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1. Introduction
In RAN #99 meeting, the WF on NR SL evolution objectives were discussed [1][2] to support NR SL CA operation in band n47 band. Based on the updated NR SL evolution WID [1], RAN4 needs to support the NR SL intra-band contiguous CA operation in mode 2 operation in band n47 band as follows.

	4.1 [bookmark: _heading=h.30j0zll]Objective of SI or Core part WI or Testing part WI (in [1])
1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4]
· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to intra-band CA for the ITS band in FR1 (Band n47).
· No specific enhancements of Rel-17 sidelink features with sidelink CA support.
· This feature is backwards compatible in the following regards
· [bookmark: _heading=h.26in1rg]A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)
· Only Mode 2 operation
· Same subcarrier spacing (SCS) among CA carriers to avoid resource selection enhancements and AGC issues
· Time resources for PSFCH are aligned among the carriers for CA
· No enhancement related to SCI transmissions on PSCCH/PSSCH, PSFCH transmission, RSRP feedback, CSI feedback and congestion control compared to Rel-16 (i.e., per-carrier operation)
· SL resource indication remains to be per-resource pool and per-carrier basis (no cross-carrier scheduling in SCI)
· UE transmits SL HARQ feedback on the same carrier on which it receives the associated PSSCH
· No consideration for limited transmission and reception capability
· No primary/secondary carrier differentiation
· Reuse the LTE sidelink CA design for the following aspects:
· Sidelink carrier (re-)selection, synchronization of aggregated carriers, Tx power split for simultaneous sidelink transmissions, packet duplication
· The CA band combination work in RAN4 is limited to intra-band contiguous CA in Rel-18.
· Note: The SL CA work in Rel-18 mainly targets some V2X use cases


 
In this paper, we propose the RAN4 RF related scope to support intra-band contiguous SL CA operation in NR band n47.

2. Discussion on intra-band contiguous SL CA operation in band n47
2.1 RF architecture for NR SL intra-band contiguous CA UE in band n47
The example RF architecture for NR SL intra-band contiguous CA operation in band n47 band can be considered as shown in figure 2-1. The 1LO/1 antenna RF architecture is baseline for intra-band contiguous CA operation in n 47 band and the 2LO/1 antenna RF architecture can be considered in n47 as UE implementation aspect.
[image: ]
1) 1 LO /1Ant. RF architecture for NR SL intra-band contiguous CA in band n47
[image: ]
2) 2 LO /1Ant. RF architecture for NR SL intra-band contiguous CA in band n47
Figure 2-1: Example RF architectures for NR SL intra-band contiguous CA operation in band n47

In the candidate RF architecture, the synchronous CA operation between CC1 and CC2 is allowed in band n47 same as in NR CA operation in TDD band. And NR SL the intra-band contiguous CA UE does not  allow simultaneous SL-U operation in band n47 based on the approved WID [2]. So RAN4 would not support the simultaneous SL CA and SL-U operation in band 47 in Rel-18. 
For the SL-MIMO and Tx diversity of NR SL intra-band contiguous CA UE, this feature can be supported with 2 Tx antenna architecture if discussion time is permitted in the Rel-18 timeline. Also the power class 2 of NR SL intra-band contiguous CA UE can be supported, but these features were not captured in the SL CA objectives. 
Hence we propose the additional features can be supported based on RAN4 consensus.    

Proposal #1: The 1LO/1 antenna RF architecture is baseline for NR SL intra-band contiguous CA operation in band n47. The SL CA UE does not support simultaneous SL-U and NR SL CA operation in band n47.
Proposal #2: For RF requirements for SL-MIMO and Tx diversity of NR SL intra-band contiguous CA UE, RAN4 can consider 2Tx antenna architecture in Rel-18.
Proposal #3: For the additional features e.g. SL-MIMO and/or Power class 2 of NR SL intra-band CA UE, RAN4 can decide whether to support these features based on RAN4 consensus in Rel-18.

2.2 MPR/A-MPR assumptions for NR SL intra-band contiguous CA UE in band n47

For the basic MPR/A-MPR simulation assumptions, RAN4 can reuse the simulation assumptions in TR38.785 for PC3 /PC2 NR SL CA UE in band n47.
Table 2-1: MPR simulation assumption for PC2/PC3 NR SL intra-band contiguous CA operation
	Parameter
	Assumption

	Center frequency
	5.885GHz for 1LO

	Bandwidth per CC
	10/20/30/40MHz

	Maximum output power for aggregated CBW
	23dBm/26 dBm

	Numerology
	15 kHz/30kHz/60kHz

	Modulation per CC
	QPSK/16QAM/64QAM/256QAM

	Waveform
	CP-OFDM

	Carrier leakage
	25dBc

	IQ image
	25dBc

	CIM3
	45dBc or 60dBc

	PA calibration
	PA calibrated to deliver [31dBc] ACLR for a fully allocated RBs in 20MHz QPSK DFT- S-OFDM waveform at 1 dB MPR.
This is based to share PA between LTE V2X and NR V2X at 5.9GHz as worst case.



