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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In this the paper, measurement period, accuracy, and scheduling availability for L1-RSRP for candidate beam detection (CBD) is discussed. The link-level simulation result of L1-RSRP measurement accuracy is provided.
2 Measurement Period for L1-RSRP for candidate beam detection
To provide accurate measurement for candidate beam detection, e.g. target on 2 dB inaccuracy, the measurement period for CBD could be specified based on multiple samples. 
Based on the simulation results for SSB with 1 sample for margin, it proposes to specify the measurement period based on 2 samples at SNR of 0dB or 3 samples at SNR of -3dB.
[bookmark: _Ref525851307]Proposal 1: For L1-RSRP for candidate beam detection, the measurement period is specified based on 2 samples at SNR of 0 dB or 3 samples at SNR of -3 dB, for 2dB inaccuracy.

P factor, for RS overlapping aspect
Since for RRM (intra-freq. measurement), UE will train its RX beam with different direction during SMTC, and the direction may be different from the direction of the serving SSB, as shown in Figure 1.  
[image: ]
Figure 1. An example of SSB form serving cell and neighboring cell come from different direction in FR2.



[bookmark: _Ref525851221]Observation 1: The SSBs in SMTC may not be able to be used for L1-RSRP and RLM in FR2.
This scenario is similar to RLM/BFD, and it has been handled by the P factor specified in RLM/BFD evaluation period. Therefore, the P factor specified for RLM/BFD should be reused for L1-RSRP. In the other words, in RF2, only SSBs outside SMTC and MG can be used for L1-RSRP measurement.  
In case of the measurement period is not specified (e.g. for L1-RSRP computation for reporting), it should also note that the RS used for L1-RSRP measurement should be outside SMTC and MG in FR2.
[bookmark: _Ref525851360]Proposal 2: RS resources used for L1-RSRP for candidate beam detection should be outside SMTC measurement window and MG in FR2.
[bookmark: _Ref525851365]Proposal 3: For L1-RSRP for candidate beam detection, P factor specified for RLM/BFD evaluation period is reused.

N factor in FR2, for RX beamforming aspect
Similar to RLM in FR2, the L1-RSRP is only used for serving cell, and then UE could apply different RX beamforming codebook from it used for RRM (intra-frequency measurement), which includes measurement on neighboring cells. For instance, for RRM, UE may apply wider RX beam at a wide range of spatial angle to cover signals from neighboring cells with different directions; for serving cell measurement, i.e., L1-RSRP/RLM, UE may apply finer RX beam at a narrow range of spatial angle to cover signal from serving cell, as shown in Figure 2.
[bookmark: _Ref525851228]Observation 2: UE may apply different RX beam codebook for serving cell from it used for RRM.
[bookmark: _Ref525851253]Observation 3: for SSB based measurement for serving cell, it is required to provide SSB samples outside SMTC for UE RX beam training. 

[image: ]
Figure 2. UE may apply different RX beam codebook for serving cell from it used for RRM.




During the RLM/BFD discussion, it provides conditions for UE not performing RX beam sweeping (i.e. N=1), e.g. when RLM-RS is QCL-D to PDCCH-DMRS, by assuming UE has determined its RX beam before data receiving. However, it cannot be reused properly for L1-RSRP. For L1-RSRP measurement, UE is moving and the RX beam is required to be timely updated for beam management, so it cannot fix the RX beam even when the RS for L1-RSRP is QCL-D to PDCCH-DMRS. 
[bookmark: _Ref525851258]Observation 4: RX beam needs to be updated for L1-RSRP for candidate beam detection, and the N=1 conditions specified for RLM/BFD does not fit the need of measurement period for L1-RSRP for candidate beam detection.

Therefore, one open question is what the RS resources are allowed UE to train its RX beams on, as shown in Figure 3. 
[image: ]
Figure 3. Illustration of SSB used for RX beam training for SSB based measurements of serving cell.

Nevertheless, if the measurement period is specified with N=1, it will not provide any SSB sample for UE to train its RX beam. For an example shown in Figure 4, if SSB#1 is configured for L1-RSRP, then UE should provide valid the measurement within the measurement period, e.g. M=2 samples is required for L1-filtering. However, the SSB based L1-RSRP measurement is configured via SSB index, so there is no additional SSB provided for UE to train its RX beam if N=1. 

[image: ]
Figure 4. Example of measurement period for L1-RSRP (N=1 and M=2 samples for L1-filtering)

[bookmark: _Ref525851263]Observation 5: In the case of N=1 for measurement period of SSB based L1-RSRP for candidate beam detection, it will not provide any SSB sample for UE to train its RX beam corresponding to SSB configured for L1-RSRP for candidate beam detection. 
Therefore, if the SSB is configured for L1-RSRP, the N factor for L1-RSRP should be always large than 1 for UE RX beam training. 
Besides, since UE would train its RX beams on the SSBs configured for L1-RSRP, so the N factor for RLM/BFD should be also be overridden to be [8] if the SSB for RLM/BFD is also configured for L1-RSRP.
[bookmark: _Ref525851398]Proposal 4: N=8 for measurement period of SSB based L1-RSRP for candidate beam detection. 
[bookmark: _Ref525851403]Proposal 5: N=8 for SSB based RLM/BFD evaluation period, if the RLM/BFD-RS is also configured for L1-RSRP.

