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1.	Introduction
In the document of SNR estimation in [1] and [2], the SNR estimation is given for 50%-tile power level as is. In the RAN5#82 meeting, the question raised that how the noise impacts depending on the statistics of CDF curve, and it is set as FFS item in WF[1].  This paper provides the analysis for this topic.
2.	Discussion
2.1.	Impact from noise to EIRP CDF curve
Here we consider the noise impacts EIRP CDF curve for constant density grid and constant step size grid respectively.
Constant density grid
Assume the ideal AWGN noise and infinite mean time(or enough long time obtaining the stable measured power of noise), EIRP measured at grid #i is given by.

Where N is the noise floor of the test system, and is constant regardless of the measurement grid and polarization. It is clear that the impact from noise always works as constant power offset which is same for all the grids. Hence, the noise does not change the order of the measured EIRP values, i.e. if two EIRPs obtained in noiseless equipment are   < , then the corresponding measurement results measured with equipment with some noise are always  < . This means that CDF curve is just shifted by 10log10(1+1/SNR) [dB] towards right side.
Observation 1 : For constant density grid, the impact from noise always works as constant power offset which is same for all the grids. Hence, the noise does not change the order of the measured EIRP values. This means that CDF curve is just shifted by 10log10(1+1/SNR) [dB] towards right side for all the percentile points.
Constant step size grid using sin(theta) scaling
As written in TS 38.521-2, Annex M, the sin(theta) scaling needs to be used to derive CDF of EIRP when constant step size grid is used. 
For constant step size measurement grids, the CDF analyses require the PDFs to be scaled by sin(theta).
This is because the sampled EIRP on constant step size grid represent the EIRP of different area size over the whole sphere ( if the area of whole sphere is 1), then the CDF(or PDF) needs to be scaled by its area size to emulate the sampling on equal area grid(e.g. constant density grid). We here need to put stress here that we do not modify the measured EIRP value, but we modify (scale) the probability density, and that scaling only depends on the grid position . 
Observation 2: For constant step size grid, we do not modify the measured EIRP value, but we modify (scale) the probability density, and that scaling only depends on the grid position. 
Observation 2 means that the magnitude relationship between sampled data with and without noise does not change, which is same as constant density grid. This means that CDF curve is just shifted by 10log10(1+1/SNR) [dB] towards right side even for constant step size grid.
Observation 3 : Even for constant step size grid, CDF curve is just shifted by 10log10(1+1/SNR) [dB] towards right side for all the percentile points.
2.2.	Simulation of EIRP CDF with Noise
Here we confirm observation 1 and observation 3 using simulation. EIRP CDF curve with and without test system noise can be simulated by assuming antenna array model and beam forming model. We conducted a simulation using the same antenna array and beam forming model as used for the study of measurement grid for spherical coverage in TR38.810.
-	Two 8x2 antenna arrays are integrated in the UE for the spherical coverage analyses
-	The implementation loss for the antenna near the front is 5dB less than that for the antenna near the back
-	For Beam Steering Assumptions
-	In the xz plane, 45o beam steering granularity (from 45o to 135o) has been used
-	In the xy plane, 22.5o beam steering granularity (from -90o to 90o) has been used
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Figure G.3.1-1:  Illustration of the two antenna arrays integrated in the UE.
Figure 2 shows the simulation result of EIRP CDF curves with and without test system noise. Noise level of 10dBm is assumed in this simulation. As seen, the CDF curve is just shifted towards right direction by 10log10(1+1/SNRlin) dB. 
[image: ]
Figure 2　Example of spherical coverage simulation with and without noise
(266 point constant step size grid)
Note that in figure 2, only the one realization of random relative orientation between the simulated UE and the respective measurement grid is shown. For other realization the conclusion is the same, and all the CDF curve realization will be shifted by 10log10(1+1/SNRlin) dB. Table 1 shows the result of mean and STD of 50%-tile EIRPs.
NOTE : To save the time 10 realization for @1deg and 1000 realization for @15deg is used for random relative orientation.
Table 1 50%-tile value MU result
	Grid
	Noise [dBm]
	50%-tile
Mean [dB]
	50%-tile
STD [dB]

	Constant step size @1deg 
	-inf
	15.921
	0.0020

	
	10 
(SNR=5.921dB@50%-tile)
	16.910
	[bookmark: _GoBack]0.0016

	Constant step size @ 15 deg 
	-inf
	15.923
	0.138

	
	10
(SNR=5.923dB@50%-tile)
	16.912
	0.110


The mean power shift matches with . Hence not only each realization, but also statistically, the mean power shift is 10log10(1+1/SNRlin).
2.3.	Power level used for evaluation of “impact from noise” and test limit issue
 Observations 1 and 3, and experiments in section 2.2 indicate that  it is enough to evaluate the SNR for the core requirement level(minus permitted relaxation) regardless of the CDF curve shape, measurement grids for the purpose of test limit evaluation.
Proposal 1 : Use core requirement level(50%-tile value for PC3) minus multi-band relaxation for the evaluation of “impact from noise” and test limit issue.

3.	Conclusion
Observation 1 : For constant density grid, the impact from noise always works as constant power offset which is same for all the grids. Hence, the noise does not change the order of the measured EIRP values. This means that CDF curve is just shifted by 10log10(1+1/SNR) [dB] towards right side for all the percentile points.
Observation 2: For constant step size grid, we do not modify the measured EIRP value, but we modify (scale) the probability density, and that scaling only depends on the grid position . 
Observation 3 : Even for constant step size grid,  CDF curve is just shifted by 10log10(1+1/SNR) [dB] towards right side for all the percentile points.
Proposal 1 : Use core requirement level(50%-tile value for PC3) minus multi-band relaxation for the evaluation of “impact from noise” and test limit issue.
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