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1. Introduction

Beam-level failure and radio link failure were discussed and some agreements were made at RAN2#97bis. In this contribution, we would like to see the relationship between beam-level failure and radio link failure and how to trigger the corresponding recovery procedure for each failure. 
2. Discussion
Figure-1 shows brief inter-layer inter-actions and the corresponding UE procedures for RLM and RLF handling [1]. L1 (PHY) periodically sends in-sync indication or out-of-sync indication to L3 (RRC). In-sync or out-of-sync is determined based on cell specific reference (CRS) channel quality and the associated hypothetical PDCCH block error ratio. If L3 receives N310 consecutive out-of-sync indications, timer T310 starts running to wait for RL recovery (i.e. N311 consecutive in-sync indications are received). If T310 expires, timer T311 starts to attempt RRC connection re-establishment. If T311 expires, the UE enters to idle state. 
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Figure-1. LTE radio link failure handling
Initial discussion on RLM and RLF was taken and some agreements were made at RAN2#97bis [2]: 

· 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.

We still need to discuss more details on how to declare RLF. We think LTE RLF declaration and the corresponding RRC connection re-establishment procedure will be also applied to NR unless significant problem or further enhancement is justified, so the following proposals are made for NR RLF declaration and handling: 

[Proposal1]: PHY informs RRC of periodic out-of-sync / in-sync indications.

[Proposal2]: RRC detects DL radio link problem if consecutive N1 number of out-of-sync indications are received and the timer starts running once detection of DL radio link problem.

[Proposal3]: RRC stops the timer if consecutive N2 number of in-sync indications are received during the timer runs.

[Proposal4]: If the timer expires, RRC tries to find out a suitable cell to attempt RRC connection re-establishment.

The relationship with in-sync/out-of-sync indication, beam-failure (BF) declaration, beam recovery (BR) procedure and radio link failure (RLF) declaration was also somewhat discussed, but no conclusion was made due to diverse companies’ views. In general we think three models have been on the table.
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Figuer-1. The relationship with in-sync/out-of-sync, BF declaration, and RLF declaration
Motivation of Model#1 is out-of-sync indication anyway will be generated if beam failure happens, so we can have common in-sync/out-of-sync indication for both BF declaration to trigger BR procedure and RLF declaration to trigger RRC connection re-establishment procedure. It is also aligned with maintenance of counter and timer is normally done in RRC (e.g. N310, N311, T310 and T311 for RLF declaration) and similar kind of counter or timer is needed for BF declaration. Of course different counter and/or timer can be configured for BF declaration and RLF declaration. In addition, RRC is responsible for lower layers configuration, so when to trigger BR procedure to lower layer it is easy to set the corresponding configuration.  
Motivation of Model#2 is to inform BF situation to RRC more quickly since relying on periodic IS/OOS means PHY should wait for next periodically coming time to inform BF situation even though it is detected earlier. The benefits of declaring BF and triggering BR procedure at RRC are same as model#1. 
Motivation of model#3 is to rely BF declaration and BR procedure to physical layer as much as possible so RRC does not have to care them. Note with this model, maintenance of the required counter and/or timer for BF declaration needs to be done in PHY, which is different compared to how to do RLF declaration.
During latest meetings, RAN1 has made the following agreements were made on BF, BR and RLF. 

From RAN1#88bis [3]: 

· 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

From RAN1#89 [4]: 

· 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.

· 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 

From RAN1 NR Ad-Hoc [5]: 

· The RS used for RLM should have following properties 

· Periodic transmission with short enough periodicity

· Wideband transmission relative to bandwidth of active bandwidth part

· Supporting both single beam and multi-beam operations

· Representing control channel quality

· Both CSI-RS based RLM and SS block based RLM are supported

· FFS: whether or not only a single type of RS is configured to UE for RLM at a time

· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 

· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310

· RAN2 can decide specific procedure

· Example 2: aperiodic indication(s) based on failure of beam recovery procedure

· How to use aperiodic indication can be decided in RAN2

· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used

· 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

· Send LS to inform RAN2 – to be done next meeting

As indicated in the highlighted RAN1 agreement parts, RAN2 still needs to decide specific procedure when RRC receives either success or failure of BR procedure. In our view, the RRC procedure indicated in the examples, i.e. stop RLF declaration timer if success of BR is indicated from PHY and declare RLF immediately if failure of BR is indicated from PHY, sounds quite reasonable. In addition, we also may need to discuss whether MAC should be involved in BR procedure (e.g. PHY triggering BR procedure to MAC). As shown in the highlighted RAN1 agreement parts, it was agreed non-contention based PRACH and/or PUCCH can be used for the transmission of BR REQ. When PUCCH is used, we assume MAC does not need to be involved. When non-contention based PRACH is used, whether MAC needs to be involved seems dependent on whether RACH MSG3 is used for BR REQ transmission. 

[Proposal5]: RAN2 is asked to discuss which model to be assumed on the relationship with IS/OOS, BF declaration, BR procedure, RLF declaration and RRC connection re-establishment procedure. 

[Proposal6]: RRC stops RLF declaration timer if running when it receives BR success indication from the lower layer.

[Proposal7]: RRC declares RLF immediately when it receives BR failure indication from the lower layer.

[Proposal8]: RAN2 is asked to discuss whether MAC needs to be involved in BR REQ transmission.

[Proposal9]: RAN2 is asked to send LS to RAN1 to inform RAN2 discussion to ask RAN1 confirmation/feedback.
3. Conclusions

We discussed on the relationship between beam and radio link failures and the following proposals are made: 

[Proposal1]: PHY informs RRC of periodic out-of-sync / in-sync indications.

[Proposal2]: RRC detects DL radio link problem if consecutive N1 number of out-of-sync indications are received and the timer starts running once detection of DL radio link problem.

[Proposal3]: RRC stops the timer if consecutive N2 number of in-sync indications are received during the timer runs.

[Proposal4]: If the timer expires, RRC tries to find out a suitable cell to attempt RRC connection re-establishment.

[Proposal5]: RAN2 is asked to discuss which model to be assumed on the relationship with IS/OOS, BF declaration, BR procedure, RLF declaration and RRC connection re-establishment procedure. 

[Proposal6]: RRC stops RLF declaration timer if running when it receives BR success indication from the lower layer.

[Proposal7]: RRC declares RLF immediately when it receives BR failure indication from the lower layer.

[Proposal8]: RAN2 is asked to discuss whether MAC needs to be involved in BR REQ transmission.

[Proposal9]: RAN2 is asked to send LS to RAN1 to inform RAN2 discussion to ask RAN1 confirmation/feedback.
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