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Introduction
The WID revision [1] was approved in RAN#99e with the updated scope for the objective of sidelink CA operation in NR sidelink evolution.  
	1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4] (This part of the work is put on hold until further checking in RAN#99)
· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to FR1 licensed spectrum and 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
· 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 contribution, we provide our consideration and analysis on RAN4 work for NR sidelink CA operation.
Discussion
In the approved WF R4-2310314 in RAN4#107 and WF R4-2314739 in RAN4#108, the Tx requirements for SL CA were captured
	Topic #1: System parameter for SL intra-band contiguous CA
[bookmark: _Hlk143864902]<Agreement>: Capture the following bandwidth combinations in TS
			Sidelink CA configuration / Bandwidth combination set

	Sidelink CA configuration 
	Sidelink CA configuration for TX
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	
	

	SL_n47B
	SL_n47B
	10
	10
	
	
	
	70
	0

	
	
	30
	[30], 40
	
	
	
	
	


[bookmark: _Hlk143865072]
Topic #2: Tx Requirements for SL intra-band contiguous CA
Issue 2-1: Methodology on Tx requirements for SL intra-band contiguous CA
<Way forward >: FFS: Take the requirements for 
· LTE V2X intra-band contiguous CA or LTE intra-band contiguous CA 
· NR intra-band contiguous CA
   as baseline.

Encourage companies to provide results based on the preferred methodology. Make decision for the suitable manner for SL CA in next meeting based on the inputs.
Issue 2-6: MPR/A-MPR Simulation assumptions
<Way forward >: Update the simulation assumptions to
	Center frequency
	5.9GHz

	Bandwidth 
	per CC: 10/20/30/40MHz
aggregated CBW: 20+40MHz/ 30+40MHz, 10MHz + 10MHz

	Maximum output power for aggregated CBW
	23dBm

	Numerology
	15 kHz/30kHz/60kHz

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

	Waveform
	CP-OFDM

	Carrier leakage
	25dBc

	IQ image
	25dBc for QPSK, 16QAM, 64QAM
34dBc for 256QAM

	CIM3
	 60dBc

	PA calibration
	PA calibrated to deliver 30dBc 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.






In LTE, the standardization for MPR of intra-band CA is based on contiguously aggregated transmit bandwidth configuration (resource blocks). In NR, the MPR of intra-band contiguous CA was specified in Rel-16 based on both contiguous and non-contiguous RB allocations to accommodate flexible frequency resource allocation on both the carriers for large bandwidth, up to 100MHz.
In Sidelink CA, the work is limited to the ITS band in FR1 (Band n47) with channel bandwidth 10, 20, 30 and 40MHz. The aggregated CBW for sidelink CA can be 10+10MHz, 30+40 MHz, and could be 20+20 MHz, etc. Considering the utilized bandwidths are not very large, and they are closed to the bandwidth in LTE, it is more suitable to specify MPR of SL CA based on the methodology of LTE intra-band CA with contiguous RB allocation only.  
Table 1 Channel bandwidths for band n47
	NR Band
	SCS (kHz)
	UE Channel bandwidth (MHz)

	
	
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	60
	70
	80
	90
	100

	n4710
	15
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	30
	
	10
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	40
	
	
	
	
	
	
	

	
	60
	
	10
	
	20
	
	30
	
	40
	
	
	
	
	
	
	

	NOTE 10:	For this band, UE channel bandwidths which are applicable to sidelink operation are specified in Table 5.3E.1-1.


[bookmark: _Ref146562402]Observation 1: The channel bandwidth for n47 in SL CA is limited to 10, 20, 30 and 40MHz.
[bookmark: _Ref146562412]Proposal 1: To specify MPR of SL CA based on the methodology of LTE intra-band CA with contiguous RB allocation only.
The contiguous allocation rule of inner and outer for intra-band contiguous CA are as follow referring to TS38.101-1
	In contiguous CA, a contiguous allocation is an inner allocation if
RBStart,Low  ≤  RBStart_CA  ≤  RBStart,High, and NRB_alloc  ≤  ceil(NRB,agg /2),
where
RBStart,Low = max(1, floor(NRB_alloc /2))
RBStart,High = NRB,agg – RBStart,Low – NRB,alloc,
with
NRB_alloc= LCRB1 ∙ 2^µ1 + LCRB2 ∙ 2^µ2,
NRB,agg=NRB1∙2^µ1+ NRB2∙2^µ2.
If LCRB1 =0, RBStart_CA = NRB1∙2^µ1+ RBStart2∙2^µ2,
if LCRB1 > 0, RBStart_CA = RBStart1∙2^µ1.
A contiguous allocation that is not an Inner contiguous allocation is an Outer contiguous allocation.



