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This document is for the following email discussion:
[bookmark: _Ref178064866][107#75][NR/V2X] RLF (Ericsson)
Discuss UE behaviour once RLF is declared (Ericsson)
Intended outcome: Report to next meeting
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A mixed use of terminologies is observed when reviewing companies’ papers, to avoid any ambiguity and to align with the terminology used in RAN specification, in this email discussion
· “RLF declaration” is used instead of “RLF detection”
· “PC5-RRC connection” is used instead of “PC5 link”
2	Discussion
2.1	General issues
RLM metric and RLF triggers are not the focus of this email discussion. On the other hand, it could be beneficial to clarify/confirm some SI phase agreements as also raised by some papers [1][2][3], and companies can take them as the basis for further discussions. 
In the first question, companies are asked to confirm if RLF is declared when the maximum number of SL RLC AM retransmissions has been reached. 
	RAN2#105 Agreement:
5: If SL RLC AM is supported for unicast, RLF declaration could be triggered by indication from RLC that the maximum number of retransmissions has been reached 



Question 1.1: Is RLF declared when the maximum number RLC retransmissions has been reached (i.e., in case of SL RLC AM)?
	Company
	Yes/No
	Comments if any

	Huawei
	Yes
	

	OPPO
	Yes
	

	Apple
	Yes
	The agreement in SI phase should be confirmed.

	Lenovo/MotoM
	Yes
	

	LG
	Yes
	

	CATT
	Yes
	

	MediaTek
	Yes
	We don’t see any need to change the agreement.

	Futurewei
	Yes
	

	Intel
	Yes
	

	ZTE
	Yes
	

	Xiaomi
	Yes
	

	Ericsson
	Yes
	

	vivo
	Yes
	

	Fujitsu
	Yes
	

	ASUSTeK
	Yes
	

	Interdigital
	Yes
	

	Qualcomm
	Yes
	

	Spreadtrum
	Yes
	

	Samsung
	Yes
	

	Hyundai
	Yes
	

	Fraunhofer
	Yes
	

	Convida
	Yes
	



Rapporteur summary: Regarding Q1.1, all the companies (i.e., 22 out of 22) confirmed the agreement taken during the V2X SI phase. Therefore, the proposal it to confirm the agreement.
In case of SL RLC AM, RLF declaration is triggered by indication from RLC that the maximum number of retransmissions has been reached

Besides, NR SL RLM/RLF mechanisms have been widely discussed, while the specific RLM design depends on the progress in RAN1 and RAN4, i.e., in sync (IS) and out of sync (OOS) indication. From RAN2 point of view, this email discussion still assumes periodic indications of IS/OOS are provided from physical layer. However, whether the RLF triggering condition based on IS/OOS will be supported on not is still FFS, pending RAN1 progress.
	RAN2#106 Agreements:
1: 	Even though transmission of sidelink signal occur irregularly, RAN2 assumes that the physical layer provides periodic indications of IS/OOS to the upper layer as in Uu RLM.
2:	From RAN2 perspective, both side UEs perform RLM/RLF detection mechanism. FFS on whether periodic indications of IS/OOS based RLM/RLF is reused or any additional new mechanism is needed.



Question 1.2: If IS/OOS will be supported for SL (pending RAN1/RAN4 progresses), do companies agree that RLF triggering condition based on IS/OOS is supported?
	Company
	Yes/No
	Comments if any

	Huawei
	Yes with comments
	If periodic IS/OOS indications can be provided from physical layer, the RLF triggering condition based on IS/OOS should be supported.
Since we have sent an LS to RAN1 on this issue, for the time being, we prefer to wait for RAN1 progress on the RLM mechanism.

	OPPO
	Yes
	Note that there was an offline discussion in RAN1#98 and the proposal is already to support periodic IS/OOS for sidelink RLM/RLF (R1-1909530).

	Apple
	Yes
	If RAN1/RAN4 agree to support IS/OOS, we think RLF triggering condition based on IS/OOS should be supported.

	Lenovo/MotoM
	Yes
	

	LG
	Yes
	RAN2 previously assumed that periodic IS/OOS indications are provided from physical layer. We propose RAN2 confirm that assumption for progress. 
One thing we need to further consider is that RAN1 previously agreed not to introduce periodic RS transmissions for SL RLM. Thus, it is unclear how RX UE determines IS/OOS when SL RS is not actually transmitted in an interval. Such details should be further discussed in RAN1 and RAN2.

	CATT
	Yes with comments
	It’s better to wait for RAN1 feedback, since RAN1 already have an offline discussion in the last meeting.

	MediaTek
	Yes
	We think it’s necessary to have this kind of RLF triggering on the Rx side especially for the RLC UM case.

	Futurewei
	Yes
	

	Intel
	Yes
	As discussed in previous meetings, even if there is no dedicated RS for RLM defined by RAN1, RAN2 understanding is that the IS/OOS indications from L1 can be assumed as periodic in order to reuse the Uu principle. In any case, we are still awaiting a response from RAN1 and this question can be discussed then.

	ZTE
	Yes
	If IS/OOS will be supported for SL, it is shall be used for RLF triggering condition

	Xiaomi
	Yes
	

	Ericsson
	Yes
	This is a common criterion for triggering RLF in NR Uu. Even if this is pending RAN1 work, we think this should be also supported for SL.

	vivo
	Yes
	Anyway, we have to wait for RAN1, but if IS/OOS is supported we can stick to the previous agreement that RLF triggering based on IS/OOS should be support.

	Fujitsu
	Yes
	If IS/OOS will be supported for SL, RLF triggering condition based on IS/OOS like Uu should be supported. 

	ASUSTeK
	Yes
	

	Interdigital
	Yes
	The main purpose of IS/OOS is for RLF triggering.  We think RLF should at least be based on this, and RAN1 is currently discussing if other triggers are needed.

	Qualcomm
	Yes
	

	Spreadtrum
	Yes
	

	Samsung
	Yes
	

	Hyundai
	Yes
	Share the view with LG. In our understanding, RAN1 has agreed not to introduce new reference signal dedicated for SL RLM. Since no periodic RS is transmitted for SL RLM purpose, RAN2 should further discuss about how UEs can detect IC/OOC when there is no periodic RS.

	Fraunhofer
	Yes
	Depending on RAN1 / RAN4 decision, IS/OOS should be supported as a triggering condition for RLF.

	Convida
	Yes
	Pending RAN1/RAN4 decision, RLF triggering should be based on IS/OOS indications with already agreed RAN2 assumption that the physical layer provides periodic indications of IS/OOS to the upper layer.  It should be noted that periodic indications of IS/OOS doesn’t necessarily mean the indication is always available. Maybe RAN2 should look into potential triggers to assist in when to activate or deactivate the transmission of periodic IS/OOS and related transmission of sidelink signals from peer UE.



Rapporteur summary: Regarding Q1.2, all the companies (22 out of 22) expressed the preference that, if RAN1/RAN4 will support IS/OSS indication, then these criteria should be used as a triggering condition for declaring RLF.
RLF triggering condition based on IS/OOS is supported (pending RAN1/RAN4 progresses on the topic).

Further according to the agreement mentioned in Q1.1, the understanding is that the RLF trigger only apply to SL unicast. For this reason, in a second question companies are asked to confirm this understanding and thus that RLM/RLF only applies to unicast. 
	RAN2#105 Agreement:
1: No need of 1:M PC5 RRC connection establishment and RLM/RLF declaration among group members for groupcast. Need of RRC signaling in groupcast manner is to be discussed in WI phase.




Question 1.3: Does RLM/RLF procedure only apply to NR SL unicast?
	Company
	Yes/No
	Comments if any

	Huawei
	 
	To our understanding, for the groupcast scenario, if RRC connection is established for each link (UE pair), the RLM/RLF for each link is needed.

	OPPO
	Yes
	There is no reason to apply RLM/RLF to broadcast which is connection-less by nature, this applies to connection-less use case of groupcast.

For connection-oriented use case of groupcast, since there is no PC5-S procedure defined by SA2 for groupcast, i.e., group management is left for application layer, there is no motivation to introduce AS-layer connection via PC5-RRC either, especially due to the complexity and limited time left for this release.

	Apple
	Yes
	

	Lenovo/MotoM
	Yes
	Since only unicast has RRC connection. And it is already agreed that RLM/RLF is not declared for groupcast

	LG
	Yes
	

	CATT
	Yes
	Share the same view with OPPO.

	MediaTek
	Yes
	We think when connection-based groupcast is discussed, we need to revisit the broad subject of connection management for groupcast including RLF declaration.  But we don’t think there’s time to do this in Rel-16 and it should be considered as an area for future work. 

	Futurewei
	Yes for TX, TBD for RX
	Given the 1:M nature of broadcast and groupcast, it may not be beneficial for TX UE to perform RLM/RLF, but RLM/RLF may help RX UE.

	Intel
	Yes
	Since there is no notion of a “dedicated” link or PC5-RRC connectivity notion in groupcast and broadcast, RLM/RLF should only be applicable for SL unicast.

	ZTE
	Yes
	Since there is no  PC5 RRC connection establishment or RLM/RLF declaration among group members for groupcast, there is no need to define RLM/RLF procedure.

	Xiaomi
	Yes
	Since there is no RRC connection for groupcast and broadcast, RLM/RLF is not applied.

