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Revision History
r0 –  November 2016 – Initial version with implementation of the conference room environment.
Source Code

The source code for Conference Room is attached below in a zip-archive.
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1 Channel Model Code Description
This document describes a structure of the Matlab source code developed for channel model of the conference room environment and supporting all SU-MIMO configurations defined in [2].
1.1 General Code Structure
This section provides description of internal organization and partitioning on functional blocks of the conference room source code.

The functional block diagram showing general code structure 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 channel model
As it can be seen from the figure above, the top function cr_ch_model.m calls subsequently a function for input parameters initialization cr_ch_cfg.m, a channel impulse response generation function gen_cr_ch.m, a function implementing beamforming algorithm beamforming.m, a function digitize.m implementing analog to discrete time conversion of channel impulse response with the target sample rate, and a subroutine normalize.m implementing normalization of channel impulse response in accordance with [2].
The first function in the pipeline is the configuration function where all input channel model parameters set by user are copied into a data structure cfg. It includes the following substructures: cfg.cr contains parameters of conference room environment, cfg.bf contains beamforming settings and parameters defined in [1], and cfg.paa contains phased antenna array parameters described in [1]. Whole cfg structure is fed to the gen_cr_ch.m implementing generation of space-temporal channel impulse response realization for the conference room environment including angular, temporal, amplitude and phase characteristics. Generation of inter-cluster parameters is performed using embedded ray tracer, also it allows easily taking into account space correlation for SU-MIMO configurations. After channel impulse response generation, beamforming.m is executed implementing analog beamforming algorithm with max power ray criteria. The output of this function is a channel impulse response between the transmitter and receiver with optimally steered antenna patterns. Then channel impulse response is supplied to the digitize.m, normalize.m functions for discrete time conversion and normalization.
1.2 Description of Data Structures Used in Channel Model

This section provides a description of the configuration structure cfg, channel impulse response structure ch and the output imp_res structure used in the developed channel model.
Table 1 shows all fields of cfg structure and provides short description for every field including 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.
	2.64

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

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


Table 2 shows all fields of cfg.cr substructure and 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.bf substructure, provides short description for every field and gives default values of the fields.
Table 3. Description of cfg.bf substructure fields
	#
	Structure Field
	Field Description
	Default Value

	1
	cfg.bf.ant_type
	Antenna type, permitted values: 1 – phased antenna array with single polarization, 2 – phased antenna array with dual polarization, 3 - double phased antenna array with two streams, 4 – double phased antenna array with four streams; 5 – phased antenna array with single polarization on transmitter and dual-polarization on receiver;
	2

	2
	cfg.bf.ps
	Polarization support parameter: 0 – transmitter/receiver polarization vectors are not applied, 1 - polarization is applied [ used only for cfg.bf.ant_type = 1 ]
	1

	3
	cfg.bf.pol
	Antenna polarization type vector: 0 - linear in θ direction, 1 - linear in φ direction. First dimension corresponds to antenna polarization on transmitter side; second dimension corresponds to antenna polarization type on receiver side.
	[1,0]

	4
	cfg.bf.tx_pol
	Antenna polarization on transmitter side: 0 - linear in θ direction, 1 - linear in φ direction. First dimension corresponds to first antenna polarization on transmitter side; second dimension corresponds to second antenna polarization type on transmitter side; [ only for cfg.bf.ant_type = 3 ]
	[1,0]


	5
	cfg.bf.dist_tx
	Distance in meters between antennas on transmitter side; [ only for cfg.bf.ant_type = 3, 4 ]
	0.3

	6
	cfg.bf.rx_pol
	Antenna polarization on transmitter side: 0 - linear in θ direction, 1 - linear in φ direction. First dimension corresponds to first antenna polarization on transmitter side; second dimension corresponds to second antenna polarization type on transmitter side; [ only for cfg.bf.ant_type = 3 ]
	[1,0]

	7
	cfg.bf.dist_rx
	Distance in meters between antennas on receiver side; [ only for cfg.bf.ant_type = 3, 4 ]
	0.3

	8
	cfg.bf.paa
	Substructure contains parameters for phased antenna array
	n/a


Table 4 shows all fields of cfg.bf.paa substructure, provides short description for every field and gives default values of the fields.
Table 4. Description of cfg.bf.paa substructure fields

	#
	Structure Field
	Field Description
	Default Value

	1
	cfg.bf.paa.Nx
	Number of phased antenna array elements through X-axis
	2

	2
	cfg.bf.paa.Nx
	Number of phased antenna array elements through Y-axis
	8

	3
	cfg.bf.paa.lyam
	Wavelength
	5e-3

	4
	cfg.bf.paa.dx
	Distance between phased antenna array elements on X-axis
	cfg.bf.paa.lyam / 2

	5
	cfg.bf.paa.dy
	Distance between phased antenna array elements on Y-axis
	cfg.bf.paa.lyam / 2

	6
	cfg.bf.paa.phi_tx
	Angle of transmitter rotation in azimuth plane along LOS direction
	Random from [0, 2π]

	7
	cfg.bf.paa.phi_rx
	Angle of receiver rotation in azimuth plane along LOS direction
	Random from [0, 2π]


Tables below show all fields of ch structure and provide a short description for every field.

Table 5. Description of ch structure fields for cfg.bf.ant_type=1
	#
	Structure Field
	Field Description

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

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

	
	ch.tx_az,
ch.tx_el
	Transmit azimuth/elevation angles for different rays.

	
	ch.rx_az,
ch.rx_el
	Receive azimuth/elevation angles for different rays.



Table 6. Description of ch structure fields for cfg.bf.ant_type=2
	#
	Structure Field
	Field Description

	1


	ch.am_11,

ch.am_12,

ch.am_21,

ch.am_22
	Complex amplitudes corresponding to LOS/NLOS rays existing between transmitter and receiver parts, where am_11, am_22 – direct links, am_21, am_22 – cross links.

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

	
	ch.tx_az,
ch.tx_el
	Transmit azimuth/elevation angles for different rays.

	
	ch.rx_az,
ch.rx_el
	Receive azimuth/elevation angles for different rays.



Table 7. Description of ch structure fields for cfg.bf.ant_type=3
	#
	Structure Field
	Field Description

	1
	ch.am_11
	Complex amplitudes corresponding to LOS/NLOS rays existing between first transmit and first receive antennas.

	
	ch.toa_11
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component between first transmit and first receive antennas.

	
	ch.tx_az_11,
ch.tx_el_11
	Transmit azimuth/elevation angles for different rays between first transmit and first receive antennas.

	
	ch.rx_az_11, ch.rx_el_11
	Receive azimuth/elevation angles for different rays between first transmit and first receive antennas.

	2
	ch.am_12
	Complex amplitudes corresponding to LOS/NLOS rays existing between transmitter and receiver parts between first transmit and second receive antennas.

	
	ch.toa_12
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component between first transmit and second receive antennas.

	
	ch.tx_az_12, ch.tx_el_12
	Transmit azimuth/elevation angles for different rays between first transmit and second receive antennas.

	
	ch.rx_az_12,
ch.rx_el_12
	Receive azimuth/elevation angles for different rays between first transmit and second receive antennas.

	3
	ch.am_21
	Complex amplitudes corresponding to LOS/NLOS rays existing between second transmit and first receive antennas.

	
	ch.toa_21
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component between second transmit and first receive antennas.

	
	ch.tx_az_21,
ch.tx_el_21
	Transmit azimuth angles for different rays between second transmit and first receive antennas.

	
	ch.rx_az_21,
ch.rx_el_21
	Receive azimuth/elevation angles for different rays between second transmit and first receive antennas.

	4


	ch.am_22
	Complex amplitudes corresponding to LOS/NLOS rays existing between second transmit and second receive antennas.

	
	ch.toa_22
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component between second transmit and second receive antennas.

	
	ch.tx_az_22,
ch.tx_el_22
	Transmit azimuth/elevation angles for different rays between second transmit and second receive antennas.

	
	ch.rx_az_22,
ch.rx_el_22
	Receive azimuth/elevation angles for different rays between second transmit and second receive antennas.



Table 8. Description of ch structure fields for cfg.bf.ant_type=4
	#
	Structure Field
	Field Description

	1
	ch.am_11vv,

ch.am_11vh,

ch.am_11hv,

ch.am_11hh
	Complex amplitudes corresponding to LOS/NLOS rays existing between first transmit and first receive antennas for different polarizations.

	
	ch.toa_11
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component between first transmit and first receive antennas.

	
	ch.tx_az_11,
ch.tx_el_11
	Transmit azimuth/elevation angles for different rays between first transmit and first receive antennas.

	
	ch.rx_az_11,
ch.rx_el_11
	Receive azimuth/elevation angles for different rays between first transmit and first receive antennas.

	2
	ch.am_12vv,

ch.am_12vh,

ch.am_12hv,

ch.am_12hh
	Complex amplitudes corresponding to LOS/NLOS rays existing between first transmit and second receive antennas for different polarizations.

	
	ch.toa_12
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component between first transmit and second receive antennas.

	
	ch.tx_az_12,
ch.tx_el_12
	Transmit azimuth/elevation angles for different rays.

	
	ch.rx_az_12,
ch.rx_el_12
	Receive azimuth/elevation angles for different rays.

	3
	ch.am_21vv,

ch.am_21vh,

ch.am_21hv,

ch.am_21hh
	Complex amplitudes corresponding to LOS/NLOS rays existing between second transmit and first receive antennas for different polarizations.

	
	ch.toa_21
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component between second transmit and first receive antennas.

	
	ch.tx_az_21,
ch.tx_el_21
	Transmit azimuth/elevation angles for different rays between second transmit and first receive antennas.

	
	ch.rx_az_21,
ch.rx_el_21
	Receive azimuth/elevation angles for different rays between second transmit and first receive antennas.

	4
	ch.am_22vv,

ch.am_22vh,

ch.am_22hv,

ch.am_22hh
	Complex amplitudes corresponding to LOS/NLOS rays existing between second transmit and second receive antennas for different polarizations.

	
	ch.toa_22
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component between second transmit and second receive antennas.

	
	ch.tx_az_22,
ch.tx_el_22
	Transmit azimuth/elevation angles for different rays between second transmit and second receive antennas.

	
	ch.rx_az_22,
ch.rx_el_22
	Receive azimuth/elevation angles for different rays between second transmit and second receive antennas.


Table 9. Description of ch structure fields for cfg.bf.ant_type=5
	#
	Structure Field
	Field Description

	1


	ch.am_11,

ch.am_12,
	Complex amplitudes corresponding to LOS/NLOS rays existing between transmitter and receiver parts.

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

	
	ch.tx_az,

ch.tx_el
	Transmit azimuth/elevation angles for different rays.

	
	ch.rx_az,

ch.rx_el
	Receive azimuth/elevation angles for different rays.


Tables show all fields of imp_res structure and provide a short description for every field.

Table 10. Description of imp_res structure fields for cfg.bf.ant_type=1, 2
	#
	Structure Field
	Field Description

	1
	imp_res.h11, imp_res.h12,

imp_res.h21,

imp_res.h22
	Complex amplitudes corresponding to LOS/NLOS rays existing between transmitter and receiver parts with dual-polarization.

	
	imp_res.toa_11
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component.



Table 11. Description of imp_res structure fields for cfg.bf.ant_type=3
	#
	Structure Field
	Field Description

	1
	imp_res.h11
	Complex amplitudes corresponding to LOS/NLOS rays existing between first transmit and first receive antennas.

	
	imp_res.toa_11
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component.

	2
	imp_res.h12
	Complex amplitudes corresponding to LOS/NLOS rays existing between first transmit and second receive antennas.

	
	imp_res.toa_12
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component.

	3
	imp_res.h21
	Complex amplitudes corresponding to LOS/NLOS rays existing between second transmit and first receive antennas.

	
	imp_res.toa_21
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component.

	4
	imp_res.h22
	Complex amplitudes corresponding to LOS/NLOS rays existing between second transmit and second receive antennas.

	
	imp_res.toa_22
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component.



Table 12. Description of imp_res structure fields for cfg.bf.ant_type=4
	#
	Structure Field
	Field Description

	1
	imp_res.h11, imp_res.h12,

imp_res.h21,

imp_res.h22
	Complex amplitudes of direct links corresponding to LOS/NLOS rays existing between first transmit and first receive antennas.

	
	imp_res.toa_11
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component.

	2
	imp_res.h13, imp_res.h14,

imp_res.h23,

imp_res.h24
	Complex amplitudes of cross links corresponding to LOS/NLOS rays existing between first transmit and second receive antennas.

	
	imp_res.toa_12
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component.

	3
	imp_res.h31, imp_res.h32,

imp_res.h41,

imp_res.h42
	Complex amplitudes of cross links corresponding to LOS/NLOS rays existing between second transmit and first receive antennas.

	
	imp_res.toa_21
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component.

	4
	imp_res.h33, imp_res.h34,

imp_res.h43,

imp_res.h44
	Complex amplitudes of direct links corresponding to LOS/NLOS rays existing between second transmit and second receive antennas

	
	imp_res.toa_22
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component.


Table 13. Description of imp_res structure fields for cfg.bf.ant_type=5
	#
	Structure Field
	Field Description

	1
	imp_res.h11, imp_res.h12
	Complex amplitudes corresponding to LOS/NLOS rays existing between transmitter and receiver parts for two polarizations.

	
	imp_res.toa_11
	Times of arrival (in [ns]) of rays calculated relatively to time of arrival of LOS component.


1.3 Directory Tree for Channel Model Source Code

The directory tree and all files for the channel model source code are shown in Figure 2.
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Figure 2. Directory tree for the channel model 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 function may be used to generate channel impulse response realizations.

1.4 Channel Model Test Script

The /work folder contains also cr_test.m file developed for a simple check that the channel model functions works correctly. Figure 3 shows example of the figures obtained by running cr_test.m, script with default settings of the configuration files for initial seed = 1 in randn/rand generators (Matlab 8.4.0 R2014b). 
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Figure 3. Example of the figure obtained by running cr_test.m script with cfg.bf.ant_type=2
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Figure 4. Example of the figure obtained by running cr_test.m script with cfg.bf.ant_type=3
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Figure 5. Example of the figure obtained by running cr_test.m script with cfg.bf.ant_type=5
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cr_channel_model/beamforming/ant_gain.m

% /*************************************************************************************
%    Intel Corp.
%
%    Project Name:  Conference Room Channel Model
%    File Name:     ant_gain.m
%    Authors:       Y. Gagiev
%    Version:       1.0
%    History:       November 2015 created
%
%  *************************************************************************************
%    Description:
%
%    function returns amplitudes weighted by antenna gain for target phased antenna array space position
%
%    [amg] = ant_gain(ant_type,hpbw,am,az,el,az_max,el_max)
%
%    Inputs:
%
%       1. am       - amplitudes array 
%       2. az       - TX/RX azimuths array
%       3. el       - TX/RX elevations array
%       4. az_max   - azimuth angle of a ray with maximum power
%       5. el_max   - elevation angle of a ray with maximum power
%       6. paa_struct - keeps parameters of PAA
%
%    Outputs:
%
%       1. amg - output amplitudes weighted by antenna gain coefficients
%
%  *************************************************************************************/
function [amg] = ant_gain(am, az, el, az_max, el_max, paa_struct)

% Unpack parameters
Nx = paa_struct.Nx;
Ny = paa_struct.Ny;
dx = paa_struct.dx;
dy = paa_struct.dy;
lyam = paa_struct.lyam;
        
% Calculation of weight vector for ray w/ maximum power
k = 2 * pi / lyam;
a0 = k * sin(el_max * pi / 180) * cos(az_max * pi / 180) * dx;
a1 = k * sin(el_max * pi / 180) * sin(az_max * pi / 180) * dy;

% Calculate weight coefficients for PAA
W = zeros(1, Nx * Ny);
for nx = 0 : Nx - 1
   for ny = 0 : Ny - 1
       W(ny + 1 + Ny * nx) = exp(-1j * ( a0 * nx + a1 * ny )) / sqrt(Nx*Ny);
   end
end

% Apply antenna pattern
amg = parr_antenna(am, az, el, W, paa_struct);
end






cr_channel_model/beamforming/basic2rot.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     basic2rot.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       1.0

%    History:       May 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;






cr_channel_model/beamforming/beamforming.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     beamforming.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       December 2015 created

%

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

%    Description:

%

%    function calls beamforming Max Power Ray algorithm

%

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

%

%    Inputs:

%

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

%       2. ch       - channel structure

%

%    Outputs:

%

%       1. imp_res - channel impulse response structure

%

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

function [imp_res] = beamforming(cfg, ch)



% Calling max power ray algorithm

% Others beamforming algorithms can be supported

imp_res = max_power_ray(cfg, ch);



end










cr_channel_model/beamforming/filter_channel.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     filter_channel.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       December 2015 created

%

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

%    Description:

%

%    Performs rotation of angles to coordination system associated with

%    Antenna Pattern

%

%    [ ch ] = filter_channel(ant_type, ch)

%

%    Inputs:

%

%       1. ant_type - type of antenna chose by user

%       2. ch       - channel structure

%       3. varargin - angles of Tx, Rx rotation in azimuth plane along LOS

%       direction for PAA only

%

%    Outputs:

%

%       1. ch - modified channel structure

%

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

function [ ch ] = filter_channel(ant_type, ch, varargin)



switch(ant_type)

    case 1, % phase antenna array with single polarization

        % Rotation of Tx, Rx for NLOS case

        phiTx = varargin{1};

        phiRx = varargin{2};

        

        [ch.tx_az, ch.tx_el] = basic2rot(ch.tx_az, ch.tx_el, mod(phiTx + 90, 360), 90, 0);

        [ch.rx_az, ch.rx_el] = basic2rot(ch.rx_az, ch.rx_el, mod(phiRx + 90, 360), 90, 0);

        

        % Check boundaries for AoA, AoD and delete not existing rays

        ind1 = find(ch.tx_az > 90 & ch.tx_az < 270);

        ind2 = find(ch.rx_az > 90 & ch.rx_az < 270);

        ind = union(ind1, ind2);

        

        ch.am(ind) = 0;

    case 2, % phased antenna array with dual polarization

        % Rotation of Tx, Rx for NLOS case

        phiTx = varargin{1};

        phiRx = varargin{2};

        

        [ch.tx_az, ch.tx_el] = basic2rot(ch.tx_az, ch.tx_el, mod(phiTx + 90, 360), 90, 0);

        [ch.rx_az, ch.rx_el] = basic2rot(ch.rx_az, ch.rx_el, mod(phiRx + 90, 360), 90, 0);

        

        % Check boundaries for AoA, AoD and delete not existing rays

        ind1 = find(ch.tx_az > 90 & ch.tx_az < 270);

        ind2 = find(ch.rx_az > 90 & ch.rx_az < 270);

        ind = union(ind1, ind2);

        

        ch.am_h11(ind) = 0;

        ch.am_h12(ind) = 0;

        ch.am_h21(ind) = 0;

        ch.am_h22(ind) = 0;

    case 3, % double phased antenna array

        % Rotation of Tx, Rx for NLOS case

        phiTx = varargin{1};

        phiRx = varargin{2};

        

        shift_tx11 = varargin{3};

        shift_rx11 = varargin{4};

        shift_tx22 = varargin{5};

        shift_rx22 = varargin{6};

        

        [ch.tx_az_11, ch.tx_el_11] = basic2rot(ch.tx_az_11, ch.tx_el_11, mod(phiTx + 90, 360), 90, 0);

        [ch.rx_az_11, ch.rx_el_11] = basic2rot(ch.rx_az_11, ch.rx_el_11, mod(phiRx + 90, 360), 90, 0);

        

        % Check boundaries for AoA, AoD and delete not existing rays

        ind1 = find(ch.tx_az_11 > 90 + shift_tx11 & ch.tx_az_11 < 270 + shift_tx11);

        ind2 = find(ch.rx_az_11 > 90 + shift_rx11 & ch.rx_az_11 < 270 + shift_rx11);

        ind = union(ind1, ind2);

        

        ch.am_11(ind) = 0;



        [ch.tx_az_12, ch.tx_el_12] = basic2rot(ch.tx_az_12, ch.tx_el_12, mod(phiTx + 90, 360), 90, 0);

        [ch.rx_az_12, ch.rx_el_12] = basic2rot(ch.rx_az_12, ch.rx_el_12, mod(phiRx + 90, 360), 90, 0);

        

        % Check boundaries for AoA, AoD and delete not existing rays

        ind1 = find(ch.tx_az_12 > 90 + shift_tx11 & ch.tx_az_12 < 270 + shift_tx11);

        ind2 = find(ch.rx_az_12 > 90 + shift_rx22 & ch.rx_az_12 < 270 + shift_rx22);

        ind = union(ind1, ind2);

