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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #88bis meeting, beam failure recovery mechanism in NR was discussed. The following agreements were 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


Beam failure recovery mechanism includes four aspects, i.e., beam failure detection, new candidate beam identification, beam failure recovery request transmission, and UE monitors gNB response for beam failure recovery request. In this contribution, we share our views on beam failure recovery mechanism, focusing on the latter two aspects.
Discussion
In RAN1 NR ad-hoc meeting, it was agreed that a UE can be configured to monitor PDCCH on Y (Y≥1) beam pair links simultaneously. From UE complexity and resource utilization point of view, it is possible that there is a main monitored beam pair link with the shortest monitoring periodicity and there are other monitored beam pair links with longer monitoring periodicity. Resource allocation design for PUCCH is not clear yet, we think it is possible that for each downlink beam pair link there is an associated PUCCH resource configured.
Therefore, beam failure recovery request transmission can be different depending on the triggering condition for beam failure recovery procedure. That is, it can be different for the case where beam failure recovery procedure is triggered when the quality of all the beam pair links falls low enough and for the case where beam failure recovery procedure is triggered when the quality of certain number of beam pair links falls low enough.
When beam failure happens, a beam failure recovery request needs to be transmitted by the UE and the gNB needs to be able to receive the request. Therefore, the resource on which the gNB is able to receive can be different depending on whether there is still UE-specific resource that is receivable by the gNB when beam failure happens. For example, if beam failure recovery procedure is triggered when the quality X (<Y) out of Y beam pair links falls below certain threshold, then the UE may be able to transmit a beam failure recovery request on the configured resource, which can be shared with resource for other usage, e.g., SR, contention-free random access, etc, associated with the beam pair links with quality higher than a threshold. The gNB is then able to receive the beam failure recovery request and identify the UE by the resource on which it is received.

Observation 1: Resource configured for SR, contention-free random access, etc., can be used for beam failure recovery request when the quality X (<Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition.
Although there may be cases where the uplink beam pair links associated with the failed downlink beam pair links are still usable, however, more information needs to be carried by the beam failure recovery request, e.g., new downlink beam ID. The gNB then needs to transmit configuration such as QCL assumption of the measured RS and the DMRS for receiving PDCCH on the new downlink beam identified by the UE. In this case, downlink beam sweeping is needed to transmit the configuration, which is not desirable from latency point of view.
Since the monitoring periodicity may be different for the main monitored beam pair link and the other monitored beam pair links, the beam failure recovery procedure may induce more latency when it is triggered by failure of beam pair links including the main monitored beam pair link. Therefore, for UE with traffic having tighter latency requirement, it is desirable to be able to trigger beam failure recovery procedure when just the monitored beam pair links other than the main monitored beam pair link failed. In this case, since the main monitored beam pair link is still good, the beam failure recovery procedure is used to replace the failed beam pair links by the new downlink beams identified by the UE. No special procedure for reporting the new candidate downlink beams is needed. UE sends a SR to request an uplink grant for reporting the newly identified beam.
Proposal 1: For UE with traffic having tighter latency requirement, beam failure recovery procedure can be triggered when the quality of the monitored beam pair links other than the main monitored beam pair link falls below certain threshold fulfilling beam failure condition.

