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O3**RK 8_ 2 NRO3· £R !+R Z3"$R •£ *•X•!RK ] •!+•" 3" Q((•ORh N· •*K•"$h £!QZRh QZ � · £! 
+Q· £Rv 

D+R &W,W !RO+"Q*Q$µ •£ 3 £+QZ! "3XR (QZ &•ZR*R££ , •KR*•!µ 3"K !+3! •£ 3 £!3"K3ZK 
(QZ ] •ZR*R££ *QO3* 3ZR3 "R!] QZY£ n&8_2 £ov W!i£ *•YR 3 OQXXQ" *3"$·3$R !+3! 3** !+R 
KR[ •OR£ · £R !Q OQXX·" •O3!R !Q R3O+ Q!+RZb •! •£ Y"Q]" 3£ Wxxx mCf vggh !+RZR 3ZR 
K•((RZR"! [ RZ£•Q"£ Q( •!h !+R X3•" OQXX·" •O3!•Q"£ £!3"K3ZK£ 3ZR mCf vggh mCf vgg 3h 
mCf vg *Nh mCf vg *$h 3"K mCf vg *"v 

W( !+RZR 3ZR 3 $ZQ· V Q( O*•R"!£ !+3! 3ZR OQ"" RO!•"$ !Q !+R _4 3"K £•"OR !+RZR 3ZR 
X3"µ &•U, • !RO+"Q*Q$•R£h !+•£ "R!] QZY X3µ +3[ R OQXN•"3!•Q" Q( O*•R"!£ !+3! · £R£ 
K•((RZR"! !µVR Q(& •U, • !RO+"Q*Q$•R£v 

1.2. Objectives. 

. µ Q·Z "R!] QZY ] R ] 3"! !Q N· •*Kh ] R ] 3"! !Q £3!•£(µ 3 $ZQ· V Q( QN� RO!•[ R£ !+3! 3ZRj 

gv I R£•$"•"$ ] •ZR*R££ "R!] QZY !+3! OQ"£•£!£ Q( K•((RZR"! OQXN•"3!•Q" Q( &•U, • 
!RO+"Q*Q$•R£v 

f v 0 R3£·Z•"$ !+R !+ZQ· $+V· ! Q( R3O+ O*•R"! •" 3** O*•R"!i£ O3£R£v 

Ev 0 R3£·Z•"$ !+R !+ZQ· $+V· ! Q( !+R _4 •" 3** •!£ £OR"3Z•Q£v 

1.3. Project Risk Management. 

I ·Z•"$ !+R •XV*RXR"!3!•Q" 3"K R>RO· !•"$ Q( !+R project, many VZQN*RX£ 3"K 
Z•£Y£ X3µ occur, we X· £! £Q*[ R !+•£ •" R3Z*µ !•XR Q( !+R VZQ� RO! •" QZKRZ !Q QVRZ3!R !+R 
VZQ� RO! •" R((•O•R"!*µ 3"K R((RO!•[ R*µ X3""RZv 

The project risks are: 
❖ 83!R"Oµ Q( KR[•OR£ 3ZZ•[ 3*v 
❖ z· VRZ[•£QZ O+3"$Rv 
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❖ BZQ· V XRR!•"$ K•((•O· *!•R£v 
❖ D+R KR[ •OR£ QVRZ3!R K•((RZR"!*µ (ZQX ] +3! 3ZR R>VRO!RKv 
❖ D+R ZR£· *!£ ] R QN!3•"RK 3ZR "Q! 3£ ] R R>VRO!RKv 

We can come over these risks by: 
❖ z!3Z!•"$ ] QZY•"$ Q" !+R •XV*RXR"!3!•Q" Q( Q· Z "R!] QZY 3! R3Z*µ !•XRv 
❖ I RX3"K•"$ KR[ •OR£ 3! R3Z*µ !•XRv 
❖ / Z$3"•=•"$ Q· Z XRR!•"$v 
❖ D3Y•"$ X3"µ Q( [ 3*· R£ !Q 3VVZQ3O+ !Q OQZZRO! ZR£· *!£v 
❖ z!3Z!•"$ !Q *R3Z" 3NQ· ! £•X· *3!•Q" VZQ$Z3X£ 3! R3Z*•RZ !•XRv 

1.4. Project Schedule. 

D+R 3•X Q( !+R VZQ� RO! •£ !Q XR3£·ZR !+R !+ZQ· $+V· ! Q( !+R "R!] QZY !+3! •£ 
•"O*· K•"$ Q( K•((RZR"! !µVR£ Q(& W,W !RO+"Q*Q$•R£v 

& R O+3"$R !+R & W, W !RO+"Q*Q$µ · £RK •" "R!] QZY O3ZK 3"K XR3£·ZRK !+R !+ZQ· $+V· ! 
(QZ R3O+ O*•R"! •" 3** O3£R£v & R ] •** · £R Q"R _4 3"K (Q· Z "R!] QZY O3ZK£ !+3! 3ZR 
£· VVQZ!•"$ mCf vgg N:$:" v 

DQ KQ !+•£h ] R "RRK !Q QZ$3"•=R Q· Z !•XRv D+RZR 3ZR !] Q !•XR R£!•X3!•Q" 
£O+RK· *R£b !+R (•Z£! Q"R £+Q] £ ] +3! +3£ NRR" KQ"R •" !+R (•Z£! £RXR£!RZv _" K !+R Q!+RZ 
£+Q] £ !+R £O+RK· *•"$ Q( !+R £ROQ"K £RXR£!RZv D+R !•X•"$ X3"3$RXR"! K•[•KR£ !+R 
£µ£!RX +•RZ3ZO+µ 3OOQZK•"$ !Q !+R 3O!•Q"£ !Q $ZQ· V Q( !3£Y£ 3£ (Q**Q] *•"$j 

D*j WKR"!•(µ•"$ !+R OQ"!R"!£ Q( VZQ� RO! 3"K K•£O· ££•"$ !+R •"•!•3* •"(QZX3!•Q" 3NQ· ! •!v 

Df j _" 3*µ=•"$ !+R VZQ� RO! 3"K V· ! 3** VQ££•N*R VZQN*RX£ !+3! X3µ (QO· £ Q" •! K·Z•"$ 
Q·Z ] QZYv 

DEj x>3X•"•"$ •( Q·Z R­ · •VXR"! ] R "RRK •" !+•£ VZQ� RO! •£ 3[ 3•*3N*R QZ "Q!h 3"K !Zµ•"$ 
!Q $R! •! •" £+QZ!R£! !•XRv 

Ddj J Q**RO!•"$ •"(QZX3!•Q" 3NQ· ! & W,W !RO+"Q*Q$µ 3"K 3** £!3"K3ZK£ 3NQ· ! •! 3"K £!3Z! 
]Z•!•"$ Q·Z VZQ� RO!v 

Dz j W"[ R£!•$3!•"$ 3NQ· ! VZQ$Z3X£ !+3! 3ZR · £RK !Q XR3£·ZR !+R !+ZQ· $+V· ! [ 3*· Rv 

Dpj z!·Kµ•"$ !+R VZQVRZ!µ Q( _4 3"K "R!] QZY O3ZK£ 3"K OQ**RO!•"$ £QXR •"(QZX3!•Q" 
3NQ· ! •! !Q OQ"£!Z·O! Q·Z (•Z£! •XVZR££•Q" 3NQ· ! ] +3! ] R ] Q· *K KQv 

DMj & Z•!R Q·Z KQO·X R"!3!•Q"v 

E 



Dzj I Q]" *Q3K•"$ !+R VZQ$Z3X£ ] R ] 3"! !Q · £R 3"K £!3Z!•"$ !Q *R3Z" 3NQ· ! •!v 

Duj J Q**RO!•"$ Q·Z R­ · •VXR"! ] R ] 3"! •" Q· Z VZQ� RO! 3"K £!3Z!•"$ !Q N· •*K 3** O3£R£ •" 
Q·Z "R!] QZYv 

DW/ j DR£!•"$ 3** O3£R£ 3"K XR3£·Z•"$ !+R !+ZQ· $+V· ! (QZ R3O+ Q"Rv 

D* gj J QXV3Z•"$ NR!] RR" !+R ZR£· *!£ QN!3•"RK •" !+•£ VZQ� RO!v 

Dgf j / Z$3"•=•"$ Q· Z 3** K3!3 3"K •"(QZX3!•Q" !Q £!3Z! ]Z•!•"$ Q· Z (•"3* KQO· XR"!3!•Q"v 

D*Ej HR!R£!•"$ !+R !+ZQ· $+V· ! XQZR !+3" Q"R !•XR (QZ 3** O3£R£ !Q ZRK· OR !+R 
VZQN3N•*•!µ Q( RZZQZ !+3! X3µ QOO·Z !+ZQ· $+ XR3£·ZRXR"! 3"K !Q R"£·ZR !+R ZR£· *!£v 

D* dj & Z•!•"$ Q·Z (•"3* KQO·X R"!3!•Q" !+3! •"O*· KR£ 3** ] QZY •" Q· Z VZQ� RO! K·Z•"$ !] Q 
£RXR£!RZ£v 

week 1 2 3 4 5 p 7 8 u 10 11 12 13 14 15 
first semester 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
second semester 
T8 
T9 
T10 
T11 
T12 
T13 
T14 

Table 1.1: D•XR 4*3""•" $v 

1.5. Estimated Cost. 

W" !+•£ £RO!•Q" ] R *•£!RK Q[ RZ3** OQ£! Q( 3** OQXVQ"R"!£ ] R "RRK •" !+•£ VZQ� RO!v 

D+R OQXVQ"R"!£ Q( Q·Z VZQ� RO! 3ZRj 
❖ / "R $•$3N•! _4 v v v v 
·"® Four network cards that support 802.11b\g\n Wi-Fi technologies. 
❖ , •[ R 4O OQXV· !RZ£v 
❖ J Q*3£Q(! O3V£3 M VZQ$Z3Xv 
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D+R OQ£! Q( R3O+ R­ · •VXR"! •£ £+Q] " •" !3N*R ngvf ov 

. . 
2 ·X NRZ / N� RO! J Q£!neo 

W / "R _ OOR££ 4Q•"! 400 
2 , Q·Z 2 R!] QZY J 3ZK£c Q"R 350 

$•$3N•! x!+RZ"R! O3ZK 
3 (•[ R OQXV· !RZ£ 3000 
4 4Z•"!•"$ 120 

DQ!3* 3870 

Table 1.2: Project J Q£! 

1.6. Outline. 

/ ·Z KQO· XR"!3!•Q" Q( !+•£ VZQ� RO! •£ K•[ •KRK •"!Q £R[ R" O+3V!RZ£ !+3! KR£OZ•NR !+R 
+3ZK] 3ZR 3"K £Q(!] 3ZR •XV*RXR"!3!•Q"h !+R (Q**Q] •"$ R>V*3•"£ !+R OQ"!R"! Q( R3O+ 
O+3V!RZj 

J +3V!RZ Wj W"!ZQK· O!•Q" 
D+•£ O+3V!RZ VZR£R"!£ Q[ RZ[•R] h QN� RO!•[ R£ Q( !+R VZQ� RO!h VZQ� RO! £O+RK· *•"$h 

Z•£Y£h 3"K R£!•X3!RK OQ£!v 

J +3V!RZ f j D+RQZR!•O3* . 3OY$ZQ· "K 
D+•£ O+3V!RZ KR(•"R£ 3"K K•£O· ££R£ !+R & W,W !RO+"Q*Q$µ 3"K VZQVRZ!µ Q( R3O+ 

£!3"K3ZKh 3"K X· O+ •"(QZX3!•Q" 3NQ· ! !+•£ !RO+"Q*Q$µv 

J +3V!RZ Ej 4ZQ� RO! I R£•$" 3"K WXV*RXR"!3!•Q" 
D+•£ O+3V!RZ K•£O· £R£ !+R KR£•$" Q( Q·Z "R!] QZY !+3! OQ"£•£!£ Q( K•((RZR"! 

OQXN•"3!•Q" Q(& •U, • !RO+"Q*Q$•R£ 3"K KR£OZ•NR£ !+R £!RV£ (QZ OQ"£!Z·O! "R!] QZY£v 

J +3V!RZ dj 4ZQ� RO! I R£•$" I R!3•*£ 
D+•£ O+3V!RZ $•[ R£ 3** KR!3•*£ 3NQ· ! !+R KR£•$" Q( Q· Z "R!] QZY 3"K +Q] !Q 

•XV*RXR"! 3"K XR3£·ZR !+R !+ZQ· $+V· ! (QZ 3** O*•R"!£i O3£R£v 

J +3V!RZ Tj zµ£!RX WXV*RXR"!3!•Q" 3"K DR£!•"$ 
W" !+•£ O+3V!RZ ] R *•£!RK 3** ZR£· *!£ ] R QV!•Q"RK Nµ XR3£· ZRXR"! Q( Q· Z "R!] QZYh 

3"K !+R 3"3*µ£•£ Q( !+R ZR£· *!£v 

J +3V!RZ pj J Q"O*· £•Q" 3"K , · !·ZR & QZY 
D+•£ O+3V!RZ VZQ[•KR£ !+R OQ"O*· £•Q"£ !+3! ] •** NR OQ"O*· KRK 3(!RZ X3Y•"$ !+R 

VZQ� RO!h 3"K £· $$R£!•Q" (QZ (· !·ZR ] QZYv 
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Chapter 
2 

Theoretical Background 

f vgv I R(•" •!•Q"v 
f vf v _ K[ 3"!3$R£ t K•£3K[ 3"!3$R£ Q( ] •ZR*R££ "R!] QZYv 

f vf vgv _ K[ 3"!3$R£ Q( ] •ZR*R££ "R!] QZYv 
f vf vf v I •£3K[ 3"!3$R Q( ] •ZR*R££ "R!] QZYv 

f vEv & •ZR*R££ 2 R!] QZY !µVR£v 
f vEvgv _ KUq QO "R!] QZYv 
f vE vf v W"(Z3£!Z·O!·ZR "R!] QZYv 
f vEvEv _ KUq QO 0 QKR [ £v W"(Z3£!Z·O!·ZR 0 QKRv 

f vdv & W,W 2 R!] QZYv 
f vdvg & WU, W / VRZ3!•"$ , ZR­ · R"O•R£v 
f vdvf v & WU, W mCf vgg 3v 
f vdvEv & WU, W mCf vgg Nv 
f vdvdv & WU, W mCf vgg $v 
f vdvTv & WU, W mCf vgg "v 
f vdvpv 0 W0/ x"+3"ORXR"!v 

f vTv x((RO! Q(•"!RZ(RZR"OR Q" & •U, •v 
f vTvgv Wxxx mCf vgg I J , 4ZQ!QOQ*v 
f vTvf q •KKR" 2 QKR VZQN*RXv 

f vpv DJ 4rW4v 
f vpvgv I R(•"•!•Q" Q( 4ZQ!QOQ*£v 
f vpvf v D+R DJ 4rW4 VZQ!QOQ* *3µRZ£v 

f vMv zVZR3K £VRO!Z·Xv 
f vMvgv I •ZRO! £R­ · R"OR £VZR3K £VRO!Z·X nI zz zov 
f v M vf v , ZR­ · R"Oµ +QVV•"$ £VZR3K £VRO!Z·Xv 

f vmv / Z!+Q$Q"3* (ZR­· R"Oµ K•[•£•Q" X· *!•V*R>•"$v 
f vmvgv D+R £•"$*RUO3ZZ•RZ XQK· *3!•Q" £µ£!RXv 
f vmvf v , ZR­ · R"Oµ K•[ •£•Q" X· *!•V*R>•"$ XQK· *3!•Q" £µ£!RXv 

f vmvEv / Z!+Q$Q"3*•!µ 3"K / , I 0 v 
f vmvdv WXV*RXR"!3!•Q" Q( 3" / , I 0 £µ£!RXv 
f vmvTv _ K[ 3"!3$R£ 3"K K•£3K[ 3"!3$R£ Q( / , I 0 v 
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2.1. Definition. 

&•ZR*R££ "R!] QZY£ ZR(RZ !Q 3"µ !µVR Q( OQXV· !RZ 3"K !R*ROQXX· "•O3!•Q"£ 
"R!] QZY •" ] +•O+ •"!RZOQ"" RO!•Q"£ NR!] RR" "QKR£ 3ZR •XV*RXR"!RK ] •!+Q· ! !+R · £R Q( 
]• ZR£v &•ZR*R££ !R*ROQXX·" •O3!•Q"£ "R!] QZY£ 3ZR $R"RZ3**µ •XV*RXR"!RK ] •!+ £QXR 
!µVR Q( ZRXQ!R •"(QZX3!•Q" !Z3"£X•££•Q" £µ£!RX !+3! · £R£ R*RO!ZQX3$"R!•O ] 3[ R£v 

D+R $ZQ]! + Q( ]• ZR*R££ "R!] QZY£ +3£ !Z3"£(QZXRK Q· Z K3•*µ *•(R •"!Q £· O+ 3 
£•!·3!•Q" !+3! ] R O3""Q! !+•"Y Q( 3 *•(R ] •!+Q· ! !+R£R KR[ •OR£ *•YR OQXV· !RZ£h XQN•*R 
V+Q"R£ R!Ov D+R ] •ZR*R££ "R!] QZY£ !+3! •"!RZOQ"" RO! !+R£R KR[ •OR£ ] •!+ R3O+ Q!+RZ 3ZR 
3KK•"$ XQZR 3"K XQZR "QKR£ •"!Q •! R3O+ X•"· !Rv D+R£R KR[ •OR£ OQXX· "•O3!R ] •!+ 
R3O+ Q!+RZ · £•"$ X3"µ VQV· *3Z £!3"K3ZK£ KR[ R*QVRK Nµ Wxxx 3"K £· O+ Q!+RZ $ZQ· V£v 

W" ] •ZR*R££ W"!RZ"R!h !+R ] •ZR*R££ ZQ· !RZ QZ _4 n_ OOR££ 4Q•"!o £R"K£ !+R £•$"3*£ !Q 
!+R ZRXQ!R £RZ[RZ 3"K !+R £RZ[RZ NQ·" OR£ !+R £•$"3*£ N3OY !Q !+R ] •ZR*R££ ZQ· !RZ QZ _4 
£Q !+R OQ"" RO!•Q" O3" NR X3KRv & •ZR*R££ 8_ 2 £ +3[ R NROQXR VQV· *3Z •" !+R +QXR K· R 
!Q R3£R Q( •"£!3**3!•Q"h 3"K !+R •"OZR3£•"$ VQV· *3Z•!µ Q( *3V!QV OQXV· !RZ£v 4· N*•O 
N· £•"R££R£ £· O+ 3£ OQ((RR £+QV£ 3"K X3**£ +3[ R NR$·" !Q Q((RZ ]• ZR*R££ 3OOR££ !Q !+R•Z 
O· £!QXRZ£v 83Z$R ] •ZR*R££ "R!] QZY VZQ� RO!£ 3ZR NR•"$ V· ! · V •" X3"µ X3� QZ O•!•R£v 

& •ZR*R££ "R!] QZY£ +3[ R X3"µ · £R£v _ OQXXQ" •£ !+R VQZ!3N*R Q((•ORv 4RQV*R Q" 
!+R ZQ3K ] 3"! !Q · £R !+R•Z VQZ!3N*R R*RO!ZQ"•O R­ · •VXR"! !Q £R"K 3"K ZROR•[ R !R*RV+Q"R 
O3**£h (3>R£h 3"K R*RO!ZQ"•O X3•*h ZR3K ZRXQ!R (•*R£h *Q$•" Q" ZRXQ!R X3O+•"R£h 3"K 
KQR£ !+•£ (ZQX 3"µ] +RZRv 

& •ZR*R££ •£ Z3V•K*µ $3•"•"$ •" VQV· *3Z•!µ (QZ NQ!+ +QXR 3"K N· £•"R££ "R!] QZY•"$v 
&•ZR*R££ !RO+"Q*Q$µ OQ"!•"· R£ !Q •XVZQ[ Rh 3"K !+R OQ£! Q( ] •ZR*R££ VZQK· O!£ OQ"!•"· R£ 
!Q KROZR3£Rv 4QV· *3Z ] •ZR*R££ *QO3* 3ZR3 "R!] QZY•"$ n&8_ 2 o VZQK· O!£ OQ"(QZX !Q !+R 
802.11 "Wi-Fi" standards. D+R ] •ZR*R££ "R!] QZY£ •"O*· KR£ "R!] QZY 3K3V!RZ£ n2WJ £oh 
_4 £h 3"K ZQ· !RZ£v 

2.2. Advantages & disadvantages of wireless network. 

D+R ] •ZR*R££ "R!] QZY£ O+3"$R !+R ] 3µ Q( +Q] !Q OQ"" RO! !Q !+R "R!] QZYh •! 
VZQ[ •KR£ "·X NRZ Q( 3K[ 3"!3$R£ 3"K K•£3K[ 3"!3$R£ OQXV3ZRK !Q !+R ] •ZRK "R!] QZYv 

f vf vgv _ K[ 3"!3$R£ Q( ] •ZR*R££ "R!] QZYv 

D+R ]• ZR*R££ "R!] QZY£ X3YR Q·Z *•(R R3£•RZ Nµ "· XNRZ Q( 3K[ 3"!3$R£j 
• 0 QN•*•!µj Q"R Q( !+R XQ£! 3K[ 3"!3$R£ !+3! O3" 3**Q] · £RZ£ O3" 3OOR££ !Q !+R 

"R!] QZY ] •!+Q· ! O3N*Rh !+3! XR3" !+R · £RZ O3" XQ[ R ] •!+•" !+R OQ[ RZRK ZR$•Q" 
Q( •! 3"K YRRV !+R OQ"" RO!•Q" ] •!+ !+•£ "R!] QZYh ]• ZRK "R!] QZY£ Q" !+R Q!+RZ 
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hand can't provide this. For example, coffee shops, offer their customers a 
wireless connection to the internet. 

