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Channel Model Source Code

The source code for Conference Room and Living Room channel models is in the zip file embedded below.
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1 Channel Models Code Description

1.1 General Code Structure

This document describes a structure of the software code developed for channel models described in [1]. The channel model source code is a combination of Matlab software functions and C-code routines that are integrated to Matlab through MEX (Matlab Executable) interface.
The functional block diagram describing general code organization and relations between different high-level functions is shown in Figure 1 below.
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Figure 1. General code structure implementing Conference Room and Living Room channel models
As it can be seen from Figure 1 the top functions of the Conference Room and Living Room channel models are cr_ch_model.m and lr_ch_model.m accordingly. These functions have the same structure shown in Figure 1. Each top level function subsequently calls the input parameters initialization function cr_ch_cfg.m (or lr_ch_cfg.m), channel impulse response generation function gen_cr_ch.m (or gen_lr_ch.m), function implementing beamforming algorithm beamforming.m, and a simple subroutine ct2dt.m implementing analog to discrete time conversion of channel impulse response in accordance with the target sample rate. Initialization function and function generating impulse response are different for the Conference Room and Living Room channel models. Beamforming function and analog to discrete conversion subroutine are the same for all channel models. 
Both the channel realization generation and beamforming algorithm functions have very many input parameters. In the Matlab implementation of the channel model these parameters were organized into data structures so that to simplify the interfaces of these functions.
The diagram in Figure 1 illustrates the order in which software functions are executed during top function call. The first function in this pipeline is the configuration function where all input channel model parameters are set. It returns structure cfg containing all channel model settings. Configuration structure includes common parameters used by the top function and two substructures. The first substructure cfg.cr (or cfg.lr) is unique for the considering Conference Room (or Living Room) channel model. The second substructure cfg.bf is common for all channel models and contains beamforming settings. These two substructures provide input parameters for gen_cr_ch.m (or gen_lr_ch.m) and beamforming.m functions. 
Functions gen_cr_ch.m and gen_lr_ch.m implement generation of space-temporal channel impulse response realization for the Conference Room and Living Room environments including angular, temporal, amplitude and phase characteristics. These functions have the same interface:
[ch] = gen_cr_ch(cfg.cr,cfg.bf.ps,cfg.bf.pol),
[ch] = gen_lr_ch(cfg.lr,cfg.bf.ps,cfg.bf.pol),
where ch is an output channel structure keeping all space-time characteristics listed above.
Function beamforming.m implements a max power ray and a max power exhaustive search beamforming algorithms described in [1]. The output of this function is a channel impulse response between the transmitter and receiver with antenna patterns optimally steered by the selected beamforming algorithm. The provided channel impulse response is in the continued time. The interface of the beamforming function is:

[imp_res,toa] = beamforming(cfg.bf,ch),

where output arrays imp_res and toa provide complex amplitudes of rays after beamforming and their relative time values. Max power exhaustive search beamforming was realized in both Matlab and C languages. The user has an option to choose between Matlab or C subroutine by setting a special flag in the cfg.bf structure. exhaustive_search_mex.c gateway routine is provided to integrate C-code into Matlab environment through MEX interface. Note that C subroutines fully duplicate Matlab subfunctions that are executed during beamforming.m call. They have the same names and the same functionality except for negligible details relating to C-code realization aspects. The main reason to provide C-code version is to accelerate computations related to exhaustive search (especially for the search with a great number of space positions) and therefore to reduce the amount of time for the channel realizations generation. 
Note, that a user can implement its own beamforming algorithm and use it instead of standard function beamforming.m, because as remarked in EVM [2], TGad proposals may also include system evaluation results based on their proposed antenna and beamforming. 
1.2 Description of Data Structures Used in Channel Models
This section provides description of the configuration structure cfg and channel impulse response structure ch used in the developed channel models.
Table 1 shows all fields of cfg structure, provides short description for every field and gives default values of the fields.
Table 1. Description of cfg structure fields
	#
	Structure Field
	Field Description
	Default Value

	1
	cfg.Pnorm
	Normalization parameter: 0 - w/o normalization, 1 - apply normalization for output channel impulse response.
	1

	2
	cfg.sample_rate
	Sample rate in [GHz] applied for continuous time to discrete time channel impulse response conversion.
	2.56

	3
	cfg.cr
	Substructure contains settings for the Conference Room channel model.
	n/a

	
	cfg.lr
	Substructure contains settings for the Living Room channel model.
	n/a

	4
	cfg.bf
	Substructure contains beamforming algorithm settings.
	n/a


Table 2 shows all fields of cfg.cr substructure, provides short description for every field and gives default values of the fields.

Table 2. Description of cfg.cr substructure fields
	#
	Structure Field
	Field Description
	Default Value

	1
	cfg.cr.ap_sp
	Parameter selects subscenario, permitted values: 0 – STA-STA subscenario, 1 - STA-AP subscenario.
	0

	2
	cfg.cr.D
	Distance in meters between transmitter and receiver sides. Note that for the STA-AP subscenario D is set in projection to horizontal plane.
	2

	3
	cfg.cr.Plos
	LOS (Line-of-Sight) parameter, permitted values: 0 – corresponds to NLOS scenario, 1 – corresponds to LOS scenario.
	0

	4
	cfg.cr.Psta_1st_c
	Probability that the cluster is present (i.e. not blocked) for the 1st order reflections from ceiling for STA-STA subscenario.
	1

	5
	cfg.cr.Psta_1st_w
	Probability that the cluster is present (i.e. not blocked) for the 1st order reflections from walls for STA-STA subscenario.
	0.76

	6
	cfg.cr.Psta_2nd_wc
	Probability that the cluster is present (i.e. not blocked) for the 2nd order wall-ceiling (ceiling-wall) reflections for STA-STA subscenario.
	0.963

	7
	cfg.cr.Psta_2nd_w
	Probability that the cluster is present (i.e. not blocked) for the 2nd order reflections from walls for STA-STA subscenario.
	0.825

	8
	cfg.cr.Pap_1st
	Probability that the cluster is present (i.e. not blocked) for the 1st order reflections from walls for the STA-AP subscenario.
	0.874

	9
	cfg.cr.Pap_2nd
	Probability that the cluster is present (i.e. not blocked) for the 2nd order reflections from walls for the STA-AP subscenario.
	0.93


Table 3 shows all fields of cfg.lr substructure, provides short description for every field and gives default values of the fields.
Table 3. Description of cfg.lr substructure fields
	#
	Structure Field
	Field Description
	Default Value

	1
	cfg.lr.D
	Distance in meters between transmitter and receiver sides.
	4

	2
	cfg.lr.Plos
	LOS (Line-of-Sight) parameter, permitted values: 0 – corresponds to NLOS scenario, 1 – corresponds to LOS scenario.
	0

	3
	cfg.lr.P_1st_c
	Probability that the cluster is present (i.e. not blocked) for the 1st order reflections from ceiling.
	1

	4
	cfg.lr.P_1st_f
	Probability that the cluster is present (i.e. not blocked) for the 1st order reflections from floor.
	0.3

	5
	cfg.lr.P_1st_w
	Probability that the cluster is present (i.e. not blocked) for the 1st order reflections from walls.
	0.6

	6
	cfg.lr.P_2nd_w
	Probability that the cluster is present (i.e. not blocked) for the 2nd order reflections from two walls.
	0.2

	7
	cfg.lr.P_2nd_cf
	Probability that the cluster is present (i.e. not blocked) for the 2nd order reflections from ceiling and floor.
	0.2

	8
	cfg.lr.P_2nd_wc
	Probability that the cluster is present (i.e. not blocked) for the 2nd order wall-ceiling (ceiling-wall) reflections.
	0.7

	9
	cfg.lr.P_2nd_wf
	Probability that the cluster is present (i.e. not blocked) for the 2nd order wall-floor (floor-wall) reflections.
	0.3


Table 4 shows all fields of cfg.bf substructure, provides short description for every field and gives default values of the fields.
Table 4. Description of cfg.bf substructure fields
	#
	Structure Field
	Field Description
	Default Value

	1
	cfg.bf.bf_alg
	Beamforming algorithm: 0 - max power ray algorithm, 1 - max power exhaustive search algorithm.
	0

	2
	cfg.bf.matlab_c
	This flag selects Matlab or C function to perform exhaustive search in beamforming procedure: 0 - use Matlab function, 1 - use C function.
	0

	3
	cfg.bf.tx_ant_type
	TX antenna type, permitted values: 0 - isotropic radiator, 1 - basic steerable directional antenna.
	1

	4
	cfg.bf.rx_ant_type
	RX antenna type, permitted values: 0 - isotropic radiator, 1 - basic steerable directional antenna.
	1

	5
	cfg.bf.tx_sec_bound
	TX sector bound in exhaustive search beamforming algorithm.
	900/1200


	6
	cfg.bf.rx_sec_bound
	RX sector bound in exhaustive search beamforming algorithm.
	900/1200

	7
	cfg.bf.tx_hpbw
	TX antenna HPBW.
	300

	8
	cfg.bf.rx_hpbw
	RX antenna HPBW.
	300

	9
	cfg.bf.ps
	Polarization support parameter: 0 - TX/RX polarization vectors are not applied, 1 - polarization is applied.
	0

	10
	cfg.bf.pol
	Antenna polarization type vector: 0 - linear in θ direction, 1 - linear in φ direction, 2 - LHCP, 3 – RHCP. First dimension corresponds to antenna polarization on TX side; second dimension corresponds to antenna polarization type on RX side.
	[0,0]

	11
	cfg.bf.tx_az
	Array of azimuth angles specifying angles grid for exhaustive beamsearch procedure on TX side – generated during configuration based on other parameters.
	n/a

	12
	cfg.bf.tx_el
	Array of elevation angles specifying angles grid for exhaustive beamsearch procedure on TX side – generated during configuration based on other parameters.
	n/a

	13
	cfg.bf.rx_az
	Array of azimuth angles specifying angles grid for exhaustive beamsearch procedure on RX side – generated during configuration based on other parameters.
	n/a

	14
	cfg.bf.rx_el
	Array of elevation angles specifying angles grid for exhaustive beamsearch procedure on RX side – generated during configuration based on other parameters.
	n/a


Table 5 shows all fields of ch structure and provides a short description for every field.

Table 5. Description of ch structure fields

	#
	Structure Field
	Field Description

	1
	ch.am
	Complex amplitudes corresponding to LOS/NLOS rays existing between transmitter and receiver parts.

	2
	ch.toa
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component.

	3
	ch.tx_az
	Transmit azimuth angles for different rays.

	4
	ch.tx_el
	Transmit elevation angles for different rays.

	5
	ch.rx_az
	Receive azimuth angles for different rays.

	6
	ch.rx_el
	Receive elevation angles for different rays.


1.3 Directory Tree for Channel Models Source Code

The directory tree and all files for the channel models source code are shown in Figure 2.
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Figure 2. Directory tree for the channel models source code

To start up channel simulations it is necessary to run startup.m script. This script adds the specified in Figure 2 directories to the top of the current Matlab search path and changes current directory to /work folder. After that the cr_ch_model.m (or lr_ch_model.m) function may be used to generate channel impulse response realizations.

1.4 Channel Models Test Script

The /work folder contains also cr_test.m and lr_test.m files developed for a simple check that the channel model functions are working normally. Figure 3 and Figure 4 show examples of the figures obtained by running cr_test.m and lr_test.m scripts with default settings of the configuration files for initial seed value equal to zero in randn/rand generators (Matlab 7.6.0 R2008a).
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Figure 3. Example of the figure obtained by running cr_test.m script with default parameters
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Figure 4. Example of the figure obtained by running lr_test.m script with default parameters
2 References
[1] A. Maltsev et al. “Channel Models for 60 GHz WLAN Systems,” IEEE doc. 802.11-09/0334r6, January, 2010.
[2] E. Perahia, “TGad evaluation methodology,” IEEE doc. 802.11-10/0296r16, January, 2010.



Abstract


Description of the source code implementing 60 GHz WLAN channel models proposed in [1].








� 900 – for Conference Room channel model, 1200 – for Living Room channel model.
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60_ghz_channel_model/beamforming/c_code/ant_gain.c

 /*************************************************************************************

	Intel Corp.



    Project Name:  60 GHz Channel Model

    File Name:     ant_gain.c

    Authors:       A. Lomayev, R. Maslennikov

    Version:       4.0

    History:       February 2010 created



  *************************************************************************************

    Description:



    function returns amplitudes weighted by antenna gains for target antenna space

	position

    

  *************************************************************************************/



double ant_gain(INT32S ant_type, FP64 hpbw, INT32S size, FP64 *am_r, FP64 *am_i, FP64 *az, FP64 *el, FP64 az_rot, FP64 el_rot, FP64 *amg_r, FP64 *amg_i, FP64 power)

{

	/* pointers */

	INT32S i;

	/* azimuth rotation angle + 90 degree */

	FP64 az_rot90;

	/* azimuth and elevation angles in rotated coordinates */

	FP64 *azr, *elr;



	/* select antenna type */

	switch (ant_type)

	{

	case 0: /* isotropic radiator */

		

		/* initialize power variable */

		power = 0;

		for (i=0; i<size; i++)

		{

			amg_r[i] = am_r[i];

			amg_i[i] = am_i[i];

			power = power + pow(amg_r[i],2) + pow(amg_i[i],2);

		}		

		break;

	case 1: /* steerable directional antenna */

		

		/* allocate memory for azr */

		azr = (FP64 *)MEM_CALLOC(size,sizeof(FP64));

		/* allocate memory for elr */

		elr = (FP64 *)MEM_CALLOC(size,sizeof(FP64));



		az_rot90 = (az_rot+90) - 360*floor((az_rot+90)/360);

		/* convert azimuth and elevation angles from basic to rotated coordinates specified by az_rot and el_rot angles */

		basic2rot(size, az, el, az_rot90, el_rot, 0.0, azr, elr);		

		power = steer_antenna(size, am_r, am_i, elr, hpbw, amg_r, amg_i, power);



		/* free azr */

		MEM_FREE(azr);

		/* free elr */

		MEM_FREE(elr);

		break;

	default:

		power = 0;

		break;

	}

	return power;

}








60_ghz_channel_model/beamforming/c_code/basic2rot.c

 /*************************************************************************************

	Intel Corp.

	

    Project Name:  60 GHz Channel Model

    File Name:     basic2rot.c

    Authors:       A. Lomayev, R. Maslennikov

    Version:       4.0

    History:       February 2010 created



  *************************************************************************************

    Description:



    function performs recalculation of azimuth and elevation angles

    determinig in basic coordinates to rotated coordinates,

    univocal rotated system position is set by 3 Euler's rotations

    (by corresponding 3 angles)

    

  *************************************************************************************/



void basic2rot(INT32S size, FP64 *az, FP64 *el, FP64 az_rot, FP64 el_rot, FP64 self_rot, FP64 *azr, FP64 *elr)

{

	/* pointers */

	INT32S i;

	/* cartesian coordinates in basic and rotated systems */

	FP64 x, y, z, xr, yr, zr;

	/* constants utilizing in calculation of coordinates in rotated system */

	FP64 x1, y1, x2, y2, x3, y3, a, b, c, d, f, e, g, h;



	

	for (i=0; i<size; i++)

	{

		/* spherical to cartesian coordinates covertion in basic system */

		x = sin(el[i]*D2R)*cos(az[i]*D2R); /* D2R - degree to radian conversion constant defined in bf.h */

		y = sin(el[i]*D2R)*sin(az[i]*D2R);

		z = cos(el[i]*D2R);



		/* calculation of constants to compose rotation matrix */

		x1 = cos(self_rot*D2R);

		y1 = sin(self_rot*D2R);

		x2 = cos(el_rot*D2R);

		y2 = sin(el_rot*D2R);

		x3 = cos(az_rot*D2R);

		y3 = sin(az_rot*D2R);

		

		a = x1*x3 - x2*y3*y1;

		b = x1*y3 + y1*x2*x3;

		c = y1*y2;

		d = -y1*x3 - x1*x2*y3;

		e = -y1*y3 + x1*x2*x3;

		f = x1*y2;

		g = y2*y3;

		h = -y2*x3;

		

		/* cartesian coordinates in rotated system */

		xr = a*x + b*y + c*z;

		yr = d*x + e*y + f*z;

		zr = g*x + h*y + x2*z;



		/* azimuth and elevation angles in rotated system */

		azr[i] = atan2(yr,xr); /* range [-pi/2:pi/2] */

		elr[i] = acos(zr);



		/* radian to degree convertion */

		azr[i] = azr[i]*R2D; /* R2D - radian to degree conversion constant defined in bf.h */

		azr[i] = (360+azr[i]) - 360*floor((360+azr[i])/360); /* azimuth angle should be [0:360] */

		elr[i] = elr[i]*R2D;

	}

}








60_ghz_channel_model/beamforming/c_code/bf.h

 /*************************************************************************************

	Intel Corp.



    Project Name:  60 GHz Channel Model

    File Name:     bf.h

    Authors:       A. Lomayev, R. Maslennikov

    Version:       4.0

    History:       February 2010 created



  *************************************************************************************

    Description:



    declaration of data types



  *************************************************************************************/

#ifndef _BF

#define _BF



#include  <stdio.h>

#include  <stdlib.h>

#include  <math.h>



/**************************************************************************************/

/*		CONSTANTS											                          */

/**************************************************************************************/



/* degree to radian and vice versa conversion constants */

#define D2R		 0.01745329251994

#define R2D		57.29577951308232

/* pi */

#define PI		3.14159265358979

/* wave vector corresponded to 60GHz frequency */

#define K		2*PI/0.005



/**************************************************************************************/

/*		C/MATLAB MEMORY ALLOCATION FUNCTIONS				                          */

/**************************************************************************************/

#ifdef MATLAB

    #define MEM_CALLOC(a, b) mxCalloc(a, b)

    #define MEM_FREE(a) mxFree(a)

#else

    #define MEM_CALLOC(a, b) calloc(a, b)

    #define MEM_FREE(a) free(a)

#endif



/**************************************************************************************/

/*     DECLARAION OF DATA TYPES                                                       */  

/**************************************************************************************/

typedef signed short   INT16S;

typedef signed int     INT32S;

typedef unsigned short INT16U;

typedef unsigned int   INT32U;

typedef char           INT8U;

typedef double         FP64;

typedef float          FP32;



/* BEAMFORMING CONFIG STRUCTURE */



#define CFG_MAX		1000	/* maximum allowed size for array in CFG structure */



typedef struct cfg_struct{

	/* common parameters */

    INT32S    tx_ant_type;		/* TX antenna type parameter */

    INT32S    rx_ant_type;      /* RX antenna type parameter */	



	/* steerable antenna related parameters */

    FP64	  tx_sec_bound;	    /* TX spherical sector bound for antenna beam search */

    FP64	  rx_sec_bound;	    /* RX spherical sector bound for antenna beam search */

	FP64      tx_hpbw;			/* TX half-power antenna beam width in [deg] */

    FP64      rx_hpbw;			/* RX half-power antenna beam width in [deg] */



	/* angles set using for exhaustive search in TX and RX sides */

	INT32S	  size_tx;			/* TX array size */

	FP64      tx_az[CFG_MAX];	/* TX azimuth angles array */

	FP64      tx_el[CFG_MAX];	/* TX elevation angles array */

	INT32S	  size_rx;			/* RX array size */

	FP64      rx_az[CFG_MAX];	/* RX azimuth angles array */

	FP64      rx_el[CFG_MAX];	/* RX elevation angles array */

}   CFG;



/* BEAMFORMING CHANNEL STRUCTURE */



#define CH_MAX		1000	/* maximum allowed size for array in CH structure */



typedef struct ch_struct{

	/* common parameters */

	INT32S	  size;				/* am array size */

	FP64	  am_r[CH_MAX];		/* array of real parts of complex amplitudes */

	FP64	  am_i[CH_MAX];		/* array of imag parts of complex amplitudes */

	FP64	  tx_az[CH_MAX];	/* TX azimuth angles array */

	FP64	  tx_el[CH_MAX];	/* TX elevation angles array */

	FP64	  rx_az[CH_MAX];	/* RX azimuth angles array */

	FP64	  rx_el[CH_MAX];	/* RX elevation angles array */

}   CH;



/**************************************************************************************/

/*     DECLARATION OF FUNCTIONS									    				  */

/**************************************************************************************/



/* exhaustive_search.c */

void    exhaustive_search	(CFG	*cfg_p,

							 CH		*ch_p,

							 FP64	*imp_res_r,

							 FP64	*imp_res_i);



/* ant_gain.c */

double	ant_gain			(INT32S ant_type,

                             FP64   hpbw,

							 INT32S size,

							 FP64   *am_r,

							 FP64   *am_i,

							 FP64   *az,

							 FP64   *el,

							 FP64   az_rot,

							 FP64   el_rot,

							 FP64   *amg_r,

							 FP64   *amg_i,

							 FP64	power);



/* basic2rot.c */

void	basic2rot			(INT32S size,

							 FP64   *az,

							 FP64	*el,

							 FP64	az_rot,

							 FP64	el_rot,

							 FP64	self_rot,

							 FP64	*azr,

							 FP64	*elr);



/* steer_antenna.c */

double	steer_antenna		(INT32S size,

							 FP64	*am_r,

							 FP64	*am_i,

							 FP64	*el,

							 FP64	hpbw,

							 FP64	*amg_r,

							 FP64	*amg_i,

							 FP64	power);



#endif








60_ghz_channel_model/beamforming/c_code/exhaustive_search.c

 /*************************************************************************************

	Intel Corp.



