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1	Introduction
In RAN2#122, RAN2 started the discussion on sidelink CA, for which the following agreements were made:
	Agreements on backward compatibility issue in SL CA (for GC/BC)
1: 	Consider a case that a V2X service which needs to be mapped into multiple carriers while there is at least one legacy UE to receive this V2X service. RAN2 further discuss whether TX profile approach can be supported. 

Agreements on per carrier CBR
1: 	Same principle as LTE V2X CA is applied. 

Agreements on TX carrier (re)selection triggers, LCP impact, and CBR-based carrier reselection/keeping for UC
1: 	Agreements made for GC/BC (RAN2#121bis-e) are also applicable for UC. TX carrier reselection is done among the carriers that peer UE also supports.

Agreement on LCID to identify duplicated SL LCHs for UC
1:	Agreement made for GC/BC (RAN2#121bis-e) is also applicable for UC.

Agreement on criterion for packet duplication
1:	SLRB configures whether PDCP duplication is used or not

Agreement on PDCP duplication/SL CA for SL SRB
1:	Working assumption: SL CA/PDCP duplication is applied to PC5-RRC after SL link is established. FFS on exact time when it can be started.

Agreement on DTX based SL RLF in SL CA
1:	The counting is calculated per carrier.
2:	Legacy SL RLF is not declared when the counting is reached to sl-MaxnumConsecutiveDTX) for carrier(s) and the UE has other available SL carrier(s) for SL CA.



For Rel-18, the work for sidelink CA assumes a very high degree of reuse from LTE V2X. However, there is still some aspects to discuss because single carrier operation cannot be fully reused/performed as it is for each carrier in CA.  In this contribution, we discuss the remaining open issues and potential enhancements in NR.
2	Discussions
2.1	DTX based SL RLF in SL CA
In RAN2#122 meeting, the following agreements were made on SL RLF procedure in SL CA:
Agreement on DTX based SL RLF in SL CA
1:	The counting is calculated per carrier.
2:	Legacy SL RLF is not declared when the counting is reached to sl-MaxnumConsecutiveDTX) for carrier(s) and the UE has other available SL carrier(s) for SL CA.

The following open issues are remained after RAN2#122 meeting:
· How SL RLF is declared in SL CA if legacy SL RLF is not declared when the counting is reached to sl-MaxnumConsecutiveDTX for some carrier(s). That is whether SL RLF in SL CA is declared based on the failure in a specific number of carrier(s) or all carriers. 
· What is the UE behaviour when the counting is reached to sl-MaxnumConsecutiveDTX in one carrier?
One way is to declare SL RLF when DTX counter of all carrier reach to its maximum value, which would allow SL transmission until at least one carrier can be used for SL transmission. However, this approach may only sustain unsuccessful SL transmission and delay declaration of SL RLF especially when the consecutive DTX can be predicted for the rest of the carriers based on the previous detection of consecutive DTX on other carriers. To avoid unsuccessful SL transmission caused by unnecessarily delayed declaration of the SL RLF, the question would be how to predict the following consecutive DTX on the remaining carriers. Given that the transmission power is one dominant factor for consecutive DTX and the transmission power over each carrier is determined by considering the congestion level of the SL resource pool of the carrier, the congestion level may be used for predicting consecutive DTX of other carriers in advance to the actual detection of consecutive DTX on those carriers. For instance, if two carriers are experiencing similar CBR, detection of consecutive DTX for carrier 1 may imply imminent detection of consecutive DTX for carrier 2 because transmission power on those carriers can be similar, resulting in similar possibility of consecutive DTX. In this case, waiting for detection of consecutive DTX for carrier 2 would only lead to unsuccessful SL transmissions over carrier 2. 
Observation 1. If the congestion levels, i.e., CBR, of SL resource pool are similar between carriers, the consecutive DTX would also occur similarly. 
The observation 1 also means that if there are different carriers of which the congestion levels are different, it is possible to communicate over remaining carriers even after detection of consecutive DTX on one carrier because the consecutive DTX is not expected yet for the remaining carriers. Therefore, it would be logical to declare SL RLF only when the consecutive DTX is detected for all carriers of which the congestion levels are different. For this, the TX UE needs to group the carriers of which the congestion levels are similar and declare SL RLF when the consecutive DTX is detected for all groups.  
Proposal 1. For SL RLF declaration in SL CA, the TX UE groups the carriers based on the CBR values and declares SL RLF when the consecutive DTX is detected for all groups.
For grouping, the CBR ranges to be used to group the carriers together can be (pre)configured via the network or it can be left up to the UE implementation which carriers within a certain CBR range to group together.  Given that CBR can dynamically change due to random nature of SL transmission, it may be better for the UE to determine how to group the carriers based on the latest CBR values of the carriers. 
Proposal 2. It is left up to UE implementation how to group the carriers in a certain CBR range. 
Meanwhile, it would be beneficial for the TX UE to trigger a carrier reselection upon detecting the consecutive DTX for a carrier, i.e., before detecting the consecutive DTX for all groups and declare SL RLF, in order to continue SL transmission by fully utilizing the benefits of SL CA. Given that the carrier reselection is to find carriers with better condition, it wouldn’t make sense to reselect the carriers for which consecutive DTX has already been detected or is predicted to be detected. Thus, the Tx UE needs to perform the carrier reselection by considering the detected consecutive DTX in the carrier of the group. For example, TX UE excludes 1) all carriers in the group by which the carrier reselection is triggered and 2) all carriers in the group(s) for which consecutive DTX has already been detected. 
Proposal 3. The carrier reselection is triggered when consecutive DTX is detected for a carrier, i.e., before declaring SL RLF.
Proposal 4. Carrier reselection is performed by excluding the carriers in the group either by which the carrier reselection is triggered or for which consecutive DTX has already been detected. 

