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1. Introduction

Beam-level failure and radio link failure were discussed and some agreements were made at RAN2#97bis. In this contribution, we would like to see the relationship between beam-level failure and radio link failure and how to trigger the corresponding recovery procedure for each failure. 
2. Discussion
RLM and RLF handling in LTE

Figure-1 shows brief inter-layer inter-actions and the corresponding UE procedures for RLM and RLF handling [1]. L1 (PHY) periodically sends in-sync indication or out-of-sync indication to L3 (RRC). In-sync or out-of-sync is determined based on cell specific reference (CRS) channel quality and the associated hypothetical PDCCH block error ratio. If L3 receives N310 consecutive out-of-sync indications, timer T310 starts running to wait for RL recovery (i.e. N311 consecutive in-sync indications are received). If T310 expires, timer T311 starts to attempt RRC connection re-establishment. If T311 expires, the UE enters to idle state. 
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Figure-1. LTE radio link failure handling
Considerations on NR RLM and association with beam-level failure and radio link failure
Initial discussion on RLM and RLF was taken and some agreements were made at RAN2#97bis [2]: 

· For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access procedure failure detection, and RLC failure detection. FFS whether maximum ARQ retransmission is only criteria for RLC failure (needs to be discussed in common UP/CP session).
· In NR RLM procedure, physical layer performs out of sync / in sync indication and RRC declares RLF.
· For RLF purposes, RAN2 preference is that the in sync / out of sync indication should be a per cell indication, and we aim for a single procedure for both multi-beam and single beam operation.
It was also discussed whether out-of-sync/in-sync indications are informed from L1 to L3 or from L2 to L3. Due to companies’ diverse views, no conclusion was made. In our view, we think what we did in LTE should be the baseline, which was agreed as the guideline for NR radio protocol design at RAN2#95 during SI phase. So unless significant gains from the new inter-layer models are clearly justified, we think we should follow what has been verified in LTE.  

[Proposal-1]: L1 informs L3 of periodic out-of-sync / in-sync indications.
In LTE, once L3 receives consecutive N1 number of out-of-sync indications from L1, L3 runs timer T1 to wait for RL recovery. If L3 receives consecutive N2 number of in-sync indications from L1 before T1 expires, L3 stops T1 running. If T1 expires, L3 declares radio link failure (RLF) and tries to find out a suitable cell to attempt RRC connection re-establishment. At RAN2#97bis, it was only agreed that “UE declares RLF upon timer expiry due to DL OOS detection” and other procedures were missed from agreements. Again we think high-level principles would follow LTE manner. 

[Proposal-2]: L3 detects DL OOS if consecutive N1 number of out-of-sync indications are received and the timer starts running once detection of DL OOS.  
[Proposal-3]: L3 stops the timer if consecutive N2 number of in-sync indications are received during the timer runs.
[Proposal-4]: If the timer expires, L3 tries to find out a suitable cell to attempt RRC connection re-establishment. 

In NR, multi-beam operation becomes common especially for the high frequency bands, so we think RLM and RLF should be taken into account in association with beam-level failure and recovery. On beam failure recovery, the latest RAN1 agreements made at RAN1#88bis are [3]: 
· UE Beam failure recovery mechanism includes the following aspects

· Beam failure detection

· New candidate beam identification

· Beam failure recovery request transmission

· UE monitors gNB response for beam failure recovery request

· Beam failure detection 

· UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met

· Beam failure detection RS at least includes periodic CSI-RS for beam management

· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well

· FFS: Trigger condition for declaring beam failure

· New candidate beam identification

· UE monitors beam identification RS to find a new candidate beam

· Beam identification RS includes

· Periodic CSI-RS for beam management, if it is configured by NW

· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well

· Beam failure recovery request transmission

· Information carried by beam failure recovery request includes at least one followings

· Explicit/implicit information about identifying UE and new gNB TX beam information

· Explicit/implicit information about identifying UE and whether or not new candidate beam exists

· FFS: 

