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1. Introduction
This contribution addresses several remaining issues on beam failure recovery. 
2. Introduction

2.1. BFR and BWP 
BWP switching was not explicitly discussed during BFR discussion. The agreement made on BFR at least applies a cell with a single BWP, or a cell configured with multiple BWPs where the active BWP never switches during the course of BFR (e.g. BFR monitoring, PRACH transmission, gNB response monitoring). 
Beams configured for CORESETs on different BWP are not necessarily the same, nor are beam qualities measured on different BWP. To allow sufficiently flexible management of CORESET beams on different BWP, a separate BFR procedure per BWP should be allowed. This means that beam failure monitoring RS set, candidate beam RS set, dedicated RACH resources, association between RACH resource and candidate beam, beam selection threshold, timer/counter and CORSET-BFR configurations are all configured on a per-BWP basis. 

BWP switching can be infrequent or frequent. 

· Alt-1: If BWP switching is infrequent, it is likely that the UE will not switch back to the original BWP (which had an ongoing BFR procedure). In this case, it is preferable that if BWP switch happens, ongoing BFR on the original BWP is terminated. 
· Alt-2: If BWP switching is frequent, it is possible that the UE may switch back to the original BWP before the ongoing BFR procedure finishes. In this case, the ongoing BFR procedure on the original BWP can be suspended (except the timer) until UE switches back. 
Both have valid use cases that depend on the actual BWP-switching frequencies which may depend on implementation. Given that new RRC parameters should be avoided at this stage, a fixed behavior (e.g. Alt.1) appears acceptable. 
Proposal: Any ongoing BFR procedure on an active BWP is terminated when BWP switching occurs. 
2.2. BF RS monitoring 

CFRA for BFR is triggered after receiving consecutive beam failure instances indication from PHY. After PRACH transmission, whether the UE should continue beam failure monitoring is unclear.
The 1st option is that UE stops monitoring beam quality after RACH transmission. After BFR is successful, UE may restart monitoring beam quality again. 

The 2nd option is that UE continues to monitor beam quality and sends beam failure indicator to MAC. MAC could either (1) ignore the beam failure event indication from PHY and keep the ongoing CFRA procedure, or (2) abandon the ongoing CFRA procedure and start another CFRA procedure when the number of consecutive beam failure instances reported from PHY after the ongoing CFRA procedure has started exceeds the threshold. 

Our view is that the complexity of the 2nd option outweighs its benefits, and may bring additional problems later on. Hence our preference is the 1st (e.g. stopping monitoring beam failure after RACH). However, if the 2nd option is adopted, an LS needs to be sent to RAN2 so that they can update their spec accordingly.
· Proposal: UE stops monitoring BFD RS set after PRACH transmission, until BFR is successful and another round of beam failure monitoring begins. Otherwise if beam monitoring continues after RACH, send an LS to RAN2.

2.3. CORESET and CORESET-BFR

It was agreed in the early stage of Rel.15 that CORESET beams are semi-statically configured. Specifically, RRC configures a set of N TCI states per UE and MAC-CE activated/deactivates a TCI state for each CORESET. In comparison, beam for CORESET-BFR is dynamically adjusted based on the new alternative beam UE reports after beam failure is identified. Hence CORESET-BFR does not need any TCI-state configuration. 
In previous meeting it was proposed that COREST-BFR can be configured with TCI-states as well. The intended scenario is to use CORESET-BFR as a regular CORESET for unicast/common control, until beam failure happens when CORESET transforms to CORESET-BFR automatically. From gNB perspective, gNB converts CORESET to CORESET-BFR if PRACH is successfully received, otherwise gNB is not aware of beam failure and continues to use CORSET as is. We see several problems with this operation: 
· If gNB fails to receive PRACH and is unaware of beam failure, gNB continues to transmit PDCCH on old beams while UE switches to the new beam qnew for PDCCH monitoring, hence UE won’t be able to receive any PDCCH. On the other hand, if CORSET and CORESET-BFR are separate, PDCCH on CORESET still has a decent chance of successful decoding. Keeping CORESET and CORESET-BFR is therefore beneficial for maintaining control channel connection to the UE.
· Normal CORESET likely consumes a large chunk of resources and is shared by multiple UEs. If CORSET-BFR and CORESET are the same, when UE A declares beam failure, gNB has to send PDCCH to UE A using qnew reported by UE A, and gNB can no longer use the CORESET (even other PDCCH candidates) for other UE. Our understanding is that in practical configuration, CORESET-BFR consumes a small chunk of resources and is infrequently used for BFR purpose on an on-demand basis (dynamically requested). Mixing CORESET and CORSET-BFR is not efficient as one UE’s blockage may degrade control channel availability to other UEs in the cell. 

