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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper is to discuss on Carrier Aggregation, by re-checking the R15 LTE SL-CA related R2 agreements. 
Discussion on those be copied from LTE SL
Scenario
LTE SL-CA was applicable to both in and out of coverage (agreement as follows). And further R18 WID limits it to mode-2 only. 
=> Agrees with proposal1 (i.e. both in coverage and out of coverage scenarios should be considered for PC5 CA)
[bookmark: _Toc131674225]NR SL CA is applicable to in/partial/out of coverage case, but limit to mode-2 in R18. 
Framework / Modelling
LTE SL-CA carrier configuration uses the two levels framework
1) Upper layer provides service-specific frequency set;
2) AS-layer provides AS-layer service-agnostic frequency/carrier configuration;
Where the former one has been ready based on S2/C1 spec (so far limited to GC/BC cases), and the latter has been included in the current RRC spec (i.e., allowing including multiple carriers in SIB/Preconfiguration/dedicated-RRC). 
LTE SL-CA agreement
Agreed with proposal 4: AS is aware of candidate V2X frequencies for V2X packet transmissions, which configured by upper layers (Same as Rel-14). FFS on the additional need in Rel-15.
Agreed with Proposal 6: Configuration/Preconfiguration of PC5 carriers (at least one candidate set of PC5 CC) for the UE’s Tx carrier selection (like Rel-14). FFS if further standard changes (including UE behaviors) are needed for Rel-15 eV2X.
=> Mode-3 cross-carrier scheduling signaling and mode-4 cross-carrier resource pool signaling in Rel-14 is baseline. FFS on the need of further enhancement. 
2:	From RAN2 perspective, the SL-V2X-InterFreqInfoList as specified in Rel-14 V2X can be reused to configure the Tx and Rx carriers for PC5 CA, and thus the new parameters asked by RAN1, i.e. SL_V2X_Carriers_RX and SL_V2X_Carriers_TX are not needed.
5:	Reuse the existing inter-carrier configuration signalling v2x-InterFreqInfoList to provide resources on more carriers in SIB22 as a baseline. Parameters for Rel-15 new features may be added into this IE, if regarded as needed.
6:	SIB21 and SIB22 can include the same carrier, and SIB22 may include only delta information (i.e. configurations not included in SIB21) for that carrier. It’s up to eNB to configure which carriers are configured in SIB21 and/or SIB22. New Rel-15 parameters should be included in SIB22.
7:	In SIB22, change CBR-PPPP lookup table from pool specific to cell specific, i.e. placing SL-CBR-PPPP-TxConfigList in SIB22 as the CBR-PPPP lookup table applied to all Tx pools included therein.
Agreements
1: 	For the carriers configured in both SIB21 and SIB22, UE refers to the cbr-pssch-TxConfigList-r14 in pool configuration within SIB21, except for the MCS range limitation for the new TBS/MCS table, for which UE refers to the cbr-pssch-TxConfigList-r15 in SIB22.
2:	For the pools configured in SIB22, threshS-RSSI-CBR should be configured in a cell-specific way.
[bookmark: _Toc131674226]R2 confirms current spec already allows the upper layer to provide service-specific frequency set, and AS layer providing AS-layer service-agnostic frequency/carrier configuration. 
In LTE SL-CA, the framework is to rely on MAC to do the carrier (re)selection
Agreements:
1: As in the legacy specification, one resource pool is associated to a single carrier only.
2: For parallel transmissions on different carriers, UE RRC selects different pools on different carriers, UE MAC performs resource (re-)selection on each selected pool.
2: Tx carrier selection based on (pre)configuration is performed in MAC layer. FFS on the need of LCP change.
8: MAC entity triggers TX carrier reselection. FFS on how to capture in MAC.
2:	TX carrier reselection is triggered for each Sidelink process.
[bookmark: _Toc131674227]NR SL CA follows LTE SL CA framework, i.e., the resource pool is defined per-BWP and thus per-carrier, and RRC selects different pools on different carriers, while MAC performs carrier (re)selection and resource (re)selection on the selected pool on the selected carrier, in a per sidelink process manner.  
In LTE SL-CA, the HARQ entity is defined per SL carrier.
=> A SL HARQ entity per SL carrier
[bookmark: _Toc131674228]An NR SL HARQ entity is defined per SL carrier.
