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Introduction
After RAN1#90b meeting, there was intensive email discussion on reusing existing PUCCH resources for both a subset of beam failure procedure and beam failure procedure. Although no agreement has been reached, much progress has been made and separate proposals are proposed [1]:
[bookmark: _GoBack]Proposal 3a: NR supports reusing existing periodic PUCCH based beam report resources for reporting 
beam pair link failure
· when a subset of PDCCH beams fails, reporting content includes the failed PDCCH beam information and/or newly identified beam information
· Support network configured conditions for UE to report regular beam report or failed PDCCH beam index
· Example-1: UE can only select the beam from a subset of beam preselected by gNB.
· Example-2: when the PDCCH beam RSRP is lower than a threshold (configured by network
), UE should report failed PDCCH beam information. Otherwise, UE shall report regular beam management report.
Proposal 3b: NR supports reusing existing periodic based beam report resources for beam failure reporting
· when beam failure is detected, decide on one of the following 3 alternatives
· Alt1: the PUCCH can carry beam index only
· Alt2: the PUCCH can carry both beam index and L1-RSRP
· Alt3: whether to use Alt1 and Alt2 is configured by RRC signaling
There is one agreement about UE monitoring gNB response for beam failure recovery request from email approval [2]:
Agreements:
· Support RRC configuration of a time duration for a time window and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.
· UE assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request.
· FFS: multiple dedicated CORESETs can be configured to a UE, where each CORESET can have different spatial QCL configuration
· Note: the time window is determined by a fixed time offset defined in the spec with respect to beam failure recovery request transmission and the RRC configurable time duration starting from the fixed time offset. 
· FFS the value of fixed time offset k (slots).

In this paper, we will present our considerations on reusing existing PUCCH resources and UE subsequent behavior after successfully monitoring gNB response.

Discussion
1.1 Reusing existing PUCCH resources
In the email discussion, the majority of companies support reusing periodic PUCCH resource configured by normal beam reporting for reporting beam pair link failure, a.k.a., failure of subset of serving beams. However, different from normal beam reporting, where best  beams are selected to be reported, at least the information of failed beam(s) should be included for such a case, so that fast recovery could be achieved by pushing gNB to do beam switch promptly.
To differentiate normal beam reporting and reporting beam pair link failure, in our opinion the contents carried by PUCCH is enough to achieve that. In general, the RSRP value(s) for failed beam(s) is/are very low, or lower than some threshold. Even during the normal beam reporting where the serving beam index is also reported, gNB has the ability to distinguish the failure based on the L1-RSRP value (s). Thus, a unified UCI format shared between them is preferred.
Exemplary reporting contents are shown in Table 1. If gNB received the serving beam index with an RSRP that is lower than a threshold, gNB can be aware that some serving beam(s) has already failed, and gNB can initiated aperiodic beam report or accumulate sufficient reports before reconfiguring TCI state accordingly.

[bookmark: _Ref498533974]Table 1 Reporting contents under different scenarios
	Scenario
	Reporting contents

	Normal beam reporting
	Beams with N largest RSRP in the resource setting

	Reporting beam pair link failure
	Prioritizing failed serving beams (M) in the resource setting and reporting additional beams with (N-M) largest RSRP in the resource setting



Based on the above the analysis, we have the following proposal:
Proposal 1: Support reusing existing periodic PUCCH based beam report resources for reporting beam pair link failure:
· Reporting content includes at least beam index and L1-RSRP
· Prioritizing reporting the failed serving beam and fill the report with the largest RSRP(s) of the remaining beams

The key issue for reusing existing PUCCH based beam report resources for beam failure procedure, is how to differentiate between normal beam report and report for beam failure. As the introduction shows that there are three choices. The first choice is designing different UCI formats where more specification work is needed, and the second choice is to adopt the same UCI format and potentially the content is used to differentiate, e.g., repeated beam information included in reporting for beam failure procedure, and the third choice is a compromise where the selection between the first and the second choice is configured by RRC signalling. Considering that the benefit of using PUCCH for beam failure procedure is still not clear and limited time is left, use of PUCCH for beam failure procedure should not be explicitly supported in Rel-15.

Proposal 2: PUCCH resources for beam failure reporting are not explicitly supported in Rel-15.

1.2 UE’s behaviour after successful beam failure recovery
During the email discussion, it seems that a consensus was reached on UE’s monitoring behavior after sending out beam failure recovery request signal, especially when no response is received from gNB [1]:
	1.       The T/F allocation of the response is dedicatedly configured (CORESET B) 
2.       The T/F allocation of the response is the same as the UE previously monitored (CORESET A)
Procedure:
1.       The UE transmits PRACH
2.       The UE starts monitoring CORESET B during the response window
3.       If no response, the UE goes back to monitor CORESET A after the monitoring window. Note that the monitoring window is probably shorter (~1ms) than the PRACH interval   (~10ms).
4.       The UE waits until next PRACH opportunity
5.       Go to 1



However, there was no further discussion on UE monitoring behavior when UE monitors gNB response during the response window. From the perspective of UE, it is natural and straightforward to continue to monitor CORESET A, but the spatial QCL reference for CORESET A should be updated based on the UE-identified candidate beam in the beam failure recovery request, if there is no higher layer configuration of TCI states in the gNB’s response.
To achieve this, either an implicit update of TCI state or creation of a new temporary TCI state can be envisioned, so that after receiving the gNB’s response, UE can quickly switch to the new beam on the configured CORESETs prior to beam failure procedure until further higher layer explicitly reconfigures the TCI state. As for the PDSCH, the beam should also be simultaneously switched to the beam used for CORESET until the gNB explicitly reconfigures the TCI state for the PDSCH.
Proposal 3: Support implicit TCI state update or using a temporary TCI state, so that UE monitors the CORESET prior to beam failure with the newly identified beam, i.e., spatially QCLed with the CORESET configured for the response to the beam failure recovery request, until gNB explicitly reconfigures the TCI state for the CORESET.
Proposal 4: UE assume that PDSCH is spatially QCLed with the CORESET, whose TCI state is implicitly updated, until gNB explicitly reconfigures the TCI state for PDSCH.

Conclusion
In this contribution, we have the following proposals:
Proposal 1: Support reusing existing periodic PUCCH based beam report resources for reporting beam pair link failure:
· Reporting content includes at least beam index and L1-RSRP
· Prioritizing reporting the failed serving beam and fill the report with the largest RSRP(s) of the remaining beams
Proposal 2: PUCCH resources for beam failure reporting are not explicitly supported in Rel-15.
Proposal 3: Support implicit TCI state update or using a temporary TCI state, so that UE monitors the CORESET prior to beam failure with the newly identified beam, i.e., spatially QCLed with the CORESET configured for the response to the beam failure recovery request, until gNB explicitly reconfigures the TCI state for the CORESET.
Proposal 4: UE assume that PDSCH is spatially QCLed with the CORESET, whose TCI state is implicitly updated, until gNB explicitly reconfigures the TCI state for PDSCH.
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