	Ericsson
	Yes
	We still do not have a clear view on how the RLF handling in SL groupcast should work since there are many open points that need to be discussed about SL groupcast. For the time being we think the RLF handling should be supported only for SL unicast.

	vivo
	Yes
	

	Fujitsu
	Yes
	Respect the agreements in SI phase. 

	ASUSTeK
	Yes
	

	Interdigital
	Yes
	There is no PC5-RRC connection in groupcast, and so no need for RLM/RLF.

	Qualcomm
	Yes
	

	Spreadtrum
	Yes
	

	Samsung
	Yes
	

	Hyundai
	Yes
	

	Fraunhofer 
	Yes
	

	Convida
	Yes
	However, we agree with MediaTek that if/when connection based groupcast is considered, this may need to be revisited



Rapporteur summary: Regarding Q1.3, all the companies expressed the preference that the RLM/RLF procedure only apply to NR SL unicast. Further, 2 companies clarified also that, if is considered that 1:M SL connections are established on groupcast, then the RLM/RLF procedure should be also supported for this case type. However, given the short amount of time available to finish the WI and the complexity that may be added to support RLM and RLF on groupcast and broadcast, our proposal is have an agreement only for SL unicast. Nevertheless, if timer allows, at the end of the WI we may come back to this and further check whether RLM/RLF can be applied groupcast and broadcast.
The RLM/RLF procedure only apply to NR SL unicast.

2.2	The need of PC5-RRC connection recovery
In NR Uu, the quality of the radio link is typically monitored in the UE e.g. on the physical layer, and, upon detection that the physical layer experiences problems according to criteria defined in 3GPP TS 38.133 [4], the physical layer sends an indication to the RRC protocol of the detected problems (out-of-sync indication). 


Figure 1 Radio link failure in NR
During the first phase, after a configurable number (N310) of such consecutive indications, a timer (T310) is started (i.e., beginning T1). If the link quality is not improved (recovered) while T310 is running (i.e. there are no N311 consecutive "in-sync" indications from the physical layer), a radio link failure is declared in the UE (i.e., end of T1), see Figure 1. 
When declaring radio link failure, during the second phase (i.e., beginning of T2), the UE usually triggers the RRC Re-establishment procedure in order to select a new cell to re-establish an RRC connection. During this phase, another timer is started (i.e., T311) is started. If the re-establishment is successful while the timer T311 is running (which depends, among other things, if the selected cell and the gNB controlling that cell was prepared to maintain the connection to the UE), then the connection between the UE and the gNB can resume. 
If the timer T311 expires, there is a failure of the RRC re-establishment procedure which leads the UE to go in RRC_IDLE and release the RRC connection. To continue communication, a brand new RRC connection has then to be requested and established.
A different approach upon the expiring of the T310 timer is taken in case the UE has CA or DC duplication activated. In case of DC, upon the expiring of the timer T310, if the failure has been detected on the SCG, the UE sends the SCGFailureInformation message to the MCG and no RRC re-establishment procedure is triggered. Similarly, when the UE is configured with CA duplication (regardless if CA is configured is standalone operation, MCG, or SCG), upon maximum RLC retransmission number is reached , the UE sends the FailureInformation message to the network and no RRC re-establishment procedure is triggered. 
For NR SL, in case of RLF declaration (e.g., expiring of the timer T310), one open issue is whether the UE should release the relevant PC5-RRC connection immediately or if the SL link is still not recovered after some time. In particular, [5] [6] [7] believes second phase recovery in NR Uu is for handover scenario while is not needed for NR SL, thus UE should release the PC5-RRC connection right after RLF declaration. On the other hand, [8] [14] thinks resource reselection procedure can be triggered for link recovery after the SL RLF declaration. Similarly, when UE is in RRC_CONNECTED state, [9] considers it beneficial to report a failure via an RRC message to NW (e.g. similar to the Failure information or SCG failure information procedure in NR Uu) such that NW may reconfigure the PC5-RRC connection/SLRB upon receiving the SL RLF indication. 
For UEs in RRC_INACTIVE/RRC_IDLE/Out-of-coverage, since there is no active Uu connection towards the network, it is foreseen that the only action that can be performed should be to release the PC5-RRC connection immediately upon the expiring of the timer T310. 

Question 2.1: For RRC_INACTIVE/RRC_IDLE/Out-of-coverage UE, do companies agree that upon SL RLF declaration (e.g., expiring of timer T310) the UE releases the PC5-RRC connection immediately?
	Company
	Yes/No
	Comments if any

	Huawei
	No
	As mentioned in our paper R2-1911074, we also think it is beneficial to enable the UE to perform resource reselection, and the release of PC5-RRC connection shall be triggered by upper layer
On one hand, if there is suitable SL resource available, the UE is able to recover the SL communication and the related V2X service interruption can be reduced compared with releasing immediately.
On the other hand, it is not appropriate for the UE releasing the PC5-RRC connection immediately. As specified in SA2 specification TS 23.786, the V2X layer informs AS layer that the unicast link has been released so that the AS layer deletes the context related to the released uncast link.
	The V2X layer of each UE informs the AS layer that the unicast link has been released. This enables the AS layer to delete the context related to the released unicast link.


To reuse the existing interaction procedure between V2X layer and AS,  when fails to find new resource, the UE should inform the upper layer of the unavailability of the PC5 interface for this unicast, and upper layer make corresponding decision based this info (i.e. release the unicast link and inform AS of the releasing), which is also corresponding to the WID objective:
· Define the criteria of PC5 availability/unavailability for unicast based on this functionality.
In total, upon RLF detected, the UE’s AS layer could try to recover firstly, if the recovery is failed, UE should inform the upper layer that the PC5 interface is unavailable, and it is up to upper layer to release the unicast link.


	OPPO
	Yes
	Firstly, we see no reason that resource reselection helps the unicast link recovery. RLF is due to the two communicating entites being far from each other, so in Uu (where the communication is between UE and RAN node), UE can recover via another nearby RAN node via RRC re-establishment. But for sidelink, (where the communication is between two specific UEs), the destination is deterministic, and thus no possibility to mimic the Uu RRC re-establishment procedure. For the proposal of sidelink RLF recovery via resource reselection, one may argue that, essentially, it is to say Uu RLF can be recovered via resource scheduling, which is apparently not the case. Furthermore, if we go for any subsequent AS-layer handling after T310-like timer expiry, we need for further explore additional condition to declare the RLF, i.e., the failure of such recovery behaviour, which further adds RAN2 specification work which is not necessary.

Secondly, for the AS-layer context release under command from V2X layer, that is obviously needed in case of pro-active release, i.e., via PC5-S disconnection request/response procedure. Yet for this re-active release due to RLF, we see it is very similar to the Uu case, i.e., when RLF happens, AS-layer release the AS-layer context by its own, and notify NAS layer on the failure. Both cases are necessary.

Again, L1 recovery can be done before T310-like timer expiry, but after that, L2 recovery (which is used for Uu via reestablishment) is not applicable to sidelink, and thus RLF can be declared directly. The subsequent behaviour can mostly follow Uu handling.

	Apple
	Yes but with comments
	Based on current RAN1 progress that no dedicated RS will be designed, it may be difficult to reach to consensus how the RLF recovery could be done. Thus, in order to make progress and finish the WI on time, we are fine to not pursue on SL RLF recovery in Rel-16.  

But a lot of details which can impact the design of RLF recovery have not been decided yet. For example, whether the determination of IS/OOS can be based on CBR is still pending to RAN2 discussion. If CBR could be used as one metric in the future, then the SL RLF might be recovered by resource reselection, as talked in Question 2.2.

	Lenovo/MotoM
	No
	The vehicular mobility (specifically relative mobility; here unlike Uu, both the Tx and Rx are moving) shall lead to many fluctuations in radio condition e.g. on road turns, inclining or declining roads, big transporters or other obstacles coming in between two vehicles etc. and therefore, it may not be possible from time to time to receive-transmit temporarily e.g. Antenna Panels have different heights due to inclining roads. While, the upper layers may need to be informed of a RLF as soon as it occurs, the AS should attempt recovery (to the same vehicle UE) until a longer time (after T310 expiry) to avoid un-necessary context deletion/ creation, subsequent PC5-S Release/Setup and RRC Release/ Connection Setup etc.

	LG
	No (for stability of PC5 procedure)
	While in RRC_CONNECTED, gNB is responsible for handling SLRBs. Since PC5-RRC connection release would lead to release of related SLRBs, we think that upon SL RLF, the UE should not release the PC5-RRC connection immediately. 
We assume that RAN2 will introduce SL Failure Information procedure which would be similar to SCG Failure Information procedure. For SCG failure case, UE suspends SCG related RBs and finally release those RBs according to reconfiguration message from gNB. If gNB controls SLRBs, it seems reasonable to apply the existing SCG failure handling to SL failure handling, so that upon SL RLF, UE in RRC_CONNECTED suspends SLRBs and finally release them according to reconfiguration message from gNB. Such release behavior can be also applied to both RRC_IDLE/INACTIVE and OOC in which upon SL RLF, UE suspends SLRBs and then release them after a while (e.g. considering interaction with upper layers as indicated by Huawei).

	CATT
	Yes
	The RLF may happen in two scenarios:
Scenario 1: The distance between two paired UEs is far away.
Scenario 2: There is an obstacle between two paired UEs

In the above two scenarios, after SL RLF, we don’t think resource reselection procedure can help the unicast link recovery, since unicast link recovery may have large possibility to be failure yet. Moreover, the unicast link recovery procedure will increase RAN2 specification work.

