[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting#94-e-bis                	R4-2004391
Electronic Meeting, 20 – 30 April 2020

Source:	Nokia, Nokia Shanghai Bell 
Title:	Discussions on L1-SINR measurements for Rel-16 NR eMIMO
Agenda item:	6.11.2.1
Document for:	Discussion
Introduction
During the RAN4#94-e meeting, a way forward on NR eMIMO RRM requirements [1] was approved. The open issues addressed in this paper are concerning L-SINR measurements for specifying NR eMIMO RRM requirements. 
Simulation results of L1-SINR measurements are presented and then followed by our discussions and conclusions. 
Discussion
L1-SINR measurements 
Number of samples for L1-SINR measurement
From [1], the following is agreed: 
· M = [3] if single shot measurement is not applicable for CMR-only, SSB+NZP-IMR, SSB+ZP-IMR, CSI-RS+NZP-IMR and CSI-RS+ZP-IMR.
Tables 1-3 provide the CDF of L1-SINR measurement accuracy at 5th, 50th and 95th percentile, which is obtained using the simulation assumptions agreed in [2].  
[bookmark: _Hlk31815706]Table 1: Absolute L1-RSRP measurement accuracy for SCS = 15 kHz
	CMR
	IMR
	Number of Samples (M)
	5th percentile
	50th percentile
	95th percentile
	Max(abs(5th, 9th)

	
CSI-RS

	
N/A
	1
	-0.75
	0.66
	2.13
	2.13

	
	
	3
	-0.48
	0.41
	1.19
	1.19

	
	
	5
	-0.4
	0.3
	0.95
	0.95

	SSB
	
NZP-IMR
	1
	-1.01
	0.44
	1.62
	1.62

	
	
	3
	-0.65
	0.23
	1.06
	1.06

	
	
	5
	-0.6
	0.16
	0.97
	0.97

	SSB
	
ZP-IMR
	1
	-0.78
	0.44
	1.7
	1.7

	
	
	3
	-0.62
	0.22
	1.03
	1.03

	
	
	5
	-0.51
	0.15
	0.88
	0.88

	
CSI-RS
	
NZP-IMR
	1
	-0.88
	0.55
	1.8
	1.8

	
	
	3
	-0.56
	0.33
	1.15
	1.15

	
	
	5
	-0.5
	0.24
	1.02
	1.02

	
CSI-RS
	
ZP-IMR
	1
	-0.63
	0.57
	1.67
	1.67

	
	
	3
	-0.48
	0.37
	1.04
	1.04

	
	
	5
	-0.41
	0.24
	0.83
	0.83



Table 2: Absolute L1-RSRP measurement accuracy for SCS = 30 kHz
	CMR
	IMR
	Number of Samples (M)
	5th percentile
	50th percentile
	95th percentile
	Max(abs(5th, 9th)

	
CSI-RS

	
N/A
	1
	-1
	0.69
	2.15
	2.15

	
	
	3
	-0.5
	0.36
	1.22
	1.22

	
	
	5
	-0.33
	0.27
	0.9
	0.9

	SSB
	
NZP-IMR
	1
	-1
	0.43
	1.62
	1.62

	
	
	3
	-0.61
	0.27
	1
	1

	
	
	5
	-0.53
	0.14
	0.83
	0.83

	SSB
	
ZP-IMR
	1
	-0.87
	0.41
	1.73
	1.73

	
	
	3
	-0.52
	0.26
	0.98
	0.98

	
	
	5
	-0.52
	0.15
	0.83
	0.83

	
CSI-RS
	
NZP-IMR
	1
	-0.96
	0.56
	1.87
	1.87

	
	
	3
	-0.6
	0.31
	1.14
	1.14

	
	
	5
	-0.49
	0.25
	0.94
	0.94

	
CSI-RS
	
ZP-IMR
	1
	-0.78
	0.56
	1.72
	1.72

	
	
	3
	-0.45
	0.31
	1.15
	1.15

	
	
	5
	-0.37
	0.25
	0.95
	0.95



Table 3: Absolute L1-RSRP measurement accuracy for SCS = 120 kHz
	CMR
	IMR
	Number of Samples (M)
	5th percentile
	50th percentile
	95th percentile
	Max(abs(5th, 9th)

	
CSI-RS

	
N/A
	1
	-1.02
	0.58
	1.94
	1.94

	
	
	3
	-0.65
	0.25
	1.1
	1.1

	
	
	5
	-0.45
	0.17
	0.9
	0.9

	SSB
	
NZP-IMR
	1
	-0.85
	0.53
	1.69
	1.69

	
	
	3
	-0.48
	0.35
	1.12
	1.12

	
	
	5
	-0.57
	0.24
	1
	1

	SSB
	
ZP-IMR
	1
	-0.7
	0.57
	1.68
	1.68

	
	
	3
	-0.49
	0.36
	1.17
	1.17

	
	
	5
	-0.51
	0.3
	0.95
	0.95

	
CSI-RS
	
NZP-IMR
	1
	-1.06
	0.35
	1.71
	1.71

	
	
	3
	-0.82
	0.2
	1.12
	1.12

	
	
	5
	-0.63
	0.15
	0.92
	0.92

	
CSI-RS
	
ZP-IMR
	1
	-0.91
	0.4
	1.69
	1.69

	
	
	3
	-0.69
	0.24
	1.12
	1.12

	
	
	5
	-0.53
	0.14
	0.96
	0.96



From the table above, it can be observed that there is no significant difference (< 0.3 dB) between the absolute L1-SINR accuracy of M = 3 and M = 5 samples as compared with the difference between M = 1 and M = 3. The difference for M = 1 and M = 3 is approximately 1 dB. Therefore, it is acceptable to set M = 3 if single shot measurement is not applicable for CMR-only, SSB+NZP-IMR, SSB+ZP-IMR, CSI-RS+NZP-IMR and CSI-RS+ZP-IMR.  
[bookmark: _Hlk32244560]M = 3 if single shot measurement is not applicable for CMR-only, SSB+NZP-IMR, SSB+ZP-IMR, CSI-RS+NZP-IMR and CSI-RS+ZP-IMR.

