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1	Introduction
In RAN2#123, RAN2 discussed sidelink CA, for which the following agreements were captured:
	Agreements on TX profile extension for SL CA
1:	When the upper layer provides multiple carriers in service to carrier mapping information to AS, we need TX profile extension to inform whether the transmisson corresponding the service is backward compatibile or not. If backward compatible is needed, only legacy carrier is used for transmission when PDCP duplication is not used. If PDCP duplication is used, at least legacy carrier is used. FFS whether to use PDCP duplication or not is up to UE implementation.

Agreements on SL CA before UC link is established
1:	SL CA is not applied before UC link is established. Will be included in the reply LS to SA2.

Agreements on SA2 question
1:	On Question 1 of S2-2307794, reply SA2 "RAN2's question 1 is intended to discuss after PC5 link establishment. And RAN2 assume that the AS layer may maintain a mapping between old L2 ID (before PC5 link establishment) and new L2 ID (after PC5 link establishment) by its implementation". 

Agreements on per-carrier CBR
1:	Confirms the working assumption “Same principle as LTE V2X CA is applied to determine per-carrier CBR” as an agreement.

Agreements on CSI reporting enhancement for SL CA
1:	No CSI reporting enhancement for SL CA in Rel-18.




RAN2 also discussed based on SA2 reply LS in R2-2307060 how to support mapping from QoS flow(s) to frequencies, which is to be revisited in this meeting.
	Proposal 2 (modified): For NR UC SL CA, RAN2 implement the mapping from QoS flow(s) to frequencies from V2X layer. 

Proposal 3: On how to implement the mapping from QoS flows to frequencies for UC SL CA, RAN2 down-select between the following 2 solutions with Table 1 into consideration. 
	• Solution 1: AS layer generates a subset of carriers among all QoS flows (i.e. “allowed SL carriers”) based on all mappings from QoS flows to frequencies from V2X layer.
	• Solution 2: AS layer rely on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU.

 Noted. We will revisit it next meeting.




Also, the rapporteur listed important open issues to be discussed in the coming meeting:
[1-1] RAN2 implementation on QoS flow to carrier mapping from upper layer
[1-2] Whether/how SL-CA affects PC5-RRC signaling
[1-3] How for UE to decide on using PDCP duplication or not
[1-4] Whether/how PDCP duplication affects PC5-RRC signaling,
[1-5] Whether/how to configure carrier set for the two RLC legs in case of PDCP duplication

In this contribution, we present our view on the remaining issues mentioned above.
2	Discussions
2.1	Support of QoS flow to frequency mapping 
The reply LS from SA2 [R2-2307060] indicated that V2X layer provides one or more radio frequencies mapped to a newly added PC5 QoS Flow to AS layer, which triggered the discussion on AS layer impact in the last meeting.  
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In Rel-17, AS layer maintains a mapping between Destination L2 ID and frequencies to follow service to frequency mapping. In Rel-18, if QoS flows associated with one service can be mapped to different frequencies, it would have impact on e.g., carrier (re)selection or LCP to ensure that specific QoS flows are transmitted over the allowed frequencies. The question is how AS layer differentiate QoS flows given that QoS flow is only visible in SDAP layer and can be multiplexed to one RB given that, in the current specification, data from different QoS flows may be multiplexed into one MAC PDU and transmitted over any carrier allowed for the service. In RAN2#123, two solutions were discussed from [R2-2307819]:
· Solution 1: AS layer generates a subset of carriers among all QoS flows (i.e. “allowed SL carriers”) based on all mappings from QoS flows to frequencies from V2X layer.
· Solution 2: AS layer rely on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU.
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Figure 1. Solution 1 (Left) vs. Solution 2 (Right)
Solution 1 is to check the intersection of frequencies among all frequencies mapped to the QoS flows of an SL RB and LCP procedure uses only the common frequencies for transmitting the data from that SL RB. Solution 1 may also imply the QoS flows without common frequencies should not be multiplexed into the same RB in the AS layer. Meanwhile, solution 2 is to do not multiplex data from QoS flows which are mapped to different frequencies even they belong to the same SL RB, i.e., the same SL logical channel. In our view, solution 2 should be avoided because it requires the MAC entity to check the SDAP header, i.e., PQIF field, to know the QoS flow ID of SDAP PDUs included in the MAC PDU, which mandates checking of different layer’s header information for every MAC PDU. In addition, solution 2 may require significant specification effort given that sPBR and sBSD are per LCH in the current LCP procedure, i.e., it is unclear how the sPBR and sBSR are maintained/calculated per flow. It should be noted that in the beginning of NR, per LCH or flow modelling was one of the complicated issues which may have impacted L2 design in general. Thus, we don’t think it is a good idea to simply touch the LCP procedure without careful analyse of the specification impact.
Observation 1. Solution 1 may imply the QoS flows should not be multiplexed into the same RB in the AS layer if the V2X layer does not provide a common frequency for the QoS flows.
Observation 2. In solution 2, in order not to multiplex QoS flows from the same RB when they are mapped to different frequencies, the MAC entity needs to check SRAP header, which violates independent L2 operation while the specification impact by performing LCP per QoS flow may be significant and requires careful analysis. 
In addition to solution 1 and 2, it has been proposed in [R2-2307976] that the TX UE reports QoS flow to frequency mapping to the gNB so that the gNB provides proper SL RB configuration via RRC. The intention is to associate QoS flows allowed to be transmitted over the same frequencies with the same SL RB. An example is depicted in Figure 2.
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Figure 2. Example of SL RB configuration
[QoS flows allowed to be transmitted over the same frequencies are assigned to the same SL RB]
However, the reporting is only available when the UE is in RRC_CONNECTED and given that only Mode 2 is the scope of Rel-18 SL CA, it would be sufficient that the UE just follows SIB12 or pre-configuration which includes SL RB configuration information.
According to TS 38.331, the SL RB configuration includes SLRB-Uu-ConfigIndex, which is to identify a sidelink DRB configuration index but not to identify a specific SL RB itself. Therefore, if there are multiple QoS flows that are matched to a QoS profile of the same SL RB configuration but are mapped to different frequencies, the UE can establish multiple SL RBs by using the same SL RB configuration. From our understanding, there is nothing in the specification to prevent the UE from creating multiple SL RBs by using one SL RB configuration and mapping the QoS flows from the same service to different SL RBs. 
Observation 3. According to TS 38.331, the SL RB configuration only indicates the index of SL RB configuration, thus the UE can establish multiple SL RBs by using the same SL RB configuration, which allows UE to assign QoS flows mapped to different frequencies to different SL RBs. 
Proposal 1. The UE, based on SL RB configuration received via SIB12 or pre-configuration, determines the QoS flow to radio bearer mapping so that QoS flows mapped to totally different frequencies belong to the different SL RBs. No specification change seems required. 

