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Introduction
The WID on NR SL evolution was revised in RAN#99 with the following objective of NR SL CA operation [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: _Hlk89619097]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
Furthermore, the following proposal was also endorsed as a way forward in RAN#100, which indicates the workload and discussion of NR SL CA should be strictly limited [2]. Otherwise, NR SL CA will be dropped in Rel-18 when it has some impacts on the completion of other SL topics (e.g., SL-U).
	Proposal: RAN1 starts working on sidelink CA in Q3 as agreed in RAN#99. RAN#101 will check the progress, and sidelink CA will be dropped from Rel-18 if its RAN1 work is not completed.
· Note: the work on Sidelink CA shall not impact the completion of SL-U.



Based on the above guidance from RAN plenary, we provide discussions and our views on some key points of NR SL CA in this contribution. Specifically, we focus on how to reuse the design of LTE SL CA and determine whether some enhancements are needed in the following aspects:
· Synchronization
· Power control
· Resource allocation
[bookmark: _Hlk100248997]Discussion
1.1 Synchronization
In LTE SL CA, only a single synchronization reference is used for all aggregated carriers from both transmitting UE and receiving UE’s perspective. Hence, a sync carrier should be determined among all potential carriers for carrier aggregation. According to TS 36.331, the sync carrier is selected from the intersection of carrier(s) included in syncFreqList and carrier(s) selected by UE for sidelink transmissions. If at least one candidate carrier is included in this intersection, the carrier which has a sync reference with the highest priority is selected as the sync carrier. Correspondingly, the sync reference with the highest priority on this sync carrier is regarded as the final sync reference for all aggregated carriers. On the other hand, when the intersection of carriers is empty or syncFreqList is not configured, Rel-14 independent sync procedure is used per carrier. In this case, only the carriers using the same sync reference can be aggregated for data transmission. Furthermore, both Rel-14 independent sync procedure and reselection of sync carrier are allowed according to LTE SL specification when sync reference is lost.
In our understanding, all of above synchronization procedures for LTE SL CA in TS 36.331 including the corresponding higher layer parameters (e.g., syncFreqList) can be reused for NR SL CA. However, it is pointed out that the Rel-14 independent sync procedure as well as the rule of sync priority used in LTE SL CA should be replaced by Rel-16 sync procedure and sync priority in NR SL CA, respectively.
Proposal 1: Reuse the synchronization procedure of LTE SL CA in TS 36.331 to determine sync carrier and sync reference in NR SL CA.
· The higher layer parameters (e.g., syncFreqList) in TS 36.331 can be reused as well.
· Rel-14 per-carrier sync procedure and sync priority used in LTE SL CA should be replaced by Rel-16 per-carrier sync procedure and sync priority.
1.2 Power control
Power control for PSSCH
According to TS 36.213, the transmission power of PSSCH is determined independently on each carrier of all aggregated carriers based on the formula below. The  used in the formula for LTE SL CA operation is specified in TS 36.101, which is also copied in the below.
	TS 36.213

For sidelink transmission mode 4, the UE transmit power  for PSSCH transmission in subframe n is given by

 [dBm] ,







where  is defined in [6],  is the bandwidth of the PSSCH resource assignment expressed in number of resource blocks, , and  where is defined in Clause 5.1.1.1.  and  are provided by higher layer parameters p0SL-V2V and alphaSL-V2V, respectively and that are associated with the corresponding PSSCH resource configuration. If higher layer parameter maxTxpower is configured then

	
else

	

where is set to a maxTxpower value based on the priority level of the PSSCH and the CBR range which includes the CBR measured in subframe n-4.

TS 36.101
For intra-band contiguous multi-carrier operation, MPRc = MPR and A-MPRc = A-MPR with MPR and A-MPR specified in subclause 6.2.3G and subclause 6.2.4G respectively. There is one power management term for the UE, denoted P-MPR, and P-MPR c = P-MPR. PCMAX,c  is calculated under the assumption that the transmit power is increased by the same amount in dB on all component carriers.
The total configured maximum output power PCMAX shall be set within the following bounds:
PCMAX_L ≤ PCMAX ≤ PCMAX_H
PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC , PPowerClass – MAX(MPR + A-MPR + ΔTIB,c + TC + TProSe, P-MPR ), PRegulatory }
	PCMAX_H  = MIN{10 log10 ∑ pEMAX,c , PPowerClass, PRegulatory }



As can be observed in the formula, the transmission power of PSSCH on a carrier is no larger than . However,  is defined as the sum of maximum transmission power on each carrier rather than the maximum power on a single carrier for CA operation in TS 36.101. Hence, the total transmission power may exceed  after adding up the calculated transmission power of all aggregated carriers. To address this issue, the transmission power of PSSCH with the lowest priority (i.e., the largest priority value) is adjusted or such PSSCH is dropped in LTE SL CA.
	


