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Introduction
In RAN1 #88bis, the following has been agreed as a progress for beam failure detection and recovery procedure [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

In this contribution, we further discuss on the remaining issues and details on beam recovery.
Discussions
Beam failure detection and new candidate beam search
A periodic CSI-RS which may be configured in a UE-specific manner has been agreed to use for beam failure detection. An additional signal to use for beam failure detection such as SS block and cell-specific CSI-RS has been also discussed.
Based on the beam failure definition, a UE monitors a set of BPLs for beam failure monitoring, where the set of BPLs are associated with downlink control channels monitored by the UE. Therefore, one or more BPLs may be associated with a downlink control channel for a UE and the BPLs may be UE-specifically configured.
The use of SS block for beam failure detection can be considered on top of UE-specific CSI-RS assuming that the beamwidth for a SS block and a downlink control channel is the same (e.g., an SS block uses a narrow beam similar to control/data channels). However, this may not be true in some cases since a gNB may use wider beamwidth for SS block if the number of beams for DL control and data channels is much larger or overhead of sync and broadcasting signals is significant. Therefore, SS block can be also used for beam failure detection only when the same beam width is used for SS block as control/data channels. It can be indicated or configured whether the SS block can be used for beam management or not.
Proposal 1: periodic CSI-RS is used always for beam-failure detection and new beam search; additional use of SS block can be indicated.

Beam recovery request signal transmission
As for the beam recovery request signal, multiple options have been listed including PRACH, PUCCH, and PRACH-like signal. When a UE detected a beam failure, there is a possibility that the UE lost uplink synchronization which may require PRACH or PRACH-like signal so that a gNB may be able to receive the beam recovery request signal from the UE. Since PRACH sequence is designed for RACH purposes, reuse PRACH sequence for beam recovery request seems to be appropriate to reduce the standards efforts.
Proposal 2: PRACH is used for beam recovery request.

As a step of beam recovery, a UE may need to identify or search a new candidate beam which satisfies the beam quality requirement so that the UE switches to the new candidate beam in the serving cell. If a UE fails to find a new candidate beam, the UE should perform another procedure (e.g., neighboring cell search or initial cell search).
Once a UE successfully find a new candidate beam, the UE should indicate the new candidate beam selected based on the downlink measurement. As similar to RACH procedure, a set of PRACH resources can be preconfigured and each PRACH resource can be associated with a downlink beam (or a CSI-RS resource) and a UE determines one of the PRACH resources based on the new candidate beam selection. Therefore, selection of PRACH resource implicitly indicates which beam is selected for beam recovery from the UE. As similar to the beam indication using PRACH resource, the PRACH resources can be configured in a UE-specific manner which implicitly indicate UE-ID as well. Additional method to indicate the beam and UE identification can be further studied.
Proposal 3: at least PRACH resource is supported to identify UE and new candidate beam.

gNB response for beam recovery request
When a gNB received the beam recovery request from a PRACH resource which indicates implicitly new candidate beam and UE-ID, the gNB can confirm that the newly selected beam can be used. The confirmation can be simply based on a DCI in a search space which associated with the new beam selected.
Proposal 4: gNB can confirm the new beam indicated by PRACH resource used.

After a UE sends beam failure recovery request message, it monitors a control channel search space to receive gNB response for beam failure recovery request. As similar to RAR monitoring, a timer can be used for the monitoring of gNB response as there is a possibility that the UE doesn’t receive gNB responses due to a couple of reasons. For example, a gNB failed to receive beam failure recovery request signal due to incorrect beam selection as a new beam candidate, not enough transmission power, and/or incorrect downlink beam for the control channel transmission.
If a UE fails to receive gNB response within a timer, the UE can perform retransmission of PRACH signal with a higher power or a different beam direction. The UE behavior for retransmission of beam recovery request signal can be further discussed.
Proposal 5: consider retransmission of beam recovery request signal transmission and its associated UE behaviors.

Fallback NR-PDCCH search space
When beam failure occurs, a UE is not able to receive any downlink control channel as its serving BPLs are in out-of-coverage, therefore it may not receive any signal until it recovers beams. This may result in latencies for delay sensitive traffics which is not desirable. Therefore, in order to keep the connectivity or minimize the latency due to beam recovery, a fallback transmission scheme (or mode) can be introduced and used during beam recovery procedures. For example, a time window (e.g., subframe(s)) can be configured for the fallback operation where the common search space can be associated with all beams so that a UE still can receive a DCI at least in one of the beams in that time window.
Since the beams for common search space will be swept during the time window for fallback operation, a UE may report the beam index (or beam related information) to a gNB after the successful reception of a DCI during the fallback TTIs. Based on the UE reporting, the gNB can adapt beam to recover from the beam failure.
This fallback transmission scheme (or mode) based beam recovery can be triggered by a UE when beam failure occurs or a gNB can use when a gNB detected that downlink beam pair links for DL control channels are all blocked or mismatched. For example, if a gNB received DTX a couple of times after DL or UL scheduling, the gNB can detect that the control channel is in out of coverage.
The Figure 1 shows an example of fallback TTI where beam sweeping of control channel is used as a fallback transmission scheme. The associated DL data can be also supported to minimize the delay during beam recovery procedure.
Proposal 6: a fallback scheme (mode) is used for common search space and monitored during beam recovery procedures.
Proposal 7: introduce a fallback time window where UE monitors a common search space with beam sweeping.

[image: ]
Figure 1. An example fallback TTI for beam recovery
Conclusion
In this contribution, we discuss the remaining issues and details on beam recovery, and propose the following: 
Proposal 1: periodic CSI-RS is used always for beam-failure detection and new beam search; additional use of SS block can be indicated.
Proposal 2: PRACH is used for beam recovery request.
Proposal 3: at least PRACH resource is supported to identify UE and beam 
Proposal 4: gNB can confirm the new beam indicated by PRACH resource used
Proposal 5: consider retransmission of beam recovery request signal transmission and its associated UE behaviors.
Proposal 6: a fallback scheme (mode) is used for common search space and monitored during beam recovery procedures.
Proposal 7: introduce a fallback time window where UE monitors a common search space with beam sweeping.
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