in the uplink, the operating band unwanted emissions limits shall
apply to the total emissions from both the NCR-Fwd and NCR-MT.

6.5.3.4.1.2 Minimum requirement for NCR-Fwd type 1-H

The operating band unwanted emissions requirements for NCR-Fwd type 1-H are that for each TAB connector TX min
cell group and each applicable basic limit in clause 6.5.3.2, the power summation emissions at the TAB connectors of
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the TAB connector TX min cell group shall not exceed alimit specified asthe basic limit + X, where X =
10l0g10(NTxU,countedpercatt) for DL and for UL WA and X=0 for UL LA.

For joint transmission of NCR-Fwd and NCR-MT in the uplink, the operating band unwanted emissions limits shall
apply to the total emissions from both the NCR-Fwd and NCR-MT.

NOTE: Conformance to the repeater type 1-H spurious emission requirement can be demonstrated by meeting at
least one of the following criteria as determined by the manufacturer:

1) The sum of the emissions power measured on each TAB connector in the TAB connector TX min cell group
shall be less than or equal to the limit as defined in this clause for the respective frequency span.

Or

2) The unwanted emissions power at each TAB connector shall be less than or equal to the repeater type 1-H
limit as defined in this clause for the respective frequency span, scaled by -10logio(n), where n is the number of
TAB connectorsin the TAB connector TX min cell group.

6.5.3.3.2 Minimum requirement for NCR-MT

6.5.3.3.2.1 Minimum requirements for NCR-MT type 1-C

For LA NCR-MT type 1-C, regardless of simultaneous transmission with NCR- Fwd is transmiting, the UE spectrum
emission mask requirements specified in clause 6.5.2 in TS 38.101-1 applies.

For WA NCR-MT type 1-C, regardless of simultaneous transmission between NCR-MT and NCR-Fwd, the BS
requirements specified in clause 6.6.4 in TS 38.104 apply.
For simultaneous transmission the limits apply for sum of NCR-MT transmission and NCR-Fwd transmission.

6.5.3.3.2.2 Minimum requirements for NCR-MT type 1-H

Limitsfor NCR-MT type 1-H apply to the sum of emissions across all TAB connectors.

For LA NCR-MT type 1-H, regardless of simultaneous transmission with NCR- Fwd is transmiting, the UE spectrum
emission mask requirements specified in clause 6.5.2 in TS 38.101-1 applies without scaling factor allowed.

For WA NCR-MT type 1-H, the repeater basic requirements specified in clause 6.6.4 in TS 38.104 relaxed with
following scaling factor apply.

10log(NTxu,counted), Where Ntxu,counted = MiN(NTxu, active ,8)

For simultaneous transmission the limits apply for sum of NCR-MT transmission and NCR-Fwd transmission.
6.5.4  Transmitter spurious emissions

6.5.4.1 General
The transmitter spurious emission limits shall apply from 9 kHz to 12.75 GHz, excluding

- thefrequency range from Afogue below the lowest frequency of each supported downlink operating band, up to
Afosue above the highest frequency of each supported downlink operating band, where the Afogue is defined in
table 6.5.1-1 for downlink, or

- thefrequency range from Afogue below the lowest frequency of each supported uplink operating band, up to
Afogue above the highest frequency of each supported uplink operating band, where the Afogue is defined in
table 6.5.1-2 for uplink

For some operating bands, the upper limit is higher than 12.75 GHz in order to comply with the 5" harmonic limit of
the downlink operating band, as specified in ITU-R recommendation SM.329 [5].

For a multi-band connector, for each supported operating band together with Afogue around the band is excluded from
the transmitter spurious emissions reguirement.
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The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for
all transmission modes foreseen by the manufacturer's specification.
Unless otherwise stated, all requirements are measured as mean power (RMS).

For Band n41 and n90 operation in Japan, the sum of the spurious emissions over all antenna connectors for Repeater
type 1-C shall not exceed the minimum requirements defined in clause 6.5.5.2.

6.5.4.2 Basic limits

6.5.4.2.1 General transmitter spurious emissions basic limits

The basic limits of either table 6.5.4.2.1-1, table 6.5.4.2.1-2 (Category A limits) or table 6.5.4.2.1-3 (Category B limits)
shall apply. The application of either Category A or Category B limits shall be the same as for operating band unwanted
emissionsin clause 6.5.3.

Table 6.5.4.2.1-1: General transmitter spurious emission basic limits for DL in FR1, Category A

Spurious frequency range Basic limit | Measurement Notes
bandwidth
9 kHz — 150 kHz -13 dBm 1 kHz Note 1
150 kHz — 30 MHz 10 kHz Note 1
30 MHz — 1 GHz 100 kHz Note 1
1GHz 12.75 GHz 1 MHz Note 1, Note 2
12.75 GHz — 5™ harmonic of the 1 MHz Note 1, Note 2, Note 3
upper frequency edge of the DL
operating band in GHz

NOTE 1: Measurement bandwidths as in ITU-R SM.329 [5], s4.1.

NOTE 2: Upper frequency as in ITU-R SM.329 [5], s2.5 table 1.

NOTE 3: For DL, this spurious frequency range applies only for operating bands for which the 5™
harmonic of the upper frequency edge of the DL operating band is reaching beyond

12.75 GHz.

Table 6.5.4.2.1-2: General transmitter spurious emission basic limits for UL in FR1, Category A

Spurious frequency range Basic limits [ Measurement Notes
bandwidth
9 kHz — 150 kHz -36 dBm 1 kHz Note 1
150 kHz — 30 MHz 10 kHz Note 1
30 MHz — 1 GHz 100 kHz Note 1
1 GHz—-12.75 GHz -30 dBm 1 MHz Note 1, Note 2
12.75 GHz — 5™ harmonic of the 1 MHz Note 1, Note 2, Note 3
upper frequency edge of the UL
operating band in GHz

NOTE 1: Measurement bandwidths as in ITU-R SM.329 [5], s4.1.

NOTE 2: Upper frequency as in ITU-R SM.329 [5], s2.5 table 1.

NOTE 3: For UL, this spurious frequency range applies only for operating bands for which the 5t
harmonic of the upper frequency edge of the UL operating band is reaching beyond

12.75 GHz.
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Spurious frequency range basic limits | Measurement Notes
bandwidth
9 kHz — 150 kHz -36 dBm 1 kHz Note 1
150 kHz — 30 MHz 10 kHz Note 1
30 MHz — 1 GHz 100 kHz Note 1
1 GHz - 12.75 GHz -30 dBm 1 MHz Note 1, Note 2
12.75 GHz — 5" harmonic of the 1 MHz Note 1, Note 2, Note 3
upper frequency edge of the
operating band in GHz

NOTE 1: Measurement bandwidths as in ITU-R SM.329 [5], s4.1.

NOTE 2: Upper frequency as in ITU-R SM.329 [5], s2.5 table 1.

NOTE 3: For DL, this spurious frequency range applies only for operating bands for which the 5"
harmonic of the upper frequency edge of the DL operating band is reaching beyond
12.75 GHz.
For UL, this spurious frequency range applies only for operating bands for which the 5"
harmonic of the upper frequency edge of the UL operating band is reaching beyond
12.75 GHz.

6.5.4.2.2 Additional spurious emissions basic limits

These basic limits may be applied for the protection of system operating in other frequency ranges. The limits may
apply as an optional protection of such systems that are deployed in the same geographical area as the repeater-Node, or
they may be set by local or regional regulation as a mandatory requirement for an NR operating band. It isin some
cases not stated in the present document whether a requirement is mandatory or under what exact circumstances that a
limit applies, since thisis set by local or regional regulation. An overview of regional requirementsin the present
document is givenin clause 4.5.

Some requirements may apply for the protection of specific equipment (UE, MS and/or BS) or equipment operating in
specific systems (GSM, CDMA, UTRA, E-UTRA, NR, etc.) aslisted below.

The spurious emission basic limits are provided in table 6.5.4.2.2-1 where requirements for co-existence with the
system listed in the first column apply for repeater type 1-C. For a multi-band connector, the exclusions and conditions
in the Note column of table 6.5.4.2.2-1 apply for each supported operating band.
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Table 6.5.4.2.2-1: Repeater type 1-C spurious emissions basic limits for co-existence with systems
operating in other frequency bands
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System type | Frequency range basic Measurement Note
to co-exist for co-existence limits bandwidth
with requirement

GSM900 921 -960 MHz | -57 dBm 100 kHz This basic limit does not apply to repeater operating in

band n8

876 — 915 MHz -61 dBm 100 kHz For the frequency range 880-915 MHz, this basic limit
does not apply to repeater operating in band n8, since
it is already covered by the basic limit in clause
6.5.5.2.2.

DCS1800 1805 — 1880 MHz | -47 dBm 100 kHz This basic limit does not apply to repeater operating in
band n3.

1710- 1785 MHz | -61 dBm 100 kHz This basic limit does not apply to repeater operating in
band n3, since it is already covered by the basic limit
in clause 6.5.5.2.2.

PCS1900 1930 — 1990 MHz | -47 dBm 100 kHz This basic limit does not apply to repeater operating in
band n2, n25 or band n70.

1850 — 1910 MHz | -61 dBm 100 kHz This basic limit does not apply to repeater operating in
band n2 or n25 since it is already covered by the basic
limit in clause 6.6.5.2.2.

GSM850 or 869 —894 MHz | -57 dBm 100 kHz This basic limit does not apply to repeater operating in
band n5 or n26.

CDMAS850 824 - 849 MHz | -61 dBm 100 kHz This basic limit does not apply to repeater operating in
band n5 or n26, since it is already covered by the
basic limit in clause 6.6.5.2.2.

UTRA FDD 2110 -2170 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
band n1 or n65

Band | or 1920 — 1980 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in

E-UTRA Band band nl or n65, since it is already covered by the

1 or NR Band basic limit in clause 6.6.5.2.2.

nl

UTRA FDD 1930 — 1990 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
band n2 or n70.

Band Il or 1850 — 1910 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in

E-UTRA Band band n2, since it is already covered by the basic limit

2 or NR Band in clause 6.6.5.2.2.

n2

UTRA FDD 1805 — 1880 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
band n3.

Band Il or 1710 - 1785 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in

E-UTRA Band band n3, since it is already covered by the basic limit

3 or NR Band in clause 6.6.5.2.2.

n3

UTRA FDD 2110 - 2155 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

Band IV or band n66

E-UTRA Band

4

1710 - 1755 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n66, since it is already covered by the basic limit
in clause 6.6.5.2.2.

UTRA FDD 869 — 894 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

Band V or band n5 or n26.

E-UTRA Band

5 or NR Band

n5

824 — 849 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n5 or n26, since it is already covered by the
basic limit in clause 6.6.5.2.2.

UTRA FDD 860 — 890 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
band n18.

Band VI, XIX or| 815-830MHz |-49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n18, since it is already covered by the basic limit
in clause 6.6.5.2.2.

E-UTRA Band 830 — 845 MHz -49 dBm 1 MHz

6, 18, 19 or NR

Band n18
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UTRA FDD 2620 — 2690 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band VIl or band n7.
E-UTRA Band
7 or NR Band
n7
2500 — 2570 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n7, since it is already covered by the basic limit
in clause 6.6.5.2.2.
UTRA FDD 925 -960 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band VIII or band n8.
E-UTRA Band
8 or NR Band
n8
880 —-915 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n8, since it is already covered by the basic limit
in clause 6.6.5.2.2.
UTRA FDD 1844.9 - 1879.9 | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band IX or MHz band n3.
E-UTRA Band
9
1749.9 -1784.9 | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
MHz band n3, since it is already covered by the basic limit
in clause 6.6.5.2.2.
UTRA FDD 2110 -2170 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band X or band n66
E-UTRA Band
10
1710 - 1770 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n66, since it is already covered by the basic limit
in clause 6.6.5.2.2.
UTRA FDD 1475.9 — 1510.9 | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band Xl or XXI MHz band n50, n74, n75, n92, n94 or n109.
or
E-UTRA Band
1lor21
1427.9 — 1447.9 | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
MHz band n50, n51, n74, n75, n76, n91, n92, n93, n94 or
n109.
1447.9 — 1462.9 | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
MHz band n50, n74, n75, n92, n94 or n109.
UTRA FDD 729 — 746 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band XII or band n12 or n85.
E-UTRA Band
12 or NR Band
nl2
699 — 716 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n12 or n85, since it is already covered by the
basic limit in clause 6.6.5.2.2.
For NR repeater operating in n29, it applies 1 MHz
below the Band n29 downlink operating band (Note 5).
UTRA FDD 746 — 756 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band XIIl or band n13.
E-UTRA Band
13
777 —-787 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n13, since it is already covered by the basic limit
in clause 6.6.5.2.2.
UTRA FDD 758 — 768 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band XIV or band n14.
E-UTRA Band
14 or NR band
nl4
788 —798 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n14, since it is already covered by the basic limit
in clause 6.6.5.2.2.
E-UTRA Band 734 — 746 MHz -52 dBm 1 MHz
17
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704 - 716 MHz | -49 dBm 1 MHz For NR repeater operating in n29, it applies 1 MHz
below the Band n29 downlink operating band (Note 5).
UTRA FDD 791 -821 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band XX or E- band n20 or n28.
UTRA Band 20
or NR Band
n20
832 -862 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n20, since it is already covered by the basic limit
in clause 6.6.5.2.2.
UTRA FDD 3510 - 3590 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band XXII or band n48, n77 or n78.
E-UTRA Band
22
3410 — 3490 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n77 or n78.
E-UTRA Band | 1525 - 1559 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
24 band n24.
1626.5 - 1660.5 | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
MHz band n24, since it is already covered by the basic limit
in clause 6.6.5.2.2.
UTRA FDD 1930 — 1995 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band XXV or band n2, n25 or n70.
E-UTRA Band
25 or NR band
n25
1850 — 1915 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n25 since it is already covered by the basic limit
in clause 6.6.5.2.2. For repeater operating in Band n2,
it applies for 1910 MHz to 1915 MHz, while the rest is
covered in clause 6.6.5.2.2.
UTRA FDD 859 — 894 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band XXVI or band n5 or n26.
E-UTRA Band
26 or NR Band
n26
814 — 849 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n26 since it is already covered by the basic limit
in clause 6.6.5.2.2. For repeater operating in Band n5,
it applies for 814 MHz to 824 MHz, while the rest is
covered in clause 6.6.5.2.2.
E-UTRA Band 852 - 869 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
27 Band n5.
807 — 824 MHz | -49 dBm 1 MHz This basic limit also applies to repeater operating in
Band n28, starting 4 MHz above the Band n28
downlink operating band (Note 5).
E-UTRA Band 758 —803 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
28 or NR Band band n20, n67 or n28.
n28
703 —-748 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n28, since it is already covered by the basic limit
in clause 6.6.5.2.2.
For repeater operating in band n67, it applies for 703
MHz to 736 MHz.
E-UTRA Band 717 —728 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
29 or NR Band Band n29 or n85
n29
E-UTRA Band | 2350 - 2360 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
30 or NR Band band n30
n30
2305 - 2315 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n30, since it is already covered by the basic limit
in clause 6.6.5.2.2.
E-UTRA Band | 462.5 — 467.5 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

31 or NR Band
n31

band n31 or n72.
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452.5 — 457.5 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in

band n31, since it is already covered by the basic limit
in clause 6.6.5.2.2. This basic limit does not apply to
repeater operating in band n72.

UTRA FDD 1452 — 1496 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

band XXXII or band n50, n74, n75, n92, n94 or n109.

E-UTRA band

32

UTRA TDD 1900 — 1920 MHz | -52 dBm 1 MHz

Band a) or E-

UTRA Band 33

UTRA TDD 2010 — 2025 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

Band a) or E- Band n34.

UTRA Band 34

or NR band

n34

UTRA TDD 1850 — 1910 MHz | -52 dBm 1 MHz

Band b) or E-

UTRA Band 35

UTRA TDD 1930 — 1990 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

Band b) or E- Band n2 or n25.

UTRA Band 36

UTRA TDD 1910 — 1930 MHz | -52 dBm 1 MHz

Band c) or E-

UTRA Band 37

UTRA TDD 2570 — 2620 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

Band d) or E- Band n38.

UTRA Band 38

or NR Band

n38

UTRA TDD 1880 — 1920MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

Band f) or E- Band n39.

UTRA Band 39

or NR band

n39

UTRA TDD 2300 — 2400MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

Band e) or E- Band n30 or n40.

UTRA Band 40

or NR Band

n40

E-UTRA Band | 2496 — 2690 MHz | -52 dBm 1 MHz This is not applicable to repeater operating in Band

41 or NR Band n41, n53 or [n90].

n41, n90

E-UTRA Band | 3400 — 3600 MHz | -52 dBm 1 MHz This is not applicable to repeater operating in Band

42 n48, n77 or n78.

E-UTRA Band | 3600 — 3800 MHz | -52 dBm 1 MHz This is not applicable to repeater operating in Band

43 n48, n77 or n78.

E-UTRA Band 703 -803 MHz | -52 dBm 1 MHz This is not applicable to repeater operating in Band

44 n28.

E-UTRA Band | 1447 — 1467 MHz | -52 dBm 1 MHz

45

E-UTRA Band | 5150 — 5925 MHz | -52 dBm 1 MHz

46

E-UTRA Band | 5855 —5925 MHz | -52 dBm 1 MHz

47

E-UTRA Band | 3550 - 3700 MHz | -52 dBm 1 MHz This is not applicable to repeater operating in Band

48 or NR Band n48, n77 or n78.

n48

E-UTRA Band | 1432 -1517 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

50 or NR band Band n50, n51, n74, n75, n76, n91, n92, n93, n94 or

n50 n109.

E-UTRA Band | 1427 — 1432 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

51 or NR Band Band n50, n51, n75, n76, n91, n92, n93, n94 or n109.

n51

E-UTRA Band | 2483.5 - 2495 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

53 or NR Band
n53

Band n41, n53 or n90.
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E-UTRA Band | 1670 - 1675 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

54 or NR Band Band n54

n54

E-UTRA Band | 2110 - 2200 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

65 or NR Band band n1 or n65.

n65

1920 — 2010 MHz | -49 dBm 1 MHz For repeater operating in Band n1, it applies for 1980

MHz to 2010 MHz, while the rest is covered in clause
6.6.5.2.2.
This basic limit does not apply to repeater operating in
band n65, since it is already covered by the basic limit
in clause 6.6.5.2.2.

E-UTRA Band | 2110 - 2200 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

66 or NR Band band n66.

n66

1710 - 1780 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in

band n66, since it is already covered by the basic limit
in clause 6.6.5.2.2.

E-UTRA Band 738 —758 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

67 Band n28 or n67.

E-UTRA Band 753 -783 MHz -52 dBm 1 MHz This basic limit does not apply to repeater operating in

68 band n28.

698-728 MHz -49 dBm 1 MHz For repeater operating in Band n28, this basic limit
applies between 698 MHz and 703 MHz, while the rest
is covered in clause 6.6.5.2.2.

E-UTRA Band | 2570 - 2620 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
69 Band n38.
E-UTRA Band | 1995 - 2020 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
70 or NR Band band n2, n25 or n70
n70
1695 - 1710 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n70, since it is already covered by the basic limit
in clause 6.6.5.2.2.
E-UTRA Band 617 —652 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
71 or NR Band band n71 or n105
n71
663 — 698 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n71 or n105, since it is already covered by the
basic limit in clause 6.6.5.2.2.
E-UTRA Band 461 — 466 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
72 or NR Band band n31 or n72.
n72
451 — 456 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n72, since it is already covered by the basic limit
in clause 6.6.5.2.2. This basic limit does not apply to
BS operating in band n31.
E-UTRA Band | 1475-1518 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
74 or NR Band band n50, n74, n75, n92, n94 or n109.
n74
1427 — 1470 MHz | -49 dBm 1MHz This basic limit does not apply to repeater operating in
band n50, n51, n74, n75, n76, n91, n92, n93, n94 or
n109.
E-UTRA Band | 1432 -1517 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
75 or NR Band Band n50, n51, n74, n75, n76, n91, n92, n93, n94 or
n75 n109.
E-UTRA Band | 1427 — 1432 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
76 or NR Band Band n50, n51, n75, n76, n91, n92, n93, n94 or n109.
n76
NR Band n77 3.3-4.2GHz -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band n48, n77 or n78
NR Band n78 3.3-3.8GHz -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band n48, n77 or n78
NR Band n79 4.4-5.0 GHz -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band n79
NR Band n80 1710 - 1785 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in

band n3, since it is already covered by the basic limit
in clause 6.6.5.2.2.

ETSI




3GPP TS 38.106 version 18.4.0 Release 18 62 ETSI TS 138 106 V18.4.0 (2024-05)

NR Band n81 880 —-915 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n8, since it is already covered by the basic limit
in clause 6.6.5.2.2.

NR Band n82 832 -862 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n20, since it is already covered by the basic limit
in clause 6.6.5.2.2.

NR Band n83 703 — 748 MHz -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n28, since it is already covered by the basic limit
in clause 6.6.5.2.2.

For repeater operating in Band n67, it applies for 703
MHz to 736 MHz.

NR Band n84 1920 — 1980 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n1, since it is already covered by the basic limit
in clause 6.6.5.2.2.

E-UTRA Band 728 — 746 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in

85 and NR band n12 or n85.

Band n85 For NR repeater operating in n29, it applies 1 MHz
below the Band n29 downlink operating band (Note 5).

698 — 716 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n12 or n85, since it is already covered by the
basic limit in clause 6.6.5.2.2.

NR Band n86 1710 - 1780 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n66, since it is already covered by the basic limit
in clause 6.6.5.2.2.

NR Band n89 824 — 849 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n5, since it is already covered by the basic limit
in clause 6.6.5.2.2.

NR Band n91 1427 — 1432 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band n50, n51, n75, n76 or n109.

832 -862 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n20, since it is already covered by the basic limit
in clause 6.6.5.5.1.2.

NR Band n92 1432 — 1517 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band n50, n51, n74, n75, n76 or n109.

832 -862 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n20, since it is already covered by the basic limit
in clause 6.6.5.5.1.2.

NR Band n93 1427 — 1432 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band n50, n51, n75, n76 or n109.

880 - 915 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n8, since it is already covered by the basic limit
in clause 6.6.5.5.1.2.

NR Band n94 1432 — 1517 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band n50, n51, n74, n75, n76 or n109.

880 - 915 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in
band n8, since it is already covered by the basic limit
in clause 6.6.5.5.1.2.

NR Band n95 2010 — 2025 MHz | -52 dBm 1 MHz

NR Band n96 5925 — 7125 MHz | -52 dBm 1 MHz

NR Band n97 2300 — 2400MHz | -52 dBm 1 MHz

NR Band n98 1880 — 1920MHz | -52 dBm 1 MHz

NR Band n99 1626.5 - 1660.5 | -49 dBm 1 MHz This basic limit does not apply to repeater operating in

MHz band n24, since it is already covered by the basic limit
in clause 6.5.5.2.2.

NR band n101 | 1900 — 1910 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band n101.

NR Band n102 | 5925 — 6425 MHz | -52 dBm 1 MHz

E-UTRA Band 757 — 758 MHz | -52 dBm 1 MHz

103

787 — 788 MHz | -49 dBm 1 MHz

NR Band n104 | 6425 - 7125 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
Band n104

NR band n105 612 — 652 MHz | -52 dBm 1 MHz This basic limit does not apply to repeater operating in
band n71 or n105

663 — 703 MHz | -49 dBm 1 MHz This basic limit does not apply to repeater operating in

band n105, since it is already covered by the basic
limit in clause 6.6.5.2.2.
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E-UTRA Band 935 - 940 MHz -52 dBm 1 MHz
106
896 — 901 MHz | -49 dBm 1 MHz
NR band n109 | 1432 — 1517 MHz | -52 dBm 1 MHz This basic limit does not apply to BS operating in Band
n50, n51, n74, n75, n76, n91, n92, n93, n94 or n109
703 — 733 MHz -49 dBm 1 MHz This basic limit does not apply to BS operating in band
n109, since it is already covered by the basic limit in
clause 6.6.6.5.2.4.

NOTE 1: Asdefined in the scope for spurious emissionsin this clause, except for the cases where the noted basic
limits apply to arepeater operating in Band n28, the co-existence requirementsin table 6.5.4.2.3 -1 do not
apply for the Afogue frequency range immediately outside the downlink operating band (see table 5.2-1).
Emission limits for this excluded frequency range may be covered by local or regional requirements.

NOTE 2: Table 6.5.5.2.3 -1 assumes that two operating bands, where the frequency rangesin table 5.2-1 would be
overlapping, are not deployed in the same geographical area. For such a case of operation with
overlapping frequency arrangements in the same geographical area, special co-existence requirements
may apply that are not covered by the 3GPP specifications.

NOTE 3: For unsynchronized operation, special co-existence requirements may apply that are not covered by the
3GPP specifications.

NOTE 4: For NR Band n28 repeater, specific solutions may be required to fulfil the spurious emissions limits for
repeater for co-existence with E-UTRA Band 27 UL operating band.

NOTE 5: For NR Band n29 repeater, specific solutions may be required to fulfil the spurious emissions limits for
NR repeater for co-existence with UTRA Band XII, E-UTRA Band 12 or NR Band n12 UL operating
band, E-UTRA Band 17 UL operating band or E-UTRA Band 85 UL or NR Band n85 UL operating
band.

The following reguirement may be applied for the protection of PHS. This requirement is also applicable at specified
frequencies falling between Afogue below the lowest repeater transmitter frequency of the downlink operating band and
Afosue above the highest repeater transmitter frequency of the downlink operating band. Afosue is defined in clause
6.5.1.

The spurious emission basic limit for this requirement are;

Table 6.5.4.2.3-2: Repeater spurious emissions basic limit for repeater for co-existence with PHS for

DL
Frequency range basic limit Measurement Note
Bandwidth
1884.5 — 1915.7 MHz -41 dBm 300 kHz Applicable when co-existence with PHS
system operating in 1884.5 — 1915.7 MHz

In certain regions, the following requirement may apply to NR repeater operating in Band n50 and n75 within the 1432
— 1452 MHz, and in Band n51 and Band n76. The basic limit are specified in Table 6.5.4.2.3-4. Thisrequirement is also
applicable at the frequency range from Afosue below the lowest frequency of the repeater downlink operating band up
to Afosue above the highest frequency of the repeater downlink operating band.

Table 6.5.4.2.3-4: Additional operating band unwanted emission basic limit for NR repeater operating
in Band n50 and n75 within 1432 — 1452 MHz, and in Band n51 and n76

Filter centre frequency, Fritter basic limit Measurement
Bandwidth
Fiter = 1413.5 MHz -42 dBm 27 MHz

In certain regions, the following requirement may apply to repeater operating in NR Band n50 and n75 within 1492-
1517 MHz and in Band n74 within 1492-1518 MHz. The maximum level of emissions, measured on centre frequencies
Frier With filter bandwidth according to Table 6.5.4.2.3-5, shall be defined according to the basic limits Pem nsomzs,.a nor
Pem nsam7sp declared by the manufacturer.
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Table 6.5.4.2.3-5: Operating band n50, n74 and n75 declared emission above 1518 MHz

Filter centre frequency, Fitter Declared basic Measurement
limits (dBm) bandwidth
1518.5 MHz < Fiiiter < 1519.5 MHz PEem, nsom7s,a 1 MHz
1520.5 MHz < Fiiier < 1558.5 MHz PEM,n50m75,6 1 MHz

In certain regions, the following requirement shall be applied to repeater operating in Band n13 and n14 to ensure that
appropriate interference protection is provided to 700 MHz public safety operations. This requirement is also applicable
at the frequency range from 10 MHz below the lowest frequency of the repeater downlink operating band up to 10 MHz
above the highest frequency of the repeater downlink operating band.

The power of any spurious emission shall not exceed:

Table 6.5.4.2.3-6: Repeater spurious emissions basic limits for protection of 700 MHz public safety

operations
Operating Band Frequency range Basic limit | Measurement
Bandwidth
nl3 763 - 775 MHz -46 dBm 6.25 kHz
nl3 793 - 805 MHz -46 dBm 6.25 kHz
nl4 769 - 775 MHz -46 dBm 6.25 kHz
nl4 799 - 805 MHz -46 dBm 6.25 kHz

In certain regions, the following requirement may apply to NR repeater operating in Band n30. This requirement is also
applicable at the frequency range from 10 MHz below the lowest frequency of the repeater downlink operating band up
to 10 MHz above the highest frequency of the repeater downlink operating band.

The power of any spurious emission shall not exceed:

Table 6.5.4.2.3-7: Additional NR repeater spurious emissions basic limits for Band n30

Frequency range basic limits | Measurement Note
Bandwidth
2200 — 2345 MHz -45 dBm 1 MHz
2362.5 — 2365 MHz -25 dBm 1 MHz
2365 —2367.5 MHz -40 dBm 1 MHz
2367.5 — 2370 MHz -42 dBm 1 MHz
2370 — 2395 MHz -45 dBm 1 MHz

The following requirement may apply to repeater operating in Band n48 in certain regions. The power of any spurious
emission shall not exceed:

Table 6.5.4.2.3-8: Additional repeater spurious emissions basic limits for Band n48

Frequency range Basic limits | Measurement Note
Bandwidth
(NOTE)
3530 MHz — 3720 MHz -25dBm 1 MHz Applicable 10 MHz

from the assigned
passband edge

3100 MHz — 3530 MHz -40 dBm 1 MHz
3720 MHz — 4200 MHz

NOTE: Theresolution bandwidth of the measuring equipment should be equal to the measurement bandwidth.
However, to improve measurement accuracy, sensitivity and efficiency, the resol ution bandwidth may be
smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the
measurement bandwidth, the result should be integrated over the measurement bandwidth in order to
obtain the equivalent noise bandwidth of the measurement bandwidth.
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NOTE: Theregional requirement, included in[12], is defined in terms of EIRP, which is dependent on both the
repeater emissions at the antenna connector and the deployment (including antenna gain and feeder 10ss).
The requirement defined above provides the characteristics of the base station needed to verify

compliance with the regional requirement. The assessment of the EIRP level is described in Annex F.

The following regquirement shall be applied to repeater operating in Band n26 to ensure that appropriate interference
protection is provided to 800 MHz public safety operations. This requirement is also applicable at the frequency range
from 10 MHz below the lowest frequency of the repeater downlink operating band up to 10 MHz above the highest
frequency of the repeater downlink operating band.

The power of any spurious emission shall not exceed:

Table 6.5.4.2.3-9: Repeater spurious emissions basic limits for protection of 800 MHz public safety

operations
Operating Band Frequency range Basic limit | Measurement Note
Bandwidth
n26 851 - 859 MHz -13 dBm 100 kHz Applicable for offsets

> 37.5kHz from the
passband edge

The following requirement may apply to Repeater for Band n41 and n90 operation in Japan. This requirement is also
applicable at the frequency range from Afosue below the lowest frequency of the Repeater downlink operating band up
to Afosue above the highest frequency of the Repeater downlink operating band.

The power of any spurious emission shall not exceed:

Table 6.5.4.2.3-10: Additional repeater spurious emissions basic limit for Band n41 and n90

Frequency range Basic limit Measurement
Bandwidth
2505 MHz — 2535 MHz -42 dBm 1 MHz
NOTE: This requirement applies for carriers allocated within 2545-2645 MHz.

The following requirement may apply to repeater operating in 3.45-3.55 GHz in Band n77 in certain regions. Basic
limits are specified in table 6.5.4.2.3-11.

Table 6.5.4.2.3-11: Additional repeater spurious emissions basic limits for Band n77

Channel bandwidth | Frequency range Filter centre frequency, Basic limit Measurement
[MHZz] [MHZz] Friter IMHZ] [dBm] bandwidth [MHz]
Al 3430 — 3440 3430.5 < Fy,, < 3439.5 o5 1
3560 — 3570 3560.5 < Fy,,, < 3569.5
Al <3430 Fiier < 3429.5 40 1
> 3570 3570.5 < Fype,
NOTE: Theresolution bandwidth of the measuring equipment should be equal to the measurement bandwidth.

However, to improve measurement accuracy, sensitivity and efficiency, the resol ution bandwidth may be
smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the
measurement bandwidth, the result should be integrated over the measurement bandwidth in order to
obtain the equivalent noise bandwidth of the measurement bandwidth.

The following requirement may also apply to repeater operating in Band n54 in certain regions. The level of emissions
in the 1541 — 1650 MHz band, measured in measurement bandwidth according to Table 6.5.4.2.3-12 shall not exceed
the maximum emission levels Pem nsa,a, Pem nsapn, Pem,nsac, Pem,nsa,dy Pem nsa,e and Pem nsa t declared by the manufacturer.
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Table 6.5.4.2.3-12: Declared Band n54 emissions basic limits for protection of the 1541-1650 MHz

band
Operating Band Frequency range Declared emission Declared emission Declared emission
level (dBW) level (dBW) of level (dBW) of
(Measurement discrete emissions discrete emissions
bandwidth =1 MHz) | of less than 700 Hz of less than 2 kHz
bandwidth bandwidth
(Measurement (Measurement
bandwidth =1 kHz) | bandwidth =1 kHz)
n54 1541 - 1559 MHz Pemnsa.a Pemnsa.i
1559 - 1610 MHz PEem,ns4.b PEeM,ns4.d
1610 - 1650 MHz PEem,ns4.c PeM,ns4.e

Note: The regional requirements specified in attachment to the FCC reference document, 0007135419 are
defined in terms of EIRP (effective isotropic radiated power), which is dependent on both the repeater
emissions at the antenna connector and the deployment (including antenna gain and feeder 10ss). The
EIRP level is calculated using: Peirp = Pe + Gar Where Pe denotes the repeater unwanted emission level at
the antenna connector, Gay equal s the repeater antenna gain minus feeder loss. The requirement defined
above provides the characteristics of the base station needed to verify compliance with the regional
requirement.

6.5.4.2.3 Co-location with base stations and repeater Nodes

These requirements may be applied for the protection of other BS, IAB-DU, IAB-MT and repeater receivers when
GSM900, DCS1800, PCS1900, GSM 850, CDMAS850, UTRA FDD, UTRA TDD, E-UTRA, NR BS, IAB-DU, IAB-
MT, or repeater are co-located.

The requirements assume a 30 dB coupling loss between transmitter and receiver and are based on co-location with
same class.

