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1 Introduction

In the LTE test plan, the test time for each signal level and each DUT orientation is not explicitly defined. Short test time can be achieved with AWGN channel or high Doppler. However, with slow fading, longer test time may be needed to achieve reasonable fading statistics.

In this contribution we discuss the impact of fading length on average power and MIMO correlation.

2 Simulation Results

The simulations were done by Matlab®. We created Rayleigh fading signals with specific correlations for MIMO.

2.1 Power 

1.000.000 impulse responses (IRs) were generated and normalized to gain μ
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where S is the number of samples (one million) and hs is the complex gain of the impulse response s. 

Different sub-sets of samples were picked up from the IRs. The standard deviation, σ, of the average gain of the sub-sets was calculated. Figure below shows how the deviation decreases when the test time is increased. If the emulated distance is over 1000 wavelengths ((), the standard deviation of power error is less than 0.1. If the distance is 100 (, the standard deviation of power error is roughy 0.25.

If too short emulation length is chosen, the average channel gain between different emulations, e.g. between different SNR points, may vary according to standard deviation of channel gain. Thus it is beneficial to emulate longer period of a channel to average out the statistical (and natural) variation of fast fading.
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2.2 Amplitude Distribution 

The amplitude distribution from the above simulation case was calculated and plotted below. The figure shows clearly that 7.8 ( is unacceptable, but already 78 ( seems to be close to ideal.
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2.3 Spatial Correlation 

In this simulation two vectors of uncorrelated impulse responses were generated. Then different correlations were added to the IR vectors. The correlation varies from 0.1 to 0.9 and coded in different colors. 
Different sub-sets of samples were picked up from the IRs. The correlation between the sub-sets are calculated, and the standard deviation, σ, of the correlation was calculated. Figure below shows how the correlation error decreases when the test time is increased. If the emulated distance is over 1000 wavelengths ((), the correlation error is less than 0.1. If the distance is 100 (, the correlation error is less than 0.25. Luckily, the correlation error for high correlations (which are more critical) is lower.
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3 Discussion

Based on the above simulations we see that a rule of thumb, 1000 ( emulation lenght, can be set. In Round-robin tests, several device orientations and several power levels improve the result via averaging. Therefore, in round-robin tests, even shorter emulation lengths could be used. However, we do not recommend anything less than 100 (.

The test time depends on the minimum emulation length, carrier frequency fc and mobile speed as follows, emulation length in wavelength is equal to emulation length in time multiplied with the maximum Doppler frequency,
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where d is the emulation length in wavelength, t is the emulation length in time, v is the mobile speed, c is the speed of light, and fc is the center frequency.

Table below summarizes the situation.

Table. Minimum test time
	
	Emulation length 100 (
	Emulation length 1000 (

	
	fc = 800 MHz
	fc = 2 GHz
	fc = 2.6 GHz
	fc = 800 MHz
	fc = 2 GHz
	fc = 2.6 GHz

	Mobile speed 3 km/h
	45.0 s
	18.0 s
	13.8 s
	450 s
	180 s
	138 s

	Mobile speed 30 km/h
	4.50 s
	1.80 s
	1.38 s
	45.0 s
	18.0 s
	13.8 s

	Mobile speed 120 km/h
	1.13 s
	0.45 s
	0.35 s
	11.3 s
	4.5 s
	3.5 s


4 Proposal

Based on the above simulations we recommend that at least 1000 ( is emulated in MIMO OTA. However, in some urgent round-robin tests, lower number can be used, but never less than 100 (. To minimize the test time, we recommend that 30 or 120 km/h mobile speed is used in round-robin tests.
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