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1
Introduction

In RAN#99 meeting, WID revision [1] for NR sidelink evolution was approved, whereas the objective for SL CA was updated as shown below:
	1. 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

· 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


In this contribution, we will further discuss remaining RAN2 specific issues for SL CA against above WID, and provide corresponding observations and proposals.
2
Discussion
2.1
QoS flow to carrier mapping
In RAN2#123bis meeting, the issue of QoS flow to carrier mapping was discussed, as well as in post meeting discussion, however no consensus was reached [2][4]. Several ways forward are discussion in order to solve this issue. 
	[Vivo]: Three options have been discussed for idle/inactive/OOC: 

· Option1: UE establish multiple SLRBs to avoid different carrier for QoS flow ids in a SLRB

· Option2: Intersection among QoS flow ids belonging to a SLRB is considered in LCP

· Option3: No further enhancement based on running CR

[Nokia]: For RRC connected, option1 seems already feasible because we just agreed to include flow-to-carrier mapping for each destination into SUI message. [Qualcomm]: have strong concern with option2, e.g. multiple carriers are not guaranteed, whenever the upper layer adds new service type it should update it to the lower layer. [OPPO]: Can we see companies’ view? [IDC]: Option2 and option3 are actually same. Option2 is just for better clarification. Option3 is inherited sentence from LTE V2X as it was. [LG]: Do not think option2 and option3 are same. Prefer either option1 or option3. [Apple]: Option1 means that UE does not follow network configuration, which is not acceptable. 

=> We’ll decide one of three options. No more new option is considered. 

=> Comeback Friday. 

Option1: Huawei, LG, Vivo, Xiaomi, Nokia, Qualcomm (6)

Option2: IDC, Ericsson, Lenovo, Apple (4)

Option3: CATT, ZTE, ASUSTek, OPPO, NEC (5)

=> Will revisit and decide it next meeting.


2.1.1 
WF 1 based on option1

In RAN2#123bis meeting, it was agreed to introduce flow-to-carrier mapping for each destination into SUI message, which is to assist gNB to avoid configuring multiple QoS flows associated with different carrier(s) mapped into a same SLRB.
Observation 1:  For RRC_CONNECTED, the flow-to-carrier mapping for each destination into SUI message was introduced, to avoid configuring multiple QoS flows associated with different carrier(s) to map into same SLRB. 
For RRC_INACTIVE/RRC_IDLE/OOC, the UEs should have the similar communication performance as for RRC_CONNECTED UEs, by ensuring each QoS flow being delivered via the expected carrier, also by ensuring every mapped carrier being usable and not excluded due to intersection operation.
Observation 2:  The benefit of Option 1 is to ensure each QoS flow being delivered via the expected carrier, and to ensure every mapped carrier being usable and not excluded due to intersection operation. 
On issue of "ignoring the network (pre)configuration for SDAP"of Option 1
It should be noted that, legacy UE already can establish multiple SLRBs for different pairs of source L2 ID and destination L2 ID based on one SLRB configuration in RRC_INACTIVE/RRC_IDLE/OOC. This is already supported since Rel-16, which means that the QoS flows associated with same SLRB configuration are not mapped into the same SLRB. It is understood that, here, the UE does not follow the SDAP configuration from NW however the UE still follows the PDCP/RLC/MAC configuration from NW. This is because the NW does not know the destination info for each QoS flow in RRC_INACTIVE/RRC_IDLE/OOC case.
Observation 3:  Since Rel-16, the NW does not know the destination info for each QoS flow in RRC_INACTIVE/RRC_IDLE/OOC case, which can cause the QoS flows associated with different pairs of SRC ID and DST ID configured with same SLRB configuration, i.e., "unusable by UE".
Observation 4:  Since Rel-16, the UE can already establish multiple SLRBs for different pairs of source L2 ID and destination L2 ID based on one SLRB configuration in RRC_INACTIVE/RRC_IDLE/OOC, which means the QoS flows associated with one SLRB configuration will not be mapped into a same SLRB, i.e., "not following NW configuration".
Based on above observations, we think the "ignoring the network (pre)configuration for SDAP" should not be considered as one issue for Option1. 
On "inter-operability" issue of Option 1
Again, not all QoS flows associated with one SLRB configuration have to be mapped into the same SLRB, since Rel-16. As SL CA is introduced from Rel-18, the legacy Rel-16/R17 UEs will only operate on the legacy single carrier. It had been agreed in RAN2 that 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.
Observation 5:  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.
So there is already solution to ensure legacy UE can receive the transmission for Rel-18 UE capable of SL CA. Furthermore, for unicast, the TX UE will anyway configure the SLRB via PC5-RRC for RX UE; for groupcast and broadcast, the RX UE will know that different SLRBs are established when receiving the very first packet by checking the LCID. Thus, there should be no problem for legacy UE to establish corresponding SLRB for the reception.
Observation 6:  There is no problem for legacy UE to establish corresponding SLRB for the reception, since the TX UE will anyway configure the SLRB via PC5-RRC for RX UE in unicast, and the RX UE will know that different SLRBs are established when receiving the very first packet by checking an LCID in groupcast and broadcast.

