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1
Introduction

In this contribution, we will discuss some RRC remaining issues for SL evolution, and provide corresponding TPs.
2
Discussion
2.1
Carrier(s) for PC5-RRC message
In RAN2#125 meeting, this issue was discussed and was postponed:
	Proposal 2: The carrier(s) for PC5-RRC message should be any carrier among the carrier(s) for all QoS flows.

[LG]: SA2 informed the carrier information will be provided for PC5-RRC and PC5-S, and AS will follow it. [Huawei]: Not for PC5-RRC.

· Comeback in CB session (2/29)

[Huawei]; Based on the offline discussion, the updated proposal is that for PC5-RRC, a UE can use any carrier that the upper layer indicates for PC-S messages or the associated QoS flow with the corresponding UC link. [Xiaomi]: Is it only for RRC connected state? [Huawei]: It is for all RRC states. [Ericsson]: Want to have more time to think about that. 

· Will be revisited next meeting. 


Currently the upper layer indicates the carrier(s) for PC5-S message sent for unicast link establishment and the carrier(s) for each QoS flow to AS layer [1][2]. However, what carrier(s) used for PC5-RRC message is unknown. As it was agreed that PDCP duplication can be used for PC5-RRC message, the carrier(s) for PC5-RRC message should be decided properly in order that they can be correctly handled in SL LCP. In our understanding, in order to obtain the benefit of SL CA for PC5-RRC message, it is advisable to use as many carriers as possible for PC5-RRC message, though the carrier(s) used for PC5-RRC message should not exceed the carrier(s) indicated by upper layer for all QoS flows and the carrier(s) for PC5-S message. Therefore, the carrier(s) for PC5-RRC message should be the any carrier among the carrier(s) for all QoS flows plus the carrier(s) for PC5-S message.

Observation 1:  The carrier(s) for PC5-S message and the carrier(s) for each QoS flow are indicated by upper layer to AS layer.
Observation 2: In order to obtain the benefit of SL CA for PC5-RRC message, it is suggested to use as many carriers as possible for PC5-RRC message.
Observation 3: The carrier(s) used for PC5-RRC message should not exceed the carrier(s) indicated by upper layer.
Proposal 1: The carrier(s) for PC5-RRC message should be any carrier among the carrier(s) for all QoS flows plus the carrier(s) for PC5-S message.
If proposal 1 is agreed, it is suggested to adopt corresponding TP1 for TS 38.331.

Proposal 2: If proposal 1 is agreed, RAN2 to adopt TP1 for TS 38.331.
2.2
Coexistence of SL-U and SL-CA
In RAN2#125 meeting, this issue was discussed but was postpone:

	R2-2401794
Summary of [AT125][106][V2X/SL]:  SL-U carrier + SL CA carriers (including the proposal)
CATT

Proposal 1: RAN2 reaches the common understanding that a gNB implementing Rel-18 SL evolution feature can support a cell only configuring SL-U in SIB12, or a cell only configuring SL CA in SIB12 (but not a cell configuring both). 

Proposal 1a: If P1 is not possible, RAN2 postpones the decision on whether both SL-U and SL-CA can be configured in SIB12, looking into first the potential Spec impacts needed.

· RAN2 postpones the decision on whether both SL-U and SL-CA can be configured in SIB12, looking into first the potential Spec impacts needed.

[Session chair]: How a cell only configuring SL-U in legacy carrier works? It seems companies assumed the use is when there is no legacy UEs, however we don’t have a mechanism to bar only legacy SL UEs. [Session chair]: Let’s have more time to think about it. If companies propose both SL-U and SL-CA can be configured in SIB12, please provide whole TP next meeting. 


