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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]In RAN2#121bis meeting, RAN2 initially discussed sidelink CA operation and reached the following agreement:  
Agreement: 
Support one independent HARQ entity per carrier used for NR sidelink communication and one transport block is generated per carrier. 
Support that each transport block and its retransmissions are mapped to a same single carrier.
For groupcast/broadcast, as in LTE SL CA, the carrier(s) that can be used for transmitting data are configured by V2X layer for the L2 destination. FFS on backwards compatibility issue.
Packet duplication for NR sidelink is performed at the PDCP layer. The duplicated PDCP PDUs of the same PDCP entity are submitted to two different RLC entities and associated to two different sidelink logical channels respectively.
RAN2 agrees that LCH mapping restriction shall be defined such that the duplicated PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different NR sidelink carriers.
For NR sidelink PDCP duplication, reuse the hard-coded way for paired sidelink LCID to identify duplicated sidelink LCHs (i.e. for a unified design for all Bcast/Gcast). The specific SL LCID values occupied are left to Stage-3. FFS on Unicast case.
For TX carrier (re)selection triggers in NR sidelink CA, reuse the triggers for TX carrier (re)selection per sidelink process in LTE sidelink CA as follows at least for GC/BC. (FFS on unicast case)
· if the resource (re)selection is triggered with the sidelink process.
· if there is no sidelink grant associated with the sidelink process on any carrier allowed for the STCH as indicated by upper layers (i.e., RRC layer and V2X layer).
For LCP, only allow the LCHs having a priority whose associated CBR threshold for reselection is no lower than the CBR of the carrier when the carrier is (re-)selected. FFS on how to determine the per-carrier CBR at least for GC/BC. FFS on unicast case.
NR SL CA TX carrier (re)selection follows LTE CA solution, i.e., define 1) per-carrier-per-priority CBR threshold for carrier (re)selection, and 2) per-carrier-per-priority CBR threshold for carrier keeping. And final carrier selection is done based on the lowest CBR value across carriers. Where the priority is the LCH priority. FFS on unicast case.
Based on observation that section 6.1.2.12 of TS 24.587-v18.0.0 has captured V2X layer can be provisioned with service to frequency mapping for unicast. RAN2 assume it is applicable to PC5 unicast SL CA after link has been established. RAN2 notify SA2 this assumption and ask their input on identified questions.
RAN2 ask SA2 input on Question 1: According to TS 24.588, V2X layer is only provisioned with a mapping between service identifier and initial L2 address used for unicast. But service identifier is invisible to AS-layer, and the initial L2 ID will only be used in DCR and be replaced by a self-chosen L2 ID in PC5-S link establishment procedure. Then, after L2 ID changes, whether/how UE's AS layer can obtain the mapping between L2 ID and frequencies.
RAN2 ask SA2 input on Question 2: According to TS 24.587, PC5 unicast allows UEs to add/modify/remove V2X services/PC5 QoS flows to the same L2 ID pair. Then, given service info is invisible to AS layer, how can the UE ensure the modified V2X services to be transmitted only on the corresponding frequencies in the V2X layer?

This paper further discusses the remaining issues on Sidelink CA operation.
Discussion
SL-Unicast
During last meeting, the architecture of SL CA for broadcast and groupcast had been widely discussed and quite a few agreements had been made as mentioned in previous section. However, for unicast, which is a quite unique feature introduced in NR-V2X. Quite a lot of unique designs, such as PSFCH feedback, RLF handling, etc, should be considered under CA architecture. Therefore, in this section, we will be focused on how to adopt CA architecture into the unique features in the unicast.
PSFCH for SL-unicast handling under SL-CA operation
In order to perform HARQ feedback for receiver UE, the basic request is that the PSFCH resource should configured in the reception resource pool configuration. However, whether to configure PSFCH resource would be rely on network implementation, the only constraint is that at least one resource pool on the carrier should be configured with PSFCH resource. In that case, under CA architecture, if one does not add more constraint, it is hard to ensure the resource pools on each carrier would be configured with PSFCH resource. Correspondingly, it is hard to ensure receiver UE to perform HARQ feedback on each receiving carrier for PDCP duplication case. Therefore, the following alternatives can be considered to solve this issue:
Alt-1: Allow receiver UE to perform HARQ feedback on one carrier, of which the feedback content can reflect the ACK/NACK info on every receiving carrier for PDCP duplication case.
Alt-2: Add more constraint towards network that at least one resource pool should be configured with PSFCH resource on every selected carrier.
Proposal-1: RAN2 should consider the following alternatives to enhance HARQ feedback in SL-unicast:
Alt-1: Allow receiver UE to perform HARQ feedback on one carrier, of which the feedback content can reflect the ACK/NACK info on every receiving carrier for PDCP duplication case.
Alt-2: Add more constraint towards network that at least one resource pool should be configured with PSFCH resource on every selected carrier.

