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[bookmark: foreword][bookmark: _Toc68260196]Foreword
[bookmark: spectype3]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	the first 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 is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented 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 is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result 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 a result 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 a result of action taken by some agency the behaviour of which is outside the scope of the present document
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
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc68260197]
1	Scope
[bookmark: references]The present document establishes the minimum RF characteristics of NR Repeaters.
[bookmark: _Toc68260198]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 a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	ITU-R Recommendation SM.329, "Unwanted emissions in the spurious domain".
[3]	ITU-R Recommendation M.1545: “Measurement uncertainty as it applies to test limits for the terrestrial component of International Mobile Telecommunications-2000”.
[4]	3GPP TS 38.TBD: [editor’s note: placeholder for conformance document]
[5]	3GPP TR 25.942: "RF system scenarios".
[6]	3GPP TS.38.104: "NR Base Station (BS) radio transmission and reception".
[7]	IEC 60721-3-3 (2002): "Classification of environmental conditions - Part 3: Classification of groups of environmental parameters and their severities - Section 3: Stationary use at weather protected locations".
[bookmark: _Ref467262590][8]	IEC 60721-3-4 (1995): "Classification of environmental conditions - Part 3: Classification of groups of environmental parameters and their severities - Section 4: Stationary use at non-weather protected locations".
[9]	CEPT ECC Decision (13)03, "The harmonised use of the frequency band 1452-1492 MHz for Mobile/Fixed Communications Networks Supplemental Downlink (MFCN SDL)".
[bookmark: definitions][bookmark: _Toc68260199]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc68260200]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 same term, if any, in 3GPP TR 21.905 [1].
Carrier: The modulated waveform conveying the NR physical channels
Channel bandwidth: The RF bandwidth supporting a single NR RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell. The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.
Channel edge: The lowest and highest frequency of the NR carrier, separated by the channel bandwidth.
Donor coupling loss: is the coupling loss between the repeater and the donor base station.
Downlink: Signal path where base station transmits and mobile receives.
Downlink operating band: The part of the operating band designated for downlink. 
Maximum output power, Pmax: This is the mean power level per carrier measured at the antenna connector of the Repeater in specified reference condition.
Operating band: A frequency range in which NR operates (paired or unpaired), that is defined with a specific set of technical requirements.
NOTE1:	The operating band(s) for an NR Repeater is declared by the manufacturer according to the designations in clause 5.5 table 5.5-1.
NOTE2:	Unless specified, operating band refers to the uplink operating band and downlink operating band.
Output power, Pout: This is the mean power of one carrier at maximum repeater gain delivered to a load with resistance equal to the nominal load impedance of the transmitter.
Pass band: 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 pass band. A repeater can have one or several pass bands.
Rated output power: Rated output power of the repeater is the mean power level per carrier that the manufacturer has declared to be available at the antenna connector.
Repeater: A device that receives, amplifies and transmits the radiated or conducted RF carrier both in the downlink direction (from the base station to the mobile area) and in the uplink direction (from the mobile to the base station)
In operating bands specified with only down-link or up-link, only the up-link or down-link as specified for the operating band is repeated.
Transmission bandwidth: Bandwidth of an instantaneous transmission from a UE or BS, measured in Resource Block units.
Transmission bandwidth configuration: The highest transmission bandwidth allowed for uplink or downlink in a given channel bandwidth, measured in Resource Block units.
Uplink: Signal path where mobile transmits and base station receives.
Uplink operating band: The part of the operating band designated for uplink.
[bookmark: _Toc68260201]3.2	Symbols
For the purposes of the present document, the following symbols apply:
BWChannel	Channel bandwidth
BWConfig	Transmission bandwidth configuration, expressed in MHz, where BWConfig = NRB x 180 kHz in the uplink and BWConfig = 15 kHz + NRB x 180 kHz in the downlink.
BWMeas	Measurement bandwidth
BWSignal	Bandwidth of the repeater input signal filling the repeater pass band
FDL_low	The lowest frequency of the downlink operating band
FDL_high	The highest frequency of the downlink operating band
Ffilter	Filter centre frequency
FUL_low	The lowest frequency of the uplink operating band
FUL_high	The highest frequency of the uplink operating band
NDL 	Downlink NARFCN
NOffs-DL 	Offset used for calculating downlink NARFCN
NOffs-UL 	Offset used for calculating uplink NARFCN
NRB	Transmission bandwidth configuration, expressed in units of resource blocks 
NUL 	Uplink NARFCN
PEM,B32,ind	Declared emission level in Band 32, ind=a, b, c, d, e
PEM,N	Declared emission level for channel N
Pmax	Maximum output power
Pout	Output power