The WID for SL-CA and SL-U of SL evolution is shown as below [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

· A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)

· Only Mode 2 operation

· Same subcarrier spacing (SCS) among CA carriers to avoid resource selection enhancements and AGC issues

· Time resources for PSFCH are aligned among the carriers for CA

· No enhancement related to SCI transmissions on PSCCH/PSSCH, PSFCH transmission, RSRP feedback, CSI feedback and congestion control compared to Rel-16 (i.e., per-carrier operation)

· SL resource indication remains to be per-resource pool and per-carrier basis (no cross-carrier scheduling in SCI)

· UE transmits SL HARQ feedback on the same carrier on which it receives the associated PSSCH

· No consideration for limited transmission and reception capability

· No primary/secondary carrier differentiation

· Reuse the LTE sidelink CA design for the following aspects:

· Sidelink carrier (re-)selection, synchronization of aggregated carriers, Tx power split for simultaneous sidelink transmissions, packet duplication

· The CA band combination work in RAN4 is limited to intra-band contiguous CA in Rel-18.

· Note: The SL CA work in Rel-18 mainly targets some V2X use cases

2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]

· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation

· Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation

· No specific enhancements for Rel-17 resource allocation mechanisms

· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.

· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum

· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.

· No specific enhancements for existing NR SL feature

· Focus on FR1 unlicensed bands (n46 and n96/n102).

· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.


It can be found that the SL-CA is limited to intra-band CA for the ITS band in FR1 (Band n47), and the SL-U is focused on FR1 unlicensed bands (n46 and n96/n102) in Rel-18. They are different bands.

Observation 4: The band for SL-CA and the band for SL-U are different, where SL-CA is limited to intra-band CA for the ITS band in FR1 (Band n47), and the SL-U is intended for FR1 unlicensed bands (n46 and n96/n102).
In our understanding, legacy carrier for R16/R17 is the ITS band in FR1 (band n47), that is to say, the SL CA can be applied for legacy carrier however the SL-U can’t be applied for legacy carrier according to the WID limitation. Therefore, it is suggested that RAN2 to confirm that Rel-18 SL-CA and Rel-18 SL-U can’t be configured together.

Proposal 3: RAN2 to confirm that Rel-18 SL-CA and Rel-18 SL-U can’t be configured together.
Proposal 4: RAN2 to confirm the understanding that Rel-18 SL-U features are not supposed to be used for legacy carrier of R16/R17.
2.3
Discussion on SL CA when PDCP duplication is not used
Currently, RAN2 has been focusing on using PDCP duplication for SL-CA. However, in our thinking, even when the PDCP duplication is not used (e.g. PDCP duplication is not configured by NW), SL CA can still be applied, e.g. the SL data transmission rate can be increased, in the similar as in Uu. 
Using SL CA to increase date rate is considered as the justification according to the WID [1].
	3
Justification

In Rel-16, sidelink communication was developed in RAN mainly to support advanced V2X applications. In Rel-17, SA2 studied and standardized Proximity based service including public safety and commercial related service. As part of Rel-17, power saving solutions (e.g., partial sensing, DRX) and inter-UE coordination have been developed in RAN1 and RAN2 to improve power consumption for battery limited terminals and reliability of sidelink transmissions.

Although NR sidelink was initially developed for V2X applications, there is growing interest in the industry to expand the applicability of NR sidelink to commercial use cases. For commercial sidelink applications, two key requirements have been identified:

· Increased sidelink data rate 

· Support of new carrier frequencies for sidelink

Increased sidelink data rate is motivated by applications such as sensor information (video) sharing between vehicles with high degree of driving automation. Commercial use cases could require data rates in excess of what is possible in Rel-17. Increased data rate can be achieved with the support of sidelink carrier aggregation and sidelink over unlicensed spectrum. Furthermore, by enhancing the FR2 sidelink operation, increased data rate can be more efficiently supported on FR2. While the support of new carrier frequencies and larger bandwidths would also allow to improve its data rate, the main benefit would come from making sidelink more applicable for a wider range of applications. More specifically, with the support of unlicensed spectrum and the enhancement in FR2, sidelink will be in a better position to be implemented in commercial devices since utilization of the ITS band is limited to ITS safety related applications.