Thebasic limits arein table 6.5.4.2.3-1. Requirements for co-location with a system listed in the first column apply,
depending on the declared class. For a multi-band connector, the exclusions and conditionsin the Note column of table
6.5.4.2.3-1 shall apply for each supported operating band.
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Table 6.5.4.2.3-1: Spurious emissions minimum requirements for co-location with BS, IAB-Node or
repeater-Node
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Type of co-located BS Frequency range for Basic limits Measurement Note
co-location WA MR LA bandwidth
requirement repeate | repeate | repeate
r r r
GSM900 876 — 915 MHz -98 -91 -70 100 kHz
dBm dBm dBm
DCS1800 1710 - 1785 MHz -98 -91 -80 100 kHz
dBm dBm dBm
PCS1900 1850 — 1910 MHz -98 -91 -80 100 kHz
dBm dBm dBm
GSM850 or CDMAS850 824 — 849 MHz -98 -91 -70 100 kHz
dBm dBm dBm
UTRA FDD Band | or E- 1920 — 1980 MHz -96 -91 -88 100 kHz
UTRA Band 1 or NR dBm dBm dBm
Band nl
UTRA FDD Band Il or E- 1850 — 1910 MHz -96 -91 -88 100 kHz
UTRA Band 2 or NR dBm dBm dBm
Band n2
UTRA FDD Band Il or E- 1710 - 1785 MHz -96 -91 -88 100 kHz
UTRA Band 3 or NR dBm dBm dBm
Band n3
UTRA FDD Band IV or E- 1710 — 1755 MHz -96 -91 -88 100 kHz
UTRA Band 4 dBm dBm dBm
UTRA FDD Band V or E- 824 — 849 MHz -96 -91 -88 100 kHz
UTRA Band 5 or NR dBm dBm dBm
Band n5
UTRA FDD Band VI, XIX 830 — 845 MHz -96 -91 -88 100 kHz
or E-UTRA Band 6, 19 dBm dBm dBm
UTRA FDD Band VIl or 2500 — 2570 MHz -96 -91 -88 100 kHz
E-UTRA Band 7 or NR dBm dBm dBm
Band n7
UTRA FDD Band VlII or 880 — 915 MHz -96 -91 -88 100 kHz
E-UTRA Band 8 or NR dBm dBm dBm
Band n8
UTRA FDD Band IX or E- | 1749.9 —1784.9 MHz -96 -91 -88 100 kHz
UTRA Band 9 dBm dBm dBm
UTRA FDD Band X or E- 1710 - 1770 MHz -96 -91 -88 100 kHz
UTRA Band 10 dBm dBm dBm
UTRA FDD Band Xl or E- | 1427.9 -1447.9 MHz -96 -91 -88 100 kHz This is not
UTRA Band 11 dBm dBm dBm applicable to
repeater
operating in
Band n50, n75,
n91, n92, n93 or
n94
UTRA FDD Band Xl or 699 — 716 MHz -96 -91 -88 100 kHz
E-UTRA Band 12 or NR dBm dBm dBm
Band n12
UTRA FDD Band XllII or 777 — 787 MHz -96 -91 -88 100 kHz
E-UTRA Band 13 or NR dBm dBm dBm
Band n13
UTRA FDD Band XIV or 788 — 798 MHz -96 -91 -88 100 kHz
E-UTRA Band 14 or NR dBm dBm dBm
Band n14
E-UTRA Band 17 704 — 716 MHz -96 -91 -88 100 kHz
dBm dBm dBm
E-UTRA Band 18 or NR 815 — 830 MHz -96 -91 -88 100 kHz
Band n18 dBm dBm dBm
UTRA FDD Band XX or 832 — 862 MHz -96 -91 -88 100 kHz
E-UTRA Band 20 or NR dBm dBm dBm
Band n20
UTRA FDD Band XXI or 1447.9 — 1462.9 MHz -96 -91 -88 100 kHz This is not
E-UTRA Band 21 dBm dBm dBm applicable to
repeater
operating in
Band n50, n75,
n92 or n94
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UTRA FDD Band XXII or 3410 — 3490 MHz -96 -91 -88 100 kHz This is not
E-UTRA Band 22 dBm dBm dBm applicable to
repeater
operating in
Band n48, n77 or
n78
E-UTRA Band 24 or NR | 1626.5 - 1660.5 MHz -96 -91 -88 100 kHz
Band n24 dBm dBm dBm
UTRA FDD Band XXV or 1850 — 1915 MHz -96 -91 -88 100 kHz
E-UTRA Band 25 or NR dBm dBm dBm
Band n25
UTRA FDD Band XXVI or 814 — 849 MHz -96 -91 -88 100 kHz
E-UTRA Band 26 or NR dBm dBm dBm
Band n26
E-UTRA Band 27 807 — 824 MHz -96 -91 -88 100 kHz
dBm dBm dBm
E-UTRA Band 28 or NR 703 — 748 MHz -96 -91 -88 100 kHz
Band n28 dBm dBm dBm
E-UTRA Band 30 or NR 2305 — 2315 MHz -96 -91 -88 100 kHz
Band n30 dBm dBm dBm
E-UTRA Band 31 or NR 452.5 — 457.5 MHz -96 -91 -88 100 kHz
Band n31 dBm dBm dBm
UTRA TDD Band a) or E- 1900 — 1920 MHz -96 -91 -88 100 kHz
UTRA Band 33 dBm dBm dBm
UTRA TDD Band a) or E- 2010 — 2025 MHz -96 -91 -88 100 kHz This is not
UTRA Band 34 or NR dBm dBm dBm applicable to
band n34 repeater
operating in
Band n34
UTRA TDD Band b) or E- 1850 — 1910 MHz -96 -91 -88 100 kHz
UTRA Band 35 dBm dBm dBm
UTRA TDD Band b) or E- 1930 — 1990 MHz -96 -91 -88 100 kHz This is not
UTRA Band 36 dBm dBm dBm applicable to
repeater
operating in
Band n2 or band
n25
UTRA TDD Band c) or E- 1910 — 1930 MHz -96 -91 -88 100 kHz
UTRA Band 37 dBm dBm dBm
UTRA TDD Band d) or E- 2570 — 2620 MHz -96 -91 -88 100 kHz This is not
UTRA Band 38 or NR dBm dBm dBm applicable to
Band n38 repeater
operating in
Band n38.
UTRA TDD Band f) or E- 1880 — 1920MHz -96 -91 -88 100 kHz This is not
UTRA Band 39 or NR dBm dBm dBm applicable to
band n39 repeater
operating in
Band n39
UTRA TDD Band e) or E- 2300 — 2400MHz -96 -91 -88 100 kHz This is not
UTRA Band 40 or NR dBm dBm dBm applicable to
Band n40 repeater
operating in
Band n30 or n40.
E-UTRA Band 41 or NR 2496 — 2690 MHz -96 -91 -88 100 kHz This is not
Band n41, n90 dBm dBm dBm applicable to
repeater
operating in
Band n41, n53 or
[n90]
E-UTRA Band 42 3400 — 3600 MHz -96 -91 -88 100 kHz This is not
dBm dBm dBm applicable to
repeater
operating in
Band n48, n77 or
n78
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E-UTRA Band 43 3600 — 3800 MHz -96 -91 -88 100 kHz This is not
dBm dBm dBm applicable to
repeater
operating in
Band n48, n77 or
n78
E-UTRA Band 44 703 — 803 MHz -96 -91 -88 100 kHz This is not
dBm dBm dBm applicable to
repeater
operating in
Band n28
E-UTRA Band 45 1447 — 1467 MHz -96 -91 -88 100 kHz
dBm dBm dBm
E-UTRA Band 46 or NR 5150 — 5925 MHz N/A -91 -88 100 kHz
Band n46 dBm dBm
E-UTRA Band 48 or NR 3550 — 3700 MHz -96 -91 -88 100 kHz This is not
Band n48 dBm dBm dBm applicable to
repeater
operating in
Band n48, n77 or
n78
E-UTRA Band 50 or NR 1432 - 1517 MHz -96 -91 -88 100 kHz This is not
Band n50 dBm dBm dBm applicable to
repeater
operating in
Band n51, n74,
n75, n91, n92,
n93 or n94
E-UTRA Band 51 or NR 1427 — 1432 MHz N/A N/A -88 100 kHz This is not
Band n51 dBm applicable to
repeater
operating in
Band n50, n74,
n75, n76, n91,
n92, n93 or n9%4
E-UTRA Band 53 or NR 2483.5 — 2495 MHz N/A -91 -88 100 kHz This is not
Band n53 dBm dBm applicable to
repeater
operating in
Band n41, n53 or
n90
E-UTRA Band 54 or NR 1670 — 1675 MHz -96 -91 -88 100 kHz This is not
Band n54 dBm dBm dBm applicable to
repeater
operating in
Band n54
E-UTRA Band 65 or NR 1920 - 2010 MHz -96 -91 -88 100 kHz
Band n65 dBm dBm dBm
E-UTRA Band 66 or NR 1710 - 1780 MHz -96 -91 -88 100 kHz
Band n66 dBm dBm dBm
E-UTRA Band 68 698 — 728 MHz -96 -91 -88 100 kHz
dBm dBm dBm
E-UTRA Band 70 or NR 1695 - 1710 MHz -96 -91 -88 100 kHz
Band n70 dBm dBm dBm
E-UTRA Band 71 or NR 663 — 698 MHz -96 -91 -88 100 kHz
Band n71 dBm dBm dBm
E-UTRA Band 72 or NR 451 — 456 MHz -96 -91 -88 100 kHz
Band n72 dBm dBm dBm
E-UTRA Band 74 or NR 1427 — 1470 MHz -96 -91 -88 100 kHz This is not
Band n74 dBm dBm dBm applicable to
repeater
operating in
Band n50, n51,
n91, n92, n93 or
n94
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NR Band n77 3.3-4.2GHz -96 -91 -88 100 kHz This is not
dBm dBm dBm applicable to
repeater
operating in
Band n48, n77 or
n78
NR Band n78 3.3-3.8GHz -96 -91 -88 100 kHz This is not
dBm dBm dBm applicable to
repeater
operating in
Band n48, n77 or
n78
NR Band n79 4.4-5.0GHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n80 1710 - 1785 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n81 880 — 915 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n82 832 — 862 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n83 703 — 748 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n84 1920 — 1980 MHz -96 -91 -88 100 kHz
dBm dBm dBm
E-UTRA Band 85 or NR 698 — 716 MHz -96 -91 -88 100 kHz
Band n85 dBm dBm dBm
NR Band n86 1710 - 1780 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n89 824 — 849 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n91 832 — 862 MHz N/A N/A -88 100 kHz
dBm
NR Band n92 832 — 862 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n93 880 — 915 MHz N/A N/A -88 100 kHz
dBm
NR Band n94 880 — 915 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n95 2010 — 2025 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n96 5925 - 7125 MHz N/A -90 -87 100 kHz
dBm dBm
NR Band n97 2300 — 2400MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n98 1880 — 1920MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n99 1626.5 — 1660.5 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n101 1900 — 1910 MHz -96 NA NA 100 kHz
dBm
NR Band n102 5925 — 6425 MHz N/A -90 -87 100 kHz
dBm dBm
E-UTRA Band 103 787 — 788 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n104 6425 — 7125 MHz -95 -90 -87 100 kHz This requirement
dBm dBm dBm does not apply to
repeater
operating in
Band n104.
NR Band n105 663 — 703 MHz -96 -91 -88 100 kHz
dBm dBm dBm
E-UTRA Band 106 896 — 901 MHz -96 -91 -88 100 kHz
dBm dBm dBm
NR Band n109 703 — 733 MHz -96 -91 -88 100 kHz
dBm dBm dBm
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NOTE 1: Asdefined in the scope for spurious emissions in this clause, the co-location requirementsin
table 6.5.4.2.4-1 do not apply for the frequency range extending Afosue immediately outside the transmit
frequency range. The current state-of-the-art technology does not alow a single generic solution for co-
location with other system on adjacent frequencies for 30dB antenna to antenna minimum coupling loss.
However, there are certain site-engineering solutions that can be used. These techniques are addressed in
TR 25.942 [3].

NOTE 2: Table 6.5.4.2.3-1 assumes that two operating bands, where the corresponding transmit and receive
frequency ranges in table 5.2-1 would be overlapping, are not deployed in the same geographical area.
For such a case of operation with overlapping frequency arrangements in the same geographical area,
special co-location requirements may apply that are not covered by the 3GPP specifications.

6.5.4.3 Minimum requirement for RF repeater

The Tx spurious emissions for repeater type 1-C for each antenna connector shall not exceed the basic limits specified
in clause 6.5.4.2.

For Band n41 and n90 operation in Japan, the sum of the spurious emissions over al antenna connectors for repeater
type 1-C shall not exceed the basic limits defined in clause 6.6.4.2.

6.5.4.4 Minimum requirement for NCR
6.5.4.4.1 Minimum requirement for NCR-Fwd
6.54.4.1.1 Minimum requirement for NCR-Fwd type 1-C

The Tx spurious emissions for NCR-Fwd type 1-C for each antenna connector shall not exceed the basic limits
specified in clause 6.5.4.2.

For Band n41 and n90 operation in Japan, the sum of the spurious emissions over all antenna connectors for NCR-Fwd
type 1-C shall not exceed the basic limits defined in clause 6.6.5.2.

For joint transmission of NCR-Fwd and NCR-MT in the uplink, the spurious emissions limits shall apply to the total
emissions from both the NCR-Fwd and NCR-MT.
6.5.4.4.1.2 Minimum requirement for NCR-Fwd type 1-H

The Tx spurious emissions requirements for NCR-Fwd type 1-H are that for each TAB connector TX min cell group and
each applicable basic limit in clause 6.5.4.2, the power summation emissions at the TAB connectors of the TAB
connectors of the TAB connector TX min cell group shall not exceed alimit specified asthe basic limit + X, where X =
10l0g10(NTxU,countedpercait) for DL and for WA UL and X=0 for LA UL, unless stated differently in regional regulation.

NOTE: Conformance to the NCR-Fwd type 1-H spurious emission requirement can be demonstrated by meeting
at least one of the following criteria as determined by the manufacturer:

1) The sum of the emissions power measured on each TAB connector in the TAB connector TX min cell
group shall be less than or equal to the limit as defined in this clause for the respective frequency span.

Or

2) The unwanted emissions power at each TAB connector shall be less than or equal to the NCR-Fwd type
1-H limit as defined in this clause for the respective frequency span, scaled by -10l0gio(n), where n isthe
number of TAB connectorsin the TAB connector TX min cell group.

For joint transmission of NCR-Fwd and NCR-MT in the uplink, the spurious emissions limits shall apply to the total
emissions from both the NCR-Fwd and NCR-MT.
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6.5.4.4.2 Minimum requirement for NCR-MT

6.5.4.4.2.1 Minimum requirements for NCR-MT type 1-C

When NCR-MT and NCR-Fwd are not transmting simultaneously, the requirementsin clause 6.6.4 of TS 38.104
appliesfor WA NCR-MT type 1-C and the requirementsin clause 6.5.3in TS 38.101-1 appliesfor LA NCR-MT type
1-C.

When NCR-MT and NCR-Fwd are transmting simultaneously, the requirements in clause 6.5.3 in TS 38.101-1 applies
for LA NCR-MT type 1-C for sum of NCR-MT transmission and NCR-Fwd transmission.

6.5.4.4.2.2 Minimum requirements for NCR-MT type 1-H
Limitsfor NCR-MT type 1-H apply to the sum of emissions across all TAB connectors.

When WA NCR-MT and NCR-Fwd are not transmting simultaneously, the requirementsin clause 6.6.4 of TS 38.104
relaxed with the following scaling factor applies for WA NCR-MT type 1-H.

1O|Og(NTXU,counted), where Ntxu counted = M n(NTXU,active ,8)

When WA NCR-MT and NCR-Fwd are transmting simultaneously, the requirements in clause 6.6.4 of TS 38.104
relaxed with the following scaling factor applies for the sum of NCR-MT transmission and NCR-Fwd transmission.

When LA NCR-MT and NCR-Fwd are not transmting simultaneously, the requirementsin clause 6.5.3in TS 38.101-1
appliesfor LA NCR-MT type 1-H without scaling factor allowed for the sum of the spurious emissions.

When NCR-MT and NCR-Fwd are transmting simultaneously, the requirements in clause 6.5.3 in TS 38.101-1 applies
for sum of NCR-MT transmission and NCR-Fwd transmission.

6.5.5 Receiver spurious emissions

6.55.1 General

The receiver spurious emissions power isthe power of emissions generated or amplified in areceiver unit that appear at
the antenna connector. The requirements only apply to repeater type 1-C for TDD operation.

For each antenna connectors on BS-side and UE-side supporting both RX and TX in TDD, the requirements apply
during the transmitter OFF state. For antenna connectors both BS-side and UE-side in FDD, the RX spurious
emissions requirements are superseded by the TX spurious emissions requirements, as specified in clause 6.5.4.

For multi-band connectors that both transmit and receive in operating band supporting TDD, RX spurious emissions
requirements are applicable during the TX OFF state, and are subject to exclusion zones in each supported operating
band.

For Band n41 and n90 operation in Japan, the sum of receiver spurious emissions requirements over al antenna
connectors for repeater type 1-C shall not exceed minimum requirements defined in clause 6.5.5.2.

6.5.5.2 Basic limits

The receiver spurious emissions requirements,basic limits are provided in table 6.5.5.2-1.
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Table 6.5.5.2-1: Repeater receiver spurious emissions basic limits

Spurious Basic limits Measurement Note
frequency range bandwidth
30 MHz — 1 GHz -57 dBm 100 kHz Note 1
1 GHz —12.75 GHz -47 dBm 1 MHz Note 1, Note 2
12.75 GHz — 5t -47 dBm 1 MHz Note 1, Note 2, Note 3, Note 5

harmonic of the
upper frequency
edge of the UL
operating band in
GHz

12.75 GHz - 26 GHz -47 dBm 1 MHz Note 1, Note 2, Note 6

NOTE 1: Measurement bandwidths as in ITU-R SM.329 [5], s4.1.

NOTE 2: Upper frequency as in ITU-R SM.329 [5], s2.5 table 1.

NOTE 3: This spurious frequency range applies only for operating bands for which the 5" harmonic of the
upper frequency edge of the UL operating band is reaching beyond 12.75 GHz.

NOTE 4: The frequency range from Afosue below the lowest frequency of the repeater transmitter operating
band to Afosue above the highest frequency of the repeater transmitter operating band may be
excluded from the requirement. Afosue is defined in clause 6.5.1. For multi-band connectors, the
exclusion applies for all supported operating bands.

NOTE 5: Does not apply for band n104.

NOTE 6: Applies only for band n104.

6.5.5.3 Minimum requirement for RF repeater

The RX spurious emissions requirements for repeater type 1-C are that for each antenna connector, the power of
emissions shall not exceed basic limits specified in table 6.5.5.2-1.

For Band n41 and n90 operation in Japan, the sum of RX spurious emissions requirements over all antenna connectors
for repeater type 1-C shall not exceed basic limits specified in table 6.5.5.2-1.

6.55.4 Minimum requirement for NCR
6.5.5.4.1 Minimum requirement for NCR-Fwd
6.5.54.1.1 Minimum requirement for NCR-Fwd type 1-C

The RX spurious emissions requirements for NCR-Fwd type 1-C are that for each antenna connector, the power of
emissions shall not exceed basic limits specified in table 6.5.5.2-1.

For Band n41 and n90 operation in Japan, the sum of RX spurious emissions requirements over all antenna connectors
for NCR-Fwd type 1-C shall not exceed basic limits specified in table 6.5.5.2-1.

For joint reception of NCR-Fwd and NCR-MT in the uplink, the receiver spurious emissions limits shall apply to the
total emissions from both the NCR-Fwd and NCR-MT.

6.5.5.4.1.2 Minimum requirement for NCR-Fwd type 1-H

The RX spurious emissions requirements for NCR-Fwd type 1-H are that for each applicable basic limit specified in
table 7.6.2-1 for each TAB connector RX min cell group, the power sum of emissions at respective TAB connectors shall
not exceed the limits specified as the basic limits + X, where X = 1010g10(Nrxu countedperceit) for DL and for WA UL and
X=0for LA UL, unless stated differently in regional regulation.

The RX spurious emission requirements are applied per the TAB connector RX min cell group for al the configurations
supported by the repeater.

NOTE: Conformance to the repeater receiver spurious emissions requirement can be demonstrated by meeting at
least one of the following criteria as determined by the manufacturer:

1) The sum of the spurious emissions power measured on each TAB connector in the TAB connector RX min
cell group shall be less than or equal to the limit above for the respective frequency span.
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Or

2) The spurious emissions power at each TAB connector shall be less than or equal to the limit as defined
above for the respective frequency span, scaled by -10logio(n), where n is the number of TAB connectors
in the TAB connector RX min cell group.

For joint reception of NCR-Fwd and NCR-MT in the uplink, the receiver spurious emissions limits shall apply to the
total emissions from both the NCR-Fwd and NCR-MT.

6.6 Repeater Error Vector Magnitude

6.6.1 Downlink repeater error vector magnitude

6.6.1.1 General

The Repeater Error Vector Magnitude (EVM) is a measure of the difference between the symbols provided at the input
of repeater and the measured signal symbols at the output of the repeater after the equalization by the measurement
equipment. This differenceis called the error vector. Details about how the repeater EVM is determined are the same as
specified in TS 38.104 [2] Annex B for FR1. The repeater EVM result is defined as the square root of the ratio of the
mean error vector power to the mean reference power expressed in percent.

The repeater EVM requirement is applicable for arepeater operating at an input power in the range from what is
required to reach the maximum output power to the minimum power level in table 6.6.1.1-1.

Table 6.6.1.1-1: Minimum input power for repeater EVM

Repeater DL class Minimum input power spectral density (dBm/MHz)
QPSK, 16 QAM, 64QAM 256QAM?
WA -82 -75
MR -77 -70
LA -74 -67
Note 1: support of 256QAM is based on the declaration

6.6.1.2 Minimum requirement for RF repeater

The repeater EVM levels for different modulation schemes outlined in table 6.6.1.2-1 shall be met using the frame
structure described in clause 6.6.1.3.

Table 6.6.1.2-1: Repeater EVM requirements

Parameter Required repeater EVM
QPSK, 16QAM, 64QAM 8 %
256QAM 35%!
Note 1: support of 256QAM is based on the declaration.

6.6.1.2A Minimum requirement for NCR

6.6.1.2A.1 Minimum requirement for NCR-Fwd

6.6.1.2A.1.1 Minimum requirement for NCR-Fwd type 1-C

The NCR-Fwd EVM levels for different modulation schemes outlined in table 6.6.1.2-1 shall be met using the frame
structure described in clause 6.6.1.3.

6.6.1.2A.1.2 Minimum requirement for NCR-Fwd type 1-H

The NCR-Fwd EVM levels for different modulation schemes outlined in table 6.6.1.2-1 shall be met using the frame
structure described in clause 6.6.1.3 between corresponding input/output TAB connectors.
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6.6.1.3 Repeater EVM frame structure for measurement

The input signals for the repeater EVM requirement shall have the same frame structure as defined for the BSis TS
38.104 [2].

6.6.2 Uplink repeater error vector magnitude

6.6.2.1 General

The Repeater Error Vector Magnitude is a measure of the difference between the reference waveform provided at the
input of repeater and the measured waveform at the output of the repeater. This differenceis called the error vector.
Details about how the repeater EVM is determined are the same as specified in TS 38.101-1 [13] Annex F for FR1.
Before calculating the repeater EVM the measured waveform is corrected by the sample timing offset and RF frequency
offset. Then the carrier leakage shall be removed from the measured waveform before calculating the repeater EVM.

The measured waveform is further equalised using the channel estimates subjected to the repeater EVM equaliser
spectrum flatness requirement specified in TS 38.101-1 [13] clause 6.4.2.4. For DFT-s-OFDM waveforms, the repeater
EVM result is defined after the front-end FFT and IDFT as the square root of the ratio of the mean error vector power to
the mean reference power expressed as a %. For CP-OFDM waveforms, the repeater EVM result is defined after the
front-end FFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a
%.

The basic repeater EVM measurement interval in one dlot in the time domain. The repeater EVM measurement interval
isreduced by any symbols that contains an allowable power transient in the measurement interval, as defined in TS
38.101-1 [13] clause 6.3.3 for EVM for UE.

The repeater EVM requirement is applicable for arepeater operating at an input power in the range from what is
required to reach the maximum output power to the minimum power level in table 6.6.2.1-1.

Table 6.6.2.1-1: Minimum input power for repeater EVM

Repeater UL class Minimum input power spectral density (dBm/MHz)
QPSK, 16 QAM, 64Q0AM 256QAM?
WA -82 -75
LA -74 -67
Note 1: support of 256QAM is based on the declaration

6.6.2.2 Minimum requirement for RF repeater

The RM S average of the basic repeater EVM measurements over 10 subframes for the average repeater EVM case for
the different modulation schemes shall not exceed the values specified in Table 6.6.2.2-1.

Table 6.6.2.2-1: Requirements for Repeater Error Vector Magnitude

Parameter Unit Average Repeater EVM
Level
QPSK, 16 QAM, 64QAM % 8
256 QAM % 351
Note 1: support of 256QAM is based on the declaration.

6.6.2.3 Minimum requirement for NCR
6.6.2.3.1 Minimum requirement for NCR-Fwd

6.6.2.3.1.1 Minimum requirement for NCR-Fwd type 1-C

The RMS average of the basic NCR-Fwd EVM measurements over 10 subframes for the average NCR-Fwd EVM case
for the different modulation schemes shall not exceed the val ues specified in Table 6.6.2.2-1.
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6.6.2.3.1.2 Minimum requirement for NCR-Fwd type 1-H

The RMS average of the basic NCR-Fwd EVM measurements over 10 subframes for the average NCR-Fwd EVM case
for the different modulation schemes shall not exceed the val ues specified in Table 6.6.2.2-1 between corresponding
input/output TAB connectors.

6.7 Input intermodulation

6.7.1 General requirement

6.7.1.1 General

Theinput intermodulation is a measure of the capability of the repeater to inhibit the generation of interference in the
passband, in the presence of interfering signals on frequencies other than the passband.

The following requirement applies for interfering signal's depending on the repeaters passband.
This requirement applies to the uplink and downlink of the repeater during the transmitter ON state.

There is no co-location input intermodul ation requirement for LA 1-C repeaters deployed in Femto cell scenario.

6.7.1.2 Minimum requirement for RF repeater

For the parameters specified in table 6.7.1.2-1, the power in the passband shall not increase with more than 10 dB at the
output of the repeater as measured with 1 MHz measurement bandwidth, compared to the level obtained without
interfering signals applied.

The core requirement is applicable for al frequency separation possibilities between the two interfering signal's that
cause the 3rd order intermodulation product to fall into the passband.

Table 6.7.1.2-1 specifies the parameters for two interfering signals, where:

- f1 offset isthe offset from the channel edge frequency of the first or last channel in the passband of the closer

carrier.
Table 6.7.1.2-1: Input intermodulation requirement
f1 offset Interfering Signal Type of signals Measurement
Levels bandwidth
1 MHz -40 dBm 2 CW carriers 1 MHz
6.7.1.3 Minimum requirement for NCR
6.7.1.3.1 Minimum requirement for NCR-Fwd
6.7.1.3.1.1 Minimum requirement for NCR-Fwd type 1-C

For the parameters specified in table 6.7.1.1-1, the power in the passband shall not increase with more than 10 dB at the
output of the NCR-Fwd as measured with 1 MHz measurement bandwidth, compared to the level obtained without
interfering signals applied.

The core requirement is applicable for al frequency separation possibilities between the two interfering signal's that
cause the 3rd order intermodulation product to fall into the passband.

Table 6.7.1.2-1 specifies the parameters for two interfering signals.
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6.7.1.3.1.2 Minimum requirement for NCR-Fwd type 1-H

For the parameters specified in table 6.7.1.1-1, considering corresponding input/output TAB connectors, the power in
the passband shall not increase with more than 10 dB at the output of the NCR-Fwd as measured with 1 MHz
measurement bandwidth, compared to the level obtained without interfering signals applied.

The core requirement is applicable for al frequency separation possibilities between the two interfering signal's that
cause the 3rd order intermodulation product to fall into the passband.

Table 6.7.1.2-1 specifies the parameters for two interfering signals.

6.7.2 Co-location with BS/repeater in other systems

6.7.2.1 General

This additional input intermodulation requirement may be applied for the protection of NR repeater receivers when
GSM, CDMA, UTRA, E-UTRA, NR BS or repeater operating in a different frequency band are co-located with aNR
repeater.

The following requirement applies for interfering signal's depending on the repeaters passband.

This requirement applies to the uplink and downlink of the repeater. If the BS sideis declared to meet co-location
requirements, then it should meet input intermodulation co-location requirements for the downlink. If the UE sideis
declared to meet co-location requirements, then it should meet input intermodulation co-location requirements for the
uplink.

6.7.2.2

For the parameters specified in table 6.7.2.2-1 for DL and 6.7.2.2-2 for UL, the power in the passband shall not increase
with more than 10 dB at the output of the repeater as measured with IMHz measurement bandwidth, compared to the
level obtained without interfering signals applied.

Minimum requirement for RF repeater

The core requirement is applicable for al frequency separation possibilities between the two interfering signal's that
cause the 3rd order intermodulation product to fall into the passband.

Table 6.7.2.2-1: input intermodulation requirement for NR repeater DL when co-located with
BS/repeater in other frequency bands.

Frequency range of
interfering signal

Interfering signal
mean power for
repeater with WA UE

Interfering signal
mean power for
repeater with MR UE

Interfering signal
mean power for
repeater with LA

Type of
interfering
signals

located repeater’s
passband

side (dBm) side(dBm) UE side(dBm)
Frequency range of co-
located BS’s downlink
operating band or +16 +8 x (Note 1) 2 CW carriers

NOTE 1:

NOTE 2:
NOTE 3:

x = -7 dBm for NR repeater co-located with Pico GSM850 or Pico CDMA850

x = -4 dBm for NR repeater co-located with Pico DCS1800 or Pico PCS1900

x = -6 dBm for NR repeater co-located with UTRA bands or E-UTRA bands or NR bands
The requirement does not apply when the interfering signal falls within the passband.
For unsynchronized base stations (except in band n46, n96, and n102) or repeaters, special co-location
requirements may apply that are not covered by the 3GPP specifications.
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Table 6.7.2.2-2: input intermodulation requirement for NR repeater UL when co-located with
BS/repeater in other frequency bands.

Frequency range of interfering Interfering signal mean Interfering signal Type of interfering
signal power for repeater with WA mean power for signals
BS side(dBm) repeater with LA BS
side(dBm)

Frequency range of co-located
BS’s downlink operating band or +16 Prated,p,ac -30 2 CW carriers
located repeater’s passband
NOTE 1: The requirement does not apply when the interfering signal falls within the passband.
NOTE 2: For unsynchronized base stations (except in band n46, n96, and n102) or repeaters, special co-location
requirements may apply that are not covered by the 3GPP specifications.

6.7.2.3 Minimum requirement for NCR
6.7.2.3.1 Minimum requirement for NCR-Fwd
6.7.2.3.1.1 Minimum requirement for NCR-Fwd type 1-C

For the parameters specified in table 6.7.2.2-1 for DL and 6.7.2.2-2 for UL, the power in the passband shall not increase
with more than 10 dB at the output of the NCR-Fwd as measured with IMHz measurement bandwidth, compared to the
level obtained without interfering signals applied.

The core requirement is applicable for al frequency separation possibilities between the two interfering signal s that
cause the 3rd order intermodulation product to fall into the passband.

6.7.2.3.1.2 Minimum requirement for NCR-Fwd type 1-H

For the parameters specified in table 6.7.2.2-1 for DL and 6.7.2.2-2 for UL, considering corresponding i nput/output
TAB connectors, the power in the passband shall not increase with more than 10 dB at the output of the NCR-Fwd as
measured with IMHz measurement bandwidth, compared to the level obtained without interfering signals applied.

The core requirement is applicable for all frequency separation possibilities between the two interfering signal's that
cause the 3rd order intermodulation product to fall into the passband.

6.7.3 Co-existence with other systems

6.7.3.1 General

This input intermodul ation existence requirement may be applied for the protection of NR repeater receivers when
GSM, CDMA, UTRA, E-UTRA, NR BS or repeater operating in another frequency band co-exist with a NR repeater.
6.7.3.2 Minimum requirement for RF repeater

For the parameters specified in table 6.7.3.2-1, the power in the passband shall not increase with more than 10 dB at the
output of the repeater as measured with IMHz measurement bandwidth, compared to the level obtained without
interfering signals applied.

The core requirement is applicable for al frequency separation possibilities between the two interfering signal s that
cause the 3rd order intermodulation product to fall into the passband.
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Table 6.7.3.2-1: input intermodulation requirement for NR repeater when co-exist with BS/repeater in
other non-overlapping frequency bands

Frequency range of Interfering signal Type of Measurement
interfering signal mean power (dBm) interfering bandwidth
signals

Frequency range of co-
existence system -15 2 CW carriers 1MHz
operating band
NOTE 1: All the interfering signals should be limited into the frequency ranges that are
either X MHz higher than Fut nigh or X MHz lower than FuL,iow, where X equals to
20MHz when Fuhigh - FuL,low is not larger than 200MHz, otherwise X equals to

60MHz
6.7.3.3 Minimum requirement for NCR
6.7.3.3.1 Minimum requirement for NCR-Fwd
6.7.3.3.1.1 Minimum requirement for NCR-Fwd type 1-C

For the parameters specified in table 6.7.3.2-1, the power in the passband shall not increase with more than 10 dB at the
output of the NCR-Fwd as measured with 1IMHz measurement bandwidth, compared to the level obtained without
interfering signals applied.

The core requirement is applicable for al frequency separation possibilities between the two interfering signal s that
cause the 3rd order intermodulation product to fall into the passband.

6.7.3.3.1.2 Minimum requirement for NCR-Fwd type 1-H

For the parameters specified in table 6.7.3.2-1, considering corresponding input/output TAB connectors, the power in
the passhand shall not increase with more than 10 dB at the output of the NCR-Fwd as measured with 1IMHz
measurement bandwidth, compared to the level obtained without interfering signals applied.

The core requirement is applicable for al frequency separation possibilities between the two interfering signal's that
cause the 3rd order intermodulation product to fall into the passband.

6.8 Output intermodulation
6.8.1  General

The output intermodul ation requirement is a measure of the capability of the repeater to inhibit the generation of signals
in its non-linear elements caused by presence of the wanted signal and an interfering signal reaching the repeater viathe
output port. The requirement shall apply during the transmitter ON state and the transmitter transient period.

The reguirement shall apply to the uplink and downlink of the Repeater.

The output intermodul ation level is the power of the intermodulation products when an interfering signal isinjected into
the antenna connector.

6.8.2 Minimum requirements for RF repeater

6.8.2.1 Minimum requirements

The output intermodul ation level is the power of the intermodulation products when an interfering signal isinjected into
the output port. The wanted signal passband shall be the maximum bandwidth supported by the repeater.

For repeater type 1-C, the wanted signal and interfering signal centre frequency is specified in table 6.8.2.1-1, where
interfering signal level israted total output power (Praedtac) a antenna connector in the passbhand — 30 dB.

The unwanted emission with output intermodulation applied shall not exceed the corresponding uplink and downlink
unwanted emission limitsin clause 6.5 in the presence of an interfering signal according to table 6.8.2.1-1. The

ETSI



3GPP TS 38.106 version 18.4.0 Release 18

81 ETSI TS 138 106 V18.4.0 (2024-05)

measurement may be limited to frequencies on which third and fifth order intermodulation products appear, considering

the width of these products.

Table 6.8.2.1-1: Interfering and wanted signals for the output intermodulation requirement

Parameter

Value

Wanted signal type

NR signal, filling all supported passbands in
the operating band and with sufficient
carriers to fill each passband. Minimum
defined SCS for the operating band

Interfering signal type

NR signal, with the minimum SCS and
channel bandwidth defined in the operating
band in [2]

Interfering signal level

Rated total output power (Pratedt,ac) in the
passband — 30 dB

block inside a sub-block gap

Interfering signal centre frequency offset from the 1
lower/upper edge of the wanted signal or edge of sub- fOffset =4mini mumpassbanc(n —
2

,forn=1, 2 and 3

NOTE 1: Interfering signal positions that are partially or completely outside of any downlink operating
band of the repeater are excluded from the requirement, unless the interfering signal
positions fall within the frequency range of adjacent downlink operating bands in the same
geographical area. In case that none of the interfering signal positions fall completely within
the frequency range of the downlink operating band, TS 38.115-1 [7] provides further
guidance regarding appropriate test requirements.

NOTE 2: In Japan, NOTE 1 is not applied in Band n77, n78, n79.

6.8.2.2 Additional requirements

For repeater supporting Band n41 and n90 operation in Japan, the sum of output intermodulation level over all antenna
connectors shall not exceed the unwanted emission limitsin clauses 6.5 in the presence of an NR interfering signal

according to table 6.8.2.2-1.

Table 6.8.2.2-1 Interfering and wanted signals for the additional output intermodulation requirement
for Band n41 and n90

Parameter

Value

Wanted signal

NR single (NOTE)

Interfering signal type

NR signal of 10 MHz passband bandwidth

Interfering signal level

Rated total output power (Pratedtac) in the passband — 30 dB

the lower/upper passband centre frequency
of the wanted signal

Interfering signal centre frequency offset from

+5 MHz
+ 15 MHz
+ 25 MHz

NOTE: This requirement applies for passband allocated within 2545-2645 MHz.

6.8.3 Minimum requirements for NCR

6.8.3.1 Minimum requirements for NCR-Fwd

6.8.3.1.1 Minimum requirements for NCR-Fwd type 1-C

The output intermodul ation level is the power of the intermodulation products when an interfering signal isinjected into
the output port. The wanted signal passband shall be the maximum bandwidth supported by the NCR-Fwd.

For NCR-Fwd type 1-C, the wanted signal and interfering signal centre frequency is specified in table 6.8.2.1-1, where
interfering signal level israted total output power (Praedt,ac) 8t antenna connector in the passband — 30 dB.

The unwanted emission with output intermodulation applied shall not exceed the corresponding uplink and downlink
unwanted emission limitsin clause 6.5 in the presence of an interfering signal according to table 6.8.2.1-1. The
measurement may be limited to frequencies on which third and fifth order intermodulation products appear, considering

the width of these products.
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6.8.3.1.2 Additional requirements for NCR-Fwd type 1-C

For NCR supporting Band n41 and n90 operation in Japan, the sum of output intermodulation level over all antenna
connectors shall not exceed the unwanted emission limitsin clauses 6.5 in the presence of an NR interfering signal
according to table 6.8.2.2-1.

6.8.3.1.3 Minimum requirements for NCR-Fwd type 1-H

The output intermodulation level isthe power of the intermodulation products when an interfering signal isinjected into
the output port. The wanted signal passband shall be the maximum bandwidth supported by the NCR-Fwd.

For NCR-Fwd type 1-H, the wanted signal and interfering signal centre frequency is specified in table 6.8.2.1-1, where
interfering signal level israted total output power (Praed:tasc) a TAB connector in the passband — 30 dB.

The unwanted emission with output intermodulation applied shall not exceed the corresponding uplink and downlink
unwanted emission limitsin clause 6.5 in the presence of an interfering signal according to table 6.8.2.1-1. The
measurement may be limited to frequencies on which third and fifth order intermodul ation products appear, considering
the width of these products.

6.8.3.1.4 Additional requirements for NCR-Fwd type 1-H

For NCR supporting Band n41 and n90 operation in Japan, the sum of output intermodulation level over all TAB
connectors shall not exceed the unwanted emission limitsin clauses 6.5 in the presence of an NR interfering signal
according to table 6.8.2.2-1.

6.9 Adjacent Channel Rejection Ratio (ACRR)

6.9.1 General

Adjacent Channel Rejection Ratio (ACRR) isthe ratio of the average gain over a carrier of the repeater in the passband
to the average gain of the repeater over an adjacent channel outside the repeater passband. The carrier in the passband
and in the adjacent channel shall be of the same type (reference carrier) with bandwidths as defined by nominal channel
bandwidth.

