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1 Introduction 
During RAN1#88bis, the following agreements related to beam failure recovery are made [1]:
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
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 

Agreements:

· For reception of DL data channel, study further at least the following:

· Whether or not have an effective window of spatial QCL assumption

· Interaction between higher layer signaling (if supported) and DCI indication 

·  FFS the signaling details for higher layer and DCI based approaches (e.g., the corresponding information field in DCI, etc.)

· Interaction between beam management and PDSCH transmission

· Whether or not to have a default behavior (e.g., due to DCI miss detection), and if so the default behavior

· Beam switching time, DCI decoding time, etc.
In this contribution, we further discuss the details of beam failure recovery mechanism based on the above agreements.
2 Discussions
NR is intended to support frequency bands ranging from sub-6GHz to 100GHz. For high frequency band, high beamforming gain is required to compensate large propagation loss and penetration loss. However, these highly directive antenna beams may be easily blocked by human body or rotations of UE. For UE in RRC idle mode, the radio link monitoring behavior is handled in L3 mobility procedure. In this paper, the discussion is focused on the situation when UE is in RRC connected mode. In last meeting, some aspects related to UE beam failure recovery are identified and are discussed in the following sections.
2.1 Beam failure detection
The remaining issues of beam failure detection consists of the following two main discussion points:

· Conditions to declare beam failure
· Reference signal (RS) for beam failure detection

According to previous RAN1 agreement, a beam failure event occurs when the quality of beam pair link (BPL) of an associated control channel falls low enough. Depending on UE capability or channel condition, a UE might have one or multiple BPLs configured for control channel transmission.
· Case 1: UE is configured with one BPL
In this case, beam failure can be declared when the BPL quality falls below a threshold for a certain time duration to avoid frequent BPL change.
· Case 2: UE is configured with multiple BPLs

In this case, it can be further categorized into two types: all BPLs fail and part of BPL(s) fail. When all BPLs fail, if beam correspondence at UE holds, a UE can find a new UL Tx beam to transmit the beam failure recovery request by DL RS measurement on UE Rx beams. On the other hand, if beam correspondence at UE does not holds, the beam failure recovery request (if needed) is transmitted in beam sweeping manner and the gNB may need to receive the request by Rx beam sweeping. When only part of BPL(s) fail, the gNB can still reach the UE through the other valid BPLs. In this case, periodic reporting of beam quality based on periodic CSI-RS can be utilized by gNB to know the condition of each BPL. Then the network can configure UE to switch/update the BPLs if necessary. There are some proposals to use UL HARQ responses to infer if a BPL fails. However, it might take too long to identify the BPL failure and results in the unnecessary transmission resource waste.
Proposal 1: The triggering condition of beam failure is when all the beam pair link(s) quality falls below a threshold for a certain time duration.
For beam failure detection RS, it has been agreed to include at least periodic CSI-RS for beam management. Other candidate RSs include SS block and NR-PDCCH DMRS. NR is supposed to support multi-TRP reception. For intra-cell multi-TRP reception, signals in SS block are not a suitable candidate RS for beam failure detection since the UE cannot distinguish the SS block signals of multi-TRP within the same cell. The actual BPL might have failed even though the quality of SS block is still good. On the other hand, DMRS in NR-PDCCH does not has such constraint. The drawback of NR-PDCCH DMRS is that it needs to be transmitted in conjunction with data. However, since periodic CSI-RS has been agreed as the beam failure detection RS, the infrequent transmission of NR-PDCCH DMRS can be used as complimentary RS for BPL monitoring.
Proposal 2: NR-PDCCH DMRS is used in conjunction with periodic CSI-RS for beam failure detection.
2.2 New candidate beam identification
As discussed in previous section, when all BPLs fail, the UE needs to find new candidate beam and transmit beam failure recovery request. Thus, new candidate beam identification is necessary after beam failure declaration. However, to facilitate fast beam failure discovery and maintain BPL robustness, it would be helpful to also perform new candidate beam identification even before beam failure happens. By monitoring the periodic CSI-RS, UE can store some information of ‘backup’ BPLs. These backup BPLs can be used readily when actual beam failure happens or to replace the existing BPL when the quality of the backup BPL is better than existing BPL for a certain time duration.
Proposal 3: New candidate beam identification is supported before and after beam failure event.
Based on last meeting’s agreement, the new candidate beam identification is by UE monitoring of beam identification RS. However, if beam correspondence does not hold at UE, the Rx beam found by beam identification RS cannot be used as UL Tx beam. Thus, new candidate beam might not be able to be identified by this approach. In this case, to find the new candidate beam, UL beam management might be required. Some assistant information from UE might be helpful to speed up the process. On the other hand, if the UE simply cannot find the new candidate beam (beam correspondence at UE holds), it is not likely the gNB can receive UE’s UL transmission. Thus, RLF procedure seems sufficient in this case.
Observation 1: How to find the new candidate beam if beam correspondence does not hold at UE requires further study.
2.3 Beam failure recovery request transmission
Beam failure recovery request is intended to notify network about beam failure and to establish new BPLs. The open questions include at least the following two points:
· Information carried by beam failure recovery request

