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1 Abstract
This TP proposes the text to be included in section 8.3 of TR 37.977, describing channel model validation procedures for the decomposition method.
2 Introduction

The description for the validation of channel models in the decomposition method is detailed for section 8.3 of TR 37.977. It is assumed that version 0.7.0 of TR 37.977 will be approved at the beginning of the Barcelona meeting, and therefore that version is taken as the basis for this TP.

--- Text Proposal starts ---

8.3.3
Reporting
Additionally, the results should be summarized in the following table:
Table 8.3.3-1: Table template for reporting validation results.
	Item
	Parameter
	Result
	Tolerances
	Comments

	1
	Power delay profile
	
	
	

	2
	Doppler / Temporal Correlation
	
	
	

	3
	Spatial Correlation
	
	
	

	4. 
	Cross Polarization
	
	
	


Note: The exact tolerances are for further study.

8.3.x
Validation of Channel Models in the Decomposition Method
8.3.x.1
Introduction

The validation of the channel model is only required in the conducted test as the radiated test is performed without any fading applied within the chamber. The validation of the relevant parameters of the channel model is validated on the RF paths available on the instruments in use. 
The verification procedure for the decomposition method is performed in conducted mode only on BB signals. Broadband input signals defined in time domain may characterize broadband characteristics of the channel matrix in a single measurement. 
Four fading tests are selected to verify the most important characteristics of the BB fading simulator. The parameters include power delay profile (PDP), probability distribution of fading, Doppler frequency offset and correlation coefficients. 
8.3.x.2
Theoretical Background
A tapped delay line model for MIMO signal transmission is described by
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where tn = nt are time samples with the sampling size t and n = 0,1,…,N – 1; m is the delay of the mth path for 
m = 0, 1, …, M - 1; x[tn] is a vector of the input complex-valued signals, y[tn] is a vector of the output complex-valued signals and H[m,tn] is a MIMO channel matrix. 
For the 2x2 MIMO case we obtain
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where hkl denotes the impulse response of the channel kl between the kth input signal and the lth output signal 
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The complex gain coefficients hklm[tn] vary with time independently for all M paths. Depending on the selected type of a fading profile they may vary in time, for example, according to a Rayleigh probability distribution. In the most expanded form the model for MIMO signal transmission can be noted
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It can be noticed that all single elements of the channel matrix hkl can be evaluated separately if one of the input signals xk[tn] = 0 and an appropriate output signal yi is observed. This possibility establishes the basis for performance verification of the baseband fading simulator. 
The channel models from section 4.4.1 do not provide instantaneous information about the channel matrix H[m,tn]. Instead second-order statistics can be found from the model parameters describing long-term properties of the channel matrix. The statistics are defined by the correlation matrix Rspat,m which describes temporal correlations between the elements hkl of the channel matrix for a given m path. If complete independence of the base station and UE propagation environments are assumed then the Kronecker model for the correlation matrix Rspat,m can be used
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where m denotes the correlation coefficient of the base station antennas and m denotes the correlation coefficient of the UE antennas for the mth path. In the conducted test UE correlation is m = 0 since the antenna system of UE is characterized in the radiated test of the decomposition method. Determination of the base station correlation coefficient from the channel model parameters is presented in a simplified way in section 4.4.2. 
8.3.x.3
Verification Setup
All verification measurements are performed using the same hardware setup consisting of the fading simulator and a signal & spectrum analyzer. The input sequences xA[tn], xB[tn] are created internally using an arbitrary waveform generator. The sequences are routed inside the instrument to four independent fading simulators which implement respective elements hkl of the channel matrix H[m,tn] to create the selected channel model. The faded and summed signals are routed to the outputs yA[tn], yB[tn]. Time samples of IQ data yl[tn] are sent over the BB digital interface from the output of the fading simulator to the input of the signal & spectrum analyzer. The analyzer measures and visualizes the data using an IQ analyzer option. Both instruments are synchronized using the same reference clock signal. The generation of the xA[tn], xB[tn] sequences is triggered by the analyzer at the trigger input port after some pre-defined time delay to allow start-up time for the fading simulators. This allows reproducible fading simulation. At the beginning of the time sequence xA[tn] generation, a marker signal is sent to the analyzer which starts recording of the output signal yl[tn] in a reproducible way. 
Measurements on the two output ports of the fading simulator have to be made one after the other. 
It is essential to decide whether the verification test shall verify instrument performance or implementation of the channel models. In the latter case the most relevant instrument settings shall be the same as during an OTA test. The second approach is more relevant since it proves the implementation of channel models. Furthermore the verification test may help to define proper instrument settings. 
First of all the measurement time to evaluate a channel model parameter shall be the same as during an OTA test. Since throughput shall be evaluated at least over 20 000 subframes during the OTA test, the measurement time was set to 20 s. In the power delay profile test the sequence 3 (s was swept 10 000 times. The total measurement time was approximately 20 s as well due to additional overhead time between sweeps. Next UE speed and the RF (virtual) frequency shall be the same as in the OTA test. It was found critical to have low Doppler frequency offsets and short measurement times. Slowly varying signal samples recorded over short measurement time may not sufficiently converge to the required statistical distribution of the channel model coefficients hkl[tn]. The instrument settings for all verification tests are summarized in 4.4.5. 
Table 4.4.5 Summary of the instrument settings

