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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we focus on the below aspects on NR sidelink CA, and our views will be given based on the analysis.
· Remaining issues on SL PDCP duplication  (including addressing the open issues listed in [1]);
· The new event for SL carrier (re-)selection triggers;
· The remaining issue on NBC;
· Disabling SL CA for SL-SRB4.
Discussion
Remaining issues on SL PDCP duplication
Regarding SL PDCP duplication, we will treat the following open issues that are listed in [1]:
[Issue 1] Confirmation of NR SL PDCP duplication to SL-SRB3 and address the FFS on the specific moment it starts (i.e. confirmation of the WA “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”).
[Issue 2] Applicability of NR SL PDCP duplication to SL-SRB1/2 after unicast link establishment. 
[Issue 3] Need of primary and secondary leg distinction for SL PDCP duplication from a L2 functional perspective (e.g. for PDCP control PDU transmission).
[Issue 4] Need of RLC ACK based Duplicate PDU discard mechanism for NR SL unicast.
[Issue 5] Impact of TX profile to SL PDCP duplication, including “FFS whether to use PDCP duplication or not is up to UE implementation”.
In addition, some other miscellaneous issues are also discussed from our perspective, including:
· Issue M-1: How to configure PDCP duplication for SL-DRB and SL-SRB?
· Issue M-2: Need of PDCP duplication activation/deactivation for SL-DRB and SL-SRB?
· Issue M-3: How to define the LCID used for PDCP duplication?
In the following, the above issues will be discussed one by one:
Issue 1	Confirmation of NR SL PDCP duplication to SL-SRB3 and address the FFS on the specific moment it starts
Below agreement was reached in RAN2 #122, with the WA not having confirmed yet [2]:
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.
First, we think the WA should be confirmed.
Proposal 1: Confirm the working assumption “SL CA/PDCP duplication is applied to PC5-RRC after SL link is established”. 
Regarding the FFS, the main controversy is whether UE capability exchange should be first completed before the UE can apply SL PDCP duplication for SL-SRB3, with the reason that intuitively PDCP duplication can only be an optional UE feature for a Rel-18 UE. Therefore, RAN2 needs to conclude whether capability should be considered when UE decides to apply PDCP duplication to SL-SRB3. 
Proposal 2: SL PDCP duplication can only be applied to SL-SRB3 after the PC5 capability exchange between the two UEs. 
Issue 2	Applicability of NR SL PDCP duplication to SL-SRB1/2
In RAN2 #123, there was an agreement to prevent SL CA from being used before unicast link establishment [3]:
 Agreements on SL CA before UC link is established
1:	SL CA is not applied before UC link is established. Will be included in the reply LS to SA2.
PC5-S messages in SL-SRB0 are only transmitted before unicast link is established. So of course SL PDCP duplication is not applied to SL-SRB0 transmission, as per above agreement. 
However, SL-SRB1 and SL-SRB2 can include both PC5-S messages transmitted before (e.g. SMC messages for SL-SRB1, and DCA for SL-SRB2) and transmitted after unicast link establishment (e.g. SMC during rekeying for SL-SRB1 and keep-alive for SL-SRB2). 
Therefore, RAN2 needs to confirm whether SL PDCP duplication can be applied to SL-SRB1 and SL-SRB2 after PC5 unicast link establishment. Also, similar as SL-SRB3, the specific moment to starts PDCP duplication should be after PC5 capability exchange. 
Proposal 3: RAN2 confirms that SL PDCP duplication is supported for SL-SRB1/2 after PC5 unicast link establishment.
Proposal 4: If P3 is agreed, RAN2 agrees SL PDCP duplication is applied to SL-SRB1/2 after the PC5 capability exchange between the two UEs.  
Issue 3	Need of primary and secondary leg distinction for SL PDCP duplication
Basically, one main motivation for introducing the primary leg and secondary leg is for PDCP control PDU transmission, because PDCP control PDU cannot be duplicated and can thus only be transmitted on the primary leg. Other use of primary leg in NR Uu includes acting as the transmission path upon PDCP duplication deactivation, and the data split for a split bearer. 
For NR SL duplication, since there are PDCP Control PDUs also for NR SL unicast, then at least primary leg is needed for PDCP duplication for unicast. For other two use cases in Uu, we did not find strong reason to support them in SL PDCP duplication. Therefore, we propose to reuse the NR Uu PDCP duplication mechanism, meaning that primary leg is needed for SL PDCP duplication in unicast for PDCP control PDU transmission. 
Proposal 5: RAN2 confirms that same as NR Uu PDCP duplication, primary leg is needed to transmit the PDCP control PDUs on the SL-DRBs/SRBs applying SL PDCP duplication.
Issue 4	Need of RLC ACK based Duplicate PDU discard mechanism for NR SL unicast
In NR Uu PDCP duplication, there is a duplicate PDU discard mechanism for the PDCP entity associated with two RLC AM legs [4]:
	For the PDCP entity configured with pdcp-Duplication, the transmitting PDCP entity shall:
-	if the successful delivery of a PDCP Data PDU is confirmed by one of the associated AM RLC entities:
-	indicate to the other AM RLC entities to discard the duplicated PDCP Data PDU;


