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1	Introduction
In the RAN2#105 meeting, the following agreements have been taken regarding the SL radio link failure (RLF) for unicast and groupcast traffic mode:
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.

Agreements on groupcast:
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.
2: No any groupcast-specific RLM design which is different from the unicast-specific RLM procedures to be considered, from RAN2 point of view.
3: Any UEs configured to receive a group destination Layer 2 ID shall be allowed to receive the groupcast transmission, in regardless of whether it is within or out of the “minimum communication range”.
4: Handling of “minimum communication range” in AS layer control of QoS for unicast/groupcast (if needed) is to be discussed in WI phase.
5: RLC UM mode is used for groupcast. RLC AM mode for groupcast is not supported.

However, how the RLF is handled is still FFS. In this contribution, we will address the triggering criteria for detecting and declaring RLF. Further, we will also discussion possible solutions to be adopted for sending a radio link failure indication to the upper layer.
[bookmark: _Ref178064866]2	Discussion
2.1	RLF handling in NR Uu
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 [1], 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
After a configurable number (N310) of such consecutive indications, a timer (T310) is started. 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, see Figure 1. 
When declaring radio link failure, the UE usually triggers the RRC Re-establishment procedure in order to select a new cell to re-establish an RRC connection. If the re-establishment is successful (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. 
A failure of a re-establishment means that the UE goes to RRC_IDLE and the connection is released. To continue communication, a brand new RRC connection has then to be requested and established.
However, depending if carrier aggregation (CA) or dual connectivity (DC), the UE when detecting the RLF instead of triggering the RRC re-establishment procedure, it tries to send an indication to the network for informing about the detected failure. In such a case, the network is able to performs action in order to maintain the connectivity session (if possible) without any interruption.
[bookmark: _Toc16774573]In NR Uu, upon detecting RLF, the UE sends an indication to the network for informing about the detected failure.
[bookmark: _Toc16774574]Upon receiving the failure indication from the UE, the network does what is possible to maintain the connectivity session without any interruption (i.e., that may happen when RRC re-establishment procedure is triggered).
2.1	RLF handling in sidelink unicast
In NR SL unicast, in the last RAN2#106 meeting has been agreed that both side UEs perform RLM/RLF detection mechanism. This means that both UEs have the possibility to detect whether there are radio link problems during a SL transmission. Since the RLM is not in the scope of this contribution, as a first step to build up the RLF framework for SL, would be good to identify under which criteria the UE should detect the RLF. According to this, it has been already agreed to consider as criteria for detecting RLF the physical radio layer problems, and the maximum number of RLC retransmissions. On top of this, as discussed in our companion paper [2],also the CBR may lead to a RLF detection if the congestion over the SL link is prolonged over a certain time period. Therefore, we have the following proposal:
[bookmark: _Toc16774494]The UE declares Radio Link Failure (RLF) when one of the following criteria are met:

-	Expiry of a timer started after indication of radio problems from the physical 	layer (if radio problems are recovered before the timer is expired, the UE stops 	the timer); or
-	RLC failure (i.e., maximum number of RLC retransmission is reached);or
-	If CBR at the TX UE side is above a threshold value for a certain time period.

