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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the latest WID, the NR sidelink CA objective (#1) has been updated as follows [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
oA 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
oTime 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)
oSL resource indication remains to be per-resource pool and per-carrier basis (no cross-carrier scheduling in SCI)
oUE 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:
oSidelink 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 will identify the potential issues that need to be discussed for NR sidelink CA from RAN2 perspective, check whether prior LTE sidelink CA design can be reused and provide our views accordingly.

2. Discussion
2.1. Use case and deployment scenario
According to agreements in LTE Sidelink CA (see Annex 2), RAN2 anticipated benefits from transmitter’s or receiver’s perspective in the following use cases: 
· Use case 1: Parallel transmission of MAC PDUs on different carriers for throughput improvement from transmitter’s perspective
· Use case 2: Parallel transmission of duplicated packets at PDCP layer on different carriers for reliability improvement from transmitter’s perspective 
· Use case 3: simultaneous reception over multiple carriers for capacity improvement from the receiver’s perspective
Moreover, the above use cases should be applied to in-coverage, out-of-coverage, and partial-coverage deployment scenarios. When it comes to use case and deployment scenario in NR sidelink CA, we think it is straightforward to confirm the reuse of them from LTE sidelink CA.
[bookmark: _Ref118454737]Proposal 1: As in LTE sidelink CA, support the following three use cases for NR sidelink CA:
· Use case 1: Parallel transmission of MAC PDUs on different carriers for throughput improvement from transmitter’s perspective
· Use case 2: Parallel transmission of duplicated packets at PDCP layer on different carriers for reliability improvement from transmitter’s perspective 
· Use case 3: simultaneous reception over multiple carriers for capacity improvement from the receiver’s perspective
[bookmark: _Ref131370067]Proposal 2: As in LTE sidelink CA, support in-coverage, out-of-coverage, and partial-coverage deployment scenarios for NR sidelink CA.
2.2. Basic modelling for sidelink HARQ entity
The modelling of sidelink HARQ entity in LTE sidelink CA was concluded as follows:
	RAN2#99 agreements
=> A SL HARQ entity per SL carrier.
=> A sidelink HARQ entity is in charge to perform selection/reselection of transmitting resources according to the sensing results of the associated sidelink component carrier.


In case of NR sidelink CA, we believe the above principles can be directly reused.
[bookmark: _Ref131370068]Proposal 3: As in LTE sidelink CA, there is one sidelink HARQ Entity per sidelink carrier, 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 for NR sidelink CA.
2.3. TX carrier (re)selection for Mode-2
We will further discuss the potential TX carrier (re)selection issues that are applicable only to Mode-2 operation as follows. 
Issue 1: TX carrier configuration
The TX carrier configuration refers to the allowed sidelink carrier(s) configured for TX carrier (re)selection. In LTE sideink CA, the allowed sidelink carrier(s) for TX carrier (re)selection when the UE is operating in Mode-2 is decided by the intersection of the following two configurations:
· LTE V2X service to V2X frequency mapping configured by upper layers (specified in CT1 TS 24.386)
· List of carrier frequency configured in SystemInformationBlockType21 or SL-V2X-Preconfiguration (specified in TS 36.331)
Regarding how to decide the allowed sidelink carrier(s) in NR sidelink CA, we suggest to consider the sidelink DRB case and sidelink SRB case in separate, where the latter case is the NR sidelink specific feature. The main reason is that the service data transmission over SL-DRB is subject to the V2X service to V2X frequency mapping already specified by SA2/CT1. whilst whether such mapping also applies to signalling transmission over SL-SRB is unknown. See below for details.  
NR sidelink DRB case
For NR sidelink DRBs, they are used for NR sidelink Unicast/Broadcast/Groupcast service transmission. According to current TS 24.587, it is observed that NR V2X service to V2X frequency mapping has already been specified for NR sidelink Unicast, Broadcast and Groupcast mode communication over NR sidelink (see Annex 1) since Rel-16. Moreover, the carrier frequency configuration in SIB12 or SL-PreconfigurationNR from TS 38.331 is also extensible to include more than one NR sidelink carrier due to the forward compatibility considered during Rel-16 NR SL standardization. Therefore, the Tx carrier configuration in LTE sideink CA design can be reused directly to NR sidelink Unicast/Broadcast/Groupcast service transmission over SL-DRBs.
[bookmark: _Ref131616120][bookmark: _Hlk131757219]Proposal 4: As in LTE sidelink CA, for NR sidelink Unicast/Broadcast/Groupcast transmission over SL-DRBs, the allowed sidelink carrier(s) for TX carrier (re)selection in Mode-2 is decided by the intersection of the following two configurations:
· NR V2X service to V2X frequency mapping configured by upper layers (as currently specified in CT1 TS 24.587). 
· List of carrier frequencies configured in SIB12 or SL- PreconfigurationNR (to be specified in TS 38.331).
NR sidelink SRB case
For NR sidelink SRBs (i.e. SL-SRB0/1/2/3)[footnoteRef:1], they are used to transfer the PC5-S and PC5-RRC messages during the PC5 unicast link establishment procedure. Afterwards, the NR sidelink Unicast service data can run over the established PC5 unicast link. During the PC5 unicast link establishment phase, it is not clear whether the currently specified NR V2X service to V2X frequency mapping for Unicast mode communication (see highlighted green text in Annex 1) in TS 24.587 is available for the PC5-S and PC5-RRC messages or not. Thus, it may be hard for RAN2 to proceed on the discussion on TX carrier configuration in current situation. We suggest that RAN2 sends LS to consult SA2 on whether there is applicable V2X frequency requirement specified for the PC5-S and PC5-RRC messages during the PC5 unicast link establishment procedure, if RAN2 cannot make a conclusion on this. And if there is, how it would be configured by upper layers, e.g., similar as the NR V2X service to carrier frequency mapping specified for Unicast mode communication.  [1:  According to the WI scope, only the V2X use case is considered in NR SL CA; therefore, no consideration on SL-SRB4 for discovery is needed.] 

