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Executive Summary

This document describes the modelling of 802.11b phys#&adiin ns-3. The model is validated against published
measurement results using CMU wireless channel emulatatettlear channel condition, The ns-3 802.11b simula-
tion results reassemble the measurement data in termsatiffeebrder and spacing among four 802.11b data modes.
It also matches with minimum received signal strength negiliior each data mode. These key characteristics are im-
portant since they are the basis for more complicated #didauch as reception under interference with competing
transmissions and under multi-path channel conditions.

Nevertheless, the results showed that simulation modehotaxactly reproduce the measurement data from real
hardware. In particular, the transition slope of packatrerate as function of received signal strength. Since rssa3 i
packet level simulator, it does not model bit-level detailsl some discrepancies are expected. Since the discrepanci
are small, further studies are need to investigate whetlsanicause noticeable impact for upper layer protocols.

This report is a working-in-progress document. We plan tdaig it as we make progress. The next steps include
validation of 802.11 capture models, off-channel behavémd 802.11g modes using CMU wireless test bed.
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Chapter 1

Validation of Clear Channel

The chapter describes the validation of 802.11b Physigarlander the clear channel condition. Clear channel
validation is important as it serves as the basis for therothledation results such as reception under interferentte w
competing transmissions.

1.1 Test bed measurements from wireless emulator
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Figure 1.1: Figure 1 in [JS08]

Figure 1.1 is reported in [JS08]. The following is the listpaframeter settings for the experiments:

e Number of transceiver pairs: 1
e Total number of packets transmitted: 200

e Link level retries: None (broadcast mode was used)

Noise floor: approximately -99 dBm

Receiver Signal Strength:Varies from -102 dBm to -80 dBm with 1 dB increments



ns-3 802.11b PHY validation CHAPTER 1. VALIDATION OF CLEAR CHANNEL

e Chipset: Prism 2.5
e Wireless Card: Senao 2511CD

e Packet size:Not reported

1.2 Bit error rate (BER) model for 802.11b

In order to match the measurements in Figure 1.1, one hasdelB&R curves correctly in simulator. This is due to
the following equation:

P;=1-(1— BER)" (1.1)

wherePy is the frame error rate andis the number of bits in the frame.

IMIEEE  +

"""""" 2M |EEE
H 55M IEEE  x ]
0.1 [, . 1IMIEEE ©O A
0.01 e
0.001 =
o
w 0.0001 =
om
le-05 =
+++ x*x =
+++ *, s
16-06 | + X, 4 4
+ X =
+ X O
et * o ]
+ X o
1e-07 | i X DD ]
+ XX O
+ " O
+ * -
1e_08 1 1 1 + 1 X 1 il
-2 0 2 4 6 8 10
SIR

Figure 1.2: Reproduce Figure C.4 in [ComO03]

One of the simple and popular model is described in [ComO03iis Mmodel was used in IEEE 802.15 working
group as the simulation model to study the coexistence oflf®adios and 802.15 wireless personal area networks.
The same model was also presented in book [Mor04].

Following is the BER calculation from [ComO03]:

Let d be the minimum distance between any two points in the sigoastellation andV, is the in-band noise

power density at the receiver. The probability of BPSKPis= Q(+/d?/(2Ny)), whereQ(z) = J% [ e~ () dt.
Since 802.11b 1 MBps uses differential BPSK (i.e., DBPSKjpiproximate it with doubling effective noise power.
S0,Ppppsk—chip = Q(\/d?/(4N.)), whereN. is the noise per chip. Sineé= 2\/E.. for BPSK with £, being the
energy received per chip. ThuBpppsx—_chip = Q(\/E:/N.)). Since each symbol is 11 chips for 1 Mbps mode,
the symbol error rate (SER) is given By v pps—symbor = Q(1/11 x SIR)) whereSIR = E./N. is the signal to
noise ratio per chip. For 1 Mbps mode, because each symbotlea@ single bit, the BER is the same as SER. In
case of 2 Mbps, the minimum distance between points in QP $&disced by factor of/2. The BER for 2 Mbps is
Q(/5.5 x SIR)). For 5.5 Mbps and 11 Mbps, the model uses block coding to ni®EBl. The BER for 5.5 Mbps is

