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1	Introduction
RAN4#93 agreed with the way forward on eMIMO RRM where it is also agreed the simulation assumption for the L1-SINR measurement accuracy requirements [1]. We provide our simulation results of L1-SINR and discuss the measurement period. 
2	Simulation results
Table 1 summarizes our simulation results of L1-SINR accuracy where we show the 5%-ile and 95%-ile of measured L1-SINR with the target SINR of -3dB. DIFF is given by max(abs(5%-ile – ideal SINR), (95%-ile – ideal SINR)). Note we assume the ideal SINR is -3dB. 
[bookmark: _Ref29393137]Table 1	Simulation results of L1-SINR accuracy
	
	
	
	SCS=15kHz
	SCS=30kHz
	SCS=120kHz

	CMR
	IMR
	Samples (M)
	5% (dB)
	95% (dB)
	DIFF (dB)
	5% (dB)
	95% (dB)
	DIFF (dB)
	5% (dB)
	95% (dB)
	DIFF (dB)

	CSI-RS
	N/A
	1
	-4.9
	-2.0
	1.9
	-4.5
	-1.6
	1.5
	-4.5
	-1.8
	1.5

	
	
	3
	-4.1
	-2.6
	1.1
	-3.8
	-2.3
	0.8
	-3.8
	-2.3
	0.8

	
	
	5
	-3.9
	-2.7
	0.9
	-3.6
	-2.4
	0.6
	-3.6
	-2.5
	0.6

	SSB
	NZP-IMR
	1
	-5.1
	-1.9
	2.1
	-4.7
	-1.7
	1.7
	-4.7
	-1.7
	1.7

	
	
	3
	-4.2
	-2.5
	1.2
	-3.9
	-2.2
	0.9
	-3.9
	-2.2
	0.9

	
	
	5
	-4.0
	-2.7
	1.0
	-3.7
	-2.4
	0.7
	-3.8
	-2.4
	0.8

	SSB
	ZP-IMR
	1
	-5.0
	-2.0
	2.0
	-4.7
	-1.7
	1.7
	-4.6
	-1.8
	1.6

	
	
	3
	-4.2
	-2.5
	1.2
	-3.9
	-2.2
	0.9
	-4.0
	-2.2
	1.0

	
	
	5
	-4.0
	-2.7
	1.0
	-3.7
	-2.4
	0.7
	-3.8
	-2.4
	0.8

	CSI-RS
	NZP-IMR
	1
	-4.5
	-2.4
	1.5
	-4.1
	-2.1
	1.1
	-4.1
	-2.1
	1.1

	
	
	3
	-3.9
	-2.8
	0.9
	-3.6
	-2.5
	0.6
	-3.7
	-2.6
	0.7

	
	
	5
	-3.8
	-2.9
	0.8
	-3.5
	-2.6
	0.5
	-3.6
	-2.7
	0.6

	CSI-RS
	ZP-IMR
	1
	-4.8
	-2.0
	1.8
	-4.5
	-1.8
	1.5
	-4.5
	-1.8
	1.5

	
	
	3
	-4.1
	-2.6
	1.1
	-3.8
	-2.3
	0.8
	-3.8
	-2.3
	0.8

	
	
	5
	-3.9
	-2.7
	0.9
	-3.6
	-2.5
	0.6
	-3.6
	-2.5
	0.6



3	Discussion
3.1	Number of samples
According to our simulation results in Table 1, it is not observed the significant accuracy difference among the combinations of CMR and IMR. Therefore we propose to set the common L1-SINR accuracy requirements. 
Observation 1: No significant accuracy difference among different combinations of CMR and IMR. 
Proposal 1: Set the common measurement accuracy requirements for the L1-SINR with CMR-only, SSB + NZP-IMR, SSB + ZP-IMR, CSI-RS + NZP-IMR and CSI-RS + ZP-IMR. 
Regarding the number of samples, according to Table 1, we observe the accuracy improvement from M=1 to M=3 (0.4-0.8dB), but not so much from M=3 to M=5 (0.1-0.2dB). Considering the measurement period, we propose the assumed number of samples (M) is set to 3, which is the same assumption as L1-RSRP measurement, if timeRestrictionForChannelMeasurement not configured.
Proposal 2: Set the assumed number of samples for L1-SINR measurements to 3 if the case the measurement restriction is not configured. 
3.2	Impact due to measurement restriction
For L1-SINR measurement, we need to consider the interference measurement restriction in addition to channel measurement restriction. According to TS38.214 5.2.2, the channel measurement is based on the latest CSI resources if timeRestrictionForChannelMeasurements is configured, and the interference measurement is based on the latest CSI resources if timeRestrictionForChannelMeasurements is configured. 
	[bookmark: _Hlk512507617]If a UE is configured with higher layer parameter timeRestrictionForChannelMeasurements in CSI-ReportConfig, the UE shall derive the channel measurements for computing CSI reported in uplink slot n based on only the most recent, no later than the CSI reference resource, occasion of NZP CSI-RS (defined in [4, TS 38.211]) associated with the CSI resource setting. 
If a UE is configured with higher layer parameter timeRestrictionForInterferenceMeasurements in CSI-ReportConfig, the UE shall derive the interference measurements for computing the CSI value reported in uplink slot n based on the most recent, no later than the CSI reference resource, occasion of CSI-IM and/or NZP CSI-RS for interference measurement (defined in [4, TS 38.211]) associated with the CSI resource setting. 