[bookmark: _Ref131616176]Proposal 5: For the PC5-S and PC5-RRC messages over SL-SRBs, RAN2 to discuss whether there is applicable V2X frequency requirement during the PC5 unicast link establishment procedure (e.g., similar as the NR V2X service to carrier frequency mapping for Unicast data communication). If RAN2 cannot make a conclusion, send LS to SA2 for answer.
Issue 2: AS criterion for TX carrier (re)selection
Carrier (re)selection criterion
In LTE sidelink CA, the carrier selection is depending on the CBR of the (pre)configured carriers for V2X sidelink communication and the PPPP(s) of the V2X messages to be transmitted, i.e. per PPPP per carrier CBR threshold by threshCBR-FreqReselection in TS 36.331. In general, the LTE sidelink CA design can be considered to reuse. However, the QoS framework in NR sidelink is based on the 5GS QoS framework, which is different from that in LTE sidelink. There is no PPPP(s) defined for the NR V2X. Instead, PC5 QoS profiles are introduced per NR sidelink QoS flow. 
[bookmark: _Ref131616206]Observation 1: PPPP is no longer used in NR sidelink which is now based on 5GS QoS framework.
With the principle of inheriting the spirit of LTE sidelink CA design as much as possible, there can be two options on how to replace the PPPP(s) by PC5 QoS framework:
· Option 1: use NR sidelink QoS profile(s) to replace the PPPP(s)
· Option 2: use the NR sidelink LCH priority to replace the PPPP(s)
Between the above options, it is suggested to adopt Option 2. We think Option 2 is better because NR sidelink LCH priority is defined for a set of NR sidelink QoS profile(s), which can realize the same effect as Option 1. Also, Option 2 can well resolve the TX carrier (re)selection criterion for both the NR SL-DRB case and NR SL-SRB case with a unified solution, whereas given that QoS profile(s) is not applicable to NR PC5-S and PC5-RRC messages over SL-SRBs, Option 1 may need extra specification efforts to address the NR SL-SRB case. In fact, PPPP also functions as the SL LCH priority in LTE sidelink, so using NR SL LCH priority in Option 2 to substitute for PPPP is logically just follow the same design as TX carrier (re)selection in LTE sidelink. So we propose to adopt Option 2 for Tx carrier (re)selection.  
[bookmark: _Ref131370088]Proposal 6: For TX carrier (re)selection criterion in NR sidelink CA, reuse the AS criterion in LTE sidelink CA (i.e. by threshCBR-FreqReselection), with a modification to replace the PPPP(s) with NW-configured/pre-configured/specified SL LCH priority(ies) in NR sidelink.
Among all of the allowed sidelink carrier(s) as discussed in Section 2.3, it is possible that more than one carrier can meet the AS criterion for TX carrier (re)selection in above Proposal 6. The allowed sidelink carrier(s) that meet the TX carrier (re)selection criterion are considered as the candidate sidelink carrier(s) for TX carrier (re)selection.
[bookmark: _Ref131370103]Proposal 7: As in LTE sidelink CA, the allowed sidelink carrier(s) that meet the TX carrier (re)selection criterion is considered as the candidate sidelink carrier(s) for TX carrier (re)selection.
Final TX carrier selection
If there are more than one candidate carriers, how many TX carrier(s) that can be finally selected from the candidate sidelink carrier(s) needs to be considered. Here the LTE sidelink CA design principle can be directly referred to, i.e., decide the final TX carrier based on the lowest CBR value, and the number of final selected carrier(s) is up to UE implementation as long as it does exceed the sidelink TX capability. 
[bookmark: _Ref131370126]Proposal 8: For the final TX carrier selection in NR sidelink CA, reuse the LTE sidelink principle, i.e., select among the candidate carrier(s) with increasing order from the lowest CBR and the number of finally selected carrier(s) is up to UE implementation. 
Carrier keeping criterion
In LTE sidelink CA, 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, i.e., another per PPPP per carrier CBR threshold by threshCBR-FreqKeeping in TS 36.331. Such mechanism is also beneficial for NR sidelink CA. And similar to the above discussion for carrier (re)selection criterion, the LTE AS criterion for carrier keeping should be inherited, but with the exception that the NR sidelink LCH priority is used instead of the PPPP(s).
[bookmark: _Ref131370136]Proposal 9: For TX carrier keeping criterion in NR sidelink CA, reuse the AS criterion in LTE sidelink CA (i.e. by threshCBR-FreqKeeping), with a modification to replace the PPPP(s) with NW-configured/pre-configured/specified SL LCH priority(ies) in NR sidelink.
Issue 3: Trigger for TX carrier (re)selection
In LTE sidelink CA, the TX carrier (re)selection procedure is triggered for a sidelink process when one of the following conditions is fulfilled (as specified in subclause 5.14.1.1 of TS 36.321):
· if the resource (re)selection is triggered with the sidelink process.
· if there is no configured sidelink grant associated with the sidelink process on any carrier allowed for the STCH as indicated by upper layers, as specified in TS 24.386.
Both of the above conditions are still valid in NR sidelink CA scenario, and we have the following proposal:
[bookmark: _Ref131370150]Proposal 10: For TX carrier (re)selection triggers in NR sidelink CA, reuse the triggers for TX carrier (re)selection per sidelink process in LTE sidelink CA as follows:
· if the resource (re)selection is triggered with the sidelink process.
· if there is no configured sidelink grant associated with the sidelink process on any carrier allowed for the STCH as indicated by upper layers.
Issue 4: LCP impact due to TX carrier (re)selection
According to TS 36.321, two LCP restrictions are specified due to LTE sidelink CA scenario as shown below:
	5.14.1.3.1	Logical channel prioritization
-	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;



