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1 Introduction
In RAN#99, SL CA was agreed to start WG work with revised scope (RP-230077 [1]):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 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


In this contribution, we discuss below aspects of SL CA
· Whether unicast SL CA is in Rel-18 scope 
· Carrier (re)selection
· Packet duplication 
· Backward compatibility 
2 Discussion 
As indicated in WID objective, NR SL CA should largely reuse LTE SL CA. Features of LTE SL CA can be summarized as below:
· Only support SL broadcast/groupcast (i.e. no support of SL unicast) 
· No RRC connectivity in PC5 interface (i.e. no PC5-RRC)
· Service to carrier mapping is provided by V2X layer, not configured in AS layer   
· No support of HARQ feedback
· No support of cross-carrier scheduling   
In followed discussion, we try to reuse above features as much as possible
2.1 Whether unicast SL CA is in Rel-18 scope
In latest WID objective [1], it is not quite clear whether unicast is in scope. We think this is the first question RAN2 need to address.
Observation 1: In latest WID objective, it is not clear whether unicast SL CA is in scope 
From RAN2 perspective, one essential issue is whether the service to carrier mapping can work for unicast SL CA, which was not thoroughly discussed in SA2 and RAN2. We find the following misaligned description in SA2 spec TS 24.587 [2]:
1) Service to carrier mapping is clearly specified in clause 6.1.3.2.1.1 for broadcast and clause 6.1.4.2.1.1 for groupcast, but is NOT mentioned in clause 6.1.2 for unicast. It is not clear whether it is intentional or missed by SA2. 
[bookmark: _Toc34388656][bookmark: _Toc34404427][bookmark: _Toc45282272][bookmark: _Toc45882658][bookmark: _Toc51951208][bookmark: _Toc59208964][bookmark: _Toc75734803][bookmark: _Toc99178937]6.1.3.2.1.1	Requirements for V2X communication over PC5
When the upper layers request the UE to send a V2X message of a V2X service identified by a V2X service identifier using V2X communication over PC5, the request from the upper layers includes:
a)	the V2X message;
b)	the V2X service identifier of the V2X service for the V2X message;
c)	the type of data in the V2X message (i.e. IP or non-IP);
d)	if the V2X message contains non-IP data, the V2X message family (see clause 9.2) of data in the V2X message;
e)	optionally the communication mode which is set to broadcast mode; and
f)	optionally the V2X application requirements (e.g. priority requirement, reliability requirement, delay requirement).
Upon a request from upper layers to send a V2X message of a V2X service identified by a V2X service identifier using V2X communication over PC5, if:
a)	the UE is configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5 as specified in clause 5.2.3; and
b)	there is one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message in the current geographical area,
then the UE passes the one or more V2X frequencies associated with the V2X service identifier of the V2X service and the communication mode which is set to broadcast mode for the V2X message to the lower layers.

[bookmark: _Toc34388666][bookmark: _Toc34404437][bookmark: _Toc45282282][bookmark: _Toc45882668][bookmark: _Toc51951218][bookmark: _Toc59208974][bookmark: _Toc75734813][bookmark: _Toc99178947]6.1.4.2.1.1	Requirements for V2X communication over PC5
The requirements for groupcast mode V2X communication over PC5 is the same as described in clause 6.1.3.2.1.1, with the following additions:
2) In Clause 6.1.2.3, it is specified that PC5 unicast allows UEs to add/modify/remove V2X services/PC5 QoS flows to the same L2 ID pair without any limitation. So, it seems no way to restrict the destination-to-carrier restriction or LCH-to-carrier restriction. 
