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1 Introduction

In RAN1#89 meeting, the following agreements on radio link failure and radio link monitoring for NR were achieved [1]:
Agreements:
· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE
· SINR-like metric as in LTE represents whether or not UE can receive PDCCH
· FFS: PDCCH in U-SS and/or PDCCH in C-SS
· RS used to derive SINR-like metric is down selected from following options
· Opt.1: CSI-RS
· Opt.2: DMRS for NR-PDCCH in C-SS
· Opt.3: DMRS for NR-PBCH
· Opt.4: NR-SSS
· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)
· FFS: how many options are used
· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.
Agreements of proposed reply to RAN2:
· Q1: Can the in-sync/out-of-sync indications for RLF be provided per cell?

· A1: RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
· Q2: Is RAN1 planning to provide in-sync/out-of-sync indications that are periodic (similar to LTE)?

· A2: RAN1 plans to provide at least periodic IS/OOS indications.
In RAN1#88 meeting, the following agreements on beam failure in NR were made [2]:
Agreements:
· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs

In this contribution, we provided our views on the RS used to derive SINR like metric for RLF and RLM. Also the relationship between RLF/RLM and beam failure detection/recovery, and the aperiodic in-sync/out-of-sync indication were discussed.
2 RS for RLF/RLM 
In LTE, RLF/RLM is based on measurement on CRS. However CRS is not available in NR in order to minimize the always-on signals. NR-SS is cell specific and is the first signal required for the UE to detect for cell and perform RRM measurements; it can be used to derive SINR like metric needed for RLF/RLM determination. It is therefore providing basic radio link quality information in NR.
CSI-RS for beam management can be configured to connected mode UE using dedicated signaling. In RAN1#88, it was agreed that beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough. It means that UE monitors qualities of beams which are used for PDCCH transmission. If the beam quality is below a certain threshold enough for a period of time and the corresponding beam is not possible for reliable PDCCH transmission, then the beam is considered failed. It has been agreed that at least periodic CSI-RS for beam management is used for beam failure detection/recovery. 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. 

Proposal 1: NR-SSS should be supported to derive SINR like metric for RLF/RLM. In addition, CSI-RS for beam management can be also used for RLF/RLM.
3 RLF/RLM Procedure in NR
3.1 Relationship between RLF/RLM and Beam Failure Detection/Recovery
RLF/RLM and beam failure detection/recovery have different purposes and report to different layers. RLF/RLM is to provide long-term cell-level quality information and is reported to L3.  Beam failure detection is to find out whether the serving beams are still available for PDCCH transmission, which provides short-term beam-level quality information to L1/L2.
Observation 1: RLM/RLF and beam failure detection/recovery have different purposes and report to different layers.
For RLF/RLM, it was agreed that IS/OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE, which represents the receiving quality of PDCCH at UE side. In NR multi-beam system, RLF/RLM monitors the quality of all beams including current serving beams for data/control channel, candidate beams that are not selected as the serving beams, and new beams. Beam failure detection monitors only the serving beams.
Observation 2: RLF/RLM monitors all beams including current serving beams, candidate beams and new beams, while beam failure detection monitors only the serving beams.

When all beams fail to provide reliable PDCCH transmission for a period of time (e.g., a certain number of consecutive OOS indications are detected), the RLF timer T310 is started. As beam failure detection monitors only the serving beams, it is obvious that beam failure event occurs before RLF is declared. Beam failure recovery procedure should be triggered once a feasible/qualified beam is identified.

Observation 3: Beam failure event occurs before RLF is declared.
Since we prefer CSI-RS for beam management can be used for RLF/RLM as well as beam failure detection/recovery, it would be beneficial that these two procedures are not completely independent. For example, if the beam failure recovery occurs before the expiry of T310 which means the beam pair link is still working, UE can also send some indications from beam failure recovery procedure to L3 to assist in the RLF declaration. 
Proposal 2: NR should support RLF/RLM that is separated from beam failure detection/recovery procedures, but may interact with beam failure detection/recovery procedures.

3.2 IS/OOS Indication and Procedure
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.
Furthermore, as suggested to have some joint design on RLF/RLM and beam failure detection/recovery procedures discussed in section 3.1, we think it is necessary to introduce an additional aperiodic indication for RLF/RLM in NR. 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 the previous 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 as depicted in Figure 1. 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 aperiodic indications from beam failure recovery procedure to L3 to assist in joint decision on RLF, in addition to periodic IS indications for RLM.
4 Conclusions

This contribution has provided our view on measurement based on SS block and CSI-RS. The following observation and proposal have been made: 
Proposal 1: NR-SSS should be supported to derive SINR like metric for RLF/RLM. In addition, CSI-RS for beam management can be also used for RLF/RLM.
Observation 1: RLM/RLF and beam failure detection/recovery have different purposes and report to different layers.
Observation 2: RLF/RLM monitors all beams including current serving beams, candidate beams and new beams, while beam failure detection monitors only the serving beams.

Observation 3: Beam failure event occurs before RLF is declared.
Proposal 2: NR should support RLF/RLM that is separated from beam failure detection/recovery procedures, but may interact with beam failure detection/recovery procedures.

Proposal 3: NR should support aperiodic indications from beam failure recovery procedure to L3 to assist in joint decision on RLF, in addition to periodic IS indications for RLM.
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