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1	Introduction
In RAN#99 meeting, the objective on carrier aggregation for NR sidelink was approved [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
· [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 enable 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 would like to discuss some issues related to carrier aggregation for NR sidelink based on the LTE sidelink CA design and have corresponding proposals.
2	Discussion
[bookmark: OLE_LINK1]2.1 Resource (re)selection
In LTE sidelink CA, each component carrier is associated with a sidelink HARQ entity and each sidelink HARQ entity is in charge to perform selection/reselection of transmitting resources according to the sensing results of the associated sidelink component carrier. This is similar to Uu carrier aggregation and to avoid the complicated implementation if resource (re)selection procedure is performed jointly on all the component carriers, e.g. the physical layer performs sensing and the MAC entity performs (re)selection jointly on all the component carriers.
Observation 1: In LTE sidelink CA, each component carrier is associated with s sidelink HARQ entity.
When it comes to NR SL, based on the existing resource (re)selection scheme, the PHY performs sensing on the resource pool and delivers a candidate resource set to MAC for further resource (re)selection according to the remaining PDB etc. In this case, with the introduction of carrier aggregation, to avoid joint resource (re)selection, similar as LTE SL CA, it is proposed to define a sidelink HARQ entity for each component carrier and each sidelink HARQ entity is in charge of resource selection/reselection of the associated sidelink component carrier.
[bookmark: _Toc489356111][bookmark: _Toc489356162][bookmark: _Toc489356174][bookmark: _Toc489358010][bookmark: _Toc489362412][bookmark: _Toc489432123][bookmark: _Toc489432223][bookmark: _Toc490140462][bookmark: _Toc490223314][bookmark: _Toc490236067][bookmark: _Toc490236147]Proposal 1: Introduce a sidelink HARQ entity for each sidelink component carrier.
[bookmark: _Toc489356112][bookmark: _Toc489356163][bookmark: _Toc489356175][bookmark: _Toc489358011][bookmark: _Toc489362413][bookmark: _Toc489432124][bookmark: _Toc489432224][bookmark: _Toc490140463][bookmark: _Toc490223315][bookmark: _Toc490236068][bookmark: _Toc490236148]Proposal 2: Each sidelink HARQ entity is in charge of resource selection/reselection of the associated sidelink component carrier.
2.2 TX Carrier selection
In LTE sidelink CA, TX carrier (re)selection is based on the measured CBR and PPPP. CBR as an input to carrier selection is helpful for load balance between the carriers, while the PPPP reflects the priority of the packets to be transmitted. If only low priority packets are buffered in the UE, the UE should not consume resources of multiple sidelink carriers. On the other hand, if the UE has high priority packets to transmit, it should be allowed to select other carriers which are not that congested.
 
	If the TX carrier (re-)selection is triggered for a Sidelink process according to clause 5.14.1.1, the MAC entity shall:
-	if there is no configured sidelink grant on any carrier allowed for the sidelink logical channel where data is available as indicated by upper layers (TS 36.331 [8] and TS 24.386 [15]):
-	for each carrier configured by upper layers associated with the concerned sidelink logical channel:
-	if the CBR of the carrier is below threshCBR-FreqReselection associated with the priority of the sidelink logical channel:
-	consider the carrier as a candidate carrier for TX carrier (re-)selection for the concerned sidelink logical channel.



Observation 2: In LTE sidelink CA, CBR and priority indicated by PPPP were considered for the UEs’ TX carrier selection.
Therefore, to reuse the LTE scheme, in NR sidelink CA, similar principle should be adopted, i.e., CBR and priority should be considered for UEs’ TX carrier selection. 
Proposal 3: In NR sidelink CA, CBR and priority are considered for the UEs’ TX carrier selection.
However in LTE, UE can be configured with multiple resource pools and UE selects only one resource pool on a single TX carrier [2]. 
	Agreement 
1: As in the legacy specification, one resource pool is associated to a single carrier only



With CBR measure per resource pool, the CBR of the selected resource pool is considered as the CBR of the selected TX carrier and further used as the input for carrier selection. However, in NR sidelink, UE can be configured with multiple resource pools and is allowed to select multiple resource pools. In this case, with CBR measured per resource pool, when UE selects more than one resource pool on the single TX carrier, how to determine the CBR of the TX carrier during TX carrier selection should be further discussed. 