    Project Name:  60 GHz Channel Model

    File Name:     exhaustive_search.c

    Authors:       A. Lomayev, R. Maslennikov

    Version:       4.0

    History:       February 2010 created



  *************************************************************************************

    Description:



    function performs exhaustive search for TX and RX sides in accordance

    with TX and RX angles grids

    

  *************************************************************************************/



void exhaustive_search(CFG *cfg_p, CH *ch_p, FP64 *imp_res_r, FP64 *imp_res_i)

{

	/* pointers */

	INT32S i, j, k;



	/* maximum received power */

	FP64 power_max;



	/* current receiving power corresponding to i-th TX and j-th RX spatial beams positions */

	FP64 power_cur;	



	/* array of amplitudes after antenna weighting on TX and RX sides */

	FP64 *tx_am_r, *tx_am_i, *rx_am_r, *rx_am_i;



	/* antenna beam rotation angles for TX and RX */

	FP64 tx_az_rot, tx_el_rot, rx_az_rot, rx_el_rot;



	

    /* allocate memory for tx_am */

	tx_am_r = (FP64 *)MEM_CALLOC(ch_p->size,sizeof(FP64));

	tx_am_i = (FP64 *)MEM_CALLOC(ch_p->size,sizeof(FP64));



	/* allocate memory for rx_am */

	rx_am_r = (FP64 *)MEM_CALLOC(ch_p->size,sizeof(FP64));

	rx_am_i = (FP64 *)MEM_CALLOC(ch_p->size,sizeof(FP64));



	/* initialize power variables */

	power_max = 0;

	power_cur = 0;



	/* initialize imp_res */

	for (k=0; k<ch_p->size; k++)

	{

		imp_res_r[k] = ch_p->am_r[k];

		imp_res_i[k] = ch_p->am_i[k];

	}



		

	/* space filtering */

	/* TX search */

	for (i=0; i<cfg_p->size_tx; i++)

	{

		tx_az_rot = cfg_p->tx_az[i];

		tx_el_rot = cfg_p->tx_el[i];



		/* TX antenna gain */

		power_cur = ant_gain(cfg_p->tx_ant_type, cfg_p->tx_hpbw, ch_p->size, ch_p->am_r, ch_p->am_i, ch_p->tx_az, ch_p->tx_el, tx_az_rot, tx_el_rot, tx_am_r, tx_am_i, power_cur);

		

		/* RX search */

		for (j=0; j<cfg_p->size_rx; j++)

		{

			rx_az_rot = cfg_p->rx_az[j];

			rx_el_rot = cfg_p->rx_el[j];



			/* RX antenna gain */

			power_cur = ant_gain(cfg_p->rx_ant_type, cfg_p->rx_hpbw, ch_p->size, tx_am_r, tx_am_i, ch_p->rx_az, ch_p->rx_el, rx_az_rot, rx_el_rot, rx_am_r, rx_am_i, power_cur);



			/* max power selection */

			if (power_cur > power_max)

			{

				power_max = power_cur;

				for (k=0; k<ch_p->size; k++)

				{

					imp_res_r[k] = rx_am_r[k];

					imp_res_i[k] = rx_am_i[k];					

				}

			}

		}

	}

	

	

	/* free tx_am */

	MEM_FREE(tx_am_r);

	MEM_FREE(tx_am_i);

	/* free rx_am */

	MEM_FREE(rx_am_r);

	MEM_FREE(rx_am_i);	

}






60_ghz_channel_model/beamforming/c_code/exhaustive_search_mex.c

 /*************************************************************************************

    Intel Corp.



    Project Name:  60 GHz Channel Model

    File Name:     exhaustive_search_mex.c

    Authors:       A. Lomayev, R. Maslennikov

    Version:       4.0

    History:       February 2010 created



  *************************************************************************************

    Description:



    Interface to Matlab for exhaustive_search.c function	



  *************************************************************************************/



#include "mex_include.h"



void mexFunction (int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])

{

	/* INPUT DECLARATIONS */

	mxArray		*tmp;

	INT32S		ant_type_fnum, sec_bound_fnum, hpbw_fnum;

	INT32S		tx_az_fnum, tx_el_fnum, rx_az_fnum, rx_el_fnum, am_fnum;

	INT32S		k, AL;

	

	/* OUPTUT DECLARATIONS */

	CFG			cfg;

	CH			ch;

	FP64		*imp_res_r;

	FP64		*imp_res_i;



	/* Error messages */

	char		errMsg[150];



	/* INPUT SECTION:  Get Initialization data from MATLAB */



	/* Check for proper number of input and  output arguments */    

    if (nrhs !=2) {

        mexErrMsgTxt("Two inputs are required.");

    }

    else if (nlhs > 1) {

        mexErrMsgTxt("Too many output arguments.");

    }

    else if(!mxIsStruct(prhs[0])){

        mexErrMsgTxt("First input must be a structure.");

	}

	else if(!mxIsStruct(prhs[1])){

        mexErrMsgTxt("Second input must be a structure.");

	}



	/* FILL CFG STRUCTURE */



    /* get TX antenna type */

    ant_type_fnum = mxGetFieldNumber(prhs[0], "tx_ant_type");

    tmp = mxGetFieldByNumber(prhs[0], 0, ant_type_fnum);

	if(mxGetNumberOfElements(tmp) != 1) {

        mexErrMsgTxt("Filed 'tx_ant_type' must be scalar.");

    }	

    /* TX ant_type -> cfg structure */

	cfg.tx_ant_type = (INT32S)*(mxGetPr(tmp));

	if((cfg.tx_ant_type!=0) & (cfg.tx_ant_type!=1))

	{

		mexErrMsgTxt("Prohibited value of 'cfg.tx_ant_type' parameter.");

	}

    

    /* get RX antenna type */

    ant_type_fnum = mxGetFieldNumber(prhs[0], "rx_ant_type");

    tmp = mxGetFieldByNumber(prhs[0], 0, ant_type_fnum);

	if(mxGetNumberOfElements(tmp) != 1) {

        mexErrMsgTxt("Filed 'rx_ant_type' must be scalar.");

    }	

    /* RX ant_type -> cfg structure */

	cfg.rx_ant_type = (INT32S)*(mxGetPr(tmp));

	if((cfg.rx_ant_type!=0) & (cfg.rx_ant_type!=1))

	{

		mexErrMsgTxt("Prohibited value of 'cfg.rx_ant_type' parameter.");

	}

    		

	/* get TX sector bound */

    sec_bound_fnum = mxGetFieldNumber(prhs[0], "tx_sec_bound");

    tmp = mxGetFieldByNumber(prhs[0], 0, sec_bound_fnum);

	if(mxGetNumberOfElements(tmp) != 1) {

        mexErrMsgTxt("Filed 'tx_sec_bound' must be scalar.");

    }

    /* TX sec_bound -> cfg structure */

	cfg.tx_sec_bound = (FP64)*(mxGetPr(tmp));

    

    /* get RX sector bound */

    sec_bound_fnum = mxGetFieldNumber(prhs[0], "rx_sec_bound");

    tmp = mxGetFieldByNumber(prhs[0], 0, sec_bound_fnum);

	if(mxGetNumberOfElements(tmp) != 1) {

        mexErrMsgTxt("Filed 'rx_sec_bound' must be scalar.");

    }

    /* RX sec_bound -> cfg structure */

	cfg.rx_sec_bound = (FP64)*(mxGetPr(tmp));

	

    /* get TX hpbw */

    hpbw_fnum = mxGetFieldNumber(prhs[0], "tx_hpbw");

    tmp = mxGetFieldByNumber(prhs[0], 0, hpbw_fnum);

	if(mxGetNumberOfElements(tmp) != 1) {

        mexErrMsgTxt("Filed 'tx_hpbw' must be scalar.");

    }

    /* TX hpbw -> cfg structure */

	cfg.tx_hpbw = (FP64)*(mxGetPr(tmp));	

	

    /* get RX hpbw */

    hpbw_fnum = mxGetFieldNumber(prhs[0], "rx_hpbw");

    tmp = mxGetFieldByNumber(prhs[0], 0, hpbw_fnum);

	if(mxGetNumberOfElements(tmp) != 1) {

        mexErrMsgTxt("Filed 'rx_hpbw' must be scalar.");

    }

    /* RX hpbw -> cfg structure */

	cfg.rx_hpbw = (FP64)*(mxGetPr(tmp));

    

    

    /* get tx_az array */

	tx_az_fnum = mxGetFieldNumber(prhs[0], "tx_az");

    tmp = mxGetFieldByNumber(prhs[0], 0, tx_az_fnum);

	AL = (INT32S)mxGetNumberOfElements(tmp);

	if(AL > CFG_MAX) {

		sprintf(errMsg,"Size of array 'cfg.tx_az' must be less or equal to %d, to extand it for larger sizes please change defaults in bf.h.", CFG_MAX);

		mexErrMsgTxt(errMsg);        

    }

	/* size_tx -> cfg structure */

	cfg.size_tx = AL;	

	/* tx_az -> cfg structure */

    for (k=0; k<AL; k++) {

        cfg.tx_az[k] = (FP64)*(mxGetPr(tmp)+k);		

	}



	/* get tx_el array */

	tx_el_fnum = mxGetFieldNumber(prhs[0], "tx_el");

    tmp = mxGetFieldByNumber(prhs[0], 0, tx_el_fnum);

	AL = (INT32S)mxGetNumberOfElements(tmp);

	if(AL > CFG_MAX) {

		sprintf(errMsg,"Size of array 'cfg.tx_el' must be less or equal to %d, to extand it for larger sizes please change defaults in bf.h.", CFG_MAX);

		mexErrMsgTxt(errMsg);

    }

	/* tx_el -> cfg structure */

    for (k=0; k<AL; k++) {

        cfg.tx_el[k] = (FP64)*(mxGetPr(tmp)+k);		

	}



	/* get rx_az array */

	rx_az_fnum = mxGetFieldNumber(prhs[0], "rx_az");

    tmp = mxGetFieldByNumber(prhs[0], 0, rx_az_fnum);

	AL = (INT32S)mxGetNumberOfElements(tmp);

	if(AL > CFG_MAX) {

		sprintf(errMsg,"Size of array 'cfg.rx_az' must be less or equal to %d, to extand it for larger sizes please change defaults in bf.h.", CFG_MAX);

		mexErrMsgTxt(errMsg);        

    }

	/* size_rx -> cfg structure */

	cfg.size_rx = AL;

	/* rx_az -> cfg structure */

    for (k=0; k<AL; k++) {

        cfg.rx_az[k] = (FP64)*(mxGetPr(tmp)+k);

	}



	/* get rx_el array */

	rx_el_fnum = mxGetFieldNumber(prhs[0], "rx_el");

    tmp = mxGetFieldByNumber(prhs[0], 0, rx_el_fnum);

	AL = (INT32S)mxGetNumberOfElements(tmp);

	if(AL > CFG_MAX) {

		sprintf(errMsg,"Size of array 'cfg.rx_el' must be less or equal to %d, to extand it for larger sizes please change defaults in bf.h.", CFG_MAX);

		mexErrMsgTxt(errMsg);         

    }

	/* rx_el -> cfg structure */

    for (k=0; k<AL; k++) {

        cfg.rx_el[k] = (FP64)*(mxGetPr(tmp)+k);

	}



	/* FILL CH STRUCTURE */

	

	/* get am array */

	am_fnum = mxGetFieldNumber(prhs[1], "am");

    tmp = mxGetFieldByNumber(prhs[1], 0, am_fnum);

	AL = (INT32S)mxGetNumberOfElements(tmp);

	if(AL > CH_MAX) {

		sprintf(errMsg,"Size of array 'ch.am' must be less or equal to %d, to extand it for larger sizes please change defaults in bf.h.", CH_MAX);

		mexErrMsgTxt(errMsg);

    }

	/* am size -> ch structure */

	ch.size = AL;

	/* am -> cfg structure */

    for (k=0; k<AL; k++) {

        ch.am_r[k] = (FP64)*(mxGetPr(tmp)+k);

		ch.am_i[k] = (FP64)*(mxGetPi(tmp)+k);		

	}



	/* get tx_az array */

	tx_az_fnum = mxGetFieldNumber(prhs[1], "tx_az");

    tmp = mxGetFieldByNumber(prhs[1], 0, tx_az_fnum);

	AL = (INT32S)mxGetNumberOfElements(tmp);

	if(AL > CH_MAX) {

		sprintf(errMsg,"Size of array 'ch.tx_az' must be less or equal to %d, to extand it for larger sizes please change defaults in bf.h.", CH_MAX);

		mexErrMsgTxt(errMsg);        

    }

	/* tx_az -> ch structure */

    for (k=0; k<AL; k++) {

        ch.tx_az[k] = (FP64)*(mxGetPr(tmp)+k);		

	}



	/* get tx_el array */

	tx_el_fnum = mxGetFieldNumber(prhs[1], "tx_el");

    tmp = mxGetFieldByNumber(prhs[1], 0, tx_el_fnum);

	AL = (INT32S)mxGetNumberOfElements(tmp);

	if(AL > CH_MAX) {

		sprintf(errMsg,"Size of array 'ch.tx_el' must be less or equal to %d, to extand it for larger sizes please change defaults in bf.h.", CH_MAX);

		mexErrMsgTxt(errMsg);          

    }

	/* tx_el -> ch structure */

    for (k=0; k<AL; k++) {

        ch.tx_el[k] = (FP64)*(mxGetPr(tmp)+k);		

	}



	/* get rx_az array */

	rx_az_fnum = mxGetFieldNumber(prhs[1], "rx_az");

    tmp = mxGetFieldByNumber(prhs[1], 0, rx_az_fnum);

	AL = (INT32S)mxGetNumberOfElements(tmp);

	if(AL > CH_MAX) {

		sprintf(errMsg,"Size of array 'ch.rx_az' must be less or equal to %d, to extand it for larger sizes please change defaults in bf.h.", CH_MAX);

		mexErrMsgTxt(errMsg);          

    }

	/* rx_az -> ch structure */

    for (k=0; k<AL; k++) {

        ch.rx_az[k] = (FP64)*(mxGetPr(tmp)+k);		

	}



	/* get rx_el array */

	rx_el_fnum = mxGetFieldNumber(prhs[1], "rx_el");

    tmp = mxGetFieldByNumber(prhs[1], 0, rx_el_fnum);

	AL = (INT32S)mxGetNumberOfElements(tmp);

	if(AL > CH_MAX) {

		sprintf(errMsg,"Size of array 'ch.rx_el' must be less or equal to %d, to extand it for larger sizes please change defaults in bf.h.", CH_MAX);

		mexErrMsgTxt(errMsg);         

    }

	/* rx_el -> ch structure */

    for (k=0; k<AL; k++) {

        ch.rx_el[k] = (FP64)*(mxGetPr(tmp)+k);		

	}



	/* CALL USER FUNCTION, OUTPUT SECTION */



	plhs[0] = mxCreateDoubleMatrix(1, ch.size, mxCOMPLEX);



	imp_res_r = mxGetPr(plhs[0]);

	imp_res_i = mxGetPi(plhs[0]);



	exhaustive_search(&cfg, &ch, imp_res_r, imp_res_i);	

}








60_ghz_channel_model/beamforming/c_code/exhaustive_search_mex.mexw32





60_ghz_channel_model/beamforming/c_code/mex_include.h

#define MATLAB

#include "mex.h"

#include "bf.h"

#include "exhaustive_search.c"

#include "ant_gain.c"

#include "basic2rot.c"

#include "steer_antenna.c"






60_ghz_channel_model/beamforming/c_code/steer_antenna.c

 /*************************************************************************************

	Intel Corp.



