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1	Introduction
In RAN#99 meeting, the objective on carrier aggregation for NR sidelink was approved [1]. 
In previous RAN2 meetings, we discussed about NR sidelink CA and achieved several agreements. In addition, one LS was sent to SA2 to ask for the carrier mapping for unicast. 
In this contribution, we would like to discuss some remaining issues related to carrier aggregation for NR sidelink based on the LTE sidelink CA design and have corresponding proposals.
2	Discussion
[bookmark: OLE_LINK10]2.1 QoS flow to frequency mapping
During last meeting, we discussed how to implement the QoS flow to frequency mapping based on the LS from SA2, but no conclusion was achieved. We tend to agree that we should firstly discuss the IDLE/INACTIVE/OOC case which are the most typical use cases in mode 2. 
According to the existing spec, for idle/inactive/OOC UE, it rely on SIB/pre-configuration to obtain the SLRB configuration and the SDAP configuration includes the associated QoS flows. In this case, without any information to NW, it is quite possible that SIB/pre-configuration from NW configures flows having no overlapped frequencies to the same RB, see example below, flow 1 and flow 3 are mapped to the same RB. Some may argue that the NW can have some pre-information before providing the SDAP configurations to avoid associate flow 1 and flow 3 to the same RB, however according to the LS from SA2, QoS flow to frequency mapping applies to unicast, therefore, it seems not feasible for “other connected” UEs to report the {L2 ID, QoS flow, frequency} mapping to the NW considering different L2 IDs are used for different PC5 unicast links. 
· QoS flow #1 carrier freq-1, freq-2
· QoS flow #2carrier freq-1, freq-2, freq-3
· QoS flow #3 carrier freq-4
Therefore, we think at least for idle/inactive/OOC case, it remains unclear how SIB/pre-configuration avoids associating different QoS flows having no overlapped frequencies to the same SLRB. 
Observation 1: For IDLE/INACTIVE/OOC UEs, it is not clear how SIB/pre-configuration avoids associating different QoS flows having no overlapped frequencies to the same SLRB. 
However, if there is any assumption that NW at least ensures partial overlapping, i.e., QoS flows mapped to the same SLRB has at least one overlapped frequency, flow 1 and flow 2 in the example above, then based on the existing carrier selection procedure and LCP procedure, UE can ensure the flows are transmitted on the mapped carrier. The carrier selection requires UE to select a carrier allowed for this LCH as configured by upper layer, and during LCP, UE only selects LCHs allowed on the carrier as configured by upper layer, as indicated in the running CR. 
	If the TX carrier (re-)selection is triggered for a Sidelink process according to clause 5.22.1.1, the MAC entity shall:
1>	if there is no selected sidelink grant on any carrier allowed for the sidelink logical channel where data is available as indicated by upper layers (TS 38.331 [5] and TS 23.287 [19]):
2>	for each carrier configured by upper layers associated with the concerned sidelink logical channel:
3>	if the CBR of the carrier is below [sl-threshCBR-FreqReselection] associated with the priority of the sidelink logical channel:
4>	consider the carrier as a candidate carrier for TX carrier (re-)selection for the concerned sidelink logical channel when the carrier satisfies all the following conditions;
5>	if sl-HARQ-FeedbackEnabled is set to enabled for the sidelink logical channel:
6> the carrier includes [at least] one pool of resources configured with PSFCH resources among the pools of resources except the pool(s) in sl-BWP-DiscPoolConfig or sl-BWP-DiscPoolConfigCommon, if configured. 


2>	else:
In case of NR sidelink on multiple carrier frequencies, only consider sidelink logical channels which meet the following conditions and only consider one sidelink logical channel among sidelink logical channels corresponding to same PDCP entity, if duplication is activated as specified in TS 38.323 [4];
-	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];
-	having a priority whose associated [sl-threshCBR-FreqReselection] is no lower than the CBR of the carrier when the carrier is (re-)selected in accordance with 5.22.1.11.