        

        ch.am_12(ind) = 0;

        

        [ch.tx_az_21, ch.tx_el_21] = basic2rot(ch.tx_az_21, ch.tx_el_21, mod(phiTx + 90, 360), 90, 0);

        [ch.rx_az_21, ch.rx_el_21] = basic2rot(ch.rx_az_21, ch.rx_el_21, mod(phiRx + 90, 360), 90, 0);

        

        % Check boundaries for AoA, AoD and delete not existing rays

        ind1 = find(ch.tx_az_21 > 90 + shift_tx22 & ch.tx_az_21 < 270 + shift_tx22);

        ind2 = find(ch.rx_az_21 > 90 + shift_rx11 & ch.rx_az_21 < 270 + shift_rx11);

        ind = union(ind1, ind2);

        

        ch.am_21(ind) = 0;

        

        [ch.tx_az_22, ch.tx_el_22] = basic2rot(ch.tx_az_22, ch.tx_el_22, mod(phiTx + 90, 360), 90, 0);

        [ch.rx_az_22, ch.rx_el_22] = basic2rot(ch.rx_az_22, ch.rx_el_22, mod(phiRx + 90, 360), 90, 0);

        

        % Check boundaries for AoA, AoD and delete not existing rays

        ind1 = find(ch.tx_az_22 > 90 + shift_tx22 & ch.tx_az_22 < 270 + shift_tx22);

        ind2 = find(ch.rx_az_22 > 90 + shift_rx22 & ch.rx_az_22 < 270 + shift_rx22);

        ind = union(ind1, ind2);

        

        ch.am_22(ind) = 0;

    case 4, % single phased antenna array on Tx, Rx; Rx receives w/ dual polarization

        % Rotation of Tx, Rx for NLOS case

        phiTx = varargin{1};

        phiRx = varargin{2};

        shift_tx11 = varargin{3};

        shift_rx11 = varargin{4};

        shift_tx22 = varargin{5};

        shift_rx22 = varargin{6};

        

        [ch.tx_az_11, ch.tx_el_11] = basic2rot(ch.tx_az_11, ch.tx_el_11, mod(phiTx + 90, 360), 90, 0);

        [ch.rx_az_11, ch.rx_el_11] = basic2rot(ch.rx_az_11, ch.rx_el_11, mod(phiRx + 90, 360), 90, 0);

        

        % Check boundaries for AoA, AoD and delete not existing rays

        ind1 = find(ch.tx_az_11 > 90 + shift_tx11 & ch.tx_az_11 < 270 + shift_tx11);

        ind2 = find(ch.rx_az_11 > 90 + shift_rx11 & ch.rx_az_11 < 270 + shift_rx11);

        ind = union(ind1, ind2);

        

        ch.am_11vv(ind) = 0;

        ch.am_11vh(ind) = 0;

        ch.am_11hv(ind) = 0;

        ch.am_11hh(ind) = 0;



        [ch.tx_az_12, ch.tx_el_12] = basic2rot(ch.tx_az_12, ch.tx_el_12, mod(phiTx + 90, 360), 90, 0);

        [ch.rx_az_12, ch.rx_el_12] = basic2rot(ch.rx_az_12, ch.rx_el_12, mod(phiRx + 90, 360), 90, 0);

        

        % Check boundaries for AoA, AoD and delete not existing rays

        ind1 = find(ch.tx_az_12 > 90 + shift_tx11 & ch.tx_az_12 < 270 + shift_tx11);

        ind2 = find(ch.rx_az_12 > 90 + shift_rx22 & ch.rx_az_12 < 270 + shift_rx22);

        ind = union(ind1, ind2);

        

        ch.am_12vv(ind) = 0;

        ch.am_12vh(ind) = 0;

        ch.am_12hv(ind) = 0;

        ch.am_12hh(ind) = 0;

        

        [ch.tx_az_21, ch.tx_el_21] = basic2rot(ch.tx_az_21, ch.tx_el_21, mod(phiTx + 90, 360), 90, 0);

        [ch.rx_az_21, ch.rx_el_21] = basic2rot(ch.rx_az_21, ch.rx_el_21, mod(phiRx + 90, 360), 90, 0);

        

        % Check boundaries for AoA, AoD and delete not existing rays

        ind1 = find(ch.tx_az_21 > 90 + shift_tx22 & ch.tx_az_21 < 270 + shift_tx22);

        ind2 = find(ch.rx_az_21 > 90 + shift_rx11 & ch.rx_az_21 < 270 + shift_rx11);

        ind = union(ind1, ind2);

        

        ch.am_21vv(ind) = 0;

        ch.am_21vh(ind) = 0;

        ch.am_21hv(ind) = 0;

        ch.am_21hh(ind) = 0;

        

        [ch.tx_az_22, ch.tx_el_22] = basic2rot(ch.tx_az_22, ch.tx_el_22, mod(phiTx + 90, 360), 90, 0);

        [ch.rx_az_22, ch.rx_el_22] = basic2rot(ch.rx_az_22, ch.rx_el_22, mod(phiRx + 90, 360), 90, 0);

        

        % Check boundaries for AoA, AoD and delete not existing rays

        ind1 = find(ch.tx_az_22 > 90 + shift_tx22 & ch.tx_az_22 < 270 + shift_tx22);

        ind2 = find(ch.rx_az_22 > 90 + shift_rx22 & ch.rx_az_22 < 270 + shift_rx22);

        ind = union(ind1, ind2);

        

        ch.am_22vv(ind) = 0;

        ch.am_22vh(ind) = 0;

        ch.am_22hv(ind) = 0;

        ch.am_22hh(ind) = 0;

        

    case 5,

        % Rotation of Tx, Rx for NLOS case

        phiTx = varargin{1};

        phiRx = varargin{2};

        

        [ch.tx_az, ch.tx_el] = basic2rot(ch.tx_az, ch.tx_el, mod(phiTx + 90, 360), 90, 0);

        [ch.rx_az, ch.rx_el] = basic2rot(ch.rx_az, ch.rx_el, mod(phiRx + 90, 360), 90, 0);

        

        % Check boundaries for AoA, AoD and delete not existing rays

        ind1 = find(ch.tx_az > 90 & ch.tx_az < 270);

        ind2 = find(ch.rx_az > 90 & ch.rx_az < 270);

        ind = union(ind1, ind2);

        

        ch.am_h11(ind) = 0;

        ch.am_h12(ind) = 0;

end








cr_channel_model/beamforming/max_power_ray.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     beamforming.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       December 2015 created

%

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

%    Description:

%

%    function calls max power ray alg for specified ant_type

%

%    [ imp_res ] = max_power_ray(cfg, ch)

%

%    Inputs:

%

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

%       2. ch       - channel structure

%

%    Outputs:

%

%       1. imp_res - channel impulse response structure

%

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

function [ imp_res ] = max_power_ray(cfg, ch)



switch(cfg.ant_type)

    case 1, % phase antenna array with single polarization

       imp_res = max_power_ray_conf1(cfg, ch);

    case 2, % phased antenna array with dual polarization

       imp_res = max_power_ray_conf2(cfg, ch);

    case 3, % double phased antenna array

       imp_res = max_power_ray_conf3(cfg, ch);

    case 4, % single phased antenna array on Tx, Rx; Rx receives w/ dual polarization

       imp_res = max_power_ray_conf4(cfg, ch);

    case 5,

       imp_res = max_power_ray_conf5(cfg, ch);

end








cr_channel_model/beamforming/max_power_ray_conf1.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     max_power_ray_conf1.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       December 2015 created

%

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

%    Description:

%

%    Executes max power ray alg for configuration #1

%

%    [imp_res] = max_power_ray_conf1(cfg, ch)

%

%    Inputs:

%

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

%       2. ch       - channel structure

%

%    Outputs:

%

%       1. imp_res - channel impulse response structure

%

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

function [imp_res] = max_power_ray_conf1(cfg, ch)



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;



[ch] = filter_channel(cfg.ant_type, ch, cfg.paa.phi_tx, cfg.paa.phi_rx);



% Search max ray in whole channel

power = abs(ch.am).^2;

[power_max_h11, idx_max_h11] = max(power);

tx_az_max1 = ch.tx_az(idx_max_h11);

tx_el_max1 = ch.tx_el(idx_max_h11);

rx_az_max1 = ch.rx_az(idx_max_h11);

rx_el_max1 = ch.rx_el(idx_max_h11);



% Search second max ray in whole channel

power_1 = power;

power_1(idx_max_h11) = 0;



[power_max_h12, idx_max_h12] = max(power_1);

tx_az_max2 = ch.tx_az(idx_max_h12);

tx_el_max2 = ch.tx_el(idx_max_h12);

rx_az_max2 = ch.rx_az(idx_max_h12);

rx_el_max2 = ch.rx_el(idx_max_h12);



% Processing of 1 -> 1 channel

% TX antenna gain

am_tx_h11 = ant_gain(ch.am, ch.tx_az, ch.tx_el, tx_az_max1, tx_el_max1, cfg.paa);



% RX antenna gain

am_rx_h11 = ant_gain(am_tx_h11, ch.rx_az, ch.rx_el, rx_az_max1, rx_el_max1, cfg.paa);

imp_res_h11 = am_rx_h11;



% Processing of 2 -> 2 channel

% TX antenna gain

am_tx_h22 = ant_gain(ch.am, ch.tx_az, ch.tx_el, tx_az_max2, tx_el_max2, cfg.paa);



% RX antenna gain

am_rx_h22 = ant_gain(am_tx_h22, ch.rx_az, ch.rx_el, rx_az_max2, rx_el_max2, cfg.paa);

imp_res_h22 = am_rx_h22;



% Processing of 1 -> 2 channel

% TX antenna gain

am_tx_h12 = ant_gain(ch.am, ch.tx_az, ch.tx_el, tx_az_max1, tx_el_max1, cfg.paa);



% RX antenna gain

am_rx_h12 = ant_gain(am_tx_h12, ch.rx_az, ch.rx_el, rx_az_max2, rx_el_max2, cfg.paa);

imp_res_h12 = am_rx_h12;



% Processing of 2 -> 1 channel

% TX antenna gain

am_tx_h21 = ant_gain(ch.am, ch.tx_az, ch.tx_el, tx_az_max2, tx_el_max2, cfg.paa);



% RX antenna gain

am_rx_h21 = ant_gain(am_tx_h21, ch.rx_az, ch.rx_el, rx_az_max1, rx_el_max1, cfg.paa);

imp_res_h21 = am_rx_h21;



% sort impulse response values

[toa, ind_sort] = sort(ch.toa);

imp_res.toa_11 = toa;

imp_res.h11 = imp_res_h11(ind_sort);

imp_res.h12 = imp_res_h12(ind_sort);

imp_res.h21 = imp_res_h21(ind_sort);

imp_res.h22 = imp_res_h22(ind_sort);



end










cr_channel_model/beamforming/max_power_ray_conf2.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     max_power_ray_conf2.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       December 2015 created

%

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

%    Description:

%

%    Executes max power ray alg for configuration #2

%

%    [imp_res] = max_power_ray_conf2(cfg, ch)

%

%    Inputs:

%

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

%       2. ch       - channel structure

%

%    Outputs:

%

%       1. imp_res - channel impulse response structure

%

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

function [imp_res] = max_power_ray_conf2(cfg, ch)



% 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;



[ch] = filter_channel(cfg.ant_type, ch, cfg.paa.phi_tx, cfg.paa.phi_rx);



% find the ray with maximum power for V -> V mode

[~, idx_max_h11] = max(abs(ch.am_h11).^2);

tx_az_max1 = ch.tx_az(idx_max_h11);

tx_el_max1 = ch.tx_el(idx_max_h11);

rx_az_max1 = ch.rx_az(idx_max_h11);

rx_el_max1 = ch.rx_el(idx_max_h11);



% find the ray with maximum power for H -> H mode

[~, idx_max_h22] = max(abs(ch.am_h22).^2);

tx_az_max2 = ch.tx_az(idx_max_h22);

tx_el_max2 = ch.tx_el(idx_max_h22);

rx_az_max2 = ch.rx_az(idx_max_h22);

rx_el_max2 = ch.rx_el(idx_max_h22);



% Processing of V -> V channel

% TX antenna gain

am_tx_h11 = ant_gain(ch.am_h11, ch.tx_az, ch.tx_el, tx_az_max1, tx_el_max1, cfg.paa);



% RX antenna gain

am_rx_h11 = ant_gain(am_tx_h11, ch.rx_az, ch.rx_el, rx_az_max1, rx_el_max1, cfg.paa);

imp_res_h11 = am_rx_h11;



% Processing of H -> H channel

% TX antenna gain

am_tx_h22 = ant_gain(ch.am_h22, ch.tx_az, ch.tx_el, tx_az_max2, tx_el_max2, cfg.paa);



% RX antenna gain

am_rx_h22 = ant_gain(am_tx_h22, ch.rx_az, ch.rx_el, rx_az_max2, rx_el_max2, cfg.paa);

imp_res_h22 = am_rx_h22;



% Processing of V -> H channel

% TX antenna gain

am_tx_h12 = ant_gain(ch.am_h12, ch.tx_az, ch.tx_el, tx_az_max1, tx_el_max1, cfg.paa);



% RX antenna gain

am_rx_h12 = ant_gain(am_tx_h12, ch.rx_az, ch.rx_el, rx_az_max2, rx_el_max2, cfg.paa);

imp_res_h12 = am_rx_h12;



% Processing of H -> V channel

% TX antenna gain

am_tx_h21 = ant_gain(ch.am_h21, ch.tx_az, ch.tx_el, tx_az_max2, tx_el_max2, cfg.paa);



% RX antenna gain

am_rx_h21 = ant_gain(am_tx_h21, ch.rx_az, ch.rx_el, rx_az_max1, rx_el_max1, cfg.paa);

imp_res_h21 = am_rx_h21;



% sort impulse response values

[toa, ind_sort] = sort(ch.toa);

imp_res.toa_11 = toa;

imp_res.h11 = imp_res_h11(ind_sort);

imp_res.h12 = imp_res_h12(ind_sort);

imp_res.h21 = imp_res_h21(ind_sort);

imp_res.h22 = imp_res_h22(ind_sort);








cr_channel_model/beamforming/max_power_ray_conf3.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     max_power_ray_conf3.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       December 2015 created

%

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

%    Description:

%

%    Executes max power ray alg for configuration #3

%

%    [imp_res] = max_power_ray_conf3(cfg, ch)

%

%    Inputs:

%

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

%       2. ch       - channel structure

%

%    Outputs:

%

%       1. imp_res - channel impulse response structure

%

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

function [imp_res] = max_power_ray_conf3(cfg, ch)



% 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]

shift_tx11 = ch.tx_az_11(end);

shift_rx11 = ch.rx_az_11(end);

shift_tx22 = ch.tx_az_22(end);

shift_rx22 = ch.rx_az_22(end);



ch.tx_az_11(end) = [];

ch.rx_az_11(end) = [];

ch.tx_az_22(end) = [];

ch.rx_az_22(end) = [];



ch.tx_az_11 = mod(360 + ch.tx_az_11, 360);

ch.rx_az_11 = mod(360 + ch.rx_az_11, 360);

ch.tx_el_11 = 90 - ch.tx_el_11;

ch.rx_el_11 = 90 - ch.rx_el_11;



ch.tx_az_12 = mod(360 + ch.tx_az_12, 360);

ch.rx_az_12 = mod(360 + ch.rx_az_12, 360);

ch.tx_el_12 = 90 - ch.tx_el_12;

ch.rx_el_12 = 90 - ch.rx_el_12;



ch.tx_az_21 = mod(360 + ch.tx_az_21, 360);

ch.rx_az_21 = mod(360 + ch.rx_az_21, 360);

ch.tx_el_21 = 90 - ch.tx_el_21;

ch.rx_el_21 = 90 - ch.rx_el_21;



ch.tx_az_22 = mod(360 + ch.tx_az_22, 360);

ch.rx_az_22 = mod(360 + ch.rx_az_22, 360);

ch.tx_el_22 = 90 - ch.tx_el_22;

ch.rx_el_22 = 90 - ch.rx_el_22;



[ch] = filter_channel(cfg.ant_type, ch, cfg.paa.phi_tx, cfg.paa.phi_rx, shift_tx11, shift_rx11, shift_tx22, shift_rx22);



% find the ray with maximum power for V -> V mode

[power_max_11, idx_max_11] = max(abs(ch.am_11).^2);

tx_az_max1 = ch.tx_az_11(idx_max_11);

tx_el_max1 = ch.tx_el_11(idx_max_11);

rx_az_max1 = ch.rx_az_11(idx_max_11);

rx_el_max1 = ch.rx_el_11(idx_max_11);



% find the ray with maximum power for H -> H mode

[power_max_22, idx_max_22] = max(abs(ch.am_22).^2);

tx_az_max2 = ch.tx_az_22(idx_max_22);

tx_el_max2 = ch.tx_el_22(idx_max_22);

rx_az_max2 = ch.rx_az_22(idx_max_22);

rx_el_max2 = ch.rx_el_22(idx_max_22);



% Processing of V -> V channel

% TX antenna gain

am_tx_11 = ant_gain(ch.am_11, ch.tx_az_11, ch.tx_el_11, tx_az_max1, tx_el_max1, cfg.paa);



% RX antenna gain

am_rx_11 = ant_gain(am_tx_11, ch.rx_az_11, ch.rx_el_11, rx_az_max1, rx_el_max1, cfg.paa);

imp_res_h11 = am_rx_11;



% Processing of H -> H channel

% TX antenna gain

am_tx_22 = ant_gain(ch.am_22, ch.tx_az_22, ch.tx_el_22, tx_az_max2, tx_el_max2, cfg.paa);



% RX antenna gain

am_rx_22 = ant_gain(am_tx_22, ch.rx_az_22, ch.rx_el_22, rx_az_max2, rx_el_max2, cfg.paa);

imp_res_h22 = am_rx_22;



% Processing of V -> H channel

% TX antenna gain

am_tx_12 = ant_gain(ch.am_12, ch.tx_az_12, ch.tx_el_12, tx_az_max1, tx_el_max1, cfg.paa);



% RX antenna gain

am_rx_12 = ant_gain(am_tx_12, ch.rx_az_12, ch.rx_el_12, rx_az_max2, rx_el_max2, cfg.paa);

imp_res_h12 = am_rx_12;



% Processing of H -> V channel

% TX antenna gain

am_tx_21 = ant_gain(ch.am_21, ch.tx_az_21, ch.tx_el_21, tx_az_max2, tx_el_max2, cfg.paa);



% RX antenna gain

am_rx_21 = ant_gain(am_tx_21, ch.rx_az_21, ch.rx_el_21, rx_az_max1, rx_el_max1, cfg.paa);

imp_res_h21 = am_rx_21;



% sort impulse response values

[toa_11, ind_sort] = sort(ch.toa_11);

imp_res.h11 = imp_res_h11(ind_sort);

imp_res.toa_11 = toa_11;



[toa_12, ind_sort] = sort(ch.toa_12);

imp_res.h12 = imp_res_h12(ind_sort);

imp_res.toa_12 = toa_12;



[toa_21, ind_sort] = sort(ch.toa_21);

imp_res.h21 = imp_res_h21(ind_sort);

imp_res.toa_21 = toa_21;



[toa_22, ind_sort] = sort(ch.toa_22);

imp_res.h22 = imp_res_h22(ind_sort);

imp_res.toa_22 = toa_22;








cr_channel_model/beamforming/max_power_ray_conf4.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     max_power_ray_conf4.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       December 2015 created

%

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

%    Description:

%

%    Executes max power ray alg for configuration #4

%

%    [imp_res] = max_power_ray_conf4(cfg, ch)

%

%    Inputs:

%

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

%       2. ch       - channel structure

%

%    Outputs:

%

%       1. imp_res - channel impulse response structure

%

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

function [imp_res] = max_power_ray_conf4(cfg, ch)



shift_tx11 = ch.tx_az_11(end);

shift_rx11 = ch.rx_az_11(end);

shift_tx22 = ch.tx_az_22(end);

shift_rx22 = ch.rx_az_22(end);



ch.tx_az_11(end) = [];

ch.rx_az_11(end) = [];

ch.tx_az_22(end) = [];

ch.rx_az_22(end) = [];



