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1. Introduction
In the last 3GPP RAN1 #89 meeting, following working assumption and agreements were made on beam failure recovery mechnism [1]: 

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
In this contribution, beam failure recovery mechanism related aspects are discussed.
2. Discussion on beam failure recovery request

From the working assumption in RAN1 #89 meeting, there are two triggering conditions for beam failure rcovery request transmission. Condition 1 implicitly indicates new candidate beam is identified at least by UE-specific CSI-RS. The working assumption describes the association of beam failure event and recovery request transmission. The former event has nothing to do with reciprocity, and the latter depends on whether there is available UL beam for recovery request. For triggering condition 1, if reciprocity exists and the DL candidate beam is identified, recovery request transmission can use the UL Tx beam corresponding to the DL Rx beam for candidate beam. Otherwise in the non-reciprocity case, the UL beam sweeping for recovery request transmission can be applied. And then the serving BPL will switch to the candidate beam. For triggering condition 2, if beam failure is detected alone and the candidate beam is not identified, recovery request transmission can use the UL Tx beam sweeping with or without reciprocity. And DL beam training will be used to search for the other BPL for beam switching. As the search space of the candidate beam(s) are limited, UL Tx beam sweeping for beam failure recovery request transmission can increase the possibility of obtaining candidate beam(s) to reduce frequently indication to higher layer.

Proposal 1:  
· The working assumption condition 2 can be modified as below:
· Condition 2: Beam failure is detected alone
· FFS how the recovery request is transmitted with or without knowledge of candidate beam (e.g. UL Tx beam sweeping) 
Both non-contention based NR-PRACH resources and NR-PUCCH are supported for beam failure recovery request transmission. As the bearing capbility of NR-PRACH is limited, multiple candidate beams reporting at the same instant may be restricted by NR-PRACH resources. The bearing capability of NR-PUCCH is larger than NR-PRACH. However, similar as NR-PRACH, the bearing capability of NR-PUCCH is also limited, multiple candidate beams reporting at the same instant will cause additional control overhead. If beam failure recovery request transmission is transmitted based on both non-contention based NR-PRACH and NR-PUCCH, the following transmission approches can be considered: 
· Transmit beam failure recovery request based on candidate beam number. E.g. if candidate beam number is less than X, NR-PRACH will be used, otherwise NR-PUCCH will be used.
· Transmit same beam failure recovery request information based on non-contention based NR-PRACH and NR-PUCCH to enhance transmission robustness.
· Transmit different beam failure recovery request information based on non-contention based NR-PRACH and NR-PUCCH to enhance transmission efficiency.

· Transmit beam failure recovery request information by the way of TDM/FDM based on different non-contention based NR-PRACH group and/or NR-PUCCH group.
Proposal 2:
· If beam failure recovery request transmission is configured based on both non-contention based NR-PRACH and NR-PUCCH, the following transmission approches can be considered: 

· Transmit beam failure recovery request based on candidate beam number. E.g. if candidate beam number is less than X, NR-PRACH will be used, otherwise NR-PUCCH will be used.

· Transmit same beam failure recovery request information based on non-contention based NR-PRACH and NR-PUCCH to enhance transmission robustness.

· Transmit different beam failure recovery request information based on non-contention based NR-PRACH and NR-PUCCH to enhance transmission efficiency.

· Transmit beam failure recovery request information by the way of TDM/FDM based on different non-contention based NR-PRACH group and/or NR-PUCCH group.

3. Discussion on handling beam recovery for unexpected cases
There are different unexpected cases for UE request transmission and gNB response reception, e.g. UE request cannot reach the gNB so that the gNB is not aware of the serving BPL blockage, the gNB has received UE request but gNB response cannot reach the UE, both UE request and gNB response are successfully received by the other side.

