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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 specifies the Radio Frequency (RF) test methods and conformance requirements for RF repeater
type 1-C, network controlled repeater type (NCR) 1-C and 1-H. These have been derived from, and are consistent with
the conducted requirements for repeater type 1-C, network controlled repeater type 1-C and 1-H in NR repeater
specification defined in TS 38.106 [2].

RF repeater type 1-C and NCR type 1-C only have conducted requirements so they require compliance to this
specification only.

NCR type 1-H has both conducted and radiated requirements so it requires compliance to this specification and TS
38.115-2[3].

RF repeater type 2-O andNCR type 2-O have only radiated requirements so they require compliance to TS 38.115-2 [3]
only.

2 References

The following documents contain provisions which, through reference in thistext, 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 refersto 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 38.106: "NR; Repeater Radio Transmission and Reception”

[3] 3GPP TS 38.115-2: "NR; Repeater conformance testing, Part 2: Radiated conformance testing"

[4] I TU-R Recommendation SM.329: "Unwanted emissions in the spurious domain"

[5] 3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception™

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

[7] 3GPP TS 38.141-1: "NR; Base Station (BS) conformance testing, Part 1: Conducted conformance
testing"

[8] 3GPP TS 38.211: "NR; Physical channels and modulation”

[9] 3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1. Range 1
Standalone”

[10] 3GPP TS 38.331: "NR; Radio Resource Control (RRC) protocol specification”

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

[12] ITU-T Recommendation O.150, "Equipment for the measurement of digital and analogue/digital
parameters’

[13] Federal Communications Commission: "Title 47 of the Code of Federal Regulations (CFR) "

[14] ECC/DEC/(17)06: "The harmonised use of the frequency bands 1427-1452 MHz and 1492-1518

MHz for Mobile/Fixed Communications Networks Supplemental Downlink (MFCN SDL)"

ETSI



3GPP TS 38.115-1 version 19.4.0 Release 19 14 ETSI TS 138 115-1 V19.4.0 (2026-04)

[15] 3GPP TR 25.942: "RF system scenarios'

[16] IEC 60 721-3-3: "Classification of environmental conditions - Part 3-3: Classification of groups of
environmental parameters and their severities - Stationary use at weather protected |ocations'

[17] IEC 60 721-3-4: "Classification of environmental conditions - Part 3: Classification of groups of
environmental parameters and their severities - Clause 4: Stationary use at non-weather protected
locations'

[18] IEC 60 721 "Classification of environmental conditions’

[19] IEC 60 068-2-1 (2007): "Environmental testing - Part 2: Tests. Tests A: Cold"

[20] IEC 60 068-2-2: (2007): "Environmental testing - Part 2: Tests. Tests B: Dry heat"

[21] IEC 60 068-2-6: (2007): "Environmental testing - Part 2: Tests - Test Fc: Vibration (sinusoidal)"

[22] Void

[23] 3GPP TS 38.214: "NR; Physical layer procedures for data’

[24] 3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHz"

[25] 3GPP TS 38.521-1: "User Equipment (UE) conformance specification; Radio transmission and

reception; Part 1: Range 1 Standalone"[26] 3GPP TR 38.174: "NR; Integrated Access and
Backhaul (IAB) radio transmission and reception"

[26] 3GPP TS 25.104: "Base Station (BS) radio transmission and reception (FDD) "
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-Cgap between passbands: frequency
gap between two consecutive passhands that belong to the same operating band, where the RF requirementsin the gap
are based on co-existence for un-coordinated operation

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

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

multi-band connector: Antenna Connector for a Multi-band repeater.

Multi-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 a requirement set consisting of conducted requirements
defined at individual TAB connectors and OTA requirements defined at RIB.Nominal channel bandwidth: Bandwidth
calculated as min(100MHz, BW passhand) in FR1 or min(400MHz, BW passhand) in FR2. I 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 passhand.

Non-contiguous spectrum: spectrum consisting of two or more passbands separated by inter-passband gap(s).
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Operating band: frequency range in which NR operates (paired or unpaired), that is defined with a specific set of
technical requirements

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, arepeater 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

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

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.

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 all ocated 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.

TAB connector: transceiver array boundary connector
transceiver array boundary: conducted interface between the transceiver unit array and the composite antenna

Transmitter OFF state: Time period during which the repeater downlink or uplink is not alowed 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 Symbols

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

BWconfig Transmission bandwidth configuration, where BWconfig = Nre 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

FoL low The lowest frequency of the downlink operating band

FoL high The highest frequency of the downlink operating band

Friter Filter centre frequency

Foftset high Frequency offset from Fc nign 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

FuLlow The lowest frequency of the uplink operating band

FuL high The highest frequency of the uplink operating band

Pem nsom7s,ind Declared emission level for Band n50/n75; ind = a, b

Pem nsa,ind Declared emission level for Band n54 in the band 1518-1559 MHz; ind=a, b, ¢, d, g, f