% 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_11 = mod(360 + ch.tx_az_11, 360);

ch.rx_az_11 = mod(360 + ch.rx_az_11, 360);

ch.tx_el_11 = 90 - ch.tx_el_11;

ch.rx_el_11 = 90 - ch.rx_el_11;



ch.tx_az_12 = mod(360 + ch.tx_az_12, 360);

ch.rx_az_12 = mod(360 + ch.rx_az_12, 360);

ch.tx_el_12 = 90 - ch.tx_el_12;

ch.rx_el_12 = 90 - ch.rx_el_12;



ch.tx_az_21 = mod(360 + ch.tx_az_21, 360);

ch.rx_az_21 = mod(360 + ch.rx_az_21, 360);

ch.tx_el_21 = 90 - ch.tx_el_21;

ch.rx_el_21 = 90 - ch.rx_el_21;



ch.tx_az_22 = mod(360 + ch.tx_az_22, 360);

ch.rx_az_22 = mod(360 + ch.rx_az_22, 360);

ch.tx_el_22 = 90 - ch.tx_el_22;

ch.rx_el_22 = 90 - ch.rx_el_22;



[ch] = filter_channel(cfg.ant_type, ch, cfg.paa.phi_tx, cfg.paa.phi_rx, shift_tx11, shift_rx11, shift_tx22, shift_rx22);



%% Find max power rays in sub-channels

[power_max_11vv, idx_max_11vv] = max(abs(ch.am_11vv).^2);

% Tx1

tx_az_max1 = ch.tx_az_11(idx_max_11vv);

tx_el_max1 = ch.tx_el_11(idx_max_11vv);

% Rx1

rx_az_max1 = ch.rx_az_11(idx_max_11vv);

rx_el_max1 = ch.rx_el_11(idx_max_11vv);



[power_max_11hh, idx_max_11hh] = max(abs(ch.am_11hh).^2);

% Tx1

tx_az_max2 = ch.tx_az_11(idx_max_11hh);

tx_el_max2 = ch.tx_el_11(idx_max_11hh);

% Rx1

rx_az_max2 = ch.rx_az_11(idx_max_11hh);

rx_el_max2 = ch.rx_el_11(idx_max_11hh);



[power_max_22vv, idx_max_22vv] = max(abs(ch.am_22vv).^2);

% Tx2

tx_az_max3 = ch.tx_az_22(idx_max_22vv);

tx_el_max3 = ch.tx_el_22(idx_max_22vv);

% Rx2

rx_az_max3 = ch.rx_az_22(idx_max_22vv);

rx_el_max3 = ch.rx_el_22(idx_max_22vv);



[power_max_22hh, idx_max_22hh] = max(abs(ch.am_22hh).^2);

% Tx2

tx_az_max4 = ch.tx_az_22(idx_max_22hh);

tx_el_max4 = ch.tx_el_22(idx_max_22hh);

% Rx2

rx_az_max4 = ch.rx_az_22(idx_max_22hh);

rx_el_max4 = ch.rx_el_22(idx_max_22hh);



%% From Tx1 -> Rx1

% V -> V

am_tx_11vv = ant_gain(ch.am_11vv, ch.tx_az_11, ch.tx_el_11, tx_az_max1, tx_el_max1, cfg.paa);

am_rx_11vv = ant_gain(am_tx_11vv, ch.rx_az_11, ch.rx_el_11, rx_az_max1, rx_el_max1, cfg.paa);

imp_res_h11 = am_rx_11vv;



% V -> H

am_tx_11vh = ant_gain(ch.am_11vh, ch.tx_az_11, ch.tx_el_11, tx_az_max1, tx_el_max1, cfg.paa);

am_rx_11vh = ant_gain(am_tx_11vh, ch.rx_az_11, ch.rx_el_11, rx_az_max2, rx_el_max2, cfg.paa);

imp_res_h12 = am_rx_11vh;



% H -> V

am_tx_11hv = ant_gain(ch.am_11hv, ch.tx_az_11, ch.tx_el_11, tx_az_max2, tx_el_max2, cfg.paa);

am_rx_11hv = ant_gain(am_tx_11hv, ch.rx_az_11, ch.rx_el_11, rx_az_max1, rx_el_max1, cfg.paa);

imp_res_h21 = am_rx_11hv;



% H -> H

am_tx_11hh = ant_gain(ch.am_11hh, ch.tx_az_11, ch.tx_el_11, tx_az_max2, tx_el_max2, cfg.paa);

am_rx_11hh = ant_gain(am_tx_11hh, ch.rx_az_11, ch.rx_el_11, rx_az_max2, rx_el_max2, cfg.paa);

imp_res_h22 = am_rx_11hh;



%% From Tx2 -> Rx2

% V -> V

am_tx_22vv = ant_gain(ch.am_22vv, ch.tx_az_22, ch.tx_el_22, tx_az_max3, tx_el_max3, cfg.paa);

am_rx_22vv = ant_gain(am_tx_22vv, ch.rx_az_22, ch.rx_el_22, rx_az_max3, rx_el_max3, cfg.paa);

imp_res_h33 = am_rx_22vv;



% V -> H

am_tx_22vh = ant_gain(ch.am_22vh, ch.tx_az_22, ch.tx_el_22, tx_az_max3, tx_el_max3, cfg.paa);

am_rx_22vh = ant_gain(am_tx_22vh, ch.rx_az_22, ch.rx_el_22, rx_az_max4, rx_el_max4, cfg.paa);

imp_res_h34 = am_rx_22vh;



% H -> V

am_tx_22hv = ant_gain(ch.am_22hv, ch.tx_az_22, ch.tx_el_22, tx_az_max4, tx_el_max4, cfg.paa);

am_rx_22hv = ant_gain(am_tx_22hv, ch.rx_az_22, ch.rx_el_22, rx_az_max3, rx_el_max3, cfg.paa);

imp_res_h43 = am_rx_22hv;



% H -> H

am_tx_22hh = ant_gain(ch.am_22hh, ch.tx_az_22, ch.tx_el_22, tx_az_max4, tx_el_max4, cfg.paa);

am_rx_22hh = ant_gain(am_tx_22hh, ch.rx_az_22, ch.rx_el_22, rx_az_max4, rx_el_max4, cfg.paa);

imp_res_h44 = am_rx_22hh;



%% From Tx1 -> Rx2

% V -> V

am_tx_12vv = ant_gain(ch.am_12vv, ch.tx_az_12, ch.tx_el_12, tx_az_max1, tx_el_max1, cfg.paa);

am_rx_12vv = ant_gain(am_tx_12vv, ch.rx_az_12, ch.rx_el_12, rx_az_max3, rx_el_max3, cfg.paa);

imp_res_h13 = am_rx_12vv;



% V -> H

am_tx_12vh = ant_gain(ch.am_12vh, ch.tx_az_12, ch.tx_el_12, tx_az_max1, tx_el_max1, cfg.paa);

am_rx_12vh = ant_gain(am_tx_12vh, ch.rx_az_12, ch.rx_el_12, rx_az_max4, rx_el_max4, cfg.paa);

imp_res_h14 = am_rx_12vh;



% H -> V

am_tx_12hv = ant_gain(ch.am_12hv, ch.tx_az_12, ch.tx_el_12, tx_az_max2, tx_el_max2, cfg.paa);

am_rx_12hv = ant_gain(am_tx_12hv, ch.rx_az_12, ch.rx_el_12, rx_az_max3, rx_el_max3, cfg.paa);

imp_res_h23 = am_rx_12hv;



% H -> H

am_tx_12hh = ant_gain(ch.am_12hh, ch.tx_az_12, ch.tx_el_12, tx_az_max2, tx_el_max2, cfg.paa);

am_rx_12hh = ant_gain(am_tx_12hh, ch.rx_az_12, ch.rx_el_12, rx_az_max4, rx_el_max4, cfg.paa);

imp_res_h24 = am_rx_12hh;



%% From Tx2 -> Rx1

% V -> V

am_tx_21vv = ant_gain(ch.am_21vv, ch.tx_az_21, ch.tx_el_21, tx_az_max3, tx_el_max3, cfg.paa);

am_rx_21vv = ant_gain(am_tx_21vv, ch.rx_az_21, ch.rx_el_21, rx_az_max1, rx_el_max1, cfg.paa);

imp_res_h31 = am_rx_21vv;



% V -> H

am_tx_21vh = ant_gain(ch.am_21vh, ch.tx_az_21, ch.tx_el_21, tx_az_max3, tx_el_max3, cfg.paa);

am_rx_21vh = ant_gain(am_tx_21vh, ch.rx_az_21, ch.rx_el_21, rx_az_max2, rx_el_max2, cfg.paa);

imp_res_h32 = am_rx_21vh;



% H -> V

am_tx_21hv = ant_gain(ch.am_21hv, ch.tx_az_21, ch.tx_el_21, tx_az_max4, tx_el_max4, cfg.paa);

am_rx_21hv = ant_gain(am_tx_21hv, ch.rx_az_21, ch.rx_el_21, rx_az_max1, rx_el_max1, cfg.paa);

imp_res_h41 = am_rx_21hv;



% H -> H

am_tx_21hh = ant_gain(ch.am_21hh, ch.tx_az_21, ch.tx_el_21, tx_az_max4, tx_el_max4, cfg.paa);

am_rx_21hh = ant_gain(am_tx_21hh, ch.rx_az_21, ch.rx_el_21, rx_az_max2, rx_el_max2, cfg.paa);

imp_res_h42 = am_rx_21hh;



%% sort impulse response values

[toa_11, ind_sort] = sort(ch.toa_11);

imp_res.h11 = imp_res_h11(ind_sort);

imp_res.h12 = imp_res_h12(ind_sort);

imp_res.h21 = imp_res_h21(ind_sort);

imp_res.h22 = imp_res_h22(ind_sort);

imp_res.toa_11 = toa_11;



[toa_12, ind_sort] = sort(ch.toa_12);

imp_res.h13 = imp_res_h13(ind_sort);

imp_res.h14 = imp_res_h14(ind_sort);

imp_res.h23 = imp_res_h23(ind_sort);

imp_res.h24 = imp_res_h24(ind_sort);

imp_res.toa_12 = toa_12;



[toa_21, ind_sort] = sort(ch.toa_21);

imp_res.h31 = imp_res_h31(ind_sort);

imp_res.h32 = imp_res_h32(ind_sort);

imp_res.h41 = imp_res_h41(ind_sort);

imp_res.h42 = imp_res_h42(ind_sort);

imp_res.toa_21 = toa_21;



[toa_22, ind_sort] = sort(ch.toa_22);

imp_res.h33 = imp_res_h33(ind_sort);

imp_res.h34 = imp_res_h34(ind_sort);

imp_res.h43 = imp_res_h43(ind_sort);

imp_res.h44 = imp_res_h44(ind_sort);

imp_res.toa_22 = toa_22;



end








cr_channel_model/beamforming/max_power_ray_conf5.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     max_power_ray_conf5.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       December 2015 created

%

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

%    Description:

%

%    Executes max power ray alg for configuration #5

%

%    [imp_res] = max_power_ray_conf5(cfg, ch)

%

%    Inputs:

%

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

%       2. ch       - channel structure

%

%    Outputs:

%

%       1. imp_res - channel impulse response structure

%

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

function [imp_res] = max_power_ray_conf5(cfg, ch)



% 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;



[ch] = filter_channel(cfg.ant_type, ch, cfg.paa.phi_tx, cfg.paa.phi_rx);



% find the ray with maximum power for V -> V mode

[power_max_h11, idx_max_h11] = max(abs(ch.am_h11).^2);

tx_az_max1 = ch.tx_az(idx_max_h11);

tx_el_max1 = ch.tx_el(idx_max_h11);

rx_az_max1 = ch.rx_az(idx_max_h11);

rx_el_max1 = ch.rx_el(idx_max_h11);



% find the ray with maximum power for H -> H mode

[power_max_h12, idx_max_h12] = max(abs(ch.am_h12).^2);

rx_az_max2 = ch.rx_az(idx_max_h12);

rx_el_max2 = ch.rx_el(idx_max_h12);



% Processing of V -> V channel

% TX antenna gain

am_tx_h11 = ant_gain(ch.am_h11, ch.tx_az, ch.tx_el, tx_az_max1, tx_el_max1, cfg.paa);



% RX antenna gain

am_rx_h11 = ant_gain(am_tx_h11, ch.rx_az, ch.rx_el, rx_az_max1, rx_el_max1, cfg.paa);

imp_res_h11 = am_rx_h11;



% Processing of V -> H channel

% TX antenna gain

am_tx_h12 = ant_gain(ch.am_h12, ch.tx_az, ch.tx_el, tx_az_max1, tx_el_max1, cfg.paa);



% RX antenna gain

am_rx_h12 = ant_gain(am_tx_h12, ch.rx_az, ch.rx_el, rx_az_max2, rx_el_max2, cfg.paa);

imp_res_h12 = am_rx_h12;



% sort impulse response values

[toa, ind_sort] = sort(ch.toa);

imp_res.toa_11 = toa;

imp_res.h11 = imp_res_h11(ind_sort);

imp_res.h12 = imp_res_h12(ind_sort);








cr_channel_model/beamforming/parr_antenna.m

% /*************************************************************************************
%    Intel Corp.
%
%    Project Name:  Conference Room Channel Model
%    File Name:     parr_antenna.m
%    Authors:       Y. Gagiev
%    Version:       1.0
%    History:       September 2015 created
%
%  *************************************************************************************
%    Description:
% 
%    function returns amplitudes weighted by gain coefficients calculated
%    for phased antenna array model
%
%    [amg] = parr_antenna(am, az, el)
%
%    Inputs:
%
%       1. am   - array of input amplitudes
%       2. az   - azimuth   angles array [deg]
%       3. el   - elevation angles array [deg]
%       4. paa  - structure with PAA parameters
%
%    Outputs:
%
%       1. amg  - array of output amplitudes weighted by antenna gain coefficients
%
%  *************************************************************************************/
function [ amg ] = parr_antenna(am, az, el, W, paa)

Nray = length(am);
U = zeros(1, Nray);

az_rad = az * pi / 180;
el_rad = el * pi / 180;
% Calculate antenna gain value for given directions of rays
for i = 1 : Nray    
    U(i) = pattern(el_rad(i), az_rad(i), W, paa);
end

% Total power in whole space 
power = 0;
for el = 0 : 0.1 : pi/2
    power = power + simp(0, pi*2, el, W, 1e-1, paa);
end
power = power * 0.1;

% Calculate antenna gain
g = sqrt(4 * pi * U / power);

amg = am .* g.';







cr_channel_model/beamforming/pattern.m

% /*************************************************************************************
%    Intel Corp.
%
%    Project Name:  Conference Room Channel Model
%    File Name:     pattern.m
%    Authors:       Y. Gagiev
%    Version:       1.0
%    History:       September 2015 created
%
%  *************************************************************************************
%    Description:
% 
%    Calculates value of Antenna Pattern for given direction
%
%    out = pattern(el, az, W)
%
%    Inputs:
%
%       1. el   - elevation angles array [deg]
%       2. az   - azimuth   angles array [deg]
%       3. W    - weight coefficients
%       4. paa  - structure with PAA parameters
%
%    Outputs:
%
%       1. out  - value of antenna pattern in specified direction
%
%  *************************************************************************************/
function out = pattern(el, az, W, paa)

Nx = paa.Nx;
Ny = paa.Ny;
dx = paa.dx;
dy = paa.dy;
lyam = paa.lyam;

k = 2 * pi / lyam;

% Calculate value of antenna pattern in specified direction
out = 0;
for nx = 0 : Nx - 1
    for ny = 0 : Ny - 1
        phase = exp(1j * ( k * sin(el) * cos(az) * dx * nx + k * sin(el) * sin(az) * dy * ny ));
        out = W(ny + 1 + Ny * nx) * phase + out;
    end
end
out = abs(out)^2;

end








cr_channel_model/beamforming/simp.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     simp.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       September 2015 created

%

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

%    Description:

% 

%    Performs integration using Simpson method

%

%    out = pattern(el, az, W)

%

%    Inputs:

%

%       1. a, b - interval for integration

%       2. el   - elevation angle, [rad]

%       3. W    - weight coefficients

%       4. e    - precision

%

%    Outputs:

%

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

%

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

function y = simp(a, b, el, W, e, paa)

% Number of points between [a, b]

N = 100;

Int2 = -3; % integral value for N/2 points

Int1 = 0; % integral value for N points

% Check precision

while (abs(Int1-Int2)>e)

    % Update values

    Int2 = Int1;



    % Increase precision

    N = 2*N;

    % Recalculate step

    h = (b-a)/(N-1);

    % Initial value for integral in Simpson method

    Int1 = pattern(el, a, W, paa) * sin(el) + pattern(el, b, W, paa) * sin(el);

    for i=1:N-2

        if ( mod(i,2)~=0 )

            Int1 = Int1 + 4 * ( pattern(el, a + h*i, W, paa) * sin(el) );

        else Int1 = Int1 + 2 * ( pattern(el, a + h*i, W, paa) * sin(el) );

        end

    end

    Int1 = Int1*h/3;

end

y = Int1;

end






cr_channel_model/common/digitize.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     digitize.m

%    Authors:       A. Lomayev, R. Maslennikov, Y. Gagiev

%    Version:       1.0

%    History:       May 2010 created

%                   April 2016 updated

%

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

%    Description:

% 

%    function returns channel response due to target sample rate

%

%    [imp_res] = digitize(ant_type, sample_rate, imp_res)

%

%    Inputs:

%

%    1. ant_type    - antenna type that defines internal structure of imp_res

%    2. sample_rate - sample rate in [GHz]

%    3. imp_res     - structure with impulse responses after beamforming

% 

%    Outputs:

%

%    1. imp_res - structure with digitized impulse responses

%

%    Update: Conversion to discrete time is made with aligning on

%    channel tap with min time

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

function [samp_imp_res] = digitize(ant_type, sample_rate, imp_res)



% Continuous time to descrete time conversion

switch(ant_type)        

    case 1,

        min_time = min(imp_res.toa_11);

        samp_imp_res.h11 = ct2dt(imp_res.h11, imp_res.toa_11, sample_rate, min_time);

        samp_imp_res.h12 = ct2dt(imp_res.h12, imp_res.toa_11, sample_rate, min_time);

        samp_imp_res.h21 = ct2dt(imp_res.h21, imp_res.toa_11, sample_rate, min_time);

        samp_imp_res.h22 = ct2dt(imp_res.h22, imp_res.toa_11, sample_rate, min_time);

        

    case 2,

        min_time = min(imp_res.toa_11);

        samp_imp_res.h11 = ct2dt(imp_res.h11, imp_res.toa_11, sample_rate, min_time);

        samp_imp_res.h12 = ct2dt(imp_res.h12, imp_res.toa_11, sample_rate, min_time);

        samp_imp_res.h21 = ct2dt(imp_res.h21, imp_res.toa_11, sample_rate, min_time);

        samp_imp_res.h22 = ct2dt(imp_res.h22, imp_res.toa_11, sample_rate, min_time);

        

    case 3,

        min_toa_11 = min(imp_res.toa_11);

        min_toa_12 = min(imp_res.toa_12);

        min_toa_21 = min(imp_res.toa_21);

        min_toa_22 = min(imp_res.toa_22);

        

        min_time = min(min(min(min_toa_11, min_toa_12), min_toa_21), min_toa_22);

        samp_imp_res.h11 = ct2dt(imp_res.h11, imp_res.toa_11, sample_rate, min_time);

        samp_imp_res.h12 = ct2dt(imp_res.h12, imp_res.toa_12, sample_rate, min_time);

        samp_imp_res.h21 = ct2dt(imp_res.h21, imp_res.toa_21, sample_rate, min_time);

        samp_imp_res.h22 = ct2dt(imp_res.h22, imp_res.toa_22, sample_rate, min_time);

        

    case 4,

        min_toa_11 = min(imp_res.toa_11);

        min_toa_12 = min(imp_res.toa_12);

        min_toa_21 = min(imp_res.toa_21);

        min_toa_22 = min(imp_res.toa_22);

        

        min_time = min(min(min(min_toa_11, min_toa_12), min_toa_21), min_toa_22);

        samp_imp_res.h11 = ct2dt(imp_res.h11, imp_res.toa_11, sample_rate, min_time);

        samp_imp_res.h12 = ct2dt(imp_res.h12, imp_res.toa_11, sample_rate, min_time);

        samp_imp_res.h21 = ct2dt(imp_res.h21, imp_res.toa_11, sample_rate, min_time);

        samp_imp_res.h22 = ct2dt(imp_res.h22, imp_res.toa_11, sample_rate, min_time);



        samp_imp_res.h13 = ct2dt(imp_res.h13, imp_res.toa_12, sample_rate, min_time);

        samp_imp_res.h14 = ct2dt(imp_res.h14, imp_res.toa_12, sample_rate, min_time);

        samp_imp_res.h23 = ct2dt(imp_res.h23, imp_res.toa_12, sample_rate, min_time);

        samp_imp_res.h24 = ct2dt(imp_res.h24, imp_res.toa_12, sample_rate, min_time);



        samp_imp_res.h31 = ct2dt(imp_res.h31, imp_res.toa_21, sample_rate, min_time);

        samp_imp_res.h32 = ct2dt(imp_res.h32, imp_res.toa_21, sample_rate, min_time);

        samp_imp_res.h41 = ct2dt(imp_res.h41, imp_res.toa_21, sample_rate, min_time);

        samp_imp_res.h42 = ct2dt(imp_res.h42, imp_res.toa_21, sample_rate, min_time);

