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1	Introduction
In the WID for NR_SL_enh2 RP-230077, the objective for CA is defined as follows:
3. 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
This contribution describes our initial view on the RAN2 scope for this objective. 

[bookmark: _Ref178064866]2	Discussion
A SL UE is configured with SL CA towards a peer UE, means that the UE is configured with multiple SL carriers for its SL transmissions or receptions. So the UE can aggregate these SL carriers together for its SL transmissions or receptions. The UE would be able to perform transmissions or receptions according to at least one of the following modes
· The UE may only use one of the SL carriers to perform SL transmission or reception 
· The UE may use multiple SL carriers of the configured SL carriers simultaneously to perform SL transmission or reception. A transmission or reception on a SL carrier may be fully or partially overlapping in time domain with another transmission or reception on another SL carrier.

2.1 Carrier management
How to map the carriers to frequencies were discussed in RAN2#112bis. RAN2 has made the below agreements for unicast.
Proposal 1: 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.
There is a remaining issue on whether the UE can map initial PC5 signaling to carriers. 
In clause 5.1.2.1 of TS 23.287, the Destination L2 IDs for V2X communications in BC and GC over PC5 reference point is provisioned to the UE:
6)	Policy/parameters when NR PC5 is selected:
-	The mapping of V2X service types to V2X frequencies with Geographical Area(s).
-	The mapping of V2X service types to the default mode of communication (i.e. broadcast mode, groupcast mode or unicast mode).
-	The mapping of V2X service types to Destination Layer-2 ID(s) for broadcast.
-	The mapping of V2X service types to Destination Layer-2 ID(s) for groupcast mode communication.
-	The mapping of V2X service types to default Destination Layer-2 ID(s) for initial signalling to establish unicast connection.
Based on the above texts ”the mapping of V2X service types to Destination L2 ID(s)” for broadcast or groupcast is provisioned to UE, means that there may be both 1 to 1 mapping and M to 1 mapping between service types to Destination L2 ID.
[bookmark: _Toc134507313]The existing SA2/CT1 specs allow both 1 to 1 and M to 1 mapping between service types to Destination L2 IDs. 
Since the service type is invisible in AS layer, companies have the majority view that services to carriers mapping would be achieved/implemented in AS layer via services to L2 IDs in RAN2#112bis.
[bookmark: _Toc134507314]Since the service type is invisible in AS layer, companies have the majority view that services to carriers mapping would be achieved/implemented in AS layer via mapping from services to L2 IDs. 
However, this understanding may be inaccurate/invalid especially when there is 1 to 1 mapping from services to carriers, while M to 1 mapping from services to L2 IDs. In this case, the AS layer would not be possible to derive the mapping between services and carriers based on the mapping between services and L2 IDs. Therefore, there is a gap in the existing spec texts in SAsss2/CT1. 
in addition, based on the below RAN2 agreement/understanding
Agreement:
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.
For unicast, it would end up as that all carriers are always mapped to the same L2 ID.
RAN2 agreements and the LS sent to SA2 in RAN2#112bis cannot address the issue, i.e., how the AS layer derives the mapping between services and frequencies. 
Further clarification/update would be needed. The V2X layer needs to provision further information in order to let the AS layer to derive the mapping between services and frequencies. 
[bookmark: _Toc134507300][bookmark: _Toc134688397]Based on the existing spec texts in SA2/CT1, the AS layer cannot derive the mapping between services and carriers based on the mapping between services and L2 IDs.
Since the V2X layer will map services (associated with different carriers/frequencies) to different QoS flows wherein each QoS flow is associated with a QoS profile
SL-QoS-Profile-r16 ::=        SEQUENCE {
    sl-PQI-r16                    SL-PQI-r16                                                  OPTIONAL,   -- Need R
    sl-GFBR-r16                   INTEGER (0..4000000000)                                     OPTIONAL,   -- Need R
    sl-MFBR-r16                   INTEGER (0..4000000000)                                     OPTIONAL,   -- Need R
    sl-Range-r16                  INTEGER (1..1000)                                           OPTIONAL,   -- Need R
    ...
}
It would be feasible for the V2X layer to provide the AS layer with flow QoS profile information (e.g., PQI) associated with each frequencies, based on which, the AS layer can derive the mapping between services and frequencies. This solution is applicable to all cast types.
[bookmark: _Toc134507301][bookmark: _Toc134688398]The V2X layer provides the AS layer with the mapping between flow QoS profiles (e.g., PQIs) and frequencies based on that the AS layer can derive the mapping between services and frequencies.
In addition, there is an issue on how to map initial PC5 signaling to carriers. There may be several options
Option 1: introduce a mapping between initial PC5 signaling and carriers
Option 2: Up to UE implementation to select any carrier for initial PC5 signaling
Option 2 is not preferred, since a bad UE implementation may select a carrier in high frequency band instead of selection in low frequency band, which would limit the coverage of the initial signaling. therefore, Option 1 is preferred.
In addition, we think this issue is valid for all PC5 signaling (including DCR, PC5-S, PC5-RRC, discovery message). Different PC5 signaling messages may be mapped to different carriers.
Therefore, we make the below proposal
[bookmark: _Toc134507302][bookmark: _Toc134688399]Introduce mapping between (initial) PC5 signalling messages and frequencies.

