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Introduction
The UE initiated recovery from beam failure has been discussed extensively during past meetings. 
Some agreements from RAN1#88b are as follows [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 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 

RAN1#89 meeting has made further progress on beam failure recovery request transmission [2]:

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 

RAN1#NRAH2 meeting has made further progress on beam failure recovery request transmission [3]:

Agreements:
· RAN1 agrees that the certain number of beam failure recovery request  transmissions is NW configurable by using some parameters
· Parameters used by the NW could be:
· Number of transmissions
· Solely based on timer
· Combination of above
· FFS: whether beam failure recovery procedure is influenced by the RLF event

Agreements:
· 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

In this paper, we would present our opinions on the remaining issues for beam failure recovery, e.g., RS for beam failure detection and new candidate beam discovery, beam failure recovery request signal and others.

Discussion
1.1 RS for beam failure detection and new candidate beam discovery
Periodic CSI-RS has been supported for both beam failure detection and new candidate beam discovery. At present the focus of controversy is whether SS block could be used for the two functions. With regarding to SS block, considering the features of being always on, periodicity and covering all directions for one cell, it seems to be a good choice for UE to discover new candidate beam(s) using SS block besides CSI-RS. Even if in the worst case, UE would spend 160ms (one possibly maximal SS block set period) on achieving the new candidate beam(s), the time could be negligible compared to the re-establishment of the connection.
Proposal 1: Support SS block at least for new candidate beam discovery.
1.2 Channel(s) for beam failure recovery request transmission
In RAN1#89 meeting both of non-contention based channel based on PRACH and PUCCH have been agreed to transmit the beam failure recovery request signal. However, there is no conclusion about how to select which one or both to transmit for UE:
· 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 
If beam correspondence holds, it is better for the UE to transmit the beam failure recovery signal on contention-free PRACH channel to recover beam as soon as possible because UL beam failure may also become more likely. On the other hand, if beam correspondence does not hold, there exists a probability that UL beam is still working. In this case, PUCCH resource could be a good choice, because it could save the overhead of a dedicated resource (contention-free PRACH) for beam failure recovery. However, UL beam failure would make using PUCCH inefficient. Therefore, both of the channels could be configured to UE. 
Considering the relatively long term characteristic of beam correspondence, we have the following observation:
Observation 1: About the channel(s) to transmit the beam failure recovery request signal,
i. At least for the case where beam correspondence holds, UE could be semi-statically configured to only use contention-free PRACH;
ii. For the case where beam correspondence does not hold, UE could be semi-statically configured to use both of contention-free PRACH and PUCCH.
Proposal 2: Support UE semi-statically configured with one or both of contention-free PRACH and PUCCH.
Especially regarding ii, resource overhead could be reduced when failure of both DL and UL beam is unlikely. One good option is that both beam failure recovery request signal transmission resources could be configured by RRC, and MAC/CE could also be employed to activate the resource. For example, when gNB finds that UL beam failure happens with probability larger than a threshold, contention free PRACH could be activated to transmit for UE; when gNB frequently receives beam failure recovery request signal, both of the channels could be activated to transmit the signal to ensure that the beam pair link could be quickly re-established. The combination of RRC and MAC CE may be a good trade-off between performance and overhead.
Proposal 3: At least for the case where beam correspondence does not hold and UE is semi-statically configured with both contention-free PRACH and PUCCH, MAC CE could be considered to activate/deactivate one or both of them.

In addition, it has not been decided whether contention-based PRACH resources could be used to transmit beam failure recovery request signal:
· 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 