[bookmark: _Toc68260202]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].
Abbreviation format (EW)
ACRR	Adjacent Channel Rejection Ratio
BS	Base Station
NARFCN 	NR Absolute Radio Frequency Channel Number
EIRP	Effective Isotropic Radiated Power
EVM	Error Vector Magnitude
IDFT 	Inverse Discrete Fourier Transform
TBD	To Be Defined

[bookmark: _Toc503964233][bookmark: _Toc68260203]4	General
[bookmark: _Toc503964234][bookmark: _Toc68260204]4.1	Relationship between Minimum Requirements and Test Requirements
The Minimum Requirements given in this specification make no allowance for measurement uncertainty. The test specification [insert conformance testing document number] [4] Annex B defines Test Tolerances. These Test Tolerances are individually calculated for each test. The Test Tolerances are used to relax the Minimum Requirements in this specification to create Test Requirements.
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 ITU-R M.1545 [3].
[bookmark: _Toc503964235][bookmark: _Toc68260205]4.2	Regional requirements
Some requirements in the present document may only apply in certain regions either as optional requirements or set by local and regional regulation as mandatory requirements. It is normally not stated in the 3GPP specifications under what exact circumstances that the requirements apply, since this is defined by local or regional regulation.
Table 4.2-1 lists all requirements that may be applied differently in different regions.
Table 4.2-1: List of regional requirements
	Clause number
	Requirement
	Comments

	TBD
	TBD
	TBD



[bookmark: _Toc503964236][bookmark: _Toc68260206]5	Operating bands and channel arrangement
[bookmark: _Toc503964237][bookmark: _Toc68260207]5.1	General
The channel arrangements presented in this clause are based on the operating bands and channel bandwidths defined in the present release of specifications.
NOTE:	Other operating bands and channel bandwidths may be considered in future releases.
[bookmark: _Toc68260208]5.2	Operating bands
The repeater is specified to operate in the operating bands defined in Table 5.2-1.
Table 5.5-1 NR operating bands
	E‑UTRA operating band
	Uplink (UL)
operating band
	Downlink (DL)
operating band
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	TBD
	TBD MHz 
	–
	TBD MHz 
	TBD MHz  
	–
	TBD MHz
	TBD



[bookmark: _Toc68260209]5.3	Channel bandwidth
Requirements in present document are specified for the channel bandwidths listed in Table 5.3-1.
Table 5.3-1 Transmission bandwidth configuration NRB in NR channel bandwidths
	Channel bandwidth BWChannel [MHz]
	TBD
	TBD
	TBD
	TBD

