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1. Introduction

The BFD requirements are mostly finalized in RAN4#90bis, with the 3 endorsed CRs [1-3] resolving most of the open issues, including

· N values in evaluation period
· Scheduling restriction
· L1 indication period
One open issue is whether to support SSB based BFD, andRAN4 is waiting for feedback from RAN1. Otherwise the only remaining issue in our view is the UE measurement restriction for the case where BFD-RS is in the same OFDM symbol as RS for other measurements. The discussion was triggered by an incoming LS from RAN1, for which RAN4 replied in [4] on the agreed UE behaviour, and the WF [5] on UE measurement restriction is approved. A related CR [6] was noted, but some of the contents are already agreeable.
In this paper we will provide our views on how to define the measurement restriction for BFD when BFD-RS is in the same OFDM symbol as RS for other measurements.
2. Discussion
2.1. FR1
The general principle in defining the measurement restriction from [5] is copied as follows.

	· For FR1, if RS1 for RLM/BFD/CBD/L1-RSRP measurement is in the same OFDM symbol as RS2 for RLM/BFD/CBD/L1-RSRP measurement, 

· if the SCS of RS1 and RS2 are different and UE does not support simultaneousRxDataSSB-DiffNumerology, UE is not required to measure either RS1 or RS2, and longer evaluation or measurement period for RLM/BFD/CBD/L1-RSRP would be expected. 

· Otherwise, UE is required to measure both RS1 and RS2 and the existing requirements for RLM/BFD/CBD/L1-RSRP apply

· Note: only SSB and CSI-RS may have different SCS

· No requirement will be defined for the longer evaluation or measurement period in Rel-15


For SSB based BFD, when the SSB is in the same OFDM symbol as CSI-RS for RLM/BFD/CBD/L1-RSRP measurement, the measurement restriction depends on the SCS of SSB and CSI-RS, as well as UE capability simultaneousRxDataSSB-DiffNumerology. 

· If SSB and CSI-RS have the same SCS, there is no restriction;

· If SSB and CSI-RS have different SCS-es, 

· If UE is capable of simultaneousRxDataSSB-DiffNumerology, there is no restriction;
· If UE is incapable of simultaneousRxDataSSB-DiffNumerology, UE is not required to measure SSB for BFD, and longer evaluation period for SSB based BFD is expected. 
Similarly, for CSI-RS based BFD, when the CSI-RS is in the same OFDM symbol as SSB for RLM/BFD/CBD/L1-RSRP measurement, the measurement restriction depends on the SCS of CSI-RS and SSB, as well as UE capability simultaneousRxDataSSB-DiffNumerology. 

· If CSI-RS and SSB have the same SCS, there is no restriction;

· If CSI-RS and SSB have different SCS-es, 

· If UE is capable of simultaneousRxDataSSB-DiffNumerology, there is no restriction;

· If UE is incapable of simultaneousRxDataSSB-DiffNumerology, UE is not required to measure CSI-RS for BFD, and longer evaluation period for CSI-RS based BFD is expected.
For CSI-RS based BFD, when the CSI-RS is in the same OFDM symbol as another CSI-RS for RLM/BFD/CBD/L1-RSRP measurement, there is no restriction as the two CSI-RS resources in the same BWP always have same SCS.
Proposal 1: For FR1 SSB based BFD, when the SSB is in the same OFDM symbol as CSI-RS for RLM/BFD/CBD/L1-RSRP measurement, 

· If SSB and CSI-RS have the same SCS, there is no restriction;

· If SSB and CSI-RS have different SCS-es, 

· If UE is capable of simultaneousRxDataSSB-DiffNumerology, there is no restriction;

· If UE is incapable of simultaneousRxDataSSB-DiffNumerology, UE is not required to measure SSB for BFD, and longer evaluation period for SSB based BFD is expected. 

Proposal 2: For FR1 CSI-RS based BFD, when the CSI-RS is in the same OFDM symbol as SSB for RLM/BFD/CBD/L1-RSRP measurement, 

· If CSI-RS and SSB have the same SCS, there is no restriction;

· If CSI-RS and SSB have different SCS-es, 

· If UE is capable of simultaneousRxDataSSB-DiffNumerology, there is no restriction;

· If UE is incapable of simultaneousRxDataSSB-DiffNumerology, UE is not required to measure CSI-RS for BFD, and longer evaluation period for CSI-RS based BFD is expected.
2.2. FR2
The general principle in defining the measurement restriction from [5] is copied as follows.

	· For FR2, if RS1 for RLM/BFD/CBD/L1-RSRP measurement is in the same OFDM symbol as RS2 for RLM/BFD/CBD/L1-RSRP measurement, 

· In the following conditions UE is not required to measure either RS1 or RS2, and longer evaluation or measurement period for RLM/BFD/CBD/L1-RSRP would be expected. 