In LTE SL PDCP duplication, there was no such an operation, because RLC AM is not supported for LTE SL. In NR SL unicast, since there is RLC AM, it looks straightforward to directly reuse the same procedure as in NR Uu PDCP duplication. It is also seen that a direct reuse seems sufficient without a need of any modification. 
Proposal 6: RAN2 confirms that duplicate PDU discard procedure applied to the Uu PDCP entity associated with AM RLC entities is reused for SL PDCP duplication in unicast.
Issue 5	Impact of TX profile to SL PDCP duplication
This issue relates to the following FFS left from RAN2#123 [3]:
Agreements on TX profile extension for SL CA
1:	When the upper layer provides multiple carriers in service to carrier mapping information to AS, we need TX profile extension to inform whether the transmisson corresponding the service is backward compatibile or not. If backward compatible is needed, only legacy carrier is used for transmission when PDCP duplication is not used. If PDCP duplication is used, at least legacy carrier is used. FFS whether to use PDCP duplication or not is up to UE implementation.
RAN2 needs to conclude this FFS in order to reach the final agreement on the impact to SL PDCP duplication due to Tx profile. Also, RAN2 may need to consider how to implement such an “implementation specific” PDCP duplication enabling mechanism in the Spec (e.g. RRC configures two RLC legs when UE decides to use PDCP duplication based on UE implementation). 
Also, If RAN2 still wants to support such a TX profile for backward compatibility indication in the SL CA context, LS may need to be sent SA2 to explicitly ask SA2 to work on the TX profile design based on RAN2 agreement on TX profile content.
Proposal 7: For the transmission with Tx profile indicating backward compatibility, RAN2 concludes whether UE decides to use SL PDCP duplication or not based on UE implementation. 
Proposal 8: For the SL CA related Tx profile, LS is sent to trigger SA2 work on TX profile design (based on the Tx profile content concluded by RAN2).
Other miscellaneous issues
Issue M-1: The PDCP duplication configuration for SL-SRB and SL-DRB
In RAN2#122 meeting, the following agreements were reached:
	 RAN2#122 Agreement:
Agreement on criterion for packet duplication
1:	SLRB configures whether PDCP duplication is used or not


Based on the above agreement, SLRB configures whether PDCP duplication is used or not. Here, more details on how to configure the PDCP duplication are discussed. 
For SL DRB, similar to the BOOLEAN parameter pdcp-Duplication used for DRB in Uu interface, when UE in connected mode, the network may have the QoS information of SL DRB, so the network could configure the SL PDCP duplication is used or not by RRC dedicated signaling. For UE in Idle/Inactive mode, network could configure it by system information. For OOC UE, the pre-configuration could be used to configure PDCP duplication.
In the current RRC running CR, whether PDCP duplication is configured is implicitly indicated by the association of two PC5 RLC bearers to the same PDCP configuration of a SL-DRB configuration.  On the other hand, it looks clearer if we can have an explicit flag, similar to the pdcp-Duplicaiton in Uu, to also indicate the PDCP duplication configuration to SL. So RAN2 may choose between the above implicit way of configuration and an explicit flag for SL PDCP duplication configuration.  
Proposal 9: For SL DRB, the PDCP duplication configuration could be configured by dedicated RRC signaling, SIB or pre-configuration. FFS whether the configuration is provided via an implicit way (i.e. association of two PC5 RLC bearers with the PDCP config) or via an explicit flag (e.g. sl-PDCP-Duplication).
For SL SRB, if the SL CA/PDCP duplication is agreed to be applied, the configuration of PDCP duplication could be specified in 9.1.1 of TS38.331. For example, if SL SRB3 is agreed to apply the SL PDCP duplication, the PDCP duplication configuration could be added in below table as in 9.1.1 of TS38.331, which is used as SCCH configuration for sidelink PC5-RRC message. Besides, whether to apply the PDCP duplication could be considered as UE implementation, it means that, the Tx UE could apply the PDCP duplication if the channel quality is poor, and not apply it if channel quality is good. PDCP duplication for SL SRB is selected by the transmitting UE, up to UE implementation. 
	Name
	Value
	Semantics description
	Ver

