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1 Introduction

In RAN#89 meeting, the following agreements were reached [1].

Agreements:

· Support the following channel(s) for beam failure recovery request transmission:

· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case

· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources

· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 

· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 

· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure

· Support using PUCCH for beam failure recovery request transmission

· FFS whether PUCCH is with beam sweeping or not

· Note: this may or may not impact PUCCH design

· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources

· From traditional RACH resource pool

· 4-step RACH procedure is used

· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 

· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 
From the above agreements, both PUCCH and PRACH resources can be used for beam failure recovery request (BFRQ) transmission, however, the details of PUCCH based BFRQ transmission are not discussed. In this contribution, we consider the related design to reduce the dedicated PRACH resource overhead of beam failure recovery. Note that this contribution is a resubmission of R1-1808832.
2  Beam recovery based on PUCCH
In RAN1#89, both PRACH and PUCCH resource have been agreed for BFRQ transmission. In Rel-15, PRACH based BFRQ transmission has been discussed a lot. For PRACH based beam faiure recovery, a dedicated PRACH resource is configured to transmit the BFRQ, and the cancidate beam information is known by the gNB through the association between the PRACH resource and the candidate beam. To ensure that when beam failure occurrs, the transmission between gNB and UE can be recovered timely, the dedicated PRACH resource for BFRQ transmission would be dense in time domain , and if the number of UE is large, plenty of dedicated PRACH resource should be used, thus the resource overload is high.
For the case with beam correspondence, when DL beams fail, the UL beams will fail as well. But for the case without beam corresponse, when DL beams fail, the UL beams may work well. In this scenario, UE can report the candidate beam information to gNB through the PUCCH resources, as shown in Fig.1. 
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Fig.1 An example of PUCCH based BFRQ transmission
To avoid the overhead of dedicated PUCCH resource, the PUCCH resource for L1-RSRP reporting can be reused for BFRQ transmission. For L1-RSRP reporting, if the higher layer parameter nrofReportedRS is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size, if the higher layer parameter nrofReportedRS is configured to be larger than one, or if the higher layer parameter group-based-beam-reporting is configured as 'enabled', the UE shall use differential L1-RSRP based reporting, where the largest value of L1-RSRP uses a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the differential L1-RSRP uses a 4-bit value [2]. 

For BFRQ transmission, the same payload and same format for L1-RSRP reporting can be used to report the candidate beam information. To differential candidate beam reporting and L1-RSRP reporting, one simple way is to define a particular 7-bit value to represent the L1-RSRP of candidate beams. When beam failure occurred, UE could report the candidate beam with the predefined particular 7-bit L1-RSRP value. Since the number of states can be represented by 7-bit is 128, but for L1-RSRP reporting, the total state in the range [-140, -44] dBm with 1dB step size is less than 128, some reserved states can be used to represent the reporting for candidate beams. 
For example, we use the particular 7-bit state“0000000”to represent the L1-RSRP of candidate beam. When the parameter nrofReportedRS is configured to one, if beam failure occurs, the candidate beam reporting can be {CRI0, 0000000}, where CRI0 is the resource id to indicate the candidate beam, where the RS set for candida beams is configured by high layer parameter candidateBeamRSList. When the parameter nrofReportedRS is configured to be larger than one, multiple candidate beams can be reported to gNB. An example of nrofReportedRS =2 is given in Table I.
	CRI
	RSRP

	CRI0
	0000000

	 CRI1
	Z1Z2Z3Z4


Table I Reporting of two candidate beams

In Table I,  CRI0 is the resource ID to represent the first candidate beam,  CRI1is the resource id to represent the second candidate beam, and “Z1Z2Z3Z4”can be any 4-bit value. Since the predefined state“000000”is used for the largest RSRP, the gNB would know the reporting of Table I is for candidate beams.
If the number of candicate beams is less than the configured nrofReportedRS, UE could repeat the resource ID of candidate beam(s). Table II shows the case of nrofReportedRS =2 , and the number of candidate beam is one.

	CRI
	RSRP

	 CRI0
	0000000

	 CRI0
	Z1Z2Z3Z4


Table II Reporting of one candidate beams

For receiving beam recovery response, the procedure can be the same as RRACH based scheme. After UE reports the candidate beam(s) for beam failure recovery, it would monitor PDCCH in a search space provided by higher layer parameter recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI, assuming   the same antenna port quasi-collocation parameters with the RS for candidate beam reporting. If more than one candidate beams are reported to gNB, gNB and UE may transmit/receive the beam failure recovery response with different candidate beams. To ensure that the UE can receive the beam failure response from gNB successfully, a default order for using the candidate beam to transmit the beam failure recovery response can be defined. For example. gNB first uses the beam quasi-collocated with CRI0 in a given time window for beam failure recovery response transmission, if UE is failed to receive it, gNB will transmit the response with the beam quasi-collocated with CRI1 .
Based on the above consideration, we have the following proposal:
Proposal 1: PUCCH resource for L1-RSRP reporting can be reused to report candidate beam(s) for beam failure recovery.
Proposal 2: Multiple candidate beams can be reported in PUCCH based beam failure recovery request transmission.
3 Conclusions

Based on the above discussions, the proposal are as follows:
Proposal 1: PUCCH resource for L1-RSRP reporting can be reused to report candidate beam(s) for beam failure recovery.
Proposal 2: Multiple candidate beams can be reported in PUCCH based beam failure recovery request transmission.
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