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1
Introduction
At RANP#83 meeting, a new WI ‘New WID on 5G V2X with NR sidelink’ was approved [1], and one of the objectives is as following:

	· Sidelink L2/L3 protocols and signalling

· Support of sidelink transmission and reception in RRC, MAC, RLC, PDCP, and SDAP [RAN2]

· AS level link management for unicast [RAN2, RAN1]

· Define the criteria of PC5 availability/unavailability for unicast based on this functionality


In RAN2 #105 meeting, the AS level link management for unicast was discussed based on the summary [2] of E-mail discussion [104#56] and some agreements were achieved as following:

	Agreements on AS Level Link Management for unicast:

1: SL RLM / RLF declaration based AS level link management is supported.

2: The definition and motivation of SL RRM based AS level link management need further discussion.

3: We will ask to RAN1 for RLM RS design and if ok to follow Uu RLM model for SL RLM. We will indicate from RAN2 point of view, Uu RLM model is preferred as baseline for SL RLM with the description how Uu RLM works.

4: The AS level link status (e.g., failure) should be informed to upper layer. The detailed information exchanged between layers should be decided together with SA2.

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.


In this contribution, we would like to have further discussion on the RLM on the AS level link.

2
Discussion
In NR Uu interface, the RLM is performed in MCG and SCG respectively. In MCG, the uplink synchronization status and the RLC retransmission status are monitored. When failure is detected, the UE initiates the RRC connection re-establishment procedure. In details, upon initiation of this procedure, the UE shall perform cell selection to find a suitable cell.

In SCG, similar monitoring is performed, and when failure is detected, the UE does not initiate RRC connection re-establishment procedure. Instead, the UE triggers SCG failure information report to MCG. Upon reception of the SCG failure information, it is up to master node to decide how to handle the failed SCG, i.e., keep, change or release. 

We can observe that the handlings for MCG failure and SCG failure are different, because the SCG failure does not impact the control plane connection between UE and MCG, it is more like the case where one user plane transmission path becomes worse and the network should be informed and is responsible to handle the failure. 

Similarly, for sidelink unicast communication, sidelink failure may be detected, which may be caused by the worse sidelink resource condition. For CONNECTED UE, considering the resource is configured by network, it is beneficial to report the failure information to the network, and it is up to network implementation on how to recover the unicast communication. For IDLE UE, if the UE is able to acquire suitable sidelink resource, it should be allowed to perform carrier/BWP/resource pool re-selection.

Proposal 1: For CONNECTED UE, when sidelink failure is detected for unicast communication, the network should be informed of the failure.

Proposal 2: For IDLE UE, when sidelink failure is detected for unicast communication, the UE should be allowed to perform resource re-selection to recover the unicast communication.

Different from Uu, in SL communication, both the transmitter and receiver are UEs. In our understanding, some failure cases will be detected by the transmitter UE and the others will be detected by the receiver UE. For example, the RLC retransmission case should be declared by the transmitter UE and the out-of-sync case (if supported) should be declared by the receiver UE.

For the transmitter UE, as proposed above, the CONNECTED UE should inform the network, while the IDLE UE should be able to perform resource re-selection. However, from the perspective of receiver UE, the handling should be different from the transmitter UE. As mentioned above, in some cases, it is the receiver UE who detects the SL failure, however, the transmission configuration maybe pending on the transmitter UE. Therefore, to recovery the unicast link, it is necessary for the receiver UE to inform the transmitter UE of the SL failure.

Proposal 3: When failure is detected by the receiver UE, it is necessary for the receiver UE to inform the transmitter UE of the SL failure.
In LTE D2D, the direct link keep-alive procedure is used to maintain the direct link between two UEs, i.e., check whether the link between the two UEs is still viable. If the direction connection is declared as no longer viable, the direct link release procedure will be triggered. Similarly, for NR V2X unicast communication, it was agreed to support AS level link management, and if the failure is declared in AS layer, how to handle the unicast connection need to be studied.
If the AS link failure always triggers release of unicast connection, it seems there is no benefits for the AS level link management compared with the PC5-S keep-alive mechanism. Instead, if the failure is caused by AS issues, e.g., resource configuration is no longer suitable, it is beneficial to try to resolve it in AS layer. 
Compared to trigger unicast connection release or any other PC5-S layer handling, the AS layer recovery can provide lower service interruption delay and is beneficial for improving user experience.
Observation 1: Compared to trigger unicast connection release or any other PC5-S layer handling, the AS layer recovery is beneficial for improving user experience.

With respect to the way to perform unicast connection recovery, the key issue is how to update the resource configuration between the two UEs. For example, the failure is triggered by RLC indication when the maximum number of retransmission is reached, which means the initial UE can no longer successfully send any message to the target UE. In such case, even if the initial UE can get the recovery configuration, e.g., from the network, we also need to consider how  to inform this to the target UE.
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Figure 1: Failure between two UEs

In Rel-15 LTE V2X, CA in sidelink is introduced, which means there can be more than one resource configured between two UEs. If one resource is failed and others are still available, it is possible that the recovery coordination is still feasible between two UEs. Of course, we can have other solutions, e.g., introducing a dedicated recovery resource similar to exceptional pool between two UEs or configuring different resource for the SL-SRB between two UEs. The details can be FFS.
Proposal 4: The details of how to perform recovery between two UEs when failure is detected can be FFS.
In Uu interface, besides the out-of-sync and the RLC retransmission cases, the UE is required to report the following failures:

a) Reconfiguration failure via SRB3;

b) SCG random access problem;

c) SN change failure;

d) SRB3 integrity failure.