Thus, we prefer, after RLF declaration, the unicast link recovery procedure is not supported.

	MediaTek
	No (but also no AS recovery)
	We think the UE should just report the RLF to upper layers, which will then decide what to do (e.g. release the PC5-S connection).  The UE can release the PC5-RRC connection when the PC5-S connection is released, in keeping with the principle of following the PC5-S connection state for PC5-RRC.  This is also in line with the excerpt from TS 23.786 quoted above by Huawei.

However, we don’t see an advantage to attempting link recovery at AS after T310 expires.  T310 should be set long enough to avoid having RLF occur due to short-term fluctuations at L1; if it expires, that indicates that the peer UE is gone.  So we do think connection release should normally follow T310 expiry, but it is triggered by upper layers, not autonomously released by AS.

	Futurewei
	No
	We don’t see the reason to deviate from the Uu principle. RRC release should be the last resort (or rather outcome of running out of other options) when RLF occurs. Resource reselection is similar to cell reselection in Uu procedure, and should be performed to address the potential collision/overload on the previous resources. Going directly to RRC release wouldn’t save time or power, if V2X layer wants to continue service anyway. 

	Intel
	No
	As mentioned in the comments above, resource reselection does not seem to have any correlation with the SL RLF, which could just happen in case UEs have moved out of range. In addition, the recovery procedure makes more sense in the context of the Uu case, but for SL, we do not think it is required. In any case, the RLF has to be reported to the AS layer, which can then trigger an AS layer release procedure.

	ZTE
	Yes
	For NR Uu, the RRC re-establishment is to find another cell which has the UE context to continue the RRC connection. When it comes to sidelink unicast communication between UE1 and UE2, even if UE1 detect the RLF on the unicast sidelink, UE1 still needs to communication with UE2 instead of other UEs. Considering that the vehicle UEs keep moving, it is very likely that UE1 moves far away from peer UE2. Therefore, it is not reasonable for UE1 to re-establish the unicast sidelink with UE2 again. On the other hand, according to the NR V2X WID, single carrier scenario is assumed for the NR sidelink transmission and reception. So it is also not applicable for the UE1 to reestablish the PC5 connection via another sidelink carrier. 


	Xiaomi
	No
	The most important thing is to notify upper layer about RLF. Upper layer could decide whether to release the connection. UE would trigger reestablishment to recover connection with NW in Uu, since any gNB could provide equivalent service. But in sidelink, reestablishment to other UEs would not help, so there is no gain to release the PC5 connection immediately upon RLF. We see no harm for RRC to wait and try to recover the RRC connection.

	Ericsson
	Yes with comments
	If there is an RLF for UEs in RRC_IDLE/RRC_INACTIVE or OoC we do not see many options the UE can do to restore the connectivity. Therefore, releasing the PC5-RRC connection is the only way to go.
However, if a new timer (i.e., T310-like) for SL is agreed (i.e., in Q2.3) this can be used in case PHY/link problems to relax a bit the period for detecting RLF.

	vivo
	No
	As mentioned in our contribution R2-1910214, the radio link can be terribly affected by e.g. the channel congestion, temporary obstructions, etc. In our understanding sometimes changing transmission resources can be helpful for radio link recovery, thus the RRC connection should not be released immediately.
However, we think the key question here is that whether the resource pool reselection or change may happen before the RLF declaration. In the LS in RAN2 #106 we ask RAN1 that “Whether an NR V2X mode 2 UE can select multiple resource pools on single carrier from RAN1 perspective”. If the answer is yes, we can further discuss whether the UE would have already tried different pools before the RLF is finally declared. Only in that case, it may be fine to release RRC connection immediately.

	Fujitsu
	
	It is not yet clear about the granularity of RLM for unicast, i.e. whether RLM and RLF declaration are performed per L2 ID or per UE. Also, whether PC5-RRC connection is per L2 ID pair or per UE pair for unicast should be determined. This question can be discussed after the above issues are addressed. 

	ASUSTeK
	Depends on RLF design
	It depends on RLF declaration design: if periodic IS/OOS is supported (by RAN1) and RLF is declared due to expiration of T310-like timer, it is likely that the two UEs are far from each other and link recovery is not needed. On the other hand, if RLF is declared due to other RLF mechanisms (e.g. consecutive NACK or long link inactivity if supported), it can be further discussed whether recovery procedures are needed.

	Interdigital
	Yes (with comments)
	Recovery in Uu can benefit from failure procedure (SCGFailureInformation for SCG RLF and MCG Fast Recovery for MCG RLF) because the NW can reconfigure the UE to use another cell.  For SL, once the link has failed, similar error handling is not possible.  The UE should release the connection and inform upper layers (so that the PC5-S connection is also released.

	Qualcomm
	Yes
	

	Spreadtrum
	Yes
	RLF on SL means the peer UE is out of the scope that wireless signal on the current frequency carrier can reach for the triggering conditions of RLF give chances to go back from short time bad wireless signal. So After the RLF is triggered, for a UE of a unicast, the peer UE can hardly be reached again. 
Moreover, it does make any sense to complete data transmission while the peer UE is far away.
We do not think PC5-RRC reestablishment procedure is needed.

	Samsung
	Yes
	We think there is no real need to support unicast link recovery procedure. We further think it seems reasonable to release the PC5-RRC connection first and to report the RLF to upper layers so that PC5-S connection is released as well i.e. additional interaction between AS and upper layers should be avoided unless any benefit is foreseen.

	Hyundai
	Yes
	We think that SL unicast recovery does not need to follow the Uu re-establishment procedure. It is reasonable that a UE detecting RLF should release the connection between itself and the paired UE.

	Fraunhofer 
	No
	Typically, as a V-UE is experiencing fast changing channel quality conditions due to high mobility or tunnels, a V-UE may go out-of-coverage for a short time. During this exceeded period, the UE should still try to recover the SL connection. This will aid to service continuity. The upper layers should release the RRC connection only, once the UE informs that SL connection recovery is not possible. 

	Convida
	No
	PC5 RRC connection should not be released immediately. There are cases that a resource reselection may help even when the UE is in out of coverage or in RRC_IDLE/RRC_INACTIVE.



For companies that selected “No” in Question 2.1, a following up question is what action UE could/should take to recover the link if this is not released immediately. According to what has been proposed in [8], one possible option is to perform resource reselection and selected another resource pool to continue the SL transmissions.

Question 2.1a: If the answer to Question 2.1 was “No”, for RRC_INACTIVE/RRC_IDLE/Out-of-coverage UE, upon SL RLF declaration (e.g., expiring of T310), what action could UE take to recover the link?
a) The UE performs resource reselection;
b) Others, please specify in the table.
 
	Company
	Option
	Comments if any

	Huawei
	a) and b)
	The following actions could also be considered besides option a:
1) For RRC in-active/idle UEs, trigger the resume/establishment procedure to enable the network configure different resources;
2) For RRC in-active/idle UEs, trigger the cell reselection procedure to enable UE select different resources.

	Apple
	
	Though our reply to Question 2.1 is Yes, we would like to mention that if CBR based RLF declaration can be agreed in the future, the resource reselection could be exploited for recovery.

	Lenovo/MotoM
	b)
	Keep monitoring the radio link for a longer time (a longer T311-like timer) expecting a recovery. The time needs to be long enough to cover the practical traffic/road situation but not too long to allow context deletion at a reasonable point. If the link is recovered, the upper layers need to be informed.

	LG
	b) Transmission and reception of a PC5 RRC release message.
	We think that no PC5 link recovery is supported in REL-16. However, upon SL RLF declaration, UE should perform a few actions. 
For example, if TX UE detects SL RLF, TX UE should send release message to RX UE in a best effort because RX UE could still receive a transmission from TX UE and would not know PC5-RRC connection will be released without reception of explicit release message.
In addition, if RX UE detects SL RLF and indicate it to TX UE, TX UE may also need to send a release message to RX UE because ACK to NACK error may occur in SL RLF indication from RX UE.

	MediaTek
	b
	See above; we think the failure should be reported to upper layers.  However, this is not a link recovery measure (unless upper layers define some kind of recovery procedure, which would anyway be outside RAN2 scope) but a consequence of slaving the PC5-RRC “state” to the PC5-S state.

	Futurewei
	a)
	To perform autonomous resource reselection in the assigned resource pool.

	Intel
	b
	Upon RLF, the AS layer reports this to the upper layer, which can then trigger a release procedure to properly tear down the connection from the upper layer perspective. As we commented above, resource reselection is not needed.

	Xiaomi
	b)
	If RLF is caused by congestion, option a) may help to recover. But if RLF is caused by distance or obstacle, option a) would not help. There is no way to differentiate the reason of RLF in layer 2.  Therefore, option 1) is not a general solution for RLF recovery. UE could keep monitoring the reception resource until upper layer indicates the release.

	vivo
	a)
	As the question is asking about what action should the UE take to recovery the link, so far, we only see the motivation of resource reselection. In our understanding changing transmission resource can be beneficial for the e.g. channel congestion, which can affect the RS measurement and the radio link quality.

	ASUSTeK
	b)  depends on RLF design
	See comments in Q2.1

	Fraunhofer 
	b)
	The UE could do resource reselection in order to recover the SL connection. The duration for which the UE tries to recover the link needs to be agreed. As mentioned by Lenovo, the duration of the timer should be reasonable enough to cover the short out of coverage scenarios, which may exceed T310.  

