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[bookmark: foreword][bookmark: _Toc133515215]Foreword
This Technical Report 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: _Toc133515216]
1	Scope
The present document is a technical report for NR sidelink evolution services in Rel-18. The purpose is to specify radio solutions that are necessary for NR to support sidelink services working on unlicensed spectrums.
[bookmark: references][bookmark: _Toc133515217]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]	3GPP TR 30.007: "Guideline on WI/SI for new Operating Bands".
[3]	3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone".
[bookmark: definitions][bookmark: _Toc133515218]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc36034739][bookmark: _Toc42537334][bookmark: _Toc46356399][bookmark: _Toc52566313][bookmark: _Toc72931400][bookmark: _Toc73026065][bookmark: _Toc97036034][bookmark: _Toc97036401][bookmark: _Toc101790674][bookmark: _Toc106117052][bookmark: _Toc133515219]3.1	Definitions
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].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc36034740][bookmark: _Toc42537335][bookmark: _Toc46356400][bookmark: _Toc52566314][bookmark: _Toc72931401][bookmark: _Toc73026066][bookmark: _Toc97036035][bookmark: _Toc97036402][bookmark: _Toc101790675][bookmark: _Toc106117053][bookmark: _Toc133515220]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc36034741][bookmark: _Toc42537336][bookmark: _Toc46356401][bookmark: _Toc52566315][bookmark: _Toc72931402][bookmark: _Toc73026067][bookmark: _Toc97036036][bookmark: _Toc97036403][bookmark: _Toc101790676][bookmark: _Toc106117054][bookmark: _Toc133515221]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].
[bookmark: OLE_LINK85]ACLR	Adjacent Channel Leakage Ratio
ACS	Adjacent Channel Selectivity
AGC	Automatic Gain Control
A-MPR	Additional Maximum Power Reduction
BLER	BLock Error Rate
BS	Base Station
CBW	Channel Bandwidth
CDF	Cumulative Distribution Function
CP-OFDM	Cyclic Prefix-OFDM
DMRS	Demodulation Reference Signal
EIRP	Equivalent Isotropically Radiated Power
EVM	Error Vector Magnitude
FDD	Frequency Division Duplex
FDM	Frequency Division Multiplexing
FR1	Frequency Range 1
ITS	Intelligent Transportation System
LTE	Long Term Evolution
MPR	Maximum Power Reduction
NF	Noise Figure
[bookmark: OLE_LINK87]NR	New Radio
OLPC	Open Loop Power Control
PC	Power Control
[bookmark: OLE_LINK86]PRB	Physical Resource Block
ProSe	Proximity-based Services
PSCCH	Physical Sidelink Control CHannel
PSSCH	Physical Sidelink Shared CHannel
REFSENS	Reference Sensitivity
RF	Radio Frequency
SCS	Sub-Carrier Spacing
SINR	Signal to Interference plus Noise Ratio
SL	Sidelink
SL-U	Sidelink at unlicensed band
SNR	Signal-to-Noise Ratio
TDD	Time Division Duplex
TDM	Time Division Multiplexing
UE	User Equipment
UL	Uplink
V2V	Vehicle to Vehicle
V2X	Vehicle to Everything
[bookmark: clause4][bookmark: _Toc36034742][bookmark: _Toc42537337][bookmark: _Toc46356402][bookmark: _Toc52566316][bookmark: _Toc72931403][bookmark: _Toc73026068][bookmark: _Toc97036037][bookmark: _Toc97036404][bookmark: _Toc101790677][bookmark: _Toc106117055][bookmark: _Toc133515222]4	Background
In Rel-16, sidelink communication was developed in RAN mainly to support advanced V2X applications. In Rel-17, SA2 studied and standardized Proximity based service including public safety and commercial related service. As part of Rel-17, power saving solutions (e.g., partial sensing, DRX) and inter-UE coordination have been developed in RAN1 and RAN2 to improve power consumption for battery limited terminals and reliability of sidelink transmissions.