On the other hand, when the main monitored beam pair link has failed and there are still other usable downlink beam pair links, the beam failure recovery request can be categorized into two categories. The first category is when the UE did not identify any new candidate downlink beam. In this case, the beam failure recovery request does not have to include the new downlink beam ID when transmitted on the configured uplink resource since the best downlink beam pair link can be implicitly conveyed by the associated uplink resource used for the beam failure recovery request. The gNB can then transmit the response for beam failure recovery request on the downlink beam associated with the uplink resource. Therefore, downlink beam sweeping is not needed to transmit the response for beam failure recovery request which is beneficial from latency point of view.
For example, the configured SR resource, which is shared with the resource for beam failure recovery request, associated with the best downlink beam pair link can be used. It is preferable that a different cyclic shift or OCC than the one used for SR is used for beam failure recovery request. Because there may be situation where SR is transmitted on both the SR time-frequency resource associated with the main monitored beam pair link and the SR time-frequency resource associated with the other monitored beam pair link, and gNB only receives the SR on the time-frequency resource associated with the other monitored beam pair link. In this case, if the same cyclic shift or OCC is configured for SR and beam failure recovery request, gNB may determine the UE requested beam failure recovery. However, the main monitored beam pair link may in fact be still usable.
Proposal 2: For UE with traffic having tighter latency requirement, beam failure recovery procedure should be triggered when X (<Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition.
The second category is when the UE identified new candidate downlink beams. In this case, the beam IDs and possibly beam quality of the new candidate downlink beams should be transmitted by the UE. If smaller number of beam IDs of the new candidate downlink beams is needed to be transmitted, then it is possible to use the resource configured for SR or contention-free random access to carry the beam IDs. It can be realized by allocating more cyclic shifts or OCCs to the UE, depending on the final design of the channels.
If the beam IDs of the new candidate downlink beam is carried in the resource for SR or contention-free random access, latency of the beam failure recovery procedure can be largely reduced since there is no need to wait for an uplink grant on a PDCCH with potentially longer monitoring periodicity to report the beam IDs.
Proposal 3: For UE with traffic having tighter latency requirement, beam failure recovery request should include the beam IDs of the new candidate beams identified by the UE and it should be carried on the configured uplink resource which is still receivable by the gNB, if any.
Whether the beam ID of the new candidate downlink beam is carried or not, it is desirable to transmit the response for beam failure recovery as soon as possible. Therefore, when gNB receives the beam failure recovery request, it should reduce the PDCCH monitoring periodicity on the beam pair link associated with the uplink resource on which the beam failure recovery request is received. Hence, the gNB should transmit the response at the earliest possible timing. The UE should also change the monitoring periodicity to receive the response once it transmitted the beam failure recovery request.
Proposal 4: The gNB should transmit the response for the beam failure recovery request in the search space with shorter periodicity than the configured monitoring periodicity on the beam pair link associated with the uplink resource on which the beam failure recovery request is received.
In case the UE has uplink data to transmit when the main monitored beam pair link fails, it should transmit SR in addition to the beam failure recovery request on the uplink resource associated with the still usable beam pair links. The gNB then transmit uplink grants on the still usable beam pair links as soon as possible.
Proposal 5: For UE with traffic having tighter latency requirement, scheduling request can be transmitted in addition to the beam failure recovery request if it has uplink data to transmit when beam failure happens on the main monitored beam pair link, and the corresponding uplink grant should be transmitted at the earliest possible timing regardless of the configured PDCCH monitoring periodicity on the beam pair link associated with the uplink resource on which the scheduling request is received.
Therefore, the SR and beam failure recovery request should be distinguishable on the same time-frequency resource by using different cyclic shifts or OCCs. In other words, information indicating UE beam failure is needed in this case.
Proposal 6: Information carried by beam failure recovery request includes at least
· Explicit/implicit information about identifying UE and new gNB TX beam information
· Explicit/implicit information indicating UE beam failure

On the other hand, if beam failure recovery procedure is triggered when the quality of all Y beam pair links falls below certain threshold, then the UE can utilize RACH resource or resource in symbols containing RACH to transmit the beam failure recovery request. In this case, at least UE identity needs to be included in the beam failure recovery request. The beam ID of the new candidate downlink beams can also be carried in the request. However, the resource may be limited since it is likely to be shared by UEs performing initial access procedure. If beam ID of the new candidate downlink beams cannot be carried in the beam failure recovery request, more number of messages need to be exchanged between UE and gNB, which can induce more latency. The response for beam failure recovery request should be transmitted in the search space for transmitting RAR corresponding to the RACH preambles that share the same time and frequency resource with the beam failure recovery request, since no UE-specific search space is available in this case.


Conclusions
Based on the discussion, we have the following observation and proposals.
Observation 1: Resource configured for SR, contention-free random access, etc., can be used for beam failure recovery request when the quality X (<Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition.
Proposal 1: For UE with traffic having tighter latency requirement, beam failure recovery procedure can be triggered when the quality of the monitored beam pair links other than the main monitored beam pair link falls below certain threshold fulfilling beam failure condition.
Proposal 2: For UE with traffic having tighter latency requirement, beam failure recovery procedure should be triggered when X (<Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition.
Proposal 3: For UE with traffic having tighter latency requirement, beam failure recovery request should include the beam IDs of the new candidate beams identified by the UE and it should be carried on the configured uplink resource which is still receivable by the gNB, if any.
Proposal 4: The gNB should transmit the response for the beam failure recovery request in the search space with shorter periodicity than the configured monitoring periodicity on the beam pair link associated with the uplink resource on which the beam failure recovery request is received.
Proposal 5: For UE with traffic having tighter latency requirement, scheduling request can be transmitted in addition to the beam failure recovery request if it has uplink data to transmit when beam failure happens on the main monitored beam pair link, and the corresponding uplink grant should be transmitted at the earliest possible timing regardless of the configured PDCCH monitoring periodicity on the beam pair link associated with the uplink resource on which the scheduling request is received.
Proposal 6: Information carried by beam failure recovery request includes at least
· Explicit/implicit information about identifying UE and new gNB TX beam information
· Explicit/implicit information indicating UE beam failure
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