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Introduction
In RAN4#93 meeting, the RRM requirements for L1-SINR measurements were discussed. For L1-SINR measurement requirement structure, the following agreements has been achieved. 
	Define L1-SINR requirement based on following three generalized scenarios: 
•	L1-SINR reporting with CSI-RS based CMR and no dedicated IMR configured
•	L1-SINR reporting with SSB based CMR and dedicated IMR configured
•	L1-SINR reporting with CSI-RS based CMR and dedicated IMR configured


In this contribution, we will provide the discussion on L1-SINR measurement requirements for above three generalized scenarios.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]In last RAN4 meeting, L1-SINR measurement period requirements for CMR only scenario have been agreed as follows:
	· Table x: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_Only for FR1
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_Only (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TCSI-RS))

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

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-SINR measurement is transmitted with Density = 3.


· 
· Table y: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_Only for FR2
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_Only (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-SINR measurement is transmitted with Density = 3.


· Where the variable M, P, N are the same as Section 9.5.4.2 for L1-RSRP reporting. 


The definition of L1-SINR measurement period requirements for CMR only scenario is similar as CSI-RS based L1-RSRP measurement period requirements. The value of measurement period is defined by scaling CMR periodicity, where the scaling factors include the variables M, P and N. The value of M depends on the samples required for L1-RSRP measurement. The value of P is determined by the ratio of L1-RSRP measurement occasions overlapped with measurement gap or SMTC window. The value of N is related to UE Rx beam sweeping operation in FR2.
The similar structure could also be used to define the L1-SINR measurement period requirements for CMR+IMR scenario. In RAN4, IMR periodicity is assumed to be same as CMR periodicity. For CMR+IMR scenario, the L1-SINR measurement period can be defined as a number of CMR periodicities, where the number can be determined by the variable M, P and N.
Proposal 1: The measurement period TL1-SINR_Measurement_Period_SSB_CMR_w/_IMR for L1-SINR reporting with SSB based CMR and dedicated IMR configured could be defined as follows:
Table 1: Measurement period TL1-RSRP_Measurement_Period_SSB_CMR_w/_IMR for FR1
	Configuration
	TL1-RSRP_Measurement_Period_SSB_CMR_w/_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TSSB))

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

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured as CMR for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


Table 2: Measurement period TL1-RSRP_Measurement_Period_SSB_CMR_w/_IMR for FR2
	Configuration
	TL1-RSRP_Measurement_Period_SSB_CMR_w/_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured as CMR for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


Proposal 2: The measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_w/_IMR for L1-SINR reporting with CSI-RS based CMR and dedicated IMR configured could be defined as follows:
Table 3: Measurement period TL1-RSRP_Measurement_Period_CSI-RS_CMR_w/_IMR for FR1
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS_CMR_w/_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TCSI-RS))

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

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured as CMR for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured as CMR for L1-SINR measurement is transmitted with Density = 3.


Table 4: Measurement period TL1-RSRP_Measurement_Period_CSI-RS_CMR_w/_IMR for FR2
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS_CMR_w/_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured as CMR for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured as CMR for L1-SINR measurement is transmitted with Density = 3.