The requirement shall apply to the uplink and downlink of the Repeater, where the donor link is maintained via
antennas (wireless Repeater).

The reguirement is differentiated between uplink and downlink.

The reguirement shall apply during the transmitter ON state.

6.9.2 inimum Requirements for RF repeater

For arepeater operating at passband below 2496 MHz, the ACRR requirementsin table 6.9.2-1 shall apply in
downlink. In normal conditions the ACRR for downlink shall be higher than the value specified in the Table 6.9.2-1.

Table 6.9.2-1: Repeater Downlink ACRR below 2496MHz

Co-existence with Repeater Class Channel offset from frequency edge of ACRR limit
other systems passband (MHz)
Wide Area repeater BWnominal/2 45
Medium Range )
UTRA, E-UTRA, NR repeater BWiominal/2 45
) 33
Local Area repeater BWnominai/2 (Note 1)

NOTE 1: This requirement does not applicable if the passband occupies the entire operating band.

For arepeater operating at passband above 2496 MHz, the ACRR requirements in table 6.9.2-1a shall apply in
downlink. In normal conditions the ACRR for downlink shall be higher than the value specified in the Table 6.9.2-1a.
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Table 6.9.2-1a: Repeater Downlink ACRR above 2496 MHz

Co-existence with Repeater Class Channel offset from frequency edge of ACRR limit
other systems passband (MHz)
Wide Area repeater BWnominal/2 33dB
Medium Range )
UTRA, E-UTRA, NR repeater BWnominai/2 33dB
] 33dB
Local Area repeater BWNominal/2 (Note 1)
NOTE 1: This requirement does not applicable if the passband occupies the entire operating band.

For arepeater operating at passband below 2496 MHz, the ACRR requirements in table 6.9.2-2 shall apply in uplink. In
normal conditions the ACRR for uplink shall be higher than the value specified in the Table 6.9.2-2.

Table 6.9.2-2: Repeater Uplink ACRR below 2496 MHz

Co-existence with Repeater Class Channel offset from frequency edge of ACRR limit
other systems passband (MHz)
Wide Area repeater BW ominal/2 33dB
UTRA, E-UTRA, NR ) 33dB
Local Area repeater BWnominai/2 (Note 1)
NOTE 1: This requirement does not applicable if the passband occupies the entire operating band.

For arepeater operating at passband above 2496 MHz, the ACRR requirements in table 6.9.2-2a shall apply in uplink.
In normal conditions the ACRR for uplink shall be higher than the value specified in the Table 6.9.2-2a.

Table 6.9.2-2a: Repeater Uplink ACRR above 2496 MHz

Co-existence with Repeater Class Channel offset from frequency edge of ACRR limit
other systems passband (MHz)
Wide Area repeater BWnominal/2 33dB
20dBc (Note 1,
UTRA, E-UTRA, NR Local Area repeater SMHz Note 2)
BW Nominal/2 33dBc (Note 1)
NOTE 1: This requirement does not applicable if the passband occupies the entire operating band.
NOTE 2: In this case, the channel within the passband and the adjacent channel are assumed to have a
bandwidth of 10 MHz
6.9.3 Minimum Requirements for NCR
6.9.3.1 Minimum requirements for NCR-Fwd
6.9.3.1.1 Minimum requirements for NCR-Fwd type 1-C

For aNCR-Fwd operating at passband below 2496 MHz, the ACRR requirementsin table 6.9.3-1 shall apply in

downlink. In normal conditions the ACRR for downlink shall be higher than the value specified in the Table 6.9.2-1.

For aNCR-Fwd operating at passband above 2496 MHz, the ACRR requirementsin table 6.9.2-1a shall apply in
downlink. In normal conditions the ACRR for downlink shall be higher than the value specified in the Table 6.9.2-1a.

For aNCR-Fwd operating at passband below 2496 MHz, the ACRR requirementsin table 6.9.2-2 shall apply in uplink.
In normal conditions the ACRR for uplink shall be higher than the value specified in the Table 6.9.2-2.

For aNCR-Fwd operating at passband above 2496 MHz, the ACRR requirements in table 6.9.2-2a shall apply in
uplink. In normal conditions the ACRR for uplink shall be higher than the value specified in the Table 6.9.2-2a.
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6.9.3.1.2 Minimum Requirements for NCR-Fwd type 1-H

For aNCR-Fwd operating at passband below 2496 MHz, the ACRR requirementsin table 6.9.2-1 shall apply in
downlink. In normal conditions the ACRR for downlink between corresponding input/output TAB connectors shall be
higher than the value specified in the Table 6.9.2-1.

For aNCR-Fwd operating at passband above 2496 MHz, the ACRR requirementsin table 6.9.2-1a shall apply in
downlink. In normal conditionsthe ACRR for downlink between corresponding input/output TAB connectors shall be
higher than the value specified in the Table 6.9.2-1a.

For aNCR-Fwd operating at passband below 2496 MHz, the ACRR requirementsin table 6.9.2-2 shall apply in uplink.
In normal conditions the ACRR for uplink between corresponding input/output TAB connectors shall be higher than the
value specified in the Table 6.9.2-2.

For aNCR-Fwd operating at passband above 2496 MHz, the ACRR requirements in table 6.9.2-2a shall apply in
uplink. In normal conditions the ACRR for uplink between corresponding input/output TAB connectors shall be higher
than the value specified in the Table 6.9.2-2a.

6.10  Transmit ON/OFF power

6.10.1 Transmitter OFF power

6.10.1.1 General

Transmit OFF power requirements apply only to TDD operation of the repeater. The requirement applies to both
downlink and uplink of the repeater.

Transmitter OFF power is defined as the mean power measured over 70/N us filtered with a square filter of bandwidth
equal to the passhand bandwidth of the repeater (BW passhand) Centred on the assigned channel frequency during the
transmitter OFF state. N = SCS/15, where SCSis Sub Carrier Spacing in kHz of the input signal.

For multi-band connectors and for single band connectors supporting transmission in multiple operating bands, the
requirement is only applicable during the transmitter OFF state in all supported operating bands.

6.10.1.2 Minimum requirement for RF repeater

For repeater type 1-C downlink, the requirements for transmitter OFF power spectral density shall be less than -85
dBm/MHz per antenna connector.

For repeater type 1-C uplink, the requirements for transmitter OFF power spectral density shall be less than -50dBm /
(SCS*(12*Nrs+1)/1000) MHz per antenna connector, where SCSis Sub Carrier Spacing in kHz.

6.10.1.3 Minimum requirement for NCR

6.10.1.3.1 Minimum requirement for NCR Fwd

6.10.1.3.1.1 Minimum requirement for NCR-Fwd type 1-C

For NCR-Fwd type 1-C downlink, the requirements for transmitter OFF power spectral density shall be less than -85
dBm/MHz per antenna connector.

For NCR-Fwd type 1-C uplink, the requirements for transmitter OFF power spectral density shall be less than -50dBm /
(SCS*(12*Nre+1)/1000) MHz per antenna connector, where SCSis Sub Carrier Spacing in kHz.

6.10.1.3.1.2 Minimum requirement for NCR-Fwd type 1-H

For NCR-Fwd type 1-H downlink, the requirements for transmitter OFF power spectral density shall be less than -85
dBm/MHz per TAB connector.
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For NCR-Fwd type 1-H uplink, the requirements for transmitter OFF power spectral density shall be less than -50dBm /
(SCS*(12* Nrs+1)/1000) MHz per TAB connector, where SCSis Sub Carrier Spacing in kHz.

6.10.2 Transmitter transient period

6.10.2.1 General

Transmitter transient period requirements apply only to TDD operation of the repeater. The requirement applies to both
downlink and uplink of the repeater.

The transmitter transient period is the time period during which the transmitter is changing from the transmitter OFF
state to the transmitter ON state or vice versa. The transmitter transient period isillustrated in figure 6.10.2.1-1.

Transmitter Qutput Power
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Figure 6.10.2.1-1: Example of relations between transmitter ON state, transmitter OFF state and
transmitter transient period

For repeater type 1-C this requirement shall be applied at the antenna connector supporting transmission in the

operating band. The beginning and end point of downlink and uplink bursts are referenced to the dot timing at the
input.

6.10.2.2 Minimum requirement for RF repeater

For repeater type 1-C, the transmitter transient period shall be shorter than the values listed in the minimum
requirement table 6.10.2.2-1.

Table 6.10.2.2-1: Minimum requirement for the transmitter transient period for repeater type 1-C

Transition Transient period length (us)
OFF to ON 10
ON to OFF 10

6.10.2.3 Minimum requirement for NCR
6.10.2.3.1 Minimum requirement for NCR-Fwd

6.10.2.3.1.1 Minimum requirement for NCR-Fwd type 1-C

For NCR-Fwd type 1-C this requirement shall be applied at the antenna connector supporting transmission in the
operating band. The beginning and end point of downlink and uplink bursts are referenced to the dot timing at the
input.
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For NCR-Fwd type 1-C, the transmitter transient period shall be shorter than the values listed in the minimum
requirement table 6.10.2.2-1.

6.10.2.3.1.2 Minimum requirement for NCR-Fwd type 1-H

For NCR-Fwd type 1-H this requirement shall be applied at the TAB connector supporting transmission in the operating
band. The beginning and end point of downlink and uplink bursts are referenced to the slot timing at the input.

For NCR-Fwd type 1-H, the transmitter transient period shall be shorter than the values listed in the minimum
requirement table 6.10.2.2-1.

6.11  Output power dynamics

6.11.1 General

Output power dynamics is specified in terms of: OFF power, ON/OFF time mask and power control requirements.

6.11.2 Transmit OFF power for NCR-MT

For WA NCR-MT type 1-C and NCR-MT type 1-H, the BS requirements specified in clause 6.4.1.2 in TS 38.104
applies.

For LA NCR-MT type 1-C and NCR-MT type 1-H , the UE requirement specified in clause 6.3.2 in TS 38.101-1
applies.

6.11.3 Transmit ON/OFF time mask for NCR-MT

For WA NCR-MT type 1-C and NCR-MT type 1-H, the BS requirements specified in clause 6.4.2.2 in TS 38.104
applies.

For LA NCR-MT type 1-C and NCR-MT type 1-H, the UE requirements specified in clause 6.3.3in TS 38.101-1
applies.

6.11.4 Power control for NCR-MT

For WA NCR-MT, The IAB-MT requirements specified in clause 6.3.2 output dynamic range requirement, 6.3.3.1
relative power tolerance and 6.3.3.2 aggregated power tolerance requirementsin TS 38.174 applies.

For LA NCR-MT, The UE requirements specified in clause 6.3.4.3 of relative power tolerance and clause 6.3.4.4 of
aggregate power tolerancein TS 38.101-1 applies.

6.12  Transmit signal quality

6.12.1 General

Transmit signal quality is specified in terms of: frequency error and transmit modulation quality requirements.

6.12.2 Frequency error requirements for NCR-MT

The IAB-MT requirements specified in clause 6.5.1.2 in TS 38.174 apply to both NCR-MT type 1-C and NCR-MT type
1-H.

6.12.3 Transmit modulation quality

The IAB-MT requirements specified in clause 6.5.2.2 in TS 38.174 apply to both NCR-MT type 1-C and NCR-MT type
1-H.
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6.13  Transmit intermodulation

6.13.1 General

The transmit intermodulation performance is a measure of the capability of the transmitter to inhibit the generation of
signalsinits non linear elements caused by presence of the wanted signal and an interfering signal reaching the
transmitter via the antenna.

NCR-MT transmit intermodul ation is defined by the ratio of the mean power of the wanted signal to the mean power of
the intermodulation product when an interfering signal is added at alevel below the wanted signal at each transmitter
antenna port with the other antenna port(s) if any terminated.

6.13.2 Minimum requirements for NCR-MT

The Tx IMD requirement for IAB-MT specified in clause 6.7 of Rel-16 TS 38.174 apply for WA and LA NCR-MT.
The IM interference level is based on NCR-Fwd link.

6.14 General

Conducted receiver characteristics are specified at antenna connector for NCR type 1-C and TAB connector for NCR
type 1-H, with full complement of transceivers for the configuration in normal operating condition.

Unless otherwise stated, the following arrangements apply for conducted receiver characteristics requirementsin
clause 9:

- Requirements apply during the receive period.
- Requirements shall be met for any transmitter setting.

- Throughput requirements defined for the conducted receiver characteristics do not assume HARQ
retransmissions.

- For ACS, blocking and intermodulation characteristics, the negative offsets of the interfering signal apply
relative to the lower passhand edge or inter-passband gap, and the positive offsets of the interfering signal apply
relative to the upper passband edge or inter-passband gap.

NOTE 1: In normal operating condition the NCR-MT in TDD operation is configured to TX OFF power during
receive period.

6.15 Diversity characteristics

The Local AreaNCR-MT isrequired to be equipped with a minimum of two Rx antenna portsin all operating bands
except for the bands n7, n38, n41, n48, n77, n78, n79, n104 where the NCR-MT is required to be equipped with a
minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a
band combination.

For the single carrier REFSENS requirementsin Clause 6.16, the Local Area NCR-MT shall be verified with two Rx
antenna portsin all supported frequency bands, additional requirements for four Rx ports shall be verified in operating
bands where the NCR-MT is equipped with four Rx antenna ports.

For Rx requirements other than single carrier REFSENS in Clause 6.16, the NCR-MT shall be verified with four Rx
antenna ports and skip two Rx antenna ports requirements in operating bands where the NCR-MT is equipped with four
Rx antenna ports, otherwise, the NCR-MT shall be verified with two Rx antenna ports.
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6.16  Conducted reference sensitivity

6.16.1 NCR-MT reference sensitivity level

6.16.1.1 General

The reference sensitivity power level Preesens iS the minimum mean power received at the antenna connector for NCR-
MT type 1-C or TAB connector for NCR-MT type 1-H at which a throughput requirement shall be met for a specified
reference measurement channel.

6.16.1.2 Minimum requirements for NCR-MT type 1-C and 1-H

The throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in annex
B.1.5.

The Wide AreaNCR-MT reference sensitivity level is specified istable 6.16.1.2-1.

Table 6.16.1.2-1: Wide Area NCR-MT reference sensitivity levels

NCR-MT channel Sub-carrier Reference measurement channel Reference sensitivity
bandwidth (MHz) spacing (kHz) power level, Prersens
(dBm)
5,10,15 15 G-FR1-Al1-27 (Note 1) -101.5
10, 15 30 G-FR1-A1-22 (Note 1) -102.0
10, 15 60 G-FR1-Al1-23 (Note 1) -99.0
20, 25, 30535’ 40, 45, 15 G-FR1-Al1-24 (Note 1) -95.2
20, 25, 30, 40, 50, 60,
70, 80, 90, 100 30 G-FR1-A1-25 (Note 1) -95.4
20, 25, 30, 40, 50, 60,
70, 80, 90, 100 60 G-FR1-A1-26 (Note 1) -95.6
NOTE 1: Prersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for each consecutive application of a single instance of the reference measurement channel
mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the
reference measurement channel each, except for one instance that might overlap one other instance to
cover the full NCR-MT channel bandwidth.

The Local AreaNCR-MT reference sensitivity level is specified the same as specified in TS 38.101-1 [13] clause 7.3.

Referenced requirements applying to NB |oT are not applicable to the NCR-MT.
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6.17 Conducted maximum input level

Maximum input level is defined as the maximum mean power received at the Local Area NCR-MT antenna port, at
which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference
measurement channel. For Local AreaNCR-MT, the throughput shall be > 95 % of the maximum throughput of the
reference measurement channels as specified in 38.101-1 [13] Annex A.3.2 and Annex A.3.3 (with one sided dynamic
OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1) with parameters specified in TS 38.101-1 [13]
inTable7.4-1.

6.18 Conducted adjacent channel selectivity

6.18.1 Adjacent Channel Selectivity (ACS)

6.18.1.1 General
Adjacent channel selectivity (ACS) is ameasure of the receiver's ability to receive awanted signal at its assigned
channel frequency at the antenna connector for NCR-MT type 1-C or TAB connector for NCR-MT type 1-H in the

presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge
of avictim system.

6.18.1.2 Minimum requirement for NCR-MT type 1-C

The throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in annex
B.1.5. For Wide Area NCR-MT type 1-C, minimum reguirement is the same as specified for BStype 1-Cin TS 38.104
[2], clause 7.4.1.2.

For Local Area NCR-MT type 1-C, minimum requirement is the same as specified in TS 38.101-1 [13], clause 7.3.2.
6.18.1.3 Minimum requirement for NCR-MT type 1-H

For Wide Area NCR-MT type 1-H, minimum requirement is the same as specified for IAB-MT type 1-H in TS 38.174
[22], clause 7.4.1.3.

For Local Area NCR-MT type 1-H, minimum requirement is the same as specified in TS 38.101-1 [13], clause 7.3.2.

6.19 Conducted blocking characteristics

6.19.1 General

The in-band blocking characteristics is a measure of the receiver's ability to receive a wanted signal at its assigned
channel at the TAB connector for NCR-MT type 1-C and NCR-MT type 1-H in the presence of an unwanted interferer,
which isan NR signal for general blocking or an NR signal with one resource block for narrowband blocking.

6.19.2 Minimum requirement for NCR-MT type 1-C

The throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in annex
B.1.5. For Wide Area NCR-MT type 1-C, minimum requirement is the same as specified for BStype 1-Cin TS 38.104
[2], clause 7.4.2.2.

For Local Area NCR-MT type 1-C, minimum requirement is the same as specified in TS 38.101-1 [13] clause 7.6.2.
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6.19.3 Minimum requirement for NCR-MT type 1-H

The throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in annex
B.1.5. For Wide Area NCR-MT type 1-H, minimum requirement at TAB connector is the same as specified for IAB-MT
inTS 38.174 [22], clause 7.4.2.3.

For Local Area NCR-MT type 1-H, minimum requirement at TAB connector is the same as specified in TS 38.101-1
[13], clause 7.6.2.

6.20 Conducted spurious response

6.20.1 General

Third and higher order mixing of the two interfering RF signals can produce an interfering signal in the band of the
desired channel. Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted
signal on its assigned channel frequency at the antenna connector for NCR-MT type 1-C or TAB connector for NCR-MT
type 1-H in the presence of two interfering signals which have a specific frequency relationship to the wanted signal.

6.20.2 Minimum requirements for NCR-MT type 1-C and NCR-MT type 1-H

For Local Area NCR-MT type 1-C and NCR-MT type 1-H, minimum requirements are the same as specifiedin TS
38.101-1[13], clause 7.7.

6.21 Conducted intermodulation characteristics

6.21.1 General

Third and higher order mixing of the two interfering RF signals can produce an interfering signal in the band of the
desired channel. Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted
signal on its assigned channel frequency at the antenna connector for NCR-MT type 1-C or TAB connector for NCR-MT
type 1-H in the presence of two interfering signals which have a specific frequency relationship to the wanted signal.

6.21.2 Minimum requirement for NCR-MT type 1-C

The throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in annex
B.1.5. For Wide Area NCR-MT type 1-C, minimum requirement at antenna connector is the same as specified for BS
type 1-Cin TS 38.104 [2], clause 7.7.2.

For Local AreaNCR-MT type 1-C, minimum requirement at antenna connector is the same as specified in TS 38.101-1
[13], clause 7.8.2.

6.21.3 Minimum requirement for NCR-MT type 1-H

The throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in annex
B.1.5. For Wide Area NCR-MT type 1-H, minimum requirement at TAB connector is the same as specified for lAB-MT
type 1-H in TS 38.174 [22], clause 7.7.3.

For Local Area NCR-MT type 1-H, minimum requirement at TAB connector is the same as specified in TS 38.101-1
[13], clause 7.8.2.
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6.22  Conducted spurious emissions

6.22.1 General

The receiver spurious emissions power isthe power of emissions generated or amplified in areceiver unit that appear at
the antenna connector for NCR-MT type 1-C and at the TAB connector for NCR-MT type 1-H. The requirements apply
to all NCR-MT with separate RX and TX TAB connectors.

For TAB connectors supporting both RX and TX in TDD, the requirements apply during the transmitter OFF period.

For RX-only multi-band connectors, the spurious emissions requirements are subject to exclusion zonesin each
supported operating band. For multi-band connectors that both transmit and receive in operating band supporting TDD,
RX spurious emissions requirements are applicable during the TX OFF period, and are subject to exclusion zonesin
each supported operating band.

For NCR-MT type 1-H manufacturer shall declare TAB connector RX min cell groups. Every TAB connector of -NCR-
MT type 1-H supporting reception in an operating band shall map to one TAB connector RX min cell group, where
mapping of TAB connectorsto cells/beams isimplementation dependent.

The number of active receiver unitsthat are considered when cal culating the conducted RX spurious emission limits
(NRrxu,counted) for Wide Area NCR-MT type 1-H is calculated as follows:

Nrxu,counted = MIN(NRxu,active, 8)

NOTE:  Ngrxu,acive IS the number of actually active receiver units.

6.22.2 Minimum requirements for NCR-MT type 1-C and type 1-H

The receiver spurious emissions requirements for NCR-MT type 1-C at the antenna connector and NCR-MT type 1-H
are that for each TAB connector, the power of emissions shall not exceed the value specified in table 6.22.2-1.

Table 6.22.2-1: NCR-MT type 1-C and type 1-H receiver spurious emissions minimum requirements

Spurious Basic Measurement Note
frequency range requirement bandwidth
S
30 MHz — 1 GHz -57 dBm 100 kHz Note 1
1 GHz —-12.75 GHz -47 dBm 1 MHz Note 1, Note 2
12.75 GHz — 5t -47 dBm 1 MHz Note 1, Note 2, Note 3, Note 5

harmonic of the
upper frequency
edge of the UL
operating band in
GHz

12.75 GHz - 26 GHz -47 dBm 1 MHz Note 1, Note 2, Note 6

NOTE 1: Measurement bandwidths as in ITU-R SM.329 [5], s4.1.

NOTE 2: Upper frequency as in ITU-R SM.329 [5], s2.5 table 1.

NOTE 3: This spurious frequency range applies only for operating bands for which the 5" harmonic of the
upper frequency edge of the UL operating band is reaching beyond 12.75 GHz.

NOTE 4: The frequency range from Afosue below the lowest frequency of the repeater transmitter operating
band to Afosue above the highest frequency of the repeater transmitter operating band may be
excluded from the requirement. Afosue is defined in clause 6.5.1. For multi-band connectors, the
exclusion applies for all supported operating bands.

NOTE 5: Does not apply for band n104.

NOTE 6: Applies only for band n104.
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7 Radiated characteristics

7.1 General

Radiated characteristics are specified at RIB for repeater type 2-O. Requirements apply in both DL and UL unless
otherwise stated or declared.

7.2 OTA output power

7.2.1 General

Repeater type 2-O, NCR-Fwd type 2-O are declared to support one or more beams, as per manufacturer's declarations
specified in TS 38.115-2 [8]. Radiated transmit power is defined as the EIRP level for a declared beam at a specific
beam peak direction.

For each beam, the requirement is based on declaration of a beam identity, reference beam direction pair, beamwidth,
rated beam EIRP, OTA peak directions set, the beam direction pairs at the maximum steering directions and their
associated rated beam EIRP and beamwidth(s).

For a declared beam and beam direction pair, the rated beam EIRP level isthe maximum power that the repeater is
declared to radiate at the associated beam peak direction.

For each beam peak direction associated with a beam direction pair within the OTA peak directions set, a specific rated
beam EIRP level may be claimed. Any claimed value shall be met within the accuracy requirement as described below.
Rated beam EIRP is only required to be declared for the beam direction pairs subject to conformance testing as detailed
in TS 38.115-2 [§].

NOTE 1: OTA peak directions set is set of beam peak directions for which the EIRP accuracy requirement is
intended to be met. The beam peak directions are related to a corresponding contiguous range or discrete
list of beam centre directions by the beam direction pairsincluded in the set.

NOTE 2: A beamdirection pair is data set consisting of the beam centre direction and the related beam peak
direction.

NOTE 3: A declared EIRP value is avalue provided by the manufacturer for verification according to the
conformance specification declaration requirements, whereas a claimed EIRP value is provided by the
manufacturer to the equipment user for normal operation of the equipment and is not subject to formal
conformance testing.

For pass bands where the supported fractional bandwidth (FBW) islarger than 6%, two rated beam EIRP may be
declared by manufacturer:

- Praed.out,rBWiow fOr lower supported frequency range, and
- Praed.out,rBwhigh fOr higher supported frequency range.
For frequencies in between Frewiow and Frawnigh the rated beam EIRP is:
- Praed,out,rBwiow, fOr the output whose frequency is within frequency range Frewiow < f < (Frawiow +Frawhigh) / 2,
- Praed out FBWHigh, fOr the output whose frequency is within frequency range (Frswiow +Frawnigh) / 2 < f <Frawhign.

For repeater type 2-O, NCR-Fwd type 2-O, OTA repeater output power is also declared as a TRP radiated requirement,
with the output power accuracy requirement defined at the RIB. TRP does not change with beamforming settings as
long as the beam peak direction is within the OTA peak directions set. Thus, the TRP accuracy requirement shall be met
for any beamforming setting for which the beam peak direction is within the OTA peak directions set.

Thereis no upper limit for the rated TRP output power and the rated beam EIRP output power of repeater type 2-O DL
transmission.
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The repeater rated TRP output power and the rated beam EIRP output power for repeater type 2-O UL transmission
shall be within limits as specified in table 7.2.1-1.

Table 7.2.1-1: Repeater rated TRP output power limits and rated EIRP output power limits for repeater
type 2-O UL transmission

Repeater class Prated,p,TRP Prated,p,EIRP
Wide Area (note 1) (note 1)
Local Area < + 35 + X dBm (Note 2) < + 55 + X dBm (Note 2)

NOTE1: There is no upper limit for the Prated p,TRP OF Prated p EIRP Of the repeater type
2-O UL transmission.
NOTE2: X = 10*log (ceil (passband bandwidth/100MHz))

Thereis no upper limit for the rated TRP output power and the rated beam EIRP output power of NCR-Fwd type 2-O
DL transmission.

The repeater rated TRP output power and the rated beam EIRP output power for NCR-Fwd type 2-O UL transmission
shall be within limits as specified in table 7.2.1-2.

Table 7.2.1-2: Rated TRP output power limits and rated beam EIRP output power limits for NCR-Fwd
type 2-O UL transmission

NCR-Fwd class Prated,p, TRP Prated,p EIRP
Wide Area (note 1) (note 1)
Local Area < + 35 + X dBm (Note 2) <+ 55 + X dBm (Note 2)

NOTEL1: There is no upper limit for the Prated,p,TRP O Prated,p,eirRP Of the NCR type 2-O
UL transmission.
NOTE2: X =10*log (ceil (passband bandwidth/100MHz))

7.2.2 Minimum requirement for NR repeater

The AoA of theinput signal shall be the same as the reference direction for the OTA peak directions set when operating
in the opposite DL/UL direction.

The requirements shall apply with NR signals in the passband of the repeater at:
The lowest input power (Pp,ineire) that produces the rated passband TRP output power (Pratedp,TRP)
Up to:
The lowest input power (Pp,ineire) that produces the rated passband TRP output power (Praedptre), plus 10dB

In normal conditions, the measured output power, Pmaxpeire shall remain within +3.4 dB and -3.4 dB of the rated beam
EIRP output power Praedpeire, declared by the manufacturer.

In extreme conditions, the measured output power, Prax,p, eire Shall remain within +4.5 dB and -4.5 dB of the rated beam
EIRP output power Praedpeire, declared by the manufacturer.

In normal conditions, the repeater type 2-O maximum passband TRP output power, Pmax,p,Tre Measured at the RIB shall
remain within +3 dB of the rated passband TRP output power Praedp 1re, 8S declared by the manufacturer.

7.2.3 Minimum requirement for NCR
7.23.1 Minimum requirement for NCR-MT

7.2.3.1.1 Minimum requirement for NCR-MT type 1-H

For NCR-MT type 1-H, the |AB requirement specified in clause 9.2.2in TS 38.174 apply.
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7.2.3.1.2 Minimum requirement for NCR-MT type 2-O
For NCR-MT type 2-O, the |AB requirement specified in clause 9.2.3in TS 38.174 apply.

7.2.3.2 Minimum requirement for NCR-Fwd

7.2.3.2.1 Minimum requirement for NCR-Fwd type 2-O
The AoA of theinput signal shall be within the Gain REFSENS RoA0A.
The reguirements shall apply with NR signalsin the passband of the NCR-Fwd at:
- Thelowest input power (Ppineire) that produces the rated passband TRP output power (Praed,p,TrP)
Up to:
- Thelowest input power (Ppineire) that produces the rated passband TRP output power (Praedpre), plus 10dB

In normal conditions, the measured output power, Pmaxp,eire shall remain within +3.4 dB and -3.4 dB of the rated beam
EIRP output power Praedpeire, declared by the manufacturer.

In extreme conditions, the measured output power, Prax,p, eire Shall remain within +4.5 dB and -4.5 dB of the rated beam
EIRP output power Praedpeire, declared by the manufacturer.

In normal conditions, the repeater type 2-O maximum passband TRP output power, Pmax,p,Tre Measured at the RIB shall
remain within +3 dB of the rated passband TRP output power Praedp 1re, 8S declared by the manufacturer.

7.3 OTA frequency stability

7.3.1 General

Frequency stability isthe ability to maintain the same frequency on the output signal with respect to the input signal.

OTA freguency stability requirement is defined as adirectional requirement at the RIB and shall be met within the OTA
coverage range.

7.3.2 Minimum requirement for NR repeater

The frequency deviation of the output signal with respect to the input signal shall be no more than +0,01 PPM.
7.3.3 Minimum requirement for NCR

7.3.3.1 Minimum requirement for NCR-Fwd

7.3.3.1.1 Minimum requirement for NCR-Fwd type 2-O

The frequency deviation of the output signal with respect to the input signal shall be no more than £0,01 PPM.
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7.4 OTA out of band gain

7.4.1 General

Out of band gain refers to the gain of the repeater outside the passband.
The requirement is based on the ratio of TRP output power to directional input power.

The intended use of arepeater in asystem isto amplify the in-band signals and not to amplify signals outside of the
passband.

In the intended application of the repeater, the out of band gain isless than lowest expected the coupling loss to the
nearest source of emissions.

7.4.2 Minimum requirement for NR repeater
The gain outside the passband shall not exceed the maximum level specified intable 7.4.2-1, where:

- f_offset CW isthe offset between the outer channel edge frequency of the outer channel in the passhand and a
CW signal.

Table 7.4.2-1: Out of band gain limits 1

Frequency offset, f_offset_ CW Maximum
gain
0.1*Minimum {400MHz, passband BW} < f offset CW < 150 68 dB
MHz
150 MHz < f offset CW < 400 MHz 55 dB
400 MHz < f offset CW < f offset max 35dB

7.4.3 Minimum requirement for NCR

7.4.3.1 Minimum requirement for NCR-Fwd

7.4.3.1.1 Minimum requirement for NCR-Fwd type 2-O
The gain outside the passband shall not exceed the maximum level specified in Table 7.4.2-1.

7.5 OTA unwanted emissions

751 General

Unwanted emissions consist of so-called out-of-band emissions and spurious emissions according to I TU definitions
ITU-R SM.329 [5]. In ITU terminology, out of band emissions are unwanted emissions immediately outside the
passband resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions.
Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission,
parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions.

The OTA out-of-band emissions requirement for the repeater type 2-O transmitter is specified both in terms of Adjacent
Channel Leakage power Ratio (ACLR) and operating band unwanted emissions (OBUE). OTA Unwanted emissions
outside of this frequency range are limited by an OTA spurious emissions requirement.

The maximum offset of the operating band unwanted emissions mask from the operating band edge is Afogue. The
value of Afogue are defined intable 7.5.1-1and 7.5.1-2 for repeater type 2-O for NR operating bands.
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Table 7.5.1-1: Maximum offset Afogue outside the downlink operating band for repeater type 2-O and
NCR-Fwd type 2-O DL

Repeater type Operating band characteristics Afosue (MHZz)
Repeater type 2-O FoL high — FoLlow < 4000 MHz 1500
NCR-Fwd type 2-O

Table 7.5.1-2: Maximum offset Afogue outside the downlink operating band for repeater type 2-O and
NCR-Fwd type 2-O UL

Repeater type Operating band characteristics Afosue (MHZz)
Repeater type 2-0, FuL high — FuLlow < 4000 MHz 1500
NCR-Fwd type 2-O

The unwanted emission requirements are applied per cell for all the configurations. Requirements for OTA unwanted
emissions are captured using TRP, directional requirements or co-location requirements as described per requirement.

If the NCR supports simultaneous NCR-MT and NCR-Fwd transmission, then the unwanted emissions requirements
should be defined on the total emissions from NCR-MT and NCR-Fwd.

7.5.2 OTA Adjacent Channel Leakage Power Ratio (ACLR)

7521 General

OTA Adjacent Channel Leakage power Ratio (ACLR) isthe ratio of the filtered mean power centred on the assigned
channel frequency to the filtered mean power centred on an adjacent channel frequency. The measured power is TRP.

The requirement shall be applied per RIB during the transmitter ON state.

7522 Minimum requirement for NR Repeater

The OTA ACLR limit is specified in table 7.5.2.2-1 for DL and UL for Wide Areaclassand DL for Local Area class.
The OTA ACLR limit is specified in table 7.5.2.2-1afor UL for Local Areaclass.

The OTA ACLR absolute limit is specified in table 7.5.2.2-2.

Either the OTA ACLR (CACLR) absolute limit in table 7.5.2.2-2 or 7.5.2.2-5 or the relevant ACLR (CACLR) limitin
table 7.5.2.2-1, 7.5.2.2-1a, 7.5.2.2-3, 7.5.5.2-3a, 7.5.2.2-4 or 7.5.2.2-4a, whichever is less stringent, shall apply.

For aRIB operating in non-contiguous spectrum, the OTA ACLR requirement in table 7.5.2.2-3 shall apply in gaps
between passbands for the frequency ranges defined in the table, while the OTA CACLR requirement in table 7.5.2.2-4
shall apply in gaps between passbands for the frequency ranges defined in the table.

The CACLR in agap between passbands is the ratio of:

a) the sum of the filtered mean power centred on the assigned channel frequencies for the two carriers adjacent to
each side of the gap between passbands, and

b) the filtered mean power centred on afrequency channel adjacent to one of the respective passband edges.

The assumed filter for the adjacent channel frequency is defined in table 7.5.2.2-4 and the filters on the assigned
channels are defined in table 7.5.2.2-6.

For operation in non-contiguous spectrum, the CACLR for NR carriers located on either side of the gap between
passhands shall be higher than the value specified in table 7.5.2.2-4.

ETSI



3GPP TS 38.106 version 18.4.0 Release 18

97

ETSI TS 138 106 V18.4.0 (2024-05)

Table 7.5.2.2-1: Repeater type 2-O ACLR limit for DL and UL for WA class and DL for LA class

Repeater Repeater adjacent Assumed Filter on the ACLR limit
nominal channel centre adjacent channel adjacent (dB)
channel frequency offset carrier channel
bandwidth below or above the frequency and
BWnominal passband edge corresponding
(MHz) filter bandwidth
50, 100, 200, BWnominai/2 NR of same BW Square 28 (Note 3)
400 (Note 2) (BW coniig) 26 (Note 4)
NOTE 1: BWhnominal is the nominal channel bandwidth. BWconig is the transmission bandwidth configuration assumed
for the adjacent channel.
NOTE 2: With SCS that provides the largest transmission bandwidth configuration (BW config).
NOTE 3: Applicable to bands defined within the frequency spectrum range of 24.25 — 33.4 GHz
NOTE 4: Applicable to bands defined within the frequency spectrum range of 37 — 52.6 GHz

Table 7.5.2.2-1a;: Repeater type 2-O ACLR limit for UL LA class

Repeater Repeater adjacent Assumed Filter on the ACLR limit
nominal channel centre adjacent channel adjacent (dB)
channel frequency offset carrier channel
bandwidth below or above the frequency and
BWnominal passband edge corresponding
(MHz) filter bandwidth
50, 100, 200, BWnominai/2 NR of same BW Square 17 (Note 3)
400 (Note 2) (BW coniig) 16 (Note 4)
NOTE 1: BWnominal is the nominal channel bandwidth. BWconig is the transmission bandwidth configuration assumed
for the adjacent channel.
NOTE 2: With SCS that provides the largest transmission bandwidth configuration (BW contig).
NOTE 3: Applicable to bands defined within the frequency spectrum range of 24.25 — 33.4 GHz
NOTE 4: Applicable to bands defined within the frequency spectrum range of 37 — 52.6 GHz

Table 7.5.2.2-2: Repeater type 2-O ACLR absolute limit

Repeater class

ACLR absolute limit

Wide area DL and UL -13 dBm/MHz
Medium range DL -20 dBm/MHz
Local area DL -20 dBm/MHz
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Table 7.5.2.2-3: Repeater type 2-O ACLR limit in non-contiguous spectrum for DL and UL for WA

class and DL for LA class

Repeater nominal Gap between Repeater adjacent | Assumed Filter on the ACLR limit
channel bandwidth passbands size channel centre adjacent adjacent channel
BWnominal (MHZ) (Wgap) where frequency offset channel frequency and
the limit below or above carrier corresponding filter
applies (MHz) the passband bandwidth
edge (inside the
gap)
50, 100, 200, 400 Woap= 100 (Note 25 MHz 50 MHz NR Square (BW config) 28 (Note 3)
5) (Note 2) 26 (Note 4)
WgapZ 250 (Note
6)
50, 100, 200, 400 Wap= 400 (Note 100 MHz 200 MHz Square (BWconfig) 28 (Note 3)
6) NR (Note 2) 26 (Note 4)
Wgapz 250 (Note
5)
NOTE 1: BWnominal is the nominal channel bandwidth. BWconfig is the transmission bandwidth configuration assumed for
the adjacent channel.
NOTE 2: With SCS that provides the largest transmission bandwidth configuration (BW config).
NOTE 3: Applicable to bands defined within the frequency spectrum range of 24.25 — 33.4 GHz.
NOTE 4: Applicable to bands defined within the frequency spectrum range of 37 — 52.6 GHz.
NOTE 5: Applicable in case the repeater type 2-O nominal channel bandwidth at the other edge of the gap is < 100 MHz.
NOTE 6: Applicable in case the repeater type 2-O nominal channel bandwidth at the other edge of the gap is > 100 MHz.