Observation 2: according to the carrier selection and LCP procedure, UE transmits the SLRB on the mapped frequency. 
Therefore, we think we should firstly discuss how SIB/pre-configuration avoids associating different QoS flows having no overlapped frequencies to the same SLRB, and if this can be guaranteed, the existing carrier selection/LCP allows UE to transmit the SLRB on the mapped frequency. Also there is no need to explicitly describe how to derive the mapped frequency of the SLRB, e.g., intersection of frequency of all associated QoS flows, which should be the legacy behaviour as well, even in legacy the mapping is in granularity of service but the general intersection principle should be the same.
Proposal 1: RAN2 to discuss how SIB/pre-configuration avoids associating different QoS flows having no overlapped frequencies to the same SLRB. 
2.2 TX Carrier (re)selection/keeping with HARQ based DTX
In previous RAN2 meeting, we discussed about the threshold for carrier selection/reselection and keeping groupcast/broadcast. 
Agreement:
[bookmark: OLE_LINK7]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. 
In last RAN2 meeting, carrier selection/reselection and keeping for unicast was discussed and agreed to follow the same principle as groupcast/broadcast.
[bookmark: OLE_LINK22]Agreements on TX carrier (re)selection triggers, LCP impact, and CBR-based carrier reselection/keeping for UC
1: 	Agreements made for GC/BC (RAN2#121bis-e) are also applicable for UC. TX carrier reselection is done among the carriers that peer UE also supports.
With the agreement to define per-carrier-per-priority CBR threshold for carrier keeping and per-carrier-per-priority CBR threshold for carrier (re)selection, it still remains unclear how to (re)select/keep the carrier with the defined threshold. In LTE sidelink CA, the UE should consider the carrier as a candidate carrier if the measured CBR of the carrier is lower than the threshold and the UE shall stay at the same TX carrier as before if the measured CBR of the carrier is lower than the configured threshold. Similar principle should apply to NR sidelink CA. 
In addition, in last RAN2 meeting, we discussed about HARQ-based SL RLF and agreed the counting is per carrier. 
[bookmark: OLE_LINK23]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.
In this case, it is possible that the DTX counting for some carriers may reach the maximum, but with other carriers available for SL CA, UE will not declare legacy SL RLF. Then during carrier selection/reselection and carrier keeping, the impact from HARQ-based DTX counting should be considered. To be more detailed, for carrier selection/reselection/keeping, on top of CBR threshold and/or higher layer restriction, UE should take the DTX counting of the carrier into account, i.e., the HARQ-based DTX counting for any unicast link associated with the UE should not extend the maximum, then the carrier can be considered as a candidate carrier for carrier selection/reselection or the UE can continue to stay at this carrier. 
Proposal 2: In NR sidelink CA, the UE considers a TX carrier as candidate carrier if the measured CBR is lower than the configured per-carrier-per-priority CBR threshold for carrier (re)selection and the HARQ-based DTX counting for any unicast link associated with the UE on this carrier does not reach the maximum. 
Proposal 3: In NR sidelink CA, the UE stays at the same TX carrier as before if the measured CBR is lower than the configured per-carrier-per-priority CBR threshold for carrier keeping and the HARQ-based DTX counting for any unicast link associated with the UE on this carrier does not reach the maximum. 
During the discussion on the running CR, it was proposed to consider the HARQ attribute during carrier (re)selection. And there is one editor’s note on how to determine the CBR with HARQ attribute considered. 
	Editor’s Note: Further discussion is needed on how to select a resource pool to determine Carrier CBR (e.g., limiting resource pool selection related to Carrier CBR decision considering HARQ attribute).


In our understanding, it is reasonable to consider the HARQ attribute during carrier (re)selection unless PSFCH is mandatory configured in all the carriers. Actually, based on the existing specification, we already have the following note to restrict the NW to configure at least one RP with PSFCH resource if there is at least one LCH configured as HARQ-enabled. From this perspective, we can adopt similar principles for SL CA, i.e., NW to ensure each carrier having at least one RP configured with PSFCH if there is at least one LCH configured as HARQ-enabled. 
