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1 Introduction
In RAN#99 a revision of the Rel-18 WID on NR sidelink evolution that includes an objective on NR sidelink CA operation was approved. 
	
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




In RAN#100, the following was endorsed:
	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.



 
This contribution discusses aspects related to the support of NR sidelink CA operation in Rel-18. Since RAN1 has only one meeting in Rel-18 to specify NR sidelink CA, we discuss basic mechanisms for the NR sidelink CA features agreed in the WID.
2 Discussion
Based on the WID objective for NR sidelink CA, only LTE sidelink CA features (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, power control for simultaneous sidelink TX, packet duplication) are supported for resource allocation mode 2.  
1 
2 
Synchronization of aggregated carriers
Similar to LTE sidelink CA, synchronization can also operate on multiple carriers for NR sidelink CA. A transmitting UE can use a single synchronization reference for all aggregated carriers, and may transmit S-SS/PSBCH blocks on one or multiple carriers. A receiving UE can use the same synchronization reference for all the aggregated carriers.
Proposal 1: For NR sidelink CA, support synchronization on multiple carriers:
· A transmitting UE uses a single synchronization reference for all aggregated carriers
· A receiving UE uses the same synchronization reference for all the aggregated carriers.
· TX and RX synchronization reference can be same or different.

Power control for simultaneous sidelink transmissions
To provide the Tx UE with information it can use for open loop power control in unicast transmissions, the Rx UE can perform RSRP measurement based on DMRS and report the L3-filtered RSRP to the Tx UE.




For NR sidelink CA, similar to LTE sidelink CA, the UE can determine the transmit power on each carrier based on the priority associated with the signals/channels transmitted on the respective carriers when the total power exceeds. If a sidelink transmission on a carrier overlaps in time with other sidelink transmissions on other carriers and the total transmission power exceeds , the UE adjusts the transmission power of the sidelink transmission with the lowest priority (which may correspond to a lowest/largest priority value among all the configured priority values associated with the transmissions, or to a lowest/largest resource reservation index, or an RSRP measured by the UE for resource selection in sidelink resource allocation mode 2) so that the total transmission power does not exceed . If the transmission power still exceeds  after the power adjustment, the UE drops the sidelink transmission with the lowest priority, and repeats this procedure over the remaining carriers. For sidelink transmissions with same priority or when there is no priority associated with the sidelink transmissions, which sidelink transmission the UE select for adjusting the transmission power can be up to UE implementation.


Proposal 2: Reuse LTE sidelink CA mechanisms for adjusting the transmit powers of transmissions on multiple carriers that overlap in time when the total power exceeds.
· UE adjusts the transmission power of the sidelink transmission (or drops the sidelink transmission with the lowest priority)
· 
UE may repeat the procedure over the non-dropped sidelink transmissions on respective carriers if the total power still exceeds. 

Proposal 3: For same priority sidelink transmissions on different carriers that overlap in time, it is up to UE implementation to select a carrier for adjusting the transmission power.

In current specifications, NR-UL/NR-SL prioritization is performed when an UL transmission overlaps in time domain with a SL transmission in the same carrier, or when the UL transmission and the SL transmission (in different carrier) share TX chains and power budget. When there are multiple SL transmissions on multiple carriers, and power budget is shared among UL and SL transmissions, the existing prioritization rules in TS 38.213, clause 16.2.4.3, for simultaneous transmissions and receptions can be extended to the case of multiple SL TX by performing prioritization between UL TX and SL multiple transmissions on multiple carriers according to priorities associated with the link and with the channels/signals.
Proposal 4: For NR-UL/NR-SL-CA prioritization, reuse existing rules for NR-UL/NR-SL prioritization in TS 38.213, clause 16.2.4.3, for transmissions/receptions on the aggregated carriers of channels/signals with corresponding priorities
· Further discuss details of NR-UL/NR-SL-CA prioritization of transmissions/receptions