2.2	Backward compatibility issue 
2.2.1	TX profile for PDCP duplication
In the last meeting, it was discussed whether TX profile needs to indicate that PDCP duplication is required for a service. The intention is to use PDCP duplication when a legacy service is provided to Rel-18 UEs with better performance requirement, e.g., in terms of coverage. For instance, assume a Rel-17 service A is already well provided to Rel-17 UEs with the coverage of X meters while it needs to be provided to Rel-18 UEs with the coverage of 2X meters. It was argued that, without PDCP duplication, the Rel-17 service cannot be provided to Rel-18 UEs with the extended coverage, which is regarded as backward compatibility issue by the companies supporting TX profile for PDCP duplication. Thus, it was proposed to indicate PDCP duplication via TX profile so that PDCP duplication is always activated for that service if it is expected that both of legacy UEs and Rel-18 UEs exist. 
Given that the enhancement is planned based on the new QoS requirement or the birth of a new service, it would be logical to define a new service if the QoS requirement needs to be changed in a new release. In this sense, we don’t think it is the goal of this item to serve the legacy service to the new release UEs with the same service identity but with different QoS requirement especially when the legacy service is already working fine without PDCP duplication to the legacy UEs. 
Proposal 5. In Rel-18, TX profile does not indicate PDCP duplication for a service.
2.2.2	Rel-16/17 carrier indication
One issue that needs to be discussed regarding the backward compatibility is how to ensure that SL CA is used even if Rel-16/17 UEs are present while Rel-18 UE is a Tx UE for a V2X service. To ensure that Rel-16/17 UEs can receive and process the SL transmissions, it should be transmitted/received on the Rel-16/17 carriers even when the Rel-18 Tx UE is using SL CA. For instance, if PDCP duplication is used, e.g., for distributing traffic load across different carriers, one packet needs to be sent over the legacy Rel-16/17 carriers for non-CA capable legacy UEs while other duplicate packets are transmitted via Rel-18 carriers. 
Proposal 6: To ensure backward compatibility for Rel-16/17 UEs, the legacy carrier needs to be indicated per service.
For this, the legacy carrier can be indicated to the Rel-18 UEs by using e.g., TX profile or service-to-carrier mapping, which needs to be decided by SA2 instead of RAN2. 