    Project Name:  60 GHz Channel Model

    File Name:     steer_antenna.c

    Authors:       A. Lomayev, R. Maslennikov

    Version:       4.0

    History:       February 2010 created



  *************************************************************************************

    Description:

 

    function returns amplitudes weighted by gain coefficients calculated

    for steerable antenna model



  *************************************************************************************/



double steer_antenna(INT32S size, FP64 *am_r, FP64 *am_i, FP64 *el, FP64 hpbw, FP64 *amg_r, FP64 *amg_i, FP64 power)

{

	/* pointers */

	INT32S i;

	/* maximum antenna gain coefficient */

	FP64 G0;

	/* main-lobe width */

	FP64 theta_ml;

	/* side-lobe antenna gain level */

	FP64 G_side;

	/* main-lobe antenna gain */

	FP64 G;





	/* calculate antenna gain function in accordance with hpbw parameter */

	G0 = 20*log10(1.6162/sin((hpbw*D2R)/2));

	theta_ml = 2.6*hpbw;

	G_side = -0.4111*log(hpbw)-10.597;



	/* initialize power variable */

	power = 0;

	for (i=0; i<size; i++)

	{

		if (fabs(el[i]) > (theta_ml/2))

			G = G_side;

		else

			G = G0 - 3.01 * pow((2*fabs(el[i])/hpbw),2);



		G = pow(10,(G/20));



		amg_r[i] = G*am_r[i];

		amg_i[i] = G*am_i[i];



		power = power + pow(amg_r[i],2) + pow(amg_i[i],2);

	}

	return power;

}






60_ghz_channel_model/beamforming/matlab_code/angles_grid.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Channel Model

%    File Name:     angles_grid.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    function returns azimuth and elevation angels determining spatial beam

%    positions for suboptimal coverage of spherical sector surface for fixed

%    level of allowed minimum value of antenna gain

%

%    essential assumption is that antenna beam has azimuth symmetry,

%    therefore lines of equal antenna gain are circles

%

%    [az,el] = angles_grid(alpha,sec_bound,psi)

%

%    Inputs:

%

%       1. alpha     - doubled elevation angle in [deg] corresponding to minimum allowed

%       antenna gain level

%       2. sec_bound - elevation angle in [deg] limiting spherical sector

%       3. psi       - minimum allowed elevation overlapping in [deg] between antenna

%       beam elevation angle outside the sector and sector bound

%

%    Outputs:

%

%       1. az - array of azimuth angles

%       2. el - array of elevation angles

%

%  *************************************************************************************/

function [az,el] = angles_grid(alpha,sec_bound,psi)



% radian to degree and vice versa conversion constants

d2r = pi./180;

r2d = 180./pi;



% calculation of beta angle

beta = (2.*atan((sqrt(3)./2).*tan((alpha.*d2r)./2))).*r2d;



% initialization

az = [];

el = [];

n = 1;

delta = 1;



% iteration procedure for rows in 60 degree sector coverage

while(delta > 0)

    k = [1:n];

    thi_nk = (n-k).*(60./n);

    theta_nk = double_rot(k.*beta,(n-k).*beta,thi_nk);

    delta = sec_bound - (min(theta_nk(1:end))-alpha./2);

    

    if (delta > 0)

        az = [az,thi_nk];

        el = [el,theta_nk];

    end    

    n = n + 1;

end



% exclude elevations which are not satisfied to minimum allowed overlapping

% with sector bound

index = find((el > sec_bound) & ((sec_bound - (el - alpha./2)) < psi));

el(index) = [];

az(index) = [];



% repetition of 60 degree sector for whole spherical sector

az = [0,az,60+az,120+az,180+az,240+az,300+az];

el = [0,el,el,el,el,el,el];



% double rotation function

function [theta] = double_rot(theta1,theta2,thi)



d2r = pi./180;

r2d = 180./pi;



theta1 = theta1.*d2r;

theta2 = theta2.*d2r;

thi = thi.*d2r;



a = cos(theta2);

b = cos(theta1);

c = sin(theta1).*cos(thi);



det = c.^2+b.^2-a.^2;

index = find(abs(det) < 1e-15);

det(index) = 0;



x = (a.*b-c.*sqrt(det))./(c.^2+b.^2);



theta = acos(x).*r2d;






60_ghz_channel_model/beamforming/matlab_code/ant_gain.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Channel Model

%    File Name:     ant_gain.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    function returns amplitudes weighted by antenna gain for target antenna space position

%

%    [amg] = ant_gain(ant_type,hpbw,am,az,el,az_rot,el_rot)

%

%    Inputs:

%

%       1. ant_type - antenna type

%       2. hpbw     - half-power beamwidth for steerable directional antenna model

%       3. am       - amplitudes array 

%       4. az       - TX/RX azimuths array

%       5. el       - TX/RX elevations array

%       6. az_rot   - azimuth rotation angle of antenna beam

%       7. el_rot   - elevation rotation angle of antenna beam

%

%    Outputs:

%

%       1. amg - output amplitudes weighted by antenna gain coefficients

%

%  *************************************************************************************/

function [amg] = ant_gain(ant_type,hpbw,am,az,el,az_rot,el_rot)



switch(ant_type)

    case 0, % isotropic radiator

        amg = am;

    case 1, % steerable directional antenna

        [az,el] = basic2rot(az,el,mod(az_rot+90,360),el_rot,0);

        amg = steer_antenna(am,el,hpbw);

end






60_ghz_channel_model/beamforming/matlab_code/basic2rot.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Channel Model

%    File Name:     basic2rot.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    function performs recalculation of azimuth and elevation angles

%    determinig in basic coordinates to rotated coordinates,

%    univocal rotated system position is set by 3 Euler's rotations

%    (by corresponding 3 angles)

%

%    [azr,elr] = basic2rot(az,el,az_rot,el_rot,self_rot)

%

%    Inputs:

%

%       1. az     - array of input azimuth angles in [deg] in basic coordinates

%       2. el     - array of input elevation angles in [deg] in basic coordinates

%       3. az_rot - angle in [deg] determines azimuth rotation for rotated system of coordinates relative to basic system

%       4. el_rot - angle in [deg] determines elevation rotation for rotated system of coordinates relative to basic system

%       5. sr_rot - angle in [deg] determines self rotation for rotated system of coordinates relative to basic system

%

%    Outputs:

%

%       1. az_rot - array of output azimuth angles in [deg] in rotated coordinates

%       2. el_rot - array of output elevation angles in [deg] in rotated coordinates

%

%  *************************************************************************************/

function [azr,elr] = basic2rot(az,el,az_rot,el_rot,self_rot)



% radian to degree and vice versa conversion constants

d2r = pi./180;

r2d = 180./pi;



% degree to radian conversion

az = az.*d2r;

el = el.*d2r;

az_rot = az_rot.*d2r;

el_rot = el_rot.*d2r;

self_rot = self_rot.*d2r;



% spherical to cartesian

x = sin(el).*cos(az);

y = sin(el).*sin(az);

z = cos(el);



% rotation matrix: 3 Euler's rotations

R_self = [cos(self_rot),sin(self_rot),0;-sin(self_rot),cos(self_rot),0;0,0,1];

R_el   = [1,0,0;0,cos(el_rot),sin(el_rot);0,-sin(el_rot),cos(el_rot)];

R_az   = [cos(az_rot),sin(az_rot),0;-sin(az_rot),cos(az_rot),0;0,0,1];

R = R_self*R_el*R_az;



% calculate coordinates in rotated system

dec_rot = R*[x.';y.';z.'];



xr = dec_rot(1,:);

yr = dec_rot(2,:);

zr = dec_rot(3,:);



% cartesian to spherical

azr = atan2(yr,xr); % range [-pi/2:pi/2]

elr = acos(zr);



% radian to degree

azr = azr.*r2d;

% azimuth angle should be [0:360]

azr = mod(360 + azr,360);

elr = elr.*r2d;






60_ghz_channel_model/beamforming/matlab_code/beamforming.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Channel Model

%    File Name:     beamforming.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    function returns channel impulse response in continuous time

%

%    [imp_res,toa] = beamforming(cfg,ch)

%

%    Inputs:

%

%       1. cfg      - part of configuration structure defining beamforming related parameters

%       2. ch.am    - amplitudes array

%       3. ch.toa   - times of arrival array

%       4. ch.tx_az - TX azimuths array

%       5. ch.tx_el - TX elevations array

%       6. ch.rx_az - RX azimuths array

%       7. ch.rx_el - RX elevations array

%

%    Outputs:

%

%       1. imp_res - channel impulse response

%       2. toa     - times of arrival corresponded to imp_res values

%

%  *************************************************************************************/

function [imp_res,toa] = beamforming(cfg,ch)



toa = ch.toa;



% conversion of angles to new TX/RX coordinates

% (x-axis along LOS, z-axis normal to horizontal plane, y-axis is added for right tern)

% azimuth angle thi: [0:360], elevation angle theta: [0:180]

ch.tx_az = mod(360 + ch.tx_az,360);

ch.rx_az = mod(360 + ch.rx_az,360);

ch.tx_el = 90 - ch.tx_el;

ch.rx_el = 90 - ch.rx_el;



% select beamforming algorithm

switch (cfg.bf_alg)

    case 0, % max power ray algorithm

        imp_res = max_power_ray(cfg,ch);

        

    case 1, % max power exhaustive search algorithm

        switch (cfg.matlab_c) % select Matlab/C function

            case 0,

                imp_res = exhaustive_search(cfg,ch);

            case 1,

                imp_res = exhaustive_search_mex(cfg,ch);

                imp_res = imp_res.';

            otherwise,

                error('Prohibited value of "cfg.matlab_c" parameter');

        end

        

    otherwise,

        error('Prohibited value of "cfg.bf_alg" parameter');

end



% sort impulse response values

[toa,ind_sort] = sort(toa);

imp_res = imp_res(ind_sort);






60_ghz_channel_model/beamforming/matlab_code/exhaustive_search.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Channel Model

%    File Name:     exhaustive_search.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    function performs exhaustive search for TX and RX sides in accordance

%    with TX and RX angles grids

%

%    [imp_res] = exhaustive_search(cfg,ch)

%

%    Inputs:

%

%       1. cfg      - part of configuration structure defining beamforming related parameters

%       2. ch.am    - amplitudes array 

%       3. ch.tx_az - TX azimuths array

%       4. ch.tx_el - TX elevations array

%       5. ch.rx_az - RX azimuths array

%       6. ch.rx_el - RX elevations array

%

%    Outputs:

%

%       1. imp_res - channel impulse response in continuous time

%

%  *************************************************************************************/

function [imp_res] = exhaustive_search(cfg,ch)



power_max = 0;

imp_res = ch.am;



% space filtering

% TX search

for i=1:length(cfg.tx_az)

    tx_az_rot = cfg.tx_az(i);

    tx_el_rot = cfg.tx_el(i);

    

    % TX antenna gain

    am_tx = ant_gain(cfg.tx_ant_type, cfg.tx_hpbw, ch.am, ch.tx_az, ch.tx_el, tx_az_rot, tx_el_rot);

    

    % RX search

    for j=1:length(cfg.rx_az)

        rx_az_rot = cfg.rx_az(j);

        rx_el_rot = cfg.rx_el(j);

        

        % RX antenna gain

        am_rx = ant_gain(cfg.rx_ant_type, cfg.rx_hpbw, am_tx, ch.rx_az, ch.rx_el, rx_az_rot, rx_el_rot);

        

        % max power selection

        if (sum(abs(am_rx).^2) > power_max)

            power_max = sum(abs(am_rx).^2);

            imp_res = am_rx;

        end

    end

end






60_ghz_channel_model/beamforming/matlab_code/max_power_ray.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Channel Model

%    File Name:     max_power_ray.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    function performs max power ray beamforming

%

%    [imp_res] = max_power_ray(cfg,ch)

%

%    Inputs:

%

%       1. cfg      - part of configuration structure defining beamforming related parameters

%       2. ch.am    - amplitudes array 

%       3. ch.tx_az - TX azimuths array

%       4. ch.tx_el - TX elevations array

%       5. ch.rx_az - RX azimuths array

%       6. ch.rx_el - RX elevations array

%

%    Outputs:

%

%       1. imp_res - channel impulse response in continuous time

%

%  *************************************************************************************/

function [imp_res] = max_power_ray(cfg,ch)



% find the ray with maximum power

[power_max,idx_max] = max(abs(ch.am).^2);



% apply antenna patterns steered along max power ray direction - space

% filtering

% TX side

tx_az_rot = ch.tx_az(idx_max);

tx_el_rot = ch.tx_el(idx_max);

% TX antenna gain

am_tx = ant_gain(cfg.tx_ant_type, cfg.tx_hpbw, ch.am, ch.tx_az, ch.tx_el, tx_az_rot, tx_el_rot);



% RX side

rx_az_rot = ch.rx_az(idx_max);

rx_el_rot = ch.rx_el(idx_max);

% RX antenna gain

am_rx = ant_gain(cfg.rx_ant_type, cfg.rx_hpbw, am_tx, ch.rx_az, ch.rx_el, rx_az_rot, rx_el_rot);



imp_res = am_rx;






60_ghz_channel_model/beamforming/matlab_code/steer_antenna.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Channel Model

%    File Name:     steer_antenna.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function returns amplitudes weighted by gain coefficients calculated

%    for steerable directional antenna model

%

%    [amg] = steer_antenna(am,el,hpbw)

%

%    Inputs:

%

%       1. am   - array of input amplitudes

%       2. el   - elevation angles array

%       3. hpbw - half-power antenna beam width

%

%    Outputs:

%

%       1. amg  - array of output amplitudes weighted by antenna gain coefficients

%

%  *************************************************************************************/

function [amg] = steer_antenna(am,el,hpbw)



G0 = 10*log10((1.6162./sin(hpbw*pi/180/2))^2);

theta_ml = 2.6*hpbw;

G_side = -0.4111.*log(hpbw)-10.597;

G = G0 - 3.01 .* (2.*abs(el)./hpbw).^2;



pos=find(abs(el)>theta_ml/2);

G(pos)=G_side;



g = 10.^(G/20);



amg = am.*(g.');






60_ghz_channel_model/common/ct2dt.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Channel Model

%    File Name:     ct2dt.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function returns channel response due to target sample rate

%

%    [h_dt] = ct2dt(h_ct, t, sample_rate)

%

%    Inputs:

%

%    1. h_ct        - continuous time channel impulse response

%    2. t           - continuous time in [ns]

%    3. sample_rate - sample rate in [GHz]

% 

%    Outputs:

%

%    1. h_dt - discrete time channel impulse response

%

%  *************************************************************************************/

function [h_dt] = ct2dt(h_ct, t, sample_rate)



t_s = 1./sample_rate;



t_0 = t - min(t);



N = round(max(t_0)./t_s) + 1;



h_dt = zeros(1,N);



for ray_ix = 1:length(t_0)

    time_bin = round(t_0(ray_ix)./t_s) + 1;

    h_dt(time_bin) = h_dt(time_bin) + h_ct(ray_ix);

end






60_ghz_channel_model/common/polarization.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Channel Model

%    File Name:     polarization.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function returns Jones vector describing antenna polarization in

%    accordance with polarization type parameter

%

%    [pol_vec] = polarization(pol)

%

%    Outputs:

%

%       1. pol_vec - Jones vector describing antenna polarization

%

%    Inputs:

%

%       1. pol - parameter selects polarization type

%

%  *************************************************************************************/

function [pol_vec] = polarization(pol)



switch (pol)

    case 0, % linear in theta direction

        pol_vec = [1;0];

    case 1, % linear in thi direction

        pol_vec = [0;1];

    case 2, % LHCP

        pol_vec = [1;j]./sqrt(2);

    case 3, % RHCP

        pol_vec = [1;-j]./sqrt(2);

end






60_ghz_channel_model/conference_room/cr_ap_az_1st.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_ap_az_1st.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates azimuth angles in [deg] for 1st order clusters obtained from wall

%    reflections in CR environment for STA-AP subscenario

%

%    [az_small, az_large] = cr_ap_az_1st(size)

%

%    Inputs:

%

%       1. size - target size of returned arrays

%

%    Outputs:

%

%       1. az_small - small azimuth angles array

%       2. az_large - large azimuth angles array

% 

%  *************************************************************************************/

function [az_small, az_large] = cr_ap_az_1st(size)



% sector parameters

a = 135./80;

b = 45;

sigma = 35;



sh_bound = 90;

ln_bound = 180;



for i=1:size

    az_large(i) = 181;

    while (az_large(i) > 180)

        az_small(i) = rand(1,1).*sh_bound;

        az_large(i) = (a.*az_small(i) + b) + sigma.*(rand(1,1));

    end

end






60_ghz_channel_model/conference_room/cr_ap_el_1st.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_ap_el_1st.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates elevation angles in [deg] for 1st order clusters obtained from wall

%    reflections in CR environment for STA-AP subscenario

%

%    [y] = cr_ap_el_1st(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - elevation angles array

%

%  *************************************************************************************/

function y = cr_ap_el_1st(size)



u = rand(1,size);



x = [-52,-37,-22,-13];



a = 1./132;

b = 1./22;

d = 1./44;



c(1) = -a.*x(1);

u1 = a.*x(2) + c(1);



c(2) = u1 - x(2).*b;

u2 = b.*x(3) + c(2);



c(3) = u2 - x(3).*d;



index = find((u >= 0) & (u < u1));

y(index) = (u(index) - c(1))./a;

index = find((u >= u1) & (u <= u2));

y(index) = (u(index) - c(2))./b;

index = find((u >= u2) & (u <= 1));

y(index) = (u(index) - c(3))./d;






60_ghz_channel_model/conference_room/cr_ap_el_2nd.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_ap_el_2nd.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates elevation angles in [deg] for 2nd order clusters obtaind

%    from wall reflections for STA-AP subscenario

%

%    [y] = cr_ap_el_2nd(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - elevation angles array

%

%  *************************************************************************************/

function y = cr_ap_el_2nd(size)



u = rand(1,size);



x = [-34,-20,-12,-8];



a = 3./154;

b = 6./77;

d = 2./77;



c(1) = -a.*x(1);

u1 = a.*x(2) + c(1);



c(2) = u1 - x(2).*b;

u2 = b.*x(3) + c(2);



c(3) = u2 - x(3).*d;



index = find((u >= 0) & (u < u1));

y(index) = (u(index) - c(1))./a;

index = find((u >= u1) & (u <= u2));

y(index) = (u(index) - c(2))./b;

index = find((u >= u2) & (u <= 1));

y(index) = (u(index) - c(3))./d;






60_ghz_channel_model/conference_room/cr_ap_gen_inter_cls.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_ap_gen_inter_cls.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function returns NLOS space-temporal clusters parameters: azimuth angles

%    in [deg] relative to LOS direction for TX/RX and elevation angles, times of arrival

%    in [ns] relative to LOS time for CR environment for STA-AP subscenario

%

%    [cls] = cr_ap_gen_inter_cls(N)

%

%    Inputs:

%

%       1. N - the number of realizations

%

%    Outputs:

%

%        1. cls.toa    - times of arrival array, size 12xN

%        2. cls.tx_az  - TX azimuths array,      size 12xN

%        3. cls.tx_el  - TX elevations array,    size 12xN

%        4. cls.rx_az  - RX azimuths array,      size 12xN

%        5. cls.rx_el  - RX elevations array,    size 12xN

%

%    Row dimension in cls.x array:

%

%        1,2,3,4            - 1st order clusters

%

%        5,6,7,8,9,10,11,12 - 2nd order clusters

%

%  *************************************************************************************/

function [cls] = cr_ap_gen_inter_cls(N)



% time of arrival

cls.toa(1:4,:)  = [cr_ap_toa_1st(N);cr_ap_toa_1st(N);cr_ap_toa_1st(N);cr_ap_toa_1st(N)];

cls.toa(5:12,:) = [cr_ap_toa_2nd(N);cr_ap_toa_2nd(N);cr_ap_toa_2nd(N);cr_ap_toa_2nd(N);cr_ap_toa_2nd(N);cr_ap_toa_2nd(N);cr_ap_toa_2nd(N);cr_ap_toa_2nd(N)];



% tx azimuth



% 1st order

[az_small_p, az_large_p] = cr_ap_az_1st(N);

[az_small_n, az_large_n] = cr_ap_az_1st(N);

cls.tx_az(1:4,:) = [-az_large_n;-az_small_n;az_small_p;az_large_p];



% 2nd order

cls.tx_az(5:8,:) = -180 + 180.*rand(4,N);

cls.tx_az(9:12,:) =   0 + 180.*rand(4,N);



% tx elevation



% 1st order

cls.tx_el(1:4,:)  = [cr_ap_el_1st(N);cr_ap_el_1st(N);cr_ap_el_1st(N);cr_ap_el_1st(N)];

% 2nd order

cls.tx_el(5:12,:) = [cr_ap_el_2nd(N);cr_ap_el_2nd(N);cr_ap_el_2nd(N);cr_ap_el_2nd(N);cr_ap_el_2nd(N);cr_ap_el_2nd(N);cr_ap_el_2nd(N);cr_ap_el_2nd(N)];



% rx azimuth



% 1st order

[az_small_p, az_large_p] = cr_ap_az_1st(N);

[az_small_n, az_large_n] = cr_ap_az_1st(N);

cls.rx_az(1:4,:) = [az_small_p;az_large_p;-az_large_n;-az_small_n];



% 2nd order

cls.rx_az(5:12,:)  = cls.tx_az(5:12,:);

cls.rx_az(5:6,:)   = cls.tx_az(5:6,:) + 180;

cls.rx_az(9:10,:)  = cls.tx_az(9:10,:) - 180;



% rx elevation



% 1st order

cls.rx_el(1:4,:)  = -cls.tx_el(1:4,:);

