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1	Introduction
This contribution discusses the remaining open issues on L1-RSRP measurements.
2	Discussion
2.1	L1-RSRP measurement for reporting
One of the open issues for L1-RSRP measurement for reporting is the measurement period, i.e., the number of SSB and CSI-RS samples (M) used for averaging, and Rx beam sweeping factor (N). In our understanding, since the SSB/CSI-RS resources and side condition used for L1-RSRP for reporting are same as that used for the candidate beam detection, it is straightforward to reuse the CBD measurement period. Since RAN4 has already agreed to set 3 SSB samples for SSB based CBD and 3 CSI-RS samples (D=3) for CSI-RS based CBD, we propose to set the same value for L1-RSRP measurement for reporting. 
Proposal 1: Set M=3 for SSB based L1-RSRP measurement for reporting for FR1 and FR2. 
Proposal 2: Set M=3 for CSI-RS based L1-RSRP measurement for reporting for FR1 and FR2. 
Regarding the Rx beam sweeping factor, N, we need more input from UE vendors what is the UE Rx beam sweeping behaviour during the CSI reporting measurement. However, we should point out, unlike CBD, it is assumed that UE is already receiving PDCCH/PDSCH on one beam from gNB. This means UE does not need to sweep Rx beams so much and therefore N should not be large as the factor used for CBD, i.e., 8. 

2.2	Accuracy requirements
Measurement accuracy is also TBD for SSB/CSI-RS based absolute and relative L1-RSRP measurement requirements. Since the measurement accuracy depends on the measurement period, we present our simulation results of L1-RSRP measurements with M=3 (our proposal) and other options according to the simulation assumption [2][3] below in this contribution. 
2.2.1	SSB based L1-RSRP measurement
Table 1 shows the parameters for the SSB based L1-RSRP measurement. We set the SNR to the same condition as CBD, -3dB, because this is the scenario UE can receive PDCCH/PDSCH on one Tx beam. Figure 1 shows the simulation results of SSB based L1-RSRP measurement error. 
[bookmark: _Ref536107147]Table 1	Simulation parameters for the SSB based L1-RSRP measurement. 
	Parameters
	Value

	SCS
	15kHz, 30kHz, 120kHz

	Side condition (SNR)
	-3dB

	Number of samples
	1, 3, 5



[image: ][image: ][image: ]
[bookmark: _Ref525581535]Figure 1	SSB based L1-RSRP measurement error. 

If we observed the result with 3 or 5 SSB samples for the L1-RSRP measurement, the estimation error is within +/-1dB with 95% probability for both FR1/FR2. If we assume the L1-RSRP measurement error distribution follows the normal distribution (i.e., σ =1.0), +/-1dB corresponds to +/-1.39σ. If we consider +/-3.29σ as specified in TS38.133 A.2.1.2, we can set +/-2.5dB as the relative L1-RSRP accuracy requirements for FR1. 
On the other hand, RAN4 has already specified SS-RSRP Intra frequency relative accuracy in FR1 requirement with the side condition SNR>=-3dB as in Table 10.1.2.1.2-1, and it is set to +/-2.0dB for the normal condition. Since the condition is same, we think SSB based L1-RSRP accuracy should be same as SS-RSRP relative accuracy, that is +/-2.0dB.
Proposal 3: Set SSB based relative L1-RSRP accuracy to +/-2dB under normal condition for FR1.
For the SSB based absolute L1-RSRP accuracy, we think we can reuse the same approach as SS-RSRP even with the side condition is -6dB, that is, 
· Normal condition with Io=-70dBm/BW is derived by adding 1.5dB to the relative L1-RSRP accuracy in normal condition.
· Extreme condition with Io=-70dBm/BW is derived by adding 4.5dB to the absolute L1-RSRP accuracy in normal condition. 
· Normal condition with Io=-50dBm/BW is derived by adding 3.5dB to the absolute L1-RSRP accuracy in normal condition with Io=-70dB/BW.
· Extreme condition with Io=-50dB/BW is derived by adding 2dB to the absolute L1-RSRP accuracy in extreme condition with Io=-70dB/BW.
 