Table 7.5.2.2-3a: Repeater type 2-O ACLR limit in non-contiguous spectrum for UL for LA class

Repeater nominal Gap between Repeater adjacent Assumed Filter on the adjacent | ACLR limit
channel passbands size channel centre adjacent channel frequency
bandwidth (Wgap) where the frequency offset channel and corresponding
BWnomina (MHz) limit applies below or above the carrier filter bandwidth
(MHz) passband edge
(inside the gap)
50, 100, 200, 400 Wagap= 100 (Note 25 MHz 50 MHz NR Square (BWconiig) 17 (Note 3)
5) (Note 2) 16 (Note 4)
Wogap= 250 (Note
6)
50, 100, 200, 400 Wgap= 400 (Note 100 MHz 200 MHz NR Square (BW contig) 17 (Note 3)
6) (Note 2) 16 (Note 4)
Wogap= 250 (Note
5)
NOTE 1: BWdcaonig is the transmission bandwidth configuration assumed for the adjacent channel.
NOTE 2: With SCS that provides the largest transmission bandwidth configuration (BW contig).
NOTE 3: Applicable to bands defined within the frequency spectrum range of 24.25 — 33.4 GHz.
NOTE 4: Applicable to bands defined within the frequency spectrum range of 37 — 52.6 GHz.
NOTE 5: Applicable in case the repeater type 2-O nominal channel bandwidth at the other edge of the gap is < 100 MHz.
NOTE 6: Applicable in case the repeater type 2-O nominal channel bandwidth at the other edge of the gap is > 100 MHz.
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Table 7.5.2.2-4: Repeater type 2-O CACLR limit in non-contiguous spectrum for DL and UL for WA

class and DL for LA class

Repeater nominal Gap between Repeater adjacent Assumed Filter on the CACLR limit
channel bandwidth passbands channel centre adjacent adjacent channel
BWniominal (MHZz) size (Wgap) frequency offset channel frequency and
where the below or above the carrier corresponding
limit applies passband edge filter bandwidth
(MHz) (inside the gap)
50, 100, 200, 400 50 =Wgap< 100 25 MHz 50 MHz NR | Square (BW config) 28 (Note 3)
(Note 5) (Note 2) 26 (Note 4)
50 <Wgap< 250
(Note 6)
50, 100, 200, 400 200 sWgap< 100 MHz 200 MHz Square (BWconfig) 28 (Note 3)
400 (Note 6) NR (Note 26 (Note 4)
200 =Wgap< 2)
250 (Note 5)

NOTE 1:
NOTE 2:
NOTE 3:
NOTE 4:
NOTE 5:
NOTE 6:

BWoconfig is the transmission bandwidth configuration assumed for the adjacent channel.
With SCS that provides the largest transmission bandwidth configuration (BW config).
Applicable to bands defined within the frequency spectrum range of 24.25 — 33.4 GHz.
Applicable to bands defined within the frequency spectrum range of 37 — 52.6 GHz.
Applicable in case the repeater type 2-O nominal channel bandwidth at the other edge of the gap is < 100 MHz.
Applicable in case the repeater type 2-O nominal channel bandwidth at the other edge of the gap is > 100 MHz.

Table 7.5.2.2-4a: Repeater type 2-O CACLR limit in non-contiguous spectrum for UL for LA class

Repeater nominal | Gap between Repeater adjacent Assumed Filter on the adjacent | CACLR limit
channel passbands channel centre adjacent channel frequency and
bandwidth size (Wgap) frequency offset channel corresponding filter
BWnominai (MHZ) where the below or above the carrier bandwidth
limit applies passband edge
(MHz) (inside the gap)
50, 100, 200, 400 | 50 sWgap< 100 25 MHz 50 MHz NR Square (BW config) 17 (Note 3)
(Note 5) (Note 2) 16 (Note 4)
50 =Wgap< 250
(Note 6)
50, 100, 200, 400 200 SWgap< 100 MHz 200 MHz NR Square (BWconfig) 17 (Note 3)
400 (Note 6) (Note 2) 16 (Note 4)
200 =Wgap<
250 (Note 5)

NOTE 1:
NOTE 2:
NOTE 3:
NOTE 4:
NOTE 5:
NOTE 6:

BWoconfig is the transmission bandwidth configuration assumed for the adjacent channel.
With SCS that provides the largest transmission bandwidth configuration (BW config).
Applicable to bands defined within the frequency spectrum range of 24.25 — 33.4 GHz.
Applicable to bands defined within the frequency spectrum range of 37 — 52.6 GHz.
Applicable in case the repeater type 2-O nominal channel bandwidth at the other edge of the gap is < 100 MHz.
Applicable in case the repeater type 2-O nominal channel bandwidth at the other edge of the gap is > 100 MHz.

Table 7.5.2.2-5: Repeater type 2-O CACLR absolute limit

Repeater class CACLR absolute limit
Wide area DL and UL -13 dBm/MHz
Medium range DL -20 dBm/MHz
Local area DL -20 dBm/MHz

Table 7.5.2.2-6: Filter parameters for the assigned channel

RAT of the carrier adjacent
to the gap between
passbhands

Filter on the assigned channel frequency
and corresponding filter bandwidth

NR

NR of same BW with SCS that provides
largest transmission bandwidth configuration
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75.2.3 Minimum requirement for NCR
7.5.2.3.1 Minimum requirement for NCR-Fwd

752311 Minimum requirement for NCR-Fwd type 2-O

The requirementsin clause 7.5.2.2 apply for NCR-Fwd type 2-O. The limits apply to the sum of emissions from NCR-
MT and NCR-FWD when transmitting simultaneously.

7.5.2.3.2 Minimum requirement for NCR-MT

752321 Minimum requirement for NCR-MT type 2-O
For WA NCR-MT type 2-O, the BS ACLR requirements specified in clause 9.7.3.3in TS 38.104 apply.
For LA NCR-MT type 2-O, the UE ACLR requirements specified in clause 6.5.2.3 in TS 38.101-2 apply.

For simultaneous transmission the limits apply for sum of NCR-MT transmission and NCR-Fwd transmission

7.5.3 OTA operating band unwanted emissions

7.53.1 General

The OTA limits for operating band unwanted emissions are specified as TRP per RIB unless otherwise stated.

In addition to, for the part of passband where thereis no input signal, -13dBm/MHz shall apply for all classes DL and
UL.

7.5.3.2 Minimum requirement for NR repeater

7.5.3.2.1 General

The requirements of either clause 7.5.3.2.2 (Category A limits) or clause 7.5.3.2.3 (Category B limits) shall apply. The
application of either Category A or Category B limits shall be the same as for General OTA transmitter spurious
emissions requirements (repeater type 2-O) in clause 7.5.3.3.2. In addition, the limitsin clause 7.5.3.2.4 may also apply.

Out-of-band emissions in FR2 are limited by OTA operating band unwanted emission limits.

For repeater type 2-O, unless otherwise stated, the OTA operating band unwanted emission limitsin FR2 are defined
from Afogue below the lowest frequency of each supported downlink operating band up to Afogue above the highest
frequency of each supported downlink operating band.

The values of Afosue are defined in table 7.5.1-1 and 7.5.1-2 for the NR operating bands.

The reguirements shall apply whatever the type of transmitter considered and for all transmission modes foreseen by the
manufacturer's specification. For a RIB operating in contiguous CA, the requirements apply to the frequencies (Afosue)
starting from the edge of the passband. In addition, for a RIB operating in non-contiguous spectrum, the requirements
apply inside any gap between passbands.

Emissions shall not exceed the maximum levels specified in the tables below, where:

- Af isthe separation between the passband edge frequency and the nominal -3dB point of the measuring filter
closest to the passband edge.

- f_offset isthe separation between the passbhand edge frequency and the centre of the measuring filter.

- f_offsetma isthe offset to the frequency Afosue outside the downlink operating band, where Afogue is defined in
table 7.5.1-1 and 7.5.1-2..
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- Afmacisegual to f_offsetma minus half of the bandwidth of the measuring filter.

In addition, inside any gap between passbands for a RIB operating in non-contiguous spectrum, emissions shall not
exceed the cumulative sum of the limits specified for the adjacent sub-blocks on each side of the gap between
passbands. The limit for each sub-block is specified in clauses 7.5.3.2.2 and 7.5.3.2.3 below, where in this case:

- Af isthe separation between the sub-block edge frequency and the nominal -3 dB point of the measuring filter
closest to the sub-block edge.

- f_offset isthe separation between the sub-block edge frequency and the centre of the measuring filter.
- f_offsetma isequal to the gap between passbands bandwidth minus half of the bandwidth of the measuring filter.

- Afmx isequal to f_offsetmax minus half of the bandwidth of the measuring filter.

7.5.3.2.2 OTA operating band unwanted emission limits (Category A)

Repeater type 2-O unwanted emissions shall not exceed the maximum levels specified in tables 7.5.3.2.2-1 and
7.5.3.2.2-2.

Table 7.5.3.2.2-1: OBUE limits applicable in the frequency range 24.25 — 33.4 GHz

Frequency offset Frequency offset of Limit Measurement
of measurement measurement filter centre bandwidth
filter -3B point, Af frequency, f_offset
0 MHz < Af< 0.5 MHz < f_offset < 0.1* Min(-5 dBm, Max(Prated,t, TRP — 1 MHz
0.1*BW contiguous BW contiguous +0.5 MHz 35 dB, -12 dBm))
0.1*BWcontiguous < Af 0.1* BWcontiguous +0.5 MHz < Min(-13 dBm, Max(Prated t, TRP 1 MHz
< Afmax f_offset < f_ offsetmax —43dB, -20 dBm))

NOTE 1: For non-contiguous spectrum operation within any operating band the limit within gaps
between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands.

Table 7.5.3.2.2-2: OBUE limits applicable in the frequency range 37 — 52.6 GHz

Frequency offset Frequency offset of Limit Measurement
of measurement measurement filter centre bandwidth
filter -3B point, frequency, f_offset
Af
0 MHz < Af < 0.5 MHz < f_offset < 0.1* Min(-5 dBm, Max(Prated,;,TRP — 1 MHz
O.l*BWcontiguous chontiguous +0.5 MHz 33dB, -12 dBm))
0.1*BW contiguous < 0.1* BW contiguous +0.5 MHz < Min(-13 dBm, MaX(Prated,t,TRP - 1 MHz
Af < Afmax f offset < f_ offsetmax 41 dB, -20 dBm))

NOTE 1: For non-contiguous spectrum operation within any operating band the limit within gaps
between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands.
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7.5.3.2.3 OTA operating band unwanted emission limits (Category B)

Repeater type 2-O unwanted emissions shall not exceed the maximum levels specified in table 7.5.3.2.3-1 or 7.5.3.2.3-
2.

Table 7.5.3.2.3-1: OBUE limits applicable in the frequency range 24.25 — 33.4 GHz

Frequency offset Frequency offset of Limit Measurement
of measurement measurement filter centre bandwidth
filter -3 dB point, frequency, f_offset
Af

0 MHz < Af< 0.5 MHz <f_offset < 0.1* Min(-5 dBm, Max(Prated,;,TRP — 1 MHz
O.l*BWcontiguous BWcontiguous +0.5 MHz 35dB, -12 dBm))

0.1*BWcontiguous < Af 0.1* BWcontiguous +0.5 MHz < Min(-lS dBm, MaX(Prated,t,TRP 1 MHz

< Afs f offset < Afg +0.5 MHz — 43 dB, -20 dBm))

Afs < Af < Afmax Afg+5 MHz <f_offset < f_ Min(-5 dBm, Max(Prated,t, TRP — 10 MHz
offsetmax 33 dB, -10 dBm))

NOTE 1: For non-contiguous spectrum operation within any operating band the limit within gaps
between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands.

NOTE 2: Afs = 2*BW contiguous When BW contiguous £ 500 MHz, otherwise Afs = BW contiguous + 500 MHz.

Table 7.5.3.2.3-2: OBUE limits applicable in the frequency range 37 — 52.6 GHz

Frequency offset Frequency offset of Limit Measurement
of measurement measurement filter centre bandwidth
filter -3 dB point, frequency, f_offset
Af
0 MHz < Af< 0.5 MHz < f_offset < 0.1* Min(-5 dBm, Max(Prated,t TRP — 1 MHz
0.1*BWcontiguous BWcontiguous +0.5 MHz 33 dB, -12 dBm))
0.1*BW contiguous < Af 0.1* BW contiguous +0.5 MHz < Min(-13 dBm, Max(Prated,t, TRP 1 MHz
< Afg f offset < Afs +0.5 MHz —41dB, -20 dBm))
Afs < Af < Afmax Afs+5 MHz < f_offset <f_ Min(-5 dBm, Max(Prated t, TRP — 10 MHz
offsetmax 31dB, -10 dBm))

NOTE 1: For non-contiguous spectrum operation within any operating band the limit within gaps
between passbands is calculated as a cumulative sum of contributions from adjacent sub-
blocks on each side of the gap between passbands.

NOTE 2: Afg = 2*BW contiguous when BW contiguous = 500 MHz, otherwise Afg = BW contiguous + 500 MHz.

75324 Additional OTA operating band unwanted emission requirements

753241 Protection of Earth Exploration Satellite Service

For repeater operating in the frequency range 24.25 — 27.5 GHz, the power of unwanted emission shall not exceed the
limitsintable 7.5.3.2.4.1-1 for DL and in table7.5.3.2.4.1-2.

Table 7.5.3.2.4.1-1: OBUE limits for protection of Earth Exploration Satellite Service for DL

Frequency range Limit Measurement
Bandwidth
23.6 — 24 GHz -3 dBm (Note 1) 200 MHz
23.6 — 24 GHz -9 dBm (Note 2) 200 MHz
NOTE 1: This limit applies to repeater brought into use on or before 1 September
2027.
NOTE 2: This limit applies to repeater brought into use after 1 September 2027.
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Table 7.5.3.2.4.1-2: OBUE limits for protection of Earth Exploration Satellite Service for UL

Frequency range Limit Measurement
Bandwidth
23.6 — 24 GHz 1 dBm 200 MHz
7.5.3.3 Minimum requirement for NCR
7.5.3.3.1 Minimum requirement for NCR-Fwd
753311 Minimum requirement for NCR-Fwd type 2-O

The requirementsin clause 7.5.3.2 apply for NCR-Fwd type 2-O. The limits apply to the sum of emissions from NCR-
MT and NCR-FWD when transmitting simultaneously.

7.5.3.3.2 Minimum requirement for NCR-MT

753321 Minimum requirement for NCR-MT type 2-O
For Wide Area NCR-MT type 2-O, the BS OBUE requirements specified in clause 9.7.4.3in TS 38.104 apply.
For Local Area NCR-MT type 2-0O, the UE SEM requirements specified in clause 6.5.2.1 in TS 38.101-2 apply.

7.5.4 OTA transmitter spurious emissions

7541 General
Unless otherwise stated, all requirements are measured as mean power.

The OTA spurious emissions limits are specified as TRP per RIB unless otherwise stated.
75.4.2 Minimum requirement for NR repeater

7.5.4.2.1 General

For repeater type 2-O, the OTA transmitter spurious emission limits apply from 30 MHz to 2™ harmonic of the upper
frequency edge of the downlink operating band, excluding the frequency range from Afosue below the lowest
frequency of the downlink operating band, up to Afesue above the highest frequency of the downlink operating band,
where the Afogue is defined in table 7.5.1-1 and 7.5.1-2.
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7.5.4.2.2 General OTA transmitter spurious emissions requirements

754.2.2.1 General

The requirements of either clause 7.5.4.2.2.2 (Category A limits) or clause 7.5.4.2.2.3 (Category B limits) shall apply.
The application of either Category A or Category B limits shall be the same as for Operating band unwanted emissions
inclause 7.5.3.

754222 OTA transmitter spurious emissions (Category A)

The power of any spurious emission shall not exceed the limitsin table 7.5.4.2.2.2-1.

Table 7.5.4.2.2.2-1: Repeater radiated Tx spurious emission limits in FR2

Frequency range Limit Measurement Note
Bandwidth
30 MHz — 1 GHz -13 dBm 100 kHz Note 1
1 GHz — 2" harmonic of 1 MHz Note 1, Note 2
the upper frequency edge
of the operating band

NOTE 1: Bandwidth as in ITU-R SM.329 [5], s4.1
NOTE 2: Upper frequency as in ITU-R SM.329 [5], s2.5 table 1.

7.5.4.2.2.3 OTA transmitter spurious emissions (Category B)

The power of any spurious emission shall not exceed the limitsin table 7.5.4.2.2.3-1.

Table 7.5.4.2.2.3-1: Repeater radiated Tx spurious emission limits in FR2 (Category B)

Frequency range Limit Measurement Note
(Note 4) Bandwidth
30 MHz < 1 GHz -36 dBm 100 kHz Note 1
1GHz < 18 GHz -30 dBm 1 MHz Note 1
18 GHz <> Fstep,1 -20 dBm 10 MHz Note 2
Fstep1 <> Fstep2 -15 dBm 10 MHz Note 2
Fstep,2 — Fstep,S -10 dBm 10 MHz Note 2
Fstepa <> Fsteps -10 dBm 10 MHz Note 2
Fsteps <> Fsteps -15 dBm 10 MHz Note 2
Fsieps <> 2" harmonic of -20 dBm 10 MHz Note 2, Note 3
the upper frequency edge
of the operating band
NOTE 1: Bandwidth as in ITU-R SM.329 [5], s4.1
NOTE 2: Limit and bandwidth as in ERC Recommendation 74-01 [9], Annex 2.
NOTE 3: Upper frequency as in ITU-R SM.329 [5], s2.5 table 1.
NOTE 4: The step frequencies Fstepx are defined in Table 7.5.4.2.2.3-2.

Table 7.5.4.2.2.3-2: Step frequencies for defining the Repeater radiated Tx spurious emission limits in
FR2 (Category B)

Operating band Fstep.1 Fstep.2 Fstep.3 Fstep.4 Fsteps Fstep.s
(GHz) (GHz) (GHz) (Note | (GHz) (Note (GHz) (GHz)
2) 2)
n257 18 23.5 25 31 325 41.5
n258 18 21 22.75 29 30.75 40.5
n259 23.5 35.5 38 45 47.5 59.5
n263 18 43 53.5 74.5 85 127
NOTE 1: Fstep,x are based on ERC Recommendation 74-01 [9], Annex 2.
NOTE 2: Fstep,3 and Fstep,4 are aligned with the values for Afosue in table 7.5.1-1.
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7.5.4.2.3 Additional OTA transmitter spurious emissions requirements

These requirements may be applied for the protection of systems operating in frequency ranges other than the repeater-
Node. The limits may apply as an optional protection of such systems that are deployed in the same geographical area
as the repeater-Node, or they may be set by local or regional regulation as a mandatory requirement for an NR
operating band. It isin some cases not stated in the present document whether a requirement is mandatory or under
what exact circumstances that alimit applies, since thisis set by local or regional regulation. An overview of regional
requirements in the present document is given in clause 4.4.

754231 Limits for protection of Earth Exploration Satellite Service

For repeater operating in the frequency range 24.25 — 27.5 GHz, the power of any spurious emissions shall not exceed
thelimitsin Table 7.5.4.2.3.1-1 and Table 7.5.4.2.3.1-2.

Table 7.5.4.2.3.1-1: Limits for protection of Earth Exploration Satellite Service for DL

Frequency range Limit Measurement Note
Bandwidth

23.6 — 24 GHz -3 dBm 200 MHz Note 1

23.6 — 24 GHz -9 dBm 200 MHz Note 2

NOTE 1: This limit applies to Repeater brought into use on or before 1 September 2027.
NOTE 2: This limit applies to Repeater brought into use after 1 September 2027.

Table 7.5.4.2.3.1-2: OBUE limits for protection of Earth Exploration Satellite Service for UL

Frequency range Limit Measurement
Bandwidth
23.6 — 24 GHz 1 dBm 200 MHz
7543 Minimum requirement for NCR

7.543.1 Minimum requirement for NCR-Fwd

754311 Minimum requirement for NCR-Fwd type 2-O

The requirementsin clause 7.5.4.2 apply. The limits apply to the sum of emissions from NCR-MT and NCR-FWD
when transmitting simultaneously.

7.5.4.3.2 Minimum requirement for NCR-MT

754321 Minimum requirement for NCR-MT Type 2-O

For Wide Area NCR-MT type 2-O, the OTA TX spurious emission requirements are as defined in clause 7.5.4.2.

For Local Area NCR-MT type 2-O, the OTA TX spurious emission requirements defined for NR UE in clause 6.5.3 in
TS 38.101-2 apply.

7.5.5  OTA receiver spurious emissions

755.1 General
The OTA RX spurious emission is the power of the emissions radiated from the antenna array from areceiver unit.

The metric used to capture OTA receiver spurious emissions istotal radiated power (TRP), with the requirement
defined at the RIB.
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For aRIB operating in FDD, OTA RX spurious emissions requirement do not apply as they are superseded by the OTA
TX spurious emissions requirement. Thisis due to the fact that TX and RX spurious emissions cannot be distinguished
in OTA domain.

For aRIB operating in TDD, the OTA RX spurious emissions requirement shall apply during the transmitter OFF state
only.

For multi-band RIB, the OTA RX spurious emissions requirements are subject to exclusion zones in each supported
operating band.

7.55.2 Minimum requirement for NR repeater

For the Repeater type 2-O, the power of any RX spurious emission shall not exceed the limitsin table 7.5.5.2-1.

7.5.5.2-1: OTA receiver spurious emission limits for Repeater type 2-O

Spurious Limit Measurement Note
frequency range (Note 5) Bandwidth
(Note 4)
30 MHz < 1 GHz -36 dBm 100 kHz Note 1
1GHz <& 18 GHz -30 dBm 1 MHz Note 1
18 GHz <> Fstep1 -20 dBm 10 MHz Note 2
Fstep1 <> Fstep2 -15 dBm 10 MHz Note 2
Fstep,2 — Fstep,S -10 dBm 10 MHz Note 2
Fstepa <> Fstep,s -10 dBm 10 MHz Note 2
Fstep,s <> Fstep,6 -15 dBm 10 MHz Note 2
Fsteps <> 2" harmonic of -20 dBm 10 MHz Note 2, Note 3
the upper frequency edge
of the UL operating band
NOTE 1: Bandwidth as in ITU-R SM.329 [5], s4.1.
NOTE 2: Limit and bandwidth as in ERC Recommendation 74-01 [9], Annex 2.
NOTE 3: Upper frequency as in ITU-R SM.329 [5], s2.5 table 1.
NOTE 4: The step frequencies Fstepx are defined in table 7.5.5.3-2.
NOTE 5: Additional limits may apply regionally.

Table 7.5.5.2-2: Step frequencies for defining the OTA receiver spurious emission limits for Repeater

type 2-O

Operati ng band Fstep,l Fstep,z Fstep,B Fstep,4 Fstep,S Fstep,s
(GH2) (GHz) (GHz) (GHz) (GH2) (GHz2)

n257 18 23.5 25 31 325 41.5

n258 18 21 22.75 29 30.75 40.5

n259 23.5 35.5 38 45 47.5 59.5

n260 25 34 35.5 41.5 43 52
n261 18 25.5 26.0 29.85 30.35 38.35

n262 37.2 45.2 45.7 49.7 50.2 58.2

n263 18 43 53.5 74.5 85 127

In addition to the requirementsin Table 7.5.5.2-1, the requirement for protection of EESS for NR repeater operating in
frequency range 24.25 — 27.5 GHz in clause 7.5.4.2.3.1 may be applied.

7.55.3 Minimum requirement for NCR
7.5.53.1 Minimum requirement for NCR-Fwd
755311 Minimum requirement for NCR-Fwd type 2-O

The requirementsin clause 7.5.5.2 apply.

The receiver spurious emissions limits shall apply to the total emissions from both the NCR-Fwd and NCR-MT.
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7.6 OTA Repeater Error Vector Magnitude

7.6.1 Downlink repeater error vector magnitude

7.6.1.1 General

The Repeater Error Vector Magnitude (EVM) is a measure of the difference between the symbols provided at the input
of the repeater and the measured signal symbols at the output of the repeater after the equalization by the measurement
equipment. This differenceis called the error vector. Details about how the repeater EVM is determined are same as
specified in TS 38.104 [2] Annex C for FR2. The repeater EVM result is defined as the square root of the ratio of the
mean error vector power to the mean reference power expressed in percent.

For repeater type 2-O, OTA modulation quality requirement is defined as a directional regquirement at the RIB and shall
be met within the OTA coverage range on the transmit side and the AoA of the incident wave of the received signal is
in the reference direction at the receive side.

For NCR-Fwd type 2-O, OTA modulation quality requirement is defined as a directional requirement at the RIB and
shall be met within the OTA coverage range on the transmit side and the AoA of the incident wave of the received
signal is within the OTA REFSENS RoAOA at the receive side.

The repeater EVM requirement is applicable when the repeater is operating with an input power level within the range
from what is required to reach the rated beam EIRP output power (Praedpeire) to the minimum power levelsin table
7.6.1.1-1.

Table 7.6.1.1-1: Minimum input power for repeater EVM for repeater type 2-O and NCR-Fwd type 2-O

Repeater Minimum input power (dBm/MHz)
class 24.25 - 33.4 GHz 37 —-52.6 GHz
Up to 16 QAM 640QAM 1 256QAM 2 Up to 16 QAM 64QAM ! 256QAM 2
WA, MR, -77- GRX_ANT -73- GRX_ANT -66- GRrx_ANT -75- GrRx_ANT -71- Grx_ANT -64- Grx_ANT
LA
Note 1:  support of 64QAM is based on the declaration
Note 2:  support of 256QAM is based on the declaration

Where Grx_anr isthe gain of the receive side antennas and is estimated based on the 3dB gain RoAoA and aformula,
Grx_anT = 44.1 - 10*0Qg10(BEWs,rersens*BEW , rersens) dB.

7.6.1.2 Minimum requirement for NR repeater

The repeater EVM levels for different modulation schemes outlined in table 7.6.1.2-1 shall be met using the frame
structure described in clause 7.6.1.3.

Table 7.6.1.2-1: Repeater EVM requirements

Parameter Required repeater EVM
Up to 16QAM 12.5%
64QAM 8% 1
256QAM 35%°?
Note 1:  support of 64QAM is based on the declaration
Note 2:  support of 256QAM is based on the declaration.
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7.6.1.2A Minimum requirement for NCR
7.6.1.2A.1 Minimum requirement for NCR-Fwd

7.6.1.2A.1.1 Minimum requirement for NCR-Fwd type 2-O

The requirementsin clause 7.6.1.2 apply for NCR-Fwd type 2-O.

7.6.1.3 Repeater EVM frame structure for measurement

The input signals for the repeater EVM requirement shall have the same frame structure as defined for the BSis TS
38.104 [2].

7.6.2 Uplink repeater error vector magnitude

7.6.2.1 General

The Repeater Error Vector Magnitude is a measure of the difference between the reference waveform provided at the
input of repeater and the measured waveform at the output of the repeater. This difference is called the error vector.
Details about how the repeater EVM is determined are the same as specified in TS 38.101-2 [14] Annex F for FR2.
Before calculating the repeater EVM, the measured waveform is corrected by the sample timing offset and RF
frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the
repeater EVM.

The measured waveform is further equalised using the channel estimates subjected to the EVM equaliser spectrum
flatness requirement specified in TS 38.101-2 [14] clauses 6.4.2.4 and 6.4.2.5. For DFT-s=-OFDM waveforms, the
repeater EVM result is defined after the front-end FFT and IDFT as the square root of the ratio of the mean error vector
power to the mean reference power expressed as a %. For CP-OFDM waveforms, the repeater EVM result is defined
after the front-end FFT as the square root of the ratio of the mean error vector power to the mean reference power
expressed as a %.

The basic repeater EVM measurement interval is one dlot in the time domain. The repeater EVM measurement interval
is reduced by any symbols that contains an allowable power transient in the measurement interval as defined in TS
38.101-2 [14] clause 6.3.3.

All the parameters defined in clause 7.6.2 are defined using the measurement methodology specified in TS 38.101-2
[14] Annex F.

For repeater type 2-O, OTA modulation quality requirement is defined as a directional requirement at the RIB and shall
be met within the OTA coverage range on the transmit side and the AoA of the incident wave of the received signal is
in the reference direction at the receive side.

For NCR-Fwd type 2-O, OTA modulation quality requirement is defined as a directional requirement at the RIB and
shall be met within the OTA coverage range on the transmit side and the AoA of the incident wave of the received
signal is within the OTA REFSENS RoAOA at the receive side.

The repeater EVM requirement is applicable when the repeater is operating with an input power level within the range
from what is required to reach the rated beam EIRP output power (Praedp,eire) to the minimum input power levelsin
table 7.6.2.1-1.

Table 7.6.2.1-1: Minimum input power for repeater EVM for repeater type 2-O and NCR-Fwd type 2-O

Repeater class Minimum input power (dBm/MHz)
24.25 - 33.4 GHz 37 -52.6 GHz
Up to 16 QAM 64QAM * Up to 16 QAM 64QAM?!

WA, LA -77- GRX_ANT -73- Grx_ANT | -75- GRX_ANT -71- Grx_ANT

Note 1: support of 64QAM is based on the declaration

Where Grx_ant isthe gain of the receive side antennas and is estimated based on the 3dB gain RoA0A and aformula,
Grx_anT = 44.1 - 10*0Qg10(B€Ws,rersens*BEW , rersens) dB.
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7.6.2.2 Minimum requirement for NR repeater

The RM S average of the basic repeater EVM measurements over 10 subframes for the average repeater EVM case, for
the different modulation schemes shall not exceed the values specified in Table 7.6.2.2-1.

Table 7.6.2.2-1: Minimum requirements for repeater error vector magnitude

Parameter Unit Average repeater EVM
level
Up to 16 QAM % 12.5
64 QAM % 81
Note 1: support of 64QAM is based on the declaration

7.6.2.3 Minimum requirement for NCR
7.6.2.3.1 Minimum requirement for NCR-Fwd

7.6.2.31.1 Minimum requirement for NCR-Fwd type 2-O

The requirementsin clause 7.6.2.2 apply for NCR-Fwd type 2-O.

7.7 OTA input intermodulation

7.7.1 General

Theinput intermodulation is a measure of the capability of the repeater to inhibit the generation of interference in the
passband, in the presence of interfering signals on frequencies other than the passband. The requirement is defined as a
directional requirement.

The requirement shall apply at the RIB when the AoA of the incident wave of areceived signal and the interfering
signal are from the same direction:

The interfering signals apply to each supported polarization, under the assumption of polarization match.
The following requirement applies for interfering signals depending on the repeaters passband.
This requirement applies to the uplink and downlink of the repeater during the transmitter ON state.

When GSM, CDMA, UTRA, E-UTRA, NR BS or repeater operating in a different frequency band are co-located with a
NCR, additional input intermodulation co-location regquirement may be applied for the protection of NR repeater or
NCR receivers. This requirement applies to the uplink and downlink of the repeater. If the BS sideis declared to meet
co-location requirements, then it should meet input intermodulation co-location requirements for the downlink. If the
UE side is declared to meet co-location requirements, then it should meet input intermodul ation co-location
requirements for the uplink.

When GSM, CDMA, UTRA, E-UTRA, NR BS or repeater operating in another frequency band co-exist with aNCR,
additional input intermodulation co-existence requirement may be applied for the protection of NR repeater or NCR
receivers.

7.7.2 Minimum requirement for NR repeater

For the parameters specified in table 7.7.2-1, the power in the passband shall not increase with more than 10 dB at the
output of the repeater as measured with 1 MHz measurement bandwidth, compared to the level obtained without
interfering signals applied.

The core requirement is applicable for al frequency separation possibilities between the two interfering signal's that
cause the 3rd order intermodulation product to fall into the whole passband.

Table 7.7.2-1 specifies the parameters for two interfering signals, where:
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- f, offset isthe offset from the channel edge frequency of the first or last channel in the passband of the closer
carrier.

- Grx_ant isthe gain of the receive side antennas and is calculated from EIRP and TRP declaration.

Table 7.7.2-1: Input intermodulation requirement

f1 offset Interfering Signal Levels Type of signals Measurement
bandwidth
1 MHz -53dBm — G_rx_aAnT 2 CW carriers 1 MHz

7.7.3 Minimum requirement for NCR
7.7.3.1 Minimum requirement for NCR-Fwd

7.7.3.1.1 Minimum requirement for NCR-Fwd type 2-O
The requirementsin clause 7.7.2 apply for NCR-Fwd type 2-O.

7.8 OTA Adjacent Channel Rejection Ratio (ACRR)
7.8.1  General

OTA Adjacent Channel Rejection Ratio (ACRR) isthe ratio of the average gain over acarrier of the repeater in the
passhand to the average gain of the repeater over an adjacent channel outside the repeater passband. The requirement
shall apply to the uplink and downlink of the Repeater. The bandwidth of the channel inside the passband and the
adjacent channel shall be of the same type (reference carrier) with bandwidths as defined by nominal channel
bandwidth.

The requirement is differentiated between downlink and uplink.

The reguirement shall apply during the transmitter ON state.

The ACRR isaratio of gain in the adjacent channel to gain in the wanted channel. The gain in each caseis defined as
the ratio of TRP output power to directional input power.

7.8.2 Minimum Requirements for NR repeater

The reguirement shall apply at the RIB when the AoA of the incident wave of areceived signal in the passband and a
received signal on an adjacent channel outside repeater passband is from the same direction and are the same asthe TX
reference direction for the opposite DL/UL setting.

For arepeater operating at passband operating in FR2, the ACRR requirements in table 7.8.2-1 shall apply in downlink.
In normal conditions the ACRR for downlink shall be higher than the value specified in the Table 7.8.2-1.

Table 7.8.2-1: Repeater Downlink ACRR

Co-existence with Repeater Class Channel offset from frequency edge of | ACRR limit (dB)
other systems passband (MHz)
. _ 28 (Note 2)
Wide Area repeater BWnominal/2 26 (Note 3)

NR Medium Range BW nominall2 28 (Note 2)

repeater 26 (Note 3)
28 (Notes 1, 2)
26 (Note 1, 3)
NOTE 1: This requirement does not applicable if the passband occupies the entire operating band.

NOTE 2: Applicable to bands defined within the frequency spectrum range of 24.25 — 33.4 GHz.

NOTE 3: Applicable to bands defined within the frequency spectrum range of 37 — 52.6 GHz

Local Area repeater BW Nominal/2
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For arepeater operating at passband operating in FR2, the ACRR requirementsin table 7.8.2-2 shall apply in uplink. In
normal conditions the ACRR for uplink shall be higher than the value specified in the Table 7.8.2-2.

Table 7.8.2-2: Repeater Uplink ACRR

Co-existence with
other systems

Repeater Class

Channel offset from frequency edge of
passband (MHz)

ACRR limit (dB)

NR

' . 28 (Note 2)
Wide Area repeater BWominal/2 26 (Note 3)
Local Area repeater BW Nominal/2 17 (Note 1, 2)

16 (Note 1, 3)

NOTE 1: This requirement does not applicable if the passband occupies the entire operating band.
NOTE 2: Applicable to bands defined within the frequency spectrum range of 24.25 — 33.4 GHz.
NOTE 3: Applicable to bands defined within the frequency spectrum range of 37 — 52.6 GHz

7.8.3

7.8.3.1

7.8.3.1.1

Minimum Requirements for NCR

Minimum Requirements for NCR-Fwd

Minimum Requirements for NCR-Fwd type 2-O

The reguirement shall apply at the RIB when the AoA of the incident wave of areceived signal in the passband and a
received signal on an adjacent channel outside repeater passband is from the same direction and are the same asthe TX

reference direction for the opposite DL/UL setting.

For NCR-Fwd type 2-O operating at passband operating in FR2, the ACRR requirementsin table 7.8.3.1.1-1 shall apply
in downlink. In normal conditions the ACRR for downlink shall be higher than the value specified in the Table

7.8.3.1.1-1.

