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1	Introduction
In the WID for NR_SL_enh2 RP-230077, the objective for CA is defined as follows:
3. 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 enabled 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
This contribution describes our initial view on the RAN2 scope for this objective. 

[bookmark: _Ref178064866]2	Discussion
A SL UE is configured with SL CA towards a peer UE, means that the UE is configured with multiple SL carriers for its SL transmissions or receptions. So the UE can aggregate these SL carriers together for its SL transmissions or receptions. The UE would be able to perform transmissions or receptions according to at least one of the following modes
· The UE may only use one of the SL carriers to perform SL transmission or reception 
· The UE may use multiple SL carriers of the configured SL carriers simultaneously to perform SL transmission or reception. A transmission or reception on a SL carrier may be fully or partially overlapping in time domain with another transmission or reception on another SL carrier.

2.1 Carrier management
Given that CA operation involving multiple carriers is mainly intended to achieve higher data throughput. Different services/applications/traffic types are of different QoS requirements in terms of for example data rate, latency and transmission reliability etc. Different SL carriers may have different carrier frequency, bandwidth, subcarrier spacing, which may be suitable to serve different applications. Therefore, it would be beneficial to map carriers to different services/applications/traffic types and even different SL cast types. The mapping relation/rule gives a high level guideline to UEs on how to select a carrier for transmission or reception data of a specific service. 
[bookmark: _Toc131702448]Study if mapping rules between carriers and services, applications or traffic types need to be defined.
Different from LTE, NR SL also supports SL unicast. A UE pair including a TX UE and a RX UE, the TX UE is triggered to select M carriers for data transfer towards the RX UE, while the RX UE is also triggered to select N carrier for data transfer towards the TX UE on the reverse direction. 
A basic question needs to answer would be whether a UE pair can use different carriers for transmission at two directions.
Therefore, we make the below proposal
[bookmark: _Toc131702449]For unicast, study if the two UEs (i.e., UE1 and UE2) are allowed to use different carriers for transmission at the two directions (i.e., UE1->UE2 and UE2->UE1).
Sidelink carrier aggregation (CA) is supported for V2X sidelink communication in LTE. For a Tx UE using scheduled resource allocation (i.e., mode 3 in LTE and mode 1 in NR), the Tx carrier is selected by the gNB and informed to the UE using DCI format 5A along with carrier indicator field (CIF) which indicates the PC5 carrier to be used for PSSCH transmission.   For a Tx UE using autonomous resource selection (i.e., mode 4 in LTE and mode 2 n NR), it performs Tx carrier selection by itself and may select one or more carriers for its V2X sidelink transmission [1]. TX carrier (re-)selection is triggered for a STCH (Sidelink Traffic Channel, the sidelink logical channel carrying MAC CE or traffic from higher layer) and/or a carrier when any of the following conditions are met: 
· No configured sidelink grant on any carrier allowed for the STCH as indicated by upper layers. 
· The MAC entity selects to create a configured sidelink grant corresponding to transmissions of multiple MAC PDUs, data is available in STCH associated with one or multiple carriers, and the configured sidelink grant becomes invalid (i.e. resource reselection is triggered) in the carriers. 
· The MAC entity selects to create a configured sidelink grant corresponding to transmission(s) of a single MAC PDU, and data is available in STCH associated with one or multiple carriers. 
If TX carrier (re-)selection is triggered, 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 (e.g. SL-AllowedCarrierFreqList in [2]):
· 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.
· else:
· for each sidelink logical channel, if any, where data is available and that is allowed on the carrier for which Tx carrier (re-)selection is triggered:
· if the CBR of the carrier is below threshCBR-FreqKeeping associated with priority of the sidelink logical channel:
· select the carrier and the associated pool of resources.
· else:
· for each carrier configured by upper layers on which the sidelink logical channel is allowed, 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.
If one or more carriers are considered as the candidate carriers for TX carrier (re-)selection, the MAC entity shall:
· for each sidelink logical channel allowed on the carrier where data is available and Tx carrier (re-)selection is triggered:
· select one or more carrier(s) and associated pool(s) of resources among the candidate carriers with increasing order of CBR from the lowest CBR. It is left to UE implementation how many carriers to select based on UE capability.
NR sidelink supports unicast (UC), groupcast (GC) and broadcast (BC) while LTE V2X sidelink only supports GC w/o any CP signaling or lower layer feedback such as HARQ feedback and CSI report from the Rx UE, therefore, simply applying Tx carrier (re)selection procedure introduced for LTE V2X sidelink will lead to sub-optimal performance for NR sidelink. 