2.3	Sidelink CA/ Packet duplication for SRB
Use of multiple carriers aims at increasing sidelink data rate while the SL CA work in Rel-18 mainly targets V2X use cases [RP-230077]. As SL SRBs are for transmission of PC5-S or PC5-RRC, for which support of higher data rate would not be critical, it may not be required to apply SL CA to those messages. However, carrier aggregation not only increases the data rate but also helps enhancing reliability with use of PDCP duplication, hence, it was proposed in the last meeting to apply SL CA or PDCP duplication to SL SRB as well as SL DRB.   
For PC5-S, it was suggested not to apply SL CA to avoid any backward compatibility issue because, before the PC5 unicast link is established, it is not yet known by the Tx UE whether the Rx UE is capable of CA or not. In addition, there was a concern on the impact by CBR-based carrier reselection since dynamic change of frequency mapping for SL SRBs are considered not desirable in terms of latency and Rx UE complexity. However, RAN2 postponed the decision because SA2 is currently discussing backward compatibility issue regarding DCR and response to the LS has not yet been received. 
In our view, it would not only require further standardization effort but also cause undesirable complexity/latency to PC5 unicast link establishment procedure while the gain by applying SL CA to PC5-S might not be significant due to limited use of PC5-S signalling messages for e.g., link establishment/release/modification. Therefore, we propose not to apply SL CA to PC5-S messages.
Proposal 7. SL CA is not applicable to PC5-S messages. 
Once the PC5 unicast link is established, RAN2 assumed in RAN2#121bis-e that SL CA can be applied to unicast and sent an LS to SA2 in [R2-2304236] asking whether/how UE’s AS layer obtains the mapping between new L2 ID and corresponding frequencies or how the ensure the modified V2X service is mapped properly to the corresponding frequencies. In addition, RAN2 made a working assumption in RAN2#122 that SL CA/PDCP duplication is applied to PC5-RRC after the PC5 unicast link is established while leaving the exact timing when it can start as FFS. 
Although WA is to apply SL CA and PDCP duplication to PC5-RRC, it is still doubtful how significant gain it brings while there are a few open issues that needs to be resolved to support it. For instance, RAN2 would need to discuss from which point onward SL CA can be applied, whether and how to enable/disable or activate/deactivate the PDCP duplication, how to specify the LCHs to be used for PDCP duplication while waiting for SA2 decision. Considering that Rel-18 SL CA is the first release to apply CA to NR SL based on LTE CA, it seems more favorable to focus on the essential protocol introductions, rather than doing additional optimizations. 
Proposal 8. RAN2 reconsider not to apply SL CA to PC5-RRC. 
proposal 9. RAN2 discuss how to map a carrier for transmission of SL SRB.
If RAN2 will decide that SL CA and PDCP duplication can be applied to PC5-RRC, we think it should be as simple as possible, e.g., activation/deactivation is not supported, SCCH configuration for duplication is specified in TS 38.331, etc.


3	Conclusion
We discussed open issues to support SL CA and made the following observations and proposals:
Observation 1. If the congestion levels, i.e., CBR, of SL resource pool are similar between carriers, the consecutive DTX would also occur similarly. 
Proposal 1. For SL RLF declaration, the TX UE groups the carriers based on the CBR values and declares SL RLF when the consecutive DTX is detected for all groups.
Proposal 2. It is left up to UE implementation how to group the carriers in a certain CBR range. 
Proposal 3. The carrier reselection is triggered when consecutive DTX is detected for a carrier, i.e., even before declaring SL RLF.
Proposal 4. Carrier reselection is performed by excluding the carriers in the group either by which the carrier reselection is triggered or for which consecutive DTX has already been detected. 
Proposal 5. In Rel-18, TX profile does not indicate PDCP duplication for a service.
Proposal 6: To ensure backward compatibility for Rel-16/17 UEs, the legacy carrier needs to be indicated per service.
Proposal 7. SL CA is not applicable to PC5-S messages. 
Proposal 8. RAN2 reconsider not to apply SL CA to PC5-RRC. 
proposal 9. RAN2 discuss how to map a carrier for transmission of SL SRB.