Prax,p,aC Maximum passband output power measured per antenna connector
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Pmax,c,TABC
Prated,c,AC
Prated,c,sys
Prated,c. TABC
Prated,i n
Prated,p,AC
Prated,p,ws
Prated pTABC
Pratedt.Ac
Pratedt, TABC
Pi n,p,AC

Pinp,TABC

Pmax,p,AC
Pmax,p,TABC

The maximum carrier output power per TAB connector

Therated carrier output power per antenna connector

The sum of Praedctasc for al TAB connectors for asingle carrier

Therated carrier output power per TAB connector

Rated pass band input power to the repeater for the test per antenna connector

Rated passband output power per antenna connector

The sum of Praedctasc for al TAB connectors for passband

The rated passband output power per TAB connector

Rated total output power declared per antenna connector

The rated total output power declared at TAB connector

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

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

Maximum passband output power measured per antenna connector

The maximum passband output power per TAB connector

Wy 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
ACS
BW
CACLR
CP-OFDM
cw
DFT-s-OFDM
DL

EVM
ITU-R
LA

MR
NCR
NCR-MT
NCR-Fwd
NR
OBUE
0OB
QAM

RF

RX

scs
TAB

TX

uL

WA

Adjacent Channel Leakage Ratio
Adjacent Channel Selectivity

Bandwidth

Cumulative ACLR

Cyclic Prefix-OFDM

Continuous Wave

Discrete Fourier Transform-spread-OFDM
Downlink

Error Vector MagnitudeFR Frequency Range
Radiocommunication Sector of the International Telecommunication Union
Local Area

Medium Range

Network Controlled Repeater

NCR Mobile Termination

NCR Forward

New Radio

Operating Band Unwanted Emissions
Out-of-band

Quadrature Amplitude Modulation

Radio Frequency

Receiver

Sub-Carrier Spacing

Transceiver Array Boundary

Transmitter

Uplink

Wide Area
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4 General conducted test conditions and declarations

4.1 Measurement uncertainties and test requirements

41.1 General

The reguirements of this clause apply to all applicabletestsin part 1 of this specification, i.e. to al conducted tests
defined for FR1. The frequency ranges FR1 and FR2 are defined in clause 5.1 of TS 38.106 [2].

The minimum requirements are given in TS 38.106 [2]. Test Tolerances for the conducted test requirements explicitly
stated in the present document are given in annex C of the present document.

Test Tolerances are individually calculated for each test. The Test Tolerances are used to relax the minimum
requirements to create test requirements.

When atest requirement differs from the corresponding minimum requirement, then the Test Tolerance applied for the
test isnon-zero. The Test Tolerance for the test and the explanation of how the minimum requirement has been relaxed
by the Test Tolerance are given in annex C.

4.1.2 Acceptable uncertainty of Test System

4121 General

The maximum acceptable uncertainty of the Test System is specified below for each test defined explicitly in the
present specification, where appropriate. The maximum acceptable uncertainty of the Test System for test requirements
included by reference is defined in the respective referred test specification.

The Test System shall enable the stimulus signals in the test case to be adjusted to within the specified tolerance and the
equipment under test to be measured with an uncertainty not exceeding the specified values. All tolerances and
uncertainties are absolute values, and are valid for a confidence level of 95 %, unless otherwise stated.

A confidence level of 95 % is the measurement uncertainty tolerance interval for a specific measurement that contains
95 % of the performance of a population of test equipment.

For RF tests, it should be noted that the uncertainties in clause 4.1.2 apply to the Test System operating into a nominal
50 ohm load and do not include system effects due to mismatch between the DUT and the Test System.
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4122 Conducted characteristics measurements

Table 4.1.2.2-1: Maximum Test System uncertainty for conducted characteristics tests
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Clause

Maximum Test System Uncertainty

Derivation of Test System
Uncertainty

6.2 Repeater output power

0.7 dB, f<3 GHz
+1.0dB, 3 GHz < f=<7.125 GHz

6.3 Frequency stability

+12 Hz
Measurement results of + 500 Hz

6.4 Out of band gain

10,5 dB, f< 3.0 GHz

+0,8dB, 3.0 GHz < f<4.2 GHz

Calibration of test set-up shall be made without DUT in
order to achieve the accuracy

6.5.2 ACLR/ CACLR

BW = 20MHz: +0.8 dB
BW > 20MHz: +1.2 dB

Absolute power +2.0 dB, f <3 GHz
Absolute power +2.5 dB, 3 GHz < f<7.125 GHz

6.5.3 Operating band
unwanted emission

+1,5dB, f<3.0 GHz
+1,8dB, 3.0 GHz < f=<4.2 GHz

The interference from the signal generator ACLR shall
be minimum 10 dB below that of a NR repeater
according to clause 6.5.2.

6.5.4 Spurious emissions

In NR and coexistence receive bands:
for results > -60 dBm 2,0 dB

for results < -60 dBm £3,0 dB

Outside above range:
emission power;
9kHz<f<4 GHz

4 GHz <f<19 GHz

+2,0dB
+4,0 dB.

The interference from the signal generator ACLR shall
be minimum 10 dB below that of a NR repeater
according to clause 6.5.2.

