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Introduction
The WID revision [1] was approved in RAN#99e as the updated scope for the topic of NR sidelink evolution. The objective about sidelink on a single unlicensed spectrum is as follows.
	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
· [bookmark: _Hlk89917081]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.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]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.


In this contribution, we provide our consideration and initial analysis on RAN4 work for sidelink on a single unlicensed spectrum.
Discussion
Operating bands
In RAN4#106, it was agreed that to focus on n46, n96 and n102 to support unlicensed bands for NR SL-U operation. Table below lists the frequency range of these unlicensed bands, which includes 5GHz band and 6GHz bands.
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n46
	5150 MHz – 5925 MHz
	5150 MHz – 5925 MHz
	TDD13

	n9614
	5925 MHz – 7125 MHz
	5925 MHz – 7125 MHz
	TDD13

	n10214
	5925 MHz – 6425 MHz
	5925 MHz – 6425 MHz
	TDD13

	NOTE 13:	This band is restricted to operation with shared spectrum channel access as defined in 37.213.
NOTE 14:	This band is applicable only in countries/regions designating this band for shared-spectrum access use subject to country-specific conditions.


In the objective, Uu operation for mode 1 is limited to licensed spectrum only, which means we need to consider to define the requirements for sidelink operation on unlicensed band rather than that of Uu operation on licensed bands. It is noted that NR-U requirements have separate clauses in the specification as the requirements are obviously distinct from those of licensed bands. On the other hand, requirements for SL defined in Rel-16 and Rel17 are mainly targeted for V2X scenario, but SL for unlicensed bands may not be aimed for V2X, thus a specific suffix for SL-U would be appropriate in TS38.101-1 for specifying the novel requirements. Table 1 Definition of suffixes
	Clause suffix
	Variant

	None
	Single Carrier

	A
	Carrier Aggregation (CA)

	B
	Dual-Connectivity (DC)

	C
	Supplement Uplink (SUL)

	D
	UL MIMO

	E
	V2X

	F
	Shared spectrum channel access

	G
	Tx Diversity (TxD)

	H
	Carrier Aggregation(CA) with UL MIMO

	I
	RedCap

	J
	Sidelink on shared spectrum


Proposal 1: It is proposed to have a separate suffix in the spec structure to facilitate specifying requirements for “sidelink on shared spectrum”.
[bookmark: _GoBack]Tx requirements for SL supporting unlicensed spectrum
MPR/A-MPR
Since the interlace-based resource allocation is introduce for Rel-18 SL-U because of the requirement for PSD and OCB in unlicensed spectrum, the MPR should be re-evaluated for the case with the recommended simulation assumptions as shown below.
[bookmark: _Ref127572172]Table 2 MPR simulation assumption for SL-U
	parameter
	Assumption

	center frequency
	5.9GHz

	Bandwidth
	10/20/30/40/100MHz

	Maximum output power
	20dBm

	numerology
	15 kHz/30kHz/60kHz

	Modulation
	QPSK/16QAM/64QAM/256QAM

	Waveform
	CP-OFDM with unlicensed

	Carrier leakage
	25dBc

	IQ image
	25dBc

	CIM3
	45dBc 

	PSD
	10 dBm/MHz

	Resource allocation
	Interlace-based

	PA calibration
	PA calibrated to deliver -27dBc ACLR for a fully allocated RBs in 20MHz QPSK DFT- S-OFDM waveform at 1 dB MPR.



For NR-U, the UE operating shall meet additional requirements for maximum mean transmission power density specified in Table 6.2F.1-2 of TS 38.101-1 when NS is signaled and when transmission overlaps with any portion of the specified frequency range. In case transmission overlaps multiple frequency ranges, the lowest power density requirement applies. The PSD limitation is also the restriction for SL-U. Therefore, A-MPR for SL-U also needs to be studied and specified. 
Proposal 2: It is proposed to agree on the MPR simulation assumptions for SL-U as in Table 2.
Proposal 3: It is proposed to identify the required additional requirements due to maximum mean transmission power density according to regulations for SL-U, and specify the A-MPR requirements for SL-U if needed.
Rx requirements for SL supporting unlicensed spectrum
 REFSENS
According to [2], the V2X UE REFSENS is defined by the following equation: 
REFSENSV2X=kTB + SNRV2X +10log10(LCRB*SCS*12/RX_BW) +( NFV2X+ IM) – Diversity gain
Where the target SNR: -0.5 dB. The required SNR for NR-U is different from that of NR-V2X. For REFSENS of SL-U in unlicensed spectrum, SNR should be decided firstly for all affected Rx requirements. In our view, SNR is mainly determined by waveform rather than the spectrum for the operation. Hence, the SNR for V2X should be reused for defining SL-U REFSENS for different CBW.
Proposal 4: It is proposed to reuse V2X SNR to define the REFSNES of SL-U for the supported CBW.
Requirements comparison
From the first release of NR specification, NR V2X and NR-U requirements are introduced in Rel-16 respectively. Some requirements of NR V2X and NR-U are reused from normal NR, but some of them are different due to specific physical layer design as well as the restrictions from regulations. For SL operation in unlicensed spectrum, requirements for both NR V2X and NR-U should be referred. The group can focus on MPR/A-MPR for Tx and REFSENS for Rx firstly, and further consider other requirements after thorough comparison of difference between NR V2X and NR-U. Furthermore, some requirements may also rely on the study progress in RAN1. If dependence on the PHY design is identified during specifying the requirements, such kind of information should be informed to RAN1 timely.
Proposal 5: Difference between NR V2X and NR-U should be compared firstly to make it clear of the direction to specify the requirements of SL-U in the unlicensed bands.
Conclusion
This contribution provides our consideration and initial analysis on RAN4 work for Rel-18 SL evolution with the following observation and proposals:
Proposal 1: The research on the requirements of Sidelink CA operation should be delayed until the completion of the design in RAN1. After that, priority on specifying requirements for all affected features in Rel-18 should be checked and decided.
Proposal 2: It is proposed to agree on the MPR simulation assumptions for SL-U as in Table 2.
Proposal 3: It is proposed to identify the required additional requirements due to maximum mean transmission power density according to regulations for SL-U, and specify the A-MPR requirements for SL-U if needed.
Proposal 4: It is proposed to reuse V2X SNR to define the REFSNES of SL-U for the supported CBW.
Proposal 5: Difference between NR V2X and NR-U should be compared firstly to make it clear of the direction to specify the requirements of SL-U in the unlicensed bands.
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