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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. In RAN1#88b, the following was agreed [2]:

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
· [bookmark: _GoBack]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 

This contribution discusses triggering condition of beam recovery request (RR), and transmission channel for the beam RR.

New candidate beam identification and recovery request
If cell-specific CSI-RS for beam management is configured by NW, UE can identify the new candidate beam(s) by using the cell-specific CSI-RS before sending recovery request (RR). If there is no new candidate beam(s) identified from cell-specific CSI-RS, UE can try to identify new candidate beam(s) from measurements on SS blocks (a similar procedure in the initial RACH). In either case, if UE can identify the new candidate beam(s), then beam recovery request can be transmitted subsequently. If NR allows UE to transmit RR even though there is no identified new candidate beam in the cell, it would be severe waist of UE’s energy consumption since it is highly expected that gNB may not receive UE’s RR transmission. In case there is no identified new candidate beam in the cell at all, RLF will be declared accordingly as shown in Figure 1. Regarding RLF, detailed discussion can be found in [3]. 
Proposal 1: Beam failure recovery request procedure is triggered only when there is at least one new candidate beam.
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Figure 1: L1/L2 based beam recovery procedure independent of L3 based RLF framework

After sending the beam failure RR, the UE can begin to monitor the TRP’s response within a configured time duration. If no expected TRP response is received, the UE can re-send the beam failure RR. We can allow the UE to send the beam failure recovery multiple times. If there is still no TRP response to recovery the beam after sending beam failure RR a few times, the UE can abandon the beam recovery and proceeds to L3 RLF. The beam recovery procedure should be limited to the scope of L1/L2 procedure and should not involve RRC procedure. If the beam recovery trigger condition is too loose, only allowing sending beam failure RR one time could cause too much unnecessary RLF. On the other hand, if the beam recovery trigger condition it too tight, we might not be able to achieve the motivation of L1/L2 beam recovery that the TRP/UE can recover the beam link quickly without involving RRC re-establishment. 
Proposal 2: NR supports the UE to re-send the beam failure recovery request if no proper TRP response is received.

Recovery request transmission channel
1.1  PRACH-like channel where TRP beam sweeping is applied
For beam RR reception at TRP(s), TRP Rx beam sweeping should be performed. Therefore, to minimize the beam sweeping overhead in the UL region, beam RR region should be located in the same time instance as PRACH. For a RR signal, a sequence type is reasonable rather than a message type considering that multiple UEs can utilize the same recovery T/F resource simultaneously which is corresponding to a certain TRP Rx beam. Cyclic shift of beam recovery sequences would be much smaller than that of RACH sequences since UEs are basically synchronized to the network. Hence, FDMed beam RR region with PRACH is preferred since two different types of sequences will be used for RA and beam RR. 
Proposal 3: For PRACH-like channel, recovery request region should be FDM with PRACH while located in the same time instance as PRACH.
For fast RR without any collision between UEs, allocating dedicate resource (i.e., T/F resource or sequence) in a RR region to each UE for beam RR is beneficial. However, in some cases, e.g., lots of CONN UEs in the cell, network can configure non-dedicated resource via higher layer signalling where contention-based beam RR is available.
Proposal 4: NR should support at least dedicate resource allocation to each UE for the beam recovery request in PRACH-like channel.
To maximize the resource utilization, the RR region can be used for the multi-purposes: for both beam RR and scheduling request (SR). It can be also assumed that dedicate resource is allocated for SR to each UE for the fast SR, unless network configures the non-dedicate resource to UE. Two resource utilization alternatives for RR and SR in the RR/SR region can be considered: 
· Alt 1. Allocating same resource (T/F and sequence) for RR and SR to UE 
· Alt 2. Allocating difference resources (T/F or sequence) for RR and SR to UE 
With Alt 1, it is available to allocate dedicate resource for RR/SR to more UEs compared to Alt 2 since the same resource is used both for RR and SR. That means, more UEs can perform RR/SR without any collision. For Alt 1, the purpose of UE’s request needs to be delivered after receiving response to the request message from TRP. Meanwhile, dynamic indication in request response message from TRP is available for Alt 2 since the UE’s request purpose is clear based on the request resource UE utilizes. The dynamic indication may include reporting triggering message regarding UE’s preference on new potential BPL(s). 
Proposal 5: Down-selection of following alternatives on resource utilization for recovery request and SR:
· Alt 1. Support common resource sharing both for recovery request and SR purposes
· Alt 2. Support dedicated resource allocations respectively for recovery request and SR purposes 