Although NR sidelink was initially developed for V2X applications, there is growing interest in the industry to expand the applicability of NR sidelink to commercial use cases. For commercial sidelink applications, two key requirements have been identified:
· [bookmark: MCCQCTEMPBM_00000030][bookmark: MCCQCTEMPBM_00000033][bookmark: MCCQCTEMPBM_00000032]Increased sidelink data rate 
· Support of new carrier frequencies for sidelink
Increased sidelink data rate is motivated by applications such as sensor information (video) sharing between vehicles with high degree of driving automation. Commercial use cases could require data rates in excess of what is possible in Rel-17. Increased data rate can be achieved with the support of sidelink carrier aggregation and sidelink over unlicensed spectrum. Furthermore, by enhancing the FR2 sidelink operation, increased data rate can be more efficiently supported on FR2. While the support of new carrier frequencies and larger bandwidths would also allow to improve its data rate, the main benefit would come from making sidelink more applicable for a wider range of applications. More specifically, with the support of unlicensed spectrum and the enhancement in FR2, sidelink will be in a better position to be implemented in commercial devices since utilization of the ITS band is limited to ITS safety related applications.
Another aspect to consider is the V2X deployment scenario where both LTE V2X and NR V2X devices are to coexist in the same frequency channel. For the two different types of devices to coexist while using a common carrier frequency, it is important that there is mechanism to efficiently utilize resource allocation by the two technologies without negatively impacting the operation of each technology. This requirement was also mentioned as part of the input from 5G Automotive Association to the Rel-18 RAN Workshop.
[bookmark: _Toc36034747][bookmark: _Toc42537342][bookmark: _Toc46356407][bookmark: _Toc52566321][bookmark: _Toc72931411][bookmark: _Toc73026076][bookmark: _Toc97036044][bookmark: _Toc97036411][bookmark: _Toc101790684][bookmark: _Toc106117062][bookmark: _Toc133515223]5	Operating bands and channel arrangement for SL evolution
[bookmark: _Toc36034748][bookmark: _Toc42537343][bookmark: _Toc46356408][bookmark: _Toc52566322][bookmark: _Toc72931412][bookmark: _Toc73026077][bookmark: _Toc97036045][bookmark: _Toc97036412][bookmark: _Toc101790685][bookmark: _Toc106117063][bookmark: _Toc133515224]5.1	Operating bands
[bookmark: _Toc36034780][bookmark: _Toc42537377][bookmark: _Toc46356442][bookmark: _Toc52566356][bookmark: _Toc72931485][bookmark: _Toc73026117][bookmark: _Toc97036138][bookmark: _Toc97036506][bookmark: _Toc101790774][bookmark: _Toc106117152][bookmark: _Toc133515225]5.1.1	Operating bands for single carrier operation in unlicensed band
[bookmark: _Toc133515226]5.1.2	Operating band combinations for inter-band con-current operation
[bookmark: _Toc72931487][bookmark: _Toc73026119][bookmark: _Toc97036140][bookmark: _Toc97036508][bookmark: _Toc101790775][bookmark: _Toc106117153][bookmark: _Toc133515227]5.2	Channel bandwidth
[bookmark: _Toc133515228]5.2.1	Channel bandwidth for single carrier operation in unlicensed band
[bookmark: _Toc133515229]5.2.2	Channel bandwidth for inter-band con-current operation