6.6 EVM

1% signal analyser
2% stimulus signal

6.7 Input intermodulation

+1,2dB

Formula:

RSS CW1 level error, 2 x CW2
level error, and measurement
error (using all errors = +0,5 dB)

6.8 Output intermodulation

For operating band unwanted emission:

+2,1 dB

The interference from the signal generator ACLR shall
be minimum 10 dB below that of a NR repeater
according to clause 6.5.2.

For spurious emission:

In NR and coexistence receive bands:
for results > -60 dBm 2,0 dB

for results < -60 dBm £3,0 dB

Outside above range:
emission power;
9kHz<f<4 GHz
4GHz < f<19 GHz

+2,0 dB;
+4.0 dB.

The interference signal must have a spurious emission
level at least 10 dB below the spurious levels required
in 6.5.4 and 6.5.5.

Formula:

RSS 2x Interference signal level
error and operating band
unwanted emission
measurement level error.

(1 dB interference signal level
error is assumed).

6.9 ACRR +0,7 dB

6.10.1 Transmit ON/OFF +2.0dB,f<3 GHz

power +2.5dB, 3 GHz < f=<7.125 GHz
6.10.1 Transmit OFF power |N/A

6.11 Output power dynamics |+0.4 dB

for NCR-MT
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Clause Maximum Test System Uncertainty Derivation of Test System
Uncertainty

6.12.1 Frequency Error +12 Hz
Requirements for NCR-MT

6.12.2 Transmit Modulation |+ 1%
Quality for NCR-MT

6.13 Transmitter The value below applies only to the interfering signal The uncertainty of interferer has
intermodulation for NCR-MT |and is unrelated to the measurement uncertainty of the |double the effect on the result
tests in 6.6.3 (ACLR), 6.6.4 (OBUE) and 6.6.5 due to the frequency offset

(spurious emissions) which have to be carried out in
the presence of the interferer.

+1.0dB
6.14 Reference Sensitivity +0.7 dB, f <3 GHz
for NCR-MT +1.0dB,3GHz<f<4.2 GHz

+1.2dB,4.2 GHz <f=< 6 GHz

6.15 Maximum Input Level  [+0.3 dB

for NCR-MT
6.16 Adjacent channel +1.4dB, f<3 GHz
selectivity for NCR-MT +1.8dB, 3 GHz < f<4.2 GHz

+2.1dB, 4.2 GHz < f = 6 GHz (NOTE 2)

6.17 Blocking Characterisitcs |General blocking:

for NCR-MT +1.6 dB, f<3 GHz

+2.0dB, 3 GHz <f<4.2 GHz

+2.2 dB, 4.2 GHz < f < 6 GHz (NOTE 2)

Narrowband blocking:

+1.4dB,f<3 GHz
+1.8dB,3GHz<f<4.2 GHz

+2.1dB, 4.2 GHz < f <6 GHz (NOTE 2)

6.18 Spurious response for  |N/A

NCR-MT

6.19 Receiver +1.8dB, f< 3.0 GHz

intermodulation +2.4dB,3.0GHz<f<4.2 GHz
characteristics for NCR-MT  [£3.0 dB, 4.2 GHz < f = 6.0 GHz (NOTE 2)
6.20 Receiver spurious 30 MHz = f<4 GHz: +2.0 dB

emissions for NCR-MT 4 GHz < f=<19 GHz: +4.0 dB

19 GHz < f =26 GHz: +4.5 dB

NOTE 1: Unless otherwise noted, only the Test System stimulus error is considered here. The effect of errors in the
throughput measurements due to finite test duration is not considered.
NOTE 2: Test system uncertainty values for 4.2 GHz < f < 6 GHz apply for NCR operates in licensed spectrum only.

4.1.3 Interpretation of measurement results

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 principle is defined in Recommendation ITU-R M.1545 [11].

The actual measurement uncertainty of the Test System for the measurement of each parameter shall be included in the
test report.

The recorded value for the Test System uncertainty shall be, for each measurement, equal to or lower than the
appropriate figure in clause 4.1.2 of the present document.

If the Test System for atest is known to have a measurement uncertainty greater than that specified in clause 4.1.2, it is
till permitted to use this apparatus provided that an adjustment is made as follows.

Any additional uncertainty in the Test System over and above that specified in clause 4.1.2 shall be used to tighten the
test requirement, making the test harder to pass. For some tests e.g. receiver tests, this may require modification of
stimulus signals. This procedure will ensure that a Test System not compliant with clause 4.1.2 does not increase the
chance of passing a device under test where that device would otherwise have failed the test if a Test System compliant
with clause 4.1.2 had been used.
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4.2 Conducted requirement reference points

4.2.1 RF Repeater

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

—
™~
L

P g

e |
\'

— )

