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Introduction

The TGac Channel Model Addendum document [1] describes extensions to the TGn channel model to support multi-user (MU) MIMO scenarios, where multiple spatially-separated clients are served by a single AP. For each client, pseudorandom offsets shall be added to TGn-defined cluster AoAs and AoDs to simulate diversity of user position and orientation with respect to the AP. For each user, a different pseudorandom angle offset shall be applied to the LOS (steering matrix) AoD, NLOS cluster AoD, LOS AoA, and NLOS AoA. This appendix specifies the method to generate pseudorandom angle offsets to allow consistent implementation across development groups performing MU-MIMO channel simulation.

For each TGn angle parameter (e.g. LOS AoA), per-user angle offsets shall take the form of:
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where Δφi is the angle offset in degrees for User i, xi is a pseudorandom floating point value for User i, uniformly distributed on [0,1], and range is the total range of uniformly distributed random angle offsets specified in [1] for the TGn angle parameter being modeled (e.g. 360° for LOS AoA). 

The pseudorandom values shall be produced using a simple multiplicative congruential random number generator [2]. Although this method is unsuitable for large-scale Monte Carlo simulations, it is adequate for producing the limited number of pseudorandom values required for this application and has the following advantages over more sophisticated generators:

· This is the default method for the rand() function in MATLAB Version 4 and is still supported by that tool for legacy compatibility.

· This method is well established and easily coded by users wishing to implement the TGac channel model without relying on MATLAB.

For each angle parameter, a different seed value shall be used to initialize the random number generator. A sequence of values is generated for each seed, one value per MU-MIMO client. For LOS AoA and AoD, the offset is applied to the steering matrix. For NLOS AoA and AoD, the offset is applied to all cluster angles.

MATLAB Implementation

The following seed values (selected randomly from a list of primes between 2 and 50000) shall be used to generate angle offsets by the MATLAB multiplicative congruential generator:

	Angle parameter (Downlink)
	Angle parameter (Uplink)
	MATLAB seed value

	LOS AoD (steering matrix)
	LOS AoA (steering matrix)
	39161

	NLOS AoD (cluster angles)
	NLOS AoA (cluster angles)
	2803

	LOS AoA (steering matrix)
	LOS AoD (steering matrix)
	45191

	NLOS AoA (cluster angles)
	NLOS AoD (cluster angles)
	13367


The following example MATLAB code generates a column vector of user offsets for downlink LOS AoD:
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For reference, this example code generates the following angle offsets:

	User
	LOS AoD Offset (degrees)

	1
	-78.0189

	2
	-142.9707

	3
	91.0158

	4
	62.9668

	5
	-116.7050

	6
	178.2852


As of MATLAB Version 7.7.0, a new object-oriented syntax for random number generation has been adopted although the legacy method is still supported for backwards compatibility. The following example code uses the new syntax to produce the identical random sequence:
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MATLAB-Independent Implementation

The general expression for a linear congruential random number generator is:
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where a, c, and m are constants, and I0, I1, I2,… is a sequence of pseudorandom integers between 0 and (m-1). The MATLAB implementation uses 32-bit integers and assumes a = (75), c = 0, and m = (231-1) [3]. A uniform deviate between 0 and 1 is produced by dividing the sequence I by the modulus m. The method by which MATLAB seeds the generator from user-supplied seed values is undocumented, but the following seed values (used as I0) will produce angle offset sequences equivalent to the MATLAB implementation described above:

	Angle parameter (Downlink)
	Angle parameter (Uplink)
	Seed value (I0)

	LOS AoD (steering matrix)
	LOS AoA (steering matrix)
	608341199

	NLOS AoD (cluster angles)
	NLOS AoA (cluster angles)
	1468335517

	LOS AoA (steering matrix)
	LOS AoD (steering matrix)
	266639588

	NLOS AoA (cluster angles)
	NLOS AoD (cluster angles)
	115415752


The following example C code will produce a sequence of angle offsets equivalent to the MATLAB examples above:


[image: image5]
References

1. G. Breit et al., “TGac Channel Model Addendum.” Doc. IEEE802.11-09/0308r5.
2. W. H. Press, S. A. Teukolsky, W. T. Vetterling, B. P. Flannery, Numerical Recipes: The Art of Scientific Computing, Third Edition. Cambridge University Press, 2007.

3. C. Moler, “10435 Years is a Long Time,” MATLAB News & Notes, Fall 1995. http://www.mathworks.com/company/newsletters/news_notes/pdf/Cleve.pdf
n_users = 6;              % number of clients


seed_AoD_LOS = 39161;     % seed value for DL LOS AoD values


range_AoD_LOS = 360;      % specified range of LOS AoD diversity (+/-180deg)





% NOTE:’seed’ method specifies MATLAB multiplicative congruential generator


rand('seed',seed_AoD_LOS);   % initialize random number generator


offsets_AoD_LOS = (rand(n_users,1)-0.5)*range_AoD_LOS; % generate offsets
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The draft TGac Channel Model Addendum document [IEEE802.11-09/0308r5] describes extensions to the TGn channel model to support multi-user (MU) MIMO scenarios, where multiple spatially-separated clients are served by a single AP. For each client, pseudorandom offsets shall be added to TGn-defined cluster AoAs and AoDs to simulate diversity of user position and orientation with respect to the AP. This contribution specifies the method to generate pseudorandom angle offsets to allow consistent implementation across development groups performing MU-MIMO channel simulation.








n_users = 6;              % number of clients


seed_AoD_LOS = 39161;     % seed value for DL LOS AoD values


range_AoD_LOS = 360;      % specified range of LOS AoD diversity (+/-180deg)





% NOTE: 'mcg16807' method specifies MATLAB multiplicative congruential generator. 


% ’Seed’ in this case refers to a property of the random stream s1. 


s1 = RandStream('mcg16807','Seed',seed_AoD_LOS); % init random number generator


offsets_AoD_LOS = (rand(s1,n_users,1)-0.5)*range_AoD_LOS;  % generate offsets





#include <stdio.h>





main() {


	int i;


	int n_users = 6; /* Number of clients */


	int range_AoD_LOS = 360; /* specified range of LOS AoD diversity (+/-180deg) */





	unsigned long seed_AoD_LOS = 608341199; /* seed value for DL LOS AoD values */


	unsigned long a = 16807;      /* (7^5) */


	unsigned long m = 2147483647; /* (2^31-1) */


	unsigned long rand_val[16];





	float rand_variant;





	rand_val[0] = seed_AoD_LOS; /* Seed sequence */





	/* Generate sequence */


	for (i=1; i<n_users; i++) { 


    	    rand_val[i] = (a*rand_val[i-1])%m;


	} 





	/* Print sequence */


	for (i=0; i<n_users; i++) {


    	    rand_variant = (double)rand_val[i]/(double)m; /* normalize to modulus */


    	    printf("%d  %10.4f\n", i, (rand_variant-0.5)*range_AoD_LOS);


	}


}
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