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1 Introduction

In RAN1 NR Adhoc June meeting, the following agreements on RLF and RLM for NR were achieved [1]:
Agreements:
· The RS used for RLM should have following properties 

· Periodic transmission with short enough periodicity

· Wideband transmission relative to bandwidth of active bandwidth part

· Supporting both single beam and multi-beam operations

· Representing control channel quality

· Both CSI-RS based RLM and SS block based RLM are supported

· FFS: whether or not only a single type of RS is configured to UE for RLM at a time

· 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 RAN1 NR Adhoc June meeting, the following agreements on beam management in NR were made:

· RAN1 agrees that the certain number of beam failure recovery request  transmissions is NW configurable by using some parameters

· Parameters used by the NW could be:

· Number of transmissions

· Solely based on timer

· Combination of above

· FFS: whether beam failure recovery procedure is influenced by the RLF event

· 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

In this contribution, we provided our views on the RLM RS configuration and details on NR RLM procedure. Also the relationship between RLF/RLM and beam failure recovery, and the aperiodic in-sync/out-of-sync indication were discussed.
2 RLF/RLM Procedure in NR

2.1 RLF/RLM RS Configuration
In RAN1 NR Adhoc June meeting, both CSI-RS and SS block are supported for NR RLM to represent control channel quality. For CSI-RS based RLM, we prefer to use CSI-RS for beam management as RLM RS as it is beneficial to use the same RS for RLF/RLM as beam failure detection/recovery in order to provide consistent SINR-like metrics and reduce RS overhead.

In order to support both single-beam and multi-beam operations, network can configure UE to use different type of RLM RS. SS block only can be used in single-beam scenarios, CSI-RS for beam management only can be used in multi-beam scenarios. Network can also configure UE to use combination of both SS block and CSI-RS for beam management to provide more accurate estimation on control channel quality. When the downlink radio link quality estimated from both SS block and CSI-RS become worse than the threshold Qout, Layer 1 of the UE can send an out-of-sync indication to the higher layers. When the downlink radio link quality estimated from both SS block and CSI-RS become better than the threshold Qin, Layer 1 of the UE can send an in-sync indication to the higher layers. In this way, UE can provide consistent control channel quality estimation based on SS block and CSI-RS for NR RLM.
Proposal 1: NR should support to configure RS type to UE for RLM. The RLM RS types can include SS block only, CSI-RS only, and the combination of SS block and CSI-RS.

2.2 IS/OOS Indication
In LTE, UE assesses the radio link quality every radio frame and compares it to thresholds Qout and Qin. When the downlink radio link quality estimated over the last 200 ms period becomes worse than the threshold Qout, Layer 1 of the UE sends an out-of-sync indication to the higher layers. If L3 receives N310 consecutive OOS indications, T310 timer will start. When the downlink radio link quality estimated over the last 100 ms period becomes better than the threshold Qin, Layer 1 of the UE sends an in-sync indication to the higher layers. Before expiry of T310, if L3 receives N311 consecutive IS indications, T310 stops. Otherwise, UE will declare RLF if T310 expires. 

In RAN1#89 meeting, it was agreed to provide periodic in-sync/out-of-sync indications in NR, similar to LTE. Also RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. That means within an estimation period (e.g. 200ms), UE estimates the radio link quality derived from multiple beams (e.g. SS block beam and/or CSI-RS beam), and compares the radio link quality with Qout to report a single indication to L3. Similar to RRM measurements, the average of all beams or top N beams above a threshold can be baseline for deriving the radio link quality from multiple beams.
Proposal 2: NR should support to send IS/OOS indication based on estimation on the radio link quality derived from multiple beams. The average of all beams or top N beams above a threshold can be baseline for deriving the radio link quality from multiple beams in NR RLM procedure.
3 Relationship between RLF/RLM and Beam Failure Recovery

In RAN1 NR Adhoc June meeting, it was agreed that NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure. For example UE can send aperiodic indication(s) based on beam failure recovery procedure to reset/stop T310 in RLF/RLM, and in case of unsuccessful recovery from beam failure UE can send an indication to higher layers.
A joint procedure of RLF/RLM and beam failure recovery in NR is depicted in Figure 1. If L1 beam failure recovery is successful before the expiry of T310 timer, it means that the beam pair link is available to UE at least for a certain time duration. In that sense, it is reasonable to provide an aperiodic indication to L3 from beam failure recovery procedure to defer the RLF declaration. When UE receives the new indication, it can reset T310 to clear the current IS counter to zero and start a new T310 timer to count N311 IS. When another N311 IS are received before the new T310 expiry, UE can stop T310 timer. Otherwise UE will declare RLF if T310 expires. The joint decision based on periodic RLM IS and new aperiodic indication from beam failure recovery can help UE to make accurate evaluation on RLF.
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Figure 1. RLF based on periodic IS and aperiodic indication from beam failure recovery
Proposal 3: NR should support UE to send aperiodic indications from beam failure recovery procedure to L3, to reset T310 to clear current IS counter and start a new T310 timer.
4 Conclusions

This contribution has provided our view on RLF/RLM procedure and relationship between RLF/RLM and beam failure recovery. The following proposals have been made: 
Proposal 1: NR should support to configure RS type to UE for RLM. The RLM RS types can include SS block only, CSI-RS only, and the combination of SS block and CSI-RS. 
Proposal 2: NR should support to send IS/OOS indication based on estimation on the radio link quality derived from multiple beams. The average of all beams or top N beams above a threshold can be baseline for deriving the radio link quality from multiple beams in NR RLM procedure.
Proposal 3: NR should support UE to send aperiodic indications from beam failure recovery procedure to L3, to reset T310 to clear current IS counter and start a new T310 timer.
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