2471

BERs 5 < (ﬁ)SERg;b = %SER5.5,WhereSER5_5 = EQ(\/2 x SIR X R, % Wm) = 14XQ(\/8 X SIR)+




ns-3 802.11b PHY validation

CHAPTER 1. VALIDATION OF CLEAR CHANNEL

2" )SERH = %SERH andSER11 is

28—1

Q(/16 x SIR). Similarly, the BER for 11 Mbps is given hBER;; < (

given by the following equation:
SER11 <24 x Q(V4 x SIR) + 16 x Q(v6 x SIR) + 174 x Q(v/8 x SIR)+
16 x Q(V10 x SIR) + 24 x Q(V12 x SIR) + Q(V16 x SIR)
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Figure 1.3: CMU clear channel experiment matching with |EHFEER model

To ensure the correctness of BER curve implementation, wepfiotted the BER curves in Figure 1.2 based on
aforementioned model. These curves matches exactly wighr&iC.4 in [Com03] except for 11 Mbps when SIR
is lower that O dB. Since the BER should be less or equal totBesauthors believe there is an error in Figure C.4
in [ComO03] for 11 Mbps as BER is more than 1 for SIR at - 2 dB. THtigure 1.2 shows that the IEEE BER model

for 802.11b was correctly implemented.
Now, we turn our attention to match the measurements showigimre 1.1 using equation 1.1. Figure 1.3 shows
the results with the same parameters listed in section 1slillistrated in this figure, the relative position of packet
delivered curve for 2 Mbps and 5.5 Mbps is reversed. Theivelapacings between different curves also do not
match with those in Figure 1.1. Although IEEE model looksyvezasonable and was used in IEEE 802.15 wireless
coexistence simulation studies, it can not reproduce padace results that match with Figure 1.1. This leads us to
look for more accurate models for 802.11b. The IEEE modelsiticthe necessity to valid simulation model with real

test bed results.
In the following sections, we will present BER models tha based on derivations from [Pro01] and [PR09].

1.2.1 1 Mbps BER
The modulation for each chip is DBPSK. From equation (5.2469Pro01], the chip error rate is:
L ’%, wherekE. is the energy per chip (1.2)

Ppppsk—chip = 3¢
Since each symbol has 11 chips and 1 bit per symbol, the BEReisame as SER and can be expressed by the

following equation:
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1 _1ixec
BERiyBPSs = € No
1 = (1.3)
= —e Mo, wherekF, is the energy per bit
1.2.2 2 Mbps BER
2 Mbps mode uses DQPSK modulation. From equation (5.2-7®riw01], the chip error rate is:
1
Py = Qu(a,b) ~ 5Io(a. b)e~2(a”+b%) (1.4)
whereQ; (a,b) = e~ (“*+b)/2 572 (ayk [ () is the Marcum Q-functionly (a, b) is the k-th order modified
Bessel function of the first kind. Since Marcum Q-Functions tiee semi-infinite integration, the numerical evaluation
problem can be encountered. Thus, we adopted the follovapgoximation (equation (8) from [FC04])
24+1 1 c
V241 1 —e-vas (1.5)

PpQpsik —chip = ~——
DQPSK —chip \/m\/ﬁj
0

For 2 Mbps mode, each symbol encodes two bits. Since the dgrab® Gray coded, a decoding error between
adjacent DQPSK constellation points yields only a singteehior. Thus, the SER is also the BER. The following
expression provides the BER for 2 Mbps mode:

VZH1 1 _eevmuEs
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Figure 1.4: CMU clear channel experiment matching with =R model
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1.2.3 CCK modes: 5.5 Mbps and 11 Mbps