· Signals/channels for beam failure recovery request
It has been agreed that UL transmission to report beam failure can be located in the same time instance as PRACH or not. In case of analogue beamforming is used at TRP, TRP Rx beam sweeping is required to ensure the successful transmission of beam failure recovery request. Since to enable PRACH transmission for initial access, the TRP would have to perform Rx beam sweeping anyway, it is reasonable to assume the beam failure reporting is located in the same instance as PRACH as the default operation. On the other hand, there might have some other use cases (e.g. TRP with digital beamforming) for beam failure reporting located in different time instance as PRACH. In this case, the network can additionally configure it.
To facilitate fast beam recovery, contention based beam failure recovery transmission should be avoided, which means dedicated resources should be reserved for each RRC connected UEs. Considering the main purpose of beam failure recovery request is to notify the network about beam failure and the overhead of dedicated resource allocation, we think it would be reasonable to use PRACH or PRACH-like signals to notify the network first to establish at least one usable BPL. If PRACH signal is used, it can be transmitted in FDM manner. After a BPL is established. the network can then configure other UL resources for UE to perform beam measurement and reporting to refine the BPL(s). Regarding whether explicit/implicit reporting of “no new candidate beam”, as discussed in previous section, we think that RLF procedure would be sufficient if beam correspondence holds at UE.
Proposal 4: Dedicated PRACH or PRACH-like signal is used for beam failure recovery request transmission.
Proposal 5: In case of no new candidate beam, RLF procedure would be sufficient if beam correspondence holds at UE.
2.4 UE monitors gNB response for beam failure recovery request
After transmitting beam failure recovery request, the UE then monitors the gNB’s response on control channel search space. The followings are the two FFS points:
· Whether the control channel search space is the same as the current control channel search space or not.

· UE further reaction if gNB does not receive beam failure recovery request transmission

In LTE, there are two types of control channel search space: common search space and UE-specific search space. The main usage of common search space is to address a group of or all UEs in the cell. For example, system information, paging, PRACH responses, or UL TPC. Since the gNB response is intended for a specific UE, it is likely to be indicated in UE-specific search space. However, it is still unclear about the control channel search space design (e.g. how to derive the UE-specific search space) for NR at this point. It may be better to postpone the decision later.
The reasons of gNB does not receive the beam failure recovery request may depend on how it is transmitted. If contention based approach is applied, it is possible that the recovery request is collided with other UE’s transmission. In this situation, the UE may choose another resource to perform retransmission. On the other hand, if dedicated resource is used, the reason may be the UL Tx power is not high enough or the UL interference is too strong. The UE may perform retransmission with higher transmission power or by using another UL Tx beam (if it exists).
Observation 2: Control channel search space issue can be discussed later after the search space design is clear.
Observation 3: Retransmission of beam failure recovery request by using the same or different UL Tx beam can be considered if gNB does not receive it.
3 Conclusion

In this contribution, we have discussed beam failure recovery procedure, and we have the following observations and proposals. 
Observation 1: How to find the new candidate beam if beam correspondence does not hold at UE requires further study.

Observation 2: Control channel search space issue can be discussed later after the search space design is clear.
Observation 3: Retransmission of beam failure recovery request by using the same or different UL Tx beam can be considered if gNB does not receive it.
Proposal 1: The triggering condition of beam failure is when all the beam pair link(s) quality falls below a threshold for a certain time duration.
Proposal 2: NR-PDCCH DMRS is used in conjunction with periodic CSI-RS for beam failure detection.
Proposal 3: New candidate beam identification is supported before and after beam failure event.

Proposal 4: Dedicated PRACH or PRACH-like signal is used for beam failure recovery request transmission.

Proposal 5: In case of no new candidate beam, RLF procedure would be sufficient if beam correspondence holds at UE.
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