BS-side Uplink UE-side
connector connector

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

4.2.2 NCR 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.

l_____—__—————l
| m——————-— - ——
| : Mobile Termination(MT) : :
I
| | ||
| | ||
: | |
|| Radio L
| : Transceiver L
|
| | | |
| | ||
eyl o gl
/"l Forwarding (Fwd) T\
BS-side Downlink UE-side
antenna antenna
connedor connector

il

Figure 4.2.2-1: 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.
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4.2.3 NCR 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 individua 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 individual or groups of TAB
connectors at the transceiver array boundary (BS-side TAB connector) for the configuration in normal operating

conditions.
| | |
| | F———AaF———1 Mobile Termination(MT) :
A R T — .
i |
l | Radio
| : : I : | | . Transceiver '
1N ¥ | | . Unit array [
| 1R I | ; (TRXUA) :
| [ | cas I I —?7 | | |
I__LDIS“'°__'|_Am<mna|_ ______ —— )
[ - DiStbUton o — - :'— —————————————————————— .
| network |, | Forwarding (Fwd) | | I
| | (roN) (AA) : A
| [ | Downlink |
A - N | R
[ _ I | |
1K I I ::: l—{)—l | Radio |\ Antenna |
| 1K I | ) l | Dlstrlbutnc{n || Amay | | |
]| I | | network AA) | |
i I | SRR B RGO e B
ne I 1t : 1 1k
I v | [ R o]
| | o R —— 5]
' Composite antenna | | Composite antenna |
BS-side BS-side UE-side '
RIB TABC TABC UE-side

RIB

Figure 4.2.3-1: 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.

4.3 Repeater classes

4.3.1 Repeater class for downlink

The reguirementsin this specification apply to downlink Wide Area repeaters, downlink Medium Range repeaters and
downlink 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, repeater downlink classes are defined as indicated below:

- Wide Arearepeaters are characterised by requirements derived from Macro Cell scenarios with a repeater to UE
minimum distance along the ground equal to 35 m.
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- 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.
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, repeater uplink classes are defined as indicated below:
- Wide Arearepeaters are characterised by requirements derived from Macro Cell and/or Micro Cell scenarios.

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

4.3A NCR classes

4.3A.1 NCR 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 NCR with and without connectors.

For NCR type 1-C and type 1-H, NCR downlink classes are defined as indicated bel ow:

- Wide Area NCR 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 aong 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.

4.3A.2 NCR class for uplink and MT

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

- Loca 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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4.5 Repeater configurations

45.1 General configurations

For repeater type 1-C and NCR 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.

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

4.5.2  Transmission with multiple BS-side antenna connectors for RF
repeater and NCR type 1-C

Unless otherwise stated, for the testsin clause 6 of the present document, the requirement applies for each BS-side
antenna connector in the case of transmission with multiple BS-side antenna connectors.

Requirements are tested at the antenna connector, with the remaining antenna connector(s) being terminated. If the
manufacturer has declared the antenna connectors to be equivalent (D.13), it is sufficient to measure the signal at any
one of the BS-side antenna connectors.

4.5.2A Transmission with multiple BS-side antenna connectors for NCR
type 1-H
The manufacturer shall declare a set of the input/output pairs and/or groups to indicate the mapping between input-side

and output-side TAB connectors. The set of declared input/output pairs and/or groups should include all TAB
connectors.

Unless otherwise stated, for the testsin clause 6 of the present document, the requirement applies for each BS-side TAB
connector group in the case of transmission with multiple BS-side TAB connectors groups.

Reguirements are tested at the TAB connectorsin each group, with the remaining TAB connector (s) being terminated. If
the manufacturer has declared the TAB connector groups to be equivalent (D.13), it is sufficient to measure the signal at
any one of the BS-side TAB connhectors groups.

4.5.3  Transmission with multiple UE-side antenna connectors for RF
repeater and NCR type 1-C

Unless otherwise stated, for the testsin clause 6 of the present document, the requirement applies for each UE-side
antenna connector in the case of transmission with multiple UE-side antenna connectors.

Reguirements are tested at the antenna connector, with the remaining antenna connector (s) being terminated. If the
manufacturer has declared the antenna connectors to be equivalent (D.13), it is sufficient to measure the signal at any
one of the UE-side antenna connectors.

4.5.3A Transmission with multiple UE-side antenna connectors for NCR
type 1-H
The manufacturer shall declare a set of the input/output pairs and/or groups to indicate the mapping between input-side

and output-side TAB connectors. The set of declared input/output pairs and/or groups should include all TAB
connectors.

Unless otherwise stated, for the testsin clause 6 of the present document, the requirement applies for each UE-side TAB
connector group in the case of transmission with multiple UE-side TAB connectors groups.

Requirements are tested at the TAB connectors in each group, with the remaining TAB connector(s) being terminated. If
the manufacturer has declared the TAB connector groups to be equivalent (D.13), it is sufficient to measure the signal at
any one of the UE-side TAB connectors groups.
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45.4 Duplexers

The requirements of the present document shall be met with a duplexer fitted, if aduplexer is supplied as part of the
repeater. If the duplexer is supplied as an option by the manufacturer, sufficient tests should be repeated with and
without the duplexer fitted to verify that the repeater meets the requirements of the present document in both cases.