Carrier Configuration/(Re)selection
When it comes to the detailed carrier (re)selection rule, LTE SL-CA define two thresholds, one for (re)selection, the other for keeping
Agreed with proposal 1: CBR should be considered for the UEs’ Tx carrier selection in PC5 CA from RAN2 perspective.
Agreed with proposal 2: Priority indicated by PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective.
1: When UE performs Tx carrier selection using CBR and PPPP, Tx carrier selection based on a configuration of Rel-14 CBR-PPPP-TxConfigList is used as a baseline.
3: For Tx carrier selection, introduce new Rel-15 parameters on top of the Rel-14 CBR-PPPP-TxConfigList.
4: FFS on how to select the final carrier(s) among the multiple candidate carriers in which the UE is capable to transmit. We will decide option out of two (i.e. based on CBR or leaving it to UE implementation) next meeting.
2: UE shall adopt a scheme to avoid frequent channel switching when carrier reselection is triggered. A CBR threshold (i.e. hysteresis margin) as the new parameter in CBR-PPPP_Txconfig to configure the UE to stay at the same carrier as before if the measured CBR at the resource/carrier reselection is lower than the configured threshold.
1: For the initial carrier (re)selection (not for the carrier keeping), there is a per PPPP per carrier CBR threshold (i.e. absolute CBR value).
2: For the carrier keeping, there is another per PPPP per carrier CBR threshold (i.e. absolute CBR value).
3: Final TX carrier selection is done based on the lowest CBR value. 
One concern is that when applying CBR threshold for carrier (re)selection, considering CBR is pool-specific, how to handle it if there are multiple pools on a carrier.
We understand there is no difference between LTE and NR, since in LTE, firstly a pool has to be selected for each carrier
5.10.13.2	V2X sidelink communication transmission pool selection
For a frequency used for V2X sidelink communication, […]
2>	select a pool associated with the synchronization reference source selected in accordance with 5.10.8.2;
NOTE 0:	If multiple pools are associated with the selected synchronization reference source, it is up to UE implementation which resource pool is selected for V2X sidelink communication transmission.
[…]
2>	select the pool configured with zoneID equal to the zone identity determined below and associated with the synchronization reference source selected in accordance with 5.10.8.2;
And the CBR of the selected pool is applied to the carrier.
The same logic holds for NR-SL, given the pool selection is also to be done as the first step
5.22.1.1	SL Grant reception and SCI transmission
[…]
1>	if the MAC entity has selected to create a selected sidelink grant corresponding to transmissions of multiple MAC PDUs, and SL data is available in a logical channel:
[…]
5>	select the sl-DiscTxPoolSelected configured in sl-BWP-DiscPoolConfig or sl-BWP-DiscPoolConfigCommon for the transmission of NR sidelink discovery message.
[…]
5>	select any pool of resources among the configured pools of resources.
[…]
4>	select any 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.
[…]
4>	select any pool of resources among the pools of resources except the pool(s) in sl-BWP-DiscPoolConfig or sl-BWP-DiscPoolConfigCommon, if configured.
[bookmark: _Toc131674229]NR SL CA TX carrier (re)selection follows LTE CA solution, i.e., define 1) per-carrier-per-priority-per-CBR threshold for carrier (re)selection, and 2) per-carrier-per-priority-per-CBR threshold for carrier keeping. And final carrier selection is done based on the lowest CBR value. 
Yet no new carrier (re)selection trigger was introduced
1: All Rel-14 and Rel-15 resource reselection triggers shall be considered as triggers for carrier reselection. FFS on the need to capture and how to capture condition h) in RAN2 spec.
3: No need of further consideration whether carrier reselection be triggered when semi-static parameters related to carrier selection is re-configured.
4: No new carrier selection trigger is needed for CR usage in SL carriers are changed due to service is start/stop or CA packet duplication is activated/deactivated.
5: No new carrier selection trigger is needed when congestion-control caused TX-Config degradation in current carrier is detected by the UE.
7: No new time-based trigger is introduced for the purpose of carrier reselection.
1: Other factors (besides what we already agreed) will not be considered in Rel-15 TX carrier selection.
[bookmark: _Toc131674230]All Rel-16 and Rel-17 resource reselection triggers shall be considered as triggers for carrier reselection. Otherwise, no other carrier (re)selection is to be considered.
Some further impact on LCP is needed
Even if any sidelink resources remain, other sidelink logical channels belonging to the selected ProSe Destination than the logical channels allowed by CBR-PPPP table are not served in the remaining resources.