On issue of "LCID space" of Option 1
Regarding LCID space for Option1, it does not mean that the UE shall establish one SLRB for each QoS flow. If multiple QoS flows are associated with the same carrier(s), these multiple QoS flows should be mapped into a same SLRB with one LCID. We understand that, the case more than 16 QoS flows associating with different carriers are unlikely to occur, and the reserved LCID can be used in this case (although we think this is really corner case). Lastly similar case may happen for RRC_CONNECTED if there are really a lot of QoS flows associating with different carrier(s), so it is not specific disadvantage for RRC_INACTIVE/RRC_IDLE/OOC (i.e. to use Option 1).

Observation 7:  UE does not need to establish one SLRB for each QoS flow. If multiple QoS flows are associated with the same carrier(s), these multiple QoS flows should be mapped into a same SLRB with one LCID.

Observation 8:  The case more than 16 QoS flows associating with different carrier(s) are unlikely to occur, and the reserved LCID can be used in this case (although we think this is really corner case).

Observation 9:  Similar case may happen for RRC_CONNECTED if there are really a lot of QoS flows associating with different carrier(s), so it is not specific disadvantage for RRC_INACTIVE/RRC_IDLE/OOC (i.e. to use Option 1).
On issue of "misalignment on understanding of SLRB mapping between gNB and UE (esp. UE in RRC_CONNECTED)"
In our thinking, Option1 is only applied for RRC_INACTIVE/RRC_IDLE/OOC, it is not related to RRC_CONNECTED.

Observation 10:  Option1 is intended for RRC_INACTIVE/RRC_IDLE/OOC.

On issue of "different UE behaviors on SDAP (i.e. flow-to-bearer mapping) for different RRC states"
Again, not all QoS flows associated with one SLRB configuration will be mapped into a same SLRB, since Rel-16. Therefore, the UE behaviors on SDAP for different RRC states are different, which is not new nor issue.

Observation 11:  UE behaviors on SDAP for different RRC states are different since Rel-16, which is not a new issue that would be introduced in Rel-18.
On "cross-WG incompatibility" issue

In our understanding, any so called Cons related to Option 1 are RAN2 specific issue only affecting RRC/SDAP spec, no need to involve other WGs.

