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Introduction
During the RAN4#92bis meeting, link level simulation assumptions on SS-RSRP/-RSRQ/-SINR measurement accuracy for NR HST [1] were approved. 
Based on the link level assumptions, this document presents simulation results for the following:
1) Delta SS-RSRP    
2) Delta SS-RSRQ 
3) Delta SS-SINR 

Discussion

Simulation parameters
In our simulations, only 1 SSB beam was considered. Furthermore, an interfering cell was not simulated. Thus, SS-RSRQ, SS-RSRQ and SS-SINR estimations are affected by AWGN only.      
The complete simulation parameters and assumptions are given in Tables 1 and 2.
Table 1: Link level simulation assumptions – general parameters
	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	3.6 GHz

	DRX
	No

	BS transmit antennas for SS blocks
	1 tx or single layer transmissions

	UE receive antennas
	2  rx 

	Data and control channel subcarrier spacing
	The same as SS block subcarrier spacing

	Measurement period (in number of measurement samples)
	1, 3, 5

	· Subcarrier spacing
	15 kHz; 30 kHz

	· Number of SS blocks per SS burst set, K
	1 

	· SS burst periodicity
	5 ms, 10 ms, 20 ms




Table 2: Cell-specific parameters
	Parameter
	Unit
	Cell 

	E-UTRA RF Channel number
	-
	Channel 1

	NR-PSS and NR-SSS sequences
	-
	NR-PSS: m-sequences and NR-SSS: Gold sequences

	PBCH and DMRS power offset with respect to NR-PSS and NR-SSS
	dB
	0

	Data and control PSD relative to NR-PSS and NR-SSS
	dB
	0

	RB Utilization
	%
	100

	Data Modulation
	-
	QPSK

	Slot length
	-
	14 symbols

	CP Length
	-
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0

	Es/IoT 
	dB
	SNR: -6dB; 
FFS: -8dB, -7dB)

	Propagation conditions
	-
	AWGN




Simulation results
The following section includes simulation results for:
1) [bookmark: _Hlk23931684]Delta SS-RSRP = (estimated SS-RSRP – ideal SS-RSRP) 	[dB]  
2) Delta SS-RSRQ = (estimated SS-RSRQ – ideal SS-RSRQ) 	[dB]
3) Delta SS-SNR = (estimated SS-SINR – ideal SS-SNR) 	[dB]

Delta SS-RSRP
The following figures illustrate the CDF curves for delta SS-RSRP for different SNR, SCS values and SS burst periods. 
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	SNR 
	Samples
	5%
	95%
	Max(5%, 95%)

	-6
	1
	-1.1600
	2.3700
	2.3700

	
	3
	-0.6900
	1.5400
	1.5400

	
	5
	-0.5600
	1.1600
	1.1600

	-7
	1
	-1.2600
	2.7800
	2.7800

	
	3
	-0.7900
	1.7800
	1.7800

	
	5
	-0.6000
	1.4100
	1.4100

	-8
	1
	-1.4800
	3.1200
	3.1200

	
	3
	-0.9500
	2.0500
	2.0500

	
	5
	-0.6800
	1.6600
	1.6600



Figure 1 Delta SS-RSRP for SS burst period = 5 ms, SCS = 15 kHz.
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Figure 2 Delta SS-RSRP for SS burst period = 20 ms, SCS = 15 kHz.
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Figure 3 Delta SS-RSRP for SS burst period = 5 ms, SCS = 30 kHz.
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Figure 4 Delta SS-RSRP for SS burst period = 20 ms, SCS = 30 kHz.

From the results we can observe the following:
· SS-RSRP accuracy is affected by the measurement period, i.e., the number of samples. As expected, 5 measurement samples achieve the highest accuracy followed by 3 and 1 measurement samples. 
· SS-RSRP accuracy is not affected by different SCS values and SS burst periodicity. The simulation results show no significant difference in the SS-RSRP accuracy between SS burst periods 5 ms and 20 ms. 
· SS-RSRP accuracy increases with higher SNR. 
Delta SS-RSRQ
The following figures illustrate the CDF curves for delta SS-RSRQ for different SNR, SCS values and SS burst periods.
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	SNR 
	Samples
	5%
	95%
	Max(5%, 95%)