1.2  UL control/data channel
When DL beam failure is declared, there exist two different scenarios for UL beam status. In the first scenario, the UL beam failure can also be declared. That could happen when the same beams are used for DL and UL. In the second scenario, the UL beams are still aligned and the UL beam link still can support reliable UL transmission. That could happen when DL and UL use different beams, or DL and UL use different antenna panels. The UE control/data channel can be used for beam RR when the UL beam is still aligned or the UL BPL has quality good enough to support UL transmission. To deal with these two different scenarios of UL beam status, the UE can first try sending the beam recovery request in control/data channel. If the UE cannot receive TRP’s response to recover the DL beam, the UE can go ahead to send beam RR on PRACH-like channel where beam sweeping is supported and no UL beam alignment is required. By doing that, we can reduce the time-frequency resource requirement for PRACH-like channel and also the collision chance on PRACH-link channel can be reduced.
UL control/data channel also can be used for RR along with PRACH-like channel, when multi-BPLs are monitored. For example, while connecting with BPL A, if the beam failure is detected for a certain monitoring BPL(s) other than BPL A, UE can report the failure of the certain monitoring BPL(s) via BPL A.

Beam failure triggering condition for beam recovery
When only one BPL is configured for control channel transmission to a UE, The beam RR can be triggered when the following conditions are met:
· Condition 1: Beam failure event on the serving BPL is detected. 
· Beam failure is declared when the beam quality measurement on the serving BPL is below a certain threshold, Trecovery, for certain time duration.
· Condition 2: There is another BPL which has better quality than Trecovery for a certain amount, Δrecovery.
Meanwhile, when multiple BPLs are configured for control channel transmission to a UE for robust beam management support, sending RR on the RR region (i.e., PRACH-like channel) can be triggered when the following conditions are met:
· Alt 1:
· Condition 1: Beam failure event on all the configured (or monitored) BPLs is detected. 
· Beam failure is declared when the beam quality measurement on all the configured BPLs is below a certain threshold, Trecovery, for time T. 
· Condition 2: There is at least one BPL which have better quality than Trecovery for a certain amount, Δrecovery.
· Alt 2:
· Condition 1: Beam failure event on at least one of the monitoring BPLs is detected.
· Beam failure is declared when the beam quality measurements on at least one of the BPLs are below a certain threshold, Trecovery, for time T.
· Condition 2: At least for the case when Condition 1 is satisfied to all the configured BPLs, there is at least one BPL other than currently configured BPLs which has better quality than Trecovery for a certain amount, Δrecovery.

Conclusions
The proposal of this contribution is summarized below:
Proposal 1: Beam failure recovery request procedure is triggered only when there is at least one new candidate beam.
Proposal 2: NR supports the UE to re-send the beam failure recovery request if no proper TRP response is received.
Proposal 3: For PRACH-like channel, recovery request region should be FDM with PRACH while located in the same time instance as PRACH.
Proposal 4: NR should support at least dedicate resource allocation to each UE for the beam recovery request in PRACH-like channel.
Proposal 5: Down-selection of following alternatives on resource utilization for recovery request and SR:
· Alt 1. Support common resource sharing both for recovery request and SR purposes
· Alt 2. Support dedicated resource allocations respectively for recovery request and SR purposes 
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