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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: OLE_LINK1]In this contribution, we will further investigate the following remaining issues for NR sidelink CA:
· RAN2 implementation on QoS flow to carrier mapping from upper layer
· Whether/how SL CA affects PC5-RRC signalling
· PDCP duplication
· TX profile extension for DCR message
· TX Carrier (re)selection impact from Sidelink RLF
· Multiple carrier reception for Mode-2
2. Discussion
2.1. [bookmark: OLE_LINK7][bookmark: _Hlk146554322]QoS flow to carrier mapping
In RAN2#123 meeting [1], potential solutions on RAN2 implementation on QoS flow to carrier mapping from upper layer have been discussed but postponed, see highlighted as below:
	Proposal 3: On how to implement the mapping from QoS flows to frequencies for UC SL CA, RAN2 down-select between the following 2 solutions with Table 1 into consideration. 
	•Solution 1: AS layer generates a subset of carriers among all QoS flows (i.e. “allowed SL carriers”) based on all mappings from QoS flows to frequencies from V2X layer.
•Solution 2: AS layer rely on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU.
[OPPO]: This issue is also there for GC/BC. It is better first to see how idle/inactive/OOC UE can work. For idle/inactive/OOC UE, upper layer will properly configure QoS flow to carrier mapping and based on LTE, we will probably have LCP enhancement to not multiplex packets destined to different carriers. So, it could work. [LG]: Solution 1 cannot work if there is no common carrier for multiple QoS flows. For solution 2, it is not clear whether we really need new LCP restriction or not. Legacy LCP may work. [Huawei]: Think that solution 1 would not work and we need time to check for solution 2. [ZTE]: Agree for option 2, we can reuse LTE like LCP. 
· Noted. We will revisit it next meeting. 


Firstly, before discussing any detailed solution, we suggest to check and confirm what the potential issue is for RAN2 to implement the QoS flow to carrier mapping from upper layer. Currently, there are two mapping information associated to the QoS flow i.e.,
· One is the QoS flow to carrier mapping from upper layer to AS layer; and,
· The other is the QoS flow to SLRB mapping in RRC layer according to the SL-SDAP-Config of SL-RadioBearerConfig in RRCReconfiguration, SIB12 or SL-PreconfigurationNR.
Based on the above two mapping information, it’s further observed that different QoS flows that are mapped to different allowed carrier frequencies may be delivered to one and the same SLRB. An example is illustrated in Figure 1, we can see that for SLRB #1, QoS flow #1 is allowed to use carrier freq-1 and freq-2 for transmission, while QoS flow #2 is allowed to use carrier freq-1, freq-2 and freq-3 for transmission. On the other hand, because the QoS flow #1 and QoS flow #2 are both mapped to the same SLRB configuration (i.e., associated to SLRB configuration index 1), the UE setup one SLRB for transmission of QoS flow #1 and QoS flow #2.
[image: ]
Figure 1. Illustration of the QoS flow to SLRB setup in RRC layer
Observation 1: According to current RRC spec, different QoS flows that are mapped to different allowed carrier frequencies may be delivered to one and the same SLRB (see SLRB #1 in Figure 1).
On the other hand, according to current MAC running CR, the QoS flow level information is not known at MAC layer. Instead, MAC layer decides the allowed carrier frequencies for each sidelink logical channel which corresponds to a specific SLRB. In the example of above Figure 1, for all QoS flows that are transmitted over SLRB #1, a problematic situation may occur for the MAC layer to correctly perform the TX carrier (re)selection, i.e., if carrier freq-3 is selected for transmission, part of the logical channel data (i.e., QoS flow #1) cannot follow the QoS flow to carrier mapping rule from upper layer.
Observation 2: According to current MAC spec, the allowed carrier frequencies for TX carrier (re)selection is judged per sidelink logical channel, which is corresponding to one SLRB.
Observation 3: The potential issue is that part of the logical channel data in MAC layer may not correctly follow the QoS flow to carrier mapping rule from upper layer (see QoS flow #1 in Figure 1 when carrier freq-3 is selected).
Based on the above observations, we believe that the rationale behind is because the PC5 QoS flow granularity of allowed carrier frequencies is not suitable for SL CA operation in the AS layer. To address this issue, we think the general principle for RAN2 implementation on QoS flow to carrier mapping from upper layer, is to define a unique set of allow carrier frequencies in SLRB level. And since each sidelink logical channel has a corresponding SLRB, the unique set of allow carrier frequencies is also applicable in logical channel level to MAC layer for TX carrier (re)selection.
Proposal 1: Regarding how to implement the QoS flow to carrier mapping, RAN2 needs to define a unique set of allow carrier frequencies in SLRB level based on the QoS flow to carrier mapping from upper layer.
Secondly, regarding how RAN2 defines a set of allow carrier frequencies in SLRB level based on the QoS flow to carrier mapping from upper layer, we think the discussion can be separated for RRC_IDLE/ RRC_INACTIVE/ OOC case and RRC_CONNECTED case. Moreover, we will discuss the RRC_IDLE/RRC_INACTIVE/OOC case firstly.
Case 1: RRC_IDLE/RRC_INACTIVE/OOC UE
For Case 1, since the UE is in RRC_IDLE, RRC_INACTIVE or OOC, the QoS flow to carrier mapping from upper layer is not available at the NW side. Instead, the NW only control the QoS flow to SLRB mapping according to the SL-SDAP-Config of SL-RadioBearerConfig from SIB12 (for UE is in RRC_IDLE, RRC_INACTIVE) or SL-PreconfigurationNR (for UE is in OOC). Therefore, we believe it’s better for the UE to decide a unique set of allow carrier frequencies in SLRB level by jointly considering the QoS flow to carrier mapping from upper layer and the QoS flow to SLRB mapping from the NW. Generally, there are two candidate options on the table as follows:
· Option 1: rely on SLRB modification operation with the intersection operation to derive a unique set of allow carrier frequencies among QoS flows in SLRB level (proposed in R2-2307819, Proposal 3)
· Option 2: rely SLRB additional operation w/o the intersection operation to derive a unique set of allow carrier frequencies among QoS flows in SLRB level (proposed in R2-2307976, Proposal 7)
The above two candidate options are compared and summarized as in below Table 1.
Table 1. candidate options for UE to derive a unique set of allow carrier frequencies in SLRB level
	
