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1. WLAN 7

(E 4-1) WLAN PHY EA

WLAN (IEEE 802.11n)
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H2E Zojde 4¥ A 2t
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flo w3t vl o] SEAMCATS 7Hd #Ad 7P dubdoz ARRE= 2oy
Toolo|t}, 2% 457 SEAMCATS] FZ5 Yehd Fo|t}, SEAMCATS Workspace, EGE
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EGE+= 7Hd 42 93t iRSS (interfered Received Signal Strength), dRSS (desired Received
Signal Strength)E AXk= &g 3t} ICE= AlLFE iRSS, dRSSE EUE 7H] &S
Arrele Qs gt

~
SE—

Plug=ins
[propagatian
l'"“---—'-.W.“-'_ﬂ!I:.—I---"""'

Technical Library
{masks, anienma

Event Generatian Emging

[ | < T

| OFDMA Engine |

*[ Interference Calculatan Engine

Reports
KML styleshesty

(12 4-5) SEAMCAT X

_24_



TIAY ZHIRN B2 013 MC ROl

2. Indoor #utEA ol

7}. ITU R P.1238-7

ITU-R P1238-7& thekal 2] 37 (Office, Residential, Commercial)olA1e] g} Ak

m

EAS BAste] mdlgyst Ao 2 Path loss 2E¥ delay spread model, QFEUe] 2J8t a3},

2% QA o8k 7 S-S JERIYT) ITUR P.1238-794] A28t Indoor FAd0A 2] F4
Au} Aol @0l ¥ 423 Pt}

d
5

(B 4-2) AU ™o gol ¢!

2 etEolMel Feut Fof 221
SE0M Ldok= oluixlel iHEE =t

2L 2tEollMe| FHat Folf 7t ¢!

ZHI 71719] Hot SEX|

E 420] ofstE A Aok Aol Fo Aol fole wlsh 84, Aojkl oa Fh

_25_



L1}

2014 XA ASZ E82 17

O Path loss model

Ly, door = 20l0gyof + Nlog,od — L (n) — 28
Fe MHz @919 050152 oujshnl, Ne Fukesh @70 wle AY £ ARE
oulshs Row I ghe E 43% L
(H 4-3) 0ot E sHdo| E 2 Al
Frequency Residential Office Commercial
900 MHz - 33 20
1.2-1.3 GHz - 32 22
1.8-2 GHz 28 30 22
2.4 GHz 28 30
3.5 GHz 27
4 GHz - 28 22
52 GHz 302(:?5;?;:;0 31 -
5.8 GHz 24
60 GHz - 22 17
70 GHz - 22 -
2.4 GHzO) 7% A B0 309 74 AFE o de 717 e AelE
mT =2 YERfE ASR 1m o] Fhell thsl] &kt Lf + floor penetration loss&
1 gk F 443 gor], BEAAE T 459 2o

_26_



(B 4-4) Foi5 &

Residential

I.
=
Commercial

Office
9 (1 floor)

19 (2 floor)
6+3(n—1)

Frequency

24 (3 floor)

900 MHz
4

15+4(n—1)

n
14

10 (a

1.8-2 GHz
5

partment)

(house)
18 (1 floor)

2.4 GHz

26 (2 floor)

16 (1 floor)

35 GHz

13 (apartment)

7 (house)
22 (1 floor)

5.2 GHz

28 (2 floor)

5.8 GHz

Commercial
10

rlot
N
i3
H
EN
e
>

Office

(# 4-5) 2U

Residential

)
8

Frequency (GHz

1.8-2

3.5

5.2

58

L}, Free space model

ARgo] 7hs sttt

htx_ T \9Q 2
1=32.5+ 10log(( 1000 ) +d”) +20logf
7 RA2 VP dubHo R AMgEE HdipHg mdz 27g gt

_27_

A5



3. ROy A

2014 XIS AlS

LI ¥

s "a )
k L 1
- :
L8
-
.