Table 10.1.2.1.1-1: SS-RSRP Intra frequency absolute accuracy in FR1
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	
	

	4.5
	9
	-6 dB
	NR_FDD_FR1_A, NR_TDD_FR1_A
	-121
	-118
	N/A
	-70

	
	
	
	NR_FDD_FR1_B
	-120.5
	-117.5
	N/A
	-70

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	N/A
	-70

	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	-116.5
	N/A
	-70

	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	-116
	N/A
	-70

	
	
	
	NR_FDD_FR1_G
	-118
	-115
	N/A
	-70

	
	
	
	NR_FDD_FR1_H
	-117.5
	-114.5
	N/A
	-70

	8
	11
	-6 dB
	ANR_FDD_FR1_A, NR_TDD_FR1_A, NR_FDD_FR1_B, NR_TDD_FR1_C, NR_FDD_FR1_D, NR_TDD_FR1_D, NR_FDD_FR1_E, NR_TDD_FR1_E, NR_FDD_FR1_G, NR_FDD_FR1_H,
	N/A
	N/A
	-70
	-50

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	NR operating band groups in FR1 are as defined in Section 3.5.2.



Table 10.1.2.1.2-1: SS-RSRP Intra frequency relative accuracy in FR1
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot Note 2
	Io Note 1 range

	
	
	
	NR operating band groups Note 4
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	
	

	2
	3
	-3 dB
	NR_FDD_FR1_A, NR_TDD_FR1_A
	-121
	-118
	N/A
	-50

	
	
	
	NR_FDD_FR1_B
	-120.5
	-117.5
	N/A
	-50

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	N/A
	-50

	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	-116.5
	N/A
	-50

	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	-116
	N/A
	-50

	
	
	
	NR_FDD_FR1_G
	-118
	-115
	N/A
	-50

	
	
	
	NR_FDD_FR1_H
	-117.5
	-114.5
	N/A
	-50

	3
	3
	-6 dB
	Note 3
	Note 3
	Note 3
	N/A
	Note 3

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	The parameter SSB Ês/Iot is the minimum SSB Ês/Iot of the pair of cells to which the requirement applies.
NOTE 3:	The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.
NOTE 4:	NR operating band groups in FR1 are as defined in Section 3.5.2.




With this methodology the SSB based absolute L1-RSRP accuracy requirements for FR1 are proposes as follows.
Proposal 4: SSB based absolute L1-RSRP accuracy requirements for FR1 are proposes as follows:
	
	Normal condition
	Extreme condition

	Maximum Io = -50dB/BW
	+/-3.5dB
	+/-8.0dB

	Maximum Io = -70dB/BW
	+/-7dB
	+/-10.0dB



 

2.2.1	CSI-RS based L1-RSRP measurement
Table 2 shows the parameters for the CSI-RS based L1-RSRP measurement based on the same condition as SSB based L1-RSRP measurement. Figure 2 shows the simulation result of CSI-RS based L1-RSRP measurement error. 
[bookmark: _Ref536107293]Table 2	Simulation parameters for the CSI-RS based L1-RSRP measurement.
	Parameters
	Value

	SCS
	15kHz, 30kHz, 120kHz

	Side condition (SNR)
	-3dB

	Density
	3

	Number of samples
	3, 5

	Number of PRB
	24, 96
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[bookmark: _Ref536111856]Figure 2	CSI-RS based L1-RSRP measurement error. 

If we consider 3 or 5 CSI-RS samples for the L1-RSRP measurement, the estimation error is within +/-0.5dB with 95% probability for FR1. For FR2, it is observed a bias of around +1.5dB. If we compensate the bias, the estimation error is also within +/-0.5dB. Similar to the SSB based L1-RSRP measurement, if we assume the L1-RSRP measurement error distribution follows the normal distribution and if we consider the +/-3.29σ as specified in TS38.133 A.2.1.2, it is set +/-1.5dB as the relative L1-RSRP accuracy requirements for FR1. Considering the implementation margin as 0.5dB, we propose to set the CSI-RS based relative L1-RSRP accuracy as +/-2.0dB for FR1. 
Proposal 5: Set the CSI-RS based relative L1-RSRP accuracy requirements under normal condition to +/-2.0dB for FR1.
[bookmark: _GoBack]Regarding the CSI-RS based absolute L1-RSRP accuracy, we propose to reuse the same methodology as SSB based L1-RSRP requirements above. 
Proposal 6: CSI-RS based absolute L1-RSRP accuracy requirements for FR1 are proposes as follows:
	
