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1 Introduction

In RAN1 NR #AH3 meeting, the following agreements on RLM/RLF for NR were achieved [1]:
Agreements:

· For a cell group, 

· A single IS or OOS is reported by the UE 

· A single IS BLER is configured for a UE at a time

· A single OOS BLER is configured for a UE at a time

· Configurable from two pairs of values for IS/OOS BLERs

· Detailed pair of values up to RAN4 to decide

· FFS whether the configuration is an explicit RRC configuration or implicitly derived from other parameter

· FFS the case of URLLC & mMTC

· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),

· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y=1 RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
· FFS the interference measurement resource related to the estimated link quality crresponding to the hypothetical PDCCH BLER
· RLM-RS is undefined until explicitly/implicitly configured.

· Note: This implies that the network needs to configure the RLM-RS for UE to perform RLM

· When SS blocks are used as RLM-RS

· A set of SS blocks are explicitly configured by RRC

· When CSI-RS is used as RLM-RS

· a set of CSI-RS resources are explicitly configured as RLM RS by RRC

· FFS whether a subset of CSI-RS resources configured for P1 BM is configured as RLM-RS

In RAN1 NR #AH2 meeting [2], the following agreements on RLM/RLF and BFR in NR were made:

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 contribution, we provided our views on the remaining issues on RLM on NR RLM procedure. Also the relationship between RLF/RLM and beam failure recovery were discussed.
2 RLM/RLF 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. 

2.1 RLM RS configuration
In RAN1 NR #AH2 meeting, both SS block and CSI-RS were agreed to be used as RLM-RS. In RAN1#90 meeting, X RLM-RS resource(s) was supported to be configured to UE, where one RLM-RS resource can be either one SS/PBCH block or one CSI-RS resource/port. As RLM is used for connected UE, it is not necessary to define default RLM-RS for UE to perform RLM without network configuration. In RAN1 NR #AH3 meeting, it was agreed that RLM-RS is undefined until explicitly/implicitly configured, which implies that no default RLM-RS and the network needs to configure the RLM-RS for UE to perform RLM. Either a set of SS blocks or CSI-RS resources is explicitly configured as RLM-RS to UE by RRC signaling. In our view, at least CSI-RS for beam management should be supported to be configured as RLM-RS. In addition, CSI-RS for L3 mobility can be also configured by network to provide more assessment radio link quality of the serving cell. 
Proposal 1: NR at least supports CSI-RS for beam management to be configured as RLM-RS.
In case of CSI-RS for beam management are configured to UE as RLM-RS, the RS type of RLM-RS and beam failure recovery(BFR) may be same to be CSI-RS for beam management, but the CSI-RS resource set may be different for RLM and BFR. For example, network configures beam 1/2/3 are configured as RLM-RS and beam 1 is serving beam. After UE detecting failure of beam 1, UE may use new candidate beam 4 to send BFR request to network and receive response. Then the CSI-RS resource for BFR, i.e. beam 5, is different as RLM-RS beam 1/2/3.
Observation 1: UE can be configured with same RS-type but different RS resource set for RLM and BFR.
Hypothetical PDCCH BLER is used as the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM. Therefore, the SINR-like metric with RS signal and interference measurement should be performed for RLM. The resource elements used for interference measurement should be same as the resource elements carrying RLM-RS resource(s), e.g. CSI-RS or SS block REs, to provide consistent measurement results (hypothetical PDCCH BLER) on the same measurement resources. No need to define additional interference measurement for RLM.
Proposal 2: The resource elements used for interference measurement should be same as the resource elements carrying RLM-RS resource(s).
2.2 IS/OOS BLER pairs
In RAN1#90 meeting, NR support to configure two pairs of IS/OOS BLERs values, e.g. for different services requirement. In LTE, the IS/OOS BLER pair is fixed to be 2% and 10%. The pair values in LTE work well for most services. In NR, the default IS/OOS BLER pair of values should be same as LTE to be 2% and 10% and should be applicable to most services. The other pair of IS/OOS BLER values should be explicitly configured by network. It’s up to RAN4 to decide the detailed values of the other pair of IS/ OOS BLERs, e.g. for VoIP. 