	Option 1
	Option 2

	Common Assumption
	Upper layer decides the QoS flow to carrier mapping, for example:
· QoS flow #1 carrier freq-1, freq-2
· QoS flow #2carrier freq-1, freq-2, freq-3
· QoS flow #3 carrier freq-4
RRC layer decides the QoS flow to SLRB mapping, for example:
· QoS flow #1, PC5 QoS flow #2  SLRB configuration index 1
· QoS flow #3  SLRB configuration index 2
Note: based on the current TS 38.331, there is no RRC parameter for SLRB identity. Instead, the QoS flow(s) to SL-RB mapping rule via IE SL-SDAP-Config is used to uniquely find an SL-RadioBearerConfig index entry.

	Illustration 
	[image: ]
The main idea for this option is to allow the UE to setup the same SLRB for QoS flow 2 as QoS flow 1 (i.e., use Sidelink DRB modification operation when the QoS flows share the same SLRB configuration index as legacy, but further down-scoping the allow carrier frequencies by intersection operation if the existing SLRB is modified to add more QoS flows), which can be shown as follows:
· T1: QoS flow 1 is added to SLRB#1, the Set of Allow carrier frequencies for SLRB #1 is determined as {freq-1, freq-2, freq-3}
· T2: QoS flow 3 is added to SLRB#2, the Set of Allow carrier frequencies for SLRB #2 is determined as {freq-4}
· T3: QoS flow 2 is modified to SLRB#1, the Set of Allow carrier frequencies for SLRB #1 is updated and determined as {freq-1, freq-2} after intersection operation
	[image: ]
The main idea for this option is to allow the UE to setup a separate SLRB for QoS flow 2 from QoS flow 1(i.e., use Sidelink DRB addition operation when the QoS flows share the same SLRB configuration index but associated with different carrier mapping from upper layer), which can be shown as follows:
· T1: QoS flow 1 is added to SLRB#1, the Set of Allow carrier frequencies for SLRB #1 is determined as {freq-1, freq-2, freq-3}
· T2: QoS flow 3 is added to SLRB#2, the Set of Allow carrier frequencies for SLRB #2 is determined as {freq-4}
· T3: QoS flow 2 is added to SLRB#3, the Set of Allow carrier frequencies for SLRB #3 is determined as {freq-1, freq-2, freq-3}

