[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK16][bookmark: OLE_LINK17]3GPP TSG-RAN WG2 #123	R2-2307091
Toulouse, France, Augus 2023

Agenda Item:	7.15.6
Source:	OPPO
Title:	Discussion on Carrier Aggregation
Document for:	Discussion, Decision

[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper is to discuss Carrier Aggregation, by re-checking the R15 LTE SL-CA-related R2 agreements. 
Discussion on those to be copied from LTE SL
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.
The only difference is that now it is the MAC layer to do the pool selection instead of the RRC layer. 
[bookmark: _Toc142640130]The resource pool is defined per-BWP and thus per-carrier, and MAC selects different pools on different carriers, and also performs carrier (re)selection and resource (re)selection on the selected pool on the selected carrier.  
[bookmark: _Toc142640131]TX carrier reselection is triggered for each Sidelink process.
In LTE-CA, during LCP, the following restriction is enforced
-	Only consider sidelink logical channels which meet the following conditions:
-	allowed on the carrier where the SCI is transmitted for V2X sidelink communication, if the carrier is configured by upper layers according to TS 36.331 [8] and TS 24.386 [15];
-	having a priority whose associated threshCBR-FreqReselection is no lower than the CBR of the carrier when the carrier is (re-)selected in accordance with 5.14.1.5;
I.e., the SA2 defined service-to-carrier mapping has to be respected. 
[bookmark: _Toc142640132][bookmark: _Toc138756214][bookmark: _Toc138756215][bookmark: _Toc138756216][bookmark: _Toc138756217][bookmark: _Toc138756218]For LCP, only allow the LCHs which are allowed in the carrier based on the service-to-carrier mapping. 
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: _Toc142640133]Introduce frequency dimension for SL CBR measurement object configuration.
[bookmark: _Toc114214864][bookmark: _Toc114245162][bookmark: _Toc126008719]Discussion on those different from LTE SL 
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: _Toc142640134]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
Based on the S2 LS Reply
According to discussion in SA2, most companies' understanding is Question 1 is about how the AS layer can know frequency information associated with the PC5-S messages sent during the PC5 unicast link establishment procedure. Anyhow some companies think that Question 1 is related to the scenario after the PC5 unicast link is established. Therefore, SA2 would like to ask RAN2 about what the scenario Question 1 is related to.
Since R2 has clarified in the LS R2-2304236 that
RAN2 also discussed NR unicast SL CA. Based on the observation, as section 6.1.2.12 of TS 24.587-v18.0.0 has captured, that V2X layer can be provisioned with service to frequency mapping for unicast, RAN2 assumes that it is applicable to PC5 unicast SL CA after the link has been established. However, RAN2 also identified below 2 questions to ask for SA2’s input:
So it is clear that R2 intention was to leave the part “after link establishment” to S2, and R2 would further discuss the part “before link establishment” internally first.
[bookmark: _Toc142640135]R2 replied S2 that Q1 was asked for the scenario after PC5 unicast link is established.
While for “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) as well, but the question is whether PC5-S signaling exchange is to happen at multiple (pre)configured carriers?
As discussed above, considering the backwards compatibility, at least for the services applicable to legacy UEs, multi-carrier transmission is not necessary. 
Then for the services specifically for R18 UEs, theoretically, it is feasible, but
1/ It means the UE has to keep all Rx chains open to be ready for incoming messages, which seems not very power efficient. 
2/ R2 has to conclude on the issue that which carrier(s) to use for the initial PC5-S signaling exchange, here please note that a DCR message may include more than one service IDs, which may be mapped to a different carrier set (even if a service-to-carrier mapping can be provided by upper layer).
Combining the two, the usage of SL CA at PC5-S signaling exchange stage seems unsafe or even infeasible.
[bookmark: _Toc142640136]RAN2 discusses not applying NR SL CA for PC5-S signaling exchange. 

After link establishment
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.
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 future-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: _Toc142640137]Include NR SL-CA-related capability into UECapabilityInformationSidelink message.
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.
Option-1 seems not feasible, since the network (pre)configured carrier set would be a super-set, either it is mandatory for UE to support all network (pre)configured carrier set, or if the UE supports fewer carriers, then without coordination between the two peer UEs, Rx UE cannot know which carriers the Rx chain has to be put on.
[bookmark: _Toc142640138]Include CA/duplication configuration into RRCReconfigurationSidelink message.
Similarly, we need to conclude on the “FFS on 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. Then it seems not that motivated to use multi-carrier transmission only for RRC Reconfiguration SL message.
[bookmark: _Toc142640139]If UE-A delivers RRCReconfigurationSidelink to UE-B including multi-carrier configuration, it takes effect for the subsequent transmission by UE-A and reception by UE-B. 
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.
Although the intention is clear, i.e., the SL-RLF is declared when all “available carriers” reach sl-MaxnumConsecutiveDTX, there are two left issues as follows. 
Firstly, since the counting is calculated per-carrier, and since currently the RLF indication is reported per-carrier upon the counter reaching sl-MaxnumConsecutiveDTX, it is unclear how to handle the case where 
1/ Firstly, carrier-1 reaches sl-MaxnumConsecutiveDTX, but carrier-2 has not yet
2/ Secondly, carrier-2 reaches sl-MaxnumConsecutiveDTX as well, yet before that carrier-1 has reset to 0 due to PSFCH presence.
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.
If no change to the current spec, i.e., only report per-carrier SL-RLF upon reaching sl-MaxnumConsecutiveDTX, RRC layer would not know carrier-1 has recovered from SL-RLF. Following 122 agreement, it seems straightforward that MAC layer report SL-RLF when all carriers reach sl-MaxnumConsecutiveDTX. 
[bookmark: _Toc142640140]MAC layer indicates SL RLF when the counting of all available SL carriers (i.e., numConsecutiveDTX) has reached sl-MaxnumConsecutiveDTX.
Secondly, 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: _Toc142640141]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	The resource pool is defined per-BWP and thus per-carrier, and MAC selects different pools on different carriers, and also performs carrier (re)selection and resource (re)selection on the selected pool on the selected carrier.
Proposal 2	TX carrier reselection is triggered for each Sidelink process.
Proposal 3	For LCP, only allow the LCHs which are allowed in the carrier based on the service-to-carrier mapping.
Proposal 4	Introduce frequency dimension for SL CBR measurement object configuration.
Proposal 5	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 6	R2 replied S2 that Q1 was asked for the scenario after PC5 unicast link is established.
Proposal 7	RAN2 discusses not applying NR SL CA for PC5-S signaling exchange.
Proposal 8	Include NR SL-CA-related capability into UECapabilityInformationSidelink message.
Proposal 9	Include CA/duplication configuration into RRCReconfigurationSidelink message.
Proposal 10	If UE-A delivers RRCReconfigurationSidelink to UE-B including multi-carrier configuration, it takes effect for the subsequent transmission by UE-A and reception by UE-B.
Proposal 11	MAC layer indicates SL RLF when the counting of all available SL carriers (i.e., numConsecutiveDTX) has reached sl-MaxnumConsecutiveDTX.
Proposal 12	The available SL carriers for SL RLF declaration are the carriers UE (re)selected as specified in MAC.
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