• Deployment: Initial £R!·V Q( 3 ] •ZR*R££ "R!] QZY ZR­ · •ZR£ 3 £•"$*R 3OOR££ VQ•"! 
or more. Wired networks, on the other hand have the additional cost and 
complexity of actual physical cables being run to numerous locations (which 
can even be impossible for hard-to-reach locations within a building). And if 
Q"R Q( !+R O3N*R •£ KQ] " !+R X3•"!R"3"OR QVRZ3!•Q" •£ K•((•O· *!v 

• J Q£!j & •ZR*R££ "R!] QZY£ O3" £RZ[R 3 £· KKR"*µU•"OZR3£RK "· XNRZ Q( O*•R"!£ 
] •!+ !+R R>•£!•"$ R­ · •VXR"!v . · ! •" ] •ZRK "R!] QZY ] R "RRK O3N*R 3"K 
3KK•!•Q"3* +· N£ •( !+R "· XNRZ Q( O*•R"!£ 3ZR •"OZR3£RK !+3! 3ZR 3KKRK XQZR OQ£! 
3"K XQZR OQXV*R>•!µv 

f vfvf v I •£3K[ 3"!3$R Q( ] •ZR*R££ "R!] QZYv 

_ *!+Q· $+ Q( !+•£ 3K[ 3"!3$R£ •" ] •ZR*R££ "R!] QZY !+RZR 3ZR "·X NRZ Q( K•£3K[ 3"!3$R£ 
*•YRj 

• zRO·Z•!µj & •ZR*R££ "R!] QZY£ O3" NR 3OOR££RK Nµ 3"µ OQXV· !RZ ] •!+•" Z3"$R Q( 
!+R "R!] QZYi£ £•$"3* £Q •"(QZX3!•Q" !Z3"£X•!!RK !+ZQ· $+ !+R "R!] QZY n•"O*· K•"$ 
R"OZµV!RK •"(QZX3!•Q"o X3µ NR •"!RZORV!RK Nµ ·" 3· !+QZ•=RK · £RZ£v W! •£ 3 (3•Z*µ 
£•XV*R £R!·Vv D+R W"!RZ"R! OQ"" RO!•Q" (ZQX µQ· Z VZQ[ •KRZ •£ OQ"" RO!RK !Q 3 
] •ZR*R££ 3OOR££ VQ•"! QZ ZQ· !RZ ] +•O+ NZQ3KO3£!£ !+R £•$"3*v ) Q· OQ"" RO! 
] •ZR*R££ 3"!R"" 3 "R!] QZY O3ZK£ !Q µQ·Z OQXV· !RZ£ !Q ZROR•[ R !+3! £•$"3* 3"K 
£R"! N3OY !Q !+R ] •ZR*R££ 3OOR££ VQ•"!v _ +3OYRZ £R3ZO+•"$ (QZ •"£RO·ZR 
] •ZR*R££ OQ"" RO!•Q"£ O3" $R! •"!Q µQ· Z £µ£!RX£ 3"K OQ**RO! X· O+ •"(QZX3!•Q" 
3NQ· ! µQ· v 

• H3"$Rj !+R Z3"$R Q( ] •ZR*R££ "R!] QZY •£ *•X•!RK Nµ !+R !Z3"£X•!!RK VQ] RZ 
] +•O+ •£ "QZX3**µ *•X•!RKb ] R O3"i! •"OZR3£R !+R !Z3"£X•!!RK VQ] RZ 3£ ] R ] 3"! 
NRO3· £R •"!RZ(RZR"OR X3µ 3OOZ·R Nµ "R•$+NQZ•"$ OR**£v _ (!RZ XR3£·Z•"$ !+R 
[ 3*· R Q( •"!RZ(RZR"OR ] R O3" · £R ZRVR3!RZ£ QZ 3KK•!•Q"3* 3OOR££ VQ•"!£ !Q 
•"OZR3£R !+R Z3"$R 3"K OQ£!£ (QZ !+•£ ]• ** •"OZR3£RKv W( µQ· 3ZR "R3Z !Q ] •ZR*R££ 
3OOR££ VQ•"!h µQ· ] •** $R! +•$+ 3"K $QQK "R!] QZY £VRRKv q Q] R[ RZ •( 3"Q!+RZ 
VRZ£Q" � Q•"£ !+R "R!] QZY £•!!•"$ (3Z (ZQX !+R ] •ZR*R££ ZQ· !RZr3OOR££ VQ•"!h !+R 
"R!] QZY £VRRK Q( NQ!+ OQXV· !RZ£ ] •** NR KZQVVRKv D+R Z·*R •£ !+3! •( !+R 
K•£!3"OR (ZQX !+R ] •ZR*R££ ZQ· !RZr3OOR££ VQ•"! •"OZR3£RK !+R £VRRK Q( ] •ZR*R££ 
"R!] QZY •£ KROZR3£RKv 

• HR*•3N•*•!µj W"!RZ(RZR"OR Q( OQZK*R££ V+Q"Rh QZ Q!+RZ R*RO!ZQ"•O KR[•OR£ !+3! 
QVRZ3!RK •" !+R £3XR Z3K•Q (ZR­ · R"Oµ N3"Kh £Q KQ"i! V*3OR !+R ] •ZR*R££ "R!] QZY 
"R3Z£ !Q !+R£R R*RO!ZQ"•O KR[ •OR£ QZ µQ· O3" !·X Q(( !+R£R R*RO!ZQ"•O KR[ •OR£v 
_ *£Q !+R •"!RZ(RZR"OR NR!] RR" ] •ZR*R££ "R!] QZY£ ] •** ZRK· OR !+R "R!] QZY 

m 



!+ZQ· $+V· !v W" !+•£ O3£R µQ· O3" OQ"(•$·ZR ] •ZR*R££ ZQ· !RZr3OOR££ VQ•"! !Q · £R 
K•((RZR"! O+3"" R* 3"K !R£! •" !RZ(RZR"OR R((RO! 3$3•" v W"!RZ(RZR"OR ZRK· OR£ !+R 
O3V3O•!µ Q( "R!] QZYv 

• zVRRKj D+R £VRRK Q" XQ£! ] •ZR*R££ "R!] QZY£ •£ £*Q] OQXV3ZRK !Q !+R ] •ZRK 
"R!] QZY£ ngCC 0N •!r£ · V !Q £R[ RZ3* BN•!r£o vD+R N3"K] •K!+ Q( ] •ZR*R££ 
"R!] QZY •£ £+3ZRK 3XQ"$ ] •ZR*R££ · £RZ£h £Q !+R XQZR · £RZ£ µQ· +3[ R Q" !+R 
£3XR "R!] QZY !+R £*Q] RZ "R!] QZY £VRRKv D+R ] •ZR*R££ "R!] QZY £VRRK 
n!+ZQ· $+V· !o ] •** · £· 3**µ NR 3((RO!RK Nµ !+R (Q**Q] •"$ (3O!QZ£j 

y Interference - reduced !+R "R!] QZY !+ZQ· $+V· !v 

Signal Blocking - Signal N*QOY•"$ *•YR Nµ ] 3**£v 

Shared bandwidth- The N3"K] •K!+ Q( ] •ZR*R££ "R!] QZY •£ £+3ZRK ]• !+ Q!+RZ 
]• ZR*R££ £µ£!RX •" !+R £3XR $RQ$Z3V+•O3* £V3OR 3"K £3XR (ZR­ · R"Oµ N3"Kv 

Wireless · £RZ£ U!+R XQZR · £RZ£ µQ· +3[ R Q" !+R £3XR "R!] QZY !+R £*Q] RZ "R!] QZY 
£VRRKv 

y Distance - as K•£!3"OR •"OZR3£RK !+R !+ZQ· $+V· ! Q( "R!] QZY •£ KROZR3£RKv 

2.3. Wireless Network types. 

D+R ] •KR£VZR3K Q( !+•£ !RO+"Q*Q$µ X3YR£ X3"µ 3VV*•O3!•Q"£ 3£ &W,Wh &W0_' h 
Bz0 £µ£!RX£h 3"K VRZ£Q"3* OQXX·"• O3!•Q" £RZ[•OR£ XQZR •" · £R v D+R£R 
OQXX·" •O3!•Q" !RO+"•­ · R · £R !Q] !µVR£ !Q OQXX·" •O3!R 3** £!3!•Q" •" !+•£ "R!] QZY 
] •!+ R3O+ Q!+RZv 

D+RZR 3ZR !Q] !µVR£ Q( ] •ZR*R££ "R!] QZY 
Wv _ KUq QO 
f v W"(Z3£!Z·O!·ZR 

f vEvgv _ KUq QO "R!] QZYv 

W" _ KUq QO "R!] QZY XQKR n4RRZU!QUVRRZo £R!·V ] +RZR O*•R"!£ O3" OQ"" RO! !Q R3O+ 
Q!+RZ K•ZRO!*µ n]• !+Q· ! _ 4ov 

9 



Figure 2.1: AD-Hoc 2 R!] QZYv 

_ KUq QO XQKR •£ 3 XR!+QK (QZ ] •ZR*R££ KR[ •OR£ !Q OQXX· "•O3!R K•ZRO!*µ ] •!+ 
R3O+ Q!+RZ£v / VRZ3!•"$ •" 3KU+QO XQKR 3**Q] £ 3** ] •ZR*R££ KR[ •OR£ ] •!+•" Z3"$R Q( 
R3O+ Q!+RZ !Q K•£OQ[ RZ 3"K OQXX·" •O3!R •" VRRZU!QUVRRZ ] •!+Q· ! •"[ Q*[ •"$ 3OOR££ 
VQ•"!£v 

DQ £R! · V 3" 3KU+QO ] •ZR*R££ "R!] QZYh R3O+ ]• ZR*R££ £!3!•Q" X· £! NR OQ"(•$·ZRK 
(QZ 3KU+QO XQKRv W" 3KK•!•Q"h 3** ] •ZR*R££ £!3!•Q" Q" !+R 3KU+QO "R!] QZY X· £! · £R !+R 
£3XR zzWI 3"K !+R £3XR O+3""R* "· XNRZ !Q R£!3N*•£+ !+R OQ"" RO!•Q"v W" _ KUq QO 
"R!] QZY !+R K•£!3"OR Q( R3O+ £!3!•Q" !Q 3"Q!+RZ •£ £X3** 3"K +3[ •"$ 3 *•!!*R "·X NRZ Q( 
£!3!•Q"h •( 3 *3Z$R 3KU+QO "R!] QZY •! •£ NROQXR£ K•((•O· *! !Q X3"3$Rv 

f vEvf v W"(Z3£!Z·O!·ZR "R!] QZYv 

W" 3" •"(Z3£!Z·O!·ZR "R!] QZY !+RZR •£ 3" _ OOR££ 4Q•"! n_4 oh ] +•O+ NROQXR£ !+R 
+·N Q( 3 a£!3Z !QVQ*Q$µav _" µ OQXX·" •O3!•Q" +3£ !Q $Q !+ZQ· $+ •!v W( 3 0 QN•*R 
z!3!•Q" n0 zoh *•YR 3 OQXV· !RZh 3 4I _ h QZ 3 V+Q"Rh ] 3"!£ !Q OQXX·" •O3!R ] •!+ 3"Q!+RZ 
0 z •! "RRK£ !Q £R"K !+R •"(QZX3!•Q" !Q _4 3"K !+R" _4 £R"K£ •! !Q !+R KR£!•"3!•Q" 0 z ' 
h 0 · *!•V*R _4 £ O3" NR OQ"" RO!RK !Q$R!+RZ 3"K +3"K*R 3 *3Z$R "·X NRZ Q( O*•R"!£ nXQZR 
OQXV*R>•!µ Q( "R!] QZYov 
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Figure 2.2: W"(Z3£!Z·O!·ZR 2 R!] QZYv 

_ ] •ZR*R££ 3OOR££ VQ•"! n_4 o •£ ZR­ · •ZRK (QZ •"(Z3£!Z·O!·ZR XQKR ] •ZR*R££ 
"R!] QZY•"$v DQ � Q•" !+R &8_ 2 h !+R _4 3"K 3** ] •ZR*R££ O*•R"!£ +3[ R !Q · £R !+R £3XR 
zzWIv D+R _4 •£ !+R" O3N*RK !Q K•£!Z•N· !•Q" £µ£!RX !Q 3**Q] ] •ZR*R££ O*•R"!£ 3OOR££ !Q 
•"!RZ"R! OQ"" RO!•Q"£ QZ VZ•"!RZ£ QZ 3"µ 3VV*•O3!•Q" •"£!3**RKv 

f vEvEv _ KUq QO 0 QKR [ £v W"(Z3£!Z·O!·ZR 0 QKRv 

I R[ •OR£ •" 3 ] •ZR*R££ "R!] QZY 3ZR £R! · V !Q R•!+RZ OQXX·" •O3!R W"(Z3£!Z·O!·ZR 
0 QKR QZ _ K q QOa XQKR n•!i£ 3*£Q O3**RK VRRZU!QUVRRZov 

q RZR 3ZR YRµ K•((RZR"OR£ NR!] RR" !+R !] Q XQKR£v 

• _ K q QO 0 QKR KQR£ "Q! ZR­ · •ZR 3" 3OOR££ VQ•"!b •!i£ R3£•RZ !Q £R! · Vh R£VRO•3**µ 
•" 3 £X3** QZ !RXVQZ3Zµ "R!] QZYv 

• W"(Z3£!Z·O!·ZR !3YR£ 3K[ 3"!3$R Q( OQ[ RZ3$R ] •KR 3ZR3£ ] +R" OQXV3ZRK !Q _ K 
q QOv 

W" 3" 3KU+QO XQKRh ] +•O+ •£ OQXVZ•£RK Q( ] •ZR*R££ "R!] QZY 3K3V!RZ£ !+3! 3ZR 
3N*R !Q 3· !QX3!•O3**µ *QO3!R 3"K OQXX·"• O3!R ] •!+ R3O+ Q!+RZv D+•£ •£ !+R O+R3VR£! 
XR!+QK Q( £R!!•"$ · V 3 ] •ZR*R££ "R!] QZY 3"K 3OORV!3N*R (QZ 3 "R!] QZY !+3! OQ"£•£!£ Q( 
!] Q !Q !+ZRR OQXV· !RZ£v q Q] R[ RZh !+RZR 3ZR £QXR K•£3K[ 3"!3$R£ !Q !Z3[ R* !+ZQ· $+ !+•£ 
ZQ· !Rh R£VRO•3**µ ] +R" •! OQXR£ !Q 3 XRK•·X !Q *3Z$RU£•=RK "R!] QZYv 0 3"µ Q( !+R 
(·" O!•Q"3*•!•R£ 3ZR *Q£! ] +R" !+R KR£•$"3!RK OQXV· !RZ •£ !·Z"RK Q((v D+R Q!+RZ 

gg 



K•£3K[ 3"!3$R !Q · £R !+R 3KU+QO XQKR •£ YRRV•"$ O*•R"!£ ]• !+•" Z3"$R Q( R3O+ Q!+RZv W" 
3 *3Z$R +QXR QZ N· •*K•"$h OQ"" RO!•[ •!µ O3" NR *Q£! ] +R" !+R OQXV· !RZ£ ZR£•KR •" 3ZR3£ 
] +RZR !+RZR •£ ­ · •!R 3 N•! Q( K•£!3"OR NR!] RR" !+RXv 

W( µQ· iZR *QQY•"$ !Q •XV*RXR"! 3 ] •ZR*R££ "R!] QZY•"$ £Q*· !•Q" ] •!+ 3 X•"•X· X 
OQ£! *R[ R*h µQ· O3" £!3Z! ] •!+ !+R 3KU+QO XQKRh N· ! •( !+R "· XNRZ£ Q( O*•R"!£ 3ZR 
•"OZR3£RK !+R · £R Q( •"(Z3£!Z·O!·ZR •£ NR!!RZv 

2.4. WIFI Network. 

a& •U, •a •£ 3 V*3µ Q" !+R Q*K 3· K•Q !RZX aq •U, •a n+•$+ (•KR*•!µov D+R !RZX 3*£Q +3£ 
NRR" !Z3KRX3ZYRK Nµ !+R &•U, • _ **•3"ORv DQK3µh &•U, • •£ XQ£! OQXXQ"*µ · £RK !Q 
KR£OZ•NR 3 ] •ZR*R££ *QO3* 3ZR3 "R!] QZY N3£RK Q" !+R Wxxx mCf vgg £RZ•R£ Q( £!3"K3ZK£h 
] +•O+ •£ 3 £R! Q( ] •ZR*R££ !RO+"•O3* £VRO•(•O3!•Q"£ •££· RK Nµ !+R W"£!•!·!R Q( x*RO!Z•O3* 
3"K x*RO!ZQ"•O x"$•"RRZ£ nWxxxov D+R Wxxx •£ 3" •"!RZ"3!•Q"3* VZQ(R££•Q"3* 
QZ$3"•=3!•Q" (QZ R*RO!Z•O3* 3"K R*RO!ZQ"•O£ R"$•"RRZ£h ] •!+ (QZX3* *•"Y£ ]• !+ !+R 
W"!RZ"3!•Q"3* / Z$3"•=3!•Q" (QZ z!3"K3ZK•=3!•Q" nXQZR OQXXQ"*µ Y"Q]" 3£ !+R aWz/ aov 
[1] 

D+R (•Z£! ] •ZR*R££ 8_ 2 n&8_ 2 o £!3"K3ZK n KR£•$"3!RK mCf vgg Nµ !+R Wxxxo ] 3£ 
Z3!•(•RK •" guuM (QZ K3!3 Z3!R£ · V !Q f 0NV£ •" !+R f vdB+= · "*•OR"£RK (ZR­ · R"Oµ N3"Kv 
_" K !+R (•Z£! Wxxx £!3"K3ZK Q( &•U, • ] 3£ mCf v**N ] +•O+ 3KKRK £· VVQZ! **0NV£ 
X3>•X·X K3!3 Z3!R Nµ · £•"$ I •ZRO! zR­ · R"OR zVZR3K zVRO!Z·X nI zzzo XQK· *3!•Q" 
!RO+"•­ · R ] •!+•" !+R £3XR f vdBq = N3"Kv J Q"O·ZZR"!*µh mCf vg *3h 3KKRK £· VVQZ! (QZ 
K3!3 Z3!R£ ·V !Q Td0NV£ ] •!+•" !+R TBq = N3"K · £•"$ / Z!+Q$Q"3* , ZR­ · R"Oµ I •[ •£•Q" 
0 · *!•V*R>•"$ n/ , I 0 ov 

Wxxx Z3!•(•RK !+R mCf v**$ 3XR"KXR"! •" f CCg 3KK•"$ !+R £3XR mCf v**3 K3!3 
Z3!R£ 3"K QVRZ3!RK •" !+R £3XR mCf vgg N (ZR­ · R"Oµ N3"Kv mCf vgg $ •£ · £RK / , I 0 
XQK· *3!•Q" 3"K OQXV3!•N*R !Q mCf vgg Nv 

_ ] •ZR*R££ *QO3* 3ZR3 "R!] QZY n&8_ 2 o •£ 3 £+3ZRKUXRK•·X OQXX·" •O3!•Q"£ 
"R!] QZY !+3! NZQ3KO3£!£ •"(QZX3!•Q" Q[ RZ ]• ZR*R££ *•"Y£ !Q NR ZROR•[ RK Nµ 3** £!3!•Q"£v 
0 Q£! Q( !QK3µi£ &8 _2 £ 3ZR N· •*! · VQ" !+R Wxxx mCf vgg £!3"K3ZK£v D+R£R £!3"K3ZK£ 
KR(•"R !RO+"•O3* £VRO•(•O3!•Q"£ Nµ £VRO•(•O QZ$3"•=3!•Q"£ •" QZKRZ !Q R£!3N*•£+ 
OQ"£•£!R"Oµ •" +3ZK] 3ZR 3"KrQZ £Q(!] 3ZR KR[ R*QVXR"!v 

. RO3· £R Z3K•Q £•$"3*£ XQ[ R !+ZQ· $+ !+R 3•Zh µQ· O3" £R! · V 3 "R!] QZY OQ"" RO!•Q" 
(ZQX 3"µ V*3OR ] •!+•" Z3"$R Q( !+R "R!] QZY N3£R £!3!•Q"i£ !Z3"£X•!!RZb •!i£ "Q! 
"ROR££3Zµ !Q · £R 3 !R*RV+Q"R *•"Rh QZ £QXR Q!+RZ KRK•O3!RK ] •Z•"$ !Q OQ"" RO! µQ·Z 
OQXV· !RZ !Q !+R "R!] QZYv -· £! !·X Q" !+R Z3K•Q OQ"" RO!RK !Q !+R OQXV· !RZ 3"K •! ] •** 
(•"K !+R "R!] QZY £•$"3*v 

gf 



_ ** mCf vgg £!3"K3ZK£ !RO+"Q*Q$•R£ 3ZR OQXXQ"*µ ZR(RZZRK !Q 3£ i& •U, •iv D+RZR 
3ZR £R[ RZ3* £VRO•(•O3!•Q"£ •" !+R mCf vgg (3X•*µj 

• 802.11 applies !Q ] •ZR*R££ 8_ 2 £ 3"K VZQ[ •KR£ g QZ f 0N V£ !Z3"£X•££•Q" •" 
!+R f vd Bq = N3"K · £•"$ R•!+RZ (ZR­ · R"Oµ +QVV•"$ £VZR3K £VRO!Z·X n, q zzo QZ 
K•ZRO! £R­ · R"OR £VZR3K £VRO!Z·X nI zzzov 

• mCf v lla an R>!R"£•Q" !Q mCf vgg !+3! 3VV*•R£ !Q ] •ZR*R££ 8_ 2 £ 3"K VZQ[ •KR£ 
· V !Q TdU0N V£ •" the 5GHz band. mCf vgg 3 · £R£ 3" QZ!+Q$Q"3* (ZR­ · R"Oµ 
K•[ •£•Q" X· *!•V*R>•"$ R"OQK•"$ £O+RXR Z3!+RZ !+3" , q zz QZ I zzz v 

• mCf v**N n3*£Q ZR(RZZRK !Q 3£ mCf vgg q •$+ H3!R QZ Wi-Fi) an R>!R"£•Q" !Q 
mCf vgg !+3! 3VV*•R£ !Q ] •ZR*R££ 8_ 2 z 3"K VZQ[ •KR£ gg 0N V£ !Z3"£X•££•Q" 
n] •!+ 3 (3**N3OY !Q TvTh f 3"K WU0N V£o •" !+R f vd Bq = N3"Kv mCf vg *N · £R£ Q"*µ 
I zzzv mCf vgg N ] 3£ guuu Z3!•(•O3!•Q" !Q !+R QZ•$•"3* mCf vgg £!3"K3ZKh 3**Q] •"$ 
] •ZR*R££ (·" O!•Q"3*•!µ OQXV3Z3N*R !Q x!+RZ"R!v 

• 802.11e a ] •ZR*R££ KZ3(! £!3"K3ZK !+3! KR(•"R£ !+R G· 3*•!µ Q( zRZ[•OR nGQzo 
£· VVQZ! (QZ 8_ 2 £h 3"K •£ 3" R"+3"ORXR"! !Q !+R mCf vg *3 3"K mCf vg *N ] •ZR*R££ 
8_ 2 n&8_ 2 o £VRO•(•O3!•Q"£v mCf vgg R 3KK£ GQz (R3!·ZR£ 3"K X· *!•XRK•3 
£· VVQZ! !Q !+R R>•£!•"$ Wxxx mCf vgg N 3"K Wxxx mCf vgg 3 ] •ZR*R££ £!3"K3ZK£h 
] +•*R X3•"!3•"•"$ (· ** N3OY] 3ZK OQXV3!•N•*•!µ ] •!+ !+R£R £!3"K3ZK£v 

• mCf vg lg applies !Q ] •ZR*R££ 8_ 2 £ 3"K •£ · £RK (QZ !Z3"£X•££•Q" Q[ RZ £+QZ! 
K•£!3"OR£ 3! · V to 54-Mbps in !+R f vd Bq = N3"K£v 

• mCf vg In 802.11n N· •*K£ · VQ" VZR[ •Q· £ mCf vgg £!3"K3ZK£ Nµ 3KK•"$ 
X· *!•V*RU•"V· ! X· *!•V*RUQ· !V· ! n0 W0/ ov D+R 3KK•!•Q"3* !Z3"£X•!!RZ 3"K 
ZROR•[ RZ 3"!R"" 3£ 3**Q] (QZ •"OZR3£RK K3!3 !+ZQ· $+V· ! !+ZQ· $+ £V3!•3* 
X· *!•V*R>•"$ 3"K •"OZR3£RK Z3"$Rv D+R ZR3* £VRRK ] Q· *K NR gCC 0N •!r£ n R[ R" 
f TC 0N •!r£ •" 4q ) *R[ R*oh 3"K £Q · V !Q dUT !•XR£ (3£!RZ !+3" mCf vgg $v 

• mCf vg *Z U mCf vg *Zh 3*£Q O3**RK , 3£! . 3£•O zRZ[•OR zR! n. zzo DZ3"£•!•Q"h 
£· VVQZ!£ wQ& •U, • +3"KQ((NR!] RR" 3OOR££ VQ•"!£ !Q R"3N*R wQW4 ZQ3X•"$ Q" 3 
& •U, • "R!] QZY ] •!+ mCf v *' 3· !+R"!•O3!•Q"v 

• 802.1X Not !Q NR OQ"(· £RK ] •!+ mCf v**> n] +•O+ •£ !+R !RZX · £RK !Q 
KR£OZ•NR !+R (3X•*µ Q( mCf vgg £!3"K3ZK£o mCf v*' •£ 3" Wxxx £!3"K3ZK (QZ VQZ!­ 
N3£RK 2 R!] QZY _ OOR££ J Q"!ZQ* !+3! 3**Q] £ "R!] QZY 3KX•"•£!Z3!QZ£ !Q ZR£!Z•O!RK 
· £R Q( Wxxx mCf 8_2 £RZ[•OR 3OOR££ VQ•"!£ !Q £RO·ZR OQXX· "•O3!•Q" NR!] RR" 

: id ith ·dde 5 . (2] authenticated an aut orize tevices 

2.4.1 WI-FI Operating Frequencies. 

x3O+ !µVR Q( ] •ZR*R££ K3!3 "R!] QZY QVRZ3!R£ Q" 3 £VRO•(•O £R! Q( Z3K•Q 
(ZR­ · R"O•R£v Most Wi-Fi networks QVRZ3!R •" 3 £VRO•3* N3"K Q( · "*•OR"£RK Z3K•Q 
(ZR­· R"O•R£ •" f vd Bq = N3"Kv Other Wi-Fi systems · £R 3 K•((RZR"! ·" *•OR"£RK N3"K •" 
5 GHz. ® 

gE 



ISM 

90OMA: 
802.11 

ISM 
2.4-2.5%H1 
802.1 1b/g 

UNI] Bands 

5.1 -5.86Hz 
802.11.a 

ISM; hiustlal, Sclenoe 
& led:al 
Ullll: Uk;ersed llatonal 
[it«natbn In tastructure 

...__ U U UUU U U 
Figure 2.3: Wi-Fi (ZR­ · R"Oµ N3"K£v 

_" ; "*•OR"£RK XR3"£ !+3! 3"µNQKµ · £•"$ R­ · •VXR"! !+3! OQXV*•R£ ] •!+ !+R 
!RO+"•O3* ZR­ · •ZRXR"!£ O3" £R"K t ZROR•[ R Z3K•Q £•$"3*£ Q" !+R£R (ZR­ · R"O•R£ ] •!+Q· ! 
3 Z3K•Q £!3!•Q" *•OR"£Rv ; "*•YR XQN•*R OQXV3"µh ] +•O+ ZR­ · •ZR *•OR"£R£ !Q · £R Q( !+3! 
(ZR­ · R"Oµ !Q 3 £VRO•(•O !µVR Q( £RZ[•ORv D+R mCf vgg N 3"K mCf vg *$ & •U, • £RZ[•OR£ 3** 
QVRZ3!R •" 3 (ZR­ · R"Oµ Z3"$R 3! QZ £*•$+!*µ 3NQ[ R f vd Bq =v D+R mCf v**3 £•$"3* · £R£ 3 
N3"K O*Q£R !Q TvE Bq = 3"K mCf vg *" QVRZ3!RK •" !+R !Q] N3"K£v 