[bookmark: _Toc51951140][bookmark: _Toc59208894][bookmark: _Toc75734732][bookmark: _Toc99178865]6.1.2.3	PC5 unicast link modification procedure
[bookmark: _Toc525231186][bookmark: _Toc22039978][bookmark: _Toc25070691][bookmark: _Toc34388606][bookmark: _Toc34404377][bookmark: _Toc45282205][bookmark: _Toc45882591][bookmark: _Toc51951141][bookmark: _Toc59208895][bookmark: _Toc75734733][bookmark: _Toc99178866]6.1.2.3.1	General
The purpose of the PC5 unicast link modification procedure is to modify the existing PC5 unicast link to:
a)	add new PC5 QoS flow(s) to the existing PC5 unicast link;
b)	modify existing PC5 QoS flow(s) for updating PC5 QoS parameters of the existing PC5 QoS flow(s);
c)	modify existing PC5 QoS flow(s) for associating new V2X service(s) with the existing PC5 QoS flow(s);
d)	modify existing PC5 QoS flow(s) for removing the associated V2X service(s) from the existing PC5 QoS flow(s); or
e)	remove existing PC5 QoS flow(s) from the existing PC5 unicast link.
In this procedure, the UE sending the DIRECT LINK MODIFICATION REQUEST message is called the "initiating UE" and the other UE is called the "target UE".
Observation 2: In LTE SL CA, service to carrier mapping is provided by V2X layer, not configured in AS layer.   
Observation 3: In TS 24.587, there are below misaligned specifications related to service to carrier mapping for PC5 unicast link:
1) Service to carrier mapping is specified in clause 6.1.3.2.1.1 for broadcast and clause 6.1.4.2.1.1 for groupcast, but is NOT mentioned in clause 6.1.2 for unicast. It is not clear whether it is intentional or missed by SA2. 
2) In Clause 6.1.2.3, it is specified that PC5 unicast allows UEs to add/modify/remove V2X services/PC5 QoS flows to the same L2 ID pair with limitation. So, it seems no way to restrict the destination-to-carrier restriction or LCH-to-carrier restriction. 
Thus, we think if unicast SL CA is confirmed to be in scope, RAN2 should first send LS to SA2 to check whether service to carrier mapping is applicable to unicast SL CA. Meanwhile, because scope of Rel-18 SL CA is quite limited, Rel-19 may have to take specification efforts to be backward compatible to Rel-18 unicast SL CA (if supported). 
Observation 4: Because scope of Rel-18 SL CA is quite limited, Rel-19 may have to take specification efforts to be backward compatible to Rel-18 unicast SL CA (if supported). 
Thus, another way-forward is that RAN2 only study broadcast/groupcast SL CA in Rel-18 and leave unicast SL CA to Rel-19. We don't have strong preference, and suggest RAN2 to discuss which way to go.
Proposal 1: RAN2 discuss the following 2 way-forwards on unicast SL CA:
· Alt-1: Send LS to SA2 to check whether service to carrier mapping is applicable to unicast SL CA. Focus on broadcast/groupcast SL CA before SA2 provide response. 
· Alt-2: RAN2 only study broadcast/groupcast SL CA in Rel-18.
[bookmark: _Ref54102585][bookmark: _Ref54102582]2.2 Carrier (re)selection
Mechanism of carrier (re)selection in LTE SL CA is illustrated in clause 23.14.1.1 of TS 36.300 [3]:
Carrier aggregation (CA) in sidelink is supported for V2X sidelink communication. It applies to both in coverage UEs and out of coverage UEs. For CA in sidelink, neither primary component carrier nor secondary component carriers are defined. Each resource pool (pre)configured for V2X sidelink communication transmission or reception is associated to a single carrier. When a UE supporting CA in sidelink uses autonomous resource selection, it performs carrier selection and may select one or more carriers used for V2X sidelink communication transmission. The carrier selection is performed at MAC layer, depending on the CBR of the (pre)configured carriers for V2X sidelink communication and the PPPP(s) of the V2X messages to be transmitted. The carrier reselection may be performed when resource reselection is triggered and is triggered for each sidelink process. In order to avoid frequent switching across different carriers, the UE may keep using a carrier already selected for transmission, if the measured CBR on this carrier is lower than a (pre)configured threshold. All selected carriers should have the same synchronization reference or the same synchronization priority configuration. For a UE using autonomous resource selection, logical channel prioritization is performed for a sidelink resource on a carrier depending on the CBR measured on the carrier and the PPPP of the sidelink logical channels as specified in TS 36.321 [13].
