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1. Introduction

In RAN1 #87 meeting [1], it was agreed that NR should provide robustness against beam pair link blocking.
	· NR to provide robustness against beam pair link blocking

· Study mechanisms to achieve the above purpose

· E.g., by enabling PDCCH/PDSCH monitoring with N beams
· E.g., by enabling composite beams via e.g., SFBC and/or multi-stage control channel
· The examples are not intended to be exhaustive

· NR should study the necessity of event-driven UE initiated UL transmission, e.g., in the event of beam quality degradation 

· E.g. due to UE mobility/rotation, blockage, and/or link failure, etc.


In RAN1#88 meeting [2], some further agreements on how to recover beam pair were achieved, and the question of whether UE indicated to L3 in case of beam recovery failure was raised.

	· 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

· Note: here the beam pair link is used for convenience, and may or may not be used in specification

· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH

· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 

· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH

· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH

· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded

· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE

· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH

· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 

· Note: the criterion for declaring radio link failure is for RAN2 to decide.

· FFS: The necessity of such indication

· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols


In this contribution, we first discuss how UE performed RLM in case of multi-beam operation in mmW deployments. Then whether to provide beam recovery failure indication to L3 for RLF trigger is discussed. The discussion on beam recovery procedure could be found in our companion contribution [3], and the discussion on beam management could be found in another companion contribution [4].
2. Discussion
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 [5]. 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 couple of meetings in RAN1 [2] and RAN2 [6], and always-on NR-SS and/or CSI-RS were agreed for RRM measurements. 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
Between them, we 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.  
Proposal 4:  gNB needs to specify if a function of a set of beam measurements shall be used to derive IS or OOS. The function may include average or max taken over beam measurements from reference beam set.  

2.2 Analysis of NR RLF

LTE design will be baseline. Furthermore, we have discussed that RLM design of LTE should be design baseline of NR in previous section. Therefore, we think the RLF procedure in LTE should be also baseline in NR. 
Proposal 5: the RLF detection and recovery framework in LTE can be used as the baseline for NR. 

Similar to RLM/RRM, we think multi-beam operation is the major difference and should be optimized for RLF in NR. In RAN1#86b [7], beam recovery has been agreed to be utilized to re-establish beam pair when active beam failure event occurs. And in RAN1#88 [2], the question of whether UE indicated beam recovery failure to L3 was raised. We think UE should provide this indication to L3 in NR due to the scenario illustrated in figure.1. As we see, 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 success of beam recovery to L3 so that T310 could be stopped, otherwise RLF and even RRC re-establishment may be started in worst case. Since beam recovery is still being discussed in RAN1, and it is not clear whether it is visible to L2/L3. The exact condition 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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Figure.1 Example of radio link recovery success event triggered by success of beam recovery
When active beam fails and no alternative beams could be found to re-establish the link between serving gNB and UE, it will lead to beam recovery failure. Then UE will lose connection with serving gNB, which should also trigger RLF. How to determine beam recovery failure has dependency with L1 procedure of beam management being discussed in RAN1. So the exact condition of beam recovery failure is FFS.

Proposal 7: NR should support RLF declaration event triggered by failure of beam recovery. Exact condition of beam recovery failure is FFS.  

Based on the above discussion, beam recovery procedure should be performed in parallel with RLM to trigger RLF. Since the state machines for the two mechanisms may not be identical, and they may have some kind of coupling. We need to further study the exact mechanism how RLF is declared by RLM and beam recovery after beam recovery design is clear.
3. Summary
In this contribution, we discuss how UE performed RLM, and whether to report beam recovery failure to L3 for RLF trigger. 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 function may include average or max taken over beam measurements from reference beam set.  

Proposal 5: the RLF detection and recovery framework in LTE can be used as the baseline for NR. 
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.
Proposal 7: NR should support RLF declaration event triggered by failure of beam recovery. Exact condition of beam recovery failure is FFS.  
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