· if RS1 and/or RS2 is SSB or 

· if RS1 and/or RS2 is CSI-RS resource in a resource set configured with repetition ON or 

· if RS1 and/or RS2 is configured in q1 when beam failure is detected, or

· if RS1 and RS2 is not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE, or

· if the SCS of RS1 and RS2 are different and UE does not support simultaneousRxDataSSB-DiffNumerology

· Note: only SSB and CSI-RS may have different SCS

· No requirement will be defined for the longer evaluation or measurement period in Rel-15

· Otherwise, UE is required to measure both RS1 and RS2 and the existing requirements for RLM/BFD/CBD/L1-RSRP apply


For FR2, one additional aspect to be considered is overlapping of BFD-RS with SMTC. In the evaluation period requirements, a P factor is introduced such that
· If BFD-RS is partially overlapping with SMTC, i.e. there are BFD-RS occasions outside SMTC, UE performs BFD based on BFD-RS outside SMTC

· If BFD-RS is fully overlapping with SMTC, i.e. there is no BFD-RS occasion SMTC, UE performs BFD based on BFD-RS in 1 out 3 SMTC occasions

The reason to separate the measurement resource for BFD and L3 measurement is that UE may use different codebooks for BFD and L3 measurement. 
For SSB based BFD, as UE always performs Rx beam sweeping (N=8) no matter if the SSB is in or outside SMTC, when SSB is in the same OFDM symbol as CSI-RS for RLM/BFD/CBD/L1-RSRP measurement, there is always restriction. UE is not required to measure SSB for BFD and longer evaluation period for SSB based BFD is expected.
For CSI-RS based BFD, UE is not expected to perform Rx beam sweeping no matter if the CSI-RS is in or outside SMTC. When the CSI-RS is in the same OFDM symbol as SSB for RLM/BFD/CBD/L1-RSRP measurement, there is always restriction since UE performs Rx beam sweeping for SSB based RLM/BFD/CBD/L1-RSRP measurement. UE is not required to measure CSI-RS for BFD and longer evaluation period for CSI-RS based BFD is expected.

For CSI-RS based BFD, UE is not expected to perform Rx beam sweeping no matter if the CSI-RS is in or outside SMTC. When the CSI-RS is in the same OFDM symbol as another CSI-RS for RLM/BFD/CBD/L1-RSRP measurement, 

· In the following cases UE is not required to measure CSI-RS for BFD and longer evaluation period for CSI-RS based BFD is expected
· The other CSI-RS in a resource set configured with repetition ON, or 

· The other CSI-RS is configured in q1 and beam failure is detected, or

· The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE
· Otherwise, there is no restriction.
Proposal 3: For FR2 SSB based BFD, when SSB is in the same OFDM symbol as CSI-RS for RLM/BFD/CBD/L1-RSRP measurement,
· UE is not required to measure SSB for BFD and longer evaluation period for SSB based BFD is expected
Proposal 4: For FR2 CSI-RS based BFD, when CSI-RS is in the same OFDM symbol as SSB for RLM/BFD/CBD/L1-RSRP measurement,

· UE is not required to measure CSI-RS for BFD and longer evaluation period for CSI-RS based BFD is expected
Proposal 5: For FR2 CSI-RS based BFD, when CSI-RS is in the same OFDM symbol as another CSI-RS for RLM/BFD/CBD/L1-RSRP measurement,

· In the following cases UE is not required to measure CSI-RS for BFD and longer evaluation period for CSI-RS based BFD is expected

· The other CSI-RS in a resource set configured with repetition ON, or 

· The other CSI-RS is configured in q1 and beam failure is detected, or

· The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE

· Otherwise, there is no restriction

3. Conclusions

In this paper we provided our views on how to define measurement restriction for BFD when BFD-RS is in the same OFDM symbol as other RS for other measurement.
Proposal 1: For FR1 SSB based BFD, when the SSB is in the same OFDM symbol as CSI-RS for RLM/BFD/CBD/L1-RSRP measurement, 

· If SSB and CSI-RS have the same SCS, there is no restriction;

· If SSB and CSI-RS have different SCS-es, 

· If UE is capable of simultaneousRxDataSSB-DiffNumerology, there is no restriction;

· If UE is incapable of simultaneousRxDataSSB-DiffNumerology, UE is not required to measure SSB for BFD, and longer evaluation period for SSB based BFD is expected. 

Proposal 2: For FR1 CSI-RS based BFD, when the CSI-RS is in the same OFDM symbol as SSB for RLM/BFD/CBD/L1-RSRP measurement, 

· If CSI-RS and SSB have the same SCS, there is no restriction;

· If CSI-RS and SSB have different SCS-es, 

· If UE is capable of simultaneousRxDataSSB-DiffNumerology, there is no restriction;

· If UE is incapable of simultaneousRxDataSSB-DiffNumerology, UE is not required to measure CSI-RS for BFD, and longer evaluation period for CSI-RS based BFD is expected.
Proposal 3: For FR2 SSB based BFD, when SSB is in the same OFDM symbol as CSI-RS for RLM/BFD/CBD/L1-RSRP measurement,
· UE is not required to measure SSB for BFD and longer evaluation period for SSB based BFD is expected
Proposal 4: For FR2 CSI-RS based BFD, when CSI-RS is in the same OFDM symbol as SSB for RLM/BFD/CBD/L1-RSRP measurement,

· UE is not required to measure CSI-RS for BFD and longer evaluation period for CSI-RS based BFD is expected
Proposal 5: For FR2 CSI-RS based BFD, when CSI-RS is in the same OFDM symbol as another CSI-RS for RLM/BFD/CBD/L1-RSRP measurement,

· In the following cases UE is not required to measure CSI-RS for BFD and longer evaluation period for CSI-RS based BFD is expected

· The other CSI-RS in a resource set configured with repetition ON, or 

· The other CSI-RS is configured in q1 and beam failure is detected, or

· The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE

· Otherwise, there is no restriction
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