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1 Introduction
In RAN2#97bis meeting, the general principles of RLM/RLF in LTE were agreed to be reused in NR, with following agreements aiming for a single procedure for both multi-beam and single beam operation [1]. 
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#89 meeting, RLM was discussed and following agreements were made [2]:
	Agreements:
· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE
· SINR-like metric as in LTE represents whether or not UE can receive PDCCH
· FFS: PDCCH in U-SS and/or PDCCH in C-SS
· RS used to derive SINR-like metric is down selected from following options
· Opt.1: CSI-RS
· Opt.2: DMRS for NR-PDCCH in C-SS
· Opt.3: DMRS for NR-PBCH
· Opt.4: NR-SSS
· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)
· FFS: how many options are used
· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.


Furthermore, RAN1 is designing UE triggered beam recovery procedure, targeting to overcome a sudden beam quality drop. Following agreements were attached in the Annex for reference.  
When the radio link is successfully recovered with other beams through beam recovery procedure, UE needn’t to declare RLF and go through the long re-establishment procedure. The purpose of beam recovery and radio link recovery in RLM/RLF procedure has certain similarity, so beam recovery procedure and the potential RAN2 involvement were discussed in RAN2#97bis meeting.  In this contribution, we discuss the modeling and the interaction between RLM/RLF and beam recovery procedures. 
2 Discussion
2.1 Beam failure recovery and RLM/RLF Modelling
In NR with multiple beam operation, beam management is an important procedure to support beam-level mobility, which is defined as a set of PHY/MAC procedures to acquire and maintain a set of TRP(s) and/or UE beams used for DL and UL transmission/reception.  In normal beam measurement procedure, both network and UE can reach each other without interruption. Beam failure recovery procedure can be considered as a complementary procedure of beam management. It is intended to handle the abnormal case when sudden channel degradation due to blockage or beam misalignment due to fast channel variation. It is a PHY/MAC procedure triggered at UE side. For RLM/RLF, RLM is performed over physical layer indicating Qin/Qout to RRC and RRC declares RLF. 
Observation 1: Beam failure recovery is a PHY/MAC procedure, while RLM/RLF is a cross-layer procedure involving PHY and RRC. 
Taking Figure 1 for example, they are two separate procedures performed in parallel in different layers. RLM is performed over physical layer based on the measurement samples of different DL beams with the CSI-RS, NR-SS, DMRS, or RS for time/frequency tracking. Beam management maybe performed over MAC layer. Based on the beam indication received from the network, the measurement samples of the corresponding serving beam can be picked at each reporting instance as input for per-cell Qin/Qout evaluation.  So RRC performs RLF detection based on the Qin/Qout indications. 


Figure 1 Example of Beam management and RLM/RLF Modelling
Proposal 1: Beam failure recovery and RLM/RLF are separate procedures performed in parallel in different layers. 
2.2 Beam failure recovery and RLM/RLF Comparison
RLM/RLF consists of two steps, i.e. PHY problem detection if N310 consecutive Qout are received and link recovery procedure, during which UE expects to receive N311 consecutive Qin before T310 expiry. Otherwise, RLF is declared. Just as agreed in RAN1, beam failure recovery procedure consists of four steps, i.e. beam failure detection, new candidate beam identification, beam failure recovery request transmission and gNB response for beam failure recovery request. 
Observation 2: Beam failure recovery consists of four steps including beam failure detection, new candidate beam identification, beam failure recovery request transmission and gNB response monitoring; while RLM/RLF consists of two steps including PHY problem detection and link recovery procedure leading to RLF. 
The purpose of beam failure in beam failure recovery procedure and PHY problem detection in RLM is similar, aim at discovering the situation when there are PHY problems and the network can’t reach UE over the beam pair or a radio link. The purpose of the following three steps in beam failure recovery procedure has the same purpose as link recovery in RLM/RLF to determine whether DL connection between network and UE can be resumed. However, the criteria of beam failure and beam recovery success/failure are not decided yet in RAN1, so currently RAN2 can’t make following assumptions:
· Whether the criteria of beam failure and PHY problem detection in RLM are the same or different;
· Whether the criteria of beam recovery failure and RLF are the same or different. 
Observation 3: The purpose of beam failure in beam failure recovery procedure and PHY problem detection in RLM procedure are similar, but RAN2 can’t assume whether the criteria of the above two events are the same or different.
Observation 4: The purpose of new candidate beam identification, beam failure recovery request transmission and gNB response monitoring in beam failure recovery procedure and link recovery in RLM/RLF procedure are similar, but RAN2 can’t assume whether the criteria of the above two events are the same or different.