	Convida 
	a) and b)
	· Perform resource reselection. FFS whether resource reselection should be limited to autonomous resource reselection only.
· Inform the upper layers – UE could then rely on an indication from the upper layer to finally release the PC5 RRC connection.



Rapporteur summary: According to the input provided in Q2.1 and Q2.1a there is no clear consensus on what the UE in RRC_INACTIVE/RRC_IDLE/Out-of-coverage should do once if experiences a SL RLF. According to this, 10 companies expressed the preference that the PC5-RRC is directly released upon SL RLF whereas 10 companies prefer to not trigger PC5-RRC immediately but perform some recovery actions. Among the possible recovery actions, 6 companies expressed the preference to do resource reselection, 3 companies to monitor the SL channel to check for a possible recovery, and 3 companies to send an indication to the upper layer. Further, 1 company does not believe SL RLF should be supported by Rel-16, but if this is the case a release message should be exchanged via the PC5-RRC between the TX and RX UE. Given all these opinions, we can summarize the possible options to be agreed as follow: 
1. In case of RRC_INACTIVE/RRC_IDLE/Out-of-coverage UEs, upon SL RLF declaration (e.g., expiring of timer T310) the UE releases the PC5-RRC connection immediately and sends an indication to upper layers.
2. In case of RRC_INACTIVE/RRC_IDLE/Out-of-coverage UEs, upon SL RLF declaration (e.g., expiring of timer T310) the UE continue to monitor the SL channel based on a new timer and if no recovery happens then the upper layer are informed with an indication. 
3. In case of RRC_INACTIVE/RRC_IDLE/Out-of-coverage UEs, upon SL RLF declaration (e.g., expiring of timer T310) the UE try to perform resource reselection and if this fails, the upper layer are informed with an indication.
Therefore, we propose the following.
RAN2 to agree on one of the following options regarding the UE behavior in case SL RLF is detected for RRC_INACTIVE/RRC_IDLE/Out-of-coverage UEs:

a. In case of RRC_INACTIVE/RRC_IDLE/Out-of-coverage UEs, upon SL RLF declaration (e.g., expiring of timer T310) the UE releases the PC5-RRC connection immediately and sends an indication to upper layers.
b. In case of RRC_INACTIVE/RRC_IDLE/Out-of-coverage UEs, upon SL RLF declaration (e.g., expiring of timer T310) the UE continue to monitor the SL channel based on a new timer and if no recovery happens then the upper layers are informed with an indication. 
c. In case of RRC_INACTIVE/RRC_IDLE/Out-of-coverage UEs, upon SL RLF declaration (e.g., expiring of timer T310) the UE try to perform resource reselection and if this fails, the upper layers are informed with an indication.


In case of UEs in RRC_CONNECTED, upon experiencing a SL RLF, the help of the network may be exploited to reconfigure the SL transmission or demand a new SLRB or resource pool. However, in order to do this, the network needs to be informed that a SL RLF has been detected and that some help is needed to recover the SL connectivity. According to this, the recovery mechanism already present for NR Uu can be partially re-used. A reasonable solution could be to re-use the Failure Information procedure since, as described in TS 38.331, the purpose of this procedure is to inform the network about a failure detected by the UE.

Question 2.2: For RRC_CONNECTED UE, do companies agree that upon SL RLF declaration (e.g., expiring of T310), the UE sends an indication (e.g., via the Failure Information procedure) to the network by informing about the detected SL RLF?
	Company
	Yes/No
	Comments if any

	Huawei
	Yes
	Similar to the SCG failure handling in DC scenario and the secondary path failure handling in CA duplication scenario, we think it is beneficial to inform the network of the detected SL RLF. 

	OPPO
	OK for the network report but 
1) the report can rely on SUI message, and 
2) the UE releases immediately the PC5-RRC connection upon the SL RLF declaration (e.g., expiring of timer T310), i.e., option a) of Q2.2b, not following command from network
	Agree that the network has to know the status of unicast SL link, either established or released. For the message, we tend to think SidelinkUEInformation message can be used here, since 1) one anyway has to rely on that message to report the status of sidelink, in order to derive the destination index for SL-BSR. And thus duplicated reporting via two messages (SUI and FailureInformation) is not needed; 2) different from Uu where RRC reconfiguration may help to resolve the SCG failure or duplication failure after receiving the failure information report, here the SL RLF cannot be solved via reconfiguration from network, i.e., a new SLRB or resource pool cannot help two faraway UEs to become closer again, so the failure information report is not motivated either.

Furthermore, we see no collision between reporting to network and releasing the PC5-RRC connection, when RLF is declared. I.e., the latter one is to be done regardless of RRC state of the UE, but the former one is needed only if the UE is in connected state.

	Apple
	Yes
	Reporting to NW can help the NW to make a proper handling of resources when one link is released. But we don’t think it’s necessarily sent for NW to recover the link.

In details, regarding the statements in the paragraph above, we are not certain how the NW side to “reconfigure the SL transmission or demand a new SLRB or resource pool”. Again, the potential and possible network handling is related to the trigger metric of SL RLF. If the SL RLF is only based on channel quality (or distacnce) between two UE(s) (but not the QoS requirement failure or CBR), we don’t see the justification how those mechanisms can recover the link over PC5.

	Lenovo/MotoM
	Yes
	To allow radio resource release (CG cases) and avoid wasting resources (dynamic grant).

	LG 
	Yes (only for TX UE)
	It is beneficial for TX UE to inform the network of the detected SL RLF e.g. for mode 1 resource management (e.g., CG resource release). Note that it is not necessary for RX UE to inform the network about SL RLF detection.

We think that SCG Failure Information like message should be introduced as a new message i.e. SL Failure Information message. We do not prefer to use Sidelink UE information for such indication because Sidelink UE information have other contents which are not necessary for SL RLF case. 

	CATT
	OK to report the RLF  to the network, but it’s unnecessary for NW to recover the unicast link
	It is benefit that NW can know the status of unicast SL. The UE can use SidelinkUEinformation to report the status of unicast SL, since UE always use SidelinkUEinformation message to indicate the information of SL. No other indication is needed.
But for the unicast link recovery, it’s so complexity NW to know how to recover the unicast link in the cases, e.g., the distance between two paired UEs is far away. Maybe one UE is in cell A, but the other paired UE is moving into cell B or OOC.

	MediaTek
	Not for recovery, but could be discussed for resource management
	We tend to think that typically a sidelink RLF cannot be remedied by the network (it can’t bring the peer UE back in range or make an obstruction disappear), and just reporting RLF does nothing to help the network identify the cases where it might be able to help.

For the case mentioned above by Lenovo, we think this is OK to discuss further and could be a valid reason to report to the network.

	Futurewei
	Yes
	The network should be kept informed of the status of on-going SL communications in its coverage. Instead of SidelinkUEinformation message, it is preferred to use a more specific failure information message. It is up to network how to respond to the received failure information message – it can assign new resources for SL transmission.

	Intel
	Yes with comments
	We agree with the views mentioned above by most companies that reporting SL RLF to the network cannot assist the UE in the recovery procedure, since “reconfigure the SL transmission or demand a new SLRB or resource pool” cannot assist the UE in all cases. That being said, UE can report the RLF to the network to allow for the gNB to release the SL resources currently under use.

	ZTE
	Yes
	 It is necessary for the UE to send SL RLF indication to the network, with this indication, the network may release the resource allocated to the UE for the link which happens SL RLF. 

	Xiaomi
	No
	Unlike RLF in Uu, RLF in sidelink can’t be used to improve the network optimization. There is no benefit to report the sidelink RLF to network. Furthermore, the sidelink resource is allocated per UE not per unicast connection, so we don’t understand how RLF for one unicast connection could help NW to manage the resource.

	Ericsson
	Yes
	It would be beneficial for the UE to inform the network about a failure of the SL connectivity.

For the message to be used, the FailureInformation message is already in place and is used to “to inform the network about a failure detected by the UE (i.e., according to section 5.7.5.1 of 38.331). Therefore, we do not see the need to specify a new RRC message or send the indication in the SidelinkUEinformation message.

	vivo
	Yes with comments
	First it should be clarified if this question is towards TX UE or RX UE. For RX UE, we don’t see much motivation to report the link status to network as the RX UE does not rely on the resources from network and the RX UE may even not be under the same gNB as the TX UE.
For TX UE, we agree it is kind of helpful for the network to e.g. update resources for TX UE, and do not have a strong view on the form of indication. 

	Fujitsu
	Yes
	It may be beneficial for the network to know the status of sidelink communication. How the network react would depend on the network implementation. 

	ASUSTeK
	Yes
	

	Interdigital
	Yes
	Informing the network is useful for releasing the SL resources managed by the NW for UEs in RRC_CONNECTED.

	Qualcomm
	Yes
	As noted above, for Mode 2, the UE sends the SidelinkUEInformation message which can be used to information the NW.  

	Spreadtrum
	Yes
	Share OPPO’s view

	Samsung
	Yes
	We think that reporting to NW is beneficial i.e. NW should know which unicast link (or SLRB ID(s) and associated destination id(s)) has RLF. With this information, the NW may reconfigure SLRBs (e.g. via removal of all SLRBs associated with problematic unicast link). 

	Hyundai 
	Yes
	

	Fraunhofer 
	Yes
	In order to allow optimum resource utilization the UE should inform the NW on RLF declaration. 