Observation 12:  All so called Cons related to Option 1 are RAN2 specific only affecting RRC/SDAP spec, no need to involve other WGs.
In conclusion for Option 1, similar to the SLRB handling (related to pairs of source L2 ID and destination L2 ID) since Rel-16, as the NW has no knowledge on carrier(s) for each QoS flow in RRC_INACTIVE/RRC_IDLE/OOC case, the UE shall establish multiple SLRBs for different QoS flows associated with different carrier(s) that are mapped into same SLRB configuration, for one pair of SRC ID and DST ID. With this, the UE can ensure every flow being delivered via the expected carrier and ensure every mapped carrier being usable and not excluded due to intersection operation.
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Figure. 1 Illustration of carriers for SLRB with multiple SLRB established
Observation 13:  In Rel-18, the NW does not know the carrier info for each QoS flow in RRC_INACTIVE/RRC_IDLE/OOC case, which can cause the QoS flows associated with different carrier(s) are configured in same SLRB configuration.
Proposal 1:  To ensure every flow being delivered via the expected carrier and every mapped carrier being usable and not excluded due to intersection operation, the UE shall establish multiple SLRBs for QoS flows associated with different carrier(s) that are mapped into same SLRB configuration, for one pair of SRC ID and DST ID.
Proposal 2:  If Proposal 1 is agreed, RAN2 to consider TP1 or TP2 as baseline.
It is understood, based on above observations, that for WF1 based on Option 1, there are no fundamental issues that cannot be solved while the practical issues, mainly related to specification work, can be handled within RAN2. 
2.1.2 
WF 2 based on Option 2 
Regarding Option 2, the intersection among QoS flow ids belonging to a SLRB is considered in LCP, as show in Fig.2., the carrier(s) for SLRB#1 has to be the common carrier(s) among all QoS flows mapped into SLRB#1. i.e. the carrier f1, which leads to only single carrier can be used for SLRB#1. In this case, SL CA can not be applied for SLRB#1, which degrades the communication performance. Furthermore, the communication would get stuck as an error case if there is no carrier can be used for SLRB#1 through the intersection operation. The consequence of this would be at least error handling behaviour needs to be considered.
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Figure. 2 Illustration of carriers for SLRB 
Observation 14:  For Option 2, intersection operation may lead to a reduced carrier set or no carrier can be used, which degrades the CA performance or causes the communication get stuck as an error case.
Therefore, such problems should be avoided if solution based on Option 2 is applied. In our thinking, RAN2 may send LS to SA2 to check whether the upper layer can ensure the carrier intersection among all QoS flows with one destination to have sufficient number of resulting carriers, i.e. to check whether upper layer can ensure the carrier intersection among all QoS flows with one destination to have at least two carriers. 
Observation 15:  Option 2 can be applied if upper layer can ensure the carrier intersection among all QoS flows with one destination to have sufficient number of resulting carriers.
Proposal 3:  Option 2 can be applied after the upper layer ensures the carrier intersection among all QoS flows with one destination to have at least two carriers.
Proposal 4:  If Option 2 is agreed, RAN2 to send LS to SA2 to ensure that in upper layer the carrier intersection among all QoS flows with one destination can have at least two carriers.
For WF2 based on Option 2, it is understand that this assurance on at least two resulting carrier after intersection operation could be achieved however it is out of RAN2 domain. 
2.1.3 
WF 3 based on both Option1 and Option2

As discussed in section 2.1.2, Option 2 alone can be applied if the upper layer can ensure the carrier intersection among all QoS flows with one destination to have at least two carriers. Therefore, for sceanrio that the carrier intersection among all QoS flows with one SLRB leads to 0 or 1 carrier, Option 1 can be used to ensure the SL CA can be appplied for corresponding SLRBs. This WF does not involve SA2 and is totally with RAN2 domain.
Observation 16:  Option 1 and Option 2 can be applied for different scenarios.
Proposal 5:  If the carrier intersection among all QoS flows with one SLRB leads to 0 or 1 carrier, Option1 is applied (i.e. UE establish multiple SLRBs for QoS flows associated with different carrier(s) based on one SLRB configuration); if the carrier intersection among all QoS flows with one SLRB leads to at least 2 carriers, Option 2 is applied (i.e. the intersection among QoS flow ids belonging to a SLRB is considered in LCP). 
Lastly by Option 3, the problems in RRC_IDLE/RRC_INACTIVE/OOC is not solved. This is "unacceptable" not to follow SA2 approach of flow to carrier mapping, in the sense that RAN2 is unable to comprise to a solution based on Option 1, Option 2 or both. As understood, there are no fundamental technical issues for both options, rather than the specification work and inter-working group coordination. Furthermore, RAN2 has already agreed such enhancement for RRC_CONNECRED with flow-to-carrier mapping via SUI message, it is no reasonable not to allow UE obtain the benefit of SL CA in RRC_IDLE/RRC_INACTIVE/OOC compared to RRC_CONNECTED.
Proposal 6:  Follow SA2 approach of flow to carrier mapping in RRC_IDLE/RRC_INACTIVE/OOC, allowing UE to have similar performance compared to RRC_CONNECTED case for which the flow to carrier mapping already considered.
2.2
Backward compatibility
For backward compatibility for SL CA, in RAN2#123 meeting [3], following agreements were reached:
	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.


And in RAN2#123bis meeting [2], following agreements were reached:

	Agreements on CA/PDCP duplication configuration

1. For STCH, if TX profile indicates backwards-incompatible, for RRC_IDLE/RRC_INACTIVE/OOC case, leave the decision of per-LCH carrier set for PDCP duplication to Tx UE implementation.

2.  For STCH, if TX profile indicates backwards-incompatible, for RRC_CONNECTED, dedicated-RRC provides per-LCH carrier set configuration

3.
For STCH, if TX profile indicates backwards-incompatible, for RRC_CONNECTED, for a SLRB configured with duplication, Tx UE uses duplication

4.
For SCCH, at least for RRC_IDLE/RRC_INACTIVE/OOC cases, leave the decision of per-LCH carrier set for PDCP duplication to Tx UE implementation

5.
For SCCH, add additional RLC leg configuration into specified SCCH configuration (w/o disable/enable flag), and leave the enable/disable decision of PDCP duplication to Tx UE implementation.

