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Introduction
In the Rel-16 MIMO WID [1], the following item is specified:
· Specify higher layer support of enhancements listed above [RAN2]
This paper focuses on discussing the BFR for multiple TRP (mTRP) operation.
Discussion
RAN1 has agreed to support two types of mTRP operations: single-PDCCH configuration and multi-PDCCH configuration (up to two PDCCH per serving cell). 
In single-PDCCH configuration, within a serving cell UE always receives DCI from a single PDCCH, and one PDSCH with multi-TCI states can be scheduled at the same time. Since each serving cell still has at most one PDCCH, as far as beam failure recovery (BFR) procedure is concerned, this type configuration is not much different from single-TRP operation. Hence Rel-15 BFR procedure can still be applied without change.
In multi-PDCCH configuration, network can configure up to two PDCCHs on two different TRPs. These two PDCCHs can transmit DCIs independently, and each DCI schedules its own PDSCH. In this type of configuration, since there are two PDCCHs, it is an open question to be discussed whether its BFR procedure should be any different from the one in Rel-15.
At the conceptual level, one can see that if a serving cell has two PDCCHs, then they can “back up” each other, i.e. if one of the PDCCHs fails, UE can use the other PDCCH (if it is still functioning) to recover the failed one. This can help increase the reliability of a serving cell, which is desirable for the target use cases of mTRP operation.  
Observation 1. Reliability of a serving cell with multi-PDCCH configuration can be improved if BFD/BFR procedures can be performed for each PDCCH independently.
To do that, each PDCCH can have its own beam failure detection (BFD) configuration. More specifically, UE should be configured with a BFD reference signal (BFD-RS) set for each PDCCH. The configuration of this BFD-RS set can follow the same rules as in Rel-15. In addition, each PDCCH has its own associated BFD counter and BFD timer, used by UE to perform BFD procedure. When beam failure for a PDCCH is detected, BFR for that PDCCH is triggered.
Proposal 1. In a serving cell with multi-PDCCH configuration, UE can be configured with a BFD-RS set and a candidate beam set for each PDCCH, by the same rules as in Rel-15. And for each PDCCH, UE performs the BFD procedure as in Rel-15.
Before we proceed to discuss how BFR should be performed, we note that during discussion for Rel-16 MIMO WI, RAN1 have agreed to introduce a new MAC CE for indicating preferred PDCCH beam after beam failure is detected in a SCell, i.e. if beam failure is detected in a SCell, UE can send this MAC CE with its new preferred beam to network, via any available uplink resources. If no uplink resource is available, UE triggers a SR. This enhancement is quite useful, especially in the inter-band CA configuration, e.g. when PDCCH in a FR2 SCell fails, UE can send this MAC CE over a FR1 serving cell which still has a working PDCCH. 
We think this new MAC CE (for ease of referencing, denote it as beam index indication MAC CE) can be used for BFR in mTRP operation as well, because otherwise it is very resource expensive to configure PRACH resource for all TRPs. More specifically, BFR for a serving cell with multi-PDCCH configuration can be performed as follows: 
· After beam failure is detected for a PDCCH in any serving cell, UE chooses a preferred new beam from the set of candidate beams configured for that PDCCH, based on the measured link quality of those candidate beams. This step is the same as in Rel-15;
· UE sends this preferred new beam in the beam index indication MAC CE to the network. This MAC CE can be sent in an available uplink resource scheduled by any working PDCCH in any serving cell (if allowed by LCP). If no uplink resource is immediately available, UE can trigger a Scheduling Request to request it. Please refer to our companion paper [2] for further details of this step.
· After network receives the beam index indication MAC CE from UE, it reconfigures the failed PDCCH based on UE’s indication, as in Rel-15.
· If this failed PDCCH happens to be in a serving cell configured with BeamFailureRecoveryConfig, we can leave it to UE implementation whether UE performs RACH based BFR or the steps described above. That is because several factors can be involved in determining which approach would result in low latency, e.g. how soon uplink resource is available, whether link quality is high enough to perform CFRA, etc. It is not easy to devise simple rules for that decision.
Based on the above discussions, we propose the following for BFR in mTRP operation:
Proposal 2. 	If BFR is triggered for any PDCCH in a serving cell, UE chooses a new preferred beam from its configured candidate beam set, as in Rel-15.
Proposal 3. UE sends its new preferred beam in the new Rel-16 Beam Index Indication MAC CE to network, using the same procedure agreed for the transmission of this MAC CE. 
Proposal 4. 	If a failed PDCCH is in a serving cell configured with BeamFailureRecoveryConfig, it is up to UE implementation whether UE performs RACH based BFR or use the Beam Index Indication MAC CE to indicate its new preferred beam. 
Conclusion
Based on the above, we’d recommend RAN2 discuss and agree the following proposals:
Observation 1. Reliability of a serving cell with multi-PDCCH configuration can be improved if BFD/BFR procedures can be performed for each PDCCH independently.
Proposal 1. 	In a serving cell with multi-PDCCH configuration, UE can be configured with a BFD-RS set and a candidate beam set for each PDCCH, by the same rules as in Rel-15. And for each PDCCH, UE performs the BFD procedure as in Rel-15.
Proposal 2. 	If BFR is triggered for any PDCCH in a serving cell, UE chooses a new preferred beam from its configured candidate beam set, as in Rel-15.
Proposal 3. 	UE sends its new preferred beam in the new Rel-16 Beam Index Indication MAC CE to network, using the same procedure agreed for the transmission of this MAC CE. 
Proposal 4. 	If a failed PDCCH is in a serving cell configured with BeamFailureRecoveryConfig, it is up to UE implementation whether UE performs RACH based BFR or use the Beam Index Indication MAC CE to indicate its new preferred beam.
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