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1 Introduction

During the RAN2#109e some agreements pertaining to SL-RLF has been clarified, one of which is listed below:

Agreements on RRC: 
1: 
Not introduce reportOnLeave for CBR measurement in NR SL.
2:
Use the QoS ID to indicate the PC5 QoS information associated with a traffic pattern reported in the UE assistance information. Whether to use destination index or to use actual QoS flow id is to be discussed in the 38.331 CR discussion.

3:
Upon T400 expiry, TX UE detects PC5-RRC RLF and performs the same operations as RLF.
In this contribution, we will discuss the issues related to SL-RLF handling under multiple PC5-RRC connections.
2 Discussion
Based on the previous discussions and agreements, it is already clear that multiple tools are already available to determine when the UE should release PC5-RRC connection due to radio problem or configuration problem. This can be based on the maximum number of RLC retransmissions for a specific destination, the expiry of T400, the V2X layer’s instruction to the AS layer to release the connection (which may be based on the keep-alive messaging), and possibly the HARQ-based SL-RLF (FFS). In particular, these methods for releasing the PC5-RRC links are also associated with mechanisms for link management with different degrees of urgency.  The HARQ-based mechanism (if adopted) is considered to have the quickest approach to determining when the SL fails, in which case the Tx UE’s AS layer may inform the upper layer of the link failure. In contrast, the keep-alive functionality is generally considered as the mechanism with the least urgency in determining when the unicast link may no longer function properly since the UE is not expected to request keep-alive message response from its peer UE more frequently than HARQ feedbacks. Additionally, even when a particular mechanism is selected, whether it is HARQ-based, keep-alive messaging based or RLC retransmission based, the effectiveness of the link management can be fine-tuned by configured the number of consecutive DTX triggering RLF for HARQ-based, the periodicity of keep-alive messaging and the maximum RLC retransmissions.  The actual method and quantity used for link management may be configured or pre-configured by the network which may be dependent on the desired QoS for the intended V2X service(s) for the established PC5-RRC link.  
Observation 1: 
Depending on the QoS requirement of the V2X service different link management requirements for PC5-RRC connections may be configured. 
Based on SA2’s description in Figure 5.2.1.4-1 of [1], there may be multiple PC5 unicast links between the same pair of UEs.
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For every PC5 unicast link, a UE self-assigns a distinct PC5 Link Identifier that uniquely identifies the PC5 unicast link in the UE for the lifetime of the PC5 unicast link. Each PC5 unicast link is associated with a Unicast Link Profile which includes:

-
V2X service type(s) (e.g. PSID(s) or ITS-AID(s)); and

-
Application Layer ID and Layer-2 ID of UE A; and

-
Application Layer ID and Layer-2 ID of UE B; and

-
network layer protocol used on the PC5 unicast link; and

-
for each V2X service type, a set of PC5 QoS Flow Identifier(s) (PFI(s)). Each PFI is associated with QoS parameters (i.e. PQI).

Although it’s not entirely clear how the SA2 functionality directly maps to the AS layer functions, specifically, whether a PC5 unicast link maps directly to a PC5-RRC connection, it is also not precluded that multiple PC5-RRC connections may be needed to support the various concurrent V2X services between two UEs. Importantly, each of the PC5-RRC may be configured with its own link management. 
Observation 2: 
Link management for multiple PC5-RRC connections may be configured independently.
Depending on link management configurations for the each of the PC5-RRC connections, the triggering mechanism for declaring SL-RLF and for the corresponding release of PC5-RRC connection may differ.  In many cases, when the source UE (UE_A) and the peer UE (UE_B) moves out of reach of one another, regardless of which link management mechanism is used for the two connections, SL-RLF will be triggered, albeit at different times.  However, this isn’t always the case. For example, if the first PC5-RRC connection is configured with a small number of consecutive HARQ DTX, SL-RLF failure may be quickly triggered if there is a momentary disconnect between the UEs, while the second PC5-RRC connection that uses keep-alive messages may have longer timers that does not trigger a release of the connection until much later. This isn’t to say that one mechanism is always better than another. If the number of consecutive HARQ DTX were configured with a larger value the SL-RLF may not have been declared. Therefore, the fact that the first PC5-RRC connection has failed does not necessary imply the peer UE is not reachable by the source UE esp. for the case when the second PC5-RRC connection does not fail even after a prolonged duration. 
Observation 3: 
Even if SL-RLF has been declared, it may not mean the peer UE is no longer reachable.
When a PC5-RRC connection experiences SL-RLF, it will report the failure to the upper layer based on the following agreement.

