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1. Introduction

In previous RAN1 meetings, the general procedure of beam failure recovery has been thoroughly discussed and the following agreements were made:
Agreements in RAN1 #89:
· 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 
Agreements in RAN1 #90:

· Beam failure is declared only when all serving control channels fail.
· When a subset of serving control channels fail, this event should also be handled

· Details FFS
Agreement in RAN1 #92:

· In Rel-15, additionally support BFR on SCell

· Number of SCells BFR needs to be supported on is 1

· UE is not mandated to support BFR on SCell 

· Note: There is no additional RAN1 specification impact for BFR on SCell.
In addition, the beam failure recovery was also discussed in RAN2 and the following agreements had been achieved:
Agreements in RAN2 #100:

· Beam failure recovery using a dedicated PRACH preamble is specified in the MAC and triggered upon indication from Physical layer. RAN2 assumes that the PHY layer does the detection of beam failure.
· Beam selection is specified in the MAC similar to the HO case.
· The UE uses contention free when there is a beam associated to a dedicated “preamble/resource” and the beam is above a threshold. Otherwise use contention based.
However, there are some issues on contention based RACH (CBRA) need to be studied. In this contribution, we further discuss remaining issues on BFR, and gives our views and proposals.

2. Discussion
2.1. Contention-based RACH
RAN2 had already agreed to support CBRA for BFR. However, there are some issues on CBRA for BFR need to be further discussed from RAN1 perspective, which are:
· How to indicate the network about the BFR during CBRA
· Which message is considered as gNB response
· Whether CORESET-BFR is used to monitor Msg.4 or not.

In order to perform the procedure associated with BFR as early as possible, the NW shall be informed the occurrence of BFR. There are two potential solutions to identify of the purpose of BFR:
· Option1: Msg1 is used for NW to identify different purposes of CBRA
In this option the NW can utilize the RRC signaling to configure a set of dedicated PRACH resources for UE. And the NW can identify the purposes of CBRA based on the different sets of PRACH resources. As the random access procedure is Contention-based, the collision still exists in theory and it will be addressed until Msg3. This means the gNB still needs to wait for Msg3 to identify the UE although the purpose of PRACH has been already indicated in Msg1.
· Option2: Msg3 is used for NW to identify different purposes of CBRA
In this option, the NW can pre-configure the dedicated transmission resource for Msg3 via RRC signaling to indicate the purpose of BFR. Furthermore, there are no impact on the transmission of Msg1 and Msg2, and Msg4 could be used as the response for CBRA with BFR. Compared with the option 1, we can find that there is less impact on the current specifications for the option2.
Proposal 1: For CBRA for BFR, NW may identify the purpose of CBRA by detecting Msg3 on different transmission resources and Msg4 could be used as gNB response where UE monitor CORESET-BFR for Msg4.

2.2. Recovery from Partial Beam Failure
The agreement from RAN1 #90 states that partial beam failure corresponding to the case when a subset of serving control channels fail should also be handled in addition to the full beam failure case. The motivation of partial BFR is to avoid radio link failure (RLF) when candidate beams cannot be detected in some scenarios. Besides, traffic can be promptly routed to living BPL if partial BFR is enabled. Driven by these advantages, we would like to discuss some details about partial BFR in this section. From our point of view, the procedure of partial BFR should follow that of full BFR to reduce the impact on the current specifications. Since there are beams existing when partial beam failure event is triggered, the new candidate beam identification could be cancelled from partial BFR procedure. This means partial BFR includes three steps as follows:
· partial beam failure detection

· partial BFRQ transmission 

· gNB response for partial BFRQ

For Partial BFRQ transmission part, since there are still some downlink beams available and UE is in connected state when partial beam failure occurs, PUCCH can be used for partial BFRQ transmission. According to the contents of partial BFRQ, BFRQ transmission is divided into three categories:

· Option 1: Partial BFRQ only indicates partial BFR events

For example, NW configures a dedicated SR resource for UE to indicate partial BFR events. After the gNB receives the partial BFRQ, it then triggers beam reporting. The advantage of this option is little impact on specifications, and NW only needs to reserve some SR resources for partial BFRQ transmission. However, since the gNB does not know which beams have failed after receiving the partial BFRQ, it needs to trigger beam reporting to get more information. 

· Option 2: Partial BFRQ indicates the RS indexes of the failed beams

For example, NW configures a SR resource for each RS of each UE, or the UE reports the failed RS indexes on PUCCH resource. After receiving the partial BFRQ, gNB knows which beam(s) of the UE has (have) failed and tries to avoid sending data on them, which could ensure the reliability of subsequent data transmission. But more SR resources should be consumed.

· Option 3: The RS index and corresponding RSRP/BLER of the failed beam reported by the Partial BFRQ
The UE reports RS index and the corresponding RSRP/BLER of the failed beam via a certain PUCCH format (such as the PUCCH format corresponding to beam reporting). The advantage of option 3 is the same as option 2, while options 3 is much more complex than option 2.
Proposal 2: According to the contents of partial BFRQ, BFRQ transmission is divided into three categories:

· Option 1: Partial BFRQ only indicates partial BFR events

· Option 2: Partial BFRQ indicates the RS indexes of the failed beams

· Option 3: The RS index and corresponding RSRP/BLER of the failed beam reported by the Partial BFRQ
3. Conclusion 

In this contribution, we discussed on remaining issues on CBRA for BFR. Based on the discussion, we made following proposals. 

Proposal 1: For CBRA for BFR, NW may identify the purpose of CBRA by detecting Msg3 on different transmission resources and Msg4 could be used as gNB response where UE monitor CORESET-BFR for Msg4.

Proposal 2: According to the contents of partial BFRQ, BFRQ transmission is divided into three categories:

· Option 1: Partial BFRQ only indicates partial BFR events

· Option 2: Partial BFRQ indicates the RS indexes of the failed beams

· Option 3: The RS index and corresponding RSRP/BLER of the failed beam reported by the Partial BFRQ
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