	NOTE 2:	The MAC entity expects that PSFCH is always configured by RRC for at least one pool of resources in sl-TxPoolSelectedNormal and for the resource pool in sl-TxPoolExceptional in case that at least a logical channel configured with sl-HARQ-FeedbackEnabled is set to enabled.



With this assumption, there is no need to consider the HARQ attribute during carrier (re)selection, thus there is no need to further discuss how to select a resource pool to determine carrier CBR, i.e., rely on existing resource pool selection procedure to select a resource pool and the CBR of the selected resource pool is the carrier CBR
Proposal 4: NW configures at least one pool of resources with PSFCH for each carrier if there is at least one LCH configured as HARQ-enabled.
[bookmark: OLE_LINK19]2.3 HARQ based DTX
In last RAN2 meeting, we discussed about HARQ-based SL RLF and agreed the counting is per carrier. 
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.
However, it is not critical clear how to define the “carrier set” for HARQ based DTX and according to the running CR, there is one editor’s note to FFS this point. Actually during the carrier selection procedure, UE shall consider the carrier as candidate carrier if the carrier is configured by upper layer and satisfy the CBR threshold. In addition, we agreed for unicast, the selected carrier should be supported by the peer UE. Therefore during carrier selection, the intersection of upper layer configuration, CBR and UE capability are already considered and the final selected carrier associated with the unicast link should be the “carrier set” to perform HARQ based DTX.
	If the TX carrier (re-)selection is triggered for a Sidelink process according to clause 5.22.1.1, the MAC entity shall:
1>	if there is no selected sidelink grant on any carrier allowed for the sidelink logical channel where data is available as indicated by upper layers (TS 38.331 [5] and TS 23.287 [19]):
2>	for each carrier configured by upper layers associated with the concerned sidelink logical channel:
3>	if the CBR of the carrier is below [sl-threshCBR-FreqReselection] associated with the priority of the sidelink logical channel:
4>	consider the carrier as a candidate carrier for TX carrier (re-)selection for the concerned sidelink logical channel when the carrier satisfies all the following conditions;



1: 	Agreements made for GC/BC (RAN2#121bis-e) are also applicable for UC. TX carrier reselection is done among the carriers that peer UE also supports. 
Therefore, we propose RAN2 to agree that HARQ based DTX is performed on each carrier associated with the unicast link and agree the TP in the Annex.
Proposal 5: HARQ based DTX is performed on each carrier associated with the unicast link and agree the TP in the Annex. 
2.4 PDCP duplication/SL CA for SL SRB
In last RAN2 meeting, we discussed about how to enable PDCP duplication and achieved the following agreement.
Agreement on criterion for packet duplication
1:	SLRB configures whether PDCP duplication is used or not
In this case, for a SL DRB, the UE should rely on (pre)configuration of SLRB to determine whether PDCP duplication is enabled or not. If PDCP duplication is enabled, PDCP entity of such SL DRB is associated with two RLC bearer configurations for two separate RLC bearers. Otherwise, only one RLC bearer configuration is (pre)configured.
In last RAN2 meeting, we discussed about SL CA for SL SRB and achieved the following WA. 
[bookmark: OLE_LINK18]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.
Whether to support SL CA for SL SRB, actually we think SL CA can be supported as long as both TX UE and RX UE supports carrier aggregation, which can be started after the exchange of UE capability. Therefore, we think we can confirm the support of SL CA for SL SRB as agreement. 
Proposal 6: RAN2 agree to support SL CA for SL SRB after SL link is established and UE capability is exchanged.  