I . L
b a | ot =
Lol ol l_'_ -

T
i g
" 4

e L ol

"s'-."‘i T.. I

Diam,

T

= 1 i

- - i
T _._;._._.. ._.i:! gt — e — By T

n " I SN .
ﬁln ald LM L

[ L7 * coctmamemuts Ts s 1B = owctmememnis s

(12! 4-6) Simulation Zz} 3H

(a2l 4-7) dRSS Simulation Z1}

_28_



HaE ZHIEM £ 0188 MC 2N e

-20.0
-215
=250
-21.5
-30.0

=315

dBm

=350
-315

-40.0

415
-45.0

| Unwanted Summation h'e:tl:-rl

(2= 4-8) iRSS Simulation Z1}

Mg mojdF A= ITUR P12387S EdE A4S st Zojoy, a7l 472
ojARle] AE vehd Zlo g Bonkg e 7Hielo] RandomsHA wEHo] & s
UERATE, 29 482 Al dRSS #S UEhl= Z1eE —24.85 dBme] Hit 3hS ZEon, 5.02
dBo] 4t B e s G & vk ¥ 482 iRSSE UERA Zlo = -33.379]

<R
e ztown, 3.6 dBY] A s Zheth olE EdlE M gES AR B9 83.35%9]
o

_29_






.I

12 o

wir
Uy
< =
| A w
| | | | |
| Lo T o
| | | | | —
| | | | | o T
| | | | | K
1 1 | | | o] N
........... | L A N £ ..
| | | | | ol
1 1 1 1 1 _!L
“ A T A Hl = m%
| . T
IR VR A S SRR U S P - Y
| ) | | | | El oy
! ! ! ! ! ! ! - D,._ N
| | | | | | | 0
i i i i i i i T o my
LN\ P o o )
| | | | | 1 o 8 AL N
F=—=a-——-F-—-=fc--aXx---r-- r--—amm-omm o G2 R ~
| | | | | | | N5 i
| | | | ) | | | = o)
1 1 1 1 1 1 1 1 L K4 ,_Iq_.ﬂ =
| | | | | | | | 0 7 wo 70
| | | | | vl -
N~ o | h | | | | K
PN 1 1 1 1 1 1 . ot
RN f g d
T Te)
2o 8| 1 AN | = ENc
¥ c 1 1 | | n T K
(0] © 1 1 1 1 1 M N
<] m 0] 1 1 1 1 x
I =5 S NS R SO S NN G Loooe F 7
7 i | | | | | 1 - < )
| | | | | | 0
| | | | | ) | ke
LN w o
— % o
A S SN SN S S S W e
3 8 8 % ©§ 8 2 ¢ 3 § ¢ o9 B
[ap] sso A -
5
jang

_3']_



=
_IC-)l

2014 XIS ASZ

L 1]

4 Avelel v

=
=

w4 Zzhsl

?l_

&

A= dRSS/IRSS

i+

o

CINR

0 235

CINR 2=

&4

5-2)

_32_



IREEE

ol A7 s

= Aoz mdgo] H7| ujolt.

S

L

Shsiek.

g

_33_






Hed 80 72 7 24 YA Jet "

Hlo%t AlZlAHo| 771 ZHM BM HEAl F|ol

4ol sHolM AT niel o] & g A AES A AL 1

ol Aol Hlofle Afellvt AES Al oje &

P 2] o AdsiAs 59E 9

R1E Mo 24

WLAN AH|E9] ¢ dwkx o= CSMA/CA (Carrier Sense Multiple Access with

Collision Avoidance)®] daz]&S ARgstal ot 7HA3H] 714S
dreiEe et wr,

HgA7) TR

STTTIR
\AlLt2|2 Be| J

1
74 43 [ mpgn
3ol JAE T I,

' Iy

ZHd &g} 2|

M2t e B2t — =
Sd 32 J  UnEERd

T / mdE
g2

7h44 ||
Yl HE
{CSMACA)