	Pros
	Lower UE complexity to setup and maintain a smaller number of SLRBs
	More carrier frequencies allowed to use which better guarantees the SL CA performance

	Cons
	Less carrier frequencies are allowed to use which may bring SL CA performance down-gradation
	More UE complexity to setup and maintain a larger number of SLRBs


According to our analysis, both options can work. But we slightly prefer the Option 2 because the the Option 1 may not work well if the common carrier frequencies among all QoS flows for one SLRB is empty. This consequence can be avoided in Option 2 via establishing more SLRBs. And given the maximum number of SLRBs per UE is 512 (which is large enough for establishing more SLRBs), we think Option 2 can better support the SL CA operation.
Proposal 2: For RRC_IDLE/RRC_INACTIVE/OOC UE, RAN2 to down-select one of the following options to determine a unique set of allow carrier frequencies in SLRB level:
· Option 1: relying on sidelink DRB modification operation to an existing SLRB when a newly arrived QoS flow shares the same SLRB configuration index entry with this existing SLRB, and further determines the allow carrier frequencies by intersection operation for this existing SLRB if the new QoS flow is mapped to a different set of allow carrier frequencies from upper layer.
· [bookmark: _Hlk146569958]Option 2: relying on sidelink DRB addition operation to setup a new SLRB and directly determines the allow carrier frequencies for this new SLRB, when the newly arrived QoS flow shares the same SLRB configuration index entry with an existing SLRB, but is mapped to a different set of allow carrier frequencies from upper layer.
Case 2: RRC_CONNECTED UE
When the UE is in RRC_CONNECTED, the UE can report the QoS flow to mapping from upper layer to the serving gNB to assist the SLRB configuration. Then it can rely on smart gNB implementation to figure out how many SLRBs that need to be established to uniquely derive a set of allow carrier frequencies in SLRB level. The legacy SLRB configuration is enhanced to include a unique set of allow carrier frequencies per SLRB configuration, and sent them together to the UE via dedicated RRC after the UE reporting.
Proposal 3: For RRC_CONNECTED UE, UE reports the QoS flow to carrier mapping from upper layer for each Destination L2 ID via SidelinkUEInformationNR message to its serving gNB. 
Proposal 4: For RRC_CONNECTED UE, rely on its serving gNB to configure a unique set of allow carrier frequencies on top of the legacy SLRB configuration.
2.2. [bookmark: _Hlk146705554]Whether/how SL CA affects PC5-RRC signalling
[bookmark: OLE_LINK2]2.2.1	Working assumption on PC5-RRC
RAN2#123 meeting [1] has reached the agreement that SL CA is not applied to PC5-S signaling, as shown below:
	Agreements on SL CA before UC link is established
[bookmark: OLE_LINK24]1:	SL CA is not applied before UC link is established. Will be included in the reply LS to SA2.


However, whether to apply SL CA on PC5-RRC is still pending decision, see following working assumption made in RAN2#122 meeting [2]:
	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.


PC5-RRC message is mainly used for TX/RX alignment on radio bearer configurations per unicast link, which also requires high efficiency and reliability. Besides, SL CA is agreed to be applied for unicast data. We suppose that PC5-RRC after the unicast link establishment shares the same allowed frequencies with unicast service belonging to the same destination, so that both of the signaling and data benefits from the SL CA.
Proposal 5: Confirm the WA that SL CA/PDCP duplication is applied to PC5-RRC after SL link is established.
Furthermore, we prefer that SL CA is only applied to PC5-RRC after TX UE has obtained RX UE’s capability, in which way the TX UE simply performs carrier (re)selection among the exact frequency carrier(s) that RX UE is capable to receive. 
Proposal 6: If proposal 5 is agreed, the exact time to apply SL CA/PDCP duplication is upon reception of peer UE’s SL CA related capability.
2.2.2	Content of PC5-RRC
2.2.2.1	 UE capability
According to the WID, intra-band contiguous CA will be specified in Rel-18. For NR sidelink unicast, the supported band combination information needs to be exchanged between SL TX UE and SL RX UE during the Sidelink UE capability transfer procedure. Besides, as discussed in Section 2.2.1, if SL CA is supported for PC5-RRC, it is necessary to introduce an indication on intra-CA capability in sidelink UE capability exchange (along with potential RAN4 design for the NR sidelink CA configurations), in order to let TX UE know about which carriers to carry information can be received by RX UE.
[bookmark: OLE_LINK3]Proposal 7: Introduce an indication on the support of intra-band CA in PC5-RRC signalling, i.e. UECapabilityInformationSidelink.
[bookmark: OLE_LINK5]2.2.2.2	 TX carriers
Some companies proposed to introduce the information of finally-selected sidelink carriers via PC5 RRC message, to further align two UEs’ operating carriers, and thus to avoid UE monitoring all configured SL carriers. Regarding the need of CC alignment in unicast case, our view is that the maximum set of TX carriers can already been aligned between TX and RX after Sidelink UE Capability transfer procedure. Even though the CC alignment can be beneficial for UE power saving, the WID also states that the SL CA work in Rel-18 mainly targets some V2X use cases, which means there is no power saving requirement in this release. As above, we suggest RAN2 not to pursue CC alignment for unicast case via PC5-RRC.
[bookmark: OLE_LINK4]Proposal 8: Do not support TX sidelink carrier configuration to align with RX UE via RRCReconfigurationSidelink.
2.3. PDCP Duplication
[bookmark: _Hlk146705439]2.3.1	How to decide on using PDCP duplication or not
RAN 2 has agreed to extend TX profile to indicate backward compatibility [1].
	Agreements on TX profile extension for SL CA
[bookmark: _Hlk146549917][bookmark: OLE_LINK6]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 transmission corresponding the service is backward compatible 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.