[bookmark: _Hlk37341211]Measurement period for SSB-based CMR+IMR scenarios
From [1], the following is agreed, but P and N are FFS:
· By following L1-RSRP measurement requirement and restricting CMR and IMR’s 1-to-1 mapping, measurement period requirements for FR1 and FR2 shall be defined as:
Table x: Measurement period TL1-SINR_Measurement_Period_SSB_CMR_IMR for FR1
	Configuration
	TL1-SINR_Measurement_Period_SSB_CMR_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 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-SINR channel 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 interference measurement shall be 1-to-1 mapped to SSB configured for channel measurement, with the same periodicity  


Table y: Measurement period TL1-SINR_Measurement_Period_SSB_CMR_IMR for FR2
	Configuration
	TL1-SINR_Measurement_Period_SSB_CMR_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 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index 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 interference measurement shall be 1-to-1 mapped to SSB configured for channel measurement, with the same periodicity 


· FFS how to define the value of P, and whether or not a single P value for both CMR and IMR.
· FFS the scaling factor N under different conditions of “repetition” field of IMR.
The periodicity of SSB and IMR is assumed to be the same. To compute P in the above tables, the same approach as for SSB based L1-RSRP reporting specified in TS 38.133, 9.5.4.1 for FR1 and FR2 is used. For the CMR+IMR scenario, the distribution of IMR symbols in the time domain may or may not be the same as SSB. Consequently, the value of P for IMR could differ from SSB. For computing the L1-SINR measurement reporting period, it is proposed to set P as max(PSSB, PIMR), where PSSB and PIMR are the P value that is separately computed for SSB and IMR, respectively.   
[bookmark: _Hlk37271710]For the SSB based CMR+IMR scenario, set P = max(PSSB, PIMR), where PSSB and PIMR are the P value that is separately computed for SSB and IMR, respectively.    
For the SSB based CMR+IMR scenario, L1-SINR is computed using the signal power and interference measured on CMR and IMR, respectively, during SSB beam sweeping. Thus, N = 8 for SSB based L1-RSRP reporting in Rel-15 TS 38.133, 9.5.4.1 can be reused. 
For the SSB based CMR+IMR scenario, N = 8 specified for Rel-15 SSB based L1-RSRP reporting can be reused.  
Measurement period for CSI-RS-based CMR+IMR scenarios
[bookmark: _Hlk35873613] From [1], the following is agreed, but P and N are FFS:
· By following L1-RSRP measurement requirement and restricting CMR and IMR’s 1-to-1 mapping, measurement period requirements for FR1 and FR2 shall be defined as:
Table x: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_IMR for FR1
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_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 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.
Note 3:   The requirements are applicable provided that the CSI-RS resource configured for interference measurement shall be 1-to-1 mapped to CSI-RS configured for channel measurement, with the same periodicity.  


Table y: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_IMR for FR2
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_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 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.
Note 3:   The requirements are applicable provided that the CSI-RS resource configured for interference measurement shall be 1-to-1 mapped to CSI-RS configured for channel measurement, with the same periodicity.  


· FFS how to define the value of P, and whether or not a single P value for both CMR and IMR.
· FFS the scaling factor N under different conditions of “repetition” field of CMR and IMR. 

Following the same discussion as for Measurement period for SSB-based CMR+IMR scenario, it is proposed to set P as max(PCSI-RS, PIMR), where PCSI-RS and PIMR are the P value that is separately computed for CSI-RS and IMR, respectively. 
: For the CSI-RS based CMR+IMR scenario, set P = max(PCSI-RS, PIMR), where PCSI-RS and PIMR are the P value that is separately computed for CSI-RS and IMR, respectively. 
L1-SINR is derived from measurements on CSI-RS resources allocated for CMR and IMR. It is assumed “repetition = on” and the same pattern for both CMR and IMR. Similar to the SSB based CMR+IMR scenario, N can be reused from Rel-15 CSI-RS based L1-RSRP reporting.
For the CSI-RS based CMR+IMR scenario, N specified for Rel-15 CSI-RS based L1-RSRP reporting can be reused.

Conclusion
The document has presented the simulation results of L1-SINR measurement accuracy and discussed L1-SINR reporting period. Based on our discussions and analysis, the following proposals can be made:
Number of samples for L1-SINR measurement:
1. M = 3 if single shot measurement is not applicable for CMR-only, SSB+NZP-IMR, SSB+ZP-IMR, CSI-RS+NZP-IMR and CSI-RS+ZP-IMR.
Measurement period for SSB-based CMR+IMR scenarios:
For the SSB based CMR+IMR scenario, set P = max(PSSB, PIMR), where PSSB and PIMR are the P value that is separately computed for SSB and IMR, respectively.
For the SSB based CMR+IMR scenario, N = 8 specified for SSB based L1-RSRP reporting can be reused.  
Measurement period for CSI-RS-based CMR+IMR scenarios:
For the CSI-RS based CMR+IMR scenario, set P = max(PCSI-RS, PIMR), where PCSI-RS and PIMR are the P value that is separately computed for CSI-RS and IMR, respectively. 
For the CSI-RS based CMR+IMR scenario, N specified for CSI-RS based L1-RSRP reporting can be reused.
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