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1. Introduction
In RAN1 #92bis meeting, the following agreements on beam failure recovery have been achieved. [1]
Agreement:
BFI indication interval is lower bounded by 2ms
Agreement:
Agree to the following text change for TS38.213 section 6




A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET and with an associated search space provided by higher layer parameter search-space-config, as described in subcaluse 10.1, for monitoring PDCCH in the control resource set. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot  and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index  provided by higher layer [5, TS 38.321], the UE monitors PDCCH for detection of a DCI format with CRC scrambled by C-RNTI starting from slot  within a window configured by higher layer parameter Beam-failure-recovery-request-window, and . For PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as for monitoring PDCCH until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. The UE determines the index  based on TBD.
Agreement: 
· Send an LS to RAN2 with following information
· RAN1 confirms the need for beamFailureRecoveryTimer and keep its uses as current RAN1 agreement
· Note: unsuccessful CFRA based BFR upon expiry of beamFailureRecoveryTimer means that UE shall not use CFRA for BFR after beamFailureRecoveryTimer expired and no indication to higher layer is required
· The following use case will be captured in the LS
· Candidate beam selection for contention-free PRACH-based BFR is based on L1-RSRP. For qualified candidate beam but poor SINR, the timer enables UE to try contention-based PRACH resources after timer expires 
· Note: CBRA resource can be used when there is no candidate beam identified from candidate-beam-RS-list, as described by TS 38.321 section 5.1.2.
· beamFailureRecoveryTimer does not apply to the use of CBRA resources.
R1-1805716	[DRAFT] LS on beamFailureRecoveryTimer	InterDigital
The LS is endorsed in R1-1805622
Agreement:
Text proposal for TS38.213 section 6
------------------------------Start Text Proposal---------------------------------



The physical layer in the UE shall, in slots where the radio link quality according to the set  is assessed, provide an indication to higher layers when the radio link quality for all corresponding resource configurations in the set  that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set  and X.  
------------------------------End Text Proposal---------------------------------