As highlighted above, carrier (re)selection is based on PPPP specific CBR threshold. 
Observation 5: In LTE SL CA, carrier (re)selection is based on PPPP specific CBR threshold.   
Because PPPP is not introduced in NR SL, we can introduce CBR threshold per SL priority of LCH. Then, the whole mechanism of LTE carrier (re)selection mechanism can be reused in NR SL CA.
Proposal 2: Reuse the same carrier (re)selection procedure of LTE SL CA with exception of replacing PPPP specific CBR threshold (LTE SL CA) with SL priority specific CBR threshold (NR SL CA).   
2.3 Packet duplication
Mechanism of packet duplication in LTE SL CA is illustrated in clause 23.14.1.1 of TS 36.300 [3]:
Sidelink packet duplication is supported for V2X sidelink communication and is performed at PDCP layer of the UE. For sidelink packet duplication for transmission, a PDCP PDU is duplicated at the PDCP entity. The duplicated PDCP PDUs of the same PDCP entity are submitted to two different RLC entities and associated to two different sidelink logical channels respectively. The duplicated PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different sidelink carriers. A UE can activate or deactivate sidelink packet duplication based on (pre)configuration. Sidelink packet duplication does not apply to transmission with Rel-14 transmit profile (TS 23.285 [72]). The PPPR value(s) for which sidelink packet duplication is supported can be (pre)configured via a PPPR threshold. For UE autonomous resource selection and scheduled resource allocation, the UE shall perform sidelink packet duplication for the data with the configured PPPR value(s) until packet duplication is deconfigured for these PPPR value(s). For scheduled resource allocation, the UE reports the amount of data associated with one or more PPPR values, and the destination(s) to which the data belongs via sidelink BSR(s). A mapping of PPPR values to logical channel groups can be configured by the eNB, and the PPPR value(s) are reflected by the associated logical channel group ID included in the sidelink BSR(s). A list of PPPR value(s) may be reported in Sidelink UE information by an RRC_CONNECTED UE.
As highlighted above, packet duplication in LTE SL CA is triggered based on threshold of PPPR. 
Observation 6: In LTE SL CA, packet duplication is triggered based on threshold of PPPR.   
Because PPPR is not introduced in NR SL, we can introduce a similar reliability threshold for sl-PacketErrorRate-r16 in PQI. Then, the whole mechanism of LTE packet duplication mechanism can be reused in NR SL CA.
Proposal 3: Reuse the same packet duplication procedure of LTE SL CA with exception of replacing PPPR threshold (LTE SL CA) with a new reliability threshold for sl-PacketErrorRate-r16 in PQI (NR SL CA).   
2.4 Backward compatibility 
This section address below issue in WID objective:
· 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 enabled in SCI)


First, according to latest WID objective, we think only below two cases are valid in Rel-18:
· Case 1: RX UE is legacy Rel-16/Rel-17 UE which supports only single carrier
· Case 2: RX UE is Rel-18 UE, which always covers all possible SL carriers in Rel-18
Proposal 4: RAN2 confirm only below two cases are valid in Rel-18:   
· Case 1: RX UE is legacy Rel-16/Rel-17 UE which supports only single carrier
· Case 2: RX UE is Rel-18 UE, which always covers all possible SL carriers in Rel-18
Then, we think there are basically two solutions for TX UE to determine whether the RX UE is a legacy UE which supports only single carrier:
· Alt-1: Rely on service to frequency mapping provided by upper layer (i.e. assume upper layer will provide a mapping to a single carrier if RX UE is a legacy UE supporting only single carrier) 
· Alt-2: Introduce a new list for TX profiles (e.g. ENUMERATED {carrierAggregated, singleCarrier}), which corresponding to different L2 Addresses or services.
After checking TS 24.587 [2], we think Alt-1 can't work because mapping to multiple V2X frequencies is already allowed in Rel-16/Rel-17. Thus, TX UE can't determine whether the RX UE is a legacy UE via service to frequency mapping provided by upper layer.
