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Japan
Software Implementation of channel model in Report ITU-R M.2135
1
Introduction

This information document provides a software implementation for Extension Module of the channel model in Report ITU-R M.2135. Japan voluntarily supplies it as a response to the agreement in Doc. 5D/242 [2], just for information.
2
Software package
The attached file contains Excel sheet, Matlab® functions and a documentation to guide the usage of the implementation of Extension Module, which optionally generates some of the Large Scale parameters for Primary Module.
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3 Notes to users of the software package

Users of the software package should note the followings.

· It is one of possible implementations of a part of the channel model (i.e. Extension Module) in Report ITU-R M.2135.
· Japan believes that this software package was correctly implemented, but Japan is not in a position to guarantee any results obtained by using this software package. Therefore, the users are encouraged to verify it against the description of the channel model in Report ITU‑R M.2135, and to use by their own responsibilities.

· Japan may voluntarily revise it if necessary (e.g. in order to correct potential errors in the software package) during the evaluation process of candidate radio interface technologies for IMT-Advanced by June 2010.
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Input





			First, open a MS-Excel file of “tsp_InputParameters.xls” which is a spreadsheet to input the parameters. Input parameters and their conditions are listed up the last slide in detail.


			Next, fill in scenario’s name.


			Then input the values of parameters as shown in  Figure 1.


			Finally, close the MS-Excel file when the inputting work was done.





Figure 1 “tsp_InputParameters.xls”


Fill in scenario’s name here. You can decide it arbitrary.


Fill in parameters here. 


Parameter’s item











Output





			Set the MATRAB to run and MATLAB command window is opened.


			Input the following command on the MATLAB command window.





>tsp_LS_code(‘Scenario name')


Input “Scenario” name described in MS-Excel file.


 3.   Execute this command, and the LS parameters of Table A1-7 are generated and  outputted into the MS-Excel file of “tsp_LS_parameters.xls” as shown in figure 2.  Output parameters are listed the last slide in detail.


Figure 2 “tsp_LS_parameters.xls”


Generated LS parameters


>tsp_LS_code(‘UMa(example)')


Example











Input parameters


Out parameters


Input/Output Parameters List


			Output parameter 


			Delay Spred (DS)
log10([s])			m


			s


			AoD spread (ASD)
log10([])			m


			s


			AoA spread (ASA)
log10([])			m


			s


			XPR (dB)			m





			Input parameter 			Applicable range 


			Condition 			LOS / NLOS


			BS Antenna height hb (m)			10m – 150m


			Average building height <H> (m)			5m – 50m


			Road width W (m)			5m – 50m


			Bandwidth B (MHz)			0.5MHz – 100MHz


			Minimun cell radius dmin (m)			50m < d


			Maximum cell radius dmax (m)			d < 5000m


			Threshold level DLth (dB)			-











































































































Calculated LS parameters


Input parameters of TSP model


Example of Calculation


Example of LS parameters calculated from input parameters 








A | B |

Scenaria Uha(exarmple)
Condition NLOS

DS _m log! 0([sD] -629

D5 s [iogt 0([sD] -831
ASD_m [logl 0] 134
ASD.s [logl 0] -023
ASA_Tlogt 0(sD] 1.96
ASAs [log 0([sD] -071

XPR mean [45] 809





A B c

1 |Scenarin Una(example) RMaexample)
Condition

2 |os/NLOS) NLOS Los
BS Antenna height hb [m]

3|t o1 50m> 2 35
Average building height <H>[m]

4_|Gm50m 20 5
Road width W [m]

5 |Gm-50m 20 20
Bardwidth B [MHz]

6 |(05MHz—1 00MHz) 100 100
Minitmun cell radius drrin [m]

7 |Gm=a) 30 30
Maximum cell raius dmax [l

8 |(a<=5000m) 500 1500

9 |Threshold level oL [95] 20 25

10













Extension module code/tsp_AOA.m

% Angle of arrival profile

%   Output:  AOA_L

%   Input:   d,W,qq_DA,qq_DA_max,NLOS,K

%   Use:     AOA_L_scatter,AOA_L_direct,qq_DA_L_direct,tmp_i,qq_DSDA



% % a example of parameters

% W = 20;     % [m]

% d = 1000;   % [m]

% qq_DA = -180:1:180; % [deg.]

