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[bookmark: _Toc116995841]Introduction
The updated WID [1] of NR sidelink evolution from 3GPP TSG RAN Meeting #99-e includes an objective related to the support of operation of sidelink in unlicensed spectrum and also has an objective related to support of new introduced features (e.g. SL unlicensed) and frequency bands. Relevant objectives are copied below.
	2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· No specific enhancements for existing NR SL feature
· Focus on FR1 unlicensed bands (n46 and n96/n102).
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.
5. UE Tx and Rx RF requirement for supporting new features introduced in this WI, sidelink frequency bands for single-carrier operation and frequency band combinations for carrier aggregation operation [RAN4]
· The exact frequency bands for both licensed and ITS-dedicated spectrum in FR1 and FR2 are to be determined based on company input during the WI.
· The frequency band combinations is limited to the ITS-dedicated spectrum only (Band n47) for contiguous carrier aggregation.
· Frequency bands for the unlicensed spectrum in FR1 are [n46 and n96/n102] (i.e., 5GHz and 6GHz) in accordance with corresponding national regulatory requirements.
· Support of new sidelink frequency bands and band combinations should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.



In this paper we discuss potential RAN4 impact on UE Tx requirements for SL operating in unlicensed spectrum.

[bookmark: _Toc116995842]Discussion
Currently, sidelink requirements in RAN4 RF specifications are defined at least on the following specific sections for V2X communications:
· 5.2E	Operating bands for V2X
· 5.3E	Channel bandwidth for V2X
· 5.4E	Channel arrangement for V2X
· 6.2E	Transmit power for V2X
· 6.3E	Output power dynamics for V2X
· 6.4E	Transmit signal quality for V2X
· 6.5E	Output RF spectrum emissions for V2X
· 7.3E	Reference sensitivity for V2X
· 7.4E	Maximum input level for V2X
· 7.5E	Adjacent channel selectivity for V2X
· 7.6E	Blocking characteristics for V2X
· 7.7E	Spurious response for V2X
· 7.8E	Intermodulation characteristics for V2X
In NR-U, a number of RF requirements were introduced in RAN4 specifications in Rel-16. As an example, the following list shows impacted or introduced sections (refer to first large RAN4 CR from NR-U Rel-16, RP-202117):
· 5.2	Operating bands
· 5.2D	Operating bands for UL MIMO
· 6.2F	Transmit power for shared spectrum channel access
· 6.3F	Output power dynamics for shared spectrum channel access
· 6.4F	Transmit signal quality for shared spectrum channel access
· 6.5F	Output RF spectrum emissions for shared spectrum channel access
· 7.3F	Reference sensitivity for shared spectrum channel access
· 7.5F	Adjacent channel selectivity for shared spectrum channel access
· 7.6F	Blocking characteristics for shared spectrum channel access
· 7.7F	Spurious response for shared spectrum channel access
· [bookmark: _Toc21344500][bookmark: _Toc29801988][bookmark: _Toc29802412][bookmark: _Toc29803037][bookmark: _Toc36107779][bookmark: _Toc37251553]7.8F	Intermodulation characteristics for shared spectrum channel access
Since SL-U is being specified in Rel-18 to operate in same bands as supported by NR-U in FR-1, i.e., including Band n46 (5 GHz) and Band n96/n102 (6 GHz), it is expected that SL-U should also follow similar RF requirements introduced by NR-U in RAN4 specs or utilize NR-U requirements as baseline. 
[bookmark: _Toc128472623][bookmark: _Toc132021300]SL-U is being specified to operate in same bands as NR-U in FR1, thus SL-U may reuse NR-U RF requirements in large extent.
Regarding Tx requirements for NR SL-U single carrier operation, requirements from NR-U which are aligned with regulation such as ETSI can be reused for SL-U, for example, the requirements for spectrum emission mask (SEM).
[bookmark: _Toc132021301]RAN4 to reuse for SL-U the spectrum emission mask (SEM) defined from NR-U.
With bands requirements defined, RAN4 may discuss specific features introduced for unlicensed spectrum operation taking into account the NR-U features which will be reused for SL-U, for example, interlaced allocations. In NR-U, the regulatory limitations in terms of OCB and PSD guided the design choices for the uplink channels of NR-unlicensed system and therefore an interlaced FDM scheme was adopted. In interlaced FDM, specified in TS 38.214 as UL resource allocation type 2, the UL resources are allocated in interlaces of 10 equidistant PRBs. The number of interlaces is 10 for 15 kHz SCS and 5 for 30 kHz SCS. Similarly, SL-U should also meet OCB/PSD requirements, thus in RAN1#109-e meeting, the following agreement was achieved related to PRB allocation for SL-U.
	Agreement: For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
· RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
· FFS: whether/how to address IBE (In Band Emission) impact



Based on that, RAN4 should discuss whether UE maximum power reduction (MPR) requirements for V2X should be modified taking into account the support for interlaced allocation in SL-U.
[bookmark: _Toc128472626][bookmark: _Toc132021302]RAN4 to discuss whether MPR requirements for V2X should be modified considering the support for interlaced allocation.
It should also be noticed that RAN4 RF requirements for PSCCH, PSSCH and PSBCH applies in many cases the general requirements for PUSCH. For example, in current specification, in-band emissions of V2X follow the general requirements from subclause 6.4.2.3. However, for SL-U, RAN4 should discuss whether shared spectrum requirements should apply, for example, following in-band emission requirements of subclause 6.4F.2.3.
[bookmark: _Toc128472627][bookmark: _Toc132021303] RAN4 to discuss which V2X requirements should be changed from general PUSCH based requirements to shared spectrum channel access-based requirements, for example, applying in-band emissions requirements from subclause 6.4F.2.3 for SL-U.
[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: SL-U is being specified to operate in same bands as NR-U in FR1, thus SL-U may reuse NR-U RF requirements in large extent.
Proposal 1: RAN4 to reuse for SL-U the spectrum emission mask (SEM) defined from NR-U.
Proposal 2: RAN4 to discuss whether MPR requirements for V2X should be modified considering the support for interlaced allocation.
Proposal 3: RAN4 to discuss which V2X requirements should be changed from general PUSCH based requirements to shared spectrum channel access-based requirements, for example, applying in-band emissions requirements from subclause 6.4F.2.3 for SL-U.
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