· Information indicating UE beam failure

· Additional information, e.g., new beam quality

· Down-selection between the following options for beam failure recovery request transmission

· PRACH

· PUCCH

· PRACH-like (e.g.,different parameter for preamble sequence from PRACH)

· Beam failure recovery request resource/signal may be additionally used for scheduling request

· UE monitors a control channel search space to receive gNB response for beam failure recovery request

· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs

· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission

It is FFS for the triggering condition for declaring beam failure. We think if the UE cannot find out any beam to be used for communication with the network among the configured beams during a certain period (we assume it would be a relatively short period), beam-level failure should be declared and beam-recovery procedure needs to be triggered. Note we believe beam-level failure should not be declared based on one shot measurement in order to avoid unnecessary frequent beam recovery procedures which may be much critical in high frequency bands, so like N310 in LTE we think consecutive M measurements on the beams should be observed. Note it is aligned with RAN1 agreements made at RAN1#88 [4], “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).” If the UE cannot find out any beam to be used for communication with the network among all possible beams in the serving cell even with the beam-level recovery procedure during a certain period (we assume it would be a relatively long period), radio link failure should be declared and attempting RRC connection re-establishment needs to be triggered. 

We assume out-of-sync indication will be generated when the UE cannot find out any beam pair link above certain threshold within the serving cell otherwise in-sync indication will be generated. Beam-level failure declaration based on consecutive M measurements can be done in L1 (e.g. by keeping the records with timer maintenance). However we think simple L1 operation and common frame work for declaration of beam-level failure and radio link failure are more desirable. Note if we could do that in L1, it will be asked why L3 should declare radio link failure case.

[Proposal-5]: Beam-level failure should be declared based on consecutive M measurements in order to avoid unnecessary frequent beam recovery procedure. 
[Proposal-6]: Radio link failure should be declared if beam is not recovered via beam recovery procedure during a certain time from beam-level failure is declared. 
[Proposal-7]: L1 periodic out-of-sync / in-sync indications can be used for the purpose of both beam-level failure declaration and radio link failure declaration. 

[Proposal-8]: L1 out-of-sync indication is generated when the UE cannot find out any beam pair link above certain threshold with the serving cell. Otherwise in-sync indication is generated. 
[Proposal-9]: In association with P-5, L3 declares beam-level failure and triggers beam recovery procedure to the corresponding layer if L3 receives M consecutive out-of-sync indications from L1. 

With the above proposals, Figure-2 shows brief inter-layer interactions and the corresponding UE procedures for beam failure declaration, triggering of beam recovery, RLF declaration and handlings. Note here M is equal to N310.
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Figure-2. Beam-level failure declaration, beam-recovery triggering and radio link failure declaration
3. Conclusions

In this contribution, we have seen the relationship between beam-level failure and radio link failure and the following proposals are made: 

[Proposal-1]: L1 informs L3 of periodic out-of-sync / in-sync indications.

[Proposal-2]: L3 detects DL OOS if consecutive N1 number of out-of-sync indications are received and the timer starts running once detection of DL OOS.  

[Proposal-3]: L3 stops the timer if consecutive N2 number of in-sync indications are received during the timer runs.

[Proposal-4]: If the timer expires, L3 tries to find out a suitable cell to attempt RRC connection re-establishment. 

[Proposal-5]: Beam-level failure should be declared based on consecutive M measurements in order to avoid unnecessary frequent beam recovery procedure. 

[Proposal-6]: Radio link failure should be declared if beam is not recovered via beam recovery procedure during a certain time from beam-level failure is declared. 

[Proposal-7]: L1 periodic out-of-sync / in-sync indications can be used for the purpose of both beam-level failure declaration and radio link failure declaration. 

[Proposal-8]: L1 out-of-sync indication is generated when the UE cannot find out any beam pair link above certain threshold with the serving cell. Otherwise in-sync indication is generated. 

[Proposal-9]: In association with P-5, L3 declares beam-level failure and triggers beam recovery procedure to the corresponding layer if L3 receives M consecutive out-of-sync indications from L1. 
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