In sidelink transmission mode 3 or 4, if a UE's sidelink transmission on a carrier overlaps in time with sidelink transmission on other carrier(s) and its total transmission power exceeds defined in [6], the UE shall adjust the transmission power of the sidelink transmission which has SCI whose "Priority" field is set to the largest value among all the "Priority" values of the overlapped sidelink transmissions such that its total transmission power does not exceed defined in [6]. In this case, calculation of the adjustment to the sidelink transmission power is not specified. If the transmission power still exceeds  defined in [6] after this power adjustment, the UE shall drop the sidelink transmission with the largest "Priority" field in its SCI and repeat this procedure over the non-dropped carriers. It is not specified which sidelink transmission the UE adjusts when sidelink transmissions overlapping in time on two or more carriers have the same value for the "Priority" field.


By following the similar design of LTE SL CA, we think the transmission power of NR SL PSSCH can be calculated per carrier as well based on existing formula in TS 38.213. However, there is no definition of  for CA operation in current TS 38.101. Therefore, a new  ought to be defined for NR SL CA. In addition, the above procedure of power adjustment or transmission dropping in LTE SL CA should also be reused to limit the total transmission power of all aggregated carriers.
Proposal 2: For transmission power of PSSCH in Rel-18 NR SL CA,
· The transmission power is calculated per carrier according to the formula in section 16.2.1 of TS 38.213.
· A new  for PSSCH in CA operation should be defined.
· Reuse the existing power adjustment or transmission dropping procedure in TS 36.213 to limit the total transmission power.
Power control for S-SSB
	NOTE 1:	In the case of limited transmission capabilities on multiple carrier frequencies, when the UE is configured with syncFreqList, whether to transmit SLSS/PSBCH on a frequency, which is selected for V2X sidelink communication transmission as specified in TS 36.321 [6] and is other than the synchronisation carrier frequency, is up to UE implementation.