Complementary code keying (CCK) was adopted for in IEEEBDR standard for 5.5 Mbps and 11 Mbps. Unlike
1 Mbps and 2Mbps, there is no analytical method availabldE&E 802.11b CCK modulation [PR09]. However,
[PRO9] showed that the analytical results for biorthogeael (BOK) modulation is an accurate approximation for
the frame error rate for 11 Mbps mode and it is exact for 5.5 $Moppde under AWGN. In particular, equations (18)
and (20) in [PR0O9] are used for symbol error rate and franr eate calculation for 5.5 Mbps respectively. Similarly,
equations (17) and (21) are used for 11 MbpsS N R is the signal to noise ratio at the receiver, the ratio betwee
energy per bit and noise densty/N, is 4SN R for 5.5 Mbps an®SN R for 11 Mbps. This is because the 802.11b
bandwidth is 22 MHz and CCK modes use 8 chips per symbol whiady 1.375 MSPS. There are 4 bits per symbol
for 5.5 Mbps and 8 bits per symbol for 11 Mbps. Thas,Ny = 16SN R should be used in equation (18) of [PR09]
for 5.5 Mbps and:; /Ny = 16SN R should be used in equation (17) of [PR09] for 11 Mbps. Howeweorder to
take into account non-coherent demodulation, we have teffieetive noise (i.e.3 value is replaced witt/+/2 in
equation (18) of [PR09].
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Figure 1.5: ns-3 clear channel results with broadcast

1.2.4 Clear Channel Matching Results

Figure 1.4 shows the clear channel results based on the &ktvenodels. Appendix A provides the source code for
reader to verify the results presented in this chaptert,Fire order of each mode matches with Figure 1.1. Secondly,
the spacing among 2Mpbs, 5.5 Mbps and 11 Mbps also matchkslviit Finally, the minimum RSS required for
packet reception for 2 Mbps, 5.5 Mbps and 11 Mbps aligns wigh Wwigure 1.1. The only mismatch is the position
of 1 Mbps curve. In Figure 1.1, the receiver starts to recpaekets around -100 dBm while it is around -98 dBm
in Figure 1.4. In fact, the separation between 1 Mbps and 2dM&more than 6 dB in Figure 1.1, which is not the
theoretical expected difference between DBPSK and DQP 8K .alithors wonder whether the noise floor of 1 Mbps
is different than the other data rates.

As shown in Figure 1.4, the aforementioned BER models mdtphetty well with the measurement data obtained
in CMU test bed. Note that the results in Figure 1.4 are obthinom theoretical calculations. We ported these BER
models in ns-3 simulation framework. Figure 1.5 shows th8& ssnulation results using UDP broadcast traffic and
Figure 1.6 shows the results with unicast UDP traffic geesat The broadcast results reassemble the theoretical
results very closely. However, the unicast curves are stedjhis is due to IEEE802.11 MAC layer retransmissions.
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As RSS increases, more packets can be recovered via retsaitams. Thus, the slope of unicast is steeper than that

of broadcast.
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Figure 1.6: ns-3 clear channel results with unicast
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Appendix A

Reproducing Clear Channel

This appendix describes how to reproduce our results destin chapter 1.

A.1 802.11b BER curve models

The following program is used to model both IEEE model an@® msedel. To calculate BER for 5.5 Mbps and 11
Mbps, the GNU Scientific Library (GSL) is used. GSL is avai¢atvtom web site: http://www.gnu.org/software/gsl/.

/1 Copyright 2009, The Boei ng Conpany

#i ncl ude "mat h. h"
#i ncl ude "stdlib.h"
#i ncl ude "stdio.h"

#i ncl ude <gsl/gsl _nath. h>

#i ncl ude <gsl/gsl _integration. h>
#i ncl ude <gsl/gsl _cdf. h>

#i ncl ude <gsl/gsl _sf_bessel . h>

#define mn(a,b) ((a)<(b) ? (a) : (b))

#define max(a,b) ((a)>(b) ? (a) : (b))

#define WLAN_SIR perfect 10.0 // if SIR > 10dB, perfect reception

#defi ne WLAN_SIR i nmpossible 0.1 // if SIR < -10dB, inpossible to receive

typedef struct fn_paranmeter _t

{

doubl e bet a;
doubl e n;
} fn_paraneters;

doubl e QFunction (double x)