RAN1 agreed that beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough. For RLM, IS and OOS indications are based on SINR-like metric as in LTE, which represents whether or not UE can receive PDCCH. 
Observation 5: The reference signal for beam failure detection and RLM should reflect the channel quality of control channel. It should be confirmed by RAN1 whether the reference signals for beam failure detection and RLM are the same or not. 
Considering those two procedures perform in parallel in different layers but addressing the similar purpose, those two procedures should reflect the same quality of the radio link and take aligned response behaviors. For example, when beam failure occurs, it is expected that consecutive Qout indications will be generated until beam failure is recovered.  If no beam is recovered, RLF should be declared. When beam failure recovery succeeds, it is expected that consecutive Qin indications will be generated and RLF declaration should be avoided. UE behavior mismatch on different layer should be avoided. 
Proposal 2: Beam failure recovery and RLM/RLF should avoid behavior mismatch on different layers and reflect the same trend of radio link quality. 
Proposal 3: RLF is declared if beam failure recovery does not succeed. 
Proposal 4: RLF is not declared if beam failure recovery succeed. 
In order to reflect the same radio link quality of the serving cell, it is very straightforward that the measurement results of the serving beam is collected as the input for Qin/Qout evaluation at each reporting instance. If multiple beams are selected as the serving beams, the best serving beam can be used. Because if the radio problem is detected on the best serving beam, it is not expected other serving beams is still available. From PHY aspect, the maximum measurement result among the serving beams are selected to compare with the threshold for Qin/Qout indication. When beam failure occurs with the channel quality degradation of the best serving beam, Qout is indicated; when beam failure is recovered, the original beam is replace by a new serving beam, Qin is indicated. 
Proposal 5: The best serving beam is used for per-cell Qin/Qout indication in RLM.
2.3 Beam failure recovery and RLM/RLF Interaction
Beam failure recovery and RLM/RLF are separate procedures performed in parallel in different layers, but interaction between them need to be considered. Depending on what criteria used for beam failure determination and the time scale of beam failure recovery, following two options can be considered, just as illustrated in Figure 2. 
Option 1: Beam failure recovery without RRC involvement
· Beam failure recovery is triggered by MAC/PHY, and transparent to RRC;
· Criteria for Beam failure detection are based on L1-RSRP, CSI or Qin/Qout with short evaluation period. 
· A timer in MAC/PHY is used to supervise beam failure recovery procedure.  
Option 2: Beam failure recovery with RRC involvement
· Beam failure recovery is triggered by RRC;
· Criteria for Beam failure detection are based on Qin/Qout with long evaluation period;
· T310 is used to supervise beam failure recovery procedure.  




Option 1 assumes beam failure detection is based on the instantaneous channel variation, which occurs frequently, requiring fast beam recovery procedure. So the criteria for beam failure detection are aggressive, which are based on short term of channel measurement results. If consecutive Qout indications are used for beam failure detection, it is expected that the evaluation period is much shorter than the original evaluation period in LTE. 
One concern of this option is that it’s hard to set the length of T310. Certain behavior mismatch between RLF on RRC and beam recovery on lower layer may occur if the timer is not set properly. For example, if T310 is short, there is a risk that RLF is declared before beam recovery is completed.  If T310 is long, RLF declaration is delayed until T310 expiry even if beam failure recovery fails certain time ago. So certain method to avoid the behavior mismatch needs to be considered further. 
RAN1 agreed that UE notifies higher layer if no gNB response is not detected after a certain number of transmission(s) for beam failure recovery request. Thanks to the notification from lower layer, RRC can be involved to handle beam recovery failure, e.g. trigger RLF. 
Option 2 assumes beam failure detection is based on long term channel variation, which occurs less frequently. So the criteria for beam failure detection are conservative, e.g. based on the traditional Qout indications with long evaluation period. So when beam failure is detected, T310 is started to supervise the beam recovery procedure. Beam recovery procedure can be considered as one part of RLF detection procedure. 
One concern of this option is that the criteria of beam failure detection is too slow to trigger beam recovery procedure timely, so the channel quality experienced by UE is not optimal. However, this needs to be evaluated in RAN1. 
Observation 6: In option 1, beam recovery is performed without RRC involvement, with aggressive beam failure detection criteria and fast beam failure recovery procedure.
Observation 7: In option 2, beam recovery is performed with RRC involvement, with conservative beam failure detection criteria. Beam failure recovery procedure is supervised by T310. 