Agreements on SL RLF reporting: 
1: 
Upon PC5 RLF declaration, UE's AS layer should send a PC5 RLF indication including PC5 Link Identifier to upper layer (i.e., V2X layer) to indicate the PC5 unicast link whose RLF declaration was made and PC5-RRC connection was released

Depending on UE implementation, if the second PC5-RRC connection to the peer UE is still ongoing (SL-RLF did not occur for this connection) it’s likely that the source UE’s upper layer may decide to initiate a new PC5-RRC connection towards the same peer UE.  According to Agreement 2 below, the source UE should initiate a new PC5-RRC connection without any knowledge of the peer UE SL capability since all SL UE context were discarded when the connection was previously released. However, since not all PC5-RRC connections are released with the peer UE, we assume it is still possible for the source UE to retain the associated SL UE context, in which case the source UE may skip sending the UECapabilityEnquirySidelink and initiate the new PC5-RRC with SLRB configuration information within RRCReconfigurationSidelink.   
Agreements on failure case handling: 
1: 
The SUI report upon SL RLF includes explicit failure indication.

2:
Upon the PC5-RRC connection release, the UE performs the following actions: 1) Discard any associated SL UE context, if any; 2) Release all associated SLRBs configuration including release of the RLC entity and the associated PDCP entity and SDAP; and 3) Indicate the release of the PC5-RRC connection to upper layers (e.g. PC5-S entity) if PC5-RRC connection release is triggered by AS-layer. FFS on behaviour for MAC layer, security keys and relevant timers (if any).

3:
If the UE is able to comply with the received configuration in AS-layer configuration message, it initiates PC5-RRC based AS-layer Configuration Complete. Otherwise, it initiates PC5-RRC based AS-layer configuration failure. FFS whether to follow proposal3 or not at PC5-RRC-based AS-layer configuration fails.

Proposal 1: 
Upon a PC5-RRC connection release, if another PC5-RRC connection with the same peer UE is still connected the UE will not discard any associated SL UE context.
When the source UE sends a SLRB configuration to the peer UE, the peer UE may not have released the previously established PC5-RRC connection, depending on the configured link management from the peer UE’s gNB since RAN2 has agreed (agreement below from RAN2#107bis) that there is no release procedure to inform the peer of its SL-RLF condition.  
Agreements on SL RLM/RLF: 
1: 
In case of SL RLC AM, RLF declaration is triggered by indication from RLC that the maximum number of retransmissions has been reached.

2:
RLF triggering condition based on indication by physical layer is supported (pending RAN1/RAN4 progresses on the topic).

3:
The RLM/RLF procedure only apply to NR SL unicast.

4:
In case of RRC_CONNECTED/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.

5:
For RRC_CONNECTED UEs, upon SL RLF declaration (e.g., expiring of T310), the UE informs NW via Sidelink UE Information. FFS if we need explicit failure indication in Sidelink UE information or if it’s enough for the UE to inform it by excluding the corresponding destination L2 id.

6:
Measured results is not included in Sidelink UE Information at RLF.

7:
A new timer (e.g., similar to T310) is specified for SL RLF handling (pending RAN1/RAN4 progresses on the topic).

8:
No need to specify a release procedure over the PC5-RRC at least at RLF.
Observation 4: 
The peer UE and its gNB is not aware that the new PC5-RRC connection establishment corresponds to SLRB configuration of the existing PC5-RRC connection that has yet to fail.  
In view of Observation 4, since there is no time alignment between when the source UE and the peer UE releases the mutual PC5-RRC connection due to SL-RLF, it is also unclear how the peer UE would behave when there is a request to establish a PC5-RRC connections for the same V2X service. Below are some possible UE behaviour:
1. Depending on whether the peer UE can accept the SLRB configuration from the initiating UE the peer UE may accept or reject the establishment of the new connection. This can be considered as UE implementation.
2. The peer UE determines the SLRB configuration in the establishment request corresponds to existing configuration based on the source L2ID and the SL LCID, releases the existing PC5-RRC connection and establishes a new PC5-RRC connection.  

3. The initiating UE should wait for some time after SL-RLF before establishing a new PC5-RRC connection with the same peer UE. 
Proposal 2: 
In case the same SLRB configuration request is received from the same source UE, RAN2 should consider the proper peer UE’s behaviour for the existing PC5-RRC connection that has yet to be released due to delay in SL-RLF triggering. 
3 Conclusion

In this contribution, we discussed the issue with PC5-RRC connection failures esp. in cases whereby multiple PC5-RRC connections are established with the same peer UE.  We have the following observations and proposals. 
Observation 1: 
Depending on the QoS requirement of the V2X service different link management requirements for PC5-RRC connections may be configured. 
Observation 2: 
Link management for multiple PC5-RRC connections may be configured independently.
Observation 3: 
Even if SL-RLF has been declared, it may not mean the peer UE is no longer reachable.
Proposal 1: 
Upon a PC5-RRC connection release, if another PC5-RRC connection with the same peer UE is still connected the UE will not discard any associated SL UE context.
Observation 4: 
The peer UE and its gNB is not aware that the new PC5-RRC connection establishment corresponds to SLRB configuration of the existing PC5-RRC connection that has yet to fail.  
Proposal 2: 
In case the same SLRB configuration request is received from the same source UE, RAN2 should consider the proper peer UE’s behaviour for the existing PC5-RRC connection that has yet to be released due to delay in SL-RLF triggering. 
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