{

return 0.5 » erfc(x/sqrt(2.0));
}
doubl e f(double x, void =*parans)
{

doubl e beta = ((fn_paraneters *) parans)->beta;
double n = ((fn_paraneters *) parans)->n;
doubl e f pow( 2+gsl_cdf _ugaussian_P (x+ beta) - 1, n-1)

10
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* exp (-x*x/2.0) / sqgrt (2.0 x MPI);
return f;

}

doubl e p_e2(doubl e e2)
{

doubl e sep;

doubl e error;

f n_par amet ers par ans;
parans. beta = sqrt (2.0xe2);
paranms.n = 8.0;

gsl _integrati on_workspace *
w = gsl _integration_workspace_al |l oc (1000);

gsl _function F;
F.function = &f;
F. parans = &par ans;

gsl _integrati on_qgagi u( &,

- par ans. bet a,

0, le-7, 1000, w, &sep, &error);
gsl _integrati on_workspace_free (w);
if (error == 0.0) sep = 1.0;

return 1.0 - sep;

}
doubl e p_el(doubl e el)
{
return 1.0 - powm{ 1.0 - p_e2 (el/2.0), 2.0);
}

doubl e DbToNoneDb (doubl e x)

{
return pow 10.0, x/10.0);
}
doubl e NoneDbToDb (doubl e x)
{
return 10.0 * [0gl0 (x)
}
doubl e DQPSKFuncti on (doubl e x)
{

doubl e pi = acos (-1.0);
return ( (sqrt(2.0) + 1.0) / sqrt(8.0xpi*sqrt(2.0)))
*(1.0/sqgrt(x))
xexp( - (2.0 - sqrt(2.0)) + x) ;
}

doubl e Get 80211bDsssDbpskBer | eee(doubl e EcNc)

11
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{
doubl e ber;
i f(EcNc > WLAN_SI R perfect)
ber = 0;
el se i f(ECNc < WLAN_SI R_i npossi bl e)
ber = 0.5;
el se
ber = m n(QFunction(sqgrt(11. 0xEcNc)), 0.5);
return ber;
}

doubl e Get 80211bDsssDbpskBer (doubl e sinr)

doubl e EbNO = sinr * 22000000.0 / 1000000. O;
doubl e ber = 0.5 * exp(-EbNO);
return ber;

}
doubl e Get 80211bDsssDgpskBer | eee(doubl e ECNc)
{
doubl e ber;
if (EcNc > WLAN_SIR perfect)
ber = 0;
el se i f(ECNc < WLAN_SI R _i npossi bl e)
ber = 0.5;
el se

ber = m n(QFunction(sqrt(5.5+*EcNc)), 0.5);
return ber;

}

doubl e Get 80211bDsssDgpskBer (doubl e sinr)

{

/1 2 bits per symbol, 1 MSPS

doubl e EbNO = sinr * 22000000.0 / 1000000.0 / 2.0;
doubl e ber = DQPSKFuncti on( EbNO) ;

return ber;
}
doubl e Get 80211bDsssDqpskCCK5_5Ber | eee( doubl e EcNc)
{
doubl e ber;
i f(EcNc > WLAN_SI R perfect)
ber = 0.0 ;
el se i f(EcNc < WLAN_SI R_i nmpossi bl e)
ber = 0.5;
el se
{

doubl e pew = 14. 0xQFuncti on(sqrt (EcNc*8.0))
+ QFunction(sqgrt(EcNc*16.0));

pew = m n(pew, 0.99999);
ber = 8.0/15.0 * pew,
}
return ber;
}

12
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doubl e Get 80211bDsssDqpskCCK11Ber | eee( doubl e EcNc)

{

}

i f(EcNc > WLAN_SI R perfect)

el se i f(EcNc < WLAN_SI R_i npossi bl e)

doubl e ber;
ber = 0.0 ;
ber = 0.5;

el se

{

doubl e pew

pew = m n(
ber = 128.
}
return ber;