Since SA2/CT1 is responsible for the necessary spec changes, it makes sense to send a LS to SA2 informing them of the above agreements.
[bookmark: _Toc134507303][bookmark: _Toc134688400]Send a LS to SA2/CT1 informing them of the above RAN2 agreements.

Regarding carrier (re)selection, RAN2 has made the below agreements. FFS on unicast.

Agreement:
Proposal 10: 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
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).
FFS on unicast case. 

Agreement:
Proposal 7	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. 

Agreement:
Proposal 5	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. 

Although SL unicast has specific characteristics compared to SL GC and SL BC, there are potential enhancements feasible for SL unicast in case of SL CA. Give there is quite limited work time in R18 for RAN2, and Only Mode 2 operation is in the scope, it makes more sense to agree on the common solutions (i.e., LTE CA solution) regarding carrier management for all cast types. SL unicast specific enhancements (specifically involving gNB) can be left for future releases.
[bookmark: _Toc134445048]There is limited work time in Rel-18. 
[bookmark: _Toc134445049]Only Mode 2 operation is in Rel-18 scope.

[bookmark: _Toc134688401]For carrier (re)selection and LCP, reuse LTE CA solutions for NR CA all cast types. SL unicast specific enhancements are left for future releases.
2.2 Backward compatibility
The compatibility issue has been discussed in RAN2#112bis. RAN2 made the following agreement
Agreement:
Proposal 3:	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. 
In our view, it is straightforward to introduce TX Profile like solution to address the issue.
For unicast, Rel-16/17 UE can communicate with ReL-18 UE via exchange of UE capabilities to address the issue.
For groupcast and broadcast, a TX profile is introduced to define the mapping between service types and/or L2 IDs and indicators on whether UE supports SL CAR or not.
[bookmark: _Toc134688402]For SL unicast, Rel-16/Rel-17 UEs can communicate with Rel-18 UE via exchange of UE capabilities to determine whether UE supports SL CA or not.
[bookmark: _Toc134688403]For SL groupcast and broadcast, TX profiles are defined to show the mapping between service types or L2 IDs and indicators of whether UE supports SL CA.
2.3 Potential SL unicast specific enhancement
SL unicast has specific characteristics compared to SL groupcast and broadcast. Therefore, RAN2 shall also allow some enhancements for SL unicast without requiring too much standardization efforts in Rel-18.
[bookmark: _Toc134688404]RAN2 allows some enhancements for SL unicast with limited standardization efforts.

2.3.1 CSI report
The Sidelink CSI Reporting MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.4-1. The priority of the Sidelink CSI Reporting MAC CE is fixed to '1'. The Sidelink CSI Reporting MAC CE is defined as follows (Figure 6.1.3.35-1):
-	RI: This field indicates the derived value of the Rank Indicator for sidelink CSI reporting as specified in clause 8.5 of TS 38.214 [7]. The length of the field is 1 bit;
-	CQI: This field indicates the derived value of the Channel Quality Indicator for sidelink CSI reporting as specified in clause 8.5 of TS 38.214 [7]. The length of the field is 4 bit;
-	R: Reserved bit, set to 0.