% 2nd order

cls.rx_el(5:12,:) = -cls.tx_el(5:12,:);






60_ghz_channel_model/conference_room/cr_ap_toa_1st.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_ap_toa_1st.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates times of arrival in [ns] for 1st order clusters obtained

%    from wall reflections in CR environment for STA-AP subscenario

%

%    [y] = cr_ap_toa_1st(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - times of arrival array

%

%  *************************************************************************************/

function y = cr_ap_toa_1st(size)



u = rand(1,size);



x = [1,3,5,7,18,20];

z = [72,78875,68246,7434,8949,0]./400000;



a(1) = (z(1)-z(2))./(x(1)-x(2));

b(1) = (z(2).*x(1)-z(1).*x(2))./(x(1)-x(2));



a(2) = (z(2)-z(3))./(x(2)-x(3));

b(2) = (z(3).*x(2)-z(2).*x(3))./(x(2)-x(3));



a(3) = (z(3)-z(4))./(x(3)-x(4));

b(3) = (z(4).*x(3)-z(3).*x(4))./(x(3)-x(4));



a(4) = (z(4)-z(5))./(x(4)-x(5));

b(4) = (z(5).*x(4)-z(4).*x(5))./(x(4)-x(5));



a(5) = (z(5)-z(6))./(x(5)-x(6));

b(5) = (z(6).*x(5)-z(5).*x(6))./(x(5)-x(6));





c(1) = -(a(1)./2).*(x(1).^2) - b(1).*x(1);

u1 = (a(1)./2).*(x(2).^2) + b(1).*x(2) + c(1);



c(2) = u1 - (a(2)./2).*(x(2).^2) - b(2).*x(2);

u2 = (a(2)./2).*(x(3).^2) + b(2).*x(3) + c(2);



c(3) = u2 - (a(3)./2).*(x(3).^2) - b(3).*x(3);

u3 = (a(3)./2).*(x(4).^2) + b(3).*x(4) + c(3);



c(4) = u3 - (a(4)./2).*(x(4).^2) - b(4).*x(4);

u4 = (a(4)./2).*(x(5).^2) + b(4).*x(5) + c(4);



c(5) = u4 - (a(5)./2).*(x(5).^2) - b(5).*x(5);



index = find((u >= 0) & (u <= u1));

y(index) = (-b(1) + sqrt(b(1).^2 - 2.*a(1).*(c(1)-u(index))))./a(1);

index = find((u > u1) & (u <= u2));

y(index) = (-b(2) + sqrt(b(2).^2 - 2.*a(2).*(c(2)-u(index))))./a(2);

index = find((u > u2) & (u <= u3));

y(index) = (-b(3) + sqrt(b(3).^2 - 2.*a(3).*(c(3)-u(index))))./a(3);

index = find((u > u3) & (u <= u4));

y(index) = (-b(4) + sqrt(b(4).^2 - 2.*a(4).*(c(4)-u(index))))./a(4);

index = find((u > u4) & (u <= 1));

y(index) = (-b(5) + sqrt(b(5).^2 - 2.*a(5).*(c(5)-u(index))))./a(5);






60_ghz_channel_model/conference_room/cr_ap_toa_2nd.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_ap_toa_2nd.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates times of arrival in [ns] for 2nd order clusters

%    obtained from wall reflections in CR environment for STA-AP subscenario

%

%    [y] = cr_ap_toa_2nd(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - times of arrival array

%

%  *************************************************************************************/

function y = cr_ap_toa_2nd(size)



u = rand(1,size);



x = [4,6,8,13,16,20,23,25,28,30];

z = [0,86773,2453,79978,26041,27128,0,0,48049,0]./800000;



a(1) = (z(1)-z(2))./(x(1)-x(2));

b(1) = (z(2).*x(1)-z(1).*x(2))./(x(1)-x(2));



a(2) = (z(2)-z(3))./(x(2)-x(3));

b(2) = (z(3).*x(2)-z(2).*x(3))./(x(2)-x(3));



a(3) = (z(3)-z(4))./(x(3)-x(4));

b(3) = (z(4).*x(3)-z(3).*x(4))./(x(3)-x(4));



a(4) = (z(4)-z(5))./(x(4)-x(5));

b(4) = (z(5).*x(4)-z(4).*x(5))./(x(4)-x(5));



a(5) = (z(5)-z(6))./(x(5)-x(6));

b(5) = (z(6).*x(5)-z(5).*x(6))./(x(5)-x(6));



a(6) = (z(6)-z(7))./(x(6)-x(7));

b(6) = (z(7).*x(6)-z(6).*x(7))./(x(6)-x(7));



a(7) = (z(7)-z(8))./(x(7)-x(8));

b(7) = (z(8).*x(7)-z(7).*x(8))./(x(7)-x(8));



a(8) = (z(8)-z(9))./(x(8)-x(9));

b(8) = (z(9).*x(8)-z(8).*x(9))./(x(8)-x(9));



a(9) = (z(9)-z(10))./(x(9)-x(10));

b(9) = (z(10).*x(9)-z(9).*x(10))./(x(9)-x(10));





c(1) = -(a(1)./2).*(x(1).^2) - b(1).*x(1);

u1 = (a(1)./2).*(x(2).^2) + b(1).*x(2) + c(1);



c(2) = u1 - (a(2)./2).*(x(2).^2) - b(2).*x(2);

u2 = (a(2)./2).*(x(3).^2) + b(2).*x(3) + c(2);



c(3) = u2 - (a(3)./2).*(x(3).^2) - b(3).*x(3);

u3 = (a(3)./2).*(x(4).^2) + b(3).*x(4) + c(3);



c(4) = u3 - (a(4)./2).*(x(4).^2) - b(4).*x(4);

u4 = (a(4)./2).*(x(5).^2) + b(4).*x(5) + c(4);



c(5) = u4 - (a(5)./2).*(x(5).^2) - b(5).*x(5);

u5 = (a(5)./2).*(x(6).^2) + b(5).*x(6) + c(5);



c(6) = u5 - (a(6)./2).*(x(6).^2) - b(6).*x(6);

u6 = (a(6)./2).*(x(7).^2) + b(6).*x(7) + c(6);



c(7) = u6 - (a(7)./2).*(x(7).^2) - b(7).*x(7);

u7 = (a(7)./2).*(x(8).^2) + b(7).*x(8) + c(7);



c(8) = u7 - (a(8)./2).*(x(8).^2) - b(8).*x(8);

u8 = (a(8)./2).*(x(9).^2) + b(8).*x(9) + c(8);



c(9) = u8 - (a(9)./2).*(x(9).^2) - b(9).*x(9);



index = find((u >= 0) & (u <= u1));

y(index) = (-b(1) + sqrt(b(1).^2 - 2.*a(1).*(c(1)-u(index))))./a(1);

index = find((u > u1) & (u <= u2));

y(index) = (-b(2) + sqrt(b(2).^2 - 2.*a(2).*(c(2)-u(index))))./a(2);

index = find((u > u2) & (u <= u3));

y(index) = (-b(3) + sqrt(b(3).^2 - 2.*a(3).*(c(3)-u(index))))./a(3);

index = find((u > u3) & (u <= u4));

y(index) = (-b(4) + sqrt(b(4).^2 - 2.*a(4).*(c(4)-u(index))))./a(4);

index = find((u > u4) & (u <= u5));

y(index) = (-b(5) + sqrt(b(5).^2 - 2.*a(5).*(c(5)-u(index))))./a(5);

index = find((u > u5) & (u <= u6));

y(index) = (-b(6) + sqrt(b(6).^2 - 2.*a(6).*(c(6)-u(index))))./a(6);

index = find((u > u6) & (u <= u7));

y(index) = (-b(7) + sqrt(b(7).^2 - 2.*a(7).*(c(7)-u(index))))./a(7);

index = find((u > u7) & (u <= u8));

y(index) = (-b(8) + sqrt(b(8).^2 - 2.*a(8).*(c(8)-u(index))))./a(8);

index = find((u > u8) & (u <= 1));

y(index) = (-b(9) + sqrt(b(9).^2 - 2.*a(9).*(c(9)-u(index))))./a(9);






60_ghz_channel_model/conference_room/cr_atten_coef.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_atten_coef.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates attenuation coefficients for cluster due to

%    human blockage

%

%    [atten_coef] = cr_atten_coef(ap_sp)

%

%    Inputs:

%

%       1. ap_sp - parameter selects subscenario: 0 - STA-STA, 1 - STA-AP

%

%    Outputs:

%

%       1. atten_coef - attenuation coefficients array in linear scale

% 

%  *************************************************************************************/

function [atten_coef] = cr_atten_coef(ap_sp)



switch(ap_sp)

    case 0, % STA - STA

        

        % 1st order ceiling cluster

        atten_coef_db(1) = 0;

        % 1st order wall clusters

        atten_coef_db(2) = atten_fun(0);

        atten_coef_db(3) = atten_fun(0);

        atten_coef_db(4) = atten_fun(0);

        atten_coef_db(5) = atten_fun(0);

        % 2nd order wall-ceiling (ceiling-wall) clusters

        atten_coef_db(6) = atten_fun(1);

        atten_coef_db(7) = atten_fun(1);

        atten_coef_db(8) = atten_fun(1);

        atten_coef_db(9) = atten_fun(1);

        % 2nd order wall clusters

        atten_coef_db(10) = atten_fun(0);

        atten_coef_db(11) = atten_fun(0);

        atten_coef_db(12) = atten_fun(0);

        atten_coef_db(13) = atten_fun(0);

        atten_coef_db(14) = atten_fun(0);

        atten_coef_db(15) = atten_fun(0);

        atten_coef_db(16) = atten_fun(0);

        atten_coef_db(17) = atten_fun(0);

        

    case 1, % STA-AP

        

        % 1st order clusters

        atten_coef_db(1) = atten_fun(0);

        atten_coef_db(2) = atten_fun(0);

        atten_coef_db(3) = atten_fun(0);

        atten_coef_db(4) = atten_fun(0);

        % 2nd order clusters

        atten_coef_db(5) = atten_fun(0);

        atten_coef_db(6) = atten_fun(0);

        atten_coef_db(7) = atten_fun(0);

        atten_coef_db(8) = atten_fun(0);

        atten_coef_db(9) = atten_fun(0);

        atten_coef_db(10) = atten_fun(0);

        atten_coef_db(11) = atten_fun(0);

        atten_coef_db(12) = atten_fun(0);        

end



atten_coef = 10.^(atten_coef_db./20);        

        



function [A] = atten_fun(type)



switch(type)

    case 0, % 1st/2nd order reflections from walls

        

        A = 1;

        while(A>0) % truncation level is equal to 0 dB

            

            % GMM (Gaussian mixture model) in log-scale

            p = rand(1,1);

            

            if (p>0.83)

                mv = -47.2; % mean value

                std = 10;   % standard deviation

                A = std.*randn(1,1) + mv;

            else

                mv = -18.2; % mean value

                std = 8.3;  % standard deviation

                A = std.*randn(1,1) + mv;

            end

        end

                

    case 1, % 2nd order reflections from wall and then ceiling (or from ceiling and then wall)

        

        A = 1;

        while(A>0) % truncation level is equal to 0 dB

            

            % Gaussian distribution in log-scale

            mv = -18.4; % mean value

            std = 8.8;  % standard deviation            

            A = std.*randn(1,1) + mv;

        end

end








60_ghz_channel_model/conference_room/cr_cls_prob.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_cls_prob.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates clusters probabilities

%

%    [P] = cr_cls_prob(cfg)

%

%    Inputs:

%

%       1. cfg.ap_sp       - parameter selects subscenario: 0 - STA-STA, 1 - STA-AP

%       2. cfg.Psta_1st_c  - probability of 1st order reflections from ceiling in STA-STA subscenario

%       3. cfg.Psta_1st_w  - probability of 1st order reflections from walls in STA-STA subscenario

%       4. cfg.Psta_2nd_wc - probability of 2nd order wall-ceiling (ceiling-wall) reflections in STA-STA subscenario

%       5. cfg.Psta_2nd_w  - probability of 2nd order reflections from walls in STA-STA subscenario

%       6. cfg.Pap_1st     - probability of 1st order reflections from walls in STA-AP subscenario

%       7. cfg.Pap_2nd     - probability of 2nd order reflections from walls in STA-AP subscenario

%

%    Outputs:

%

%       1. P - array of clusters probabilities

% 

%  *************************************************************************************/

function [P] = cr_cls_prob(cfg)



switch(cfg.ap_sp)

    case 0, % STA - STA

        % 1st order ceiling cluster

        P(1) = 1;

        % 1st order wall clusters

        prob = 4.*rand(1,1);

        num = ceil(prob);

        P(2:5) = 1;

        P(1+num) = cfg.Psta_1st_w;

        % 2nd order wall-ceiling (ceiling-wall) clusters

        prob = 4.*rand(1,1);

        num = ceil(prob);

        P(6:9) = 1;

        P(5+num) = cfg.Psta_2nd_wc;

        % 2nd order wall clusters

        P(10:17) = cfg.Psta_2nd_w;

        

    case 1, % STA - AP

        % 1st order clusters

        prob = 4.*rand(1,1);

        num = ceil(prob);

        P(1:4) = 1;

        P(num) = cfg.Pap_1st;

        % 2nd order clusters

        P(5:12) = cfg.Pap_2nd;        

end






60_ghz_channel_model/conference_room/cr_gen_intra_cls.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_gen_intra_cls.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function returns intra-cluster space-temporal parameters: rays amplitudes,

%    times of arrival in [ns] relative to cluster time, azimuth/elevation angles

%    in [deg] relative to cluster direction for TX/RX in CR environment

% 

%    [incls] = cr_gen_intra_cls(toa_cls)

%

%    Inputs:

%

%       1. toa_cls - cluster time of arrival 

%

%    Outputs:

%

%       1. incls.am    - amplitudes array

%       2. incls.toa   - times of arrival array

%       3. incls.tx_az - TX azimuths array

%       4. incls.tx_el - TX elevations array

%       5. incls.rx_az - RX azimuths array

%       6. incls.rx_el - RX elevations array

%

%  *************************************************************************************/

function [incls] = cr_gen_intra_cls(toa_cls)



% intra-clusters parameters

K_f_dB = 10;

K_b_dB = 14.2;



N_f = 6;

N_b = 8;



lambda_f = 0.37;

lambda_b = 0.31;



gamma_f  = 3.7;

gamma_b  = 4.5;



sigma_tx_az = 5;

sigma_tx_el = 5;

sigma_rx_az = 5;

sigma_rx_el = 5;



% generate time of arrivals

toa_f = [];

if (N_f > 0)

    toa_f = sort(-poisson(lambda_f, N_f));

end



% check if the absolute ray time is negative 

% which is very rare but probable event



ix = find((toa_f + toa_cls) < 0);

if (~isempty(ix))

    toa_f(ix) = [];

end



toa_b = [];

if (N_b > 0)

    toa_b = poisson(lambda_b, N_b);

end



% generate amplitudes

K_f = 10^(K_f_dB/10); % Convert from [dB]

K_b = 10^(K_b_dB/10); % Convert from [dB]





ave_pow_f = exp(toa_f/gamma_f)/K_f;

ave_pow_b = exp(-toa_b/gamma_b)/K_b;



toa = [toa_f; 0; toa_b];



amp_f = rayleigh(ave_pow_f);

amp_b = rayleigh(ave_pow_b);



amp = [amp_f; 1; amp_b];



phase = rand(size(amp)); % Random phase

imp_resp = amp .* exp(2*pi*1i*phase);



% normalize power

imp_resp = imp_resp./norm(imp_resp);



% generate angles

tx_az_f = randn(N_f, 1) * sigma_tx_az;

tx_az_f(ix) = [];

tx_az_b = randn(N_b, 1) * sigma_tx_az;

tx_az   = [tx_az_f; 0; tx_az_b];



tx_el_f = randn(N_f, 1) * sigma_tx_el;

tx_el_f(ix) = [];

tx_el_b = randn(N_b, 1) * sigma_tx_el;

tx_el   = [tx_el_f; 0; tx_el_b];



rx_az_f = randn(N_f, 1) * sigma_rx_az;

rx_az_f(ix) = [];

rx_az_b = randn(N_b, 1) * sigma_rx_az;

rx_az   = [rx_az_f; 0; rx_az_b];



rx_el_f = randn(N_f, 1) * sigma_rx_el;

rx_el_f(ix) = [];

rx_el_b = randn(N_b, 1) * sigma_rx_el;

rx_el   = [rx_el_f; 0; rx_el_b];



% fill intra-cluster output structure

incls.am    = imp_resp;

incls.toa   = toa;

incls.tx_az = tx_az;

incls.tx_el = tx_el;

incls.rx_az = rx_az;

incls.rx_el = rx_el;



% ------------------------------------------------------------------------ % 



function y = poisson(lambda, numSamples)

% generates poisson process

% lambda - rate

% numSmaples - number of elements

sigma = sqrt(1/lambda/2);

x = (sigma*randn(numSamples,1)).^2 + (sigma*randn(numSamples,1)).^2;

y = cumsum(x, 1);



% ------------------------------------------------------------------------ % 



function y = rayleigh(p)

% generates rayleigh amplitudes

% p - average power

y = sqrt(p).*sqrt(abs(randn(size(p))+1i*randn(size(p))).^2/2);






60_ghz_channel_model/conference_room/cr_ref_loss.m

% /*************************************************************************************

%    Intel Corp.