        

        samp_imp_res.h33 = ct2dt(imp_res.h33, imp_res.toa_22, sample_rate, min_time);

        samp_imp_res.h34 = ct2dt(imp_res.h34, imp_res.toa_22, sample_rate, min_time);

        samp_imp_res.h43 = ct2dt(imp_res.h43, imp_res.toa_22, sample_rate, min_time);

        samp_imp_res.h44 = ct2dt(imp_res.h44, imp_res.toa_22, sample_rate, min_time);

        

    case 5,

        min_time = min(imp_res.toa_11);

        samp_imp_res.h11 = ct2dt(imp_res.h11, imp_res.toa_11, sample_rate, min_time);

        samp_imp_res.h12 = ct2dt(imp_res.h12, imp_res.toa_11, sample_rate, min_time);

        

    otherwise,

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

end





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



t_s = 1./sample_rate;

t_0 = t - min_time;

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








cr_channel_model/common/normalize.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     normalize.m

%    Authors:       A. Lomayev, R. Maslennikov, Y. Gagiev

%    Version:       1.0

%    History:       May 2010 created

%                   April 2016 updated

%

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

%    Description:

% 

%    function returns normalized channel responses

%

%    [imp_res] = normalize(ant_type, Pnorm, imp_res)

%

%    Inputs:

%

%    1. ant_type    - antenna type that defines internal structure of imp_res

%    2. Pnorm       - parameter defining apply normalization

%    3. imp_res     - structure with impulse responses after beamforming

% 

%    Outputs:

%

%    1. imp_res - structure with digitized impulse responses

%

%    Update: Normalization made in accordance with Evaluation methodology

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

function [ imp_res ] = normalize(ant_type, Pnorm, imp_res)



% Normalization is done using Frobenius norm taking into account number of

% Rx chains as defined in Evaluation methodology for 11ay standard

if ( Pnorm )

switch(ant_type)

    case num2cell(1:3), % conf#1, conf#2, conf#3

         Nrx = 2; % number of Rx chains

         H11 = sum(abs(imp_res.h11).^2);

         H12 = sum(abs(imp_res.h12).^2);

         H21 = sum(abs(imp_res.h21).^2);

         H22 = sum(abs(imp_res.h22).^2);

         normH = sqrt((H11 + H12 + H21 + H22)/Nrx);

         imp_res.h11 = imp_res.h11 ./ normH;

         imp_res.h12 = imp_res.h12 ./ normH;

         imp_res.h21 = imp_res.h21 ./ normH;

         imp_res.h22 = imp_res.h22 ./ normH;

         

    case 4, % conf#4

         Nrx = 4; % number of Rx chains

         H11 = sum(abs(imp_res.h11).^2);

         H12 = sum(abs(imp_res.h12).^2);

         H21 = sum(abs(imp_res.h21).^2);

         H22 = sum(abs(imp_res.h22).^2);



         H33 = sum(abs(imp_res.h33).^2);

         H34 = sum(abs(imp_res.h34).^2);

         H43 = sum(abs(imp_res.h43).^2);

         H44 = sum(abs(imp_res.h44).^2);

         

         H31 = sum(abs(imp_res.h31).^2);

         H32 = sum(abs(imp_res.h32).^2);

         H41 = sum(abs(imp_res.h41).^2);

         H42 = sum(abs(imp_res.h42).^2);

         

         H13 = sum(abs(imp_res.h13).^2);

         H14 = sum(abs(imp_res.h14).^2);

         H23 = sum(abs(imp_res.h23).^2);

         H24 = sum(abs(imp_res.h24).^2);

         

         normH = sqrt((H11 + H12 + H21 + H22 + ...

                      H33 + H34 + H43 + H44 + ...

                      H31 + H32 + H41 + H42 + ...

                      H13 + H14 + H23 + H24)/Nrx);

         

         imp_res.h11 = imp_res.h11 ./ normH;

         imp_res.h12 = imp_res.h12 ./ normH;

         imp_res.h21 = imp_res.h21 ./ normH;

         imp_res.h22 = imp_res.h22 ./ normH;

         

         imp_res.h13 = imp_res.h13 ./ normH;

         imp_res.h14 = imp_res.h14 ./ normH;

         imp_res.h23 = imp_res.h23 ./ normH;

         imp_res.h24 = imp_res.h24 ./ normH;

         

         imp_res.h31 = imp_res.h31 ./ normH;

         imp_res.h32 = imp_res.h32 ./ normH;

         imp_res.h41 = imp_res.h41 ./ normH;

         imp_res.h42 = imp_res.h42 ./ normH;

         

         imp_res.h33 = imp_res.h33 ./ normH;

         imp_res.h34 = imp_res.h34 ./ normH;

         imp_res.h43 = imp_res.h43 ./ normH;

         imp_res.h44 = imp_res.h44 ./ normH;

         

    case 5,% conf#5

         Nrx = 2; % number of Rx chains

         H11 = sum(abs(imp_res.h11).^2);

         H12 = sum(abs(imp_res.h12).^2);

         normH = sqrt((H11 + H12)/Nrx);

         imp_res.h11 = imp_res.h11 ./ normH;

         imp_res.h12 = imp_res.h12 ./ normH;

         

    otherwise,

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

end

   

end








cr_channel_model/common/polarization.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     polarization.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       1.0

%    History:       May 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];

end






cr_channel_model/conference_room/cr_atten_coef.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     cr_atten_coef.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       1.0

%    History:       May 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








cr_channel_model/conference_room/cr_cls_prob.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     cr_cls_prob.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       1.0

%    History:       May 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






cr_channel_model/conference_room/cr_gen_intra_cls.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     cr_gen_intra_cls.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       1.0

%    History:       May 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);






cr_channel_model/conference_room/cr_ref_loss.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     cr_ref_loss.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       1.0

%    History:       May 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. 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, pol)



% 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





% 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);






cr_channel_model/conference_room/cr_ref_loss_conf2.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     cr_ref_loss_conf2.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       November 2015 created

%

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

%    Description:

% 

%    function returns clusters reflection loss according to normal distribution based

%    on the experimental data

%

%    [ref_loss11, ref_loss12, ref_loss21, ref_loss22] = cr_ref_loss_conf2(ap_sp)

%

%    Outputs:

%

%       1. ref_loss11 - reflection loss coefficients array for v -> v polarization

%       2. ref_loss12 - reflection loss coefficients array for v -> h polarization

%       3. ref_loss21 - reflection loss coefficients array for h -> v polarization

%       4. ref_loss22 - reflection loss coefficients array for h -> h polarization

%

%    Inputs:

%

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

%

%    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_loss11, ref_loss12, ref_loss21, ref_loss22] = cr_ref_loss_conf2(ap_sp)



% polarization vectors for TX and RX antennas

tx_pol_v = polarization(0);

tx_pol_h = polarization(1);

                

rx_pol_v = polarization(0);

rx_pol_h = polarization(1);



% 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_loss11(1,:) = rx_pol_v'*R*tx_pol_v;

        ref_loss12(1,:) = rx_pol_v'*R*tx_pol_h;

        ref_loss21(1,:) = rx_pol_h'*R*tx_pol_v;

        ref_loss22(1,:) = rx_pol_h'*R*tx_pol_h;

                

        % 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_loss11(i,:) = rx_pol_v'*R*tx_pol_v;

            ref_loss12(i,:) = rx_pol_v'*R*tx_pol_h;

            ref_loss21(i,:) = rx_pol_h'*R*tx_pol_v;

            ref_loss22(i,:) = rx_pol_h'*R*tx_pol_h;

        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_loss11(i,:) = rx_pol_v'*R*tx_pol_v;

            ref_loss12(i,:) = rx_pol_v'*R*tx_pol_h;

            ref_loss21(i,:) = rx_pol_h'*R*tx_pol_v;

            ref_loss22(i,:) = rx_pol_h'*R*tx_pol_h;       

        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_loss11(i,:) = rx_pol_v'*R*tx_pol_v;

            ref_loss12(i,:) = rx_pol_v'*R*tx_pol_h;

            ref_loss21(i,:) = rx_pol_h'*R*tx_pol_v;

            ref_loss22(i,:) = rx_pol_h'*R*tx_pol_h;

        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_loss11(i,:) = rx_pol_v'*R*tx_pol_v;

            ref_loss12(i,:) = rx_pol_v'*R*tx_pol_h;

            ref_loss21(i,:) = rx_pol_h'*R*tx_pol_v;

            ref_loss22(i,:) = rx_pol_h'*R*tx_pol_h;

        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_loss11(i,:) = rx_pol_v'*R*tx_pol_v;

            ref_loss12(i,:) = rx_pol_v'*R*tx_pol_h;

            ref_loss21(i,:) = rx_pol_h'*R*tx_pol_v;

            ref_loss22(i,:) = rx_pol_h'*R*tx_pol_h;

        end        

            otherwise,

                error('Prohibited value of "ap_sp" 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);






cr_channel_model/conference_room/cr_ref_loss_conf3.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     cr_ref_loss_conf3.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       November 2015 created

%

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

%    Description:

% 

%    function returns clusters reflection loss according to normal distribution based

%    on the experimental data

%

%    [ref_loss11, ref_loss12, ref_loss21, ref_loss22] = cr_ref_loss_conf3()

%

%    Outputs:

%

%       1. ref_loss11 - reflection loss coefficients array for tx_pol(1) -> rx_pol(1) polarization

%       2. ref_loss12 - reflection loss coefficients array for tx_pol(1) -> rx_pol(2) polarization

%       3. ref_loss21 - reflection loss coefficients array for tx_pol(2) -> rx_pol(1) polarization

%       4. ref_loss22 - reflection loss coefficients array for tx_pol(2) -> rx_pol(2) polarization

%

%    Inputs:

%

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

%       2. tx_pol   - antennas polarization type for PAAs on Tx side

%       3. rx_pol   - antennas polarization type for PAAs on Rx side

%

%    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_loss11, ref_loss12, ref_loss21, ref_loss22] = cr_ref_loss_conf3(ap_sp, tx_pol, rx_pol)



% polarization vectors for TX and RX antennas

tx_pol_v = polarization(tx_pol(1));

tx_pol_h = polarization(tx_pol(2));

                

rx_pol_v = polarization(rx_pol(1));

rx_pol_h = polarization(rx_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_loss11(1,:) = rx_pol_v'*R*tx_pol_v;

        ref_loss12(1,:) = rx_pol_v'*R*tx_pol_h;

        ref_loss21(1,:) = rx_pol_h'*R*tx_pol_v;

        ref_loss22(1,:) = rx_pol_h'*R*tx_pol_h;

                

        % 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_loss11(i,:) = rx_pol_v'*R*tx_pol_v;

            ref_loss12(i,:) = rx_pol_v'*R*tx_pol_h;

            ref_loss21(i,:) = rx_pol_h'*R*tx_pol_v;

            ref_loss22(i,:) = rx_pol_h'*R*tx_pol_h;

        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_loss11(i,:) = rx_pol_v'*R*tx_pol_v;

            ref_loss12(i,:) = rx_pol_v'*R*tx_pol_h;

            ref_loss21(i,:) = rx_pol_h'*R*tx_pol_v;

            ref_loss22(i,:) = rx_pol_h'*R*tx_pol_h;       

        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_loss11(i,:) = rx_pol_v'*R*tx_pol_v;

            ref_loss12(i,:) = rx_pol_v'*R*tx_pol_h;

            ref_loss21(i,:) = rx_pol_h'*R*tx_pol_v;

            ref_loss22(i,:) = rx_pol_h'*R*tx_pol_h;

        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_loss11(i,:) = rx_pol_v'*R*tx_pol_v;

            ref_loss12(i,:) = rx_pol_v'*R*tx_pol_h;

            ref_loss21(i,:) = rx_pol_h'*R*tx_pol_v;

            ref_loss22(i,:) = rx_pol_h'*R*tx_pol_h;

        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_loss11(i,:) = rx_pol_v'*R*tx_pol_v;

            ref_loss12(i,:) = rx_pol_v'*R*tx_pol_h;

            ref_loss21(i,:) = rx_pol_h'*R*tx_pol_v;

            ref_loss22(i,:) = rx_pol_h'*R*tx_pol_h;

        end        

            otherwise,

                error('Prohibited value of "ap_sp" 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);






cr_channel_model/conference_room/cr_ref_loss_conf5.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     cr_ref_loss_conf5.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       November 2015 created

%

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

%    Description:

% 

%    function returns clusters reflection loss according to normal distribution based

%    on the experimental data

%

%    [ref_loss11, ref_loss12] = cr_ref_loss_conf5()

%

%    Outputs:

%

%       1. ref_loss11 - reflection loss coefficients array for pol(1) -> pol(1) polarization

%       2. ref_loss12 - reflection loss coefficients array for pol(1) -> pol(2) polarization

%

%    Inputs:

%

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

%       2. pol      - antennas polarization type for PAA on Tx side

%

%    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_loss11, ref_loss12 ] = cr_ref_loss_conf5( ap_sp, pol )



% polarization vectors for TX and RX antennas

tx_pol_1 = polarization(pol(1));

                

rx_pol_1 = polarization(pol(1));

rx_pol_2 = polarization(double(~pol(1)));



% 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_loss11(1,:) = rx_pol_1'*R*tx_pol_1;

        ref_loss12(1,:) = rx_pol_2'*R*tx_pol_1;

                

        % 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_loss11(i,:) = rx_pol_1'*R*tx_pol_1;

            ref_loss12(i,:) = rx_pol_2'*R*tx_pol_1;

        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_loss11(i,:) = rx_pol_1'*R*tx_pol_1;

            ref_loss12(i,:) = rx_pol_2'*R*tx_pol_1;

        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_loss11(i,:) = rx_pol_1'*R*tx_pol_1;

            ref_loss12(i,:) = rx_pol_2'*R*tx_pol_1;

        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_loss11(i,:) = rx_pol_1'*R*tx_pol_1;

            ref_loss12(i,:) = rx_pol_2'*R*tx_pol_1;

        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_loss11(i,:) = rx_pol_1'*R*tx_pol_1;

            ref_loss12(i,:) = rx_pol_2'*R*tx_pol_1;

        end        

            otherwise,

                error('Prohibited value of "ap_sp" 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);








cr_channel_model/conference_room/gen_cr_ch.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     gen_cr_ch.m

%    Authors:       Y.Gagiev, A. Lomayev, R. Maslennikov

%    Version:       1.0

%    History:       May 2010 created

%                   April 2016 updated

%

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

%    Description:

%

%    Generates channel regarding type of SU-MIMO configuration

%

%    [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 - structure with the channel

%

%    Update: Added switch to select required function for channel

%    generation

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

function [ch] = gen_cr_ch( cfg )



switch (cfg.bf.ant_type)

    case 1

        ch = gen_cr_ch_conf1(cfg.cr, cfg.bf.pol, cfg.bf.paa.lyam);

    case 2,

        ch = gen_cr_ch_conf2(cfg.cr, cfg.bf.paa.lyam);

    case 3,

        ch = gen_cr_ch_conf3(cfg.cr, cfg.bf.tx_pol, cfg.bf.rx_pol, cfg.bf.dist_tx, cfg.bf.dist_rx, cfg.bf.paa.phi_tx, cfg.bf.paa.phi_rx, cfg.bf.paa.lyam);

    case 4,

        ch = gen_cr_ch_conf4(cfg.cr, cfg.bf.dist_tx, cfg.bf.dist_rx, cfg.bf.paa.phi_tx, cfg.bf.paa.phi_rx, cfg.bf.paa.lyam);

    case 5,

        ch = gen_cr_ch_conf5(cfg.cr, cfg.bf.pol, cfg.bf.paa.lyam);

    otherwise,

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



end










cr_channel_model/conference_room/gen_cr_ch_conf1.m

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

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     gen_cr_ch.m

%    Authors:       A. Lomayev, R. Maslennikov

%    Version:       5.0

%    History:       May 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_conf1(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.  pol             - antennas polarization 1x2 vector: pol(1) - polarization type for TX antenna, pol(2) - polarization type for RX antenna

%     10.  lambda          - wavelength

%

%    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_conf1(cfg, pol, lambda)



% NLOS attenuation coefficients (due to reflection)

Gr = cr_ref_loss(cfg.ap_sp ,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_gen_cls_ant1(0);

        

        % clusters distances

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

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

        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));

            

            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;            

            

            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_gen_cls_ant1(1);

        

        % clusters distances

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

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

        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));

            

            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;

            

            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;






cr_channel_model/conference_room/gen_cr_ch_conf2.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     gen_cr_ch_mimo.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       April 2016 created

%

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

%    Description:

%

%    Generates channel for conf#2

%

%    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.  lambda          - wavelength

%

%    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_conf2(cfg, lambda)



% vv(11)  vh(12)

% hv(21)  hh(22)



% NLOS attenuation coefficients (due to reflection)

[Gr_h11, Gr_h12, Gr_h21, Gr_h22] = cr_ref_loss_conf2(cfg.ap_sp);



% 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_gen_cls_ant1(0);

            

        % clusters distances

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

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

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

        

        % attenuation constants

        G_h11 = Gp.*Gr_h11;

        G_h12 = Gp.*Gr_h12;

        G_h21 = Gp.*Gr_h21;

        G_h22 = Gp.*Gr_h22;

        

        % generate intra-clusters structure

        toa = [];

        am_h11 = [];

        am_h12 = [];

        am_h21 = [];

        am_h22 = [];

        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));

            

            tx_pol_v = polarization(0);

            tx_pol_h = polarization(1);

                

            rx_pol_v = polarization(0);

            rx_pol_h = polarization(1);

                

            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_h11 = rx_pol_v'*H*tx_pol_v;

            pol_coef_h12 = rx_pol_v'*H*tx_pol_h;

            pol_coef_h21 = rx_pol_h'*H*tx_pol_v;

            pol_coef_h22 = rx_pol_h'*H*tx_pol_h;

                

            am_h11 = am.*pol_coef_h11;

            am_h12 = am.*pol_coef_h12;

            am_h21 = am.*pol_coef_h21;

            am_h22 = am.*pol_coef_h22;

            

            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_h11 = [am_h11; incls.am.*G_h11(i)];

                    am_h12 = [am_h12; incls.am.*G_h12(i)];

                    am_h21 = [am_h21; incls.am.*G_h21(i)];

                    am_h22 = [am_h22; incls.am.*G_h22(i)];

                else

                    am_h11 = [am_h11; incls.am.*G_h11(i).*Gb(i)];

                    am_h12 = [am_h12; incls.am.*G_h12(i).*Gb(i)];

                    am_h21 = [am_h21; incls.am.*G_h21(i).*Gb(i)];

                    am_h22 = [am_h22; incls.am.*G_h22(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_gen_cls_ant1(1);

        

        % clusters distances

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

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

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

        

        % attenuation constants

        G_h11 = Gp.*Gr_h11;

        G_h12 = Gp.*Gr_h12;

        G_h21 = Gp.*Gr_h21;

        G_h22 = Gp.*Gr_h22;

        

        % generate intra-clusters structure

        toa = [];

        am_h11 = [];

        am_h12 = [];

        am_h21 = [];

        am_h22 = [];

        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));

            

            tx_pol_v = polarization(0);

            tx_pol_h = polarization(1);

               

            rx_pol_v = polarization(0);

            rx_pol_h = polarization(1);

                

            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_h11 = rx_pol_v'*H*tx_pol_v;

            pol_coef_h12 = rx_pol_v'*H*tx_pol_h;

            pol_coef_h21 = rx_pol_h'*H*tx_pol_v;

            pol_coef_h22 = rx_pol_h'*H*tx_pol_h;

                

            am_h11 = am.*pol_coef_h11;

            am_h12 = am.*pol_coef_h12;

            am_h21 = am.*pol_coef_h21;

            am_h22 = am.*pol_coef_h22;

            

            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_h11 = [am_h11; incls.am.*G_h11(i)];

                    am_h12 = [am_h12; incls.am.*G_h12(i)];

                    am_h21 = [am_h21; incls.am.*G_h21(i)];

                    am_h22 = [am_h22; incls.am.*G_h22(i)];

                else

                    am_h11 = [am_h11; incls.am.*G_h11(i).*Gb(i)];

                    am_h12 = [am_h12; incls.am.*G_h12(i).*Gb(i)];

                    am_h21 = [am_h21; incls.am.*G_h21(i).*Gb(i)];

                    am_h22 = [am_h22; incls.am.*G_h22(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_h11 = am_h11;

ch.am_h12 = am_h12;

ch.am_h21 = am_h21;

ch.am_h22 = am_h22;

ch.toa = toa;

ch.tx_az = tx_az;

ch.tx_el = tx_el;

ch.rx_az = rx_az;

ch.rx_el = rx_el;






cr_channel_model/conference_room/gen_cr_ch_conf3.m

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

%    Intel Corp.

