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Introduction
Latest version of 38.133, the requirements related to beam failure detection starts to mature, although a number of aspects are still open. In this paper we discuss some of the open aspects which we believe would be the most important to address for Rel-15 finalization. The topics were also discussed in RAN4#90bis meeting in Xi’an and partly agreed based on [4].
Discussion
The current section 8.5.3 related to CSI-RS based beam failure detection has a number of open items which is addressed in following sections. These were already discussed in Xi’an meeting and partly agreed based on [4]. Chairman notes captured:
Agreement: except for the following paragraphs, the content of the CR is agreeable to the group.
For FR2, when the SSB not within the SMTC but is within the active BWP and has same SCS than CSI-RS, the UE shall be able to perform SSB measurement without restrictions when SSB measurement are performed with same subcarrier spacing as the CSI-RS, provided that the SSB and CSI-RS are QCL TypeD and QCL information is known to UE.
For FR2, when the SSB is not within the SMTC, when the SSB is within the active BWP and has different SCS than CSI-RS, the UE shall be able to perform SSB measurement with following restrictions according to its capabilities, provided that the SSB and CSI-RS are QCL TypeD and QCL information is known to UE:
As the main part of [4] was agreed we have in [5] provided a CR which is identical to [4] except for the non-agreeable part addressed in chairman notes.
Next sections is just a reminder for discussion, while the updated TP is in [5].

Editorial updates
Several places in the section the phrase ‘configured’ is used when discussing CSI-RS related requirements. Although the set q0 can be configured it may also be determined by the UE if the network does not provide an explicit configuration. We propose to make the current description more generic to cover both options.
[bookmark: _Hlk5052079]Rephrase ‘configured’ to a generic term covering both configured and determined.
This change would be needed in section 8.5.3 and 8.5.4.

CSI-RS for Beam Failure Detection
The 38.214 states that if the UE is configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, the UE assumes that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.
Based on this we observe following UE requirements and conditions related to L1-RSRP computation:
If the CSI-RS resource for BFD is configured in same OFDM symbol as the SSB the UE can assume QCL Type-D.
UE is not required receive CSI-RS for BFD in PRBs that overlap with an SSB.
UE is not restricted in receiving CSI-RS for BFD in same OFDM symbol as SSB if the CSI-RS for BFD is not overlapping with the SSB PRB.
The UE is not required to receive CSI-RS for BFD if the CSI-RS SCS is not the same as the SSB SCS, if the CSI-RS is configured in same OFDM symbol as the SSB.

The impact on the UE ability to perform link quality measurements happens if the CSI-RS resource is configured in same OFDM symbol as the SSB where the UE can assume QCL Type-D. 
If Repetition is Off there are some exception where the UE is not required receive CSI-RS in PRBs that overlap with an SSB, but the UE is not restricted in receiving CSI-RS in same OFDM symbol as SSB if the CSI-RS is not overlapping with the SSB PRB.
From observation 4, the UE is not required to receive CSI-RS if the CSI-RS SCS is not the same as the SSB SCS, if CSI-RS is configured in same OFDM symbol as the SSB. 
These conditions – which relates CSI-RS for BFD - are now captured in the general section 8.5.1 of 38.133:
‘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’
However, these conditions do not fully observation 1 – 4. We propose following update to the text:
[bookmark: _Hlk1078054][bookmark: _Hlk5046764]‘The UE is not required to receive CSI-RS for beam failure detection in the PRBs that overlap with an SSB but is required to receive CSI-RS for beam failure detection in PRBs not overlapping with an SSB. However, if the CSI-RS and SSB are in the same OFDM symbol the UE is not required to perform beam failure detection if the SCS of the CSI-RS used for beam failure detection and the SCS of the SSB are different, if the UE does not support simultaneousRxDataSSB-DiffNumerology.’
[bookmark: _Hlk4760314]Clarify the UE receive requirements related to overlapping CSI-RS and SSB in section 8.5.3.
This would need to be added into sections 8.5.3 and 8.5.1. 

SSB for Beam Candidate Detection
Based on same discussion as in section 2.2 a similar text would be needed in the section related to beam candidate detection:
[bookmark: _Hlk5046851]‘The UE is not required to receive CSI-RS in the PRBs that overlap with an SSB used for beam candidate detection but is required to receive CSI-RS in PRBs not overlapping with an SSB used for beam candidate detection. However, if the CSI-RS and SSB are in the same OFDM symbol the UE is not required to perform beam candidate detection if the SCS of the CSI-RS and the SCS of the SSB used for beam candidate detection are different, if the UE does not support simultaneousRxDataSSB-DiffNumerology.’
This text would replace the text agreed in Athens meeting, which is not stating a UE requirement but a system requirement:
In both FR1 and FR2, if different SCS is used for SSB and CSI-RS, and the UE does not support simultaneousRxDataSSB-DiffNumerology, it is assumed that the SSB configured for candidate beam detection and each CSI-RS resource shall be TDMed transmited. 
In FR2, it is assumed that the SSB configured for candidate beam detection and each CSI-RS resource shall be TDMed transmited. 
Clarify current requirement in section 8.5.5 and revert the requirement to a UE requirement.
This would need to be added into section 8.5.5

[bookmark: _Hlk4760453]CSI-RS for Beam Candidate Detection
Based on same discussion as in section 2.2 a similar text would be needed in the section related to beam candidate detection:
‘The UE is not required to receive CSI-RS for beam candidate detection in the PRBs that overlap with an SSB but is required to receive CSI-RS for beam candidate detection in PRBs not overlapping with an SSB. However, if the CSI-RS and SSB are in the same OFDM symbol the UE is not required to perform beam candidate detection if the SCS of the CSI-RS used for beam candidate detection and the SCS of the SSB are different, if the UE does not support simultaneousRxDataSSB-DiffNumerology.’
This text would replace the text agreed in Athens meeting, which is not stating a UE requirement but a system requirement:
In both FR1 and FR2, if different SCS is used for SSB and CSI-RS, and the UE does not support simultaneousRxDataSSB-DiffNumerology, it iss assumed that the CSI-RS configured for candidate beam detection and each SSB shall be TDMed transmitted. 
In FR2, It is assumed that the CSI-RS configured for candidate beam detection with N=1 shall be TDMed with any RS resources configured for RLM/BFD/CBD/L1-RSRP reporting which is not is QCL-Type D with this CSI-RS resource or under the conditions of N>1 as specified in section 8.1.2.2, 8.1.2.3, 8.5.2.2, 8.5.2.3, 8.5.2.5, 8.5.2.6, 9.5.4.1 and 9,5,4,2
Clarify current requirement in section 8.5.6 and revert the requirement to a UE requirement.
This would need to be added into section 8.5.6.
In [5] we provide a CR capturing these clarifications.

Conclusion
In this paper we discussed some of the open aspects which we believe would be the most important to address for Rel-15 finalization. We proposed following:
1. Clarify the UE receive requirements related to overlapping CSI-RS and SSB in section 8.5.3.
1. Rephrase ‘configured’ to a generic term covering both configured and determined.
1. Clarify current requirement in section 8.5.5 and revert the requirement to a UE requirement.
1. Clarify current requirement in section 8.5.6 and revert the requirement to a UE requirement.
In [5] we provide a CR capturing these clarifications
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