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1. Introduction
In RAN4#88bis beam failure detection (BFD) was discussed. The way forward on beam management was approved [1]. The following agreements were made with respect to beam failure detection
	· The value of BLERout used for BFD evaluation is 10%.
· Companies are encouraged to confirm the support of SSB based BFD with RAN1 by RAN4#89.  
· The requirements for SSB based BFD will be removed if SSB based BFD is not supported.
· For SSB (if supported) and CSI-RS based BFD, N (scaling factor for beam sweeping) is fixed to 8 when condition for N=1 does not apply
· FFS if requirements for D=1 with larger BW are defined for CSI-RS based BFD
· FFS UE behaviour concerning UL transmission when beam failure is detected
· For SSB based BFD (if supported), FFS if N=1 is feasible and under which condition
· For CSI-RS based BFD, FFS the condition for N=1. Consider at least the following factors to define the condition
· Whether repetition is configured for the CSI-RS resource set to which the CSI-RS for BFD belongs to
· Whether the TCI state is configured for the CSI-RS resource with reference to other RS for L1-RSRP reporting with QCL-Type D



In this contribution we address the open issues related to beam failure detection.
2. Discussion
The open issues related to beam failure detection are:
1. SSB based Beam failure detection
2. Applicability of N=1 for CSI-RS based beam failure detection
3. UE behaviour with regards to UL transmission when beam failure is detected
4. Requirements for CSI-RS based BFD for D=1

2.1 SSB based Beam Failure Detection
In the latest version of TS 38.213, Section 6:
	



A UE can be provided, for a serving cell, with a set  of periodic CSI-RS resource configuration indexes by higher layer parameter failureDetectionResources and with a set  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter candidateBeamRSList for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by higher layer parameter TCI-states for respective control resource sets that the UE uses for monitoring PDCCH. The UE expects the set [image: ] to include up to two RS indexes and, if there are two RS indexes in a TCI state, the set [image: ] includes RS indexes with QCL-TypeD configuration for the corresponding TCI states. The UE expects single port RS in the set . 



Based on the above text, it is clear that the resources configured for BFD are periodic CSI-RS only. Given that both explicitly and implicitly configured resources for BFD do not include SS/PBCH block, it would entail that SSB based BFD requirements need not be defined by RAN4. Hence we propose deleting section 8.5.2 in TS 38.133 for SSB based BFD requirements.
Proposal #1: SSB based beam failure detection requirements are not defined
2.2 Conditions for N=1
In FR2 in order to allow the UE time for Rx beam sweeping for configured CSI-RS resources for BFD, scale factor of N is introduced in TEvaluate_BFD_CSI-RS for evaluation period in FR2 (Table 8.5.3.2-2 of TS 38.133). Currently the scale factor N is defined as:
	N=1,
if UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH CSI-RS that has QCL-TypeD, or
if the CSI-RS configured for BFD is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or
if the CSI-RS resource configured for BFD is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for BFD are mutually TDMed, and the QCL association is known to UE and a CSI report with L1-RSRP measurement for the CSI-RS configured for BFD has been made within [TBD]ms;
N=8, otherwise.




On the first condition for N=1, with CSI-RS QCL-Type D with PDCCH DMRS is based on the condition that the UE has determined the suitable Rx beam for PDCCH. But it cannot be guaranteed or determined if the UE has already determined the suitable beam for PDCCH. Suppose the UE receives TCI state for PDCCH and is QCL-Type-D with CSI-RS and this CSI-RS is configured for BFD.  Unless the CSI-RS is configured with repetition parameter ‘ON’ (for beam refinement) or with parameter trs-Info (for tracking) it wouldn’t be possible to determine the suitable Rx beam for PDCCH without performing Rx beam sweep on the UE side. Hence, we recommend that the first and 2nd condition for N=1 in the above text be removed. 
With respect to CSI-RS resource QCL-type D with SSB, we understand that N=1 condition might not apply unless the UE uses the same codebook for SSB and CSI-RS. If UE uses coarse beams with lower gain for SSB and finer beams for CSI-RS, the same beam as SSB cannot be used for CSI-RS. The suitable beam for CSI-RS might need to be determined based on Rx beam sweep.  [If SSB configured for BR – no guarantee of Rx beam – only CSI-RS with repetition ON]
The CSI-RS resources configured for BFD could be CSI-RS for beam reporting, CSI-RS for tracking or CSI-RS for CSI acquisition. Unless the CSI-RS is configured for beam reporting with repetition parameter ‘ON’ or CSI-RS is configured with parameter trs-Info, the UE might need to perform Rx beam sweep for the CSI-RS resource configured for BFD.
The conditions for N=1 for CSI-RS based BFD shall be defined as:
N=1,
if CSI-RS configured for BFD is configured with repetition parameter and repetition parameter is ‘ON’, or,
if CSI-RS configured for BFD is configured with parameter trs-Info, or,
if CSI-RS configured for BFD is QCL-Type D with a CSI-RS resource with repetition parameter and repetition parameter is ‘ON’ and BFD resources are mutually TDMed, or,
if CSI-RS configured for BFD is QCL-Type D with a CSI-RS resource with parameter trs-Info and BFD resources are mutually TDMed

