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1 Introduction

In RAN2 #99 meeting, the RLM and RLF were discussed, and the following general agreements which are quite aligned with LTE approach were reached.
	1. RAN2 understanding of RAN1 agreements that at least PHY informs RRC of periodic out-of-sync / in-sync indications.

2. Baseline behaviour when there are no indications from lower layers related to beam failure/recovery:

i. RRC detects DL radio link problem if consecutive N1 number of periodic out-of-sync indications are received.

ii. RRC stops the timer if consecutive N2 number of periodic in-sync indications are received while the timer runs.


Furthermore, based on report from the last RAN1 ad-hoc meeting [2], RAN2 also understands
	· RAN1 will strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure.

· 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


And in RAN1#90 meeting, it was also agreed that
	For RLM, NR supports to configure a single type of RS for a CORESET for a UE at a time;

For RLM, NR support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time.

In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification, and following options can be configured for new candidate beam identification  

· CSI-RS only (Note: in this case, SSB will not be configured for new candidate beam identification)
· SS block only (Note: in this case, CSI-RS will not be configured for new candidate beam identification)
· FFS: CSI-RS + SS block


In RAN1#AH3 meeting, it was also agreed that
	For a cell group, 
· A single IS or OOS is reported by the UE 

· A single IS BLER is configured for a UE at 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 configuraiotn or implicitly derived from other parameter

· FFS the case of URLLC & mMTC

Send an LS to RAN4 capturing the above agreements, and also add:

· For the two pairs of values for IS/OOS BLERs, RAN1 discussed use cases such as VoIP vs. eMBB.

· LS to be drafted by Tomoya (DCM) in R1-1716862, which is agreed in R1-1716917

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 this contribution, we discuss further about the details of RLF declaration from RAN2 perspective based on current agreements in RAN1 and RAN2, and provide our proposals.
2 Discussion

In RAN1#90 meeting, some agreements were reached as follows:

For RLM/RLF:

· For RLM, NR supports to configure a single type of RS for a CORESET for a UE at a time;

· For RLM, NR support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time.

Besides, for beam failure recovery, it was also agreed that:

In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification, and following options can be configured for new candidate beam identification  

· CSI-RS only (Note: in this case, SSB will not be configured for new candidate beam identification)
· SS block only (Note: in this case, CSI-RS will not be configured for new candidate beam identification)
· FFS: CSI-RS + SS block
Based on the agreements in RAN1, it is quite obvious that the RSs for RLM and beam failure recovery could be configured differently.
Observation 1: Different RSs could be configured for RLM and beam failure recovery respectively.
Besides, one question in RAN2 last time was that whether the physical layer will continue the beam recovery procedure after the beam recovery failure indication sent to the higher layer.

Actually in RAN1#AH2 meeting, the agreement was that

In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery.

With this agreement, it is quite clear that physical layer will avoid continuing trying the beam recovery procedure after the indication was sent to higher layers.

Observation 2: After beam recovery failure indication, physical layer will not continue the beam recovery procedure. 

Regarding RLM, when RLM related RS, e.g. SS or CSI-RS, is configured by the network, based on current RAN2 understanding, physical layer will inform the OOS indication when out of sync is detected, after consecutive N1 number of periodic out-of-sync indications are received, RRC will start a timer, if consecutive N2 number of periodic in-sync indications are received while the timer runs, RRC will stop the timer; if not, then RRC will declare the RLF.

This is the LTE procedure, and for NR, the baseline behaviour when there are no indications from lower layers related to beam failure/recovery could be used, and no optimization is needed.
Proposal 1: When only OOS is indicated from lower layer, the baseline behavior could be used and no optimization is needed.
When only beam recovery failure is indicated after the physical layer tries to recover the beam failure but not succeed, but no consecutive N1 number of OOS indications was received. This means for RLM, the cell may be still suitable and it is worth trying another time for beam failure recovery, but higher layer could not know whether there is OOS indication subsequently received and needs to wait to determine whether the cell is still suitable or not because RLM is still running, therefore, a timer could be introduced and activated for the beam recovery failure indication. Before the timer expires, if a number of IS indications are received, it means the cell is still suitable, then the higher layer could trigger the physical layer to restart the beam recovery procedure again. The procedure is indicated as Figure 1.
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Figure 1. When only Beam Recovery Failure Indication Received
Proposal 2: When only beam recovery failure was indicated, a new timer could be started; before the timer expires, if there are a number of IS indications received, the beam recovery procedure could be triggered again.
When both consecutive N1 number of OOS and beam recovery failure were indicated from physical layer, which means the timer for RLM and the timer for beam recovery failure were both activated. In this case, since the beam recovery procedure has been stopped from physical layer, therefore, if there are no consecutive N2 number of periodic in-sync indications received before either timer expires, RRC will declare the RLF. The procedure is indicated as Figure 2.
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Figure 2. When both Beam Recovery Failure Indication and Consecutive N1 OOS Received
Proposal 3: When both consecutive N1 number of OOS and beam recovery failure indication were received, both timers for RLM and beam recovery failure were activated respectively, and RLF will be declared when there are no consecutive N2 number of periodic in-sync indications received before either timer expires.
3 Conclusions:

In this contribution, we discuss further about the details of RLF declaration from RAN2 perspective based on current agreements in RAN1 and RAN2 and our proposals are provided as follows:
Proposal 1: When only OOS is indicated from lower layer, the baseline behavior could be used and no optimization is needed.

Proposal 2: When only beam recovery failure was indicated, a new timer could be started; before the timer expires, if there are a number of IS indications received, the beam recovery procedure could be triggered again.
Proposal 3: When both consecutive N1 number of OOS and beam recovery failure indication were received, both timers for RLM and beam recovery failure were activated respectively, and RLF will be declared when there are no consecutive N2 number of periodic in-sync indications received before either timer expires.
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