%

%    Project Name:  60 GHz Conference Room Channel Model

%    File Name:     gen_cr_ch_mimo.m

%    Authors:       Y. Gagiev

%    Version:      

%    History:       April 2016 created

%

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

%    Description:

%

%    Generates channel for conf#3

%

%    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.  tx_pol          - polarization type on TX

%      10. rx_pol          - polarization type on RX

%      11. dist_tx         - distance between PAAs on Tx side

%      12. dist_rx         - distance between PAAs on Rx side

%      13. lambda          - wavelength

%

%    Outputs:

%

%      1.  ch.am_11        - amplitudes array for link from 1st PAA (TX) to 1st PAA (RX)

%      2.  ch.am_12        - amplitudes array for link from 1st PAA (TX) to 2nd PAA (RX)

%      3.  ch.am_21        - amplitudes array for link from 2nd PAA (TX) to 1st PAA (RX)

%      4.  ch.am_22        - amplitudes array for link from 2nd PAA (TX) to 2nd PAA (RX)

%

%      5.  ch.toa_11       - times of arrival array for link from 1st PAA (TX) to 1st PAA (RX)

%      6.  ch.toa_12       - times of arrival array for link from 1st PAA (TX) to 2nd PAA (RX)

%      7.  ch.toa_21       - times of arrival array for link from 2nd PAA (TX) to 1st PAA (RX)

%      8.  ch.toa_22       - times of arrival array for link from 2nd PAA (TX) to 2nd PAA (RX)

%      

%      9.  ch.tx_az_11     - TX azimuths array for link from 1st PAA (TX) to 1st PAA (RX)

%      10. ch.tx_el_11     - TX elevations array for link from 1st PAA (TX) to 1st PAA (RX)

%      11. ch.rx_az_11     - RX azimuths array for link from 1st PAA (TX) to 1st PAA (RX)

%      12. ch.rx_el_11     - RX elevations array for link from 1st PAA (TX) to 1st PAA (RX)

%      

%      13. ch.tx_az_12     - TX azimuths array for link from 1st PAA (TX) to 2nd PAA (RX)

%      14. ch.tx_el_12     - TX elevations array for link from 1st PAA (TX) to 2nd PAA (RX)

%      15. ch.rx_az_12     - RX azimuths array for link from 1st PAA (TX) to 2nd PAA (RX)

%      16. ch.rx_el_12     - RX elevations array for link from 1st PAA (TX) to 2nd PAA (RX)

%      

%      17. ch.tx_az_21     - TX azimuths array for link from 2nd PAA (TX) to 1st PAA (RX)

%      18. ch.tx_el_21     - TX elevations array for link from 2nd PAA (TX) to 1st PAA (RX)

%      19. ch.rx_az_21     - RX azimuths array for link from 2nd PAA (TX) to 1st PAA (RX)

%      20. ch.rx_el_21     - RX elevations array for link from 2nd PAA (TX) to 1st PAA (RX)

%      

%      21. ch.tx_az_22     - TX azimuths array for link from 2nd PAA (TX) to 2nd PAA (RX)

%      22. ch.tx_el_22     - TX elevations array for link from 2nd PAA (TX) to 2nd PAA (RX)

%      23. ch.rx_az_22     - RX azimuths array for link from 2nd PAA (TX) to 2nd PAA (RX)

%      24. ch.rx_el_22     - RX elevations array for link from 2nd PAA (TX) to 2nd PAA (RX)

%      

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

function [ch] = gen_cr_ch_conf3(cfg, tx_pol, rx_pol, dist_tx, dist_rx, phi_tx, phi_rx, lambda)



% NLOS attenuation coefficients (due to reflection)

[Gr_11, Gr_12, Gr_21, Gr_22] = cr_ref_loss_conf3(cfg.ap_sp, tx_pol, rx_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_11, cls_12, cls_21, cls_22] = cr_gen_cls_ant2(0, dist_tx * 100, dist_rx * 100, phi_tx, phi_rx);

            

        % clusters distances

        dist_11 = (cls_11.toa.*1e-9).*(3e8) + D;

        dist_12 = (cls_12.toa.*1e-9).*(3e8) + sqrt(D^2 + dist_tx * dist_rx);

        dist_21 = (cls_21.toa.*1e-9).*(3e8) + sqrt(D^2 + dist_tx * dist_rx);

        dist_22 = (cls_22.toa.*1e-9).*(3e8) + D;

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

        Gp_11 = sqrt((lambda.^2)./((4.*pi.*(dist_11)).^2));

        Gp_12 = sqrt((lambda.^2)./((4.*pi.*(dist_12)).^2));

        Gp_21 = sqrt((lambda.^2)./((4.*pi.*(dist_21)).^2));

        Gp_22 = sqrt((lambda.^2)./((4.*pi.*(dist_22)).^2));

        

        % attenuation constants

        G_11 = Gp_11.*Gr_11;

        G_12 = Gp_12.*Gr_12;

        G_21 = Gp_21.*Gr_21;

        G_22 = Gp_22.*Gr_22;

        

        % generate intra-clusters structure

        toa_11 = [];

        am_11 = [];

        tx_az_11 = [];

        tx_el_11 = [];

        rx_az_11 = [];

        rx_el_11 = [];

        

        toa_12 = [];

        am_12 = [];

        tx_az_12 = [];

        tx_el_12 = [];

        rx_az_12 = [];

        rx_el_12 = [];



        toa_21 = [];

        am_21 = [];

        tx_az_21 = [];

        tx_el_21 = [];

        rx_az_21 = [];

        rx_el_21 = [];



        toa_22 = [];

        am_22 = [];

        tx_az_22 = [];

        tx_el_22 = [];

        rx_az_22 = [];

        rx_el_22 = [];



        % LOS cluster

        if (cfg.Plos)

            toa_11 = 0;

            toa_12 = 0;

            toa_21 = 0;

            toa_22 = 0;

            am_11 = sqrt((lambda.^2)./((4.*pi.*D).^2)).*exp(2j.*pi.*(D./lambda));

            am_12 = sqrt((lambda.^2)./((4.*pi.*sqrt(D^2 + dist_tx * dist_rx)).^2)).*exp(2j.*pi.*(sqrt(D^2 + dist_tx * dist_rx)./lambda));

            am_21 = sqrt((lambda.^2)./((4.*pi.*sqrt(D^2 + dist_tx * dist_rx)).^2)).*exp(2j.*pi.*(sqrt(D^2 + dist_tx * dist_rx)./lambda));

            am_22 = sqrt((lambda.^2)./((4.*pi.*D).^2)).*exp(2j.*pi.*(D./lambda));

            

            % Apply polarization

            tx_pol_1 = polarization(tx_pol(1));

            tx_pol_2 = polarization(tx_pol(2));

                

            rx_pol_1 = polarization(rx_pol(1));

            rx_pol_2 = polarization(rx_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_11 = rx_pol_1'*H*tx_pol_1;



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

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

            pol_coef_12 = rx_pol_1'*H*tx_pol_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_21 = rx_pol_2'*H*tx_pol_1;



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

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

            pol_coef_22 = rx_pol_2'*H*tx_pol_2;

               

            am_11 = am_11.*pol_coef_11;

            am_12 = am_12.*pol_coef_12;

            am_21 = am_21.*pol_coef_21;

            am_22 = am_22.*pol_coef_22;

            

            tx_az_11 = 0;

            tx_el_11 = 0;

            rx_az_11 = 0;

            rx_el_11 = 0;

            

            tx_az_12 = 0;

            tx_el_12 = 0;

            rx_az_12 = 0;

            rx_el_12 = 0;



            tx_az_21 = 0;

            tx_el_21 = 0;

            rx_az_21 = 0;

            rx_el_21 = 0;



            tx_az_22 = 0;

            tx_el_22 = 0;

            rx_az_22 = 0;

            rx_el_22 = 0;



        end

        

        % NLOS clusters

        while (isempty(toa_11) | (toa_11 == 0))

            for i=1:17

                

                incls_11 = cr_gen_intra_cls(cls_11.toa(i));

                incls_12 = cr_gen_intra_cls(cls_12.toa(i));

                incls_21 = cr_gen_intra_cls(cls_21.toa(i));

                incls_22 = cr_gen_intra_cls(cls_22.toa(i));

                

                toa_11 = [toa_11; cls_11.toa(i) + incls_11.toa];

                toa_12 = [toa_12; cls_12.toa(i) + incls_12.toa];

                toa_21 = [toa_21; cls_21.toa(i) + incls_21.toa];

                toa_22 = [toa_22; cls_22.toa(i) + incls_22.toa];

                

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

                    am_11 = [am_11; incls_11.am.*G_11(i)];

                else

                    am_11 = [am_11; incls_11.am.*G_11(i).*Gb(i)];

                end

                

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

                    am_12 = [am_12; incls_12.am.*G_12(i)];

                else

                    am_12 = [am_12; incls_12.am.*G_12(i).*Gb(i)];

                end

                

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

                    am_21 = [am_21; incls_21.am.*G_21(i)];

                else

                    am_21 = [am_21; incls_21.am.*G_21(i).*Gb(i)];

                end

                

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

                    am_22 = [am_22; incls_22.am.*G_22(i)];

                else

                    am_22 = [am_22; incls_22.am.*G_22(i).*Gb(i)];

                end

                

                tx_az_11 = [tx_az_11; cls_11.tx_az(i) + incls_11.tx_az];

                tx_el_11 = [tx_el_11; cls_11.tx_el(i) + incls_11.tx_el];

                rx_az_11 = [rx_az_11; cls_11.rx_az(i) + incls_11.rx_az];

                rx_el_11 = [rx_el_11; cls_11.rx_el(i) + incls_11.rx_el];

                

                tx_az_12 = [tx_az_12; cls_12.tx_az(i) + incls_12.tx_az];

                tx_el_12 = [tx_el_12; cls_12.tx_el(i) + incls_12.tx_el];

                rx_az_12 = [rx_az_12; cls_12.rx_az(i) + incls_12.rx_az];

                rx_el_12 = [rx_el_12; cls_12.rx_el(i) + incls_12.rx_el];

                

                tx_az_21 = [tx_az_21; cls_21.tx_az(i) + incls_21.tx_az];

                tx_el_21 = [tx_el_21; cls_21.tx_el(i) + incls_21.tx_el];

                rx_az_21 = [rx_az_21; cls_21.rx_az(i) + incls_21.rx_az];

                rx_el_21 = [rx_el_21; cls_21.rx_el(i) + incls_21.rx_el];

                

                tx_az_22 = [tx_az_22; cls_22.tx_az(i) + incls_22.tx_az];

                tx_el_22 = [tx_el_22; cls_22.tx_el(i) + incls_22.tx_el];

                rx_az_22 = [rx_az_22; cls_22.rx_az(i) + incls_22.rx_az];

                rx_el_22 = [rx_el_22; cls_22.rx_el(i) + incls_22.rx_el];

            end

                tx_az_11 = [tx_az_11; cls_11.tx_az(18)];

                rx_az_11 = [rx_az_11; cls_11.rx_az(18)];

                

                tx_az_22 = [tx_az_22; cls_22.tx_az(18)];

                rx_az_22 = [rx_az_22; cls_22.rx_az(18)];

        end

        

    case 1, % STA - AP

        

        % distance between TX and RX

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

        

        % generate NLOS clusters

        [cls_11, cls_12, cls_21, cls_22] = cr_gen_cls_ant2(1, dist_tx * 100, dist_rx * 100, phi_tx, phi_rx);

        

        % clusters distances

        dist_11 = (cls_11.toa.*1e-9).*(3e8) + D;

        dist_12 = (cls_12.toa.*1e-9).*(3e8) + D;

        dist_21 = (cls_21.toa.*1e-9).*(3e8) + D;

        dist_22 = (cls_22.toa.*1e-9).*(3e8) + D;

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

        Gp_11 = sqrt((lambda.^2)./((4.*pi.*(dist_11)).^2));

        Gp_12 = sqrt((lambda.^2)./((4.*pi.*(dist_12)).^2));

        Gp_21 = sqrt((lambda.^2)./((4.*pi.*(dist_21)).^2));

        Gp_22 = sqrt((lambda.^2)./((4.*pi.*(dist_22)).^2));

        

        % attenuation constants

        G_11 = Gp_11.*Gr_11;

        G_12 = Gp_12.*Gr_12;

        G_21 = Gp_21.*Gr_21;

        G_22 = Gp_22.*Gr_22;

        

        % generate intra-clusters structure

        toa_11 = [];

        toa_12 = [];

        toa_21 = [];

        toa_22 = [];

        am_11 = [];

        am_12 = [];

        am_21 = [];

        am_22 = [];

        

        tx_az_11 = [];

        tx_el_11 = [];

        rx_az_11 = [];

        rx_el_11 = [];

        

        tx_az_12 = [];

        tx_el_12 = [];

        rx_az_12 = [];

        rx_el_12 = [];

        

        tx_az_21 = [];

        tx_el_21 = [];

        rx_az_21 = [];

        rx_el_21 = [];

        

        tx_az_22 = [];

        tx_el_22 = [];

        rx_az_22 = [];

        rx_el_22 = [];

        

        % LOS cluster

        if (cfg.Plos)

            toa_11 = 0;

            toa_12 = 0;

            toa_21 = 0;

            toa_22 = 0;

            

            am_11 = sqrt((lambda.^2)./((4.*pi.*D).^2)).*exp(2j.*pi.*(D./lambda));

            am_12 = sqrt((lambda.^2)./((4.*pi.*sqrt(D^2 + dist_tx * dist_rx)).^2)).*exp(2j.*pi.*(sqrt(D^2 + dist_tx * dist_rx)./lambda));

            am_21 = sqrt((lambda.^2)./((4.*pi.*sqrt(D^2 + dist_tx * dist_rx)).^2)).*exp(2j.*pi.*(sqrt(D^2 + dist_tx * dist_rx)./lambda));

            am_22 = sqrt((lambda.^2)./((4.*pi.*D).^2)).*exp(2j.*pi.*(D./lambda));

            

            if (ps)

                tx_pol_1 = polarization(tx_pol(1));

                tx_pol_2 = polarization(tx_pol(2));

                

                rx_pol_1 = polarization(rx_pol(1));

                rx_pol_2 = polarization(tx_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_11 = rx_pol_1'*H*tx_pol_1;



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

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

                pol_coef_12 = rx_pol_1'*H*tx_pol_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_21 = rx_pol_2'*H*tx_pol_1;



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

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

                pol_coef_22 = rx_pol_2'*H*tx_pol_2;

                

                am_11 = am_11.*pol_coef_11;

                am_12 = am_12.*pol_coef_12;

                am_21 = am_21.*pol_coef_21;

                am_22 = am_22.*pol_coef_22;

            end

            

            tx_az_11 = 0;

            tx_el_11 = -(asin(1.9./D).*180./pi);

            rx_az_11 = 0;

            rx_el_11 = -tx_el_11;

            

            tx_az_12 = 0;

            tx_el_12 = -(asin(1.9./sqrt(D^2 + dist_tx * dist_rx)).*180./pi);

            rx_az_12 = 0;

            rx_el_12 = -tx_el_12;



            tx_az_21 = 0;

            tx_el_21 = -(asin(1.9./sqrt(D^2 + dist_tx * dist_rx)).*180./pi);

            rx_az_21 = 0;

            rx_el_21 = -tx_el_21;

            

            tx_az_22 = 0;

            tx_el_22 = -(asin(1.9./D).*180./pi);

            rx_az_22 = 0;

            rx_el_22 = -tx_el_22;

            

        end

        

        % NLOS clusters

        while (isempty(toa_11) | (toa_11 == 0))

            for i=1:12

                

                incls_11 = cr_gen_intra_cls(cls_11.toa(i));

                incls_12 = cr_gen_intra_cls(cls_12.toa(i));

                incls_21 = cr_gen_intra_cls(cls_21.toa(i));

                incls_22 = cr_gen_intra_cls(cls_22.toa(i));

                

                toa_11 = [toa_11; cls_11.toa(i) + incls_11.toa];

                toa_12 = [toa_12; cls_12.toa(i) + incls_12.toa];

                toa_21 = [toa_21; cls_21.toa(i) + incls_21.toa];

                toa_22 = [toa_22; cls_22.toa(i) + incls_22.toa];

                

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

                    am_11 = [am_11; incls_11.am.*G_11(i)];

                else

                    am_11 = [am_11; incls_11.am.*G_11(i).*Gb(i)];

                end

                

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

                    am_12 = [am_12; incls_12.am.*G_12(i)];

                else

                    am_12 = [am_12; incls_12.am.*G_12(i).*Gb(i)];

                end

                

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

                    am_21 = [am_21; incls_21.am.*G_21(i)];

                else

                    am_21 = [am_21; incls_21.am.*G_21(i).*Gb(i)];

                end

                

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

                    am_22 = [am_22; incls_22.am.*G_22(i)];

                else

                    am_22 = [am_22; incls_22.am.*G_22(i).*Gb(i)];

                end

                

                tx_az_11 = [tx_az_11; cls_11.tx_az(i) + incls_11.tx_az];

                tx_el_11 = [tx_el_11; cls_11.tx_el(i) + incls_11.tx_el];

                rx_az_11 = [rx_az_11; cls_11.rx_az(i) + incls_11.rx_az];

                rx_el_11 = [rx_el_11; cls_11.rx_el(i) + incls_11.rx_el];



                tx_az_12 = [tx_az_12; cls_12.tx_az(i) + incls_12.tx_az];

                tx_el_12 = [tx_el_12; cls_12.tx_el(i) + incls_12.tx_el];

                rx_az_12 = [rx_az_12; cls_12.rx_az(i) + incls_12.rx_az];

                rx_el_12 = [rx_el_12; cls_12.rx_el(i) + incls_12.rx_el];



                tx_az_21 = [tx_az_21; cls_21.tx_az(i) + incls_21.tx_az];

                tx_el_21 = [tx_el_21; cls_21.tx_el(i) + incls_21.tx_el];

                rx_az_21 = [rx_az_21; cls_21.rx_az(i) + incls_21.rx_az];

                rx_el_21 = [rx_el_21; cls_21.rx_el(i) + incls_21.rx_el];



                tx_az_22 = [tx_az_22; cls_22.tx_az(i) + incls_22.tx_az];

                tx_el_22 = [tx_el_22; cls_22.tx_el(i) + incls_22.tx_el];

                rx_az_22 = [rx_az_22; cls_22.rx_az(i) + incls_22.rx_az];

                rx_el_22 = [rx_el_22; cls_22.rx_el(i) + incls_22.rx_el];

            end

                tx_az_11 = [tx_az_11; cls_11.tx_az(13)];

                rx_az_11 = [rx_az_11; cls_11.rx_az(13)];

                

                tx_az_22 = [tx_az_22; cls_22.tx_az(13)];

                rx_az_22 = [rx_az_22; cls_22.rx_az(13)];

        end

    otherwise,

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

end        



% check azimuth overflow



%11

ind_tx_az = find(tx_az_11 > 180);

tx_az_11(ind_tx_az) = tx_az_11(ind_tx_az) - 360;

ind_tx_az = find(tx_az_11 < -180);

tx_az_11(ind_tx_az) = tx_az_11(ind_tx_az) + 360;



ind_rx_az = find(rx_az_11 > 180);

rx_az_11(ind_rx_az) = rx_az_11(ind_rx_az) - 360;

ind_rx_az = find(rx_az_11 < -180);

rx_az_11(ind_rx_az) = rx_az_11(ind_rx_az) + 360;