	Test Type
	Power Delay Profile
	Probability 
Distribution
	Doppler Frequency Offset
	Correlation 
Coefficients

	Number of samples
N
	300
	200 000

	Sampling rate 
SR
	100 MHz
	10 kHz

	Time step size
(t  = 1 / SR
	10 ns
	100 (s

	Sequence duration
N (t 
	3 (s
	20 s

	Number of sweeps
I
	10 000
	1

	Channel model
	UMi MC/A; 
UMa MC/B
	Rayleigh_1tap_30kmh
	Rayleigh_1tap_30kmh,
β0 = 0; α0 = 0.007 or α0 = 0.429 or α0 = 0.995

	Virtual frequency of the fading simulator
	751 MHz and 2655 MHz

	Input signals
xA[tn], xB[tn]
	xA[tn] = δ[tn]
xB[tn] = 0
	xA[tn] = 1
xB[tn] = 0
	xA[tn] = 1
xB[tn] = 0
or xA[tn] = 0
xB[tn] = 1

	Output signals
yA[tn], yB[tn]
	yA[tn] 
	yA[tn], yB[tn]

	Error function
	(PDP [dB]
	(PD [%]
	Offset error [%]
	(α, (β


8.3.x.4
Power Delay Profile
When the input signal A is the Kronecker pulse xA[tn] = δ[tn] and the second input signal is empty xB[tn] = 0 then the output signal yA[tn] provides the impulse response of the channel element AA directly: 
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Averaging magnitudes of the impulse response over I sweeps provides the result to be validated
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The verification is evaluated by calculation of the normalized error (PDP
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where 
[image: image10.wmf][
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 is the reference power delay profile. 
8.3.x.5
Probability Distribution of Fading
A single tap (M = 1) with Rayleigh profile of magnitude distribution and speed = 30 km/h is used as the channel model “Rayleigh_1tap_30kmh” 
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For the input signals xA[tn] = 1 and xB[tn] = 0 the output signal contains the complex gain coefficients of the tapped delay model only. Therefore the probability distribution of the simulated coefficient can be evaluated by measurement
yA[tn] = hAA0[tn]

Post-processing parameters: 
Voltage bin width
ΔV = 0.01 V
Number of voltage bins
B = 81
A histogram of the output signal yA[tn] divided by the number of samples N and multiplied by the voltage bin width ΔV provides the probability distribution function of the output signal PDref[V] at the bins b = 0, 1, … B-1 over BΔV voltage range. 
The distribution function of a Rayleigh probability was used as a reference
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where 
[image: image13.wmf]A
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 denotes the sequence mean
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The verification is evaluated by calculation of the normalized error of the probability distribution (PD:
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8.3.x.6
Doppler Frequency Offset

The same channel model “Rayleigh_1tap_30kmh” and the input signals xA[tn] = 1 and xB[tn] = 0 as in section 4.4.3.5 are used again. Then the output signal contains the complex gain coefficients of the tapped delay model only: 
yA[tn] = hAA0[tn]
To observe the Doppler offset fd in frequency domain the Fourier transform is applied to the output signal yA[tn]. 
Y[fn] = FFT(yA[tn])
where the frequency vector is 
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The power normalization of the transform provides the normalized spectrum to be verified: 
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The Doppler offset fd is determined from measurements as a half of the frequency spread caused by the Doppler. More precisely, it corresponds to the half of the difference between the minimum and maximum frequencies where the signal power is larger or equal than the maximum power in the whole spectrum divided by 2. 
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The determination of the Doppler offset fd is presented in Figure 8.3.x.6-1.
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Figure 8.3.x.6-1: Determination of the Doppler offset fd
8.3.x.7
Correlation Coefficients

In order to verify the correlation coefficients αm and βm of the correlation matrix Rspat the cross-correlations between the respective elements of the channel matrix shall be calculated. 
A single tap (M = 1) with Rayleigh profile of magnitude distribution and speed 30 km/h is used as the channel model “Rayleigh_1tap_30kmh” with the coefficient α0 = 0.007, α0 = 0.429 or α0 = 0.995. In all the three channel models UE correlation coefficient was β0 = 0. The samples of the coefficient values were selected from the channel models UMi MC/A and Uma MC/B defined in the Appendix and represent wide range of their variation. Accordingly, the correlation matrix for a single tap was defined
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Let us define the input signals xA[tn], xB[tn] to perform three measurements yAA[tn], yBA[tn] and yAB[tn]. 
To measure yA[tn] = yAA[tn] and yB[tn] = yAB[tn] 
xA[tn] = 1
xB[tn] = 0
To measure yA[tn] = yBA[tn] 
xA[tn] = 0
xB[tn] = 1
Then the outputs depend only on the respective complex gain coefficients of the channel matrix
yAA[tn] = hAA0[tn]
yBA[tn] = hBA0[tn]
yAB[tn] = hAB0[tn] 
Therefore the cross-correlations between the channel matrix elements can be verified by evaluation of the cross-correlation between the output signals
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The correlation coefficients 
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 based on measurements are the cross-correlation products
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where the delay is 
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 are normalized that their autocorrelations at the delay 
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 are identically equal to 1. The measured coefficients at zero delay shall equal to the simulated correlation coefficients of the fading simulator
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The verification is evaluated by calculation of the correlation errors
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