Another aspect to consider is the V2X deployment scenario where both LTE V2X and NR V2X devices are to coexist in the same frequency channel. For the two different types of devices to coexist while using a common carrier frequency, it is important that there is mechanism to efficiently utilize resource allocation by the two technologies without negatively impacting the operation of each technology. This requirement was also mentioned as part of the input from 5G Automotive Association to the Rel-18 RAN Workshop.


Observation 5: SL data transmission can be increased using SL CA when the PDCP duplication is not used, which is similar to Uu.
Observation 6: The WID for SL evolution has already considered to increase SL data transmission rate with SL CA.
Therefore, following the justification of increasing SL data transmission rated by SL CA in the WID, it is suggested that RAN2 to confirm that the SL CA can be applied when the PDCP duplication is not used.

Proposal 5: RAN2 to confirm that SL CA can be applied when the PDCP duplication is not used.
2.4
SL C-LBT failure handling considering HARQenabled LCH
In SL, there are two kinds of resource pool: (a) “pool of resources configured with PSFCH resources (RP with PSFCH)”; (b) “pool of resources not configured with PSFCH resources (RP without PSFCH)”. There are two kinds of LCH: (i) “sl-HARQ-FeedbackEnabled is set to enabled (HARQenabled)”; (ii) “sl-HARQ-FeedbackEnabled is set to disabled (HARQdisabled)”. 

Currently, data from HARQenabled LCH can only be transmitted in resources from RP with PSFCH, and data from HARQdisabled LCH can be transmitted either in resources from RP with PSFCH or in resources from RP without PSFCH.

The following agreement has been reached in previous meeting:
UE triggers SL RLF for all UC connections when UE has triggered consistent SL LBT failure in all RB sets.
However, if we consider the case that UE has HARQenabled LCH(s) and UE is configured with both RP with PSFCH and RP without PSFCH, there would exist the case that SL C-LBT failure is detected for all the RB sets in RP with PSFCH, yet there are still available RB set(s) in RP without PSFCH. In this case, the above condition for triggering SL RLF would not be satisfied and UE then won't trigger SL RLF, even for the data from HARQenabled LCH, there is no available resource for its transmission. For RRC_CONNECTED state, since the UE will report SL C-LBT failure information to the gNB, the gNB would know this situation and reconfiguration the new RB set(s) in RP with PSFCH to enable the data transmission. However for RRC_IDLE/INACTIVE state, the data from HARQenabled LCH(s) will be stuck.

Observation 7: For RRC_IDLE/INACTIVE UE having HARQenabled LCH(s), if SL C-LBT failure is detected for all the RB sets in RP with PSFCH and there are still available RB set(s) in RP without PSFCH, SL RLF won’t be triggered yet no available resource can be used for transmitting data from HARQenabled LCH.

To avoid being stuck in this situation, also considering the radio condition is indeed unfavorable for data transmission, SL RLF could be triggered in this case. 
Proposal 6: For RRC_IDLE/INACTIVE UE, if SL C-LBT failure is detected for all the RB sets in RP with PSFCH and even there are still available RB set(s) in RP without PSFCH, SL RLF should be triggered for all UC connections configured with HARQenabled LCH(s).
Proposal 7: If proposal 6 is agreed, RAN2 to adopt TP2 for TS 38.331.
3
Conclusion

