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1. Introduction

In RAN4#88bis, BFD requirements were discussed and the agreements and open issues are captured in [1]. They are copied as follows.
	· The value of BLERout used for BFD evaluation is 10%.

· 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
· 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.
· 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


As can be seen, there are still some open issues for BFD requirements, and in this paper we will address the following ones.
· Whether SSB based BFD requirements should be kept or removed

· N=1 condition for SSB and CSI-RS based RLM

· UL transmission when beam failure is detected 
2. Discussion
2.1. SSB based BFD
In RAN4#88bis, some companies proposed to remove the requirements for SSB based BFD, based on the fact in latest spec 38.213 (15.3.0), SSB is not mentioned in the description of q0. However, we observe that in the same section (section 6) of 38.213, there are still some mentioning of SSB for BFD.
	The physical layer in the UE assesses the radio link quality according to the set 
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 of resource configurations against the threshold Qout,LR. For the set 
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, the UE assesses the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions monitored by the UE. The UE applies the Qin,LR threshold to the L1-RSRP measurement obtained from a SS/PBCH block. The UE applies the Qin,LR threshold to the L1-RSRP measurement obtained for a CSI-RS resource after scaling a respective CSI-RS reception power with a value provided by higher layer parameter powerControlOffsetSS. 
The physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set 
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 that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity among the periodic CSI-RS configurations and/or SS/PBCH blocks in the set 
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 that the UE uses to assess the radio link quality and 2 msec. 


In addition, RAN2 sent an LS to RAN1 in April meeting, in which RAN2 made it clear that either SSB or CSI-RS can be configured for BFD or RLM in RAN2 understanding. RAN1 has not indicated any concern on this LS, which means RAN1 was fine with RAN2’s change at that time,

Based on above, it’s not clear to us if RAN1 has agreed to exclude SSB as a BFD-RS, so it’s better for RAN4 to keep the requirements unless RAN1 makes a clear agreement to exclude it.
Proposal 1: Keep the requirements for SSB based BFD unless RAN1 makes a clear agreement to exclude SSB as BFD-RS.
2.2. Condition for N=1

The condition for N=1 for BFD should be same as for RLM. We address the condition for RLM in a companion paper [3], and same analysis are re-produced here.

2.2.1. SSB based BFD
In current 38.133, the BFD evaluation period requirements are defined for both cases with Rx beam sweeping (N=8) and without Rx beam sweeping (N=1). The condition for N=1, i.e. no Rx beam sweeping are specified as follows for SSB based BFD.

	if UE is not provided higher layer parameter failureDetectionResource and UE is provided by higher layer parameter TCI-state for PDCCH SSB that has QCL-TypeD, or

if the SSB configured for BFD is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or

if the SSB configured for BFD is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting and the QCL association is known to UE, and a CSI report with L1-RSRP measurement for the SSB configured for BFD has been made within [TBD]ms;


For the first condition, the TCI state of a PDCCH refers to the SSB for BFD:

PDCCH --> SSB (condition S1.1)

Under condition S1.1, UE is supposed to perform BFD on the SSB by using the same Rx beam as PDCCH without Rx beam sweeping. However, it is a question where UE could get the Rx beam information for the PDCCH reception. Since there can be only one active TCI state for PDCCH, the referred SSB in the TCI state of the PDCCH should be the source where UE gets the Rx beam information. On the other hand, SSB cannot be configured with TCI state, so UE has to get the Rx beam information from the SSB itself. It means the SSB must be also configured for L1-RSRP beam reporting, and Rx beam sweeping has to be done on it. It also means N=1 cannot apply when BFD is performed on this SSB.

Observation 1: The SSB referred by the TCI state of a PDCCH is the source where UE gets Rx beam information for the PDCCH, and UE needs to do Rx beam sweeping on it. N=1 cannot apply when BFD is performed on this SSB.

For the second condition, there may be two TCI configurations:

PDCCH --> SSB (condition S2.1)

PDCCH --> CSI-RS1, CSI-RS1 --> SSB (condition S2.2)

Condition S2.1 is same as condition S1.1 (except that the SSB is explicitly configured for BFD), and it is observed that N=1 cannot apply when BFD is performed on this SSB. 