Proposal 3: NR should support default IS/OOS BLER pair of values to be 2% and 10% for most services. The other pair of values are explicitly configured by network. 
3 RLF/RLM and BFR
We believe that beam failure recovery (BFR) can provide some assistances and enhancement to RLF/RLM to provide consistent evaluation results. The reasons are as following:

1) The RS for RLF/RLM includes SS/PBCH block and CSI-RS for beam management and L3 mobility, while the RS for BFR includes SS/PBCH block and CSI-RS for beam management. The RS for RLF/RLM and the RS for BFR may be different RS, depending on network configuration. Even the same RS-type is used for RLM and BFR, the RLM-RS resource set may be different as discussed in section 2.1. If different RLM-RS resource set is used, the evaluation results on BFR and RLF/RLM may be different.
2) BFR is a short-term procedure and always provide aperiodic indications. RLF/RLM is a long-term procedure and provide aperiodic indications. The short-term and long-term results may lead to different UE behaviors at some time.

3) RLF/RLM is based on comparison of hypothetical PDCCH BLER and Q_in/Q_out to provide IS/OOS indications and evaluations, while L1-RSRP measurement may be used for BFR. Even if same RS is used for RLF/RLM and BFR, the evaluation results may be different. 
In RAN1 NR#AH3 meeting, RAN2 send an LS [3] to ask RAN1 the following questions related to RLF/RLM and BFR:

Q1. Is RAN1 planning to provide an aperiodic indication to higher layers after a successful beam failure recovery?

Q2. If a beam failure recovery is un-successful, will the L1 continue monitoring RS(s) for RLM for periodic IS/OOS indications? 

Q3. If a beam failure recovery is successful for one or more beam pair links, will the L1 continue monitoring RS(s) for RLM and provide periodic IS indication(s) following successful recovery?

Regarding Q1, In RAN1 NR #AH2 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 successful beam failure recovery procedure to reset/stop T310 in RLF/RLM.

Observation 2: RAN1 strive to provide aperiodic indications to high layer to assist RLF/RLM, after a successful beam failure recovery.
Regarding Q2 and Q3, our view is that UE will continue monitoring RLM-RS(s) to perform RLM and provide periodic IS/OSS indications. However, as we mentioned in section 2.1, the RLM and BFR may use different RLM-RS resource set and the periodic indications in RLM may be inconsistent with the evaluation result from BFR. For example UE is recovered from new candidate beams after successful BFR but continue monitoring RLM-RS resources including failure beams and declare RLF. Aperiodic indication is expected to be sent from BFR to high layer to assist RLM/RLF procedure.

Observation 3: UE will continue monitoring RLM-RS and provide IS/OOS indication(s), irrespective of the beam failure/recovery status. In addition, aperiodic indication is expected to be sent from BFR to high layer to assist RLM/RLF procedure.

Proposal 4: Observation 2 and 3 are incorporated into RAN1 reply to the questions in the RAN2 LS (R1-1716671).  
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 aperiodic 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 5: NR support UE to send aperiodic indications from beam failure recovery procedure to L3.
4 Conclusions

This contribution has provided our views on remaining RLF/RLM issues and the discussion on the relationship between RLF/RLM and BFR. The following proposals have been made: 
Proposal 1: NR at least supports CSI-RS for beam management to be configured as RLM-RS.
Observation 1: UE can be configured with same RS-type but different RS resource set for RLM and BFR.

Proposal 2: The resource elements used for interference measurement should be same as the resource elements carrying RLM-RS resource(s).
Proposal 3: NR should support default IS/OOS BLER pair of values to be 2% and 10% for most services. The other pair of values are explicitly configured by network. 
Observation 2: RAN1 strive to provide aperiodic indications to high layer to assist RLF/RLM, after a successful beam failure recovery.
Observation 3: UE will continue monitoring RLM-RS and provide IS/OOS indication(s), irrespective of the beam failure/recovery status. In addition, aperiodic indication is expected to be sent from BFR to high layer to assist RLM/RLF procedure.

Proposal 4: Observation 2 and 3 are incorporated into RAN1 reply to the questions in the RAN2 LS (R1-1716671).  
Proposal 5: NR support UE to send aperiodic indications from beam failure recovery procedure to L3.
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