[bookmark: _Toc131702450]To study how to enhance carrier selection and reselection procedures for NR CA. FFS if different procedures are designed for different cast types.
One of the issues which would require additional design efforts is the carrier management, e.g., establishment of SL carriers, and change/update of a carrier in the set of carriers. In LTE, there was only carrier selection and reselection designed for SL broadcast. A SL UE may use any carrier to transmit a packet for a service. Selection and reselection of a SL carrier is mainly triggered based on CBR measurement for the carrier, which results in a dynamic mapping relation between a specific carrier and a service/radio bearer. however, for a UE pair including a TX UE and RX UE in SL unicast, such mechanism is obviously insufficient, due to the below reasons
1) The UE pair needs to establish one or multiple dedicated SL radio bearers, which carry the upper layer signalling or service data. It is necessary to maintain dedicated SL carriers for the UE pair to carry/transmit these dedicated radio bears and services.
2) The UE pair can apply CSI measurement and report per SL carrier. Based on the CSI report received from the peer UE, the UE may consider the CSI when performing SL link adaptation and power control. Without dedicated SL carriers, the UE pair will not be able to employ the CSI measurement and report for each SL carrier in case of CA operation.  

[bookmark: _Toc131702451]To study whether to introduce carrier management procedures for SL CA in unicast as in Uu CA (e.g., establishment of carries in a group, support addition, removal and change of a carrier in the group).

2.2 CSI reporting
The Sidelink CSI Reporting MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.4-1. The priority of the Sidelink CSI Reporting MAC CE is fixed to '1'. The Sidelink CSI Reporting MAC CE is defined as follows (Figure 6.1.3.35-1):
-	RI: This field indicates the derived value of the Rank Indicator for sidelink CSI reporting as specified in clause 8.5 of TS 38.214 [7]. The length of the field is 1 bit;
-	CQI: This field indicates the derived value of the Channel Quality Indicator for sidelink CSI reporting as specified in clause 8.5 of TS 38.214 [7]. The length of the field is 4 bit;
-	R: Reserved bit, set to 0.


[bookmark: _Toc131702459]SL CSI measurement and reporting is per SL carrier. 
For CA, at least for CSI reporting, it is feasible for UE to report CSI for multiple carriers in the same MAC CE. In this way, a CSI reporting MAC CE is not needed to be limited to only transmit on the carrier where the MAC CE is generated.
Therefore, we make the below proposal:
[bookmark: _Toc131702452]RAN2 to study whether SL CSI reporting MAC CE needs to be enhanced including 
a. [bookmark: _Toc131702453]Whether a CSI report MAC CE can comprise CSI measurement results of multiple carriers
b. [bookmark: _Toc131702454]Whether a CSI report MAC CE comprising measurement results of a carrier can be transmitted on another carrier

2.3 RLF handling
In Uu CA, RLF may be triggered for the UE considering radio link status of all configured cells. In other words, there is no RLF handling for each cell. This is partly due to that there may be only DL carrier in certain SCell. Further, the UE performs radio link monitoring (RLM) only on the PCell and this RLM is valid for the PCell and all the SCell(s) configured.
However, for the UE configured with SL CA, situation is different. For each SL carrier, transmission is bidirectional. There is no concept of UL or DL but only a sidelink carrier where both sidelink UEs can transmit in a scheduled way. The UE may experience bad radio condition in either of both directions. In addition, as described in clause 2.1.2, 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. This is a fundamental difference from Uu where the UE that is configured to use CA can understand if there is an RLF or not only based on the max number of RLC retransmissions.
In case of SL carrier aggregation, a UE pair including UE1 and UE2 may be configured with more than two SL carriers. The SL CA is expected to reuse existing functionalities of Uu CA. Therefore, a UE would be configured with separate HARQ entities for different SL carriers.  However, the UE maintains a common PC5-RRC connection and a common MAC entity for all SL carriers. The existing HARQ-based Sidelink RLF detection procedure needs to be revisited, otherwise, the MAC entity may have to maintain a common counter i.e., numConsecutiveDTX for all HAR entities associated with all SL carriers. If numConsecutiveDTX reaches sl-maxNumConsecutiveDTX, the UE would then trigger SL RLF for the PC5-connection. However, the failure may be just due to a single carrier which has bad radio channel quality or has been congested, while the other carriers are still in good condition. In this case, it would be not delay efficient to let the UE to declare SL RLF. 

[bookmark: _Toc131702460]There is no carrier specific RLF detection and recovery in Uu CA. 
However, SL RLF may be also detected upon one of the below conditions is met
1) upon indication from sidelink RLC entity that the maximum number of retransmissions for a specific destination has been reached; or
2) upon T400 expiry for a specific destination; or
3) upon indication from MAC entity that the maximum number of consecutive HARQ DTX for a specific destination has been reached; or
4) upon integrity check failure indication from sidelink PDCP entity concerning SL-SRB2 or SL-SRB3 for a specific destination:
It is clearly that the first three conditions may be operated per SL carrier, while the fourth condition is operated per radio bearer.
[bookmark: _Toc131702461]SL RLF detection is feasible to be operated per SL. 
Therefore, it is necessary study if the existing SL RLF detection needs to be enhanced in case of CA operation, e.g., SL RLF detection is performed per SL carrier.
[bookmark: _Toc131702455]To study whether SL RLF detection is enhanced to be operated per SL carrier.
2.4 DRX
SL DRX is supported for SL in NR Rel-17. For a UE performing CA operation, it may be necessary to study if the existing SL DRX mechanism needs to be enhanced for CA operation, e.g., introduce a secondary DRX configuration as in Uu DRX. 
Therefore, we make the below proposal:
[bookmark: _Toc131702456]To study whether a secondary SL DRX configuration needs to be introduced for SL CA.
2.5 PDCP duplication
In LTE V2X, PDCP duplication is one important function to increase transmission reliability for services requiring high transmission reliability. For SL V2X services, it may be beneficial to support PDCP duplication in CA operation.
For carrier aggregation in Uu, PDCP packet duplication has been supported in order to improve transmission reliability of a service. For the similar reason, it is necessary to also introduce packet duplication for SL UE in CA. Several design issues are expected to be addressed in order to support PDCP duplication for SL CA.
Issue 1: for a UE pair configured with SL CA, for a service, how to select two or more than two SL carriers among all configured SL carriers for PDCP duplication purpose?
Issue 2: how to activate or deactivate PDCP duplication?