= 24. 0xQFunction(sqrt (EcNc+4.0))
16. OxQFunction(sqrt (EcNcx6. 0))
174. 0xQFunction(sqrt (EcNc+8. 0))
16. O« QFunction(sqrt ( ECNc*10. 0))
24. 0= QFunction(sqrt (EcNc+12.0))
QFunction(sqrt(EcNcx16.0));

pew, 0.99999);

0/ 255.0 * pew,

+ 4+ + + +

int main (int argc, char xargv[])

{

doubl e rss, sinr

doubl e total Pkt = 200. 0;
/I doubl e noi se = 1.552058;
doubl e noi

doubl e

doubl e i ee

doubl e

doubl e dbp

se = 7,

EcNc, EbNO1l, EbNO2, EbNO5, EbNO11,

el,ieee2,ieeeb,ieeell

numBits = (1024. + 40. + 14.) = 8.;

sk, dgpsk, cck16, cck256, sepcck16, sepcck256;

noi se = DbToNoneDb(noi se) *» 1.3803e-23 * 290.0 * 22000000;
for (rss=-

{

sinr =
EcNc =
EbNO1 =
[l 2 bit
EbNO2 =
EbNO5 =
EbNO11
/1l 1=rss
printf("

102.0; rss <= -80.0; rss += 0.1)

DbToNoneDb(rss)/1000. 0/ noi se;

sinr » 22000000.0 / 11000000.0; // |EEE sir
sinr » 22000000.0 / 1000000. 0;
s per synbol, 1 MSPS

sinr * 22000000.0 / 1000000.0 / 2.0;

sinr * 22000000.0 / 1375000.0 / 4.0;

sinr * 22000000.0 / 1375000.0 / 8.0;

, 2=EcNc, 3=EbNO1, 4=EbNO2, 5=EBNO5, 6=EbNO11
%9 %9 %9 %9 Y9 %9 ", rss, NoneDbToDb(EcNc),

NoneDbToDb( EbNO1) , NoneDbToDb( EbNO2) ,
NoneDbToDb( EbNO5) , NoneDbToDb( EbNO11) ) ;

i eeel
i eee2
i eeeb
i eeell
/'l T7=ber
printf("

Get 80211bDsssDbpskBer | eee (EcNc);
Get 80211bDsssDgpskBer | eee (EcNc);
Cet 80211bDsssDgpskCCK5_5Ber | eee (EcNc);
Cet 80211bDsssDgpskCCK11Ber | eee (ECNc) ;
_ieeel, 8=ber _ieee2, 9=ber_ieeeb, 10=ber _ieeell
% %9 %9 %@ ", ieeel, ieee2,ieeeb, ieeell);

13
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ieeel = total Pktxpow(1l-ieeel, nunBits);

ieee2 = total Pkt*pow(1-ieee2, nunBits);

i eee5 = total Pkt*pow(1-ieee5 nunBits);

i eeell = total Pkt*pow(1-ieeell, nunBits);

[l 11=pkt _ieeel, 12=pkt _ieee2, 13=pkt _ieee5, 1l4=pkt _ieeell
printf(" % %9 %9 % ", ieeel, ieee2,ieeeb, ieeell);

dbpsk = Get80211bDsssDbpskBer (sinr);

dgpsk = Get80211bDsssDgpskBer (sinr);

cckl6 = max(0, 8.0/15.0+p_e2(4.0+xEbNO5/2.0));

cck256 = max(0, 128.0/255.0+p_el(8.0xEbN011/2.0));
/1 15=ber dbpsk, 16=ber_dqgpsk, 17=ber_cckl16, 18=ber_cck256
printf(" % % % % ", dbpsk, dgpsk, cckl6, cck256);

dbpsk = t ot al Pkt *pow 1- dbpsk, nunBits);

dqpsk = t ot al Pkt *pow 1- dgpsk, nunBits);

sepcckl6 = p_e2(4.0+«EbNO5/2.0);

sepcck256 = p_el(8.0+EbNO11l/2.0);

cckl6 = total Pkt xpow 1. 0- sepcckl6, nunBi t s/ 4. 0);
cck256 = total Pkt xpow 1. 0- sepcck256, nunBits/8.0);