Basically, LCP is performed for a sidelink grant on a carrier which should be one of the allowed sidelink carrier(s) for TX carrier (re)selection (corresponding to bullet 1) and also meet the AS criterion for TX carrier (re)selection (corresponding to bullet 2). Therefore, two LCP restrictions specified in LTE sidelink CA scenario are still valid in NR sidelink CA scenario. 
[bookmark: _Ref131370152]Proposal 11: For LCP in NR sidelink CA, reuse the sidelink LCP restrictions specific to sidelink CA in LTE as follows:
· only consider sidelink LCHs whose transmission is on the carrier where the SCI is transmitted and the carrier is among the allowed sidelink carrier(s); and,
· only consider sidelink LCHs having priority whose associated CBR threshold is no lower than the CBR of the carrier where the SCI is transmitted.
2.4. Packet Duplication for Mode-2
Issue 1: LTE sidelink PDCP duplication designs reusable in NR sidelink mode-2 or not
According to agreements on packet duplication (see Annex 2), the LTE sidelink PDCP duplication designs are summarized and evaluated for their reusability to NR sidelink as shown in the below Table. 
Table 1. Evaluation of reusability of LTE sidelink PDCP duplication design into NR sidelink
	LTE sidelink PDCP duplication designs (agreements)
	Reusable in NR sidelink mode-2 or not

	1. Sidelink packet duplication and packet duplication detection is anchored at PDCP.
	YES

	2. The duplicated sidelink PDCP PDUs of the same PDCP entity are submitted to two different RLC entities and associated to two different logical channels (i.e., support only two duplicated legs associated with a sidelink PDCP entity) 
	YES

	3. Reordering function is also supported at PDCP layer and how to set the reordering timer at the PDCP layer is up to UE implementation.
	N.A. 
NOTE: t-Reordering has already been specified in legacy NR Sidelink

	4. The duplicated sidelink PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different sidelink carriers. 
	YES

	5. For packet duplication, Tx carriers should meet Tx carrier selection CBR-threshold.
	YES

	6. For UE autonomous resource selection, 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).
	FFS
NOTE: PPPR is not used in NR Sidelink QoS framwork

	7. The LCID(s) that can be used for transmission of duplicated packets are hard-coded.
	FFS
NOTE: there is PC5 RRC in NR sidelink UC, hard-coded LCID may not be the only way