%    (C) COPYRIGHT 2010

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_ref_loss.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function returns clusters reflection loss according to normal distribution based

%    on the experimental data

%

%    [ref_loss] = cr_ref_loss()

%

%    Outputs:

%

%       1. ref_loss - reflection loss coefficients array

%

%    Inputs:

%

%       1. ap_sp - parameter selects subscenario: 0 - STA-STA, 1 - STA-AP

%       2. ps    - polarization support parameter: 0 - TX/RX polarization vectors are not applied, 1 - polarization is applied

%       3. pol   - antennas polarization type 1x2 vector: pol(1) - polarization type for TX antenna, pol(2) - polarization type for RX antenna 

%

%    Row dimension in ref_loss array for ap_sp = 0 :

%

%    1                       - 1st order ceiling cluster coefficient

%    2,3,4,5                 - 1st order walls clusters  coefficients

%

%    6,7,8,9                 - 2nd order wall-ceiling (ceiling-wall) clusters  coefficients

%    10,11,12,13,14,15,16,17 - 2nd order walls clusters coefficients

%

%    Row dimension in ref_loss array for ap_sp = 1 :

%

%    1,2,3,4                 - 1st order walls clusters coefficients

%

%    5,6,7,8,9,10,11,12      - 2nd order walls clusters coefficients

%

%  *************************************************************************************/

function [ref_loss] = cr_ref_loss(ap_sp,ps,pol)



switch (ps)

    case 0, % without polarization

        

        % choose subscenario

        switch (ap_sp)

            case 0, % subscenario STA-STA : 17 clusters = 5 (1st order) + 12 (2nd order)

                ref_loss_db = [ref_coef_db(0,5);ref_coef_db(1,12)];

            case 1, % subscenario STA-AP : 12 clusters = 4 (1st order) + 8 (2nd order)

                ref_loss_db = [ref_coef_db(0,4);ref_coef_db(1,8)];

            otherwise,

                error('Prohibited value of "ap_sp" parameter');

        end

        

        ref_loss = 10.^(ref_loss_db./20);

    case 1, % with polarization

        

        % polarization vectors for TX and RX antennas

        tx_pol = polarization(pol(1));

        rx_pol = polarization(pol(2));

        

        

        % choose subscenario

        switch (ap_sp)

            case 0, % subscenario STA-STA : 17 clusters = 5 (1st order) + 12 (2nd order)

                

                % 1st order ceiling cluster

                % reflection matrix

                R(1,1) = ref_coef(0,1);

                R(2,2) = ref_coef(0,0);

                R(1,2) = 0.1.*(2.*(randn(1,1)>0)-1);

                R(2,1) = 0.1.*(2.*(randn(1,1)>0)-1);

                

                ref_loss(1,:) = rx_pol'*R*tx_pol;

                

                % 1st order walls clusters

                for i=2:5

                    % reflection matrix

                    R(1,1) = ref_coef(0,0);

                    R(2,2) = ref_coef(0,1);

                    R(1,2) = 0.1.*(2.*(randn(1,1)>0)-1);

                    R(2,1) = 0.1.*(2.*(randn(1,1)>0)-1);

                    

                    ref_loss(i,:) = rx_pol'*R*tx_pol;

                end

                

                % 2nd order wall-ceiling (ceiling-wall) clusters

                for i=6:9

                    % reflection matrix

                    R(1,1) = ref_coef(1,0);

                    R(2,2) = ref_coef(1,0);

                    R(1,2) = 0.2.*rand(1,1) - 0.1;

                    R(2,1) = 0.2.*rand(1,1) - 0.1;

                    

                    ref_loss(i,:) = rx_pol'*R*tx_pol;

                end

                

                % 2nd order walls clusters

                for i=10:17

                    % reflection matrix

                    R(1,1) = ref_coef(1,1);

                    R(2,2) = ref_coef(1,0.87);

                    R(1,2) = 0.2.*rand(1,1) - 0.1;

                    R(2,1) = 0.2.*rand(1,1) - 0.1;

                    

                    ref_loss(i,:) = rx_pol'*R*tx_pol;

                end

            case 1, % subscenario STA-AP : 12 clusters = 4 (1st order) + 8 (2nd order)

                

                % 1st order ceiling clusters

                for i=1:4

                    % reflection matrix

                    R(1,1) = ref_coef(0,0);

                    R(2,2) = ref_coef(0,1);

                    R(1,2) = 0.4.*rand(1,1) - 0.2;

                    R(2,1) = 0.4.*rand(1,1) - 0.2;

                    

                    ref_loss(i,:) = rx_pol'*R*tx_pol;

                end

                

                % 2nd order walls clusters

                for i=5:12

                    % reflection matrix

                    R(1,1) = ref_coef(1,1);

                    R(2,2) = ref_coef(1,0.73);

                    R(1,2) = 0.3.*rand(1,1) - 0.15;

                    R(2,1) = 0.3.*rand(1,1) - 0.15;

                    

                    ref_loss(i,:) = rx_pol'*R*tx_pol;

                end        

            otherwise,

                error('Prohibited value of "ap_sp" parameter');

        end

        

    otherwise,

        error('Prohibited value of "ps" parameter');

end



% generate reflection coefficient in dB

function y = ref_coef_db(type,size)



switch (type)

    case 0, % 1st order

        mean_value = -10; % dB

        sigma   =   4; % dB

    case 1,% 2nd order

        mean_value = -16; % dB

        sigma   =   5; % dB

end



y = mean_value + randn(size,1)*sigma;



idx = find(y > -2);



while ~isempty(idx)

    

    y(idx) = mean_value + randn(length(idx),1)*sigma;

    idx = find(y > -2);

end





% generate reflection coefficient

function y = ref_coef(type,p)



switch (type)

    case 0, % 1st order reflections

        mean_value = -10; % db

        sigma = 4; % db

    case 1, % 2nd order reflections

        mean_value = -16; % db

        sigma = 5; % db        

end



y_db = mean_value + randn(1,1).*sigma;



idx = find(y_db > -2);



while ~isempty(idx)

    

    y_db(idx) = mean_value + randn(1,1).*sigma;

    idx = find(y_db > -2);

end



y = 10.^(y_db./20);



prob = rand(1,1);



index = find(prob>p);



y(index) = -y(index);






60_ghz_channel_model/conference_room/cr_sta_az_1st_side.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_sta_az_1st_side.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates azimuth angles in [deg] for 1st order clusters obtained from wall

%    reflections in CR environment for STA-STA subscenario

%

%    [az_small, az_large] = cr_sta_az_1st_side(size)

%

%    Inputs:

%

%       1. size - target size of returned arrays

%

%    Outputs:

%

%       1. az_small - small azimuth angles array

%       2. az_large - large azimuth angles array

% 

%  *************************************************************************************/

function [az_small, az_large] = cr_sta_az_1st_side(size)



% sector parameters

a = 140./90;

b = 62;

sigma = 20;



sh_bound = 90;

ln_bound = 180;



for i=1:size

    az_large(i) = 181;

    while (az_large(i) > 180)

        az_small(i) = rand(1,1).*sh_bound;

        az_large(i) = (a.*az_small(i) + b) + sigma.*(rand(1,1));

    end

end






60_ghz_channel_model/conference_room/cr_sta_el_1st_up.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_sta_el_1st_up.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates elevation angles in [deg] for 1st order clusters obtained from ceiling 

%    reflections in CR environment for STA-STA subscenario

%

%    [y] = cr_sta_el_1st_up(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - elevation angles array

%

%  *************************************************************************************/

function [y] = cr_sta_el_1st_up(size)



u = rand(1,size);



x = [56.6,83,90];

z = [0,0.06,0];



a(1) = (z(1)-z(2))./(x(1)-x(2));

b(1) = (z(2).*x(1)-z(1).*x(2))./(x(1)-x(2));



a(2) = (z(2)-z(3))./(x(2)-x(3));

b(2) = (z(3).*x(2)-z(2).*x(3))./(x(2)-x(3));



c(1) = (b(1).^2 - (b(1)+x(1).*a(1)).^2)./(2.*a(1));



umax = ((a(1).*x(2)+b(1)).^2-(b(1).^2-2.*a(1).*c(1)))./(2.*a(1));



c(2) = ((b(2).^2+2.*a(2).*umax)-(x(2).*a(2)+b(2)).^2)./(2.*a(2));



index = find((u >= 0) & (u < umax));

y(index) = (-b(1) + sqrt(b(1).^2 - 2.*a(1).*(c(1)-u(index))))./a(1);

index = find((u >= umax) & (u <= 1));

y(index) = (-b(2) + sqrt(b(2).^2 - 2.*a(2).*(c(2)-u(index))))./a(2);






60_ghz_channel_model/conference_room/cr_sta_el_2nd_sideup.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_sta_el_2nd_sideup.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates elevation angles in [deg] for 2nd order clusters obtaind

%    from wall-ceiling (ceiling-wall) reflections in CR environment for STA-STA subscenario

%

%    [y] = cr_sta_el_2nd_sideup(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - elevation angles array

%

%  *************************************************************************************/

function [y] = cr_sta_el_2nd_sideup(size)



u = rand(1,size);



x = [30,52,63];

z = [0,0.062,0];



a(1) = (z(1)-z(2))./(x(1)-x(2));

b(1) = (z(2).*x(1)-z(1).*x(2))./(x(1)-x(2));



a(2) = (z(2)-z(3))./(x(2)-x(3));

b(2) = (z(3).*x(2)-z(2).*x(3))./(x(2)-x(3));



c(1) = (b(1).^2 - (b(1)+x(1).*a(1)).^2)./(2.*a(1));



umax = ((a(1).*x(2)+b(1)).^2-(b(1).^2-2.*a(1).*c(1)))./(2.*a(1));



c(2) = ((b(2).^2+2.*a(2).*umax)-(x(2).*a(2)+b(2)).^2)./(2.*a(2));



index = find((u >= 0) & (u < umax));

y(index) = (-b(1) + sqrt(b(1).^2 - 2.*a(1).*(c(1)-u(index))))./a(1);

index = find((u >= umax) & (u <= 1));

y(index) = (-b(2) + sqrt(b(2).^2 - 2.*a(2).*(c(2)-u(index))))./a(2);






60_ghz_channel_model/conference_room/cr_sta_gen_inter_cls.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_sta_gen_inter_cls.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function returns NLOS space-temporal clusters parameters: azimuth/elevation angles

%    in [deg] relative to LOS direction for TX/RX, times of arrival in [ns] relative

%    to LOS time for CR environment for STA-STA subscenario

%

%    [cls] = cr_sta_gen_inter_cls(N)

%

%    Inputs:

%

%       1. N - the number of realizations

%

%    Outputs:

%

%        1. cls.toa   - times of arrival array, size 17xN

%        2. cls.tx_az - TX azimuths array,      size 17xN

%        3. cls.tx_el - TX elevations array,    size 17xN

%        4. cls.rx_az - RX azimuths array,      size 17xN

%        5. cls.rx_el - RX elevations array,    size 17xN

%

%    Row dimension in cls.x array:

%

%    1                       - 1st order ceiling cluster

%    2,3,4,5                 - 1st order wall clusters

%

%    6,7,8,9                 - 2nd order wall-ceiling (ceiling-wall) clusters

%    10,11,12,13,14,15,16,17 - 2nd order wall clusters

%

%  *************************************************************************************/

function [cls] = cr_sta_gen_inter_cls(N)



% time of arrival

cls.toa(1,:)     = cr_sta_toa_1st_up(N);

cls.toa(2:5,:)   = [cr_sta_toa_1st_side(N);cr_sta_toa_1st_side(N);cr_sta_toa_1st_side(N);cr_sta_toa_1st_side(N)];



cls.toa(6:9,:)   = [cr_sta_toa_2nd_sideup(N);cr_sta_toa_2nd_sideup(N);cr_sta_toa_2nd_sideup(N);cr_sta_toa_2nd_sideup(N)];

cls.toa(10:17,:) = [cr_sta_toa_2nd_side(N);cr_sta_toa_2nd_side(N);cr_sta_toa_2nd_side(N);cr_sta_toa_2nd_side(N);cr_sta_toa_2nd_side(N);cr_sta_toa_2nd_side(N);cr_sta_toa_2nd_side(N);cr_sta_toa_2nd_side(N)];



% tx azimuth

cls.tx_az(1,:)   = zeros(1,N);



[az_small_p, az_large_p] = cr_sta_az_1st_side(N);

[az_small_n, az_large_n] = cr_sta_az_1st_side(N);



cls.tx_az(2:5,:) = [-az_large_n;-az_small_n;az_small_p;az_large_p];

cls.tx_az(6:9,:) = [-az_large_n;-az_small_n;az_small_p;az_large_p];



cls.tx_az(10:13,:) = -180 + 180.*rand(4,N);

cls.tx_az(14:17,:) =    0 + 180.*rand(4,N);



% tx elevation

cls.tx_el(1,:) = cr_sta_el_1st_up(N);

cls.tx_el(2:5,:) = zeros(4,N);

cls.tx_el(6:9,:) = [cr_sta_el_2nd_sideup(N);cr_sta_el_2nd_sideup(N);cr_sta_el_2nd_sideup(N);cr_sta_el_2nd_sideup(N)];

cls.tx_el(10:17,:) = zeros(8,N);



% rx azimuth

cls.rx_az(1,:) = zeros(1,N);



[az_small_p, az_large_p] = cr_sta_az_1st_side(N);

[az_small_n, az_large_n] = cr_sta_az_1st_side(N);



cls.rx_az(2:5,:) = [az_small_p;az_large_p;-az_large_n;-az_small_n];

cls.rx_az(6:9,:) = [az_small_p;az_large_p;-az_large_n;-az_small_n];



cls.rx_az(10:17,:) = cls.tx_az(10:17,:);

cls.rx_az(10:11,:) = cls.tx_az(10:11,:) + 180;

cls.rx_az(14:15,:) = cls.tx_az(14:15,:) - 180;



% rx elevation

cls.rx_el(1,:) = cls.tx_el(1,:);

cls.rx_el(2:5,:) = zeros(4,N);

cls.rx_el(6:9,:) = cls.tx_el(6:9,:);

cls.rx_el(10:17,:) = zeros(8,N);






60_ghz_channel_model/conference_room/cr_sta_toa_1st_side.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_sta_toa_1st_side.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates times of arrival in [ns] for 1st order clusters obtained

%    from wall reflections in CR environment for STA-STA subscenario

%

%    [y] = cr_sta_toa_1st_side(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - times of arrival array

%

%  *************************************************************************************/

function [y] = cr_sta_toa_1st_side(size)



u = rand(1,size);



x = [4,7,11,23];

z = [0,0.182,0.05,0];



a(1) = (z(1)-z(2))./(x(1)-x(2));

b(1) = (z(2).*x(1)-z(1).*x(2))./(x(1)-x(2));



a(2) = (z(2)-z(3))./(x(2)-x(3));

b(2) = (z(3).*x(2)-z(2).*x(3))./(x(2)-x(3));



a(3) = (z(3)-z(4))./(x(3)-x(4));

b(3) = (z(4).*x(3)-z(3).*x(4))./(x(3)-x(4));



c(1) = (b(1).^2 - (b(1)+x(1).*a(1)).^2)./(2.*a(1));

u1 = ((a(1).*x(2)+b(1)).^2-(b(1).^2-2.*a(1).*c(1)))./(2.*a(1));



c(2) = ((b(2).^2+2.*a(2).*u1)-(x(2).*a(2)+b(2)).^2)./(2.*a(2));

u2 = ((a(2).*x(3)+b(2)).^2-(b(2).^2-2.*a(2).*c(2)))./(2.*a(2));



c(3) = ((b(3).^2+2.*a(3).*u2)-(x(3).*a(3)+b(3)).^2)./(2.*a(3));



index = find((u >= 0) & (u <= u1));

y(index) = (-b(1) + sqrt(b(1).^2 - 2.*a(1).*(c(1)-u(index))))./a(1);

index = find((u > u1) & (u <= u2));

y(index) = (-b(2) + sqrt(b(2).^2 - 2.*a(2).*(c(2)-u(index))))./a(2);

index = find((u > u2) & (u <= 1));

y(index) = (-b(3) + sqrt(b(3).^2 - 2.*a(3).*(c(3)-u(index))))./a(3);






60_ghz_channel_model/conference_room/cr_sta_toa_1st_up.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_sta_toa_1st_up.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates times of arrival in [ns] for 1st order clusters

%    obtained from ceiling reflections in CR environment for STA-STA subscenario

%

%    [y] = cr_sta_toa_1st_up(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - times of arrival array

%

%  *************************************************************************************/

function [y] = cr_sta_toa_1st_up(size)



u = rand(1,size);



x = [7,11,14.4];

z = [0,0.29,0];



a(1) = (z(1)-z(2))./(x(1)-x(2));

b(1) = (z(2).*x(1)-z(1).*x(2))./(x(1)-x(2));



a(2) = (z(2)-z(3))./(x(2)-x(3));

b(2) = (z(3).*x(2)-z(2).*x(3))./(x(2)-x(3));



c(1) = (b(1).^2 - (b(1)+x(1).*a(1)).^2)./(2.*a(1));



umax = ((a(1).*x(2)+b(1)).^2-(b(1).^2-2.*a(1).*c(1)))./(2.*a(1));



c(2) = ((b(2).^2+2.*a(2).*umax)-(x(2).*a(2)+b(2)).^2)./(2.*a(2));



index = find((u >= 0) & (u < umax));

y(index) = (-b(1) + sqrt(b(1).^2 - 2.*a(1).*(c(1)-u(index))))./a(1);

index = find((u >= umax) & (u <= 1));

y(index) = (-b(2) + sqrt(b(2).^2 - 2.*a(2).*(c(2)-u(index))))./a(2);






60_ghz_channel_model/conference_room/cr_sta_toa_2nd_side.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_sta_toa_2nd_side.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates times of arrival in [ns] for 2nd order clusters

%    obtained from wall reflections in CR environment for STA-STA subscenario

%

%    [y] = cr_sta_toa_2nd_side(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - times of arrival array

%

%  *************************************************************************************/

function [y] = cr_sta_toa_2nd_side(size)



u = rand(1,size);



x = [10,20,30];



a = 0.08;

b = 0.02;



c(1) = -a.*x(1);

u1 = a.*x(2) + c(1);



c(2) = u1 - x(2).*b;



index = find((u >= 0) & (u < u1));

y(index) = (u(index) - c(1))./a;

index = find((u >= u1) & (u <= 1));

y(index) = (u(index) - c(2))./b;






60_ghz_channel_model/conference_room/cr_sta_toa_2nd_sideup.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_sta_toa_2nd_sideup.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates times of arrival in [ns] for 2nd order clusters

%    obtained from wall-ceiling (ceiling-wall) reflections in CR

%    environment for STA-STA subscenario

% 

%    [y] = cr_sta_toa_2nd_sideup(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - times of arrival array

%

%  *************************************************************************************/

function [y] = cr_sta_toa_2nd_sideup(size)



u = rand(1,size);



x = [10.5,14,18,25];

z = [0,0.2,0.05,0];



a(1) = (z(1)-z(2))./(x(1)-x(2));

b(1) = (z(2).*x(1)-z(1).*x(2))./(x(1)-x(2));



a(2) = (z(2)-z(3))./(x(2)-x(3));

b(2) = (z(3).*x(2)-z(2).*x(3))./(x(2)-x(3));



a(3) = (z(3)-z(4))./(x(3)-x(4));

b(3) = (z(4).*x(3)-z(3).*x(4))./(x(3)-x(4));



c(1) = (b(1).^2 - (b(1)+x(1).*a(1)).^2)./(2.*a(1));

u1 = ((a(1).*x(2)+b(1)).^2-(b(1).^2-2.*a(1).*c(1)))./(2.*a(1));



c(2) = ((b(2).^2+2.*a(2).*u1)-(x(2).*a(2)+b(2)).^2)./(2.*a(2));

u2 = ((a(2).*x(3)+b(2)).^2-(b(2).^2-2.*a(2).*c(2)))./(2.*a(2));



c(3) = ((b(3).^2+2.*a(3).*u2)-(x(3).*a(3)+b(3)).^2)./(2.*a(3));



index = find((u >= 0) & (u <= u1));

y(index) = (-b(1) + sqrt(b(1).^2 - 2.*a(1).*(c(1)-u(index))))./a(1);

index = find((u > u1) & (u <= u2));

y(index) = (-b(2) + sqrt(b(2).^2 - 2.*a(2).*(c(2)-u(index))))./a(2);

index = find((u > u2) & (u <= 1));

y(index) = (-b(3) + sqrt(b(3).^2 - 2.*a(3).*(c(3)-u(index))))./a(3);






60_ghz_channel_model/conference_room/gen_cr_ch.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     gen_cr_ch.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    function returns space-temporal parameters for all 1st and 2nd order

%    reflections for random TX and RX positions (STA-STA subscenario), for

%    random RX positions (STA-AP scenario) in CR environment

%

%    [ch] = gen_cr_ch(cfg,ps,pol)

%

%    Inputs:

%

%      1.  cfg.ap_sp       - parameter selects subscenario: 0 - STA-STA, 1 - STA-AP

%      1.  cfg.D           - distance in [meters] between TX and RX

%      2.  cfg.Plos        - LOS parameter: 0 - LOS between TX and RX is blocked, 1 - non-blocked

%      3.  cfg.Psta_1st_c  - probability of 1st order reflections from ceiling in STA-STA subscenario

%      4.  cfg.Psta_1st_w  - probability of 1st order reflections from walls in STA-STA subscenario

%      5.  cfg.Psta_2nd_wc - probability of 2nd order wall-ceiling (ceiling-wall) reflections in STA-STA subscenario

%      6.  cfg.Psta_2nd_w  - probability of 2nd order reflections from walls in STA-STA subscenario