With the premise of the TX profile extension to indicate whether UE is backward compatible, when SL CA/PDCP duplication is used/configured by NW, at least the legacy carrier is contained in the transmitting carriers to ensure the legacy RX UE’s reception from R18 TX UE.
observation 4: If backward compatible is included in TX profile and PDCP duplication is configured, at least legacy carrier is used.
There exists an FFS as whether to use PDCP duplication or not is up to UE implementation. We believe the core controversy is that network configures UE with PDCP duplication while network has no knowledge of UE’s capable carrier frequencies mapped from service. That is, if there is only one carrier is allowed for such service, even PDCP duplication is configured, UE has no another appropriate carrier to configure. In such understanding, we propose that:
[bookmark: OLE_LINK8]Proposal 9: If PDCP duplication for a SLRB is configured via RRC message and more than one SL carrier frequency is allowed for this SLRB, UE shall perform PDCP duplication operation for this SLRB.
[bookmark: _Hlk146705453]2.3.2	PDCP duplication configuration in RRC signalling
2.3.2.1	Whether/how to configure carrier set for the two RLC legs
In consideration of allowed frequency sets for PDCP duplication restriction, there are two non-intersecting carrier sets configured for each destination in LTE SL CA [3].
Observation 5: LTE SL CA configures PDCP duplication with two non-intersecting carrier frequency sets allowed for each destination.
	· SL-V2X-PacketDuplicationConfig information element
-- ASN1START

SL-V2X-PacketDuplicationConfig-r15 ::=	SEQUENCE {
	threshSL-Reliability-r15		SL-Reliability-r15,
	allowedCarrierFreqConfig-r15	SL-PPPR-Dest-CarrierFreqList-r15		OPTIONAL,	-- Need OR
	...
}

SL-PPPR-Dest-CarrierFreqList-r15 ::=	SEQUENCE (SIZE (1..maxSL-Dest-r12)) OF SL-PPPR-Dest-CarrierFreq

SL-PPPR-Dest-CarrierFreq ::=	SEQUENCE {
	destinationInfoList-r15			SL-DestinationInfoList-r12 		OPTIONAL,	-- Need OR
	allowedCarrierFreqList-r15		SL-AllowedCarrierFreqList-r15			OPTIONAL	-- Need OR
}

SL-AllowedCarrierFreqList-r15 ::=	SEQUENCE {
	allowedCarrierFreqSet1		SEQUENCE (SIZE (1..maxFreqV2X-r14)) OF ARFCN-ValueEUTRA-r9,
	allowedCarrierFreqSet2		SEQUENCE (SIZE (1..maxFreqV2X-r14)) OF ARFCN-ValueEUTRA-r9
}

-- ASN1STOP

	SL-V2X-PacketDuplicationConfig field descriptions

	allowedCarrierFreqList, allowedCarrierFreqSet1, allowedCarrierFreqSet2
Indicates, for V2X sidelink communication, the set of carrier frequencies applicable for the transmission of the MAC SDUs from the sidelink logical channels whose associated destination are included in destinationInfoList (see TS 36.321 [6]). If present, E-UTRAN shall ensure allowedCarrierFreqSet1 and allowedCarrierFreqSet2 do not include the same carrier frequency. 

