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1. Introduction

In RAN4#90, the requirements for BFD were further discussed, and following agreements were captured in the chairman notes.
	Agreement: for hypothetical PDCCH parameters for CSI-RS based beam failure detection, the same parameters as those for CSI-RS based RLM will be used.
Agreement:
· RAN4 will check how to handle the case when the condition for N=1 is not met in this meeting.
· Option 4 above is used as the starting point for further discussion.
Agreement: 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.
Agreement: for definition of overlapping between CSI-RS for beam failure detection RS and SMTC, the overlapping means that CSI-RS for beam failure detection is within SMTC window duration.


In addition, CR [1] was endorsed, with the following changes agreed.

· SCS of the hypothetical PDCCH is same as the SCS of the BWP

· N=1 is default in BFD evaluation period requirements, and FSS if there are cases for N>1
· FFS if a CSI-RS resource in the resource set with repetition “ON” can be configured as a BFD-RS
In our view, the remaining open issues for BFD include
· Whether there exists some cases with N>1
· Whether CSI-RS resource in the resource set with repetition “ON” can be configured as a BFD-RS
· Handling of BFD-RS FDM-ed with other RS for L1 measurement

In this paper we will provide our views on the remaining open issues in BFD requirements.
2. Discussion
2.1. N value in BFD requirements
In RAN4#90, it was agreed that UE will perform BFD on CSI-RS only if the CSI-RS is TypeD-QCL-ed with active TCI of PDCCH. Based on this, some companies proposed that N=1 could always apply since UE could simply use the Rx beam for receiving PDCCH to monitor the CSI-RS for BFD, and this was agreed and captured in [1]. There are, however, two FFS points captured as editor notes related to N value.
	The value of TEvaluate_BFD_CSI-RS is defined in Table 8.5.3.2-2 for FR2 with N=1
Editor’s Note: It is FFS if a CSI-RS resource in the resource set with repetition “ON” can be configured as a BFD-RS. If CSI-RS for BFD can be in the resource set with repetition “ON”, N=8 may apply.

Editor’s Note: FFS if there are other conditions with N=8.


The first FFS is about the case where CSI-RS for BFD is in a resource set with repetition “ON”. We will discuss this case in more detail in section 2.2. In the context of N value, this case can be characterised as “CSI-RS for BFD is also configured for CBD/L1-RSRP measurement”, which has also been mentioned by some companies in earlier discussions [2]. In our view, if the CSI-RS for BFD is also configured for CBD/L1-RSRP measurement, N should follow the requirements defined for CBD/L1-RSRP measurement, i.e. whether Rx beam sweeping is needed depends on the need for beam measurement. This case should also be captured in the spec.
The second FFS was added based on concerns from offline discussion about whether UE can always know which Rx beam to use for PDCCH reception. This, in our view, relates to whether UE always has the Rx beam information for the active TCI state of PDCCH, e.g. when the active TCI state changes. From the discussions in RAN4#90 on the TCI switching issue, most companies agreed that switching the active TCI to an unknown TCI is a corner case which is not going to be supported in RAN4 requirements, although the definition of known/unknown TCI needs further discussion. Therefore, as to BFD requirements, UE should be required to perform BFD measurement only when the active TCI state of PDCCH is known.
Proposal 1: If the CSI-RS for BFD is also configured for CBD/L1-RSRP measurement, N should follow the requirements defined for CBD/L1-RSRP measurement.
Proposal 2: UE is required to perform CSI-RS based BFD measurement only when the active TCI state of PDCCH is known.
2.2. Resource set with repetition ON
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. UE may find best Rx beam on any of them, and it may also change from time to time. 
What can be configured as BFD-RS is individual CSI-RS resource, i.e. CSI-RS#1, #2, #3 or #4. The problem with performing BFD on an individual resource in the resource set e.g. CSI-RS#1 is that UE has to keep using the best Rx beam for BFD. For example, UE should use Rx beam#2 for BFD when Rx beam#2 is found to be best, and it means UE has to use Rx beam#2 instead of Rx beam#1 on CSI-RS#1, and this will further change when Rx beam#3 is found best. In addition to adapting the sweeping pattern, UE has to also maintain the best Rx beam information from the last resource period, which may not be needed for beam refinement (e.g. when M=1). 
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Figure 1: Example of UE Rx beam training on a CSI-RS resource set with repetition on
Considering the additional UE implementation complexity, and also the fact that the same Tx beam can be anyway measured on some CSI-RS resource in resource set with repetition OFF, one way forward is that UE is not required to perform BFD on CSI-RS resource in a resource set with repetition OFF. 