%      7.  cfg.Pap_1st     - probability of 1st order reflections from walls in STA-AP subscenario

%      8.  cfg.Pap_2nd     - probability of 2nd order reflections from walls in STA-AP subscenario

%      9.  ps              - polarization support parameter: 0 - TX/RX polarization vectors are not applied, 1 - polarization is applied

%      10. pol             - antennas polarization 1x2 vector: pol(1) - polarization type for TX antenna, pol(2) - polarization type for RX antenna

%

%    Outputs:

%

%       1. ch.am    - amplitudes array

%       2. ch.toa   - times of arrival array

%       3. ch.tx_az - TX azimuths array

%       4. ch.tx_el - TX elevations array

%       5. ch.rx_az - RX azimuths array

%       6. ch.rx_el - RX elevations array

%

%  *************************************************************************************/

function [ch] = gen_cr_ch(cfg,ps,pol)



% NLOS attenuation coefficients (due to reflection)

Gr = cr_ref_loss(cfg.ap_sp,ps,pol);



% NLOS clusters probabilities

P = cr_cls_prob(cfg);



% NLOS attenuation coefficients (due to human blockage)

Gb = cr_atten_coef(cfg.ap_sp);



% choose subscenario

switch (cfg.ap_sp)

    case 0, % STA - STA

        

        % distance between TX and RX

        D = cfg.D;

        

        % generate NLOS clusters

        cls = cr_sta_gen_inter_cls(1);

        

        % clusters distances

        dist = (cls.toa.*1e-9).*(3e8) + D;

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

        lambda = 5e-3;

        Gp = sqrt((lambda.^2)./((4.*pi.*(dist)).^2));        

        

        % attenuation constants

        G = Gp.*Gr;

        

        % generate intra-clusters structure

        toa = [];

        am = [];

        tx_az = [];

        tx_el = [];

        rx_az = [];

        rx_el = [];

        

        % LOS cluster

        if (cfg.Plos)

            toa = 0;

            am = sqrt((lambda.^2)./((4.*pi.*D).^2)).*exp(2j.*pi.*(D./lambda));

            

            if (ps)

                tx_pol = polarization(pol(1));

                rx_pol = polarization(pol(2));

                

                H = eye(2);

                H(1,2) = 0.1.*(2.*(randn(1,1)>0)-1);

                H(2,1) = 0.1.*(2.*(randn(1,1)>0)-1);

                

                pol_coef = rx_pol'*H*tx_pol;

                

                am = am.*pol_coef;

            end            

            

            tx_az = 0;

            tx_el = 0;

            rx_az = 0;

            rx_el = 0;

        end

        

        % NLOS clusters

        while (isempty(toa) | (toa == 0))

            for i=1:17

                

                incls = cr_gen_intra_cls(cls.toa(i));

                toa = [toa; cls.toa(i) + incls.toa];

                

                if rand(1,1) <= P(i)                    

                    am = [am; incls.am.*G(i)];

                else

                    am = [am; incls.am.*G(i).*Gb(i)];

                end

                

                tx_az = [tx_az; cls.tx_az(i) + incls.tx_az];

                tx_el = [tx_el; cls.tx_el(i) + incls.tx_el];

                rx_az = [rx_az; cls.rx_az(i) + incls.rx_az];

                rx_el = [rx_el; cls.rx_el(i) + incls.rx_el];                               

            end

        end

        

    case 1, % STA - AP

        

        % distance between TX and RX

        D = sqrt( (cfg.D).^2 + (1.9).^2 );

        

        % generate NLOS clusters

        cls = cr_ap_gen_inter_cls(1);

        

        % clusters distances

        dist = (cls.toa.*1e-9).*(3e8) + D;

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

        lambda = 5e-3;

        Gp = sqrt((lambda.^2)./((4.*pi.*(dist)).^2));

        

        % attenuation constants

        G = Gp.*Gr;

        

        % generate intra-clusters structure

        toa = [];

        am = [];

        tx_az = [];

        tx_el = [];

        rx_az = [];

        rx_el = [];

        

        % LOS cluster

        if (cfg.Plos)

            toa = 0;

            am = sqrt((lambda.^2)./((4.*pi.*D).^2)).*exp(2j.*pi.*(D./lambda));

            

            if (ps)

                tx_pol = polarization(pol(1));

                rx_pol = polarization(pol(2));

                

                H = eye(2);

                H(1,2) = 0.1.*(2.*(randn(1,1)>0)-1);

                H(2,1) = 0.1.*(2.*(randn(1,1)>0)-1);

                

                pol_coef = rx_pol'*H*tx_pol;

                

                am = am.*pol_coef;

            end

            

            tx_az = 0;

            tx_el = -(asin(1.9./D).*180./pi);

            rx_az = 0;

            rx_el = -tx_el;

        end

        

        % NLOS clusters

        while (isempty(toa) | (toa == 0))

            for i=1:12

                

                incls = cr_gen_intra_cls(cls.toa(i));

                toa = [toa; cls.toa(i) + incls.toa];

                

                if rand(1,1) <= P(i)                    

                    am = [am; incls.am.*G(i)];

                else

                    am = [am; incls.am.*G(i).*Gb(i)];

                end  

                

                tx_az = [tx_az; cls.tx_az(i) + incls.tx_az];

                tx_el = [tx_el; cls.tx_el(i) + incls.tx_el];

                rx_az = [rx_az; cls.rx_az(i) + incls.rx_az];

                rx_el = [rx_el; cls.rx_el(i) + incls.rx_el];                              

            end

        end

    otherwise,

        error('Prohibited value of "cfg.cr.ap_sp" parameter');

end        



% check azimuth overflow

ind_tx_az = find(tx_az > 180);

tx_az(ind_tx_az) = tx_az(ind_tx_az) - 360;

ind_tx_az = find(tx_az < -180);

tx_az(ind_tx_az) = tx_az(ind_tx_az) + 360;



ind_rx_az = find(rx_az > 180);

rx_az(ind_rx_az) = rx_az(ind_rx_az) - 360;

ind_rx_az = find(rx_az < -180);

rx_az(ind_rx_az) = rx_az(ind_rx_az) + 360;



% check elevation overflow

ind_tx_el = find(tx_el > 90);

tx_el(ind_tx_el) = 180 - tx_el(ind_tx_el);

tx_az(ind_tx_el) = tx_az(ind_tx_el) + (-180).*(tx_az(ind_tx_el)>0) + 180.*(tx_az(ind_tx_el)<=0);



ind_tx_el = find(tx_el < -90);

tx_el(ind_tx_el) = -(180 + tx_el(ind_tx_el));

tx_az(ind_tx_el) = tx_az(ind_tx_el) + (-180).*(tx_az(ind_tx_el)>0) + 180.*(tx_az(ind_tx_el)<=0);



ind_rx_el = find(rx_el > 90);

rx_el(ind_rx_el) = 180 - rx_el(ind_rx_el);

rx_az(ind_rx_el) = rx_az(ind_rx_el) + (-180).*(rx_az(ind_rx_el)>0) + 180.*(rx_az(ind_rx_el)<=0);



ind_rx_el = find(rx_el < -90);

rx_el(ind_rx_el) = -(180 + rx_el(ind_rx_el));

rx_az(ind_rx_el) = rx_az(ind_rx_el) + (-180).*(rx_az(ind_rx_el)>0) + 180.*(rx_az(ind_rx_el)<=0);



% output channel structure

ch.am = am;

ch.toa = toa;

ch.tx_az = tx_az;

ch.tx_el = tx_el;

ch.rx_az = rx_az;

ch.rx_el = rx_el;






60_ghz_channel_model/living_room/gen_lr_ch.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     gen_lr_ch.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    function returns space-temporal parameters for all 1st and 2nd order

%    reflections for random transmitter position in LR environment

%

%    [ch] = gen_lr_ch(cfg,ps,pol)

%

%

%    Inputs:

%

%      1. cfg.D            - distance in [meters] between TX and RX

%      2. cfg.Plos         - LOS parameter: 0 - LOS between TX and RX is blocked, 1 - non-blocked

%      3. cfg.lr.P_1st_c   - probability that the cluster is present (i.e. not blocked) for the 1st order reflections from ceiling

%      4. cfg.lr.P_1st_f   - probability that the cluster is present (i.e. not blocked) for the 1st order reflections from floor

%      5. cfg.lr.P_1st_w   - probability that the cluster is present (i.e. not blocked) for the 1st order reflections from walls

%      6. cfg.lr.P_2nd_w   - probability that the cluster is present (i.e. not blocked) for the 2nd order reflections from two walls

%      7. cfg.lr.P_2nd_cf  - probability that the cluster is present (i.e. not blocked) for the 2nd order reflections from ceiling and floor

%      8. cfg.lr.P_2nd_wc  - probability that the cluster is present (i.e. not blocked) for the 2nd order wall-ceiling (ceiling-wall) reflections

%      9. cfg.lr.p_2nd_wf  - probability that the cluster is present (i.e. not blocked) for the 2nd order wall-floor (floor-wall) reflections

%      10. ps              - polarization support parameter: 0 - TX/RX polarization vectors are not applied, 1 - polarization is applied

%      11. pol             - antennas polarization 1x2 vector: pol(1) - polarization type for TX antenna, pol(2) - polarization type for RX antenna

%

%    Outputs:

%

%       1. ch.am    - amplitudes array

%       2. ch.toa   - times of arrival array

%       3. ch.tx_az - TX azimuths array

%       4. ch.tx_el - TX elevations array

%       5. ch.rx_az - RX azimuths array

%       6. ch.rx_el - RX elevations array

%

%  *************************************************************************************/

function [ch] = gen_lr_ch(cfg,ps,pol)



% distance between TX and RX

D = cfg.D;



% NLOS clusters probabilities

P = lr_cls_prob(cfg);



% generate NLOS clusters

cls = lr_gen_inter_cls(1);



% clusters distances

dist = (cls.toa.*1e-9).*(3e8) + D;



% calculate attenuation constants for clusters

% attenuation due to propagation

lambda = 5e-3;

Gp = sqrt((lambda.^2)./((4.*pi.*(dist)).^2));



% attenuation due to reflection

Gr = lr_ref_loss(ps,pol);



% attenuation constants

G = Gp.*Gr;



% generate intra-clusters structure

toa = [];

am = [];

tx_az = [];

tx_el = [];

rx_az = [];

rx_el = [];

        

% LOS cluster

if (cfg.Plos)

    toa = 0;

    am = sqrt((lambda.^2)./((4.*pi.*D).^2)).*exp(2j.*pi.*(D./lambda));

    

    if (ps)

        tx_pol = polarization(pol(1));

        rx_pol = polarization(pol(2));

        

        H = eye(2);

        H(1,2) = 0.1.*(2.*(randn(1,1)>0)-1);

        H(2,1) = 0.1.*(2.*(randn(1,1)>0)-1);

        

        pol_coef = rx_pol'*H*tx_pol;

        

        am = am.*pol_coef;

    end



    tx_az = 0;

    tx_el = 0;

    rx_az = 0;

    rx_el = 0;

end   

        

% NLOS clusters

while (isempty(toa) | (toa == 0))

    for i=1:18

        if rand(1,1) <= P(i)

            

            incls = lr_gen_intra_cls(cls.toa(i));

            toa = [toa; cls.toa(i) + incls.toa];

            am = [am; incls.am.*G(i)];

            tx_az = [tx_az; cls.tx_az(i) + incls.tx_az];

            tx_el = [tx_el; cls.tx_el(i) + incls.tx_el];

            rx_az = [rx_az; cls.rx_az(i) + incls.rx_az];

            rx_el = [rx_el; cls.rx_el(i) + incls.rx_el];            

        end

    end

end        

        



% check azimuth overflow

ind_tx_az = find(tx_az > 180);

tx_az(ind_tx_az) = tx_az(ind_tx_az) - 360;

ind_tx_az = find(tx_az < -180);

tx_az(ind_tx_az) = tx_az(ind_tx_az) + 360;



ind_rx_az = find(rx_az > 180);

rx_az(ind_rx_az) = rx_az(ind_rx_az) - 360;

ind_rx_az = find(rx_az < -180);

rx_az(ind_rx_az) = rx_az(ind_rx_az) + 360;



% check elevation overflow

ind_tx_el = find(tx_el > 90);

tx_el(ind_tx_el) = 180 - tx_el(ind_tx_el);

tx_az(ind_tx_el) = tx_az(ind_tx_el) + (-180).*(tx_az(ind_tx_el)>0) + 180.*(tx_az(ind_tx_el)<=0);



ind_tx_el = find(tx_el < -90);

tx_el(ind_tx_el) = -(180 + tx_el(ind_tx_el));

tx_az(ind_tx_el) = tx_az(ind_tx_el) + (-180).*(tx_az(ind_tx_el)>0) + 180.*(tx_az(ind_tx_el)<=0);



ind_rx_el = find(rx_el > 90);

rx_el(ind_rx_el) = 180 - rx_el(ind_rx_el);

rx_az(ind_rx_el) = rx_az(ind_rx_el) + (-180).*(rx_az(ind_rx_el)>0) + 180.*(rx_az(ind_rx_el)<=0);



ind_rx_el = find(rx_el < -90);

rx_el(ind_rx_el) = -(180 + rx_el(ind_rx_el));

rx_az(ind_rx_el) = rx_az(ind_rx_el) + (-180).*(rx_az(ind_rx_el)>0) + 180.*(rx_az(ind_rx_el)<=0);



% output channel structure

ch.am = am;

ch.toa = toa;

ch.tx_az = tx_az;

ch.tx_el = tx_el;

ch.rx_az = rx_az;

ch.rx_el = rx_el;






60_ghz_channel_model/living_room/lr_az_1st_side_rx.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_az_1st_side_rx.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates azimuth angles in [deg] for 1st order clusters obtained from wall

%    reflections in LR environment on RX side

%

%    [az_small, az_large] = lr_az_1st_side_rx(size)

%

%    Inputs:

%

%       1. size - target size of returned arrays

%

%    Outputs:

%

%       1. az_small - small azimuth angles array

%       2. az_large - large azimuth angles array

% 

%  *************************************************************************************/

function [az_small, az_large] = lr_az_1st_side_rx(size)



% sector parameters

a = 82./52;

b = 60;

sigma = 15;



sh_bound = 90;

ln_bound = 150;



for i=1:size

    az_large(i) = 151;

    while (az_large(i) > 150)

        az_small(i) = rand(1,1).*sh_bound;

        az_large(i) = (a.*az_small(i) + b) + sigma.*(rand(1,1));

    end

end






60_ghz_channel_model/living_room/lr_az_1st_side_tx.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_az_1st_side_tx.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates azimuth angles in [deg] for 1st order clusters obtained from wall

%    reflections in LR environment on TX side

%

%    [az_small, az_large] = lr_az_1st_side_tx(size)

%

%    Inputs:

%

%       1. size - target size of returned arrays

%

%    Outputs:

%

%       1. az_small - small azimuth angles array

%       2. az_large - large azimuth angles array

% 

%  *************************************************************************************/

function [az_small, az_large] = lr_az_1st_side_tx(size)



sigma = 180 - ((82./62).*52+2423./31);



for i=1:size

    

    az_large(i) = 181;

    bound2 = 180;

    

    while (az_large(i) > bound2)

        

        az_small(i) = 15 + 62.*rand(1,1);

        

        bound1 = (82./62).*az_small(i)+2423./31;

        

        if (az_small(i) < 52)

            bound2 = (82./37).*az_small(i)+2396./37;

        else

            bound2 = 180;

        end

        

        az_large(i) = bound1 + sigma.*rand(1,1);

    end

end






60_ghz_channel_model/living_room/lr_az_2nd_side12.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_az_2nd_side12.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates azimuth angles in [deg] for 2nd order clusters obtained from 

%    perpendicular walls 1-2 (2-1) reflections in LR environment on TX side

%

%    [y] = lr_az_2nd_side12(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - azimuth angles array

% 

%  *************************************************************************************/

function [y] = lr_az_2nd_side12(size)



u = rand(1,size);



x = [-180,-73,129,180];



a = 3./423;

b = 0;

d = 2./423;



c(1) = -a.*x(1);

u1 = a.*x(2) + c(1);



c(2) = u1 - x(2).*b;

u2 = b.*x(3) + c(2);



c(3) = u2 - x(3).*d;



index = find((u >= 0) & (u < u1));

y(index) = (u(index) - c(1))./a;

index = find((u >= u1) & (u <= u2));

y(index) = (u(index) - c(2))./b;

index = find((u >= u2) & (u <= 1));

y(index) = (u(index) - c(3))./d;






60_ghz_channel_model/living_room/lr_az_2nd_side14.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_az_2nd_side14.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates azimuth angles in [deg] for 2nd order clusters obtained from 

%    perpendicular walls 1-4 (4-1) reflections in LR environment on TX side

%

%    [y] = lr_az_2nd_side14(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - azimuth angles array

% 

%  *************************************************************************************/

function [y] = lr_az_2nd_side14(size)



u = rand(1,size);



x = [-180,-129,73,180];



a = 2./423;

b = 0;

d = 3./423;



c(1) = -a.*x(1);

u1 = a.*x(2) + c(1);



c(2) = u1 - x(2).*b;

u2 = b.*x(3) + c(2);



c(3) = u2 - x(3).*d;



index = find((u >= 0) & (u < u1));

y(index) = (u(index) - c(1))./a;

index = find((u >= u1) & (u <= u2));

y(index) = (u(index) - c(2))./b;

index = find((u >= u2) & (u <= 1));

y(index) = (u(index) - c(3))./d;






60_ghz_channel_model/living_room/lr_az_2nd_side31.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_az_2nd_side31.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates azimuth angles in [deg] for 2nd order clusters obtained from 

%    parallel walls 3-1 reflections in LR environment

%

%    [y] = lr_az_2nd_side31(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - azimuth angles array

% 

%  *************************************************************************************/

function [y] = lr_az_2nd_side31(size)



y = 108.*rand(1,size) - 54;






60_ghz_channel_model/living_room/lr_az_2nd_side42.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_az_2nd_side42.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates azimuth angles in [deg] for 2nd order clusters obtained from 

%    parallel walls 4-2 reflections in LR environment

%

%    [y] = lr_az_2nd_side42(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - azimuth angles array

% 

%  *************************************************************************************/

function [y] = lr_az_2nd_side42(size)



y = 130.*rand(1,size) + 18;






60_ghz_channel_model/living_room/lr_cls_prob.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_cls_prob.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates clusters probabilities

%

%    [P] = lr_cls_prob(cfg)

%

%    Inputs:

%

%       1. cfg.P_1st_c  - probability of 1st order reflections from ceiling

%       2. cfg.P_1st_f  - probability of 1st order reflections from floor

%       3. cfg.P_1st_w  - probability of 1st order reflections from walls

%       4. cfg.P_2nd_w  - probability of 2nd order reflections from two walls

%       5. cfg.P_2nd_cf - probability of 2nd order reflections from ceiling and floor

%       6. cfg.P_2nd_wc - probability of 2nd order wall-ceiling (ceiling-wall) reflections

%       7. cfg.P_2nd_wf - probability of 2nd order wall-floor (floor-wall) reflections

%

%    Outputs:

%

%       1. P - array of clusters probabilities

% 

%  *************************************************************************************/

function [P] = lr_cls_prob(cfg)



% 1st order reflections from ceiling

P(1) = cfg.P_1st_c;

% 1st order reflections from floor

P(2) = cfg.P_1st_f;

% 1st order reflections from walls

P(3:5) = cfg.P_1st_w;

% 2nd order reflections from two walls

P(6:10) = cfg.P_2nd_w;

% 2nd order reflections from ceiling and floor

P(11:12) = cfg.P_2nd_cf;