To deal with these unexpected cases due to the poor channel propagation environment (e.g. blockage), a kind of counter for recovery request can be used from the UE’s perspective. The start of the counter for recovery request can be the first time of recovery request transmission after beam failure declaration. If there is no response detected within the configured time window, the UE preforms retransmission of the recovery request. If no response detected after a certain number of recovery request transmissions, i.e. the counter reaches a predefined certain value (e.g. this value is equal to the predefined maximum number of recovery request transmissions), the UE beam failure recovery attempts are unsuccessful and UE shall notify out-of-sync indication to higher layer. 
In LTE the radio link monitoring procedure is that UE evaluates the L1 radio quality every frame and compares the quality to the thresholds Qin and Qout. When the quality falls below Qout, the out-of-sync is indicated to higher layer in the UE, and when the quality exceeds Qin, the in-sync is indicated to higher layer. The higher layer in the UE may declare RLF based on the out-of-sync indications.  So the RLF is a higher layer procedure. 

In NR if the triggering condition is met, the L1 procedure - beam failure event is declared by UE. Here the triggering condition can refer to the quality of NR-PDCCH falls below a certain threshold. NR should define the thresholds of NR-PDCCH quality for beam failure recovery procedure and the thresholds for RLF procedure as in LTE. The beam failure and RLF can be triggered independently or jointly. 
The beam recovery procedure in L1 is faster and less costly than RLF procedure. The joint implementation of the two procedures, e.g. the exchange of information between L1 and higher layer, will be able to increase the transmission link recovery probability and improve the user experience. The joint design can include: if the beam failure recovery is unsuccessful, then RLF timer is triggered to start the RLF procedure or RLF is declared. If the beam failure recovery is successful, then RLF timer for RLF procedure is stopped or even does not need to be stared. Here the exchange information between L1 and higher layer can be the out-of-sync and in-sync indication. Optionally, an additional notification can be used to switch on and off RLF timer. 
Proposal 3: 

· If no response detected after a certain number of recovery request transmissions, i.e. the counter reaches a certain value (e.g. this value is equal to the predefined maximum number of recovery request transmissions), the UE shall notify out-of-sync indication to higher layer.
· The NR should support the independently or joint triggering the beam failure recovery procedure and RLF procedure. For the joint design of beam recovery and RLF procedure, the exchange information between L1 and higher layer can be the out-of-sync and in-sync indication. Optionally, an additional notification can be used to switch on and off RLF timer. 

· LS of above proposals should be sent to RAN2.
4. Discussion on NR-PDSCH based beam recovery
As shown in figure 1, there are possibilities that NR-PDSCH uses different BPLs from those used by NR-PDCCH. When BPLs blockage occurs to both NR-PDCCH and NR-PDSCH, the BPL for NR-PDCCH should be firstly recovered. When the blockage occurs to the BPLs for NR-PDSCH while NR-PDCCH remains acceptable link quality, the beam failure event for control channel would not be triggered according to the agreement. The result of such case would be the dramatic degradation in data channel quality so that the data transmitted on the blocked BPL is hardly to be detected correctly.
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Figure 1: BPL blockage for NR-PDSCH
Proposal 4: 
· When BPL blockage occurs to both NR-PDCCH and NR-PDSCH, the BPL for NR-PDCCH should be firstly recovered.
It is important to realize fast beam failure recovery from BPL blockage for NR-PDSCH and maintain the continuous data transmission in high frequency communications. UE-initiated event(s) can be triggered when the BPL blockage occurs to NR-PDSCH which is distinguished from the beam failure event for NR-PDCCH. There can be a UE-initiated beam failure recovery request to inform gNB to switch to another BPL for NR-PDSCH similar to NR-PDCCH beam failure recovery if there have candidate BPLs. If there is no good BPLs available in the candidate BPLs, UE can initiate a DL beam training request skipping the ones in blockage to attempt to recover from the beam failure for NR-PDSCH before trigger L3 radio link failure.