[bookmark: _Toc133515230]5.3	Channel arrangement
[bookmark: _Toc13119462][bookmark: _Toc36034789][bookmark: _Toc42537386][bookmark: _Toc46356451][bookmark: _Toc52566365][bookmark: _Toc61187273][bookmark: _Toc66398685][bookmark: _Toc66398902][bookmark: _Toc66432619][bookmark: _Toc66433398][bookmark: _Toc66436173][bookmark: _Toc133515231]5.3.1	Channel raster
[bookmark: _Toc133515232]5.3.2	Synchronization raster

[bookmark: _Toc133515233]6	Transmitter characteristics for NR SL evolution
[bookmark: _Toc133515234]6.1	Tx requirements for NR SL single carrier operation in unlicensed band
[bookmark: _Toc463997753][bookmark: _Toc36034797][bookmark: _Toc42537394][bookmark: _Toc46356459][bookmark: _Toc52566373][bookmark: _Toc61187281][bookmark: _Toc66398693][bookmark: _Toc66398910][bookmark: _Toc66432627][bookmark: _Toc66433406][bookmark: _Toc66436181][bookmark: _Toc133515235]6.1.1	Maximum output power for NR SL-U
[bookmark: _Toc463997754][bookmark: _Toc36034798][bookmark: _Toc42537395][bookmark: _Toc46356460][bookmark: _Toc52566374][bookmark: _Toc61187282][bookmark: _Toc66398694][bookmark: _Toc66398911][bookmark: _Toc66432628][bookmark: _Toc66433407][bookmark: _Toc66436182][bookmark: _Toc133515236]6.1.2	UE maximum output power reduction for NR SL-U
[bookmark: _Toc463997759][bookmark: _Toc36034800][bookmark: _Toc42537397][bookmark: _Toc46356462][bookmark: _Toc52566376][bookmark: _Toc61187284][bookmark: _Toc66398696][bookmark: _Toc66398913][bookmark: _Toc66432630][bookmark: _Toc66433409][bookmark: _Toc66436184][bookmark: _Toc133515237]6.1.3	UE additional maximum output power reduction for NR SL-U
[bookmark: _Toc463997764][bookmark: _Toc36034801][bookmark: _Toc42537401][bookmark: _Toc46356466][bookmark: _Toc52566380][bookmark: _Toc61187288][bookmark: _Toc66398700][bookmark: _Toc66398917][bookmark: _Toc66432634][bookmark: _Toc66433413][bookmark: _Toc66436188][bookmark: _Toc133515238]6.1.4	Configured transmitted power for NR SL-U
[bookmark: _Hlk133514502]The configured transmitted power for NR-U is defined in clause 6.2F.4 of TS 38.101-1 and the normal NR requirement in clause 6.2.4 of TS 38.101-1 apply. For NR V2X, PCMAX is defined for PSSCH\PSCCH, S-SSB and PSFCH in clause 6.2E.4 specifically.
It has been agreed to reuse the NR V2X Configured transmitted power requirements in 38.101-1 clause 6.2E.4 for NR SL-U.

[bookmark: _Toc463997765][bookmark: _Toc36034802][bookmark: _Toc42537402][bookmark: _Toc46356467][bookmark: _Toc52566381][bookmark: _Toc61187289][bookmark: _Toc66398701][bookmark: _Toc66398918][bookmark: _Toc66432635][bookmark: _Toc66433414][bookmark: _Toc66436189][bookmark: _Toc133515239]6.1.5	Minimum output power for NR SL-U
[bookmark: _Toc463997766][bookmark: _Toc36034803][bookmark: _Toc42537403][bookmark: _Toc46356468][bookmark: _Toc52566382][bookmark: _Toc61187290][bookmark: _Toc66398702][bookmark: _Toc66398919][bookmark: _Toc66432636][bookmark: _Toc66433415][bookmark: _Toc66436190][bookmark: _Toc133515240]6.1.6	Transmit OFF power for NR SL-U
[bookmark: _Toc463997767][bookmark: _Toc36034804][bookmark: _Toc42537404][bookmark: _Toc46356469][bookmark: _Toc52566383][bookmark: _Toc61187291][bookmark: _Toc66398703][bookmark: _Toc66398920][bookmark: _Toc66432637][bookmark: _Toc66433416][bookmark: _Toc66436191][bookmark: _Toc133515241]6.1.7	ON/OFF time mask for NR SL-U