Proposal #2: The N=1 conditions for CSI-RS based BFD shall be defined as: 
N=1,
if CSI-RS configured for BFD is configured with repetition parameter and repetition parameter is ‘ON’, or,
if CSI-RS configured for BFD is configured with parameter trs-Info, or,
if CSI-RS configured for BFD is QCL-Type D with a CSI-RS resource with repetition parameter and repetition parameter is ‘ON’ and BFD resources are mutually TDMed, or,
if CSI-RS configured for BFD is QCL-Type D with a CSI-RS resource with parameter trs-Info and BFD resources are mutually TDMed

2.3 UE Behaviour
When the measured SNR for all the configured periodic CSI-RS resources are below the configured threshold, UE declares beam failure. After a certain number of beam failure instances, beam failure recovery procedure is triggered by higher layers. In link recovery, beam failure detection and recovery is introduced as a fast way for UE to determine and recover its suitable beam in order to continue in connected state without declaring radio link failure. In case of radio link monitoring, when N310 consecutive OOS indications are received, the timer T310 is started. If the time expires and no in-sync indications are received, then the UE turns off its uplink transmission after 40ms of timer expiry in order to save power and as an indication of radio link failure. Consequently RRC re-establishment is initiated. It is not necessary for the UE to stop its uplink transmission up on BFD. The uplink transmission could still be valid even if BFD is determined based on q0 resources. By stopping uplink transmission with BFD, we are introducing a condition similar to Radio link failure, which is not the case. Hence, we propose that the UE continue uplink transmission up on BFD. 
Proposal #3: UE does not stop uplink transmission up on beam failure detection

2.3 Requirements with D=1
In RAN4#88bis the requirements for CSI-RS based BFD with D=1 were FFS. Based on RAN-1 UE feature list, for SSB/CSI-RS for beam measurement feature, the supported values for CSI-RS density are:
On FR2, UE is mandated to signal either “3 only” or “both 1 and 3”
On FR1, either “3 only” or “both 1 and 3” is mandatory with UE capability signaling.

Based on the above, we recommend that requirements with CSI-RS density D=1 are not introduced for CSI-RS based BFD as it is not a mandatory feature for Rel-15.
Proposal #4: For CSI-RS based BFD only define requirements with D=3

3. Conclusion
In this paper we discuss the open issues related to BFD and have the following proposals:
Proposal #1: SSB based beam failure detection requirements are not defined
Proposal #2: The N= conditions for CSI-RS based BFD shall be defined as: 
[bookmark: _GoBack]N=1,
if CSI-RS configured for BFD is configured with repetition parameter and repetition parameter is ‘ON’, or,
if CSI-RS configured for BFD is configured with parameter trs-Info, or,
if CSI-RS configured for BFD is QCL-Type D with a CSI-RS resource with repetition parameter and repetition parameter is ‘ON’ and BFD resources are mutually TDMed, or,
if CSI-RS configured for BFD is QCL-Type D with a CSI-RS resource with parameter trs-Info and BFD resources are mutually TDMed

Proposal #3: UE does not stop uplink transmission up on beam failure detection
Proposal #4: For CSI-RS based BFD only define requirements with D=3
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