6.
Include flow-to-carrier mapping for each destination into SUI message.

7.
For STCH, if TX profile indicates backwards-incompatible, for RRC_IDLE/RRC_INACTIVE/OOC case, the Tx UE uses duplication based on SIB/Preconfiguration (e.g. if PDCP duplication is configured for the SLRB)

8.
For STCH, if TX profile indicates backward compatible, leave it to UE implementation on whether to use single carrier transmission or PDCP duplication.


It can be found that the SL CA are handled in per SLRB/LCH manner in Rel-18 whereas AS layer can rely on LCP restriction for LCH selection to ensure the correct carrier(s) are used for one MAC PDU.
Observation 17:  In Rel-18, SL CA are handled in per SLRB/LCH manner.
Furthermore, based on above agreements, the TX profile for Backward Compatibility should be used together with service to carrier mapping, to decide or configure whether PDCP duplication is applied for the SLRB. Currently, the service to carrier mapping indicated by upper layer is provided via per QoS flow manner. Therefore, similar to that upper layer indicates carrier(s) per QoS flow to distinguish different services requirements, in order to distinguish different services' backward compatibility requirements, it is suggested that upper layer indicates TX profile for SL CA also via per QoS flow manner. The specification for QoS flow to carrier mapping can be reused for the QoS flow to TX profile mapping.

Observation 18:  TX profile for Backward Compatibility should be used together with service to carrier mapping, to decide or configure whether PDCP duplication is applied for the SLRB.

Observation 19:  Currently, the service to carrier mapping indicated by upper layer is provided via per QoS flow manner.

Proposal 7:  To distinguish different services' backward compatibility requirements, it is suggested that upper layer indicates TX profile for SL CA via per QoS flow manner, similar to the mapping of QoS flow(s) to carrier(s).

Proposal 8:  The spec impacts for QoS flow to carrier mapping can be reused for the QoS flow to TX profile mapping.
2.3
Carrier(s) for PC5-RRC
Currently the upper layer indicates the carrier(s) for PC5-S message sent for unicast link establishment and the carrier(s) for each QoS flow to AS layer. However, what carrier(s) used for PC5-RRC message is unknown so far. As it was agreed that PDCP duplication can be used for PC5-RRC message, the carrier(s) for PC5-RRC message should be decided in order that they can be correctly handled in SL LCP. In our understanding, in order to obtain the benefit of SL CA for PC5-RRC message, it is suggested to use as many carriers as possible for PC5-RRC message while the carrier(s) used for PC5-RRC message should not exceed the carrier(s) indicated by upper layer which is decided based on the actual service transmission carrier requirements. Therefore, the carrier(s) for PC5-RRC message should be the carrier union set among the carrier(s) for all QoS flows.

Observation 19:  The carrier(s) for PC5-S message sent for unicast link establishment and the carrier(s) for each QoS flow are indicated by upper layer to AS layer.
Observation 20: In order to obtain the benefit of SL CA for PC5-RRC message, it is suggested to use as many carriers as possible for PC5-RRC message.
Observation 21: The carrier(s) used for PC5-RRC message should not exceed the carrier(s) indicated by upper layer which is decided based on the actual service transmission carrier requirements.
Proposal 9: The carrier(s) for PC5-RRC message should be the carrier union set among the carrier(s) for all QoS flows.
2.4
Legacy carrier related issue
In RAN2#123bis meeting [21], it was agreed that legacy single carrier is used for PC5-S/PC5-RRC signaling exchange before receiving RRCReconfigurationCompleteSidelink. However, it is not clear what carrier is indicated as the legacy carrier. In Current running CR of TS 38.331, a new carrier list (i.e. sl-FreqInfoListSizeExt) in Rel-18 was introduced for multiple carriers operation, beyond the old carrier list (i.e. sl-FreqInfoList) in Rel-16/17. The relationship between the new carrier list (i.e. sl-FreqInfoListSizeExt) and the old carrier list (i.e. sl-FreqInfoList) seems not clear.