According to the WID, time resources for PSFCH are aligned among the carriers for CA. Thus, TX UE would transmit one or multiple PSFCH(s) simultaneously over multiple carriers if the TX UE received the corresponding PSCCH/PSSCH on those carriers. Since Rel-16, PSFCH power control has specified 2 cases: 1) dl-P0-PSFCH is configured, and 2) dl-P0-PSFCH is not configured. If dl-P0-PSFCH is configured, PSFCH prioritization rule is defined if the total transmitted power exceeds . Otherwise, there is no consideration on  because power control value for each PSFCH control is unknown. It should be discussed whether the above 2 cases are allowed for the multiple carriers at the same time. If allowed, more discussion on details is needed, and this is not preferable since SL CA should be finished in only one meeting. Therefore, for simplicity Rel-18 NR sidelink CA should consider only two cases: 1) all carriers are configured with dl-P0-PSFCH or 2) all carriers are not configured with dl-P0-PSFCH. 

Proposal 5: For NR sidelink CA, support the following two cases for PSFCH power control:
· All SL carriers are configured with dl-P0-PSFCH
· All SL carriers are not configured with dl-P0-PSFCH

Mode 2 operation
The WID restricts NR sidelink CA for mode 2 operation. It seems not necessary to introduce any mechanism in the RAN1 specifications for that. A gNB can configure a UE in mode 2 with NR sidelink CA and not configure a UE in mode 1 with NR sidelink CA.
Observation 1: For NR sidelink CA, it is not expected any RAN1 specification impact for restricting NR sidelink CA for mode 2 operation.

Transmission carrier selection
For NR sidelink CA, the UE would be allowed to transmit and receive on multiple sidelink carriers (pre)configured by the network, and the UE would select specific sidelink carriers among them for transmission. The (pre)configured sidelink carriers can be provided by the network. Details of transmission carrier selection and reselection are being discussed in RAN2 since RAN2#121bis. It is not expected any RAN1 specification impact for supporting transmission carrier selection for NR sidelink CA.
Observation 2: For NR sidelink CA, it is not expected any RAN1 specification impact for supporting transmission carrier selection.

Packet duplication
Similar to LTE, PDCP duplication can also be considered for NR SL as another form of CA, where the same PDCP packet is transmitted in parallel on multiple sidelink carriers, to increase reliability. Details of sidelink PDCP duplication for NR sidelink are being discussed in RAN2 since RAN2#121bis. It is not expected any RAN1 specification impact for supporting packet duplication for NR sidelink CA.
Observation 3: For NR sidelink CA, it is not expected any RAN1 specification impact for supporting packet duplication.

3 Conclusion
The proposals and observations made in this contribution are summarized below: 

Proposal 1: For NR sidelink CA, support synchronization on multiple carriers:
· A transmitting UE uses a single synchronization reference for all aggregated carriers
· A receiving UE uses the same synchronization reference for all the aggregated carriers.
· TX and RX synchronization reference can be same or different.


Proposal 2: Reuse LTE sidelink CA mechanisms for adjusting the transmit powers of transmissions on multiple carriers that overlap in time when the total power exceeds.
· UE adjusts the transmission power of the sidelink transmission (or drops the sidelink transmission with the lowest priority)
· 
UE may repeat the procedure over the non-dropped sidelink transmissions on respective carriers if the total power still exceeds. 

Proposal 3: For same priority sidelink transmissions on different carriers that overlap in time, it is up to UE implementation to select a carrier for adjusting the transmission power.

Proposal 4: For NR-UL/NR-SL-CA prioritization, reuse existing rules for NR-UL/NR-SL prioritization in TS 38.213, clause 16.2.4.3, for transmissions/receptions on the aggregated carriers of channels/signals with corresponding priorities
· Further discuss details of NR-UL/NR-SL-CA prioritization of transmissions/receptions

Proposal 5: For NR sidelink CA, support the following two cases for PSFCH power control:
· All SL carriers are configured with dl-P0-PSFCH
· All SL carriers are not configured with dl-P0-PSFCH

Observation 1: For NR sidelink CA, it is not expected any RAN1 specification impact for restricting NR sidelink CA for mode 2 operation.

Observation 2: For NR sidelink CA, it is not expected any RAN1 specification impact for supporting transmission carrier selection.

Observation 3: For NR sidelink CA, it is not expected any RAN1 specification impact for supporting packet duplication.
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