[bookmark: OLE_LINK9]However, regarding the support of PDCP duplication for SL SRB, different from SL DRB, the PDCP/RLC/MAC configuration for SL SRB is specified in the specification, in this case, if PDCP duplication is to be supported, RLC/MAC configuration associated with the duplicated leg for each SRB is required to be specified in the specified SCCH configuration table (i.e. 9.1.1.4 in TS 38.331). 
[bookmark: OLE_LINK11]Proposal 7: RAN2 agree RLC/MAC configuration associated with the duplicated leg for each SRB is specified in the specified SCCH configuration table.
Regarding how to enable/disable PDCP duplication, since the support of carrier aggregation is a prerequisites of the support of PDCP duplication, which also depends on the UE capability, it is not reasonable to always enable PDCP duplication for SRB. In this case, it can be up to UE implementation to enable/disable PDCP duplication for SRB. 
Proposal 8: RAN2 agree it is up to UE implementation to enable/disable PDCP duplication for SRB.
[bookmark: OLE_LINK4]2.5 Tx profile with PDCP duplication
In last meeting, we discussed about the backward compatible issue and achieved the following agreement.
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.
Similar as in R17 SL DRX, this TX profile is provided from upper layer to AS layer for each service and a UE only assumes backward compatible for the given destination L2 ID when all the associated TX profiles correspond to support of backward compatible. For a given destination L2 ID, all TX and RX UEs should be configured with the same set of TX profile(s).
[bookmark: OLE_LINK21]Proposal 9: A UE only assumes carrier aggregation/data split for the given BC/GC destination L2 ID when all the associated TX profiles correspond to support of carrier aggregation/data split.
Proposal 10: For a given BC/GC destination L2 ID, all TX and RX UEs should be configured with the same set of TX profile(s).
Regarding the detailed UE behaviour, there is one FFS whether it is up to UE implementation to use PDCP duplication or not. Actually in previous meeting, we have agreed that the NW configures whether PDCP duplication is used or not. Therefore, it is not aligned with the achieved agreement if it is up to UE implementation. 
Agreement on criterion for packet duplication
1:	SLRB configures whether PDCP duplication is used or not

For a given destination BC/GC L2 ID, which is backward compatible and associated with more than one SLRB, for the SLRB of which PDCP duplication is not enabled (i.e., based on NW configuration), TX UE shall transmit on the legacy carrier, while for the SLRB of which PDCP duplication is enabled, TX UE shall transmit on the legacy carrier and another selected carrier. 
Proposal 11: For a given BC/GC destination L2 ID which is backward compatible, TX UE shall transmit only on the legacy carrier for SLRBs of which PDCP duplication is not enabled, TX UE shall transmit on the legacy carrier and another selected carrier for SLRBs of which PDCP duplication is enabled. 
For a given destination BC/GC L2 ID, which is not backward compatible and associated with more than one SLRB, for the SLRB of which PDCP duplication is not enabled (i.e., based on NW configuration), TX UE is allowed to transmit on multiple carriers for data split, while for the SLRB of which PDCP duplication is enabled, TX UE shall transmit on any two selected carriers.
Proposal 12: For a given BC/GC destination L2 ID which is not backward compatible, TX UE is allowed to transit on multiple carriers for SLRBs of which PDCP duplication is not enabled, TX UE shall transmit on any two selected carriers for SLRBs of which PDCP duplication is enabled. 
From RX UE perspective, RX UE should receive on multiple carriers if there is at least one destination L2 ID interested to receive corresponding to backward compatible.
[bookmark: OLE_LINK6][bookmark: OLE_LINK8]Proposal 13: RX UE should receive on multiple carriers if there is at least one destination L2 ID interested to receive corresponding to backward compatible. 