	PDCP configuration
	
	
	

	>t-Reordering
	Undefined
	Selected by the receiving UE, up to UE implementation
	

	>pdcp-SN-Size
	12
	
	

	RLC configuration
	
	AM RLC
	

	>sn-FieldLength
	12
	
	

	>t-Reassembly
	Undefined
	Selected by the receiving UE, up to UE implementation
	

	>t-PollRetransmit
	Undefined
	Selected by the transmitting UE, up to UE implementation
	

	>pollPDU
	Undefined
	Selected by the transmitting UE, up to UE implementation
	

	>pollByte
	Undefined
	Selected by the transmitting UE, up to UE implementation
	

	>maxRetxThreshold
	Undefined
	Selected by the transmitting UE, up to UE implementation
	

	>t-StatusProhibit
	Undefined
	Selected by the receiving UE, up to UE implementation
	

	>logicalChannelIdentity
	3
	
	

	MAC configuration
	
	
	

	>priority
	1
	
	

	>prioritisedBitRate
	infinity
	
	

	>logicalChannelGroup
	0
	
	

	>schedulingRequestId
	0
	The scheduling request configuration with this value is applicable for this SCCH if configured by the network.
	

	>sl-HARQ-FeedbackEnabled
	Undefined
	Selected by the transmitting UE, up to UE implementation
	


Proposal 10: For SL SRB, if SL CA/PDCP duplication is agreed to be applied, the PDCP duplication configuration is specified in subclause 9.1.1 of TS 38.331.
Issue M-2: Need of PDCP duplication activation/deactivation for SL-SRB and SL-DRB
For SL DRB, based on above analysis, PDCP duplication enabled/disabled could be introduced based on a BOOLEAN parameter in PDCP duplication configuration or implicitly configured by second RLC configuration for PDCP duplication. In Uu interface, MACCE based activation/deactivation for PDCP duplication is applied to make the PDCP duplication could be activated/deactivated quickly since the channel status may change. For SL PDCP duplication, regarding the SL UE may be in IDLE or inactive mode, the network cannot receive the channel quality information or sense the status of SL RB when UE is not in connected mode, and there is no feedback in SL GC/BC, so it is suggested that MACCE based activation/deactivation for PDCP duplication is not introduced for SL RB.
Proposal 11: For SL DRB, MAC CE based activation/deactivation for PDCP duplication in Uu is not introduced for SL PDCP duplication.   
Issue M-3: LCID for security in SL PDCP duplication
As in [5], regarding TS 33.536, 5 LSB of LCID is used as the input parameter for ciphering algorithm. For SL PDCP duplication, two LCIDs will be associated to the same PDCP entity, so we may need to decide which specific LCID is used as the input for the security operation on such a PDCP entity. In our view, we can still reuse the existing LCID values, i.e. 1, 2, 3 (for SL-SRB1/2/3 if supported) and 4-19 for SL-DRBs at the transmitting/receiving PDCP entity, even if PDCP duplication is used . As long as this rule is set, there will be no ambiguity on which LCID is used either at the transmitting PDCP entity or at the receiving PDCP entity even with duplication being used. 
Proposal 12: Reuse LCID value 1, 2, 3 for SL-SRB1/2/3 (if supported) and 4-19 for SL-DRB as the input for security algorithm on the PDCP entity configured with PDCP duplication.
The new event for SL carrier (re-)selection triggers
Regarding to the SL carrier (re-)selection, the issue on triggers for NR SL carrier (re-)selection needs to be discussed. In the past meetings, we have reached below agreements to trigger the SL carrier (re)selection or perform SL carrier (re-)selection.
	RAN2#121bis-e Agreement:
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 at least for GC/BC
· if the resource (re)selection is triggered with the sidelink process.
· if there is no sidelink grant associated with the sidelink process on any carrier allowed for the STCH as indicated by upper layers (i.e., RRC layer and V2X layer).
· FFS on unicast case. 
Proposal 7	For LCP, only allow the LCHs having a priority whose associated CBR threshold for reselection is no lower than the CBR of the carrier when the carrier is (re-)selected. FFS on how to determine the per-carrier CBR at least for GC/BC.
FFS on unicast case. 

