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1. Introduction
Purpose of this study is to compare settings and measurement methods to optimize measurement time while preserving acceptable uncertainty budget. We would also like trigger further discussion on this type of test procedure optimizations in RAN4.
2. Discussion

To minimize testing expenses one must find balance between accuracy and testing time. Especially important this is for OTA testing as it 10-100 times more time consuming than conducted measurements. This aspect has recently been almost forgotten in RAN4 MIMO OTA work. This paper shows that anechoic MIMO OTA measurement efficiency can be improved vastly from the current state.
3. Optimizing Test Procedure
Measurement DUT

In order to estimate and compare different methods and settings in OTA MIMO testing procedure comparison measurement was performed with 6 commercially available LTE devices. Phones 1-3 were tested at LTE 7 band and phones 4-6 were in LTE 13 band.
Measurement configuration
All measurements were performed with the data hand.  
Channel models used were SCME Urban Micro-cell (UMi) and SCME Urban Macro-cell (UMa) model as described in [1]. Eight uniformly distributed dual polarized antennas were used. The middle channel parameters were used from Table 7.1-1 in [1] with exception of HARQ = 4 (0,2,3,1).
Throughput target value [image: image2.png]Ttarget



 of 70% is used throughout this paper as used in [2].

TMT Statistical Accuracy

CTIA defines maximum uncertainty limits for TIS measurement in free space 2.3dB (k=1.96) [3]. Total uncertainty of OTA MIMO measurement can also be estimated to be same magnitude than uncertainty of TIS measurements.
The Total MIMO Throughput is defined as: 
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 , where M = 12, N=3 [2, 4]
In this study[image: image5.png]TMT,» = 0.23dB (k = 1.96) = 0.12dB (k = 1)



 target is used which is a small fraction of the estimated total uncertainty. The [image: image7.png]TMT,,,



 is Statistical uncertainty of Throughput measurement error term in Table B.1 7 [1]. To calculate needed single MIMO Throughput sensitivity measurement accuracy ([image: image9.png]MTS oy



) one can use following equation if assuming expected value of [image: image11.png]MTS



 to be constant and error is normally distributed:
 [image: image13.png]MTSppy =AM * N * TMTypr = V3 * 12 * 0.12dB = 0.70 dB (k = 1)




As [image: image15.png]MTS



 values are not constant in the antenna pattern this leads too high error target as not all [image: image17.png]MTS



 values have the same contribution to[image: image19.png]TMT



. From the measurements in data hand one can get realistic distribution of the [image: image21.png]MTS



 values. Example of measurement results for XY, XZ and YZ-planes [4] are in Figure 1. Assuming [image: image23.png]MTS oy



 as normal distributed and applying it to the measured [image: image25.png]MTS



 values one can simulate estimation of error conversion ratio  [image: image27.png]Rerr = MTSorr/TMT,,,



 .
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Figure 1 Example result of XY-, XZ- and YZ-planes
	
	UMi
	UMa
	

	Phone 1
	5.8
	5.8
	LTE 17

	Phone 2
	5.6
	5.6
	

	Phone 3
	5.8
	5.7
	

	Phone 4
	5.8
	5.8
	LTE 7

	Phone 5
	5.7
	5.8
	

	Phone 6
	5.8
	5.7
	


Table 1, [image: image32.png]Rerr



 values for [image: image34.png]TMT,,, ~ 0.2dB (k = 1.96)



 
Minimum [image: image36.png]Rerr



 value from Table 1 is 5.6 and variation is relatively small between phones, frequencies and channel models. To have enough safety margins [image: image38.png]Rerr = 4.7



 is used resulting  [image: image40.png]MTS oy



 uncertainty target of:
[image: image41.png]MTSorr = Royy * TMTopry = 4.7 * 0.23dB/1.96 = 0.55dB (k. = 1)




Step- and linear-methods
Two different test procedure methods are compared in this study. Both compared methods use same search algorithm described in Figure 2. One throughput measurement [image: image43.png]


 is measured bellow throughput target [image: image45.png]Ttarget



 at power level [image: image47.png]


 Another throughput measurement point [image: image49.png]Thigh



 has to be equal or above  [image: image51.png]Ttarget



 and measured at power level [image: image53.png]Phigh.