	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].





As the WID guideline is to reuse from LTE SL CA as much as possible, it is straightforward to follow the legacy design of two allowed frequency sets corresponding to one destination. However, in NR sidelink, the mapping between frequency and destination is no longer enough. According to SA2, different QoS flows belonging to the same destination can be further mapped to different carrier sets. Besides, PPPR-threshold trigger is substituted by a simple network indication of PDCP duplication per SL-RB. Based on discussion in Section 2.1 and the above observations, we propose that the configuration of non-overlapped allowed frequency sets is also introduced in a per SL-RB manner for NR sidelink.
Proposal 10: For NR SL PDCP duplication, introduce allowedCarrierFreqList per SLRB configuration, which is further divided into two allowed carrier frequency sets with no intersection.
[bookmark: OLE_LINK10]2.3.2.2	Explicit indication versus. Primary-leg indication
[bookmark: OLE_LINK17]PDCP duplication is configured on SLRB level as agreed in RAN2#122 meeting [2], where SL-e2 38.331 running CR [4] gave draft on the specification impact on the configuration of PDCP entity.
[bookmark: OLE_LINK16]There has been left with an editor’s note as “FFS whether we introduce a sl-PrimaryLeg indication”.
In NR Uu communication, the primary path is introduced to deliver PDCP control PDU, which is not duplicated when PDCP duplication is configured and activated for the RB, see highlighted yellow text as below [5].
	When submitting a PDCP PDU to lower layer, the transmitting PDCP entity shall:
-	if the transmitting PDCP entity is associated with one RLC entity:
-	submit the PDCP PDU to the associated RLC entity;
-	else, if the transmitting PDCP entity is associated with at least two RLC entities:
-	if the PDCP duplication is activated for the RB:
-	if the PDCP PDU is a PDCP Data PDU:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to the associated RLC entities activated for PDCP duplication;
-	else:
[bookmark: OLE_LINK11]-	submit the PDCP Control PDU to the primary RLC entity;