Since L1-SINR is a part of CSI reporting, this restriction is also applicable for L1-SINR measurements, which means the network can control the number of CMR samples and IMR samples independently. Considering the two measurement restriction configurations, we have studied the L1-SINR measurement performance impact due to these time domain restrictions.
Table 2 summarizes the L1-SINR estimation error with different numbers of CMR samples (MCMR) and IMR samples (MIMR) where DIFF is the same definition as Table 1, i.e., max(abs(5%-ile – ideal SINR), (95%-ile – ideal SINR)). In this table it is assumed to use 1 CMR sample if timeRestrictionForChannelMeasurements is configured, and 3 CMR samples otherwise. Similarly, it is assumed to use 1 IMR sample if timeRestrictionForInterferenceMeasurements is configured, and 3 IMR samples otherwise. 
[bookmark: _Ref29467939]Table 2	L1-SINR estimation error with CMR samples (MCMR) and IMR samples (MIMR).
	
	
	
	
	DIFF (dB)

	CMR
	MCMR
	IMR
	MIMR
	SCS=15kHz
	SCS=30kHz
	SCS=120KHz

	CSI-RS
	1
	N/A (Same as CMR)
	1
	1.9
	1.5
	1.5

	
	1
	
	3
	1.8
	1.5
	1.5

	
	3
	
	1
	1.2
	0.9
	0.9

	
	3
	
	3
	1.1
	0.8
	0.8

	SSB
	1
	NZP-IMR
	1
	2.1
	1.7
	1.7

	
	1
	
	3
	2.0
	1.7
	1.6

	
	3
	
	1
	1.3
	0.9
	1.0

	
	3
	
	3
	1.2
	0.9
	0.9

	SSB
	1
	ZP-IMR
	1
	2.0
	1.7
	1.6

	
	1
	
	3
	2.0
	1.6
	1.6

	
	3
	
	1
	1.2
	0.9
	1.0

	
	3
	
	3
	1.2
	0.9
	1.0

	CSI-RS
	1
	NZP-IMR
	1
	1.5
	1.1
	1.1

	
	1
	
	3
	1.4
	1.1
	1.1

	
	3
	
	1
	1.0
	0.7
	0.7

	
	3
	
	3
	0.9
	0.6
	0.7

	CSI-RS
	1
	ZP-IMR
	1
	1.8
	1.5
	1.5

	
	1
	
	3
	1.7
	1.5
	1.4

	
	3
	
	1
	1.1
	0.9
	0.9

	
	3
	
	3
	1.1
	0.8
	0.8



It is observed from our simulation result is that the L1-SINR estimation error with MCMR ≠ MIMR is between the case MCMR=MIMR=1 and MCMR=MIMR=3, where the L1-SINR estimation with MCMR=MIMR=3 is most accurate compared with the configuration MCMR=1 or MIMR=1. To avoid a mismatch with regard to the number of samples used for power estimation and interference estimation, we propose to set the CMR/IMR samples according to Table 3. This means both the number of channel measurement and interference measurement samples are set to 1 when the network configures CMR measurement restriction and/or IMR measurement restriction. 
[bookmark: _Ref29470960]Table 3	Number of CMR and IMR samples for L1-SINR measurements with measurement restriction.
	