2.6 PDCP duplication indication
According to the RRC running CR, there is one editor’s note whether to we introduce a sl-PrimaryLeg indication. In our understanding, in Uu, the intention to define the primary and secondary path is for data split, e.g., if the buffered data is below a threshold, only transmission on the primary path is allowed. However in SL, only PDCP duplication is supported and when activated, UE should transmit on both path, therefore there is no need to distinguish between the primary path and the secondary path. Then regarding how to activate the PDCP duplication, we think we can reuse Uu principle, i.e., define “PDCP duplication” indication to explicitly indicate whether PDCP duplication is activated or not. 
Proposal 14: Do not introduce “sl-PrimaryLeg” indication. Define PDCP duplication indication to explicitly indicate whether PDCP duplication is activated or not. 
In legacy, parameters related to both TX and RX should be configured from TX UE to RX UE via PC5-RRC signalling. PDCP duplication activation indication is a new parameter applied to both TX and RX. As mentioned above, SLRB configures whether the PDCP duplication is activated. Then upon reception of SLRB configuration from dedicated RRC/SIB/pre-configuration, TX UE transmits the PDCP duplication indication to RX UE via PC5-RRC signalling. 
Proposal 15: TX UE transmits the PDCP duplication indication through SLRB configuration via PC5-RRC signalling to the RX UE. 
2.7 Carrier sets for PDCP duplication
Regarding how to configure the carriers for PDCP duplication, in LTE SL CA, NW configures two carrier sets that do not include the same carrier frequency with each other. In SL CA, it is proposed to reuse the LTE scheme, i.e., two carrier sets that do not include the same carrier frequency. In addition, we think there is no need to define per SLRB carrier set, per DST carrier set as in LTE can be reused. It is up to UE implementation to select carriers from different carrier sets for a PDCP duplication enabled SLRB. 
[image: ]
Proposal 16: NW configures two carrier sets that do not have the same carrier frequency for PDCP duplication per DST ID. 
3	Conclusion		
In this contribution, we discussed about the issues related to carrier aggregation in NR sidleink and provide corresponding observations and proposals:
Observation 1: For IDLE/INACTIVE/OOC UEs, it is not clear how SIB/pre-configuration avoids associating different QoS flows having no overlapped frequencies to the same SLRB. 
Observation 2: according to the carrier selection and LCP procedure, UE transmits the SLRB on the mapped frequency. 
Proposal 1: RAN2 to discuss how SIB/pre-configuration avoids associating different QoS flows having no overlapped frequencies to the same SLRB. 
Proposal 2: In NR sidelink CA, the UE considers a TX carrier as candidate carrier if the measured CBR is lower than the configured per-carrier-per-priority CBR threshold for carrier (re)selection and the HARQ-based DTX counting for any unicast link associated with the UE on this carrier does not reach the maximum. 
Proposal 3: In NR sidelink CA, the UE stays at the same TX carrier as before if the measured CBR is lower than the configured per-carrier-per-priority CBR threshold for carrier keeping and the HARQ-based DTX counting for any unicast link associated with the UE on this carrier does not reach the maximum. 
Proposal 4: NW configures at least one pool of resources with PSFCH for each carrier if there is at least one LCH configured as HARQ-enabled.
Proposal 5: HARQ based DTX is performed on each carrier associated with the unicast link and agree the TP in the Annex. 
Proposal 6: RAN2 agree to support SL CA for SL SRB after SL link is established and UE capability is exchanged.  
Proposal 7: RAN2 agree RLC/MAC configuration associated with the duplicated leg for each SRB is specified in the specified SCCH configuration table.
Proposal 8: RAN2 agree it is up to UE implementation to enable/disable PDCP duplication for SRB.
Proposal 9: A UE only assumes carrier aggregation/data split for the given BC/GC destination L2 ID when all the associated TX profiles correspond to support of carrier aggregation/data split.
Proposal 10: For a given BC/GC destination L2 ID, all TX and RX UEs should be configured with the same set of TX profile(s).
Proposal 11: For a given BC/GC destination L2 ID which is backward compatible, TX UE shall transmit only on the legacy carrier for SLRBs of which PDCP duplication is not enabled, TX UE shall transmit on the legacy carrier and another selected carrier for SLRBs of which PDCP duplication is enabled. 
