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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper is to discuss Carrier Aggregation. 
Table 1 Per-WI Open Issues for SL-CA
	[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



[bookmark: _Toc114214864][bookmark: _Toc114245162][bookmark: _Toc126008719]Discussion on Per-WI Open Issues 
Issue-1: QoS flow to carrier mapping for DRB
Firstly, this is not a UC-specific issue, but applicable to all cast types including GC and BC. 
Then for OOC / RRC_IDLE / RRC_INACTIVE UEs, not only the active flows cannot be known in advance, but also considering the SDAP configuration is per QoS information instead of per QFI, it is possible that two services, mapped to different carrier sets but having same QoS information, mapped to the same SLRB.
For OOC / RRC_IDLE / RRC_INACTIVE UEs, SIB/Pre-configuration cannot ensure mapping the flows with the same associated carrier-set into the same SLRB anyway.
Then it can only be up to UE to secure the flow-to-carrier mapping via LCP step. On the one hand, currently the running CR has already captured the following sentence from LTE spec
In case of NR sidelink on multiple carrier   frequencies, only consider sidelink logical channels which meet the following conditions and […];
-	allowed on the carrier where the SCI is transmitted for NR sidelink, if the carrier is configured by upper layers according to TS 38.331 [5] and TS 23.287 [19];
I.e., the upper layer provided carrier mapping has already been taken into account. On the other hand, anyway, there could be cases that UE cannot handle it well, e.g., flow1 mapped to carrier1 is multiplexed with flow2 mapped to carrier2 in the same SLRB, so no intersection at all. It means the additional effort, to specify something specifically for the intersection derivation, is meaningless.
MAC running CR has already inherited the LTE behavior of securing upper layer provided carrier mapping in LCP procedure. 
So in short, it seems sufficient to rely on the current sentence in running-CR, while leaving the other issues (e.g., the flow1 and flow2 multiplexing case) to UE implementation.
[bookmark: _Toc146897712]For open issue [1-1], For OOC / RRC_IDLE / RRC_INACTIVE UEs, R2 not pursue further specification effort for the flow-to-carrier mapping issue. 
Then when it comes to RRC_CONNECTED UE, being aware of the active QoS flows, the network can adjust the SDAP configuration appropriately. One solution is to refine the SUI report to deliver the flow-to-carrier mapping to gNB. On the other hand, one may doubt whether the additional effort here is justified given anyway the solution for OOC / RRC_IDLE / RRC_INACTIVE UEs can be taken as a baseline for RRC_CONNECTED as well. 
Anyway, other than SUI message enhancement, R2 can rule out other further optimization at the current stage.
[bookmark: _Toc146897713]For open issue [1-1], For RRC_CONNECTED UEs (mode-2), R2 discuss whether to optimize SUI report to carry the flow-to-carrier reporting or just follow the solution as for OOC / RRC_IDLE / RRC_INACTIVE UEs. Other than that, R2 not pursue other optimizations.
Issue-2: Impact due to UC CP Procedure
By assuming LTE solution applies to NR SL GC and BC case, this clause only focuses on UC case. 
Before link establishment, R2 concluded that
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.
After link establishment (i.e., delivery of DCA message), in 122, it was agreed that
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.
To synchronize between Tx and Rx UE w.r.t the applicable carrier(s) for CP signalling (PC5-RRC and PC5-S), one can either
1) As in GC/BC case, no signaling is needed, Tx/Rx-UE derives the applicable carrier set for SRB either based on the applicable carrier set for DRB, or simply based on the configured carrier set by the network in SIB/Pre-configuration/dedicated-RRC
2) As in Uu, rely on signaling, i.e., Tx-UE indicates the applicable carrier set to Rx-UE, based on the capability of Rx-UE side.
Where solution-2) seems more straightforward, and flexible (can adapt with different Tx/Rx UE capability) and can help save the spec effort for designing the rule of SRB carrier set derivation.
[bookmark: _Toc146897714]For open issue [1-2], include NR SL-CA-related capability into UECapabilityInformationSidelink message.
