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1. Introduction
This contribution continues the discussion of beam failure recovery remaining issues.
2. Aperiodic In-Sync Indication
When the beam failure recovery procedure is successful the timers associated with RLF need to be stopped to avoid false detection of RLF. RAN 1 agreement [1] provided an example on how aperiodic indication(s) based on beam failure recovery procedure can assist RLF. Among them, in particular, in Example 1, aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310, representing beam recovery success. When the beam recovery is successful, control/data transmission can be continued on the link. Therefore, the success of beam failure recovery procedure can stop the T310 timer. 
Proposal 1: The timer associated with RLF (E.g., T310) is stopped at least upon reception of beam recovery procedure success indication from lower layers.
3. Consider CORESET 0 in BFD
In [2], it has been agreed that unicast PDSCH can be scheduled by a DCI associated with the CORESET 0. Therefore, as other regular CORESETs, CORESET 0 should be considered for monitoring PDCCH in beam failure detection if it is in active BWP. Although no explicit TCI state configured, UE may assume CORESET 0 for unicast PDSCH is QCLed with associated SSB. The implicit QCL info can be used to determine the QCL of corresponding BFD RS in the set q0. 
Proposal 2: When CORESET 0 is in active BWP, it should be considered for monitoring PDCCH in BFD.
4. BFD RS selection
If BFD set q0 is implicitly configured, there can be 2 RSs indicated by the TCI state per monitored CORESET. Clarification is needed on which RS should be used for BFD evaluation. The RS associated with QCL type D should be used to provide beam info for RSRP/SNR measurement. The other RS with different QCL type may provide additional channel statistics info, e.g. delay/Doppler spread, which may improve hypothetic BLER evaluation accuracy based on the measured RSRP/SNR. For flexible implementation, it can be up to UE implementation to select the other RS for BFD in addition to the QCL Type D RS.
Proposal 3: In case of implicit configuration of BFD set q0, if there are 2 RS indices in RS set indicated by TCI states for CORESETs, at least the RS index associated with QCL type D should be adopted as BFD RS. It is up to UE implementation to use the other RS index as BFD RS as well.
5. Monitored CORESET(s) during BFR
Beam failure is detected when all monitored CORESETs fail. Therefore, it is reasonable for UE to not monitor them during BFR to reduce complexity and power consumption, since the chance to receive PDCCH may be small. In addition, monitoring existing CORESETs during BFR may require new rules, e.g. change on timer/counter behaviour, which can be left as future optimization. On the other hand, UE does not need to monitor existing CORESETs after receiving gNB response but before PDCCH TCI reconfiguration, since CORESET-BFR is good to use. 
Proposal 4: Only CORESET-BFR should be monitored during BFR or after gNB response but before PDCCH TCI reconfiguration.
6. BWP of CORESET-BFR
To reduce overhead, CORESET-BFR can be configured only on one BWP, and UE switches to this BWP for monitoring gNB response after beam failure is detected in active BWP.
Proposal 5: If CORESET-BFR is configured, it can be outside of active BWP.
7. Monitoring BFD set q0
After beam failure is detected, BFR starts and will stop if gNB response is received or BFR is unsuccessful, i.e. timer expires or counter reaches max #. Monitoring BFD RS set q0 during BFR has no impact on the BFR procedure and hence can be stopped. Monitoring q0 is also not needed if BFR is unsuccessful, but should start if BFR is successful. The above discussion can be summarized as below. 
Proposal 6: Monitoring BFD set q0 stops after beam failure is detected and starts if BFR is successful.
8. RAR transmitting cell for BFR in CA
[bookmark: _GoBack]In CA, if beam failure is detected on SCell, UE can monitor the BFRQ response on SpCell. The corresponding CORESET-BFR can be shared by all cells to save overhead. It also results in more consistent behaviour across all RACH procedures, since RAR of CBRA is received only on SpCell. 
Proposal 7: In case of CA, BFRQ response can be received from a cell different from the failed cell.
9. Sharing Candidate Beam RS amongst multiple CCs
RAN1 has already agreed to support cross-carrier sQCL indication amongst various RS (SSBs, P/SP/A CSI-RSs) to help bootstrap beam management of one carrier from that of another and to avoid duplication of beam mgmt RSs in each carrier (amongst the ‘beam coherent’ carriers).  This principle of cross-carrier sQCL should be extended slightly for Beam Failure Recovery procedure in order to truly avoid duplication of RSs in each CC. Specifically, Candidate-Beam-RS-List can be allowed to include SSBs/P CSI-RSs of another activated CC, rather than having to duplicate the candidate beam RSs in each CC.
