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1. Introduction
1.) CoMP is proposed as a candidate technology in improving the reception at the cell edge or weak coverage spots. One of the rational for such technology is the improved reception due to the fact that macro-diverse points may have different shadow fading.  In order to explore this physical advantage it is important to enable its proper modeling in the simulation methodology. 

2.) At the same time, during the discussion on mobility modeling, it was propose to observe moving UE on a given route of extended distance, so that traces of reception can be collected for evaluation. In order to do  this, it is important to properly model the slow fading, knowing that samples on a route are correlated. It is imaginable that CoMP technical proposals will be evaluated on its mobility performance, for which  a proper methodology is due.  
We propose a method of generating slow fading process that can be used for the evaluation of the aforementioned subjects.

2. Shadow Map
In a macro-cellular network, each base station has its own shadow process that applies to all UE that communicate with it directly. In the current simulation methodology the slow fading is generated whenever and wherever needed, hence there is no relation between different realization of the processes. When observing mobility of the UE it is necessary to observe coherent samples realization from the same slow-fading process along the route of moving UE. In this sense, modeling the slow fading by means of independent process is no more adequate. In order to take into account the coherent sample realization on a route, we propose to generate a so-called shadow map for each eNodeB, NodeR or any independent transmission point.  The requirement for such a map is the following:

· It is a two dimensional wide-sense stationary stochastic process, with zero mean and  finite  variance.

· It has a prescribed two-dimensional spatial correlation that is an exponential function in both dimensions.
· Different maps associated with different base station (owner) are mutual correlated with a given correlation coefficient.

The principle of generating such shadow maps is roughly the following:
1.)  For slow fading, spatial correlation of adjacent sample points along a route can be expressed by the correlation coefficient  
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 . Let us consider the coefficient for two adjacent points of minimum distance (resolution). The resolution distance can be used as unit for distance measurement, using which the length can be counted in discrete values. Then the correlation for arbitrary number  
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2.) Based on the 1D function given above, a 2D spatial correlation can be expressed by R(x,y)=
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 for integer x and y, where the correlation between adjacent grids is R(1,0)=R(0,1)= 
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. By application of DFT, the 2D function R(x,y) can be transformed into the spectrum domain in R(v,w), where v and w are the spectral variables corresponding to x and y, respectively. Using this 2D spectrum, a spatial filter is then made by means of  the square root of R(v,w),  and  used to construct the shadow map in the following steps.

3.) At first we generate an iid white Gaussian numbers X(x,y) at each grid (x,y) in a 2D  plane. Perform  DFT to X(x,y) with respect to x and y, to obtain the spectrum X(v,w).  Multiplication of this function with the square root of the R(v,w) will result in a spectrum Y(v,w).  Then, performing IDFT to Y(v,w) results in Y(x,y) in the 2D plane. Renormalization of this function will allow calibration of this process with the desired variance, leading to a coherent shadow map. 
4.) For each base station, an independent map Y_i(x,y), i=1,2,…,n,  is generated by means of the above procedure.  On the other hand, one of the assumption we made is that different maps are mutually correlated in a given way.  In order to obtain a shadow map with given correlation property, further filtering of the set of Y_i(x,y), where i=1,2,..n,  is needed.  Let the correlation between base stations be described  by  a correlation matrix   C=[c(i,j)], where e.g.  c(i,j)=
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, otherwise c(i,j)=1. Then C is a symmetrical matrix. Positive definite symmetrical matrix can be decomposed to C=L
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U,  say by means of  Cholesky decomposition, where L is a matrix of lower triangle and U is a matrix of upper triangle. Then, the map we are looking for is
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 and for all x and y, where 
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 is the element of matrix L.  With this, we have achieved a set of shadow maps that has the  stochastic property given at the beginning of this section.
In summary, the proposed procedure can be illustrated as the Figure 1, in case of n base stations:
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Figure 1: Concatenated Filtering to Generate Shadow Map
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Figur1: Example of shadow map for sigma=8dB, and  spatial correlation 0.8 at a resolution of 1 meter. Area is the size 128m x 128 m
The proposed method has a couple of advantages versus the currently used method:

· It takes into account of spatial correlation of sample points along any given route in 2D, providing a coherent process in space.
· It assumes statistically independent transmission points, a feature particularly useful for heterogeneous network structure

· It takes care of the mutual correlation between base stations in a consistent way
· The shadow map can be generated off-line, and used during the simulation through table look-up. Depending on the map resolution,  interpolation may be needed.
3. Recommendation

 Adopt the described method and use it for slow fading modeling for all eNodeB, eNodeR and any other macroscopic spatially separated transmission points. 
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