6.1.3.2.1.1	Requirements for V2X communication over PC5
Omit...
Upon a request from upper layers to send a V2X message of a V2X service identified by a V2X service identifier using V2X communication over PC5, if:
a)	the UE is configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5 as specified in clause 5.2.3; and
b)	there is one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message in the current geographical area,
then the UE passes the one or more V2X frequencies associated with the V2X service identifier of the V2X service and the communication mode which is set to broadcast mode for the V2X message to the lower layers.
Observation 7: According to TS 24.587, upper layer can provide a service mapping to multiple V2X frequencies for a Rel-16/Rel-17 legacy UE. Thus, TX UE can't determine whether the RX UE is a legacy UE via service to frequency mapping provided by upper layer.
Thus, we propose to use TX profile to resolve the backward compatibility issue.
Proposal 5: To resolve the backward compatibility issue (i.e. TX UE with broadcast/groupcast SL CA needs to determine whether the RX UE is legacy Rel-16/Rel-17 UE which only supports single carrier), introduce a new list for TX profiles corresponding to different L2 Addresses or services.
3 Conclusion
In this contribution, we further SL CA. Our observations are:
Observation 1: In latest WID objective, it is not clear whether unicast SL CA is in scope 
Observation 2: In LTE SL CA, service to carrier mapping is provided by V2X layer, not configured in AS layer.   
Observation 3: In TS 24.587, there are below misaligned specifications related to service to carrier mapping for PC5 unicast link:
1) Service to carrier mapping is specified in clause 6.1.3.2.1.1 for broadcast and clause 6.1.4.2.1.1 for groupcast, but is NOT mentioned in clause 6.1.2 for unicast. It is not clear whether it is intentional or missed by SA2. 
2) In Clause 6.1.2.3, it is specified that PC5 unicast allows UEs to add/modify/remove V2X services/PC5 QoS flows to the same L2 ID pair with limitation. So, it seems no way to restrict the destination-to-carrier restriction or LCH-to-carrier restriction. 
Observation 4: Because scope of Rel-18 SL CA is quite limited, Rel-19 may have to take specification efforts to be backward compatible to Rel-18 unicast SL CA (if supported).
Observation 5: In LTE SL CA, carrier (re)selection is based on PPPP specific CBR threshold.   
Observation 6: In LTE SL CA, packet duplication is triggered based on threshold of PPPR.   
Observation 7: According to TS 24.587, upper layer can provide a service mapping to multiple V2X frequencies for a Rel-16/Rel-17 legacy UE. Thus, TX UE can't determine whether the RX UE is a legacy UE via service to frequency mapping provided by upper layer.

Based on observations, our proposals are:
Proposal 1: RAN2 discuss the following 2 way-forwards on unicast SL CA:
· Alt-1: Send LS to SA2 to check whether service to carrier mapping is applicable to unicast SL CA. Focus on broadcast/groupcast SL CA before SA2 provide response. 
· Alt-2: RAN2 only study broadcast/groupcast SL CA in Rel-18.
Proposal 2: Reuse the same carrier (re)selection procedure of LTE SL CA with exception of replacing PPPP specific CBR threshold (LTE SL CA) with SL priority specific CBR threshold (NR SL CA).   
Proposal 3: Reuse the same packet duplication procedure of LTE SL CA with exception of replacing PPPR threshold (LTE SL CA) with a new reliability threshold for sl-PacketErrorRate-r16 in PQI (NR SL CA).   
Proposal 4: RAN2 confirm only below two cases are valid in Rel-18:   
· Case 1: RX UE is legacy Rel-16/Rel-17 UE which supports only single carrier
· Case 2: RX UE is Rel-18 UE, which always covers all possible SL carriers in Rel-18
Proposal 5: To resolve the backward compatibility issue (i.e. TX UE with broadcast/groupcast SL CA needs to determine whether the RX UE is legacy Rel-16/Rel-17 UE which only supports single carrier), introduce a new list for TX profiles corresponding to different L2 Addresses or services.
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