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Introduction
In the previous RAN4 meetings, MIMO correlation matrices for high, medium, and low correlation antenna configurations were proposed [1]. In this contribution, we study this problem using an electromagnetic-based solver [2] for full-wave electromagnetic field solutions of the scenarios. The coefficients of MIMO correlation matrices in this contribution are obtained via post processing of these field solutions. Typical micro-cell scenarios are selected according to [3-5]. Our simulation results show that high and low correlation antenna configurations provide corresponding results compared with [1] for MIMO correlation matrices; however, we find that the medium correlation configuration does not provide a MIMO correlation matrix with required properties and believe that other, more suitable configurations should be considered. 
Development of the scenarios
Typical micro-cell scenarios have been carefully designed according to [3-5]. Our investigations show that simulation of these scenarios can replace the average of SCM efficiently in link layer simulation. Maximum throughput and symbol error rate (SER) for the SCM model have been averaged over 100K realizations and the results are comparable with the average maximum throughput and the SER of all the designed scenarios for low, medium, and high correlations derived from results from our electromagnetic solver. Some preliminary results are given in [6]. 
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Figure 1: Micro-cell scenario, BS heights: 3m, 8m, 13m and MS height: 1.5m (all the buildings are 12m high)
The micro-cell scenario is modelled as shown in Fig. 1. Six cases for BS antenna heights of 3m, 8m and 13m for LOS and NLOS with three different antenna configurations [1] are simulated using our model [2]. The MIMO correlation matrices are obtained from the results of these simulations.
Antenna configurations
The following antenna configurations are used in the simulations as specified in [1].
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Figure 2: Antenna configuration for high correlation type
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Figure 3: Antenna configuration for medium correlation type
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Figure 4: Antenna configuration for low correlation type
Correlation matrices in MIMO systems
For a narrowband MIMO system of N antenna inputs in the mobile station and M antenna outputs in the base station, the relation between input and output of the system can be expressed as:
	
[image: image5.wmf]()()()(),

tttt

=+

yHsz


	(1)


where y(t) is the vector of output signal, s(t) is the vector of input signal, z(t) is the additive noise vector. H is the narrowband MIMO radio channel matrix given as:
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In (2), 
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 is the complex transmission coefficient from antenna m in the output to antenna n in the input.
The spatial complex correlation coefficient in the BS and MS can be derived as [7]:
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In (3), 
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computes the correlation coefficient between a and b. Given (3), we can define the following symmetrical complex correlation matrices, 
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The spatial correlation matrix of the MIMO radio channel is the Kronecker product (
[image: image11.wmf]Ä

) of the spatial correlation matrix at the MS and the BS given by
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Equation (5) is valid if we have the same polarization for all antenna elements. For different antenna polarizations, (5) changes as follows [1]:
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where Γ is the polarization matrix and ● stands for the element product.

The simulation scenarios in this contribution are for a 
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MIMO system. In this case, (4) can be written as:
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which corresponds to the notations used in [1]. Therefore, the polarization matrix for high correlation type is [1]:
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The polarization matrix for medium correlation and low correlation is [1]:
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Simulation results

Simulations of the typical micro-cell environment given in Fig. 1 are run in an electromagnetic-based solver [2] and the antenna configurations are selected as given in Figs. 2-4. The results are summarized in Table 1 along with the results of [1] as follows:

Table 1: Correlation values for high, medium, and low correlation type

	Low correlation
	Medium correlation
	High correlation
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	0
	0.31-0.2i
	0
	-0.13-0.38i
	1
	0.15
	1
	0.26
	0.53+0.7i
	0.67-0.22i
	-0.42+0.24i
	0.77i


Thus the correlation matrix for high correlation is:
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And for medium correlation is:
	
[image: image25.wmf]Medium

MIMO

100.110

0100.11

.

0.11010

00.1101

=

éù

êú

-

êú

êú

êú

-

ëû

R


	(11)


And finally for low correlation is:
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To evaluate the properties of
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, the eigenvalues and condition numbers of these three matrices are provided in Table 2 along with those of [1]:
Table 2: Eigenvalues and condition numbers for high, medium, and low correlation type

	Correlation Type
	Eigenvalues
	Condition Numbers

	High
	{0.07 ,0.39, 0.52, 3.02}
	{0.06, 0.18 ,0.97, 2.79} [1]
	44.5
	44.51 [1]

	Medium
	{0.89, 0.89, 1.11, 1.11}
	{0.27, 0.27, 1.73, 1.73} [1]
	1.24
	6.31 [1]

	Low
	{0.73, 0.73, 1.27, 1.27}
	{1, 1, 1, 1} [1]
	1.73
	1 [1]


Conclusions
Through our analysis of the eigenvalues of 
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, we can see that our results for antenna configurations for both high and low correlations provide corresponding results compared with [1] while that is not the case for medium correlation configuration. This might be due to the rich scattering environment used in the simulation. 
As a further study, we will look at the complexity of this technique. In addition, we will study the effect of BS height on the correlation matrices. In addition, we will investigate antenna design configuration for medium correlation.
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