Proposal 5	NR SL CA TX carrier (re)selection follows LTE CA solution, i.e., define 1) per-carrier-per-priority CBR threshold for carrier (re)selection, and 2) per-carrier-per-priority CBR threshold for carrier keeping. And final carrier selection is done based on the lowest CBR value across carriers. Where the priority is the LCH priority. 
FFS on unicast case. 

RAN2#122 Agreement:
Agreements on TX carrier (re)selection triggers, LCP impact, and CBR-based carrier reselection/keeping for UC
· Agreements made for GC/BC (RAN2#121bis-e) are also applicable for UC. TX carrier reselection is done among the carriers that peer UE also supports.


Besides above carrier re-selection triggers, considering SL unicast is introduced in NR, more SL carrier re-selection triggers can be further considered based on the new features of NR SL unicast. For example, if the SL-RSRP of current SL carrier is below the configured threshold, SL carrier re-selection can be considered to find a carrier with high channel quality to improve the spectral efficiency. For another example, indication from peer UE to request carrier re-selection can also be considered, since peer UE has timely cognition to which carrier is better. Moreover, the SL carrier re-selection can be considered if consecutive DTX is received on a carrier; otherwise, the data transmission over this SL carrier will be low quality. .
[bookmark: _Ref130560058]Proposal 13: For NR SL unicast, the following new SL carrier re-selection triggers are supported:
· SL-RSRP is below a threshold;
· The indication from peer UE to request carrier reselection;
· The number of consecutive DTX on a carrier is above a threshold.
Remaining NBC issue
In RAN2#123 meeting, RAN2 agreed to use below method to solve the NBC issue for GC/BC. 
	RAN2#123 Agreement:
Agreements on TX profile extension for SL CA
1:	When the upper layer provides multiple carriers in service to carrier mapping information to AS, we need TX profile extension to inform whether the transmisson corresponding the service is backward compatibile or not. If backward compatible is needed, only legacy carrier is used for transmission when PDCP duplication is not used. If PDCP duplication is used, at least legacy carrier is used. FFS whether to use PDCP duplication or not is up to UE implementation.


Based on the above agreement, it is obvious that a new TX profile is needed to indicate the service is backward compatible or not. Besides, UE needs to realize which carrier is the legacy carrier and apply the legacy carrier for NBC issue with or without PDCP duplication. Generally, there are two ways on how to find the legacy carrier at UE side, the first one is that legacy carrier is indicated to UE along with the Tx profile as well if the service is associated to NBC issue, the second one is that UE will use the carrier which is included  in the SIB/dedicated signalling/preconfiguration for R16/R17 UE as legacy carrier (e.g. sl-FreqInfoList-r16/sl-FreqInfoToAddModList-r16). RAN2 needs to discuss on which way is better to be used.
Proposal 14: For NBC issue, the legacy carrier could be indicated to UE by down-selecting the below two options:
· Option 1: Legacy carrier is indicated along with Tx profile for backward compatibility by the upper layers (if this options is agreed, LS to SA2 is needed);
· Option 2: Reuse the legacy carrier signalled in SIB/dedicated signalling/preconfiguration (e.g. sl-FreqInfoList-r16/sl-FreqInfoToAddModList-r16).
Disabling SL CA for SL-SRB4
Whereas whether/how PC5-S messages in SL-SRB0/1/2 can or cannot use SL CA was concluded in the last meeting [3], one remaining issue is how to prevent SL-SRB4 from using SL CA, 
	Agreements on SL CA before UC link is established
1:	SL CA is not applied before UC link is established. Will be included in the reply LS to SA2.


