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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
In addition, the answers to Q1 can be inferred based on the SA2 answers to Q2. 
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)").
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.
In addition, this solution is also aligned with SA2 understanding/preferred solution based on the SA2’s answers to Q2. Therefore, in order to speed up discussion progress in RAN2 given there are few meetings left for RAN2 to address the issue, RAN2 shall agree with this solution without waiting for further response from SA2. RAN2 can modify the agreement in the future meeting if SA2 gives further response.
[bookmark: _Toc134507301][bookmark: _Toc146791748]The AS layer implements the mapping between QoS flows and frequencies to achieve the mapping between services and frequencies.
Regarding how to implement the mapping between QoS flows and frequencies, 
	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.

In our understanding, it is beneficial to adopt option 2. In addition, aligned with LTE approaches.
[bookmark: _Toc146791749]In order to implement the mapping between QoS flows and frequencies, AS layer relies on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU.

2.3 Potential SL unicast specific enhancement
2.3.1 CSI report
In legacy, the MAC entity maintains an sl-CSI-ReportTimer for each pair of the Source Layer-2 ID and the Destination Layer-2 ID corresponding to a PC5-RRC connection. sl-CSI-ReportTimer is used for an SL-CSI reporting UE to follow the latency requirement signalled from a CSI triggering UE. The value of sl-CSI-ReportTimer is the same as the‎ latency requirement of the SL-CSI reporting in sl-LatencyBoundCSI-Report configured by RRC.
RAN2 has made the below agreement in RAN2#123
Agreements on CSI reporting enhancement for SL CA
1:	No CSI reporting enhancement for SL CA in Rel-18.
We interpret the above agreement as 
1) As in legacy, the CSI triggering UE shall trigger only one SL-CSI triggering at a time
2) As in legacy, the CSI reporting UE shall trigger only one SL-CSI reporting at a time
3) The CSI reporting UE can send the SL-CSI reporting MAC CE on any carrier since there is only event triggered at a time so the CSI triggering UE can easily map the received MAC CE to the triggered event.
4) For a SL-CSI reporting event triggered by an SCI, the CSI reporting UE measures SL-CSI of the carrier on which the SCI is received. 
We can further check if there is any spec change required for the above aspects,
For 1) and 2), there is no spec impact. 
For 3), we can adopt same rules as in Uu regarding how UE handles multiple parallel grants.
If the MAC entity is requested to simultaneously transmit multiple MAC PDUs, or if the MAC entity receives the multiple UL grants within one or more coinciding PDCCH occasions (i.e. on different Serving Cells), it is up to UE implementation in which order the grants are processed.
For 4), the MAC layer needs to inform the PHY layer of the carrier index that the trigger SL-CSI measurement is intended to.
Therefore, we make the below proposals 
[bookmark: _Toc146791750]If the MAC entity obtains multiple SL grants (corresponding to multiple carriers and coinciding in time), it is up to UE implementation in which order the grants are processed.
[bookmark: _Toc146791751]For a SL-CSI reporting event triggered by an SCI, the MAC layer of the SL-CSI reporting UE needs to inform the PHY layer of the index of the carrier on which the SCI is received from. 
2.3.2 PDCP duplication
RAN2 has made the below agreements

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.
it is reasonable to confirm the below WA
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.
[bookmark: _Toc146791752]Conform the WA that SL CA/PDCP duplication is applied to PC5-RRC after SL link is established.
For both DRB and SRB, a remaining issue is whether to support duplication activation/deactivation MAC CE. 
Given limited time in this release, it is sufficient to support RRC signalling to activate or deactivate PDCP duplication. 
[bookmark: _Toc146791753]For DRB, PDCP duplication activation and deactivation is only indicated via PC5-RRC signalling, i.e., MAC CE bases signalling is not pursued.
for SRB, we can adopt Uu rule, i.e., PDCP duplication is always activated if it is configured.
[bookmark: _Toc146791754]For SRBs, PDCP duplication is always activated once configured. 

