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Introduction
In RAN1#102-e, it was agreed to study beam failure recovery (BFR) for multi-TRP with high priority.
	Agreement
Study Rel.17 enhancements on beam management for multi-TRPs with following priority
· High priority:
· Beam measurement/reporting enhancement
· Beam failure recovery for multi-TRP
· Low priority
· Simultaneous reception of same type of channel/RS with different QCL-TypeD
· Simultaneous reception of different type of channel/RS with different QCL-TypeD 


It was further agreed that a number of potential enhancement aspects are to be considered.
	Agreement
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.
· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 
· Issue 1: TRP-specific BFD
· Issue 2: TRP-specific new candidate beam identification
· Issue 3: TRP-specific BFRQ
· Issue 4: gNB response enhancement
· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response


Discussion
2.1 TRP-specific Beam Failure Detection
To support TRP-specific BFR, TRP-specific beam failure detection (BFD) is needed. This means that a UE can detect if the link to a first TRP has failed, while the link to a second TRP has not failed, as illustrated in Figure 1. If so, the UE can recover only the failed link without disrupting the good link to the other TRP.
[image: ]
[bookmark: _Ref54171413]Figure 1: TRP 1 transmits a different BFD RS than TRP 2.
In other words, the UE can be provided, for a BWP of a serving cell, with a set of BFD RS () per TRP i. Alternatively, the UE can implicitly determine a set of BFD RS per TRP based on CORESET pool indexes of CORESETs. 
Proposal 1: A UE can be provided with, or implicitly determine, a set of BFD RS per TRP, for a BWP of a serving cell.
The physical layer in the UE assesses the radio link quality per set of BFD RS, i.e. the quality of the per-TRP links. The physical layer provides an indication to higher layers when the radio link quality for all corresponding resource configurations in a per-TRP set of BFD RS (i.e. ) is worse than a threshold. In other words, the indication to higher layers also includes the index of the set of BFD RS (i) that experiences failure. 
Proposal 2: The physical layer in the UE assesses the radio link quality per set of BFD RS and indicates the BFD RS set index to higher layers when the radio link quality of all BFD RS in the corresponding set of BFD RS is worse than a threshold.
2.2 TRP-specific New Beam Identification
To support TRP-specific new beam identification, TRP-specific candidate beam RS needs to be supported. Otherwise, there is a risk that the UE selects a new beam that corresponds to the non-failed TRP in the case that only one TRP-link has failed.
In other words, the UE can be provided, for a BWP of a serving cell, with a set of candidate beam RS () per TRP i. The sets are preferably disjoint.
Proposal 3: A UE can be provided with a set of candidate beam RS per TRP, for a BWP of a serving cell.
Upon a beam failure declared in higher layers, the physical layer can be requested to provide to higher layers the indexes of candidate beam RS from candidate beam RS set i () with L1-RSRP above a threshold, if any. In other words, higher layers can indicate to the physical layer for which TRP i a new beam shall be identified.
Proposal 4: The higher layers of a UE can request the physical layer to provide the indexes of candidate beam RS from a per-TRP set of candidate beam RS with L1-RSRP above a threshold, if any.
2.3 TRP-specific BFRQ
Rel-16 introduced MAC CE based beam failure recovery request (BFRQ) for all kinds of cells, including SpCells and SCells. Therefore, in order to support multi-TRP BFR for the widest range of cell types, MAC CE based BFRQ should be used for multi-TRP BFR.
Proposal 5: TRP-specific BFRQ is based on Rel-16 BFRQ that uses MAC CE.
It can be noted that it is not necessary to indicate the index i of the failed TRP link to the gNB if the configured sets of candidate beam RS are disjoint. If so, the gNB can determine which TRP-link that has failed based on from which set of candidate beam RS the new beam has been selected. 
Observation: It is not necessary to indicate which TRP-link that has failed since this can be given by the new beam indicated in the BFRQ.
The gNB response and UE behavior after gNB response can be discussed once the schemes for beam failure detection, new beam identification and beam failure recovery request have been agreed.
Conclusion
In this contribution, we considered aspects of multi-TRP beam failure recovery. We have the following proposals: 
Proposal 1: A UE can be provided with, or implicitly determine, a set of BFD RS per TRP, for a BWP of a serving cell.
Proposal 2: The physical layer in the UE assesses the radio link quality per set of BFD RS and indicates the BFD RS set index to higher layers when the radio link quality of all BFD RS in the corresponding set of BFD RS is worse than a threshold.
Proposal 3: A UE can be provided with a set of candidate beam RS per TRP, for a BWP of a serving cell.
Proposal 4: The higher layers of a UE can request the physical layer to provide the indexes of candidate beam RS from a per-TRP set of candidate beam RS with L1-RSRP above a threshold, if any.
Proposal 5: TRP-specific BFRQ is based on Rel-16 BFRQ that uses MAC CE.
Observation: It is not necessary to indicate which TRP-link that has failed since this can be given by the new beam indicated in the BFRQ.
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