[bookmark: _Toc146897715]For open issue [1-2], include carrier configuration into RRCReconfigurationSidelink message.
Then we need to conclude on the “FFS on the exact time when it can be started.”. 
Due to the same logic for PC5-S signaling, at least the delivery of capability transfer should not be CA-based, considering backward compatibility. Then it seems not motivated to use multi-carrier transmission only for SRB3, or only for CP message, but should apply to all bearers since anyway, the Rx-UE would keep the Rx active for the concerned carriers, regardless of the incoming bearers.
[bookmark: _Toc146897716]For open issue [1-2], if UE-A delivers RRCReconfigurationSidelink to UE-B including carrier configuration, it takes effect for the subsequent transmission from UE-A to UE-B for all SLRBs, after receiving RRCReconfigurationCompleteSidelink. 
Then we can conclude that in the other cases, o it seems straightforward to rely on the legacy carrier for PC5-S signaling exchange, in order to be compatible with legacy UEs.
[bookmark: _Toc146897717]For open issue [1-2], R2 confirms the legacy single carrier is used for PC5-S/PC5-RRC signaling exchange before carrier configuration via RRCReconfigurationSidelink.
Issue-3: Carrier Set configuration of two RLC legs
For OOC, RRC_IDLE, RRC_INACTIVE
Since this issue is coupled with the flow-to-carrier mapping issue as discussed above, 
Firstly, it is infeasible for network to configure the carrier set for OOC / RRC_IDLE / RRC_INACTIVE UEs, where the network does not even know the carrier set mapped from QoS flow as provided by upper layer, which is the basis of further split at AS-layer between the two duplicated legs. 
[bookmark: _Toc146897718]For open issue [1-5], R2 not pursue per-LCH carrier set configuration in SIB/Pre-configuration, and thus rely on OOC / RRC_IDLE / RRC_INACTIVE UE implementation to decide on the carrier set configuration of each RLC leg when PDCP duplication is used.
For RRC_CONNECTED
Then for RRC_CONNECTED UE, for GC/BC, gNB can derive a proper per-LCH carrier set configuration for DRB only if it knows the flow-to-carrier mapping.
[bookmark: _Toc146897719]For open issue [1-5], R2 decide, for GC/BC, whether to pursue per-LCH carrier set configuration for SL-DRB in dedicated-RRC for RRC_CONNECTED UEs based on the conclusion of whether to introduce a report to network about flow-to-carrier mapping.
In addition, for UC, besides flow-to-carrier mapping, the other factor is the impact due to RLF, i.e., even if there are two carriers (carrier1 and carrier2), if DTX on carrier2 leads to the per-carrier RLF on carrier2, carrier1 only cannot support PDCP duplication over two RLC legs, which cannot be known by SIB/Pre-configuration. 
While this issue can be solved for RRC_CONNECTED UE, by introducing RLF report to network.
[bookmark: _Toc146897720]For open issue [1-5], R2 discuss whether to introduce a report to network on RLF per carrier.
[bookmark: _Toc146897721]For open issue [1-5], R2 decide, for UC, whether to pursue per-LCH carrier set configuration for SL-DRB in dedicated-RRC for RRC_CONNECTED UEs based on the conclusion of whether introduce a report to network about flow-to-carrier mapping and per-carrier RLF.
While for SRB, since so far the configuration is specified in TS 38.331, it seems not quite feasible to include carrier set configuration in the specified configuration. 
[bookmark: _Toc146897722]For open issue [1-5], R2 not pursue per-LCH carrier set configuration for SL-SRB in dedicated-RRC, and thus rely on RRC_CONNECTED UE implementation to decide on the carrier set configuration of each RLC leg when PDCP duplication is used.
Issue-4: (De)configuration of PDCP duplication
Agreement on criterion for packet duplication
1:	SLRB configures whether PDCP duplication is used or not
For Groupcast and Broadcast
In R15 (limited to GC/BC), PDCP duplication is (de)configured based on PPPR threshold, which is controlled by SIB/Pre-configuration/dedicated-RRC, so it can be copied to NR, i.e., for GC/BC Tx-UE, UE bases on SIB/Pre-configuration/dedicated-RRC to configure PDCP duplication Tx.