According to our evaluation of the above Table, we reach the following observations:
· LTE sidelink PDCP duplication design #1, #2, #4, #5 in Table 1 are reusable in NR sidelink mode-2
· LTE sidelink PDCP duplication design #3 has already been supported in legacy NR sidelink
· [bookmark: _Hlk131354248]LTE sidelink PDCP duplication design #6, #7 need extra discussion and may not be reused directly
It’s proposed to confirm the reusable parts from LTE sidelink PDCP duplication design at first. 
[bookmark: _Ref131370496]Proposal 12: For NR sidelink packet duplication, the following LTE sidelink PDCP duplication designs are reusable:
· Sidelink packet duplication and packet duplication detection is anchored at PDCP.
· Support only two duplicated legs associated with the same sidelink PDCP entity
· The duplicated sidelink PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different sidelink carriers.
· Tx carriers should meet Tx carrier selection CBR-threshold.
For the bullet #6, #7 in above Table, as a high-level principle beforehand, PPPR is not inherited in NR sidelink which is alternatively based on 5GS QoS framework. Therefore, it is easily observed that the PPPR-based sidelink PDPC duplication related configuration/operations specified in LTE sidelink CA cannot be directly reused. Alternatively, the NR PDCP duplication design based on 5GS QoS framework could be considered as the baseline for NR sidelink PDCP duplication. So below discussions on the NR sidelink PDCP duplication design are on the basis of the 5GS QoS framework and related NR PDCP duplication design.
[bookmark: _Ref131616208]Observation 2: PPPR is no longer used in NR sidelink which is now based on 5GS QoS framework.
Issue 2: NR sidelink PDCP duplication configuration (relates to bullet #6 in Table 1)
With inheriting the spirit of either LTE sidelink or NR Uu, there can be two candidate options for the NR sidelink PDCP duplication configuration:
· Option 1: reuse LTE sidelink duplication design, with PC5 QoS flow(s)’ PER to replace PPPR(s)
· Option 2: reuse the NR PDCP duplication design, w/o relying on PPPR(s) (or other forms of reliability metric) anymore
In Option 1, the signalling design would be similar to threshSL-Reliability specified in TS 36.331 as below.
	threshSL-Reliability
Indicates the reliability threshold used to determine whether sidelinik packet duplication is configured and activated for V2X sidelink communication transmission. See TS 36.323 [8] and TS 36.321 [6].


While in Option 2, the signalling design would be similar to pdcp-Duplication specified in TS 38.331 as below. 
	pdcp-Duplication
Indicates whether or not uplink duplication status at the time of receiving this IE is configured and activated as specified in TS 38.323 [5]. The presence of this field indicates that duplication is configured. PDCP duplication is not configured for CA packet duplication of LTE RLC bearer. The value of this field, when the field is present, indicates the state of the duplication at the time of receiving this IE. If set to true, duplication is activated. The value of this field is always true, when configured for a SRB. For PDCP entity with more than two associated RLC entities for UL transmission, this field is always present. If the field moreThanTwoRLC-DRB is present, the value of this field is ignored and the state of the duplication is indicated by duplicationState. For PDCP entity with more than two associated RLC entities, only NR RLC bearer is supported.


In NR sidelink, both standardized QoS flow and non-standardized QoS flow have been supported, which means the QoS flow(s)’ PER possibly have much more values than the PPPR. According to current TS 38.331 as below, there could be up to 256 standardized PQI with standardized PER value and 10 non-standardized PER values. The threshold based signalling design by Option 1 would be thus much more complex and result in much more overhead than Option 2. Thus, we prefer adopting Option 2 for NR sidelink PDCP duplication configuration.
	SL-PQI-r16 ::=                CHOICE {
    sl-StandardizedPQI-r16        INTEGER (0..255),
    sl-Non-StandardizedPQI-r16    SEQUENCE {
        sl-ResourceType-r16           ENUMERATED {gbr, non-GBR, delayCriticalGBR, spare1}     OPTIONAL,   -- Need R
        sl-PriorityLevel-r16          INTEGER (1..8)                                          OPTIONAL,   -- Need R
        sl-PacketDelayBudget-r16      INTEGER (0..1023)                                       OPTIONAL,   -- Need R
        sl-PacketErrorRate-r16        INTEGER (0..9)                                          OPTIONAL,   -- Need R
        sl-AveragingWindow-r16        INTEGER (0..4095)                                       OPTIONAL,   -- Need R
        sl-MaxDataBurstVolume-r16     INTEGER (0..4095)                                       OPTIONAL,   -- Need R
    ...
   }
}