For both PC3/PC2 NR SL intra-band contiguous CA operation, simultaneous transmission of PSCCH and PSSCH in the same sub-frame is supported. The following constraints in Table 2-2 can be assumed based on current RAN1’s agreement.
Table.2-2: PC2/PC3 NR SL CA UE’s MPR simulation assumptions
	Items
	Assumption

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

	Allowed LCRB allocation per CC
	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 per CC
	[image: 차트이(가) 표시된 사진

자동 생성된 설명]

	PSCCH size per CC
	10RB*3 Symbols

	PSD offset of X dB between PSCCH and PSSCH per CC
	0dB



For simultaneous transmission of PSFCH transmission for PC2/PC3 NR SL CA UE, RAN4 assumed as follows in Table 2-3.
Table 2-3: PC2/PC3 NR SL CA UE’s MPR simulation assumptions for PSFCH transmission
	Items
	Assumption

	Modulation for PSFCH per CC
	QPSK

	PSFCH
	ZC sequence

	Structure of Slot
	Baseline is to follow RAN1 agreements

	RB allocation
	- FFS. RAN4 can follow RAN1 agreements for multi-user PSFCH transmission  



For S-SSB transmission for PC2 V2X UE, RAN4 can be assumed as follows in Table 2-4.
Table 2-4: PC2/PC3 NR SL CA UE’s MPR simulation assumptions for S-SSB transmission
	Items
	Assumption

	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



Also, the candidate CA band combinations are proposed in Table 2-5. The maximum allowed aggregated channel BW is up to 70MHz in band n47. 
Table 2-5: NR SL Intra-band contiguous CA operation configurations
	NR V2X intra-band con-current operating configuration
	NR Band
	Interface
	Channel bandwidth (MHz) (NOTE 1)
	Maximum aggregated bandwidth (MHz)
	Bandwidth combination set

	V2X_n47B
	n47
	PC5
	10, 20, 30, 40
	70
	0

	
	n47
	
	10, 20, 30
	
	

	NOTE 1: 	The SCS of each channel bandwidth for NR band refers to Table 5.3.5-1 in TS38.101-1.



Following additional simulation assumptions are considered to derive MPR/A-MPR requirements for NR SL intra-band contiguous CA operation in band n47.
· Baseline SCS is 30kHz for NR SL CA UE
· The example CA bandwidth combination is 2CCs for NR SL intra-band contiguous CA
· At least 10MHz+10MHz 
· 10MHz + 20/30/40MHz 
· 20MHz + 20/30/40MHz
· 30MHz + 30/40MHz
· The inner/outer contiguous RB allocation mechanisms are considered to derive MPR/A-MPR requirements. 
· For A-MPR requirements in Europe, RAN4 considered the additional SEM requirements in section 6.5E.2.3.1 and additional SE requirements in section 6.5E.3.4 in TS38.101-1.
· For A-MPR requirements in the US, RAN4 needs to wait for the final release of the emission limits from FCC based on RAN4 previous agreements.
· For A-MPR to meet Europe regulation (by NS_33), the following parameters are considered for the example CA bandwidth combination for NR SL intra-band contiguous CA
· At least 10MHz+10MHz (Carrier frequency = 5865MHz) as worst case
· Other carrier frequency: 5875, 5885, 5895, 5905,5915 MHz
· 20MHz + 20MHz (Carrier frequency =5875MHz) as worst case
·  Other carrier frequency: 5885, 5895, 5905 MHz
· 30MHz + 30MHz (Carrier frequency =5885MHz) as worst case
· Other carrier frequency: 5895 MHz
· 30MHz + 40MHz (Carrier frequency =5885MHz)
· Other candidates’ intra-band contiguous CA band combinations are not precluded

If there is not indicate the detail parameters, then RAN4 can follow TR38.886 for NR SL operation and refer to the TS38.211 and TS38.212 for NR SL operation. 
Proposal #4: For MPR/A-MPR evaluation to support NR SL intra-band contiguous CA, RAN4 can consider the provided RF parameters and simulation assumptions in section 2.2.

3. Conclusions
In this contribution, we provided the candidate RF architecture for NR SL intra-band contiguous CA operation in band n47 and provided the detailed RF parameters and assumptions for MPR/A-MPR requirements in band n47. Based on our initial analysis, we propose the following.

Proposal #1: The 1LO/1 antenna RF architecture is baseline for NR SL intra-band contiguous CA operation in band n47. The SL CA UE does not support simultaneous SL-U and NR SL CA operation in band n47.
Proposal #2: For RF requirements for SL-MIMO and Tx diversity of NR SL intra-band contiguous CA UE, RAN4 can consider 2Tx antenna architecture in Rel-18.
Proposal #3: For the additional features e.g. SL-MIMO and/or Power class 2 of NR SL intra-band CA UE,  RAN4 can decide whether to support these features based on RAN4 consensus in Rel-18.
Proposal #4: For MPR/A-MPR evaluation to support NR SL intra-band contiguous CA, RAN4 can consider the provided RF parameters and simulation assumptions in section 2.2.
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