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1. Introduction
In RAN4 #106 meeting, the NR SL evolution scope and work plan were discussed and approved WF [1] to support NR SL evolution objectives in Rel-18. For the SL-U operation in unlicensed band e.g., n46/n96/n102 bands, RAN4 agreed to focus on the single carrier operation firstly in the focused FR1 unlicensed bands, RAN4 will specify the SL-U RF requirements based on the existing channel access mechanism and legacy NR SL and NR-U channel structure as approved WI objectives.

	4.1 [bookmark: _heading=h.30j0zll]Objective of SI or Core part WI or Testing part WI (in [2])
1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4]
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: _heading=h.26in1rg]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: _heading=h.lnxbz9]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _heading=h.35nkun2]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _heading=h.1ksv4uv]No specific enhancements for existing NR SL feature
· [bookmark: _heading=h.44sinio]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.
3. [bookmark: _heading=h.4d34og8]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
4. [bookmark: _heading=h.2s8eyo1]Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
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]
6. UE RRM core requirement for the new features introduced in this WI [RAN4]



 
In this paper, we propose the detailed MPR/A-MPR simulation assumptions and RF parameters and propose required RF requirements to support SL-U operation in unlicensed bands.

2. Discussion on MPR simulation parameters in unlicensed bands
In the NR-U WI in rel-16, RAN4already aligned some MPR simulation assumptions with RF parameters for NR-U operation [3][4][8]. Also, RAN4 had some concrete simulation parameters and assumptions for SL operation [5]. Based on those WFs, we proposed the detailed MPR simulation assumptions as follows for SL-U operation in unlicensed bands. 

· Basic RF parameters for MPR of single carrier SL-U UE [3][4][5][8]
· Waveforms: CP-OFDM for SL-U
· Supported CBW: 20/40/60/80/100MHz. 10MHz CW only used for CA as Scell part
· Modulation: QPSK/16-QAM/64-QAM/256-QAM
· SCS: 15/30/60kHz
· Post PA losses of 4dB
· Carrier leakage: 25dBc
· I/Q Image: 25dBc
· C-IMD: 45dBc or 60dBc
· EVM and impairments

	Modulation
	SystemEVM
	PA only
	Image
	PA+image

	QPSK
	17.5%
	[10]%
	28dB
	10.0%

	16QAM
	12.5%
	8%
	28dB
	8.0%

	64QAM
	8%
	4%
	28dB
	5.65%

	256QAM
	3.5%
	1.8%
	34dB
	2.69%



· IBE and impairment exceptions are same as NR-U
· Reuse IBE mask from eLAA
· Image/carrier exceptions position and specific test according to interlaces
· ACLR: 27dBc for both PC3/PC5 UE with NR MBW
· NR-U single CC and wideband operation mask as general requirements [6] (EN 301 893).
· NR SEM does not apply.
· PA calibration & PA configuration: 
· PC3 (both single PA and dual PAs with 20+20): 1dB MPR and DFT-s-OFDM QPSK with 100RB0 20MHz waveform with 30dB ACLR
· PC5 (single PA): 1dB MPR and DFT-s-OFDM QPSK 100RB3 20MHz waveform with 27dB ACLR
· MPR table format can be reused the MPR format of NR-U according to each transmitted channel e.g.PSSCH/PSCCH transmission, PSFCH transmission and PSBCH transmission.
· The MPR will be applied to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel.  
· Follow the RB interlaced allocation based on Table 6.2F.2-1 and Table 6.2F.2-2 in TS38.101-1. Also refer the interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214.   

· Basic parameters for SL operation [5]
	Items
	Assumption

	Allowed sub-channel sizes
	Support {10, 12, 15, 20, 25, 50, 75, 100} PRBs for possible sub-channel size.

	Allowed LCRB allocation
	10,12,15,20,24,25,30,36,40,45,48,50,60,70,72,75,80,84,90,96,100,105,108,110,120,130,132,135,140,144,150,156,160,165,168,170,175,180,190,192,195,200,204,210,216

	Regarding PSCCH / PSSCH multiplexing
	[image: 차트이(가) 표시된 사진

자동 생성된 설명]

	PSCCH size
	10RB*3 Symbols

	PSD offset of X dB between PSCCH and PSSCH
	0dB

	Modulation for PSFCH 
	QPSK

	PSFCH
	ZC sequence

	Structure of Slot
	Baseline is to follow RAN1 agreements

	Modulation for PSBCH
	QPSK

	S-PSS
	M-sequence

	S-SSS
	Golden-sequence

	S-SSB structure
	[image: ]

	RB allocation
	RBstart: All the possible cases
LCRB: 11 RB




Based on these RF parameters and simulation assumptions, RAN4 can derive the required MPR levels according to the Full/partial & interlaces RB allocation based on the principle in MPR Table 6.2F.2-1 and Table 6.2F.2-2 in TS38.101-1. 

Proposal #1: For MPR evaluation for SL-U operation in unlicensed bands, RAN4 can consider the provided RF parameters and simulation assumptions in section 2. 