	Transmission bandwidth configuration NRB
	TBD
	TBD
	TBD
	TBD



TBD
[bookmark: _Toc68260210]5.4	Channel arrangement
[bookmark: _Toc503964244][bookmark: _Toc68260211]5.4.1	Channel spacing
TBD
[bookmark: _Toc68260212]5.4.2	Channel raster
TBD
[bookmark: _Toc68260213]5.4.2	Carrier frequency and NARFCN
TBD
[bookmark: _Toc503964247][bookmark: _Toc68260214]6	Output power
[bookmark: _Toc68260215]6.1	General
Output power, Pout, of the repeater is the mean power of one carrier at maximum repeater gain delivered to [ need language for both conducted and radiated].
Maximum output power, Pmax, of the repeater is the mean power level per carrier measured [need language to work for conducted and radiated].
[bookmark: _Toc503964248][bookmark: _Toc68260216]6.2	Minimum Requirement
TBD
[bookmark: _Toc503964249][bookmark: _Toc68260217]7	Frequency stability
[bookmark: _Toc68260218]7.1	General
Frequency stability is the ability to maintain the same frequency on the output signal with respect to the input signal.
[bookmark: _Toc503964250][bookmark: _Toc68260219]7.1	Minimum Requirement
The frequency deviation of the output signal with respect to the input signal shall be no more than [±0,01] PPM.

[bookmark: _Toc503964251][bookmark: _Toc68260220]8	Out of band gain
[bookmark: _Toc68260221]8.1	General
Out of band gain refers to the gain of the repeater outside the pass band.
[bookmark: _Toc503964252][bookmark: _Toc68260222]8.2	Minimum Requirement
TBD
[bookmark: _Toc503964253][bookmark: _Toc68260223]9	Unwanted emissions
[bookmark: _Toc68260224]9.1	General
Unwanted emissions consist of out-of-band emissions and spurious emissions [2]. Out of band emissions are unwanted emissions immediately outside the pass band 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 repeater is specified both in terms operating band unwanted emissions and protection of the BS receiver in the uplink operating band. The Operating band unwanted emissions define all unwanted emissions in the repeater operating band plus the frequency ranges 10 MHz above and 10 MHz below that band. Unwanted emissions outside of this frequency range are limited by a spurious emissions requirement.
[bookmark: _Toc503964254][bookmark: _Toc68260225]9.2	Close-in unwanted emissions
[bookmark: _Toc68260226]9.2.1	General 
The close-in unwanted emission limits are defined from 10 MHz below the lowest frequency of the repeater operating band up to 10 MHz above the highest frequency of the repeater operating band. 
The requirements shall apply whatever the type of repeater considered (single carrier or multi-carrier) and for all configurations foreseen by the manufacturer's specification. 
[bookmark: _Toc68260227]9.2.2	Minimum Requirement
TBD