Under condition S2.2, UE is supposed to perform BFD on the SSB by using the same Rx beam as PDCCH without Rx beam sweeping, and the Rx beam information for PDCCH is obtained from Rx beam sweeping on CSI-RS1. The SSB referred by the TCI state of a CSI-RS is typically understood as the source where UE gets Rx beam information for measuring the CSI-RS1. This interpretation of the TCI configuration is aligned with RAN1 spec 38.214.

	qcl-InfoPeriodicCSI-RS contains a reference to a TCI-State indicating QCL source RS(s) and QCL type(s). If the TCI-State is configured with a reference to an RS with 'QCL-TypeD' association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP.


Now only because the SSB is configured for BFD, understanding of the TCI is reversed – CSI-RS1 becomes the source where UE gets Rx beam information for measuring the SSB for BFD. We think allowing different interpretations of a TCI state is very confusing for UE beam management and should be avoided.

Observation 2: The SSB referred by the TCI state of a CSI-RS is the source where UE gets Rx beam information for the measuring the CSI-RS. Applying N=1 when BFD is performed on this SSB means the TCI state is interpreted the other way around, which is conflicting with RAN1 spec.

For the third condition, the TCI configuration would be 

CSI-RS1 --> SSB (condition S3.1)
Condition S3.1 is same as condition S2.2. Again, with such a configuration, the SSB is typically understood as the source for measuring CSI-RS1, and reversing this understanding (such that CSI-RS1 is the source for measuring SSB) just because SSB is configured for BFD is quite confusing for UE and should be avoided.

Based on above analysis, none of the three conditions for N=1 can really work for SSB based BFD.

Proposal 2: N=1 does not apply for SSB based BFD.
2.2.2. CSI-RS based BFD
The condition for N=1, i.e. no Rx beam sweeping are specified as follows for CSI-RS based BFD.

	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;


For the first condition, the TCI state of a PDCCH refers to the CSI-RS for BFD:

PDCCH --> CSI-RS (condition C1.1)

Under condition C1.1, UE is supposed to perform BFD on the CSI-RS by using the same Rx beam as PDCCH without Rx beam sweeping. However, this means UE cannot get the Rx beam information for PDCCH from the CSI-RS, but the CSI-RS must be configured with a TCI state referring to some other RS where UE does the Rx beam sweeping. Condition C1.1 is not valid alone, but it requires the CSI-RS for BFD has a TCI state referring to RS for L1-RSRP beam reporting.

Observation 3: If UE is not supposed to do Rx beam sweeping for BFD on the CSI-RS referred by the TCI state of a PDCCH, the CSI-RS has to be configured with a TCI state referring to other RS for L1-RSRP beam reporting.

For the second condition, there may be two TCI configurations:

PDCCH --> CSI-RS (condition C2.1)

PDCCH --> RS1, RS1 --> CSI-RS (condition C2.2)

PDCCH --> RS1, CSI-RS --> RS1 (condition C2.3)

Condition C2.1 is same as condition C1.1 (except that the CSI-RS is explicitly configured for BFD), and it is observed that it is not valid alone. 

Under condition C2.2, UE is supposed to perform BFD on the CSI-RS by using the same Rx beam as PDCCH without Rx beam sweeping, and the Rx beam information for PDCCH is obtained from Rx beam sweeping on RS1. Same as condition S2.2, the typical understanding of this TCI configuration is that CSI-RS is the source providing Rx beam information for measuring RS1, but applying N=1 for BFD on this CSI-RS means the TCI state is interpreted the other way around, and this should be avoided.

Observation 4: The CSI-RS referred by the TCI state of another CSI-RS1 is the source where UE gets Rx beam information for the measuring the CSI-RS1. Applying N=1 when BFD is performed on this CSI-RS means the TCI state is interpreted the other way around, which is conflicting with RAN1 spec.