The MPR for power class 3 NR V2X with single cell and intra-band CA of contiguous RB allocation with bandwidth calls B in CP-OFDM waveform are as follows in Table 2 and Table 3 separately. 
[bookmark: _Ref146198576]Table 2 Maximum Power Reduction (MPR) for power class 3 NR V2X
	Modulation
	Channel bandwidth/MPR (dB)

	
	Inner RB allocations
	Outer RB allocations

	CP-OFDM
	QPSK
	≤ 2.5
	≤ 4.5

	
	16QAM
	≤ 2.5
	≤ 4.5

	
	64 QAM
	≤ 4.5

	
	256 QAM
	≤ 7.0



[bookmark: _Ref146198583]Table 3 MPR for intra-band contiguous CA with contiguous RB allocation in power class 3
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	2.0
	4.0

	
	16QAM
	2.5
	4.0

	
	64QAM
	3.5
	4.0

	
	256QAM
	6.5
	6.5



Referring to the updated MPR simulation assumption in the last meeting, we use the following simulation scenarios in Table 4.
[bookmark: _Ref146211589]Table 4 SLCA PSSCH/PSCCH MPR simulation scenarios
	Scenario
	Aggregated CBW
	Subcarrier spacing
	Waveform
	Modulation

	1
	10MHz + 10MHz
	15kHz+15kHz
	CP-OFDM
	QPSK/16QAM/64QAM/256QAM

	2
	10MHz + 10MHz
	30kHz+30kHz
	CP-OFDM
	QPSK/16QAM/64QAM/256QAM

	3
	30MHz + 40MHz
	30kHz+30kHz
	CP-OFDM
	QPSK/16QAM/64QAM/256QAM

	4
	20MHz + 20MHz
	30kHz+30kHz
	CP-OFDM
	QPSK/16QAM/64QAM/256QAM



The simulation results for the scenarios listed in are illustrated below, and the evaluation figures are shown in the Annex with Figure 1-Figure 4.
	Modulation
	10MHz + 10MHz/ 
30kHz+30kHz
	10MHz + 10MHz/ 
15kHz+15kHz
	30MHz + 40MHz / 
30kHz+30kHz
	20MHz + 20MHz / 
30kHz+30kHz

	
	inner
	outer
	inner
	outer
	inner
	outer
	inner
	outer

	QPSK
	1.8
	2.9
	1.9
	3.1
	1.7
	3.0
	1.8
	3.2

	16QAM
	2.3
	2.9
	2.2
	3.0
	2.5
	3.2
	2.3
	3.2

	64QAM
	3.3
	3.9
	3.3
	4.0
	3.4
	4.0
	3.4
	4.0

	256QAM
	5.2
	6.3
	5.3
	6.4
	5.4
	6.4
	5.5
	5.4



[bookmark: _Ref146562419]Proposal 2: The proposed MPR of SL CA for PSSCH/PSCCH is as Table 5, taking margin into consideration.
[bookmark: _Ref146224397]Table 5 MPR for SL CA with in power class 3
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	2.5
	4.5

	
	16QAM
	2.5
	4.0

	
	64QAM
	4.5
	4.5

	
	256QAM
	6.0
	7.0



Conclusion
This contribution provides our consideration and initial analysis on RAN4 work for Rel-18 SL evolution with the following observation and proposals:

Observation 1: The channel bandwidth for n47 in SL CA is limited to 10, 20, 30 and 40MHz.
Proposal 1: To specify MPR of SL CA based on the methodology of LTE intra-band CA with contiguous RB allocation only.
Proposal 2: The proposed MPR of SL CA for PSSCH/PSCCH is as Table 5, taking margin into consideration.
Table 5 MPR for SL CA with in power class 3
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	2.5
	4.5

	
	16QAM
	2.5
	4.0

	
	64QAM
	4.5
	4.5

	
	256QAM
	6.0
	7.0




Annex

Scenario#1:  10MHz + 10MHz/ 30kHz+30kHz
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[bookmark: _Ref146268365]Figure 1 Scenario#1: 10MHz + 10MHz/ 30kHz+30kHz
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Figure 2 Scenario#2:  10MHz + 10MHz/ 15kHz+15kHz
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[bookmark: _Ref146268367]Figure 3 Scenario#3:  30MHz + 40MHz/ 30kHz+30kHz
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[bookmark: _Ref146562536]Figure 4 Scenario#4:  20MHz + 20MHz/ 30kHz+30kHz
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