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1 Introduction

RAN1 has agreed in RAN1#89 [1] that PUCCH and RACH procedures can be used during the beam failure recovery procedure to solve issue and regain the beam level connectivity. 
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 

In RAN1#90bis it was also agreed in that dedicated PRACH resources will be configured to UE to allow gNB uniquely identify certain UE:
Agreement:
· For gNB to uniquely identify UE identity from a beam failure recovery request transmission

· A PRACH sequence is configured to UE

In this paper we like to discuss the UL resource allocation and usage in case of beam failure recovery and potential impacts to RAN2 procedures and specifications.  
2 Discussion
As describe above, it has been previously agreed in RAN1 that during the beam failure recovery PUCCH and/or RACH procedures can be used to solve the beam failure situation. In case there is only one active connection/beam, the situation should be solved as fast as possible and regain the connection between UE and NW. When UE is in the connected mode, the NR DL beam has been coupled with some UL beam and some PUCCH SR resources has been configured. If the PUCCH resources are available UE should utilise them to recover beam failure. 
Observation1: As the beam failure occurs when UE is in connected mode i.e. PUCCH SR resources should have configured and UE can use PUCCH resources, if allocated and available, for beam failure recovery procedure
As the DL and UL beams are paired, it would be common that radio conditions are same for both DL and UL direction in NR, and when reception of DL beam fails, the UL direction is also unusable and configured PUCCH resources cannot be use for beam recovery. If UL transmission errors using configured PUCCH resources has been occurred for the beam recovery procedure, the UE should start RACH procedure to regain beam level connectivity. It has been agreed in RAN1, that at least contention free RACH procedure can be used for beam recovery and the usage of contention based RACH is under further study to be used as supplementary solution. 
The contention free RACH should be used as primary RACH mechanism for beam recovery to enable faster connection recovery. The usage CFRA requires that RACH preamble(s) and relevant frequency and time resources has been configured to UE for a set of beams. The set of beams were RACH resources has been configured should consist beside the current serving beam also some neighboring beams. When the set of beams is changed, the RACH resources needs to reconfigured to match the new set of beams. 

It has been agreed that beam level management can take place without RRC involvement i.e. serving (or set of beams) beam can be change without any indication to RRC. However, as the RACH configuration will be passed to UE using RRC, there are some challenges to keep the RACH configuration up to date in UE side to support beam failure recovery using CFRA RACH. If the set of beams is set large, this will increase the size of RACH configuration in the UE side and consumes the available RACH resources in NW side. From the RACH resource allocation and efficiency point of view, more effective solution would be to keep the set of beams where RACH has been allocated limited. However, this solution would require more RRC signaling to update the RACH configuration every time when selected set of beams is changed 
Proposal 1: RAN2 is encouraged to discuss how the RACH resources for contention free RACH should be allocated for beam failure recovery purposes 
There could be a situation when neither PUCCH or contention free RACH resources cannot be used and in that case UE can use the contention based RACH if applicable
Proposal 2: In case neither PUCCH nor contention free RACH resource is available, UE can use contention based RACH for beam failure recovery procedure 

When the beam failure occurs and both PUCCH and RACH resources are available for beam failure reporting, the selection which resources to use should be left the UE, as it has the best knowledge of suitability of resources e,g. which resources are next available for UL transmission.
Proposal 3: In case both PUCCH and RACH resources are configured and available when beam failure are discovered, the selection which resource to use for beam failure request reporting should be left to UE implementation

3 Conclusions:

Based on the discussion, the following conclusions were made:
Observation1: As the beam failure occurs when UE is in connected mode i.e. PUCCH SR resources should have configured and UE can use PUCCH resources, if allocated and available, for beam failure recovery procedure

Proposal 1: RAN2 is encouraged to discuss how the RACH resources for contention free RACH should be allocated for beam failure recovery purposes 
Proposal 2: In case neither PUCCH nor contention free RACH resource is available, UE can use contention based RACH for beam failure recovery procedure 

Proposal 3: In case both PUCCH and RACH resources are configured and available when beam failure are discovered, the selection which resource to use for beam failure request reporting should be left to UE implementation
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