/1 19=pkt dbpsk, 20=pkt_dgpsk, 21=pkt_cckl16, 22=pkt_cck256
printf(" % %9 %9 % ", dbpsk, dgpsk, cckl6, cck256);

[l 23=sinr

printf(" % \n", NoneDbToDb(sinr));
}
return O;

}

To compile the above C program (80211b.c), the follow conariamsed:
gcc -Wall -lgsl -lgslcblas -Im-g 80211b.c -0 80211b

The following is the gnuplot script used to generate Figugthrough Figure 1.4 assuming the output of the
"80211b" program is redirected to a file "80211b.txt".

set term postscript eps color enh "Tines-Boldltalic"

set output '80211b.i eee. pkt.eps’

set xlabel "RSS (dBm"

set ylabel "Packet Received"

set yrange [0:200]

set xrange [-102:-83]

pl ot "80211b.txt" using 1:11 title '1MIEEE , \
"80211b.txt" using 1:12 title "2M I EEE , \
"80211b.txt" using 1:13 title '5.5M I EEE', \
"80211b.txt" using 1:14 title ' 11M | EEF

set term postscript eps color enh "Tines-Boldltalic"

set output '80211b. ns3. pkt. eps’

set xlabel "RSS (dBm"

set yl abel "Packet Received"

set yrange [0:200]

set xrange [-102:-83]

pl ot "80211b.txt" using 1:19 title ' 1M DBPSK' , \
"80211b.txt" using 1:20 title '2M DQPSK' , \
"80211b.txt" using 1:21 title '5.5M CCK16', \

14
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"80211b.txt" using 1:22 title ' 11M CCK256’
set term postscript eps color enh "Tines-Boldltalic
set output ’'80211b.ieee.sir.eps’
set x|l abel "SIR
set yl abel "BER"
set yrange [10e-9: 1]
set xrange [-2:10]
set logscale y
pl ot "80211b.txt" using 2:7 title "1MIEEE , \

"80211b.txt" using 2:8 title '2M I EEE, \

"80211b.txt" using 2:9 title '5.5M I EEE , \

"80211b.txt" using 2:10 title '11M | EEF

A.2 ns-3802.11b clear channel experiments

The following is the simulation script for ns-3 experienetitat generates the Figure 1.5 and Figure 1.6. There are
two patches needs to be applied before running the folloywnegram. The first patch is 802.11b PHY mode patch
and second patch is to enable setting broadcast data modenspecified rather than the basic data mode. These
patches are available at TBD web site.

-x-  Mode: C++; c-file-style: "gnu"; indent-tabs-node:nil; -*- =/

~ ~
L R S S S R R S N N S N R

~

Copyright (c) 2009 The Boei ng Conpany

This programis free software; you can redistribute it and/or nodify
it under the terns of the GNU General Public License version 2 as
publ i shed by the Free Software Foundati on;

This programis distributed in the hope that it will be useful,
but W THOUT ANY WARRANTY; without even the inplied warranty of
MERCHANTABI LI TY or FI TNESS FOR A PARTI CULAR PURPCSE. See the
G\U General Public License for nore details.

You shoul d have received a copy of the GNU General Public License
along with this program if not, wite to the Free Software
Foundation, Inc., 59 Tenple Place, Suite 330, Boston, MA 02111-1307 USA

Aut hor: Guangyu Pei <guangyu. pei @oei ng. conp

#i ncl ude "ns3/core-nmodul e. h"

#i ncl ude "ns3/ common- nodul e. h"
#i ncl ude "ns3/ node- nodul e. h"

#i ncl ude "ns3/ hel per-nodul e. h"
#i ncl ude "ns3/ nobility-nmodul e. h
#i ncl ude "ns3/contri b-nodul e. h"

#i ncl ude <i ostreanp
#i ncl ude <fstreanmr
#i ncl ude <vector>
#i ncl ude <string>