% % qq_DA(qq_DA==0) = []; % for LOS

% qq_DA_max = 180;      % [deg.]

% K = 12;     % [dB]

% NLOS = true;



qq_AOA = qq_DA_max;

% Section 1.4.1.1(d), eq.(1.12)

AOA_L = 10*log10(exp(-abs(qq_DA)/qq_AOA));



if ~NLOS

    % Section 1.4.1.2(d), eq.(1.25)

    AOA_L_scatter = AOA_L-K;

    % Section 1.4.1.2(d), eq.(1.24)

    AOA_L_direct = [1 0.3 0.1]+10^(-K/10);

    qq_DA_L_direct = ([0 2*W/d -2*W/d])*180/pi;

    qq_DA_L_direct(qq_DA_L_direct>qq_DA_max) = qq_DD_max; 

    qq_DA_L_direct(qq_DA_L_direct<-qq_DA_max) = -qq_DD_max;

    % Section 1.4.1.2(d), eq.(1.23)

    AOA_L = [10*log10(AOA_L_direct) AOA_L_scatter]-10*log10(10^(-K/10)+1);

    qq_DA = [qq_DA_L_direct qq_DA];

    % Sorting of path

    [qq_DA tmp_i] = sort(qq_DA);

    AOA_L = AOA_L(tmp_i);

end



% % plot

% plot(qq_DA,AOA_L,'r-')

% title('AOA')

% xlabel('Angle of Arrival [degree]'),ylabel('Normalized Power [dB]')

% xlim([-180 180]),ylim([-20 0])

% axis square








Extension module code/tsp_AOD.m

% Angle of departure profile

%   Output:  AOD_L

%   Input:   H,hb,d,W,qq_DD,NLOS,K,qq_DD_max

%   Use:     a,bb,AOD_L_scatter,AOD_L_direct,qq_DD_L_direct,tmp_i



% % a example of parameters 

% H = 20;     % [m]

% hb = 25;    % [m]

% W = 20;     % [m]

% d = 1000;      % [m]

% K = 12;       % [dB]

% i_path = 0:1:200; % [number]

% qq_DD = -60:60;   % [degree] 

% % qq_DD(qq_DD==0) = []; % for LOS 

% qq_DD_max = 60;     % [deg]

% NLOS = true;



% Section 1.4.1.1(c), eq.(1.11)

a = -(0.2*d)/1000+2.1*((H/hb)^0.23);

bb = (-0.015*H+0.63)*d/1000-0.16+0.76*log10(hb);



% Section 1.4.1.1(c), eq.(1.10)

AOD_L = 10*log10((1+abs(qq_DD)/a).^-bb);



if ~NLOS

    % Section 1.4.1.2(c), eq.(1.22)   

    AOD_L_scatter = AOD_L-K;

    % Section 1.4.1.2(c), eq.(1.21)

    AOD_L_direct = [1 0.3 0.1]+10^(-K/10);

    qq_DD_L_direct = ([0 W/d 2*W/d])*180/pi;

    qq_DD_L_direct(qq_DD_L_direct>qq_DD_max) = qq_DD_max; 

    % Section 1.4.1.2(c), eq.(1.20)

    AOD_L = [10*log10(AOD_L_direct) AOD_L_scatter]-10*log10(10^(-K/10)+1);

    qq_DD = [qq_DD_L_direct qq_DD];

    % Sorting of path

    [qq_DD tmp_i] = sort(qq_DD);

    AOD_L = AOD_L(tmp_i);

end



% % plot

% plot(qq_DD,AOD_L,'r-')

% title('AoD')

% xlabel('Angle of departure [degree]'),ylabel('Normalized Power [dB]')

% xlim([-30 30]),ylim([-30 0])








Extension module code/tsp_InputParameters.m

% Input parameters

%   Output:  NLOS,hb,H,W,BW,d_min,d_max,Th

%   Input:   Scenario, 'tsp_InputPrameters.xls'

%   Use:     v_para,c_para,tmp_x,tmp_y,parameter



% % a exsample of parameters 

% Scenario = 'C2a';



[v_para c_para] = xlsread('tsp_InputParameters.xls');



% Scenario setting

if ~isempty(find(strcmpi(c_para,Scenario), 1)) 