If this is considered to be too restrictive for network configuration, one alternative is that UE is allowed to use any resource in the resource set to perform BFD. In this way, UE does not need to adapt the beam sweeping pattern on the configured CSI-RS for BFD (e.g. CSI-RS#1), but can get the one BFD evaluation sample based on measurement over all resources in the resource set with beam sweeping. Since all the resources in the resource set are transmitted with the same Tx beam, this should not cause any ambiguity about which Tx beam is evaluated.
Proposal 3: Consider the following options if CSI-RS for BFD is in resource set with repetition ON:
· No requirement (same Tx beam is measured on CSI-RS in resource set with repetition OFF)

· UE is allowed to use any resource in the resource set to perform BFD
2.3. BFD-RS FDM-ed with other RS for L1 measurement
How to handle the case where BFD-RS is FDM-ed with other RS for L1 measurement was shortly discussed in RAN4#90. In current spec, the following restrictions are specified based on agreements in RAN4#89. 

	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.


In RAN4#89 some companies proposed that UE supporting simultaneousRxDataSSB-DiffNumerology shall be able to measure SSB and CSI-RS even they are with different SCS, but due to time limit there was no agreement.

For mixed numerology, our understanding is that when CSI-RS for BFD is FDM-ed with other RS for L1 measurement (including RLM, BFD, CBD and L1-RSRP for beam reporting) and they are with same SCS, UE should be able to measure BFD-RS and the other L1 RS together. When they are with different SCS, UE supporting simultaneousRxDataSSB-DiffNumerology should also be able to measure simultaneously, while for UE not supporting the capability, the previous agreement should be followed such that the BFD-RS and the other L1 RS shall be TDM-ed. 
For Rx beam sweeping, our understanding is that CSI-RS for BFD can be FDM-ed with other L1 RS if the other L1 RS is QCL-TypeD with the CSI-RS for BFD, and Rx beam sweeping is not performed on any of the CSI-RS for BFD or the other L1 RS. In such cases, UE should be able to receive CSI-RS for BFD and the other L1 RS simultaneously; otherwise, CSI-RS for BFD and the other L1 RS shall be TDM-ed. The reason is that even UE also does sweeping on the FDM-ed L1 RS, it is unlikely that same Rx beam can be used for the two RS-es. For example, UE may have different sweeping patterns or codebooks.
Proposal 4: For both FR1 and FR2, BFD-RS shall be TDM-ed with other RS for RLM/BFD/CBD/L1-RSRP, if the two RS-es are with different SCS-es and UE does not support simultaneousRxDataSSB-DiffNumerology.
Proposal 5: For FR2, CSI-RS for BFD shall be TDM-ed with other RS for RLM/BFD/CBD/L1-RSRP, if the two RS-es are not TypeD-QCL-ed, or if UE needs to perform Rx beam sweeping on any of the two RS-es.
3. Conclusions

In this paper we provided our views on the remaining issues of BFD requirements.
Proposal 1: If the CSI-RS for BFD is also configured for CBD/L1-RSRP measurement, N should follow the requirements defined for CBD/L1-RSRP measurement.
Proposal 2: UE is required to perform CSI-RS based BFD measurement only when the active TCI state of PDCCH is known.
Proposal 3: Consider the following options if CSI-RS for BFD is in resource set with repetition ON:

· No requirement (same Tx beam is measured on CSI-RS in resource set with repetition OFF)

· UE is allowed to use any resource in the resource set to perform BFD
Proposal 4: For both FR1 and FR2, BFD-RS shall be TDM-ed with other RS for RLM/BFD/CBD/L1-RSRP, if the two RS-es are with different SCS-es and UE does not support simultaneousRxDataSSB-DiffNumerology.
Proposal 5: For FR2, CSI-RS for BFD shall be TDM-ed with other RS for RLM/BFD/CBD/L1-RSRP, if the two RS-es are not TypeD-QCL-ed, or if UE needs to perform Rx beam sweeping on any of the two RS-es.
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