Once clarified in which circumstance the UE declare RLF, now is the time to define what are the UE actions upon detecting and declaring RLF. In fact, since the connectivity in SL may be spotty or anyway not very stable, it would be good that upon detecting an RLF over the SL link, the UE waits a certain amount of time to check whether the SL becomes available again or not. This of course can be done by reusing the existing NR time T310 that is generally started when radio link problems are detected. However, the drawback of re-using this timer is that its value should the same used for Uu and, it may happen, that SL may need to wait for a longer or shorter time (depending on the QoS service) to check is the SL connectivity is already on or not. 
[bookmark: _Toc16774575]If the timer T310 (already present in LTE/NR RRC) is used also for sidelink, it may happen that its value could be different from that one configured for Uu operations.
Since it is not possible to configure the UE with two different values for the same time, a cleaner solution would be to define separate RLF timers for sidelink. Thus:
[bookmark: _Toc16774495]Separate UE timers (i.e., similar to T310 and T311) are defined for sidelink RLF. 
One important aspect that need to be addressed regarding the RLF handling in sidelink, is what the UE does once the RLF timers are expired. In such a case, if the SL transmission is operating in Mode-1 or at least one of the two UE has an active Uu link, then a straightforward solution would be to apply the LTE/NR principle and send an indication to the network for informing on the detected RLF. Therefore, we propose:
[bookmark: _Toc16774496]In sidelink, upon detecting RLF the UE sends an indication (i.e., RRC message) to the network for informing about the detected failure.
Regarding the failure RRC message sent by the UE to network for informing about the RLF, it is worth clarifying that, in LTE/NR Uu all the failure messages sent to the network once the UE detect RLF should security and integrity protected (i.e., are sent after security has been activated on the Uu).
[bookmark: _Toc16774576]In NR Uu, the RRC messages used by the UE to inform the network about a detected failure are sent only after security has been activated.
To avoid Uu enhancements and further standardization effort, would be good to apply the same principle that is currently use in LTE and NR Uu. Therefore, only SL UE which NR Uu state is RRC_CONNECTED are allowed to send a failure RRC message to network once RLF is detected.
[bookmark: _Toc16774497]Only SL UEs which NR Uu state is RRC_CONNECTED are allowed to send a failure RRC message to network once RLF is detected.
[bookmark: _Toc16774498]Upon detecting a SL RLF, SL UEs in RRC_IDLE/RRC_INACTIVE release the SL transmission and do no sent any indication to the network to inform about a detected failure.
Now that has been clarified under which criteria the UE detect SL RLF and in which condition a failure indication is sent to the network regarding the SL RLF, a further step to be discussed is which kind of RRC message the SL UE should use for sending the failure indication to the network. Looking at the NR Uu RRC specification (i.e., 3GPP TS 38.331 [2]), there are two messages that are used in case the UE detect an RLF: (i) the SCGFailureInformation and (ii) the FailureInformation message. Even if both can be suitable for the scope of SL RLF, the SCGFailureInformation message is used when dual connectivity is enabled and when the UE has experienced a failure on the secondary cell group (SCG), i.e. SCG radio link failure, failure of SCG reconfiguration with sync, SCG configuration failure for RRC message on SRB3 and SCG integrity check failure. Therefore, it would be a bit strange using this failure message, that is only for SCG RLF, also when an RLF is detected on the SL link. The FailureInformation messages, instead, is more generic and, according to clause 5.7.5.1 of 3GPP TS 38.331 [2] is used to inform the network about a failure detected by the UE.
[bookmark: _Toc16774577]The NR RRC FailureInformation message is a generic RRC message used to inform the network about a failure detected by the UE.
For these reasons, there is no need to define a new RRC message for the SL RLF case since the existing FailureInformation message can be completely re-used. In this case, the impact of the specification will be minimal and no Uu enhancements will be needed. Thus, we propose:
[bookmark: _Toc16774499]The RRC FailureInformation message is used to inform the network about a SL failure detected by the UE.
When sending the RRC failure message to the network, this should include information useful for the NG-RAN to take the necessary action for avoiding a SL connectivity interruption or, in the worst case, the SL connectivity release. On top of this, since both the UEs of the SL pair may detect the RLF and send the RRC failure message to the network, it is also important to include relevant information in order to avoid any race conditions. In fact, when receiving two failure message that regards the same SL UE pair, the network should discard one of them to avoid any conflict (e.g., send two separate actions to perform to the two SL UEs). In such a case, a helpful information is to include in the FailureInformation the SL UEs identifiers, e.g., source L2 ID and destination L2 ID of the UEs involved in the RLF. Additional information that may help the network with its decision on the actions to perform are the failure type, and any available SL or Uu measurements. Therefore, we propose:
[bookmark: _Toc16774500]In case of SL RLF, when sending the FailureInformation message the UE includes the following information:

-	Source L2 ID and destination L2 ID of the UEs involved in the RLF.
-	Failure type.
-	Available SL or Uu measurements.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	In NR Uu, upon detecting RLF, the UE sends an indication to the network for informing about the detected failure.
Observation 2	Upon receiving the failure indication from the UE, the network does what is possible to maintain the connectivity session without any interruption (i.e., that may happen when RRC re-establishment procedure is triggered).
Observation 3	If the timer T310 (already present in LTE/NR RRC) is used also for sidelink, it may happen that its value could be different from that one configured for Uu operations.
Observation 4	In NR Uu, the RRC messages used by the UE to inform the network about a detected failure are sent only after security has been activated.
Observation 5	The NR RRC FailureInformation message is a generic RRC message used to inform the network about a failure detected by the UE.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The UE declares Radio Link Failure (RLF) when one of the following criteria are met:  
- 	Expiry of a timer started after indication of radio problems from the physical  layer (if radio problems are recovered before the timer is expired, the UE stops  the timer); or 
- RLC failure (i.e., maximum number of RLC retransmission is reached);or 
- If CBR at the TX UE side is above a threshold value for a certain time period.
Proposal 2	Separate UE timers (i.e., similar to T310 and T311) are defined for sidelink RLF.
Proposal 3	In sidelink, upon detecting RLF the UE sends an indication (i.e., RRC message) to the network for informing about the detected failure.
Proposal 4	Only SL UEs which NR Uu state is RRC_CONNECTED are allowed to send a failure RRC message to network once RLF is detected.
Proposal 5	Upon detecting a SL RLF, SL UEs in RRC_IDLE/RRC_INACTIVE release the SL transmission and do no sent any indication to the network to inform about a detected failure.
Proposal 6	The RRC FailureInformation message is used to inform the network about a SL failure detected by the UE.
Proposal 7	In case of SL RLF, when sending the FailureInformation message the UE includes the following information:  
- Source L2 ID and destination L2 ID of the UEs involved in the RLF. 
- Failure type. 
- Available SL or Uu measurements.
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