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1 Introduction 
During RAN1#86bis, RAN1 discussed and agreed to study the beam recovery procedure as in [1].
Agreements:
· NR supports mechanism(s) in the case of link failure and/or blockage for NR
· Whether to use new procedure is FFS
· Study at least the following aspects:

· Whether or not an DL or UL signal transmission for this mechanism is needed
· E.g., RACH preamble sequence, DL/UL reference signal, control channel, etc.

· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.

In this contribution, we discuss RLF related timer and beam recovery mechanism for multi-beam based systems.

2 RLF timer start around beam recovery operation 
Current RAN1 considers beam recovery for resolving beam blocking or loss by defining as “Beam recovery: Transmitting some UL signal to TRP RX beam for getting UL grant to indicate the serving beam change.” As exemplified in the above agreement, UL signal might be RACH preamble, or some other reference signal i.e., SRS. If channel between UE and gNB might be suddenly gone bad and thus there is no time to normal beam change procedure, then this recovery procedure will be triggered. RAN2 also has some efforts to define the beam recovery procedure and possible triggering conditions [2], [3]. While recovery procedure is ongoing, the connection between UE and network cannot be judged either as good or bad since the recovery result might be success or failure. 

At the same time, the sudden link drop is also one of the RLF causes. However, RLF should not be declared due to only instant link drop since there is the possibility of signal strength rebounding shortly. Moreover the recovery of RLF declaration is to re-establish RRC connection which costs a lot in network signaling and latency point of view. Therefore the timer is apparently needed for waiting for rebounded signal strength to the serving cell. 
Currently the exact latency of the beam recovery procedure is not known since details of beam management and layer 1 RS design are not completed. If instant recovery is possible in most of case and thus beam recovery time budget is very small, then there might be no big issue on RLF timer operation with respect to beam recovery. However transmission of UL signals for beam recovery (for example, RACH preamble) operation in multi-beam systems might take some time according to the related RS design and the number of beams of UE/TRP. In this situation, the starting time of RLF timer might affect to the link loss judgment, and consequently the system performance. 
In LTE case, T310, the RLF timer starts at link loss detection (out of sync) which is indicated by lower layer. Let’s call the RLF timer in HF NR T310 as in LTE for convenience of understanding. In multi-beam systems, different designs in T310 starting can be possible.  As shown in Figure 1, there are three possible options on T310 timer operation. 
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For option 1, T310 starts at beam recovery start. The beam recovery triggering condition could be one of the various link unavailability case (i.e., serving beam OOS (out-of-sync) detection, no available beam detected, or best beam is OOS etc.). For option 2, T310 starts at link unavailability case aforementioned, which is independent of beam recovery triggering condition. Therefore, option 2 might start earlier or later than beam recovery process. For option 3, T310 starts at the end of beam recovery time budget on recovery failure. 

For each options, there are the considering points to be noted.

Opt.1: If the beam recovery time budget is not short, this opt.1 and opt.2 are applicable. In general T310 timer value should be configured to be large enough so that whole beam recovery procedure is covered by the T310 timer. This option can reflect the actual link loss duration well (but not the best). T312 early termination can be applied since T312 is only operating on T310 running. 
Opt.2: This has the same aspect to opt.1. This option can reflect the actual link loss duration the best when serving beam OOS is the T310 timer triggering condition among various link unavailability cases.
Opt.3: If beam recovery time budget is short, this is appropriate. In this case, other L2 RLF causes (e.g., RLC max reTX, or RACH problem indication in MAC) might happen during beam recovery and therefore RLF could be declared directly before the beam recovery completion (and this is also the before of T310 start). This might be costly because the recovery result could be successful, but UE already has to go through re-establishment phase. T312 can be applied but the applied time might be delayed than the actual link drop moment.
Based on above discussions on T310 timer starting point w.r.t. beam recovery we propose the following two proposals.

Proposal 1. RAN2 is asked to study on the beam recovery duration based on RAN1 agreement and to make consensus on whether this duration is negligible or not.
Proposal 2. RAN2 is asked to determine on T310 timer starting point among the above three cases, i.e., trigger of beam recovery, one of link unavailability which is independent of beam recovery, and beam recovery failure. 

2. Conclusion 

Based on above discussions we propose the following two proposals.

Proposal 1. RAN2 is asked to study on the beam recovery duration based on RAN1 agreement and to make consensus on whether this duration is negligible or not.

Proposal 2. RAN2 is asked to determine on T310 timer starting point among the above three cases, i.e., trigger of beam recovery, one of link unavailability which is independent of beam recovery, and beam recovery failure. 
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