As an example, consider a group of UEs with two active CCs, where CC1 is the ‘scheduling CC’ for both CC1 and CC2.  So these UEs are monitoring CORESETs in CC1 only.  Similarly, there can be another group of UEs monitoring CORESETs on CC2 only, for load balancing.  In this case, to facilitate candidate beam search, NW will need to duplicate SSBs/CSI-RSs on both CCs.  However, if Candidate-Beam-RS-List [38.213, 6] is permitted to include cross-carrier RSs, the RS duplication can be avoided, and NW can transmit RSs in one CC only.  Specifically, a cell index of an active CC will need to be included in the RRC parameter Candidate-Beam-RS-List.
Proposal 8: Candidate-Beam-RS-List can include RSs from another active CC/BWP.
Relevant RRC parameters are Candidate-Beam-RS-List and beamFailureCandidateBeamResource that would need to include a cell index of an activated cell to completely identify an RS.  This cross-carrier framework can be borrowed from the cross-carrier sQCL indication amongst the RSs (per above noted agreement) or from the TCI state for SP CSI-RS which also needs to point to cross-carrier RS.
Similar to Candidate-Beam-RS-List, the RLM-like RS used to monitor beam failure of active TCI states of CORESET(s) could also be a cross-carrier RS, although this is less of a saving since there are few unique active CORESET TCI states, and some/all of these already represented by RLM-RS which is already confined to be within the BWP. 
10. Recovery from partial beam failure
The two possible routes for BFR discussed so far are as follows:  when all control beams of a cell fail,
1. initiate RACH-based recovery.
a. I.e., recovery relies on a channel that is necessarily RX beam swept by the gNB.
b. This route is possible as long as there is a corresponding UL cell that is beam coherent. 
2. initiate recovery on assisting cell.
a. I.e., recovery exploits a functioning link instead of replying directly on a beam swept channel. 
b. This route is possible when an assiting cell is configured/available (i.e., functioning), such as a sub6 cell.
 
Then the scenario where only a subset of control beams fail is analogous to (2) above, where the functioning CORESET(s) can naturally play the role of ‘assisting cell’.  The gNB will use the P/SP/A beam reporting and P2/P3 beam refinement toolkits to (try to) keep the beam (active TCI state) of CORESET(s) up to date, without proactive signalling from the UE.  However, gNB could find it useful to have proactive event-based indications from the UE, e.g., the event of partial beam failure.  
SR is a natural choice for event-based on/off signalling from the UE.  I.e., an SR resource can be reserved for the purposes of partial beam failure indication.  We note that the gNB does not need to allocate a periodic SR resource corresponding to each CORESET (or active TCI state). Instead the UL beam (SRI) for the SR resource can be cycled through different choices (e.g. two different beams) over different transmission occasions, to provide robustness/redundancy.
Proposal 9: An SR resource can be configured to indicate the event of partial beam failure.
After detecting the partial beam failure (SR) indication, the gNB can use the normal beam reporting toolkit to obtain a measurement report on the control beams and update TCI states as necessary.  
Previously, it has been discussed to hack periodic beam reporting in order to indicate the event of partial beam failure.  Specifically, the beam report is altered, and some information erased to make room for indicating partial beam failure.  This disruption to periodic beam reporting is undesirable and perhaps not a sound design choice, in our view.
11. Conclusion
Proposal 1: The timer associated with RLF (E.g., T310) is stopped at least upon reception of beam recovery procedure success indication from lower layers.
Proposal 2: When CORESET 0 is in active BWP, it should be considered for monitoring PDCCH in beam failure detection.
Proposal 3: In case of implicit configuration of BFD set q0, if there are 2 RS indices in RS set indicated by TCI states for CORESETs, at least the RS index associated with QCL type D should be adopted as BFD RS. It is up to UE implementation to use the other RS index as BFD RS as well.
Proposal 4: Only CORESET-BFR should be monitored during BFR or after gNB response but before PDCCH TCI reconfiguration.
Proposal 5: If CORESET-BFR is configured, it can be outside of active BWP.
Proposal 6: Monitoring BFD set q0 stops after beam failure is detected and starts if BFR is successful.
Proposal 7: In case of CA, BFRQ response can be received from a cell different from the failed cell.
Proposal 8: Candidate-Beam-RS-List can include RSs from another active CC/BWP.
Proposal 9: An SR resource can be configured to indicate the event of partial beam failure.
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