2.2	Whether/how SL-CA affects PC5-RRC signaling
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 to 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 2. RAN2 reconsider not to apply SL CA/PDCP duplication to PC5-RRC. 

2.3	PDCP duplication activation/deactivation
In RAN2#122, RAN2 discussed how to apply PDCP duplication with two options - 1) to use LTE mechanism, i.e., by replacing PPPR with QoS related parameter, or 2) to use NR mechanism, i.e., PDCP duplication is indicated per radio bearer. It was agreed that SLRB configures whether PDCP duplication is used or not because activation condition was considered a bit ambiguous given that multiple QoS flows with different QoS requirements can be mapped to a single SL RB. In RAN2#123, during discussion of TX profile, it was shown that there are different understanding on this agreement: 
· Option 1. The network activates/deactivated PDCP duplication. The UE just follows it.
· Option 2. The network enable/disable PDCP duplication. If enabled, the UE further activates/deactivates PDCP duplication.
In NR non-SL, PDCP duplication is configured by network, and it is further activated/deactivated by the network, which is reasonable because the network configures the radio bearer. Meanwhile, in LTE SL, the UE determines activation of duplication based on PPPR because the UE by itself establishes the radio bearer. In NR SL, the network can configure the radio bearer, however, there is still a case that the UE is not in coverage, in which case the network is not able to activate/deactivate the duplication. Although one way to handle this is to distinguish activation/deactivation mechanism for in-coverage and out-of-coverage, we would think it can be left up to UE implementation whether to activate/deactivate once the network allows/enables use of duplication. 
Proposal 3: For a SL radio bearer configuration, the network indicates use of PDCP duplication, the UE decides whether to activate/deactivate the PDCP duplication by implementation. 

2.4	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 3. 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 4. 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 5. 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 6. The carrier reselection is triggered when consecutive DTX is detected for a carrier, i.e., before declaring SL RLF.
Proposal 7. 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. 

3	Conclusion
Observation 1. The V2X layer may not provide a common frequency for all QoS flows mapped to a SL RB, i.e., solution 1 is incomplete.
Observation 2. In order not to multiplex QoS flows from the same RB when they are mapped to different frequencies, the MAC entity needs to check SRAP header, which violates independent L2 operation while the specification impact by performing LCP per QoS flow may require significant impact, which needs careful analysis. 
Observation 3. According to TS 38.331, the SL RB configuration only indicates the index of SL RB configuration, thus the UE can establish multiple SL RBs by using the same SL RB configuration, which allows UE to assign QoS flows mapped to different frequencies to different SL RBs. 
Proposal 1. The UE, based on SL RB configuration received via SIB12 or pre-configuration, determines the QoS flow to bearer mapping so that QoS flows mapped to different frequencies belong to the different SL RBs. No specification change seems required. 
Proposal 2. RAN2 reconsider not to apply SL CA/PDCP duplication to PC5-RRC. 
Proposal 3: For a SL radio bearer, for which the network indicates use of PDCP duplication, the UE decides whether to activate/deactivate the PDCP duplication by implementation. 
Observation 3. If the congestion levels, i.e., CBR, of SL resource pool are similar between carriers, the consecutive DTX would also occur similarly. 
Proposal 4. 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.
Proposal 5. It is left up to UE implementation how to group the carriers in a certain CBR range. 
Proposal 6. The carrier reselection is triggered when consecutive DTX is detected for a carrier, i.e., before declaring SL RLF.
Proposal 7. 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. 


image1.png
ii) The V2X layer updates the AS layer about PC5 QoS Flow addition/modification/removal for the
established PC5 unicast link. For PC5 QoS Flow addition, the V2X layer provides one or more
radio frequencies associated with the added PC5 QoS Flow to the AS layer. The V2X layer can
determine the radio frequencies based on the mapping of V2X service type(s) associated with the
PC5 QoS Flow to V2X frequencies by using the related configuration as specified in clause 5.1.2.1
of TS 23.287 (i.e. "The mapping of V2X service types to V2X frequencies with Geographical
Area(s)").

iii) The V2X layer ensures that V2X service types associated with different radio frequencies are
classified into distinct PC5 QoS Flows.
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