Since RAN1 is also discussing the beam failure detection criteria and the beam recovery procedure, RAN2 can’t exclude any of the options above based on current progress in RAN1. We can consider those two options as starting point and down selection from them when further progress is made in RAN1. 
Proposal 6: RAN2 considers the two options for beam recovery and RLM/RLF and down-select from them when beam failure and beam recovery failure criteria are decided in RAN1. 
3 Conclusion 
Based on the observations:
Observation 1: Beam failure recovery is a PHY/MAC procedure, while RLM/RLF is a cross-layer procedure involving PHY and RRC. 
Observation 2: Beam failure recovery consists of four steps including beam failure detection, new candidate beam identification, beam failure recovery request transmission and gNB response monitoring; while RLM/RLF consists of two steps including PHY problem detection and link recovery procedure leading to RLF. 
Observation 3: The purpose of beam failure in beam failure recovery procedure and PHY problem detection in RLM procedure are similar, but RAN2 can’t assume whether the criteria of the above two events are the same or different.
Observation 4: The purpose of new candidate beam identification, beam failure recovery request transmission and gNB response monitoring in beam failure recovery procedure and link recovery in RLM/RLF procedure are similar, but RAN2 can’t assume whether the criteria of the above two events are the same or different.
Observation 5: The reference signal for beam failure detection and RLM should reflect the channel quality of control channel. It should be confirmed by RAN1 whether the reference signals for beam failure detection and RLM are the same or not. 
Observation 6: In option 1, beam recovery is performed without RRC involvement, with aggressive beam failure detection criteria and fast beam failure recovery procedure.
Observation 7: In option 2, beam recovery is performed with RRC involvement, with conservative beam failure detection criteria. Beam failure recovery procedure is supervised by T310. 
We propose:
Proposal 1: Beam failure recovery and RLM/RLF are separate procedures performed in parallel in different layers. 
Proposal 2: Beam failure recovery and RLM/RLF should avoid behavior mismatch on different layers and reflect the same trend of radio link quality. 
Proposal 3: RLF is declared if beam failure recovery does not succeed. 
Proposal 4: RLF is not declared if beam failure recovery succeed. 
Proposal 5: The best serving beam is used for per-cell Qin/Qout indication in RLM.
Proposal 6: RAN2 considers the two options for beam recovery and RLM/RLF and down-select from them when beam failure and beam recovery failure criteria are decided in RAN1. 
4 Annex
RAN1#88bis agreements on beam failure recovery:
	Agreements:
· 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
Conclusion:
· Note: Necessity of SS block and DMRS will be discussed simultaneously later
Agreements:
· Study whether or not support mechanism for UE to provide L1/L2 reports based on SS-block measurements for beam management
· FFS which channels/signals in SS-block for measurement
· Especially in light of L3-RSRP
· Study further whether or not to have a unified format for L1-RSRP measurement report of SS-block and CSI-RS
Agreements:
· Study how to support at least one mechanism when NW receive the beam failure recovery request
· E.g., NW assigns UL grant for beam reporting, NW transmits DL RS for beam measurement, NW signal beam indication or confirmation to UE, etc. 
· E.g., UE assistance on NW decision of which mechanism to apply
· Whether or not a specific mechanism has specification impact 
Agreements:
· FFS for the situation of “ no new candidate beam”, whether or not there are issues, and if so, whether or not RLF procedure can sufficiently handle the issues 


RAN1#89 agreements on beam failure recovery:
	Working assumption:
· Support at least the following triggering condition(s) for beam failure recovery request transmission:
· Condition 1: when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification
· FFS Condition 2: Beam failure is detected alone at least for the case of no reciprocity
· FFS how the recovery request is transmitted without knowledge of candidate beam
· Note: if both conditions are supported, which triggering condition to use by UE also depends on both gNB configuration and UE capability
Agreements:
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
· Support using PUCCH for beam failure recovery request transmission
· FFS whether PUCCH is with beam sweeping or not
· Note: this may or may not impact PUCCH design
· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
· From traditional RACH resource pool
· 4-step RACH procedure is used
· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 
· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 
Agreements:
· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
· FFS whether the candidate beam(s) is identified from a preconfigured set or not
· Detection of a gNB’s response for beam failure recovery request during a time window is supported
· FFS the time window is configured or pre-determined
· FFS the number of monitoring occasions within the time window
· FFS the size/location of the time window
· If there is no response detected within the window, the UE may perform re-tx of the request
· FFS details
· If not detected after a certain number of transmission(s), UE notifies higher layer entities
· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer 
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