    [tmp_x tmp_y] = find(strcmpi(c_para,Scenario));

else

    disp('ERROR - Set correct scenario name.')

    return

end

% Condition setting

if strcmp(c_para(2,tmp_y),'NLOS') 

    NLOS = true;

elseif strcmp(c_para(2,tmp_y),'LOS') 

    NLOS =false; 

else

    disp('ERROR = Set correct condition.') 

end

parameters = v_para(1:end,tmp_y-1);



hb = parameters(1);     % BS Antenna height[m]

H = parameters(2);      % Average building height[m]

W = parameters(3);      % Street width[m]

BW = parameters(4);     % Bandwidth[MHz]

d_min = parameters(5);  % Minimum cell radius[m]

d_max = parameters(6);  % Maximum cell radius[m]

dd_Th = parameters(7);     % Threshold level [dB]



clear('v_para','c_para','tmp_x','tmp_y','parameters')










Extension module code/tsp_InputParameters.xls

Sheet1


			Scenario			UMa(example)			Sma(example)			RMa(example)


			Condition 
(LOS/NLOS)			NLOS			NLOS			LOS


			BS Antenna height hb [m]
(10m-150m)			25			25			35


			Average building height <H>[m]
(5m-50m)			20			10			5


			Road width W [m]
(5m-50m)			20			20			20


			Bandwidth B [MHz]
(0.5MHz-100MHz)			100			100			100


			Minimun cell radius dmin [m]
(5m<=d)			30			30			30


			Maximum cell radius dmax [m]
(d<=5000m)			500			1000			1500


			Threshold level dL [dB]			20			20			25








Sheet2


			








Sheet3


			












Extension module code/tsp_LS_code.m

function tsp_LS_code(Scenario)

% clear all

% close all



% tsp_LS_code ver.2.0

%

% This code generates LS parameters using

% TSP-LS model which is Extension Module of IMT Advanced model. 

% Note that the code needs other following m-files.

%

%   tsp_InputPrameters.m, tsp_PDP.m, tsp_AOD.m, tsp_AOA.m, 

%   tsp_direct.m and tsp_output.m

%

%



% % Parameters

% Scenario = 'UMa';   % Scenario name

tsp_InputParameters

% NLOS = true;       % Condition

% hb = 25;            % BS Antenna height[m]

% H = 20;             % Average building height[m]

% W = 20;             % Street width[m]

% BW = 100;           % Bandwidth[MHz]

% d_min = 100;        % Minimum cell radius[m]

% d_max = 1500;       % Maximum cell radius[m]

% dd_Th = 20;         % Threshold level [dB]

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

qq_DD_max = 60;     % Maximum departure angle[deg]

qq_DA_max = 180;    % Maximum arrival angle[deg]

path_interval = 1; % Path interbal(Number of path)

K = 12;             % K-factor [dB]



% initialize

distance = [d_min:1:d_max];

B = BW/2;

s_PDPs = zeros(size(distance)); n_PDPs = zeros(size(distance));

s_AODs = zeros(size(distance)); s_AOAs = zeros(size(distance));

% Maximum delay setting

d = d_max;

i_path = 0:path_interval:(B*80);

tsp_PDP

% Section 1.4.1.6(a), eq.(1.34)

[tmp_v, tmp_i]=min(abs(PDP_L+dd_Th));

tt_max = i_path(tmp_i);



% Calculation

for ind = 1:length(distance)

    d = distance(ind);

    i_path = 0:path_interval:tt_max;

    % Section 1.4.1.6(b), eq.(1.40), eq.(1.39)

    qq_DD = -qq_DD_max:qq_DD_max;

    % Section 1.4.1.6(c), eq.(1.46)

    qq_DA = -qq_DA_max:qq_DA_max;

    tsp_PDP    

    tsp_AOD

    tsp_AOA

   

    % Reduction of clusters under Th   

    % Section 1.4.1.6(a), eq.(1.34)

    i_path(PDP_L<-dd_Th) = []; PDP_L(PDP_L<-dd_Th) = [];

    % Section 1.4.1.6(b), eq.(1.39)

    qq_DD(AOD_L<-dd_Th) = []; AOD_L(AOD_L<-dd_Th) = [];

    % Section 1.4.1.6(c), eq.(1.45)

    qq_DA(AOA_L<-dd_Th) = []; AOA_L(AOA_L<-dd_Th) = [];