[bookmark: _Toc134445050]SL CSI measurement and reporting is per SL carrier. 
For CA, at least for CSI reporting, it is feasible for UE to report CSI for multiple carriers in the same MAC CE. In this way, a CSI reporting MAC CE is not needed to be limited to only transmit on the carrier where the MAC CE is generated. For SL unicast 
[bookmark: _Toc134688405]Define a new CSI report MAC CE to comprise CSI measurement results across multiple carriers.
[bookmark: _Toc134688406]A CSI report MAC CE can be transmitted on any carrier. It is up to UE implementation to choose which carrier to transmit the MAC CE if there are grants available on multiple carriers. 
2.3.2 RLF handling
In Uu CA, RLF may be triggered for the UE considering radio link status of all configured cells. In other words, there is no RLF handling for each cell. This is partly due to that there may be only DL carrier in certain SCell. Further, the UE performs radio link monitoring (RLM) only on the PCell and this RLM is valid for the PCell and all the SCell(s) configured.
However, for the UE configured with SL CA, situation is different. For each SL carrier, transmission is bidirectional. There is no concept of UL or DL but only a sidelink carrier where both sidelink UEs can transmit in a scheduled way. The UE may experience bad radio condition in either of both directions. In addition, as described in clause 2.1.2, the HARQ-based Sidelink RLF detection procedure is used to detect Sidelink RLF based on a number of consecutive DTX on PSFCH reception occasions for a PC5-RRC connection. This is a fundamental difference from Uu where the UE that is configured to use CA can understand if there is an RLF or not only based on the max number of RLC retransmissions.
In case of SL carrier aggregation, a UE pair including UE1 and UE2 may be configured with more than two SL carriers. The SL CA is expected to reuse existing functionalities of Uu CA. Therefore, a UE would be configured with separate HARQ entities for different SL carriers.  However, the UE maintains a common PC5-RRC connection and a common MAC entity for all SL carriers. The existing HARQ-based Sidelink RLF detection procedure needs to be revisited, otherwise, the MAC entity may have to maintain a common counter i.e., numConsecutiveDTX for all HAR entities associated with all SL carriers. If numConsecutiveDTX reaches sl-maxNumConsecutiveDTX, the UE would then trigger SL RLF for the PC5-connection. However, the failure may be just due to a single carrier which has bad radio channel quality or has been congested, while the other carriers are still in good condition. In this case, it would be not delay efficient to let the UE to declare SL RLF. 

[bookmark: _Toc134445051]There is no carrier specific RLF detection and recovery in Uu CA. 
However, SL RLF may be also detected upon one of the below conditions is met
1) upon indication from sidelink RLC entity that the maximum number of retransmissions for a specific destination has been reached; or
2) upon T400 expiry for a specific destination; or
3) upon indication from MAC entity that the maximum number of consecutive HARQ DTX for a specific destination has been reached; or
4) upon integrity check failure indication from sidelink PDCP entity concerning SL-SRB2 or SL-SRB3 for a specific destination:
It is clearly that the first three conditions may be operated per SL carrier, while the fourth condition is operated per radio bearer.
[bookmark: _Toc134445052]SL RLF detection is feasible to be operated per SL. 
Therefore, it is necessary study if the existing SL RLF detection needs to be enhanced in case of CA operation, e.g., SL RLF detection is performed per SL carrier.
[bookmark: _Toc134688407]SL RLF detection is enhanced to be operated per SL carrier.
2.3.3 DRX
SL DRX is supported for SL in NR Rel-17. For a UE performing CA operation, it may be necessary to study if the existing SL DRX mechanism needs to be enhanced for CA operation, e.g., introduce a secondary DRX configuration as in Uu DRX. 
Therefore, we make the below proposal:
[bookmark: _Toc134688408]A secondary SL DRX configuration is introduced for SL CA.
2.6 Synchronization of aggregated carriers