 Difference of the power levels [image: image55.png]Phigh



 and [image: image57.png]


 is [image: image59.png]Pstep.



  The throughput values [image: image61.png]


 and [image: image63.png]Thigh



 are measured using [image: image65.png]Trrames



 subframes. 

[image: image66]

Figure 2 Search algorithm flowchart
In step-method result is:




[image: image68.png]MTS = Ppign



 [2]
In linear-method and result is obtained using linear interpolation:
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Step size

Accuracy of the methods with 0.5dB and 1.0dB steps size [image: image71.png]Pstep



 is studied. One should note that step size will affect step-method average result whereas linear-method is relatively insensitive to step size changes.
Subframes count

Subframes count [image: image73.png]Trrames



 of 2000, 3000, 4000, 5000, 10000, 15000 and 2000 is used to analyse accuracy achievable for each subframes count.
Throughput curve
Example of throughput curve of UMi channel model can be seen in Figure 3.
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Figure 3 Example throughput curve

Speed

Three different speeds were studied[image: image76.png]V = 3,30 and 120km/h



.
[image: image78.png]MTS, .



 Measurement
Each [image: image80.png]MTS



result was measured 10 times in a row and standard deviation of the results is calculated and used as an estimate of the[image: image82.png]MTSor (k= 1)



. This measurement is repeated for 12 phi-rotation angles separated by 30 degrees and average of those results is used. All statistical analyses presented in this paper are average of 12 phi-rotated results i.e. calculated from 120 individual measurement results. 
4. Results

Methods
Comparing step- and linear-methods in Figure 4 shows advantage of the linear interpolation compared step-method at any [image: image84.png]Thiocks



 tested. On an average the linear-method archives same error target using 20-50% less subframes compared to step-method. For an example the step-method with 20000 subframes yields to[image: image86.png]MTS, = 0.2dB



 in Figure 4. The same accuracy can be archived with linear-method using 8500 subframes.
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Figure 4 Linear- and step-method comparison
Step size

Average accuracy with [image: image89.png]Pstep



 values 0.5dB and 1.0dB for the linear-method are in Figure 5 and for the step-method in Figure 6. The linear-method needed 20% more subframes when [image: image91.png]Pstep



 is changed from 0.5 to 1.0dB to maintain accuracy constant. For the step-method about 100% more subframes is needed when the step size was increased. 
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Figure 5 Linear-method with different [image: image95.png]Pstep





Figure 6 Step-method with different [image: image97.png]Pstep




Subframes
In Tables 2-7 are listed subframes needed to archive[image: image99.png]MTS, = 0.55dB



. Results are linearly interpolated between subframes counts of[image: image101.png]


 2000, 3000, 4000, 5000, 10000, 15000 and 2000.
	