Table 2.1: J +3"" R*£ 3[ 3•*3N*R •" f vd Bq = N3"Kv 
O+3"" R* , ZR­ · R"Oµ N3"K nBq Lo J +3"" R* OR"!RZ N3"K 

nBq Lo 
g f vdCg U f vdf E f vdgf 
f f vdCp f vdf m f vdgM 
E f vdgg f vdEE f vdf f 
d f vdgp f vdEm f vdf M 
T f vdf g f vddE f vdEf 
p f vdf p f vddm f vdEM 
M f vdEg f vdTE f vddf 
m f vdEp f vdTm f vddM 
u f vddg f vdpE f vdTf 

gC f vddp f vdpm f vdTM 
gg f vdTg f vdME f vdpf 
gf f vdTp f vdMm f vdpM 
gE f vdpg f vdmE f vdMf 
gd f vdME f vduT f vdmd 

gd 



v v avai.a, e in = 3" v Channel , ZR­ · R"Oµ n0 q =o gmd duf C gmm dudC 192 dupC 
gup dumC 
f Cm TCdC 
f gf TCpC 
f gp TCmC 
Ep TgmC 
dC Tf CC 
dd Tf f C 
dm Tf dC 
Tf Tf pC 
Tp Tf mC 
pC TECC 
pd TEf C 

gCC TTCC 
gCd TTf C 
gCm TTdC 
ggf TTpC 
ggp TTmC 
gf C TpCC 
gf d Tpf C 
gf m TpdC 
gEf TppC 
gEp TpmC 
gdC TMCC 
gdu TMdT 
gTE TMpT 
gTM TMmT 
gpg TmCT 

Table 2.2: Channels ·ilabl 5 GHz ba d 

D+R N3"K] •K!+ Q( R3O+ O+3""R* •£ f C 0q = •" f vd Bq = 3"K •" T Bq = N3"K£h D+R 
&•U, • mCf vg *" O3" · £R O+3""R* N3"K f C0q = QZ dC0q = nNµ OQXN•"•"$ !] Q 3K� 3OR"! 
O+3""R*£ov 

f vdvf v &WU, W mCf vgg 3v 

D+R &•U, • mCf v**3 •£ *·" O+RK 3! -· *µ guuu !Q VZQ[ •KR X3>•X·X K3!3 Z3!R 
Td0NV£ Nµ · £•"$ / , I 0 3£ 3 XQK· *3!•Q" !RO+"Q*Q$µ •" T Bq = ·" *•OR"£RK (ZR­ · R"Oµ 
N3"Kv 
4+µ£•O3* 83µRZ 
T Bq L , ZR­ · R"Oµ . 3"K 

&•U, • mCf v **3 · !•*•=R£ ECC 0q = Q( N3"K] •K!+ •" !+R T Bq = ; "*•OR"£RK N3"K 
(U-NID). Though !+R lower 200 MHz •£ V+µ£•O3**µ OQ"!•$·Q· £h !+R , J J +3£ K•[ •KRK 
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!+R !Q!3* ECC 0 q = •"!Q !+ZRR K•£!•"O! gCC 0 q = KQX3•"£ R3O+ ] •!+ 3 K•((RZR"! *R$3* 
X3>•X·X VQ] RZ Q· !V· !v £ 41 ' 

D+R a*Q] a N3"K QVRZ3!R£ (ZQX 5.15- 5.25 GHz, 3"K +3£ 3 X3>•X· X Q( TC X& v 
D+R aX•KK*Ra N3"K •£ *QO3!RK (ZQX Tvf T U TvET Bq =h ] •!+ 3 X3>v Q( f TC X& v D+R 
a+•$+a N3"K · !•*•=R£ 5.725= 5.825 GHz, ] •!+ 3 X3>•X· X Q( g & v . RO3· £R Q( !+R +•$+ 
VQ] RZ Q· !V· !h KR[ •OR£ !Z3"£X•!!•"$ •" !+R +•$+ N3"K ] •** !R"K !Q NR N· •*K•"$U!Q­ 
N· •*K•"$ VZQK· O!£v D+R *Q] 3"K XRK•· X N3"K£ 3ZR XQZR £· •!RK !Q •"UN· •*K•"$ ] •ZR*R££ 
VZQK· O!£v J4* 

Ma]mum Pwar 'output 50mW 250m» 1W 
IJNII Rv3"K I I I ~ q •Ov+ Midlle 

Fie,yep:y [GHz] 

J, .. 
W 

5.15 5.20 5.25 5.30 5.35 s 735 5,775 5,32' e.e i' la vh P U • U· 

Figure 2.4: 5 Bq = ; "*•OR"£RK N3"K n; U2 WWov 

/ VRZ3!•Q" •" !+R T Bq = ;2 WW N3"K VQ£R£ O+3**R"$R£ !Q mCf vgg 3 Z3K•Q KR£•$" !+3! 
•"O*· KR X· *!•V3!+ 3"K 3KK•!•Q"3* V3!+ *Q££h £•"OR V3!+ *Q££ •£ •"OZR3£RK Nµ •"OZR3£•"$ 
!+R (ZR­ · R"Oµ 3"K !+3! O3£RK KROZR3£•"$ !+R OQ[ RZ3$R Z3"$R of wi-fi 802.1 *3 "R!] QZY 

mCf vgg 3 £· VVQZ!£ N3"K] •K!+ · V !Q Td 0NV£ 3"K £•$"3*£ •" 3 ZR$·*3!RK (ZR­ · R"Oµ 
£VRO!Z·X 3ZQ·" K T Bq =v D+•£ +•$+RZ (ZR­ · R"Oµ OQXV3ZRK !Q mCf vgg N £+QZ!R"£ !+R 
Z3"$R Q( mCf vgg 3 "R!] QZY£v D+R +•$+RZ (ZR­ · R"Oµ 3*£Q XR3"£ mCf vgg 3 £•$"3*£ +3[ R 
XQZR K•((•O· *!µ VR"R!Z3!•"$ ] 3**£ 3"K Q!+RZ QN£!Z·O!•Q"£v . RO3· £R mCf vgg 3 3"K 
mCf vgg N · !•*•=R K•((RZR"! (ZR­ · R"O•R£h !+R !] Q !RO+"Q*Q$•R£ 3ZR •"OQXV3!•N*R ] •!+ R3O+ 
Q!+RZv J4* 

/ , I 0 0 QK· *3!•Q" zO+RXR 

mCf vgg 3 · £R£ / Z!+Q$Q"3* , ZR­ · R"Oµ I •[ •£•Q" Multiplexing (OFDM), a "R] 
R"OQK•"$ £O+RXR !+3! Q((RZ£ NR"R(•!£ Q[ RZ £VZR3K £VRO!Z·X •" O+3""R* 3[ 3•*3N•*•!µ 3"K 
K3!3 Z3!Rv J +3""R* 3[ 3•*3N•*•!µ •£ £•$"•(•O3"! NRO3· £R !+R XQZR •"KRVR"KR"! O+3""R*£ 
!+3! 3ZR 3[ 3•*3N*Rh !+R XQZR £O3*3N*R !+R ] •ZR*R££ "R!] QZY NROQXR£ v D+R +•$+ K3!3 Z3!R 
3ZR 3OOQXV*•£+RK Nµ OQXN•"•"$ X3"µ *Q] RZU£VRRK £· NO3ZZ•RZ£ !Q OZR3!R Q"R +•$+­ 
£VRRK O+3""R*v 

gp 



mCf vg *3 uses OFDM to K (• R "R 3 !Q!3* Q( m "Q"Q[ RZ*3VV•"$ f C 0q = O+3""R*£ 
3OZQ££ !+R f *Q] RZ N3"K£· R3O+ (!+ + · · · 

. , 0 R£R O annels is divided into Tf £· NO3ZZ•RZ£ R3O+ 
approximately 300 KHz ] •KR .the 802.11b\g · £R£ E "Q"UQ[ RZ*3VV•"$ O+3""R*£v £ 4- 

52 Car(k#I: 

Cnw Channel ({let:ail) 2A-lH: 

iah car1lf ls 
·306}Hr wide 

Figure 2.5: z· NO3ZZ•RZ£ Q( !+R O+3""R*v 

12 channels for 802.11a 

, J J +3£ approved 11 more channels 

149 153 157 161 

f!c1D 
5GHz UNI Band 

23 non-overlapping channels are now available for 802.1 1a 

Figure 2.6: mCf vgg 3 "Q"UQ[ RZ*3VV•"$ O+3""R*£v 

I 3!3 H3!R£ 

z•$"3* N*QOY•"$ Nµ !+•OY ] 3** QZ Q!+RZ V+µ£•O3* N3ZZ•RZ£v W( µQ· £•! "R3Z ] •ZR*R££ 
ZQ· !RZr3OOR££ VQ•"!h µQ· ] •** $R! +•$+ 3"K $QQK "R!] QZY £VRRKv q Q] R[ RZ •( 3"Q!+RZ 
VRZ£Q" � Q•"£ !+R "R!] QZY £•!!•"$ (3Z (ZQX !+R ]• ZR*R££ _4 h !+R "R!] QZY £VRRK Q( NQ!+ 
OQXV· !RZ£ ]• ** NR KZQVVRKv D+R Z·*R •£ !+R (· Z!+RZ µQ·Z *QO3!•Q" (ZQX !+R ] •ZR*R££ _4 h 

gM 



!+R £*Q] RZ µQ· Z OQ"" RO!•Q" ] •** NRh 3"K !+R K•£!3"OR ] •** 3((RO! !+R "R!] QZY £VRRK Q( 
Q!+RZ · £RZ£ 3*£Q v 

v I R[ •OR£ utilizing 802.11a 3ZR ZR­ · •ZRK !Q £· VVQZ! £VRRK£ Q( ph gf h 3"K f d 0NV£v 
/ V!•Q"3* £VRRK£ $Q ·V !Q Td 0NV£h N· ! ] •** 3*£Q !µV•O3**µ •"O*· KR dmh Eph gmh 3"K u 
0NV£v D+R£R K•((RZR"OR£ 3ZR !+R ZR£· *! Q( •XV*RXR"!•"$ K•((RZR"! XQK· *3!•Q" 
!RO+"•­ · R£v DQ 3O+•R[ R Td 0NV£h 3 XRO+3"•£X O3**RK npdG_0 o •£ · £RK !Q V3OY !+R 
X3>•X·X 3XQ·" ! Q( •"(QZX3!•Q" VQ££•N*Rh 3£ £+Q]" •" !+R NR*Q] !3N*Rv 

Table 2.3: Data ! K v v Z3 R 3" corresponding XQ · 3!•Q" •" mCf vg *3:$v 
I 3!3 Z3! XQK· *3!•Q" 

p . 4z7 
u . 4z7 
gf G4z7 
gm G4z7 
f d gpUG_0 
Ep gpUG_0 
dm pdUG_0 
Td pdUG_0 

d; d 1 

f vdvEv &WU, W mCf vgg Nv 

W" guuTh !+R , RKRZ3* J QXX·" •O3!•Q"£ J QXX•££•Q" +3K 3**QO3!RK £R[ RZ3* N3"K£ 
Q( ] •ZR*R££ £VRO!Z·X (QZ · £R ] •!+Q· ! 3 *•OR"£Rv D+R , J J £!•V· *3!RK !+3! !+R · £R Q( 
£VZR3K £VRO!Z·X !RO+"Q*Q$µ ] Q· *K NR ZR­ · •ZRK •" 3"µ KR[ •OR£v W" guuCh !+R Wxxx 
NR$3" R>V*QZ•"$ 3 £!3"K3ZKv W" guuM !+R mCf vgg £!3"K3ZK ] 3£ Z3!•(•RK 3"K •£ "Q] 
QN£Q*R!Rv D+R" •" -· *µ guuu !+R mCf vgg N £!3"K3ZK ] 3£ Z3!•(•RKv D+R mCf vgg N £!3"K3ZK 
VZQ[ •KR£ 3 X3>•X·X !+RQZR!•O3* g *0NV£ K3!3 Z3!R •" !+R f vd Bq = W"K· £!Z•3*h 
Scientific and Medical (ISM) band. ® 

4+µ£•O3* 83µRZ 
f vd Bq L , ZR­ · R"Oµ . 3"K 

. Q!+ mCf vg *N 3"K mCf vg *$ QVRZ3!R •" !+R f vdBq = N3"K£ K•[•KRK •"!Q gE O+3""R*£ 
] •!+ f C 0q = (QZ R3O+ Q"Rh XQ£! Q( !+RX Q[ RZ*3V ] •!+ R3O+ Q!+RZh *R3[ •"$ Q"*µ !+ZRR 
"Q"UQ[ RZ*3VV•"$ O+3""R*£ k O+3""R*£ gh p 3"K gg5 v 

gm 



h# t 2 3 4 5 6 7 8 9 10 11 a7cars 
2.46Hz ISM Band 

Ch±: 6 11 

I 

Only 3 channels are non-overlapping 

Figure 2.7: 802.11 Nr $ O+3"" R*£ 3"K "Q"UQ[ RZ*3VV•"$ O+3"" R*£v 

I 3!3 H3!R£ 

D+R QZ•$•"3* £!3"K3ZK ZR*R3£RK •" guuM KR(•"RK a CSMA/CA based 0_ J h !] Q 
4q ) *3µRZ£ •" !+R f vd Bq = N3"Kh 3"K 3 !+•ZK 4q ) N3£RK Q" W"(Z3ZRK nWHov D+R f vd 
Bq = 4q ) RXV*Qµ£ , ZR­ · R"Oµ q QVV•"$ zVZR3K zVRO!Z·X n, q zzo 3"K I •ZRO! 
zR­ · R"OR zVZR3K zVRO!Z·X nI zzzo ZR£VRO!•[ R*µ !Q 3O+•R[ R NR!] RR" g 3"K f 0N •!r£v 
D] Q µR3Z£ *3!RZ !+R !3£Y $ZQ· V mCf vgg N Z3!•(•RK 3 "R] £!3"K3ZK (QZ !+R 4q) *3µRZ 
QVRZ3!•"$ 3! f vd Bq =v W! •£ · £RK XQK· *3!•Q" !µVR£ !+3! 3ZR J J 7 3"K I zzz !Q VZQ[•KR 
X3>•X· X K3!3 Z3!R gg 0N V£v 

T bl 2 4 D ! ! d a e . 33Z3R3" OQZZR£ -Q" X$ XQ · 3 Q" X 
I 3!3 Z3! XQK*3!•Q" 

gg J J 7 

TvT J J 7 

f I G4z7 

g I G4z7 

d; K 1 !• v mCf gg Nv 

f vdvdv &WU, W mCf vgg $v 

W" f CCf 3"K f CCEh & 8_ 2 VZQK· O!£ £· VVQZ!•"$ 3 "R] RZ £!3"K3ZK O3**RK mCf vg *$ 
RXRZ$RK Q" !+R X3ZYR!v mCf vgg $ 3!!RXV!£ !Q OQXN•"R !+R NR£! Q( NQ!+ mCf vgg 3 3"K 
802.11b. 802.11g £· VVQZ!£ N3"K]• K!+ · V !Q Td 0N V£h 3"K •! · £R£ !+R f vd Bq = 
frequency for greater range. 802.11g is backwards compatible with 802.11b, meaning 
!+3! mCf vg *$ 3OOR££ VQ•"!£ ]• ** ] QZY ]• !+ mCf vg *N ]• ZR*R££ "R!] QZY 3K3V!RZ£ and vice 
versa. {l 

gu 



It is used OFDM as a modulati technir. ., :. nutation tecl ique to provide 54 Mbps maximum data 
rate in 2.4 GHz band, that means it is combatable with 802.11 b, since it is operated 
•" !+R £3XR (ZR­ · R"Oµ N3"Kv 

4+µ£•O3* 83µRZ 
f vd Bq L , ZR­ · R"Oµ . 3"K 

Wi-Fi 802.1 *$ •£ QVRZ3!RK •" f vd Bq = N3"K ] •!+ mCf vg *N !+3! XR3"£ •( !+R£R !Q] 
£!3!•Q"£ 3ZR •" !+R £3XR "R!] QZY !+3! XR3" •"!RZ(RZR"OR NR!] RR" R3O+ Q!+RZ •£ 
QOO·ZZRK 3"K ZRK· O•"$ !+R !+ZQ· $+V· ! Q( !+R £µ£!RXv 

I 3!3 H3!R£ 

The Wi-Fi 802.11 $ QVRZ3!R£ Q" f vd Bq = N3"K *•YR mCf vgg N h N· ! £•"OR •! •£ · £RK 
/ , I 0 3£ 3 XQK· *3!•Q" !RO+"•­ · R !+R 3((RO! Q( •"!RZ(RZR"OR •£ *R££ OQXV3Z•"$ ] •!+ 
mCf vg *N £Q •! +3[ R XQZR K3!3 Z3!R · V !Q Td0N V£ 

mCf vg *$ · £R£ / , I 0 h J J 7 h I zzz 3£ 3 XQK· *3!•Q" !RO+"•­ · R £Q •! •£ OQXV3!•N*R 
] •!+ mCf vg *N n£•"OR •! •£ QVRZ3!RK •" £3XR (ZR­ · R"Oµ Z3"$Ro 3"K "Q! OQXV3!•N*R ] •!+ 
mCf vgg 3 £•"OR !+Rµ 3ZR QVRZ3!RK •" K•((RZR"! (ZR­ · R"Oµ N3"K£v 

f vdvTv &WU, W mCf vgg "v 

It •£ !+R "R] R£! & •U, • !RO+"Q*Q$µ 3VV*•RK •" f CCp •! •£ · £RK 0 W0/ n0 · *!•V*R 
W"V· ! 0 · *!•V*R / · !V· !o !RO+"Q*Q$µ !Q •"OZR3£R !+R K3!3 Z3!R · V !Q pCC 0N V£v 

; "(QZ!·"3!R*µh R[ RZµ •"OZR3£R •" Z3!R O3XR 3! !+R R>VR"£R Q( 3 *Q££ •" Z3"$Rv W" 
!+R Wxxx mCf v**3r$ £!3"K3ZK£h (QZ •"£!3"ORh !+R +•$+R£! K3!3 Z3!R Q( Td 0N V£ •£ 
3O+•R[ RK !+ZQ· $+ !+R · £R Q( pdUG_0 v D+R · £R Q( £· O+ +•$+*µ £VRO!Z3* R((•O•R"! +•$+RZ 
QZKRZ XQK· *3!•Q"£ ZR­ · •ZR£ 3 £•$"•(•O3"! *3Z$RZ z2H !+3" !+R £•XV*R . 4z7 
XQK· *3!•Q" · £RK (QZ !+R *Q] R£! g 0N V£ Z3!Rh ZR£· *!•"$ •" 3 £•$"•(•O3"! *Q££ •" Z3"$Rv W" 
3KK•!•Q" !+R *•"Y NROQXR£ XQZR [· *"RZ3N*R !Q OQUO+3"" R* •"!RZ(RZR"ORh ] +•O+ ZRK· OR£ ' the total system capacity. !! 

4+µ£•O3* 83µRZ 
f vd t 5 Bq L , ZR­ · R"Oµ . 3"K 

mCf v**" •£ QVRZ3!R£ •" Wz0 nf vd Bq =o 3"K ;2 •*nT Bq = o N3"K£ £Q •! •£ 
OQXN3!3N*R ]• !+ 3** Q!+RZ£ & •U, • £!3"K3ZK£ !+3! XR3"£ •! •£ · £RK gd "Q"UQ[ RZ*3VV•"$ 
O+3"" R*£ •" !Q] N3"K£ nEc ggo with 20 MHz (QZ R3O+ Q"R 3"K O3" · £RK dC0q = Nµ 

20 



OQXN•"•"$ !Q] 3K� 3OR"! O+3"" R*£ •" 3"µ N3"K£ !Q VZQ[ RK XQZR N3"K] •K!+ £Q XQZR 
throughput. 

I 3!3 H3!R£ 

D+R &•U, • mCf vg *" •£ !Zµ•"$ !Q VZQ[ •KR X3>•X·X VQ££•N*R K3!3 Z3!R !Q QN!3•" 
!+•£ $Q3*h •! •£ · £RK XQZR N3"K] •K!+ dC0 q = . µ NQ"K•"$ !] Q 3K� 3OR"! f C 0 q = 
O+3""R*£ 3"K · £RK enhanced MIMO technology Nµ · £•"$ NR3X (QZX•"$ 3"K K•[ RZ£•!µ 
!Q •"OZR3£R !Z3"£X•!!RK £VRRKv 

D+R mCf vgg " £!3"K3ZK KR(•"R£ 3 Z3"$R Q( X3"K3!QZµ 3"K QV!•Q"3* K3!3 Z3!R£ •" 
NQ!+ f C 3"K dC0q = O+3""R*£ !+RZR 3ZR £R[ RZ3* QV!•Q"3* Z3!R£v / "R QV!•Q"3* (R3!·ZR •£ 
!Q · £R 3 ZRK· ORK $·3ZK •"!RZ[3* Q( dCC "£ •"£!R3K Q( mCC "£h ] +•O+ •"OZR3£R£ !+R 
X3>•X· X K3!3 Z3!R (QZ f £V3!•3* £!ZR3X£ •" 3 dC0 q = O+3""R* !Q ECC 0NV£v / !+RZ 
QV!•Q"3* Z3!R£ · £R E QZ R[ R" d £V3!•3* £!ZR3X£v D+R +•$+R£! QV!•Q"3* K3!3 Z3!R KR(•"RK 
Nµ mCf v**" •£ pCC 0NV£h ] +•O+ •£ 3O+•R[ RK Nµ · £•"$ d £V3!•3* £!ZR3X£ •" 3 dC0q = 
channel with a 400 ns guard interval. "! 

&+•*R mCf vgg a/big "R!] QZY£ QVRZ3!R •" 3 f C 0q = O+3""R*h mCf v**" KR(•"R£ !+R 
· £R Q( f C 3"K dC 0 q = O+3""R*£v dC 0 q = O+3""R*£ 3**Q] KQ· N*•"$ Q( !+R K3!3 Z3!R !Q 
gTC 0NV£v _ ** mCf vgg KR[ •OR£ £R"K 3 V3OYR! Q[ RZ !+R 3•Z 3£ 3 £R­ · R"OR Q( £µXNQ*£v 
I R[ •OR£ · £•"$ dC 0 q = O+3""R*£ O3" R"OQKR 3"K !Z3"£X•! XQZR K3!3 •" R3O+ £µXNQ*v 
I RVR"K•"$ Q" !+R KR$ZRR Q( OQXV*R>•!µ !+3! !+R R"[ •ZQ"XR"! O3" £· VVQZ!h mCf vgg 
KR[•OR£ O+QQ£R 3" 3VVZQVZ•3!R K3!3 Z3!R (QZ · £R Q[ RZ !+R 3•Zv , QZ R>3XV*Rh !+R Wxxx 
mCf vgg N £!3"K3ZK £· VVQZ!£ K3!3 Z3!R£ of 1, 2, 5.5 3"K gg 0NV£v kz- 

0 · O+ Q( !+R !+ZQ· $+V· ! •XVZQ[ RXR"! •" mCf vgg " OQXR£ (ZQX 3$$ZR$3!•Q" 
!RO+"•­ · R£v , Z3XR 3$$ZR$3!•Q" •XVZQ[ R£ !+R R((•O•R"Oµ Q( mCf vg *" £µ£!RX£ Nµ 
ZRK· O•"$ !+R VZQ!QOQ* Q[ RZ+R3K ZR­ · •ZRK (QZ !Z3"£X•!!•"$ VZQ!QOQ* (Z3XR£v w•KRQ 
!Z3((•O O3" NR"R(•! (ZQX NR•"$ !Z3"£VQZ!RK · £•"$ X3>•X·X £•=R 3$$ZR$3!R (Z3XR£ £•"OR 
[ •KRQ !Z3((•O £R"K£ X3"µ (Z3XR£ !Q !+R £3XR KR£!•"3!•Q"v D+R _ $$ZR$3!RK 0 RK•·X 
_ OOR££ J Q"!ZQ* zRZ[•OR I 3!3 ; "•! n_ U0 zI ; o XRO+3"•£X •"OZR3£R£ !+R (Z3XR £•=R 
· £RK •" !Z3"£X•!!•"$ 0 RK•·X _ OOR££ J Q"!ZQ* n0_ J o VZQ!QOQ* (Z3XR£v D+R 
_ $$ZR$3!RK 0_ J 4ZQ!QOQ* I 3!3 ; "•! n_ U04 I ;o XRO+3"•£X •"OZR3£R£ !+R X3>•X·X 
£•=R Q( !+R mCf vgg (Z3XR£ !Z3"£VQZ!RK Q" !+R 3•Z (ZQX !+R *R$3Oµ f ECd Nµ!R£ !Q pdY 
Nµ!R£v kz- 

f g 



802.11b data frame 

Draft 802.11n data frame 

K- 
Draft 802.11n with aggregation 

Overhead 

Overhead 

Overhead 

Time _I UUUUUUUUUUUS 
Figure 2.8: _ $$ZR$3!•Q" •" mCf vg *"v 

_" Q!+RZ R((•O•R"Oµ •XVZQ[ RXR"! •£ •" !+R 3ZR3 Q( £!ZR3X*•"RK 
3OY"Q] *RK$RXR"!£v D+R N*QOY 3OY"Q] *RK$RXR"! mechanism- a VZQ!QOQ* (QZ £R"K•"$ 
3 £•"$*R N*QOY 3OY"Q] *RK$RXR"! n_ J 7 o (Z3XR !Q 3OY"Q] *RK$R £R[ RZ3* ZROR•[ RK 
frames - can £•$"•(•O3"!*µ •XVZQ[ R VZQ!QOQ* R((•O•R"Oµ 3"K !+ZQ· $+V· ! Nµ ZRK· O•"$ !+R 
3XQ·" ! Q( Q[ RZ+R3K KRK•O3!RK !Q 3OY"Q] *RK$RXR"!£v &+•*R !+R N*QOY _ J 7 VZQ!QOQ* 
] 3£ 3*£Q KR(•"RK (QZ *R$3Oµ £µ£!RX£h •! ] 3£ "Q! R>!R"£•[ R*µ KRV*QµRKv D+R mCf vg *" 
£!3"K3ZK +3£ ZRK· ORK !+R £•=R Q( !+R N*QOY _ J 7 (Z3XR (ZQX !+R *R$3Oµ gf m Nµ!R£ !Q 
R•$+! Nµ!R£h ] +•O+ 3*£Q µ•R*K£ 3 £•$"•(•O3"! •XVZQ[ RXR"! •" R((•O•R"Oµv kz- 

f f 



v v corresponding XQK· *3!•Q" •" mCf vg *"v J QKR Z3!R 0 QK· *3!•Q" 2 · XNRZ Q( I 3!3 Z3!R •" f C I 3!3 Z3!R •" dC 
£V3!•3* £!ZR3X£ 0 q = 0 q = 

i grf BPSK g pvT gEvT 
grf G4z7 g gE f M 
Erd QPSK g guvT dCvT 
grf gpG_0 g f p Td 
Erd gpG_0 g Eu mg 
f rE pdG_0 g 52 gCm 
Erd pdG_0 g TmvT gf gvT 
Trp pdG_0 g pT gET 
grf . 4z7 f gE f M 
grf G4z7 f f p Td 
Erd G4z7 f Eu mg 
grf gpG_0 f Tf gCm 
Erd gpG_0 f Mm gpf 
f rE pdG_0 f gCd f gp 
Erd pdG_0 f ggM f dE 
Trp pdG_0 f gEC f MC 