The following tests shall be performed with the duplexer fitted, and without it fitted if thisis an option:

1) clause 6.2, repeater output power, for the highest static power step only, if thisis measured at the antenna
connector;

2) clause 6.4, out of band gain; outside the repeater downlink or uplink band;
3) clause 6.5, unwanted emissions; outside the repeater downlink or uplink band;

4) clause 6.8, output intermodul ation; for the testing of conformance, the carrier frequencies should be selected to
minimize intermodulation products from the transmitters falling in receive channels.

5) clause 6.9, Adjacent Channel Rejection Ratio; outside the repeater downlink or uplink band.
The remaining tests may be performed with or without the duplexer fitted.

NOTE 1: When performing receiver tests with a duplexer fitted, it isimportant to ensure that the output from the
transmitters does not affect the test apparatus. This can be achieved using a combination of attenuators,
isolators and filters.

NOTE 2: When duplexers are used, intermodulation products will be generated, not only in the duplexer but also in
the antenna system. The intermodulation products generated in the antenna system are not controlled by
3GPP specifications, and may degrade during operation (e.g. due to moisture ingress). Therefore, to
ensure continued satisfactory operation of arepeater, an operator will normally select NR-ARFCNsto
minimize intermodulation products falling on receive channels. For testing of complete conformance, an
operator may specify the NR-ARFCNs to be used.

45.5 Power supply options

If the repeater is supplied with a number of different power supply configurations, it may not be necessary to test RF
parameters for each of the power supply options, provided that it can be demonstrated that the range of conditions over
which the equipment istested is at least as great as the range of conditions due to any of the power supply
configurations.

45.6  Ancillary RF amplifiers

The repeater type 1-C or NCR type 1-C requirements of the present document shall be met with the ancillary RF
amplifier fitted. At tests, the ancillary amplifier is connected to the repeater by a connecting network (including any
cable(s), attenuator(s), etc.) with applicable loss to make sure the appropriate operating conditions of the ancillary
amplifier and the repeater. The applicable connecting network loss range is declared by the manufacturer (D.14). Other
characteristics and the temperature dependence of the attenuation of the connecting network are neglected. The actual
attenuation value of the connecting network is chosen for each test as one of the applicable extreme values. The lowest
value is used unless otherwise stated.

Sufficient tests should be repeated with the ancillary amplifier fitted and, if it is optional, without the ancillary RF
amplifier to verify that the repeater meets the requirements of the present document in both cases.

When testing, the following tests shall be repeated with the optional ancillary amplifier fitted according to the table
below, where "x" denotes that the test is applicable:
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Table 4.5.6-1: Tests applicable to ancillary RF amplifiers

Clause

Ancillary RF amplifier needed

6.2

X

6.4

6.5

6.7

6.8

6.9

XXX [ X |X

In repeater output power test (clause 6.2) highest applicable attenuation valueis applied.

4.5.7 Combining of repeaters

If the repeater type 1-C or NCR type 1-C isintended for combination with additional apparatus connected to a repeater

port and this combination is supplied as a system, the combination of repeater together with the additional apparatus

shall also fulfil the repeater requirements. E.g. if the repeater is intended for combination such that multiple repeaters

amplify the same signalsinto the same ports the combination shall also fulfil the repeater requirements.

An example of such a configuration is shown in figure 4.5.7-1.

Test

Antenna
connector

port

Combiner/
Splitter

Antenna
connector

Test

Combiner/

¢
:

Splitter

Repeater

port

1
1
Repeater #
1
1
@
1
1

Figure 4.5.7-1: Example of repeater configuration

4.6 Manufacturer declarations

The following repeater declarations listed in table 4.6-1, when applicable to the repeater under test, are required to be
provided by the manufacturer for the conducted requirements testing of the repeater type 1-C. Declarations can be made

independently for UL and DL.
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Table 4.6-1: Manufacturer declarations for repeater type 1-C conducted test requirements
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Declaration Declaration Description

identifier
D.1 Repeater class Repeater class of the repeater, declared as Wide Area repeater, Medium

Range repeater, or Local Area repeater.

D.2 Operating bands and List of NR operating band(s) supported by single-band connector(s) and/or
passband frequency multi-band connector(s) of the repeater and passband frequency range(s)
ranges within the operating band(s) that the repeater can operate in.

Declarations shall be made per antenna connector.

D.3 Spurious emission Declare the repeater spurious emission category as either category A or B

category with respect to the limits for spurious emissions, as defined in
Recommendation ITU-R SM.329 [4].

D.4 Additional operating band The manufacturer shall declare whether the repeater under test is intended

unwanted emissions to operate in geographic areas where the additional operating band
unwanted emission limits defined in clause 6.6.4.5.6 apply. (Note 2, Note
3).

D.5 Co-existence with other The manufacturer shall declare whether the repeater under test is intended

systems to operate in geographic areas where one or more of the systems
GSM850, GSM900, DCS1800, PCS1900, UTRA FDD, UTRA TDD, E-
UTRA, PHS and/or NR operating in another band are deployed.