[bookmark: _Toc68260228]9.3	Additional downlink band unwanted emissions
[bookmark: _Toc68260229]9.3.1	General 
These requirements may be applied for the protection of other systems operating inside or near the E-UTRA Repeater downlink operating band. The limits may apply as an optional protection of such systems that are deployed in the same geographical area as the repeater.
[bookmark: _Toc68260230]9.3.2	Minimum Requirement 
TBD
[bookmark: _Toc68260231]9.4	Additional BS receiver protection unwanted emissions
[bookmark: _Toc68260232]9.4.1	General 
This requirement shall be applied for the protection of NR BS receiver in geographic areas in which repeater and BS are deployed.
The requirement applies at frequencies that are more than 10 MHz below or more than 10 MHz above the repeater pass band.
[bookmark: _Toc68260233]9.4.2	Minimum Requirement 
TBD
[bookmark: _Toc503964264][bookmark: _Toc68260234]9.5	Spurious emissions
[bookmark: _Toc68260235]9.5.1	General
The spurious emission limits apply from 9 kHz to TBD GHz, (or above, as indicated in Table 9.2.1.1.1-1 and 9.2.1.2.1-1), excluding the frequency range from 10 MHz below the lowest frequency of the repeaters operating band up to 10 MHz above the highest frequency of the repeaters operating band. Exceptions from the requirement in Table 9.2.2.1-2 and 9.2.2.1-3 that apply also closer than 10 MHz from the repeater’s operating band.
The requirements shall apply whatever the type of repeater considered (one or several pass bands). It applies for all configurations foreseen by the manufacturer's specification.
Unless otherwise stated, all requirements are measured as mean power (RMS).
[bookmark: _Toc503964265][bookmark: _Toc68260236]9.5.2	General spurious emissions
TBD
[bookmark: _Toc68260237]9.5.2.1	Minimum Requirement
TBD
[bookmark: _Toc503964270][bookmark: _Toc68260238]9.5.3	Addition spurious emissions for co-existence with other systems in the same geographical area
[bookmark: _Toc68260239]9.5.3.1	General
These requirements may be applied for the protection of system operating in frequency ranges other than the repeater operating band. The limits may apply as an optional protection of such systems that are deployed in the same geographical area as the repeater, or they may be set by local or regional regulation as a mandatory requirement for an NR operating band. It is in some cases not stated in the present document whether a requirement is mandatory or under what exact circumstances that a limit applies, since this is set by local or regional regulation. An overview of regional requirements in the present document is given in Clause 4.2.
Some requirements may apply for the protection of specific equipment (UE, MS and/or BS) or equipment operating in specific systems (GSM, UTRA, E-UTRA, NR, etc.) as listed below.
[bookmark: _Toc68260240]9.5.3.2	Minimum Requirement
TBD
[bookmark: _Toc503964272][bookmark: _Toc68260241]9.5.4	Additional spurious emissions for co-location with base stations
[bookmark: _Toc68260242]9.5.4.1	General
These requirements may be applied for the protection of other BS receivers when [GSM900, DCS1800, PCS1900, GSM850 UTRA FDD, UTRA TDD and/or E-UTRA] BS are co-located with an NR FDD Repeater.
Unless otherwise stated the requirements assume a 30 dB coupling loss between transmitter and receiver.
NOTE:	For co-location with UTRA, the requirements are based on co-location with Wide Area UTRA FDD or TDD base stations.
[bookmark: _Toc503964273][bookmark: _Toc68260243]9.5.4.2	Minimum Requirement
Unless otherwise stated this requirement applies to the uplink and downlink of the repeater, at maximum gain.
The power of any spurious emission shall not exceed the limits of Table 9.5.4.2-1 for a repeater where requirements for co-location with a Base Station listed in the first column apply.
Table 9.5.4.2-1: Spurious emissions limits for Repeater co-located with Base Stations
	Type of co-located Base Station
	Frequency range for co-location requirement
	Maximum Level
	Measurement Bandwidth
	Note

	TBD
	TBD
	TBD
	TBD
	TBD



[bookmark: _Toc503964274][bookmark: _Toc68260244]10	Error Vector Magnitude
[bookmark: _Toc503964275][bookmark: _Toc68260245]10.1	Downlink Error Vector Magnitude
[bookmark: _Toc68260246]10.1.1	General
The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. The equaliser parameters are estimated as defined in [TBD]. The 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.
[bookmark: _Toc503964276][bookmark: _Toc68260247]10.1.2	Minimum Requirement
TBD
[bookmark: _Toc503964277][bookmark: _Toc68260248]10.2	Uplink Error Vector Magnitude
[bookmark: _Toc68260249]10.2.1	General
The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the IQ origin offset shall be removed from the measured waveform before calculating the EVM.
The measured waveform is further modified by selecting the absolute phase and absolute amplitude of the Tx chain. The EVM result is defined after the front-end IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. The basic EVM measurement interval is one slot in the time domain.
[bookmark: _Toc503964278][bookmark: _Toc68260250]10.2.2	Minimum Requirement
TBD
[bookmark: _Toc503964279][bookmark: _Toc68260251]11	Input intermodulation
[bookmark: _Toc68260252]11.1	General 
The input intermodulation is a measure of the capability of the repeater to inhibit the generation of interference in the pass band, in the presence of interfering signals on frequencies other than the pass band.
[bookmark: _Toc68260253]11.2	General input intermodulation
[bookmark: _Toc68260254] 11.2.1	General
The following requirement applies for interfering signals in the operating bands defined in sub-clause 5.5, depending on the repeaters pass band.
This requirement applies to the uplink and downlink of the repeater, at maximum gain.
[bookmark: _Toc68260255]11.2.2	Minimum Requirement
For the parameters specified in Table 11.2.2-1, the power in the pass band shall not increase with more than 10 dB at the output of the repeater as measured in the centre of the pass band, compared to the level obtained without interfering signals applied.
The frequency separation between the two interfering signals shall be adjusted so that the 3rd order intermodulation product is positioned in the centre of the pass band.
Table 11.2.2-1 specifies the parameters for two interfering signals, where:
-	f1 offset is the offset from the channel edge frequency of the first or last channel in the pass band of the closer carrier.
Table 11.2.2-1: Input intermodulation requirement
	f1 offset
	Interfering Signal Levels
	Type of signals
	Measurement bandwidth