[bookmark: _Toc131674231]For LCP, only allow the LCHs having a priority whose associated CBR threshold for reselection is no lower than the CBR of the carrier when the carrier is (re-)selected.
Limited Tx/Rx Chain
In LTE SL-CA, Rx chain limitation was not handled.
=> Working Assumption: No enhancement for the limited RX UE in RX&TX carrier selection beyond Rel-14 mechanism. 
Agreements
1: No additional enhancement to handle UEs with limited Rx capability in eV2X 
[bookmark: _Toc131674232]R2 confirms no enhancement to handle UE with limited Rx chain capability.
In LTE SL-CA, Tx chain limitation was handled, either limited to carrier (re)selection.
Agreed with proposal 5: UE capability on PC5 CA should be considered for the UE’s Tx carrier selection from RAN2 perspective. However no additional specification impacts are foreseen at the moment.
[bookmark: _Toc131674233]Besides carrier (re)selection, R2 confirms no additional enhancement to handle UE with limited Tx chain capability.
Duplication 
In LTE SL-CA, duplication was supported via PDCP-layer duplication + fixed LCID mapping
=> FFS on the need (e.g. pros and cons) and details of packet duplicated transmission based on the different mechanism. 
1: Agreed with the need of packet duplication
Proposal 1	Sidelink packet duplication in LTE is anchored at PDCP.
Proposal 2	As for the Uu packet duplication, duplicated sidelink PDCP PDUs are submitted to two different RLC entities and associated to two different logical channels.
3	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.
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. RAN2 to discuss whether this LCID(s) for the duplicated packet should be (pre)configured or hard-coded or up to the UE implementation. (FFS (pre)configuration or hard-coded or up to the UE implementation. Option should be worked for both mode3 and mode4.)
1: PDCP performs packet duplication detection in Rx UE.
1: Confirm WA (i.e. using fixed LCIDs for duplicated packets as an agreement.
3:	Number of logical channels used for duplication is 10.
1: 	Introduce PDCP re-ordering function for the introduction of PDCP duplication transmission.
2: 	Keep the legacy PDCP header format.
3:	Keep the length of PDCP SN length.
4:	t-Reordering timer is left to UE implementation.
[bookmark: _Toc131674234]As in LTE SL-CA, NR SL-CA support PDCP level duplication, with fixed LCIDs for logical channel carrying duplicated packets. LCP ensures the two logical associated with a duplicate packet will not be carried via the same carrier.
[bookmark: _Toc114214864][bookmark: _Toc114245162][bookmark: _Toc126008719]Discussion on those different from LTE SL 
Carrier Configuration for Unicast
Since UC was not considered in LTE-V2X, it is a delta part that needs to be considered separately for NR-SL. 
Carrier configuration
Another issue is considering R16/17 UE can be CA incapable, while R18 UE can be CA capable, then how to decide on the carrier for R16/17/18 UEs to exchange PC5-S signaling, in a way that is compatible with R16/17 UE, i.e., no PC5-S signaling would be missed due to R16/17 UE cannot perform Tx/Rx on that carrier, and also it is power efficient as much as possible.
For this issue, we understand the key is that we need to ensure the solution, if any, works for legacy R16/17 UEs. Considering legacy UEs rely on the following list to place the Tx/Rx module
SL-ConfigCommonNR-r16 ::=        SEQUENCE {
    sl-FreqInfoList-r16                  SEQUENCE (SIZE (1..maxNrofFreqSL-r16)) OF SL-FreqConfigCommon-r16      OPTIONAL,    -- Need R
    […]
}
To restrict the R16/17 UE carrier selection, it means the concerned list has to be limited to a single carrier, so that all R16/17/18 UEs can focus on this carrier for PC5-S signaling exchange, and further carriers that are used for CA operation after link establishment needs to be configured in another way, i.e., R16/17 incompatible manner.
[bookmark: _Toc131674235]R2 discusses whether to configure additional SL carriers using sl-FreqInfoList-r16 or not, considering the interaction between R18 CA-capable UE and R16/17 CA-incapable UEs. 
Before PC5-RRC establishment
Before link establishment, the two UEs would need to exchange PC5-S signaling (yet no need to consider the discovery message which is specifically for ProSe but not V2X, which is the focus of NR SL-CA).