For CMR+IMR based L1-SINR calculation, RAN4 agreed the assumptions that the numerator is the signal power measured on CMR and the denominator (interference and noise) is the total received power on associated IMR. The measurement uncertainty of CMR+IMR based L1-SINR includes two parts: the measurement uncertainty of signal power on CMR and the measurement uncertainty of total power on IMR. If sufficient IMR REs are collected then the estimated total power on IMR will be close to the ideal total power on IMR. Hence, the main source of measurement uncertainty of L1-SINR is from the measurement uncertainty of signal power on CMR. Hence, the measurement samples used for L1-RSRP could be reused for CMR+IMR based L1-SINR. 
Proposal 3: For CMR+IMR scenario, the variable M used to define L1-SINR measurement period could be defined as follows:
· M=1, if higher layer parameter timeRestrictionForChannelMeasurement or timeRestrictionForInterferenceMeasurements is configured;
· M=3, otherwise.
The value of P used for defining L1-SINR measurement period is determined by the ratio of L1-SINR measurement occasions overlapped with measurement gap or SMTC window. A L1-SINR measurement occasion is considered as available only when CMR and the associated IMR are both non-overlapped with measurement gap or SMTC window. The principles of defining variable P for L1-SINR could be 
Proposal 4: For CMR+IMR scenario, the variable P used for defining L1-SINR measurement period could be determined by the ratio of available L1-SINR measurement occasions.
· A L1-SINR measurement occasion is considered as available only when the CMR and the associated IMR are non-overlapped with measurement gap or SMTC window.
The variable N used for L1-SINR measurement in FR2 depends on whether UE to perform beam refinement. For L1-RSRP reporting measurement, UE does not perform beam refinement on the CSI-RS resource with repetition=off. It is assumed that the CSI-RS resource configured with repetition=off is always QCL-typeD with a SSB or a CSI-RS resource with repetition=on. UE could derive the best beam information from the L1-RSRP measurements on SSB or CSI-RS resource with repetition=on. RAN4 shall study whether UE could utilize the QCL information of CMR and/or IMR to derive the best beam information for L1-SINR measurements.
For CMR only scenario, both signal power and the interference power are measured on CMR. Generally, the best beam for L1-RSRP is also the best beam for L1-SINR. Hence, the definition of N for L1-RSRP measurement can be reused for L1-SINR measurement.
For CMR+IMR scenario, the signal power is measured on CMR and the interference power is measured on IMR. For a L1-SINR result, the signal power and the interference power shall be measured on the same Rx beam.
A SSB resource will not be configured with TCI-state to indicate the QCL-TypeD RS. For SSB based CMR+IMR scenario, at least UE needs to perform Rx beam sweeping on SSB resource. For this case, the value of N can be defined as 8.
Proposal 5: For CMR+IMR scenario, when SSB is configured as CMR, the variable N used for defining L1-SINR measurement period could be defined as 8.
For CSI-RS based CMR+IMR scenario, RAN4 needs to investigate whether and how UE can derive beam information for L1-SINR measurements based on the QCL information of CMR and IMR. We assume that the signal power and the interference power used to calculate a L1-SINR result are measured by using the same UE Rx beam. The L1-SINR measured from each UE Rx beam can be calculated as:




Where, Sbeam#1, Sbeam#2, …, Sbeam#n are the signal power measured by using UE Rx beam#1, beam#2, …, beam#n respectively. Ibeam#1, Ibeam#2, …, Ibeam#n are the interference power measured by using UE Rx beam#1, beam#2, …, beam#n respectively. 
[bookmark: _GoBack]If UE could obtain best beam #i for CMR and best beam #j for IMR based on the the QCL information of CMR and IMR. UE still could not confirm which beam is the best for L1-SINR measurements.
Proposal 6: For CMR+IMR scenario, when CSI-RS is configured as CMR, RAN4 need to investigate how to utilize the QCL information of CMR and IMR for UE perform L1-SINR measurements.

Conclusions
This contribution provides our analysis on L1-SINR measurements for NR eMIMO. The following are provided:
Proposal 1: The measurement period TL1-SINR_Measurement_Period_SSB_CMR_w/_IMR for L1-SINR reporting with SSB based CMR and dedicated IMR configured could be defined as follows:
Table 1: Measurement period TL1-RSRP_Measurement_Period_SSB_CMR_w/_IMR for FR1
	Configuration
	TL1-RSRP_Measurement_Period_SSB_CMR_w/_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TSSB))

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

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured as CMR for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


Table 2: Measurement period TL1-RSRP_Measurement_Period_SSB_CMR_w/_IMR for FR2
	Configuration
	TL1-RSRP_Measurement_Period_SSB_CMR_w/_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured as CMR for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


Proposal 2: The measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_w/_IMR for L1-SINR reporting with CSI-RS based CMR and dedicated IMR configured could be defined as follows:
Table 3: Measurement period TL1-RSRP_Measurement_Period_CSI-RS_CMR_w/_IMR for FR1
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS_CMR_w/_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TCSI-RS))

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

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured as CMR for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured as CMR for L1-SINR measurement is transmitted with Density = 3.


Table 4: Measurement period TL1-RSRP_Measurement_Period_CSI-RS_CMR_w/_IMR for FR2
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS_CMR_w/_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured as CMR for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured as CMR for L1-SINR measurement is transmitted with Density = 3.


Proposal 3: For CMR+IMR scenario, the variable M used to define L1-SINR measurement period could be defined as follows:
· M=1, if higher layer parameter timeRestrictionForChannelMeasurement or timeRestrictionForInterferenceMeasurements is configured;
· M=3, otherwise.
Proposal 4: For CMR+IMR scenario, the variable P used for defining L1-SINR measurement period could be determined by the ratio of available L1-SINR measurement occasions.
· A L1-SINR measurement occasion is considered as available only when the CMR and the associated IMR are both non-overlapped with measurement gap or SMTC window.
Proposal 5: For CMR+IMR scenario, the variable N used for defining L1-SINR measurement period could be defined as 8 when SSB is configured as CMR.
Proposal 6: For CMR+IMR scenario, when CSI-RS is configured as CMR, RAN4 need to investigate how to utilize the QCL information of CMR and IMR for UE perform L1-SINR measurements.
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