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1 Introduction
In RAN2#97bis, RAN2 discussed NR RLF and reached the following agreement [3]: 

Agreements

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). 

2
In NR RLM procedure, physical layer performs out of sync / in sync indication and RRC declares RLF. 

3
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.
In RAN1#87, the following agreements are achieved [2]:


Agreements on 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., N=1, 2, …

                     -  E.g., TDM monitoring, simultaneous monitoring, etc.

              (   E.g., by enabling composite beams via e.g., SFBC and/or multi-stage control channel              
In this paper we will further discuss the RLF related schemes for NR beyond [1], particularly the RLF detection with respect to beamformed control or data channel or both. Given the recent progress in RAN1 and RAN2, it is important to analyze the impact of beam failure detection and recovery on cell-level RLF detection and recovery.
2 Discussion
NR supports that the UE can recover from beam failure. 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). The mechanism to recover from beam failure is triggered when beam failure occurs. 

Network explicitly configures UE with resources for UL transmission of signals for recovery purpose. Configurations of resources are supported where the base station is listening from all or partial directions, e.g., random access region. The UL transmission/resources to report beam failure can be located in the same time instance as PRACH (resources orthogonal to PRACH resources) or at a time instance (configurable for a UE) different from PRACH. Transmission of DL signal is supported for allowing the UE to monitor the beams for identifying new potential beams.

NR also supports using the same or different beams on control channel and the corresponding data channel transmissions. NR supports beam management with and without beam-related indication. When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL (quasi-co-location) to UE. 

In RAN1#88 [4], a four-step procedure regarding DL beam failure detection to recovery was agreed, with the fourth step as below

· UE monitors a control channel search space to receive gNB response for beam failure recovery request
Additionally per 3GPP TR 38.802, 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). 

In case the above is strictly followed, then if the step-four of beam recovery, i.e., UE monitoring a control channel for gNB response to beam failure recovery request, can not be conducted due to control channel (e.g., PDCCH) beam failure, then essentially the beam failure of both control and data channels will not be recovered at L1/L2 and hence the costly cell-level (L3) RLF will certainly happen. However, if taking PHY-level indication of OOS/IS for example, there are at least three scenarios of BPL failures:

1. all the N active BPLs fail (recovery fails too) for the control channel, but not necessarily the data channel. 
2. all the N active BPLs fail (recovery fails too) for the data channel, but not necessarily the control channel

3. all the N active BPLs fail (recovery fails too) for both the data and the control channel
At least scenario 1 reflects the scenario that services on a data channel (e.g., a SPS service) may continue despite the control channel (e.g., a DL PDCCH) declared as “failed”. In NR, since control and data channels are using different beams with possibly very different spatial resources, beamwidth, and hence very different blocking or coverage situations, there is a higher chance than in LTE that the DL data channel (e.g., PDSCH) or even UL channel or signaling (e.g., RACH of pre-reserved resources) may survive even after the control channel fails. This situation may not last long but may be sufficient for a faster L1/L2 link recovery than triggering the slower L3 RLC operations. Therefore, costly RLF indication and recovery based on purely control channel’s BPL failure seems too limiting in NR. Hence the link failure detection should be further studied, and be in-sync with or confirmed by RAN1.

Observation 1: The beam failure of data channel and of control channel may be decoupled with each other. Hence the link failure detection based on only control channel’s beam failure seems very limiting.
Given this observation, it would be possible to decouple RLF caused by NR-PDCCH beam failure and the RLF cause by data channel (e.g., NR-PDSCH) beam failure, as the UE may experience different beam condition between control channel and data channel. Similarly it would be possible to combine the BLPs conditions of both data and control channels to derive a unique RLF condition.
Proposal 1: To study RLF detection (Qoutofsynch/Qin) and recovery considering the failure detection and recovery of both control and data beams.
In addition, RAN2 prefers that RAN1 provides the in-sync/out-of-sync indication of the above at per cell level, i.e., the link failure should be indicated by PHY incorporating the underlying single (N=1) or multiple (N > 1) serving or candidate beams/BPLs, rather than just individual beam failure or failure of multiple BPLs that can however be quickly recovered at not just L1 but possibly L2 too [1]. For multiple beam based control channel (e.g. 2 beams based). The beam-level failure can be based on N-consecutive "out-of-sync". The Qoutofsynch or Qin is based on single beam or multiple beam. For example, single beam based failure may be only visible to L1/L2 (L1 report to L2 for switching decision after beam failure), while only multiple beam based failure indicator may be reported to L3. To minimize the costly L3 RLF triggered operations, just similar to the ongoing study of multi-beam RRM measurements [5], further study of multi-beam RLM and radio link failure detection is needed in both RAN1 and RAN2.
Considering the data channel based link/beam failure monitoring/detection, there are three options to detect RLF: 

· Option one: consider maximum number of of RLC retransmission failure (like LTE’s mechanism for data packet at RLC layer), or random access problem indications from MAC (e.g., due to SR retry failures).
· Option two: consider the beam-level failure (Qoutofsynch) of all available candidate data BPLs (the same mechanism as for control), with separate L3 indications generated by lower layers (L1/L2) for data vs. for control. FFS how to combine the link states from both channels at L3.
· Option three: Consider the beam-level failure of both data and control all together at L1/L2. FFS how to combine the monitored link states from both channels at L1/L2 and generate a unique RLF indication to L3.
There is little difference with Option 1 between LTE and NR, and the failure detection is slow at upper layers, and hence is suboptimal. Option 2 actually implies independent indications of multi-beam RLF for data and for control from the lower layer, and leave the RLF detection to L3 on how to combine data and control. Option 3 require the traditional L1/L2 RLM to monitor both data channel beam and the control channel beam all together—both option 2 and option 3 needs future study. 
Taking NR-PDCCH for example: to have more robustness against a single BPL blocking, UE can be configured to monitor NR-PDCCH on multiple beam pair links simultaneously, and the maximum of the pair number may depend at least on UE capability. UE can be configured to monitor NR-PDCCH on different BPLs in different NR-PDCCH OFDM symbols. Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links can be configured by higher layer signaling or MAC CE and/or considered in the search space design. Candidate signaling methods for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH) may include MAC CE signaling, RRC signaling, DCI signaling, specification-transparent and/or implicit method, and combination of these signaling methods. 
Proposal 2: To study the detection mechanism of cell-level RLF based on the condition of all serving or candidate BPLs for both data and control, particularly on how to combine them (at L1, L2, or L3).
3 Conclusion
Observation 1: The beam failure of data channel and of control channel may be decoupled with each other. Hence the link failure detection based on only control channel’s beam failure seems very limiting.

Proposal 1: To study RLF detection (Qoutofsynch/Qin) and recovery considering the failure detection and recovery of both control and data beams.
Proposal 2: To study the detection mechanism of cell-level RLF based on the condition of all serving or candidate BPLs for both data and control, particularly on how to combine them (at L1, L2, or L3).
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