Table 2.5: Data rate and id; 

&•!+ Q"*µ Q"R £V3!•3* £!ZR3X !+R£R K3!3 Z3!R Q( mCf vgg " •£ pT 0NV£ OQXV3Z•"$ 
] •!+ Td0NV£ •" mCf v**3:$b £•"OR " !RO+"Q*Q$µ · £R£ +•$+RZ X3>•X·X OQKR Z3!Rv . µ 
· £•"$ dC0q = O+3""R* !+R K3!3 Q( mCf vg *" •£ KQ·N*R£ !Q gET0NV£v 

&+R" mCf v**" · £R£ pdG_0 3£ 3 XQK· *3!•Q" !RO+"Q*Q$µ •! ZR3O+ !+R X3>•X·X 
K3!3 Z3!R !+3! •£ f MC0NV£ Nµ · £•"$ !] Q £V3!•3* £!ZR3XR£v 
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, R3!·ZR I R(•"•!•Q" zVRO•(•3!•Q" £!3!· £ . R!!RZ/ , I 0 z· VVQZ! ] KRZ N3"K] •K!+ t X3"K3!QZµ 
+•$+RZ OQKR Z3!R !Q NZ•"$ 
maximmum data Z3!R !Q 
65Mbps 

zV3ORUI •[ •£•Q" 0 · *!•V*•>•"$ WXVZQ[ R£ VRZ(QZX3"OR Nµ / V!•Q"3* (QZ · V !Q 
V3Z£•"$ K3!3 •"!Q X· *!•V*R (Q· Z £V3!•3* 
£!ZR3X£ !Z3"£X•!RK !+ZQ· $+ £!ZR3X£ 
X· *!V*R 3"!!R"3£ 

I •[ RZ£•!µ x>V*Q•!£ !+R R>•£!R"OR Q( / V!•"3* (QZ · V !Q 
X· *!•V*R 3"!!R"3£ !Q •XVZQ[ R (Q·Z 3"!!R"3£ 

Z3"$ 3"K ZR*•3N•*•!µv DµV•O3**µ 

xXV*QµRK ] +R" !+R "· XNRZ Q( 
3"!!R"3£ Q" !+R ZROR•[ •"$ R"K 
•£ +•$+RZ !+3" !+R "·X NRZ Q( 
£!ZR3X£ NR•"$ !Z3"£X•!!RK 

0 W0/ VQ] RZ £3[ R 8•X•! VQ] RZ OQ"£· XV!•Q" HR­ · •ZRK 
VR"3•!µ Q( 0 W0/ Nµ · !•*•=•"$ 
X· *!•V*R 3"!R"" 3£ Q"*µ Q" 3£U 
"RRKRK N3£•£ 

dC0 q = J +3"" R*£ x((RO!•[ R*µ KQ· N*R£ K3!3 Z3!R£ QV!•Q"3* 
Nµ KQ· N*•"$ O+3"" R* ] •K!+ 
(ZQX f C0q = !Q dC0q = 

_ $$ZR$3!•Q" WXVZQ[ R£ R((•O•R"Oµ Nµ HR­ · •ZRK 
3**Q] •"$ !Z3"£X•££•Q" N· Z£!£ Q( 
X· *!•V*R K3!3 V3OYR!£ NR!] RR" 
Q[ RZ+R3K OQXX·" •O3!•Q" 

HRK· ORK W"!RZU, Z3X / "R Q( £R[ RZ3* KZ3(! " (R3!·ZR£ HR­ · •ZRK 
zV3O•"$nHW,zo KR£•$"RK !Q •XVZQ[ R R((•O•R"Oµ 

VZQ[ •KR£ 3 £+QZ!RZ KR*3µ 
NR!] RR" / , I 0 !Z3"£X•££•Q"£ 
!+3" •" mCf vg *3 QZ $ 

J ·ZZR"!*µ QV!•Q"3* BZRR"(•R*K 0 QKR WXVZQ[ R£ R((•O•R"Oµ Nµ 
R*RX•"3!•"$ £· VVQZ! (QZ 
mCf vg *3rNr$ KR[ •OR£ •" 3" 3** 
KZ3(!U" "R!] QZY 

Table 2.6: Major J QXVQ"R"!£ Q( mCf g *" 
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f vdvpv 0 W0 / x"+3"ORXR"!v 

D+RZR 3ZR !] Q (R3!·ZR£ •" !+R KZ3(!U" £VRO•(•O3!•Q" !+3! (QO· £ Q" •XVZQ[ •"$ 
MIMO 
VRZ(QZX3"ORh O3**RK NR3XU(QZX•"$ 3"K K•[ RZ£•!µv . R3XU(QZX•"$ •£ 3 !RO+"•­ · R !+3! 
(QO· £R£ Z3K•Q £•$"3*£ K•ZRO!*µ Q" !+R !3Z$R! 3"!R"" 3h !+RZRNµ •XVZQ[ •"$ Z3"$R 3"K 
performance by limiting interference.-l 

I •[ RZ£•!µ R>V*Q•!£ X· *!•V*R 3"!R"" 3£ Nµ OQXN•"•"$ !+R Q· !V· !£ Q( QZ £R*RO!•"$ !+R 
NR£! £· N£R! Q( 3 *3Z$RZ "· XNRZ Q( 3"!R"" 3£ !+3" ZR­ · •ZRK !Q ZROR•[ R 3 "· XNRZ Q( £V3!•3* 
£!ZR3X£v D+•£ •£ •XVQZ!3"! NRO3· £R !+R KZ3(! " £VRO•(•O3!•Q" £· VVQZ!£ · V !Q (Q·Z 
3"!R"" 3£h £Q KR[•OR£ ] •** VZQN3N*µ R"OQ· "!RZ Q!+RZ£ N· •*! ] •!+ 3 K•((RZR"! "· XNRZ Q( 
3"!R"" 3£v _ "Q!RNQQY OQXV· !RZ ] •!+ !] Q 3"!R"" 3£h (QZ R>3XV*Rh X•$+! OQ"" RO! !Q 3" 
3OOR££ VQ•"! ] •!+ !+ZRR 3"!R"" 3£v W" !+•£ O3£Rh Q"*µ !] Q £V3!•3* £!ZR3X£ O3" NR · £RK 
even though the access point itself may be capable of three spatial streams. / 

& •!+ K•[ RZ£•!µh £·ZV*· £ 3"!R"" 3£ 3ZR V· ! !Q $QQK · £Rv D+R KR[ •OR ] •!+ XQZR 
3"!R"" 3£ · £R£ !+R R>!Z3 Q"R£ !Q QVRZ3!R 3! *Q"$RZ Z3"$Rv , QZ R>3XV*Rh !+R Q· !V· !£ Q( 
!] Q 3"!R"" 3£ X3µ NR OQXN•"RK !Q ZROR•[ R Q"R £V3!•3* £!ZR3X !Q 3O+•R[ R 3 *Q"$RZ *•"Y 
Z3"$Rv D+R OQ"ORV! X3µ NR R>!R"KRK !Q OQXN•"R !+R Q· !V· !£ Q( !+ZRR 3"!R"" 3£ !Q 
receive two spatial streams for higher data rate and range and so on. {®/ 

. v 
f C 0q = O+3"" R* dC 0 q = O+3"" R* 

g £!ZR3X f £!ZR3X£ E £!ZR3X£ d £!ZR3X£ g £!ZR3X f £!ZR3X£ E d £!ZR3X£ 
£!ZR3X£ 

I 3!3 H3!Rh•" 0 NV£ 
mCf v**N ghf h 
f vdBq = TvThgg 
mCf gg3 phuh 
TBq = gf hgmh 

f dhEph 
dmhTd 

mCf v**$ ghf hph 
f vdBq = uhgf h 

gmhf dh 
Ephdmh 

Td 
f MhTdh dCvTh TdhgCmh mCf v**" pvTh gEhf ph guvTh f phTf h gEvTh 

MmhgCdh f Mh mghgCmh mgh gpf h f vdBq = gEh EuhTf h Euh 
dCvTh 162, gf gvTh f gph MmhgCdh TmvTh gTph 5GHz guvTh 
Tdhmgh 216, gpf h Ef dh ggMh MmhggMh f Cmh f phEuh 

gCmh f dEh f dEh dEf h gEC 156, f Edh Tf h 
gMTvTh f pC gf gvTh f MC Ef dh dmph TmvTh 

guT gET EpdvT TdC pT 
dCT 

Table 2.7: Data Z3!R •" 3** & •U, • !RO+"Q*Q$•R£v 

v W0/ ! +" *Q$µ (QZ !Z3"£X•!!•"$ 3"K ZROR•[ •"$ K3!3h !+•£ 802.11n is uses MI techol_ .% chnolo 5 
:. id receives four spatial streams; this tecl 10logy is technology allowed it to transmit an r 
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Y"Q]" 3£ £V3!•3* X· *!•V*R>•"$ unlik ·th w· · :. s mnte oter /i-Fi technologies that are using only Q"R £V3!•3* £!ZR3Xv 

2.5. Effect of interference on Wi-Fi. 

802.11b/g uses the 2.4 GHz ISM band. Many other devices operated in the same 
N3"K !+3! •£ £+3Z•"$ ] •!+ mCf vgg big O*•R"!£v W"!RZ(RZR"OR O3· £R£ V3OYR!£ !Q NR ZR­ 
!Z3"£X•!!RKv D+•£ O3· £R£ ZRK· ORK R"KU· £RZ !+ZQ· $+V· ! 3"K •"OZR3£RK *3!R"Oµ Q( K3!3 
!Z3[ RZ£•"$ the Wi-Fi network. 

/ !+RZ I R[•OR£ •" !+R f vdBq = Wz0 . 3"Kj 
• . *· R!QQ!+ I R[ •OR£ 
• q QXR RF 
• J QZK*R££ 4+Q"R£ 
• ' *C ] •ZR*R££ [ •KRQ O3XRZ3£ 

z•"OR mCf vgg 3 •£ QVRZ3!•"$ •" TBq = N3"K !+R R((RO! Q( •"!RZ(RZR"OR •£ *Q] 
OQXV3Z•"$ •" mCf v**N:$ h £•"OR !+RZR 3ZR "Q! X3"µ ] •ZR*R££ !RO+"Q*Q$•R£ · £RK !+•£ 
N3"K R>VRO! H3K3Z t z3!R**•!Rv 

Wxxx mCf vgg big 3"K . *· R!QQ!+h !+R£R !] Q QVRZ3!•"$ •" !+R ·" *•OR"£RK f vd Bq = 
(ZR­ · R"Oµ N3"Kv D+R "· XNRZ Q( KR[ •OR£ R­ · •VVRK ] •!+ Wxxx mCf vgg 3"K . *· R!QQ!+ •£ 
$ZQ] •"$v HR£· *! •£ !+R "· XNRZ Q( OQU*QO3!RK KR[ •OR£h £3µ ] •!+•" gC XR!RZ£h $ZQ]" !Q 3 
*•X•!h £Q !+3! •! X3µ O3· £R£ •"!RZ(RZR"OR •££· R£ •" !+R f vd Bq = N3"Kv 

D+R . *· R!QQ!+ QVRZ3!R£ •" f vdBq = Wz0 N3"Kv ; " (QZ!·"3!R*µh Wxxx mCf vgg big 
3"K mCf vgg " O3" 3*£Q QVRZ3!RK •" !+R £3XR N3"K !+3! O3· £R£ £•$" •(•O3"! •"!RZ(RZR"ORv 
&+ R" 3 "QKR · £•"$ Wxxx mCf vg *$ (QZ R>3XV*R 3£ 3 ] •ZR*R££ £!3"K3ZK ] 3"!£ !Q £R"K 3 
V3OYR! !Q !+R _4 h •! · £R£ !+R O3ZZ•RZ £R"£R VZQ!QOQ* Z·"" •"$ 3! !+R XRK•·X 3OOR££ 
OQ"!ZQ* n0_ J o *3µRZ !Q KR!RZX•"R •( !+R XRK•·X •£ (ZRR (ZQX !Z3((•O QZ "Q!v kW/- 

If •! (•"K£ !+R XRK•·X •K*R n•vRvh "Q"R Q( !+R Q!+RZ £!3!•Q"£ £R"£•"$ 3"µ RF R"RZ$µ 
•" !+R O+3"" R*oh •! •££· R£ J *R3Z !Q zR"K nJ Dzo ZR­ · R£! V3OYR! !Q !+R KR£!•"3!•Q" "QKRv If 
KR£!•"3!•Q" "QKR ] 3"!£ !Q OQXX·" •O3!Rh •! £R"K£ N3OY 3 £X3** HR3Kµ !Q zR"K nHDzo 
V3OYR! !Q !+R £R"K•"$ "QKRv &+ R" 3 £R"K•"$ "QKR ZROR•[ R£ 3 VQ£•!•[ R 
3OY"Q] *RK$RXR"! (ZQX !+R KR£!•"3!•Q" "QKR n•vRvh HDz V3OYR!oh NQ!+ £R"K•"$ 3"K 
ZROR•[•"$ "QKR£ O3" £!3Z! OQXX·" •O3!•"$ ]• !+ R3O+ Q!+RZ Nµ R>O+3"$•"$ !+R ZR$· *3Z 
K3!3 V3OYR!£v ; £•"$ !+R £3XR !RO+"•­ · Rh ] +•*R 3"Q!+RZ OQU*QO3!RK Wxxx mCf vg *N 

v v !+ v v kW/5 network tries to send the packet, it will postpone e transmission. 

D+•£ !RO+"•­ · R VZQ[ •KR£ 3 $QQK ZR£Q*· !•Q" (QZ X· !· 3* •"!RZ(RZR"OR NR!] RR" OQ­ 
*QO3!RK Wxxx mCf vgg "R!] QZY£v q Q] R[ RZh ] +R" •! OQXR£ !Q 3 OQU*QO3!RK . *· R!QQ!+ 
3"K Wxxx mCf vgg "R!] QZYh !+Rµ � · £! KQ "Q! OQXX·" •O3!R ]• !+ R3O+ Q!+RZv D+RZR •£ 3 
KR(•"•!R O+3"OR Q( OQ**•£•Q" ] +R" !+Rµ · £R !+R £3XR O+3"" R* 3! 3 V3Z!•O· *3Z !•XRv _ 
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. *· R!QQ!+ KR[ •OR X3µ +3V+3=3ZK*µ NR$•" !Z3"£X•!!•"$ V3OYR!£ ] +•*R 3" Wxx x mCf vgg 
KR[•OR •£ £R"K•"$ 3 (Z3XRv D+•£ X3µ ZR£· *!£ •" •"!RZ(RZR"OR ] +•O+ (QZOR£ !+R Wxx x 
mCf vgg £!3!•Q" !Q ZR!Z3"£X•! !+R (Z3XR ] +R" •! ZR3*•=R£ !+3! !+R KR£!•"3!•Q" £!3!•Q" •£ 
"Q! $Q•"$ !Q £R"K N3OY 3" 3OY"Q] *RK$XR"!v D+•£ *3OY Q( OQQZK•"3!•Q" •£ !+R N3£•£ (QZ 
•"!RZ(RZR"OR NR!] RR" . *· R!QQ!+ and 802.11. 0) 

D+R ZR!Z3"£X•££•Q" Q( (Z3XR •£ ZRK· O•"$ !+R K3!3 Z3!R Q( !+R £!3!•Q"£ •" !+R 
"R!] QZY N· ! £•"OR . *· R!QQ!+ •£ !Z3"£X•!!RK 3! *Q] VQ] RZ 3"K K•((RZR"! !Z3"£X•££•Q" 
VZQ!QOQ*£h . *· R!QQ!+ KQR£ "Q! O3· £R X· O+ •"!RZ(RZR"OR (QZ mCf vgg Nr $•" £µ£!RX£v D+R 
•"!RZ(RZR"OR •£ QOO·ZZRK Nµ other Wi-Fi or Q!+RZ ] •ZR*R££ KR[ •OR£ !Z3"£X•!!RK 3! +•$+ 
VQ] RZ ] •!+ !+R £3XR (ZR­ · R"Oµ N3"Kv 

f vTvgv Wxxx mCf vgg I J , 4ZQ!QOQ*v 

D+•£ £RO!•Q" £· XX3Z•=R£ !+R QVRZ3!•Q" Q( !+R Wxxx mCf vgg I •£!Z•N· !RK 
J QQZK•"3!•Q" , ·" O!•Q" nI J , o VZQ!QOQ*v 

W" !+R "R!] QZYh •! X3µ +3VVR" !+3! !] Q QZ XQZR £!3!•Q"£ £!3Z! !Z3"£X•!!•"$ 
£•X· *!3"RQ· £*µ •" !+R "R!] QZY 3"K 3 OQ**•£•Q" QOO·Z£v W" !+R J z0_r J _ £O+RXRh 
£!3!•Q"£ 3ZR "Q! 3N*R !Q KR!RO! 3 OQ**•£•Q" Nµ +R3Z•"$ !+R•Z Q]" !Z3"£X•££•Q" n 3£ •" !+R 
J z0_r J I VZQ!QOQ* · £RK •" ] •ZRK 8_ 2 £ov D+RZR(QZRh 3" •XXRK•3!R VQ£•!•[ R 
3OY"Q] *RK$RXR"! £O+RXR •£ RXV*QµRK !Q 3£ORZ!3•" !+R £· OOR££(· * ZRORV!•Q" Q( 3 
(Z3XRv zVRO•(•O3**µh · VQ" ZRORV!•Q" Q( 3 K3!3 (Z3XRh !+R KR£!•"3!•Q" £!3!•Q" •"•!•3!R£ !+R 
!Z3"£X•££•Q" Q( 3" _ J 7 n3OY"Q] *RK$RXR"! (Z3XRo 3(!RZ 3 !•XR •"!RZ[3* O3**RK z+QZ! 
W"!RZ, Z3XR zV3OR nzW,zov D+R zW, z •£ £+QZ!RZ !+3" !+R I W,z •" QZKRZ !Q $•[ R VZ•QZ•!µ 
!Q !+R ZROR•[ •"$ £!3!•Q" Q[ RZ Q!+RZ VQ££•N*R £!3!•Q"£ ] 3•!•"$ (QZ !Z3"£X•££•Q"v W( !+R 
_ J 7 •£ "Q! ZROR•[ RK Nµ !+R £Q·ZOR £!3!•Q"h !+R K3!3 (Z3XR •£ VZR£·X RK !Q +3[ R NRR" 
*Q£!h 3"K 3 ZR!Z3"£X•££•Q" •£ £O+RK· *RKv D+R _ J 7 •£ "Q! !Z3"£X•!!RK •( !+R ZROR•[ RK 
(Z3XR •£ OQZZ·V!RKv _ J µO*•O HRK·" K3"Oµ J +ROY nJ HJ o 3*$QZ•!+X •£ · £RK (QZ RZZQZ 
KR!RO!•Q"v kW gg 

Packet Arrival 

1 Source Station ,] {r- 

Destination Station {} 

DI=s 
Q 

SIFS 

Figure 2.9: CSMA/CA scheme. 
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D+R Wxxx 802.11 DCF protocol •£ KR£•$"RK !Q X3"3$R 3"K ZRK· OR OQ"!R"!•Q" •" 
!+R ] •ZR*R££ OQXX·" •O3!•Q" XRK•·X •" 3 (3•Z X3""RZv D+R 3*$QZ•!+X · £RK Nµ !+R 
VZQ!QOQ* •£ Y"Q] " 3£ J 3ZZ•RZ zR"£R 0 · *!•V*R _ OOR££ ] •!+ J Q**•£•Q" _ [ Q•K3"OR 
nJ z0_r J _ ov _ OOQZK•"$ !Q !+R 3*$QZ•!+Xh ] +R" 3 "QKR ] 3"!£ !Q !Z3"£X•! 3 (Z3XRh !+R 
£!3!•Q" •£ ZR­ · •ZRK !Q (•Z£! £R"£R •( !+R OQXX· "•O3!•Q" XRK•· X •£ N· £µv If •! •£h !+R 
£!3!•Q" ] 3•!£ (QZ 3 £VRO•(•O VRZ•QK Q( !•XR Y"Q] " 3£ !+R . 3OYQ(( W"!RZ[3* n. / o 3"K 
!+R" !Z•R£ !Q £R"£R !+R XRK•·X 3$3•"v If !+R O+3""R* •£ "Q! N· £µh !+R £!3!•Q" !Z3"£X•!£ 
!+R (Z3XR !Q !+R •"!R"KRK KR£!•"3!•Q"v D+R KR£!•"3!•Q" £R"K£ 3" 3OY"Q] *RK$XR"! 
XR££3$R !Q !+R £Q·ZOR Q( !+R (Z3XR · VQ" £· OOR££(· * ZRORV!•Q" Q( !+R (Z3XRv If !+R 
£Q·ZOR KQR£ "Q! ZROR•[ R 3" 3OY"Q] *RK$XR"! ] •!+•" 3 £VRO•(•O VRZ•QK Q( !•XRh •! !Z•R£ !Q 
ZRU£R"K !+R (Z3XRv . ZQ3KO3£! XR££3$R£ KQ "Q! ZR­ · •ZR !+R KR£!•"3!•Q" !Q £R"K 3" 
3OY"Q] *RK$XR"! Q( reception. '?I 

D+R X3>•X·X K3!3 Z3!R Q( Wxxx mCf v**$r3 3ZR Td0NV£ (QZ R3O+ Q"Rh 3"K 
mCf vg *N +3£ W W0NV£v +Q] R[ RZ !+•£ £VRRK •£ "Q! !Z·R •" VZ3O!•O3* 3"K •! •£ 3((RO!RK Nµ 3 
"·X NRZ Q( (3O!QZ£ £· O+ 3£b !+R K•£!3"OR £RV3Z3!•Q" NR!] RR" 3OOR££ VQ•"! 3"K !+R O*•R"!h 
!+R 3((RO! Q( VZQ!RO!•Q" XR!+QK£ !+3! VZQ!RO! !+R "R!] QZY£ Q( !+R OQ**RO!•Q" VZQN*RX£ 
£· O+ 3£ J z0_ :J _ 3"K H Dz:J Dz XR!+QK£v _ ££·X •"$ !+R O*•R"! •£ *QO3!RK •" K•£!3"OR 
3NQ· ! W/ XR!RZ£ (ZQX !+R AP 3"K ] •!+Q· ! "R3ZNµ AP QVRZ3!•"$ •" !+R £3XR O+3""R*h 
] R ] 3"! !Q O3*O· *3!R !+R !+RQZR!•O3* !+ZQ· $+V· ! Q( •! 3£ £+Q]" •" K•((RZR"! £OR"3Z•Q£ 

, •Z£! •( ] R +3[ R 3" mCf vgg N O*•R"! OQ"" RO!RK !Q !+R AP 3"K !+•£ O*•R"! •£ · £R£ 
J z0_ :J _ VZQ!RO!•Q" XR!+QK Q( OQ**RO!•Q" !+R !•XR £R­ · R"OR Q( !+•£ (Z3XR •£ 

Figure 2.10: J z0_r J _ !•X•"$ K•3$Z3Xv 

D+R (•Z£! (•R*K •£ I J , •"!RZ(Z3XR £V3OR nI W,zo ] +•O+ •£ 3 (•>RK "·X NRZ !+R 
£!3!•Q" · £R£ •! !Q KR!RZX•"RK •( !+R (•R*K •£ (ZRR (ZQX !Z3((•O ] •!+ Q!+RZ KR[ •OR£ QZ "Q!h •( 
!+R XRK•·X •£ (ZRR !Q £R"Kb !+R £!3!•Q" O3" £R"K •!£ (Z3XR ] •!+Q· ! OQ**R!RK ] •!+ Q!+RZ 
(Z3XR£ !+•£ !3YR£ !+R !•XR R­ · 3* !Q TC µ £v 