	UMi
	UMa
	

	
	Linear
	Step
	Linear
	Step
	

	Phone1
	<2000
	<2000
	<2000
	<2000
	LTE 17

	Phone2
	<2000 
	<2000
	<2000
	2100
	

	Phone3
	<2000 
	<2000
	<2000
	<2000
	

	Phone4
	2100
	2600
	2600
	4200
	LTE 7

	Phone5
	2400
	2800
	2400
	3600
	

	Phone6
	2600
	3100
	3300
	4600
	





Table 2 Subframes for[image: image103.png]Pgtep = 0.5dB



 and[image: image105.png]V = 3km/h




	
	UMi
	UMa
	

	
	Linear
	Step
	Linear
	Step
	

	Phone1
	<2000
	2700
	<2000
	2800
	LTE 17

	Phone2
	<2000
	2200
	<2000
	2900
	

	Phone3
	<2000
	2400
	<2000
	2800
	

	Phone4
	3500
	6600
	4400
	8900
	LTE 7

	Phone5
	3400
	6800
	3800
	7500
	

	Phone6
	2700
	5200
	4800
	9200
	





Table 3Subframes for [image: image107.png]Pstep = 1.0dB



 and[image: image109.png]V = 3km/h




	
	UMi
	UMa
	

	
	Linear
	Step
	Linear
	Step
	

	Phone1
	<2000 
	<2000 
	<2000 
	<2000
	LTE 17

	Phone2
	<2000 
	<2000 
	<2000 
	<2000
	

	Phone3
	<2000 
	<2000 
	<2000 
	<2000
	

	Phone4
	<2000 
	<2000
	<2000 
	<2000
	LTE 7

	Phone5
	<2000
	<2000
	<2000
	<2000
	

	Phone6
	<2000 
	<2000 
	<2000 
	<2000
	





Table 4 Subframes for [image: image111.png]Pstep = 0.5dB



 and[image: image113.png]V = 30km/h




	
	UMi
	UMa
	

	
	Linear
	Step
	Linear
	Step
	

	Phone1
	<2000 
	<2000 
	<2000 
	<2000
	LTE 17

	Phone2
	<2000 
	2000
	<2000 
	<2000
	

	Phone3
	<2000 
	<2000 
	<2000 
	2100
	

	Phone4
	<2000 
	2000
	<2000 
	3400
	LTE 7

	Phone5
	<2000 
	2400
	<2000
	3300
	

	Phone6
	2000
	3200
	<2000
	3200
	





Table 5Subframes for [image: image115.png]Pstep = 1.0dB



 and[image: image117.png]V = 30km/h




	
	UMi
	UMa
	

	
	Linear
	Step
	Linear
	Step
	

	Phone1
	<2000 
	<2000 
	<2000 
	<2000
	LTE 17

	Phone2
	<2000 
	<2000 
	<2000 
	<2000
	

	Phone3
	<2000 
	<2000 
	<2000 
	<2000
	

	Phone4
	<2000 
	<2000 
	<2000 
	<2000
	LTE 7

	Phone5
	<2000 
	<2000
	<2000 
	<2000
	

	Phone6
	<2000 
	<2000 
	<2000 
	<2000 
	





Table 6 Subframes for [image: image119.png]Pstep = 0.5dB



 and[image: image121.png]V = 120km/h




	
	UMi
	UMa
	

	
	Linear
	Step
	Linear
	Step
	

	Phone1
	<2000 
	<2000 
	<2000 
	2100
	LTE 17

	Phone2
	<2000 
	<2000 
	<2000 
	<2000 
	

	Phone3
	<2000 
	<2000 
	<2000 
	2000
	

	Phone4
	<2000 
	2700
	<2000
	2800
	LTE 7

	Phone5
	<2000
	<2000
	<2000 
	3200
	

	Phone6
	<2000
	2400
	<2000
	<2000
	





Table 7Subframes for [image: image123.png]Pstep = 1.0dB



 and[image: image125.png]V = 120km/h




5. Conclusion
To archive good measurement speed and accuracy with minimal change in measurement procedure linear-method is preferred over current step-method. The linear-method offers 20%-50% reduction in measurement time over the step-method.

Using measurement settings described in chapter 3.2 following settings provide [image: image127.png]TMT,,» = 0.23dB (k = 1.96)



  when used with the linear-method:
1) for the speed of 3 km/h and frequencies < 1.7 GHz: 
[image: image129.png]Tframes = 5000



 and [image: image131.png]Pstep < 1.0 dB




2) for the speed of 3 km/h and frequencies  [image: image133.png]


1.7 GHz:  [image: image135.png]Ttrames = 2000



 and [image: image137.png]Pstep < 1.0 dB




3) for the speed of 30 km/h and 120 km/h:

[image: image139.png]Ttrames = 2000



 and [image: image141.png]Pstep < 1.0 dB




We would like to initiate further discussion and considerations in RAN4 on test procedure optimizations based on the findings presented in this contribution. 
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