Table 7.8.3.1.1-1: NCR-Fwd type 2-O Downlink ACRR

Co-existence with
other systems

Repeater Class

Channel offset from frequency edge of
passband (MHz)

ACRR limit (dB)

NR

. ) 28 (Note 2)
Wide Area repeater BW Nominal/2 26 (Note 3)
Medium Range i 28 (Note 2)
repeater BWnominal/2 26 (Note 3)
Local Area repeater BWominal/2 28 (Notes 1, 2)

26 (Note 1, 3)

NOTE 1: This requirement is not applicable if the passband occupies the entire operating band.
NOTE 2: Applicable to bands defined within the frequency spectrum range of 24.25 — 33.4 GHz.
NOTE 3: Applicable to bands defined within the frequency spectrum range of 37 — 52.6 GHz

For NCR-Fwd type 2-O operating at passband operating in FR2, the ACRR requirementsin table 7.8.3.1.1-2 shall apply

in uplink. In normal conditionsthe ACRR for uplink shall be higher than the value specified in the Table 7.8.3.1.1-2.

Table 7.8.3.1.1-2: NCR-Fwd type 2-O Uplink ACRR

Co-existence with
other systems

Repeater Class

Channel offset from frequency edge of
passband (MHz)

ACRR limit (dB)

NR

i ! 28 (Note 2)
Wide Area repeater BW Nominai/2 26 (Note 3)
Local Area repeater BW Nominal/2 17 (Note 1, 2)

16 (Note 1, 3)

NOTE 1: This requirement is not applicable if the passband occupies the entire operating band.
NOTE 2: Applicable to bands defined within the frequency spectrum range of 24.25 — 33.4 GHz.
NOTE 3: Applicable to bands defined within the frequency spectrum range of 37 — 52.6 GHz

ETSI




3GPP TS 38.106 version 18.4.0 Release 18 112 ETSI TS 138 106 V18.4.0 (2024-05)

7.9 OTA transmit ON/OFF power

7.9.1 General

OTA transmit ON/OFF power regquirements apply only to TDD operation of repeater. The requirements apply to both
downlink and uplink of the repeater.

7.9.2 OTA transmitter OFF power

79.2.1 General

OTA transmitter OFF power is defined as the mean power measured over 70/N s filtered with a square filter of
bandwidth equal to the passband bandwidth of the repeater (BW passhand ) centred on the assigned channel frequency
during the transmitter OFF state. N = SCS/15, where SCSis Sub Carrier Spacing in kHz of the input signal. For
repeater type 2-O and NCR-Fwd type 2-O, the OTA transmitter OFF power is defined as TRP.

7.9.2.2
The OTA transmitter OFF TRP spectral density for repeater type 2-O shall be less than -36 dBm/MHz.

Minimum requirement for NR repeater

7.9.2.3 Minimum requirement for NCR
7.9.23.1 Minimum requirement for NCR-Fwd
79.2311 Minimum requirement for NCR-Fwd type 2-O

The requirementsin clause 7.9.2.2 apply for NCR-Fwd type 2-O.

7.9.2.3.2 Minimum requirement for NCR-MT

79.23.21 Minimum requirement for NCR-MT type 2-O

For Wide AreaNCR-MT type 2-O, the OTA transmitter OFF TRP spectral density for shall be less

than -36 dBm/MHz.For Local Area NCR-MT type 2-O, the transmit OFF power shall not exceed the values specified in
Tables 7.9.2.3.2.1-1 for each operating band supported. The requirement is verified with the test metric of TRP
(Link=TX beam peak direction, Meas=TRP grid).

Table7.9.2.3.2.1-1: Transmit OFF power for FR2-1

7.9.3

7.9.3.1

Operating band Channel bandwidth / Transmit OFF power (dBm) / measurement
bandwidth
50 MHz 100 MHz 200 MHz 400 MHz
n257, n258, n259, n260, -35 -35 -35 -35
n261, n262
47.58 MHz 95.16 MHz 190.20 MHz 380.28 MHz

OTA transient period

General

The OTA transmitter transient period is the time period during which the transmitter is changing from the transmitter
OFF state to the transmitter ON state or vice versa. The transmitter transient period isillustrated in figure 7.9.3.1-1.
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Figure 7.9.3.1-1: Example of relations between transmitter ON state, transmitter OFF state and
transmitter transient period

This requirement shall be applied at each RIB supporting transmission in the operating band. The beginning and end
point of downlink and uplink bursts are referenced to the slot timing at the input.

7.9.3.2 Minimum requirement for NR repeater

For repeater type 2-O, the OTA transmitter transient period shall be shorter than the values listed in the minimum
requirement table 7.9.3.2-1.

Table 7.9.3.2-1: Minimum requirement for the OTA transmitter transient period for repeater type 2-O

Transition Transient period length (us)
OFF to ON 3
ON to OFF 3

7.9.3.3 Minimum requirement for NCR

7.9.3.3.1 Minimum requirement for NCR-Fwd

793311 Minimum requirement for NCR-Fwd type 2-O
The requirementsin clause 7.9.3.2 apply for NCR-Fwd type 2-O.

7.9.3.3.2 Minimum requirement for NCR-MT

7.9.3.3.2.1 Minimum requirement for NCR-MT type 2-O

For Wide Area NCR-MT type 2-O, the OTA transmitter transient period shall be shorter than the values listed in the
minimum requirement table 7.9.3.3.2.1-1.
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Table 7.9.3.3.2.1-1: Minimum requirement for the OTA transmitter transient period for Wide Area

NCR-MT type 2-O

Transition Transient period length (us)
OFF to ON 3
ON to OFF 3

For Local Area NCR-MT type 2-O, the requirement from TS 38.101-2 section 6.3.3.2 applies.

7.10  OTA output power dynamics

7.10.1 General

7.10.2  Minimum requirement for NCR-MT

7.11  OTA transmit signal quality

7.11.1 General

Transmit signal quality is specified in terms of: frequency error and transmit modulation quality requirements.

7.11.2 Frequency error requirements for NCR-MT

7.11.2.1 Minimum requirement for NCR-MT type 2-O

For NCR-MT type 2-O, the requirements specified in clause 9.6.1.2.3in TS 38.174 applies.

7.11.3 Transmit modulation quality

7.11.3.1 Minimum requirement for NCR-MT type 2-O

For NCR-MT type 2-O, the requirements specified in clause 9.6.2.2.3in TS 38.174 applies.

7.12  Diversity characteristics

7.12.1 General

7.12.2  Minimum requirement for NCR-MT

The OTA diversity characteristic is specified the same as conducted diversity characteristic for FR1 NCR type 1-C, 1-H

in sub-clause 6.13.

7.13  OTA reference sensitivity

7.13.1 General

The reference sensitivity power level REFSENS is defined asthe EIS level at the centre of the quiet zone in the RX
beam peak direction, at which the throughput shall meet or exceed the requirements for the specified reference

measurement channel.
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7.13.2 Minimum requirement for NCR-MT type 2-O

The wide area NCR-MT reference sensitivity level is specified the same as the Wide ArealAB-MT reference sensitivity
level requirement in TS 38.174 [22], subclause 10.3.3.3.

The local area NCR-MT reference sensitivity level is specified the same as reference sensitivity power level for power
class3in TS 38.101-2 [14], subclause 7.3.2.3.

7.14  OTA maximum input level

7.14.1 General

The maximum input level is defined as the maximum mean power, for which the throughput shall meet or exceed the
minimum requirements for the specified reference measurement channel.

7.14.2  Minimum requirement for NCR-MT type 2-O

Thelocal areaNCR-MT maximum input power is specified the same as maximum input power in TS 38.101-2 [14],
subclause 7.4.

7.15 OTA adjacent channel selectivity

7.15.1 General

Adjacent Channel Selectivity (ACS) is ameasure of areceiver's ability to receive aNR signal at its assigned channel
frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the
assigned channel. ACSistheratio of the receive filter attenuation on the assigned channel frequency to the receivefilter
attenuation on the adjacent channel(s).

7.15.1  Minimum requirement for NCR-MT type 2-O

The wide area NCR-MT ACS requirement is specified the same as the Wide Area|lAB-MT ACSrequirement in TS
38.174 [22], subclause 10.5.1.4.

The local area NCR-MT reference sensitivity level is specified the same as ACSrequirement in TS 38.101-2 [14],
subclause 7.5.

7.16  OTA blocking characteristics

7.16.1 General

The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel
frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the
adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a
specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response
occurs.

7.16.2 Minimum requirement for NCR-MT type 2-O

The wide area NCR-MT blocking requirement is specified the same as the Wide Area|AB-MT blocking requirement
in TS 38.174 [22], subclause 10.5.2.4.

Thelocal areaNCR-MT blocking requirement is specified the same as blocking requirement in TS 38.101-2 [14],
subclause 7.6.
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7.17  OTA spurious emissions

7.17.1 General

The spurious emissions power is the power of emissions generated or amplified in areceiver. The spurious emissions
power level is measured as TRP.

7.17.2 Minimum requirement for NCR-MT type 2-O

The wide area NCR-MT receiver spurious emission requirement is specified the same asthe Wide ArealAB-MT
receiver spurious emission requirement in TS 38.174 [22], subclause 10.7.3.2.

Thelocal area NCR-MT receiver spurious emission requirement is specified the same as receiver spurious emission
requirement in TS 38.101-2 [14], subclause 7.9.

8 Conducted performance requirements

8.1 General

Conducted performance requirements specify the ability of the NCR-MT type 1-C to correctly demodulate signalsin
various conditions and configurations. Conducted performance requirements are specified at the TAB connector(s) (for
NCR-MT type 1-C).

Conducted performance requirements for the NCR-MT are specified for the fixed reference channels defined in Annex
B and the propagation conditions in Annex C. The requirements only apply to those FRCs that are supported by the
NCR-MT.

The SNR used in this clause is specified based on asingle carrier and defined as:
SNR=S/N
Where:
S isthetotal signa energy in the slot on asingle TAB connector (for NCR-MT type 1-C).

N isthe noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of aslot on a
single TAB connector (for NCR-MT type 1-C).

8.2 Demodulation performance requirements

8.2.1 Performance requirements for PDSCH

8.2.1.1 2RXx requirements

8.21.1.1 FDD

The performance requirements are specified in Table 8.2.1.1.1.1-1 and Table 8.2.1.1.1.1-2, with the addition of test
parametersin Table 8.2.1.1.1-1.

The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in Annex B.
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Table: 8.2.1.1.1-1 Test parameters for testing PDSCH

Parameter Value
Cyclic prefix Normal
Duplex mode FDD
Maximum number of 4 for Test 1-1 and 1-2
HARQ HARQ transmissions 1 for Test 2-1 and 2-2
RV sequence 0,2,3,1
DM-RS configuration 1
type
DM-RS duration single-symbol DM-RS
DM-RS position (lo) 2
Additional DM-RS os1
DM-RS position p
Number of DM-RS CDM 1
group(s) without data
DM-RS port(s) {1000}
DM-RS.sequence Ni®=0
generation
Time domain PDSCH mapping type A
resource assignment Start symbol 2
9 Allocation length 12
Frequency domain . . .
resource assignment RB assignment Full applicable test bandwidth
PT-RS configuration Not configured
PRB bundling size 2
VRB-to-PRB mapping type Not interleaved
. Single Panel Type |, Random precoder selection updated per
Ecliwiicrr:tcisnDSCH DMRS Precoding slot, with equal probability of each applicable i1, i2 combination,
9 and with PRB bundling granularity
821111 Minimum requirements
Table 8.2.1.1.1.1-1: Minimum requirements for PDSCH Type A with Rank 1
FRC Bandwidth (MHz) / Propagation Fraction of
nJr(:Sbter (Annex Subcarrier spacing conditions coﬁf?tir:gﬁon maximum ZINBF§
B) (kHz) (Annex C) 9 throughput (%)
11 | TR 10/15 TDLA30-10 2x2, ULA Low 70 0.9
1-2 '\é'lF ';11 10/15 TDLA30-10 2x2, ULA Low 70 6.8
Table 8.2.1.1.1.1-2: Minimum requirements for PDSCH Type A with Rank 1
Test FRC Bandw@th (MH_z)/ Pr_o_pagatlon Antenna Fract_lon of SNR
number (Annex Subcarrier spacing conditions (Annex configuration maximum (dB)
B) (kHz) C) 9 BLER (%)
2-1 '\é'lF ?11 10/15 TDLA30-10 2x2, ULA Low 1 5.0
2:2 MR 10/15 TDLA30-10 2x2, ULA Low 1 13.0
8.2.1.1.2 TDD

The performance requirements are specified in Table 8.2.1.1.2.1-1 and Table 8.2.1.1.2.1-2, with the addition of test
parametersin Table 8.2.1.1.1-1.

The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in Annex B.
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Table: 8.2.1.1.1-1 Test parameters for testing PDSCH

Parameter

Value

Cyclic prefix

Normal

Default TDD UL-DL pattern (Note 1)

7D1S2U, S=6D:4G:4U

Maximum number of

4 for Test 1-1 and 1-2

HARQ HARQ transmissions 1 for Test 2-1 and 2-2
RV sequence 0,2,3,1
DM-RS configuration 1
type
DM-RS duration single-symbol DM-RS
DM-RS position (lo) 2
Additional DM-RS

DM-RS position posl
Number of DM-RS CDM 1
group(s) without data
DM-RS port(s) {1000}
DM-RS.sequence Nip®=0
generation

Time domain PDSCH mapping type A

resource assignment Start symbol 2
Allocation length 12

Frequency domain
resource assignment

RB assignment

Full applicable test bandwidth

PT-RS configuration

Not configured

PRB bundling size

2

VRB-to-PRB mapping type

Not interleaved

configuration

PDSCH & PDSCH DMRS Precoding

Single Panel Type |, Random precoder selection updated per
slot, with equal probability of each applicable i1, i2 combination,
and with PRB bundling granularity

Note 1:

The same requirements are applicable to TDD with different UL-DL patterns.

8.21.1.2.1 Minimum requirements
Table 8.2.1.1.2.1-1: Minimum requirements for PDSCH Type A with Rank 1
T [ | Sivearar oacg | onatans | amenna [ FOLT o
B) (kHz) (Annex C) 9 throughput (%)
11 '\é'lF le 40/30 TDLA30-10 2x2, ULA Low 70 -1.0
1-2 '\é'lF ';12 40/30 TDLA30-10 2x2, ULA Low 70 6.8
Table 8.2.1.1.2.1-2: Minimum requirements for PDSCH Type A with Rank 1
FRC Bandwidth (MHz) / Propagation Fraction of
nJriT)ter (Annex Subcarrier spacing conditions (Annex coﬁf?tir:gﬁon maximum (SdNBF§
B) (kHz) C) 9 BLER (%)
21 A 40/30 TDLA30-10 2x2, ULA Low 1 43
22 My 40/30 TDLA30-10 2x2, ULA Low 1 12
8.2.1.2 4RX requirements
8.2.1.2.1 FDD

The performance reguirements are specified in Table 8.2.1.2.1.1-1 and Table 8.2.1.2.1.1-2, with the addition of test
parametersin Table 8.2.1.2.1-1.
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The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in Annex B.

Table: 8.2.1.2.1-1 Test parameters for testing PDSCH

Parameter Value
Cyclic prefix Normal
Duplex mode FDD
Maximum number of 4 for Test 1-1 and 1-2
HARQ HARQ transmissions 1 for Test 2-1 and 2-2
RV sequence 0,2,3,1
DM-RS configuration 1
type
DM-RS duration single-symbol DM-RS
DM-RS position (lo) 2
Additional DM-RS os1
DM-RS position p
Number of DM-RS CDM 1
group(s) without data
DM-RS port(s) {1000}
DM-RS.sequence Ni®=0
generation
Time domain PDSCH mapping type A
resource assignment Start symbol 2
9 Allocation length 12
Frequency domain . . .
resource assignment RB assignment Full applicable test bandwidth
PT-RS configuration Not configured
PRB bundling size 2
VRB-to-PRB mapping type Not interleaved
. Single Panel Type |, Random precoder selection updated per
Ecliwiicrr:tcisnDSCH DMRS Precoding slot, with equal probability of each applicable i1, i2 combination,
9 and with PRB bundling granularity
8.21.211 Minimum requirements
Table 8.2.1.2.1.1-1: Minimum requirements for PDSCH Type A with Rank 1
FRC Bandwidth (MHz) / Propagation Fraction of
nJrisbter (Annex Subcarrier spacing conditions coﬁ\f?tir;gﬁon maximum (SdNBF§
B) (kHz) (Annex C) 9 throughput (%)
11 R 10/15 TDLA30-10 2x4, ULA Low 70 3.9
1-2 '\é'lF ';11 10/15 TDLA30-10 2x4, ULA Low 70 35
Table 8.2.1.2.1.1-2: Minimum requirements for PDSCH Type A with Rank 1
n J;%ter (A|\: anCex g L? t?cd :rl ;:jet rh s(gﬂ aI:in)1 g/] co npdrict)i?)erllqsa(t): nnn ex co ':f'? ttzr; gﬁ on Frrr121(>:<t| Ir%ﬂ r(r)1f i:iNBR)
B) (kHz) C) 9 BLER (%)
2-1 '\é'lF ?11 10/15 TDLA30-10 2x4, ULA Low 1 0.2
2:2 MR 10/15 TDLA30-10 2x4, ULA Low 1 7.7
8.2.1.2.2 TDD

The performance requirements are specified in Table 8.2.1.2.2.1-1 and Table 8.2.1.2.2.1-2, with the addition of test
parametersin Table 8.2.1.2.2-1.

The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex B.
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Table: 8.2.1.2.2-1 Test parameters for testing PDSCH

Parameter

Value

Cyclic prefix

Normal

Default TDD UL-DL pattern (Note 1)

7D1S2U, S=6D:4G:4U

Maximum number of

4 for Test 1-1 and 1-2

HARQ HARQ transmissions 1 for Test 2-1 and 2-2
RV sequence 0,2,3,1
DM-RS configuration 1
type
DM-RS duration single-symbol DM-RS
DM-RS position (lo) 2
Additional DM-RS

DM-RS position posl
Number of DM-RS CDM 1
group(s) without data
DM-RS port(s) {1000} for Rank 1 tests
DM-RS.sequence Nip%=0
generation

Time domain PDSCH mapping type A

resource assignment Start symbol 2
Allocation length 12

Frequency domain
resource assignment

RB assignment

Full applicable test bandwidth

ETSI TS 138 106 V18.4.0 (2024-05)

PT-RS configuration Not configured
PRB bundling size 2
VRB-to-PRB mapping type Not interleaved
. Single Panel Type |, Random precoder selection updated per
Ec%?igrr:tcisnDSCH DMRS Precoding slot, with equal prob.ability of eagh applicable i1, i combination,
and with PRB bundling granularity
Note 1:  The same requirements are applicable to TDD with different UL-DL patterns.

8.21.22.1 Minimum requirements
Table 8.2.1.2.2.1-1: Minimum requirements for PDSCH Type A with Rank 1
T [ | Sivearar oacg | onatans | amenna [ FOLT o
B) (kHz) (Annex C) 9 throughput (%)
11 '\é'lF le 40/30 TDLA30-10 2x4, ULA Low 70 -3.9
1-2 '\é'lF ';12 40/30 TDLA30-10 2x4, ULA Low 70 3.6
Table 8.2.1.2.2.1-2: Minimum requirements for PDSCH Type A with Rank 1
FRC Bandwidth (MHz) / Propagation Fraction of
nJriT)ter (Annex Subcarrier spacing conditions (Annex coﬁf?tir:gﬁon maximum (SdNBF§
B) (kHz) C) 9 BLER (%)
21 A 40/30 TDLA30-10 2x4, ULA Low 1 05
22 My 40/30 TDLA30-10 2x4, ULA Low 1 7.1
8.2.2 Performance requirements for PDCCH

The receiver characteristics of the PDCCH are determined by the probability of miss-detection of the Downlink
Scheduling Grant (Pm-dsg).
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8.2.2.1 2RX requirements

8.22.11 FDD

The parameters specified in Table 8.2.2.1.1-1 are valid for al FDD tests unless otherwise stated.

Table: 8.2.2.1.1-1 Test parameters for testing PDCCH

Parameter Value
Cyclic prefix Normal
DM-RS sequence generation NID=0

Frequency domain resource

allocation for CORESET Start from RB = 0 with contiguous RB allocation

CCE to REG mapping type Not-Interleaved
Interleaver size 3
REG bundle size 6 for test with 1Tx and 2Tx
Shift Index 0
Slots for PDCCH monitoring Each slot

Number of PDCCH candidates

for the tested aggregation level !

Single Panel Type |, Random precoder selection updated per slot, with equal
PDCCH Precoding configuration | probability of each applicable i1, i2 combination with REG bundling granularity for
number of Tx larger than 1

8.22111 1Tx requirements

For the parameters specified in Table 8.2.2.1.1-1 , the average probability of a missed downlink scheduling grant (Pm-
dsg) shall be below the specified valuein Table 8.2.2.1.1.1-1.

Table 8.2.2.1.1.1-1: Minimum performance for PDCCH with 15 kHz SCS

CORES Antenna Reference value
Test Bandw | CORE ET Aggregati | Reference | Propagation configurat
numbe idth SET duratio c?r?le\g/]el Channel Copnd%tion lon and Pm-dsg SNR
r (MHz) RB n correlatio (%) (dB)
n Matrix
1-1 10 24 2 2 M-FR1- TDLA30-10 1x2 Low 1 8.1
B.1.3-1
1-2 10 48 2 4 M-FR1- TDLA30-10 1x2 Low 1 55
B.1.3-2
8.2.21.1.2 2Tx requirements

For the parameters specified in Table 8.2.2.1.1-1 , the average probability of a missed downlink scheduling grant (Pm-
dsg) shall be below the specified valuein Table 8.2.2.1.1.2-1.

Table 8.2.2.1.1.2-1: Minimum performance for PDCCH with 15 kHz SCS

CORES Antgnna Reference value

Test Bandw | CORE ET Aggregati | Reference | Propagation configurat
numbe idth SET duratio c?r?le\?el Channel Copnd%tion lon and Pm-dsg SNR
r (MHz) RB n correlatio (%) (dB)

n Matrix
1-1 10 48 1 8 M-FR1- TDLA30-10 2x2 Low 1 -0.2
B.1.3-3
8.2.2.1.2 TDD

The parameters specified in Table 8.2.2.1.2-1 are valid for all TDD tests unless otherwise stated.
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Table: 8.2.2.1.2-1 Test parameters for testing PDCCH

Parameter Value
Cyclic prefix Normal
Default TDD UL-DL pattern 7D1S2U, S=6D:4G:4U
(Note 1)
DM-RS sequence generation Nip=0

Frequency domain resource

allocation for CORESET Start from RB = 0 with contiguous RB allocation

CCE to REG mapping type Interleaved
Interleaver size 3

. 2 for test with 1Tx
REG bundle size 6 for test with 2Tx
Shift Index 0
Slots for PDCCH monitoring Each slot

Number of PDCCH candidates

for the tested aggregation level !

Single Panel Type |, Random precoder selection updated per slot, with equal
PDCCH Precoding configuration | probability of each applicable i1, i2 combination with REG bundling granularity for
number of Tx larger than 1

Note 1:  The same requirements are applicable to TDD with different UL-DL patterns.

8.2.2121 1Tx requirements

For the parameters specified in Table 8.2.2.1.2-1 , the average probability of a missed downlink scheduling grant (Pm-
dsg) shall be below the specified valuein Table 8.2.2.1.2.1-1.

Table 8.2.2.1.2.1-1: Minimum performance for PDCCH with 30 kHz SCS

CORES Antgnna Reference value
Test Bandw | CORE ET Aggregati | Reference | Propagation configurat
numbe idth SET duratio c?r?le\?el Channel Copnd%tion lon and Pm-dsg SNR
r (MHz) RB n correlatio (%) (dB)
n Matrix
1-1 40 102 1 2 M-FR1- TDLA30-10 1x2 Low 1 7.0
B.1.3-4
1-2 40 102 1 4 M-FR1- TDLA30-10 1x2 Low 1 4.9
B.1.3-5
8.2.21.22 2Tx requirements

For the parameters specified in Table 8.2.2.1.2-1 , the average probability of a missed downlink scheduling grant (Pm-
dsg) shall be below the specified valuein Table 8.2.2.1.2.2-1.

Table 8.2.2.1.2.2-1: Minimum performance for PDCCH with 30 kHz SCS

CORES Antenna Reference value
Test Bandw | CORE ET Aggregati | Reference | Propagation configurat
numbe idth SET duratio c?r?le\g/]el Channel Copnd%tion lon and Pm-dsg SNR
r (MHz) RB n correlatio (%) (dB)
n Matrix
1-1 40 90 1 8 M-FR1- TDLA30-10 2x2 Low 1 -0.7
B.1.3-6
8.2.2.2 4RxX requirements
8.2.2.2.1 FDD

The parameters specified in Table 8.2.2.2.1-1are valid for all FDD tests unless otherwise stated.
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Table: 8.2.2.2.1-1 Test parameters for testing PDCCH

Parameter Value
Cyclic prefix Normal
DM-RS sequence generation NID=0

Frequency domain resource
allocation for CORESET

Start from RB = 0 with contiguous RB allocation

CCE to REG mapping type

Not-Interleaved

for the tested aggregation level

Interleaver size 3
REG bundle size 6 for test with 1Tx and 2Tx
Shift Index 0
Slots for PDCCH monitoring Each slot
Number of PDCCH candidates 1

PDCCH Precoding configuration

Single Panel Type |, Random precoder selection updated per slot, with equal
probability of each applicable i1, i2 combination with REG bundling granularity for

number of Tx larger than 1

8.22211 1Tx requirements

For the parameters specified in Table 8.2.2.2.1-1 , the average probability of a missed downlink scheduling grant (Pm-
dsg) shall be below the specified valuein Table 8.2.2.2.1.1-1.

Table 8.2.2.2.1.1-1: Minimum performance for PDCCH with 15 kHz SCS

CORES Antgnna Reference value
Test Bandw | CORE ET Aggregati | Reference | Propagation configurat
numbe idth SET duratio c?r?le\?el Channel Copndgition lon and Pm-dsg SNR
r (MHz) RB n correlatio (%) (dB)
n Matrix
1-1 10 24 2 2 M-FR1- TDLA30-10 1x4 Low 1 2.2
B.1.3-1
1-2 10 48 2 4 M-FR1- TDLA30-10 1x4 Low 1 0.2
B.1.3-2
8.2.2.21.2 2Tx requirements

For the parameters specified in Table 8.2.2.2.1-1 , the average probability of a missed downlink scheduling grant (Pm-
dsg) shall be below the specified valuein Table 8.2.2.2.1.2-1.

Table 8.2.2.2.1.2-1: Minimum performance for PDCCH with 15 kHz SCS

CORES Antgnna Reference value

Test Bandw | CORE ET Aggregati | Reference | Propagation configurat
numbe idth SET duratio on level Channel Condition lon and Pm-dsg SNR
r (MHz) RB n correlatio (%) (dB)

n Matrix
1-1 10 48 2 8 M-FR1- TDLA30-10 2x4 Low 1 -2.5
B.1.3-3
8.2.2.2.2 TDD

The parameters specified in Table 8.2.2.2.2-1are valid for al TDD tests unless otherwise stated.
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Table: 8.2.2.2.2-1 Test parameters for testing PDCCH

Parameter Value
Cyclic prefix Normal
Default TDD UL-DL pattern 7D1S2U, S=6D:4G:4U
(Note 1)
DM-RS sequence generation Nip=0

Frequency domain resource
allocation for CORESET

Start from RB = 0 with contiguous RB allocation

CCE to REG mapping type

Interleaved

Interleaver size

3

REG bundle size

2 for test with 1Tx
6 for test with 2Tx

for the tested aggregation level

Shift Index 0
Slots for PDCCH monitoring Each slot
Number of PDCCH candidates 1

PDCCH Precoding configuration

Single Panel Type |, Random precoder selection updated per slot, with equal
probability of each applicable i1, i2 combination with REG bundling granularity for

number of Tx larger than 1

Note 1:

The same requirements are applicable to TDD with different UL-DL patterns.

8.2.2221 1Tx requirements

For the parameters specified in Table 8.2.2.2.2-1 , the average probability of a missed downlink scheduling grant (Pm-

dsg) shall be below the specified valuein Table 8.2.2.2.2.1-1.

Table 8.2.2.2.2.1-1: Minimum performance for PDCCH with 30 kHz SCS

CORES Antgnna Reference value
Test Bandw | CORE ET Aggregati | Reference | Propagation configurat
numbe idth SET duratio c?r?le\?el Channel Copnd%tion lon and Pm-dsg SNR
r (MHz) RB n correlatio (%) (dB)
n Matrix
1-1 40 102 1 2 M-FR1- TDLA30-10 1x4 Low 1 2.1
B.1.3-4
1-2 40 102 1 4 M-FR1- TDLA30-10 1x4 Low 1 0.7
B.1.3-5
8.2.2.222 2Tx requirements

For the parameters specified in Table 8.2.2.2.2-1 , the average probability of a missed downlink scheduling grant (Pm-

dsg) shall be below the specified valuein Table 8.2.2.2.2.2-1.

Table 8.2.2.2.2.2-1: Minimum performance for PDCCH with 30 kHz SCS

CORES Antenna Reference value

Test Bandw | CORE ET Aggregati | Reference | Propagation configurat
numbe idth SET duratio on level Channel Condition lon and Pm-dsg SNR
r (MHz) RB n correlatio (%) (dB)

n Matrix
1-1 40 90 1 8 M-FR1- TDLA30-10 2x4 Low 1 -4.1
B.1.3-6
8.2.3 Channel Quality Indicator (CQI) reporting requirements
8.2.3.1 General

This clause includes conducted requirements for the reporting of channel quality indicator (CQlI) .
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The reporting accuracy of the channel quality indicator (CQI) under frequency non-selective conditionsis determined
by the reporting variance and the BLER performance using the transport format indicated by the reported CQI median.
The purpose isto verify that the reported CQI values are in accordance with the CQI definition givenin TS 38.214 [28].
To account for sensitivity of the input SNR the reporting definition is considered to be verified if the reporting accuracy
ismet for at least one of two SNR levels separated by an offset of 1 dB.

8.2.3.2 2RXx requiremnets
8.2.3.2.1 FDD
8.2.3.21.1 Test parameters

Parameters specified in Table 8.2.3.2.1.1-1 are applied for all test casesin clause 8.2.3.2.1 unless otherwise stated.
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Table 8.2.3.2.1.1-1: Test parameters for testing CQI reporting

Parameter Unit Test 1 | Test 2
Bandwidth MHz 10
Duplex Mode FDD
Subcarrier spacing kHz 15
SNR dB 8 | 9 [ 14 | 15
Propagation channel AWGN
' . 2x2 with static channel specified in
Antenna configuration
Annex C
Beamforming Model TBD
CSI-RS resource Type Periodic
Number of CSI-RS ports (X) 2
CDM Type FD-CDM2
NZP CSI-RS for |-DENSty (p) 1
CSl acquisition | First subcarrier index in the PRB Row 3,(6)
used for CSI-RS (ko) '
First OFDM symbol in the PRB used 13
for CSI-RS (lo)
NZP CSI-RS-timeConfig
periodicity and offset slot 51
ReportConfigType Periodic
CQI-table Table 2
reportQuantity cri-RI-PMI-CQI
timeRestrictionForChannelMeasurements Not configured
timeRestrictionForinterferenceMeasurements Not configured
cqgi-Formatindicator Wideband
pmi-Formatindicator Wideband
Sub-band Size RB 8
Csi-ReportingBand 1111111
CSI-Report periodicity and offset slot 5/0
aperiodicTriggeringOffset Not configured
Codebook Type typel-SinglePanel
Codebook Mode 1
(CodebookConfig- )
Codgbook N1,CodebookConfig-N2) Not configured
configuration CodebookSubsetRestriction
odebookSubsetRestrictio 010000
RI Restriction N/A
Physical channel for CSI report PUCCH
CQI/RI/PMI delay ms 8
Maximum number of HARQ transmission 1
Measurement channel M-FR1-B.1.4-1

8.2.3.2.1.2 Minimum requirements

For the parameters specified in Table 8.2.3.2.1.1-1, the minimum requirements are specified by the following:

a) Thereported CQI value according to the reference channel shall be in the range of £1 of the reported median more

than 90% of the time.

b) If the PDSCH BLER using the transport format indicated by median CQI islessthan or equal to 0.1, then the BLER
using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH BLER using the
transport format indicated by the median CQI is greater than 0.1, then the BLER using transport format indicated by

(median CQI-1) shall be less than or equal to 0.1.
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8.2.3.2.2 TDD

8.2.3.22.1 Test parameters

Parameters specified in Table 8.2.3.2.2.1-1 are applied for all test casesin clause 8.2.3.2.2.1 unless otherwise stated.

Table 8.2.3.2.2.1-1: Test parameters for testing CQI reporting

Parameter Unit Test 1 | Test 2
Bandwidth MHz 40
Subcarrier spacing kHz 30
Duplex Mode TDD
TDD UL-DL pattern (Note 1) 7D1S2U, S=6D:4G:4U
SNR dB 8 | 9 [ 14 | 15
Propagation channel AWGN
A ' ! 2x2 with static channel specified in
ntenna configuration
Annex C
Beamforming Model TBD
CSI-RS resource Type Periodic
Number of CSI-RS ports (X) 2
CDM Type FD-CDM2
Density (p) 1
NZP CSI-RS for - — -
- First subcarrier index in the PRB
CSI acquisition used for CSI-RS (ko) Row 3,(6,-)
First OFDM symbol in the PRB used 13
for CSI-RS (lo)
NZI_3 C_S_I-RS-tlmeConflg slot 101
periodicity and offset
ReportConfigType Periodic
CQl-table Table 2
reportQuantity cri-RI-PMI-CQI
timeRestrictionForChannelMeasurements Not configured
timeRestrictionForinterferenceMeasurements Not configured
cqgi-Formatindicator Wideband
pmi-Formatindicator Wideband
Sub-band Size RB 16
Csi-ReportingBand 1111111
CSI-Report periodicity and offset slot 10/9
aperiodicTriggeringOffset Not configured
Codebook Type typel-SinglePanel
Codebook Mode 1
Codebook (CodebookConfig- Not configured
configuration N1,CodebookConfig-N2)
CodebookSubsetRestriction 010000
RI Restriction N/A
Physical channel for CSI report PUCCH
CQI/RI/PMI delay ms 9.5
Maximum number of HARQ transmission 1
Measurement channel M-FR1-B.1.4-2
Note 1:  The same requirements are applicable for TDD with different UL-DL pattern.
Note 2:  SSB, TRS, CSI-RS, and/or other unspecified test parameters with respect to TS 38.101-4 [28]
are left up to test implementation, if transmitted or needed.
8.2.3.2.2.2 Minimum requirements

For the parameters specified in Table 8.2.3.2.2.1-1, the minimum requirements are specified by the following:

a) Thereported CQI value according to the reference channel shall be in the range of +1 of the reported median
more than 90% of the time.

b) If the PDSCH BLER using the transport format indicated by median CQI islessthan or equal to 0.1, then the
BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH
BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport
format indicated by (median CQI-1) shall be less than or equal to 0.1.
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8.2.3.3 4Rx requiremnets

8.2.3.3.1 FDD

8.23.311 Test parameters

Parameters specified in Table 8.2.3.3.1.1-1 are applied for all test casesin clause 8.2.3.3.1.1 unless otherwise stated.

Table 8.2.3.3.1.1-1: Test parameters for testing CQI reporting

Parameter Unit Test 1 | Test 2
Bandwidth MHz 10
Subcarrier spacing kHz 15
Duplex Mode FDD
SNR dB 5 | 6 [ 11 | 12
Propagation channel AWGN
Antenna configuration 2x4 with static channel specified in
Annex C
Beamforming Model TBD
CSI-RS resource Type Periodic
Number of CSI-RS ports (X) 2
CDM Type FD-CDM2
NZIP CSI_-R-S-’ for Ei?gtsgb(s;rrier index in the PRB -
CSl acquisition used for CSI-RS (ko) Row 3,(6)
First OFDM symbol in the PRB used 13
for CSI-RS (lo)
NZP CSI-RS-timeConfi
periodicity and offset ’ slot 5/1
ReportConfigType Periodic
CQl-table Table 2
reportQuantity cri-RI-PMI-CQI
timeRestrictionForChannelMeasurements Not configured
timeRestrictionForinterferenceMeasurements Not configured
cqi-Formatindicator Wideband
pmi-Formatindicator Wideband
Sub-band Size RB 8
csi-ReportingBand 1111111
CSI-Report periodicity and offset slot 5/0
aperiodicTriggeringOffset Not configured
Codebook Type typel-SinglePanel
Codebook Mode 1
Codebook (CodebookConfig- Not configured
configuration N1,CodebookConfig-N2)
CodebookSubsetRestriction 010000
RI Restriction N/A
Physical channel for CSI report PUCCH
CQI/RI/PMI delay ms 8
Maximum number of HARQ transmission 1
Measurement channel M-FR1-B.1.4-1

8.2.3.3.1.2 Minimum requirements
For the parameters specified in Table 8.2.3.3.1.1-1, the minimum reguirements are specified by the following:

a) The reported CQI value according to the reference channel shall be in the range of £1 of the reported median
more than 90 % of the time.
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b) If the PDSCH BLER using the transport format indicated by median CQI islessthan or equal to 0.1, then the
BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH
BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport
format indicated by (median CQI-1) shall be less than or equal to 0.1.