Proposal: CORESET-BFR is not configured with TCI-state. 

2.4. BFR for SCell

RAN1 agreed to support BFR for SCell under the condition that no specification impact to RAN1 should be incurred. Though the final specification development is up to RAN2, RAN1 was requested by RAN2 in their LS [R1-1803348 Reply LS on beam failure recovery] to provide views on candidate schemes. Based on the channel on which CFRA and gNB response (CORESET-BFR) is supported, different options are possible. Specifically, RAN2 asked RAN1 to indicated the preferred option amongst:

· Alt-1:  CFRA BFR on SCell UL and gNB response on SCell DL. The CORESET-BFR for BFR response monitoring should be configured in USS.

· Alt-2:  CFRA BFR on SCell UL and gNB response on PCell DL, using the same CORESET-BFR as BFR on SpCell
· Alt-3:  CFRA BFR on PCell UL and gNB response on PCell DL, using same resources as BFR on SpCell but different preambles
· Alt-4: MAC CE transmission on PCell to indicate the new beams
Alt-1 is the most straightforward solution with the least specification impact. Specifically, CFRA on UL and gNB response in CORESET-BFR are both on the same SCell for which BFR is performed. 

· On the UL, CFRA is initiated when beam failure is detected in the same SCell. Currently, the MAC subclause states “The Random Access procedure on an SCell other than PSCell shall only be initiated by a PDCCH order with ra-PreambleIndex different from 0b000000.” Since there is CFRA resource configuration on SCell in current RRC specification, the only impact on specification is that BFR-initiated Random Access should be added, on top of PDCCH order, as use case for Random Access procedure on SCell in MAC specification. This has minimal specification impact.
· On the DL, CORESET-BFR is configured in the same SCell on which BFR is performed. The CORESET-BFR is configured as a USS on which UE monitors C-RNTI. This is compliant with the current RAN2 specification that UE is not required to monitor Msg2 in SCell scrambled by RA-RNTI in the CSS.

· It enables UE to (re-)acquire UL/DL beam correspondence via the Random Access procedure. Indeed, with current small RAR windows (down to 1ms) and by leveraging the “notification of suspending power ramping counter” feature of the RA procedure [38.321 Section 5.1.3], UE can perform by implementation Tx beam sweeping across preamble (re)attempts. Since a DL beam failure may be due to a strong channel degradation e.g. blockage, it may as well impact the Tx beam. However, leveraging this feature is only possible if the UL and DL of the RA procedure are run on the same cell. 

Alt-2 requires reception of PDCCH in PCell using new beam qnew measured on a SCell. In general, qnew from SCell is not necessarily valid for PCell (e.g. PCell in <6GHz and SCell in mmWave band), so its use case is limited. Secondly, configuring CORESET-BFR in PCell for SCell BFR will either increase the number of COREST-BFR on PCell (if CORESET-BFR for PCell and CORESET-BFR for SCell are separate), or block gNB response for PCell on PCell (if CORESET-BFR for PCell and CORESET-BFR for SCell are the same).
Alt-3 is less efficient as it would congest RACH in PCell. 

Alt-4 requires designing a new MAC CE and is justified by proponents in support of DL-only SCells. At this late stage of Rel-15 we believe it should be avoided to start a new MAC CE design. But the main drawback of this solution is that it is less effective than the RACH-based approach since a scheduling request may need to be sent first on the PCell in order to be able to send, in a second-step, the MAC CE. Finally, at this late stage of Rel-15, the BFR procedure on the SCell should not be tailored to specifically address a marginal configuration (DL-only SCell) which EN-DC NR has not been optimized for.

 Proposal: The BFR on SCell is based on CFRA BFR on SCell UL and SCell DL. 

3. Conclusion

This contribution summarizes our views on a few remaining issues on beam failure recovery. 
Proposal 1: 
Any ongoing BFR procedure on an active BWP is terminated when BWP switching occurs. 

Proposal 2: 
UE stops monitoring BFD RS set after PRACH transmission, until BFR is successful and another round of beam failure monitoring begins. Otherwise if beam monitoring continues after RACH, send an LS to RAN2.

Proposal 3: 
CORESET-BFR is not configured with TCI-state. 

Proposal 4: 
CORESET-BFR for SCell is supported by CFRA and CORESET-BFR on the same SCell.
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