	Convida 
	Yes
	Informing the network is useful for releasing the SL resources managed by the NW for UEs in RRC_CONNECTED.



Rapporteur summary: Regarding Q2.2, 20 out of 22 companies expressed the preference that, for RRC_CONNECTED UEs, upon SL RLF declaration (e.g., expiring of T310), the UE sends an indication (e.g., via the Failure Information procedure) to the network by informing about the detected SL RLF. On the other hand, 2 companies expressed concerns about reporting the failure to the network since they believe this cannot help the SL UE to recover the SL link. However, according to the inputs provided, we propose that upon SL RLF declaration (e.g., expiring of T310), the UE sends an indication (e.g., via the Failure Information procedure) to the network by informing about the detected SL RLF.
For RRC_CONNECTED UEs, upon SL RLF declaration (e.g., expiring of T310), the UE sends an indication (e.g., via the Failure Information procedure) to the network by informing about the detected SL RLF. FFS which RRC message to use.

For companies who selected “Yes” in Question 2.2, a further issue to be discussed is what information to include within the RRC message that the UE needs to send to the network to indicate that a SLRB has happened. If the NR Uu principle are used, within the failure messages (e.g., Failureinformation and SCGFailureInformation messages) the UE usually include the failure type (i.e., so the network is aware what caused the failure) and the available measurements (i.e., to help the network deciding what action to take). In the context of SL, there may be some question whether the SLRB ID should be also sent to the network within the RRC failure message. However, when a failure happen the UE generally suspend all the radio bearer and, eventually, is fails to recover, the whole RRC connection is released. Therefore, the assumption is that the same principle may be applied to SL.

Question 2.2a: If the answer to Question 2.2 was “Yes”, what information should be added within the failure indication that the UE sends (e.g., via the Failure Information procedure) to the network for informing about the detected SL RLF?
a) Failure type
b) Available measurements
c) Other, please specify in the table.
	Company
	Option
	Comments if any

	Huawei
	a
	The SL RLF can be indicated via the failure type in the Failureinformation, FFS whether reports the exact failure cause.

	Apple
	a), 
FFS on b)
	

	Lenovo/MotoM
	a/c
	Just the information that an RLF has occurred (and implicitly conveying that recovery is underway and so no SL grants are required until a further notice).

	LG
	a, b, and
c (Destination)
	Reporting of SL measurement result may be useful for gNB to determine proper SL configurations.

In addition, if UE has multiple PC5 RRC connections, UE may detect multiple failures of PC5 RRC connections with the same UE or different UEs (e.g. a UE may have multiple PC5 RRC connections with the same UE for different applications). In this case, it is beneficial to report SL failure indications for different destinations in the same RRC message e.g. called SL Failure Information message. Thus, destination information which is related to SL RLF can be included in the RLF indication. This information is helpful for the network for mode 1 resource management.

	Futurewei
	At least a)
	FFS b) and c), which are pending on RAN1 progresses on SL RS and measurement.

	ZTE
	a,c
	Failure type is certainly needed, besides that, considering that the UE may be involved in multiple SL communication and has multiple SL unicast link with other UEs, it is necessary to indicate which link happens RLF.

	Ericsson
	a) – FFS for b)
	Failure type is essential to make the network aware about the cause of the RLF. Regarding the measurements, since the measurements framework in SL has not been discussed so far, we cannot say whether those are useful or not.

	vivo
	a) and b)
	We think the failure type as well as the available measurements results should be helpful and reported (just like the way we do in NR Uu in SCGFailureInformation).  

	Fujitsu
	a, b, c 
	In addition to a and b, Destination L2 ID or destination UE ID are also needed to be reported to gNB, depending on the granularity of RLM/RLF declaration.

	ASUSTeK
	a
	Agree with Huawei.

	Interdigital
	a) and c) (Identification of link or SLRBs)
	The network should be aware of the SLRBs that are being released as a result of releasing the unicast link.  This can be achieved by identifying the link (e.g. the destination ID) or the actual SLRBs.

	Qualcomm
	a) 
	The SidelinkUEInformation message can be used to indicate specific destination ID is no longer in connection

	Spreadtrum
	A,b,c
	RLF failure type and on which SL are needed. Measurements may be help to improve related configurations.

	Samsung
	c) 
	It seems not crystal clear what NW does differently if it knows explicit indication (e.g. failure type) i.e. just remove all SLRBs reported by UE. In this sense, it seems enough to reuse SidelinkUEInformation message (e.g. UE does not include SLRB ID(s) and associated destination id(s) w.r.t. problematic unicast link). 

	Hyundai
	a
	

	Fraunhofer
	a)
	

	Convida
	a), b) c)
	Identification of the link that fails is needed in the network so that the correct resources can be released or reconfigured.



Rapporteur summary: According to the input provided in Q2.2a, all the companies expressed the preference to report the failure type to the network when an RLF is declared. Nevertheless, there are still some concern whether measurements should be reported or not. On top of this, 5 companies also mentioned the possibility to include the destination L2 ID in order to inform the network about what SLRB has failed. Given this, we propose that failure type is included in the failure message send by the UE in RRC_CONNECTED upon detecting a SL RLF and leave the discussion open whether measurements or destination L2 ID should be also included.
Failure type is included in the RRC failure message sent by the UE in RRC_CONNECTED to the network when a SL RLF is declared. FFS whether available measurements and destination L2 ID are also included.

For companies who selected “No” in Question 2.2, a following up question is what other actions the UE may perform if not informing the network about the detected SL RLF. A possible solution is of course to not apply any recovery mechanism and released immediately the PC5-RRC connection upon the expiring of the timer T310. Another option, as proposed in [8], is to perform resource reselection even if this it may require that the network needs to be informed anyway.

Question 2.2b: If the answer to Question 2.2 was “No”, for RRC_CONNECTED UE, upon SL RLF declaration (e.g., expiring of T310), what action the UE should perform if no indication is sent to the network for recovery the SL connection?
a) The UE releases immediately the PC5-RRC connection upon the SL RLF declaration (e.g., expiring of timer T310);
b) The UE performs resource reselection;
c) Others, please specify in the table.
	Company
	Option
	Comments if any

	OPPO
	a) But also Ok for reporting to network
	As replied to Q2.2, we see no collision between reporting to network and releasing the PC5-RRC connection, when RLF is declared. I.e., the latter one is to be done regardless of RRC state of the UE, but the former one is needed only if the UE is in connected state.

For b), as replied to Q2.1, RLF is due to the two UEs being far from each other, so in Uu UE can recover via another nearby RAN node. But for sidelink, the destination is deterministic, not sure why resource reselection helps to solve the issue.

	Apple
	a)
	

	LG
	
	For mode 2, resource reselection would be needed. If UE has multiple connections of which one is failed, UE may need to reselect resources that have been reserved for the failed connection.

	CATT
	a) But also OK for reporting to network
	Resource reselection is not useful for radio link recovery.

	MediaTek
	c
	Also for the RRC_CONNECTED UE, we think it’s sufficient to report to upper layers (see our answer in Q2.1).

	Futurewei
	b
	

	Intel
	a
	The UE can inform the network (as well as the upper layers) about RLF immediately after it is declared. We also share the view with OPPO that resource reselection will not always help recover the connection.

	Xiaomi
	C
	UE could keep monitoring the reception resource until upper layer indicates the release.

	Samsung
	a)
	

	Hyundai 
	a)
	



Rapporteur summary: According to the inputs provided by the companies to the Q2.2, we think that this aspect has been already covered by proposal 5 and proposal 6. Therefore, no proposals needed for this question.

However, an open question is whether the timer T310 can be re-used for the SL RLF handling or is a new timer is needed (i.e., in substitution of the timer T310). The main reason for a new timer specific for SL is that the timer T310 is cell-specific and the network may want to configure different timer value depending if the RLF has been detected on the Uu or on the SL link. In fact, for the case of NR V2X the connectivity may go on and off more frequently that in normal Uu operation and a more relaxed value of a timer T310 may be needed. However, this eventually new timer is only needed given that RAN1/RAN4 will make progress on the IS/OOS for SL.

Question 2.3: If IS/OOS will be supported for SL (pending RAN1/RAN4 progresses), do companies agree to specify a new timer (i.e., similar to T310) that is specific for SL RLF handling?
	Company
	Yes/No
	Comments if any

	Huawei
	Too early to decide
	For the time being, we prefer to wait for RAN1 progress instead of concluding anything. Based on RAN1 progress, RAN2 can initiate the discussion on whether and how to design this timer.

	OPPO
	Yes
	No strong position on this issue.

	Apple
	Yes
	The channel quality may vary very quickly in SL, thus we should allow NW to configure a smaller value for this timer.

	Lenovo/MotoM
	Yes
	Yes, there should be 
· A T310 like timer
A T311 like timer to monitor the RL for a longer time but with no re-establishment procedure.

	LG
	Yes
	The timer value should be configured and can be set to ‘0’, if needed.    

	CATT
	Yes, but
	We also prefer to wait for RAN1 progress.

	MediaTek
	Yes
	We agree with the analysis above that a more relaxed value of the timer may be needed compared to Uu.

	Futurewei
	Yes
	Rapporteur’s analysis seems reasonable, and it is more flexible to have a SL specific timer.

	Intel
	Yes 
	

	ZTE
	Yes 
	It is similar like Uu operation.

	Xiaomi
	Depends on RAN1 design
	Agree with HW.