In our thinking, the legacy is the carrier in the old carrier list (i.e. sl-FreqInfoList), with two options with regarding to the new carrier list (i.e. sl-FreqInfoListSizeExt): 
Proposal 10:  The legacy carrier is the carrier in the old carrier list (i.e. sl-FreqInfoList).
Proposal 11:  For the new carrier list (i.e. sl-FreqInfoListSizeExt), considering following two options:
· Option 1: The legacy carrier is not included in the new carrier list (i.e. sl-FreqInfoListSizeExt), and UE uses both the old carrier list (i.e. sl-FreqInfoList) and the new carrier list (i.e. sl-FreqInfoListSizeExt) after receiving RRCReconfigurationCompleteSidelink.
· Option 2: The legacy carrier is included in the new carrier list (i.e. sl-FreqInfoListSizeExt), and UE uses the new carrier list (i.e. sl-FreqInfoListSizeExt) after receiving RRCReconfigurationCompleteSidelink.
2.5
Resource pool (re)selection
For mode-2 operation in NR SL, the resource pool (re)selection is introduced in R16, and the carrier (re)selection is introduced in R18. In our understanding, the procedure of resource pool (re)selection and the procedure of carrier (re)selection should be decoupled, otherwise, the UE needs to trigger carrier (re)selection if resource pool (re)selection is needed.

Observation 22: If the procedure resource pool (re)selection and the procedure of carrier (re)selection are decoupled (i.e. the resource pool is determined in carrier (re)selection), frequent carrier (re)selection needs to be triggered if resource pool (re)selection is needed.
To avoid frequent carrier (re)selection, the resource pool (re)selection should be performed after carrier(s) selection, which is shown in Fig.3. That is to say, the resource pool used to decide the carrier’s CBR in carrier (re)selection can be different from the resource pool (re)selected in resource pool (re)selection.
Observation 23: The resource pool used to decide the carrier’s CBR in carrier (re)selection can be different from the resource pool (re)selected in resource pool (re)selection.
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Figure. 3 Resource allocation in mode-2 
Therefore, it may happen that the CBR of resource pool in resource pool (re)selection is far higher than the CBR of the selected carrier shown in Fig.4, which may degrade the communication performance considering the diverse and stringent QoS requirements of the advanced V2X services introduced since Rel-16 shown in Table-1, compared with the QoS requirements of LTE V2X for broadcast communication. And which resource pool is used to decide the carrier’s CBR is up to UE implementation, which is agreed in past meeting.
Table. 1 QoS requirements comparison between NR SL and LTE V2X  
	
	LTE V2X
	NR V2X

	Max end-to-end latency(ms)
	20ms
	3ms

	Reliability (%)
	80~95%
	99.999%

	Payload (Bytes)
	50~1200bytes
	50~6500bytes

	Data rate (Mbps)
	0.1Gbps
	1Gbps

	Min required Communication range (meters) 
	100~320m
	1000m

	relative lateral position accuracy(m)
	-
	0.1m

	Communication range control
	-
	Yes


Observation 24: The diverse and stringent QoS requirements of the advanced V2X services is introduced since Rel-16, compared to the QoS requirements of LTE V2X for broadcast communication
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Figure. 4 CBR of resource pool during resource pool (re)selection 
Observation 25: The CBR of resource pool in resource pool (re)selection can be far higher than the CBR of the selected carrier, which may degrade the communication performance.
To avoid such issue, the CBR of resource pool should be considered in resource pool (re)selection, i.e., only the resource pool whose CBR is lower than the CBR threshold can be (re)selected, whereas the CBR threshold is sl-threshCBR-FreqReselection if the corresponding carrier is selected based on sl-threshCBR-FreqReselection or the CBR threshold is sl-threshCBR-FreqKeeping if the corresponding carrier is selected based on sl-threshCBR-FreqKeeping.
Proposal 12:  Only the resource pool whose CBR is lower than the CBR threshold can be (re)selected, whereas the CBR threshold is sl-threshCBR-FreqReselection if the corresponding carrier is selected based on sl-threshCBR-FreqReselection or the CBR threshold is sl-threshCBR-FreqKeeping if the corresponding carrier is selected based on sl-threshCBR-FreqKeeping.
2.6
CBR of carrier
The situation in NR SL are different from the situation in LTE V2X. In LTE V2X, only broadcast is supported. In NR SL, unicast and groupcast are also supported on top of broadcast compared to LTE V2X. Regarding broadcast, it is more like a best-effort service, whereas HARQ feedback like mechanism in unicast is not supported in broadcast. As what we discussed in section 2.5, the diverse and stringent QoS requirements are introduced mainly for the advanced V2X services in unicast.
Observation 26: Compared to that only broadcast is supported in LTE V2X, unicast is supported for NR SL whereas the diverse and stringent QoS requirements are introduced for the advanced V2X services.
Currently, for carrier (re)selection procedure, only the CBR of carrier at TX UE side is considered, i.e., the carrier can be selected only when the CBR of carrier at TX UE side is below sl-threshCBR-FreqReselection or sl-threshCBR-FreqKeeping. However, there may happen the case that the CBR of carrier at TX UE side are different from the CBR of same carrier at RX UE side. Taking an example shown in Fig.5, the CBR are RX UE side may be higher than that at TX UE side due to different resource usage situation, whereas the CBR of carrier at TX UE side may be lower than the CBR threshold while the CBR of same carrier at RX UE side may be higher that the CBR threshold. Based on current mechanism, if TX UE still use carrier#1 to perform SL transmission towards RX UE, the transmission performance may be degraded due to higher CBR at RX UE side. Therefore, for unicast in NR SL, both the CBR of carrier at TX UE side and the CBR of carrier at RX UE side should be considered for carrier (re)selection/keeping. The CBR of carrier at RX UE side can be transmitted from RX UE to TX UE via PC5-RRC message.
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Figure 5: Carrier (re)selection/keeping for unicast in NR SL 
Observation 27:  The CBR of carrier at TX UE side can be different from that at RX UE side, whereas the CBR of carrier at TX UE side may be lower than the CBR threshold while the CBR of same carrier at RX UE side may be higher than the CBR threshold.