3. Discussion on system parameter and other Tx requirements for NR SL-U
Issue 2-1: SL-U requirements location in 38.101-1
For the location of SL-U RF requirements in TS38.101-1, there were parts to specify the SL-U requirements. One side is proposed to be located in Suffix E and the other side is preferred to define new suffix J for SL-U. Our position is the specification location can be captured the corresponding RF requirements in suffix E for SL-U operation since SL operation in unlicensed is considered that the same physical channels of the sidelink operation will be used and it was just operated in the different unlicensed bands compare to 5G V2X service. So the related RF requirements for SL-U operation will be captured in suffix E in TS38.101-1 and we prefer to change ‘V2X’ acronym to ‘Sidelink’ acronym in TS38.101-1. 

Proposal #2: The SL-U RF requirements can be captured in suffix E in TS38.101-1 and prefer to change ‘V2X’ acronym to ‘Sidelink’ acronym in TS38.101-1. 

Issue 2-4: Support for 10MHz channel bandwidth for SL-U
For the support of the 10MHz CBW in SL-U operation in unlicensed bands, currently the 10MHz CBW was not supported in all unlicensed spectrum e.g, n46/n96/n102 NR bands in TS38.101- specification. So we prefer to apply the same principle of NR-U for SL-U in Rel-18.

Proposal #3: The 10MHz CBW was not supported for SL-U operation in a single carrier. It will be revisited when the 10MHz CBW is supported for NR-U operation in unlicensed bands as standalone.

Issue 2-7-1: Channel raster
The channel raster for NR-U can be reused for SL-U operation which was specified in clause 5.4.2.1 NR-ARFCN and channel raster and we prefer not to define the channel raster shift in SL-U. 
Proposal #4: Reuse the channel raster definitions for bands n46, n96 and n102 as specified in clause 5.4.2.1 NR-ARFCN and channel raster. And prefer not to define the channel raster shift in SL-U.

Issue 2-8: Synchronization raster
Basically, NR-U did not specify the synchronization raster for NR-U operation and SL enhancement WI in Rel-17, RAN4 did not define the sync raster. Hence RAN4 just follows the current specification. If RAN1 shares the additional information for the sync raster, then RAN4 can revisit this issue. 
Proposal #5: RAN4 does not need to define the synchronization raster for SL-U operation since the synchronization raster was not specified for NR-U and V2X operation.

Issue 2-10-1: Maximum output power
In 6GHz shared spectrum enhancement WI, both PC3 and PC5 are considered and defined related MPR/A-MPR requirements. So, we prefer to consider both PC3 and PC5 shall be considered for SL-U in unlicensed bands.
Proposal #6: For Maximum output power, both PC3 and PC5 shall be considered for SL-U operation in unlicensed bands.

Issue 2-13: Maximum output power reduction (MPR)
In NR-U operation in unlicensed bands, RAN4 just specified PC3 and PC5 RF requirements in Rel-17 and Rel-18. Also NR-U assumed both DFT-s-OFDM and CP-OFDM for MPR requirements. But SL enhancement WI only considered the CP-OFDM waveform from Rel-16. Based on these situations, RAN4 can study the CP-OFDM waveform for SL-U operation in unlicensed bands as 1st priority. For DFT-s-OFDM waveform could be supported if NR SL support the waveform in future release. 

Proposal #7: RAN4 can derive MPR requirements for both PC3/PC5 UE with CP-OFDM waveform.

Issue 2-14~2-25: Other Tx requirements for SL-U
Currently, there was no any difference between the NR-U operation and sidelink operation in unlicensed TDD bands for other Tx RF requirements perspective. So RAN4 can reuse the other Tx RF requirements of NR-U for SL-U operation.
Proposal #8: RAN4 can reuse the other Tx RF requirements of NR-U for SL-U operation in unlicensed bands.

4. Conclusions
In this contribution, we provided the MPR simulation assumptions and detailed RF parameters for SL-U operation in unlicensed bands. Also, we propose our view on the system parameters and Tx RF requirements for SL-U devices in Rel-18 as follows.

Proposal #1: For MPR evaluation for SL-U operation in unlicensed bands, RAN4 can consider the provided RF parameters and simulation assumptions in section 2.
Proposal #2: The SL-U RF requirements can be captured in suffix E in TS38.101-1 and prefer to change ‘V2X’ acronym to ‘Sidelink’ acronym in TS38.101-1. 
Proposal #3: The 10MHz CBW was not supported for SL-U operation in a single carrier. It will be revisited when the 10MHz CBW is supported for NR-U operation in unlicensed bands as standalone.
Proposal #4: Reuse the channel raster definitions for bands n46, n96 and n102 as specified in clause 5.4.2.1 NR-ARFCN and channel raster. And prefer not to define the channel raster shift in SL-U.
Proposal #5: RAN4 does not need to define the synchronization raster for SL-U operation since the synchronization raster was not specified for NR-U and V2X operation.
Proposal #6: For Maximum output power, both PC3 and PC5 shall be considered for SL-U operation in unlicensed bands.
Proposal #7: RAN4 can derive MPR requirements for both PC3/PC5 UE with CP-OFDM waveform.
Proposal #8: RAN4 can reuse the other Tx RF requirements of NR-U for SL-U operation in unlicensed bands.

Based on the above proposals and decision, RAN4 can study and specify the related RF core requirements for NR SL evolution WI in Rel-18. 
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