Firstly, whether PC5-S signaling exchange is to happen at multiple (pre)configured carriers?
1/ Theoretically, it is feasible, since the revised WID said no need to consider Tx/Rx chain limitation;
2/ Yet that means the UE has to keep all Rx chains running to be ready for incoming messages, which seems not very power efficient. But on the other hand, it means R2 has to conclude on the issue that which carrier(s) to use for the initial PC5-S signaling exchange.
Combining the two, seems the only decisive factor is that since the capability of counterpart UE is unknown till AS-layer capability transfer, the usage of SL CA seems at PC5-S signaling exchange stage seems unsafe.
[bookmark: _Toc131674236]RAN2 discusses not applying NR SL CA for PC5-S signaling exchange. 

After link establishment
After PC5-S signaling exchange, QoS info has been settled down, and then the UEs start to deliver PC5-RRC messages and SL-DRB messages.
For capability delivery: Currently it only includes frequency band indicator in band parameter, i.e., it cannot deliver the intra-band CA information to counterpart UE, which is the focus of Rel-18 NR SL-CA. From a tuture-proof perspective, it would be helpful to enhance the PC5-RRC capability information to include SL-CA capability. On the other hand, the WID clarifies no need to consider Tx/Rx chain limitation. 
[bookmark: _Toc131674237]R2 discusses enhancing UECapabilityInformationSidelink to include NR SL-CA related capability.
For AS-layer configuration: Currently, it does not include carrier configuration, so when SL-CA comes, there could be two way-outs:
1/ Avoid touching carrier configuration in PC5-RRC, i.e., UE only relies on carrier configuration in network (pre)configuration;
2/ Include carrier configuration in PC5-RRC, so that UE would combine carrier configuration in network (pre)configuration and in PC5-RRC for SL-CA.
The former one would be easier, but may lead to concern on extra power consumption if considering the latter one can help to limit the carrier set for CA operation. However, this concern is linked with the issue on PC5-S signaling exchange, i.e., if PC5-S signaling exchange can happen on all network (pre)configured carriers, there is no point to optimize power for PC5 unicast link connected UEs, considering it has to be ready for incoming PC5-S messages anyway. 
On the other hand, if we go with Alt-2, R2 has to conclude how to combine the Uu-RRC configuration and PC5-RRC configuration, e.g., Uu-RRC configuration from network to Tx-UE controls Tx-carriers of Tx-UE, while PC5-RRC from Tx-UE to Rx-UE controls Rx-carriers of Rx-UE. 
[bookmark: _Toc131674238]R2 discusses whether to include carrier configuration into RRCReconfigurationSidelink.
Similarly, we need to conclude on the usable carrier(s) for PC5-RRC signaling. Yet considering the pending issue on whether to include carrier configuration in AS-layer configuration, we can limit the question to the initial PC5-RRC message exchange before the first RRCReconfigurationSidelink takes effect.
Due to the same logic for PC5-S signaling, at least the delivery of capability transfer should not be CA-based. Then it seems not that motivated to use multi-carrier transmission only for RRC Reconfiguration SL message.
[bookmark: _Toc131674239]R2 discusses not applying SL CA for the initial PC5-RRC signaling exchange (i.e., the PC5-RRC messages delivered before first RRCReconfigurationSidelink takes effect). 
Duplication
In LTE SL-CA, duplication activation is done by UE autonomously based on PPPR value from upper layer and PPPR threshold in (pre)configuration.
Will ask SA2 the possibility to derive reliability inforamtion. Will include some background information for packet duplication and the benifits of reliability indication. Includes background information of Rel-14 PPPP.
For mode4 (connected and idle), UE autonomous activation of duplication transmission on multiple carriers is allowed based on (pre)configuration. FFS on UE request to NW for duplication transmission.
1: 	A PPPR threshold is configured to the UE (either Mode 3 UE or Mode 4 UE) to indicate the PPPR values that are configured and activated for sidelink packet duplication.
Considering nowadays for NR SL, the configuration is done similarly to Uu, duplication (de)configuration can be done simply based on SLRB configuration.
[bookmark: _Toc131674240]UE follows SLRB (pre)configuration to configure PDCP duplication or not.
RLF/RLM
In Rel-16, AS-layer RLF for UC link was defined as follows
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 numConsecutiveDTX reaches sl-maxNumConsecutiveDTX:
3>	indicate HARQ-based Sidelink RLF detection to RRC.
