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In RAN2#107bis meeting the following agreements were made.
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.
The agreement in Cyan/ Blue highlight is especially detrimental to the NR V2X performance in field as this may lead to frequent RLF declarations, requiring the UEs to “re-connect” often and thereby important V2X messages may not be transmitted in time.
This contribution urges RAN2 to reconsider the issue.
2 Discussion
It was widely believed that a single new timer (like T310 for PC5) can allow the UE to recover from an RLF like failure situation, so as a matter of configuration, this timer can be set to a longer value allowing some time for a possible recovery. A longer timer will however delay the declaration of RLF-like situation to upper/ application layer and therefore any follow-up or alternative action from a V2X application can’t therefore be performed in time. Since, the V2X applications are outside of the 3gpp scope, it is difficult to understand what the current V2X application behaviour is or even impossible to predict how the future V2X application will behave in case of RLF. At the minimum, the application layer should be made aware that such a situation has occurred as soon as RLF occurs. 
Observation 1: The NR V2X application are outside of the 3GPP scope and therefore we have little information of the current or future V2X applications.
Observation 2: Due to the lack of our understanding of the V2X applications, it is best to inform the upper layers as soon as possible when an RLF occurs. This could allow the application for any follow-up or alternative action.
Proposal 1: Information that an RLF has occurred is informed to the upper layers immediately as and when RLF is declared in the Access Stratum.
Further, since we agreed to continue to use a T310-like timer for monitoring RLF declaration, the same timer can’t be used for allowing extra time of the UEs to recover from RLF. 
Observation 3: The timer for RLF declaration can’t allow extra time to the UEs to recover from RLF.
The meaning of this extra time is that the involved UE(s) monitoring Radio Link shall not delete the peer UE’s context and continue to monitoring Radio Link. The Radio Link monitoring may involve transmission or reception-and-feedback of certain RS / data / signalling. This is explained subsequently once we explain the motivation for RLF recovery in PC5.
Motivation for RLF Recovery
An RRC Connection re-establishment can’t be performed on PC5 for obvious reasons. So, if an RLF recovery is intended, then this must be done using a different procedure.
Observation 4: An RRC Connection re-establishment can’t be performed on PC5.
The Uu procedures/ UE behaviors (during T310 running) will not allow a quick revival of the link in case the target UE (T) reappears (e.g., within the coverage range of the source UE) and the source UE (S) would be able to communicate again with it i.e. without needing to discover, establish PC5-S, PC5 RRC connection etc. More importantly, these procedures/ UE behaviors will not allow revival of the link at all between UE (S) and UE (T). This is specially inefficient in V2X situation where the vehicles keep appearing and disappearing due to e.g. an obstruction (like from a bigger transporter or from a construction site), due to curvature of the road (blind turns, the two UEs on the two sides of the turn), due to incline/ decline of the road which can result in a lower antenna gain and in some circumstances an inability to meet antenna gain and scanning angle requirements (e.g.,  Antenna Panels are no more sufficiently receiving signal) for communicating with the other vehicle, short relative movement of the vehicle pair outside the range of communication etc. If a vehicular UE is communicating with an average ten other UEs at any time and having an average four active applications (with their own PC5 Link identifier & L2 ID) with each of them, frequently doing the above release procedures and connection procedures (discovery, establish PC5-S, PC5 RRC connection, capability exchange, configuration, etc.) can be quite some processing as well as signaling overhead and would increase the latency of communication link.
Observation 5: A PC5 link is inherently much more “dynamic” compared with a Uu link.
Solution for RLF Recovery
As a first action, the Access Stratum upon declaring RLF (e.g., at source UE (S) based on RLM measurements from other UE (UE (T)) RSs) inform upper layer like V2X layer or V2X application directly or via UE NAS. The upper layer may take a number of actions including but not limited to contacting rather other V2X target UEs/ vehicles, and/ or sending groupcast message targeting an action, slowing down the current source vehicle, doing nothing etc. The important thing is that informing Upper layers should take place as soon as RLF is declared (e.g. upon N310 Out of Sync indications from Physical layer or upon expiration of T310 timer that started upon N310 OOS indications). Immediately after this, the AS starts a new timer T311-new. While this Timer is running, the source UE (S) will try to recover the link towards the Target UE (T). To accomplish this, source transmits periodically “Are you there” messages/ signals. “Are you there” messages could be data (re-transmissions of the not yet acknowledged data), PC5 RRC signaling checking if UE (T) is around, Physical layer signaling including SL RS/ RLM RS/ DMRS sequence, PSCCH transmission checking if UE (T) is around (or any combination of these) or anything alike – depending on RAN1 progress.
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[bookmark: _Ref20694355]Figure 1: "Are You There": Recovery from RLF Procedure
UE (T) after receiving “Are you there” message(s), will determine if this is coming from any of the known Source (for which a AS context and/ or RS sequence and/ or PC5-RNTI is saved) and if so, respond by sending one or more of PC5 RRC signalling indicating that UE (T) is around, Physical layer signalling including SL RS/ RLM RS/ DMRS sequence, PSCCH transmission indicating that UE (T) is around.
Further, when the UE (S) finds the Response as in Figure 1, it shall inform upper layer of recovery and proceed further as if nothing happened like there was no RLF in the first place. On the other hand, if T311-new expires, UE (S) shall delete UE (T) context including identities, configuration, capabilities etc.
Proposal 2: RAN2 support RLF recovery on PC5 allowing some extra-time for the recovery.
To support RLF recovery on PC5, the Radio link is monitored for an extended period of time (using a new Timer or some fixed extra time) after RLF has been declared. The following section explains it.
Radio Link Monitoring
From a transmitter’s perspective, RAN1 has agreed to not support any RLM RS for RLM purposes. Majority of the companies in RAN1 seem to depend on the HARQ feedback for this purpose. However, the HARQ feedback can’t be obtained in absence of data!
Following mechanism is proposed to be used in such case:
1. UE (e.g. MAC) indicates UE Phy layer that no more data is available for a particular destination when RLC and PDCP buffer(s) for this destination is empty. 
2. Upon this knowledge (that no more data for a particular destination is available in the L2 upper layers), Phy layer keeps re-transmitting the last data packet (TB) until a certain timer, or until new data becomes available for transmission.
a. The said timer is a single radio link monitoring timer for a particular destination UE; and is (re)started by the transmitter upon receiving a feedback from the said destination UE. 
b. A particular destination UE is identified using one or more of its L2 destination Id, an application layer identifier, or as a link identifier between the source and destination UE e.g. like a PC5 RNTI or a layer-1 identifier.
3. Once PDB is exceeded corresponding to the last transmission towards a particular destination, and there’s no further (new/ not yet transmitted) data available for transmission, the time interval to the next re-transmission will be T1 (from last transmission before PDB expiry), T2 from the first re-transmission after PDB expiry, T3 from the second re-transmission after PDB expiry, and so on.
a. T1 <= T2 <= T3 <= T4 and so on. The timer periods could be in milliseconds or could be in number of NR slots for the corresponding numerology in use.
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Figure 2: Transmissions before and after the PDB is exceeded