B B
dRSS/IRSS
A4t




11 2014 XAG AS7H S48 Dafst ZHdE ¢t
A AT Avte) A9 740l JeRe A% BB B HAskdo}, A=els Blind
tansmittingS 7143te] 704 3)9) AmelEe ALATIA Baet A 3 dueEe
J

Agahe A9 BTk AR Aphe 44 Bl sbsst 1N daeEel 4

E

ETTER LY
ol »

B2 N
il HaE B
v
7121 443 27| ud
[WILAM, Zighe: (WLAN Zigoe
i, Mobile, e. Maobile,
#e) [ 4]
t R S
&7 T 7| 7]
I . I
B
=il B T
ey Sy sausy) | FOMS | MDEUE | [wauwe| (50 88 | [pay as
e it A4 (2 e, 2IE (Bt | | (Tepowe, | | pep || FH®A
MO [(Tepowm | WAL AR | e, | [ (OFONR | ol B, || Emison | | ol gy, || Semsiven
Gigin, &) Gaw, @) BW] (1] Gain, ete] ikl | | "Gain, etc |

7 Pl Aojsh FHEY Aok el 7 A% BUs Age wed.
AR U2t moUge] wwE Sls) PR wojAF Bl

U A8AA S APk

m{m

U5 Askdd wde] Pel gl sPsaict ol SHE Avkdd mels 71y

FARE 548 2t AudE Bds dAste] ol ARSSIIHE 9o Adubda Sl

Oll

=
AFghutel o] ZAAAe} 7P HSg REEle ITUR PI2387% °|& REES}GEH]

_36_



Rl MEH TR 2 A A Rt "

ARYEA mdFe] A9 Apde] A9 A7E WAL, olF A8

&
h

802.11n :" 802.11n :' 80211 n : 802.11n f:
packet k packet K packet K packet k

-
L. Lyl
Lurswian Toies wian

Tl o, WLAN

(22 6-3) WLANS| AjZt EXA

Ty A 71| inter-arrival time o|P|8l= Aol Ly & WLAN®| Packet durationZ
oJu]gtt}, SIFSE Short Inter frame space® Ho]E Z# i} Ack Alo]l¢] intervalS
o]ttt DIFS®= DCF Inter-frame space® 9n|dl= Z 02 DCF ZREEZFS AR5
A% HEE AFTE Upuw & Backoff timeS omjsh= Aog 713y daz|&o]
28 A Ao E WaleH Ttk = Ugns DIFS 77hellA] dojul= DCFo)| ofal] & o)}
27 Em] ol CSMA/CA LarelZol] ojs) Aels Hrk

4. 7 =] 7l HE

WLANOA ARg3l= 7Hd 3l9] WHS CSMA/CA (Carrier Sense Multiple Access /
Collision Avoidance)©]t}. CSMA/CA HIAldl&= 371A] 2571 o1 o]+ CCAY £F9) uat
A e,

|

F>'
i
rlr
Y
X
=
)
o
rlo
g
ey
w»
)
offt
=

CCA mode 1 : CCA mode 1& & Ad o
Adste] A s d= 73
n| = wh2lojo

CCA mode 2 : CCA mode 2= 3 A ol T HEHAS ARESIE= 2er) e

—o
(R
X
o
X0,
rr
pav
o
o
)
p
_O|L
k]
Y
of
tlo
s}
b

_37_



2014 XA A|BZE EMS 18

oL o

A5 2ol Slthal wdshs Wlolrt
CCA Mode 3 : CCA mode 3= CCA mode 13} CCA mode 2Z &zl Ao =2 olA] A3}
Y 2% HEE sl zl&siA Hot

A A ARRSRE= WLAN A]e] AS tjry

HE CCA mode 25 ALg3Itt = 5
oo AMgshs 59 7129 B4 AU 1S A 9A A7ke] Backoff timed ZHe &

thAl W% Al ik ol gla) 1 dEo] ol

i

© A7 SEA HH, F4lol
dojuA] ¢k e HAEH dotk Y W= ol A8k 1H 39 7] CSMA/CA
mode 25 TEeldt o darelEe v 2t