D.6 Co-location with other base | The manufacturer shall declare whether the repeater under test is intended
stations, repeaters and to operate co-located with Base Stations, repeaters and |IABs of one or
I1ABs more of the systems GSM850, GSM900, DCS1800, PCS1900, UTRA FDD,

UTRA TDD, E-UTRA and/or NR operating in another band.

D.7 Single band connector or Declaration of the single band or multi-band capability of single band
multi-band connector connector(s) or multi-band connector(s), declared for every connector.

D.8 Other band combination Declare any other limitations under simultaneous operation in the declared
multi-band restrictions band combinations (D.12) for each multi-band connector which have any

impact on the test configuration generation.
Declared for every multi-band connector.
D.9 Rated output power per Conducted rated output power per passband, per single band connector or
passband (Prated,p,Ac) multi-band connector.
Declared per supported passband, per antenna connector. (Note 1)
D.10 Rated total output power Conducted total rated output power.
(Prated,t.AC) Declared per supported operating band, per antenna connector.
For multi-band connectors declared for each supported operating band in
each supported band combination. (Note 1)

D.11 Rated multi-band total Conducted multi-band rated total output power.

output power, Prated, M TABCc | Declared per supported operating band combinations, per multi-band
connector. (Note 1)

D.12 Operating band List of operating bands combinations supported by single-band
combination support connector(s) and/or multi-band connector(s) of the repeater. Declared per

antenna connector.

D.13 Equivalent connectors List of antenna connectors which have been declared equivalent.
Equivalent connectors imply that the antenna connector are expected to
behave in the same way when presented with identical signals under the
same operating conditions. All declarations made for the antenna
connector are identical and the transmitter unit and/or receiver unit driving
the antenna connector are of identical design.

D.14 Connecting network loss Declaration of the range of connecting network losses (in dB) for repeater

range for repeater testing type 1-C testing with ancillary Tx RF amplifier only, or with Rx RF amplifier
with ancillary RF amplifiers | only, or with combined Tx/Rx RF amplifiers. (Note 4)

D.15 Long delay repeater Declared only if the repeater internal delay between the input and output for
this repeater does not fit within the TDD transient time. The repeater is
intended for situations in which it will not cause interference to other nodes.
This is achieved by RF isolation or by reservation of longer guard periods,
which degrades frame utilization. The length of repeaters internal delay is
declared using this declaration.

D.16 Input signal power level for | Declaration of input signal power level required to reach maximum output

maximum output power power. Declared per passband.

D.17 Repeater radiating Declaration on whether the repeater is intended to radiate in DL, UL or

direction

both. Testing shall be performed only for the direction(s) in which the
repeater radiates.
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NOTE 1: If a repeater is capable of 256QAM operation then up to two rated output power declarations may be made.
One declaration is applicable when configured for 256QAM operation, and the other declaration is applicable
when not configured for 256 QAM operation. If a repeater is not capable of 256 QAM operation, only one
declaration can be made.

NOTE 2: If repeater is declared to support Band n20 (D.2), the manufacturer shall declare if the repeater may operate in
geographical areas allocated to broadcasting (DTT). Additionally, related declarations of the emission levels
and maximum output power shall be declared.

NOTE 3: If repeater is declared to support Band n24 (D.2), the manufacturer shall declare if the repeater may operate in
geographical areas where FCC regulations apply. Additionally, related declarations of the emission levels and
maximum output power shall be declared.

NOTE 4: This manufacturer declaration is optional.