In addition, for TX UE in RRC CONNECTED, PDCP duplication activation and deactivation shall be configured by the gNB.
[bookmark: _Toc146791755]For TX UE in RRC CONNECTED, PDCP duplication configuration and (de)activation shall be configured by the gNB via RRC signalling. 
This proposal is also related to the below FFS for TX profile extension
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.
In addition, for UE in RRC IDLE, RRC INACTIVE or out of coverage, it is up to UE implementaion whether to configure and activate PDCP duplication.
[bookmark: _Toc146791756]For TX UE in RRC_IDLE, RRC_INACTIVE or out of coverage, how to use PDCP duplication (configure and activation) is up to TX UE implementation.
For the FFS regarding SRB PDCP duplication, i.e., FFS on exact time when it can be started.
The TX UE can start PDCP duplication for SRB after UE capability has been exchanged with the peer UE.
[bookmark: _Toc146791757]TX UE indicates PDCP duplication activation/start to the peer UE via PC5-RRC after TX UE has exchanged UE capabilities with the peer UE. 
 
2.3.3 RLF handling
For SL RLF in SL CA, RAN2 has made the below agreements
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 issues need to be further discussed.
Issue 1: whether sl-maxNumConsecutiveDTX needs to be configured per carrier?
Issue 2: how does the UE handle a carrier on which the number of consecutive DTX on PSFCH reception occasions has reached sl-maxNumConsecutiveDTX?
For issue 1, it is not necessary to configure sl-maxNumConsecutiveDTX per carrier in this release, given all configured SL carriers belong to the same band i.e., ITS band, meaning that radio channel conditions are similar among carriers in typical cases. Carriers may have different congestion status in terms of CBR, however, CBR measurements can be considered in the carrier selection/reselection procedure. 
[bookmark: _Toc146791758]sl-MaxnumConsecutiveDTX is configured per PC5-RRC connection and common to all carriers.
Since RAN2 has agreed that the counting is calculated per carrier, this means that the UE variable numConsecutiveDTX is maintained per carrier.
[bookmark: _Toc146791759]The UE variable numConsecutiveDTX is maintained per carrier.
For issue 2, for a carrier on which the number of consecutive DTX on PSFCH reception occasions has reached sl-maxNumConsecutiveDTX, the UE shall perform the below actions
· Inform the peer UE of the failure event
· Inform the gNB of the failure event if the UE is in RRC CONNECTED
· Not consider the carrier as a candidate in TX carrier (re)selection procedure
Therefore, we make the below proposal.
[bookmark: _Toc146791760]UE takes the below actions to handle a carrier on which the number of consecutive DTX on PSFCH reception occasions has reached sl-maxNumConsecutiveDTX
a. [bookmark: _Toc146791761]Inform the peer UE of the failure event using a different carrier
b. [bookmark: _Toc146791762]Inform the gNB of the failure event if the UE is in RRC CONNECTED
c. [bookmark: _Toc146791763]Not consider the carrier as a candidate in TX carrier (re)selection procedure
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
No table of figures entries found.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The AS layer implements the mapping between QoS flows and frequencies to achieve the mapping between services and frequencies.
Proposal 2	In order to implement the mapping between QoS flows and frequencies, AS layer relies on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU.
Proposal 3	If the MAC entity obtains multiple SL grants (corresponding to multiple carriers and coinciding in time), it is up to UE implementation in which order the grants are processed.
Proposal 4	For a SL-CSI reporting event triggered by an SCI, the MAC layer of the SL-CSI reporting UE needs to inform the PHY layer of the index of the carrier on which the SCI is received from.
Proposal 5	Conform the WA that SL CA/PDCP duplication is applied to PC5-RRC after SL link is established.
Proposal 6	For DRB, PDCP duplication activation and deactivation is only indicated via PC5-RRC signalling, i.e., MAC CE bases signalling is not pursued.
Proposal 7	For SRBs, PDCP duplication is always activated once configured.
Proposal 8	For TX UE in RRC CONNECTED, PDCP duplication configuration and (de)activation shall be configured by the gNB via RRC signalling.
Proposal 9	For TX UE in RRC_IDLE, RRC_INACTIVE or out of coverage, how to use PDCP duplication (configure and activation) is up to TX UE implementation.
Proposal 10	TX UE indicates PDCP duplication activation/start to the peer UE via PC5-RRC after TX UE has exchanged UE capabilities with the peer UE.
Proposal 11	sl-MaxnumConsecutiveDTX is configured per PC5-RRC connection and common to all carriers.
Proposal 12	The UE variable numConsecutiveDTX is maintained per carrier.
Proposal 13	UE takes the below actions to handle a carrier on which the number of consecutive DTX on PSFCH reception occasions has reached sl-maxNumConsecutiveDTX
a.	Inform the peer UE of the failure event using a different carrier
b.	Inform the gNB of the failure event if the UE is in RRC CONNECTED
c.	Not consider the carrier as a candidate in TX carrier (re)selection procedure
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