	Ericsson
	Yes
	Since timer T310 and T311 are cell specific, if the network want to relax the values of those timers for SL, this means that also the RLF Uu framework will be affected. For this reason, we prefer to have separate timers (i.e., T310- and T311-like) that are used only for SL.

We note that these new timers may not only be linked to IS/OOS but may be used in general for the other RLF criteria (e.g., RLC failure).

	vivo
	Yes
	Agree with companies to wait on RAN1 progress.

	Fujitsu
	Yes
	A timer like T310 in Uu can be introduced for SL RLF declaration. 

	ASUSTeK
	Yes
	A T310-like timer is needed if IS/OOS is supported, details can be further discussed.

	Interdigital
	Yes
	We agree with the principle that if a timer is introduced for sidelink, its value may not be related to the value of T310 on Uu.

	Qualcomm
	Yes
	

	Spreadtrum
	Yes
	

	Samsung
	Yes
	

	Hyundai
	Yes
	

	Fraunhofer
	Yes
	Define a timer similar to T310 specific to SL RLF. The duration of timer should cater to the fast changing channel quality conditions.

	Convida
	Yes
	Its value may not be related to the T310 Uu timer and may have a common configuration value across sidelink link connections.



Rapporteur summary: Regarding Q2.3, 20 companies out of 22 expressed the opinion that, in case the IS/OOS indication will be supported for SL (pending RAN1/RAN4 progresses), a new timer (i.e., similar to T310) need to be specified for SL RLF handling. On the other hand, 2 companies think that this should be discussed once RAN1/RAN4 will make progress on the IS/OSS design. 
A new timer (e.g., similar to T310) is specified for SL RLF handling (pending RAN1/RAN4 progresses on the topic).
2.3	UE actions upon PC5-RRC connection release
Regardless of when to release the PC5-RRC connection upon SL RLF declaration as in Question 2.1 and 2.2, i.e., immediately or after the recovery phase, this subsection discusses the UE actions when executing the PC5-RRC connection release.
In NR Uu, the UE actions upon going to RRC_IDLE are defined in TS 38.331, and [6][10] proposes to mimic similar UE behavior when it comes to PC5-RRC connection release. On top of this, there could be still an open issue about if the UE should send an indication to UE upper layer (e.g. PC5-S entity) to inform about the PC5-RRC release according to [7][10][11][12]. 
	TS 38.331:

5.3.11	UE actions upon going to RRC_IDLE
UE shall:
1>	reset MAC;
1>	if T302 is running:
2>	stop timer T302;
2>	perform the actions as specified in 5.3.14.4;
1>	stop all timers that are running except T320 and T325;
1>	discard the UE Inactive AS context;
1>	set the variable pendingRnaUpdate to false, if that is set to true;
1>	discard the KgNB, the KRRCenc key, the KRRCint, the KUPint key and the KUPenc key, if any;
1>	release all radio resources, including release of the RLC entity, the MAC configuration and the associated PDCP entity and SDAP for all established RBs;
1>	indicate the release of the RRC connection to upper layers together with the release cause;
1>	enter RRC_IDLE and perform cell selection as specified in TS 38.304 [20], except if going to RRC_IDLE was triggered by selecting an inter-RAT cell while T311 was running;
1>	if going to RRC_IDLE was triggered by reception of the RRCRelease message including a waitTime:
2>	start timer T302 with the value set to the waitTime;
2>	inform the upper layer that access barring is applicable for all access categories except categories '0' and '2'.


	
Question 3.1: When performing the PC5-RRC connection release, which of the following actions the UE should perform:
a) Reset MAC
b) Stop relevant timers specific for sidelink (e.g., new timer for SL RLF handling if agreed);
c) Discard any SL UE context, if any;
d) Discard any security key configured specific for SL, if any;
e) Release all SL radio resources, including release of the RLC entity, the MAC configuration and the associated PDCP entity and SDAP for all established SLRBs;
f) Indicate the release of the PC5-RRC connection to upper layers (e.g. PC5-S entity) together with the release cause.
	Company
	Option
	Comments if any

	Huawei
	
	From our point of view, the question is not clear. We should first clarify the granularity of the PC5-RRC connection. In this E-mail, we prefer to understand it as per unicast, i.e., each unicast link has one PC5-RRC connection.
Based on this assumption, only the entities, timers, contexts of the dedicated unicast link should be released/stopped/discarded.

	OPPO
	a-f
	For a), the text in section 5.12 in TS 38.321 is only applicable to Uu-MAC, it should be further adapted to PC5-MAC.

	Apple
	a), b), c), d), e), f)
	

	Lenovo/MotoM
	a)-f) with comments
	If the PC5-RRC connection is per L2 ID, shall there be as many MAC entities (as the number of L2 IDs) between the same UE pairs?

	LG
	
	We also think that the question is unclear e.g. if the question is for TX UE or RX UE or both, if UE performs the release when release message is received from gNB or TX UE, or when RLF is detected or else.

	CATT
	a)-f) with comments
	But we also think it’s better to firstly discuss the PC5-RRC connection is per L2 ID or per UE.

	MediaTek
	a-f with comments (possible exception for d, and comments on c and f)
	We assume everything is scoped to the released connection, e.g. of course we would only reset MAC and release SL radio resources for this peer UE.

Generally we think all these actions are valid.  Item d may be an exception, depending on how the keys are managed; e.g., if the security association comes from upper layers and is maintained after the release of the PC5-RRC connection, the key may still be valid for a future connection between the same pair of UEs.

On c, this assumes that there is a one-to-one correspondence between PC5-RRC connections and SL UE contexts, e.g. we would not have multiple connections associated with the same context.  In our view this is the right approach, but it isn’t decided yet.

On f, we think RLF is a bit of a special case since in our view the release of the upper layer connection would cause the release of the PC5-RRC connection rather than the other way round.  This may mean the upper layer doesn’t need to receive an additional notification (“I released the connection you told me to release”).

	Futurewei
	a) – e)
	With the understanding that this PC5 RRC release is the result of SL RLF and it applies to individual links. When RLF occurs on a SL link, RRC reports the problem to upper layer and let upper layer decide if the SL link should be released.

	Intel
	a,b,d,e,f
	In our view, all except c) should be ok to support. In case of c), i.e. the release of SL UE context, it depends on whether the UE ultimately seeks to establish the unicast link with the same UE from scratch again. We think that in that case, the UE context can still be retained in order to avoid having to exchange this information again (i.e. based on a timer).

	ZTE
	a-f
	Only the entities, timers, contexts related to the unicast link which happens RLF should be reset/stopped/discarded.

	Xiaomi
	b)-f)
	Regarding a), this is related to the MAC modelling. There are two options, one is SL MAC entity is associated with unicast connection, the other is one SL MAC entity is responsible for all the connections. If the first one is applied, MAC should be released upon the unicast connection released. There is no meaning to maintain a MAC entity without any unicast connection. If the second one is applied, MAC should not be reset, because other connections would be impacted.
Regarding f), if the PC5-RRC connection release is indicated by upper layer, there is no need for indication to upper layer. Otherwise, upper layer should be indicated.

	Ericsson
	b), e), f)
FFS  a), c), d)
	We are fine to re-use (almost) the same framework we have in NR Uu. However, still some aspect needs to be discussed in RAN2, e.g., what is a SL UE context and how this is handled, security keys used in SL, what it means “reset MAC”. 

	vivo
	b)-f) with comments
FFS for a)
	In NR Uu, there is only one RRC connection between network and the UE. But in SL it is still under discussion that whether multiple PC5-RRC connection would exist in a pair of UE, therefore we think the question can be discussed after we make a decision of the PC5-RRC connection modelling. It is unclear that if the UE’s behaviour on one PC5-RRC connection release would affect the others.

	Fujitsu
	
	Similar to the answer of Question 2.1, whether PC5-RRC connection is per L2 ID pairs or per UE pairs for unicast should be first determined, since different granularity of PC5-RRC connection would require different actions on PC5-RRC connection release.

	ASUSTeK
	a-f with comments
	Agree with Huawei that PC5 release procedure should be only applicable to the concerned unicast connection. 
For the action of a) Reset MAC, we should first discuss association between SL MAC entities and unicast connections (e.g. one MAC entity per unicast connection or one MAC entity for all unicast connections).

	Interdigital
	a – f)
	To simplify RLF handling, we think the UE should release all unicast links between the same pair of UEs at SL RLF (since they will anyways have the same radio conditions).  Uu-behavior as a baseline is therefore reasonable to assume.

	Qualcomm
	a, b, c, d, e, f
	

	Spreadtrum
	a-f
	

	Samsung
	a)-f) with comments
	All options are okay for the time being but some more clarifications are needed alike expressed by MediaTek. 

	Hyundai 
	a-f)
	

	Fraunhofer
	a-f)
	

	Convida
	b-f)
	Not sure of the meaning of a) here.



Rapporteur summary: According to the inputs in Q3.1, 13 companies think that actions a), b), c), d), e), and f) should be supported. However, 10 companies expressed concerns about some of the listed actions since those are pending some discussion not yet addressed in RAN2. According to this, it seems that all the companies are fine to the support the listed action, but not fully sure all of those are needed. Therefore, we propose to have a working assumption on the UE actions to be performed when the PC5-RRC connection is released.
RAN2 working assumption: Upon the PC5-RRC connection release, the UE performs the following actions:
Reset MAC
d. Reset MAC;
e. Stop relevant timers specific for sidelink (e.g., new timer for SL RLF handling if agreed);
f. Discard any SL UE context, if any;
g. Discard any security key configured specific for SL, if any;
h. Release all SL radio resources, including release of the RLC entity, the MAC configuration and the associated PDCP entity and SDAP for all established SLRBs;
i. Indicate the release of the PC5-RRC connection to upper layers (e.g. PC5-S entity) together with the release cause.

