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1. Introduction

In previous meetings it was agreed that the extended ITU model will be used to model the PDP of LTE channel models under different scenarios. The former work has covered the PDP and Doppler spectrum. However, the LTE MIMO channel model remains outstanding. In this proposal, the method on how to extend the work of [1] to the MIMO case is developed. A text proposal to 36.803 is provided in [6]. 

2. Major elements of the proposal
Correlation vs. geometry based. A correlation-based model structure provides the exact spatial correlation characteristics without requiring a lot of realizations. It has been shown in [2] that geometry-based models like SCM can only approximate the spatial correlation like the correlation-based method through a large number of realizations. For a single realization, the resulting spatial correlation can significantly depart from the specified spatial correlation corresponding to the specific antenna configuration. On the other hand, the correlation-based approach will achieve the exact spatial correlation for each single realization.

The correlation-based approach also decouples the implementation of Doppler spectrum and spatial correlation unlike the geometry-based model structure. Thus the Doppler spectrum can be accurately simulated without any limitation from the spatial correlation. Geometry-based models like SCM use 20 sub-paths to simulate the spatial correlation, and the limited number of sub-paths has to be further divided into mid-paths with each mid-path having several irresolvable sub-paths. Since the performance of sum-of-sinusoids depends greatly on the number of irresolvable sub-paths, such kinds of model will result in poor temporal correlation performance. The geometry model based on sum-of-sinusoids also shows poor performance when directive antennas are used.
The proposed correlation matrix is based on antenna configurations, polarizations, and patterns. Explicit antenna configuration specifications (base on IEEE 802.16e but with directive antennas) are proposed to cover the high, medium and low correlation cases. With this approach, the test can cover the performance of UEs under high, medium and low correlation with only three sets of correlation matrices. 

The effect of both antenna pattern and polarization is used. In real implementations, directive antennas are typically used at the BS side to increase gain, so the influence of directive antennas on the spatial correlation is considered. The correlation coefficients 3-sector antenna are provided.
Initial correlation provided only for the 2x2 case. Since this is the agreed baseline configuration it has been specified first. However, the methodology is easily extended to support different antenna configurations. 
Same AOA , AOD and ASes for all the paths of different scenarios to have per channel correlation matrix. To simplify the simulation, in this proposal, it is assumed that all the paths have the same AOA, AOD and AS parameter, which is different from the real case. In the real radio channel, since different paths can undergo different reflection and scattering, the AOA and AOD of each path will be different. With the given AOA, AOD and AS, different correlation matrix for each path can be got for the specified antenna configuration. However, it can be shown that for the per path correlation there is always an equivalent per channel correlation matrix. Thus to simplify the LTE MIMO channel model, it is assumed that all the paths have the same angular information to have the same spatial correlation matrix for all the paths and thus achieve the per channel correlation. Thus the proposed model retains low complexity by using per channel correlation matrix and at the same time have the advantages of being able to scale to MIMO channels with different dimensions and more realistic channel parameters including angular information, antenna configuration etc.
Explicit correlation matrix specification. An explicit correlation matrix is proposed for easy implementation and validation. The development of test cases does not require knowledge of how the correlation matrices are calculated.
How to calculate the spatial correlation and the correlation matrix can be provided as a reference. This method can be used to further extend the correlation matrix to higher dimensions with more transmitter antennas and receiver antennas. 
3. Development of the model

3.1 Reference correlation structure
As a first step of defining the LTE MIMO channel model, the structure of the model is chosen to be based on the correlation structure. There is an explicit spatial correlation matrix applied to the channel coefficients to generate the required spatial correlation. The correlation based model structure is shown in Fig.1 taken from [5].
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Fig.1 Correlation-based model structure

The spatial correlation matrix used in this model structure is the result of the spatial correlation at the base station antenna
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, the spatial correlation at the mobile terminal antenna 
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 and the polarization correlation
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. The spatial correlation matrix is the Kronecker product of these three correlation matrixes
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. This structure is proposed instead of the geometry structure [3] since the spatial and temporary correlation characteristics of the correlation-based model have better performance than that of the geometry-based model [2] and the spatial correlation is explicitly applied.
3.2 Extending the LTE model to spatial MIMO model

In [1], the PDP of ITU model of different scenarios has been extended to be used for LTE. This proposal will extend further the results in [1] to be a spatial MIMO model for LTE MIMO system test. The extension approach is to associate the angular information (AOA, AOD, AS per path) to each path of the PDPs in [1] for further applying spatial correlation.

To extend the current extended ITU model to MIMO case, besides the PDP and Doppler spectrum, for each path a pair of AOA and AOD is specified. The parameter is given for downlink case. That is, AOD is for the angle at the base station (BS) and AOA is for the angle at the mobile station (MS). However, the channel is assumed to be reciprocal for the same RF band. It is easy to use those parameters to get the correlation matrixes for uplink. In the real channel, for different path, it is highly probable that they have different angle of arrival (AOA) and angle of departure (AOD). This will result in different spatial correlation matrix for each path. However, it can be shown that for a given PDP, there will be an unique equivalent per channel correlation matrix for each per path correlation matrix. Thus to simply the model, the same AOA, AOD and ASes parameters are assumed for all the paths to do the per channel correlation directly.
The power azimuth spectrum (PAS) of the impinging path is assumed to follow the Laplacian distribution as in described in the following section. The per path AS at the BS side is specified to be 5 degrees, and the per path AS at the MS side is specified to be 68 degrees. Since the same AOD, AOD and ASes are specified for all the paths. The total AS of all the paths at the BS side is thus 5。, and the total AS of the angles at the MS side is thus 68。.The AOA and AOD and ASes of each path is given for each PDP in table 1. 