	Normal condition
	Extreme condition

	Maximum Io = -50dB/BW
	+/-3.5dB
	+/-8.0dB

	Maximum Io = -70dB/BW
	+/-7dB
	+/-10.0dB



3	Summary
Proposal 1: Set M=3 for SSB based L1-RSRP measurement for reporting for FR1 and FR2. 
Proposal 2: Set M=3 for CSI-RS based L1-RSRP measurement for reporting for FR1 and FR2. 
Proposal 3: Set SSB based relative L1-RSRP accuracy to +/-2dB under normal condition for FR1.
Proposal 4: SSB based absolute L1-RSRP accuracy requirements for FR1 are proposes as follows:
	
	Normal condition
	Extreme condition

	Maximum Io = -50dB/BW
	+/-3.5dB
	+/-8.0dB

	Maximum Io = -70dB/BW
	+/-7dB
	+/-10.0dB



Proposal 5: Set the CSI-RS based relative L1-RSRP accuracy requirements under normal condition to +/-2.0dB for FR1.
Proposal 6: CSI-RS based absolute L1-RSRP accuracy requirements for FR1 are proposes as follows:
	
	Normal condition
	Extreme condition

	Maximum Io = -50dB/BW
	+/-3.5dB
	+/-8.0dB

	Maximum Io = -70dB/BW
	+/-7dB
	+/-10.0dB
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Appendix
	[bookmark: _Toc535476047]9.5.4.1	SSB based L1-RSRP Reporting
The UE shall be capable of performing L1-RSRP measurements based on the configured SSB resource for L1-RSRP computation, and the UE physical layer shall be capable of reporting L1-RSRP measured over the measurement period of TBM_Measurement_Period_SSB.
The value of TBM_Measurement_Period_SSB is defined in Table 9.5.4.1-1 for FR1 with M=TBD.
The value of TBM_Measurement_Period_SSB is defined in Table 9.5.4.1-2 for FR2 with M=TBD and N=TBD.
Note: for SSB based L1-RSRP measurement, N=1 does not apply. 
Table 9.5.4.1-1: Measurement period TBM_Measurement_Period_SSB for FR1
	Configuration
	TBM_Measurement_Period_SSB (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 is the periodicity of SSB configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.



Table 9.5.4.1-2: Measurement period TBM_Measurement_Period_SSB for FR2
	Configuration
	TBM_Measurement_Period_SSB (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 is the periodicity of SSB configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.






	[bookmark: _Toc535476048]9.5.4.2	CSI-RS based L1-RSRP Reporting
The UE shall be capable of performing L1-RSRP measurements based on the configured CSI-RS resource for L1-RSRP computation, and the UE physical layer shall be capable of reporting L1-RSRP measured over the measurement period of TBM_Measurement_Period_CSI-RS.
The value of TBM_Measurement_Period_CSI-RS is defined in Table 9.5.4.2-1 for FR1 with
-	M=TBD for measurement on periodic and semi-persistent CSI-RS resources
-	M=1 for aperiodic CSI-RS resources
The value of TBM_Measurement_Period_CSI-RS is defined in Table 9.5.4.2-2 for FR2 with
-	M=TBD and N=TBD for measurement on periodic and semi-persistent CSI-RS resources
-	M=1 and N=1 for aperiodic CSI-RS resources

Table 9.5.4.2-1: Measurement period TBM_Measurement_Period_CSI-RS for FR1
	Configuration
	TBM_Measurement_Period_CSI-RS (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-RSRP 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-RSRP measurement is transmitted with Density = 3.



Table 9.5.4.2-2: Measurement period TBM_Measurement_Period_CSI-RS for FR2
	Configuration
	TBM_Measurement_Period_CSI-RS (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-RSRP 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-RSRP measurement is transmitted with Density = 3.
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