In this contribution, we discuss some remaining issues for RRC, and provide corresponding proposals:
Observation 1:  The carrier(s) for PC5-S message and the carrier(s) for each QoS flow are indicated by upper layer to AS layer.
Observation 2: In order to obtain the benefit of SL CA for PC5-RRC message, it is suggested to use as many carriers as possible for PC5-RRC message.
Observation 3: The carrier(s) used for PC5-RRC message should not exceed the carrier(s) indicated by upper layer.
Proposal 1: The carrier(s) for PC5-RRC message should be any carrier among the carrier(s) for all QoS flows plus the carrier(s) for PC5-S message.
Proposal 2: If proposal 1 is agreed, RAN2 to adopt TP1 for TS 38.331.
Observation 4: The band for SL-CA and the band for SL-U are different, where SL-CA is limited to intra-band CA for the ITS band in FR1 (Band n47), and the SL-U is intended for FR1 unlicensed bands (n46 and n96/n102).
Proposal 3: RAN2 to confirm that Rel-18 SL-CA and Rel-18 SL-U can’t be configured together.
Proposal 4: RAN2 to confirm the understanding that Rel-18 SL-U features are not supposed to be used for legacy carrier of R16/R17.
Observation 5: SL data transmission can be increased using SL CA when the PDCP duplication is not used, which is similar to Uu.
Observation 6: The WID for SL evolution has already considered to increase SL data transmission rate with SL CA.
Proposal 5: RAN2 to confirm that SL CA can be applied when the PDCP duplication is not used.
Observation 7: For RRC_IDLE/INACTIVE UE having HARQenabled LCH(s), if SL C-LBT failure is detected for all the RB sets in RP with PSFCH and there are still available RB set(s) in RP without PSFCH, SL RLF won’t be triggered yet no available resource can be used for transmitting data from HARQenabled LCH.
Proposal 6: For RRC_IDLE/INACTIVE UE, if SL C-LBT failure is detected for all the RB sets in RP with PSFCH and even there are still available RB set(s) in RP without PSFCH, SL RLF should be triggered for all UC connections configured with HARQenabled LCH(s).
Proposal 7: If proposal 6 is agreed, RAN2 to adopt TP2 for TS 38.331.
4
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Annex Text Proposal
TP1 (for TS 38.331 V18.10.0. Note the deletion of the first sentence needs to be implemented according to the agreed RIL H647) 
5.8.9.1a.6.2
Additional Sidelink RLC Bearer addition/modification operation

For the additional Sidelink RLC bearer, whose addition conditions are met as in clause 5.8.9.1a.6.1, the UE capable of NR sidelink communication that is configured by upper layers to perform NR sidelink communication shall:

1>
for groupcast and broadcast; or

1>
for unicast, if the additional Sidelink RLC bearer addition was triggered due to the reception of the RRCReconfigurationSidelink message; or

1>
for unicast, for DRB, after receiving the RRCReconfigurationCompleteSidelink message, if the additional Sidelink RLC bearer addition was triggered due to the configuration received within the sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR or indicated by upper layers; or

1>
for unicast, for SRB, after receiving the RRCReconfigurationCompleteSidelink message, if the additional Sidelink RLC bearer addition was decided by UE:

2>
establish an additional RLC entity for NR sidelink communication and configure it in accordance with each sl-RLC-ConfigPC5 received in the RRCReconfigurationSidelink or sl-RLC-Config received in sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR for SL DRB, or as specified in clause 9.1.1.4 for SL SRB;

2>
if this procedure was for Sidelink DRB:

3>
if this procedure was due to the reception of a RRCReconfigurationSidelink message:

4>
configure the MAC entity with a logical channel in accordance with the sl-MAC-LogicalChannelConfigPC5 received in the RRCReconfigurationSidelink associated with the sidelink RLC entity;

3>
else if this procedure was due to the reception of a RRCReconfigurationCompleteSidelink message:

4>
configure the MAC entity with a logical channel associated with the sidelink RLC entity, in accordance with the sl-MAC-LogicalChannelConfig received in the sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR;

3>
else (i.e. for groupcast/broadcast):

4>
configure the MAC entity with a logical channel associated with the sidelink RLC entity, in accordance with the sl-MAC-LogicalChannelConfig received in the sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR and assign a new LCID to this logical channel.