	-6
	1
	-1.0200
	2.1600
	2.1600

	
	3
	-0.6400
	1.4100
	1.4100

	
	5
	-0.5600
	1.0600
	1.0600

	-7
	1
	-1.1800
	2.5700
	2.5700

	
	3
	-0.7500
	1.6700
	1.6700

	
	5
	-0.5600
	1.3300
	1.3300

	-8
	1
	-1.4400
	2.9000
	2.9000

	
	3
	-0.8900
	1.9300
	1.9300

	
	5
	-0.6300
	1.5800
	1.5800



Figure 5 Delta SS-RSRQ for SS burst period = 5 ms, SCS = 15 kHz.
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Figure 6 Delta SS-RSRQ for SS burst period = 20 ms, SCS = 15 kHz.
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Figure 7 Delta SS-RSRQ for SS burst period = 5 ms, SCS = 30 kHz.
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Figure 8 Delta SS-RSRQ for SS burst period = 20 ms, SCS = 30 kHz.
From the results we can make similar observations as SS-RSRP, which are:
· SS-RSRQ accuracy is affected by the measurement period, i.e., the number of samples. As expected, 5 measurement samples achieve the highest accuracy followed by 3 and 1 measurement samples. 
· SS-RSRQ accuracy is not affected by different SCS values and SS burst periodicity. The simulation results show no significant difference in the SS-RSRQ accuracy between SS burst periods 5 ms and 20 ms. 
· SS-RSRQ accuracy increases with higher SNR.

Delta SS-SNR
The following figures illustrate the CDF curves for delta SS-SNR for different SNR, SCS values and SS burst periods.
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	SNR 
	Samples
	5%
	95%
	Max(5%, 95%)

	-6
	1
	-1.3200
	2.8800
	2.8800

	
	3
	-0.7900
	1.8300
	1.8300

	
	5
	-0.6900
	1.3800
	1.3800

	-7
	1
	-1.4100
	3.3000
	3.3000

	
	3
	-0.9100
	2.0800
	2.0800

	
	5
	-0.6800
	1.6500
	1.6500

	-8
	1
	-1.6900
	3.5600
	3.5600

	
	3
	-1.0500
	2.3200
	2.3200

	
	5
	-0.7500
	1.8900
	1.8900



Figure 9 Delta SS-SNR for SS burst period = 5 ms, SCS = 15 kHz.
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Figure 10 Delta SS-SNR for SS burst period = 20 ms, SCS = 15 kHz.
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Figure 11 Delta SS-SNR for SS burst period = 5 ms, SCS = 30 kHz.
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Figure 12 Delta SS-SNR for SS burst period = 20 ms, SCS = 30 kHz.
From the results, similar observations can be made as SS-RSRP and SS-RSRQ can be made.
Simulation conclusions
High SNR increases measurement accuracy (SS-RSRP/-RSRQ/-SINR) as expected.
Delta SS-RSRP/-RSRQ/-SINR are affected by the measurement period, i.e., the number of samples. As expected, 5 measurement samples achieve the highest accuracy. 1 measurement sample show accuracy degradation as compared with 3 and 5 samples.

Measurement accuracy (SS-RSRP/-RSRQ/-SINR) is not significantly affected by different SCS values and SS burst periodicity. The simulation results show no significant difference in the SS-RSRP accuracy between SS burst periods 5 ms and 20 ms.
Simulation results show that there is no significant difference between delta SS-RSRP, delta SS-RSRQ and delta SS-SINR. 

Option 1 – no new measurement accuracy requirements for measurement samples ≥ 3 at SNR greater than -7 dB
      Option 2 – new measurement accuracy requirements are needed for measurement samples = 1 at SNR ≤ -6 dB

Conclusions
The document has presented link level simulation results for SS-RSRP/-RSRQ/-SNR measurement accuracy in Rel-16 NR HST. 
From the results, the following observations and proposals can be made:
1. High SNR increases measurement accuracy (SS-RSRP/-RSRQ/-SINR) as expected.
Delta SS-RSRP/-RSRQ/-SINR are affected by the measurement period, i.e., the number of samples. As expected, 5 measurement samples achieve the highest accuracy. 1 measurement sample show accuracy degradation as compared with 3 and 5 samples.

Measurement accuracy (SS-RSRP/-RSRQ/-SINR) is not significantly affected by different SCS values and SS burst periodicity. The simulation results show no significant difference in the SS-RSRP accuracy between SS burst periods 5 ms and 20 ms.
Simulation results show that there is no significant difference between delta SS-RSRP, delta SS-RSRQ and delta SS-SINR. 

1. Option 1 – no new measurement accuracy requirements for measurement samples ≥ 3 at SNR greater than -7 dB
      Option 2 – new measurement accuracy requirements are needed for measurement samples = 1 at SNR ≤ -6 dB
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