Proposal 13: To improve the performance of unicast communication, both the CBR of carrier at TX UE side and the CBR of carrier at RX UE side should be considered for carrier (re)selection/keeping.

Proposal 14: The CBR of carrier at RX UE side can be transmitted from RX UE to TX UE via PC5-RRC message.
2.7
Mode 2 operation

In current objective [1], only mode 2 operation is supported for SL CA. Considering the UE can also perform NR SL transmission in mode 1, we need to discuss how to ensure SL CA to be supported only in mode 2. There maybe two alternative solutions, one solution is the gNB still configure Tx UE that capable of SL CA in mode 1 but only schedules or configures single carrier resources to the Tx UE. Another solution is the gNB configure the Tx UE that capable of SL CA in mode 2, then the Tx UE can obtain multiple carrier resources to enable SL CA operations. In a word, it can be up to gNB implementation to ensure SL CA is only operated in mode 2. Actually, we observe the "CA in mode 2 only" limitation in WID is not based on technical consideration but to limit the study scope and we thus propose not to work on a specific solution for this purpose. 
Proposal 15:  It is up to gNB implementation to ensure SL CA is only operated in mode 2, i.e., it is up to gNB to configure UE in mode 1 to perform single carrier operation or to configure UE in mode 2 to perform multiple carrier operation.

3
Conclusion

In this contribution, we discuss remaining RAN2 specific issues for SL CA, and provide corresponding observations and proposals:
QoS flow to carrier mapping

Way forward 1 based on option1
Observation 1:  For RRC_CONNECTED, the flow-to-carrier mapping for each destination into SUI message was introduced, to avoid to configuring multiple QoS flows associated with different carrier(s) to map into same SLRB. 
Observation 2:  The benefit of opiont1 is to ensure each QoS flow being delivered via the expected carrier, and to ensure every mapped carrier being usable and not excluded due to intersection operation. 
Observation 3:  Since Rel-16, the NW does not know the destination info for each QoS flow in RRC_INACTIVE/RRC_IDLE/OOC case, which can cause the QoS flows associated with different pairs of SRC ID and DST ID configured with same SLRB configuration, i.e., unusable by UE.
Observation 4:  Since Rel-16, the UE can already establish multiple SLRBs for different pairs of source L2 ID and destination L2 ID based on one SLRB configuration in RRC_INACTIVE/RRC_IDLE/OOC, which means the QoS flows associated with one SLRB configuration will not be mapped into a same SLRB, i.e., "not following NW configuration".

Observation 5:  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.
Observation 6:  There is no problem for legacy UE to establish corresponding SLRB for the reception, since the TX UE will anyway configure the SLRB via PC5-RRC for RX UE in unicast, and the RX UE will know that different SLRBs are established when receiving the very first packet by checking an LCID in groupcast and broadcast.

Observation 7:  UE does not need to establish one SLRB for each QoS flow. If multiple QoS flows are associated with the same carrier(s), these multiple QoS flows should be mapped into a same SLRB with one LCID.

Observation 8:  The case more than 16 QoS flows associating with different carrier(s) are unlikely to occur, and the reserved LCID can be used in this case (although we think this is really corner case).