[bookmark: OLE_LINK12]On the other hand, for NR SL communication, PDCP control PDU for PDCP status report and interspersed ROHC feedback are supported in sidelink DRBs for unicast service [5].
In such understanding, the primary RLC entity needed to be defined for SL PDCP control PDU transmission when UE performs SL PDCP duplication in SL unicast case. Therefore, it is proposed to introduce the filed sl-PrimaryPath.
Proposal 11: Introduce a sl-PrimaryPath indication for SL PDCP duplication configuration.
[bookmark: OLE_LINK18][bookmark: OLE_LINK21][bookmark: OLE_LINK20][bookmark: OLE_LINK19][bookmark: OLE_LINK22]Moreover, following the Uu PDCP configuration design of pdcp-duplication, a new field can be considered to explicitly indicate whether network configures UE with SL PDCP duplication or not for the corresponding SLRB. During the email discussion of SL-e2 38.331 running CR [4], another solution is to rely on the presence of sl-PrimaryLeg to implicitly indicate whether network configures UE with SL PDCP duplication or not. Given that the sl-PrimaryLeg indication is only applicable to unicast case while the SL PDCP duplication is applicable to all cast type, we think it’s better to have separate signaling design for SL RLC primary leg indication and PDCP duplication indication. In such a way, for the case when the UE is only involved in SL groupcast and broadcast communication, it can avoid to check the sl-PrimaryLeg indication which is actually not used for SL groupcast and broadcast communication.
[bookmark: OLE_LINK15]Proposal 12: Introduce a flag of PDCP-duplication to explicitly indicate whether PDCP duplication is configured for a SLRB.
2.3.3	Whether/how PDCP duplication affects PC5-RRC signalling
· SL-DRB
As in legacy NR sidelink, configuration parameters that need sidelink TX-RX alignment should be transferred via PC5-RRC message. In this sense, we need to further support sidelink PDCP configuration via PC5-RRC signaling for NR sidelink unicast mode. The similar signaling design can be reused, i.e., configuring sidelink PDCP duplication for each sidelink DRB from Uu RRC configuration/pre-configuration and further transferring in PC5-RRC message for the unicast link.
[bookmark: OLE_LINK9]Proposal 13: Further introduce configuration of PDCP duplication via PC5-RRC (i.e. in SL-PDCP-ConfigPC5) for NR sidelink unicast based on RRC configuration/Pre-configuration.
· SL-SRB
If Proposal 5 is agreed, considering that parameters are specified and not configurable for NR sidelink SRBs, the simplest way to support duplicated LCH configuration of a sidelink SRB is to have two specified RLC configurations associated with the same PDCP configuration and included them in the specified SCCH configuration table (Section 9.1.1.4 in TS 38.331). 
Proposal 14: Specify two RLC bearer configurations associated with the same PDCP entity for PC5-RRC.
Regarding when/how to enable/disable PDCP duplication for PC5-RRC, it seems not desirable to have PDCP duplication always enabled, even if sidelink SRBs are carrying important CP signalling. So, there can be the following two options to consider:
· option 1: Introduce an indication to enable/disable PDCP duplication in the specified SCCH configuration, with Value field as “unspecified”; up to UE implementation to enable/disable it for PC5-RRC.
· option 2: Use NW/pre-configuration to indicate PDCP duplication is enabled for PC5-RRC.
Since the evaluation of transmission reliability of PC5-RRC is highly dependent to UE, we slightly prefer option 1 as a simple solution.
Proposal 15: Introduce an indication to enable/disable PDCP duplication in the specified SCCH configuration, leaving the value field as “unspecified”, so it is up to UE implementation to enable/disable it for PC5-RRC.
2.4. [bookmark: OLE_LINK26][bookmark: OLE_LINK27]TX profile extension for DCR message
[bookmark: OLE_LINK25][bookmark: OLE_LINK23]Currently, RAN2 agreement “SL CA is not applied before UC link is established” only has excluded the mutiple-carrier transmission for DCR message. But for the particular one carrier that is used for DCR message, it needs some clarification on whether it is the legacy carrier only or can be any one of the carriers among the legacy and new carriers. The potential issue is also related to the need of backward compatible for PC5 unicast link establishment procedure. There can be two cases when TX UE supports Rel-18 SL CA:
Case-1: Rel-18 SL TX UE to establish PC5 unicast link with legacy Rel-16/Rel-17 SL RX UE
Case-2: Rel-18 SL TX UE to establish PC5 unicast link with Rel-18 SL RX UE
[bookmark: OLE_LINK28]For Case-1, backward compatible is needed and only the legacy carrier should be used for DCR message. While for Case-2, backward compatible is not needed and any one of the carriers among the legacy and new carriers can be used for DCR message. 
Since RAN2 has already agreed that TX profile is extended to indicate whether UE is backward compatible for the transmission corresponding the service, when the upper layer provides multiple carriers in service to carrier mapping information, we suppose the upper layer can also provide TX profile extension in transmitting DCR message, which helps to differentiate the single carrier transmission in the AS layer for the above 2 cases.
[bookmark: OLE_LINK30]Proposal 16: Apply TX profile extension for DCR message transmission, i.e., upper layer indicates to AS whether the DCR message transmission needs backward compatible or not.
Proposal 17: If Proposal 16 is agreed, RAN2 to confirm that:
[bookmark: OLE_LINK29]- If backward compatible is needed in TX profile, only legacy carrier is used for DCR message transmission;
- If backward compatible is NOT needed in TX profile, select one carrier among the legacy and new carriers for DCR message transmission. 
2.5.	TX Carrier (re)selection Impact from Sidelink RLF
According to legacy NR Sidelink, the following triggers are specified for NR sidelink RLF detection in TS 38.331[7]:
	· [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 performed on a single sidelink carrier.
As agreed in the RAN2#122 meeting[2], in NR sidelink CA scenario, the consecutive HARQ DTX is also counted by the sidelink HARQ entity on each carrier; while sidelink RLF is only declared when there is not any available SL carrier.
	1:	The counting is calculated per carrier.
2:	Legacy SL RLF is not declared when the counting is reached to sl-MaxnumConsecutiveDTX) for carrier(s) and the UE has other available SL carrier(s) for SL CA.