	TBD
	TBD
	TBD
	TBD



[bookmark: _Toc503964282][bookmark: _Toc68260256]11.3	Additional input intermodulation when co-located with other BS
[bookmark: _Toc68260257]11.3.1	General
This additional input intermodulation requirement may be applied for the protection of repeater input when GSM900, DCS1800, PCS1900, GSM850, UTRA FDD, UTRA TDD, E-UTRA and/or NR BS are co-located with a repeater.
Unless otherwise stated this requirement applies to the uplink and downlink of the repeater, at maximum gain.
[bookmark: _Toc503964283][bookmark: _Toc68260258]11.3.2	Minimum Requirement
TBD
[bookmark: _Toc68260259]11.4	Additional input intermodulation for coexistence with other BS
[bookmark: _Toc68260260]11.4.1	General
This additional input intermodulation requirement may be applied when GSM900, DCS1800, PCS1900, GSM850, UTRA FDD, UTRA TDD, E-UTRA and/or NR BS operating in another frequency band co-exist with a repeater.
Unless otherwise stated this requirement applies to the uplink and downlink of the repeater, at maximum gain.
[bookmark: _Toc68260261]11.4.2	Minimum Requirement
TBD
[bookmark: _Toc503964286][bookmark: _Toc68260262]12	Output intermodulation
[bookmark: _Toc68260263]12.1	General
The output intermodulation requirement is a measure of the ability of the repeater to inhibit the generation of intermodulation products signals created by the presence of an interfering signal reaching the repeater via the output.
The requirement shall apply to the downlink of the repeater.
[bookmark: _Toc503964287][bookmark: _Toc68260264]12.2	Minimum Requirement
The output intermodulation level is the power of the intermodulation products when an interfering signal is injected into the output port. The wanted signal channel bandwidth BWChannel shall be the maximum bandwidth supported by the repeater. The offset of the interfering signal from the wanted signal shall be as in Table 12.1‑1.
Table 12.1-1 Interfering and wanted signals for output intermodulation
	Parameter
	Value



[bookmark: _Toc503964288][bookmark: _Toc68260265]13	Adjacent Channel Rejection Ratio (ACRR)
[bookmark: _Toc503964289][bookmark: _Toc68260266]13.1	General
[bookmark: _Toc503964290]Adjacent Channel Rejection Ratio (ACRR) is the ratio of the gain per carrier of the repeater in the pass band to the gain of the repeater on an adjacent channel outside the repeater pass band. The carrier in the pass band and in the adjacent channel shall be of the same type (reference carrier).
The requirement shall apply to the uplink and downlink of the Repeater, at maximum gain, where the donor link is maintained via antennas (over the air Repeater).
[bookmark: _Toc68260267]13.2	Minimum Requirement
TBD

[bookmark: _Toc503964293][bookmark: _Toc68260268]Annex A (normative):
Environmental requirements for the Repeater equipment

TBD
[bookmark: _Toc503964294][bookmark: _Toc68260269]Annex B (informative):
Change history
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