Moreover, currently in TS 38.331 a set of QoS profile(s) can be (pre)configured to a sidelink DRB. Thus, to support NR sidelink PDCP duplication configuration for a sidelink DRB, if the associated set of QoS profile(s) indicates high reliability requirement, the PDCP entity of a sidelink DRB can be associated with two RLC bearer configurations. Otherwise, only one RLC bearer configuration is (pre)configured.
On the other hand, for an NR sidelink SRB, it is not clear whether the way of PDPC duplication configuration for a sidelink DRB can be reused or not, since in legacy NR sidelink all of the parameters for sidelink SRB are specified instead of (pre)configured. And the TX carrier configuration that can be used for PDCP duplication is also not clear for the NR sidelink SRB for the time being. So, we suggest to further discuss the sidelink SRB case on whether and how to support NR sidelink packet duplication for them.
[bookmark: _Ref131616391][bookmark: _Ref131370507]Proposal 13: For NR sidelink PDCP duplication, (pre)configuration of a sidelink DRB includes two RLC bearer configurations associated with the same PDCP entity. 
[bookmark: _Ref131370790]Proposal 14: FFS whether/how to support NR sidelink PDCP duplication for sidelink SRBs. 
Issue 3: NR sidelink PDCP duplication activation/deactivation (relates to bullet #6 in Table 1)
As highlighted in yellow to bullet #6 in Table 1, the LTE sidelink PDCP duplication activation/deactivation is realized by RRC configuration and re-configuration. While in NR Uu PDCP duplication, a MAC CE was introduced to indicate PDCP duplication activation/deactivation per radio bearer. So there is a question on whether the NR sidelink PDCP duplication follows the LTE sidelink PDCP duplication activation/deactivation design or NR Uu PDCP duplication activation/deactivation design. In our understanding, the latter seems enhancement to NR sidelink PDCP duplication. Therefore, we prefer not supporting the MAC CE based PDCP duplication activation/deactivation in this release.
[bookmark: _Ref131370511]Proposal 15: For NR sidelink PDCP duplication, do not support MAC CE based PDCP activation/deactivation mechanism in Rel-18.
Issue 4: NR sidelink LCID configuration (relates to bullet #7 in Table 1)
Similar to LTE sidelink CA where only Bcast is supported, the hard-coded way for paired sidelink LCID paring to indicate duplicated SL LCHs is at least needed for NR sidelink Bcast/Gcast. While for NR sidelink Ucast, it is feasible to utilize PC5 RRC signaling to achieve flexible sidelink LCID configuration alignment between sidelink TX UE and sidelink RX UE, so that some LCID values can be saved in the Ucast case. However, we think the LCID value space is not a big issue, and extra LCID space needs to be consumed to support the hard-coded LCID for Bcast and Gcast anyway. So, we prefer a unified design for all Bcast/Gcast/Ucast in the simplest way.
[bookmark: _Ref131370512]Proposal 16: For NR sidelink PDCP duplication, reuse the hard-coded way for paired sidelink LCID to identify duplicated sidelink LCHs (i.e. for a unified design for all Bcast/Gcast/Ucast). The specific SL LCID values occupied are left to Stage-3. 
2.5. Multi-carrier reception for Mode-2
According to TS 36.300, the multi-carrier reception is specified for LTE V2X sidelink communication as follows:
	23.14.1.1	Support for V2X sidelink communication
Reception of V2X sidelink communication in different carriers/PLMNs can be supported by having multiple receiver chains in the UE.
Each resource pool (pre)configured for V2X sidelink communication transmission or reception is associated to a single carrier. 
The UE may receive the V2X sidelink communication of other PLMNs. The serving cell can indicate to the UE the resource configuration for V2X sidelink communication reception for inter-PLMN operation directly or only the frequency on which the UE may acquire the inter-PLMN resource configuration for V2X sidelink communication reception. V2X sidelink communication transmission in other PLMNs is not allowed.


Related agreements in LTE V2X sidelink were actually reached in Rel-14 and are cited as follows [2]:
	Agreements
[…]
14. eNB can configure reception pools for receiving V2X sidelink communication over multiple carriers.  
15. It should be possible to indicate reception pools for V2x sidelink communication for multiple carriers in SL-V2X-ConfigCommon and SL-V2X-Preconfiguration.
[…]
Inter-PLMN
25.	Inter-PLMN transmission is not allowed in Rel-14.   Only Inter-PLMN reception is allowed in Rel-14.  
26.	Allow UE to read SIB from other PLMN(s) to acquire V2x sidelink rx configuration for inter-PLMN V2x communication.
27.	Serving PLMN can provide V2x sidelink rx configuration of other PLMN(s) to UE for inter-PLMN V2x communication.
28.	The serving PLMN indicates to the UE the frequency carrier on which the UE may acquire the inter-PLMN sidelink resource configuration.