% 2nd order reflections from the wall and ceiling and from the wall and floor

P(13:18) = repmat([cfg.P_2nd_wc,cfg.P_2nd_wf],1,3);






60_ghz_channel_model/living_room/lr_el_1st.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_el_1st.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates elevation angles in [deg] for 1st order clusters obtained from ceiling 

%    (floor) reflections in LR environment

%

%    [y] = lr_el_1st(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - elevation angles array

%

%  *************************************************************************************/

function [y] = lr_el_1st(size)



u = rand(1,size);



x = [25,29,62.5];



a = [ 0.01320   -0.00155];

b = [-0.33000    0.09761];



c(1) = (b(1).^2 - (b(1)+x(1).*a(1)).^2)./(2.*a(1));



umax = ((a(1).*x(2)+b(1)).^2-(b(1).^2-2.*a(1).*c(1)))./(2.*a(1));



c(2) = ((b(2).^2+2.*a(2).*umax)-(x(2).*a(2)+b(2)).^2)./(2.*a(2));



index = find((u >= 0) & (u < umax));

y(index) = (-b(1) + sqrt(b(1).^2 - 2.*a(1).*(c(1)-u(index))))./a(1);

index = find((u >= umax) & (u <= 1));

y(index) = (-b(2) + sqrt(b(2).^2 - 2.*a(2).*(c(2)-u(index))))./a(2);






60_ghz_channel_model/living_room/lr_el_2nd.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_el_2nd.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates elevation angles in [deg] for 2nd order clusters obtained from ceiling 

%    and floor reflections in LR environment

%

%    [y] = lr_el_2nd(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - elevation angles array

%

%  *************************************************************************************/

function [y] = lr_el_2nd(size)



y = 35.*rand(1,size) + 42;






60_ghz_channel_model/living_room/lr_el_2nd_side_up1.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_el_2nd_side_up1.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates elevation angles in [deg] for 2nd order clusters obtained from

%    wall #1 - ceiling reflections in LR environment

%

%    [y] = lr_el_2nd_side_up1(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - azimuth angles array

%

%  *************************************************************************************/

function [y] = lr_el_2nd_side_up1(size)



u = rand(1,size);



y = 12 + 8.*u;






60_ghz_channel_model/living_room/lr_el_2nd_side_up2.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_el_2nd_side_up2.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates elevation angles in [deg] for 2nd order clusters obtained from

%    wall #2,4 - ceiling reflections in LR environment

%

%    [y] = lr_el_2nd_side_up2(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - azimuth angles array

%

%  *************************************************************************************/

function [y] = lr_el_2nd_side_up2(size)



u = rand(1,size);



y = 18 + 21.*u;






60_ghz_channel_model/living_room/lr_el_2nd_side_up3.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_el_2nd_side_up3.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates elevation angles in [deg] for 2nd order clusters obtained from

%    ceiling - wall #2,4 reflections in LR environment

%

%    [y] = lr_el_2nd_side_up3(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - azimuth angles array

%

%  *************************************************************************************/

function [y] = lr_el_2nd_side_up3(size)



u = rand(1,size);



y = 13 + 11.*u;






60_ghz_channel_model/living_room/lr_gen_inter_cls.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_gen_inter_cls.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function returns NLOS space-temporal clusters parameters: azimuth/elevation angles

%    in [deg] relative to LOS direction for TX/RX, times of arrival in [ns] relative

%    to LOS time for LR environment

%

%    [cls] = lr_gen_inter_cls(N)

%

%    Inputs:

%

%       1. N - the number of realizations

%

%    Outputs:

%

%        1. cls.toa   - times of arrival array, size 18xN

%        2. cls.tx_az - TX azimuths array,      size 18xN

%        3. cls.tx_el - TX elevations array,    size 18xN

%        4. cls.rx_az - RX azimuths array,      size 18xN

%        5. cls.rx_el - RX elevations array,    size 18xN

%

%    Row dimension in cls.x array:

%

%    1,2                     - 1st order reflections from ceiling and floor

%    3,4,5                   - 1st order reflections from walls

%

%    6,7,8,9,10              - 2nd order reflections from two walls

%    11,12                   - 2nd order reflections from ceiling and floor

%    13,14,15,16,17,18       - 2nd order reflections from the wall and

%                              ceiling and from the wall and floor

%

%  *************************************************************************************/

function [cls] = lr_gen_inter_cls(N)



% times of arrival

toa_1 = lr_toa_1st_up(N);



cls.toa(1:2,:) = [toa_1;toa_1];



toa_3 = lr_toa_1st_side(N);

toa_5 = lr_toa_1st_side(N);

toa_7 = lr_toa_1st_side(N);



cls.toa(3:5,:) = [toa_3;toa_5;toa_7];



toa_6  = lr_toa_2nd_side(N);

toa_7  = lr_toa_2nd_side(N);

toa_8  = lr_toa_2nd_side(N);

toa_9  = lr_toa_2nd_side(N);

toa_10 = lr_toa_2nd_side(N);



cls.toa(6:10,:) = [toa_6;toa_7;toa_8;toa_9;toa_10];



toa_11 = lr_toa_2nd_up_down(N);



cls.toa(11:12,:) = [toa_11;toa_11];



toa_13 = lr_toa_2nd_side_up(N);

toa_14 = lr_toa_2nd_side_up(N);

toa_15 = lr_toa_2nd_side_up(N);

toa_16 = lr_toa_2nd_side_up(N);

toa_17 = lr_toa_2nd_side_up(N);

toa_18 = lr_toa_2nd_side_up(N);



cls.toa(13:18,:) = [toa_13;toa_14;toa_15;toa_16;toa_17;toa_18];



% tx azimuths

cls.tx_az(1:2,:) = zeros(2,N);



[az_small_p, az_large_p] = lr_az_1st_side_tx(N);

[az_small_n, az_large_n] = lr_az_1st_side_tx(N);



p = rand(1,1);



if p <= 0.5

    cls.tx_az(3:5,:) = [-az_large_n;az_small_p;az_large_p];

else

    cls.tx_az(3:5,:) = [-az_large_n;-az_small_n;az_large_p];

end





i = 0;

while (i<N)    

    tx_az_12(i+1) = lr_az_2nd_side12(1);

    tx_az_14(i+1) = lr_az_2nd_side14(1);

    if (tx_az_12(i+1) >= 129) && (tx_az_14(i+1) <= -129)

        i = i + 0;

    else

        i = i + 1;

    end

end



cls.tx_az(6:7,:) = [tx_az_12;tx_az_14];



tx_az_42 =  lr_az_2nd_side42(N);

tx_az_24 = -lr_az_2nd_side42(N);

tx_az_31 =  lr_az_2nd_side31(N);



cls.tx_az(8:10,:) = [tx_az_42;tx_az_24;tx_az_31];



cls.tx_az(11:12,:) = zeros(2,N);



if p <= 0.5

    cls.tx_az(13:14,:) = [az_large_p;az_large_p];

    cls.tx_az(15:16,:) = [az_small_p;az_small_p];

    cls.tx_az(17:18,:) = [-az_large_n;-az_large_n];

else

    cls.tx_az(13:14,:) = [-az_large_n;-az_large_n];

    cls.tx_az(15:16,:) = [-az_small_n;-az_small_n];

    cls.tx_az(17:18,:) = [az_large_p;az_large_p];

end





% tx elevations

tx_el_1 = lr_el_1st(N);

cls.tx_el(1:2,:) = [tx_el_1; -tx_el_1];



cls.tx_el(3:5,:) = zeros(3,N);



cls.tx_el(6:10,:) = zeros(5,N);



tx_el_11 = lr_el_2nd(N);

cls.tx_el(11:12,:) = [tx_el_11;-tx_el_11];



tx_el_13 = lr_el_2nd_side_up1(N);

tx_el_15 = lr_el_2nd_side_up3(N);

tx_el_17 = lr_el_2nd_side_up2(N);



cls.tx_el(13:14,:) = [tx_el_13;-tx_el_13];

cls.tx_el(15:16,:) = [tx_el_15;-tx_el_15];

cls.tx_el(17:18,:) = [tx_el_17;-tx_el_17];





% rx azimuths

cls.rx_az(1:2,:) = zeros(2,N);



[az_small_p, az_large_p] = lr_az_1st_side_rx(N);

[az_small_n, az_large_n] = lr_az_1st_side_rx(N);



if p <= 0.5

    cls.rx_az(3:5,:) = [az_small_p;-az_large_n;-az_small_n];

else

    cls.rx_az(3:5,:) = [az_small_p;az_large_p;-az_small_n];

end



rx_az_12(find(tx_az_12<0)) = tx_az_12(find(tx_az_12<0)) + 180;

rx_az_12(find(tx_az_12>0)) = tx_az_12(find(tx_az_12>0)) - 180;



rx_az_14(find(tx_az_14<0)) = tx_az_14(find(tx_az_14<0)) + 180;

rx_az_14(find(tx_az_14>0)) = tx_az_14(find(tx_az_14>0)) - 180;



cls.rx_az(6:7,:) = [rx_az_12;rx_az_14];



cls.rx_az(8:10,:) = cls.tx_az(8:10,:);



cls.rx_az(11:12,:) = zeros(2,N);



if p <= 0.5

    cls.rx_az(13:14,:) = [-az_small_n;-az_small_n];

    cls.rx_az(15:16,:) = [-az_large_n;-az_large_n];

    cls.rx_az(17:18,:) = [az_small_p;az_small_p];

else

    cls.rx_az(13:14,:) = [az_small_p;az_small_p];

    cls.rx_az(15:16,:) = [az_large_p;az_large_p];

    cls.rx_az(17:18,:) = [-az_small_n;-az_small_n];

end



% rx elevations

cls.rx_el(1:2,:) = cls.tx_el(1:2,:);



cls.rx_el(3:5,:) = zeros(3,N);



cls.rx_el(6:10,:) = zeros(5,N);



cls.rx_el(11:12,:) = -cls.tx_el(11:12,:);



cls.rx_el(13:18,:) = cls.tx_el(13:18,:);






60_ghz_channel_model/living_room/lr_gen_intra_cls.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_gen_intra_cls.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function returns intra-cluster space-temporal parameters: rays amplitudes,

%    times of arrival in [ns] relative to cluster time, azimuth/elevation angles

%    in [deg] relative to cluster direction for TX/RX in LR environment

% 

%    [incls] = lr_gen_intra_cls(toa_cls)

%

%    Inputs:

%

%       1. toa_cls - cluster time of arrival 

%

%    Outputs:

%

%       1. incls.am    - amplitudes array

%       2. incls.toa   - times of arrival array

%       3. incls.tx_az - TX azimuths array

%       4. incls.tx_el - TX elevations array

%       5. incls.rx_az - RX azimuths array

%       6. incls.rx_el - RX elevations array

%

%  *************************************************************************************/

function [incls] = lr_gen_intra_cls(toa_cls)



% intra-clusters parameters

K_f_dB = 11.5;

K_b_dB = 10.9;



N_f = 6;

N_b = 8;



lambda_f = 0.28;

lambda_b = 1.0;



gamma_f  = 1.25;

gamma_b  = 8.7;



sigma_tx_az = 10;

sigma_tx_el = 10;

sigma_rx_az = 10;

sigma_rx_el = 10;



% generate time of arrivals

toa_f = [];

if (N_f > 0)

    toa_f = sort(-poisson(lambda_f, N_f));

end



% check if the absolute ray time is negative 

% which is very rare but probable event



ix = find((toa_f + toa_cls) < 0);

if (~isempty(ix))

    toa_f(ix) = [];

end



toa_b = [];

if (N_b > 0)

    toa_b = poisson(lambda_b, N_b);

end



% generate amplitudes

K_f = 10^(K_f_dB/10); % Convert from [dB]

K_b = 10^(K_b_dB/10); % Convert from [dB]





ave_pow_f = exp(toa_f/gamma_f)/K_f;

ave_pow_b = exp(-toa_b/gamma_b)/K_b;



toa = [toa_f; 0; toa_b];



amp_f = rayleigh(ave_pow_f);

amp_b = rayleigh(ave_pow_b);



amp = [amp_f; 1; amp_b];



phase = rand(size(amp)); % Random phase

imp_resp = amp .* exp(2*pi*1i*phase);



% normalize power

imp_resp = imp_resp./norm(imp_resp);



% generate angles

tx_az_f = randn(N_f, 1) * sigma_tx_az;

tx_az_f(ix) = [];

tx_az_b = randn(N_b, 1) * sigma_tx_az;

tx_az   = [tx_az_f; 0; tx_az_b];



tx_el_f = randn(N_f, 1) * sigma_tx_el;

tx_el_f(ix) = [];

tx_el_b = randn(N_b, 1) * sigma_tx_el;

tx_el   = [tx_el_f; 0; tx_el_b];



rx_az_f = randn(N_f, 1) * sigma_rx_az;

rx_az_f(ix) = [];

rx_az_b = randn(N_b, 1) * sigma_rx_az;

rx_az   = [rx_az_f; 0; rx_az_b];



rx_el_f = randn(N_f, 1) * sigma_rx_el;

rx_el_f(ix) = [];

rx_el_b = randn(N_b, 1) * sigma_rx_el;

rx_el   = [rx_el_f; 0; rx_el_b];



% fill intra-cluster output structure

incls.am    = imp_resp;

incls.toa   = toa;

incls.tx_az = tx_az;

incls.tx_el = tx_el;

incls.rx_az = rx_az;

incls.rx_el = rx_el;



% ------------------------------------------------------------------------ % 



function y = poisson(lambda, numSamples)

% generates poisson process

% lambda - rate

% numSmaples - number of elements

sigma = sqrt(1/lambda/2);

x = (sigma*randn(numSamples,1)).^2 + (sigma*randn(numSamples,1)).^2;

y = cumsum(x, 1);



% ------------------------------------------------------------------------ % 



function y = rayleigh(p)

% generates rayleigh amplitudes

% p - average power

y = sqrt(p).*sqrt(abs(randn(size(p))+1i*randn(size(p))).^2/2);






60_ghz_channel_model/living_room/lr_ref_loss.m

% /*************************************************************************************

%    Intel Corp.

%    (C) COPYRIGHT 2010

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_ref_loss.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function returns clusters reflection loss according to normal distribution based

%    on the experimental data

%

%    [ref_loss] = lr_ref_loss()

%

%    Outputs:

%

%       1. ref_loss - reflection loss coefficients array

%

%    Inputs:

%

%       1. ps    - polarization support parameter: 0 - TX/RX polarization vectors are not applied, 1 - polarization is applied

%       2. pol   - antennas polarization type 1x2 vector: pol(1) - polarization type for TX antenna, pol(2) - polarization type for RX antenna 

%

%

%    Row dimension in ref_loss array:

%

%    1,2                     - 1st order reflections from ceiling and floor

%    3,4,5                   - 1st order reflections from walls

%

%    6,7,8,9,10              - 2nd order reflections from two walls

%    11,12                   - 2nd order reflections from ceiling and floor

%    13,14,15,16,17,18       - 2nd order reflections from the wall and

%                              ceiling and from the wall and floor

%

%  *************************************************************************************/

function [ref_loss] = lr_ref_loss(ps,pol)



switch (ps)

    case 0, % without polarization        

        ref_loss_db = [ref_coef_db(0,5); ref_coef_db(1,13)];

                

        ref_loss = 10.^(ref_loss_db./20);

        

    case 1, % with polarization

        

        % polarization vectors for TX and RX antennas

        tx_pol = polarization(pol(1));

        rx_pol = polarization(pol(2));

        

        % 1st order reflections from ceiling and floor

        for i=1:2

            % reflection matrix

            R(1,1) = ref_coef(0,0.87);

            R(2,2) = ref_coef(0,0);

            R(1,2) = 0.1.*(2.*(randn(1,1)>0)-1);

            R(2,1) = 0.1.*(2.*(randn(1,1)>0)-1);

            

            ref_loss(i,:) = rx_pol'*R*tx_pol;

        end

        

        % 1st order reflections from walls

        for i=3:5

            % reflection matrix

            R(1,1) = ref_coef(0,0);

            R(2,2) = ref_coef(0,1);

            R(1,2) = 0.1.*(2.*(randn(1,1)>0)-1);

            R(2,1) = 0.1.*(2.*(randn(1,1)>0)-1);

            

            ref_loss(i,:) = rx_pol'*R*tx_pol;

        end

        

        % 2nd order reflections from two walls

        for i=6:10

            % reflection matrix

            R(1,1) = ref_coef(0,1);

            R(2,2) = ref_coef(0,0.87);

            R(1,2) = 0.2.*rand(1,1) - 0.1;

            R(2,1) = 0.2.*rand(1,1) - 0.1;

            

            ref_loss(i,:) = rx_pol'*R*tx_pol;

        end

        

        % 2nd order reflections from ceiling and floor

        for i=11:12

            % reflection matrix

            R(1,1) = ref_coef(0,1);

            R(2,2) = ref_coef(0,1);

            R(1,2) = 0.2.*rand(1,1) - 0.1;

            R(2,1) = 0.2.*rand(1,1) - 0.1;

            

            ref_loss(i,:) = rx_pol'*R*tx_pol;

        end

        

        % 2nd order reflections from the wall and ceiling and from the wall

        % and floor

        for i=13:18

            % reflection matrix

            R(1,1) = ref_coef(0,0.93);

            R(2,2) = ref_coef(0,0);

            R(1,2) = 0.3.*rand(1,1) - 0.15;

            R(2,1) = 0.3.*rand(1,1) - 0.15;

            

            ref_loss(i,:) = rx_pol'*R*tx_pol;

        end

        

    otherwise,

        error('Prohibited value of "ps" parameter');

end



% generate reflection coefficient in dB

function y = ref_coef_db(type,size)



switch (type)

    case 0, % 1st order

        mean_value = -10; % dB

        sigma   =   4; % dB

    case 1,% 2nd order

        mean_value = -16; % dB

        sigma   =   5; % dB

end



y = mean_value + randn(size,1)*sigma;



idx = find(y > -2);



while ~isempty(idx)

    

    y(idx) = mean_value + randn(length(idx),1)*sigma;

    idx = find(y > -2);

end





% generate reflection coefficient

function y = ref_coef(type,p)



switch (type)

    case 0, % 1st order reflections

        mean_value = -10; % db

        sigma = 4; % db

    case 1, % 2nd order reflections

        mean_value = -16; % db

        sigma = 5; % db        

end



y_db = mean_value + randn(1,1).*sigma;



idx = find(y_db > -2);



while ~isempty(idx)

    

    y_db(idx) = mean_value + randn(1,1).*sigma;

    idx = find(y_db > -2);

end



y = 10.^(y_db./20);



prob = rand(1,1);



index = find(prob>p);



y(index) = -y(index);






60_ghz_channel_model/living_room/lr_toa_1st_side.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_toa_1st_side.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates times of arrival in [ns] for 1st order clusters obtained

%    from wall reflections in LR environment

%

%    [y] = lr_toa_1st_side(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - times of arrival array

%

%  *************************************************************************************/

function [y] = lr_toa_1st_side(size)



u = rand(1,size);



x = [0,9,23,38];



a = 2./89;

b = 4./89;

d = 1./89;



c(1) = -a.*x(1);

u1 = a.*x(2) + c(1);



c(2) = u1 - x(2).*b;

u2 = b.*x(3) + c(2);



c(3) = u2 - x(3).*d;



index = find((u >= 0) & (u < u1));

y(index) = (u(index) - c(1))./a;

index = find((u >= u1) & (u <= u2));

y(index) = (u(index) - c(2))./b;

index = find((u >= u2) & (u <= 1));

y(index) = (u(index) - c(3))./d;