While the delta part comes from Tx profile, i.e., if the TX profile indicates CA-incompatible, UE by its implementation decides whether to use PDCP duplication if configured. The root cause here is the split view on whether the same service-ID for mixed non-duplication transmission to legacy Rx-UE and duplication transmission to advanced Rx-UE is a valid use case.
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 transmission 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.
A backwards compatible Tx profile does not necessarily lead to PDCP duplication considering the split view on whether the same service-ID for mixed non-duplication transmission to legacy Rx-UE and duplication transmission to advanced Rx-UE is a valid use case.
Another aspect is UE capability, considering even for Uu, PDCP duplication is an optional capability, and further split into sub-capabilities for SRB/DRB
	pdcp-DuplicationMCG-OrSCG-DRB
Indicates whether the UE supports CA-based PDCP duplication over MCG or SCG DRB as specified in TS 38.323 [16].
	UE
	No
	No

	pdcp-DuplicationSRB
Indicates whether the UE supports CA-based PDCP duplication over SRB1/2 and/or, if (NG)EN-DC is supported, SRB3 as specified in TS 38.323 [16].
	UE
	No
	No


As in Uu, PDCP duplication should be an optional UE capability.
Then overall, UE decision on PDCP duplication has to take the two aspects into account.
Besides, since PDCP duplication requires at least two carrier frequencies, while as clarified above, it is infeasible for network to configure the carrier set for OOC / RRC_IDLE / RRC_INACTIVE UEs, where the network does not even know the carrier set mapped from QoS flow as provided by upper layer, it is infeasible to rely on network configuration of duplication.
[bookmark: _Toc146897723]For open issue [1-3], for GC/BC, leave it to OOC / RRC_IDLE / RRC_INACTIVE UE implementation to decide whether to uses PDCP duplication or not if 1) SLRB configuration configures it, 2) Tx-UE capability supports it, and 3) TX profile indicates backward-incompatible, or TX profile indicates backward-compatible and UE decides to use it.
[bookmark: _Toc146897724]For open issue [1-3], for GC/BC, R2 decide whether to mandate RRC_CONNECTED UE to use duplication if 1) SLRB configuration configures it, 2) Tx-UE capability supports it, and 3) TX profile indicates backward-incompatible, or TX profile indicates backward-compatible and UE decides to use it, based on the conclusion of whether introduce a report to network about flow-to-carrier mapping.
For Unicast
Compared to GC/BC, the delta part comes from two aspects (besides that the TX profile is not applicable to UC).
One is SRB, for which it mainly relies on specified configuration, so it is not flexible to either always enable duplication in the specified configuration, i.e., it is preferred to rely on UE implementation to enable / disable PDCP duplication.
Furthermore, duplication of SRB cannot be pre-decided, since that is related to the QoS requirement of associated DRB, which is not known.
[bookmark: _Toc146897725]For open issue [1-3], for UC, for SRB1/2/3, include secondary RLC configuration into the specified SCCH configuration, but rely on Tx-UE implementation to decide whether to enable PDCP duplication or not, in case both Tx and Rx UEs support it.
The other is the impact due to RLF as stated above.
For OOC / RRC_IDLE / RRC_INACTIVE UE, it’s not solvable anyway, i.e., network cannot know there is only one carrier working and thus cannot support PDCP duplication.
[bookmark: _Toc146897726]For open issue [1-3], for UC, for DRB, leave it to OOC / RRC_IDLE / RRC_INACTIVE Tx-UE implementation to decide to enable/disable the PDCP duplication if 1) SLRB configuration configures it, 2) Tx and Rx-UE capability supports it.
While for RRC_CONNECTED UE, it is coupled with the decision of RLF report.
[bookmark: _Toc146897727]For open issue [1-3], for UC, for DRB, R2 discuss whether to mandate RRC_CONNECTED UE to use PDCP duplication if 1) SLRB configuration configures it, 2) Tx and Rx-UE capability supports it, based on the decision of per-carrier RLF report to network, based on the conclusion of whether introduce a report to network about flow-to-carrier mapping and per-carrier RLF.