Regarding whether the above related multi-carrier reception design is applicable to NR sidelink CA, we suggest to consider the multi-carrier reception scenario and inter-PLMN reception scenario, respectively.
multi-carrier reception scenario
For multi-carrier reception scenario, it is obvious that the LTE design principle as highlighted in yellow above can apply to NR sidelink CA, with resource pools on more than one sidelink carriers able to be (pre)configured for reception.
[bookmark: _Ref131616536]Proposal 17: For sidelink reception on multiple carriers in NR sidelink CA, reuse the LTE sidelink principle i.e., the UE may receive on multiple carriers for NR sidelink communication where RX pools are (pre)configured for multiple carriers. 
Inter-PLMN reception scenario
For inter-PLMN scenario, we see no issue to reuse the LTE design principle as highlighted in blue to NR sidelink CA, in case sidelink carriers owned by multiple operators can be configured. However, we are not sure whether the Inter-PLMN scenario is within the scope of Rel-18 NR sidelink CA. It needs some clarification on the support of inter-PLMN scenario first.
[bookmark: _Ref131616608]Proposal 18: RAN2 to clarify whether inter-PLMN reception on multiple carriers is supported in Rel-18 NR sidelink CA or not.
2.6. An NR SL specific issue: NR SL RLF with SL CA
According to legacy NR Sidelink, the following triggers are specified for NR sidelink RLF detection in TS 38.331:
	[bookmark: _Toc124712925][bookmark: _Toc60777045]5.8.9.3	Sidelink radio link failure related actions
The UE shall:
1>	upon indication from sidelink RLC entity that the maximum number of retransmissions for a specific destination has been reached; or
1>	upon T400 expiry for a specific destination; or
1>	upon indication from MAC entity that the maximum number of consecutive HARQ DTX for a specific destination has been reached; or
1>	upon integrity check failure indication from sidelink PDCP entity concerning SL-SRB2 or SL-SRB3 for a specific destination:
2>	consider sidelink radio link failure to be detected for this destination;



Among the legacy triggers for NR sidelink RLF, the HARQ-based sidelink RLF detection procedure (highlighted in yellow) is perform on a single sidelink carrier and may not be applicable to NR sidelink CA scenario. Currently, the HARQ-based sidelink RLF is operated by the sidelink HARQ entity, as specified in TS 38.321 (i.e. a per HARQ entity operated procedure). However, as discussed in the Section 2.2, there would be one sidelink HARQ Entity per sidelink carrier. Hence, in NR sidelink CA scenario, how to perform the HARQ-based sidelink RLF detection procedure in case of multiple sidelink carriers can be considered together with the basic HARQ entity modelling. For example, the sidelink RLF can be detected when all carrier(s) used for a PC5-RRC connection has reached the maximum number of consecutive HARQ DTX, in terms of separate threshold of sl-maxNumConsecutiveDTX per sidelink carrier or one common threshold of sl-maxNumConsecutiveDTX accumulatively across all sidelink carriers.
[bookmark: _Ref131374379][bookmark: _Ref131616670]Proposal 19: For a PC5-RRC connection, RAN2 to discuss how to detect SL RLF in case of the HARQ-based sidelink RLF detection procedure in NR sidelink CA environment, e.g., based on DTX on all carrier(s) used for this PC5-RRC connection.

3. Conclusion
This contribution discussed the potential issues on NR sidelink CA. The contribution concludes with:
Proposals for directly reused of LTE sidelink CA design
Proposal 1: As in LTE sidelink CA, support the following three use cases for NR sidelink CA:
· Use case 1: Parallel transmission of MAC PDUs on different carriers for throughput improvement from transmitter’s perspective
· Use case 2: Parallel transmission of duplicated packets at PDCP layer on different carriers for reliability improvement from transmitter’s perspective 
· Use case 3: simultaneous reception over multiple carriers for capacity improvement from the receiver’s perspective
Proposal 2: As in LTE sidelink CA, support in-coverage, out-of-coverage, and partial-coverage deployment scenarios for NR sidelink CA.
Proposal 3: As in LTE sidelink CA, there is one sidelink HARQ Entity per sidelink carrier, 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 for NR sidelink CA.
Proposal 4: As in LTE sidelink CA, for NR sidelink Unicast/Broadcast/Groupcast transmission over SL-DRBs, the allowed sidelink carrier(s) for TX carrier (re)selection in Mode-2 is decided by the intersection of the following two configurations:
· NR V2X service to V2X frequency mapping configured by upper layers (as currently specified in CT1 TS 24.587). 
· List of carrier frequencies configured in SIB12 or SL- PreconfigurationNR (to be specified in TS 38.331).
Proposal 7: As in LTE sidelink CA, the allowed sidelink carrier(s) that meet the TX carrier (re)selection criterion is considered as the candidate sidelink carrier(s) for TX carrier (re)selection.
Proposal 8: For the final TX carrier selection in NR sidelink CA, reuse the LTE sidelink principle, i.e., select among the candidate carrier(s) with increasing order from the lowest CBR and the number of finally selected carrier(s) is up to UE implementation. 
Proposal 10: For TX carrier (re)selection triggers in NR sidelink CA, reuse the triggers for TX carrier (re)selection per sidelink process in LTE sidelink CA as follows:
· if the resource (re)selection is triggered with the sidelink process.
· if there is no configured sidelink grant associated with the sidelink process on any carrier allowed for the STCH as indicated by upper layers.
Proposal 11: For LCP in NR sidelink CA, reuse the sidelink LCP restrictions specific to sidelink CA in LTE as follows:
· only consider sidelink LCHs whose transmission is on the carrier where the SCI is transmitted and the carrier is among the allowed sidelink carrier(s); and,
· only consider sidelink LCHs having priority whose associated CBR threshold is no lower than the CBR of the carrier where the SCI is transmitted.
Proposal 12: For NR sidelink packet duplication, the following LTE sidelink PDCP duplication designs are reusable:
· Sidelink packet duplication and packet duplication detection is anchored at PDCP.
· Support only two duplicated legs associated with the same sidelink PDCP entity
· The duplicated sidelink PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different sidelink carriers.
· Tx carriers should meet Tx carrier selection CBR-threshold.
Proposal 15: For NR sidelink PDCP duplication, do not support MAC CE based PDCP activation/deactivation mechanism in Rel-18.
Proposal 16: For NR sidelink PDCP duplication, reuse the hard-coded way for paired sidelink LCID to identify duplicated sidelink LCHs (i.e. for a unified design for all Bcast/Gcast/Ucast). The specific SL LCID values occupied are left to Stage-3. 
Proposal 17: For sidelink reception on multiple carriers in NR sidelink CA, reuse the LTE sidelink principle i.e., the UE may receive on multiple carriers for NR sidelink communication where RX pools are (pre)configured for multiple carriers.