[bookmark: _Toc463997768][bookmark: _Toc36034808][bookmark: _Toc42537408][bookmark: _Toc46356473][bookmark: _Toc52566387][bookmark: _Toc61187295][bookmark: _Toc66398707][bookmark: _Toc66398924][bookmark: _Toc66432641][bookmark: _Toc66433420][bookmark: _Toc66436195][bookmark: _Toc133515242]6.1.8	Power control for NR SL-U
[bookmark: _Toc463997770][bookmark: _Toc36034810][bookmark: _Toc42537410][bookmark: _Toc46356475][bookmark: _Toc52566389][bookmark: _Toc61187297][bookmark: _Toc66398709][bookmark: _Toc66398926][bookmark: _Toc66432643][bookmark: _Toc66433422][bookmark: _Toc66436197][bookmark: _Toc133515243]6.1.9	Transmit signal quality for NR SL-U
6.1.9.1	Frequency Error
The Frequency error for  NR-U is defined in clause 6.4F.1 of TS 38.101-1 and the normal NR requirement in clause 6.4.1 of TS 38.101-1 apply. For NR V2X, frequency error is defined in clause 6.4E,1 as ±0.1 PPM accuracy observed over a period of 1 ms against GNSS.”
It has been agreed to reuse the NR V2X Frequency error requirements in 38.101-1 clause 6.4E.1 for NR SL-U.
6.1.9.2	EVM
The EVM of NR-U is defined in clause 6.4F.2 of TS 38.101-1 and the normal NR requirement in clause 6.4.2.1 of TS 38.101-1 apply. For NR V2X, EVM is defined in clause 6.4E.2.2  with other than the Pi/2-BPSK modulation, which is not supported for NR V2X.
It has been agreed to reuse the NR V2X EVM requirements in 38.101-1 clause 6.4E.2.2 for NR SL-U.
· [bookmark: MCCQCTEMPBM_00000029]For NR V2X the EVM requirements in clause 6.4.2.1 are valid for PSCCH, PSSCH and PSBCH physical channels with other than pi/2-BPSK modulation, which is not supported for NR V2X, and excluding the guard symbol at the end of transmitted slots

6.1.9.3 	Carrier Leakage
The Carrier Leakage of NR-U is defined in clause 6.4.2.2 of TS 38.101-1 and  the normal NR requirement apply, which is the same for NR V2X.
It has been agreed to reuse the NR single CC carrier leakage requirements in 38.101-1 clause 6.4.2.2 for NR SL-U.
6.1.9.4	Equalizer spectrum flatness
The Equalizer spectrum flatness of NR-U is referred to clause 6.4.2.4 of TS 38.101-1 and the normal NR requirement apply, which is the same for NR V2X.
It has been agreed to reuse the NR single CC Equalizer spectrum flatness requirements in 38.101-1 clause 6.4.2.4 for NR SL-U.
6.1.9.5	In-band Emission
The In-band Emission of NR-U is defined in clause 6.4F.2.3 of TS 38.101-1. For NR V2X, In-band Emission is defined in clause 6.4E,2.4  where normal NR requirement of clause 6.4.2.3 apply.
It has been agreed to reuse the NR-U In-band emission requirements in 38.101-1 Table 6.4F.2.3-1 for NR SL-U. Minimum requirements for in-band emissions for NR SL-U PSCCH, PSSCH and PSBCH transmissions over the measurement interval that takes into account guard period at the end of the transmit slot.

[bookmark: _Toc463997777][bookmark: _Toc36034817][bookmark: _Toc42537417][bookmark: _Toc46356482][bookmark: _Toc52566396][bookmark: _Toc61187304][bookmark: _Toc66398716][bookmark: _Toc66398933][bookmark: _Toc66432650][bookmark: _Toc66433429][bookmark: _Toc66436204][bookmark: _Toc133515244]6.1.10	Spectrum emission mask for NR SL-U
6.1.10.1	Occupied Bandwidth
The Occupied Bandwidth of NR-U is defined in clause 6.5.1 of TS 38.101-1 and the normal NR requirement apply, which is the same for NR V2X. 