Observation 9:  Similar case may happen for RRC_CONNECTED if there are really a lot of QoS flows associating with different carrier(s), so it is not specific disadvantage for RRC_INACTIVE/RRC_IDLE/OOC (i.e. to use Option 1).
Observation 10:  Option1 is intended for RRC_INACTIVE/RRC_IDLE/OOC.

Observation 11:  UE behaviors on SDAP for different RRC states are different since Rel-16, which is not a new issue that would be introduced in Rel-18.

Observation 12:  All so called Cons related to Option 1 are RAN2 specific only affecting RRC/SDAP spec, no need to involve other WGs.
Observation 13:  In Rel-18, the NW does not know the carrier info for each QoS flow in RRC_INACTIVE/RRC_IDLE/OOC case, which can cause the QoS flows associated with different carrier(s) are configured in same SLRB configuration.
Proposal 1:  To ensure every flow being delivered via the expected carrier and every mapped carrier being usable and not excluded due to intersection operation, the UE shall establish multiple SLRBs for QoS flows associated with different carrier(s) that are mapped into same SLRB configuration, for one pair of SRC ID and DST ID.
Proposal 2:  If Proposal 1 is agreed, RAN2 to consider TP1 or TP2 as baseline.
Way forward 2 based on option2
Observation 14:  For option 2, intersection operation may lead to a reduced carrier set or no carrier can be used, which degrades the CA performance or causes the communication get stuck as an error case.
Observation 15:  Option 2 can be applied if upper layer can ensure the carrier intersection among all QoS flows with one destination to have sufficient number of resulting carriers.
Proposal 3:  Option 2 can be applied after the upper layer ensures the carrier intersection among all QoS flows with one destination to have at least two carriers.
Proposal 4:  If Option 2 is agreed, RAN2 send LS to SA2 to check whether the upper layer can ensure the carrier intersection among all QoS flows with one destination can have at least two carriers.
Way forward 3 based on both  option1 and option2
Observation 16:  Option 1 and Option 2 can be applied for different scenarios.
Proposal 5:  If the carrier intersection among all QoS flows with one SLRB leads to 0 or 1 carrier, Option1 is applied (i.e. UE establish multiple SLRBs for QoS flows associated with different carrier(s) based on one SLRB configuration); if the carrier intersection among all QoS flows with one SLRB leads to at least 2 carriers, Option 2 is applied (i.e. the intersection among QoS flow ids belonging to a SLRB is considered in LCP).
Proposal 6:  Follow SA2 approach of flow to carrier mapping in RRC_IDLE/RRC_INACTIVE/OOC, allowing UE to have similar performance compared to RRC_CONNECTED case for which the flow to carrier mapping already considered.
Backward compatibility
Observation 17:  In Rel-18, SL CA are handled in per SLRB/LCH manner.
Observation 18:  TX profile for Backward Compatibility should be used together with service to carrier mapping, to decide or configure whether PDCP duplication is applied for the SLRB.

Observation 19:  Currently, the service to carrier mapping indicated by upper layer is provided via per QoS flow manner.

Proposal 7:  To distinguish different services' backward compatibility requirements, it is suggested that upper layer indicates TX profile for SL CA via per QoS flow manner, similar to the mapping of QoS flow(s) to carrier(s).

Proposal 8:  The spec impacts for QoS flow to carrier mapping can be reused for the QoS flow to TX profile mapping.
Carrier(s) for PC5-RRC
Observation 19:  The carrier(s) for PC5-S message sent for unicast link establishment and the carrier(s) for each QoS flow are indicated by upper layer to AS layer.
Observation 20: In order to obtain the benefit of SL CA for PC5-RRC message, it is suggested to use as many carriers as possible for PC5-RRC message.
Observation 21: The carrier(s) used for PC5-RRC message should not exceed the carrier(s) indicated by upper layer which is decided based on the actual service transmission carrier requirements.
Proposal 9: The carrier(s) for PC5-RRC message should be the carrier union set among the carrier(s) for all QoS flows.
Legacy carrier remaining issue
Proposal 10:  The legacy carrier is the carrier in the old carrier list (i.e. sl-FreqInfoList).