60_ghz_channel_model/living_room/lr_toa_1st_up.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_toa_1st_up.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates times of arrival in [ns] for 1st order clusters obtained

%    from ceiling (or floor) reflections in LR environment

%

%    [y] = lr_toa_1st_up(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - times of arrival array

%

%  *************************************************************************************/

function [y] = lr_toa_1st_up(size)



u = rand(1,size);



x = [1,3,7];



a = [ 0.1667   -0.0833];

b = [-0.1667    0.5833];



c(1) = (b(1).^2 - (b(1)+x(1).*a(1)).^2)./(2.*a(1));



umax = ((a(1).*x(2)+b(1)).^2-(b(1).^2-2.*a(1).*c(1)))./(2.*a(1));



c(2) = ((b(2).^2+2.*a(2).*umax)-(x(2).*a(2)+b(2)).^2)./(2.*a(2));



index = find((u >= 0) & (u < umax));

y(index) = (-b(1) + sqrt(b(1).^2 - 2.*a(1).*(c(1)-u(index))))./a(1);

index = find((u >= umax) & (u <= 1));

y(index) = (-b(2) + sqrt(b(2).^2 - 2.*a(2).*(c(2)-u(index))))./a(2);






60_ghz_channel_model/living_room/lr_toa_2nd_side.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_toa_2nd_side.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates times of arrival in [ns] for 2nd order clusters obtained

%    from wall reflections in LR environment

%

%    [y] = lr_toa_2nd_side(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - times of arrival array

%

%  *************************************************************************************/

function [y] = lr_toa_2nd_side(size)



u = rand(1,size);



x = [9,23,48];



a = 1./114;

b = 4./114;



c(1) = -a.*x(1);

u1 = a.*x(2) + c(1);



c(2) = u1 - x(2).*b;



index = find((u >= 0) & (u < u1));

y(index) = (u(index) - c(1))./a;

index = find((u >= u1) & (u <= 1));

y(index) = (u(index) - c(2))./b;






60_ghz_channel_model/living_room/lr_toa_2nd_side_up.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_toa_2nd_side_up.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates times of arrival in [ns] for 2nd order clusters obtained

%    from wall and ceiling reflections (wall and floor) in LR environment

%

%    [y] = lr_toa_2nd_side_up(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - times of arrival array

%

%  *************************************************************************************/

function [y] = lr_toa_2nd_side_up(size)



u = rand(1,size);



x = [2,10,25,38];



a = 2./89;

b = 4./89;

d = 1./89;



c(1) = -a.*x(1);

u1 = a.*x(2) + c(1);



c(2) = u1 - x(2).*b;

u2 = b.*x(3) + c(2);



c(3) = u2 - x(3).*d;



index = find((u >= 0) & (u < u1));

y(index) = (u(index) - c(1))./a;

index = find((u >= u1) & (u <= u2));

y(index) = (u(index) - c(2))./b;

index = find((u >= u2) & (u <= 1));

y(index) = (u(index) - c(3))./d;






60_ghz_channel_model/living_room/lr_toa_2nd_up_down.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_toa_2nd_up_down.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

% 

%    function generates times of arrival in [ns] for 2nd order clusters obtained

%    from ceiling and floor reflections in LR environment

%

%    [y] = lr_toa_2nd_up_down(size)

%

%    Inputs:

%

%       1. size - target size of returned array

%

%    Outputs:

%

%       1. y - times of arrival array

%

%  *************************************************************************************/

function [y] = lr_toa_2nd_up_down(size)



y = 9.*rand(1,size) + 7;








60_ghz_channel_model/startup.m



rootdir=pwd;

if findstr(rootdir,'\')

    subdir=strcat(rootdir,'\beamforming'); addpath(subdir);

    subdir=strcat(rootdir,'\beamforming\matlab_code'); addpath(subdir);

    subdir=strcat(rootdir,'\beamforming\c_code'); addpath(subdir);

    subdir=strcat(rootdir,'\common'); addpath(subdir);

    subdir=strcat(rootdir,'\conference_room'); addpath(subdir);

    subdir=strcat(rootdir,'\living_room'); addpath(subdir);

    subdir=strcat(rootdir,'\work'); addpath(subdir);

else %unix

    subdir=strcat(rootdir,'/beamforming'); addpath(subdir);

    subdir=strcat(rootdir,'/beamforming/matlab_code'); addpath(subdir);

    subdir=strcat(rootdir,'/beamforming/c_code'); addpath(subdir);

    subdir=strcat(rootdir,'/common'); addpath(subdir);

    subdir=strcat(rootdir,'/conference_room'); addpath(subdir);

    subdir=strcat(rootdir,'/living_room'); addpath(subdir);

    subdir=strcat(rootdir,'/work'); addpath(subdir);

end  



cd work






60_ghz_channel_model/work/cr_ch_cfg.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_ch_cfg.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    configuration function returns structure contained main parameters for

%    channel function cr_ch_model.m generating channel impulse response for

%    Conference Room (CR) environment

%

%    [cfg] = cr_ch_cfg()

%

%    Inputs: no inputs

%

%    Outputs: configuration structure

%

%    cfg.field    - common parameters

%    cfg.cr.field - space temporal clusters distribution related parameters

%    cfg.bf.field - beamforming and antennas related parameters

%

%  *************************************************************************************/

function [cfg] = cr_ch_cfg()



% COMMON PARAMETERS



cfg.Pnorm       = 1;        % normalization parameter: 0 - w/o normalization, 1 - apply normalization for output channel impulse response

cfg.sample_rate = 2.56;     % sample rate in [GHz] applied for continuous time to discrete time channel impulse response conversion



% CFG.CR SUBSTRUCTURE   



cfg.cr.ap_sp = 0;           % parameter selects subscenario: 0 - STA-STA subscenario, 1 - STA-AP subscenario



cfg.cr.D    = 2;            % distance in [meters] between TX and RX, note that when the AP is placed near the ceiling distance D between TX and RX is set in horizontal plane

cfg.cr.Plos = 0;            % LOS (Line-of-Sight) parameter, permitted values: 0 - corresponds to NLOS scenario, 1 - corresponds to LOS scenario



% probabilities for STA-STA subscenario

cfg.cr.Psta_1st_c  = 1;     % probability that the cluster is present (i.e. not blocked) for the 1st order reflections from ceiling

cfg.cr.Psta_1st_w  = 0.76;  % probability that the cluster is present (i.e. not blocked) for the 1st order reflections from walls

cfg.cr.Psta_2nd_wc = 0.963; % probability that the cluster is present (i.e. not blocked) for the 2nd order wall-ceiling (ceiling-wall) reflections

cfg.cr.Psta_2nd_w  = 0.825; % probability that the cluster is present (i.e. not blocked) for the 2nd order reflections from walls



% probabilities for STA-AP subscenario

cfg.cr.Pap_1st = 0.874;     % probability that the cluster is present (i.e. not blocked) for the 1st order reflections from walls

cfg.cr.Pap_2nd = 0.93;      % probability that the cluster is present (i.e. not blocked) for the 2nd order reflections from walls





% CFG.BF SUBSTRUCTURE (BEAMFORMING & ANTENNAS RELATED PARAMETERS)



cfg.bf.bf_alg = 0;          % beamforming algorithm: 0 - max power ray algorithm, 1 - max power exhaustive search algorithm



cfg.bf.matlab_c = 0;        % this flag selects Matlab or C function to perform exhaustive search in beamforming procedure: 0 - use Matlab function, 1 - use C function



% antenna type parameter selects antenna type in beamforming search procedure

cfg.bf.tx_ant_type = 1;     % TX antenna type, permitted values: 0 - isotropic radiator, 1 - basic steerable directional antenna

cfg.bf.rx_ant_type = 1;     % RX antenna type, permitted values: 0 - isotropic radiator, 1 - basic steerable directional antenna



% spherical sector bound for antenna beam search in beamformig procedure,

% MAX value is 90 degree

cfg.bf.tx_sec_bound = 90;   % TX sector bound

cfg.bf.rx_sec_bound = 90;   % RX sector bound



% half-power antenna beamwidth in [deg] applied for basic steerable directional antenna model

cfg.bf.tx_hpbw = 30;        % TX antenna beamwidth

cfg.bf.rx_hpbw = 30;        % RX antenna beamwidth



cfg.bf.ps     = 0;          % polarization support parameter: 0 - TX/RX polarization vectors are not applied, 1 - polarization is applied

cfg.bf.pol(1) = 0;          % antenna polarization type on TX side: 0 - linear in theta direction, 1 - linear in thi direction, 2 - LHCP, 3 - RHCP

cfg.bf.pol(2) = 0;          % antenna polarization type on RX side: 0 - linear in theta direction, 1 - linear in thi direction, 2 - LHCP, 3 - RHCP





% angles set using for exhaustive search at TX and RX sides



% select subscenario

switch (cfg.cr.ap_sp)

    case 0, % STA - STA

        % TX angles grid

        switch (cfg.bf.tx_ant_type)

            case 0, % isotropic radiator

                cfg.bf.tx_az = [0]; % azimuths in [deg]

                cfg.bf.tx_el = [0]; % elevations in [deg]

            case 1, % sterable directional antenna

                [cfg.bf.tx_az, cfg.bf.tx_el] = angles_grid(cfg.bf.tx_hpbw,cfg.bf.tx_sec_bound,0);

            otherwise,

                error('Prohibited value of "cfg.tx_ant_type" parameter');

        end

        

        % RX angles grid

        switch (cfg.bf.rx_ant_type)

            case 0, % isotropic radiator

                cfg.bf.rx_az = [0]; % azimuths in [deg]

                cfg.bf.rx_el = [0]; % elevations in [deg]

            case 1, % sterable directional antenna

                [cfg.bf.rx_az, cfg.bf.rx_el] = angles_grid(cfg.bf.rx_hpbw,cfg.bf.rx_sec_bound,0);

            otherwise,

                error('Prohibited value of "cfg.rx_ant_type" parameter');

        end

    case 1, % STA - AP

        % TX angles grid

        switch (cfg.bf.tx_ant_type)

            case 0, % isotropic radiator

                cfg.bf.tx_az = [0]; % azimuths in [deg]

                cfg.bf.tx_el = [0]; % elevations in [deg]

            case 1, % sterable directional antenna

                [cfg.bf.tx_az, cfg.bf.tx_el] = angles_grid(cfg.bf.tx_hpbw,cfg.bf.tx_sec_bound,0);

                cfg.bf.tx_el = 180 - cfg.bf.tx_el;

            otherwise,

                error('Prohibited value of "cfg.tx_ant_type" parameter');

        end

        

        % RX angles grid

        switch (cfg.bf.rx_ant_type)

            case 0, % isotropic radiator

                cfg.bf.rx_az = [0]; % azimuths in [deg]

                cfg.bf.rx_el = [0]; % elevations in [deg]

            case 1, % sterable directional antenna

                [cfg.bf.rx_az, cfg.bf.rx_el] = angles_grid(cfg.bf.rx_hpbw,cfg.bf.rx_sec_bound,0);

            otherwise,

                error('Prohibited value of "cfg.rx_ant_type" parameter');

        end

        

    otherwise,

        error('Prohibited value of "cfg.cr.ap_sp" parameter');

end



if ((cfg.bf.ps==1) && ( (cfg.bf.tx_ant_type == 0) || (cfg.bf.rx_ant_type == 0)))

    error('Modeling of polarization is unsupported for isotropic radiator');

end






60_ghz_channel_model/work/cr_ch_model.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_ch_model.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    function returns channel impulse response for Conference Room (CR) environment

%

%    [imp_res] = cr_ch_model()

%

%    Inputs:

%

%       no inputs, parameters are set in cr_ch_cfg.m configuration file

%

%    Outputs:

%

%       1. imp_res - channel impulse response

%

%  *************************************************************************************/

function [imp_res] = cr_ch_model()

clc



% load configuration structure <- cr_ch_cfg.m

cfg = cr_ch_cfg;



% generate space-time channel impulse response realization

ch = gen_cr_ch(cfg.cr,cfg.bf.ps,cfg.bf.pol);



% apply beamforming algorithm

[imp_res,toa] = beamforming(cfg.bf,ch);



% continuous time to descrete time conversion

imp_res = ct2dt(imp_res,toa,cfg.sample_rate);



% normalization according to Pnorm parameter

if (cfg.Pnorm)

    imp_res = imp_res./norm(imp_res);

end






60_ghz_channel_model/work/cr_test.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     cr_test.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    test

%

%  *************************************************************************************/

clear all

clc



seed = 0;



randn('state',seed);

rand('state',seed);



[imp_res] = cr_ch_model;



figure(1)

stem(abs(imp_res),'b')

grid on

title('example of channel impulse response realization','FontSize',8,'FontWeight','bold')

xlabel('samples','FontSize',8,'FontWeight','bold');

set(gca,'FontSize',8,'FontWeight','bold');






60_ghz_channel_model/work/lr_ch_cfg.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_ch_cfg.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    configuration function returns structure contained main parameters for

%    channel function lr_ch_model.m generating channel impulse response for

%    Living Room (LR) environment

%

%    [cfg] = lr_ch_cfg()

%

%    Inputs: no inputs

%

%    Outputs: configuration structure

%

%    cfg.field    - common parameters

%    cfg.lr.field - space temporal clusters distribution related parameters

%    cfg.bf.field - beamforming and antennas related parameters

%

%  *************************************************************************************/

function [cfg] = lr_ch_cfg()



% COMMON PARAMETERS



cfg.Pnorm       = 1;     % normalization parameter: 0 - w/o normalization, 1 - apply normalization for output channel impulse response

cfg.sample_rate = 2.56;  % sample rate in [GHz] applied for continuous time to discrete time channel impulse response conversion



% CFG.LR SUBSTRUCTURE   



cfg.lr.D    = 4;         % distance in [meters] between TX and RX

cfg.lr.Plos = 0;         % LOS (Line-of-Sight) parameter, permitted values: 0 - corresponds to NLOS scenario, 1 - corresponds to LOS scenario



cfg.lr.P_1st_c  = 1.0;   % probability that the cluster is present (i.e. not blocked) for the 1st order reflections from ceiling

cfg.lr.P_1st_f  = 0.3;   % probability that the cluster is present (i.e. not blocked) for the 1st order reflections from floor

cfg.lr.P_1st_w  = 0.6;   % probability that the cluster is present (i.e. not blocked) for the 1st order reflections from walls

cfg.lr.P_2nd_w  = 0.2;   % probability that the cluster is present (i.e. not blocked) for the 2nd order reflections from two walls

cfg.lr.P_2nd_cf = 0.2;   % probability that the cluster is present (i.e. not blocked) for the 2nd order reflections from ceiling and floor

cfg.lr.P_2nd_wc = 0.7;   % probability that the cluster is present (i.e. not blocked) for the 2nd order wall-ceiling (ceiling-wall) reflections

cfg.lr.P_2nd_wf = 0.3;   % probability that the cluster is present (i.e. not blocked) for the 2nd order wall-floor (floor-wall) reflections





% CFG.BF SUBSTRUCTURE (BEAMFORMING & ANTENNAS RELATED PARAMETERS)



cfg.bf.bf_alg = 0;          % beamforming algorithm: 0 - max power ray algorithm, 1 - max power exhaustive search algorithm



cfg.bf.matlab_c = 0;        % this flag selects Matlab or C function to perform exhaustive search in beamforming procedure: 0 - use Matlab function, 1 - use C function



% antenna type parameter selects antenna type in beamforming search procedure

cfg.bf.tx_ant_type = 1;     % TX antenna type, permitted values: 0 - isotropic radiator, 1 - basic steerable directional antenna

cfg.bf.rx_ant_type = 1;     % RX antenna type, permitted values: 0 - isotropic radiator, 1 - basic steerable directional antenna



% spherical sector bound for antenna beam search in beamformig procedure,

% MAX value is 120 degree

cfg.bf.tx_sec_bound = 120;  % TX sector bound

cfg.bf.rx_sec_bound = 120;  % RX sector bound



% half-power antenna beamwidth in [deg] applied for basic steerable directional antenna model

cfg.bf.tx_hpbw = 30;        % TX antenna beamwidth

cfg.bf.rx_hpbw = 30;        % RX antenna beamwidth



cfg.bf.ps     = 0;          % polarization support parameter: 0 - TX/RX polarization vectors are not applied, 1 - polarization is applied

cfg.bf.pol(1) = 0;          % antenna polarization type on TX side: 0 - linear in theta direction, 1 - linear in thi direction, 2 - LHCP, 3 - RHCP

cfg.bf.pol(2) = 0;          % antenna polarization type on RX side: 0 - linear in theta direction, 1 - linear in thi direction, 2 - LHCP, 3 - RHCP





% angles set using for exhaustive search at TX and RX sides



% TX angles grid

switch (cfg.bf.tx_ant_type)

    case 0, % isotropic radiator

        cfg.bf.tx_az = [0]; % azimuths in [deg]

        cfg.bf.tx_el = [0]; % elevations in [deg]

    case 1, % sterable directional antenna

        [cfg.bf.tx_az, cfg.bf.tx_el] = angles_grid(cfg.bf.tx_hpbw,cfg.bf.tx_sec_bound,0);

    otherwise,

        error('Prohibited value of "cfg.tx_ant_type" parameter');

end



% RX angles grid

switch (cfg.bf.rx_ant_type)

    case 0, % isotropic radiator

        cfg.bf.rx_az = [0]; % azimuths in [deg]

        cfg.bf.rx_el = [0]; % elevations in [deg]

    case 1, % sterable directional antenna

        [cfg.bf.rx_az, cfg.bf.rx_el] = angles_grid(cfg.bf.rx_hpbw,cfg.bf.rx_sec_bound,0);

    otherwise,

        error('Prohibited value of "cfg.rx_ant_type" parameter');

end



if ((cfg.bf.ps==1) && ( (cfg.bf.tx_ant_type == 0) || (cfg.bf.rx_ant_type == 0)))

    error('Modeling of polarization is unsupported for isotropic radiator');

end






60_ghz_channel_model/work/lr_ch_model.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_ch_model.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    function returns channel impulse response for Living Room (LR) environment

%

%    [imp_res] = lr_ch_model()

%

%    Inputs:

%

%       no inputs, parameters are set in lr_ch_cfg.m configuration file

%

%    Outputs:

%

%       1. imp_res - channel impulse response

%

%  *************************************************************************************/

function [imp_res] = lr_ch_model()

clc



% load configuration structure <- lr_ch_cfg.m

cfg = lr_ch_cfg;



% generate space-time channel impulse response realization

ch = gen_lr_ch(cfg.lr,cfg.bf.ps,cfg.bf.pol);



% apply beamforming algorithm

[imp_res,toa] = beamforming(cfg.bf,ch);



% continuous time to descrete time conversion

imp_res = ct2dt(imp_res,toa,cfg.sample_rate);



% normalization according to Pnorm parameter

if (cfg.Pnorm)

    imp_res = imp_res./norm(imp_res);

end






60_ghz_channel_model/work/lr_test.m

% /*************************************************************************************

%    Intel Corp.

%

%    Project Name:  60 GHz Living Room Channel Model

%    File Name:     lr_test.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       4.0

%    History:       February 2010 created

%

%  *************************************************************************************

%    Description:

%

%    test

%

%  *************************************************************************************/

clear all

clc



seed = 0;



randn('state',seed);

rand('state',seed);



[imp_res] = lr_ch_model;



figure(1)

stem(abs(imp_res),'b')

grid on

title('example of channel impulse response realization','FontSize',8,'FontWeight','bold')

xlabel('samples','FontSize',8,'FontWeight','bold');

set(gca,'FontSize',8,'FontWeight','bold');
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