Besides those UE actions discussed in Question 3.1 (similar as in NR Uu), in [6][13] it is proposed that the UE in RRC_CONNECTED needs to report to the NW the release of the PC5-RRC connection when this happens and the UE decide autonomously to do so. However, it is worth clarifying that in NR Uu, when the UE perform the RRC release, no dedicated RRC messages is used to inform the network about the release because such procedure is always triggered by the network (i.e., with RRCRelease message). On top of this, the network already knows whether the PC5-RRC connection will be released upon replying to the SL RLF indication sent by the UE (if agreed) with an RRC release message. 

Question 3.2: When in RRC_CONNECTED, do companies agree that the network may release the PC5-RRC connection via dedicated RRC (e.g., by sending a RRCRelease message)?
	Company
	Yes/No
	Comments if any

	Huawei
	No
	As replied to Q2.1, We prefer to reuse the existing procedure defined in SA2, i.e., the unicast link release procedure will be performed in V2X layer, and then V2X layer will inform AS of the releasing so that the AS layer deletes the context of the unicast link.
For the connected UE, as replied to Q2.2, the UE could report the failure info to the network. When the network received such SL RLF info, the network can re-configure the transmission resource. If there is available resource, the network can indicate the new transmission resource to UE, and UE will perform recovery on the new transmission resource; if not, the network may indicate to the UE that the PC5-RRC connection can be released, when UE receives such indication, UE will indicate the unavailability of the PC5 interface to upper layer.

	OPPO
	No 
	As replied for Q2.2/2.2b, when SL RLF happens, we see no motivation to delay the PC5-RRC connection release to be after signalling exchange on Uu interface. In details, for Uu interface, the link is between UE and RAN node, so it is straightforward to leave the decision to network (as long as it is not MCG RLF). But for PC5 interface, if SL RLF happens, there is no reason for network to delay the PC5-RRC connection release, and network cannot help to recover the PC5-RRC connection in some way, i.e., to make two faraway UEs to becomes closer via reconfiguration.


	Apple
	FFS
	The only motivation we can think of for NW triggered SL release is admission control, which should be discussed separately. 
If it is for admission control, a simple way to achieve this is to let NW side make a new RRCReconfiguration, releasing the destination ID for this link.

	Lenovo/MotoM
	No
	We would like to stick to the AS layer connection released by V2X layer 

	LG
	Yes
	gNB will send reconfiguration to TX UE for establishment of SLRBs. Thus, we assume that gNB is also responsible of releasing SLRBs. Since release of PC5-RRC connection leads to release of SLRBs, gNB should be able to explicitly release the PC5-RRC connection via dedicated RRC message e.g. after receiving SL Failure Information like SCG failure case.

	CATT
	No for RLF, but FFS for other cases
	For RLF, as replied for Q2.2/2.2b, after UE reports RLF to the NW, the UE will release the PC5-RRC connection by itself.
For other cases, e.g., admission control, we can discuss further whether and how to release the PC5-RRC connection from NW side.

	MediaTek
	No
	As noted by other companies, we think this is better managed through the V2X layer.  We don’t see a need for the network to release the connection for AS reasons.

	Futurewei
	No
	Network can ignore the failure information message from UE and don’t assign new resources for the failing link. PC5 RRC can report the failure to V2X layer and let V2X layer decide if this link should be maintained.

	Intel
	No
	We are not sure why the network should release the PC5-RRC connection, especially if the connection was established by the UE autonomously regardless of its Uu RRC state and how this relates to the indication of SL RLF to the gNB.

	ZTE
	No
	We donot see any reason why the should release the PC5-RRC connection.

	Xiaomi
	No
	We don’t see the reason for NW to do so.

	Ericsson
	Yes
	Upon receiving the SL RLF indication from the UE, is a network choice to (i) reconfigure the SLRB or (ii) release the all PC5-RRC. This is, at least, what happens in NR Uu and we believe the same should be applied to SL. At least for SL Mode 1, the network should always be in control of the SL UE and the release of the PC5-RRC cannot be a UE decision (unless depended to some particular situation, e.g., RLF).

On top of this, another motivation to have the explicit release of PC5-RRC by the network is admission control, even if this topic needs still to be discussed.

	vivo
	No
	We do not find strong motivation and scenario for the network to release the PC5-RRC connection, as the transmission happened on sidelink seems do not have much impact on the Uu link. The PC5-RRC connection setup and release can be both left to UE decision.

	Fujitsu
	No
	The PC5-RRC connection can be released by the UE itself. The need of network release is not clear. 

	ASUSTeK
	No
	

	Interdigital
	Yes
	For a UE in RRC_CONNECTED, there should be a mechanism for the network to manage the SL resources, which includes releasing some unicast links in order to favour others.

	Qualcomm
	No
	UE should release by itself and inform the NW

	Spreadtrum
	No
	

	Samsung
	No
	

	Hyundai
	No
	

	Fraunhofer
	No
	

	Convida
	Yes
	Share the same view as Ericsson and InterDigital



Rapporteur summary: According to the input provided in Q3.2, 16 companies expressed the preference that the network in not allowed to release explicitly the PC5-RRC upon receiving the indication by the UE that a SL RLF has been declared. However, 6 companies think that this is FFS (pending the discussion on admission control) or that there should be a mechanism for the network to manage the SL resources, which includes releasing some unicast links in order to favor others. Our proposal is, therefore, that no explicit SL release procedure by the network is specified. However, we would like to keep the discussion open whether such procedure is needed for other purposed that are not RLF.
Upon receiving a SL failure indication by the UE, the network does not release the PC5-RRC connection via dedicated signaling. FFS whether the network is allowed to release the PC5-RRC connection for other purpose that are not RLF.

On the other hand, the SL UE may also release autonomously the PC5-RRC when e.g., there is a service interruption based on some UE implementation or inactivity timer. If this is the case, it would be beneficial to inform the network about the releasing of the PC5-RRC that could e.g., free radio resources or perform a better resource scheduling among the remaining SL UEs.

Question 3.3: When in RRC_CONNECTED, if the UE decides to release autonomously the PC5-RRC connection (e.g., due to a service interruption based on some UE implementation or inactivity timer), it sends an indication to the network (via dedicated RRC) for informing about the PC5-RRC connection release?
a) Yes
b) No
c) Other, please specify in the table.
	Company
	Option
	Comments if any

	Huawei
	c)
	In principle, we think it needs further justification whether the UE should be able to release autonomously the PC5-RRC connection based on implementation or inactivity timer.
For now, we think it is only supported that the V2X layer is able to trigger PC5 unicast link release by implementation. In this case, the UE should update the SidelinkUEInformation because the unicast L2 ID should be removed.
So, in our understanding, the UE can reuse the SidelinkUEInformation message to inform the network of the PC5-RRC connection release, no other dedicated signalling is needed.

	OPPO
	C (the autonomous release can be left for PC5-S to trigger, the AS-layer behaviour due to the autonomous trigger is the same as for RLF-case, i.e., PC5-RRC connection release PLUS reporting to network, as replied to Q2.2/2.2b/3.2)
	Similar to Huawei comment, before going into this question, one has to answer whether there is a need for PC5-RRC connection release triggered by AS-layer besides RLF. Considering pro-active connection release has been specified at PC5-S layer as the disconnect request/response procedure, we believe it is straightforward to leave such pro-active connection release to PC5-S layer only, e.g., similar to T4108 used at PC5-S layer in LTE.

If the decision is up to PC5-S, there should be no reason for AS-layer not to follow the decision by PC5-S layer, i.e., similar to the RLF case (which was triggered by AS-layer), UE can release the PC5-RRC connection, and also report to network, as replied to Q2.2, 2.2b. There is no need for network confirmation on the PC5-RRC connection release, as replied to Q3.2.

	Apple
	c)
	We think the purpose is same as reporting the SL RLF to NW. With the assumption there would be no SL recovery from NW side, the report from UE is only to let NW do a proper resource handling after one link at UE is released.
We also agree with Huawei and OPPO this report could be by SidelinkUEinformation.
And we would like to point out that the inactivity timer has not been discussed yet in RAN2.

	Lenovo/MotoM
	b)
	PC5 and Uu should only interact when really necessary.

	LG 
	
	There is no UE autonomous release for UE in RRC_CONNECTED because UE cannot release SLRBs configured by gNB. Even for SL RLF, UE reports SL failure and release the connection after receiving reconfiguration from gNB.

	CATT
	c)
	We also share the same view with Huawei and OPPO. 
Until now, we think, beside RLF, the PC5-RRC connection release is triggered by V2X layer. So it depends on the upper layer to release the connection.
If upper layer triggers the connection release, the UE can use the SidelinkUEInformation message to inform the network.

	MediaTek
	c
	Agree with Huawei, OPPO, and CATT that the release should be controlled by upper layers.

	Futurewei
	c
	Agree with Huawei, OPPO, CATT, and MediaTek.

	Intel
	c
	We have same view as OPPO and MediaTek above in that the decision for PC5-RRC connection release should come from the upper layer and the network should be informed for reconfiguration of SL resources.