	Paths
	Extended Pedestrian A (EPA) 
	Extended Vehicle A (EVA)
	Extended Typical Urban (ETU)

	
	Excess tap 

delay (ns)
	Relative 

power (dB)
	AOA 

(degree)
	AOD 

(degree)
	Excess tap

 delay (ns)
	Relative 

power (dB)
	AOA 

(degree)
	AOD 

(degree)
	Excess tap 

delay (ns)
	Relative 

power (dB)
	AOA 

(degree)
	AOD 

(degree)

	1
	0
	0.0
	67.5
	50
	0
	0.0
	67.5
	50
	0
	-1.0
	67.5
	50

	2
	30
	-1.0
	67.5
	50
	30
	-1.5
	67.5
	50
	50
	-1.0
	67.5
	50

	3
	70
	-2.0
	67.5
	50
	150
	-1.4
	67.5
	50
	120
	-1.0
	67.5
	50

	4
	90
	-3.0
	67.5
	50
	310
	-3.6
	67.5
	50
	200
	0.0
	67.5
	50

	5
	110
	-8.0
	67.5
	50
	370
	-0.6
	67.5
	50
	230
	0.0
	67.5
	50

	6
	190
	-17.2
	67.5
	50
	710
	-9.1
	67.5
	50
	500
	0.0
	67.5
	50

	7
	410
	-20.8
	67.5
	50
	1090
	-7.0
	67.5
	50
	1600
	-3.0
	67.5
	50

	8
	
	
	
	
	1730
	-12.0
	67.5
	50
	2300
	-5.0
	67.5
	50

	9
	
	
	
	
	2510
	-16.9
	67.5
	50
	5000
	-7.0
	67.5
	50

	
	
	
	
	
	
	
	
	
	
	
	
	

	Path AS (degrees)
	
	
	68
	5
	
	
	68
	5
	
	
	68
	5

	Total AS (degrees)
	
	
	68
	5
	
	
	68.00
	5.00
	
	
	68.00
	5.00


Table 1 PDP and angular information

3.3 Antenna pattern

For the base station 3-sector antenna:
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is defined as the angle between the direction of interest and the bore sight of the antenna, 
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 is the 3dB beam width in degrees, and Am is the maximum attenuation. For a 3 sector scenario 
[image: image9.wmf]dB

3

q

 is 70 degrees, 
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3.4 Power Azimuth Spectrum
The power azimuth of a path arriving at the receiving antenna is assumed to follow the Laplacian distribution
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where 
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 is the AOA, 
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is the normalization factor which satisfies
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3.5 Per channel correlation matrix derivation

For the defined antenna configuration and angular information, the per path spatial correlation 
[image: image15.wmf]l
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can be calculated following the method in Appendix.A. Since the angular information is the same for all the paths. It can be seen easily that 
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is the same for different paths. Thus the per channel spatial correlation matrix 
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is just 
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Appendix A -correlation calculation

Spatial correlation calculation:
The calculation formula of spatial correlation in [4] is used to do the spatial correlation calculation. The numeric integration is used to get the correlation coefficients.

PAS of an impinging signal 
[image: image19.wmf])
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 is normalized so that it can be used as a probability density function (pdf)
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Laplacian PAS is used, that is
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The normalization condition turns to be 
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To calculate the spatial correlation between two antennas, it is further assumed that the far field assumption holds and the two antennas have exactly the same radiation pattern and the same bore-side direction as shown in Fig.2
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Fig.2 far field signal impinging on two directive antenna elements

As shown in Fig.2, the correlation between the two antennas will be
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The above formula works for both directive and omni-direction antennas.

For directive antenna, to avoid numerical stability problem, for small ASs, the following approximation is used
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Polarization correlation calculation:
Polarization correlation results from the cross polarization power ratio (XPR). The polarization matrix is given as
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Where v stands for vertical polarization and h stands for horizontal polarization. The first index denotes for the polarization at BS and the second index denotes for the polarization at the MS. It is assumed that the cross polarization power ratio per tap is 8 dB. That is
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The polarization matrixes at the BS and MS are the following respectively
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Where
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 are the polarization of the antennas of BS and
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are the polarization of the antennas of MS.

The total channel is the matrix product of BS polarization, channel polarization and MS polarization for the downlink case
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That is 
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Note that the row index of 
[image: image41.wmf]Q

is for BS and the column index is for MS. The elements of 
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should be permuted so that the row index is for MS antenna index and the column index is for BS antenna index just like the H matrix for downlink. After the permutation, the polarization correlation matrix is further defined to be the normalized result of
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Based on the above specification, it can be easily shown that for the antenna configuration corresponding to high correlation type, 
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And for the antenna configuration for correlation type medium and low,


[image: image45.wmf]÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

=

G

1

  

          

0

   

0.7264

-

       

0

0

  

          

1

       

0

   

0.7264

0.7264

 

-

      

0

        

1

 

          

0

0

    

0.7264

       

0

 

          

1


Appendix C- Acronyms 

AOA: Angle of Arrival

AOD: Angle of Departure

AS:    Azimuth Spread

BS:     Base Station

EPA:   Extended Pedestrian A

ETU:   Extended Typical Urban

EVA:  Extended Vehicle A

LOS:   line of sight

MS:    mobile station

PAS:   power Azimuth Spectrum

PDP:   power delay profile

XPR:  cross polarization power ratio
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