8.2.3.3.2 TDD

8.2.3.3.2.1 Test parameters

Parameters specified in Table 8.2.3.3.2.1 -1 are applied for al test casesin clause 8.2.3.3.2.1 unless otherwise stated.

Table 8.2.3.3.2.1 -1: Test parameters for testing CQI reporting

Parameter Unit Test 1 | Test 2
Bandwidth MHz 40
Subcarrier spacing kHz 30
Duplex Mode TDD
TDD UL-DL pattern (Note 1) 7D1S2U, S=6D:4G:4U
SNR dB 5 | 6 | 11 | 12
Propagation channel AWGN
Antenna configuration 2x4 with stati; channel specified in
nnex C
Beamforming Model TBD
CSI-RS resource Type Periodic
Number of CSI-RS ports (X) 2
CDM Type FD-CDM2
Density (p) 1
NZP CSI-RS for - — -
- First subcarrier index in the PRB
CSI acquisition used for CSI-RS (ko) Row 3,(6,-)
First OFDM symbol in the PRB used 13
for CSI-RS (lo)
NZI_3 C_S_I-RS-tlmeConflg slot 10/1
periodicity and offset
ReportConfigType Periodic
CQI-table Table 2
reportQuantity cri-RI-PMI-CQI
timeRestrictionForChannelMeasurements Not configured
timeRestrictionForinterferenceMeasurements Not configured
cqgi-Formatindicator Wideband
pmi-Formatindicator Wideband
Sub-band Size RB 16
Csi-ReportingBand 1111111
CSI-Report periodicity and offset slot 10/9
aperiodicTriggeringOffset Not configured
Codebook Type typel-SinglePanel
Codebook Mode 1
Codebook CodebookConfig- )
configuration E\ll,CodebookCo?wfig-NZ) Not configured
CodebookSubsetRestriction 010000
RI Restriction N/A
Physical channel for CSI report PUCCH
CQI/RI/PMI delay ms 9.5
Maximum number of HARQ transmission 1
Measurement channel M-FR1-B.1.4-2
Note 1:  The same requirements are applicable for TDD with different UL-DL pattern.
Note 2:  SSB, TRS, CSI-RS, and/or other unspecified test parameters with respect to TS 38.101-4 [28]
are left up to test implementation, if transmitted or needed.
8.2.3.3.2.2 Minimum requirements

For the parameters specified in Table 8.2.3.3.2.1 -1-1, the minimum regquirements are specified by the following:
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a) Thereported CQI value according to the reference channel shall be in the range of +1 of the reported median
more than 90% of the time.

b) If the PDSCH BLER using the transport format indicated by median CQI isless than or equal to 0.1, then the
BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH
BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport
format indicated by (median CQI-1) shall be less than or equal to 0.1.

9 Radiated performance requirements

9.1 General

Radiated performance requirements specify the ability of the NCR-MT type 2-O to correctly demodulate radiated signals
in various conditions and configurations. Radiated performance requirements are specified at the RIB.

Radiated performance requirements for the NCR-MT are specified for the fixed reference channels defined in annex B
and the propagation conditions in annex C.

The radiated performance requirements for the NCR-MT type 2-O are limited to two OTA demodulation branches as
described in clause 9.2. Conformance requirements can only be tested for 1 or 2 demodulation branches depending on
the number of polarizations supported by the NCR-MT, with the required SNR applied separately per polarization.

NOTE 1: The NCR-MT can support more than 2 demodulation branches, however OTA conformance testing can
only be performed for 1 or 2 demodulation branches.

Radiated performance requirements apply for asingle carrier only.

Whenever the "RX antennas' term is used for the radiated performance requirements description, it shall refer to the
demodulation branches (i.e. not physical antennas of the antenna array).

The SNR used in this clause is specified based on asingle carrier and defined as:
SNR=S/N
Where:
S isthetota signal energy inaslot on aRIB.

N isthe noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of aslot on a
RIB

Radiated performance requirements are only specified for up to 2 demodulation branches.

9.2 OTA demodulation branches

If the NCR-MT type 2-O uses polarization diversity and has the ability to maintain isolation between the signals for each
of the demodulation branches, then radiated performance requirements can be tested for up to two demodulation
branches (i.e. 1RX or 2RX test setups). When tested for two demodulation branches, each demodulation branch maps
to one polarization.

If the NCR-MT type 2-O does not use polarization diversity then radiated performance requirements can only be tested
for asingle demodulation branch (i.e. 1RX test setup).
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9.3 Demodulation performance requirements
9.3.1 Performance requirements for NCR type 2-O

9.3.1.1 Performance requirements for PDSCH

9.3.1.1.1 General

The performance requirement of PDSCH is determined by (i) a minimum required throughput for a given SNR and (ii)
aminimum SNR at which 1% first transmission BLER is achieved. The required throughput is expressed as a fraction
of maximum throughput for the FRCs listed in annex B. The throughput reguirements assume HARQ retransmissions

whereas the 1% BLER requirements are based on the first transmission only.

Table: 9.3.1.1.1-1 Test parameters for PDSCH testing

group(s) without data

Parameter Value
Cyclic prefix Normal
Default TDD UL-DL pattern (Note 1) 3D1S1U, S=10D:2G:2U
Maximum number of 4
HARQ HARQ transmissions
RV sequence 0,2,31
DM-RS configuration 1
type
DM-RS duration single-symbol DM-RS
DM-RS position (lo) 2
- P on VRS
i Number of DM-RS CDM 1

DM-RS port(s)

{1000} for Rank 1 tests
{1000-1001} for Rank 2 tests

DM-RS sequence

i Nin®=0
generation
i - PDSCH mapping type A
:sr;e gr?]r:ﬂ n resource Start symbol 1
9 Allocation length 3

Frequency domain
resource assignment

RB assignment

Full applicable test bandwidth

Frequency density (Ker-

PT-RS configuration RS) 2
Time density (Lp1-rs) 1
PRB bundling size 2

VRB-to-PRB mapping type

Not interleaved

PDSCH & PDSCH DMRS Precoding configuration

Single Panel Type |, Random precoder selection updated per
slot, with equal probability of each applicable i1, i2 combination,

and with PRB bundling granularity

Note 1:  The same requirements are applicable to TDD with different UL-DL patterns.
Note 2:  SSB, TRS, CSI-RS, and/or other unspecified test parameters with respect to TS 38.101-4 [28] are left up to
test implementation, if transmitted or needed.
9.3.1.1.2 Minimum requirements

The throughput shall be equal to or larger than the fraction of maximum throughput, and also meet the 1% transmission
BLER 1% for the FRCs stated in table 9.3.1.1.2-1 at the given respective SNR with the test parameters stated in

Tabl9.3.1.1.1-1.
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Table 9.3.1.2-1: Minimum requirements for PDSCH with 100 MHz Channel Bandwidth, 120 kHz SCS

. . 70% 1% BLER
Case Bandwidth Propagation Antenna
number (MHz) FRC SCS (kHz) condition configuration thro(zgr;put (dB)
M-FR2-
1 100 B.11-1 120 TDLA30-75 2x2 -0.9 2.8
9.3.1.2 Performance requirements for PDCCH
9.3.1.21 General

The receiver characteristics of the PDCCH are determined by the probability of miss-detection of the Downlink
Scheduling Grant (Pm-dsg).

Table: 9.3.1.2.1-1 Test parameters for testing PDCCH

Parameter Value
Cyclic prefix Normal
Default TDD UL-DL pattern (Note 1) 3D1S1U, S=10D:2G:2U
DM-RS sequence generation NID=0

Frequency domain resource
allocation for CORESET
CCE to REG mapping type

Start from RB = 0 with contiguous RB allocation

Interleaved
2 for test with Aggregation level 4
3 for others

REG bundle size 6 for test with Aggregation level 4
2 for others

Shift Index 0
Slots for PDCCH monitoring Each slot
Number of PDCCH candidates for

. 1
the tested aggregation level

Interleaver size

Single Panel Type |, Random precoder selection updated per slot, with equal
probability of each applicable i1, i2 combination with REG bundling granularity
for number of Tx larger than 1

PDCCH Precoding configuration

Note 1:  The same requirements are applicable to TDD with different UL-DL patterns.
Note 2:  SSB, TRS, CSI-RS, and/or other unspecified test parameters with respect to TS 38.101-4 [28] are left up to
test implementation, if transmitted or needed
9.3.1.2.2 Minimum requirements

The Pm-dsg shall be equal to or smaller than 1%, for the cases stated in Table 9.3.1.2.2-1 at the given SNR with the test
parameters stated in Table 9.3.1.2.1-1.

Table 9.3.1.2.2-1: Minimum requirements for PDCCH, 100 MHz Channel Bandwidth, 120 kHz SCS

Propagation
conditions
Cﬁr:f?“l’}f‘a CORESET | CORESET | Aggregation | co nioo a) and Pm-dsg | SNR
ng RB duration level correlation (%) (dB)
tion :
matrix (Annex
1)
TDLA30-75,
1x2 60 1 2 M-FR2-B.1.3-1 ULA Low 1 6.4
TDLA30-75,
1x2 60 1 4 M-FR2-B.1.3-2 ULA Low 1 2.9
TDLA30-75,
2x2 60 1 8 M-FR2-B.1.3-3 ULA Low 1 0.1
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9.4 CSl reporting requirements

9.4.1 Performance requirements for NCR-MT type 2-O

94.1.1 General

This clause includes radiated requirements for the reporting of channel state information (CSl).

9.4.1.2 Common test parameters

Parameters specified in Table 9.4.1.2-1 are applied for al test cases in this clause unless otherwise stated.
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Table 9.4.1.2-1: Test parameters for CSl test cases

Parameter Unit Value
PDSCH transmission scheme Transmission
scheme 1
Duplex Mode TDD
PTRS epre-Ratio 0
Offset between Point A and the
Actual carrier lowest usable subcarrier on this RBs 0
configuration carrier (Note 3)
Subcarrier spacing kHz 120
Cyclic prefix Normal
RB offset RBs 0
Maximum
transmission
DL BWP b{:\ndwi_dth
configuration configuration as
#1 Number of contiguous PRB PRBs specified in

clause 5.3.2 of
TS 38.101-2 [4] for

tested channel

bandwidth and
subcarrier spacing

Active DL BWP index 1
Mapping type Type A
kO 0
Starting symbol (S) 2
Length (L) 12
PDSCH aggregation factor 1

PDSCH PRB bundling type Static

configuration PRB bundling size 2
Resource allocation type Type O
RBG size Config2
VRB-to-PRB mapping type Non-interleaved
VRB-to-PRB mapping interleaver N/A
bundle size
DMRS Type Type 1
Number of additional DMRS 1

DMRS ports indexes

{1000} for Rank1
{1000,1001} for

PDSCH DMRS Rank2
configuration Maximum number of OFDM
symbols for DL front loaded 1
DMRS
Number of PDSCH DMRS CDM
. 2
group(s) without data
PTRS F_requency_density (KpT-RS) 2
configuration Time density (Let-rs) 1
Resource Element Offset 2
NZP CSI-RS Start PRB 0
for CSI Frequency Occupation Number of PRB =
acquisition BWP size
Redundancy version coding sequence {0,2,3,1}
Physical signals, channels mapping and precoding As specified in
' Annex C.3.1

Note 1:

Note 2:

PDSCH is scheduled only on full DL slots without CSI-RS resource and TRS
allocated.
Point A coincides with minimum guard band as specified in Table 5.3.3-1

from TS 38.101-2 [4] for tested channel bandwidth and subcarrier spacing.
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Reporting of Channel Quality Indicator (CQI)

General

The reporting accuracy of the channel quality indicator (CQI) under frequency non-selective conditionsis determined
by the reporting variance and the BLER performance using the transport format indicated by the reported CQI median.
The purpose isto verify that the reported CQI values are in accordance with the CQI definition givenin TS 38.214 [11].
To account for sensitivity of the input SNR the reporting definition is considered to be verified if the reporting accuracy
ismet for at least one of two SNR levels separated by an offset of 1 dB.

9.4.1.3.2

Table 9.4.1.3.1-1: Test parameters

Parameter Unit Testl [ Test2
Bandwidth MHz 100
Subcarrier spacing kHz 120
Duplex Mode TDD
Default TDD UL-DL pattern (Note 1) 3D1S1U
Special Slot Configuration 10D+2G+2U
SNRes dB 8 | 9 [14] 15
Propagation channel AWGN
Antenna configuration stpig#g dsitr?tfncntgnlr.}f l
Beamforming Model As specnilgdlln Annex
CSI-RS resource Type Periodic
Number of CSI-RS ports (X) 2
CDM Type fd-CDM2
NZP CSI- Density (p) 1
RS for CSI First subcarrier index in the 6
acquisition PRB used for CSI-RS (Ko, k1)
First OFDM symbol in the PRB 13
used for CSI-RS (lo, 1)
NZP CSI-RS-timeConfi
periodicity and offset ’ slot 51
ReportConfigType Periodic
CQl-table Table 1
reportQuantity cri-RI-PMI-CQI
cqi-Formatindicator Wideband
pmi-Formatindicator Wideband
Sub-band Size RB 8
csi-ReportingBand 111111111
CSI-Report periodicity and offset slot 5/4
Codebook Type typel-SinglePanel
Codebook Mode 1
Codebook CodebookConfig- )
configuration ?\ll,CodebookCo%fig-NZ) Not configured
CodebookSubsetRestriction 010000
RI Restriction N/A
CQI/RI/PMI delay ms 1.75
Maximum number of HARQ transmission 1
Measurement channel M-FR2-B.1.4-1
Note 1:  The same requirements are applicable to with different UL-DL patterns.
Note 2:  SSB, TRS, CSI-RS, and/or other unspecified test parameters with
respect to TS 38.101-4 [28] are left up to test implementation, if
transmitted or needed.
Note 3:  If the NCR-MT reports in an available uplink reporting instance at slot #n
based on CQI estimation at a downlink slot not later than slot#(n-4), this
reported CQI cannot be applied at the gNB downlink before slot#(n+4).

Minimum requirements

For the parameters specified in Table 9.4.1.3.-1, and using the downlink physical channels specified in Annex B, the
minimum requirements are specified by the following:
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a) Thereported CQI value according to the reference channel shall be in the range of +1 of the reported median
more than 90% of the time.

b) If the PDSCH BLER using the transport format indicated by median CQI isless than or equal to 0.1, then the
BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH
BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport
format indicated by (median CQI-1) shall be less than or equal to 0.1.

10 NCR-MT RRC_CONNECTED state mobility

10.1 RRC Connection Mobility Control for NCR-MT

10.1.1 SA: RRC Re-establishment

10.1.1.1 Introduction

This clause contains requirements on the NCR-MT regarding RRC connection re-establishment procedure. The
requirements in this clause are applicable only for local area (LA) NCR-MT.

RRC connection re-establishment isinitiated when an NCR-MT in RRC_CONNECTED state loses RRC connection
due to any of failure cases, including radio link failure, handover failure, and RRC connection reconfiguration failure.
The RRC connection re-establishment procedure is specified in clause 5.3.7 of TS 38.331 [23].

The requirements in this clause are applicable for RRC connection re-establishment to NR cell.

10.1.1.2 Requirements

In RRC_CONNECTED state the NCR-MT shall be capable of sending RRCReestablishmentRequest message within
T re-establish_delay SECONds from the moment it detects alossin RRC connection. The total RRC connection delay (Tre
establish_delay) Shall be less than:

Tre—establish_delay = TNCR—MT_re—establish_delay + TUL_grant

TuL_gant: It isthe time required to acquire and process uplink grant from the target PCell. The uplink grant is required to
transmit RRCReestablishmentRequest message.

The NCR-MT re-establishment delay (Tncr-MT re-estavlisn delay) 1S Specified in clause 10.1.1.2.1.

10.1.1.2.1 NCR-MT Re-establishment delay requirement

The NCR-MT re-establishment delay (Tncr-wT reestablish_delay) 1S the time between the moments when any of the
conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 38.331 [23] is detected by the NCR-MT
and when the NCR-MT sends PRACH to the target PCell. The NCR-MT re-establishment delay (TncrRMT re-establisn_delay)
requirement shall be less than:
Nfreq_l
TNCR—MT,re—establish,delay =400 ms + Tidentify,intra,NR + Zi ) Tidentify,inter,NR,i + TSI—NR + TPRACH

The intra-frequency target NR cell shall be considered detectable if each relevant SSB can satisfy that:

- the conditions of SSB_RP and SSB Eg/lot according to Annex TBD for the LA NCR-MT class and NCR type
are fulfilled.

Theinter-frequency target NR cell shall be considered detectable when for each relevant SSB:

- the conditions of SSB_RP and SSB Eg/lot according to Annex TBD for the LA NCR-MT class and NCR type
are fulfilled.
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Tidenity inra NR: 1T iS the time to identify the target intra-frequency NR cell and it depends on whether the target NR cell is
known cell or unknown cell and on the frequency range (FR) of the target NR cell. If the NCR-MT is not configured
with intra-frequency NR carrier for RRC re-establishment then Tidentity inra NR=0; 0therwise Tigentify intra nr Shall not
exceed the values defined in Table 10.1.1.2.1-1.

Tidenify_inter NRi: 1T ISthe time to identify the target inter-frequency NR cell on inter-frequency carrier i configured for
RRC re-establishment and it depends on whether the target NR cell is known cell or unknown cell and on the frequency
range (FR) of the target NR cell. Tigenity inter Nri Sh&ll NOt exceed the values defined in Table 10.1.1.2.1-2.

Tsurc: It isthe periodicity of the SMTC occasion configured for the intra-frequency carrier. If the NCR-MT has been
provided with higher layer signaling of smtc2 [23] then Tsurc follows smtcl or smtc2 according to the physical cell ID
of the target cell.

Tsurc,: It isthe periodicity of the SMTC occasion configured for the inter-frequency carrier i. If the NCR-MT is not
provided with SMTC configuration then the NCR-MT may assume that the target SSB periodicity is no larger than
20 ms.

Ta-nr: Itisthe time required for receiving al the relevant system information according to the reception procedure and
the RRC procedure delay of system information blocks defined in TS 38.331 [23] for the target NR cell.

Terach: It isthe delay uncertainty in acquiring the first available PRACH occasion in the target NR cell. TeracH Can be
up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated
period is defined in clause 14 of TS 38.213 [24].

Nfreq: It is the total number of NR frequencies to be monitored for RRC re-establishment; Nyeg= 1 if the target intra-
frequency NR cell is known, else Nfeq= 2 and Tigentity inra Nr = O if the target inter-frequency NR cell is known.

There isno requirement if the target cell does not contain the NCR-MT context or if the SSB transmission periodicity is
larger than 20 ms.

In the requirement defined in the below tables, the target FR1 cell is known if it has been meeting the relevant cell
identification requirement during the last 5 seconds otherwise it is unknown.

Table 10.1.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-
frequency cell

Serving cell Frequency range (FR) Tidentify_intra_NR [MS]

SSB Es/lot (dB) of target NR cell Known NR cell Unknown NR cell
>-8 FR1 MAX (1600 ms, 40 X Tsurc) MAX (6400 ms, 80 X Tsmrc)
-8 FR2-1 N/A MAX (8000 ms, 640 x Tswmrc)
<-8 FR1 N/A 6400Notet
<-8 FR2-1 N/A 28160QNotet

Note 1:  The NCR-MT is not required to successfully identify a cell on any NR frequency layer when Tsmrc >20 ms

and serving cell SSB Es/lot < -8 dB.

Table 10.1.1.2.1-2: Time to identify target NR cell for RRC connection re-establishment to NR inter-
frequency cell

Serving cell SSB | Frequency range (FR) Tidentify_inter_NR, i [MS]
Es/lot (dB) of target NR cell Known NR cell Unknown NR cell
>-8 FR1 MAX (1600 ms, 48 X Tswmrc, i) MAX (6400 ms, 104 X Tswrc, i)
-8 FR2-1 N/A MAX (8000 ms, 832 X Tswrc, i)
<-8 FR1 N/A 6400Noel
<-8 FR2-1 N/A 32000QNotel

Note 1.  The NCR-MT is not required to successfully identify a cell on any NR frequency layer when Tswrc;i >20 ms
and serving cell SSB Es/lot < -8 dB.
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10.1.2 Random access

10.1.2.1 Introduction

This clause contains requirements on the NCR-MT regarding random access procedure. The random access procedure
isinitiated to establish uplink time synchronization for aNCR-MT which either has not acquired or haslost its uplink
synchronization, or to convey NCR-MT’srequest Other Sl, or for beam failure recovery. The random accessis
specified in clause 8 of TS 38.213 [24] and the control of the RACH transmission is specified in clause 5.1 of
TS38.321[25].

The reguirementsin this clause apply for LA NCR-MT.

10.1.2.2 Requirements for 4-step RA type

The NCR-MT shall have capability to calculate PRACH transmission power according to the PRACH power formula
defined in clause 7.4 of TS 38.213 [24] and apply this power level at the first preamble or additional preambles. The
absolute power applied to the first preamble shall have an accuracy as specified in Table TBA for FR1 and in Table
TBA for FR2-1. The relative power applied to additional preambles shall have an accuracy as specified in Table TBA
for FR1 and clause TBA for FR2-1.

The NCR-MT shall indicate a random access problem to upper layersif the maximum number of preamble transmission
counter has been reached for the random access procedure on PCell as specified in clause 5.1.4 in TS 38.321 [25].

The requirements in this clause apply for NCR-MT in SA operation mode.
10.1.2.2.1 Contention based random access

10.1.2.2.1.1 Correct behaviour when transmitting Random Access Preamble

With the NCR-MT selected SSB with SS-RSRP above rsrp-ThresholdSSB, NCR-MT shall have the capability to select
a Random Access Preamble randomly with equal probability from the Random Access Preambles associated with the
selected SSB if the association between Random Access Preambles and SSB is configured, as specified in clause 5.1.2
in TS 38.321 [25].

With the NCR-MT selected SSB with SS-RSRP above rsrp-ThresholdSSB, NCR-MT shall have the capability to
transmit Random Access Preamble on the next available PRACH occasion from the PRACH occasions corresponding
to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMasklndex if configured, if the
association between PRACH occasions and SSBsis configured, and PRACH occasion shall be randomly selected with
equal probability amongst the selected SSB associated PRACH occasions occurring simultaneously but on different
subcarriers, as specified in clause 5.1.2 in TS 38.321 [25].

10.1.2.2.1.2 Correct behaviour when receiving Random Access Response

The NCR-MT may stop monitoring for Random Access Response(s) and shall transmit the msg3 if the Random Access
Response contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble.

The NCR-MT shall again perform the Random Access Resource selection procedure defined in clause 5.1.2 in
TS38.321 [25], and transmit with the calculated PRACH transmission power when the backoff time expiresif al
received Random Access Responses contain Random Access Preamble identifiers that do not match the transmitted
Random Access Preamble.

10.1.2.2.1.3 Correct behaviour when not receiving Random Access Response

The NCR-MT shall again perform the Random Access Resource selection procedure defined in clause 5.1.2 in
TS 38.321 [25], and transmit with the cal culated PRACH transmission power when the backoff time expiresif no
Random Access Response is received within the RA Response window defined in clause 5.1.4 in TS 38.321 [25].

10.1.2.2.1.4 Correct behaviour when receiving an UL grant for msg3 retransmission

The NCR-MT shall re-transmit the msg3 upon the reception of an UL grant for msg3 retransmission.
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10.1.2.2.1.5 SA: Correct behaviour when receiving a message over Temporary C-RNTI
The NCR-MT shall send ACK if the Contention Resolution is successful.

The NCR-MT shall again perform the Random Access Resource selection procedure defined in clause 5.1.2 in
TS 38.321 [25], and transmit with the cal culated PRACH transmission power when the backoff time expires unless the
received message includesa NCR-MT Contention Resolution Identity MAC control element and the NCR-MT
Contention Resolution Identity included in the MAC control element matches the CCCH SDU transmitted in the uplink

message.

10.1.2.2.1.6 Correct behaviour when contention Resolution timer expires

The NCR-MT shall re-select a preamble and transmit with the calculated PRACH transmission power when the backoff
time expires if the Contention Resolution Timer expires.

10.1.2.2.2 Non-Contention based random access

10.1.2.2.2.1 Correct behaviour when transmitting Random Access Preamble

If the contention-free Random Access Resources and the contention-free PRACH occasions associated with SSBsis
configured, with the NCR-MT selected SSB with SS-RSRP above rsrp-Threshol dSSB amongst the associated SSBs,
NCR-MT shall have the capability to select the Random Access Preamble corresponding to the selected SSB, and to
transmit Random Access Preamble on the next available PRACH occasion from the PRACH occasions corresponding
to the selected SSB permitted by the restrictions given by the ra-ssh-OccasionMasklndex if configured, and PRACH
occasion shall be randomly selected with equal probability amongst the selected SSB associated PRACH occasions
occurring simultaneously but on different subcarriers, as specified in clause 5.1.2 in TS 38.321 [25].

If the contention-free Random Access Resources and the contention-free PRACH occasions associated with CSI-RSsis
configured, with the NCR-MT selected CSI-RS with CSI-RSRP above rsrp-ThresholdCS -RS amongst the associated
CSI-RSs, NCR-MT shall have the capability to select the Random Access Preamble corresponding to the selected CSI-
RS, and to transmit Random Access Preamble on the next available PRACH occasion from the PRACH occasionsin
ra-OccasionList corresponding to the selected CSI-RS, and PRACH occasion shall be randomly selected with equal
probability amongst the selected CSI-RS associated PRACH occasions occurring simultaneously but on different
subcarriers, as specified in clause 5.1.2 in TS 38.321 [25].

If the random access procedure isinitialized for beam failure recovery and if the contention-free Random Access
Resources and the contention-free PRACH occasions for beam failure recovery request associated with any of the SSBs
and/or CSI-RSsis configured, NCR-MT shall have the capability to select the Random Access Preambl e corresponding
to the selected SSB with SS-RSRP above rsrp-Threshol dSSB amongst the associated SSBs or the selected CSI-RS with
CSI-RSRP ahove rsrp-ThresholdCS -RS amongst the associated CSI-RSs, and to transmit Random Access Preamble on
the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the
restrictions given by the ra-ssh-OccasionMaskindex if configured, or from the PRACH occasions in ra-OccasionList
corresponding to the selected CSI-RS, and PRACH occasion shall be randomly selected with equal probability amongst
the selected SSB associated PRACH occasions or the selected CSI-RS associated PRACH occasions occurring
simultaneoudly but on different subcarriers, as specified in clause 5.1.2 in TS 38.321 [25].

10.1.2.2.2.2 Correct behaviour when receiving Random Access Response

The NCR-MT may stop monitoring for Random Access Response(s), if the Random Access Response contains a
Random Access Preamble identifier corresponding to the transmitted Random Access Preambl e, unless the random
access procedure isinitialized for Other Sl request from NCR-MT.

The NCR-MT may stop monitoring for Random Access Response(s) and shall monitor the Other Sl transmission if the
Random Access Response only contains a Random Access Preamble identifier which is corresponding to the
transmitted Random Access Preamble and the random access procedure isinitialized for Sl request from NCR-MT, as
specified in clause 5.1.4 in TS 38.321 [25].

The NCR-MT may stop monitoring for Random Access Response(s), if the contention-free Random Access Preamble
for beam failure recovery request was transmitted and if the PDCCH addressed to NCR-MT's C-RNTI isreceived, as
specified in clause 5.1.4in TS 38.321 [25].

ETSI



3GPP TS 38.106 version 18.4.0 Release 18 140 ETSI TS 138 106 V18.4.0 (2024-05)

The NCR-MT shall again perform the Random Access Resource selection procedure defined in clause 5.1.2 in

TS 38.321 [25] for the next available PRACH occasion, and transmit the preamble with the calculated PRACH
transmission power if all received Random Access Responses contain Random Access Preamble identifiers that do not
match the transmitted Random Access Preamble.

10.1.2.2.2.3 Correct behaviour when not receiving Random Access Response

The NCR-MT shall again perform the Random Access Resource selection procedure defined in clause 5.1.2 in

TS 38.321 [25] for the next available PRACH occasion, and transmit the preamble with the calculated PRACH
transmission power, if no Random Access Response is received within the RA Response window configured in RACH-
ConfigCommon or if no PDCCH addressed to NCR-MT’s C-RNTI isreceived within the RA Response window
configured in BeamFailureRecoveryConfig, as defined in clause 5.1.4 in TS 38.321 [ 25].

10.2  Timing

10.2.1 NCR-MT transmit timing

10.2.1.1 Introduction

The NCR-MT shall have capahility to follow the frame timing change of the reference cell in connected state. The
uplink frame transmission takes place (N4 + Nta ofset) X T before the reception of the first detected path (in time) of

the corresponding downlink frame from the reference cell. NCR-MT shall use the PCell as the reference cell for
deriving the NCR-MT transmit timing. NCR-MT initial transmit timing accuracy, gradual timing adjustment
requirements are defined in the following requirements.

10.2.1.2 Requirements
The requirementsin clause 10.2.1.2 apply for both wide area and local area NCR-MT as defined in clause 4.3A.2.

The NCR-MT initial transmission timing error shall be less than or equal to £T. where the timing error limit value Te is
specified in Table 10.2.1.2-1. This requirement applies for PUCCH, PUSCH and SRS or it isthe PRACH transmission.

The NCR-MT shall meet the Te requirement for an initial transmission provided that at |east one SSB is available at the
NCR-MT during the last 160 ms. The reference point for the NCR-MT initia transmit timing control regquirement shall
be the downlink timing of the reference cell minus (Nta + N1a offsee ) X T - The downlink timing is defined as the time

when the first path (in time) of the corresponding downlink frame used by the NCR-MT to determine downlink timing
isreceived from the reference cell at the NCR-MT antenna. Nra for PRACH is defined as 0.

(Nt + Nta ofiset ) X T (in Te units) for other channelsis the difference between NCR-MT transmission timing and the

downlink timing immediately after when the last timing advance in clause 10.2.2 was applied. Nra for other channelsis
not changed until next timing advance is received. The value of Nt s depends on the duplex mode of the cell in

which the uplink transmission takes place and the frequency range (FR). Nta o 1S defined in Table 10.2.1.2-2.
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Table 10.2.1.2-1: T Timing Error Limit

Frequency SCS of SSB SCS of uplink T
Range signals ( kHz) signals ( kHz) ©
1 15 15 12*64* T
30 10*64* T
60 10*64*T.
30 15 8*64*T.
30 8*64*T.
60 7*64*T.
2-1 120 60 3.5*64*T.
120 3.5*64*T.
240 60 3*64*T.
120 3*64*Tc
Note 1:  Tc is the basic timing unit defined in TS 38.211 [26]

Table 10.2.1.2-2: The Value of Nip gt

Frequency range and band of cell used for uplink
transmission
FR1 TDD band without LTE-NR coexistence case
FR1 TDD band with LTE-NR coexistence case
FR2-1
Note 1:

Nra offst (Unit: Tc)

25600 (Note 1)

39936 (Note 1)

13792

The NCR-MT identifies Nt ofit based on the information n-
TimingAdvanceOffset as specified in TS 38.331 [23]. If NCR-MT is not
provided with the information n-TimingAdvanceOffset, the default value of
Nta offst IS S€t @s 25600 for FR1 band.

When it is the transmission for PUCCH, PUSCH and SRS transmission, the NCR-MT shall be capable of changing the
transmission timing according to the received downlink frame of the reference cell except when the timing advance in
clause 10.2.3 is applied.

10.2.1.2.1 Gradual timing adjustment
The requirementsin this clause apply for NCR-MT belonging to local area NCR-MT class as defined in clause 4.3A.2.

When the transmission timing error between the NCR-MT and the reference timing exceeds + T then the NCR-MT is
required to adjust its timing to within £Te. The reference timing shall be (Nt + N1a o) X T bDefore the downlink

timing of the reference cell. All adjustments made to the NCR-MT uplink timing shall follow these rules:
1) The maximum amount of the magnitude of the timing change in one adjustment shall be Tg.
2) The minimum aggregate adjustment rate shall be T, per second.
3) The maximum aggregate adjustment rate shall be T4 per 200 ms.

where the maximum autonomous time adjustment step T and the aggregate adjustment rate T, are specified in
Table10.2.1.2.1-1.

Table 10.2.1.2.1-1: Tq Maximum Autonomous Time Adjustment Step and T, Minimum Aggregate
Adjustment rate

Frequency Range SCS of uplink Tq Tp
signals (kHz)

1 15 5.5*64*T. 5.5%*64*T.

30 5.5%64*Tc 5.5*64*T.

60 5.5%64*Tc 5.5*64*T.

2-1 60 2.5%64*T. 2.5%64*T.

120 2.5*64*T. 2.5%64*T.

NOTE: Tcis the basic timing unit defined in TS 38.211 [26].
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10.2.2 NCR-MT timer accuracy

10.2.2.1 Introduction

NCR-MT timers are used in different protocol entitiesto control the NCR-MT behaviour.

The requirementsin clause 10.2.2 apply for NCR-MT belonging to local area NCR-MT class as defined in clause
4.3A.2.

10.2.2.2 Requirements

For NCR-MT timers specified in TS 38.331 [23], the NCR-MT shall comply with the timer accuracies according to
Table 10.2.2.2-1.

The requirements are only related to the actual timing measurements internally in the NCR-MT. They do not include the
following:

- Inaccuracy in the start and stop conditions of atimer (e.g. NCR-MT reaction time to detect that start and stop
conditions of atimer isfulfilled), or

- Inaccuracies due to restrictions in observability of start and stop conditions of an NCR-MT timer (e.g. slot
alignment when NCR-MT sends messages at timer expiry).

Table 10.2.2.2-1

Timer value [s] Accuracy
timer value < 4 +0.1s
timer value > 4 +2.5%

10.2.3 NCR-MT timing advance

10.2.3.1 Introduction

The timing advance isinitiated from gNB to NCR-MT, with MAC message that implies the adjustment of the timing
advance, as defined in clause 5.2 of TS 38.321 [25]. The time advance adjustment requirement for both wide area and
local area NCR-MT asdefined in clause 4.3A.2.

10.2.3.2 Requirements

10.2.3.2.1 Timing Advance adjustment delay

NCR-MT shall adjust the timing of its uplink transmission timing at time slot n+ k+1 for a timing advance command
received in time dot n, and the value of kisdefined in clause 4.2 in TS 38.213 [24]. The same requirement applies also
when NCR-MT is not able to transmit a configured uplink transmission due to the channel assessment procedure.

10.2.3.2.2 Timing Advance adjustment accuracy

The NCR-MT shall adjust the timing of its transmissions with arelative accuracy better than or equal to the NCR-MT
Timing Advance adjustment accuracy requirement in Table 10.2.3.2.2-1, to the signalled timing advance value
compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213
[24].
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Table 10.2.3.2.2-1: NCR-MT Timing Advance adjustment accuracy

UL Sub Carrier
Spacing(kHz) 15 30 60 120
NCR-MT Timing
Advance adjustment +256 Tc +256 Tc +128 Te +32 Tc
accuracy

NOTE:  Tcis the basic timing unit defined in TS 38.211 [26].

10.3  Signalling Characteristics for NCR-MT

10.3.1 Radio Link Monitoring

10.3.1.1 Introduction

The requirementsin clause 10.3.1 apply for radio link monitoring of local area NCR-MT class as defined in clause
4.3A.2 0n:

- PCelin SA NR,

The NCR-MT shall monitor the downlink radio link quality based on the reference signal configured as RLM-RS
resource(s) in order to detect the downlink radio link quality of the PCell as specified in TS 38.213 [24]. The configured
RLM-RS resources can be all SSBs, or al CSI-RSs, or amix of SSBsand CSI-RSs. NCR-MT is not required to
perform RLM outside the active DL BWP.

On each RLM-RS resource, the NCR-MT shall estimate the downlink radio link quality and compare it to the thresholds
Qout and Qin for the purpose of monitoring downlink radio link quality of the cell.

The threshold Qo is defined as the level at which the downlink radio link cannot be reliably received and shall
correspond to the out-of-sync block error rate (BLERow) as defined in Table 10.3.1-1. For SSB based radio link
monitoring, Qou_sss IS derived based on the hypothetical PDCCH transmission parameters listed in Table 10.3.1.2.1-1.
For CSI-RS based radio link monitoring, Qout_csi-rs is derived based on the hypothetical PDCCH transmission
parameterslisted in Table 10.3.1.3.1-1.

The threshold Qin is defined as the level at which the downlink radio link quality can be received with significantly
higher reliability than at Qo and shall correspond to the in-sync block error rate (BLERi,) as defined in Table 10.3.1-1.
For SSB based radio link monitoring, Qin_ssg is derived based on the hypothetical PDCCH transmission parameters
listed in Table 10.3.1.2.1-2. For CSI-RS based radio link monitoring, Qin csi-rs iS derived based on the hypothetical
PDCCH transmission parameterslisted in Table 10.3.1.3.1-2.