Based on the agreement, we notice that the definition of available SL carriers is unclear. Moreover, 38.321 running CR [6] also raised the same concern as, “Editor’s Note: How to define the concerned carrier set is FFS”. From our perspective, it should be defined based on two aspects. Firstly, the carriers should be allowed to transmit SL unicast data from the upper layer perspective of TX UE. The carriers are thus the intersection of carriers allocated by upper layer through QoS flows to carrier mapping within a specific destination, and carriers allowed from SL radio resource based on RRC configuration. Secondly, due to consecutive DTX should be based on the counting of absent PSFCH reception, the carriers should be further confined in a way that the RX UE is capable of PSFCH transmission from the perspective of data receiving UE.
[bookmark: OLE_LINK31]Proposal 18: The available SL carriers for Sidelink RLF detection are carriers also supported by the unicast peer UE within the intersection of carriers mapped from the unicast service and carriers configured by RRC.
Apart from that, 38.321 running CR [6] gave a draft on the SL RLF detection modelling in case of SL CA as follows:
	1>	if PSFCH reception is absent on the PSFCH reception occasion:
2>	increment numConsecutiveDTX by 1;
2>	if more than one carrier is considered as the carriers for HARQ-based Sidelink RLF detection:
Editor’s Note: How to define the concerned carrier set is FFS.
3>	if numConsecutiveDTX reaches sl-maxNumConsecutiveDTX for all carriers applied for HARQ-based Sidelink RLF detection:
4>	indicate HARQ-based Sidelink RLF detection to RRC.
2>	else:
3>	if numConsecutiveDTX reaches sl-maxNumConsecutiveDTX:
4>	indicate HARQ-based Sidelink RLF detection to RRC.
1>	else:
2>	re-initialize numConsecutiveDTX to zero.


