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Introduction
Release 18 NR sidelink evolution work item descriptions (WID) [1] has an objective of sidelink carrier aggregation (CA) operation. The detailed descriptions of the objective are as follows.  
 
	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



It was agreed [2] that RAN1 starts working on sidelink CA in the third quarter of 2023. This objective will be dropped from Release 18 if RAN1 work is not completed by RAN#101 meeting.

In this contribution, we provide our views on the sidelink CA operation.
Discussion
In supporting LTE sidelink CA operation, several RAN1 related areas were enhanced including carrier (re)selection, synchronization of aggregated carriers, resource selection considering limited transmission capability, transmission power split for simultaneous sidelink transmissions. 

According to the WID [1], it is clear that NR sidelink CA operation is based on LTE sidelink CA operation. Specifically, it is mentioned that NR sidelink CA reuses the LTE sidelink CA design for the aspects of sidelink carrier (re)selection, synchronization of aggregated carriers, transmission power split for simultaneous sidelink transmissions, and packet duplication. 

In LTE sidelink CA design on carrier (re)selection, higher layer semi-statically provides potential carrier(s) for transmission and reception in CA. For a given MAC PDU, a single carrier is used for its transmission and potential retransmission. 

We think the similar mechanism could be applied for NR sidelink CA for simplicity. Specifically, in NR sidelink CA, a single carrier is used for transmission and potential retransmission of a given MAC PDU.  

Proposal 1: In NR sidelink CA, a set of potential carriers is configured for sidelink transmission and reception, and a single carrier is used for transmission and potential retransmission of a given MAC PDU. 

In LTE sidelink CA on synchronization of aggregated carriers, a single synchronization reference is used for all aggregated carriers, at both transmitting UE side and receiving UE side. 

This design simplifies the synchronization operations and indicates all the aggregated carriers are all synchronized. We think the similar mechanism could be applied to NR sidelink CA. 

Proposal 2: In NR sidelink CA, a single synchronization reference is used for all aggregated carriers. 

In LTE sidelink CA on synchronization carrier determination, higher layer can configure a set of carriers (i.e., Set-A) that can potentially be used as the synchronization carrier for the potential carriers configured for sidelink CA. Each carrier in Set-A belongs to the set of potential carriers for transmission and reception for sidelink CA. 

If Set-A is empty, then independent synchronization is used per carrier. Otherwise, a UE determines an available set of potential synchronization carriers (i.e., Set-B), which is a subset of Set-A on which the UE is currently aggregating.

If Set-B is empty, then independent synchronization is used per carrier. If Set-B contains a single carrier, then UE shall obtain the time and frequency synchronization for all the aggregated carriers from the synchronization reference of the synchronization carrier. If Set-B contains more than one carrier, then the carrier in Set-B with the highest priority synchronization reference is selected. 

Overall, we think the above LTE sidelink CA synchronization reference selection procedure could be reused on NR sidelink CA.

Proposal 3: In NR sidelink CA, a set of carriers (i.e., Set-A) is configured to as potential synchronization carriers, where each carrier in Set-A belongs to the set of potential carriers for transmission and reception for sidelink CA. 
· If Set-A is empty, then independent synchronization is used per carrier. 
· Otherwise, UE determines an available set of potential synchronization carriers (i.e., Set-B) which is a subset of Set-A and the UE is currently aggregating. 
· If Set-B is empty, then independent synchronization is used per carrier.
· If Set-B contains only a single carrier, the synchronization reference on this carrier is used for time and frequency synchronization for all the aggregated carriers.
· If Set-B contains more than one carrier, the carrier with the highest priority synchronization reference is selected.

In LTE sidelink CA on SLSS transmissions, two options are supported and selected by configuration. In the first option, SLSS is transmitted on selected synchronization carrier from Set-B. In the second option, SLSS is transmitted on all carriers from Set-B. 