.-"j-,'_i".‘:',| _.E'.-.lﬂl 7|%"\,
A [CSMASCA) ,f'l

CHYY LY &3 s M4

F

5
|
i CW=CW+1
.-"'. K-\.‘
Mo N
o ™ Waiting
o X —»
O =3e<dA ,lf (CW X slot time)
HM\-. .-f’f
S
Yes
2 A

(22 6-4) CSMA/CA L1125 &ME
CW: Contention Window® u|sl= oz H%x HE& A RandomdH] 1 A=
y27 feh, AEd AzER Ade] AReFe] Ae delshd

CW X Slot time ¥HFe] AR
A ARk F oA S Al o

5. dRSS/iRSS A4t & 7] &t

L = H-l'E'-II:-é'

dRsS, RSS9} ZHY EHEe] Ak 7]Ee 1 £



Hed 80 72 7 24 YA Jet

H2E +3 AL

FE= Matlabg o] gste] TAslen], Zzte] wrd ulet mEstks Askrt

. Main frame

clear all
close all

clc

% Interferer Structure %
Interferer=struct (Interferer, 'Position', [3,4],'CW',2, 'BE", [

round (10.*rand (1)) ], "Power', [0], 'RSSI',0, 'BackoffTime"',0) ;

oe

%%% Antenna parameters %%%%
Antenna height=input ('Antenna Heightb (m) '");
Antenna Gain=input ('Antenna Gain (dBi) '");

$Antenna Pattern=input ('Antenna Pattern');

o°

%% General Inputs %%%

% Victim link %
Frequency VL=input ('Frequency of Victim Link (GHz) ');

Bandwidth VL=input ('Bandwidth of Victim link (MHz) ');
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Emitting power VL=input ('Emitting power of Victim Link (dBm)
")

D Victim=input ('Distance of Wanted Tx - Victim Rx (m) ');

% Interfering link %

Frequency IL=input ('Frequency of Interfering Link (GHz) ');

Bandwidth IL=input ('Bandwidth of Interfering link (MHz) ');

Emitting power IL=input ('Emitting power of Interfering Link
(dBm) ");

NofInterferer=input ('Number of Interferer ');

$Emission mask=input ('Emission mask');

% Path parameters %
Protection radius=input ('Protection radius (m) ");
Maximum radius=input ('Maximum radiuis (m) ');

% MAC parameters %

Packet length=input ('Packet length (us) '");
CW=input ('Size of Contention Windows ') ;
Threshold=input ('Threshold of CCA [dBm] ');
Slot size=input ('Size of time slot (us) ");
aSlotTime=20;

DIFS=50;

aSIFSTime=10;

aCCATime=15;
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Position of Environment

%

t=[0:0.1:2*%pi];

for j=1:1length(t)
X protec(j)=Protection radius*cos(t(J));

y _protec(j)=Protection radius*sin(t(j));

end
plot (x protec,y protec)

hold on

for j=1:1length (t)
x max (Jj)=Maximum radius*cos(t(J));

y max (j)=Maximum radius*sin(t(j));

end
plot (x max,y max)

hold on

% Position of Victim Link %

Victim Rx=[0,0];
Victim Tx=[0,D Victim];

Position of Interfering Link

o)
©°

for i=1:NofInterferer

mark x=1;
if 0.5 > rand(1,1)

o)
©°
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mark x=-1;

end

mark y=1;

if 0.5 > rand(1,1)
mark y=-1;

end

X Interferer(i,l)=mark x* (Protection radius +

(Maximum radius-Protection radius) .*rand(1l,1));

