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1. Introduction

In RAN4#89 some agreements were made regarding BFD requirements. The agreements are copied as follows. In addition, the condition for N=1 in BFD evaluation period requirements is updated in the agreed CR [1]. 
	send LS to RAN1/2 to clarify if the SSB based BFD is supported or not.
No CSI-RS based BFD requirements with D=1
UL and DL transmissions shall not be stopped during the link recovery procedure provided this does not impact the link recovery procedure until RLF is triggered.

Value of BLERout_LR used for BFD evaluation BLERout_LR = 10%
To fix the same hypotentic PDCCH parameters for RLM (SSB and CSI-RS) and BFD


There are still some open issues in BFD requirements:

· Need of SSB based BFD requirements
· Handling of FDM-ed SSB and CSI-RS for BFD
· QCL of CSI-RS for BFD and CORESET
· Hypothetical PDCCH parameters
· Condition for N=1 in BFD evaluation period requirements

· Definition of overlap between CSI-RS for BFD-RS and SMTC
In this paper we will address these open issues in BFD requirement.
2. Discussion
2.1. Need of SSB based BFD requirements
In RAN4#89 there was no consensus whether SSB based BFD is still valid in RAN1 specification, and RAN4 has sent LS [2] to ask for RAN1’s clarification. We think RAN4 should wait for RAN1’s reply in order to decide whether to remove or keep the requirements for SSB based BFD.

Proposal 1: RAN4 should wait for RAN1’s reply to decide whether to remove or keep the requirements for SSB based BFD.

Given the situation, in the following discussions we will only consider CSI-RS based BFD.

2.2. Handling of FDM-ed SSB and CSI-RS for BFD
Based on agreements made in [3] for RLM, RAN4 introduced for BFD restrictions on the FDM-ed SSB and CSI-RS. In RAN4#89 some companies proposed that UE supporting simultaneousRxDataSSB-DiffNumerology shall be able to measure SSB and CSI-RS for BFD even they are with different SCS, but due to time limit there was no agreement and an editor note was added.
	UE is not expected to perform beam failure detection measurements if the SCS of the CSI-RS used for beam failure detection and the SCS of the SSB used for beam failure detection are different, and the CSI-RS and SSB are FDM-ed in the same OFDM symbol.

Editor’s Note: FFS: whether UE supporting simultaneousRxDataSSB-DiffNumerology can perform BFD on SSB and CSI-RS simultaneously.


Since there may be no SSB based BFD, here we are only considering CSI-RS for BFD FDM-ed with SSB for other purposes like RLM or beam reporting.

For FR1, when CSI-RS for BFD is FDM-ed with SSB and they are with same SCS, UE should be able to measure CSI-RS and SSB together. When they are with different SCS, UE supporting simultaneousRxDataSSB-DiffNumerology should also be able to measure CSI-RS and SSB together, while for UE not supporting the capability, the previous agreement should be followed such that CSI-RS and SSB shall be TDM-ed.
For FR2, however, no matter if the SSB and CSI-RS have same or different SCS, UE cannot measure them simultaneously. The reason is that UE always does Rx beam sweeping on SSB. Even UE also does sweeping on the FDM-ed CSI-RS, it is unlikely that same Rx beam is used for the two RS-es. For example, UE may have different sweeping patterns or codebooks for SSB and CSI-RS. Therefore, in FR2 the CSI-RS and SSB shall be TDM-ed. 
Proposal 2: In FR1, CSI-RS for BFD shall be TDM-ed with SSB if the SCS of the CSI-RS and SSB are different, and UE does not support simultaneousRxDataSSB-DiffNumerology. In FR2, CSI-RS for BFD shall be TDM-ed with SSB.
2.3. QCL of CSI-RS for BFD and CORESET

In RAN4#88bis, it was agreed for RLM that UE is not required to perform RLM on CSI-RS, if the CSI-RS is not QCL-ed with any CORESET. The agreement is also applicable for BFD, and the following statement is added for BFD requirements. 
	UE is not expected to perform beam failure detection measurements on the CSI-RS configured as BFD-RS if the CSI-RS is not QCL-ed with any CORESET configured in the UE active BWP.


When determining the QCL relation between a CSI-RS resource and a CORESET, UE needs to check the TCI state of the CORESET. We raised up the question in RAN4#89 whether the configured or the active TCI state of the CORESET should be considered in the determination, but there was no conclusion due to time limit.

In our view, the active TCI state should be considered. The reason is that according to 38.213, UE does the BFD measurement only on RS-es that are QCL-ed with DMRS of PDCCH. 
	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.


Proposal 3: When determining the QCL relation between a CSI-RS resource for BFD and a CORESET, only the active TCI state of the CORESET is considered.
2.4. Hypothetical PDCCH parameters
It was agreed in RAN4#89 to use fixed hypothetical PDCCH parameters for RLM and BFD. Among all parameters, the BW and SCS of the PDCCH remain TBD. 

In our view, the selection of the PDCCH BW and SCS should target that the measurement on the CSI-RS can best represent the performance of the hypothetical PDCCH. In this sense, the SCS of the PDCCH should be same as the CSI-RS, and the BW should be as close as possible to the CSI-RS. For example, due to channel fading, the SINR measured over a large BW is more relevant to performance of PDCCH also transmitted with large BW.
Proposal 4: For hypothetical PDCCH, the SCS is same as SCS of CSI-RS, the BW is as close as possible to the CSI-RS.
2.5. Condition for N=1 in BFD evaluation period requirements

The condition for N=1 in BFD evaluation period was extensively discussed in RAN4#89, and there is one remaining issue regarding the case where the QCL-ed CSI-RS is configured with repetition parameter “OFF”.
	The value of TEvaluate_BFD_CSI-RS is defined in Table 8.5.3.2-2 for FR2 with

-
N=1,

-
the CSI-RS for BFD is QCL-TypeD with SSB for L1-RSRP beam reporting, and the CSI-RS for BFD and SSB for L1-RSRP beam reporting are TDM’d, and the CSI-RS for BFD is not in a resource set configured with repetition ON.

