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1. Introduction

The channel model specified in [1] for evaluation of IMT-Advanced candidate technologies offers two options for calculating the channel coefficients.  In the first option (step 10a in [1]), the channel is calculated using a ray-based approach.  The spatial correlation within each cluster is modeled using twenty rays.  Since each ray has its own Doppler component, the contributions from all rays must be calculated and added for each time step.  In the second option (step 10b in [1]), the channel coefficients are calculated using a covariance matrix approach where the cluster covariance matrix is used to model the spatial correlation of each delay cluster.  Time correlation is modeled using a Doppler shaping filter applied to a series of independent Gaussian random variables, and the channel coefficients are calculated by applying the square root of the covariance matrix to the time-correlated Gaussian samples.

The relative computational complexity of these two methods depends on the number of transmit and receive antennas.  When the system uses configurations up to 8×2, the covariance matrix method requires fewer complex multiplications by a factor of at least two.  The improvement is larger for fewer antennas.  In addition, the ray-based approach requires the evaluation of twenty complex exponentials for each time step (in each cluster).  No complex exponentials are required in the covariance matrix approach.  If a system is simulated with both channel modeling approaches, the difference in simulated performance is likely to be small.  Therefore, it makes sense to use the covariance matrix approach to improve simulation efficiency.

Strictly following the method prescribed in [1] for calculating the covariance matrices requires calculating two (transmit and receive) covariance matrices for each cluster in the channel between each mobile and each base station.  The matrices must be calculated for each link because the angles spreads are randomly determined and are, therefore, unique for each cluster.  Since each channel has between 10 and 20 clusters, and since there is a channel between each mobile and each base station (though not all combinations may be modeled), the computational burden for initializing the channel coefficients is quite high.  In this contribution, we propose the use of pre-computed covariance matrices calculated based on quantized cluster angles of arrival.  The computational burden is significantly reduced because the covariance matrices do not need to be computed for each link.
2. Detailed Quantization Methodology
In step 7 of the channel generation procedure in [1], random angles of arrival and departure are generated for each cluster in the channel linking a base station and a mobile.  In this contribution, we only consider angles of arrival, but the procedure for angles of departure is identical.  For cluster n, the angle of arrival is given by 
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.  Each cluster contains 20 rays and the angle of arrival for ray m is calculated using
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where cAoA is the cluster RMS angle of arrival spread and 
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 is the constant relative offset for ray m.  The cluster angle spread is a constant chosen based on the simulation scenario (e.g., urban macro) and whether the channel is line-of-sight or non-line-of-sight.

The correlation coefficient between each pair of receive antennas for each cluster is calculated as a function of the ray angles of arrival (
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) and the antenna spacing.  The correlation coefficient between antennas k and l is calculated using [2]
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where dk,l is the distance in wavelengths between the antennas.  Prior to running a simulation, the only unknown in this formula is the cluster angle of arrival 
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 because it is generated in a random fashion for each cluster in each link after dropping the mobiles.  These correlation coefficients populate the spatial covariance matrix for the cluster.
Instead of calculating the covariance matrix after generating the cluster angles of arrival, we propose to quantize the angles to a pre-determined set of angles.  Then all of the required covariance matrices can be pre-computed for a given array geometry and simulation scenario.  These angles only need to cover the first quadrant since covariance matrices for angles in other quadrants can be mapped to an angle in the first quadrant either directly or via Hermitian transpose.  Note that the use of a single quadrant of arrival angles is enabled by the symmetry of the constant ray offsets 
[image: image7.wmf]m

a

 about zero.  A set of matrices must be calculated for each cAoA and cAoD used in the simulation (this varies from two to six depending on the scenario being simulated).  A separate set of matrices must be calculated for downlink and uplink since the antenna array geometries are likely to be different.  

The pre-computed matrices represent the transmit and receive spatial covariance matrices.  The overall spatial covariance matrix must be computed for each link after pairing the cluster angle of departure with a cluster angle of arrival (step 8 in [1]).  Therefore, the square root of the overall matrix must still be computed for each cluster in each link.
We now illustrate the proposal with an example using the rural macro scenario.  In this scenario, the cluster angle of arrival spread is 3 degrees and the angle of departure spread is 2 degrees [1].  Let the pre-determined set of angles of arrival be the set {0, 10, 20, 30, 40, 50, 60, 70, 80} (degrees).  Given the array geometry, eighteen unique covariance matrices are pre-computed for downlink and eighteen for uplink.  In each case, nine matrices use cAoA equal to 3 degrees and nine use cAoA equal to 2 degrees.  After the cluster angles of arrival and departure are generated, they are rounded to the nearest 10 degrees.  Angles outside the first quadrant are mapped back into the first quadrant and the corresponding pre-computed covariance matrix is used for that cluster (Hermitian transpose is required for angles in the third and fourth quadrants).
3. Conclusion
The use of the covariance matrix approach for the IMT-Advanced channel model reduces the computational complexity for calculating the channel coefficients by at least a factor of two.  A significant savings in the computational burden for initializing the channel coefficients using this approach can be obtained by quantizing the cluster angles of arrival for each mobile to base station link.  Quantization of these angles makes it possible to pre-compute covariance matrices knowing the antenna array geometry and the simulation scenario.  The accuracy of this method is easily controlled through the choice of the resolution of the quantization (given above as 10 degrees).  Only matrices for angles in the first quadrant need to be calculated since matrices in other quadrants can easily be found from those calculated for the first quadrant.
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