D+ K (• WK · N Y (( !·"· R ] +•O+ •£ 3 Z3"KQX "·X NRZ !+3! !+R £!3!•Q" X· £! eseconc tel 1s 1aco1.. 
: : fre Thi tii is determined by the number of retransmission of wait to sent its own rame. 1is imeis 

frame and the time needed of slot which is 20s, to achieve the maximum throughput 
• · (Z · ·Z"RK !Q NR =RZQh and minimum CW the number of retransmission of came is ass 

nJ Q"!R"!•Q" &•"KQ] £o •£ Egh !+R" 
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31 + 20+ 10--69 U 
2 A EgC µs 

D+R !+•ZK (•R*K •£ !+R K3!3 (•R*K ] +•O+ •£ OQ"£•£!£ Q( !+ZRR £RO!•Q"£ !+3! 3ZR 48J 4­ 
Vh 48J 4U+ 3"K 0 3O (Z3XRv D+R (•Z£! Q"R •£ 48J 4 VZR3XN*R !+3! •£ gdd µ £ 3"K !+R 
£ROQ"K •£ 48J 4 +R3KRZ ] +•O+ •£ 48 s which 3ZR · £RK !Q X3YR !+R mCf vgg N •£ 
OQXN3!3N*R ] •!+ mCf vgg or 802.11g is OQXN3!3N*R ] •!+ mCf v**N !+•£ 3ZR 3KKRK XQZR 
Q[ RZ +R3K !Q !+R "R!] QZY £Q ZRK· O•"$ !+R !+ZQ· $+V· ! v !+R !+•ZK £RO!•Q" •£ 0 3O (Z3XR 
Q( !+R K3!3 !+3! OQ"!3•"£ f m OQ"!ZQ* Nµ!R£ 3"K 0_ J zRZ[R£ I 3!R ; "•! n0 zI ;o ] +•O+ 
•£ !µV•O3**µ gTCC Nµ!R£ 

!(Z3XR A (MSDU + f mo * 8 rX3> K3!3 Z3!R n 
2.2) 

A ngTCC + 28) > 8/11Mbps 
= 1111s 

D+R (Q·Z!+ (•R*K •£ £+QZ! W"!RZ(Z3XR £V3OR nzW4zo ] +•O+ •£ · £RK (QZ +•$+R£! 
VZ•QZ•!µ •"(QZX3!•Q" £· O+ 3£ 3OY"Q] *RK$RXR"! 3"K !+3! •£ · £RK ] +R" !+R KR£!•"3!•Q" 
£!3!•Q" ] 3£ ZROR•[ RK !+R (Z3XR (ZQX !+R £R"KRZ £!3!•Q" !+•£ (•R*K !3YR£ !•XR Q( gC µ £v 

D+R (•(!+ (•R*K •£ 3OY"Q] *RK$RXR"! (•R*K ] +•O+ •£ OQ"£•£!£ Q( !+ZRR £RO!•Q"£ !+3! 
3ZR 48J 4UVh 48J 4U+ 3"K 0 3O (Z3XR !+R (•Z£! !] Q 3ZR · £RK (QZ VZR3XN*R ] +•O+ !3YR 
guf µ £ 3£ XR"!•Q"RK NR(QZR 3"K !+R !+•ZK £RO!•Q" •£ 0 3O (Z3XR Q( !+R 
3OY"Q] *RK$RXR"!h !+3! +3£ gd OQ"!ZQ* Nµ!R£v 

!3OY = 14 bytes / X3> K3!3 Z3!R n 
f vEo 

= 14-8/ 11Mbps 
= 10.2 s 

ttotal = tacof 4 tDIFS 4 PLCP-p + :PLCP-h + tframe + ±SIFS - LLEP-p + :PLCP 
-h+tack ·.....( 

2.4) 

= 310s + 50s + 2(144s +48s) +1111s + 10.2 s 
= 1865 us 

!0 zI ; = 1040 us at size 1500byte 

Efficiency = tMSDU/ttotal = 1040 s /1865 s = 0.557 = 55.79% 

D+R !+RQZR!•O3* K3!3 Z3!R Q( &•U, • mCf vgg N •£ 
D0 D = CvTTM y gg0 NV£ A pvgd 0 VN£ 

D+R !+RQZR!•O3* K3!3 Z3!R Q(& •U, • mCf vg *$:3 •£ 
D0 D A CvTTM * Td0 !NV£ A fM0 NV£ 

f u 



zQ !+R !+RQZR!•O3* X3>•X·X !+ZQ· $+V· ! (QZ & •U, • mCf vgg N •£ "Q! R>ORRK£ pvgd 
0N V£ 3"K (QZ Wi-Fi 802.11g\a £•"OR !+Rµ 3ZR · £RK £3XR XQK· *3!•Q" !RO+"•­ · R ] +•O+ 
•£ R­ · 3* Q"*µ f M 0NV£v 

J Q"!R"!•Q" •" !+R OQXX·" •O3!•Q" XRK•· X O3" NR (· Z!+RZ ZRK· ORK · £•"$ HR­ · R£!­ 
DQUzR"K nHDzo 3"K Clear-To-Send (CTS) messages NR!] RR" £R"KRZUZROR•[ RZ V3•Z£v _ 
£R"KRZ !Z3"£X•!£ 3" H Dz ] •!+ •"(QZX3!•Q" 3NQ· ! !+R £•=R Q( !+R K3!3 (Z3XR !Q OQXR 
3"K !+R O+3""R* !•XR !Q NR OQ"£· XRK Nµ !+R K3!3 (Z3XRv If !+R ZROR•[ RZ •£ (ZRR !Q 
ZROR•[ R !+R K3!3 (Z3XRh •! sends CTS back !Q !+R £R"KRZv _ ! !+R £3XR •"£!3"!h Q!+RZ 
£!3!•Q"£ •" !+R [•O•"•!µ Q( !+R £R"KRZUZROR•[ RZ V3•Z ZROQZK !+R R£!•X3!RK !•XR (QZ K3!3 
!Z3"£X•££•Q" 3"K N3OYQ((·" !•* !+R O+3""R* NROQXR£ (ZRR 3$3•"v rgf 1 

, •$·ZR NR*Q] £+Q] £ !+R !•X•"$ 3"K £R­ · R"OR Q( (Z3XR£ 3"K KR*3µ£ · £RK Nµ !+R 
mCf vgg VZQ!QOQ*v D+R KR*3µ£ !+3! VZRORKR 3"K (Q**Q] !+R !Z3"£X•££•Q" Q( OQ"!ZQ* 
(Z3XR£ nHDzh J Dz QZ _ J 7 o QZ K3!3 (Z3XR£ 3ZR O3**RK W"!RZU, Z3XR zV3O•"$£ nW,zov 
. R(QZR !+R !Z3"£X•££•Q" Q( 3" H Dzh £!3!•Q"£ 3ZR ZR­ · •ZRK !Q ] 3•! (QZ 3 !•XR R­ · 3* !Q !+R 
I •£!Z•N· !RK W,z nI W,zov / " !+R Q!+RZ +3"Kh 3 KR£!•"3!•Q" £!3!•Q" •£ ZR­ · •ZRK !Q £R"K 3 
J Dz QZ 3" _ J 7 (Z3XR ] •!+•" 3 z+QZ! W,z nzW, zo 3XQ·" ! Q( !•XR 3(!RZ !+R ZRORV!•Q" Q( 
HDz 3"K I _ D_ (Z3XR£ (ZQX !+R £Q· ZORh ZR£VRO!•[ R*µv If !+R £R"K•"$ £!3!•Q" £R"£R£ !+R 
XRK•·X N· £µ K·Z•"$ !+R I W, z •"!RZ[3*h •! O+QQ£R£ 3 . / (ZQX 3 Z3"$R 3"K !+R" 3" 
3££QO•3!RK !•XRZ £!3Z!£ OQ·" !•"$ KQ]" !Q =RZQv If !+R O+3""R* •£ £R"£RK N· £µ K·Z•"$ !+R 
. / h !+R £R"K•"$ £!3!•Q" £!QV£ !+R OQ·" !KQ] " 3"K ZR£· XR£ !+R OQ· "!KQ] " ] +R" !+R 
O+3""R* •£ •K*R 3$3•"v &+R" !+R !•XRZ OQ·" !£ KQ]" !Q =RZQh !+R £R"K•"$ £!3!•Q" 
3!!RXV!£ !Q !Z3"£X•! !+R (Z3XR •( !+R O+3""R* •£ •K*R (QZ 3 VRZ•QK Q( I W,zv If !+R 
O+3""R* •£ N· £µh 3"Q!+RZ . / •£ O+Q£R" (ZQX 3" R>VQ"R"!•3**µ •"OZR3£RK Z3"$R 3"K !+R 
VZQOR££ ZRVR3!£v Cgf g 

Figure 2.11: HDz:J Dz !•X•"$ K•3$Z3Xv 
f vTvf q •KKR" 2 QKR VZQN*RXv 

This problem occurs when different clients connected to the same access point 
3, ch the de ide that the channel is free, and transmit at the same time. O3" ! £RR R3O Q! RZh RO• R 3 i v 

D+R (Z3XR£ OQ**•KR ] •!+ R3O+ Q!+RZ ] +R" !+Rµ ZR3O+ !+R access point and 3** Q( !+RX 
:. : the CSMA/CA mechanism may be insufficient. are discarded. Sometimes e 

· h li t _ !R£!£ !+R XRK•· X Nµ J z0_ :J _ (•"K£ •! (ZRR This problem accrued when client 
• v !+ _4 _ ! !+R £3XR !•XR J *•R"! . NR$·" !Q !Z3"£X•! and begins to transmit frame to 1e · 
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own frame to AP. The access point will discard tow frames that have collided as 
£+Q]" NR*Q] v 

Figure 2.12: Hidden "QKR VZQN*RXv 

DQ £Q*[ R !+•£ VZQN*RXh NQ!+ Wxxx mCf vgg £!3"K3ZK£ · £R !+R HDzrJ Dz nHR­· R£! 
DQ zR"K r J *R3Z DQ zR"Ko VZQ!RO!•Q" XRO+3"•£X !+· £ R"£·Z•"$ !+3! 3** !+R O*•R"!£ O3" 
!Z3"£X•! K3!3 ] •!+Q· ! OQ**•K•"$v J *•R"!£ £R"! HDz ZR­ · R£!£ !Q !+R 3OOR££ VQ•"! 3"K !+R 
3OOR££ VQ•"! NZQ3KO3£!£ 3 J Dz ZR£VQ"£R $•[ •"$ !+R £*Q! !•XR ·"• ! [ 3*· R£ K·Z•"$ Q"*µ 
!+R O*•R"! !+3! •£ X3Y•"$ !+R H Dz ZR­ · R£! O3" !Z3"£X•! (Z3XR£v W" !+•£ O3£Rh !+R NR"R(•! 
Q( ZRK· O•"$ OQ**•£•Q"£ •£ 3O+•R[ RK 3! !+R OQ£! Q( •"OZR3£•"$ !+R Q[ RZ+R3K R[ R" XQZRh 
and reducing user data throughput. {'®l 

, •$ NR*Q] £+Q] £ !+R H DzrJ Dz VZQ!RO!•Q" XRO+3"•£Xv J *•R"! _ £R"K£ 3" H Dz 
ZR­ · R£! !Q !+R 3OOR££ VQ•"! !Q "Q!•(µ !+3! •! ] •£+R£ !Q !Z3"£X•! K3!3v D+R 3OOR££ VQ•"! 
NZQ3KO3£!£ 3 J Dz XR££3$R •"K•O3!•"$ (QZ +Q] *Q"$ !+R O+3""R* ] •** NR QOO· V•RK 3"K 
] +•O+ O*•R"! O3" NR$•" !Q !Z3"£X•! •!£ Q]" (Z3XR£v D+R ZR£! Q( !+R O*•R"!£ X· £! ] 3•! 
K· Z•"$ !+R !•XR •"!RZ[3* KR(•"RK •" !+R J Dz XR££3$R NR(QZR !+Rµ O3" !Z3"£X•!v k*E* 
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- 
D+•£ VZQ!RO!•Q" XRO+3"•£X 3KKRK + K · · 

XQZR Q[ RZ R3 !Q !+R "R!] QZY OQXV3""$ ] •!+ 
CSMA\CA 3"K ZRK· ORK !+R !+RQZR!•O3* X3>•X· X !+ZQ· $+V· ! Q( !+R _ 4 !+3! £· VVQZ!£ 
mCf vg *$ !Q Q"*µ gm0N V£v 

2.6. TCP/IP. 

f vpvgv I R(•"•!•Q" Q( 4ZQ!QOQ*£v 

D+R VZQ!QOQ*£ •" +·X 3" OQXX·" •O3!•Q" 3ZR Z·*R£ 3NQ· ! 3VVR3Z3"ORh £VR3Y•"$h 
*•£!R"•"$ 3"K ·" KRZ£!3"K•"$v D+R£R Z·*R£h 3*£Q O3**RK VZQ!QOQ*£ Q( OQ"[ RZ£3!•Q"h 
ZRVZR£R"! K•((RZR"! *3µRZ£ Q( OQXX·" •O3!•Q"v D+Rµ ] QZY !Q$R!+RZ !Q +R*V VRQV*R 
OQXX·" •O3!R £· OOR££(· **µv D+R "RRK (QZ VZQ!QOQ*£ 3*£Q 3VV*•R£ !Q OQXV· !•"$ £µ£!RX£v 
2 R!] QZY R"$•"RRZ£ +3[ R ]Z•!!R" Z·*R£ (QZ OQXX·" •O3!•Q" !+3! X· £! NR £!Z•O!*µ 
(Q**Q] RK (QZ £· OOR££(· * +Q£!U!QU+Q£! OQXX·" •O3!•Q"v D+R£R Z·*R£ 3VV*µ !Q K•((RZR"! 
*3µRZ£ Q( £QV+•£!•O3!•Q" £· O+ 3£ ] +•O+ V+µ£•O3* OQ"" RO!•Q"£ !Q · £Rh +Q] +Q£!£ *•£!R"h 
+Q] !Q •"!RZZ·V!h +Q] !Q !RZX•"3!R OQXX· "•O3!•Q"£h ] +•O+ *3"$· 3$R !Q · £R 3"K X3"µ 
Q!+RZ£v D+R£R Z·*R£h QZ VZQ!QOQ*£h !+3! ] QZY !Q$R!+RZ !Q R"£· ZR £· OOR££(· * 
OQXX·" •O3!•Q" 3ZR $ZQ· VRK •"!Q ] +3! •£ Y"Q] " 3£ 3 VZQ!QOQ* £· •!R QZ (3X•*µv zQXR Q( 
!+R NR£! Y"Q]" VZQ!QOQ* £· •! •"O*· KRj W4'r z4' h ' vf Th _' vf Th _ VV*RD3*Y 3"K DJ 4rW4v 
ngd5 

f vpvfv D+R DJ 4rW4 VZQ!QOQ* *3µRZ£v 

8•YR XQ£! "R!] QZY•"$ £Q(!] 3ZRh DJ 4rW4 •£ XQKR*RK •" *3µRZ£h £· O+ 3£ 
zµ£!RX£ 2 R!] QZY _ZO+•!RO!·ZR nz2 _ o 3"K !+R / VR" zµ£!RX W"!RZOQ"" RO!•Q" n/ zWo 
XQKR*v DJ 4rW4 •£ OQ"£•£!£ Q( (Q· Z *3µRZ£b !+R£R *3µRZ£ •"O*· KRj 
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Figure 2.14: TCP\IP layers. 

Q _ VV*•O3!•Q" *3µRZ 

D+R 3VV*•O3!•Q" *3µRZ •£ VZQ[ •KRK Nµ !+R VZQ$Z3X !+3! · £R£ DJ 4rW4 (QZ 
communication. An application is a user process cooperating with another process 
· £· 3**µ Q" 3 K•((RZR"! +Q£! n!+RZR •£ 3*£Q 3 NR"R(•! !Q 3VV*•O3!•Q" OQXX· "•O3!•Q" ] •!+•" 
3 single host). Examples Q( 3VV*•O3!•Q"£ •"O*· KR DR*"R! 3"K !+R , •*R DZ3"£(RZ 4ZQ!QOQ* 
n, D4ov D+R •"!RZ(3OR NR!] RR" !+R 3VV*•O3!•Q" 3"K !Z3"£VQZ! *3µRZ£ •£ KR(•"RK Nµ VQZ! 
numbers and sockets, '#] 

Q DZ3"£VQZ! *3µRZ 

D+R !Z3"£VQZ! *3µRZ VZQ[ •KR£ !+R R"KU!QUR"K K3!3 !Z3"£(RZ Nµ KR*•[ RZ•"$ K3!3 
(ZQX 3" 3VV*•O3!•Q" !Q •!£ ZRXQ!R VRRZv 0 · *!•V*R 3VV*•O3!•Q"£ O3" NR £· VVQZ!RK 
£•X· *!3"RQ· £*µv D+R XQ£!U· £RK !Z3"£VQZ! *3µRZ VZQ!QOQ* •£ !+R DZ3"£X•££•Q" J Q"!ZQ* 
4ZQ!QOQ* nDJ 4oh ] +•O+ VZQ[•KR£ OQ"" RO!•Q"UQZ•R"!RK ZR*•3N*R K3!3 KR*•[ RZµh K· V*•O3!R 
data suppression, congestion control, and flow control. {'0 

_" Q!+RZ !Z3"£VQZ! *3µRZ VZQ!QOQ* •£ !+R ; £RZ I 3!3$Z3X !+R •"!RZ"R!] QZY *3µRZv W! 
VZQ[ •KR£ OQ"" RO!•Q"*R££h ·"ZR*•3N*Rh NR£!UR((QZ! £RZ[•ORv _ £ 3 ZR£· *!h 3VV*•O3!•Q"£ · £•"$ 
; I 4 3£ !+R !Z3"£VQZ! VZQ!QOQ* +3[ R !Q VZQ[ •KR !+R•Z Q] " R"KU!QUR"K •"!R$Z•!µh (*Q] 
OQ"!ZQ*h 3"K OQ"$R£!•Q" OQ"!ZQ*h •( KR£•ZRKv ; £· 3**µh ; I 4 •£ · £RK Nµ 3VV*•O3!•Q"£ !+3! 
"RRK 3 (3£! !Z3"£VQZ! XRO+3"•£X 3"K O3" !Q*RZ3!R !+R *Q££ Q( £QXR K3!3v k*d- 

Q W"!RZ"R!] QZY *3µRZ 

D+R •"!RZ"R!] QZY *3µRZh 3*£Q O3**RK !+R •"!RZ"R! *3µRZ QZ !+R "R!] QZY *3µRZh 
VZQ[ •KR£ !+R a[ •Z!·3* "R!] QZYa •X3$R Q( 3" •"!RZ"R! n!+•£ *3µRZ £+•R*K£ !+R +•$+RZ 
*R[ R*£ (ZQX !+R V+µ£•O3* "R!] QZY 3ZO+•!RO!·ZR NR*Q] •!ov W"!RZ"R! 4ZQ!QOQ* nW4o •£ !+R 
XQ£! •XVQZ!3"! VZQ!QOQ* •" !+•£ *3µRZv W! •£ 3 OQ"" RO!•Q"*R££ VZQ!QOQ* !+3! KQR£ "Q! 
3££·X R ZR*•3N•*•!µ (ZQX *Q] RZ *3µRZ£v W4 KQR£ "Q! VZQ[ •KR ZR*•3N•*•!µh (*Q] OQ"!ZQ*h QZ 
RZZQZ ZROQ[ RZµv D+R£R (·" O!•Q"£ X· £! NR VZQ[ •KRK 3! 3 +•$+RZ *R[ R*v k*d- 

IP provides a routing function that attempts to deliver transmitted messages to 
!+R•Z KR£!•"3!•Q"v _ XR££3$R ·" •! •" 3" W4 "R!] QZY •£ O3**RK 3" W4 K3!3$Z3Xv This is the 
basic it ·f · .c. 3!•Q" !Z3"£X•!!RK 3OZQ££ DJ 4rW4 "R!] QZY£v / !+RZ •"!RZ"R!] QZYU unit o1 intorm (14] 
*3µRZ VZQ!QOQ*£ 3ZR W4h WJ 0 4h WB04 h _H4 h 3"K H_H4 v 

Q 2 R!] QZY •"!RZ(3OR *3µRZ 

The network interface layer, also called the link layer or the data-link layer, is 
!+ · 1 !] Y +3ZK] 3ZR D+•£ •"!RZ(3OR X3µ QZ X3µ not provide e interface to !+R 3O!·3 "R QZ · 
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ZR*•3N*R KR*•[ RZµh 3"K X3µ NR V3OY ! • R QZ £!ZR3X QZ•R"! K L » T £VRO•(µ 3"µ VZQ!QOQ* +RZR N· ! R · n tact, 'CP/IP KQR£ "Q! 
i O3" · £R 3*XQ£! 3" tw Y · •**· £!Z3!R£ !+R (*R>•N•*•!µ Q( !+R W4 g ) "R QZ X!RZ(3OR 3[ 3•*3N*Rh ] +•O+ 

z2 _ v kgd5 3µRZv x>3XV*R£ 3ZR ' vf Th _ D0 h , I I Wh 3"K R[ R" 

, , gg l 

Applications vvhhvhhhvv SMTP, Teet FTP, Gqplet.. I 
g!I 

Transport vvvvvv TCP UDP 

Internetwork vvvvvvvv P I ICNP 
, ARP RAR? 
I W 

Network Interface ----.. Ethernet, Token-Rng, FDD\, X25, Wireless, As;nc, ATM and Hardware S-NA.... 'I -, l 

I L ■

■Figure 2.15: TCP\IP KR!3•*RK 3ZO+•!RO!·Z3* XQKR*v 

2. 7. Spread spectrum. 

zVZR3K £VRO!Z·X •£ 3 !RO+"Q*Q$µ · £RK •" ] •ZR*R££ OQXX· "•O3!•Q"£ •" ] +•O+ !+R 
£•$"3* $R"RZ3!RK •" 3 V3Z!•O· *3Z N3"K] •K!+ •£ KR*•NRZ3!R*µ £VZR3K •" !+R (ZR­ · R"Oµ 
KQX3•"h ZR£· *!•"$ •" 3 £•$"3* ] •!+ 3 ] •KRZ N3"K] •K!+v D+R£R !RO+"•­ · R£ •"OZR3£R 
ZR£•£!3"OR !Q •"!RZ(RZR"OR 3"K � 3XX•"$v 

D+R £•$"3* ] +Q£R (ZR­ · R"Oµ •£ OQ"£!3"! •£ £· N� RO! Q( •"!RZ(RZR"ORv D+•£ QOO·Z£ 
] +R" 3"Q!+RZ £•$"3* •£ !Z3"£X•!!RK Q" !+R £3XR (ZR­ · R"Oµ !+3! · £RK •!v 

D+R (ZR­ · R"Oµ Q( !+R !Z3"£X•!!RK £•$"3* O3" NR KR*•NRZ3!R*µ [ 3Z•RK Q[ RZ 3 
OQXV3Z3!•[ R*µ *3Z$R £R$XR"! Q( !+R R*RO!ZQX3$"R!•O Z3K•3!•Q" £VRO!Z·Xv D+•£ [ 3Z•3!•Q" 
•£ KQ"R 3OOQZK•"$ !Q 3 £VRO•(•Oh N· ! OQXV*•O3!RK X3!+RX3!•O3* (· "O!•Q"v W" QZKRZ !Q 
•"!RZORV! !+R £•$"3*h 3 ZROR•[ RZ X· £! NR !·" RK !Q (ZR­ · R"O•R£ !+3! [ 3Zµ VZRO•£R*µ 
3OOQZK•"$ !Q !+•£ (·" O!•Q"v D+R ZROR•[ RZ X· £! aY"Q] a !+R (ZR­ · R"OµU[ RZ£· £U!•XR 
(·" O!•Q" RXV*QµRK Nµ !+R !Z3"£X•!!RZh 3"K X· £! 3*£Q aY"Q] a !+R £!3Z!•"$U!•XR VQ•"! 3! 
] +•O+ !+R (·" O!•Q" NR$•"£v W( £QXRQ"R ] 3"!£ !Q � 3X 3 £VZR3KU£VRO!Z·X £•$"3*h !+3! 
VRZ£Q" X· £! +3[ R 3 !Z3"£X•!!RZ !+3! aY"Q] £a !+R (·" O!•Q" 3"K •!£ £!3Z!•"$U!•XR VQ•"!v 
D+R £VZR3KU£VRO!Z·X (·" O!•Q" X· £! NR YRV! Q· ! Q( !+R +3"K£ Q( ·" 3· !+QZ•=RK VRQV*R QZ 
R"!•!•R£v k*£5 
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D+R !] Q X3•" !µVR£ Q( £VZR3K s) ectru 
zVRO!Z·X n, q zzo 3"K I •ZRO! z V m systems are , ZR­ · R"Oµ q QVVRK zVZR3K 

cquence Spread zVRO!Z·X nI zzzov 

f vMvgv I •ZRO! £R­ · R"OR £VZR3K £VRO!Z·X nI zzzov 

W! •£ 3 XQK· *3!•Q" !RO+"•­ · R on whi :h !+ v v 
K aK!+ + v WJ R !Z3"£X•!!RK £•$"3* !3YR£ · V XQZR ban'wi t 3" !+R X(QZX3!•Q" £•$"3* !+ ! v N v h 3 1s veing modulated. D+R "3XR i£VZR3K 