Or

-
the CSI-RS for BFD is QCL-TypeD with CSI-RS for L1-RSRP beam reporting with repetition parameter ON, and the CSI-RS for BFD and CSI-RS for L1-RSRP beam reporting are TDM’d, and the CSI-RS for BFD is not in a resource set configured with repetition ON.

Editor’s Note: It is FFS if N=1 can apply if the QCL-ed CSI-RS for L1-RSRP beam reporting is configured with repetition parameter “OFF”.

-
N=8, otherwise.


For the editor note, although RAN4 has not decided the L1-RSRP measurement requirements for CSI-RS resource in resource set with repetition parameter on or off, we think the CSI-RS for beam reporting should be able to provide Rx beam information for UE to do BFD measurement, no matter the CSI-RS for beam reporting is in a resource with repetition on or off. 
Proposal 5: N=1 can apply for CSI-RS for BFD if the QCL-ed CSI-RS for L1-RSRP beam reporting is configured with repetition parameter “OFF”.

On the other hand, more considerations should be given to the CSI-RS for BFD itself. The current spec considered whether the CSI-RS for BFD is in a resource set with repetition on in the N=1 condition. However, we think RAN4 should discuss if a CSI-RS resource in the resource set with repetition on can be configured as a BFD-RS. 

A resource set with repetition on is used to allow UE to train its Rx beam for a certain Tx beam, and UE will try different Rx beams on different resources in the set, as shown in Figure 1. What can be configured as BFD-RS is individual CSI-RS resource, i.e. CSI-RS#1, #2, #3 or #4. UE may find best Rx beam on any of them, and it may also change from time to time. Performing BFD on an individual resource in the resource set e.g. CSI-RS#1, means UE has to maintain an extra Rx beam information (Rx beam #1) in addition to the best Rx beam used for PDCCH/PDSCH e.g. Rx beam #2. Furthermore, using a non-optimal Rx beam (Rx beam #1) for BFD does not make much sense, as it may cause false beam failure.
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Figure 1: Example of UE Rx beam training on a CSI-RS resource set with repetition on
Proposal 6: RAN4 should discuss if a CSI-RS resource in the resource set with repetition “ON” can be configured as a BFD-RS.
The CSI-RS for BFD can be

· TRS or CSI-RS for CQI, and in this case as long as the CSI-RS for BFD is QCL-ed with SSB or CSI-RS for beam reporting, UE does not need to sweep Rx beam, or 

· CSI-RS for beam reporting, and in this case, whether UE needs Rx beam sweeping depends on the need from beam reporting measurement, which RAN4 is still discussing and will specify in section 9.5. Here RAN4 should also consider the case where CSI-RS for BFD is in a resource set with repetition off, since UE may also need to sweep Rx beam.
Proposal 7: RAN4 should consider the case where the CSI-RS for BFD is in a resource set with repetition “OFF” in the N=1 condition for BFD.
2.6. Definition of overlap between CSI-RS for BFD-RS and SMTC
In current spec, the definition of overlap between CSI-RS for BFD-RS and SMTC is still FFS.
	Editor’s Note: FFS definition of overlap between CSI-RS for BFD-RS and SMTC


In RAN4#88, the same problem was discussed for RLM, and the conclusion are captured in section 8.1.3.

	Note: The overlap between CSI-RS RLM and SMTC means that CSI-RS based RLM is within the SMTC window duration.


We think the same definition should apply for BFD. The rationale behind this definition is that UE needs to search over the whole SMTC window but not the SSB symbols of the serving cell, in order to detect and measure neighbour cells with different propagation delays and sync errors.  
Proposal 8: The overlap between CSI-RS for BFD and SMTC means that CSI-RS for BFD is within the SMTC window duration.
3. Conclusions

In this paper we provided our views on the remaining issues for BFD requirements.
Proposal 1: RAN4 should wait for RAN1’s reply to decide whether to remove or keep the requirements for SSB based BFD.

Proposal 2: In FR1, CSI-RS for BFD shall be TDM-ed with SSB if the SCS of the CSI-RS and SSB are different, and UE does not support simultaneousRxDataSSB-DiffNumerology. In FR2, CSI-RS for BFD shall be TDM-ed with SSB.
Proposal 3: When determining the QCL relation between a CSI-RS resource for BFD and a CORESET, only the active TCI state of the CORESET is considered.
Proposal 4: For hypothetical PDCCH, the SCS is same as SCS of CSI-RS, the BW is as close as possible to the CSI-RS.
Proposal 5: N=1 can apply for CSI-RS for BFD if the QCL-ed CSI-RS for L1-RSRP beam reporting is configured with repetition parameter “OFF”.

Proposal 6: RAN4 should discuss if a CSI-RS resource in the resource set with repetition “ON” can be configured as a BFD-RS.

Proposal 7: RAN4 should consider the case where the CSI-RS for BFD is in a resource set with repetition “OFF” in the N=1 condition for BFD.
Proposal 8: The overlap between CSI-RS for BFD and SMTC means that CSI-RS for BFD is within the SMTC window duration.
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