Proposal 4: In NR sidelink CA, SLSS is transmitted on either selected synchronization carrier from Set-B or all carriers from Set-B.

In LTE sidelink CA on transmission power split for simultaneous sidelink transmissions, UE prioritizes the transmission on higher priority packets. In case of identical priority packets, it is up to UE’s implementation to perform transmission if it is constrained in terms of available power. In other words, UE should follow the legacy power allocation on the higher priority packets first, and then use the remaining power for the lower priority packets. 

The similar transmission prioritization rule could be applied to NR sidelink CA, at least for PSCCH/PSSCH and S-SSB transmissions. 

Proposal 5: In NR sidelink CA, if there are simultaneous PSCCH/PSSCH/S-SSB transmissions on multiple carriers and UE has limited transmission power over all these carriers, then UE shall prioritize PSCCH/PSSCH/S-SSB transmission with higher priority. 

In NR sidelink operations in a single carrier, the simultaneous PSFCH transmissions are supported. The actual number of simultaneous PSFCH transmissions () is determined by UE’s capability of maximum number of simultaneous PSFCH transmissions (), scheduled number of PSFCH transmissions (), ideal single-PSFCH transmission power (), UE’s total transmission power (), as well as the priorities of these PSFCH transmissions. In case of power limited scenario (i.e., is not large enough to support all the scheduled number of simultaneous PSFCH transmissions accompanied with ideal single-PSFCH transmission power.), the PSFCHs to be transmitted are selected based on their priorities. 

Once the actual number of simultaneous PSFCH transmissions is determined, the power of each of actual PSFCH transmissions is the same. Specifically, in case of power limited scenario, each PSFCH transmission power is equal to UE’s total transmission power equally divided by the actual number of simultaneous PSFCH transmissions. Otherwise, each PSFCH transmission power is equal to the ideal single-PSFCH transmission power. 

In NR sidelink CA operation, if UE’s total transmission power is large enough to support all the scheduled simultaneous PSFCH transmissions across all the carriers accompanied with ideal single-PSFCH transmission power, then all the scheduled PSFCH transmissions across all carriers can occur, where each PSFCH transmission power is equal to the ideal single-PSFCH transmission power.

Proposal 6: In NR sidelink CA, if UE’s total transmission power is large enough to support all scheduled simultaneous PSFCH transmissions across all carriers, accompanied with ideal single-PSFCH transmission power, then all scheduled PSFCH transmissions across all carriers can occur, where each PSFCH transmission power is equal to the ideal single-PSFCH transmission power. 

If UE’s total transmission power is not large enough to support all the scheduled simultaneous PSFCH transmissions across all the carriers, accompanied with ideal single-PSFCH transmission power, then only a subset of simultaneous PSFCH transmissions can occur. We can consider the following two alternative approaches to determine a subset of PSFCHs for transmission. 

In the first approach, the selection of PSFCHs for transmission purely depends on their priorities, regardless of which carrier these PSFCHs are allocated. Specifically, a UE selects  on the -th carrier, , such that , where  is the number of PSFCH with priority value  on the -th carrier, and the value  is the largest value satisfying . In this approach, the power of each selected PSFCH transmission is the same, as in the legacy PSFCH transmission in a single carrier. 

In the second approach, we could first prioritize the carrier(s) for PSFCH transmissions. For a high priority carrier, the subset of simultaneous PSFCHs transmissions, as well as the power of each actual PSFCH transmission, is determined following the legacy PSFCH power control rule for a single sidelink carrier. If there are residual PSFCH transmission power after the power allocation on a high priority carrier, the residual PSFCH transmission power could be further allocated to a low priority carrier. Here, the prioritization of PSFCH transmission carriers may be configured, or may depend on the number of high priority PSFCH transmissions in each carrier.