Under condition C2.3, UE is supposed to perform BFD on the CSI-RS by using the same Rx beam as PDCCH without Rx beam sweeping, and the Rx beam information for PDCCH is obtained from Rx beam sweeping on RS1. This condition can work, but it is essentially same as C3.1 below, i.e. the CSI-RS has to be configured with a TCI state referring to other RS for L1-RSRP beam reporting. Whether PDCCH has a TCI state referring to the same RS1 does not really matter.

For the third condition, the TCI configuration would be 

CSI-RS --> RS1 (condition C3.1)

Under condition C3.1, UE is supposed to perform BFD on the CSI-RS by using Rx beam information obtained from Rx beam sweeping on RS1. There is no problem with this condition, except that the CSI-RS resource cannot be in a resource set configured with repetition ON. This is because for the resource set configured with repetition ON, UE is supposed to sweep Rx beam across all the resources in the set, and there is no guarantee that UE will always use the same Rx beam on a specific resource. 
Based on above analysis, the key condition for N=1 to apply for CSI-RS based BFD is that the CSI-RS has a TCI state referring to other RS for L1-RSRP beam reporting and the resource is not in a resource set configured with repetition ON. 

Proposal 3: N=1 applies for CSI-RS based BFD if and only if the CSI-RS has a TCI state referring to other RS for L1-RSRP beam reporting and the resource is not in a resource set configured with repetition ON.
2.3. UL transmission after beam failure
In RAN4#88bis, companies discussed how to test the BFD process. In RLM test, the OOS (which is similar as BFD) and IS tests are done separately. For the OOS test, a correct UE should trigger RLF after the SNR level is lowered below Qout, and in the test, UE behaviour is verified by checking if UE stops UL transmission after a certain time period from the time point when SNR is lowered. It was a question if same testing method can be re-used for BFD. 
For RLM, UE should stop UL transmission after the expiry if T310, i.e. when RLF is triggered. In other words, UE should not stop UL when it is in OOS (after receiving N310 OOS indications from L1) before RLF. For BFD, we understand the same behaviour applies, i.e. UE should continue the UL transmission after beam failure is detected until RLF is triggered. 
Regarding the test, there can be different ways to test if UE has correctly detected a beam failure. One way is same as RLM, i.e. to have separate test for BFD. The test setup should disable CBD or ensure CBD cannot succeed. Another way is to have a joint test with CBD, and a successful CBD would mean UE also correctly detected the beam failure – UE will only send new beam via RACH if it has detected a beam failure. 
Proposal 4: UE should continue the UL transmission after beam failure is detected until RLF is triggered.
3. Conclusions

In this paper we provided our views on some of the remaining issues for BFD.
Proposal 1: Keep the requirements for SSB based BFD unless RAN1 makes a clear agreement to exclude SSB as BFD-RS.
Observation 1: The SSB referred by the TCI state of a PDCCH is the source where UE gets Rx beam information for the PDCCH, and UE needs to do Rx beam sweeping on it. N=1 cannot apply when BFD is performed on this SSB.

Observation 2: The SSB referred by the TCI state of a CSI-RS is the source where UE gets Rx beam information for the measuring the CSI-RS. Applying N=1 when BFD is performed on this SSB means the TCI state is interpreted the other way around, which is conflicting with RAN1 spec.

Proposal 2: N=1 does not apply for SSB based BFD.
Observation 3: If UE is not supposed to do Rx beam sweeping for BFD on the CSI-RS referred by the TCI state of a PDCCH, the CSI-RS has to be configured with a TCI state referring to other RS for L1-RSRP beam reporting.

Observation 4: The CSI-RS referred by the TCI state of another CSI-RS1 is the source where UE gets Rx beam information for the measuring the CSI-RS1. Applying N=1 when BFD is performed on this CSI-RS means the TCI state is interpreted the other way around, which is conflicting with RAN1 spec.

Proposal 3: N=1 applies for CSI-RS based BFD if and only if the CSI-RS has a TCI state referring to other RS for L1-RSRP beam reporting and the resource is not in a resource set configured with repetition ON.
Proposal 4: UE should continue the UL transmission after beam failure is detected until RLF is triggered.
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