Proposals for inheriting from LTE sidelink CA design with minor revision
Observation 1: PPPP is no longer used in NR sidelink which is now based on 5GS QoS framework.
Observation 2: PPPR is no longer used in NR sidelink which is now based on 5GS QoS framework.
Proposal 6: For TX carrier (re)selection criterion in NR sidelink CA, reuse the AS criterion in LTE sidelink CA (i.e. by threshCBR-FreqReselection), with a modification to replace the PPPP(s) with NW-configured/pre-configured/specified SL LCH priority(ies) in NR sidelink.
Proposal 9: For TX carrier keeping criterion in NR sidelink CA, reuse the AS criterion in LTE sidelink CA (i.e. by threshCBR-FreqKeeping), with a modification to replace the PPPP(s) with NW-configured/pre-configured/specified SL LCH priority(ies) in NR sidelink.
Proposal 13: For NR sidelink PDCP duplication, (pre)configuration of a sidelink DRB includes two RLC bearer configurations associated with the same PDCP entity.

[bookmark: _GoBack]Proposals for NR sidelink CA specific designs
Proposal 5: For the PC5-S and PC5-RRC messages over SL-SRBs, RAN2 to discuss whether there is applicable V2X frequency requirement during the PC5 unicast link establishment procedure (e.g., similar as the NR V2X service to carrier frequency mapping for Unicast data communication). If RAN2 cannot make a conclusion, send LS to SA2 for answer.
Proposal 14: FFS whether/how to support NR sidelink PDCP duplication for sidelink SRBs. 
Proposal 18: RAN2 to clarify whether inter-PLMN reception on multiple carriers is supported in Rel-18 NR sidelink CA or not.
Proposal 19: For a PC5-RRC connection, RAN2 to discuss how to detect SL RLF in case of the HARQ-based sidelink RLF detection procedure in NR sidelink CA environment, e.g., based on DTX on all carrier(s) used for this PC5-RRC connection.

4. References
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Annex 1: NR V2X service to V2X frequency mapping rules per cast type
From TS 24.587 V18.0.0 (2022-12)
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6.1.2.12	PC5 QoS flow establishment over PC5 unicast link
The UE shall also pass the one or more V2X frequencies associated with the V2X service identifier and the communication mode which is set to unicast mode for the V2X service identifier to the lower layers, 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 in the current geographical area.
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6.1.3.2.1.1	Requirements for V2X communication over PC5
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.
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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:
a)	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, then the request from the upper layers may include:
1)	the group identifier information (i.e. an application-layer V2X group identifier);
2)	the group size and the member IDs;
3)	the range requirement; or
4)	the communication mode which is set to groupcast mode.
Annex 2: RAN2 agreements on LTE sidelink CA in Rel-15
	RAN2#99 Meeting Report (R2-1709668)
Agreements on Identification of RAN2 aspects:
=> Use case 1 and 3 should be supported. 
=> RAN2 will study a proper Tx carrier selection from AS point of view (with the consideration of inter-layer interactions with upper layers)
=> FFS on the need (e.g. pros and cons) and details of packet duplicated transmission based on the different mechanism. 
=> FFS on how to handle limited Rx chains 
=> 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. 
=> A SL HARQ entity per SL carrier.
=> A sidelink HARQ entity is in charge to perform selection/reselection of transmitting resources according to the sensing results of the associated sidelink component carrier.
Agreements on Scenarios and options of carrier selection: 
=> Agrees with proposal1 (i.e. both in coverage and out of coverage scenarios should be considered for PC5 CA)
=> Email discussion to identify options for CC selection of PC5 (Huawei)