It has been agreed to reuse the NR single CC Occupied Bandwidth requirements in 38.101-1 clause 6.5.1 for NR SL-U.
6.1.10.2	SEM
The SEM of NR-U is defined in clause 6.5F.2.2 of TS 38.101-1. For NR V2X, In-band Emission is defined in clause 6.5E,2.2  where normal NR requirement of clause 6.5.2.2 apply.
It has been agreed to reuse the NR-U SEM requirements in 38.101-1 Table 6.4F.2.3-1 for NR SL-U.
6.1.10.3	A-SEM
Additional spectrum emission mask requirements are not defined for NR-U. 
It is agreed not to define A-SEM requirements for NR SL-U when operating in bands n46, n96 and n102. 

[bookmark: _Toc463997779][bookmark: _Toc36034819][bookmark: _Toc42537419][bookmark: _Toc46356484][bookmark: _Toc52566398][bookmark: _Toc61187306][bookmark: _Toc66398718][bookmark: _Toc66398935][bookmark: _Toc66432652][bookmark: _Toc66433431][bookmark: _Toc66436206][bookmark: _Toc133515245]6.1.11	ACLR requirements for NR SL-U
The ACLR of NR-U is defined in clause 6.5F.2.4 of TS 38.101-1. For NR V2X, ACLR is defined in clause 6.5E.2.4  where normal NR requirement of clause 6.5.2.4 apply. The ACLR requirement was optimized for operation in un-licensed band during the development of the NR-U requirements.
It has been agreed to reuse the NR-U ACLR requirements in 38.101-1 clause 6.5F.2.4 for NR SL-U. 
[bookmark: _Toc463997780][bookmark: _Toc36034820][bookmark: _Toc42537420][bookmark: _Toc46356485][bookmark: _Toc52566399][bookmark: _Toc61187307][bookmark: _Toc66398719][bookmark: _Toc66398936][bookmark: _Toc66432653][bookmark: _Toc66433432][bookmark: _Toc66436207][bookmark: _Toc133515246]6.1.12	Spurious emissions for NR SL-U
The general spurious emission of NR-U is defined in clause 6.5.3.1 of TS 38.101-1 and the normal NR requirement apply, which is the same for NR V2X. 
It has been agreed to reuse the NR single CC general spurious emission requirements in 38.101-1 clause 6.5.3.1 for NR SL-U.
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UE coexistence requirements are not defined for NR-U. 
It has been agreed not to define UE coexistence spurious emission requirements for NR SL-U when operating in bands n46, n96 and n102 in case of non-concurrent operation. 
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The Transmit intermodulation of NR-U is defined in clause 6.5.4 of TS 38.101-1 and the normal NR requirement apply, which is the same for NR V2X. 
It has been agreed to reuse the NR single CC Transmit intermodulation requirements in 38.101-1 clause 6.5.4 for NR SL-U.
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The Maximum input level for NR-U is defined in clause 7.4 of TS 38.101-1. For NR V2X, Maximum input level is defined in clause 7.4E.1. The NRV2X Sidelink requirement only covers up to 40MHz and the minimum requirement is the same as NR-U.
It has been agreed to reuse the NRU Maximum input level requirements in TS 38.101-1 clause 7.4 for NR SL-U.
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7.1.4.3	Narrow Band Blocking
Narrow band blocking was introduced in NR single CC to mimic the potential interference coming from narrow band systems, but such system is not existing in the targeting unlicensed spectrum and therefore the Narrow Band Blocking requirements are not defined for NR-U.
It has been agreed not to define Narrow Band Blocking requirements for NR SL-U.
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