Y Interferer(i,l)=mark y*(Protection radius +

(sgrt (Maximum radius.”2-X Interferer(i,1l)."2)-Protection radiu

s).*rand(1,1));

end

Position of Interferer=[X Interferer,Y Interferer];

plot (0,0, 'go', 'Linewidth',10);

hold on

plot (Victim Tx(1,1),Victim Tx(1,2), 'go', 'Linewidth',10);
hold on

axis ([-Maximum radius,Maximum radius, -Maximum radius,Maximu

m radius]);

for i=1:NofInterferer

plot (X Interferer(i,1l),Y Interferer(i,l),'ro','Linewidth',10);

drawnow;

hold on
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end

grid on

[iRSS,dRSS]=Interferer (Maximum radius, Protection radius,
NofInterferer, Nofevents);

Probability=PofInterference[iRSS, dRSS]

H

Main frameollA Parameter 82 W 7R IS 9IAAIZ] $ DisplayE

SHFEs s,

2. Interferer

[o)

% Basic setting of Interferer %
CW basic=7;
aSlotTime=1; % aSlotTime= 20us , 1 Slot time

Interferer =0;

for i=1:NofInterferer

Interferer Basic=struct('Position', [0,0], 'CW', [round(CW basic.
*rand(1l))], 'Power', [0], "Backoff',0);

mark x=1;

if 0.5 > rand(1,1)

mark x=-1;

end
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mark y=1;
if 0.5 > rand(1,1)
mark y=-1;
end
X Interferer=mark x* (Protection radius +
(Maximum radius-Protection radius) .*rand(1l,1));
Y Interferer=mark y* (Protection radius +
(sgrt (Maximum radius.”2-X Interferer(l)."2)-Protection radius)

Frand(1,1));

Interferer Basic=setfield(Interferer Basic, 'Position', [X Inter
ferer,Y Interferer]);

Backoff=(getfield(Interferer Basic, 'CW')).*aSlotTime;

Interferer Basic=setfield(Interferer Basic, 'Backoff',Backoff);
v=genvarname (' Interferer ', who);

eval ([v '=Interferer Basic']);

Interferers (i, :)=Interferer Basic;
end
%%%%%% Position of Interferers %$%%%%%%

for i=1:NofInterferer

Position (i, :)=getfield(Interferers(i,:), 'Position'");

end

[o) [o)

% Distance of Interferer %

- 44 -
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[Dist,D Victim]=Distance (NofInterferer, Position);
% Pathloss Calculation %
Path loss Interferer=Path loss(Dist);

Path loss Victim=Path loss (D Victim);

00 000000000000000000 00000000000 000000000
3%%%%%%%5%%%%%%%5%%%%% RSSI total %%%%%%%%%%%%%%%%%%%%

for p=1:10000

% Wait for Backoff Time %

B countl=getfield(Interferer 1, 'Backoff');
B count2=getfield(Interferer 2, 'Backoff');

B count3=getfield(Interferer 3, 'Backoff');

if B countl ==

DIFS I1=DIFS(Dist, Interferer 1, Interferer 2, Interferer 3

Interferer 2=setfield(Interferer 2, 'Backoff',B count2-1);
Interferer 3=setfield(Interferer 3, 'Backoff',B count3-1);

if -80 < DIFS T1(1,:)
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Interferer l=setfield(Interferer 1, 'Power',16);

Interferer l=setfield(Interferer 1, 'Backoff', [round(CW basic.*

rand(1l))]);

end

elseif B count2 ==

DIFS I2=DIFS(Dist, Interferer 1, Interferer 2, Interferer 3

Interferer_lzsetfield(Interferer_l,'Backoff',B_countl—l);
Interferer 3=setfield(Interferer 3, 'Backoff',B count3-1);
if -80 < DIFS I2(2,:)

Interferer 2=setfield(Interferer 2, 'Power',16);

Interferer 2=setfield(Interferer 2, 'Backoff', [round(CW basic.*

rand(1))]);
end
else B count3 == 0

DIFS I3=DIFS(Dist, Interferer 1, Interferer 2, Interferer 3

Interferer l=setfield(Interferer 1, 'Backoff',B countl-1);

Interferer 2=setfield(Interferer 2, 'Backoff',B count2-1);

if -80 < DIFS I3(3,:)
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Interferer 3=setfield(Interferer 3, 'Power',6 16);