% 12

ind_tx_az = find(tx_az_12 > 180);

tx_az_12(ind_tx_az) = tx_az_12(ind_tx_az) - 360;

ind_tx_az = find(tx_az_12 < -180);

tx_az_12(ind_tx_az) = tx_az_12(ind_tx_az) + 360;



ind_rx_az = find(rx_az_12 > 180);

rx_az_12(ind_rx_az) = rx_az_12(ind_rx_az) - 360;

ind_rx_az = find(rx_az_12 < -180);

rx_az_12(ind_rx_az) = rx_az_12(ind_rx_az) + 360;



% 21

ind_tx_az = find(tx_az_21 > 180);

tx_az_21(ind_tx_az) = tx_az_21(ind_tx_az) - 360;

ind_tx_az = find(tx_az_21 < -180);

tx_az_21(ind_tx_az) = tx_az_21(ind_tx_az) + 360;



ind_rx_az = find(rx_az_21 > 180);

rx_az_21(ind_rx_az) = rx_az_21(ind_rx_az) - 360;

ind_rx_az = find(rx_az_21 < -180);

rx_az_21(ind_rx_az) = rx_az_21(ind_rx_az) + 360;



% 22

ind_tx_az = find(tx_az_22 > 180);

tx_az_22(ind_tx_az) = tx_az_22(ind_tx_az) - 360;

ind_tx_az = find(tx_az_22 < -180);

tx_az_22(ind_tx_az) = tx_az_22(ind_tx_az) + 360;



ind_rx_az = find(rx_az_22 > 180);

rx_az_22(ind_rx_az) = rx_az_22(ind_rx_az) - 360;

ind_rx_az = find(rx_az_22 < -180);

rx_az_22(ind_rx_az) = rx_az_22(ind_rx_az) + 360;



% check elevation overflow



% 11

ind_tx_el = find(tx_el_11 > 90);

tx_el_11(ind_tx_el) = 180 - tx_el_11(ind_tx_el);

tx_az_11(ind_tx_el) = tx_az_11(ind_tx_el) + (-180).*(tx_az_11(ind_tx_el)>0) + 180.*(tx_az_11(ind_tx_el)<=0);



ind_tx_el = find(tx_el_11 < -90);

tx_el_11(ind_tx_el) = -(180 + tx_el_11(ind_tx_el));

tx_az_11(ind_tx_el) = tx_az_11(ind_tx_el) + (-180).*(tx_az_11(ind_tx_el)>0) + 180.*(tx_az_11(ind_tx_el)<=0);



ind_rx_el = find(rx_el_11 > 90);

rx_el_11(ind_rx_el) = 180 - rx_el_11(ind_rx_el);

rx_az_11(ind_rx_el) = rx_az_11(ind_rx_el) + (-180).*(rx_az_11(ind_rx_el)>0) + 180.*(rx_az_11(ind_rx_el)<=0);



ind_rx_el = find(rx_el_11 < -90);

rx_el_11(ind_rx_el) = -(180 + rx_el_11(ind_rx_el));

rx_az_11(ind_rx_el) = rx_az_11(ind_rx_el) + (-180).*(rx_az_11(ind_rx_el)>0) + 180.*(rx_az_11(ind_rx_el)<=0);



% 12

ind_tx_el = find(tx_el_12 > 90);

tx_el_12(ind_tx_el) = 180 - tx_el_12(ind_tx_el);

tx_az_12(ind_tx_el) = tx_az_12(ind_tx_el) + (-180).*(tx_az_12(ind_tx_el)>0) + 180.*(tx_az_12(ind_tx_el)<=0);



ind_tx_el = find(tx_el_12 < -90);

tx_el_12(ind_tx_el) = -(180 + tx_el_12(ind_tx_el));

tx_az_12(ind_tx_el) = tx_az_12(ind_tx_el) + (-180).*(tx_az_12(ind_tx_el)>0) + 180.*(tx_az_12(ind_tx_el)<=0);



ind_rx_el = find(rx_el_12 > 90);

rx_el_12(ind_rx_el) = 180 - rx_el_12(ind_rx_el);

rx_az_12(ind_rx_el) = rx_az_12(ind_rx_el) + (-180).*(rx_az_12(ind_rx_el)>0) + 180.*(rx_az_12(ind_rx_el)<=0);



ind_rx_el = find(rx_el_12 < -90);

rx_el_12(ind_rx_el) = -(180 + rx_el_12(ind_rx_el));

rx_az_12(ind_rx_el) = rx_az_12(ind_rx_el) + (-180).*(rx_az_12(ind_rx_el)>0) + 180.*(rx_az_12(ind_rx_el)<=0);



% 21

ind_tx_el = find(tx_el_21 > 90);

tx_el_21(ind_tx_el) = 180 - tx_el_21(ind_tx_el);

tx_az_21(ind_tx_el) = tx_az_21(ind_tx_el) + (-180).*(tx_az_21(ind_tx_el)>0) + 180.*(tx_az_21(ind_tx_el)<=0);



ind_tx_el = find(tx_el_21 < -90);

tx_el_21(ind_tx_el) = -(180 + tx_el_21(ind_tx_el));

tx_az_21(ind_tx_el) = tx_az_21(ind_tx_el) + (-180).*(tx_az_21(ind_tx_el)>0) + 180.*(tx_az_21(ind_tx_el)<=0);



ind_rx_el = find(rx_el_21 > 90);

rx_el_21(ind_rx_el) = 180 - rx_el_21(ind_rx_el);

rx_az_21(ind_rx_el) = rx_az_21(ind_rx_el) + (-180).*(rx_az_21(ind_rx_el)>0) + 180.*(rx_az_21(ind_rx_el)<=0);



ind_rx_el = find(rx_el_21 < -90);

rx_el_21(ind_rx_el) = -(180 + rx_el_21(ind_rx_el));

rx_az_21(ind_rx_el) = rx_az_21(ind_rx_el) + (-180).*(rx_az_21(ind_rx_el)>0) + 180.*(rx_az_21(ind_rx_el)<=0);



% 22

ind_tx_el = find(tx_el_22 > 90);

tx_el_22(ind_tx_el) = 180 - tx_el_22(ind_tx_el);

tx_az_22(ind_tx_el) = tx_az_22(ind_tx_el) + (-180).*(tx_az_22(ind_tx_el)>0) + 180.*(tx_az_22(ind_tx_el)<=0);



ind_tx_el = find(tx_el_22 < -90);

tx_el_22(ind_tx_el) = -(180 + tx_el_22(ind_tx_el));

tx_az_22(ind_tx_el) = tx_az_22(ind_tx_el) + (-180).*(tx_az_22(ind_tx_el)>0) + 180.*(tx_az_22(ind_tx_el)<=0);



ind_rx_el = find(rx_el_22 > 90);

rx_el_22(ind_rx_el) = 180 - rx_el_22(ind_rx_el);

rx_az_22(ind_rx_el) = rx_az_22(ind_rx_el) + (-180).*(rx_az_22(ind_rx_el)>0) + 180.*(rx_az_22(ind_rx_el)<=0);



ind_rx_el = find(rx_el_22 < -90);

rx_el_22(ind_rx_el) = -(180 + rx_el_22(ind_rx_el));

rx_az_22(ind_rx_el) = rx_az_22(ind_rx_el) + (-180).*(rx_az_22(ind_rx_el)>0) + 180.*(rx_az_22(ind_rx_el)<=0);



% output channel structure

ch.am_11 = am_11;

ch.am_12 = am_12;

ch.am_21 = am_21;

ch.am_22 = am_22;



ch.toa_11 = toa_11;

ch.toa_12 = toa_12;

ch.toa_21 = toa_21;

ch.toa_22 = toa_22;



ch.tx_az_11 = tx_az_11;

ch.tx_el_11 = tx_el_11;

ch.rx_az_11 = rx_az_11;

ch.rx_el_11 = rx_el_11;



ch.tx_az_12 = tx_az_12;

ch.tx_el_12 = tx_el_12;

ch.rx_az_12 = rx_az_12;

ch.rx_el_12 = rx_el_12;



ch.tx_az_21 = tx_az_21;

ch.tx_el_21 = tx_el_21;

ch.rx_az_21 = rx_az_21;

ch.rx_el_21 = rx_el_21;



ch.tx_az_22 = tx_az_22;

ch.tx_el_22 = tx_el_22;

ch.rx_az_22 = rx_az_22;

ch.rx_el_22 = rx_el_22;








cr_channel_model/conference_room/gen_cr_ch_conf4.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     gen_cr_ch_mimo.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       November 2015 created

%

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

%    Description:

%

%    Generates channel for conf#4

%

%    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.  dist_tx         - distance between PAAs on Tx side

%      10. dist_rx         - distance between PAAs on Rx side

%      11. lambda          - wavelength

%

%    Outputs:

%

%      1.  ch.am_11vv      - amplitudes array for link from 1st PAA (TX) to 1st PAA (RX) for direct polarization

%      2.  ch.am_11vh      - amplitudes array for link from 1st PAA (TX) to 1st PAA (RX) for cross polarization

%      3.  ch.am_11hv      - amplitudes array for link from 1st PAA (TX) to 1st PAA (RX) for cross polarization

%      4.  ch.am_11hh      - amplitudes array for link from 1st PAA (TX) to 1st PAA (RX) for direct polarization

%

%      5.  ch.am_12vv      - amplitudes array for link from 1st PAA (TX) to 2nd PAA (RX) for direct polarization

%      6.  ch.am_12vh      - amplitudes array for link from 1st PAA (TX) to 2nd PAA (RX) for cross polarization

%      7.  ch.am_12hv      - amplitudes array for link from 1st PAA (TX) to 2nd PAA (RX) for cross polarization

%      8.  ch.am_12hh      - amplitudes array for link from 1st PAA (TX) to 2nd PAA (RX) for direct polarization

%

%      9.  ch.am_21vv      - amplitudes array for link from 2nd PAA (TX) to 1st PAA (RX) for direct polarization

%      10. ch.am_21vh      - amplitudes array for link from 2nd PAA (TX) to 1st PAA (RX) for cross polarization

%      11. ch.am_21hv      - amplitudes array for link from 2nd PAA (TX) to 1st PAA (RX) for cross polarization

%      12. ch.am_21hh      - amplitudes array for link from 2nd PAA (TX) to 1st PAA (RX) for direct polarization

%

%      13. ch.am_22vv      - amplitudes array for link from 2nd PAA (TX) to 2nd PAA (RX) for direct polarization

%      14. ch.am_22vh      - amplitudes array for link from 2nd PAA (TX) to 2nd PAA (RX) for cross polarization

%      15. ch.am_22hv      - amplitudes array for link from 2nd PAA (TX) to 2nd PAA (RX) for cross polarization

%      16. ch.am_22hh      - amplitudes array for link from 2nd PAA (TX) to 2nd PAA (RX) for direct polarization

%

%      17. ch.toa_11       - times of arrival array for link from 1st PAA (TX) to 1st PAA (RX)

%      18. ch.toa_12       - times of arrival array for link from 1st PAA (TX) to 2nd PAA (RX)

%      19. ch.toa_21       - times of arrival array for link from 2nd PAA (TX) to 1st PAA (RX)

%      20. ch.toa_22       - times of arrival array for link from 2nd PAA (TX) to 2nd PAA (RX)

%      

%      21. ch.tx_az_11     - TX azimuths array for link from 1st PAA (TX) to 1st PAA (RX)

%      22. ch.tx_el_11     - TX elevations array for link from 1st PAA (TX) to 1st PAA (RX)

%      23. ch.rx_az_11     - RX azimuths array for link from 1st PAA (TX) to 1st PAA (RX)

%      24. ch.rx_el_11     - RX elevations array for link from 1st PAA (TX) to 1st PAA (RX)

%      

%      25. ch.tx_az_12     - TX azimuths array for link from 1st PAA (TX) to 2nd PAA (RX)

%      26. ch.tx_el_12     - TX elevations array for link from 1st PAA (TX) to 2nd PAA (RX)

%      27. ch.rx_az_12     - RX azimuths array for link from 1st PAA (TX) to 2nd PAA (RX)

%      28. ch.rx_el_12     - RX elevations array for link from 1st PAA (TX) to 2nd PAA (RX)

%      

%      29. ch.tx_az_21     - TX azimuths array for link from 2nd PAA (TX) to 1st PAA (RX)

%      30. ch.tx_el_21     - TX elevations array for link from 2nd PAA (TX) to 1st PAA (RX)

%      31. ch.rx_az_21     - RX azimuths array for link from 2nd PAA (TX) to 1st PAA (RX)

%      32. ch.rx_el_21     - RX elevations array for link from 2nd PAA (TX) to 1st PAA (RX)

%      

%      33. ch.tx_az_22     - TX azimuths array for link from 2nd PAA (TX) to 2nd PAA (RX)

%      34. ch.tx_el_22     - TX elevations array for link from 2nd PAA (TX) to 2nd PAA (RX)

%      35. ch.rx_az_22     - RX azimuths array for link from 2nd PAA (TX) to 2nd PAA (RX)

%      36. ch.rx_el_22     - RX elevations array for link from 2nd PAA (TX) to 2nd PAA (RX)

%

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

function [ch] = gen_cr_ch_conf4(cfg, dist_tx, dist_rx, phi_tx, phi_rx, lambda)



% NLOS attenuation coefficients (due to reflection)

[Gr_vv, Gr_vh, Gr_hv, Gr_hh] = cr_ref_loss_conf2(cfg.ap_sp);



% 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_11, cls_12, cls_21, cls_22] = cr_gen_cls_ant2(0, dist_tx * 100, dist_rx * 100, phi_tx, phi_rx);

            

        % clusters distances

        dist_11 = (cls_11.toa.*1e-9).*(3e8) + D;

        dist_12 = (cls_12.toa.*1e-9).*(3e8) + sqrt(D^2 + dist_tx * dist_rx);

        dist_21 = (cls_21.toa.*1e-9).*(3e8) + sqrt(D^2 + dist_tx * dist_rx);

        dist_22 = (cls_22.toa.*1e-9).*(3e8) + D;

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

        Gp_11 = sqrt((lambda.^2)./((4.*pi.*(dist_11)).^2));

        Gp_12 = sqrt((lambda.^2)./((4.*pi.*(dist_12)).^2));

        Gp_21 = sqrt((lambda.^2)./((4.*pi.*(dist_21)).^2));

        Gp_22 = sqrt((lambda.^2)./((4.*pi.*(dist_22)).^2));

        

        % attenuation constants

        G_11vv = Gp_11.*Gr_vv;

        G_11vh = Gp_11.*Gr_vh;

        G_11hv = Gp_11.*Gr_hv;

        G_11hh = Gp_11.*Gr_hh;

        

        G_12vv = Gp_12.*Gr_vv;

        G_12vh = Gp_12.*Gr_vh;

        G_12hv = Gp_12.*Gr_hv;

        G_12hh = Gp_12.*Gr_hh;

        

        G_21vv = Gp_21.*Gr_vv;

        G_21vh = Gp_21.*Gr_vh;

        G_21hv = Gp_21.*Gr_hv;

        G_21hh = Gp_21.*Gr_hh;

        

        G_22vv = Gp_22.*Gr_vv;

        G_22vh = Gp_22.*Gr_vh;

        G_22hv = Gp_22.*Gr_hv;

        G_22hh = Gp_22.*Gr_hh;

        

        % generate intra-clusters structure

        % From Tx1 to Rx1

        toa_11 = [];

        am_11vv = [];

        am_11vh = [];

        am_11hv = [];

        am_11hh = [];

        tx_az_11 = [];

        tx_el_11 = [];

        rx_az_11 = [];

        rx_el_11 = [];

        

        % From Tx1 to Rx2

        toa_12 = [];

        am_12vv = [];

        am_12vh = [];

        am_12hv = [];

        am_12hh = [];

        tx_az_12 = [];

        tx_el_12 = [];

        rx_az_12 = [];

        rx_el_12 = [];



        % From Tx2 to Rx1

        toa_21 = [];

        am_21vv = [];

        am_21vh = [];

        am_21hv = [];

        am_21hh = [];

        tx_az_21 = [];

        tx_el_21 = [];

        rx_az_21 = [];

        rx_el_21 = [];

        

        % From Tx2 to Rx2

        toa_22 = [];

        am_22vv = [];

        am_22vh = [];

        am_22hv = [];

        am_22hh = [];

        tx_az_22 = [];

        tx_el_22 = [];

        rx_az_22 = [];

        rx_el_22 = [];



        % LOS cluster

        if (cfg.Plos)

            toa_11 = 0;

            toa_12 = 0;

            toa_21 = 0;

            toa_22 = 0;

            am_11vv = sqrt((lambda.^2)./((4.*pi.*D).^2)).*exp(2j.*pi.*(D./lambda));

            am_11vh = am_11vv;

            am_11hv = am_11vv;

            am_11hh = am_11vv;

            

            am_12vv = sqrt((lambda.^2)./((4.*pi.*sqrt(D^2 + dist_tx * dist_rx)).^2)).*exp(2j.*pi.*(sqrt(D^2 + dist_tx * dist_rx)./lambda));

            am_12vh = am_12vv;

            am_12hv = am_12vv;

            am_12hh = am_12vv;



            am_21vv = sqrt((lambda.^2)./((4.*pi.*sqrt(D^2 + dist_tx * dist_rx)).^2)).*exp(2j.*pi.*(sqrt(D^2 + dist_tx * dist_rx)./lambda));

            am_21vh = am_21vv;

            am_21hv = am_21vv;

            am_21hh = am_21vv;



            am_22vv = sqrt((lambda.^2)./((4.*pi.*D).^2)).*exp(2j.*pi.*(D./lambda));

            am_22vh = am_22vv;

            am_22hv = am_22vv;

            am_22hh = am_22vv;

            

            % Apply polarization

            tx_pol_v = polarization(0);

            tx_pol_h = polarization(1);

                

            rx_pol_v = polarization(0);

            rx_pol_h = polarization(1);

            

            H = eye(2);

            % For Tx1 to Rx1

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

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

               

            pol_coef_vv = rx_pol_v'*H*tx_pol_v;

            pol_coef_vh = rx_pol_v'*H*tx_pol_h;

            pol_coef_hv = rx_pol_h'*H*tx_pol_v;

            pol_coef_hh = rx_pol_h'*H*tx_pol_h;

               

            am_11vv = am_11vv.*pol_coef_vv;

            am_11vh = am_11vh.*pol_coef_vh;

            am_11hv = am_11hv.*pol_coef_hv;

            am_11hh = am_11hh.*pol_coef_hh;

            

            % For Tx1 to Rx2

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

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

            am_12vv = am_12vv.*pol_coef_vv;

            am_12vh = am_12vh.*pol_coef_vh;

            am_12hv = am_12hv.*pol_coef_hv;

            am_12hh = am_12hh.*pol_coef_hh;



            % For Tx2 to Rx1

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

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

            am_21vv = am_21vv.*pol_coef_vv;

            am_21vh = am_21vh.*pol_coef_vh;

            am_21hv = am_21hv.*pol_coef_hv;

            am_21hh = am_21hh.*pol_coef_hh;



            % For Tx2 to Rx2

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

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

            am_22vv = am_22vv.*pol_coef_vv;

            am_22vh = am_22vh.*pol_coef_vh;

            am_22hv = am_22hv.*pol_coef_hv;

            am_22hh = am_22hh.*pol_coef_hh;

            

            tx_az_11 = 0;

            tx_el_11 = 0;

            rx_az_11 = 0;

            rx_el_11 = 0;

            

            tx_az_12 = 0;

            tx_el_12 = 0;

            rx_az_12 = 0;

            rx_el_12 = 0;



            tx_az_21 = 0;

            tx_el_21 = 0;

            rx_az_21 = 0;

            rx_el_21 = 0;



            tx_az_22 = 0;

            tx_el_22 = 0;

            rx_az_22 = 0;

            rx_el_22 = 0;



        end

        

        % NLOS clusters

        while (isempty(toa_11) | (toa_11 == 0))

            for i=1:17

                

                incls_11 = cr_gen_intra_cls(cls_11.toa(i));

                incls_12 = cr_gen_intra_cls(cls_12.toa(i));

                incls_21 = cr_gen_intra_cls(cls_21.toa(i));

                incls_22 = cr_gen_intra_cls(cls_22.toa(i));

                

                toa_11 = [toa_11; cls_11.toa(i) + incls_11.toa];

                toa_12 = [toa_12; cls_12.toa(i) + incls_12.toa];

                toa_21 = [toa_21; cls_21.toa(i) + incls_21.toa];

                toa_22 = [toa_22; cls_22.toa(i) + incls_22.toa];

                