Proposal 5: 

· UE-initiated event(s) can be triggered when the BPL blockage occurs to NR-PDSCH which is distinguished from the beam failure event for NR-PDCCH.

Proposal 6:
· UE can trigger BPL switching request or beam training request when beam failure occurs to NR-PDSCH while NR-PDCCH is still connected.
If beam failure for NR-PDSCH has to be defined in the specification, the signal for UE to recognize beam failure for NR-PDSCH and the beam failure criterion need to be defined. The UE can monitor the DMRS in NR-PDSCH and/or CSI-RS and compare the beam measurement results (RSRP, CQI, etc.) with a predefined threshold. The beam failure events for NR-PDSCH will be reported to gNB, including the BPL switching request or beam training request. Like discussed in NR-PDCCH beam failure recovery, the triggering events can be transmitted via a new type of preamble similar to PRACH or via UL control channel, e.g. accompanied with ACK/NACK.

Proposal 7: 

· BPL switching request or beam training request for NR-PDSCH can be transmitted via a new type of preamble similar to PRACH or via UL control channel, e.g. accompanied with ACK/NACK.

For the sake of fast NR-PDSCH recovery for beam failure, an updated CSI can also be reported to the gNB in the UE-initiated manner accompanied with the beam switching request. The CSI including RI, PMI, CQI, etc. is derived from the candidate BPLs switched to from the blocked ones.

Proposal 8:

·  An updated CSI can also be reported to the gNB in the UE-initiated manner accompanied with the beam switching event.
5. Conclusion

In this contribution, the mechnism to recover from beam failure is discussed, and the following proposals are given:
Proposal 1:  
· The working assumption condition 2 can be modified as below:
· Condition 2: Beam failure is detected alone
· FFS how the recovery request is transmitted with or without knowledge of candidate beam (e.g. UL Tx beam sweeping)
Proposal 2:
· If beam failure recovery request transmission is configured based on both non-contention based NR-PRACH and NR-PUCCH, the following transmission approches can be considered: 

· Transmit beam failure recovery request based on candidate beam number. E.g. if candidate beam number is less than X, NR-PRACH will be used, otherwise NR-PUCCH will be used.

· Transmit same beam failure recovery request information based on non-contention based NR-PRACH and NR-PUCCH to enhance transmission robustness.

· Transmit different beam failure recovery request information based on non-contention based NR-PRACH and NR-PUCCH to enhance transmission efficiency.

· Transmit beam failure recovery request information by the way of TDM/FDM based on different non-contention based NR-PRACH group and/or NR-PUCCH group.

Proposal 3: 

· If no response detected after a certain number of recovery request transmissions, i.e. the counter reaches a certain value (e.g. this value is equal to the predefined maximum number of recovery request transmissions), the UE shall notify out-of-sync indication to higher layer.
· The NR should support the independently or joint triggering the beam failure recovery procedure and RLF procedure. For the joint design of beam recovery and RLF procedure, the exchange information between L1 and higher layer can be the out-of-sync and in-sync indication. Optionally, an additional notification can be used to switch on and off RLF timer. 

· LS of above proposals should be sent to RAN2.
Proposal 4: 
· When BPL blockage occurs to both NR-PDCCH and NR-PDSCH, the BPL for NR-PDCCH should be firstly recovered.
Proposal 5: 

· UE-initiated event(s) can be triggered when the BPL blockage occurs to NR-PDSCH which is distinguished from the beam failure event for NR-PDCCH.

Proposal 6:

· UE can trigger BPL switching request or beam training request when beam failure occurs to NR-PDSCH while NR-PDCCH is still connected.
Proposal 7: 

· BPL switching request or beam training request for NR-PDSCH can be transmitted via a new type of preamble similar to PRACH or via UL control channel, e.g. accompanied with ACK/NACK.

Proposal 8:

·  An updated CSI can also be reported to the gNB in the UE-initiated manner accompanied with the beam switching event.
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