£VRO!Z·X OQXR£ (ZQX !+R (3O! !+ ! !+ · · v 3 R R3Z"RZ £•$"3*£ QOO· Z Q[ RZ !+R (· ** N3"K] •K!+ 
n£VRO!Z·Xo Q( 3 KR[ •ORi£ !Z3"£X•!!•"$ (ZR­ · R"Oµv 

DSSS is sine wave pseudorandomly with a pseudonoise (PN) code symbols 
called 'chips i\ R3O+ Q( ] +•O+ +3£ 3 X· O+ £+QZ!RZ K· Z3!•Q" !+3" 3" •"(QZX3!•Q" N•!v 
That is, each information bit is modulated by a sequence of much faster chips. 
D+RZR(QZRh !+R O+•V rate is much +•$+RZ !+3" !+R •"(QZX3!•Q" £•$"3* N•! Z3!Rv 

0 
/ Z•$•"3* sip[[77--3>s, 

g C g * / g W g C C Cg 1 C W 1 C W W W / / / Z W / W g / W - W / o op 
Spreading code[{{ { {}} }} } ]] ]] } ]s 

zVZR3K signal{{ ' ' ' }} } } ls 

Figure 2.16: I zzz x"OQK•"$v 

I •ZRO!U£R­ · R"OR £VZR3KU£VRO!Z·X !Z3"£X•££•Q"£ X· *!•V*µ !+R K3!3 NR•"$ 
!Z3"£X•!!RK Nµ 3 a"Q•£Ra £•$"3*v D+•£ "Q•£R £•$"3* •£ 3 V£R· KQZ3"KQX £R­ · R"OR Q( g 
and - 1 [ 3*· R£h !+•£ "Q•£RU*•YR £•$"3* O3" NR · £RK !Q R>3O!*µ ZROQ"£!Z·O! !+R QZ•$•"3* 
K3!3 3! !+R ZROR•[ •"$ R"Kh Nµ X· *!•V*µ•"$ •! Nµ !+R £3XR V£R· KQZ3"KQX £R­ · R"OR 
nNRO3· £R g > g A gh and- 1 x- ] A g ov D+•£ VZQOR££ Y"Q]" 3£ KR£VZR3K•"$ !+R VZ•"O•V*R 
Q( •! •£ !Q OQZZR*3!R Q( !+R !Z3"£X•!!RK 42 £R­ · R"OR ] •!+ !+R 42 £R­ · R"OR !+3! !+R 
ZROR•[ RZ NR*•R[ R£ !+R !Z3"£X•!!RZ •£ · £•"$ •!v &•!+ *Q"$RZ 42 £R­ · R"OR 3"K XQZR O+•V£ 
VRZ N•! R"+3"OR £•$"3* !Q "Q•£R Z3!•Q Q" !+R O+3""R* 3"K !+3! •£ O3**RK VZQOR££ $3•" 

I zzz · £R£ 3 £•$"3* £!Z·O!·ZR •" ] +•O+ !+R £R­· R"OR Q( O+•V£ VZQK· ORK Nµ !+R 
!Z3"£X•!!RZ •£ Y"Q]" 3 VZ•QZ• Nµ !+R ZROR•[ RZv D+R ZROR•[ RZ O3" !+R" · £R !+R £3XR 42 
£R­ · R"OR !Q OQ·" !RZ3O! !+R R((RO! Q( the PN sequence Q" !+R ZROR•[ RK £•$"3* •" QZKRZ !Q 
ZROQ"£!Z·O! !+R •"(QZX3!•Q" £•$"3*v 
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DZ3"£X•! !QZ 

K3!3 RF 

HOOO•[ OvvhU KO£VZO3KRZ 

DSSS 

spreading 
code 

gcncrator 
(•>RK 

O3ZZ•RZ 

spreading 
OQKR 

$Q"RX!QZ 

Figure 2.17: DSSS transmitter 3"K ZROR•[ RZv 

(•>RK H' 
local oscillator 

I zzz •£ KR(•"RK n•" Wxxx mCf vggo •" !+R f vd Bq = N3"K 3£ QVRZ3!•"$ Q" Q"R Q( gd 
VQ££•N*R O3ZZ•RZ£ n OQ·" !Zµ £VRO•(•O N3"K£ +3[ R K•((RZR"! "·X NRZ Q( (ZR­ · R"O•R£h 
KR(•"RK •" Wxxx mCf vgg 3"K Wxxx mCf vggvKov D+R £R*RO!RK O3ZZ•RZ n O+3"" R*o •£ 4z7 
XQK· *3!RK ] •!+ 3 O+3"" R* ] •K!+ Q( f f 0q =v D+R Z3!R£ KR(•"RK •" Wxxx mCf vgg 3ZR g 
0N V£ 3"K f 0N V£v Wxxx mCf vggvN 3KK£ !Q I zzz !+R Z3!R£ Q( TvT 0N V£ 3"K gg 0N V£ 
n•" !+R f vd Bq = N3"Koh ] +•*R YRRV•"$ !+R O+3"" R* ] •K!+ 3! f f 0q =v kg6] 

f v M vf v , ZR­ · R"Oµ +QVV•"$ £VZR3K £VRO!Z·Xv 

W£ !+R R3£•R£! £VZR3K £VRO!Z·X XQK· *3!•Q" !Q · £Rv D+R ]• KRN3"K (ZR­ · R"Oµ 
£VRO!Z·X KR£•ZRK •£ $R"RZ3!RK •" 3 K•((RZR"! X3"" RZ •" 3 (ZR­ · R"Oµ +QVV•"$ £µ£!RXv W! 
KQR£ � · £! ] +3! •!£ "3XR •XV*•R£v D+3! •£h •! a+QV£a (ZQX (ZR­ · R"Oµ !Q (ZR­ · R"Oµ Q[ RZ 3 
]• KR N3"Kv D+R £VRO•(•O QZKRZ •" ] +•O+ (ZR­ · R"O•R£ 3ZR QOO· V•RK •£ 3 (·" O!•Q" Q( 3 
OQKR £R­ · R"ORh 3"K !+R Z3!R Q( +QVV•"$ (ZQX Q"R (ZR­ · R"Oµ !Q 3"Q!+RZ •£ 3 (· "O!•Q" Q( 
!+R •"(QZX3!•Q" Z3!Rv kW~- 

Transmitter Receiver despreader 

K3!3UUUU vvvv RF 
XQK· *3!QZ 

£VZR3K•"$ 
oodo ..,_,... 

$R"RZ3!QZ 

O3ZZ•RZ 
frequency 

£µ"!+R£•=RZ 

, q zz 

£µ"!+R£•=RK H' 
local oscillator 

spreading 
OQKR 

generator 

Figure 2.18: FHSS !Z3"£X•!!RZ 3"K ZROR•[ RZv 

D+ · Ki i!+ a digitally controlled (ZR­ · R"Oµ £µ"!+R£•=RZ O3" NR eoretically, any Z3 gC &W v 
• + K Z3K•Q _ ** !+3! •£ needed is to 3KK 3 42 OQKR OQ"[ RZ!RK X!Q 3 (ZR­ · R"OµU QVVR · 
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- 
generator to select the frequencies for transmission otic De-hc s% ;% , 

• · K N " QZ ZRORV !Q"v RU QVVX$ X ! R receiver 1s 1one vy a synchronized d .:. 
pseudo noise code generator that drives the 

ZROR•[ RZi£ *QO3* Q£O•**3!QZ (ZR­ · R"Oµ £µ"!+R£•=RZv kgm- 

D+R · £R Q( !+R£R £VRO•3* V£R· KQ · K · · · noise codes in spread spectrum communications 
makes signals appear wide-band and noise-like. It is this very characteristic that 
X3YR£ SS signals possess !+R ­ · 3*•!µ Q( 8Q] v 4ZQN3N•*•!µ Q( W"!RZORV!v zz £•$"3*£ 3ZR 
+3ZK !Q KR!RO! Q" "3ZZQ] N3"K R­ · •VXR"! NRO3· £R !+R £•$"3*i£ R"RZ$µ •£ £VZR3K Q[ RZ 3 
N3"K] •K!+ Q( maybe 100 times !+R •"(QZX3!•Q" N3"K] •K!+v kgm1 

D+R £VZR3K Q( R"RZ$µ Q[ RZ 3 ] •KR N3"Kh QZ *Q] RZ VQ] RZ £VRO!Z3* KR"£•!µh X3YR£ 
zz £•$"3*£ *R££ *•YR*µ !Q •"!RZ(RZR ] •!+ "3ZZQ] N3"K OQXX·"• O3!•Q"£v 2 3ZZQ] N3"K 
OQXX ·" •O3!•Q"£h OQ"[ RZ£R*µh O3· £R *•!!*R !Q "Q •"!RZ(RZR"OR !Q zz £µ£!RX£ NRO3· £R !+R 
OQZZR*3!•Q" ZROR•[ RZ R((RO!•[ R*µ •"!R$Z3!R£ Q[ RZ 3 [ RZµ ] •KR N3"K] •K!+ !Q ZROQ[ RZ 3" 
zz £•$"3*v D+R OQZZR*3!QZ +R"OR a£VZR3K£a Q· ! 3 "3ZZQ] N3"K •"!RZ(RZRZ Q[ RZ !+R 
ZROR•[ RZi£ !Q!3* KR!RO!•Q" N3"K] •K!+v z•"OR !+R !Q!3* •"!R$Z3!RK £•$"3* KR"£•!µ QZ z2H 
3! !+R OQZZR*3!QZi£ •"V· ! KR!RZX•"R£ ] +R!+RZ !+RZR ] •** NR •"!RZ(RZR"OR QZ "Q!h 3" zz 
ZROR•[ RZ •£ •XX · "R !Q "3ZZQ] N3"K •"!RZ(RZR"ORv k*m1 

D+R , q zz 3"K I zzz !RO+"Q*Q$•R£ 3ZR KR£OZ•NRK 3£ ] R** 3£ K•((RZR"! !µVR£ Q( 
£VZR3K OQK•"$v I zz z £µ£!RX£ O3" VZQ[ •KR +•$+RZ 3OOR££ K3!3 Z3!R£ n· V !Q gg0N •!r£o 
!+3" , q zz £µ£!RX£ n· V !Q E0N •!r£ov 0 QZR , q zz £µ£!RX£ O3" QVRZ3!R £•X· *!3"RQ· £*µ 
•" !+R £3XR 3ZR3 !+3" I zzz £µ£!RX£v I zz z £µ£!RX£ +3[ R +•$+RZ •"!RZ(RZR"OR 
£· £ORV!•N•*•!µ !Q*RZ3"OR *R[ R*£v q Q] R[ RZh •( !+RZR •£ 3 £!ZQ"$ NZQ3KN3"K •"!RZ(RZRZ •" 
!+R QVRZ3!•Q"3* £VRO!Z·Xh , q zz £µ£!RX£ ] •** £· ((RZ *R££ K· R !Q (ZR­ · R"Oµ +QVV•"$v 
_ ££·X •"$ R­ · 3* !Z3"£X•! VQ] RZ£h I zzz £µ£!RX£ +3[ R *Q] RZ VQ] RZ £VRO!Z3* KR"£•!µ 
K· R !Q ] •KRZ QVRZ3!•"$ £VRO!Z·Xv 0 Q"!R J 3Z*Q 3"3*µ£•£ ZR£· *!£ £+Q] !+3! I zzz 
£µ£!RX£ 3ZR XQZR *•YR*µ !Q O3· £R •"!RZ(RZR"OR !+3" , q zz £µ£!RX£v D+R ] QZ£! O3£R 
•"!RZ(RZR"OR *R[ R*£ 3ZR +•$+RZ ] +R" !+R •"!RZ(RZRZ •£ , q zz £µ£!RXv W! ] 3£ £+Q] " !+3! 
!+v g b:bili f . [gug g£ O3£R +3£ 3 [ RZµ Q] VZQ 3 ilty o QOO·X "$v 

I zzz £µ£!RX£ !Z3"£X•! 3! Z3!R£ Q( · V !Q gg 0N V£b !Q KQ !+•£ !+Rµ · £R 3 
OQ"!•$· Q· £ £· NUN3"K Q( f f 0q =v D+R R((•O•R"Oµ Q( £· O+ 3 £µ£!RX •£ gg 0N V£ r f f 
0q = A CvT N•!£ r Hertz. {9 

FHSS systems (as of today) transmit at rates of up to 3 Mbps; to do this they use 
a channel of 1 MHz. The efficiency of such a system is 3 Mbps / 1 MHz = 3 bits / 
q RZ!=v _ £ 3 ZR£· *! Q( !+R *3!R£! , J J KRO•£•Q" n£·X XRZ f CCCo !Q 3**Q] , q zz QVRZ3!•Q" 
•" !+R f vd Bq = N3"K ]• !+ T0q = O+3"" R*£ n•"£!R3K Q( g MHz), FHSS systems 

v WK N ! K •" !+R X3ZYR! •" !+R (· !·ZRv k 1 
QVRZ3!•"$ 3! 3NQ· ! gT 0N V£ £+Q· R R>VRO R 

2.8. Orthogonal frequency division multiplexing. 

EM 



- 
f vmvgv D+R £•"$*RUO3ZZ•RZ XQK· *3!•Q" £µ£!RXv 

_ £•"$*R O3ZZ•RZ £µ£!RX XQK· *3! £ · .c. • • • 
:4 i:. tes information onto one carrier using frequency, 

phase, or amplitude adjustment of the carrier. For digital signals, the information is in 
!+R (QZX Q( N•!£h QZ OQ**RO!•Q"£ Q( N•!£ O3**RK £µXNQ*£h !+3! 3ZR XQK· *3!RK Q"!Q !+R 
O3ZZ•RZv _ £ +•$+RZ N3"K] •K!+£ n K3!3 Z3!R£o 3ZR · £RKh !+R K· Z3!•Q" Q( Q"R N•! QZ £µXNQ* 
Q( •"(QZX3!•Q" NROQXR£ £X3**RZh 3"K !+3! •£ O3£R£ 3" •"!RZ £µXNQ* •"!RZ(RZR"OR nWz•ob 
!+R £µ£!RX NROQXR£ XQZR £· £ORV!•N*R !Q *Q££ Q( •"(Q"" 3!•Q" (ZQX •XV· *£R "Q•£Rh 
£•$"3* ZR(*RO!•Q"£ 3"K Q!+RZ •XV3•"" R"!£v D+R£R •XV3•"" R"!£ O3" •XVRKR !+R 3N•*•!µ !Q 
ZROQ[ RZ !+R •" (QZX3!•Q" £R"!v W" 3KK•!•Q"h 3£ !+R N3"K] •K!+ · £RK Nµ 3 £•"$*R O3ZZ•RZ 
£µ£!RX •"OZR3£R£h !+R £· £ORV!•N•*•!µ !Q •"!RZ(RZR"OR (ZQX Q!+RZ OQ"!•" · Q· £ £•$"3* 
£Q·ZOR£ NROQXR£ $ZR3!RZv D+•£ !µVR Q( •"!RZ(RZR"OR •£ OQXXQ"*µ *3NR*RK 3£ O3ZZ•RZ 
wave (CW) or frequency interference, ?) 

f vmvf v , ZR­ · R"Oµ K•[ •£•Q" X· *!•V*R>•"$ XQK· *3!•Q" £µ£!RXv 

, ZR­ · R"Oµ K•[ •£•Q" X· *!•V*R>•"$ n, I 0 o R>!R"K£ !+R OQ"ORV! Q( £•"$*R O3ZZ•RZ 
XQK· *3!•Q" Nµ · £•"$ X· *!•V*R £· NO3ZZ•RZ£ ] •!+•" !+R £3XR £•"$*R O+3"" R*v D+R !Q!3* 
K3!3 Z3!R !Q NR £R"! •" !+R O+3"" R* •£ K•[ •KRK NR!] RR" !+R [ 3Z•Q· £ £· NO3ZZ•RZ£v 

J ·ZZR"! "3!•Q"3* !R*R[ •£•Q" £µ£!RX£ OQXX•!!RR n2DzJ o !R*R[ •£•Q" 3"K , 0 £!RZRQ 
X· *!•V*R> 3ZR $QQK R>3XV*R£ Q( , I 0 v , I 0 Q((RZ£ 3" 3K[ 3"!3$R Q[ RZ £•"$*RUO3ZZ•RZ 
XQK· *3!•Q" •" !RZX£ Q( "3ZZQ] N3"K (ZR­ · R"Oµ •"!RZ(RZR"OR £•"OR !+•£ •"!RZ(RZR"OR ] •** 
Q"*µ 3((RO! Q"R Q( !+R (ZR­ · R"Oµ £· NN3"K£v D+R Q!+RZ £· NO3ZZ•RZ£ ] •** "Q! NR 3((RO!RK 
Nµ !+R •"!RZ(RZR"ORv z •"OR R3O+ £· NO3ZZ•RZ +3£ 3 *Q] RZ •"(Q"" 3!•Q" Z3!Rh !+R K3!3 
£µXNQ* VRZ•QK£ •" 3 K•$•!3* £µ£!RX ] •** NR *Q"$RZh 3KK•"$ £QXR 3KK•!•Q"3* •XX· "•!µ !Q 
•XV·*£R "Q•£R 3"K ZR(*RO!•Q"£ , I 0 £µ£!RX£ · £· 3**µ ZR­ · •ZR 3 $· 3ZK N3"K NR!] RR" 
XQK· *3!RK £· NO3ZZ•RZ£ !Q VZR[ R"! !+R £VRO!Z·X Q( Q"R £· NO3ZZ•RZ (ZQX •"!RZ(RZ•"$ ] •!+ 
3"Q!+RZv D+R£R $· 3ZK N3"K£ *Q] RZ !+R £µ£!RXi£ R((RO!•[ R •" (QZX3!•Q" Z3!R ] +R" 

th il vdulati (2op compared to a single carrier system witl similar modulation. 
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Occupied Bandwidth Channel Separation 

I I I I 

to1 fc? fc3 (eN 

Figure 2.19: FDM principle. 

f vmvEv / Z!+Q$Q"3*•!µ 3"K / , I 0 v 

_ +•$+RZ *R[ R* Q( £VRO!Z3* R((•O•R"Oµ OQ· *K +3[ R NRR" 3O+•R[ RKh •( the FDM 
£µ£!RX 3NQ[ R +3K NRR" 3N*R !Q · £R 3 £R! Q( £· NO3ZZ•RZ£ !+3! ] RZR QZ!+Q$Q"3* !Q R3O+ 
Q!+RZv 

D+R · £R Q( QZ!+Q$Q"3* £· NO3ZZ•RZ£ ] Q· *K 3**Q] !+R £· NO3ZZ•RZi£ £VRO!Z3 !Q 
Q[ RZ*3Vh !+· £ •"OZR3£•"$ !+R £VRO!Z3* R((•O•R"Oµv _ £ *Q"$ 3£ QZ!+Q$Q"3*•!µ •£ 
X3•"!3•"RKh •! •£ £!•** VQ££•N*R !Q ZROQ[ RZ !+R •"K•[ •K· 3* £· NO3ZZ•RZi £ £•$"3*£ KR£V•!R 
!+R•Z Q[ RZ*3VV•"$ £VRO!Z·X£v If !+R KQ! VZQK· O! Q( !] Q KR!RZX•"•£!•O £•$"3*£ •£ R­ · 3* !Q 
=RZQh !+R£R £•$"3*£ 3ZR £3•K !Q NR QZ!+Q$Q"3* !Q R3O+ Q!+RZv / Z!+Q$Q"3*•!µ O3" 3*£Q NR 
[ •R] RK (ZQX !+R £!3"KVQ•"! Q( £!QO+3£!•O VZQOR££R£v If !] Q Z3"KQX VZQOR££R£ 3ZR 
·" OQZZR*3!RKh !+R" !+Rµ 3ZR QZ!+Q$Q"3*v B•[ R" !+R Z3"KQX "3!·ZR Q( £•$"3*£ •" 3 
OQXX·"• O3!•Q"£ £µ£!RXh !+•£ VZQN3N•*•£!•O [ •R] Q( QZ!+Q$Q"3*•!µ VZQ[ •KR£ 3" •"!·•!•[ R 
·" KRZ£!3"K•"$ Q( !+R •XV*•O3!•Q"£ Q( QZ!+Q$Q"3*•!µ in OFDM. Recall (ZQX £•$"3*£ 3"K 
£µ£!RX£ !+RQZµ !+3! !+R £•"· £Q•K£ Q( !+R / , D (QZX 3" QZ!+Q$Q"3* N3£•£ £R!h 3"K 3 
£•$"3* •" !+R [ RO!QZ £V3OR Q( !+R / , D O3" NR ZRVZR£R"!RK 3£ 3 *•"R3Z OQXN•"3!•Q" Q( !+R 
QZ!+Q$Q"3* £•"· £Q•K£v / "R [•R] Q( !+R / , D •£ !+3! !+R !Z3"£(QZX R££R"!•3**µ OQZZR*3!R£ 
•!£ •"V· ! £•$"3* ] •!+ R3O+ Q( !+R £•"· £Q•K3* N3£•£ (·" O!•Q"£v W( !+R •"V· ! £•$"3* +3£ £QXR 
energy at a certain frequency, there will be a peak in the correlation of the input signal 
3"K !+R N3£•£ £•"· £Q•K !+3! •£ 3! !+3! OQZZR£VQ"K•"$ (ZR­· R"Oµv o 

D+•£ !Z3"£(QZX •£ · £RK 3! the OFDM transmitter !Q X3V 3" •"V· ! £•$"3* Q"!Q 3 £R! 
of orth d N · · R !+R QZ!+Q$Q"3* N3£•£ (·" O!•Q"£ Q( !+R / , Dv z•X•*3Z*µh Q$Q"3 £· carriers, 1.., . . 
!+R !Z c. · K · ! the OFDM receiver !Q VZQOR££ !+R ZROR•[ RK £· NO3XRZ£v anstorm 1s use again a 
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D+R £•$"3*£ (ZQX the subcarriers th v 3ZR R" OQXN•"RK t f £•$"3* (ZQX !+R !Z3"£X•!!RZ D+R QZ!+ O QZX 3" R£!•X3!R Q( !+R £Q· ZOR · ogonal and 1 •£ R>V*Q•!RK in OFDM with VQ] RZ(·* 

1 
. · "OQZZR 3!RK "3!·ZR Q( !+R £· NO3ZZ•RZ£ 

ZR£· !£v zXRR !+ N v (· v 
uncorrelated, the correlation perfo ed % 1€ 3asis unctions of the DFT are 

r1Orme in the DFT fc > 
R"RZ$µ (QZ !+3! OQZZR£VQ"K•"$ £· NO v D+ QZ 3 $•[ R" £· NO3ZZ•RZ Q"*µ £RR£ 

arr1er. ie R"RZ$µ (ZQ !+ N v 
OQ"!Z•N· !R NRO3· £R •! •£ ·" OQZZR*3!RK D+v v X O RZ £· R3Z"RZ£ KQR£ "Q! 
!+3! the OFDM subcarriers' £VRO!Z· · 1s separation of £•$"3* R"RZ$µ •£ !+R ZR3£Q" 

ms can overlap without causing interference, ?l 
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Figure 2.20: OFDM principle. 

f vmvdv WXV*RXR"!3!•Q" Q( 3" / , I 0 £µ£!RXv 

D+R •KR3 NR+•"K !+R 3"3*Q$ •XV*RXR"!3!•Q" of OFDM can NR R>!R"KRK !Q 
!+R K•$•!3* KQX3•" Nµ · £•"$ !+R K•£OZR!R , Q· Z•RZ DZ3"£(QZX n/ , Do 3"K •!£ OQ·" !RZV3Z!h 
!+R •"[ RZ£R K•£OZR!R , Q· Z•RZ DZ3"£(QZX nWI, Dov D+R£R X3!+RX3!•O3* QVRZ3!•Q"£ 3ZR 
] •KR*µ · £RK (QZ !Z3"£(QZX•"$ K3!3 NR!] RR" !+R !•XRUKQX3•" 3"K (ZR­ · R"OµUKQX3•"v 
D+R£R !Z3"£(QZX£ 3ZR •"!RZR£!•"$ (ZQX the OFDM perspective NRO3· £R !+Rµ O3" NR 
[•R] RK 3£ X3VV•"$ K3!3 Q"!Q QZ!+Q$Q"3* £· NO3ZZ•RZ£v , QZ R>3XV*Rh the IDFT is · £RK 
!Q !3YR •" (ZR­ · R"OµUKQX3•" K3!3 3"K OQ"[ RZ! •! !Q !•XRUKQX3•" K3!3v W" QZKRZ !Q 
VRZ(QZX !+3! QVRZ3!•Q"h !+R WI, D OQZZR*3!R£ !+R v(ZR­ · R"OµUKQX3•" •"V· ! K3!3 ] •!+ •!£ 
QZ!+Q$Q"3* N3£•£ (· "O!•Q"£h ] +•O+ 3ZR £•"· £Q•K£ 3! ORZ!3•" (ZR­ · R"O•R£v D+•£ OQZZR*3!•Q" 
:. : idalb: fun= [2o] 1s equivalent to X3VV•"$ !+R •"V· ! K3!3 Q"!Q !+R £X· £Cg a, ·asis ctions. 