4. RLF declaration:
a. As one possibility an OOS (Out of Sync) indication is sent to upper layer (RRC or MAC) by the Phy layer upon said Timer’s expiry. In addition to this or instead of this, Phy layer counts the number of contiguous received NACK feedbacks (i.e. no ACK feedback in between) – and if the number of contiguous received NACK feedbacks exceed a certain threshold within a time window Tw, an OOS (Out of Sync) indication is sent to upper layer. As another possibility, number of occasions with “no feedback” (neither Ack nor Nack) is also counted together with the contiguous received NACK feedbacks and compared against the said threshold.
b. Phy layer sends IS (In-Sync) indication(s) to upper layer upon receiving one (or more, like N311 counter) positive feedback (Ack) from the intended receiver.
c. The upper layer runs a T310 like timer (defined in TS 38.331, TS 36.331) upon receiving one (or more, like N310 counter) OOS from Phy and if no (or less than N311) In-Sync indication is received from Phy before T310 like timer expiry, a Radio Link Failure is detected. Upon indicating OOS to upper layer, the said Timer is restarted and Phy layer continues with (re)transmission as in the above clauses of this embodiment.

Proposal 3: RLM is performed based on HARQ feedbacks and the transmitter UE seeks feedback by re-transmitting data according to increasing time intervals after the PDB expiry, until a certain Timer expiry, if no new data is available for transmission.

If the above solution is not preferable, another solution should be considered in RAN1/2.
Since RAN1 has agreed that no specific periodical RS is introduced for RLM purpose, if we still want to reuse Uu RLM model i.e. in-sync/out-of-sync indication is based on RS monitoring, then RAN2 can consider to create a periodical resource with RS transmission to simulate a pseudo periodical RS transmission. For example, a SPS resource can be configured on SL and used for SL RLM purpose by reusing SPS configuration and procedure, then at least DMRS can be transmitted periodically, and Rx UE can monitor this RS for SL RLM purpose.

Proposal 3-Alt.: If RLF declaration is rely on RS based periodic IS/OOS, RAN2 further study solutions that can help SL RLM for periodic IS/OOS, e.g. configure SPS especially used for SL RLM purpose
3 Conclusions
This contribution urges RAN2 to reconsider an agreement on the RLM/ RLF issue. It motivates a PC5 RLF recovery and provides a possible solution. Following proposals are made:
Observation 1: The NR V2X application are outside of the 3GPP scope and therefore we have little information of the current or future V2X applications.
Observation 2: Due to the lack of our understanding of the V2X applications, it is best to inform the upper layers as soon as possible when an RLF occurs. This could allow the application for any follow-up or alternative action.
Proposal 1: Information that an RLF has occurred is informed to the upper layers immediately as and when RLF is declared in the Access Stratum.
Observation 3: The timer for RLF declaration can’t allow extra time to the UEs to recover from RLF.
Observation 4: An RRC Connection re-establishment can’t be performed on PC5.
Observation 5: A PC5 link is inherently much more “dynamic” compared with a Uu link.
Proposal 2: RAN2 support RLF recovery on PC5 allowing some extra-time for the recovery.

Proposal 3: RLM is performed based on HARQ feedbacks and the transmitter UE seeks feedback by re-transmitting data according to increasing time intervals after the PDB expiry, until a certain Timer expiry, if no new data is available for transmission.

Proposal 3-Alt.: If RLF declaration is rely on RS based periodic IS/OOS, RAN2 further study solutions that can help SL RLM for periodic IS/OOS, e.g. configure SPS especially used for SL RLM purpose
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