Proposal 4: In NR sidelink CA, RAN2 to discuss how to determine the CBR of the carrier during TX carrier selection.
2.3 TX Carrier re-selection
In LTE sidelink CA, all Rel-14 and Rel-15 resource reselection triggers shall be considered as triggers for TX carrier reselection and to avoid frequent channel switching when carrier reselection is triggered, some kind of “keeping” scheme was defined, i.e., a CBR threshold to configure the UE to stay at the same TX carrier as before if the measured CBR at the resource/carrier reselection is lower than the configured threshold.
Observation 3: In LTE sidelink CA, all resource reselection triggers were considered as triggers for TX carrier reselection. 
Observation 4: In LTE sidelink CA, a CBR threshold to keep the UE stay at the same TX carrier as before was defined to avoid frequent channel switching.
When it comes to NR sidelink CA, according to the WID, we should reuse the LTE scheme as a baseline, therefore, it is proposed to confirm in NR sidelink CA, all the R16/17 resource reselection triggers should be considered as triggers for TX carrier reselection and similar “keeping” threshold should be introduced to avoid frequent switching. Similar as carrier selection, during carrier reselection, how to determine the CBR of the existing TX carrier to judge whether to stay or not should be further discussed. 
Proposal 5: In NR sidelink CA, all R16/R17 resource reselection triggers shall be considered as triggers for TX carrier reselection. 
Proposal 6: In NR sidelink CA, define a CBR threshold to keep the UE stay at the same TX carrier as before if the measured CBR is lower than the configured CBR threshold. 
Proposal 7: In NR sidelink CA, RAN2 to discuss how to determine the CBR of the carrier during TX carrier re-selection.
2.4 Packet duplication
In LTE sidleink CA, packet duplication was supported and is anchored at PDCP. As for the Uu packet duplication, duplicated sidelink PDCP PDUs are submitted to two different RLC entities and associated to two different logical channels. As for the Uu packet duplication, sidelink packet duplication on a single carrier is not supported, i.e. the MAC layer cannot multiplex the two logical channels associated to a duplicate packet into the same HARQ entity.
With the WID to reuse the LTE scheme as a baseline, in NR sidelink CA, it is proposed to confirm the anchor remains at PDCP. In addition, the duplicated PDCP PDUs should be submitted to two different RLC entities with two different logical channels associated. Then the MAC entity shall map different logical channels which correspond to the same PDCP entity in duplication onto different carriers.
Proposal 8: In NR sidelink CA, packet duplication is anchored at PDCP. 
Proposal 9: In NR sidelink CA, duplicated sidelink PDCP PDUs are submitted to two different RLC entities and associated to two different logical channels.
Proposal 10: In NR sidelink CA, the MAC entity shall map different logical channels which correspond to the same PDCP entity in duplication onto different carriers.
What’s more, regarding the LCID used for PDCP duplication, in LTE sidelink CA, the LCID(s) that can be used for transmission of one replica of a duplicate packet are reserved, i.e. they cannot be used by non-duplicated packet transmission and were hard-coded. This is because from RX perspective, it is important to make sure that the receiver is capable of combining the duplicate and the original packet into the same PDCP entity for duplicate discard. In this case, the RX UE should be aware of the LCID of both the original packet and the replica. The most straightforward solution is to hard-code a mapping between the legacy LCID(s) used by the original packets and the LCID(s) for the duplicate. To solve backward compatibility issue, the LCIDs reserved for the replica of a duplicate packet are taken from the list of reserved LCID values for SL-SCH.
In NR sidelink CA, similar principle should be adopted, the LCID(s) for packet duplication should be reserved from the list of reserved LCID values for SL-SCH and hard-coded, i.e., a mapping between the legacy LCID(s) used by the original packets and the LCID(s) for the duplicate.
Proposal 11: In NR sidelink CA, the LCID(s) that can be used for transmission of one replica of a duplicate packet are reserved from the list of reserved LCID values for SL-SCH.
Proposal 12: In NR sidelink CA, hard-code the mapping between the legacy LCID(s) used by the original packets and the LCID(s) for the duplicate. 