In this contribution, we will provide some discussions on the remaining issues for beam failure detection mechanism, gNB response for beam failure recovery, BFR over contention based PRACH.
2. Discussion
2.1 Beam failure detection mechanism
Since the BFD is based on all the configured BFD RS, the BFI should be indicated only when the hypothetical BLER all the instances of the BFD RS within one BFI period is above the threshold. If one BFD RS is not included in one BFI period, one possible way is that its previous detection status can be taken into account; another possible way is that its status would not be taken into account in this BFI period. The former may increase the latency of BFD a little bit since only after the first detection of the BFD RS with the largest periodicity, the BFD could be declared. The latter may result in some unnecessary BFD since the BFD RS with the largest periodicity may not be detected. To avoid unnecessary BFD, the former way seems to be better.
Proposal 1: If one BFD RS is not transmitted within a beam failure indication periodicity, its previous detection status should be used to determine the beam failure.
In the previous meetings, it has been agreed that indication of beam failure instance to higher layer is periodic, and the beam failure indication interval is determined by the shortest periodicity of BFD RS, which is also lower bounded by 2ms.
However, the UE could be configured with DRX operation. During the inactive time of one DRX cycle, the UE could go to sleep to reduce power consumption. During the inactive time, the UE doesn’t perform measurement on the BFD RS, and consequently the UE can’t assess the radio link quality whether it is better or worse than the threshold. So during the inactive time of one DRX cycle, the UE physical layer should not send beam failure indication to MAC layer.
Proposal 2: If DRX operation is configured, the UE physical layer doesn't send beam failure indication to MAC layer during the inactive time.
2.2 gNB response for BFR
It has been agreed the gNB can transmit its DCI in a dedicated CORSET for BFR. The DCI can be used to trigger downlink signaling, such as CORESET reconfiguration, or uplink transmission, e.g. beam reporting. Hence the DCI for BFR response can be either downlink assignment or uplink grant. However since the beam is newly identified, it is better to use fallback DCI format to get better performance. Therefore the COREST for BFR can be used to carry DCI format 0_0 or DCI format 1_0. Further if DCI format 1_1 or DCI format 0_1 is allowed for CORESET-BFR, the gNB may trigger BWP switching when UE is monitoring CORESET-BFR, then which CORESETs in new BWP the UE should monitor could be one issue. There could be the following options:
· Option 1: UE shall monitor CORESET-BFR in new BWP
· Option 2: UE shall monitor all configured CORESET(s) in new BWP
· Option 3: UE shall monitor CORESET 0 in new BWP
In option 1 and 3, the CORESET 0 and CORESET-BFR in new BWP may not be configured. In option 2, if cross BWP QCL exists, the configured CORESET(s) in both BWPs could be the same, then the UE cannot receive any signal from the new CORESETs. So to avoid ambiguity, it is better to use fallback mode DCI.
Proposal 3: The gNB response for BFR should be based on either DCI format 0_0 or DCI format 1_0.
2.3 BFR over contention based PRACH
RAN2 has agreed to use contention based PRACH for beam failure recovery. But there is no details in RAN1 yet on BFR over contention based PRACH. The major issues include:
· How to distinguish whether the contention based PRACH is for BFR or other purpose?
· Whether the gNB response should be carried by CORESET-BFR?
· What is the spatial QCL assumption for Msg 4 reception?
Regarding how to differentiate beam failure recovery request with other purpose of PRACH, e.g. scheduling request, there are two options.
Option A: beam failure recovery request is identified in Msg 1.
Option B: beam failure recovery request is identified in Msg 3.
With option A, since the PRACH is contention based, it means there should be a separate PRACH resource pool for beam failure recovery request. UEs sending beam failure recovery request should share the resource pool and collision could happen. Thus although the gNB could know the PRACH is for BFR in Msg 1, the gNB still needs to wait for Msg 3 to identify the UE.
With option B, the UE could include information identifying beam failure recovery request in Msg 3. Compared with option B, Option A is more complicated since a separate resource pool should be created. Thus we have the following proposal.
Proposal 4: For BFR over contention based PRACH, whether it is used for beam failure recovery request or other purpose should be indicated over Msg 3.
With contention based PRACH, after sending the beam failure recovery request in Msg 3, the DCI for Msg 4 transmission could be viewed as the gNB response to the beam failure recovery request and the DCI is address to the UE’s C-RNTI. In order to reduce the complexity, the UE could monitor the dedicated CORESET for gNB response instead of monitoring all the allocated CORESET(s).
Proposal 5 For BFR over contention based PRACH, after receiving beam failure recovery request over Msg 3, the gNB could deliver gNB response over the CORESET which is configured by higher layer parameter Beam-failure-Recovery-Response-CORESET.
Due to beam failure, the TCI states configured prior to the PRACH transmission is not valid any more. Thus a default spatial relation should be applied for the PDCCH reception after sending the beam failure recovery request over Msg 3. The default spatial relation could be the CSI-RS or SSB identified by the UE during the random access. And the default spatial relation should be applied until reconfiguration/activation.
Proposal 6: For BFR over contention based PRACH, after sending beam failure recovery request over Msg 3, the UE should assume a default spatial relation for PDCCH reception until reconfiguration/activation. The default spatial relation is the CSI-RS or SS/PBCH block identified by the UE during the random access.
3. Conclusions
In this contribution we have provided our views on beam failure recovery. From the discussion, we have the following proposals.
Proposal 1: If one BFD RS is not transmitted within a beam failure indication periodicity, its previous detection status should be used to determine the beam failure.
Proposal 2: If DRX operation is configured, the UE physical layer doesn't send beam failure indication to MAC layer during the inactive time.
Proposal 3: The gNB response for BFR should be based on either DCI format 0_0 or DCI format 1_0.
Proposal 4: For BFR over contention based PRACH, whether it is used for beam failure recovery request or other purpose should be indicated over Msg 3.
Proposal 5: For BFR over contention based PRACH, after receiving beam failure recovery request over Msg 3, the gNB could deliver gNB response over the CORESET which is configured by higher layer parameter Beam-failure-Recovery-Response-CORESET.
Proposal 6: For BFR over contention based PRACH, after sending beam failure recovery request over Msg 3, the UE should assume a default spatial relation for PDCCH reception until reconfiguration/activation. The default spatial relation is the CSI-RS or SS/PBCH block identified by the UE during the random access.
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