On top of the Tx-UE decision issue, there seems a need to include PDCP duplication decision into PC5-RRC, considering it helps to save unnecessary RLC bearer handling.
[bookmark: _Toc146897728]For open issue [1-4], for UC, include the PDCP duplication configuration into PC5-RRC, for SRB and DRB.
Another side effect could be the impact on SUI message, e.g., to report to network on the establishment of secondary RLC leg. Considering currently primary RLC leg report in SUI comes together with QoS profile reporting, one may want to differentiate it from secondary RLC leg reporting.
SL-RLC-ModeIndication-r16 ::=          SEQUENCE {
    sl-Mode-r16                            CHOICE  {
        sl-AM-Mode-r16                         NULL,
        sl-UM-Mode-r16                         NULL
    },
    sl-QoS-InfoList-r16                SEQUENCE (SIZE (1..maxNrofSL-QFIsPerDest-r16)) OF SL-QoS-Info-r16
}
[bookmark: _Toc146897729]For open issue [1-4], include the secondary RLC channel reporting into the SUI report.
Issues out of Per-WI Open Issue List
Issue-1: CBR Report
In LTE, the CBR measurement is configured in a way that the MO is defined using a frequency.
MeasObjectEUTRA ::=					SEQUENCE {
	carrierFreq							ARFCN-ValueEUTRA,
[…]
	[[	
		tx-ResourcePoolToRemoveList-r14	Tx-ResourcePoolMeasList-r14		OPTIONAL,	-- Need ON
		tx-ResourcePoolToAddList-r14	Tx-ResourcePoolMeasList-r14		OPTIONAL,	-- Need ON
		fembms-MixedCarrier-r14				BOOLEAN					OPTIONAL			-- Need ON
	]],
[…]
}
However, when it comes to NR, the carrier frequency dimension has not been included yet
MeasObjectNR-SL-r16 ::=      SEQUENCE {
    tx-PoolMeasToRemoveList-r16  Tx-PoolMeasList-r16                           OPTIONAL,       -- Need N
    tx-PoolMeasToAddModList-r16  Tx-PoolMeasList-r16                           OPTIONAL        -- Need N
}
Considering that the number of resource pool is limited, it is difficult to rely on resource pool ID only to differentiate the pools on multiple carriers, 
maxNrofTXPool-r16                       INTEGER ::= 8       -- Maximum number of Tx resource pool for NR sidelink communication and
                                                            -- discovery
maxNrofPoolID-r16                       INTEGER ::= 16      -- Maximum index of resource pool for NR sidelink communication and
                                                            -- discovery
[bookmark: _Toc146897730]Introduce frequency dimension for SL CBR measurement object configuration.
Issue-2: Carrier set for per-link RLF declaration
In 122, R2 agreed that
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.
It is not clear how to define the “available carriers”, for which there could be multiple candidates:
1/ The carriers that are allowed by service-to-carrier mapping
2/ The carriers that are allowed by network configuration (pre-configuration, SIB, dedicated RRC);
3/ The carriers that are configured via PC5-RRC (still pending)
4/ The carriers that are selected based on carrier (re)selection procedure to be specified by MAC
Within the 4 candidates, it seems the last one is the appropriate one because it is unreasonable to rely on an unselected carrier to declare SL-RLF, considering the countering on that carrier would never reach sl-MaxnumConsecutiveDTX.
[bookmark: _Toc146897731]The available SL carriers for SL RLF declaration are the carriers UE (re)selected as specified in MAC. 

[bookmark: _Toc114153059]Conclusion

We have the following proposals:
Proposal 1	For open issue [1-1], For OOC / RRC_IDLE / RRC_INACTIVE UEs, R2 not pursue further specification effort for the flow-to-carrier mapping issue.
Proposal 2	For open issue [1-1], For RRC_CONNECTED UEs (mode-2), R2 discuss whether to optimize SUI report to carry the flow-to-carrier reporting or just follow the solution as for OOC / RRC_IDLE / RRC_INACTIVE UEs. Other than that, R2 not pursue other optimizations.