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

                    am_11vv = [am_11vv; incls_11.am.*G_11vv(i)];

                    am_11vh = [am_11vh; incls_11.am.*G_11vh(i)];

                    am_11hv = [am_11hv; incls_11.am.*G_11hv(i)];

                    am_11hh = [am_11hh; incls_11.am.*G_11hh(i)];

                else

                    am_11vv = [am_11vv; incls_11.am.*G_11vv(i).*Gb(i)];

                    am_11vh = [am_11vh; incls_11.am.*G_11vh(i).*Gb(i)];

                    am_11hv = [am_11hv; incls_11.am.*G_11hv(i).*Gb(i)];

                    am_11hh = [am_11hh; incls_11.am.*G_11hh(i).*Gb(i)];

                end

                

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

                    am_12vv = [am_12vv; incls_12.am.*G_12vv(i)];

                    am_12vh = [am_12vh; incls_12.am.*G_12vh(i)];

                    am_12hv = [am_12hv; incls_12.am.*G_12hv(i)];

                    am_12hh = [am_12hh; incls_12.am.*G_12hh(i)];

                else

                    am_12vv = [am_12vv; incls_12.am.*G_12vv(i).*Gb(i)];

                    am_12vh = [am_12vh; incls_12.am.*G_12vh(i).*Gb(i)];

                    am_12hv = [am_12hv; incls_12.am.*G_12hv(i).*Gb(i)];

                    am_12hh = [am_12hh; incls_12.am.*G_12hh(i).*Gb(i)];

                end

                

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

                    am_21vv = [am_21vv; incls_21.am.*G_21vv(i)];

                    am_21vh = [am_21vh; incls_21.am.*G_21vh(i)];

                    am_21hv = [am_21hv; incls_21.am.*G_21hv(i)];

                    am_21hh = [am_21hh; incls_21.am.*G_21hh(i)];

                else

                    am_21vv = [am_21vv; incls_21.am.*G_21vv(i).*Gb(i)];

                    am_21vh = [am_21vh; incls_21.am.*G_21vh(i).*Gb(i)];

                    am_21hv = [am_21hv; incls_21.am.*G_21hv(i).*Gb(i)];

                    am_21hh = [am_21hh; incls_21.am.*G_21hh(i).*Gb(i)];

                end

                

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

                    am_22vv = [am_22vv; incls_22.am.*G_22vv(i)];

                    am_22vh = [am_22vh; incls_22.am.*G_22vh(i)];

                    am_22hv = [am_22hv; incls_22.am.*G_22hv(i)];

                    am_22hh = [am_22hh; incls_22.am.*G_22hh(i)];

                else

                    am_22vv = [am_22vv; incls_22.am.*G_22vv(i).*Gb(i)];

                    am_22vh = [am_22vh; incls_22.am.*G_22vh(i).*Gb(i)];

                    am_22hv = [am_22hv; incls_22.am.*G_22hv(i).*Gb(i)];

                    am_22hh = [am_22hh; incls_22.am.*G_22hh(i).*Gb(i)];

                end

                

                tx_az_11 = [tx_az_11; cls_11.tx_az(i) + incls_11.tx_az];

                tx_el_11 = [tx_el_11; cls_11.tx_el(i) + incls_11.tx_el];

                rx_az_11 = [rx_az_11; cls_11.rx_az(i) + incls_11.rx_az];

                rx_el_11 = [rx_el_11; cls_11.rx_el(i) + incls_11.rx_el];

                

                tx_az_12 = [tx_az_12; cls_12.tx_az(i) + incls_12.tx_az];

                tx_el_12 = [tx_el_12; cls_12.tx_el(i) + incls_12.tx_el];

                rx_az_12 = [rx_az_12; cls_12.rx_az(i) + incls_12.rx_az];

                rx_el_12 = [rx_el_12; cls_12.rx_el(i) + incls_12.rx_el];

                

                tx_az_21 = [tx_az_21; cls_21.tx_az(i) + incls_21.tx_az];

                tx_el_21 = [tx_el_21; cls_21.tx_el(i) + incls_21.tx_el];

                rx_az_21 = [rx_az_21; cls_21.rx_az(i) + incls_21.rx_az];

                rx_el_21 = [rx_el_21; cls_21.rx_el(i) + incls_21.rx_el];

                

                tx_az_22 = [tx_az_22; cls_22.tx_az(i) + incls_22.tx_az];

                tx_el_22 = [tx_el_22; cls_22.tx_el(i) + incls_22.tx_el];

                rx_az_22 = [rx_az_22; cls_22.rx_az(i) + incls_22.rx_az];

                rx_el_22 = [rx_el_22; cls_22.rx_el(i) + incls_22.rx_el];

            end

            	tx_az_11 = [tx_az_11; cls_11.tx_az(18)];

                rx_az_11 = [rx_az_11; cls_11.rx_az(18)];

                

                tx_az_22 = [tx_az_22; cls_22.tx_az(18)];

                rx_az_22 = [rx_az_22; cls_22.rx_az(18)];

        end

        

    case 1, % STA - AP

        

        % distance between TX and RX

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

        

        % generate NLOS clusters

        [cls_11, cls_12, cls_21, cls_22] = cr_gen_cls_ant2(1, dist_tx * 100, dist_rx * 100, phi_tx, phi_rx);

        

        % clusters distances

        dist_11 = (cls_11.toa.*1e-9).*(3e8) + D;

        dist_12 = (cls_12.toa.*1e-9).*(3e8) + D;

        dist_21 = (cls_21.toa.*1e-9).*(3e8) + D;

        dist_22 = (cls_22.toa.*1e-9).*(3e8) + D;

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

        Gp_11 = sqrt((lambda.^2)./((4.*pi.*(dist_11)).^2));

        Gp_12 = sqrt((lambda.^2)./((4.*pi.*(dist_12)).^2));

        Gp_21 = sqrt((lambda.^2)./((4.*pi.*(dist_21)).^2));

        Gp_22 = sqrt((lambda.^2)./((4.*pi.*(dist_22)).^2));

        

        % attenuation constants

        G_11vv = Gp_11.*Gr_vv;

        G_11vh = Gp_11.*Gr_vh;

        G_11hv = Gp_11.*Gr_hv;

        G_11hh = Gp_11.*Gr_hh;

        

        G_12vv = Gp_12.*Gr_vv;

        G_12vh = Gp_12.*Gr_vh;

        G_12hv = Gp_12.*Gr_hv;

        G_12hh = Gp_12.*Gr_hh;

        

        G_21vv = Gp_21.*Gr_vv;

        G_21vh = Gp_21.*Gr_vh;

        G_21hv = Gp_21.*Gr_hv;

        G_21hh = Gp_21.*Gr_hh;

        

        G_22vv = Gp_22.*Gr_vv;

        G_22vh = Gp_22.*Gr_vh;

        G_22hv = Gp_22.*Gr_hv;

        G_22hh = Gp_22.*Gr_hh;

        

        % generate intra-clusters structure

        toa_11 = [];

        toa_12 = [];

        toa_21 = [];

        toa_22 = [];

        am_11vv = [];

        am_11vh = [];

        am_11hv = [];

        am_11hh = [];

        

        am_12vv = [];

        am_12vh = [];

        am_12hv = [];

        am_12hh = [];

        

        am_21vv = [];

        am_21vh = [];

        am_21hv = [];

        am_21hh = [];

        

        am_22vv = [];

        am_22vh = [];

        am_22hv = [];

        am_22hh = [];

        

        tx_az_11 = [];

        tx_el_11 = [];

        rx_az_11 = [];

        rx_el_11 = [];

        

        tx_az_12 = [];

        tx_el_12 = [];

        rx_az_12 = [];

        rx_el_12 = [];

        

        tx_az_21 = [];

        tx_el_21 = [];

        rx_az_21 = [];

        rx_el_21 = [];

        

        tx_az_22 = [];

        tx_el_22 = [];

        rx_az_22 = [];

        rx_el_22 = [];

        

        % LOS cluster

        if (cfg.Plos)

            toa_11 = 0;

            toa_12 = 0;

            toa_21 = 0;

            toa_22 = 0;

            

            am_11vv = sqrt((lambda.^2)./((4.*pi.*D).^2)).*exp(2j.*pi.*(D./lambda));

            am_11vh = am_11vv;

            am_11hv = am_11vv;

            am_11hh = am_11vv;

            

            am_12vv = sqrt((lambda.^2)./((4.*pi.*sqrt(D^2 + dist_tx * dist_rx)).^2)).*exp(2j.*pi.*(sqrt(D^2 + dist_tx * dist_rx)./lambda));

            am_12vh = am_12vv;

            am_12hv = am_12vv;

            am_12hh = am_12vv;

            

            am_21vv = sqrt((lambda.^2)./((4.*pi.*sqrt(D^2 + dist_tx * dist_rx)).^2)).*exp(2j.*pi.*(sqrt(D^2 + dist_tx * dist_rx)./lambda));

            am_21vh = am_21vv;

            am_21hv = am_21vv;

            am_21hh = am_21vv;

            

            am_22vv = sqrt((lambda.^2)./((4.*pi.*D).^2)).*exp(2j.*pi.*(D./lambda));

            am_22vh = am_22vv;

            am_22hv = am_22vv;

            am_22hh = am_22vv;

            

            tx_pol_v = polarization(0);

            tx_pol_h = polarization(1);

                

            rx_pol_v = polarization(0);

            rx_pol_h = polarization(1);

                

            H = eye(2);

            % From Tx1 -> Rx1

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

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

                

            pol_coef_vv = rx_pol_v'*H*tx_pol_v;

            pol_coef_vh = rx_pol_v'*H*tx_pol_h;

            pol_coef_hv = rx_pol_h'*H*tx_pol_v;

            pol_coef_hh = rx_pol_h'*H*tx_pol_h;

                

            am_11vv = am_11vv.*pol_coef_vv;

            am_11vh = am_11vh.*pol_coef_vh;

            am_11hv = am_11hv.*pol_coef_hv;

            am_11hh = am_11hh.*pol_coef_hh;



            % From Tx1 -> Rx2

            am_12vv = am_12vv.*pol_coef_vv;

            am_12vh = am_12vh.*pol_coef_vh;

            am_12hv = am_12hv.*pol_coef_hv;

            am_12hh = am_12hh.*pol_coef_hh;



            % From Tx2 -> Rx1

            am_21vv = am_21vv.*pol_coef_vv;

            am_21vh = am_21vh.*pol_coef_vh;

            am_21hv = am_21hv.*pol_coef_hv;

            am_21hh = am_21hh.*pol_coef_hh;

            

            % From Tx2 -> Rx2

            am_22vv = am_22vv.*pol_coef_vv;

            am_22vh = am_22vh.*pol_coef_vh;

            am_22hv = am_22hv.*pol_coef_hv;

            am_22hh = am_22hh.*pol_coef_hh;

            

            tx_az_11 = 0;

            tx_el_11 = -(asin(1.9./D).*180./pi);

            rx_az_11 = 0;

            rx_el_11 = -tx_el_11;

            

            tx_az_12 = 0;

            tx_el_12 = -(asin(1.9./sqrt(D^2 + dist_tx * dist_rx)).*180./pi);

            rx_az_12 = 0;

            rx_el_12 = -tx_el_12;



            tx_az_21 = 0;

            tx_el_21 = -(asin(1.9./sqrt(D^2 + dist_tx * dist_rx)).*180./pi);

            rx_az_21 = 0;

            rx_el_21 = -tx_el_21;

            

            tx_az_22 = 0;

            tx_el_22 = -(asin(1.9./D).*180./pi);

            rx_az_22 = 0;

            rx_el_22 = -tx_el_22;

            

        end

        

        % NLOS clusters

        while (isempty(toa_11) | (toa_11 == 0))

            for i=1:12

                

                incls_11 = cr_gen_intra_cls(cls_11.toa(i));

                incls_12 = cr_gen_intra_cls(cls_12.toa(i));

                incls_21 = cr_gen_intra_cls(cls_21.toa(i));

                incls_22 = cr_gen_intra_cls(cls_22.toa(i));

                

                toa_11 = [toa_11; cls_11.toa(i) + incls_11.toa];

                toa_12 = [toa_12; cls_12.toa(i) + incls_12.toa];

                toa_21 = [toa_21; cls_21.toa(i) + incls_21.toa];

                toa_22 = [toa_22; cls_22.toa(i) + incls_22.toa];

                

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

                    am_11vv = [am_11vv; incls_11.am.*G_11vv(i)];

                    am_11vh = [am_11vh; incls_11.am.*G_11vh(i)];

                    am_11hv = [am_11hv; incls_11.am.*G_11hv(i)];

                    am_11hh = [am_11hh; incls_11.am.*G_11hh(i)];

                else

                    am_11vv = [am_11vv; incls_11.am.*G_11vv(i).*Gb(i)];

                    am_11vh = [am_11vh; incls_11.am.*G_11vh(i).*Gb(i)];

                    am_11hv = [am_11hv; incls_11.am.*G_11hv(i).*Gb(i)];

                    am_11hh = [am_11hh; incls_11.am.*G_11hh(i).*Gb(i)];

                end

                

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

                    am_12vv = [am_12vv; incls_12.am.*G_12vv(i)];

                    am_12vh = [am_12vh; incls_12.am.*G_12vh(i)];

                    am_12hv = [am_12hv; incls_12.am.*G_12hv(i)];

                    am_12hh = [am_12hh; incls_12.am.*G_12hh(i)];

                else

                    am_12vv = [am_12vv; incls_12.am.*G_12vv(i).*Gb(i)];

                    am_12vh = [am_12vh; incls_12.am.*G_12vh(i).*Gb(i)];

                    am_12hv = [am_12hv; incls_12.am.*G_12hv(i).*Gb(i)];

                    am_12hh = [am_12hh; incls_12.am.*G_12hh(i).*Gb(i)];

                end

                

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

                    am_21vv = [am_21vv; incls_21.am.*G_21vv(i)];

                    am_21vh = [am_21vh; incls_21.am.*G_21vh(i)];

                    am_21hv = [am_21hv; incls_21.am.*G_21hv(i)];

                    am_21hh = [am_21hh; incls_21.am.*G_21hh(i)];

                else

                    am_21vv = [am_21vv; incls_21.am.*G_21vv(i).*Gb(i)];

                    am_21vh = [am_21vh; incls_21.am.*G_21vh(i).*Gb(i)];

                    am_21hv = [am_21hv; incls_21.am.*G_21hv(i).*Gb(i)];

                    am_21hh = [am_21hh; incls_21.am.*G_21hh(i).*Gb(i)];

                end

                

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

                    am_22vv = [am_22vv; incls_22.am.*G_22vv(i)];

                    am_22vh = [am_22vh; incls_22.am.*G_22vh(i)];

                    am_22hv = [am_22hv; incls_22.am.*G_22hv(i)];

                    am_22hh = [am_22hh; incls_22.am.*G_22hh(i)];

                else

                    am_22vv = [am_22vv; incls_22.am.*G_22vv(i).*Gb(i)];

                    am_22vh = [am_22vh; incls_22.am.*G_22vh(i).*Gb(i)];

                    am_22hv = [am_22hv; incls_22.am.*G_22hv(i).*Gb(i)];

                    am_22hh = [am_22hh; incls_22.am.*G_22hh(i).*Gb(i)];

                end

                

                tx_az_11 = [tx_az_11; cls_11.tx_az(i) + incls_11.tx_az];

                tx_el_11 = [tx_el_11; cls_11.tx_el(i) + incls_11.tx_el];

                rx_az_11 = [rx_az_11; cls_11.rx_az(i) + incls_11.rx_az];

                rx_el_11 = [rx_el_11; cls_11.rx_el(i) + incls_11.rx_el];



                tx_az_12 = [tx_az_12; cls_12.tx_az(i) + incls_12.tx_az];

                tx_el_12 = [tx_el_12; cls_12.tx_el(i) + incls_12.tx_el];

                rx_az_12 = [rx_az_12; cls_12.rx_az(i) + incls_12.rx_az];

                rx_el_12 = [rx_el_12; cls_12.rx_el(i) + incls_12.rx_el];



                tx_az_21 = [tx_az_21; cls_21.tx_az(i) + incls_21.tx_az];

                tx_el_21 = [tx_el_21; cls_21.tx_el(i) + incls_21.tx_el];

                rx_az_21 = [rx_az_21; cls_21.rx_az(i) + incls_21.rx_az];

                rx_el_21 = [rx_el_21; cls_21.rx_el(i) + incls_21.rx_el];



                tx_az_22 = [tx_az_22; cls_22.tx_az(i) + incls_22.tx_az];

                tx_el_22 = [tx_el_22; cls_22.tx_el(i) + incls_22.tx_el];

                rx_az_22 = [rx_az_22; cls_22.rx_az(i) + incls_22.rx_az];

                rx_el_22 = [rx_el_22; cls_22.rx_el(i) + incls_22.rx_el];

            end

                tx_az_11 = [tx_az_11; cls_11.tx_az(13)];

                rx_az_11 = [rx_az_11; cls_11.rx_az(13)];

                

                tx_az_22 = [tx_az_22; cls_22.tx_az(13)];

                rx_az_22 = [rx_az_22; cls_22.rx_az(13)];

        end

    otherwise,

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

end        



% check azimuth overflow



%11

ind_tx_az = find(tx_az_11 > 180);

tx_az_11(ind_tx_az) = tx_az_11(ind_tx_az) - 360;

ind_tx_az = find(tx_az_11 < -180);

tx_az_11(ind_tx_az) = tx_az_11(ind_tx_az) + 360;



ind_rx_az = find(rx_az_11 > 180);

rx_az_11(ind_rx_az) = rx_az_11(ind_rx_az) - 360;

ind_rx_az = find(rx_az_11 < -180);

rx_az_11(ind_rx_az) = rx_az_11(ind_rx_az) + 360;



% 12

ind_tx_az = find(tx_az_12 > 180);

tx_az_12(ind_tx_az) = tx_az_12(ind_tx_az) - 360;

ind_tx_az = find(tx_az_12 < -180);

tx_az_12(ind_tx_az) = tx_az_12(ind_tx_az) + 360;



ind_rx_az = find(rx_az_12 > 180);

rx_az_12(ind_rx_az) = rx_az_12(ind_rx_az) - 360;

ind_rx_az = find(rx_az_12 < -180);

rx_az_12(ind_rx_az) = rx_az_12(ind_rx_az) + 360;



% 21

ind_tx_az = find(tx_az_21 > 180);

tx_az_21(ind_tx_az) = tx_az_21(ind_tx_az) - 360;

ind_tx_az = find(tx_az_21 < -180);

tx_az_21(ind_tx_az) = tx_az_21(ind_tx_az) + 360;



ind_rx_az = find(rx_az_21 > 180);

rx_az_21(ind_rx_az) = rx_az_21(ind_rx_az) - 360;

ind_rx_az = find(rx_az_21 < -180);

rx_az_21(ind_rx_az) = rx_az_21(ind_rx_az) + 360;



% 22

ind_tx_az = find(tx_az_22 > 180);

tx_az_22(ind_tx_az) = tx_az_22(ind_tx_az) - 360;

ind_tx_az = find(tx_az_22 < -180);

tx_az_22(ind_tx_az) = tx_az_22(ind_tx_az) + 360;



ind_rx_az = find(rx_az_22 > 180);

rx_az_22(ind_rx_az) = rx_az_22(ind_rx_az) - 360;

ind_rx_az = find(rx_az_22 < -180);

rx_az_22(ind_rx_az) = rx_az_22(ind_rx_az) + 360;



% check elevation overflow



% 11

ind_tx_el = find(tx_el_11 > 90);

tx_el_11(ind_tx_el) = 180 - tx_el_11(ind_tx_el);

tx_az_11(ind_tx_el) = tx_az_11(ind_tx_el) + (-180).*(tx_az_11(ind_tx_el)>0) + 180.*(tx_az_11(ind_tx_el)<=0);



ind_tx_el = find(tx_el_11 < -90);

tx_el_11(ind_tx_el) = -(180 + tx_el_11(ind_tx_el));

tx_az_11(ind_tx_el) = tx_az_11(ind_tx_el) + (-180).*(tx_az_11(ind_tx_el)>0) + 180.*(tx_az_11(ind_tx_el)<=0);



ind_rx_el = find(rx_el_11 > 90);

rx_el_11(ind_rx_el) = 180 - rx_el_11(ind_rx_el);

rx_az_11(ind_rx_el) = rx_az_11(ind_rx_el) + (-180).*(rx_az_11(ind_rx_el)>0) + 180.*(rx_az_11(ind_rx_el)<=0);



ind_rx_el = find(rx_el_11 < -90);

rx_el_11(ind_rx_el) = -(180 + rx_el_11(ind_rx_el));

rx_az_11(ind_rx_el) = rx_az_11(ind_rx_el) + (-180).*(rx_az_11(ind_rx_el)>0) + 180.*(rx_az_11(ind_rx_el)<=0);