Regarding the activation/de-activation of PDCP duplication, in LTE sidelink CA, for mode 4 operation, it is the eNB signalling (broadcast/dedicated) and pre-configuration provides a PPPR threshold to enable/disable packet duplication and the UE duplicates the V2X message having reliability higher than the signalled PPPR. There was some discussion on whether CBR should be considered as an additional factor for PDCP duplication activation/deactivation and the final conclusion was that during TX carrier selection for packet duplication, CBR is considered and no consideration of additional CBR threshold for packet duplicatiion activation/deactivation [3]. 
	Agreement:
1: 	For packet duplication, Tx carriers should meet Tx carrier selection CBR-threshold
2:	No consideration of additional CBR threshold for packet duplication purpose



In NR sidelink CA, if we reuse the LTE principle, a threshold to reflect the reliability should be defined for the purpose of enable/disable PDCP duplication, e.g., PQI threshold and UE duplicates the packet having PQI higher than the signalled PQI threshold. 
Proposal 13: In NR sidelink CA, define a PQI threshold for PDCP duplication activation/deactivation. 
Proposal 14: In NR sidelink CA, UE duplicates the message having PQI higher than the signalled PQI threshold. 
2.5 Backward compatibility 
As described in the WID, the carrier aggregation feature is backward compatible
· 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 enable in SCI)
To handle the backward compatible issue, the R17 SL DRX scheme can be reused, i.e., introduce a TX profile to indicate whether the associated groupcast/broadcast service is CA-enabled or not. From the TX UE’s perspective, only when the TX profile of all the groupcast/broadcast DST L2 ID are CA-enabled, can the TX UE enable CA and transmit on multiple carriers simultaneously. From the RX UE’s perspective, when at least one of the interested groupcast/broadcast DST ID is associated with a TX profile of CA-enabled, shall the RX UE enable CA and receives on multiple carriers simultaneously. 
Proposal 15: In NR sidelink CA, introduce a TX profile to indicate whether CA is enabled or not to solve the backward compatible issue for groupcast/broadcast transmission with CA. 
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: In LTE sidelink CA, each component carrier is associated with s sidelink HARQ entity.
Observation 2: In LTE sidelink CA, CBR and priority indicated by PPPP were considered for the UEs’ TX carrier selection.
Observation 3: In LTE sidelink CA, all resource reselection triggers were considered as triggers for TX carrier reselection. 
Observation 4: In LTE sidelink CA, a CBR threshold to keep the UE stay at the same TX carrier as before was defined to avoid frequent channel switching.
Proposal 1: Introduce a sidelink HARQ entity for each sidelink component carrier.
Proposal 2: Each sidelink HARQ entity is in charge of resource selection/reselection of the associated sidelink component carrier.
Proposal 3: In NR sidelink CA, CBR and priority are considered for the UEs’ TX carrier selection.
Proposal 4: In NR sidelink CA, RAN2 to discuss how to determine the CBR of the carrier during TX carrier selection.
Proposal 5: In NR sidelink CA, all R16/R17 resource reselection triggers shall be considered as triggers for TX carrier reselection. 
Proposal 6: In NR sidelink CA, define a CBR threshold to keep the UE stay at the same TX carrier as before if the measured CBR is lower than the configured CBR threshold. 
Proposal 7: In NR sidelink CA, RAN2 to discuss how to determine the CBR of the carrier during TX carrier re-selection.
Proposal 8: In NR sidelink CA, packet duplication is anchored at PDCP. 
Proposal 9: In NR sidelink CA, duplicated sidelink PDCP PDUs are submitted to two different RLC entities and associated to two different logical channels.
Proposal 10: In NR sidelink CA, the MAC entity shall map different logical channels which correspond to the same PDCP entity in duplication onto different carriers.
Proposal 11: In NR sidelink CA, the LCID(s) that can be used for transmission of one replica of a duplicate packet are reserved from the list of reserved LCID values for SL-SCH.
Proposal 12: In NR sidelink CA, hard-code the mapping between the legacy LCID(s) used by the original packets and the LCID(s) for the duplicate. 
Proposal 13: In NR sidelink CA, define a PQI threshold for PDCP duplication activation/deactivation. 
Proposal 14: In NR sidelink CA, UE duplicates the message having PQI higher than the signalled PQI threshold.
Proposal 15: In NR sidelink CA, introduce a TX profile to indicate whether CA is enabled or not to solve the backward compatible issue for groupcast/broadcast transmission with CA. 
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