    

    % Spreads and averages

    tt = i_path/B;

    % Section 1.4.1.6(a), eq.(1.33)

    T_PDP = sum(tt.*10.^(PDP_L/10))/sum(10.^(PDP_L/10));

    % Section 1.4.1.6(a), eq.(1.32)

    ss_PDP = sqrt(sum((tt-T_PDP).^2.*10.^(PDP_L/10))/sum(10.^(PDP_L/10)));

    % Section 1.4.1.6(b), eq.(1.38)

    T_AOD = sum(qq_DD.*10.^(AOD_L/10))/sum(10.^(AOD_L/10));

    % Section 1.4.1.6(b), eq.(1.37)

    ss_AOD = sqrt(sum((qq_DD-T_AOD).^2.*10.^(AOD_L/10))/sum(10.^(AOD_L/10)));

    % Section 1.4.1.6(c), eq.(1.44)

    T_AOA = sum(qq_DA.*10.^(AOA_L/10))/sum(10.^(AOA_L/10));

    % Section 1.4.1.6(c), eq.(1.43)

    ss_AOA = sqrt(sum((qq_DA-T_AOA).^2.*10.^(AOA_L/10))/sum(10.^(AOA_L/10)));



%     figure

%     subplot(2,2,1)

%     plot(tt,PDP_L), hold on

%     title('PDP'), xlabel('Excess delay [us]'),ylabel('Normalized Power [dB]')

%     ylim([-dd_Th 0])

%     subplot(2,2,2)

%     plot(qq_DD,AOD_L), hold on

%     title('AOD'), xlabel('Angle of arrival [degree]'),ylabel('Normalized Power [dB]')

%     ylim([-dd_Th 0])

%     subplot(2,2,3)

%     plot(qq_DA,AOA_L), hold on

%     title('AOA'), xlabel('Angle of departure [degree]'),ylabel('Normalized Power [dB]')

%     ylim([-dd_Th 0])



    n_PDPs(ind) = length(PDP_L);

    ss_PDPs(ind) = ss_PDP;

    ss_AODs(ind) = ss_AOD;

    ss_AOAs(ind) = ss_AOA;

end



% LS parameters

if distance(2)-distance(1)~=1; 

    disp('ERROR set "1" into interval distance ');

    return

else

    % Section 1.4.1.6(a), eq.(1.35) 

    DS = 2/(d_max^2-d_min^2)*sum(ss_PDPs.*distance);

    % Section 1.4.1.6(a), eq.(1.36)

    sDS = sqrt(2/(d_max^2-d_min^2)*sum(((ss_PDPs-DS).^2).*distance));

    % Section 1.4.1.6(b), eq.(1.41)

    ASD = 2/(d_max^2-d_min^2)*sum(ss_AODs.*distance);

    % Section 1.4.1.6(b), eq.(1.42)

    sASD = sqrt(2/(d_max^2-d_min^2)*sum(((ss_AODs-ASD).^2).*distance));

    % Section 1.4.1.6(c), eq.(1.47)

    ASA = 2/(d_max^2-d_min^2)*sum(ss_AOAs.*distance);

    % Section 1.4.1.6(c), eq.(1.48)

    sASA = sqrt(2/(d_max^2-d_min^2)*sum(((ss_AOAs-ASA).^2).*distance));

end



tsp_XPD

tsp_LS_output

disp('All processes succeeded')

disp('The code created "tsp_LS_parameters.xls"')



% figure

% subplot(2,2,1)

% plot(distance,ss_PDPs)

% title('DS'), xlabel('Distance [m]'),ylabel('DS [us]')

% subplot(2,2,2)

% plot(distance,ss_AODs)

% title('ASD'), xlabel('Distance [m]'),ylabel('ASD [deg.]')

% subplot(2,2,3)

% plot(distance,ss_AOAs)

% title('AOA'), xlabel('Distance [m]'),ylabel('AOA [deg.]')








