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Introduction
The UE initiated recovery from beam failure has been discussed during RAN1#88b meeting with the following agreements [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 
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 

In this paper, we will present our opinions on the UL transmission to report the beam failure, including the signaling resource, content and signaling method of beam failure recovery request signal transmission, and also discuss on gNB reaction when it receive the beam failure recovery request and UE reaction after sending out beam failure recovery request.
Discussion
1.1 Signaling resource
The agreements from last meeting point out that further down-selection between the following options for beam failure recovery request transmission is needed:
· PRACH
· PUCCH
· PRACH-like (e.g.,different parameter for preamble sequence from PRACH)
If PRACH is also reused for beam failure reporting, orthogonality in terms of time/frequency resource and/or sequence for the two different functions should be ensured, and even pre-configured in advance to make gNB aware of the different functions. It will potentially influence the number of accessing UEs due to the limited number of orthogonal sequences under a certain length and limited resource.
Observation 1: Reusing PRACH to report beam failure will influence the number of accessing UEs and thus is not recommended.
If the resource used for UL beam failure is PRACH-like, there are at least two cases: one is to share the same time/frequency resource with different parameter for preamble sequence from PRACH, and another is to adopt a different time/frequency resource. For the former, it will influence detection on gNB, and then possibly bring in influences on accessing. Therefore, the latter one could be considered for the transmission of beam failure recovery request in spite of possible additional use of resources.
Observation 2: For PRACH-like case, resource for UL beam failure reporting should be orthogonal to PRACH in TDM or/and FDM manner.
Proposal 1: The resource orthogonal to PRACH in FDM manner at the same instance or in TDM manner, is configured for beam failure recovery request signal transmission.
PUCCH could be also used to transmit the beam failure recovery request signal. As a dedicated resource, it could implicitly identify UE. If beam failure recovery request signal could be multiplexed with CSI/beam reporting, perhaps 1 bit flag should be introduced to distinguish the function whether it is for CSI/beam reporting or beam failure recovery request. On the other hand, when collisions happen, higher priority should be granted for beam failure recovery transmission on UL control channel due to the urgent time requirement. If beam failure recovery request transmission adopts similar SR mechanism, how to multiplex with SR should be further studied.
Proposal 2: PUCCH is also recommended for beam failure recovery request signal transmission.
Similar to PRACH/PUCCH resource configuration, the resource for beam failure recovery request signal transmission could be configured by RRC. Considering that the transmission of beam failure recovery signal is UE-specific, MAC/CE or DCI could also be employed to activate the resource. For example, when UE frequently reports beam failure, the resource period could be set smaller to ensure that the beam pair link could be quickly re-established. The combination of RRC and MAC CE or DCI may be a good trade-off between performance and overhead, where RRC will signal multiple sets of configurations while MAC/CE or DCI will dynamically activate a subset thereof.
Proposal 3: The resource for beam failure recovery request signal transmission is configured by the combination of RRC signaling and MAC or PHY signaling.
1.2 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 4: 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 RS for beam management, RS for fine timing/frequency tracking, SS blocks, DMRS of PDCCH (including group common PDCCH and/or UE specific PDCCH), and DMRS for PDSCH 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 3:  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.
1.3 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 5: 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 that UE, which would further impact the UE’s behavior.
1.4 UE behaviour when it does not receive the response from NW
There is one FFS from the last meeting:
· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission
From UE’s perspective, there should be no difference between gNB not having received beam failure recovery request, and UE not having received the response even when gNB has received and sent it. Therefore, we propose that UE further reaction should be the same for the two cases, which should be merged into one
· UE does not receive the response to the beam failure recovery request.
Proposal 6: UE further reaction should be the same whether gNB does not receive beam failure recovery request or gNB does receive beam failure recovery request but UE does not receive any response, where the two cases should be merged into one, i.e., UE does not receive the response to the beam failure recovery request.
Normally, UE should re-transmit the request signal when it has not received any response during the configured monitoring window and the number of re-transmission has not exceeded a certain limit. 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 received 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 and do as gNB has indicated, e.g., performing UL beam training.
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.
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: Reusing PRACH to report beam failure will influence the number of accessing UEs and thus is not recommended.
[bookmark: _GoBack]Observation 2: For PRACH-like case, resource for UL beam failure reporting should be orthogonal to PRACH in TDM or/and FDM manner.
Observation 3:  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: The resource orthogonal to PRACH in FDM manner at the same instance or in TDM manner, is configured for beam failure recovery request signal transmission.
Proposal 2: PUCCH is also recommended for beam failure recovery request signal transmission.
Proposal 3: The resource for beam failure recovery request signal transmission is configured by the combination of RRC signaling and MAC or PHY signaling.
Proposal 4: Beam failure recovery request signal supports the capability of recommending  beams to gNB.
Proposal 5: 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 6: UE further reaction should be the same whether gNB does not receive beam failure recovery request or gNB does receive beam failure recovery request but UE does not receive any response, where the two cases should be merged into one, i.e., UE does not receive the response to the beam failure recovery request.
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.
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