In LTE SL CA, it is up to UE implementation to transmit SLSS/PSBCH on other carriers in addition to the selected sync carrier. In other words, UE may transmit SLSS/PSBCH on more than one carrier simultaneously based on UE capability. As such, there is no need to specify the power adjustment or transmission dropping procedure for SLSS/PSBCH transmission due to all of them are based on UE implementation. According to TS 36.213, the transmission power of SLSS/PSBCH is also calculated on each carrier independently according to   and . However, only the definition of  and  for single carrier operation is specified in TS 36.101 and we do not find the corresponding definition for multi-carrier operation.
By considering the limited total transmission power of UE, we think it can still rely on UE implementation in NR SL CA to determine whether S-SSB can be transmitted on the carriers other than sync carrier or not. When UE transmits S-SSB on multiple carriers, the transmission power should be determined per carrier according to section 16.2.0 of TS 38.213. It is noted that the transmission power of S-SSB in NR SL is calculated by  instead of  and , so a new  of S-SSB is also needed for multi-carrier operation in TS 38.101. 
Proposal 3: For transmission power of S-SSB in Rel-18 NR SL CA,
· The transmission power is calculated per carrier according to the formula in section 16.2.0 of TS 38.213.
· A new  for S-SSB in CA operation should be defined.
· It is up to UE implementation to transmit S-SSB on the carriers other than sync carrier with the limitation that the total transmission power does not exceed .
Power control for PSFCH
HARQ feedback for unicast and groupcast is a new feature in NR SL, so there is no corresponding mechanism for PSFCH power control in LTE SL CA. However, it is already supported that UE transmits multiple PSFCHs in the same slot on a single carrier in Rel-16 NR SL. Hence, the power control procedure for simultaneous PSFCH transmissions on a single carrier can be taken as a starting point for the study in NR SL CA.
In Rel-16 single carrier operation, the number of simultaneous PSFCH transmissions should be no larger than . The transmission power of each PSFCH transmission is determined independently. When the total transmission power of PSFCH transmissions exceeds , UE will select a number of PSFCH transmissions in ascending order of priority value to restrict the total transmission power. 
After checking the list of UE capability, we find  represents the maximum number of PSFCH resources that UE can transmit simultaneously in a band. Therefore,  is suitable for intra-band CA operation in Rel-18. According to TS 38.101, the existing  for PSFCH is the sum of maximum transmission power configured within each resource pool used to transmit HARQ information. In our understanding, current specification doesn’t explicitly indicate the resource pools for PSFCH transmissions are on the same carrier or different carriers, or, in the same band or different bands. Hence, it seems that current definition of  for PSFCH also fits in CA operation. By taking all these points into account, we think current mechanism of power control for simultaneous PSFCH transmissions can be directly reused in Rel-18 NR SL CA.
Proposal 4: For transmission power of PSFCH in Rel-18 NR SL CA,
· The transmission power is calculated per PSFCH transmission according to the formula in section 16.2.3 of TS 38.213.
· The existing definition of  for PSFCH can be reused in CA operation.
· UE selects PSFCH transmissions in ascending order of priority value to limit the total transmission power as specified in section 16.2.3 of TS 38.213.
Based on the above analysis, at least the new  for PSSCH and S-SSB ought to be defined in Rel-18 NR SL CA. It is better to inform RAN4 to start the related work.
Proposal 5: Inform RAN4 to update the definition of  for Rel-18 NR SL CA in TS 38.101.
1.3 Resource allocation
In LTE SL Mode 4 RA, there is an additional resource exclusion behaviour for CA scenario by considering the number of simultaneous transmission carriers, the supported carrier combinations and the interruption for RF retuning time. More specifically, a single-slot candidate resource R(x,y) will be excluded from candidate resource set if UE doesn’t support the transmission on R(x,y) due to the existing SL grants on other carriers and the limited TX capability. According to the updated objective of NR SL CA, only Mode 2 RA is involved and the limited TX/RX capability is not considered in Rel-18. Therefore, we think the additional resource exclusion for SL CA in LTE specification is not needed in Rel-18 NR SL CA. That is, none enhancement is needed for per-carrier independent Mode 2 RA procedure in Rel-18 NR SL CA.
Observation 1: None enhancement is needed for per-carrier independent Mode 2 RA procedure in Rel-18 NR SL CA.
Conclusion
In this contribution, we discussed the solutions of Rel-18 NR SL CA operation, we have following observations and proposals:
Observation 1: None enhancement is needed for per-carrier independent Mode 2 RA procedure in Rel-18 NR SL CA.
Proposal 1: Reuse the synchronization procedure of LTE SL CA in TS 36.331 to determine sync carrier and sync reference in NR SL CA.
· The higher layer parameters (e.g., syncFreqList) in TS 36.331 can be reused as well.
· Rel-14 per-carrier sync procedure and sync priority used in LTE SL CA should be replaced by Rel-16 per-carrier sync procedure and sync priority.
Proposal 2: For transmission power of PSSCH in Rel-18 NR SL CA,
· The transmission power is calculated per carrier according to the formula in section 16.2.1 of TS 38.213.
· A new  for PSSCH in CA operation should be defined.
· Reuse the existing power adjustment or transmission dropping procedure in TS 36.213 to limit the total transmission power.
Proposal 3: For transmission power of S-SSB in Rel-18 NR SL CA,
· The transmission power is calculated per carrier according to the formula in section 16.2.0 of TS 38.213.
· A new  for S-SSB in CA operation should be defined.
· [bookmark: _GoBack]It is up to UE implementation to transmit S-SSB on the carriers other than sync carrier with the limitation that the total transmission power does not exceed .
Proposal 4: For transmission power of PSFCH in Rel-18 NR SL CA,
· The transmission power is calculated per PSFCH transmission according to the formula in section 16.2.3 of TS 38.213.
· The existing definition of  for PSFCH can be reused in CA operation.
· UE selects PSFCH transmissions in ascending order of priority value to limit the total transmission power as specified in section 16.2.3 of TS 38.213.
Proposal 5: Inform RAN4 to update the definition of  for Rel-18 NR SL CA in TS 38.101.
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