RLF handling for SL CA operation
In the mechanism specified by Rel-16 NR Sidelink, the HARQ-based Sidelink RLF detection procedure is based on a number of consecutive DTX on PSFCH reception occasions for a PC5-RRC connection. To support SL carrier aggregation operation, a UE pair including Tx UE and Rx UE can be configured with multiple carriers. This means the traffic carried by one PC5-RRC connection can be mapped to multiple carriers at physical layer. 
As described within the WID scope of Rel-18 evolution, there is no primary/secondary carrier differentiation for SL CA operation and there is no cross-carrier scheduling between the different carriers. Then there is a question of the legacy Sidelink RLF detection can be applied here. Multiple carrier based transmission means there are multiple PSFCH resources configured and then there are multiple PSFCH reception occasions that can be observed.     
There may be multiple options here to adjust the legacy Sidelink RLF detection for SL CA operation. One way is to determine Sidelink RLF based on the counting of the consecutive DTX on all of the PSFCHs corresponding to the carriers for the PC5-RRC connection between Tx UE and Rx UE. Another way may be to run the different Sidelink RLF detection procedures independently as legacy manner and then the Sidelink RLF can be only declared if Sidelink RLF detection are declared for all the carriers. This means if only a subset of carrier experience RLF, it will not trigger the RLF for the PC5-RRC connection between Tx UE and Rx UE. 
Proposal-2: RAN2 to discuss the following ways to handle the sidelink RLF in case of sidelink CA operation:
Option-1: Sidelink RLF based on the counting of the consecutive DTX on all of the PSFCHs corresponding to the carriers for the PC5-RRC connection between Tx UE and Rx UE    
Option-2: Independent Sidelink RLF detection procedure runs for each carrier as legacy and then the Sidelink RLF can be only declared if Sidelink RLF detection are declared for all the carriers.

SL-Groupcast/SL-Broadcast
PDCP duplication activation/deactivation
During last meeting, quite a few agreements have been made related to PDCP duplication for broadcast and groupcast. But the way to activate/deactivate PDCP duplication has not been determined. In details, in Rel-15 LTE V2X, network will configure a PPPR threshold used for deciding whether to activate/deactivate PDCP duplication. Similarly, when it comes to Rel-18 sidelink enhancement, the similar threshold of reliability in QoS profile can be configured for the UE to decide whether to activate/deactivate PDCP duplication.
Proposal-3: The threshold of reliability from QoS profile can be configured for the UE to decide whether to activate/deactivate PDCP duplication.
Furthermore, when the UE is configured whether mode 4 in LTE V2X, it needs to report the total amount of resource it needs considering PDCP duplication, including original transmission and duplicated transmission. In details, network will configure a mapping between PPPRs and LCGID towards UE, UE will use the corresponding LCGID for BSR reporting to let network know whether it needs the duplicated resources. Similarly, when it comes to Rel-18 SL enhancement, network can also configure a mapping between LCGID and reliability values from QoS profile.
Proposal-4: A mapping between LCGID and reliability values from QoS profile can be configured for mode 3 UEs.

Backward compatibility issue for PDCP duplication
In LTE V2X, it has been discussed that when a Rel-14 LTE V2X UE receiving a duplicated packet sent from Rel-15 LTE V2X UE, which carries the reserved LCID(actually it is using as duplicated LCID in Rel-15) from its knowledge, it cannot recognize the LCID correctly. Therefore, the receiving UE should ignore the MAC PDU subheaders containing reserved values and corresponding MAC SDUs. Similarly, when it comes to REl-18 Sidelink enhancement, when the receiving UE is a Rel-17 Sidelink UE who does not have the capability of CA. In that case, when it receiving a MAC PDU containing duplicated packet, it should also ignore the MAC PDU subheaders containing reserved values and corresponding MAC SDUs.
Proposal-5: When a Rel-17 Sidelink UE receiving a duplicated packet sent from Rel-18 SL UE, it should ignore the MAC PDU subheaders containing reserved values and corresponding MAC SDUs.

SUI Reporting
In LTE V2X, before UE performing carrier selection, it will firstly according to the service to frequency mapping, which is configured by V2X layer, and its band combination capability, to filter out a set of candidate frequencies which can be selected. Then UE will report the set of frequencies towards network via SidelinkUEInformation as a per destination granularity, of which the purpose is to get resource pool configuration from network.
Similarly, when it comes to NR sidelink CA, UE should also report the candidate frequencies towards network via SUI in a per destination granularity, at least for groupcast and broadcast at current stage.
Proposal-6: UE should report the candidate frequencies which can be selected towards network via SUI in a per destination granularity, for groupcast and broadcast. FFS how to report the info for unicast.

Conclusion and Proposal
We have the following proposals:
Proposal-1: RAN2 should consider the following alternatives to enhance HARQ feedback in SL-unicast:
Alt-1: Allow receiver UE to perform HARQ feedback on one carrier, of which the feedback content can reflect the ACK/NACK info on every receiving carrier for PDCP duplication case.
Alt-2: Add more constraint towards network that at least one resource pool should be configured with PSFCH resource on every selected carrier.
Proposal-2: RAN2 to discuss the following ways to handle the sidelink RLF in case of sidelink CA operation:
Option-1: Sidelink RLF based on the counting of the consecutive DTX on all of the PSFCHs corresponding to the carriers for the PC5-RRC connection between Tx UE and Rx UE    
Option-2: Independent Sidelink RLF detection procedure runs for each carrier as legacy and then the Sidelink RLF can be only declared if Sidelink RLF detection are declared for all the carriers.
Proposal-3: The threshold of reliability from QoS profile can be configured for the UE to decide whether to activate/deactivate PDCP duplication.
Proposal-4: A mapping between LCGID and reliability values from QoS profile can be configured for mode 3 UEs.
Proposal-5: When a Rel-17 Sidelink UE receiving a duplicated packet sent from Rel-18 SL UE, it should ignore the MAC PDU subheaders containing reserved values and corresponding MAC SDUs.
Proposal-6: UE should report the candidate frequencies which can be selected towards network via SUI in a per destination granularity, for groupcast and broadcast. FFS how to report the info for unicast.
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