3>
if the UE is in RRC_CONNECTED:

4>
indicate the allowed carriers for the two RLC bearers of the DRB, as indicated in sl-AllowedCarriers, to lower layer;

3>
else:

4>
indicate the allowed carriers for the two RLC bearers of the DRB, decided by UE implementation, to lower layer, where the carrier indicated in sl-FreqInfoList is used for the RLC bearer if the SL-TxProfile of at least one associated QoS flow for the sl-ServedRadioBearer indicates backwardsCompatible;

2>
else (i.e., if this procedure was for Sidelink SRB):

3>
configure the MAC entity with a logical channel associated with the sidelink RLC entity, as specified in clause 9.1.1.4.

3>
if the UE is in RRC_CONNECTED and if sl-AllowedCarrierFreqSet1/sl-AllowedCarrierFreqSet2 are configured:

4>
indicate the allowed carriers for the two RLC bearers of the SRB, as indicated in sl-AllowedCarrierFreqSet1/sl-AllowedCarrierFreqSet2, to lower layer;

3>
else:

4>
indicate the allowed carriers for the two RLC bearers of the SRB, decided by UE implementation, to lower layer,  where the carriers indicated for the SL-SRB3 of PC5-RRC message are any of the carriers associated with the PC5 QoS flows or with the PC5-S messages of the corresponding destination;

TP2

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 HARQ-based Sidelink RLF for a specific destination has been detected; or

1>
upon integrity check failure indication from sidelink PDCP entity concerning SL-SRB2 or SL-SRB3 for a specific destination; or

1>
upon indication of consistent sidelink LBT failures for all RB sets from MAC entity; or

1>
upon indication of consistent sidelink LBT failures for all RB sets in all resource pool(s) configured with PSFCH from MAC entity for a specific destination with logical channel(s) which enabling the HARQ feedback:

2>
consider sidelink radio link failure to be detected for this destination;

2>
release the DRBs (if any) of this destination, according to clause 5.8.9.1a.1;

2>
release the SRBs of this destination, according to clause 5.8.9.1a.3;

2>
release the PC5 Relay RLC channels of this destination if configured, in according to clause 5.8.9.7.1;

2>
discard the NR sidelink communication related configuration of this destination;

2>
reset the sidelink specific MAC of this destination, except for end-to-end PC5 connection in L2 U2U Relay operation;

2>
consider the PC5-RRC connection is released for the destination;

2>
indicate the release of the PC5-RRC connection to the upper layers for this destination (i.e. PC5 is unavailable);

2>
if UE is in RRC_CONNECTED:

3>
if the UE is acting as L2 U2N Remote UE for the destination:

4>
if MP is configured:

5>
initiate the indirect path failure information procedure as specified in 5.7.3c;
4>
else:

5>
initiate the RRC connection re-establishment procedure as specified in 5.3.7;
3>
else:

4>
perform the sidelink UE information for NR sidelink communication procedure, as specified in 5.8.3.3;

2>
if the UE is acting as L2 U2U Relay UE for the destination which identifies a connected L2 U2U Remote UE:

3>
consider the end-to-end PC5 connection failure for the end-to-end PC5 connection(s) over the per-hop PC5 link established with the L2 U2U Remote UE;
3>
send NotificationMessageSidelink to the peer L2 U2U Remote UE(s) of the end-to-end PC5 connection(s), in accordance with 5.8.9.10.
3>
initiate the end-to-end PC5 connection failure related actions as specified in 5.8.9.3b;
2>
if the UE is acting as L2 U2U Remote UE for the destination which identifies a connected L2 U2U Relay UE:

3>
consider the end-to-end PC5 connection failure for the end-to-end PC5 connection(s) over the per-hop PC5 link established with the L2 U2U Relay UE;

3>
initiate the end-to-end PC5 connection failure related actions as specified in 5.8.9.3a; 
NOTE:
It is up to UE implementation on whether and how to indicate to upper layers to maintain the keep-alive procedure [55].