	RAN2#99bis Meeting Report (R2-1711838)
Agreements on Carrier selection in CA:
1: CBR should be considered for the UEs’ Tx carrier selection in PC5 CA from RAN2 perspective.
2: Priority indicated by PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective. Not closed for other factors.
3: 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.
4: 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.
5: 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.
6: From RAN2 point of view we do NOT need a PCC and SCC.
7: No need of activation/deactivation mechanism for carriers.
8: FFS on how to handle Rx limited V2X UE.
Agreements on Use case 2:
1: Agreed with the need of packet duplication.
Agreements on Resource selection in CA:
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.

	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]RAN2#100 Meeting Report (R2-1714119)
Agreements on packet duplication
1 Sidelink packet duplication in LTE is anchored at PDCP.
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.
4 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.)
5 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.
Agreements on activation of Duplication
1.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.

	RAN2#101 Meeting Report (R2-1804027)
Agreements on carrier selection
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.
2: Tx carrier selection based on (pre)configuration is performed in MAC layer. FFS on the need of LCP change.
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.
Agreements on packet duplication
1: PDCP performs packet duplication detection in Rx UE.
Agreements on limited UE RX capability
1: No additional enhancement to handle UEs with limited Rx capability in eV2X

	RAN2#101bis Meeting Report (R2-1806207)
Agreements on Packet duplication
1: The UE needs to provide PPPR information to the eNB only for mode-3 operations.
2: The PPPR information consists of:
a: The amount of data associated to one (or more) PPPR values, that the UE has in the buffer.
b: The destination of the V2X messages associated to one (or more) PPPR values, that the UE has in the buffer.
3: PPPR information shall be sent by the UE in the MAC CE. FFS if sidelinkUEInformation needs to include PPPR.
4: If MAC CE is adopted for PPPR information reporting, the existing SL BSR MAC CE is reused. The eNB can configure a mapping between PPPRs and LCGs to be used in the SL BSR MAC CE for PPPR information reporting.
5a: The eNB configures packet duplication via RRC. FFS on the details signaling (e.g. per PPPR, highest PPPR, etc.) The UE shall perform packet duplication for the configured PPPR values until deconfigured by eNB reconfiguration.
5b: For BSR, eNB configures mapping information between LCG and PPPR. For activation, eNB configures threshold (details of signaling way will be discussed in stage3 CP) of PPPR for mode3 (dedicated RRC) and mode4 (dedicated RRC for connected, SIB for idle).
6: PPPR is not used for TX carrier selection for packet duplication.
Agreements Additional carrier reselection triggering
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.
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.
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.
6: Carrier reselection can be triggered by limited UE TX capability concern. FFS on the need to capture and how to capture that condition in RAN2 spec based on RAN1 progress.
7: No new time-based trigger is introduced for the purpose of carrier reselection.
8: MAC entity triggers TX carrier reselection. FFS on how to capture in MAC.
Agreements on carrier selection(reselection)
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.
Agreements on carrier selection(reselection)
1: Other factors (besides what we already agreed) will not be considered in Rel-15 TX carrier selection.
Agreements on packet duplication
1: Confirm WA (i.e. using fixed LCIDs for duplicated packets as an agreement.
· WA: New SIB is defined for Rel-15 eV2X UEs. RRC running CR will be prepared based on WA.
Proposal 4	RAN2 discuss to design CBR-PPPP table in SIB-eV2X as common configuration applicable to all Tx pools on all carriers.
·  Discuss proposal 4 in email discussion on RRC running CR

	RAN2#102 Meeting Report (R2-1808737)
Agreements on CP
1: 	A list of PPPR value is reported in SidelinkUEInformation.
Agreements on CP
1: 	Option1-1 and option1-2 will be specified in MAC. And for cases a) to d), if other WG specification (e.g. RAN1 or RAN4) has related definitions or requirements, we will refer them otherwise we’ll try to define cases by ourselves but if not feasible, we will revisit the issue. Details should be further discussed during the email discussion on 36.321 CR.
Agreements on CP
1: 	For packet duplication, Tx carriers should meet Tx carrier selection CBR-threshold.
2:	No consideration of additional CBR threshold for packet duplication purpose.
Agreements on UP
1: 	UE only reports {destination index 0, LCG1, X}. eNB finds out both f1 and f2 are related to this destination ID according to SidelinkUEInformation and provide resource grant on f1 (X-Y) and f2 (Y) to jointly carry data volume X. Y is a value between (0, X). 36.321 will specify it with normative text.
Agreements on UP
1: 	No additional LCP change/update from packet duplication.
2:	LCP includes Tx profile based on destination address selection.
=>	V2X R15 WI is considered complete