The out-of-sync block error rate (BLERo) and in-sync block error rate (BLER») are determined from the network
configuration via parameter rlminSyncOutOfSyncThreshold signalled by higher layers. When NCR-MT is not
configured with rlmlnSyncOutOfSyncThreshold from the network, NCR-MT determines out-of-sync and in-sync
block error rates from Configuration #0 in Table 10.3.1-1 by default. All requirementsin clause 10.3.1 are gpplicable
for BLER Configuration #0 in Table 10.3.1-1.

Table 10.3.1-1: Out-of-sync and in-sync block error rates

Configuration BLERout BLERIn
0 10% 2%

NCR-MT shall be able to monitor up to Nrum RLM-RS resources of the same or different types in each corresponding
carrier frequency range, depending on amaximum number || of SSBsper half frame according to TS 38.213 [24],
where Nrum is specified in Table 10.3.1-2 according TS 38.213 [24], and meet the requirements as specified in clause
10.3.1. NCR-MT is not required to meet the requirementsin clause 10.3.1 if RLM-RS is not configured and no TCl
state for PDCCH is activated.
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Table 10.3.1-2: Maximum number of RLM-RS resources NgrLm

Carrier frequency range of PCell L Maximum number of RLM-RS
max resources, NrLm
FR1, < 3 GHzNoe 4 2
FR1, > 3 GHzNo® 8 4
FR2-1 64 8

10.3.1.2 Requirements for SSB based radio link monitoring

10.3.1.2.1 Introduction

The reguirements in this clause apply for each SSB based RLM-RS resource configured for PCell, provided that the
SSB configured for RLM is actualy transmitted within NCR-MT active DL BWP during the entire evaluation period
specified in clause 10.3.1.2.2.

Table 10.3.1.2.1-1: PDCCH transmission parameters for out-of-sync evaluation

Attribute Value for BLER Configuration #0
DCI format 1-0
Number of control OFDM 2
symbols
Aggregation level (CCE) 8
Ratio of hypothetical PDCCH 4dB
RE energy to average SSS
RE energy
Ratio of hypothetical PDCCH 4dB
DMRS energy to average
SSS RE energy
Bandwidth (PRBs) 24

Sub-carrier spacing (kHz)

SCS of the active DL BWP

DMRS precoder granularity

REG bundle size

REG bundle size 6
CP length Normal
Mapping from REG to CCE Distributed

Table 10.3.1.2.1-2: PDCCH transmission parameters for in-sync evaluation

Attribute Value for BLER Configuration #0
DCI payload size 1-0
Number of control OFDM 5
symbols
Aggregation level (CCE) 4
Ratio of hypothetical PDCCH
RE energy to average SSS 0dB
RE energy
Ratio of hypothetical PDCCH
DMRS energy to average 0dB
SSS RE energy
Bandwidth (PRBSs) 24

Sub-carrier spacing (kHz)

SCS of the active DL BWP

DMRS precoder granularity

REG bundle size

REG bundle size 6
CP length Normal
Mapping from REG to CCE Distributed
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10.3.1.2.2 Minimum requirement

NCR-MT shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource
estimated over the last Tevaluae our_sss [MS] period becomes worse than the threshold Qou_sse Within Tevauae out_sss [MS]
evaluation period.

NCR-MT shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource
estimated over the last Tevauae in_sss [MS] period becomes better than the threshold Qin_ssg Within Tevauate in_sss [MS]
evaluation period.

Tevauae out_sss @nd Tevavae in_sss are defined in Table 10.3.1.2.2-1 for FR1 with scaling factor K1 = 5.
Tevauate out_sss @Nd Tevaluae in_sss are defined in Table 10.3.1.2.2-2 for FR2-1 with scaling factor N=8 and K2 = 3.
For FR1,
- P=1
For FR2-1,

- P=1, when the RLM-RS resource is not overlapped with SMTC occasion.

1
1— TssB
TsMTCperiod

- P= , when the RLM-RS resource is partially overlapped with SMTC occasion (Tsss < TswTcperiod)-

- P=3, when RLM-RS resource is fully overlapped with SMTC period (Tsss = Tsurcperiod)-

If the high layer in TS 38.331 [23] signaling of smtc; is present, Tswrcpeiod fOllows smtc,; Otherwise Tswtcperiod follOw
SMtcCs.

Longer evaluation period would be expected if the combination of RLM-RS resource and SMTC occasion
configurations does not meet previous conditions.

Table 10.3.1.2.2-1: Evaluation period Tevaiuate_out_sse @nd Tevauate in_sse for FR1

Configuration TEvaluate_out_SSB (ms) TEvaluate_in_SSB (ms)
no DRX Max(200 x K1, Ceil(10 x P x K1) x Max(100 x K1, Ceil(5 x P x K1) x Tssg)
TssB)
NOTE:  Tsss is the periodicity of the SSB configured for RLM.

Table 10.3.1.2.2-2: Evaluation period Tevaiuate_out_sse @nd Tevauate in_sse for FR2-1

Configuration TEvaluate_out_SSB (ms) TEvaluate_in_SSB (ms)
no DRX Max(200 x Kz, Ceil(10 x P x N x K2) x Max(100 x Kz, Ceil(5 x P x N x K2) x
TssB) TssB)
NOTE:  Tsss is the periodicity of the SSB configured for RLM.

10.3.1.2.3 Measurement restrictions for SSB based RLM

The NCR-MT isrequired to be capable of measuring SSB for RLM without measurement gaps. The NCR-MT is
required to perform the SSB measurements with measurement restrictions as described in the following scenarios.

For FR1, when the SSB for RLM isin the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP
measurement,

- If SSB and CSI-RS have same SCS, NCR-MT shall be able to measure the SSB for RLM without any restriction;
- If SSB and CSI-RS have different SCS,

- If NCR-MT supports simultaneousRxDataSSB-DiffNumerology, NCR-MT shall be able to measure the SSB for
RLM without any restriction;
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- If NCR-MT does not support simultaneousRxDataSSB-DiffNumerology, NCR-MT isrequired to measure one of
but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no
requirements are defined.

For FR2-1, when the SSB for RLM measurement on one CC isin the same OFDM symbol as CSI-RS for RLM, BFD,
CBD or L1-RSRP measurement on the same CC or different CCsin the same band, NCR-MT is required to measure
one of but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no
requirements are defined.

10.3.1.3 Requirements for CSI-RS based radio link monitoring

10.3.1.3.1 Introduction

The reguirementsin this clause apply for each CSI-RS based RLM-RS resource configured for PCell, provided that the
CSI-RS configured for RLM is actually transmitted within NCR-MT active DL BWP during the entire evaluation
period specified in clause 10.3.1.3.2. NCR-MT is not expected to perform radio link monitoring measurements on the
CSI-RS configured as RLM-RS if the CSI-RS is not in the active TCI state of any CORESET configured in the NCR-
MT active BWP.

Table 10.3.1.3.1-1: PDCCH transmission parameters for out-of-sync evaluation

Attribute Value for BLER Configuration #0
DCI format 1-0
Number of control OFDM 2
symbols
Aggregation level (CCE) 8
Ratio of hypothetical PDCCH 4dB
RE energy to average CSI-RS
RE energy
Ratio of hypothetical PDCCH 4dB

DMRS energy to average
CSI-RS RE energy

Bandwidth (PRBSs) 48

Sub-carrier spacing (kHz) SCS of the active DL BWP
DMRS precoder granularity REG bundle size
REG bundle size 6

CP length Normal

Mapping from REG to CCE Distributed

Table 10.3.1.3.1-2: PDCCH transmission parameters for in-sync evaluation

Attribute Value for BLER Configuration #0
DCI payload size 1-0
Number of control OFDM 2
symbols
Aggregation level (CCE) 4
Ratio of hypothetical PDCCH 0dB
RE energy to average CSI-RS
RE energy
Ratio of hypothetical PDCCH 0dB

DMRS energy to average
CSI-RS RE energy

Bandwidth (PRBs) 48

Sub-carrier spacing (kHz) SCS of the active DL BWP
DMRS precoder granularity REG bundle size
REG bundle size 6

CP length Normal

Mapping from REG to CCE Distributed
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10.3.1.3.2 Minimum requirement

NCR-MT shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource
estimated over the last Tevauae out_csi-rs [MS] period becomes worse than the threshold Qou_csi-rs Within Tevauae out_csi-rs
[ms] evaluation period.

NCR-MT shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource
estimated over the last Tevauae in_cs-rs [MS] period becomes better than the threshold Qin_cs-rs Within Tevauate in_cs-rs
[ms] evaluation period.

- Tevauae out_cs-rs aNd Tevauae in_cs-rs &€ defined in Table 10.3.1.3.2-1 for FR1 with scaling factor K1 = 5.
- Tevauae out_csi-rs @Nd Tevaluae in_csi-rs are defined in Table 10.3.1.3.2-2 for FR2-1 with scaling factor Kz = 3.

The requirements of Tevaluate out_csi-rs @Nd Tevaluae in_csi-rs apply provided that the CSI-RS for RLM is not in aresource
set configured with repetition ON. The requirements do not apply when the CSI-RS resource in the active TCI state of
CORESET isthe same CSI-RS resource for RLM and the TCI state information of the CSI-RS resource is not given,
wherein the TCI state information means QCL Type-D to SSB for L1-RSRP or CSI-RS with repetition ON.

For FR1,
- P=1.
For FR2-1,

- P=1, when the RLM-RS resource is not overlapped with SMTC occasion.

1

- P =—— 57— Whenthe RLM-RSresource is partially overlapped with SMTC occasion (Tcs-rs <
l_TSMTCperiod
T smTcperiod)-

- P =3, when the RLM-RS resource is fully overlapped with SMTC occasion (Tcsi-rs = Tsutcperiod)-

If the high layer in TS 38.331 [23] signaling of smtc; is present, Tswrcpeiod fOllows smtc; Otherwise Tswtcperiod follOw
SMtcCs.

NOTE: The overlap between CSI-RS for RLM and SMTC meansthat CSI-RS based RLM iswithin the SMTC
window duration.

Longer evaluation period would be expected if the combination of RLM-RS resource and SMTC occasion
configurations does not meet previous conditions.

The values of Moy and Min used in Table 10.3.1.3.2-1 and Table 10.3.1.3.2-2 are defined as.

- Mow =20 and Mi, = 10, if the CSI-RS resource configured for RLM is transmitted with higher layer CSI-RS
parameter density [8, clause 7.4.1] set to 3 and over the bandwidth = 24 PRBs.

Table 10.3.1.3.2-1: Evaluation period Tevaiuate out_csi-rs 8Nd Tevaluate_in_csi-rs for FR1

Configuration TEvaluate out CSI-RS (ms) TEvaluate in_CSI-RS (ms)
no DRX Max(200 x Kz, Ceil(MoutxP x K1)xTcsi- Max(100 x K1, Ceil(MinxP x K1) x Tcsi-rs)
RS)

NOTE:  Tcsirs is the periodicity of the CSI-RS resource configured for RLM. The requirements in this table
apply for Tcsirs equal to 5 ms, 10ms, 20 ms or 40 ms.

Table 10.3.1.3.2-2: Evaluation period Tevaluate_out_csi-rs @nd Tevaluate_in_csi-rs for FR2-1

Configuration TEvaluate_out_csi-rs (MS) TEvaluate_in_csi-rRs (MS)
no DRX Max(200 x Kz, Ceil(MoutxP x Max(100 x Kz, Ceil(MinxP x Kz) x
K2)xTcsI-rs) Tcsi-Rs)

NOTE:  Tcsirs is the periodicity of the CSI-RS resource configured for RLM. The requirements in this table apply for
Tcsirs equal to 5 ms, 10 ms, 20 ms or 40 ms.
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10.3.1.3.3 Measurement restrictions for CSI-RS based RLM

The NCR-MT isrequired to be capable of measuring CSI-RS for RLM without measurement gaps. The NCR-MT is
required to perform the CSI-RS measurements with measurement restrictions as described in the following clauses.

For both FR1 and FR2-1, when the CSI-RS for RLM isin the same OFDM symbol as SSB for RLM, BFD, CBD or L1-
RSRP measurement, NCR-MT is not required to receive CSI-RS for RLM in the PRBs that overlap with an SSB.

For FR1, when the SSB for RLM, BFD, CBD, or L1-RSRP measurement is within the active BWP and has same SCS
than CSI-RS for RLM, the NCR-MT shall be able to perform CSI-RS measurement without restrictions.

For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has different
SCSthan CSI-RS for RLM, the NCR-MT shall be able to perform CSI-RS measurement with restrictions according to
its capabilities:

- If the NCR-MT supports simultaneousRxDataSSB-DiffNumerology the NCR-MT shall be able to perform CSl-
RS for RLM measurement without restrictions.

- If the NCR-MT does not support simultaneousRxDataSSB-DiffNumerology, NCR-MT is required to measure one
of but not both CSI-RS for RLM and SSB. Longer measurement period for CSI-RS based RLM is expected, and
no requirements are defined.

For FR1, when the CSI-RS for RLM isin the sasme OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-
RSRP measurement, NCR-MT shall be able to measure the CSI-RS for RLM without any restriction.

For FR2-1, when the CSI-RS for RLM measurement on one CC isin the same OFDM symbol as SSB for RLM, BFD,
or L1-RSRP measurement on the same CC or different CCsin the same band, or in the same symbol as SSB for CBD
measurement on the same CC or different CCsin the same band when beam failure is detected, NCR-MT isrequired to
mesasure one of but not both CSI-RS for RLM and SSB. Longer measurement period for CSI-RS based RLM is
expected, and no requirements are defined.

For FR2-1, when the CSI-RS for RLM measurement on one CC isin the same OFDM symbol as another CSI-RS for
RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCsin the same band,

- Inthefollowing cases, NCR-MT isrequired to measure one of but not both CSI-RS for RLM and the other CSl-
RS. Longer measurement period for CSI-RS based RLM is expected, and no requirements are defined.

- The CSI-RSfor RLM or the other CSI-RSin aresource set configured with repetition ON, or

- Theother CSI-RSis configured in g1 and beam failure is detected, or

- Thetwo CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to NCR-MT,
- Otherwise, NCR-MT shall be able to measure the CSI-RS for RLM without any restriction.

10.3.1.4 Minimum requirement for NCR-MT turning off the transmitter

The transmitter power of the NCR-MT in the monitored cell shall be turned off within 40ms after expiry of T310 timer
as specified in TS 38.331 [23].

10.3.1.5 Minimum requirement for L1 indication

When the downlink radio link quality on all the configured RLM-RS resources is worse than Qou, 1ayer 1 Of the NCR-MT
shall send an out-of-sync indication for the cell to the higher layers. A layer 3 filter shall be applied to the out-of-sync
indications as specified in TS 38.331 [23].

When the downlink radio link quality on at least one of the configured RLM-RS resources is better than Qin, 1ayer 1 Of the
NCR-MT shall send anin-sync indication for the cell to the higher layers. A layer 3 filter shall be applied to the in-sync
indications as specified in TS 38.331 [23].

The out-of-sync and in-sync evaluations for the configured RLM-RS resources shall be performed as specified in clause
5 [25]. Two successive indications from layer 1 shall be separated by at |east Tindication interval-
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Tindication interval 1S Max(10ms, Trum-rsm), Where Trum,m iS the shortest periodicity of all configured RLM-RS resources for
the monitored cell, which corresponds to Tsss specified in clause 10.3.1.2 if the RLM-RSresourceis SSB, of Tcs-rs
specified in clause 10.3.1.3 if the RLM-RSresource is CSI-RS.

10.3.1.6 Scheduling availability of NCR-MT during radio link monitoring

When the reference signal to be measured for RLM has different subcarrier spacing than PDSCH/PDCCH or ison
frequency range 2, there are restrictions on the scheduling availability as described in the following clauses.

10.3.1.6.1 Scheduling availability of NCR-MT performing radio link monitoring with a same
subcarrier spacing as PDSCH/PDCCH on FR1

There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as

PDSCH/PDCCH on FR1.

10.3.1.6.2 Scheduling availability of NCR-MT performing radio link monitoring with a different
subcarrier spacing than PDSCH/PDCCH on FR1

For NCR-MTs which support simultaneousRxDataSSB-DiffNumerology [27] there are no restrictions on scheduling
availability due to radio link monitoring based on SSB as RLM-RS. For NCR-MTs which do not support
simultaneousRxDataSSB-DiffNumerology [27] the following restrictions apply due to radio link monitoring based on
SSB asRLM -RS.

- TheNCR-MT is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for
tracking or CSI-RS for CQI on SSB symbols to be measured for radio link monitoring.
10.3.1.6.3 Scheduling availability of NCR-MT performing radio link monitoring on FR2-1
The following scheduling restriction applies due to radio link monitoring on an FR2-1 serving PCell .

- If theRLM-RSis CSI-RS which istype-D QCLed with active TCI state for PDCCH or PDSCH, and the CSI-RS
isnot in a CSI-RS resource set with repetition ON,

- There are no scheduling restrictions due to radio link monitoring based on the CSI-RS.
- Otherwise

- TheNCR-MT is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS
for tracking or CSI-RS for CQI on RLM-RS symbols to be measured for radio link monitoring.

For FR2-1, if following conditions are met,
- NCR-MT has been notified about system information update through paging,

- Thegap between NCR-MT’ s reception of PDCCH that NCR-MT monitors in the Type2-PDCCH CSS set and
that notifies system information update, and the PDCCH that NCR-MT monitorsin the TypeO-PDCCH CSS set,
is greater than 2 dlots,

For the SSB for RLM and CORESET for RM S| scheduling multiplexing patterns 3, NCR-MT is expected to receive the
PDCCH that NCR-MT monitors in the Type0-PDCCH CSS set, and the corresponding PDSCH, on SSB symbolsto be
measured for RLM; and

For the SSB for RLM and CORESET for RM S| scheduling multiplexing patterns 2, NCR-MT is expected to receive
PDSCH that corresponds to the PDCCH that NCR-MT monitorsin the Type0-PDCCH CSS set, on SSB symbolsto be
measured for RLM.
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10.3.2 Link Recovery Procedure

10.3.2.1 Introduction

Thelocal areaNCR-MT as defined in clause 4.3A.2 shall assess the downlink radio link quality of a serving cell based
on the reference signal in the set q) as specified in TS 38.213 [24] in order to detect beam failure on:

- PCdlinSA NR,

The RS resource configurations in the set 60 on PCell can be periodic CSI-RS resources and/or SSBs. RS resource

configuration in the set G, on SCell shall be periodic CSI-RS. NCR-MT is not required to perform beam failure
detection outside the active DL BWP. NCR-MT is not required to meet the requirementsin clause 10.3.2.2 and 10.3.2.3

if NCR-MT does not have set 60

On each RS resource configuration in the set 60 the NCR-MT shall estimate the radio link quality and compareit to
the threshold Qout L for the purpose of accessing downlink radio link quality of the serving cell beams.

The threshold Qout_Lr is defined as the level at which the downlink radio level link of a given resource configuration on

set 60 cannot be reliably received and shall correspond to the BLERo: = 10% block error rate of a hypothetical PDCCH

transmission. For SSB based beam failure detection, Qout_Lr sss is derived based on the hypothetical PDCCH
transmission parameterslisted in Table 10.3.2.2.1. For CSI-RS based beam failure detection, Qou LR cs-rsis derived
based on the hypothetical PDCCH transmission parameters listed in Table 10.3.2.3.1-1.

Upon request the NCR-MT shall deliver configuration indexes from the set qlasspecified in TS 38.213[24] , to higher
layers, and the corresponding L 1-RSRP measurement provided that the measured L1-RSRP is equal to or better than
the threshold Qin Lr, which isindicated by higher layer parameter rsrp-ThresholdSSB. The NCR-MT appliesthe Qin 1r
threshold to the L 1-RSRP measurement obtained from an SSB. The NCR-MT applies the Qi L r threshold to the L1-
RSRP measurement obtained for a CSI-RS resource after scaling a respective CSI-RS reception power with a value
provided by higher layer parameter power Control OffsetSS. The RS resource configurations in the set q can be

periodic CSI-RS resources or SSBs or both SSB and CSI-RS resources. NCR-MT is not required to perform candidate
beam detection outside the active DL BWP.

10.3.2.2 Requirements for SSB based beam failure detection

10.3.2.2.1 Introduction

The requirementsin this clause apply for each SSB resource in the set G configured for a serving cell, provided that

the SSB configured for beam failure detection is actually transmitted within the NCR-MT active DL BWP during the
entire evaluation period specified in clause 10.3.2.2.2. The requirements in this clause could not be applicable if NCR-
MT isrequired to perform beam failure detection on more than 1 serving cell per band.
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Attribute Value for BLER
DCI format 1-0
Number of control OFDM 5
symbols
Aggregation level (CCE) 8
Ratio of hypothetical PDCCH
RE energy to average SSS 0dB
RE energy
Ratio of hypothetical PDCCH
DMRS energy to average 0dB
SSS RE energy
Bandwidth (PRBSs) 24

Sub-carrier spacing (kHz)

Same as the SCS of RMSI CORESET

DMRS precoder granularity

REG bundle size

REG bundle size 6
CP length Normal
Mapping from REG to CCE Distributed

10.3.2.2.2 Minimum requirement

NCR-MT shall be able to eval uate whether the downlink radio link quality on the configured SSB resource in set q)

estimated over the last Tevauae Bro_sss MS period becomes worse than the threshold Qo Lr_sss Within Tevauae Brp_sss MS
period.

The value of Tevauae Bro_sse iS defined in Table 10.3.2.2.2-1 for FR1.
The value of Tevauae gro_sss iS defined in Table 10.3.2.2.2-2 for FR2-1 with scaling factor N= 8.
For FR1,
- P=1L
For FR2-1,
- P=1, when the BFD-RS resource is hot overlapped with SMTC occasion.

- P= , when the BFD-RS resource is partially overlapped with SMTC occasion (Tsss < Tsvtcperiod)-

1— TssB
TsMTCperiod

- P =3, when the BFD-RS resourceis fully overlapped with SMTC period (Tsse = T svtcperiod)-

If the high layer in TS 38.331 [23] signaling of smtc; is present, Tswrcpeiod fOllows smtc,; Otherwise Tswtcpeiod fOllow
SMtcCs.

Longer evaluation period would be expected if the combination of BFD-RS resource and SMTC occasion does not meet
pervious conditions.

Table 10.3.2.2.2-1: Evaluation period Tevauate_eFp_sss for FR1

Configuration Tevaluate_BFD_ssB (MS)
no DRX Max(50, Ceil(5 x P) X Tssg)

Note: Tsss is the periodicity of SSB in the set T .

Table 10.3.2.2.2-2: Evaluation period Tevauate srp_sss for FR2-1

Configuration TEvaluate_BFD_ssB (MS)
no DRX Max(50, Ceil(5 x P x N) X Tssg)

Note: Tsse is the periodicity of SSB in the set T .
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10.3.2.2.3 Measurement restriction for SSB based beam failure detection

The NCR-MT isrequired to be capable of measuring SSB for BFD without measurement gaps. The NCR-MT is
required to perform the SSB measurements with measurement restrictions as described in the following scenarios.

For FR1, when the SSB for BFD measurement isin the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-
RSRP measurement,

- If SSB and CSI-RS have same SCS, NCR-MT shall be able to measure the SSB for BFD measurement without
any restriction;

- If SSB and CSI-RS have different SCS,

- If NCR-MT supports simultaneousRxDataSSB-DiffNumerology, NCR-MT shall be able to measure the SSB
for BFD measurement without any restriction;

- If NCR-MT does not support simultaneousRxDataSSB-DiffNumerology, NCR-MT is required to measure one
of but not both SSB for BFD measurement and CSI-RS. Longer measurement period for SSB based BFD
measurement is expected, and no requirements are defined.

For FR2-1, when the SSB for BFD measurement on one CC isin the sasme OFDM symbol as CSI-RS for RLM, BFD,
CBD or L1-RSRP measurement on the same CC in the same band, NCR-MT is required to measure one of but not both
SSB for BFD measurement and CSI-RS. Longer measurement period for SSB based BFD measurement is expected,
and no requirements are defined.

10.3.2.3 Requirements for CSI-RS based beam failure detection

10.3.2.3.1 Introduction

The requirements in this clause apply for each CSI-RS resourcein the set 0, of resource configurations for a serving

cell, provided that the CSI-RS resource(s) in set G, for beam failure detection are actually transmitted within the NCR-
MT active DL BWP during the entire eval uation period specified in clause 10.3.2.3.2. NCR-MT is not expected to
perform beam failure detection measurements on the CSI-RS configured for BFD if the CSI-RSis not QCL-ed, with
QCL-TypeD when applicable, with the RSin the active TCI state of any CORESET configured in the NCR-MT active
BWP. The requirements in this clause apply when NCR-MT isrequired to perform beam failure detection on no more
than 1 serving cell per band.

Table 10.3.2.3.1-1: PDCCH transmission parameters for beam failure instance

Attribute Value for BLER
DCI format 1-0
Number of control OFDM 2
symbols
Aggregation level (CCE) 8
Ratio of hypothetical PDCCH
RE energy to average CSI-RS 0dB
RE energy
Ratio of hypothetical PDCCH
DMRS energy to average 0dB
CSI-RS RE energy
Bandwidth (PRBs) 48
Sub-carrier spacing (kHz) SCS of the active DL BWP
DMRS precoder granularity REG bundle size
REG bundle size 6
CP length Normal
Mapping from REG to CCE Distributed
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10.3.2.3.2 Minimum requirement

NCR-MT shall be able to evaluate whether the downlink radio link quality on the CSI-RS resource in set C_]o estimated

over the last Tevauae Bro_cs-rs MS period becomes worse than the threshold Qou LR csi-rs Within Tevauae BFp_csi-rs MS
period.

The value of Tevauae Brp_csi-rs IS defined in Table 10.3.2.3.2-1 for FR1.
The value of Tevauae Br0_csi-rs iS defined in Table 10.3.2.3.2-2 for FR2-1 with N=1.

The reguirements of Tevauae BFo_cs-rs apply provided that the CSI-RS for BFD is not in aresource set configured with
repetition ON. The requirements shall not apply when the CSI-RS resource in the active TCI state of CORESET isthe
same CSI-RS resource for BFD and the TCI state information of the CSI-RS resource is not given, wherein the TCI
state information means QCL Type-D to SSB for L1-RSRP or CSI-RS with repetition ON.

For FR1,
- P=1
For FR2-1,

- P=1, whenthe BFD-RS resource is not overlapped with SMTC occasion.

1

- P= T Tosms when the BFD-RSresource is partially overlapped with SMTC occasion (Tcs-rs <
TSMTCperiod
TSMTCperiod)-

- P = Pearingfactor, When BFD-RS resource is fully overlapped with SMTC occasion (Tcs-rs = TsmTcperiod)-
- Pmaringfactor =3.

If the high layer in TS 38.331 [23] signaling of smtc; is present, Tswrcpeiod fOllows smtc,; Otherwise Tswtcperiod fOllOw
SMtcCs.

NOTE: The overlap between CSI-RS for BFD and SMTC meansthat CSI-RS for BFD iswithin the SMTC
window duration.

Longer evaluation period would be expected if the combination of the BFD-RS resource and SMTC occasion
configurations does not meet pervious conditions.

The values of Mgrp used in Table 10.3.2.3.2-1 and Table 10.3.2.3.2-2 are defined as

- Merp = 10, if the CSI-RS resource(s) in set T, used for BFD is transmitted with Density = 3.

Table 10.3.2.3.2-1: Evaluation period Tevauate_eFp_csi-rs for FR1

Configuration TEvaluate_BFD_csI-Rs (MS)
no DRX Max(50, [Merp X P] X Tcsi-rs)
Note: Tesirs is the periodicity of CSI-RS resource in the set T .

Table 10.3.2.3.2-2: Evaluation period Tevauate srp_csi-rs for FR2-1

Configuration Tevaluate_BFD_csi-Rs (MS)
no DRX Max (50, [Merp X P x N] X Tcsi-rs)

Note: Tcskrs is the periodicity of CSI-RS resource in the set T.

10.3.2.3.3 Measurement restrictions for CSI-RS based beam failure detection

The NCR-MT isrequired to be capable of measuring CSI-RS for BFD without measurement gaps. The NCR-MT is
required to perform the CSI-RS measurements with measurement restrictions as described in the following scenarios.
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For both FR1 and FR2-1, when the CSI-RS for BFD measurement is in the sasme OFDM symbol as SSB for RLM,
BFD, CBD or L1-RSRP measurement, NCR-MT is not required to receive CSI-RS for BFD measurement in the PRBs
that overlap with an SSB.

For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has same SCS
than CSI-RS for BFD measurement, the NCR-MT shall be able to perform CSI-RS measurement without restrictions.

For FR1, when the SSB for RLM, BFD, CBD or L 1-RSRP measurement is within the active BWP and has different
SCS than CSI-RS for BFD measurement, the NCR-MT shall be able to perform CSI-RS measurement with restrictions
according to its capabilities:

- If the NCR-MT supports simultaneousRxDataSSB-DiffNumerology the NCR-MT shall be able to perform CSI-
RS measurement without restrictions.

- If the NCR-MT does not support simultaneousRxDataSSB-DiffNumerology, NCR-MT is required to measure one
of but not both CSI-RS for BFD measurement and SSB. Longer measurement period for CSI-RS based BFD
measurement is expected, and no requirements are defined.

For FR1, when the CSI-RS for BFD measurement isin the sasme OFDM symbol as another CSI-RS for RLM, BFD,
CBD or L1-RSRP measurement, NCR-MT shall be able to measure the CSI-RS for BFD measurement without any
restriction.

For FR2-1, when the CSI-RS for BFD measurement on one CC isin the same OFDM symbol as SSB for RLM, BFD or
L 1-RSRP measurement on the same CC in the same band, or in the same symbol as SSB for CBD measurement on the
same CC in the same band when beam failure is detected, NCR-MT isrequired to measure one of but not both CSI-RS
for BFD measurement and SSB. Longer measurement period for CSI-RS based BFD measurement is expected, and no
requirements are defined.

For FR2-1, when the CSI-RS for BFD measurement on one CC isin the same OFDM symbol as another CSI-RS for
RLM, BFD, CBD or L1-RSRP measurement on the same CC in the same band,

- Inthefollowing cases, NCR-MT isrequired to measure one of but not both CSI-RS for BFD measurement and
the other CSI-RS. Longer measurement period for CSI-RS based BFD measurement is expected, and no
requirements are defined.

- The CSI-RSfor BFD measurement or the other CSI-RSin aresource set configured with repetition ON, or
- Theother CSI-RSisconfigured in set §;, and beam failure is detected, or
- Thetwo CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to NCR-MT,

- Otherwise, NCR-MT shall be able to measure the CSI-RS for BFD measurement without any restriction.

10.3.2.4 Minimum requirement for L1 indication

When the radio link quality on al the RS resourcesin set qo isworse than Qout LR, 1ayer 1 Of the NCR-MT shall send a

beam failure instance indication to the higher layers. A layer 3 filter may be applied to the beam failure instance
indications as specified in TS 38.331 [23].

The beam failure instance evaluation for the RS resourcesin set C_]o shall be performed as specified in clause 6 in
TS 38.213 [24]. Two successive indications from layer 1 shall be separated by at least Tindication interva_srFp-

Tindication interval_BFD 1S MaX(2ms, Tssa-rsm) ) OF Max(2ms, Tcs-rsm), Where Tsss-rsm and Tesi-rsim 1S the shortest

periodicity of all RS resourcesin set C_]o for the accessed cell, corresponding to either the shortest periodicity of the

SSB in the set Go or CSI-RS resource in the set Go
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10.3.2.5 Requirements for SSB based candidate beam detection

10.3.2.5.1 Introduction

The reguirements in this clause apply for each SSB resource in the set G, configured for a serving cell, provided that the

SSBs configured for candidate beam detection are actually transmitted within NCR-MT active DL BWP during the
entire eval uation period specified in clause 10.3.2.5.2.

10.3.2.5.2 Minimum requirement

Upon request the NCR-MT shall be able to evaluate whether the L 1-RSRP measured on the configured SSB resource in
set G, estimated over the last Tevauae cep_sss Ms period becomes better than the threshold Qin_ (& provided SSB_RP and
SSB Es/lot are according to Annex Tablein B.2.4.1 [23] for a corresponding band.

The NCR-MT shall monitor the configured SSB resources using the evaluation period in table 10.3.2.5.2-1 and
10.3.2.5.2-2 which is applicable to the non-DRX mode only.

The value of Tevauae cep_sse IS defined in Table 10.3.2.5.2-1 for FR1.
The value of Tevauae cep_sss is defined in Table 10.3.2.5.2-2 for FR2-1 with scaling factor N=8.
Where,
For FR1,
- P=1
For FR2-1,

- P=1, when the candidate beam detection RS resource is not overlapped with SMTC occasion.

1
Tsse
TSMTCperiod

TSMTCperiod)-

- P= , when candidate beam detection RSis partially overlapped with SMTC occasion (Tsss <
- P =3, when candidate beam detection RS is fully overlapped with SMTC period (Tsss = Tswrcperiod)-

If the high layer in TS 38.331 [23] signaling of smtc; is present, Tswrcpeiod fOllows smtc; Otherwise Tswtcpeiod follOw
SMtcCs.

Longer evaluation period would be expected if the combination of CBD-RS resource and SMTC occasion
configurations does not meet pervious conditions.

Table 10.3.2.5.2-1: Evaluation period Tevaate_cep_sse for FR1

Configuration Tevaluate_cBD_sss (MS)
non-DRX Ceil(3 x P) X Tsss
Note: Tssg is the periodicity of SSB in the set G .

Table 10.3.2.5.2-2: Evaluation period Tevaluate_cep_sss for FR2-1

Configuration TEvaluate_cBD_ssB (MS)
non-DRX Ceil(3x P x N) x Tsss

Note: Tssg is the periodicity of SSB in the set G.

10.3.2.5.3 Measurement restriction for SSB based candidate beam detection

For FR1, when the SSB for CBD measurement is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-
RSRP measurement,
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- If SSB and CSI-RS have same SCS, NCR-MT shall be able to measure the SSB for CBD measurement without
any restrictions;
- If SSB and CSI-RS have different SCS-es,

- If NCR-MT supports simultaneousRxDataSSB-DiffNumerology, NCR-MT shall be able to measure the SSB
for CBD measurement without any restriction;

- If NCR-MT does not support simultaneousRxDataSSB-DiffNumerology, NCR-MT is required to measure one
of but not both SSB for CBD measurement and CSI-RS. Longer measurement period for SSB based CBD
measurement is expected, and no requirements are defined.

For FR2-1, when the SSB for CBD measurement on one CC isin the same OFDM symbol as CSI-RS for RLM, BFD,
CBD or L1-RSRP measurement on the same CC in the same band, NCR-MT is required to measure one of but not both
SSB for CBD measurement and CSI-RS. Longer measurement period for SSB based CBD measurement is expected,
and no requirements are defined.

10.3.2.6 Requirements for CSI-RS based candidate beam detection

10.3.2.6.1 Introduction

The requirementsin this clause apply for each CSI-RS resourcein the set G, configured for a serving cell, provided that

the CSI-RS resources configured for candidate beam detection are actually transmitted within NCR-MT active DL
BWP during the entire evaluation period specified in clause 10.3.2.6.2.

10.3.2.6.2 Minimum requirement

Upon request the NCR-MT shall be able to evaluate whether the L1-RSRP measured on the configured CSI-RS
resource in set G, estimated over the last Tevauae ceb_csi-rs [MS] period becomes better than the threshold Qin Lr Within

Tevauae cBp_csi-rs [MS] period provided CSI-RS Eglot is according to Annex Table in B.2.4.2 [23] for a corresponding
band.

The NCR-MT shall monitor the configured CSI-RS resources using the evaluation period in table 10.3.2.6.2-1 and
10.3.2.6.2-2 which is applicable to the non-DRX mode only.

The value of Tevauae cep_cs-rs iSdefined in Table 10.3.2.6.2-1 for FR1.
The value of Tevauae cep_cs-rs iS defined in Table 10.3.2.6.2-2 for FR2-1 with scaling factor N=8.
For FR1,
- P=1
For FR2-1,

- P =1, when candidate beam detection RS is not overlapped with SMTC occasion.

1

- P =——s— When candidate beam detection RSis partially overlapped with SMTC occasion (Tcs-rs <
l_TSMTCperiod
T smTcperiod)-

- P =3, when candidate beam detection RS is fully overlapped with SMTC occasion (Tcsi-rs = T svTcperiod)-

If the high layer in TS 38.331 [23] signaling of smtc; is present, Tswrcperiod fOllows smtc,; Otherwise Tswtcpeiod fOllOw
SMtcCs.

Longer evaluation period would be expected if the CSI-RSis on the same OFDM symbols with RLM, BFD, BM-RS, or
other CBD-RS, according to the measurement restrictions defined in clause 10.3.2.6.3.

The values of Mcgp used in Table 10.3.2.6.2-1 and Table 10.3.2.6.2-2 are defined as
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- Mcep = 3, if the CSI-RS resource configured in the set G istransmitted with Density = 3.

Table 10.3.2.6.2-1: Evaluation period Tevauate_cap_csi-rs for FR1

Configuration TEvaluatec_cBD_csi-rs (MS)
non-DRX Max(25, Ceil(Mcep x P) X Tcsi-rs)
Note: Tcsirs is the periodicity of CSI-RS resource in the set G .