	ZTE
	c
	In our opinon, the network should be informed for reconfiguration of SL resources but no additional indication is needed. For instance, SidelinkUEInformation can be reused.

	Xiaomi
	b)
	The release of PC5 RRC connection is implicitly indicate to gNB by the removal of destination identity in SidelinkUEInformation messge.

	Ericsson
	b)
	Agree with LG. However, if is agreed that the UE is allowed to release autonomously the SLRB, then the network must be informed since needs to be informed about what is going on.

	vivo
	c)
	Similar as the RLF case, it is beneficial for the UE to report the PC5-RRC connection release to network. We can first discuss about whether the UE is allowed to release autonomously the PC5-RRC connection besides RLF, and if this is agreed (which I think is the premise of this question), a kind of indication may be needed. whether this is a new indication or suggested SidelinkUEinformation by companies can be discussed.

	Fujitsu
	c
	Agree that the PC5-RRC connection release is triggered by the upper layer. If PC5-RRC connection is released due to the upper layer trigger, the UE can send an indication to the network via an RRC message. 

	ASUSTeK
	c
	We share the same view with Huawei and OPPO.

	Interdigital
	c
	Same view as OPPO and Mediatek – the indication to release a link (if not related to RLF) should come from upper layers.

	Qualcomm
	a)
	Agree with the above companies’ suggestion to use SidelinkUEinformation message

	Spreadtrum
	c)
	Share view of Huawei and OPPO

	Samsung
	c)
	We think it does not fall under the scope of this email discussion, but we share the same view with Huawei and OPPO. 

	Hyundai
	c)
	Share the view with OPPO.

	Fraunhofer 
	c)
	The SidelinkUEinformation should convey the report for PC5 RRC connection release. 


	Convida
	c)
	The release indication of the SL (if not related to RLF) should be triggered by V2X upper layers and UE reports the release to the network.



Rapporteur summary: According to the input in Q3.3, 18 companies think that for UEs in RRC_CONNECTED, the PC5-RRC release should come from upper layer and, once the PC5-RRC has been released, the UE may use the SidelinkUEinformation to inform the network (i.e., for resource handling purpose). Further, all the companies agree that, for UEs in RRC_CONNECTED, the UE is not allowed to release autonomously the PC5-RRC connection. For these reasons, we propose the following:
In the case of RRC_CONNECTED UEs, the PC5-RRC is not released autonomously by the UE.
In the case of RRC_CONNECTED UEs, after indicating by upper layers to release the PC5-RRC connection, the UE informs the network via the SidelinkUEinformation message about the release (e.g., for resource handling purpose).

Another issue is about if UE should inform the peer UE via PC5-RRC message about the PC5-RRC connection release. Because SA2 has defined PC5-S based procedure to release the layer-2 link from upper layer, [5] believes there is no need to design PC5-RRC procedure to inform the peer UE about the PC5-RRC connection release. 
	TS23.387:

6.3.3.3	Layer-2 link release over PC5 reference point
Figure 6.3.3.3-1 shows the layer-2 link release procedure over PC5 reference point.


Figure 6.3.3.3-1: Layer-2 link release procedure
0.	UE-1 and UE-2 have a unicast link established as described in clause 6.3.3.1.
1.	UE-1 sends a Disconnect Request message to UE-2 in order to release the layer-2 link and deletes all context data associated with the layer-2 link.
2.	Upon reception of the Disconnect Request message UE-2 may respond with a Disconnect Response message and deletes all context data associated with the layer-2 link.
	The V2X layer of each UE informs the AS layer that the unicast link has been released. This enables the AS layer to delete the context related to the released unicast link.




In fact, there is no strong use case on why, upon releasing the PC5-S, the PC5-RRC should be kept. Therefore, it is possible to fully rely on PC5-S procedure to handle PC5-RRC procedure, i.e., PC5-RRC is released if related PC5-S connection is released.

Question 3.4: Do companies agree that there is no need to specify a release procedure over the PC5-RRC and that the PC5-S release procedure is enough (i.e., PC5-RRC is released if related PC5-S connection is released)?
	Company
	Yes/No
	Comments if any

	Huawei
	Yes
	We can always depend on the upper layer indication to release the PC5-RRC connection.

	OPPO
	Yes
	

	Apple
	Yes
	

	Lenovo/MotoM
	Yes
	There is no such need

	LG
	No
	Even if PC5-S message is used as explicit release message, 38.331 needs to define PC5-RRC release procedure requested by upper layers. In this RRC procedure, we should define necessary UE actions (e.g. release SL parameters)
Note that for Uu RRC, 38.331 section 5.3.9 also define the case of Uu RRC release requested by upper layers. Such section can be introduced to 38.331 for release of PC5-RRC connection. Details of PC5 release can be different than that of Uu release, though.

	CATT
	Yes
	

	MediaTek
	Yes
	We agree with the analysis above.

	Futurewei
	Yes
	

	Intel
	Yes
	We think that it is sufficient to rely on upper layer PC5-S connection release signalling (which has already been agreed in SA2) as an indication that PC5-RRC connection has been released.

	ZTE
	Yes
	

	Xiaomi
	It’s too early to decide. 

	If the unicast establishment can only be triggered by upper layer, PC5-S is enough. But if the unicast can be triggered by AS layer and upper layer is not evolved, RRC release message is needed.

	Ericsson
	Yes with comments
	We can rely on the PC5-S release procedure but the RRC specification needs to be updated accordingly as pointed out by LG.

	vivo
	Yes
	

	Fujitsu
	Yes
	PC5-RRC is released if related PC5-S connection is released. 

	ASUSTeK
	Yes
	

	Interdigital
	Yes with comments
	Agree with LG and Ericsson.

	Qualcomm
	Yes
	

	Spreadtrum
	Yes
	Agree with LG

	Samsung
	Yes
	

	Hyundai
	Yes
	

	Fraunhofer
	Yes
	

	Convida
	Yes
	



Rapporteur summary: According to the comments in Q3.4, 20 companies expressed the opinion that there is no need to specify a release procedure over the PC5-RRC and that the solution already present on the PC5-S is enough. Further, 1 company clarified that, if this is the case, the RRC specification needs anyway to be updated to support this. Also, 1 company think that is too early to decide. Since large majority think there is no need to specify a release procedure over the PC5-RRC and that the PC5-S release procedure is enough, we propose the following:
No need to specify a release procedure over the PC5-RRC (i.e., PC5-RRC is released if related PC5-S connection is released).
3	Conclusions
Based on the inputs and comments provided in this email discussion, the following proposals are made:
1. In case of SL RLC AM, RLF declaration is triggered by indication from RLC that the maximum number of retransmissions has been reached
RLF triggering condition based on IS/OOS is supported (pending RAN1/RAN4 progresses on the topic).
The RLM/RLF procedure only apply to NR SL unicast.
RAN2 to agree on one of the following options regarding the UE behavior in case SL RLF is detected for RRC_INACTIVE/RRC_IDLE/Out-of-coverage UEs:
a. In case of RRC_INACTIVE/RRC_IDLE/Out-of-coverage UEs, upon SL RLF declaration (e.g., expiring of timer T310) the UE releases the PC5-RRC connection immediately and sends an indication to upper layers.
b. In case of RRC_INACTIVE/RRC_IDLE/Out-of-coverage UEs, upon SL RLF declaration (e.g., expiring of timer T310) the UE continue to monitor the SL channel based on a new timer and if no recovery happens then the upper layers are informed with an indication. 
c. In case of RRC_INACTIVE/RRC_IDLE/Out-of-coverage UEs, upon SL RLF declaration (e.g., expiring of timer T310) the UE try to perform resource reselection and if this fails, the upper layers are informed with an indication.
For RRC_CONNECTED UEs, upon SL RLF declaration (e.g., expiring of T310), the UE sends an indication (e.g., via the Failure Information procedure) to the network by informing about the detected SL RLF. FFS which RRC message to use.
Failure type is included in the RRC failure message sent by the UE in RRC_CONNECTED to the network when a SL RLF is declared. FFS whether available measurements and destination L2 ID are also included.
A new timer (e.g., similar to T310) is specified for SL RLF handling (pending RAN1/RAN4 progresses on the topic).
RAN2 working assumption: Upon the PC5-RRC connection release, the UE performs the following actions:
Reset MAC
d. Reset MAC;
e. Stop relevant timers specific for sidelink (e.g., new timer for SL RLF handling if agreed);
f. Discard any SL UE context, if any;
g. Discard any security key configured specific for SL, if any;
h. Release all SL radio resources, including release of the RLC entity, the MAC configuration and the associated PDCP entity and SDAP for all established SLRBs;
i. Indicate the release of the PC5-RRC connection to upper layers (e.g. PC5-S entity) together with the release cause.
Upon receiving a SL failure indication by the UE, the network does not release the PC5-RRC connection via dedicated signaling. FFS whether the network is allowed to release the PC5-RRC connection for other purpose that are not RLF.
In the case of RRC_CONNECTED UEs, the PC5-RRC is not released autonomously by the UE.
In the case of RRC_CONNECTED UEs, after indicating by upper layers to release the PC5-RRC connection, the UE informs the network via the SidelinkUEinformation message about the release (e.g., for resource handling purpose).
No need to specify a release procedure over the PC5-RRC (i.e., PC5-RRC is released if related PC5-S connection is released).
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