Proposal 3	For open issue [1-2], include NR SL-CA-related capability into UECapabilityInformationSidelink message.
Proposal 4	For open issue [1-2], include carrier configuration into RRCReconfigurationSidelink message.
Proposal 5	For open issue [1-2], if UE-A delivers RRCReconfigurationSidelink to UE-B including carrier configuration, it takes effect for the subsequent transmission from UE-A to UE-B for all SLRBs, after receiving RRCReconfigurationCompleteSidelink.
Proposal 6	For open issue [1-2], R2 confirms the legacy single carrier is used for PC5-S/PC5-RRC signaling exchange before carrier configuration via RRCReconfigurationSidelink.
Proposal 7	For open issue [1-5], R2 not pursue per-LCH carrier set configuration in SIB/Pre-configuration, and thus rely on OOC / RRC_IDLE / RRC_INACTIVE UE implementation to decide on the carrier set configuration of each RLC leg when PDCP duplication is used.
Proposal 8	For open issue [1-5], R2 decide, for GC/BC, whether to pursue per-LCH carrier set configuration for SL-DRB in dedicated-RRC for RRC_CONNECTED UEs based on the conclusion of whether to introduce a report to network about flow-to-carrier mapping.
Proposal 9	For open issue [1-5], R2 discuss whether to introduce a report to network on RLF per carrier.
Proposal 10	For open issue [1-5], R2 decide, for UC, whether to pursue per-LCH carrier set configuration for SL-DRB in dedicated-RRC for RRC_CONNECTED UEs based on the conclusion of whether introduce a report to network about flow-to-carrier mapping and per-carrier RLF.
Proposal 11	For open issue [1-5], R2 not pursue per-LCH carrier set configuration for SL-SRB in dedicated-RRC, and thus rely on RRC_CONNECTED UE implementation to decide on the carrier set configuration of each RLC leg when PDCP duplication is used.
Proposal 12	For open issue [1-3], for GC/BC, leave it to OOC / RRC_IDLE / RRC_INACTIVE UE implementation to decide whether to uses PDCP duplication or not if 1) SLRB configuration configures it, 2) Tx-UE capability supports it, and 3) TX profile indicates backward-incompatible, or TX profile indicates backward-compatible and UE decides to use it.
Proposal 13	For open issue [1-3], for GC/BC, R2 decide whether to mandate RRC_CONNECTED UE to use duplication if 1) SLRB configuration configures it, 2) Tx-UE capability supports it, and 3) TX profile indicates backward-incompatible, or TX profile indicates backward-compatible and UE decides to use it, based on the conclusion of whether introduce a report to network about flow-to-carrier mapping.
Proposal 14	For open issue [1-3], for UC, for SRB1/2/3, include secondary RLC configuration into the specified SCCH configuration, but rely on Tx-UE implementation to decide whether to enable PDCP duplication or not, in case both Tx and Rx UEs support it.
Proposal 15	For open issue [1-3], for UC, for DRB, leave it to OOC / RRC_IDLE / RRC_INACTIVE Tx-UE implementation to decide to enable/disable the PDCP duplication if 1) SLRB configuration configures it, 2) Tx and Rx-UE capability supports it.
Proposal 16	For open issue [1-3], for UC, for DRB, R2 discuss whether to mandate RRC_CONNECTED UE to use PDCP duplication if 1) SLRB configuration configures it, 2) Tx and Rx-UE capability supports it, based on the decision of per-carrier RLF report to network, based on the conclusion of whether introduce a report to network about flow-to-carrier mapping and per-carrier RLF.
Proposal 17	For open issue [1-4], for UC, include the PDCP duplication configuration into PC5-RRC, for SRB and DRB.
Proposal 18	For open issue [1-4], include the secondary RLC channel reporting into the SUI report.
Proposal 19	Introduce frequency dimension for SL CBR measurement object configuration.
Proposal 20	The available SL carriers for SL RLF declaration are the carriers UE (re)selected as specified in MAC.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
[1] 3GPP RP-230077, WID revision: NR sidelink evolution, OPPO


	3/11	