According to the WID, SL CA is introduced only for SL communication to serve V2X use case. The specific question is that, for a UE performing both SL communication for SL and SL discovery, if it is configured with more than one SL carrier(s), on which specific SL carrier SL-SRB4 can be transmitted.   
Towards this issue, we think the sl-FreqInfoList-r16/ sl-FreqInfoToAddModList-r16 are used to configure the so called “legacy” single carrier which at least needs to be configured by the gNB to serve Rel-16/17 old SL UEs. Therefore, the SL discovery will also be transmitted by an R17 UE on the SL carriers indicated by these fields (with “-r16” suffix). RAN2 can discuss whether this needs to be clarified.  
[bookmark: _GoBack]Proposal 15: For PC5-S signalling used for SL discovery (SL-SRB4), SL CA is not applied. RAN2 clarifies that SL discovery will be performed on the legacy SL carrier configured by sl-FreqInfoList-r16/sl-FreqInfoToAddModList-r16, if the UE performing both SL communication for V2X and SL discovery is configured with more than one SL carriers.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: Confirm the working assumption “SL CA/PDCP duplication is applied to PC5-RRC after SL link is established”. 
Proposal 2: SL PDCP duplication can only be applied to SL-SRB3 after the PC5 capability exchange between the two UEs. 
Proposal 3: RAN2 confirms that SL PDCP duplication is supported for SL-SRB1/2 after PC5 unicast link establishment.
Proposal 4: If P3 is agreed, RAN2 agrees SL PDCP duplication is applied to SL-SRB1/2 after the PC5 capability exchange between the two UEs.  
Proposal 5: RAN2 confirms that same as NR Uu PDCP duplication, primary leg is needed to transmit the PDCP control PDUs on the SL-DRBs/SRBs applying SL PDCP duplication.
Proposal 6: RAN2 confirms that duplicate PDU discard procedure applied to the Uu PDCP entity associated with AM RLC entities is reused for SL PDCP duplication in unicast.
Proposal 7: For the transmission with Tx profile indicating backward compatibility, RAN2 concludes whether UE decides to use SL PDCP duplication or not based on UE implementation. 
Proposal 8: For the SL CA related Tx profile, LS is sent to trigger SA2 work on TX profile design (based on the Tx profile content concluded by RAN2).
Proposal 9: For SL DRB, the PDCP duplication configuration could be configured by dedicated RRC signaling, SIB or pre-configuration. FFS whether the configuration is provided via an implicit way (i.e. association of two PC5 RLC bearers with the PDCP config) or via an explicit flag (e.g. sl-PDCP-Duplication).
Proposal 10: For SL SRB, if SL CA/PDCP duplication is agreed to be applied, the PDCP duplication configuration is specified in subclause 9.1.1 of TS 38.331.
Proposal 11: For SL DRB, MAC CE based activation/deactivation for PDCP duplication in Uu is not introduced for SL PDCP duplication.   
Proposal 12: Reuse LCID value 1, 2, 3 for SL-SRB1/2/3 (if supported) and 4-19 for SL-DRB as the input for security algorithm on the PDCP entity configured with PDCP duplication.
Proposal 13: For NR SL unicast, the following new SL carrier re-selection triggers are supported:
· SL-RSRP is below a threshold;
· The indication from peer UE to request carrier reselection;
· The number of consecutive DTX on a carrier is above a threshold.
Proposal 14: For NBC issue, the legacy carrier could be indicated to UE by down-selecting the below two options:
· Option 1: Legacy carrier is indicated along with Tx profile for backward compatibility by the upper layers (if this options is agreed, LS to SA2 is needed);
· Option 2: Reuse the legacy carrier signalled in SIB/dedicated signalling/preconfiguration (e.g. sl-FreqInfoList-r16/sl-FreqInfoToAddModList-r16).
Proposal 15: For PC5-S signalling used for SL discovery (SL-SRB4), SL CA is not applied. RAN2 clarifies that SL discovery will be performed on the legacy SL carrier configured by sl-FreqInfoList-r16/sl-FreqInfoToAddModList-r16, if the UE performing both SL communication for V2X and SL discovery is configured with more than one SL carriers.
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