A UE capable of V2X sidelink communication and SLSS (sidelink synchronization signal)/PSBCH transmission shall transmit sidelink synchronization information (i.e. SLSS and sidelink MIB) on the frequency used for V2X sidelink communication when the following conditions are met: 
· Condition1:   
· List of candidate synchronisation carrier frequencies (syncFreqList) are not (pre)configured
Or 
· The list (syncFreqList) is (pre)configured, but it does not include any frequency selected by the UE for its sidelink transmission, or the concerned frequency is selected as the synchronisation carrier frequency
Or  
· The list (syncFreqList) is (pre)configured and includes the concerned frequency, and the UE has selected a frequency other than the concerned frequency as the synchronisation carrier frequency, and the UE is able to transmit SLSS/PSBCH on the concerned frequency
· Condition2:
· The UE is in RRC connected, and configured by the NW that synchronization information shall be transmitted. 
Or
· The UE is in coverage, and the measured Uu RSRP is lower than a configured threshold. 
Or 
· The UE is out of coverage, and selects GNSS as the synchronization reference source. 
Or 
· The UE is out of coverage and not directly synchronized to GNSS, and has no selected synchronization reference (SyncRef) UE or the measured SL-RSRP to the selected SyncRef UE is below a preconfigured threshold. 
In the case of limited transmission capabilities on multiple carrier frequencies, when the UE is configured with syncFreqList, whether to transmit SLSS/PSBCH on a frequency selected for V2X sidelink transmission which is other than the synchronisation carrier frequency, is up to UE implementation. 
There are several issues the LTE mechanism in order to directly reuse for SL CA in NR: 
· It could happen that the UE transmits to multiple destinations over SL, while different SL carriers are configured/selected for transmission towards different destinations, and syncFreqList only includes carriers configured/selected for transmission towards some of the destinations. In this case sidelink synchronization information will not be transmitted in the configured/selected carriers for transmission towards the other  destinations which are not overlapped with carriers included in syncFreqList, and the Rx UEs only associated to the other destinations may not be able to receive the transmissions due to no sidelink synchronization information from the Tx UE. 
· When syncFreqList is not (pre)configured or it is (pre)configured but does not include any frequency selected by the UE for its sidelink transmission, the UE has to transmit sidelink synchronization information on all the frequencies used for sidelink transmission which is not efficient and consumes more power. 
· NR supports unicast where UE can exchange signaling over SL, it is not optimal to apply the LTE mechanism designed only for broadcast

[bookmark: _Toc134688409]Study how to support synchronization of aggregated carriers in CA.
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	There is limited work time in Rel-18.
Observation 2	Only Mode 2 operation is in Rel-18 scope.
Observation 3	SL CSI measurement and reporting is per SL carrier.
Observation 4	There is no carrier specific RLF detection and recovery in Uu CA.
Observation 5	SL RLF detection is feasible to be operated per SL.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Based on the existing spec texts in SA2/CT1, the AS layer cannot derive the mapping between services and carriers based on the mapping between services and L2 IDs.
Proposal 2	The V2X layer provides the AS layer with the mapping between flow QoS profiles (e.g., PQIs) and frequencies based on that the AS layer can derive the mapping between services and frequencies.
Proposal 3	Introduce mapping between (initial) PC5 signalling messages and frequencies.
Proposal 4	Send a LS to SA2/CT1 informing them of the above RAN2 agreements.
Proposal 5	For carrier (re)selection and LCP, reuse LTE CA solutions for NR CA all cast types. SL unicast specific enhancements are left for future releases.
Proposal 6	For SL unicast, Rel-16/Rel-17 UEs can communicate with Rel-18 UE via exchange of UE capabilities to determine whether UE supports SL CA or not.
Proposal 7	For SL groupcast and broadcast, TX profiles are defined to show the mapping between service types or L2 IDs and indicators of whether UE supports SL CA.
Proposal 8	RAN2 allows some enhancements for SL unicast with limited standardization efforts.
Proposal 9	Define a new CSI report MAC CE to comprise CSI measurement results across multiple carriers.
Proposal 10	A CSI report MAC CE can be transmitted on any carrier. It is up to UE implementation to choose which carrier to transmit the MAC CE if there are grants available on multiple carriers.
Proposal 11	SL RLF detection is enhanced to be operated per SL carrier.
Proposal 12	A secondary SL DRX configuration is introduced for SL CA.
Proposal 13	Study how to support synchronization of aggregated carriers in CA.
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