W" practice, OFDM systems 3ZR •XV*RXR"!RK · £•"$ 3 OQXN•"3!•Q" Q( (3£! , Q·Z•RZ 
DZ3"£(QZX n, , Do 3"K •"[ RZ£R (3£! , Q·Z•RZ DZ3"£(QZX nW,, Do N*QOY£ !+3! 3ZR 
X3!+RX3!•O3**µ R­ · •[ 3*R"! [ RZ£•Q"£ Q( !+R / , D 3"K WI, Dh ZR£VRO!•[ R*µh N· ! XQZR 
R((•O•R"! !Q •XV*RXR"!v An OFDM system !ZR3!£ !+R £Q·ZOR £µXNQ*£ n Rv$vh !+R G4z7 
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QZ G_0 £µXNQ*£ !+3! ] Q· *K NR VZR£R"! •" 3 £•"$*R O3ZZ•RZ £µ£!RXo 3! !+R !Z3"£X•!!RZ 3£ 
!+Q· $+ !+Rµ 3ZR •" !+R (ZR­ · R"OµUKQX3•"v D+R£R £µXNQ*£ 3ZR · £RK 3£ !+R •"V· !£ !Q 3" 
W, , D N*QOY !+3! NZ•"$£ !+R £•$"3* •"!Q !+R !•XR KQX3•"v D+R W,, D !3YR£ •" 2 £µXNQ*£ 
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3ZR 2 QZ!+Q$Q"3* £•"· £Q•K£v D+R£R £•"· £Q•K£ R3O+ +3[ R 3 K•((RZR"! (ZR­ · R"Oµ 3"K !+R 
*Q] R£! (ZR­ · R"Oµ •£ I J v x3O+ •"V· ! £µXNQ* 3O!£ *•YR 3 OQXV*R> ] R•$+! (QZ !+R 
OQZZR£VQ"K•"$ £•"· £Q•K3* N3£•£ (·" O!•Q"v z•"OR !+R •"V· ! £µXNQ*£ 3ZR OQXV*R>h !+R 
[ 3*· R Q( !+R £µXNQ* KR!RZX•"R£ NQ!+ !+R 3XV*•!·KR 3"K V+3£R Q( !+R £•"· £Q•K (QZ !+3! 

· nf Co £· NO3Z"RZv 

D+R W,, D Q· !V· ! •£ !+R £· XX3!•Q" Q( 3** 2 £•"· £Q•K£v D+· £h !+R W, , D N*QOY 
VZQ[ •KR£ 3 £•XV*R ] 3µ !Q XQK· *3!R K3!3 Q"!Q 2 QZ!+Q$Q"3* £·NO3ZZ•RZ£v D+R N*QOY Q( 
2 Q· !V· ! £3XV*R£ (ZQX !+R W,, D X3YR · V 3 £•"$*R / , I 0 £µXNQ*v D+R *R"$!+ Q( !+R 
/ , I 0 £µXNQ* •£ 2 D ] +RZR D •£ !+R W,, D •"V· ! £µXNQ* VRZ•QK XR"!•Q"RK 3NQ[ R 
v_ (!RZ £QXR 3KK•!•Q"3* VZQOR££•"$b !+R !•XRUKQX3•" £•$"3* !+3! ZR£· *!£ (ZQX !+R W,, D 
•£ !Z3"£X•!!RK 3OZQ££ !+R O+3""R*v _ ! !+R ZROR•[ RZh 3" , , D N*QOY •£ · £RK !Q VZQOR££ !+R 
ZROR•[ RK £•$"3* 3"K NZ•"$ •! •"!Q !+R (ZR­ · R"Oµ KQX3•"v WKR3**µh !+R , , D Q· !V· ! ] •** NR 
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f vmvTv _ K[ 3"!3$R£ 3"K K•£3K[ 3"!3$R£ Q(/ , I 0 v 

D+•£ £RO!•Q" £·X X3Z•=R£ !+ !Z gth K 
R £ R" £ 3" ] R3Y"R££R£ Q( X· *!•UO3ZZ•RZ XQK· *3!•Q" N3£RK on OFDM. 

_ K[ 3"!3$R£j 

Q q •$+ £VRO!Z3* R((•O•R"Oµ K· R !Q "R3Z*µ ZRO!3"$·*3Z (ZR­ · R"Oµ 
£VRO!Z·X (QZ +•$+ "·X NRZ£ Q( £· NUO3ZZ•RZ£v 

Q z•XV*R K•$•!3* ZR3*•=3!•Q" Nµ · £•"$ !+R , , D QVRZ3!•Q"v 
Q 8Q] OQXV*R> ZROR•[ RZ£ K· R !Q !+R 3[ Q•K3"OR Q( Wz• 3"K WJ W ] •!+ 3 

£· ((•O•R"!*µ *Q"$ $·3ZK •"!RZ[3*v 
Q , *R>•N*R £VRO!Z·X 3K3V!3!•Q" O3" NR ZR3*•=RKh Rv$vh "Q!O+ (•*!RZ•"$v 
Q I •((RZR"! XQK· *3!•Q" £O+RXR£ O3" NR · £RK Q" •"K•[ •K· 3* £· N­ 

O3ZZ•RZ£ ] +•O+ 3ZR 3K3V!RK !Q !+R !Z3"£X•££•Q" OQ"K•!•Q"£ Q" R3O+ 
£· NUO3ZZ•RZh Rv$vh ] 3!RZ (•**•"$v 

I •£3K[ 3"!3$R£j 

Q 0 · *!•UO3ZZ•RZ £•$"3*£ ] •!+ +•$+ VR3YU!QU3[ RZ3$R VQ] RZ Z3!•Q 
n4 _4 Ho ZR­ · •ZR +•$+ *•"R3Z 3XV*•(•RZ£v / !+RZ]•£Rh VRZ(QZX3"OR 
KR$Z3K3!•Q"£ QOO·Z 3"K !+R Q· !UQ(UN3"K VQ] RZ ] •** NR R"+3"ORKv 

Q 8Q££ •" £VRO!Z3* R((•O•R"Oµ K· R !Q !+R $·3ZK •"!RZ[3*v 
Q 0 QZR £R"£•!•[ R !Q I QVV*RZ £VZR3K£ !+R" £•"$*RUO3ZZ•RZ XQK· *3!RK 

£µ£!RX£v 
Q 4+3£R "Q•£R O3· £RK Nµ !+R •XVRZ(RO!•Q"£ Q( !+R !Z3"£X•!!RZ 3"K 

ZROR•[ RZ Q£O•**3!QZ£ •"(*· R"OR !+R £µ£!RX VRZ(QZX3"ORv 
0 _ OO·Z3!R (ZR­ · R"Oµ 3"K !•XR £µ"O+ZQ"•=3!•Q" •£ ZR­ · •ZRKv 
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3.1 Introduction. U 

D+R 3•X Q( !+•£ VZQ� RO! •£ !Q XR3£· ZR !+R !+ZQ· $+V· ! Q( & •U, • "R!] QZY !+3! 
OQ"£•£!£ Q( K•((RZR"! OQXN•"3!•Q" Q( & •U, • !RO+"Q*Q$•R£ n& •U, • mCf vgg Nh mCf vg *$h 3"K 
mCf vg *"o •" f vdBq = N3"Kv 

D+•£ O+3V!RZ OQ"!3•"£ ZR3* O3£R £OR"3Z•Q£b ] +•O+ ] •** NR XR3£· ZRK ] •!+ Q"R _ 4 
3"K (Q· Z O*•R"!£ •" K•((RZR"! _4 £OR"3Z•Q£v 

W" !+R "R>! £RXR£!RZ ] R ] •** NR 3N*R !Q XR3£· ZR !+R !+ZQ· $+V· ! •" (•[ R £OR"3Z•Q£ 
] +R" !+R _4 QVRZ3!•"$ •" bgn mix XQKRh •" bg mix XQKRh •" b only XQKRh $ Q"*µ 
XQKR 3"K n only XQKR ] •!+ 3** O*•R"!£ O3£R£h ] R ] 3"! !Q O*3Z•(µ !+R K•((RZR"OR 
NR!] RR" R((RO!£ Q( ] •ZR*R££ "R!] QZY ] •!+ OQXN•"3!•Q" Q( O*•R"!£ !+3! · £R K•((RZR"! & •­ 
, • !RO+"Q*Q$•R£v 

3.2.Design of the wireless network. 

D+R VZ•"O•V*R •£ !Q KR£•$" "R!] QZY !+3! OQ"£•£!£ Q( K•((RZR"! OQXN•"3!•Q" Q( 
K•((RZR"! "· XNRZ£ Q( O*•R"!£ !+3! · £R N:$:" !RO+"Q*Q$•R£h Nµ O+3"$•"$ !+R XQKR Q( 
O*•R"!£ !+RZR 3ZR K•((RZR"! O3£R£h ] R ] 3"! !Q XR3£·ZR !+R !+ZQ· $+V· ! Q( (•[ R AP 
£OR"3Z•Q£v 

l, 

n ( 

l 
n ( 

d 

Figure 3.1: & •ZR*R££ "R!] QZY ] •!+ (Q·Z O*•R"!£v 

lj: its the same for all cases. if the distance 
D+R K•£!3"OR NR!] RR" AP 3"K cl1en.s •£ !+ *•R"!£ •" !+R £3XR OQXN•"3!•Q"h 

Wv ! v +•$+RZ !+3" Q RZ O 
NR!] RR" _4 3"K Q"R ci1ent 1S . O! XR3£· ZRXR"! •£ QN!3•"RK •" !+•£ . . d 3ed and an 1ncorre !+ZQ· $+V· ! Q( !+•£ client is tecreas 
case. 
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3.2.1. Access Point. 

/ "R 3OOR££ VQ•"! •£ ZR­ · •ZRK •" !+•£ VZQ� RO!h !+•£ _4 X· £! £· VVQZ! " !RO+"Q*Q$µ !Q 
QVRZ3!R •! •" ngb XQKRh bg XQKRh b only XQKR h g only XQKR 3"K n only XQKRv D+•£ 
AP X· £! support 802.11b\g\n O*•R"!£v 

z•"OR " !RO+"Q*Q$µ £· VVQZ! K3!3 rate 300 Mbps, !+R _ 4 X· £! £· VVQZ! $•$3N•! 
x!+RZ"R! "Q! (3£! x!+RZ"R!h £•"OR (3£! x!+RZ"R! VZQ[ •KR K3!3 Z3!R 1 00Mbps which •£ *R££ 
!+3" ECC0N V£v 

J WzJ / J QXV3"µ VZQ[ •KR£ X3"µ !µVR£ Q( _4 !+3! VZQ[ •KR $•$3N•! x!+RZ"R! VQZ! 
3"K ZR­ · •ZRK QVRZ3!•"$ "RRKRK •" !+•£ VZQ� RO!h £· O+ 3£ W _4 ddg / 2 h 3£ £+Q] "v 

I .,,,.,It, €I5¢o 

. 3.2: WAP4410N 3OOR££ VQ•"!v Figure 7... 

v v Z! !+ZRR 3"!R"" 3£ !Q £· VVQZ! EDEH nO3" 
D+•£ AP £· VVQZ!£ one gigabit Ethernet VQ i !+Z R £V3!•3* (QZ ZROR•[ •"$ O3£Ro 3"K 

· · 3£R 3"K · £R R K N : :" use three spatial stream in transition ca .5 only, g only, n only, b\g and ·\g 
+ _4 !+3! 3ZR O 3 3*£Q K•((RZR"! QVRZ3!•"$ XQKR Q(! R 

XQKR£h 3£ £+Q]" NR*Q] v 
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Figure 3.3: & _4 ddgC2 _4 XQKR£v 

• llb only - / "*µ mCf vgg N ] •ZR*R££ O*•R"!£ O3" OQ"" RO! !Q !+R _4 v 
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·11bg mixed - . Q!+ mCf vgg N 3"K mCf vg *$ ] •ZR*R££ O*•R"!£ O3" OQ"" RO! !Q !+R _4 v 

• llbgn mixed - _** mCf vgg Nh mCf vg *$ 3"K mCf vg *" ] •ZR*R££ O*•R"!£ O3" OQ""RO! !Q !+R 
_4 v 

& _4 ddg / 2 _4 VZQ[ •KR£ X3"µ (R3!·ZR£ £· O+ 3£ QVRZ3!•"$ (ZR­ · R"Oµ ] •!+ 
O+3""R* ] •K!+ f C0q = or 20/40MHz; the _4 X· £! QVRZ3!R£ •" O+3""R* !+3! •£ "Q! · £RK 
in !+R neighboring APs; to 3[ Q•K •"!RZ(RZR"OR (ZQX !+R others APs. 

46 



' Fie Edit View History Bookmarks Jools Ho! - .:.-----==--- - ep 
[ WAP4410N -Advanced Wireless Settings l±_] 
€) [L) o@rs21s@.1.2soak=ttt_. ­ - ala-l35l8 
ks Advanced@wireless sem,""JJ«elli UU¼UUUUUUUU• 

Options 

alilg@@@she gggp ggg; aw t 
cisco WAP4410N Wireless-N Access Point with Power Over Ethernet 

Basic Settings 
security 
Connection Control 
WI-Fl Protected Setup 
VI.AN and QoS 

► Administration 

» Status 

Country/Region: [oemsn,, . H 
Worldwide Mode (802.116): O 

. . Enabled 0 Disabled 
Channel Bandwidth: Auto 

Guard Interval: 

CTS Protection Mode: 

Beacon Interval: 

DTIM Interval: 

RTS Threshold: 

Fragmentation Threshold: 

2009 Cisco Systems. Inc All rights reserved 

i W 

1
20MHz 
40MHz 
iiiiv s} patois=woo 
x- ms (Default: 100 Msec, Range: 20 - 1 OOO) 

CJ ms (Default: 1, Range: 1 - 255) 

j2347 I (Default: 2347, Range: 1 - 2347) 

[2sas ] (Default: 2346, Range: 256 - 2346) 

Figure 3.4: WAP4410N _4 O+3""R* ] •K!+v 
wore.cw «sews«vg lPDT 

Evf vf v 4RZ•V+RZ3* J QXVQ"R"! Interconnect (PCIs). 

(Default: 20MHz) 

(DefaultAuto) 

4J •£ "R!] QZY O3ZK£ 3**Q] · £RZ£ !Q O+3"$R !+R QVRZ3!•"$ XQKR !+3! ; z . O3"i! 
VZQ[ •KRh •" !+•£ VZQ� RO! ] R ] 3"! !Q KR£•$" ] •ZR*R££ "R!] QZY ] •!+ OQXN•"3!•Q"£ Q( 4J •£ 
!+3! £· VVQZ! mCf vg *NhmCf vg *$ 3"K mCf vg *"v 

x3O+ 4J W X· £! £· VVQZ! mCf vg *Nr$r" !RO+"Q*Q$•R£h 3"K ] R ] 3"! (Q· Z 4J •£ !Q 
£· VVQZ! 3** O3£R£h !+R D4U8W27 OQXV3"µ VZQ[ •KR£ X3"µ !µVR£ Q( VZQK· O!£ Q( 4J •£h 
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150Mbps. In !+•£ VZQ� RO! ] R ] 3"! !Q · £R " O*•R"!£ !+3! O3" £· VVQZ! ECC0NV£b £Q !+•£ 
Y•"K Q( O*•R"!£ •£ "Q! · £RK •" !+R VZQ� RO!v 

D8U&2 uTg2 3"K D8U&2 mTg2 NQ!+ 3ZR O*3££•(•RK 3£ mCf v* *" "R!] QZY O3ZK£ 
QVRZ3!RK •" dC0q = O+3""R* ] •!+ !+R 3N•*•!µ !Q !Z3"£X•! 3"K ZROR•[ R !] Q £V3!•3* 
£!ZR3X£ !Q VZQ[ •KR X3>•X·X K3!3 Z3!R · V to 300Mbps. 
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D8 U&2 mTg2 · £R£ !] Q 3"!R"" 3£ ! 
& _ 4ddgC2 _4 £· VVQZ! EDEHb ] R ] 3"! !Q Support 2T2R technology, N· ! £•"OR !+R 

Q use TL-WN9SIN hi ZR3O+ !+R X3>•X·X VZ3O!•O3* !+ZQ· $+V· ! • Z v wmucl supports EDEH !Q 
" O !R"!£ !+3! W£ QVRZ3!R£ •"" !RO+"Q*Q$µv 

# 
v ·-, ... ¼vUvU ·w; 

0 *((2 2 W *•X° H*****2 *((2 W2 *¼(**2 (*((* WW; vvv UU· U -·. v v . U¼ v 

lO-OMAC.-..an-::.<"~ 
Wine£11 N 1 a&4apter 
7L•',','N'951t♦

Figure 3.5: D8U&2 uTg2 "R!] QZY O3ZKv 

D8U&2 uTg2 OQXV3!•N*R ] •!+ mCf vgg ":$:Nv •! QVRZ3!R£ •"" XQKR •( !+R ] •ZR*R££ 
XQKR •£ 3K� · £!RK !Q f vd Bq L ECC0N V£h •" $ XQKR •( f vdBq = Td0N V£ •£ £R*RO!RKh 3"K 
in N XQKR •(f vdBq = g *0N V£ •£ £R*RO!RKh 3£ £+Q]" NR*Q] v 

Prorite Management ] 
BR"RZ3 zRO· Z•!µ _ Oj]O"Ov~K 8v\\ UUj 

Powe; Save Mode:[Norma! v] 
«or we aaas ) 

:gr•ZR*R££ Mode 

[?@i Gii, ii'iisps} 

~ 2.4 Bq f 54 IAbp~ 

~ 2.4 GHz 11 Mbos 

& •R*R££ Mooe & ¼R" StartngAd Hoc Netwolk 

f d h!UU= · g ·•,1tp, 

¼ d EgUUU Td [ **µ vjj 

ArP, 11 A• h!+vU"!•¼vUv•� "Z• 0 "Z*¼ 
@ Open O Auto 

PCI 

Lha1,n,_I. 

Cz+3ZRK 

efetted AF's. 

U UU U UUU UUUU 
/ 7 - ! J 3"OR* 

. 3 6· D8U&2 uT * 2 QVRZ3!•"$ XQKRv Figure .. 

dm 



D+R 3•X Q( !+•£ VZQ� RO! •£ !Q N· •*K 3 ] •ZR*R££ "R!] QZY !+ ! ! j ·li 1t 
at contains four clients R3O+ Q"R +3£ 3 3N•*•!µ !Q O+3"$R !+R QVRZ3!•"$ XQKR Q( •! NR!] RR" N $ 3"K " 

' ' !RO+"Q*Q$µv 

. µ O+3"$•"$ !+R QVRZ3!•"$ XQKR Q( !+R£R O*•R"!£ ] R +3[ R X3"µ O*•R"!£ 
OQXN•"3!•Q"£b !+R£R OQXN•"3!•Q" KRVR"K Q" !+R "·X NRZ Q( O*•R"!£ !+3! •£ OQ"" RO!RK !Q 
!+R _ 4v 

If there is Q"*µ Q"R O*•R"! !+3! •£ OQ"" RO!RK !Q !+R _4 b !+R "· XNRZ Q( OQXN•"3!•Q" 
•" !+•£ O3£R •£ !+ZRRh !+3! 3ZR N OQXN•"3!•Q" ] +R" !+R _ 4 •£ QVRZ3!RK •" N Q"*µ XQKRh $ 
OQXN•"3!•Q" ] +R" !+R _4 •£ QVRZ3!RK •" $ Q"*µ XQKR 3"K " OQXN•"3!•Q" ] +R" " Q"*µ 
AP XQKRh 3£ £+Q]" •" NR*Q] !3N*Rv 

Table 3.1 : / "R O*•R"!£ OQXN•"3!•Q"£v 
J QXN•"3!•Q" _4 QVRZ3!•"$ J *•R"!£ 

"· XNRZ XQKR OQXN•"3!•Q" 
g N Q"*µ N 
2 $ Q"*µ $ 
E " Q"*µ " 

&+R" !+RZR 3ZR !] Q O*•R"!£h !+R "·X NRZ Q( OQXN•"3!•Q" 3ZR £R[ R"h !+3! 3ZR NN 
] +R" !+R _4 •£ QVRZ3!RK •" N Q"*µ XQKRh gg combination when ~ Q"*µ _ 4 XQKRh "" 

v!+ g _4 XQKR N$ ] +R" !+R _4 •£ operated in bg X•> XQKR 3"K !+ZRR ]! " Q" y 5 . + 
OQXN•"3!•Q"£ N$h N"h $" ] +R" !+R _4 •£ operated in bgn X•> XQKRh 3£ £ Q]" v 

Table 3.2 : D] Q O*•R"!£ OQXN•"3!•Q"£j 
: AP ti Clients J QXN•"3!•Q" QVRZ3 X$ 

K OQXN•"3!•Q" "·X NRZ XQ R NN 
* N Q"*µ 
2 $ Q"*µ $$ 
E " Q"*µ 
4 N$X•> 

"" 

5 
N$ 
N$ 

p N$"X•> N" 

7 $" 

. that connect !Q (•[ R £OR"3Z•Q _4 !+ !+ZRR O*•R"!£ 3 _4 K D+R OQXN•"3!•Q"£ ] +R" RZR 3ZR _4 KR """ ] •!+ " Q"*µ XQ Rh ith only mo , 
are bbb with N Q"*µ _4 XQKRh $$$ ]! $ j erated in N$ X•> XQKR and seven 

+ !+R _4 •£ QV · K 3£ shown in !] Q OQXN•"3!•Q"£ NN$hN$$ ] R" ] •!+ N$" _4 X•> XQ R 
OQXN•"3!•Q"£ NN$h NN"h N$$h N$"h N"" h $$"h gnn ·---· 

the table below. "® ylaal \fSi±lg ?sat& 
]3 ' paiestme Polytechnic University j. p {uy 
is=aF__re tubrary 3is1r 

75,6.6.vs» Acc ]Zi-• 
··s+±·········s»» aaa]43y J *3££ v 
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Table 3.3 : Three client 
N J QXN•"3!•Q" nts combinations. 

"·X NRZ AP operating J *•R"!£ mode combination 1 N Q"*µ 
2 bbb 
3 

g only 
£gg n only 

4 """ bg mix NN$ 5 
N$$ p 
NN$ 7 
NN" 8 
N$$ 9 Bgn mix 
N$" 10 
N"" gg $$" 

12 $"" 

D+R OQXN•"3!•Q" ] •!+ (Q·Z O*•R"!£ •£ R•$+!RR" OQXN•"3!•Q"h 3"K !+3! 3ZR NNNN 
] •!+ N Q"*µ _4 XQKRh $$$$ ] •!+ $ Q"*µ _4 XQKRh nnnn ] •!+ " Q"*µ _4 XQKRh !+ZRR 
OQXN•"3!•Q"£ NNN$h NN$$h N$$$ ] +R" !+R _4 •£ QVRZ3!RK •" N$ X•> XQKR 3"K !] R*[ R 
OQXN•"3!•Q"£ NNN$h NNN"h bbgg, bbgn, bbnn, N$$$h N$$"h N$"" h N""" h $$$"h $$"" h 
gnnn ] •!+ N$" X•> XQKRh 3£ £+Q] " NR*Q] v 

J QXN•"3!•Q" AP QVRZ3!•"$ J *•R"!£ 
"·X NRZ XQKR OQXN•"3!•Q" 

1 N Q"*µ NNNN 
2 $ Q"*µ $$$$ 
E "Q"*µ nnnn 
d NNN$ 

N$X•> NN$$ T 
N$$$ p 

7 NNN$ 
NNN$ 8 
NN$$ 9 
NN$" 10 
NN"" gg 

N$"X•> N$$$ 12 
N$$" gE N$"" gd N""" gT $$$" 

gp U $$"" 
17 gnnn 
18 

Table 3.4· , Q·Z O*•R"!£ OQXN•"3!•Q"£v 

v K ] •!+ K•((RZR"! "·X NRZ Q( O*•R"!£ 
:. de scenarios an ··%3f So for five AP operating moc_ +bination in this project. 

h (◄ Z!µ O+R"!£ OQX t 3! 3ZR OQ"" RO! !Q !+R _ 4b !+RZR 3ZR 0 
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, QZ R>3XV*Rh •( the combinati v v v 3 •Q" Q( three cli 
mode is nnn, X !+•£ O3£R £•"OR !+ _ 4 R"!£ !+3! is connectd t N v 

!+ 
v R £· VVQZ! / gn _ 4 X•> 

channel, eoretical throughput Q( •! is soo» !] Q £V3!•3* £!ZR3X£ ] •!+ dC 0q = 
£!ZR3X£ 3"K dC0 q = O+3"" R* (QZ !Z v 0N V£h R3O+ O*•R"! O3" · £R !] v 1 · tansmit and recei /o spatia 
R3O+ Q"R O3" achieve 300Mbps, as + [ R K3!3 NR!] RR" •! 3"K !+ _ 4· h £ Q]" NR*Q] v R h £Q 

802.11 n 802.11 n 802.11 n 802.11 n 
40MHz 40MHz 40MHz 

300Mbps 300Mbps 

Access Point 
n only mode 

40MHz 

300Mbps 

? 

? 

300Mbps 

s' 
? 