NS_LOG_COMPONENT_DEFI NE (" Mai n");
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usi ng namespace ns3

cl ass Experi nent
{
public:
Experiment ();
Experiment (std::string nane);

uint32_t Run (const W fiHelper & fi, const YansW fi PhyHel per &wi fi Phy,

private:
voi d Recei vePacket (Ptr<Socket> socket);
voi d Set Position (Ptr<Node> node, Vector position);
Vector Get Position (Ptr<Node> node);
Pt r <Socket > Set upPacket Recei ve (Ptr<Node> node);
void CGenerateTraffic (Ptr<Socket> socket, uint32_t pktSize,
ui nt 32_t pkt Count, Tinme pktinterval );

ui nt 32_t m pktsTot al
Gnupl ot 2dDat aset m out put ;

s

Experiment:: Experiment ()
{}

Experi ment:: Experinment (std::string nane)
m out put (name)

{

m_out put . Set Styl e ( Gaupl ot 2dDat aset : : LI NES) ;
}
voi d

Experi ment:: Set Position (Ptr<Node> node, Vector position)

{
Pt r<Mobi | ityModel > mobility = node->Get Obj ect <Mbbi | ityMdel > ();
mobi lity->Set Position (position);

}

Vect or

Experiment:: Get Position (Ptr<Node> node)

{
Ptr<MobilityMddel > nmobility = node->Get Obj ect <Mobi lityModel > ();
return nmobility->GetPosition ();

}

voi d
Experi ment: : Recei vePacket (Ptr<Socket> socket)

{
Pt r <Packet > packet;

whi | e (packet = socket->Recv ())
{

}

m pktsTotal ++;
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Pt r <Socket >

Experi ment: : Set upPacket Recei ve (Ptr<Node> node)

{
Typeld tid = Typeld:: LookupByNane ("ns3:: UdpSocket Factory");
Pt r<Socket > sink = Socket:: CreateSocket (node, tid);
| net Socket Address | ocal = | net Socket Address (I pv4Address:: GetAny (), 80);
si nk->Bi nd (I ocal);
si nk- >Set RecvCal | back (MakeCal | back (&Experi nent:: Recei vePacket, this));
return sink;

}

voi d
Experinment:: GenerateTraffic (Ptr<Socket> socket, uint32_t pktSize,
ui nt 32_t pktCount, Tine pktlnterval )

{ i f (pktCount > 0)
{ socket - >Send ( Creat e<Packet > (pktSize));
Si mul ator:: Schedul e (pktlnterval, &Experinent::GenerateTraffic, this,
socket, pktSize, pktCount-1, pktlnterval);
}
el se
{
socket ->C ose ();
}
}
ui nt 32_t

Experinment::Run (const WfiHel per &wifi, const YansWfi PhyHel per &wi fi Phy, const YansWfi C

{
m pktsTotal = O;

NodeCont ai ner c;
c.Create (2);

I nt er net St ackHel per internet;
internet.Install (c);

YansW f i PhyHel per phy = wifi Phy;
phy. Set Channel (wi fi Channel.Create ());
Net Devi ceCont ai ner devices = wifi.lnstall (phy, c);

Mobi i t yHel per nobility;

Pt r<Li st Posi ti onAl | ocat or> positionAlloc = Creat eObj ect<ListPositionAllocator> ();
posi tionAl |l oc->Add (Vector (0.0, 0.0, 0.0));

positionAl |l oc->Add (Vector (5.0, 0.0, 0.0));

nmobi lity. Set Posi ti onAl |l ocator (positionAlloc);

nobi lity. Set MobilityMdel ("ns3::ConstantPositionMbilityMdel");

mobility.lnstall (c);

| pv4Addr essHel per ipv4;

NS LOG I NFO (" Assign | P Addresses.");

i pv4. Set Base ("10.1.1.0", "255.255.255.0");

| pv4l nterfaceContainer i = ipv4. Assign (devices);
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Pt r <Socket > recvSi nk = Set upPacket Receive (c.Get (0));