Proposal 11:  For the new carrier list (i.e. sl-FreqInfoListSizeExt), considering following two options:
· Option 1: The legacy carrier is not included in the new carrier list (i.e. sl-FreqInfoListSizeExt), and UE uses both the old carrier list (i.e. sl-FreqInfoList) and the new carrier list (i.e. sl-FreqInfoListSizeExt) after receiving RRCReconfigurationCompleteSidelink.
· Option 2: The legacy carrier is included in the new carrier list (i.e. sl-FreqInfoListSizeExt), and UE uses the new carrier list (i.e. sl-FreqInfoListSizeExt) after receiving RRCReconfigurationCompleteSidelink.
Resource pool (re)selection
Observation 22: If the procedure resource pool (re)selection and the procedure of carrier (re)selection are decoupled (i.e. the resource pool is determined in carrier (re)selection), frequent carrier (re)selection needs to be triggered if resource pool (re)selection is needed.
Observation 23: The resource pool used to decide the carrier’s CBR in carrier (re)selection can be different from the resource pool (re)selected in resource pool (re)selection.
Observation 24: The diverse and stringent QoS requirements of the advanced V2X services is introduced since Rel-16, compared to the QoS requirements of LTE V2X for broadcast communication.
Observation 25: The CBR of resource pool in resource pool (re)selection can be far higher than the CBR of the selected carrier, which may degrade the communication performance.
Proposal 12:  Only the resource pool whose CBR is lower than the CBR threshold can be (re)selected, whereas the CBR threshold is sl-threshCBR-FreqReselection if the corresponding carrier is selected based on sl-threshCBR-FreqReselection or the CBR threshold is sl-threshCBR-FreqKeeping if the corresponding carrier is selected based on sl-threshCBR-FreqKeeping.
CBR of carrier
Observation 26: Compared to that only broadcast is supported in LTE V2X, unicast is supported for NR SL whereas the diverse and stringent QoS requirements are introduced for the advanced V2X services.
Observation 27:  The CBR of carrier at TX UE side can be different from that at RX UE side, whereas the CBR of carrier at TX UE side may be lower than the CBR threshold while the CBR of same carrier at RX UE side may be higher than the CBR threshold.

Proposal 13:  To improve the performance of unicast communication, both the CBR of carrier at TX UE side and the CBR of carrier at RX UE side should be considered for carrier (re)selection/keeping.

Proposal 14: The CBR of carrier at RX UE side can be transmitted from RX UE to TX UE via PC5-RRC message.
Mode 2 operation
Proposal 15:  It is up to gNB implementation to ensure SL CA is only operated in mode 2, i.e., it is up to gNB to configure UE in mode 1 to perform single carrier operation or to configure UE in mode 2 to perform multiple carrier operation.
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Text Proposal 
alternative CR1
5.8.9.1a.2.1
Sidelink DRB addition/modification conditions

For NR sidelink communication, a sidelink DRB addition is initiated only in the following cases:

1>
if any sidelink QoS flow is (re)configured by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR and is to be mapped to one sidelink DRB, which is not established; or

1>
if any sidelink QoS flow is (re)configured by RRCReconfigurationSidelink and is to be mapped to a sidelink DRB, which is not established; or

1>
if any sidelink QoS flow is (re)configured by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR and is to be mapped to one sidelink DRB, which is established and the carrier frequenci(es) associated with the sidelink QoS flow are different from the carrier frequenc(ies) associated with the sidelink DRB; or

1>
if any sidelink QoS flow is (re)configured by RRCReconfigurationSidelink and is to be mapped to a sidelink DRB, which is is established and the carrier frequenc(ies) associated with the sidelink QoS flow are different from the carrier frequenc(ies) associated with the sidelink DRB; 

NOTE:
The carrier frequenc(ies) associated with the sidelink DRB are the carrier frequenc(ies) of QoS flow mapped to the sidelink DRB.
For NR sidelink communication, a sidelink DRB modification is initiated only in the following cases:

1>
if any of the sidelink DRB related parameters is changed by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR or RRCReconfigurationSidelink for one sidelink DRB, which is established;

alternative CR1
5.8.9.1a.2.1
Sidelink DRB addition/modification conditions

UE shall establish different sidelink DRBs for different QoS flows associated with different carrier frequenc(ies) among multiple QoS flows, if the multiple sidelink QoS flows are configured to one sidelink DRB configuration.
For NR sidelink communication, a sidelink DRB addition is initiated only in the following cases:

1>
if any sidelink QoS flow is (re)configured by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR and is to be mapped to one sidelink DRB, which is not established; or

1>
if any sidelink QoS flow is (re)configured by RRCReconfigurationSidelink and is to be mapped to a sidelink DRB, which is not established;

For NR sidelink communication, a sidelink DRB modification is initiated only in the following cases:

1>
if any of the sidelink DRB related parameters is changed by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR or RRCReconfigurationSidelink for one sidelink DRB, which is established;