[bookmark: _Toc131702457]Study how to support PDCP duplication in case of CA operation.

2.6 Synchronization of aggregated carriers

A UE capable of V2X sidelink communication and SLSS (sidelink synchronization signal)/PSBCH transmission shall transmit sidelink synchronization information (i.e. SLSS and sidelink MIB) on the frequency used for V2X sidelink communication when the following conditions are met: 
· Condition1:   
· List of candidate synchronisation carrier frequencies (syncFreqList) are not (pre)configured
Or 
· The list (syncFreqList) is (pre)configured, but it does not include any frequency selected by the UE for its sidelink transmission, or the concerned frequency is selected as the synchronisation carrier frequency
Or  
· The list (syncFreqList) is (pre)configured and includes the concerned frequency, and the UE has selected a frequency other than the concerned frequency as the synchronisation carrier frequency, and the UE is able to transmit SLSS/PSBCH on the concerned frequency
· Condition2:
· The UE is in RRC connected, and configured by the NW that synchronization information shall be transmitted. 
Or
· The UE is in coverage, and the measured Uu RSRP is lower than a configured threshold. 
Or 
· The UE is out of coverage, and selects GNSS as the synchronization reference source. 
Or 
· The UE is out of coverage and not directly synchronized to GNSS, and has no selected synchronization reference (SyncRef) UE or the measured SL-RSRP to the selected SyncRef UE is below a preconfigured threshold. 
In the case of limited transmission capabilities on multiple carrier frequencies, when the UE is configured with syncFreqList, whether to transmit SLSS/PSBCH on a frequency selected for V2X sidelink transmission which is other than the synchronisation carrier frequency, is up to UE implementation. 
There are several issues the LTE mechanism in order to directly reuse for SL CA in NR: 
· It could happen that the UE transmits to multiple destinations over SL, while different SL carriers are configured/selected for transmission towards different destinations, and syncFreqList only includes carriers configured/selected for transmission towards some of the destinations. In this case sidelink synchronization information will not be transmitted in the configured/selected carriers for transmission towards the other  destinations which are not overlapped with carriers included in syncFreqList, and the Rx UEs only associated to the other destinations may not be able to receive the transmissions due to no sidelink synchronization information from the Tx UE. 
· When syncFreqList is not (pre)configured or it is (pre)configured but does not include any frequency selected by the UE for its sidelink transmission, the UE has to transmit sidelink synchronization information on all the frequencies used for sidelink transmission which is not efficient and consumes more power. 
· NR supports unicast where UE can exchange signaling over SL, it is not optimal to apply the LTE mechanism designed only for broadcast

[bookmark: _Toc131702458]Study how to support synchronization of aggregated carriers in CA.
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	SL CSI measurement and reporting is per SL carrier.
Observation 2	There is no carrier specific RLF detection and recovery in Uu CA.
Observation 3	SL RLF detection is feasible to be operated per SL.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Study if mapping rules between carriers and services, applications or traffic types need to be defined.
Proposal 2	For unicast, study if the two UEs (i.e., UE1 and UE2) are allowed to use different carriers for transmission at the two directions (i.e., UE1->UE2 and UE2->UE1).
Proposal 3	To study how to enhance carrier selection and reselection procedures for NR CA. FFS if different procedures are designed for different cast types.
Proposal 4	To study whether to introduce carrier management procedures for SL CA in unicast as in Uu CA (e.g., establishment of carries in a group, support addition, removal and change of a carrier in the group).
Proposal 5	RAN2 to study whether SL CSI reporting MAC CE needs to be enhanced including
a.	Whether a CSI report MAC CE can comprise CSI measurement results of multiple carriers
b.	Whether a CSI report MAC CE comprising measurement results of a carrier can be transmitted on another carrier
Proposal 6	To study whether SL RLF detection is enhanced to be operated per SL carrier.
Proposal 7	To study whether a secondary SL DRX configuration needs to be introduced for SL CA.
Proposal 8	Study how to support PDCP duplication in case of CA operation.
Proposal 9	Study how to support synchronization of aggregated carriers in CA.
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