For periodic/semi-periodic CSI-RS based L1-RSRP measurement, since the configuration is also based on CSI-RS resource index, so the discussion is similar.  One thing different from SSB is the CSI-RS repetition configuration. For the case of CSI-RS with repetition-ON, it should allow UE to perform RX beam training. 
[bookmark: _Ref525851268]Observation 6: For CSI-RS based L1-RSRP measurement period, when CSI-RS with repetition-ON, it should provide opportunity for UE to train its RX beam.   
The one exception could be the CSI-RS with repetition-OFF. In this case, if the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON, N can be 1. 
[bookmark: _Ref525851444]Proposal 6: N=1 for measurement period of CSI-RS based L1-RSRP for candidate beam detection, if the CSI-RS with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON. Otherwise, N=8.
[bookmark: _Ref525851448]Proposal 7: N=8 for CSI-RS based RLM/BFD evaluation period, if the RLM/BFD-RS is also configured for L1-RSRP and N=8 for measurement period of CSI-RS based L1-RSRP for candidate beam detection.

3 Scheduling availability for L1-RSRP for candidate beam detection in FR2
According to the above discussion from UE RX beam training perspective, scheduling restriction should be applied for SSB based L1-RSRP in FR2. For CSI-RS based L1-RSRP in FR2, the scheduling restriction can be conditionally applied. 



[bookmark: _Ref525851470]Proposal 8: The following scheduling restriction for L1-RSRP for candidate beam detection in FR2 is applied: 
The following scheduling restriction applies due to L1-RSRP for candidate beam detection on an FR2 serving cell.
- There are no scheduling restrictions due to L1-RSRP for candidate beam detection based on CSI-RS, if the CSI-RS configured with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON (i.e. N=1 applies). Otherwise, the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on CSI-RS symbols to be measured for L1-RSRP for candidate beam detection, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE. 
- The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for L1-RSRP for candidate beam detection, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE. 

4 Link-level simulation results of L1-RSRP measurement accuracy
The measurement accuracy of SSB are provided for reference. Note it is not capturing RF impairment. The simulation parameters is reference to [1].
Table 1: SSB, 90% RSRP accuracy (dB), SCS=15 kHz, 4GHz
	SSB 90% RSRP accuracy (dB)

	SNR (dB) 
	STATIC
	EPA5
	ETU70

	 
	1 tap
	3 taps
	5 taps
	1 tap
	3 taps
	5 taps
	1 tap
	3 taps
	5 taps

	0
	0.66
	0.43
	0.41
	0.82
	0.50
	0.41
	1.95
	1.29
	0.95

	-3
	1.08
	0.70
	0.67
	1.34
	0.83
	0.67
	2.31
	1.53
	1.12



[bookmark: _Ref525851272]Observation 7: For SSB based L1-RSRP measurement in 4GHz, measurement accuracy of 2dB can be achieved by 1 SSB sample at SNR of 0 dB and 3 SSB samples at SNR of -3dB in ETU70.
[bookmark: _Ref516345492]


5 Conclusion
In the contribution, we discuss the requirement for L1-RSRP for candidate beam detection. We have the following observations and proposals:
Proposal 1: For L1-RSRP for candidate beam detection, the measurement period is specified based on 2 samples at SNR of 0 dB or 3 samples at SNR of -3 dB, for 2dB inaccuracy.
Observation 1: The SSBs in SMTC may not be able to be used for L1-RSRP and RLM in FR2.
Proposal 2: RS resources used for L1-RSRP for candidate beam detection should be outside SMTC measurement window and MG in FR2.
Proposal 3: For L1-RSRP for candidate beam detection, P factor specified for RLM/BFD evaluation period is reused.
Observation 2: UE may apply different RX beam codebook for serving cell from it used for RRM.
Observation 3: for SSB based measurement for serving cell, it is required to provide SSB samples outside SMTC for UE RX beam training.
Observation 4: RX beam needs to be updated for L1-RSRP for candidate beam detection, and the N=1 conditions specified for RLM/BFD does not fit the need of measurement period for L1-RSRP for candidate beam detection.
Observation 5: In the case of N=1 for measurement period of SSB based L1-RSRP for candidate beam detection, it will not provide any SSB sample for UE to train its RX beam corresponding to SSB configured for L1-RSRP for candidate beam detection.
Proposal 4: N=8 for measurement period of SSB based L1-RSRP for candidate beam detection.
Proposal 5: N=8 for SSB based RLM/BFD evaluation period, if the RLM/BFD-RS is also configured for L1-RSRP.
Observation 6: For CSI-RS based L1-RSRP measurement period, when CSI-RS with repetition-ON, it should provide opportunity for UE to train its RX beam.
Proposal 6: N=1 for measurement period of CSI-RS based L1-RSRP for candidate beam detection, if the CSI-RS with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON. Otherwise, N=8.
Proposal 7: N=8 for CSI-RS based RLM/BFD evaluation period, if the RLM/BFD-RS is also configured for L1-RSRP and N=8 for measurement period of CSI-RS based L1-RSRP for candidate beam detection.
Observation 7: For SSB based L1-RSRP measurement in 4GHz, measurement accuracy of 2dB can be achieved by 1 SSB sample at SNR of 0 dB and 3 SSB samples at SNR of -3dB in ETU70.
Proposal 8: The following scheduling restriction for L1-RSRP for candidate beam detection in FR2 is applied:
The following scheduling restriction applies due to L1-RSRP for candidate beam detection on an FR2 serving cell.
- There are no scheduling restrictions due to L1-RSRP for candidate beam detection based on CSI-RS, if the CSI-RS configured with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON (i.e. N=1 applies). Otherwise, the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on CSI-RS symbols to be measured for L1-RSRP for candidate beam detection, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE. 
- The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for L1-RSRP for candidate beam detection, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE. 
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