Like the SR mechanism in LTE, to make the beam failure recovery signaling faster, contention-based PRACH resource could be considered to be utilized at least when there is no contention-free beam failure recovery resources and PUCCH resources.
Proposal 4: Contention-based PRACH resources could be used to transmit beam failure recovery request signal as fall back mode.
1.3 Other information carried by beam failure recovery request signal
In addition to informing gNB of the beam pair link failure, the beam failure recovery request signal should also have the capability of recommending candidate beams to gNB. For the case where UE is moving, recommending multiple candidate beams to gNB could be a good choice to avoid frequent UE reporting.
Proposal 5: Beam failure recovery request signal supports the capability of recommending  beams to gNB.
The beam failure recovery request signal should be associated with the signals configured for identifying new potential beams by UE. Signals such as SS block and CSI-RS could be used and the association could make the gNB aware of the beams recommended by UE. For example, a beam conveyed by a signal configured for identifying new potential beams could be associated to a beam failure recovery request signal via a combination of different cyclic shift values, different time/frequency resource, and root sequence.
Observation 2:  A candidate beam conveyed by a signal configured for identifying new potential beams could be associated with a beam failure recovery signal via a combination of different cyclic shift values, different time/frequency resource, and root sequence.
1.4 gNB behaviour when NW receives the beam failure recovery request signal
Generally, gNB behaviour depends on the received information carried by beam failure recovery request signal. If UE reports new Tx beam information, gNB could trigger and configure DL beam training, or signal beam indication/confirmation to UE. The latter could achieve quick DL beam failure recovery and reduce the latency, while the former could avoid frequent UE initiated beam failure recovery request procedure. The transmit occasion should be in the monitoring window configured to the UE.
Proposal 6: Support the two mechanisms when NW receives the beam failure recovery request: NW starts DL beam training, and NW signals beam indication or confirmation to UE.
It is worth noting that if gNB has not received or identified any beam failure recovery request signal from a specific UE, gNB will naturally not send any response to that UE, which would further impact the UE’s behavior.
1.5 UE behaviour after initially transmitting beam failure recovery request signal
Normally, UE should re-transmit the request signal when it has not received any response after monitoring each PDCCH TTI in the pre-configured monitoring window and the number of re-transmission has not exceeded a certain limit configured by NW using some parameters: number of transmissions, or timer, or combination of number of transmissions and timer. However, there are some cases, e.g., when gNB happens to identify that the UL beam might fail, and send a UL beam failure recovery request signal in a UL grant, and UE somehow receives this grant probably from the previous beam pair link that is about to fail, before starting re-transmission. In this case, UE should quit re-transmitting the beam failure recovery request signal, freeze the counter and do as gNB has indicated, e.g., performing UL beam training. After this, UE would continue to retransmit and activate the counter.
In conclusion, UE shall re-transmit the beam failure recovery request signal if it does not receive any response during the configured monitoring window, and when collision with another UL signal scheduled by a UL grant happens, it shall transmit the signal with UL grant, but not the beam failure recovery request signal.
Proposal 7: If UE does not receive the response to the beam failure recovery request signal, UE shall retransmit, but when collision happens with other signals scheduled by a UL grant, UE shall transmit the signal scheduled by the UL grant and freeze the counter for beam failure recovery request transmission times.
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: About the channel(s) to transmit the beam failure recovery request signal,
i. At least for the case where beam correspondence holds, UE could be semi-statically configured to only use contention-free PRACH;
ii. For the case where beam correspondence does not hold, UE could be semi-statically configured to use both of contention-free PRACH and PUCCH.
Observation 2:  A candidate beam conveyed by a signal configured for identifying new potential beams could be associated with a beam failure recovery signal via a combination of different cyclic shift values, different time/frequency resource, and root sequence.

Proposal 1: Support SS block at least for new candidate beam discovery.
Proposal 2: Support UE semi-statically configured with one or both of contention-free PRACH and PUCCH.
Proposal 3: At least for the case where beam correspondence does not hold and UE is semi-statically configured with both contention-free PRACH and PUCCH, MAC CE could be considered to activate/deactivate one or both of them.
Proposal 4: Contention-based PRACH resources could be used to transmit beam failure recovery request signal as fall back mode.
Proposal 5: Beam failure recovery request signal supports the capability of recommending  beams to gNB.
Proposal 6: Support the two mechanisms when NW receives the beam failure recovery request: NW starts DL beam training, and NW signals beam indication or confirmation to UE.
Proposal 7: If UE does not receive the response to the beam failure recovery request signal, UE shall retransmit, but when collision happens with other signals scheduled by a UL grant, UE shall transmit the signal scheduled by the UL grant and freeze the counter for beam failure recovery request transmission times.
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