Table 10.3.2.6.2-2: Evaluation period Tevauate_cap_csi-rs for FR2-1

Configuration TEvaluate_cBD_csI-Rs (MS)
non-DRX Max(25, Ceil(Mceo x P X N) X Tcsirs)

Note: Tesirs is the periodicity of CSI-RS resource in the set G .

10.3.2.6.3 Measurement restriction for CSI-RS based candidate beam detection

For both FR1 and FR2-1, when the CSI-RS for CBD measurement isin the same OFDM symbol as SSB for RLM,
BFD, CBD or L1-RSRP measurement, NCR-MT is not required to receive CSI-RS for CBD measurement in the PRBs
that overlap with an SSB.

For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has same SCS
than CSI-RS for CBD measurement, the NCR-MT shall be able to perform CSI-RS based CBD measurement without
restrictions.

For FR1, when the SSB for RLM, BFD, CBD or L 1-RSRP measurement is within the active BWP and has different
SCS than CSI-RS for CBD measurement, the NCR-MT shall be able to perform CSI-RS based CBD measurement with
restrictions according to its capabilities:

- If the NCR-MT supports simultaneousRxDataSSB-DiffNumerology the NCR-MT shall be able to perform CSl-
RS based CBD measurement for without restrictions.

- If the NCR-MT does not support simultaneousRxDataSSB-DiffNumerology, NCR-MT is required to measure one
of but not both CSI-RS for CBD measurement and SSB. Longer measurement period for CSI-RS based CBD
measurement is expected, and no requirements are defined.

For FR1, when the CSI-RS for CBD measurement isin the same OFDM symbol as another CSI-RS for RLM, BFD,
CBD or L1-RSRP measurement, NCR-MT shall be able to measure the CSI-RS for CBD measurement without any
restriction.

For FR2-1, when the CSI-RS for CBD measurement on one CC isin the same OFDM symbol as SSB for RLM, BFD,
CBD or L1-RSRP measurement on the same CC in the same band, NCR-MT is required to measure one of but not both
CSI-RS for CBD measurement and SSB. Longer evaluation period for CSI-RS based CBD measurement is expected,
and no requirements are defined.

For FR2-1, when the CSI-RS for CBD measurement on one CC isin the same OFDM symbol as another CSI-RS for
RLM, BFD, CBD or L1-RSRP measurement on the same CC in the same band, NCR-MT is required to measure one of
but not both CSI-RS for CBD measurement and the other CSI-RS. Longer evaluation period for CSI-RS based CBD
measurement is expected, and no requirements are defined.

10.3.2.7 Scheduling availability of NCR-MT during beam failure detection

Scheduling availability restrictions when the NCR-MT is performing beam failure detection are described in the
following clauses.
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10.3.2.7.1 Scheduling availability of NCR-MT performing beam failure detection with a same
subcarrier spacing as PDSCH/PDCCH on FR1

There are no scheduling restrictions due to beam failure detection performed on SSB and CSI-RS configured for BFD

with the same SCS as PDSCH or PDCCH in FR1.

10.3.2.7.2 Scheduling availability of NCR-MT performing beam failure detection with a different
subcarrier spacing than PDSCH/PDCCH on FR1

For NCR-MTs which support simultaneousRxDataSSB-DiffNumerology [27] there are no restrictions on scheduling
availability due to beam failure detection when SSB is configured as BFD. For NCR-MTs which do not support
simultaneousRxDataSSB-DiffNumerol ogy [27] the following restrictions apply due to beam failure detection when SSB
is configured as BFD.

- The NCR-MT is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for
tracking or CSI-RS for CQI on SSB symbols to be measured for beam failure detection.
10.3.2.7.3 Scheduling availability of NCR-MT performing beam failure detection on FR2-1
The following scheduling restriction applies due to beam failure detection.

- For the case where no RSs are provided for BFD, or when CSI-RS is configured for BFD is explicitly configured
and istype-D QCLed with active TCI state for PDCCH or PDSCH, and the CSI-RSis not in a CSI-RS resource
set with repetition ON.

- There are no scheduling restrictions due to beam failure detection performed based on the CSI-RS.
- Otherwise

- The NCR-MT is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS
for tracking or CSI-RS for CQI on BFD-RS resource symbols to be measured for beam failure detection.

For FR2-1, if following conditions are met,
- NCR-MT has been notified about system information update through paging,

- The gap between NCR-MT’s reception of PDCCH that NCR-MT monitorsin the Type2-PDCCH CSS set and
that notifies system information update, and the PDCCH that NCR-MT monitorsin the Type0-PDCCH CSS set,
is greater than 2 dots,

For the SSB and CORESET for RM S| scheduling multiplexing patterns 3, NCR-MT is expected to receive the PDCCH
that NCR-MT monitorsin the Type0-PDCCH CSS set, and the corresponding PDSCH, on SSB symbols to be measured
for BFD measurement; and

For the SSB and CORESET for RM S| scheduling multiplexing patterns 2, NCR-MT is expected to receive PDSCH that
corresponds to the PDCCH that NCR-M T monitors in the Type0-PDCCH CSS set, on SSB symbolsto be measured for
BFD measurement.

10.3.2.8 Scheduling availability of NCR-MT during candidate beam detection

Scheduling availability restrictions when the NCR-MT is performing L1-RSRP measurement for candidate beam
detection are described in the following clauses.

10.3.2.8.1 Scheduling availability of NCR-MT performing L1-RSRP measurement with a same
subcarrier spacing as PDSCH/PDCCH on FR1

There are no scheduling restrictions due to L 1-RSRP measurement performed on SSB and CSI-RS configured as link
recovery detection resource with the same SCS as PDSCH or PDCCH in FR1.
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10.3.2.8.2 Scheduling availability of NCR-MT performing L1-RSRP measurement with a
different subcarrier spacing than PDSCH/PDCCH on FR1

For NCR-MTs which support simultaneousRxDataSSB-DiffNumerology [27] there are no restrictions on scheduling
availability due to L1-RSRP measurement based on SSB as link recovery detection resource. For NCR-MTs which do
not support simultaneousRxDataSSB-DiffNumerology [27] the following restrictions apply due to L1-RSRP
measurement based on SSB configured as link recovery detection resource.

- TheNCR-MT is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH, TRS, CSI-RS
for tracking or CSI-RS for CQI on SSB symbolsto be measured for L1-RSRP.

10.3.2.8.3 Scheduling availability of NCR-MT performing L1-RSRP measurement on FR2-1
The following scheduling restriction applies due to candidate beam detection

- The NCR-MT is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH, CSI-RS for
tracking or CSI-RS for CQI on reference symbols to be measured for candidate beam detection.

For FR2-1, if following conditions are met,
- NCR-MT has been notified about system information update through paging,

- The gap between NCR-MT’s reception of PDCCH that NCR-MT monitorsin the Type2-PDCCH CSS set and
that notifies system information update, and the PDCCH that NCR-MT monitorsin the Type0-PDCCH CSS set,
is greater than 2 dots,

For the SSB and CORESET for RM S| scheduling multiplexing patterns 3, NCR-MT is expected to receive the PDCCH
that NCR-MT monitorsin the Type0-PDCCH CSS set, and the corresponding PDSCH, on SSB symbols to be measured
for CBD measurement; and

For the SSB and CORESET for RM S| scheduling multiplexing patterns 2, NCR-MT is expected to receive PDSCH that
corresponds to the PDCCH that NCR-M T monitors in the Type0-PDCCH CSS set, on SSB symbolsto be measured for
CBD measurement.
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Annex A (normative):
Environmental requirements for the Repeater equipment

<Text will be added.>
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Annex B (normative):
NCR-MT Reference measurement channels

[Editor note: FRC numbersin TS 38.106 and corresponding FRC numbersin TS 38.115-1/-2 are not aligned.
RAN4 need to discuss how to handle thisissue.]

B.1 NCR-MT Fixed Reference Channels

B.1.1 Fixed Reference Channels for PDSCH performance
requirements (QPSK)

The parameters for the reference measurement channels are specified in table B.1.1-1 for FR1 PDSCH performance
requirements.

The parameters for the reference measurement channels are specified in table B.1.1-2 for FR2-1 PDSCH performance
requirements.

Table B.1.1-1: FRC parameters for FR1 PDSCH performance requirements, 1 transmission layer,

QPSK
Parameter Unit Value
Reference channel M-FR1-B.1.1-1 | M-FR1-B.1.1-2
Channel bandwidth MHz 10 40
Subcarrier spacing kHz 15 30
Allocated resource blocks PRBs 52 106
Number of consecutive PDSCH symbols 12 12
MCS table 64QAM 64QAM
MCS index 4 4
Modulation QPSK QPSK
Target Coding Rate 0.30 0.30
Number of MIMO layers 1 1
Number of DMRS REs 12 12
Overhead for TBS determination 0 0
Information Bit Payload per Slot 4096 8456
Transport block CRC per Slot 24 24
Number of Code Blocks per Slot 1 2
Binary Channel Bits Per Slot 13728 27984
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Table B.1.1-2: FRC parameters for FR2-1 PDSCH performance requirements, 1 transmission layer,
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QPSK
Parameter Unit Value
Reference channel M-FR2-B.1.1-1
Channel bandwidth MHz 100
Subcarrier spacing kHz 120
Allocated resource blocks PRBs 66
Number of consecutive PDSCH symbols 13
MCS table 640QAM
MCS index 4
Modulation QPSK
Target Coding Rate 0.30
Number of MIMO layers 1
Number of DMRS REs 12
Overhead for TBS determination 6
Information Bit Payload per Slot 5504
Transport block CRC per Slot 24
Number of Code Blocks per Slot 1
Binary Channel Bits Per Slot 18282

B.1.2 Fixed Reference Channels for PDSCH performance

requirements (16QAM)

The parameters for the reference measurement channels are specified in table B.1.2-1 for FR1 PDSCH performance

requirements.

Table B.1.2-1: FRC parameters for FR1 PDSCH performance requirements, 1 transmission layer,

16QAM
Parameter Unit Value
Reference channel M-FR1-B.1.2-1 | M-FR1-B.1.2-2
Channel bandwidth MHz 10 40
Subcarrier spacing kHz 15 30
Allocated resource blocks PRBs 52 106
Number of consecutive PDSCH symbols 12 12
MCS table 64Q0AM 64Q0AM
MCS index 13 13
Modulation 16QAM 16QAM
Target Coding Rate 0.48 0.48
Number of MIMO layers 1 1
Number of DMRS REs 12 12
Overhead for TBS determination 0 0
Information Bit Payload per Slot 13064 26632
Transport block CRC per Slot 24 24
Number of Code Blocks per Slot 2 4
Binary Channel Bits Per Slot 27456 55968

B.1.3 Fixed Reference Channels for PDCCH performance

requirements

The parameters for the reference measurement channels are specified in table B.1.3-1 for FR1 PDCCH performance

requirements.

The parameters for the reference measurement channels are specified in table B.1.3-2 for FR2-1 PDCCH performance
requirements.
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Table B.1.3-1: FR1 PDCCH Reference Channels

Parameter Unit Value
Reference channel M-FR1- M-FR1- M-FR1- M-FR1- M-FR1- M-FR1-
B.1.3-1 B.1.3-2 B.1.3-3 B.1.3-4 B.1.3-5 B.1.3-6
Subcarrier spacing kHz 15 15 15 30 30 30
CORESET frequency
domain allocation 24 48 48 102 102 90
CORESET t|n_1e domain 2 2 1 1 1 1
allocation
Aggregation level 2 4 8 2 4 8
DCI Format 10 11 11 10 11 11
Payload (without CRC) Bits 39 52 52 41 53 53

Table B.1.3-2: FR2-1 PDCCH Reference Channels

Parameter Unit Value
Reference channel M-FR2-B.1.3-1 | M-FR2-B.1.3-2 | M-FR2-B.1.3-3
Subcarrier spacing kHz 120 120 120
CORESET frequency domain allocation 60 60 60
CORESET time domain allocation 1 1 1
Aggregation level 2 4 8
DCI Format 10 11 11
Payload (without CRC) Bits 40 56 56

B.1.4 Fixed Reference Channels for CSI reporting performance

This clause defines the DL signal applicable to the reporting of channel status information.

Tablesin this clause specifies the mapping of CQI index to Information Bit payload, which complies with the CQI
definition specified in clause 5.2.2.1 of TS 38.214 [11] and with M CS definition specified in clause 5.1.3 of
TS38.214[11].

Table B.1.4-1: Fixed Reference Channels for FR1 CSl reporting with CQI table 2 and MCS table 2

Reference channel M-FR1-B.1.4-1 | M-FR1-B.1.4-2
Number of allocated PDSCH resource blocks 52 106
Number of consecutive PDSCH symbols 12 12
Number of PDSCH MIMO layers 1 2
Number of DMRS REs (Note 1) 24 24
Overhead for TBS determination 0 0
Available RE-s for PDSCH 6240 12720
CQlindex | Spectral efficiency | MCS index | Modulation Information Bit Payload per Slot
0 OOR OOR OOR N/A N/A
1 0.1523 0 1480 2976
2 0.3770 1 QPSK 2408 4744
3 0.8770 3 5504 11016
4 1.4766 5 9224 18960
5 1.9141 7 16QAM 12040 24576
6 2.4063 9 15112 30728
7 2.7305 11 16896 34816
8 3.3223 13 20496 42016
9 3.9023 15 64QAM 24576 49176
10 4.5234 17 28168 57376
11 5.1152 19 31752 65576
12 5.5547 21 34816 69672
13 6.2266 23 38936 79896
14 6.9141 25 256QAM 43032 88064
15 7.4063 27 46104 94248
NOTE 1: Number of DMRS REs includes the overhead of the DM-RS CDM groups without data
NOTE 2: PDSCH is only scheduled on slots which are full DL
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164

ETSI TS 138 106 V18.4.0 (2024-05)

Reference channel M-FR2-B.1.4-1
Number of allocated PDSCH resource blocks 66
Number of consecutive PDSCH symbols 12
Number of PDSCH MIMO layers 1
Number of DMRS REs (Note 1) 24
Overhead for TBS determination 6
Available RE-s for PDSCH 7590
CQlindex | Spectral efficiency | MCS index | Modulation | Information Bit Payload per Slot
0 OOR OOR OOR N/A
1 0.1523 0 1800
2 0.2344 0 1800
3 0.3770 2 2856
4 0.6016 4 QPSK 4480
5 0.8770 6 6528
6 1.1758 8 8712
7 1.4766 11 11016
8 1.9141 13 16QAM 14343
9 2.4063 15 17928
10 2.7305 18 20496
11 3.3223 20 25104
12 3.9023 22 29192
13 4.5234 24 64QAM 33816
14 5.1152 26 38936
15 5.5547 28 42016
NOTE 1: Number of DMRS REs includes the overhead of the DM-RS CDM groups without data
NOTE 2: PDSCH is only scheduled on slots which are full DL

B.1.5 Fixed Reference Channels for reference sensitivity level,
ACS, in-band blocking, out-of-band blocking and receiver
intermodulation (QPSK, R=1/3)

The parameters for the FR1 WA NCR-MT reference measurement channels are specified in tables B.1.5-1 for FR1
reference sensitivity level, ACS, in-band blocking, out-of-band blocking, receiver intermodulation.

Table B.1.5-1: FRC parameters for FR1 reference sensitivity level for FR1 WA NCR-MT.

Reference channel G-FR1- | G-FR1-Al- | G-FR1- G-FR1- G-FR1- G-FR1-
Al-22 23 Al-24 Al-25 Al-26 Al1-27
Subcarrier spacing (kHz) 30 60 15 30 60 15
Allocated resource blocks 11 11 106 51 24 25
CP-OFDM Symbols per slot 9 9 9 9 9 9
(Note 1)
Modulation QPSK QPSK QPSK QPSK QPSK QPSK
Code rate (Note 2) 1/3 1/3 1/3 1/3 1/3 1/3
NOTE 1: DL-DMRS-config-type = 1 with DL-DMRS-max-len = 1, DL-DMRS-add-pos = pos2 with lo=2, | =
6 and 9 as per Table 7.4.1.1.2-3 of TS 38.211 [3].
NOTE 2: MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size for receiver
sensitivity
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Annex C (normative):
Propagation conditions

C.1  Static propagation condition

The propagation for the static performance measurement is an Additive White Gaussian Noise (AWGN) environment.
No fading or multi-paths exist for this propagation model.

C.1.1 NCR-MT receiver with 2RX

For 1 port transmission the channel matrix is defined in the frequency domain by:

]

For 2 port transmission the channel matrix is defined in the frequency domain by:
1 i
H B [ J .J
1 -]

C.1.2 NCR-MT Receiver with 4Rx

For 1 port transmission the channel matrix is defined in the frequency domain by

1

1
H=

1

1

For 2 port transmission the channel matrix is defined in the frequency domain by

For 4 port transmission the channel matrix is defined in the frequency domain by

1 1 j J
1 1 —-j —j
H= b
1 -1 ] —j
1 -1 -j
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C.2  Multi-path fading propagation conditions

C.2.1 General

The multipath propagation conditions consist of several parts:

- A delay profilein the form of a"tapped delay-line", characterized by a number of taps at fixed positionson a
sampling grid. The profile can be further characterized by the r.m.s. delay spread and the maximum delay
spanned by the taps.

- A combination of channel model parameters that include the Delay profile and the Doppler spectrum that is
characterized by a classical spectrum shape and a maximum Doppler frequency.

- Different models are used for FR1 (410 MHz - 7.125 GHz) and FR2 (24.25 GHz — 52.6 GHz).

C.2.2 Delay profiles

C.2.2.1 General

The delay profiles are smplified from the TR 38.901 [29] TDL models. The simplification steps are shown below for
information. These steps are only used when new delay profiles are created. Otherwise, the delay profiles specified in
C.2.2.1 can be used as such.

- Step 1: Usetheoriginal TDL model from TR 38.901 [29].
- Step 2: Re-order the taps in ascending delays.
- Step 3: Perform delay scaling according to the procedure described in clause 7.7.3 in TR 38.901 [29].

- Step 4: Apply the quantization to the delay resolution 5 ns. Thisis done simply by rounding the tap delays to the
nearest multiple of the delay resolution.

- Step 5: If multiple taps are rounded to the same delay bin, merge them by calculating their linear power sum.
- Step 6: If there are more than 12 tapsin the quantized model, merge the taps as follows:
- Find the weakest tap from all taps (both merged and unmerged taps are considered):

- If there are two or more taps having the same value and are the weakest, select the tap with the smallest
delay as the weakest tap.

- When the weakest tap isthe first delay tap, merge taps as follows:

- Update the power of the first delay tap as the linear power sum of the weakest tap and the second delay
tap.

- Remove the second delay tap.

- When the weakest tap is the last delay tap, merge taps as follows:
- Update the power of the last delay tap as the linear power sum of the second-to-last tap and the last tap.
- Remove the second-to-last tap.

- Otherwise:

- For each side of the weakest tap, identify the neighbour tap that has the smaller delay difference to the
weakest tap.

- When the delay difference between the weakest tap and the identified neighbour tap on one side
equals the delay difference between the weakest tap and the identified neighbour tap on the other side.
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- Select the neighbour tap that is weaker in power for merging.
- Otherwise, select the neighbour tap that has smaller delay difference for merging.

To merge, the power of the merged tap is the linear sum of the power of the weakest tap and the selected
tap.

When the selected tap isthe first tap, the location of the merged tap is the location of the first tap. The
weakest tap is removed.

When the selected tap isthe last tap, the location of the merged tap is the location of the last tap. The
weakest tap is removed.

Otherwise, the location of the merged tap is based on the average delay of the weakest tap and selected
tap. If the average delay is on the sampling grid, the location of the merged tap is the average delay.
Otherwise, the location of the merged tap is rounded towards the direction of the selected tap (e.g. 10 ns
& 20ns—> 15ns, 10 ns& 25 ns > 20 ns, if 25 ns had higher or equal power; 15 ns, if 10 ns had higher
power). The weakest tap and the selected tap are removed.

- Repeat step 6 until the final number of tapsis 12.

- Step 7: Round the amplitudes of tapsto one decimal (e.g. -8.78 dB - -8.8 dB)

- Step 8: If the delay spread has dightly changed due to the tap merge, adjust the final delay spread by increasing
or decreasing the power of the last tap so that the delay spread is corrected.

- Step 9: Re-normalize the highest tap to 0 dB.

NOTE 1:

NOTE 2:

C.222

Some values of the delay profile created by the simplification steps may differ from the valuesin tables
C.2.2.2-2, C.2.2.2-3, and C.2.1.1-4 for the corresponding model.

For Step 5 and Step 6, the power values are expressed in the linear domain using 6 digits of precision.
The operations are in the linear domain.

Delay profiles for FR1

The delay profiles for FR1 are selected to be representative of low, medium and high delay spread environment. The
resulting model parameters are specified in C.2.2.2-1 and the tapped delay line models are specified in tables C.2.2.2-2

~table C.2.2.2-4.
Table C.2.2.2-1: Delay profiles for NR channel models
Model Number of Delay spread Maximum excess tap delay Delay resolution
channel taps (r.m.s.) (span)
TDLA30 12 30 ns 290 ns 5ns
TDLB100 12 100 ns 480 ns 5ns
TDLC300 12 300 ns 2595 ns 5ns
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Table C.2.2.2-2: TDLA30 (DS =30 ns)

Tap # | Delay (ns) | Power (dB) |Fading distribution

1 0 -15.5

2 10 0

3 15 -5.1

4 20 -5.1

5 25 -9.6

6 50 -8.2 Rayleigh
7 65 -13.1

8 75 -11.5

9 105 -11.0

10 135 -16.2

11 150 -16.6

12 290 -26.2

Table C.2.2.2-3: TDLB100 (DS = 100ns)

Tap # | Delay (ns) | Power (dB) |Fading distribution

1 0 0

2 10 -2.2

3 20 -0.6

4 30 -0.6

5 35 -0.3

6 45 -1.2 Rayleigh
7 55 -5.9

8 120 -2.2

9 170 -0.8

10 245 -6.3

11 330 -7.5

12 480 -7.1

Table C.2.2.2-4: TDLC300 (DS = 300 ns)

Tap # | Delay (ns) | Power (dB) |Fading distribution

1 0 -6.9

2 65 0

3 70 -7.7

4 190 -2.5

5 195 -2.4

6 200 -9.9 Rayleigh
7 240 -8.0

8 325 -6.6

9 520 -7.1

10 1045 -13.0

11 1510 -14.2

12 2595 -16.0

C.2.3 Combinations of channel model parameters

The propagation conditions used for the performance measurements in multi-path fading environment are indicated as a
combination of a channel model name and a maximum Doppler frequency, i.e., TDLA<DS>-<Doppler>, TDLB<DS>-
<Doppler> or TDLC<DS>-<Doppler> where '<DS>' indicates the desired delay spread and '<Doppler>' indicates the

maximum Doppler frequency (Hz).

Table C.2.3-1 show the propagation conditions that are used for the performance measurements in multi-path fading
environment for low, medium and high Doppler frequencies for FR1.
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Table C.2.3-1: Channel model parameters for FR1

Combination name Model Maximum Doppler frequency
TDLA30-5 TDLA30 5Hz
TDLA30-10 TDLA30 10 Hz
TDLB100-400 TDLB100 400 Hz
TDLC300-100 TDLC300 100 Hz

C.2.4 MIMO channel correlation matrices

C.2.4.1 General

The MIMO channel correlation matrices defined in annex C.2.4 apply for the antenna configuration using uniform
linear arrays at both gNB and NCR-MT and for the antenna configuration using cross polarized antennas.

C.2.4.2 MIMO correlation matrices using Uniform Linear Array

C2421 General

The MIMO channel correlation matrices defined in annex C.2.4.2 apply for the antenna configuration using uniform

linear array (ULA) at both

gNB and NCR-MT.

C.24.2.2 Definition of MIMO correlation matrices

Table C.2.4.2.2-1 defines the correlation matrix for the gNB.

Table C.2.4.2.2-1: gNB correlation matrix

gNB correlation

One antenna RQNB =1
1 o
Two antennas =
RgNB a* 1
NOTE:  The matrix applies to the gNB for NCR-MT requirements.
Table C.2.4.2.2-2 defines the correlation matrix for the NCR-MT:
Table C.2.4.2.2-2: NCR-MT correlation matrix
One antenna Two antennas Four antennas
NCR-MT correlation =1 4,
Re FeUEzl P 1*/3% ph 5
IB* 1 ﬂ% 1 ﬂ% ﬂ%

R

AN

NOTE:  The correlation matrix R,z applies to NCR-MT for NCR-MT requirements.

Table C.2.4.2.2-3 defines the channel spatial correlation matrix %H . The parameters, « and 5 in table C.2.4.2.2-3
defines the spatia correlation between the antennas at the gNB and NCR-MT respectively.
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Table C.2.4.2.2-3: %Hcorrelation matrices

1x2 case 1 o
Rspat = RgNB = a 1
1x4 case 4
X 1 (x% aé o
* 4
R.. =R, = “%* 1. o
'spat 'gNB 0{% a% 1 0{%
) e .
o aé a% 1
2x2 case 1 o S Po
1 A1 oy |od 1 pa B
&Jat = R.JE ® RgNB = B = "
51 o 1 f Ba 1 «a
,B*a* ﬂ o 1
2x4 case 4
1 a% aé o
1 % % %
RSPat =Re® RgNB :( ﬂ]® ay* j}-/ “ 0{}/
g1 a® a® 1 a”
o« o o 1
NOTE 1: Rgnerefers to the correlation matrix of gNB for NCR-MT requirements.
NOTE 2: Rue refers to the correlation matrix of NCR-MT for NCR-MT requirements

For cases with more antennas at either gNB or NCR-MT or both, the channel spatial correlation matrix can still be

expressed as the Kronecker product of R,z and RQNB accordingto R, = R)e ® Ryg -

C.24.23 MIMO correlation matrices at high, medium and low level

The oL and [3 for different correlation types are given in table C.2.4.2.3-1.

Table C.2.4.2.3-1: Correlation for high, medium and low level

Low correlation

Medium correlation

High correlation

o

B

ol

B

o

B

0

0

0.9

0.3

0.9

0.9

The correlation matrices for high, medium and low correlation are defined in table C.2.4.2.3-2, C.2.4.2.3-3 and

C.2.4.2.3-4 as below.

The valuesin table C.2.4.2.3-2 have been adjusted for the 2x4 high correlation case to ensure the correlation matrix is
positive semi-definite after round-off to 4 digit precision. Thisis done using the equation:

Rijgh = [Rspatial +al ]/(1+a)

Where the value "a" is a scaling factor such that the smallest value is used to obtain a positive semi-definite result. For

the 2x4 high correlation case, a= 0.00010.
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Table C.2.4.2.3-2: MIMO correlation matrices for high correlation

1x2 case 1 0.9
Rhigh = 09 1

2x2 case 1 09 09081

|09 1 08109
Rion=| 09081 1 09
08109 09 1

2x4 case 1.0000 0.9883 0.9542 0.8999 0.8999 0.8894 0.8587 0.8099
0.9883 1.0000 0.9883 0.9542 0.8894 0.8999 0.8894 0.8587

0.9542 0.9883 1.0000 0.9883 0.8587 0.8894 0.8999 0.8894

_| 0.8999 09542 0.9883 1.0000 0.8099 0.8587 0.8894 0.8999
Rin=| 0.8009 08894 08587 08099 10000 09883 0.9542 0.8999
0.8894 0.8999 0.8894 0.8587 0.9883 1.0000 0.9883 0.9542

0.8587 0.8894 0.8999 0.8894 0.9542 0.9883 1.0000 0.9883

0.8099 0.8587 0.8894 0.8999 0.8999 0.9542 0.9883 1.0000

Table C.2.4.2.3-3: MIMO correlation matrices for medium correlation

1x2 case [N/A]

2x2 case 1.0000 0.9000 0.3000 0.2700
_10.9000 1.0000 0.2700 0.3000

R = 0.3000 0.2700 1.0000 0.9000
0.2700 0.3000 0.9000 1.0000

2x4 case 1.0000 0.9884 0.9543 0.9000 0.3000 0.2965 0.2863 0.2700
0.9884 1.0000 0.9884 0.9543 0.2965 0.3000 0.2965 0.2863
0.9543 0.9884 1.0000 0.9884 0.2863 0.2965 0.3000 0.2965
0.9000 0.9543 0.9884 1.0000 0.2700 0.2863 0.2965 0.3000
medium " 0.3000 0.2965 0.2863 0.2700 1.0000 0.9884 0.9543 0.9000
0.2965 0.3000 0.2965 0.2863 0.9884 1.0000 0.9884 0.9543
0.2863 0.2965 0.3000 0.2965 0.9543 0.9884 1.0000 0.9884
0.2700 0.2863 0.2965 0.3000 0.9000 0.9543 0.9884 1.0000

Table C.2.4.2.3-4: MIMO correlation matrices for low correlation

1x2 case Row=1!2
1x4 case Row=4
2x2 case Row =14
2x4 case Row =3
2x4 case Row=16

Intable C.2.4.2.3-4, | 4 isa dxd identity matrix.

NOTE: For completeness, the correlation matrices were defined for high, medium and low correlation but
performance requirements exist only for low correlation.

C.2.4.3 Multi-antenna channel models using cross polarized antennas

C.2431 General
The MIMO channel correlation matrices defined in annex C.2.4.3 apply to two cases as presented below:
- One TX antenna and multiple RX antennas case, with cross polarized antennas used at gNB

- Multiple TX antennas and multiple RX antennas case, with cross polarized antennas used at both NCR-MT and
oNB
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The cross-polarized antenna elements with +/-45 degrees polarization slant angles are deployed at gNB. For one TX
antenna case, antenna element with +90 degree polarization slant angle is deployed at NCR-MT. For multiple TX
antennas case, cross-polarized antenna elements with +90/0 degrees polarization slant angles are deployed at NCR-MT.

For the cross-polarized antennas, the N antennas are labelled such that antennas for one polarization are listed from 1 to
N/2 and antennas for the other polarization are listed from N/2+1 to N, where N is the number of TX or RX antennas.

C.24.3.2 Definition of MIMO correlation matrices using cross polarized antennas

For the channel spatial correlation matrix, the following is used:
Ron = P (Rie ® Ty ® Ry R
Where
- Ryg isthespatial correlation matrix at the NCR-MT (NCR-MT requirements) with same polarization,

- RgNB isthe spatia correlation matrix at the gNB (NCR-MT requirements) with same polarization,

- Ty, isapolarization correlation matrix,

- R, isapermutation matrix, and

T
- (®) denotes transpose.
Table C.2.4.3.2-1 defines the polarization correlation matrix.

Table C.2.4.3.2-1: Polarization correlation matrix

One TX antenna Multiple TX antennas
Polarization gorrelation 1 —y 1 -y 00
matrix I =
w1 -y 1. 00
Iy =
0O 0 1 vy
0O 0 vy 1
The matrix R)_is defined as

1 fora=(j—I)Nr+iandb=2(j—1)Nr +i, i=1--,Nr,j=1.-- [Nt/ 2]

Pi(@b)=41 fora=(j-)Nr+iandb=2(j—Nt/2)Nr —Nr+i, i=1.Nr,j=[Nt/2]+1.., Nt

0 otherwise

where Nt and N isthe number of TX and RX antennas respectively, and [e | isthe ceiling operator.

The matrix R, isused to map the spatial correlation coefficients in accordance with the antenna element labelling
system described in C.2.4.3.

C.24.33 Spatial correlation matrices at NCR-MT and gNB sides

C.24331 Spatial correlation matrices at NCR-MT side

In this subclause, Rye refersto an NCR-MT for NCR-MT requirements.

For 1-antennatransmitter, R,g =1.
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For 2-antenna transmitter using one pair of cross-polarized antenna elements, R, =1.

C.2433.2 Spatial correlation matrices at gNB side

In this subclause, Ryng refersto agNB for NCR-MT requirements.

For 2-antenna receiver using one pair of cross-polarized antenna el ements, RgNB =1,

1l o
For 4-antenna receiver using two pairs of cross-polarized antenna elements, RgNB = { c ol
o

C.2434 MIMO correlation matrices using cross polarized antennas

The values for parameters «,  and y for low spatial correlation are given in table C.2.4.3.4-1.

Table C.2.4.3.4-1: Values for parameters a, B and y

Low spatial correlation
a B Y
0 0 0
NOTE 1: Value of a applies when more than one pair of cross-polarized antenna elements at gNB side.
NOTE 2: Value of B applies when more than one pair of cross-polarized antenna elements at NCR-MT
side.

C.24.35 Beam steering approach

For the 2D cross-polarized antenna array at gNB, given the channel spatial correlation matrix in C.2.4.3.2, C.2.4.3.3 and
C.2.4.3.4, the corresponding random channel matrix H can be calculated. The signal model for the k-th slot is denoted
as

y=H QM‘ @‘ZV\/x+ n

And the steering matrix is further expressed as following:

10
D07y 5000 @D, (1)

where

- Histhe NrxNt channel matrix per subcarrier.

- Damﬂkz is the steering matrix,
- DaKl(I\D isthe steering matrix in first dimension with same polarization,
- DﬁK2 (Nz) is the steering matrix in second dimension with same polarization,

- Nl is the number of antenna elementsin first dimension with same polarization,

- N2 is the number of antenna elements in second dimension with same polarization,

For antenna array with only one direction, number of antenna element in second direction N2 equals 1.

For 1 antenna element with the same polarization in one direction,
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D, =1

For 2 antenna elements with the same polarization in one direction,
1 0
D, (2= [O /% }

where the index | :14 stands for first dimension and second dimension respectively.

- 6, controlsthe phase variation in first dimension and second dimension respectively, and the phase for k-th
K,i
subframe is denoted by Qd =l%i +AG k, where 903 is the random start value with the uniform distribution, i.e.,

4, € 027, A6 isthe step of phase variation, which is defined in Table C.2.4.35-1, and k isthe linear

increment of 2* for every sot throughout the simulation, the index I :14 stands for first dimension and second
dimension respectively.

- W isthe precoding matrix for Nt transmission antennas,
- yisthereceived signa, x is the transmitted signal, and n is AWGN.
- u corresponds to subcarrier spacing configuration, Af =2*-15[kHz]

For the 1D cross-polarized antenna array at gNB, the corresponding random channel matrix H can be calculated by
letting N>=1, i.e.,

10
Du, =g 4 ®D, (N,)

Table C.2.4.3.5-1: The step of phase variation

Variation Step Value (rad/ms)
AG 1.2566x103

C.3  Physical signals, channels mapping and precoding

C.3.1 General

Unless otherwise stated, the transmission on antenna port(s) p = po,po + 1,...,po + N, — 1 isdefined by using a
precoder matrix W(i) of size Nyyr X N,,, where N,y isthe number of physical transmit antenna elements configured

per test , N, isthe number of ports for areference signal or physical channel configured per test, and p, isthe first port
for that reference signal or physical channel as defined in clauses 7.3 and 7.4 in TS 38.211 [21]. This precoder takes as
aninput ablock of signals for antenna port(s) p = po, po + 1,..., 0 + N, — 1, yP (i) =
[y®o @) y@PorD() .. y(p0+NP‘1)(i)]T, i=01,..., Msaypmb —1, with Mg, being the number of modulation
symbols per antenna port including the reference signal symbols, and generates a block of signals y;;P ) =

T
[ygji) ) y;})(i) yb(?ANT'l) (i)] the elements of which are to be mapped onto the frequency-time index pair (k, | )
as per the test configuration but transmitted on different physical antenna elements:

WO@) = w Dy P @)
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For Clause 8.2.3 and 9.4.1, the transmission of PDCCH and PDCCH DMRS on antenna port p = p, is defined by using
aprecoder matrix W(i) of size 2x1. This precoder takes as an input a block of signals for antenna port(s) p = p,,

NANT
y®) (i) = y®o) (i) and generates a block of sjgnaISyIS;'c)(i) = [y,ﬁl)(i) yb(f 2 )(i) the elements of which are to be

mapped onto the frequency-time index pair (k, | ) as per the test configuration but transmitted on different physical
antenna elements:

WO@) = w Dy P @)

The precoder matrix W (i) is specific to the test case configuration. W(i) isdefined in Clause 5.2.2.2 of TS 38.214
[28].

The transimison on PT-RS antenna port is associated (using same precoder) with the lowest indexed DM-RS antenna
port among the DM-RS antenna ports assigned for the PDSCH.

The physical antenna elements are identified by indices ] =01,...,N ant — 1, where N7 isthe number of physical
antenna elements configured per test.

Modulation symbols y ® (i) with p € {4000} (i.e. PSS, SSS, PBCH and DM-RS for PBCH) are directly mapped to
first physical antenna element.

Modulation symbols 8, for CSI-RS resources which configured for tracking with one port are directly mapped to first
physical antenna element.

Modulation symbols &, for CSI-RS resources which configured for beam refinement with one port are directly
mapped to first physical antenna element.

Modulation symbols aﬁj’) for NZP CSI-RS which configured for CSI acquisition with

pe{Py, Po +1L--r Pp + Nog —1} are mapped to the physical antennaindex j =p—p, where Ng isthe
number of NZP CSI-RS ports configured per test.
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