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1. Introduction 
In RAN2#97b meeting [1], following agreements on RLM/RLF were made.

	· 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.


While in RAN1 #88b meeting [2], some L1 process of beam recovery was agreed.

	· 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


In this contribution, we first further discuss how UE performed RLM in case of multi-beam operation in mmW deployments. Then the relationship between beam recovery, RLM and RLF is discussed.
2. Discussion
1.1 2.1 Analysis of NR RLM

In LTE, RLM (Radio Link Monitoring) is performed to indicate physical layer failure to L3. Specifically, physical layer problems are detected by monitoring the cell-specific Reference Signal (i.e., CRS), and estimating the theoretical PDCCH BLER for specific configurations defined in 36.133 [3]. In-Sync (IS) and Out-of-Sync (OOS) indicators are generated based on the DRX cycle if configured and the thresholds Qout (e.g. 10%) and Qin (e.g. 2%). When consecutive N310 OOS indications are observed, T310 will be started, and T310 is stopped if N311 IS indications are received.   

For NR, most RAN2 procedures in LTE were agreed to be design baseline of NR up to now. In our understanding, the above RLM procedure in LTE should be also applied in NR, i.e., NR lower layer could also provide OOS and IS indications to L3 and T310 could be triggered or stopped based on them.  
Proposal 1: The procedure of LTE RLM procedure should be design baseline of NR RLM
Based on current NR discussion, we think the major differences between RLM of NR and RLM of LTE are the following two points:

a) Reference Signal (RS) for monitoring: based on current RAN1 discussion, there will not be CRS in NR, which is always-on and wideband RS. We need to consider which RSs could be utilized to reflect PDCCH quality.  

b) Multiple beam operation: multiple beam operation is necessary for NR, especially in mmW deployments. So we need to specify how to indicate physical layer failure to L3 in case of multiple beams being detected.
For a), it is similar to the question which RSs could be utilized for RRM in cell mobility. It was discussed in previous couples of meetings in RAN1 [4] and RAN2 [5], and always-on NR-SS and/or CSI-RS were agreed for RRM measurements [5]. We think similar to RRM, RLM could also use always-on reference signal NR-SS and/or additional RS like CSI-RS if configured. Which specific RSs to use should be decided by RAN1.         

For b), we have two alternatives: 

1) IS/OOS indications are reported per beam, i.e., UE will report multiple IS/OOS indications to L3
2) Only one cell-level IS/OOS indication is derived from multiple beams, and reported to L3

Alternative 2) was agreed as RAN2 preference in [1], we also prefer alternative 2) because alternative 1 will cause frequent measurements and reporting for each beam. Complexity will be quite high if each beam level IS/OOS indication needs to be reported to L3 because large number of beam may be utilized in NR, especially in mmW deployments. 
Proposal 2: only one cell-level IS/OOS indication is derived from multiple beams, and reported to L3 

Then, one followed question is how to derive one IS/OOS indication when multiple beams are detected. It is similar to the question of how to derive cell measurement in RRM, and we think we could use the similar way for RLM. Specifically, gNB could configure UE one or several beams whose measurements shall be used to derive serving cell RLM indication. The configured beam set could be named as reference beam set. Similar to current RRM agreements, the reference beam set may include N best beams where N could be 1 or more than 1, and beams above a threshold (‘good’ beams). The exact mechanism of how to configure reference beam set is FFS.         
Proposal 3: similar to RRM, cell RLM indication can be derived from a configured reference beam set. The reference beam set may include 

a) N best beams where value of N can be configured to 1 or more than 1
b) Beams above a threshold (‘good’ beams)

After configuring UE reference beam set to monitor RLM, gNB needs to specify if a function shall be used to derive IS or OOS from a set of beam measurements. The function may include average or max taken over beam measurements from reference beam set. And the similar function as RRM cell quality derivation could be reused.  
Proposal 4: gNB needs to specify if a function of a set of beam measurements shall be used to derive IS or OOS. The similar function as RRM cell quality derivation could be reused.   

1.2 2.2 Analysis of NR RLF 
Similar to RLM/RRM, we think multi-beam operation is the major difference and should be optimized for RLF in NR. Note that we have made the following agreement in RAN2#97b [1]:

	· 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.


So similar to LTE, NR could perform RLM to generate cell OOS/IS in L1 and report the OOS/IS indication to L3 to trigger T310.  
Then one followed question is whether beam recovery could also trigger RLF in mmW deployment. In RAN1#88b [2], basic L1 procedure of beam recovery has been agreed to be utilized to re-establish beam pair when active beam failure event occurs. And in RAN1#88 [4], the question of whether UE indicated beam recovery status indication to L3 was raised. Although people may argue that cell OOS/IS also reflects the beam recovery failure, we think UE should provide this indication to L3 in NR due to the following 2 reasons:
· OOS cannot reflect UL channel failure: based on the agreed basic L1 procedure of beam recovery [2], the beam recovery procedure will include 4 steps: a) Beam failure detection; b) New candidate beam identification; c) Beam failure recovery request transmission; d) UE monitors gNB response for beam failure recovery request. Among them, steps a)/b)/d) are performed by UE in DL, but step c) needs to be performed by gNB in UL. As we know, OOS could only reflect DL channel quality. Therefore, OOS failed to reflect the potential RLF scenario that DL channel quality is good but UL channel quality is poor.  
· OOS cannot well reflect impact of beam switch: as illustrated in figure.1, when active beam fails, T310 is likely to be triggered due to OOS detection. But gNB may still reach UE by switching to other beams. In this case, UE may report indication of beam recovery success to L3 so that T310 could be stopped, otherwise RLF and even RRC re-establishment may be started in worst case. 
Therefore, beam recovery indication could provide more beam switch information than OOS/IS, and will be beneficial to trigger RLF in mmW deployment. How to determine beam recovery failure has dependency with details of beam recovery being discussed in RAN1. So the exact condition and mechanism is FFS.
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Figure.1 Example of radio link recovery success event triggered by success of beam recovery
Proposal 5: NR should support RLF declaration event triggered by failure of beam recovery. Exact condition of determining beam recovery failure is FFS.  
Proposal 6: NR should support radio link recovery success event triggered by success of beam recovery. Exact condition of declaring radio link recovery success based on beam recovery success is FFS.

3. Summary
In this contribution, we discuss how UE performed RLM, and the relationship between beam recovery, RLM and RLF. The proposals are:

Proposal 1: The procedure of LTE RLM procedure should be design baseline of NR RLM
Proposal 2: only one cell-level IS/OOS indication is derived from multiple beams, and reported to L3 
Proposal 3: similar to RRM, cell RLM indication can be derived from a configured reference beam set. The reference beam set may include 

a) N best beams where value of N can be configured to 1 or more than 1
b) Beams above a threshold (‘good’ beams)

Proposal 4: gNB needs to specify if a function of a set of beam measurements shall be used to derive IS or OOS.  The similar function as RRM cell quality derivation could be reused.  

Proposal 5: NR should support RLF declaration event triggered by failure of beam recovery. Exact condition of determining beam recovery failure is FFS.  
Proposal 6: NR should support radio link recovery success event triggered by success of beam recovery. Exact condition of declaring radio link recovery success based on beam recovery success is FFS.
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