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1 Introduction

Agreements about beam failure recovery mechanism were reached and can be found in [1] [2] [3] [4] [5]. And in RAN1 90bis, following agreements were made [6]: 
Agreement:

· gNB response is transmitted via a PDCCH addressed to C-RNTI
· FFS: DCI format for gNB response

· Dedicated CORESET(s) is applied for monitoring gNB response for BFRQ. The CORESET is down-selected from the following two alternatives:
· Alt 1: the same CORESET (s) as before beam failure

· Alt 2: dedicatedly configured CORESET for beam failure recovery.

Agreement:

Specification supports the CSI-RS + SS block case for the purpose of new candidate beam identification

The above case is configured by gNB

Note: a dedicated PRACH resource is configured to either an SSB or a CSI-RS resource

Following two scenarios are supported when a UE is configured with CSI-RS + SSB

Scenario 1: PRACHs are associated to SSBs only

In this scenario, CSI-RS resources for new beam identification can be found from the QCL association to SSB(s).

Scenario 2: Each of the multiple PRACHs is associated to either an SSB or a CSI-RS resource

FFS: multiple SSB can be associated with the same uplink resource. 

CATT has concerns on the above agreement that it may not be an essential feature for beam failure recovery
Working Assumption:

Beam failure detection is determined based on the following quality measure:

· Hypothetical PDCCH BLER

Agreement:

· For gNB to uniquely identify UE identity from a beam failure recovery request transmission

· A PRACH sequence is configured to UE

Working Assumption:

· At least the following parameters should be configured for dedicated PRACH resources for beam failure recovery
· Per UE parameters
· Preamble sequence related parameters
· E.g., root sequence, cyclic shift, and preamble index
· Maximum number of transmissions
· Maximum number of power rampings
· Target received power
· Retransmission Tx power ramping step size
· Beam failure recovery timer 
· Per dedicated PRACH resource parameters
· Frequency location information
· Time location, if it is only a subset of all RACH symbols (e.g., PRACH mask)
· Associated SSB or CSI-RS information
· Note: as a starting point, use initial access preamble transmission mechanism and parameters. If any issue is identified, new mechanism can be introduced.
· No further RRC signalling for above UE parameters is required if reusing the same parameter as initial access  
In this contribution, we focus on PUCCH design for beam failure recovery request, used in beam failure case and a subset of PDCCH beams fail(s) case.
2 Beam failure 
Both PUCCH and PRACH have been agreed for beam failure recovery request transmission, and these two different UL channels should target for different beam failure scenarios and being complementary for each other. These beam failure scenarios include DL beam failure only and both DL and UL beam failure scenarios. 

As  PRACH resources is dedicatedly reserved for each UE no matter it transmit the beam failure recovery request or not, it will lead to the increase waste of the overhead if simply relying on PRACH based BFRQ for both of the two scenarios. For instance, in case of non-beam correspondence scenario, the probability of both DL and UL beam fails is very low and it is most likely that DL beam failure  happens but UL beam is still available in which PUCCH can work well to carry the BFRQ. As the periodic PUCCH resource for other purpose, e.g. beam reporting always exist, reusing these PUCCH for transmitting the BFRQ will not consume additional resources. In addition, PUCCH can support larger payload than PRACH, thus it can convey more beam relevant information on beam failure recovery request. Among all the PUCCH resources, PUCCH for beam reporting is more suitable to be reused for BFRQ transmission. As PUCCH for beam reporting is supposed to carry the beam index and the related beam quality information. For BFRQ, it is also required to report the new identified beam information, e.g. beam index and corresponding quality information to aid the gNB to schedule with the new beam. Therefore, considering the similarity, it is beneficial to reuse the PUCCH for beam reporting to transmit the new candidate beam information for beam failure recovery request. The standard effort to design a new PUCCH format for BFRQ can be saved if reusing the same PUCCH format as beam reporting. Additionally, the same payload should be used to avoid blind detection. It is only required to define different information state to distinguish whether it is regular beam reporting or BFRQ based on the same PUCCH format. Beam failure recovery request has a higher priority than beam reporting. UE should report top N beam information, including beam index and beam quality during beam management procedure on PUCCH resource. If beam failure occurs, UE should report the following contents. When beam reporting beam number N = 1, UE should report candidate beam index and predefined state, e.g. L1-RSRP = 0, to distinguish beam reporting and beam failure recovery request. And when N>1, UE should report the same N candidate beam index and corresponding L1-RSRP.
Thus, we have the following Proposal:

Proposal 1: Support multi-bit PUCCH to transmit beam failure recovery request.
Proposal 2: Support reusing the same PUCCH resource/PUCCH format/payload for beam reporting to carry beam failure recovery request information, e.g. recommended beam(s) and beam quality with different information state.
Proposal 3: Different information state should be defined to distinguish whether it is regular beam reporting or beam failure recovery request based on the same PUCCH format.
3 A subset of PDCCH beams fail(s) 
It has been agreed that the case of a subset of serving beam fail(s) should also be handled. As only a subset of serving beam fail, at least one of the serving beam is still active which we can called it partial beam failure. To avoid unnecessary transmission with the failed beam for the base station, it is beneficial to inform this partial beam failure information to gNB in time. Upon this information, gNB can configure a new available serving beam to replace the failed beam. For this case, the beam for PUCCH is still available for the transmission and thus PUCCH can be used to carry the partial beam failure information. More specifically, the PUCCH for beam reporting is more suitable for the transmission of partial beam failure information. As partial beam information includes which beam fails and or the new recommended beam information which is similar with the information of beam reporting. Therefore, these two type of information can share the same PUCCH format. However, different state for the PUCCH should be considered to distinguish the conventional beam reporting and partial beam failure information. Partial beam failure recovery request has a higher priority than beam reporting. UE should report top N beam information, including beam index and beam quality during beam management procedure on PUCCH resource. If beam failure occurs, UE should report the following contents. When beam reporting beam number N = 1, UE should report failed beam index and L1-RSRP = 0 to distinguish beam reporting and partial beam failure request. And when N>1, UE should report the same N failed beam index and corresponding L1-RSRP.
Therefore, we propose:

Proposal 4: Support reusing the same PUCCH resource/PUCCH format/payload to carry the subset of serving beam failure information, e.g. failed beam(s) and beam quality with different information state.
Proposal 5: Different information state should be defined to distinguish whether it is regular beam reporting or partial beam failure request based on the same PUCCH format.
4 Conclusions

This contribution discusses beam failure detection and beam failure recovery mechanism in NR and we have the following observation and proposals:
Proposal 1: Support multi-bit PUCCH to transmit beam failure recovery request.
Proposal 2: Support reusing the same PUCCH resource/PUCCH format/payload for beam reporting to carry beam failure recovery request information, e.g. recommended beam(s) and beam quality with different information state.
Proposal 3: Different information state should be defined to distinguish whether it is regular beam reporting or BFRQ based on the same PUCCH format.
Proposal 4: Support reusing the same PUCCH resource/PUCCH format/payload to carry the subset of serving beam failure information, e.g. failed beam(s) and beam quality with different information state.
Proposal 5: Different information state should be defined to distinguish whether it is regular beam reporting or partial beam failure request based on the same PUCCH format.
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