Proposal 7: In NR sidelink CA, if UE’s total transmission power is not large enough to support all the scheduled simultaneous PSFCH transmissions across all the carriers, accompanied with ideal single-PSFCH transmission power, then down-select from the following two alternatives: 
· Alt 1: the selection of PSFCHs for transmission depends on their priorities, regardless of which carrier the PSFCHs are allocated. 
· The power of each selected PSFCH transmission is the same.
· Alt 2: the carrier(s) for PSFCH transmissions are prioritized. 
· The PSFCH transmission power are first allocated among all PSFCH transmissions in a high priority carrier, following the legacy PSFCH power control rule. 
· If there are residual PSFCH transmission power, then continue the PSFCH transmission power allocation in a low priority carrier, following the legacy PSFCH power control rule.
· The prioritization of carriers for PSFCH transmissions is either configured or based on the number of high priority PSFCH transmissions in a carrier.

According to the WID [1], Release 18 NR sidelink CA does not consider limited transmission and reception capability. Hence, we do not see the motivation to enhance mode 2 resource selection procedure for NR sidelink CA, which was considered in LTE sidelink CA due to limited transmission capability.

Proposal 8: In NR sidelink CA, the mode 2 resource selection enhancement is not supported in Rel-18.

Conclusion
In this contribution, we provided our views on sidelink carrier aggregation operations. Our proposals are as follows:

Proposal 1: In NR sidelink CA, a set of potential carriers is configured for sidelink transmission and reception, and a single carrier is used for transmission and potential retransmission of a given MAC PDU. 

Proposal 2: In NR sidelink CA, a single synchronization reference is used for all aggregated carriers. 

Proposal 3: In NR sidelink CA, a set of carriers (i.e., Set-A) is configured to as potential synchronization carriers, where each carrier in Set-A belongs to the set of potential carriers for transmission and reception for sidelink CA. 
· If Set-A is empty, then independent synchronization is used per carrier. 
· Otherwise, UE determines an available set of potential synchronization carriers (i.e., Set-B) which is a subset of Set-A and the UE is currently aggregating. 
· If Set-B is empty, then independent synchronization is used per carrier.
· If Set-B contains only a single carrier, the synchronization reference on this carrier is used for time and frequency synchronization for all the aggregated carriers.
· If Set-B contains more than one carrier, the carrier with the highest priority synchronization reference is selected.

Proposal 4: In NR sidelink CA, SLSS is transmitted on either selected synchronization carrier from Set-B or all carriers from Set-B. 

Proposal 5: In NR sidelink CA, if there are simultaneous PSCCH/PSSCH/S-SSB transmissions on multiple carriers and UE has limited transmission power over all these carriers, then UE shall prioritize PSCCH/PSSCH/S-SSB transmission with higher priority. 

Proposal 6: In NR sidelink CA, if UE’s total transmission power is large enough to support all scheduled simultaneous PSFCH transmissions across all carriers, accompanied with ideal single-PSFCH transmission power, then all scheduled PSFCH transmissions across all carriers can occur, where each PSFCH transmission power is equal to the ideal single-PSFCH transmission power. 

Proposal 7: In NR sidelink CA, if UE’s total transmission power is not large enough to support all the scheduled simultaneous PSFCH transmissions across all the carriers, accompanied with ideal single-PSFCH transmission power, then down-select from the following two alternatives: 
· Alt 1: the selection of PSFCHs for transmission depends on their priorities, regardless of which carrier the PSFCHs are allocated. 
· The power of each selected PSFCH transmission is the same.
· Alt 2: the carrier(s) for PSFCH transmissions are prioritized. 
· The PSFCH transmission power are first allocated among all PSFCH transmissions in a high priority carrier, following the legacy PSFCH power control rule. 
· If there are residual PSFCH transmission power, then continue the PSFCH transmission power allocation in a low priority carrier, following the legacy PSFCH power control rule.
· The prioritization of carriers for PSFCH transmissions is either configured or based on the number of high priority PSFCH transmissions in a carrier.

Proposal 8: In NR sidelink CA, the mode 2 resource selection enhancement is not supported in Rel-18.
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