	
	CMR measurement restriction
(timeRestrictionForChannelMeasurement)

	
	
	Not configured
	Configured

	IMR measurement restriction
(timeRestrictionForInterferenceMeasurements)
	Not configured
	MCMR=3, MIMR=3
	MCMR=1, MIMR=1

	
	Configured
	MCMR=1, MIMR=1
	MCMR=1, MIMR=1



Proposal 3: Set both the assumed number of CMR samples for L1-SINR measurements (MCMR) and IMR samples for L1-SINR measurements (MIMR) to 1 if the higher layer parameter timeRestrictionForChannelMeasurement and/or timeRestrictionForInterferenceMeasurements is configured.
3.3		Measurement period
In this section we discuss the measurement period for L1-SINR. According to RAN1 agreement, CMR and IMR are 1-to-1 mapped, but each associated CMR and IMR could be configured with the different transmission periodicity. In this case the measurement period should be based on larger transmission period of CMR (TCMR) and IMR (TIMR). If RAN4 agree to set same number of samples for CMR and IMR as our proposal, the L1-SINR measurement period should be M*max(TCMR, TIMR), where M is the number of CMR/IMR samples. 
Proposal 4: L1-SINR measurement period is set for FR1 as follows:
	Configuration
	TL1-SINR_Measurement_Period (ms)

	Non-DRX
	max(TReport, cell(M*P)*max(TCMR, TIMR))

	DRX cycle <= 320 ms
	max(TReport, cell(1.5*M*P)*max(TDRX, TCMR, TIMR))

	DRX cycle > 320 ms
	cell(M*P)*TDRX

	P: Measurement gap factor.
TReport, CSI reporting period.


 In the case of FR2, the measurement period is scaled with N as same as L1-RSRP. 

4	Summary
Observation 1: No significant accuracy difference among different combinations of CMR and IMR. 
Proposal 1: Set the common measurement accuracy requirements for the L1-SINR with CMR-only, SSB + NZP-IMR, SSB + ZP-IMR, CSI-RS + NZP-IMR and CSI-RS + ZP-IMR. 
Proposal 2: Set the assumed number of samples for L1-SINR measurements to 3 if the case the measurement restriction is not configured. 
Proposal 3: Set both the assumed number of CMR samples for L1-SINR measurements (MCMR) and IMR samples for L1-SINR measurements (MIMR) to 1 if the higher layer parameter timeRestrictionForChannelMeasurement and/or timeRestrictionForInterferenceMeasurements is configured.
Proposal 4: L1-SINR measurement period is set for FR1 as follows:
	Configuration
	TL1-SINR_Measurement_Period (ms)

	Non-DRX
	max(TReport, cell(M*P)*max(TCMR, TIMR))

	DRX cycle <= 320 ms
	max(TReport, cell(1.5*M*P)*max(TDRX, TCMR, TIMR))

	DRX cycle > 320 ms
	cell(M*P)*TDRX

	P: Measurement gap factor.
TReport, CSI reporting period.


 In the case of FR2, the measurement period is scaled with N as same as L1-RSRP. 
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Appendix	
Simulation assumption
General assumption:
· Number of CSI-RS port for CMR (if applicable), and NZP-IMR:
· N=1
L1-SINR accuracy evaluation simulation assumption for CMR only:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	CSI-RS

	Interference measurement resource (IMR) configuration
	N/A

	Side condition (SNR) on CMR
	-3dB

	Density (D)
	3

	Number of samples (M)
	1, 3, 5

	Number of PRBs
	48

	Propagation condition
	AWGN



L1-SINR accuracy evaluation simulation assumption for SSB-based CMR + NZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	SSB

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	option-1: 0dB, other options not excluded

	Side condition (SNR) on IMR
	option-1: 0dB, other options not excluded

	Density (D) for IMR
	3

	Number of samples (M) for IMR/CMR
	1, 3, 5

	Number of PRBs for IMR
	48

	Propagation condition
	AWGN



L1-SINR accuracy evaluation simulation assumption for SSB-based CMR + ZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	SSB

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	-3dB

	Side condition (SNR) on IMR
	N/A (only AWGN noise)

	Density (D) for IMR
	3

	Number of samples (M) for IMR/CMR
	1, 3, 5

	Number of PRBs for IMR
	48

	Propagation condition
	AWGN



L1-SINR accuracy evaluation simulation assumption for CSI-RS-based CMR + NZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	CSI-RS

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	option-1: 0dB, other options not excluded

	Side condition (SNR) on IMR
	option-1: 0dB, other options not excluded

	Density (D) for CMR/IMR
	3

	Number of samples (M) for CMR/IMR
	1, 3, 5

	Number of PRBs for CMR/IMR
	48

	Propagation condition
	AWGN



L1-SINR accuracy evaluation simulation assumption for CSI-RS-based CMR + ZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	CSI-RS

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	-3dB

	Side condition (SNR) on IMR
	N/A (only AWGN noise)

	Density (D) for CMR/IMR
	3

	Number of samples (M) for CMR/IMR
	1, 3, 5

	Number of PRBs for CMR/IMR
	48

	Propagation condition
	AWGN
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