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Introduction
In RAN1 NR#2 meeting (Qingdao, 27-30 June 2017), RAN1 discussed RLF aspects and agreed [1] the following:

Agreements:
· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery
· Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event
· Send LS to inform RAN2 – to be done next meeting
Agreements:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 
· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310
· RAN2 can decide specific procedure
· Example 2: aperiodic indication(s) based on failure of beam recovery procedure
· How to use aperiodic indication can be decided in RAN2
· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used

In this document, we discuss:

-	L1 notifications on (un)successful beam failure recovery
Discussion
L1 notifications on (un)successful beam failure recovery
RAN1 has agreed to support monitoring of RS with short enough periodicity that represents the quality of control channels, similarly to what exists for LTE, so that indications similar to out-of-sync and in-sync could be provided for NR based on either CSI-RS or SS-block. 
Unlike for LTE, there may be multiple serving beams maintained by the UE for one NR cell. If one serving beam is blocked temporarily, e.g. by the obstruction, other serving beams in the same cell can be used instead. As long as there is at least one available serving beam, there is no radio problem. According to RAN1 agreements, the UE should monitor the quality of current serving beams for data/control channel, of candidate beams that are not selected as serving beams, and of new beams within the monitored serving cell. Beam failure is declared when all serving beams are degraded and the mechanism to recover from beam failure is triggered.
In RAN1 NR#2 meeting (Qingdao, 27-30 June 2017), RAN1 further discussed RLF aspects and agreed [3] the following:
 (
Agreements:
In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery
Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event
Send LS to inform RAN2 – to be done next meeting
Agreements:
NR should 
strive 
to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 
Example 1: 
aperiodic indication
(s) based on beam failure recovery procedure can reset/stop T310
RAN2 can decide specific procedure
Example 2: aperiodic indication(s) based on failure of beam recovery procedure
How to use aperiodic indication can be decided in RAN2
FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used
)

Observation 1: L1 may indicate successful or unsuccessful beam failure recovery.
Possible correlations between beam failure and radio problems are as follows
1)	Each type of event below may occur
[bookmark: _GoBack]	a)	Radio problems may occur while beam failure hasn't occurred (e.g. because there could be other candidates beams than the ones used for radio problem detection)
	b)	Beam failure may occur while radio problems haven't occurred (e.g. in case of sudden degradation of all serving beams and candidate beams while radio problem can only be reliably detected if the degradation lasts for some time).
2)	After a certain time of beam failure not being recovered, radio problems will occur and cannot be recovered until beam failure is recovered.
3)	If both radio problems and beam failure occurred, recovery of beam failure may not be sufficient for radio problems to be recovered.
Observation 2: There are correlations between detection/recovery of radio problems and detection/recovery of beam failure.
Below we discuss how to handle the indication of successful beam failure recovery and the indication of unsuccessful beam failure recovery.
· successful beam failure recovery indication
If the indication is received while radio problems were not indicated, since the UE is already in normal operation and successful beam failure recover does not affect normal operation, no specific UE action is needed. 
Proposal 1: No UE action is needed when successful beam failure recovery indication is received from lower layers while no radio problems were detected.
If the indication is received after radio problems were detected, it may be so that a new beam uncorrelated with the previous serving beam was selected so that the radio link is good again. From this perspective, if successful beam failure recovery occurs shortly before the first phase is due to expire, it would be preferable to not trigger RLF immediately as there is an increased chance of successfully restoring normal operation.
Proposal 2: Upon indication of successful beam failure recovery after radio problems were detected but before expiry of the timer which triggers the declaration of RLF, RLF is not declared before there is enough time to assess the new link quality (see proposal 3 for exact mechanism).
In LTE, the first phase after RLF is governed by a timer T310 which is stopped after detection of N311 consecutive in-sync indications. We discuss below the case how a similar mechanism would be used for NR.
In this case, if the remaining time before T310 expires is too short in order to have N311 consecutive in-sync indications, RLF would be declared anyway.
One possible action could be to stop T310 and assume that the link is good. However, if the new link is also not good enough, this would mean waiting again to receive N310 out-of-sync indications and then again that T310 expirers.
Another possible action could be to restart T310, in which case there is also additional delay in case the new link is not good, but that delay is somehow shorter than in the previous case. Yet another option would be to run T310 but for a shorter duration, specific for such a case. This could be also modeled as a different timer but with the same functionality (also, N311 could be changed if needed).
We prefer that a timer is started with the same functions like T310, which could be T310 or a timer with a different value.
Proposal 3: When successful beam failure recovery indication is sent by lower layers, if running, the timer whose expiry triggers RLF declaration is restarted.
· unsuccessful beam failure recovery indication
In LTE, the UE will declare RLF when the preamble transmission reaches the max number of transmission regardless whether T310 is running or not. For NR, when beam failure recovery cannot recover from beam failure, RAN1 agreed that an unsuccessful recovery from beam failure indication for reaching the max transmission for beam failure recovery request will be provided from lower layers. In that case, RAN1 agreed that there will be no further action to recover from beam failure, so there will be continuous out-of-sync indications which would eventually trigger RLF and RRC signalling. In such a case, RLF can be declared in order to timely initiate the RRC signalling procedure regardless whether the timer started upon radio link problems is running or not, like LTE RLF following random access failure. Therefore we propose
[bookmark: OLE_LINK9]Proposal 4: RLF is declared when unsuccessful beam failure recovery indication is received from lower layers. 
Proposal 5: Agree the TP below on the impact of (un)successful beam failure recovery indications to radio link failure.
 (
9.2.7
Radio Link Failure
In RRC_CONNECTED, 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);
-
Indications of unsuccessful beam failure recovery from the physical layer;
-
Random access procedure failure;
-
RLC failure.
)
Conclusion
[bookmark: OLE_LINK3]This contribution discusses the RLF for NR from the perspective of RAN2 and makes the following proposals: 
Proposal 1: No UE action is needed when successful beam failure recovery indication is received from lower layers while no radio problems were detected.
Proposal 2: Upon indication of successful beam failure recovery after radio problems were detected but before expiry of the timer which triggers the declaration of RLF, RLF is not declared before there is enough time to assess the new link quality (see proposal 3 for exact mechanism).
Proposal 3: When successful beam failure recovery indication is sent by lower layers, if running, the timer whose expiry triggers RLF declaration is restarted.
Proposal 4: RLF is declared when unsuccessful beam failure recovery indication is received from lower layers. 
Proposal 5: Agree the TP below on the impact of (un)successful beam failure recovery indications to radio link failure.
 (
9.2.7
Radio Link Failure
In RRC_CONNECTED, 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);
-
Indications of unsuccessful beam failure recovery from the physical layer;
-
Random access procedure failure;
-
RLC failure.
)
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