1>	else:
2>	re-initialize numConsecutiveDTX to zero.
To adapt this single-carrier RLF detection method to CA scenario, there are two dimensions to explore
1) In CA scenario, whether as Uu to focus on a single CC, e.g., PCC, or treat all carriers equally. Based on the latest WID, it should the latter case;
2) In case more than one CCs to detect RLF, whether to the count numConsecutiveDTX would be per-CC (so when the count on all carriers reaches max value, the RLF is declaread)  or jointly across on CCs (so when it reaches max value, RLF is declared).
[bookmark: _Toc131674241]For a UE transmits using multiple SL carriers, the AS-layer RLF is detected by checking PSFCH of all involved SL carriers. FFS whether the count (i.e., numConsecutiveDTX) is calculated per-CC or jointly across all CCs.
RSRP and CSI Feedback 
Based on revised WID
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)
[bookmark: _Toc131674242]R2 not pursue enhancement on CSI feedback and RSRP feedback for SL-CA in Rel-18.

R1-centric topic
Based on the revised WID
-	Reuse the LTE sidelink CA design for the following aspects:
o	Sidelink carrier (re-)selection, synchronization of aggregated carriers, Tx power split for simultaneous sidelink transmissions, packet duplication
[bookmark: _Toc131674243]R2 wait for R1 progress on Synchronization and power control first.

[bookmark: _Toc114153059]Conclusion

We have the following proposals:
Proposal 1	NR SL CA is applicable to in/partial/out of coverage case, but limit to mode-2 in R18.
Proposal 2	R2 confirms current spec already allows the upper layer to provide service-specific frequency set, and AS layer providing AS-layer service-agnostic frequency/carrier configuration.
Proposal 3	NR SL CA follows LTE SL CA framework, i.e., the resource pool is defined per-BWP and thus per-carrier, and RRC selects different pools on different carriers, while MAC performs carrier (re)selection and resource (re)selection on the selected pool on the selected carrier, in a per sidelink process manner.
Proposal 4	An NR SL HARQ entity is defined per SL carrier.
Proposal 5	NR SL CA TX carrier (re)selection follows LTE CA solution, i.e., define 1) per-carrier-per-priority-per-CBR threshold for carrier (re)selection, and 2) per-carrier-per-priority-per-CBR threshold for carrier keeping. And final carrier selection is done based on the lowest CBR value.
Proposal 6	All Rel-16 and Rel-17 resource reselection triggers shall be considered as triggers for carrier reselection. Otherwise, no other carrier (re)selection is to be considered.
Proposal 7	For LCP, only allow the LCHs having a priority whose associated CBR threshold for reselection is no lower than the CBR of the carrier when the carrier is (re-)selected.
Proposal 8	R2 confirms no enhancement to handle UE with limited Rx chain capability.
Proposal 9	Besides carrier (re)selection, R2 confirms no additional enhancement to handle UE with limited Tx chain capability.
Proposal 10	As in LTE SL-CA, NR SL-CA support PDCP level duplication, with fixed LCIDs for logical channel carrying duplicated packets. LCP ensures the two logical associated with a duplicate packet will not be carried via the same carrier.
Proposal 11	R2 discusses whether to configure additional SL carriers using sl-FreqInfoList-r16 or not, considering the interaction between R18 CA-capable UE and R16/17 CA-incapable UEs.
Proposal 12	RAN2 discusses not applying NR SL CA for PC5-S signaling exchange.
Proposal 13	R2 discusses enhancing UECapabilityInformationSidelink to include NR SL-CA related capability.
Proposal 14	R2 discusses whether to include carrier configuration into RRCReconfigurationSidelink.
Proposal 15	R2 discusses not applying SL CA for the initial PC5-RRC signaling exchange (i.e., the PC5-RRC messages delivered before first RRCReconfigurationSidelink takes effect).
Proposal 16	UE follows SLRB (pre)configuration to configure PDCP duplication or not.
Proposal 17	For a UE transmits using multiple SL carriers, the AS-layer RLF is detected by checking PSFCH of all involved SL carriers. FFS whether the count (i.e., numConsecutiveDTX) is calculated per-CC or jointly across all CCs.
Proposal 18	R2 not pursue enhancement on CSI feedback and RSRP feedback for SL-CA in Rel-18.
Proposal 19	R2 wait for R1 progress on Synchronization and power control first.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
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