Extension module code/tsp_LS_output.m

% LS parameters

%   Output:  'tsp_LS_parameters.xls'

%   Input:   NLOS,DS,sDS,ASD,sASD,ASA,sASA,XPD,Scenario

%   Use:     table2,label1,label2



% % a exsample of parameters 

% NLOS = true;

% Scenario = 'C1a';

% DS = 0.3553; sDS = 0.0042; ASD = 10.6412; 

% sASD = 4.2042; ASA = 91.0094; sASA = 0.0650; XPD = 8;



if NLOS, Condition = 'NLOS'; else Condition = 'LOS'; end

table2 = log10([DS*1e-6; sDS*1e-6; ASD; sASD; ASA; sASA]);

table2 = round([table2; XPD]*100)/100;

label1 = {'Scenario'; 'Condition'; 'DS_m [log10([s])]'; 'DS_s [log10([s])]';...

        'ASD_m [log10([s])]'; 'ASD_s [log10([s])]'; 'ASA_ [log10([s])]';...

        'ASA_s [log10([s])]'; 'XPR mean [dB]'};

label2 = {Scenario; Condition};

   

xlswrite('tsp_LS_parameters.xls',label1,'A1:A9')

xlswrite('tsp_LS_parameters.xls',label2,'B1:B2')

xlswrite('tsp_LS_parameters.xls',table2,'B3:B9')






Extension module code/tsp_PDP.m

% Delay profile

%   Output:  PDP_L,PDP_norm,PDP_LN,tt

%   Input:   H,hb,B,d,W,i_path,NLOS,K

%   Use:     aa,c,PDP_L_scatter,K,PDP_L_direct,i_path_L_direct,tmp_i



% % a example of parameters 

% H = 20;     % [m]

% hb = 25;    % [m]

% W = 20;     % [m]

% B = 50;     % [Mcps]

% d = 1000;      % [m]

% K = 12;       % [dB]

% i_path = 0:1:200;   % [number] % i_path = 3:1:200; for LOS

% NLOS = true;



% Section 1.4.1.1(b), eq.(1.4)

aa = -(19.1+9.68*log10(hb/H))*B^(-0.36+0.12*log10(hb/H))*(d/1000)^(-0.38+0.21*log10(B));

if B>50

    % Section 1.4.1.1(b), eq.(1.5-2)

    c =  min(0.63,(0.59*exp(-0.0172*B)+(0.0172+0.0004*B)*H)*exp(-(0.0878*exp(-0.0218*B)-(0.0014-0.000018*B)*H)*i_path));

else

    % Section 1.4.1.1(b), eq.(1.5.1)

    c =  min(0.63,(0.59*exp(-0.017*B)+(0.017+0.0004*B)*H)*exp(-((0.077-0.00096*B)-(0.0014-0.000018*B)*H)*i_path));

end

c(1) = 1;



% Section 1.4.1.1(b), eq.(1.3) and eq.(1.9)

PDP_L = aa*log10(1+i_path)+10*log10(c);



if ~NLOS

    % Section 1.4.1.2(b), eq.(1.18)

    PDP_L_scatter = PDP_L-K;

    % Section 1.4.1.2(b), eq.(1.17)

    i_path_L_direct = ([0 W^2/d 3*W^2/d])/300*B;

    PDP_L_direct = [1 0.3 0.1]+10^(-K/10);

    % Section 1.4.1.2(b), eq.(1.16)

    PDP_L = [10*log10(PDP_L_direct) PDP_L_scatter]-10*log10(10^(-K/10)+1);

    i_path = [i_path_L_direct i_path];

    % Sorting of path

    [i_path tmp_i] = sort(i_path);

    PDP_L = PDP_L(tmp_i);

end



% Section 1.4.1.1(b), eq.(1.7)

PDP_norm = 10*log10(sum(10.^(PDP_L/10)));

% Section 1.4.1.1(b), eq.(1.6)

PDP_LN = PDP_L-PDP_norm;

% Section 1.4.1.1(b), eq.(1.8)

tt = i_path/B;



% % plot

% plot(tt,PDP_L,'-o',tt,PDP_LN)

% title('PDP')

% xlabel('Excess delay [us]'),ylabel('Normalized Power [dB]')

% xlim([0 4]),ylim([-25 0])








Extension module code/tsp_XPD.m

% XPD

%   Output:  XPD_L

%   Input:   H,hb,NLOS

%   Use:     



% % a exsample of parameters

% H = 20;    % [m]

% hb = 25;   % [m]

% NLOS = true;  %



% Section 1.4.1.3, eq.(1.26),

XPD = 15-10*(1.5*hb/H+1).^-0.35;



% % plot