[bookmark: OLE_LINK32]Observation 6: Sidelink RLF is declared when all the concerned carriers reach the DTX threshold.
However, the current CR does not include the situation that when only part of the concerned carriers reach DTX threshold while there are still some usable carriers. The handling of unusable carriers which reached the DTX threshold is not clarified.
In our understanding, numConsecutiveDTX of one carrier reaching sl-maxNumConsecutiveDTX, can be considered as a trigger condition on TX carrier (re-)selection criterion, as the current carrier cannot be exploited for more HARQ-based transmission in case of PSFCH loss.
Proposal 19: When numConsecutiveDTX reaches sl-maxNumConsecutiveDTX for a carrier before Sidelink RLF is declared, TX carrier (re)selection is triggered for the concerned sidelink process on this carrier.
On the other hand, numConsecutiveDTX of one carrier reaching sl-maxNumConsecutiveDTX, can be considered as an exclusion for candidate carriers in carrier reselection. Although it has been agreed that CBR measurement should be a criterion to reselect a carrier, from the perspective of successful PSFCH transmission, technically they are not necessarily related and thus should be defined as two independent criteria. In other words, a carrier which meets either the condition “DTX counting on the carrier reaches the threshold” should not considered as candidate carrier, regardless of whether the CBR of this carrier is below the threshold or not.
Proposal 20: When numConsecutiveDTX reaches sl-maxNumConsecutiveDTX for a carrier before Sidelink RLF is declared, this carrier is not considered as a candidate carrier for TX carrier reselection regardless of whether the CBR of this carrier is below the threshold or not.
2.6.	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 [3]:
	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 21: 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 22: RAN2 to clarify whether inter-PLMN reception on multiple carriers is supported in Rel-18 NR sidelink CA or not.
3. Conclusion
Further discussing the remaining issues on NR sidelink CA, this contribution concludes with:
RAN2 implementation on QoS flow to carrier mapping from upper layer
Observation 1: According to current RRC spec, different QoS flows that are mapped to different allowed carrier frequencies may be delivered to one and the same SLRB (see SLRB #1 in Figure 1).
Observation 2: According to current MAC spec, the allowed carrier frequencies for TX carrier (re)selection is judged per sidelink logical channel, which is corresponding to one SLRB.
Observation 3: The potential issue is that part of the logical channel data in MAC layer may not correctly follow the QoS flow to carrier mapping rule from upper layer (see QoS flow #1 in Figure 1 when carrier freq-3 is selected).
Proposal 1: Regarding how to implement the QoS flow to carrier mapping, RAN2 needs to define a unique set of allow carrier frequencies in SLRB level based on the QoS flow to carrier mapping from upper layer.
Proposal 2: For RRC_IDLE/RRC_INACTIVE/OOC UE, RAN2 to down-select one of the following options to determine a unique set of allow carrier frequencies in SLRB level:
· Option 1: relying on sidelink DRB modification operation to an existing SLRB when a newly arrived QoS flow shares the same SLRB configuration index entry with this existing SLRB, and further determines the allow carrier frequencies by intersection operation for this existing SLRB if the new QoS flow is mapped to a different set of allow carrier frequencies from upper layer.
· Option 2: relying on sidelink DRB addition operation to setup a new SLRB and directly determines the allow carrier frequencies for this new SLRB, when the newly arrived QoS flow shares the same SLRB configuration index entry with an existing SLRB, but is mapped to a different set of allow carrier frequencies from upper layer.
Proposal 3: For RRC_CONNECTED UE, UE reports the QoS flow to carrier mapping from upper layer for each Destination L2 ID via SidelinkUEInformationNR message to its serving gNB. 
Proposal 4: For RRC_CONNECTED UE, rely on its serving gNB to configure a unique set of allow carrier frequencies on top of the legacy SLRB configuration.
Whether/how SL CA affects PC5-RRC signaling
Proposal 5: Confirm the WA that SL CA/PDCP duplication is applied to PC5-RRC after SL link is established.
Proposal 6: If proposal 5 is agreed, the exact time to apply SL CA/PDCP duplication is upon reception of peer UE’s SL CA related capability.
Proposal 7: Introduce an indication on the support of intra-band CA in PC5-RRC signalling, i.e. UECapabilityInformationSidelink.
Proposal 8: Do not support TX sidelink carrier configuration to align with RX UE via RRCReconfigurationSidelink.
How to decide on using PDCP duplication or not
observation 4: If backward compatible is included in TX profile and PDCP duplication is configured, at least legacy carrier is used.
Proposal 9: If PDCP duplication for a SLRB is configured via RRC message and more than one SL carrier frequency is allowed for this SLRB, UE shall perform PDCP duplication operation for this SLRB.
PDCP duplication configuration in RRC signalling
Observation 5: LTE SL CA configures PDCP duplication with two non-intersecting carrier frequency sets allowed for each destination.
Proposal 10: For NR SL PDCP duplication, introduce allowedCarrierFreqList per SLRB configuration, which is further divided into two allowed carrier frequency sets with no intersection.
Proposal 11: Introduce a sl-PrimaryPath indication for SL PDCP duplication configuration.
Proposal 12: Introduce a flag of PDCP-duplication to explicitly indicate whether PDCP duplication is configured for a SL-RB.
Whether/how PDCP duplication affects PC5-RRC signaling
Proposal 13: Further introduce configuration of PDCP duplication via PC5-RRC (i.e. in SL-PDCP-ConfigPC5) for NR sidelink unicast based on RRC configuration/Pre-configuration.
Proposal 14: Specify two RLC bearer configurations associated with the same PDCP entity for PC5-RRC.
Proposal 15: Introduce an indication to enable/disable PDCP duplication in the specified SCCH configuration, leaving the value field as “unspecified”, so it is up to UE implementation to enable/disable it for PC5-RRC.
TX profile extension for DCR message
Proposal 16: Apply TX profile extension for DCR message transmission, i.e., upper layer indicates to AS whether the DCR message transmission needs backward compatible or not.
Proposal 17: If Proposal 16 is agreed, RAN2 to confirm that:
- If backward compatible is needed in TX profile, only legacy carrier is used for DCR message transmission;
- If backward compatible is NOT needed in TX profile, select one carrier among the legacy and new carriers for DCR message transmission. 
Impact from Sidelink RLF on carrier (re-)selection
Proposal 18: The available SL carriers for Sidelink RLF detection are carriers also supported by the unicast peer UE within the intersection of carriers mapped from the unicast service and carriers configured by RRC.
Observation 6: Sidelink RLF is declared when all the concerned carriers reach the DTX threshold.
Proposal 19: When numConsecutiveDTX reaches sl-maxNumConsecutiveDTX for a carrier before Sidelink RLF is declared, TX carrier (re)selection is triggered for the concerned sidelink process on this carrier.
Proposal 20: When numConsecutiveDTX reaches sl-maxNumConsecutiveDTX for a carrier before Sidelink RLF is declared, this carrier is not considered as a candidate carrier for TX carrier reselection regardless of whether the CBR of this carrier is below the threshold or not.
Multiple-carrier reception
Proposal 21: 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. 
Proposal 22: RAN2 to clarify whether inter-PLMN reception on multiple carriers is supported in Rel-18 NR sidelink CA or not.
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