The following NCR declarations listed in table 4.6-2, when applicable to the repeater under test, are required to be
provided by the manufacturer for the conducted requirements testing of the NCR type 1-C or NCR type 1-H.
Declarations can be made independently for UL and DL.
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Table 4.6-2: Manufacturer declarations for NCR type 1-C and NCR type 1-H conducted test
requirements
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Declaration Declaration Description Applicability
identifier NCR- | NCR-
Fwd MT
D.1 NCR class NCR class of the NCR, declared as Wide Area NCR, X X
Medium Range NCR, or Local Area NCR.
D.2 Operating bands and List of NR operating band(s) supported by single-band X X
passband frequency connector(s) and/or multi-band connector(s) of the NCR
ranges and passband frequency range(s) within the operating
band(s) that the NCR can operate in.
Declarations shall be made per antenna connector.
D.3 Spurious emission Declare the NCR spurious emission category as either X X
category category A or B with respect to the limits for spurious
emissions, as defined in Recommendation ITU-R SM.329
[4].
A4 Additional operating The manufacturer shall declare whether the NCR under X X
band unwanted test is intended to operate in geographic areas where the
emissions additional operating band unwanted emission limits defined
in clause 6.6.4.5.6 apply. (Note 2, Note 3).
D.5 Co-existence with The manufacturer shall declare whether the NCR under X X
other systems test is intended to operate in geographic areas where one
or more of the systems GSM850, GSM900, DCS1800,
PCS1900, UTRA FDD, UTRA TDD, E-UTRA, PHS and/or
NR operating in another band are deployed.
D.6 Co-location with other | The manufacturer shall declare whether the NCR under X X
base stations, NCRs test is intended to operate co-located with Base Stations,
and IABs NCRs and IABs of one or more of the systems GSM850,
GSM900, DCS1800, PCS1900, UTRA FDD, UTRA TDD,
E-UTRA and/or NR operating in another band.
D.7 Single band Declaration of the single band or multi-band capability of X X
connector or multi- single band connector(s) or multi-band connector(s),
band connector declared for every connector.
D.8 Other band Declare any other limitations under simultaneous operation | X X
combination multi- in the declared band combinations (D.12) for each multi-
band restrictions band connector which have any impact on the test
configuration generation.
Declared for every multi-band connector.
D.9 Rated output power Conducted rated output power per passband, per single X X
per passband band connector or multi-band connector.
(Prated,p.AC) Declared per supported passband, per antenna connector.
(Note 1)
D.10 Rated total output Conducted total rated output power. X X
power (Prated,tAC) Declared per supported operating band, per antenna
connector.
For multi-band connectors declared for each supported
operating band in each supported band combination. (Note
1)
D.11 Rated multi-band total | Conducted multi-band rated total output power. X X
output power, Declared per supported operating band combinations, per
Prated,MB, TABC multi-band connector. (Note 1)
D.12 Operating band List of operating bands combinations supported by single- X X
combination support band connector(s) and/or multi-band connector(s) of the
NCR. Declared per antenna connector.
D.13 Equivalent connectors | List of antenna connectors which have been declared X X
equivalent.
Equivalent connectors imply that the antenna connector
are expected to behave in the same way when presented
with identical signals under the same operating conditions.
All declarations made for the antenna connector are
identical and the transmitter unit and/or receiver unit
driving the antenna connector are of identical design.
D.14 Connecting network Declaration of the range of connecting network losses (in X X
loss range for NCR dB) for NCR type 1-C testing with ancillary Tx RF amplifier
testing with ancillary only, or with Rx RF amplifier only, or with combined Tx/Rx
RF amplifiers RF amplifiers. (Note 4)
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D.15 Long delay NCR Declared only if the NCR internal delay between the input

and output for this NCR does not fit within the TDD
transient time. The NCR is intended for situations in which
it will not cause interference to other nodes. This is
achieved by RF isolation or by reservation of longer guard
periods, which degrades frame utilization. The length of
NCRs internal delay is declared using this declaration.

D.16 Input signal power Declaration of input signal power level required to reach

level for maximum maximum output power. Declared per passband.
output power

D.17 NCR radiating Declaration on whether the NCR is intended to radiate in

direction DL, UL or both. Testing shall be performed only for the
direction(s) in which the NCR radiates.

D.18 Support of Declaration on whether the NCR support the simultaneous

simultaneous Tx of Tx of NCR-Fwd and NCR-MT
NCR-Fwd and NCR-
MT

D.19 Relationship mapping | To declare a set of the input/output pairs and/or groups to

between input indicate the mapping between input-side and output-side

connectors and output | TAB connectors. The set of declared input/output pairs

connectors for Type and/or groups should include all TAB connectors.

1-H NCR-Fwd

D.20 TAB connector RX Declared as a group of TAB connectors to which RX X X

min cell group requirements are applied. This declaration corresponds to
group of TAB connectors which are responsible for
receiving a cell when the NCR type 1-H setting
corresponding to the declared minimum number of cells
(Ncetis) with transmission on all TAB connectors supporting
an operating band.

D.21 TAB connector TX Declared group of TAB connectors to which TX X

min cell group requirements are applied. This declaration corresponds to
group of TAB connectors which are responsible for
transmitting a cell when the NCR type 1-H setting
corresponding to the declared minimum number of cells
(Ncetis) with transmission on all TAB connectors supporting
an operating band.

D.22 Single or multiple Capable of operating with a single carrier (only) or multiple | x X

carrier carriers. Declared per supported operating band, per
antenna connector for NCR type 1-C, or TAB connector for
NCR type 1-H.

NOTE 1: If a NCR is capable of 256QAM operation then up to two rated output power declarations may be made.
One declaration is applicable when configured for 256QAM operation, and the other declaration is
applicable when not configured for 256QAM operation. If a NCR is not capable of 256QAM operation, only
one declaration can be made.

NOTE 2: If NCR is declared to support Band n20 (D.2), the manufacturer shall declare if the NCR may operate in
geographical areas allocated to broadcasting (DTT). Additionally, related declarations of the emission
levels and maximum output power shall be declared.

NOTE 3: If NCR is declared to support Band n24 (D.2), the manufacturer shall declare if the NCR may operate in
geographical areas where FCC regulations apply. Additionally, related declarations of the emission levels
and maximum output power shall be declared.

NOTE 4: This manufacturer declaration is optional.

4.7

4.7.1

Test configurations

General

Test configurations in this specification refer to the configuration of test signals from test equipment that are provided
to the repeater input.

The test configurations shall be constructed using the methods defined below, subject to the parameters declared by the
manufacturer for the supported RF configurations aslisted in clause 4.6. The test configurations to use for conformance
testing are defined for each supported RF configuration in clauses 4.8.3 and 4.8.4.