Interferer 3=setfield(Interferer 3, 'Backoff', [round(CW basic.*

rand(1))]);

end

end

for i=1:NofInterferer

Position(i, :)=getfield(Interferers(i,:), 'Position');
end

% Distance of Interferer %
[Dist,D Victim]=Distance (NofInterferer, Position);
% Pathloss Calculation %

Path loss Interferer=Path loss(Dist);

Path loss Victim=Path loss (D Victim);

P_Il=getfield(Interferer_l,'Power');
P I2=getfield(Interferer 2, 'Power');
P I3=getfield(Interferer 3, 'Power');

P=[P I1;P I2;P I3];

iRSS (p) =sum(P-Path loss Victim);
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mark x=1;

if 0.5 > rand(1,1)
mark x=-1;

end

mark y=1;

if 0.5 > rand(1,1)
mark y=-1;

end

X Interferer=mark x* (Protection radius +

(Maximum radius-Protection radius)

(sgrt (Maximum radius.”2-X Interferer (1)

Frand(1,1));

Y Interferer=mark y* (Protection radius +

Frand(1,1));

.%2) -Protection radius)

Interferer l=setfield(Interferer 1,'Position', [X Interferer,¥Y

Interferer]);

mark x=1;

if 0.5 > rand(1,1)
mark x=-1;

end

mark y=1;

if 0.5 > rand(1,1)

mark y=-1;
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end
X Interferer=mark x* (Protection radius +
(Maximum radius-Protection radius).*rand(1l,1));
Y Interferer=mark y*(Protection radius +
(sgrt (Maximum radius.”2-X Interferer(l).”2)-Protection radius)

.*rand(1,1));

Interferer 2=setfield(Interferer 2, 'Position', [X Interferer,Y

Interferer]);

mark x=1;

if 0.5 > rand(1,1)

mark x=-1;

end

mark y=1;

if 0.5 > rand(1,1)

mark y=-1;

end

X Interferer=mark x* (Protection radius +
(Maximum radius-Protection radius) .*rand(1l,1));

Y Interferer=mark y* (Protection radius +
(sgrt (Maximum radius.”2-X Interferer(l)."2)-Protection radius)

.*rand(1,1));

Interferer 3=setfield(Interferer 3, 'Position', [X Interferer,¥Y
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Interferer]);

Interferer l=setfield(Interferer 1, 'Power',0);
Interferer 2=setfield(Interferer 2, 'Power',0);

Interferer 3=setfield(Interferer 3, 'Power',0);

end

Interferer’s A $4 7H Ae} £ NES ANHES FAAG. Backoff
timeel] THE: ARE Processinge] 7F53HES FHSHOR, 27] 44 ghol we} W 48
Aol Y= TSt
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3. Distance

function [ Distance, D Victim ] = Distance( NoflInterferer ,

Position)
for j=1:NoflInterferer

for t=1:NoflInterferer

Distance (j, t)=sqgrt (sum((Position(j,:) -

Position(t, :))."2));

end

end
for r=1:NofInterferer

D Victim(r, :)=sqgrt (sum(Position(r,:)."2));

end

end
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4. Path loss

function [ Y ] = Path loss( X )
% Calculate the Path loss %
Free space model=20*10gl0 (X)+20*1ogl0 (2400)-27.55;

Y=Free space model;

end

Path losss= #2]dll Propagation model& Y¥3}7] g+ Fr= Agld] we g

Fejoz k= Frolth I HTE ITUR PI2STS /1Z0E stel Akl

5. Pofinterference

CINR=dRSS/iRSS;
cnt=0;

for i=1:1000

if CINR(i) >10
cnt=cnt+1;

end

end

disp('")

disp ('Probability of interference')

disp ((cnt/1000)*100)

Pofinterference™= 7Hd &2 JeR) 7] ¢35+ <= dRSSS} iRSS ZHe d#o =z wlo}
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