% 12

ind_tx_el = find(tx_el_12 > 90);

tx_el_12(ind_tx_el) = 180 - tx_el_12(ind_tx_el);

tx_az_12(ind_tx_el) = tx_az_12(ind_tx_el) + (-180).*(tx_az_12(ind_tx_el)>0) + 180.*(tx_az_12(ind_tx_el)<=0);



ind_tx_el = find(tx_el_12 < -90);

tx_el_12(ind_tx_el) = -(180 + tx_el_12(ind_tx_el));

tx_az_12(ind_tx_el) = tx_az_12(ind_tx_el) + (-180).*(tx_az_12(ind_tx_el)>0) + 180.*(tx_az_12(ind_tx_el)<=0);



ind_rx_el = find(rx_el_12 > 90);

rx_el_12(ind_rx_el) = 180 - rx_el_12(ind_rx_el);

rx_az_12(ind_rx_el) = rx_az_12(ind_rx_el) + (-180).*(rx_az_12(ind_rx_el)>0) + 180.*(rx_az_12(ind_rx_el)<=0);



ind_rx_el = find(rx_el_12 < -90);

rx_el_12(ind_rx_el) = -(180 + rx_el_12(ind_rx_el));

rx_az_12(ind_rx_el) = rx_az_12(ind_rx_el) + (-180).*(rx_az_12(ind_rx_el)>0) + 180.*(rx_az_12(ind_rx_el)<=0);



% 21

ind_tx_el = find(tx_el_21 > 90);

tx_el_21(ind_tx_el) = 180 - tx_el_21(ind_tx_el);

tx_az_21(ind_tx_el) = tx_az_21(ind_tx_el) + (-180).*(tx_az_21(ind_tx_el)>0) + 180.*(tx_az_21(ind_tx_el)<=0);



ind_tx_el = find(tx_el_21 < -90);

tx_el_21(ind_tx_el) = -(180 + tx_el_21(ind_tx_el));

tx_az_21(ind_tx_el) = tx_az_21(ind_tx_el) + (-180).*(tx_az_21(ind_tx_el)>0) + 180.*(tx_az_21(ind_tx_el)<=0);



ind_rx_el = find(rx_el_21 > 90);

rx_el_21(ind_rx_el) = 180 - rx_el_21(ind_rx_el);

rx_az_21(ind_rx_el) = rx_az_21(ind_rx_el) + (-180).*(rx_az_21(ind_rx_el)>0) + 180.*(rx_az_21(ind_rx_el)<=0);



ind_rx_el = find(rx_el_21 < -90);

rx_el_21(ind_rx_el) = -(180 + rx_el_21(ind_rx_el));

rx_az_21(ind_rx_el) = rx_az_21(ind_rx_el) + (-180).*(rx_az_21(ind_rx_el)>0) + 180.*(rx_az_21(ind_rx_el)<=0);



% 22

ind_tx_el = find(tx_el_22 > 90);

tx_el_22(ind_tx_el) = 180 - tx_el_22(ind_tx_el);

tx_az_22(ind_tx_el) = tx_az_22(ind_tx_el) + (-180).*(tx_az_22(ind_tx_el)>0) + 180.*(tx_az_22(ind_tx_el)<=0);



ind_tx_el = find(tx_el_22 < -90);

tx_el_22(ind_tx_el) = -(180 + tx_el_22(ind_tx_el));

tx_az_22(ind_tx_el) = tx_az_22(ind_tx_el) + (-180).*(tx_az_22(ind_tx_el)>0) + 180.*(tx_az_22(ind_tx_el)<=0);



ind_rx_el = find(rx_el_22 > 90);

rx_el_22(ind_rx_el) = 180 - rx_el_22(ind_rx_el);

rx_az_22(ind_rx_el) = rx_az_22(ind_rx_el) + (-180).*(rx_az_22(ind_rx_el)>0) + 180.*(rx_az_22(ind_rx_el)<=0);



ind_rx_el = find(rx_el_22 < -90);

rx_el_22(ind_rx_el) = -(180 + rx_el_22(ind_rx_el));

rx_az_22(ind_rx_el) = rx_az_22(ind_rx_el) + (-180).*(rx_az_22(ind_rx_el)>0) + 180.*(rx_az_22(ind_rx_el)<=0);



% output channel structure

ch.am_11vv = am_11vv;

ch.am_11vh = am_11vh;

ch.am_11hv = am_11hv;

ch.am_11hh = am_11hh;



ch.am_12vv = am_12vv;

ch.am_12vh = am_12vh;

ch.am_12hv = am_12hv;

ch.am_12hh = am_12hh;



ch.am_21vv = am_21vv;

ch.am_21vh = am_21vh;

ch.am_21hv = am_21hv;

ch.am_21hh = am_21hh;



ch.am_22vv = am_22vv;

ch.am_22vh = am_22vh;

ch.am_22hv = am_22hv;

ch.am_22hh = am_22hh;



ch.toa_11 = toa_11;

ch.toa_12 = toa_12;

ch.toa_21 = toa_21;

ch.toa_22 = toa_22;



ch.tx_az_11 = tx_az_11;

ch.tx_el_11 = tx_el_11;

ch.rx_az_11 = rx_az_11;

ch.rx_el_11 = rx_el_11;



ch.tx_az_12 = tx_az_12;

ch.tx_el_12 = tx_el_12;

ch.rx_az_12 = rx_az_12;

ch.rx_el_12 = rx_el_12;



ch.tx_az_21 = tx_az_21;

ch.tx_el_21 = tx_el_21;

ch.rx_az_21 = rx_az_21;

ch.rx_el_21 = rx_el_21;



ch.tx_az_22 = tx_az_22;

ch.tx_el_22 = tx_el_22;

ch.rx_az_22 = rx_az_22;

ch.rx_el_22 = rx_el_22;








cr_channel_model/conference_room/gen_cr_ch_conf5.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     gen_cr_ch_mimo.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       April 2016 created

%

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

%    Description:

%

%    Generates channel for conf#5

%

%    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.  pol             - polarization type

%     10.  lambda          - wavelength

%

%    Outputs:

%

%       1. ch.am_h11       - amplitudes array for direct link (with the same transmit and receive polarizations)

%       2. ch.am_h11       - amplitudes array for cross link (with the different transmit and receive polarizations)

%       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_conf5(cfg, pol, lambda)



% vv(11)  vh(12)

% hv(21)  hh(22)



% NLOS attenuation coefficients (due to reflection)

[Gr_h11, Gr_h12] = cr_ref_loss_conf5(cfg.ap_sp, 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_gen_cls_ant1(0);

            

        % clusters distances

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

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

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

        

        % attenuation constants

        G_h11 = Gp.*Gr_h11;

        G_h12 = Gp.*Gr_h12;

        

        % generate intra-clusters structure

        toa = [];

        am_h11 = [];

        am_h12 = [];

        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));

            

            tx_pol_1 = polarization(pol(1));

                

            rx_pol_1 = polarization(pol(1));

            rx_pol_2 = polarization(double(~pol(1)));

                

            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_h11 = rx_pol_1'*H*tx_pol_1;

            pol_coef_h12 = rx_pol_2'*H*tx_pol_1;

                

            am_h11 = am.*pol_coef_h11;

            am_h12 = am.*pol_coef_h12;

            

            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_h11 = [am_h11; incls.am.*G_h11(i)];

                    am_h12 = [am_h12; incls.am.*G_h12(i)];

                else

                    am_h11 = [am_h11; incls.am.*G_h11(i).*Gb(i)];

                    am_h12 = [am_h12; incls.am.*G_h12(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_gen_cls_ant1(1);

        

        % clusters distances

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

        

        % calculate attenuation constants for clusters

        % attenuation due to propagation

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

        

        % attenuation constants

        G_h11 = Gp .* Gr_h11;

        G_h12 = Gp .* Gr_h12;

        

        % generate intra-clusters structure

        toa = [];

        am_h11 = [];

        am_h12 = [];

        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));

            

            tx_pol_1 = polarization(pol(1));

            

            rx_pol_1 = polarization(pol(1));

            rx_pol_2 = polarization(double(~pol(1)));

                               

            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_h11 = rx_pol_1'*H*tx_pol_1;

            pol_coef_h12 = rx_pol_2'*H*tx_pol_1;

        

            am_h11 = am.*pol_coef_h11;

            am_h12 = am.*pol_coef_h12;

            

            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_h11 = [am_h11; incls.am.*G_h11(i)];

                    am_h12 = [am_h12; incls.am.*G_h12(i)];

                else

                    am_h11 = [am_h11; incls.am.*G_h11(i).*Gb(i)];

                    am_h12 = [am_h12; incls.am.*G_h12(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_h11 = am_h11;

ch.am_h12 = am_h12;

ch.toa = toa;

ch.tx_az = tx_az;

ch.tx_el = tx_el;

ch.rx_az = rx_az;

ch.rx_el = rx_el;
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cr_channel_model/ray_tracer/cr_gen_cls_ant1.m

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

%    Project Name:  Conference Room Channel Model

%    File Name:     cr_gen_cls_ant1.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       April 2016 created

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

%    Description:

% 

%    generates NLOS clusters for SU-MIMO configurations with single PAA on both sides

%    (conf.#1, 2, 5)

% 

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

function [cls_11] = cr_gen_cls_ant1(scenario)



% Room dimensions:

    

global panels_list;



% Load scene with conference room

[panels_list] = cr_build_scene();



% Tx & Rx positions:

switch ( scenario )

    case 0, % STA-STA

        panels_list(5) = []; % remove reflections from table

        tx_z = 100;

        tx_x = 100 + rand(1,1).*100;

        tx_y = 100 + rand(1,1).*250;

        

        TX1 = [tx_x;tx_y;tx_z];

        

        rx_z = 100;

        rx_x = 100 + rand(1,1).*100;

        rx_y = 100 + rand(1,1).*250;

        

        RX1 = [rx_x;rx_y;rx_z];

    case 1, % STA-AP

        panels_list(1) = []; % remove reflections from ceiling

        panels_list(4) = []; % remove reflections from table

        

        % AP position is fixed

        tx_z = 290;

        tx_x = 150;

        tx_y = 50;

        

        TX1 = [tx_x;tx_y;tx_z];

        

        rx_z = 100;

        rx_x = 100 + rand(1,1).*100;

        rx_y = 100 + rand(1,1).*250;

        

        RX1 = [rx_x;rx_y;rx_z];

end



toa_los = norm(RX1 - TX1)/ 3e+1;



% Run ray tracer between TX and RX

[str_id, tx_az, tx_el, rx_az, rx_el, dist] = ray_tracer_ant1(TX1, RX1);



cls_11 = cr_reorder_clusters(scenario, str_id, tx_az, tx_el, rx_az, rx_el, dist, toa_los);





end








cr_channel_model/ray_tracer/cr_gen_cls_ant2.m

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

%    Project Name:  Conference Room Channel Model

%    File Name:     cr_gen_cls_ant2.m

%    Authors:       Y. Gagiev

%    Version:       1.0

%    History:       April 2016 created

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

%    Description:

% 

%    generates NLOS clusters for SU-MIMO configurations with double PAA on both sides

%    (conf.#3, 4)

% 

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

function [cls_11, cls_12, cls_21, cls_22] = cr_gen_cls_ant2(scenario, dist_Tx, dist_Rx, phi_Tx, phi_Rx)

    

global panels_list;



% Load scene for conference room

[panels_list] = cr_build_scene();



% Tx & Rx positions:

switch ( scenario )

    case 0, % STA-STA

        panels_list(5) = []; % remove reflections from table

        tx_z = 100;

        tx_x = 100 + dist_Tx + rand(1,1).*(100-2*dist_Tx);

        tx_y = 100 + dist_Tx + rand(1,1).*(250-2*dist_Tx);

        TX1 = [tx_x;tx_y;tx_z];

        

        TX2 = TX1;

        TX2(1) = TX2(1) + dist_Tx*cos(phi_Tx*pi/180);

        TX2(2) = TX2(2) + dist_Tx*sin(phi_Tx*pi/180);

        

        rx_z = 100;

        rx_x = 100 + dist_Rx + rand(1,1).*(100 - 2*dist_Rx);

        rx_y = 100 + dist_Rx + rand(1,1).*(250 - 2*dist_Rx);        

        RX1 = [rx_x;rx_y;rx_z];

        

        RX2 = RX1;

        RX2(1) = RX2(1) + dist_Rx*cos(phi_Rx*pi/180);

        RX2(2) = RX2(2) + dist_Rx*sin(phi_Rx*pi/180);



    case 1, % STA-AP

        panels_list(1) = [];

        panels_list(4) = [];

        tx_z = 290;

        tx_x = 150;

        tx_y = 50;

        TX1 = [tx_x;tx_y;tx_z];

        

        TX2 = TX1;

        TX2(1) = TX2(1) + dist_Tx;

        

        rx_z = 100;

        rx_x = 100 + dist_Rx + rand(1,1).*(100 - 2*dist_Rx);

        rx_y = 100 + dist_Rx + rand(1,1).*(250 - 2*dist_Rx);

        RX1 = [rx_x;rx_y;rx_z];

        

        RX2 = RX1;

        RX2(1) = RX2(1) + dist_Rx*cos(phi_Rx*pi/180);

        RX2(2) = RX2(2) + dist_Rx*sin(phi_Rx*pi/180);

end



toa_los11 = norm(RX1 - TX1)/ 3e+1;

toa_los12 = norm(RX2 - TX1)/ 3e+1;

toa_los21 = norm(RX1 - TX2)/ 3e+1;

toa_los22 = norm(RX2 - TX2)/ 3e+1;

    

toa_los = min(min(min(toa_los11, toa_los12), toa_los21), toa_los22);



% Run ray tracer between 1st PAA (TX) and 1st PAA (RX)

[shift_tx11, shift_rx11, str_id11, tx_az11, tx_el11, rx_az11, rx_el11, dist11, str_id12, tx_az12, tx_el12, rx_az12, rx_el12, dist12] = ray_tracer_ant2(TX1, RX1, RX2);

cls_11 = cr_reorder_clusters(scenario, str_id11, tx_az11, tx_el11, rx_az11, rx_el11, dist11, toa_los);

cls_12 = cr_reorder_clusters(scenario, str_id12, tx_az12, tx_el12, rx_az12, rx_el12, dist12, toa_los);



[shift_tx22, shift_rx22, str_id22, tx_az22, tx_el22, rx_az22, rx_el22, dist22, str_id21, tx_az21, tx_el21, rx_az21, rx_el21, dist21] = ray_tracer_ant2(TX2, RX2, RX1);

cls_22 = cr_reorder_clusters(scenario, str_id22, tx_az22, tx_el22, rx_az22, rx_el22, dist22, toa_los);

cls_21 = cr_reorder_clusters(scenario, str_id21, tx_az21, tx_el21, rx_az21, rx_el21, dist21, toa_los);



size = length(cls_11.tx_az) + 1;

cls_11.tx_az(size) = shift_tx11;

cls_11.rx_az(size) = shift_rx11;



cls_22.tx_az(size) = shift_tx22;

cls_22.rx_az(size) = shift_rx22;



end
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cr_channel_model/ray_tracer/reflect_1.p
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cr_channel_model/ray_tracer/reflect_2.p
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cr_channel_model/startup.m



rootdir=pwd;

if findstr(rootdir,'\')

    subdir=strcat(rootdir,'\beamforming'); addpath(subdir);

    subdir=strcat(rootdir,'\common'); addpath(subdir);

    subdir=strcat(rootdir,'\conference_room'); addpath(subdir);

    subdir=strcat(rootdir,'\ray_tracer'); addpath(subdir);

    subdir=strcat(rootdir,'\work'); addpath(subdir);

else %unix

    subdir=strcat(rootdir,'/beamforming'); addpath(subdir);

    subdir=strcat(rootdir,'/common'); addpath(subdir);

    subdir=strcat(rootdir,'/conference_room'); addpath(subdir);

    subdir=strcat(rootdir,'/ray_tracer'); addpath(subdir);

    subdir=strcat(rootdir,'/work'); addpath(subdir);

end  



cd work






cr_channel_model/work/cr_ch_cfg.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     cr_ch_cfg.m

%    Authors:       A. Lomayev, R. Maslennikov, Y.Gagiev

%    Version:       1.0

%    History:       May 2010 created

%                   April 2016 updated

%

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

%    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 parameters

%    cfg.bf.paa.field - parameters of phased antenna array

%

%    Update: added new fields to support new SU-MIMO configurations

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

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 = 2.64;     % 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)



% antenna type parameter selects antenna type in beamforming search procedure

cfg.bf.ant_type = 2;     % Antenna type: 1 - conf#1, 2 - conf#2, 3 - conf#3, 4 - conf#4, 5 - conf#5



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

cfg.bf.pol(1) = 1;          % 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



% configuration #3

cfg.bf.tx_pol(1) = 1;       % antenna polarization type for PAA#1 on TX side: 0 - linear in theta direction, 1 - linear in thi direction

cfg.bf.tx_pol(2) = 0;       % antenna polarization type for PAA#2 on TX side: 0 - linear in theta direction, 1 - linear in thi direction

cfg.bf.dist_tx = 0.3;       % distance between PAAs on TX side, [meters]



cfg.bf.rx_pol(1) = 1;       % antenna polarization type for PAA#1 on RX side: 0 - linear in theta direction, 1 - linear in thi direction

cfg.bf.rx_pol(2) = 0;       % antenna polarization type for PAA#2 on RX side: 0 - linear in theta direction, 1 - linear in thi direction

cfg.bf.dist_rx = 0.3;       % distance between PAAs on X side, [meters]



% Number of elements through X-axis

cfg.bf.paa.Nx = 2;

% Number of elements through Y-axis

cfg.bf.paa.Ny = 8;

% Wavelength

cfg.bf.paa.lyam = 5e-3;

% Distance between elements on X-axis

cfg.bf.paa.dx = cfg.bf.paa.lyam / 2;

% Distance between elements on Y-axis

cfg.bf.paa.dy = cfg.bf.paa.lyam / 2;

% Angle of Tx rotation in azimuth plane along LOS direction

cfg.bf.paa.phi_tx = rand() * 360 * 1;

% Angle of Rx rotation in azimuth plane along LOS direction

cfg.bf.paa.phi_rx = rand() * 360 * 1;






cr_channel_model/work/cr_ch_model.m

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

%    Intel Corp.

%

%    Project Name:  Conference Room Channel Model

%    File Name:     cr_ch_model.m

%    Authors:       A. Lomayev, R. Maslennikov, Y.Gagiev

%    Version:       1.0

%    History:       May 2010 created

%                   April 2016 updated

%

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

%    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

%

%    Update: changed function interfaces

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

function [imp_res] = cr_ch_model()



% load configuration structure <- cr_ch_cfg.m

cfg = cr_ch_cfg;



% generate space-time channel impulse response realization

[ch] = gen_cr_ch(cfg);



% apply beamforming algorithm

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



% continuous time to descrete time conversion

[imp_res] = digitize(cfg.bf.ant_type, cfg.sample_rate, imp_res);



% normalization according to Pnorm parameter

[imp_res] = normalize(cfg.bf.ant_type, cfg.Pnorm, imp_res);








cr_channel_model/work/cr_test.m

% /*************************************************************************************
%    Intel Corp.
%
%    Project Name:  Conference Room Channel Model
%    File Name:     cr_test.m
%    Authors:       A. Lomayev, R. Maslennikov, Y. Gagiev
%    Version:       1.0
%    History:       May 2010 created
%
%  *************************************************************************************
%    Description:
%
%    test
%
%  *************************************************************************************/
clear all
clc

seed = 1;
randn('state',seed);
rand('state',seed);

[imp_res] = cr_ch_model;

figure;
stem(abs(imp_res.h11),'b')
grid on
title('example of channel impulse response h11 realization','FontSize',8,'FontWeight','bold')
xlabel('samples','FontSize',8,'FontWeight','bold');
set(gca,'FontSize',8,'FontWeight','bold');






cr_ch_model.m
cfg.bf
ch
imp_res
cfg.Pnorm
cfg.sample_rate
imp_res
digitize.m
beamforming.m
Input
parameters
Output channel impulse response
Initialize Configuration Structure
Generate Space-Time Channel Impulse Response Realization
Apply Beamforming Algorithm
Continuous to Discrete Time Conversion
Normalize Impulse Response in Accordance with Pnorm Parameter
gen_cr_ch.m
cr_ch_cfg.m
cfg
cfg.bf.ant_type
normalize.m
cfg.bf.ant_type