With respect to case a) in Uu, it means if the secondary node generates wrong configurations for the UE, it allows the UE to trigger SCG failure reporting to master node. In NR V2X SL, it has been agreed to introduce at least one SL SRB for unicast communication, however, it is not clear how it works and whether there will be reconfiguration failure or not. Therefore, we think for the reconfiguration failure case, it can be discussed in WI when the SL SRB modelling complete. 
Regarding to the access related problems, i.e., case b) and c), since there is no random access in NR V2X SL for unicast, it seems case b) and c) are not applicable to NR V2X SL.
For integrity protection, i.e., case d), it is pending on SA3 whether integrity protection will be supported for SL SRB or SL DRB. If it is supported, we think the mechanism in Uu can be the baseline. In addition, we also need to consider the other potential cases which may lead to data loss or security risky and check whether they should be specified as SL RLF trigger, e.g., Unauthorized Source ID. From the perspective of security, the UE should not receive data from an unauthorized peer UE. In D2D, the authorization between two UE is performed in upper layer, and in AS layer, the unicast communication is performed by using the source ID and destination ID without other protection. If NR V2X SL unicast reuse the same mechanism, we may need to consider the potential security risk, e.g., if the destination ID is hacked. This case is also pending on SA3.
Proposal 5: It is pending on SA3 whether the integrity protection is supported for unicast in NR V2X SL. If it is supported, when integrity check fails, the SL unicast RLF should be declared.
Besides the cases mentioned above, the following cases also need to be considered for SL RLM.
· CBR measurement worsens

In LTE SL, the UE is required to perform CBR measurement for the purpose of congestion control. In general, if the CBR measurement result is poor, the QoS requirement can hardly be guaranteed. Therefore, we think the CBR measurement result should be monitored as one trigger for NR V2X SL RLF.

· MAC retransmission

As mentioned above, when RLC AM is agreed, the RLF should be declared when the RLC retransmission reaches the maximum retransmission number. Previously, it was agreed to support RLC UM for unicast communication. When the RLC UM is configured for unicast communication, we think it is also necessary to monitor the retransmission status. Since the configuration of RLC UM does not mean the data loss is always acceptable. When the data loss is serious, we think it is necessary to declare RLF and perform link recovery. In such case, the retransmission can only be performed in MAC. 
Proposal 6: The CBR measurement result and the MAC retransmission status should be monitored.

In addition, in SA2 [2], it is captured that the keep-alive functionality is needed for layer 2 link maintenance in Solution #11, and Solution #11 documented in clauses 6.11.1 to 6.11.4 should move to normative phase. It implies that it is possible the keep-alive functionality will be supported in PC5-S layer.
As mentioned above, the keep-alive functionality is similar to the RLC AM from the perspective of RLM. In other word, we think the keep-alive functionality and the RLC AM is overlapped for the link maintenance purpose. In LTE D2D system, the PC5-S signal is transmitted via user plane with a specified logical channel in AS layer and only RLC UM is supported. Based on these preconditions, the keep-alive functionality is beneficial to maintain the link. But in NR V2X, the SL-SRB and the RLC AM are supported, and as proposed in our companion paper, we think the SL-SRB should be specified with RLC AM. If PC5-S functionality is supported, whether it should be carried in control plane or user plane is FFS. No matter what is the final decision, if the RLC AM is configured, the retransmission will be performed in AS layer before PC5-S layer and the RLC entity will trigger the failure declaration in advance. Therefore, the keep-alive functionality is no longer touched. In fact, only if it is agreed that the PC5-S keep-alive message is carried in user plane with RLC UM like the D2D design, the keep-alive functionality will be triggered. But we do not see any benefits to do in this way.
Observation 2: Only if the PC5-S keep-alive message is carried in user plane with RLC UM, the keep-alive functionality will be triggered. Otherwise, the RLC AM entity will trigger the failure declaration in advance of PC5-S layer.
Proposal 7: From RAN2 perspective, there is no need to support PC5-S keep-alive functionality, which is overlapped with the RLC AM functionality for the link maintenance purpose.
3
Conclusion

This paper discusses the RLM of NR V2X unicast, and we have the following observations:
Observation 1: Comparing to triggering unicast connection release or any other PC5-S layer handling, the AS layer recovery is beneficial for user experience.
Observation 2: Only if the PC5-S keep-alive message is carried in user plane with RLC UM, the keep-alive functionality will be triggered. Otherwise, the RLC AM entity will trigger the failure declaration in advance of PC5-S layer.

And we also have the following proposals:
Proposal 1: For CONNECTED UE, when sidelink failure is detected for unicast communication, the network should be informed of the failure.

Proposal 2: For IDLE UE, when sidelink failure is detected for unicast communication, the UE should be allowed to perform resource re-selection to recover the unicast communication.

Proposal 3: When failure is detected by the receiver UE, it is necessary for the receiver UE to inform the transmitter UE of the SL failure.

Proposal 4: The details of how to perform recovery between two UEs when failure is detected can be FFS.

Proposal 5: It is pending on SA3 whether the integrity protection is supported for unicast in NR V2X SL. If it is supported, when integrity check fails, the SL unicast RLF should be declared.
Proposal 6: The CBR measurement result and the MAC retransmission status should be monitored.

Proposal 7: From RAN2 perspective, there is no need to support PC5-S keep-alive functionality, which is overlapped with the RLC AM functionality for the link maintenance purpose.
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