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Introduction
RS-SINR measurement for multicarrier load distribution has been discussed in RAN4. In RAN4 #78bis, way forward on test case list for absolute and relative RS-SINR accuracy requirements was agreed [1]. In this contribution we provide simulation results and our recommendation for RS-SINR measurement accuracy requirements. 
Discussion
Simulations results Accuracy in AWGN channel
Our simulation results are based on simulation assumptions agreed in the RAN4 #76 way forward [2]. Key parameters of the simulation are provided in Table 1.
Table 1: Link level simulation assumptions for RS-SINR measurement
	Parameters
	Value

	Measurement bandwidth
	6 resource blocks, 

	System bandwidth
	50 resource blocks

	Measurement sampling rate
	

	L3 filtering
	Disabled

	Transmit antenna
	1

	Receive antennas
	2

	Propagation conditions
	AWGN

	DRX/DTX
	OFF

	CP length
	Normal

	Carrier frequency
	2 GHz



In Figure 1, we show the average measured RS-SINR for an AWGN channel (without any frequency offset) as a function of the set RS-SINR. We can see that the measured average SINR monotonically increases with input SINR. At low SINR, i.e, at SINR < 0dB, bias in measured SINR is observed. The bias is fundamentally due to difficulty in distinguishing signal from noise at low SINR. In the simulation we conducted, mis-classifying some of the noise energy as signal energy, resulted in signal over-estimation and noise under-estimation.
Observation 1: At SINR < 0dB, measured SINR suffers from bias due to mis-classfiication of noise and energy. As SINR reduces, the bias increases.
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Figure 1. Average RS-SINR measurement as a function of set SINR
In Figure 2, we show the distribution of the measured SINR for different set SINR values. Table 2 summarizes the accuracy performance of the RS-SINR measurement. 
Table 2: Accuracy performance of RS-SINR measurement
	Set SINR (Ec/Iot)
	~5 to 95 percentile
	Absolute accuracy

	-6dB
	-7.5 to -2 dB
	±4 dB

	-3dB
	-4.25 to 0.25 dB
	±3 dB

	15dB
	13 to 17 dB
	±2 dB

	20dB
	18 to 22 dB
	±2 dB



As expected, accuracy degrades very quickly at lower SINR values. Even under AWGN scenarios, at -3dB, 5 to 95 percentile of the measured SINR distribution is contained within -4.25 to 0.25dB (4.5dB support), while at -6dB, the 5 to 95 percentile the measured SINR distribution is contained within -7.5 to -1.5 dB (5.5dB support). 


	SINR = -6dB 
	SINR = -3dB

	[image: ]
	[image: ]

	SINR = 15dB
	SINR = 20dB
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Figure 2: RS-SINR measurement distribution for different SINR values for AWGN channel
The distribution widens by about 1dB as the set SINR moves from -3 to -6dB. Further, due to increase in bias in measurement, the accuracy of measurement degrades further as SINR reduces. Even without any implementation margins, the accuracy performance at -6dB is ±4 dB, while that at -3dB is ±3dB. At higher SINR values, i.e., at 15 and 20dB, the measured SINR distribution has support of ±2dB. 
Observation 2: At low SINR, the accuracy degrades very quickly as both signal energy and (noise + interference) energy are estimated inaccurately. The 5 to 95 percentile support of measured SINR distribution at -6dB is as large as 6 dB, while that at -3dB is 4.5dB. 
Observation 3: At high SINR, i.e., upto 20dB, the distribution support is approximately ±2dB.
Proposal for accuracy requirements
 Absolute Accuracy
Based on Observation 1 and 2, we conclude that for the purposes of defining requirements, it is reasonable to set the lower side condition to -3dB. Further, considering implementation margin, the absolute accuracy requirement at        -3dB should be ±4dB. 
Proposal 1: Preferred lower side condition for accuracy requirements is -3dB. The absolute accuracy requirement at -3dB should be ±4dB.
If two lower side condition is agreed to be -6dB, then the requirement needs to different from -3dB. Based on the results and considering implementation margin, the absolute accuracy requirement for -6dB should be at least ±5dB.
Proposal 2: If -6dB is considered as another lower side condition, then absolute accuracy requirement at -6dB should be ±5dB.
In the way forward agreed in RAN4 #78bis [1], 20 dB was identified as a target high SINR side condition. We propose that for the purpose of defining requirements 20dB be set as the high SINR side condition. Further, considering implementation margin, the absolute accuracy requirement should be ±3dB.
Proposal 3:  Higher side condition for accuracy requirements should be 20dB. The absolute accuracy requirement at 20dB should be ±3dB.
 Relative Accuracy
Relative accuracy between two measurements is the sum of absolute accuracy of the individual measurement. Hence, the relative accuracy requirement at -3dB should be ±8dB, at -6dB should be ±10dB, and at 20dB should be ±6dB.
Proposal 4: The relative accuracy requirement at -3dB should be ±8dB.
[bookmark: _GoBack]Proposal 5: If -6dB is considered as another lower side condition, then the relative accuracy requirement at -6dB should be ±10dB.
Proposal 6: The relative accuracy requirement at 20dB should be ±6dB.
Conclusion
In this contribution, we presented simulations results for RS-SINR measurements of in AWGN channel. Based on the simulation results we make the following proposals.
Proposal 1: Preferred lower side condition for accuracy requirements is -3dB. The absolute accuracy requirement at -3dB should be ±4dB.
Proposal 2: If -6dB is considered as another lower side condition, then absolute accuracy requirement at -6dB should be ±5dB.
Proposal 3:  Higher side condition for accuracy requirements should be 20dB. The absolute accuracy requirement at 20dB should be ±3dB.
Proposal 4: The relative accuracy requirement at -3dB should be ±8dB.
Proposal 5: If -6dB is considered as another lower side condition, then the relative accuracy requirement at    -6dB should be ±10dB.
Proposal 6: The relative accuracy requirement at 20dB should be ±6dB.
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