Proposal 12: For a given BC/GC destination L2 ID which is not backward compatible, TX UE is allowed to transit on multiple carriers for SLRBs of which PDCP duplication is not enabled, TX UE shall transmit on any two selected carriers for SLRBs of which PDCP duplication is enabled. 
Proposal 13: RX UE should receive on multiple carriers if there is at least one destination L2 ID interested to receive corresponding to backward compatible. 
Proposal 14: Do not introduce “sl-PrimaryLeg” indication. Define PDCP duplication indication to explicitly indicate whether PDCP duplication is activated or not. 
Proposal 15: TX UE transmits the PDCP duplication indication through SLRB configuration via PC5-RRC signalling to the RX UE. 
Proposal 16: NW configures two carrier sets that do not have the same carrier frequency for PDCP duplication per DST ID. 
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5	Annex
[bookmark: _Toc46490384][bookmark: _Toc52752079][bookmark: _Toc52796541][bookmark: _Toc139032340]5.22.1.3.3	HARQ-based Sidelink RLF detection
For each carrier associated with a PC5-RRC connection, 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.
RRC configures the following parameter to control HARQ-based Sidelink RLF detection:
-	sl-maxNumConsecutiveDTX.
The following UE variable is used for HARQ-based Sidelink RLF detection.
-	numConsecutiveDTX, which is maintained for each PC5-RRC connection if single carrier frequency is used for NR sidelink.
-	numConsecutiveDTX, which is maintained per carrier associated with a PC5-RRC connection if multiple carrier frequencies are used for NR sidelink. 
For each carrier associated with a PC5-RRC connection, the Sidelink HARQ Entity shall (re-)initialize numConsecutiveDTX to zero for each PC5-RRC connection which has been established by upper layers, if any, upon establishment of the PC5-RRC connection or (re)configuration of sl-maxNumConsecutiveDTX.
For each carrier associated with a PC5-RRC connection, the Sidelink HARQ Entity shall for each PSFCH reception occasion associated to the PSSCH transmission:
1>	if PSFCH reception is absent on the PSFCH reception occasion:
2>	increment numConsecutiveDTX by 1;
2>	if more than one carrier is considered as the carriers for HARQ-based Sidelink RLF detection:
Editor’s Note: How to define the concerned carrier set is FFS.
3>	if numConsecutiveDTX reaches sl-maxNumConsecutiveDTX for all carriers applied for HARQ-based Sidelink RLF detection:
4>	indicate HARQ-based Sidelink RLF detection to RRC.
2>	else:
3>	if numConsecutiveDTX reaches sl-maxNumConsecutiveDTX:
4>	indicate HARQ-based Sidelink RLF detection to RRC.
1>	else:
2>	re-initialize numConsecutiveDTX to zero.
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SL-PPPR-Dest-CarrierFreq ::= SEQUENCE { .
destinationInfoList-rl5 SL-DestinationInfolList-rl2 OPTIONAL, —— Need OR.
allowedCarrierFreqList-rl5 SL-AllowedCarrierFreqList-r1l5 OPTIONAL —— Need OR.
}
SL-AllowedCarrierFreqList-rl5 ::= SEQUENCE {
SEQUENCE (SIZE (1..maxFreqV2X-rl4d)) OF ARFCN-ValueEUTRA-r9, .
SEQUENCE (SIZE (1..maxFreqV2X-rl4)) OF ARFCN-ValueEUTRA-r9 .
}
—— ASN1STOP .
= SL-V2X-PacketDuplicationConfig field descriptions .

= allowedCarrierFreqlList, allowedCarrierFreqSet1, allowedCarrierFreqSet2 .
Indicates, for V2X sidelink communication, the set of carrier frequencies applicable for the transmission of the MAC
SDUs from the sidelink logical channels whose associated destination are included in destinationinfoList (see TS