Typeld tid = Typeld:: LookupByNane ("ns3:: UdpSocket Factory");
Pt r<Socket > source = Socket:: CreateSocket (c.Cet (1), tid);

/1 Uni cast experi nent
| net Socket Address renote = | net Socket Address (i.Get Address (0), 80);

/1l Broadcast experinment: comment the above |ine and unconment the follow ng |ine
/1l net Socket Address renpte = | net Socket Address (I pv4Address ("255.255.255.255"), 80);
sour ce- >Connect (renote);
ui nt 32_t packet Si ze = 1014;
/1luint32_t maxPacket Count = 1;
ui nt 32_t maxPacket Count = 200;
Ti me interPacketl|nterval = Seconds (1.);
Si mul at or:: Schedul e (Seconds (1.0), &Experinent::GenerateTraffic,
this, source, packetSize, maxPacket Count, i nterPacketlnterval);
Simulator::Run ();

Si nul ator:: Destroy ();

return m pktsTot al

}

int main (int argc, char xargv[])

{
std::of streamoutfile("clear-channel.plt");
std::vector <std::string> nodes;

nodes. push_back("w fi b- 1nbs");

nodes. push_back("wi fi b-2nbs");

nodes. push_back("wi fi b-5. 5nbs");

nodes. push_back("wi fi b-11nmbs");

/1 disable fragnmentation

Config::SetDefault ("ns3::WfiRenoteStati onManager: : Fragnentati onThreshol d*, Stri ngVal ue
Config::SetDefault ("ns3::WfiRenoteStati onManager:: RtsCtsThreshol d*, StringValue ("2200

CommandLi ne cnd;
cnd. Parse (argc, argv);

Gnupl ot gnupl ot = Gaupl ot ("cl ear-channel . png");

for(uint32_t i = 0; i < nodes.size(); i++)

{
std::cout << nodes[i] << std::endl
Gnupl ot 2dDat aset dat aset (nodes[i]);

for (double rss = -102.0; rss <= -80.0; rss += 0.5)
{

Experi nment experinent;

dat aset . Set Styl e (Ghupl ot 2dDat aset : : LI NES) ;

W fiHel per wifi;
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Config::SetDefault ("ns3::Wfi RenoteStationManager: : NonUni cast Mbde",
StringVal ue (nodes[i]));
wi fi. Set Renpt eSt ati onManager ("ns3:: Const ant Rat eW fi Manager ",
" Dat aMode", StringVal ue(nodes[i]),
"Control Mbde", StringVal ue(nodes[i]));
wifi.SetMac ("ns3::AdhocW fi Mac");

YansW fi PhyHel per wi fi Phy = YansW fi PhyHel per:: Default ();

YansW f i Channel Hel per wi fi Channel ;

wi fi Channel . Set Propagati onDel ay ("ns3:: Const ant SpeedPr opagati onDel ayMddel ") ;

wi fi Channel . AddPr opagat i onLoss ("ns3:: Fi xedRSSLossModel ", " RSS", Doubl eVal ue(rss));

NS_LOG DEBUG (nodes[i]);
experiment = Experinment (nodes[i]);

wi fi Phy. Set ("Standard", StringValue ("802.11b") );

wi fi Phy. Set ("EnergyDetectionThreshol d', Doubl eVal ue (-110.0) );
wi fi Phy. Set (" CcaMbdelThreshol d", Doubl eval ue (-110.0) );

wi fi Phy. Set (" TxPower Start", Doubl evVal ue (15.0) );

wi fi Phy. Set ("RxGain", DoubleValue (0) );

wi fi Phy. Set (" RxNoi se", DoubleValue (7) );
uint 32_t pktsRecvd = experinment.Run (wifi, wifiPhy, wifiChannel);
dat aset. Add (rss, pktsRecvd);

}

gnupl ot . AddDat aset (dat aset);

}
gnupl ot . Set Legend ("RSS(dBm ", "Nunber of packets received");

gnuplot. SetExtra ("set xrange [-102:-83]");
gnupl ot . Generat eQut put (outfile);
outfile.close();

return O;
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