The applicable test models for generation of the carrier transmit test signal are defined in clause 4.9.
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NOTE: If required, carriers are shifted to align with the channel raster.

4.7.2  Test signal used to build Test Configurations

The signal's channel bandwidth and subcarrier spacing used to build NR Test Configurations shall be selected according
totable 4.7.2-1.

Table 4.7.2-1: Signal to be used to build NR repeater TCs

Operating Band characteristics FoL_high — FoL_low OF FoL_high — FoL_low OF
FuL_high — FuL_low FuL_high — FuL_low 2
<100 MHz (Note 2) 100 MHz (Note 2)
TC signal BW channel 5 MHz (Note 1) 20 MHz (Note 1)
characteristics Subcarrier spacing Smallest supported subcarrier spacing of the
operating band

NOTE 1: If this channel bandwidth is not supported for the operating band, the narrowest
supported channel bandwidth shall be used.

NOTE 2: Either the DL operating band characteristics or the UL operating band characteristics
should be considered (if different) depending on the tested transmission direction.

4.7.3 RTC1: Contiguous spectrum operation for RF repeater

The purpose of test configuration RTC1 isto test all repeater requirements that need an input signal in the passband
when there is only one passband per operating band.

4.7.3.1 RTC1 generation
RTC1 shall be constructed on a per band basis using the following method:
- Declared maximum passband Bandwidth supported shall be used;

- Select the carrier to be tested according to 4.7.2 and place it adjacent to the lower passband edge. If the width of
the passband is at least twice the bandwidth of the signal to be tested then place a second signal adjacent to the
upper passband edge. Otherwise reposition the carrier to be tested according to the single carrier test frequencies
described in section 4.9.1.

The test configuration should be constructed sequentially on a per band basis using the same antenna connector. All
configured component carriers are transmitted simultaneously in the tests where the repeater should be ON.

4.7.3.2 RTC1 power allocation

Set the power spectral density of each carrier to the same level so that the sum of the carrier powers equals the expected
input power to the repeater for the test (i.e., either Praed,in O Praed,in + 10dB) according to the manufacturer's declaration
in clause 4.6.

4.7.5 RTC2: Non-contiguous spectrum operation for RF repeater

The purpose of RTC2 isto test all repeater requirements that need an input signal in the passband when there is more
than one passband per operating band.

4.75.1 RTC2 generation

RTC2 is constructed on a per band basis using the following method:

- Therepeater passband bandwidths shall be the maximum passband Bandwidth supported for multiple passbands
(D.11). The repeater RF Bandwidth consists of one sub-block gap and the two highest and lowest declared
passbands.

- For each passband, select the carrier to be tested according to 4.7.2. If the the width of the passband is at |east
twice that of the carrier to be tested then place a carrier adjacent to the upper passband edge and another carrier
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(as described in 4.7.2) adjacent to the lower passhand edge. Otherwise, tests shall be applied with one carrier
adjacent to the lower sub-block edge and one carrier adjacent to the upper sub-block edge for each sub-block

gap.
- The sub-block edges adjacent to the sub-block gap shall be determined using the specified Forfset_high @and Fosfset_jow
for the carriers adjacent to the sub-block gap.

4.75.2 RTC2 power allocation

Set the power of each carrier to the same level so that the sum of the carrier powers equals the expected input power to
the repeater for the test (i.e., either Praed;in OF Praed;in + 10dB) according to the manufacturer's declaration in clause 4.6.

4.7.6 RTCS3: Multi-band test configuration for full carrier allocation for RF
repeater

The purpose of RTC3 isto test multi-band operation aspects.

4.7.6.1 RTC3 generation

RTC3 is based on re-using the previously specified test configurations applicable per band involved in multi-band
operation. It is constructed using the following method:

- Therepeater RF Bandwidth of each supported operating band shall be the declared maximum repeater RF
Bandwidth in multi-band operation (D.12).

- The number of carriers of each supported operating band shall be sufficient to fill al of the passbands with one
or two carriers (depending on the passband bandwidth). Carriers shall be selected according to 4.7.2 and shall
first be placed at the outermost edges of the declared repeater Radio Bandwidth. Additional carriers shall next be
placed at the repeater RF Bandwidths edges, if possible.

- Each concerned band shall be considered as an independent band and the carrier placement in each band shall be
according to RTC1, where the declared parameters for multi-band operation shall apply. The mirror image of the
single-band test configuration shall be used in each alternate band(s) and in the highest band.

- If the bandwidth of any passhand isinsufficient to accommodate two carriers then tests shall be repeated with
the test carriers positioned such that there is a carrier adjacent to the lower edge of a sub-block gap or inter-band
gap and a carrier adjacent to the upper edge of the sub-block gap or inter-band gap, for each sub-block gap or
inter-block gap.

4.7.6.2 RTC3 power allocation

Unless otherwise stated, set the power of each carrier in all supported operating bands to the same level so that the sum
of the carrier powers equal s the expected input power to the repeater for the test (i.e., either Prated;in OF Pratedin + 10dB)
according to the manufacturer's declaration in clause 4.6.

4.7.7 RTC4: Multi-band test conf