40MHz 

300Mbps 

Figure 3. 7: D+RQZR!•O3* !+ZQ· $+V· ! Q( """ OQXN•"3!•Q"v 

& •!+ !+R £3XR _4 QVRZ3!•"$ XQKRh •( Q"R $ O*•R"! 3KK£ !Q """ OQXN•"3!•Q"h !+R 
"R] OQXN•"3!•Q" •£ gnnn 3£ £+Q]" NR*Q] h £•"OR $ O*•R"!£ QVRZ3!R£ ] •!+ Q"*µ f C 0q = 
O+3"" R* !+R _4 •£ (QZORK !Q QVRZ3!R in 20MHz channel !Q £· VVQZ! $ O*•R"!b !+ZQ· $+V· ! 
Q( !+R _4 •£ ZRK· ORK !Q gTC0N V£ in !+•£ O3£Rh NRO3· £R _4 · £R£ f C0q = !+R " O*•R"!£ 
· £R 3*£Q f C0q = O+3"" R* ] •!+ !] Q £V3!•3* £!ZR3X£h R3O+ " O*•R"! +3£ * TC0N V£ 
!+ZQ· $+V· ! h3"K $ O*•R"! with 20MHz channel 3"K Q"R £V3!•3* £!ZR3X +3£ Td0N V£ 

!+RQZR!•O3* !+ZQ· $+V· !v 

If a user configures AP to operate in 40 MHz channel, a protocol that is called 
Coexistence protocols checks the medium if there is only n type of clients and there is 
"Q $ QZ N O*•R"!£h 3"K £Q !+R _4 ]• ** use 40MHz channel, •" !+R QVVQ£•!Rh •( !+RZR •£ 3 

N QZ $ O*•R"!£ !+•£ VZQ!QOQ* (QZOR£ !+R _4 !Q · £R only 20 MHz. 
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Access Point 
bgn mix mode 

20MHz 

150Mbps 

mCf vgg $ 
20MHz 

802.11 n 

? 

? 

mCf vgg n 802.11 n 

54Mbps 

20MHz 

150Mbps 

20MHz 

150Mbps 
20MHz 

150Mbps 

Figure 3.8: D+RQZR!•O3* !+ZQ· $+V· ! Q( gnnn OQXN•"3!•Q"v 

D+R£R [ 3*· R£ Q( !+ZQ· $+V· ! 3ZR � · £! !+RQZR!•O3* [ 3*· R£h •" !+•£ VZQ� RO! ] R ] 3"! !Q 
XR3£·ZR !+R VZ3O!•O3* !+ZQ· $+V· ! Q( !+R _4 3"K R3O+ O*•R"!£ •" 3** (QZ!µ OQXN•"3!•Q"£v 

D+R !+ZQ· $+V· ! Q( R3O+ O*•R"! •" 3** O3£R£ •£ XR3£· ZRK Nµ · £•"$ OQ*3£Q(! O3V£3 M 
VZQ$Z3Xb !+•£ £Q(!] 3ZR 3**Q] £ · £RZ£ !Q XQ"•!QZ !+R £!3!·£ Q( ] •ZR*R££ & •, • 3K3V!RZn£o 
3"K $3!+RZ£ •"(QZX3!•Q" 3NQ· ! "R3ZNµ ] •ZR*R££ 3OOR££ VQ•"!£ 3"K 3*£Q VZQ[ •K£ 
OQXVZR+R"£•[ R $Z3V+•"$ Q( !+ZQ· $+V· ! [ 3*· Rv _** Wxxx mCf vgg £!3"K3ZK£ 3ZR 
£· VVQZ!RK Nµ !+•£ VZQ$Z3X •"O*· K•"$ mCf vg *3h mCf vg *N 3"K mCf vg *$ 3"K mCf vg *"v 

& R ] •** · £R OQ*3£Q(! O3V£3 M VZQ$Z3X !Q XR3£·ZR !+R !+ZQ· $+V· ! Q( R3O+ O*•R"! •" 
3** O*•R"!i£ OQXN•"3!•Q"£h !Q OQXV3ZR 3"K 3"3*µ£•£ !+R£R [ 3*· R£v 

x3O+ K3!3 !+ZQ· $+V· ! !+3! •£ XR3£·ZRK Nµ OQ*3£Q(! O3V£3 M £+Q] !+R !+ZQ· $+V· ! 
w3Z•3!•Q" Q( !+R KR[ •OR£ n O*•R"! QZ _4 o •" 3 !] Q X•"· R!£ !•XRv D+R OQ*3£Q(! O3V£3 M 
takes a sample every one second; so there are 120 samples in each data throughput 
figure, this ide good measurement for data variation in wireless ,so 1is program can prov1deag : 
R"[ •ZQ"XR"! (QZ £•XV*•(•O3!•Q" 3"K 3VVZQ>•X3!R*µ ] R O3" !3YR 3 NQ· ! f E samples in 
R3O+ figure with 5 £ROQ"K£ £RV3Z3!•Q" NR!] RR" !] Q £· OOR££•[ R £3XV*R£v 

!3Y !+R 3[ RZ3$R Q( !+RX !+3! ] •** NR KQ"R 
_ (!RZ !3Y•"$ f E £3XV*R£h ] R ] 3"! !Q R !+ 1 ( N 1 ft capsa 7 XR3£·ZR£ R [ 3 · R Q 

) 0 •OZQ£Q(! / ((•OR x>OR* VZQ$Z3Xv J Q 3£Q 

Tf 



!+ZQ· $+V· ! in MBps unit, to translate it !Q 0NV£ ·" •! !+RZR •£ 3 ZR*3!•Q"£+•V NR!]RR" 
v 3"K !+R Nµ!R !+3! R3O+ Q"R byte is eight N•!£b £Q 0 · *!•V*R !+R 3[ RZ3$R [ 3*· R Q( bit 

MBps by 8 to represent the value of throughput in Mbps unit. 
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J +3V!RZ 
4 

I R£•$" KR!3•*£ 

4.l. Access 4Q•"! J Q"(•$· Z3!•Q"v 

dvf v & •ZR*R££ _ K3V!RZ£ J Q"(•$· Z3!•Q"v 

dvEv q Q] !Q J Q""RO! J *•R"!£ ] •!+ !+R _ OOR££ 4Q•"!v 

4.4. Design I R!3•*£v 
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D+•£ O+3V!RZ OQ"!3•"£ !+R KR£•$" KR!3•*£ 3"K ! ( (• v 
. Steps o cont.guration the J WzJ / 4410N access VQX! 3"K 3*£Q OQ"(•$· Z3!•Q" £!RV£ Q( D4U8W27 

uTg
2 w· 

g 
_ K 

· !+i · •ZR R££ 3V!RZ that are used in is project. 

4.1. Access Point Configuration. U 
D+R J WzJ / ddg / 2 _4 •£ !+R 3OOR££ VQ•"! ] R · £RKh !Q NR$•" •" !+R OQ"(•$· Z3!•Q" 

*Q$•" X· £! NR QOO·Z !Q R"!RZ !+R OQ"(•$· Z3!•Q" Q( !+•£ KR[ •OR Nµ R"!RZ•"$ !+R £!3!•O W4 
3KKZR££ guf vgpmvgvf CC ] •!+ £· N"R! mask 255.255.255.0 

DQ *Q$•" !Q !+R OQ"(•$· Z3!•Q" V3$Rb QVR" µQ· Z NZQ] £RZ £· O+ 3£ 0 Q=•**3 (•ZR(Q> 
(QZ R>3XV*R 3"K !+R" R"!RZ !+•£ W4 address192.168.1.245 when R"!RZ !+•£ 3KKZR££ 3 
*Q$•" V3$R !+3! ZR­ · •ZR£ µQ· !Q R"!RZ the username and V3££] QZKh !+R KR(3· *! · £RZ"3XR 
3"K V3££] QZK 3ZR 3KX•"h 3(!RZ !+3! µQ· 3ZR "Q] •" OQ"(•$· Z3!•Q" V3$R Q( !+•£ _4 h 3£ 
£+Q]" NR*Q] v 

pEISAATISHA7HARADA:DARNEN 

Tlme 
Advanced 

UUUUUUU U U v UUUUUUUUUUUUUUM 
» Wireless 
» AP Mode 

• Administrati on 

Status 

peacetime: Pt1ON.'] 

Network Setup 

IP Settings: ;Automatic Conlguration s» 

Local IP Address:; 192.168.1.245 

Subnet Ma sk 255.255.255.0 
Default Gateway: 192.168.1.1 

Primary CNS: 0.0.0.0 

Secondary CNS: 0.0.0.0 

W4)p Q Enabled ® Disabled 

Accept Router Advertisement 

Local IP Address: 

Default Gateway. 

Primary CNS: 

secondary CNS: 

vjvZ· ghhh¼hUvj vv 0 'Im {{I{fig[Ip ]ppp]fl@fie&]g[[us»I U 
. 4 1 . . 3£•O £R!· V Q( !+R AP. Figure . . 

» as VLAN, adjacent of CTS\RTS and 
D+R _4 VZQ[•KR£ many utility such . ! ZR£!RK 3NQ· ! !+•£ · !!+!µv We're 

i. »t 7e're not inter +ili' that is (Z3$XR"!3!•Q" !+ZR£+Q*Kh •" this project w ( !+R 3OOR££ VQ•"! 3"K some utility a 1 
v !•i $ XQKR Q interested in O+3"$•"$ !+R QVRZ3 " 
ZR*3!RK !Q Q·Z VZQ� RO!v 
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DQ OQ"(•$· ZR !+•£ KR[•OR ! 
• 0 QVRZ3!R •" _4 

the previous figure 3"K O+QQ£ XQKR $Q !Q !+ 
XQKR !+3! 3ZRj R _ OOR££ 4Q•"!h D+•£ KR[ •OR R ¼ XQKR •" !+R *R(! Q( 

VZQ[ •KR£ X3"µ QVRZ3!•"$ 

Access Point (default): T 1di 
• · 0 3 -· £! !+•£ K · 

Wireless WDS Repeater- D Ki R[ gOR !Q QVRZ3!R •" _4 K 
&

v • Q 3 -· £! !+•£ K v XQ R 
ireless WDS Bridge· D Ki R[ •OR !Q QVRZ3!R •" v • Q 3 -· £! !+•£ K • ZRVR3!RZ XQKR 

Wireless Client: DQ 3K� · £! !+•£ K v R[ gOR !Q QVRZ3!R •" NZ•K$R XQK 
&

v le 1evice to QV ! v R 
ire ess Monitor: DQ 3K� · £! !+•£ v RZ3 RX O*•R"! XQKR 

KR[ •OR !Q XQ"•!QZ !+R !Z3((•O£ 

pESOATHS9AIDS:DANI 
Fie Ed! yew Higtory Bookiarks [ool Help 

j J- & _4 « q ** ·AP 0 QKR gjgg 
~-~ [D +*•VOrrgufvgpmvgvf dTrq/i"/ *UNhW UU U UUUUUU· UUUU •K+KN- aj v UU UUU UUUUUUU 
:mm··~- - 6A@ls [Ea,p rarer@rs ins:=so 

> sou @BLLIDUL5X{(Tj {9372lF \Zli© ill 0 Acces s Polnl (deraulO 
► Wireless 

» Administration 

» Status 

0 A!lowvt1reress slonal to be repeated by a ZRVR3*RZv 
!0 J !j L 7 
MAC2: 8 ! 
MACJ: 8 \ \ \5 

) Wireless WDS Repeater 

Remote Access Point's MAC Address 

!r_ J j h\ \ ____j 
Sit u 

O Wireless WDS Bridge 

Remote Wireless Bridge's MAC Address 

W0 J !· L J 
MAC 2: I_ __ _ __ \� 
!0 J 3. L. J 

o[ ±3 

) Wireless Client Repeater 

A!lawwlreless station to associate. 

Remote A.c.cess Point 'e Ar;4 

S51D. [_ � 
«11) 

() Wireless Monitor 

Rogue AP Definition 

No Security 

Nolin Legal AP Ust 

Figure 4.2 : AP 0 QKR Q(& _4 ddgC2 v 

2 Q] !Q X3YR !+R 3N•*•!µ !Q O+3"$R !+R QVRZ3!•"$ XQKR Q( !+•£ 3OOR££ VQ•"!h $Q !Q 
!+R & •ZR*R££ •" !+R *R(! £OZRR"b µQ· +3[ R X3"µ O+Q•OR£v D+R . 3£•O zR!!•"$£ 3**Q] µQ· 
!Q O+3"$R !+R ] •ZR*R££ XQKR Q( !+•£ 3OOR££ VQ•"! 3"K 3*£Q µQ· O3" 3K� · £! !+R QVRZ3!•"$ 
¼+3"" R*h •! •£ •XVQZ!3"! Q( !+•£ VZQ� RO! !Q QVRZ3!R !+R _4 ] •!+ O+3"" R* !+3! •£ "Q! · £RK 
In the "R•$+NQZ _4 £ !Q 3[ Q•K !+R •"!RZ(RZR"OR (ZQX !+R other APs. 

DQ R"£· ZR !+3! !+RZR •£ "Q 3"µ Q"R _4 · £R£ !+R £3XR QVRZ3!•"$ O+3"" R*b O+3"$R 
!+R QVRZ3!•"$ XQKR Q( !+R _4 to client\repeater in !+R _4 XQKR •" !+R *R(! £•KR Q( 

£OZRR" 3"K £O3" !+R £•!R Nµ £•!R £· Z[Rµ 3£ £+Q]" NR*Q] v 
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File Edit View History Book marks 

[[) WAP4410N ·AP Mode 

sy \uwsnsasersnd==lb 

• Setup 

• Wireless 

• Administration 

» Status 

Remote Wireless Bridge's MAC Address 

MAC 1: c j- 
MAC2: 8 5 
MAC3: J ~ 

MAC 4; 

@ Wireless Client,Repeater 

DJ Aow wireless station to associate. 
Remote Access Point 

SSID: 

MAC: 
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Site Survey I 

... W/l.P4410N ·AP Mod~ ... MicrosoltWord · This 'll.)7 ·mm 
Figure 4.3 : & •ZR*R££ O*•R"! XQKR •" & _4 ddg / 2 v 

z•"OR 3(!RZ £•!R £· Z[Rµ !+R £· ZZQ· "K•"$ _4 £ QVRZ3!R •" O+3"" R*£ 3ZR ph 10 3"K 11 , 
!+R _4 O3" QVRZ3!R •" 3"µ O+3"" R* !+3! •£ K•((RZR"! !Q !+R£R O+3"" R*£h •" Q· Z VZQ� RO! !+R 
_4 ] •** QVRZ3!R •" O+3"" R* gv 

Site Survey 
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usb 
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Ele Edit View History Bookmarks [ools Help 

oewavcseso ls} 
~~ [ Cl +*!Vjrrgufvgpmvgvf dTrq QXRv+!X ·UU =·--===--:::::::=:..:::...--- ~============.:;:--- 7e­ 

Security 
Connection Control 
WI-Fl Protected Setup 
VLAN and QoS 
Advanced Settings 

» AP Mode 

► Administration 

• Status 

jUUUUUUUUUUU­ ------------, Wireless Network Mode: [ B/G/N-Mixed 

Wireless Channel: [ 1 • 2_412GHz 

SSID 

SSID 1: 

SSID2: 

SSID3: 

SSID4: 

sl s 
j SSID Name -------g-S=--:S-ID_B_r-oa_d_ca-st-----, 

[m.a)lounl I Enabled »] 

[s@@ -] 
I Drsab!et.l I 
I DrsaiJied I 

Save I [ Cancel I 

Figure 4.5 : _4 i£ N3£•O ] •ZR*R££ £R!!•"$v 

D+R _ K[ 3"OR £R!!•"$ VZQ[ •KR£ £QXR QV!•Q"£ £· O+ 3£ J Q·" !ZµrHR$•Q" h 
, Z3$XR"!3!•Q" D+ZR£+Q*Kv HDz:J Dz 3"K O+3"" R* ] •K!+v 

0 WAP441 ON - Advanced Wireless Settings - Mozilla Firefox r;J~~ 
File Edit View History Bookmarks [ools Help 

[wAP4410N Advance@wekes segs [h .e_ 
> [[] -- ;-e.-ooe J] 4 •¼ +!!Vjrgguf gpmvgvf dTrq QXRv+!¼U v ¼ 

Advanced Wireless Settings --------------t 
► Setup 

Basic Settings 
Security 
Connection Control 
WI-Fl Protected Setup 
VLAN and QoS 

• _4 Mode 

► Administration 

► Status 

Options 

Country/Region: 1 Asia 

Worldwide Mode (e02.110): O Enabled C Disabled 

Channel Bandwidth: 

Guard Interval: 

CTS Protection Mode: 

Beacon Interval: 

OTIM Interval: 

RTS Threshold: 

Fragmentation Threshold: 

1 20MHz ~ (Default:20MHz) 

I I (Oefaull:Aulo) Auto 
~d [ I (Oefault:Dlsabled) 

~ ms (Default 1 oo Msec, Range: 20 - 1000) 

I ms (Default 1, Range: 1 - 255) 

kf EdM - (Default f EdMh Range: 1 - 2347) 

zsas_] oefauit: f Edph Range: 256 - 2346) 

v v & _4 ddg / 2 _ K[ 3"OR zR!!•"$ Figure 4.6. 
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J +3"" R* ] •K!+ VZQ[ •KR£ µQ· !+R QV!•Q" !Q 3K•· £! th ·idth ( + • 
• • • • :1 e wi!t Q ! e operating O+3"" R* Nµ 3K-· £!•"$ it in the 3· !Q XQKRv D+R _4 · £R£ !+R NR£! O+3"" R* ] •K!+ 

automatically depending on !+R O*•R"!£ !+3! 3ZR OQ"" RO!RK ] •!+ µQ· h •( µQ· 3K� · £! •! •" 
!+R dC 0 q = Q"*µ n clients can OQ"" RO! to •! •" dC 0 q= O+3""R* 3"K !+R Q!+RZ O*•R"!£ 
!+3! 3ZR QVRZ3!•"$ •" N QZ $ XQKR O3"! OQ"" RO! !Q !+•£ 3OOR££ VQ•"! £•"OR !+3! QVRZ3!RK 
in 20 MHz Q"*µv 

. µ 3K� · £!•"$ !+•£ _4 !Q QVRZ3!R in 20 MHz, N 3"K $ O*•R"!£ O3" OQ"" RO! ] •!+ •! h 
3"K 3*£Q " O*•R"!£ O3" OQ"" RO! ] •!+ !+R£R _4 Nµ using 20 MHz Q"*µv DQ R"£·ZR 3** !+R 
OQXN•"3!•Q"£ •" Q·Z VZQ� RO! O3" OQ"" RO! !Q !+R 3OOR££ VQ•"! !+R O+3"" R* ] •K!+ •£ •" 
3· !Q XQKRv W" OQXN•"3!•Q"£ !+3! OQ"!3•" " O*•R"!£ ] •!+ " Q"*µ AP XQKRh O+3"" R* 
] •K!+ •£ 3K� · £!RK •" dC0q =v 

4.2. Wireless Adapters Configuration. 

D+•£ £RO!•Q" KR£OZ•NR£ +Q] !Q OQ"(•$·ZR ] •ZR*R££ _ K3V!RZ£ 3"K +Q] !Q OQ"" RO! 
!+R£R O*•R"!£ ] •!+ !+R 3OOR££ VQ•"!v 

. µ •"£RZ!•"$ !+R HR£Q·ZOR J I •"!Q J I UH/ 0 KZ•[ Rh (•$·ZR NR*Q] ] •** 3VVR3Zv 
O+QQ£R •"£!3** I Z•[ RZ t ; !•*•!µ Q(D8U&2 uTg2 v 

all --+i 
... ( ~ ,,~.,...,.,. 1 

pgghNNV,yN! tr.uuoy 4eaeasea, 
!\\\\j hvh • • h k " •b & gU!U• ZQ a a h h 

Jtility"first.IfOSS {kn@wt a 3 tnstel! QSS 
I f "R*:*ih• gvZYh 1.h Note Please select the rrwrle o your • ·hOZB3*KO 
II Os$" urtlity accor 

{ 

supported, please Insta 

. ZQ] £R J I EXIT .,,, 
j D 

WN951N setup £OZRR"v Figure 4.7 : TL­ 

2 R>! !Q OQ"!•" · Rv v NR 3VVR3ZRK £QQ"h _ (!RZ !+3! !+R NR*Q] (•$·ZR ]• ** 
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TIP-LINK Wireless N Client Utility 

TP-LINK w» reless N Client Utility 

This program installs thedie. 
T P-LINK Wireless N A32,/'' and client utilities for our apter, 

< Back [ Next> j I Cancel 

Figure 4.8 : TL-WN9SIN · !•*•!µv 

J +QQ£R 3 zR!·V !µVRv W! •£ ZROQXXR"KRK !+3! µQ· £R*RO! W"£!3** J *•R"! ; !•*•!•R£ 
3"K I Z•[ RZ 3£ £+Q]" NR*Q] v W( µQ· £R*RO! W"£!3** I Z•[ RZ !+R KZ•[ RZ •£ •"£!•**RK ] •!+Q· ! 
· !•*•!µ h !+R · !•*•!µ 3**Q] £ !Q O+3"$R !+R QVRZ3!•"$ XQKR Q( !+•£ 3K3V!QZ 3"K !+3! •£ 
•XVQZ!3"! •" !+•£ VZQ� RO!h NRO3· £R ] R ] 3"! !Q O+3"$R !+R QVRZ3!•"$ XQKR Q( R3O+ 
O*•R"!v 

J Q"!•"· R !Q !+R •"£!3**3!•Q" £R!·V£ !Q !+•£ O*•R"!v _ (!RZ !+R £· OOR££(· * •"£!3**3!•Q" 
!+R NR*Q] (•$·ZR ]• ** NR 3VVR3ZRKh O*•OY (•"•£+ !Q ZR£!3Z! !+R OQXV· !RZh 3(!RZ !+3! !+•£ 
O*•R"! •£ 3*ZR3Kµ •"£!3**RK Q" µQ· Z OQXV· !RZh KQ !+R£R £!RV£ !Q !+R ZRX3•"•"$ !+ZRR 
O*•R"!£v 

TP-LINK Wireless N Client Utility 

[] lnstallShield Wizard Complete 

The Installation Program has successfully peters? , 
selected operations, but the system needs to e re oo e 
before all of the changes will take effect. 

0 Yes, I want to restart my computer now. 

0 No, I will restart my computer later. 

. f their drives, and then click Finish to Remove any disks rom 
complete setup. 

Back Finish Cancel 

: 4,9 . J *•R"! •"£!•**£ OQXV*R!Rv ,• $· ZR • · 
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4.3. How to connect clients with the access point, 

_ (!RZ OQ"(•$·Z•"$ 3OOR££ VQ•"! 3"K (Q·Z ]•ZR*R££ 3K3V!QZ£h ] R O3" £!3Z! !Q 
OQ"" RO! !+R£R 3K3V!QZ£ ] •!+ !+R 3OOR££ VQ•"!v 

DQ OQ"" RO! R3O+ ] •ZR*R££ O*•R"! !Q !+R _4 h R3O+ Q"R X· £! +3[ R · "•­ · R W4 
3KKZR££h !Q KQ !+3! $Q !Q OQ"!ZQ* V3"R*h 2 R!] QZY OQ"" RO!•Q"h Z•$+! O*•OY !Q *QO3* 3ZR3 
OQ"" RO!•Q" !+R" VZQVRZ!µh W"!RZ"R! Protocol (TCP/IP) and (•"3**µ £R! W4 3KKZR££ (QZ 3** 
(Q·Z O*•R"!£ ] •!+ £· N"R! mask 255.255.255.0 

2 Q] 3(!RZ £R!!•"$ W4 3KKZR££R£ µQ· O3" "Q] NR$•" !Q OQ"" RO! O*•R"!£ !Q !+R _4 h 
in !+R *R(! NQ!!QX Q( KR£Y!QV £OZRR" KQ·N*R O*•OY to allll icon 3"K !+R" D4U8W27 
& •ZR*R££ 2 J *•R"! ; !•*•!µ ] •** 3VVR3Z 3£ £+Q] " NR*Q] 

Current Status Profile Management Diagnostics 
\32 

"TE-LIA K' 
Profile Name: Default 

Link Status: Not Associated 

Wireless Mode: 2.4 GHz 130 Mbps 

Server Based Authentication: None 

IP Address: guf vgpmvgvuu 

Signal Strength: 

Network Type: Infrastructure 

Control Channel: 11 
Extension Channel: 

Data Encryption: None 

No Link 

Advanced 

v v D4U8W27 & •ZR*R££ 2 J *•R"! ; !•*•!µ Figure 4.10. 

4 (•* 0 3"3$RXR"! !3V !+R" £O3" v ! !+R _4 $Q !Q ZQ R _4 2 Q] !Q OQ"" RO! !+R£R O*•R"!£ / i 
g 

(•$·ZR £+Q] £ !+R "R•$+NQZ£ £ 
jlc ·i), the below' efo + and choose the SSID of the AP (m.ajlouni)»' ,4 by using AP as shown before in 

( + "R that is teste ] •!+ QVRZ3!•"$ j(ZR­ · R"Oµ Q R3O / h 

£RO!•Q" dvf 

pg 



Network Name (SSID) ~ i 
1 [EID 
1 m.ajlouni.0599431 ... ~ 

1In Super XR Signal Stengh 

ail] «3as 
d]) 15dB 

Channel 

11 

**( 

¼ 
2., 
2., 

> 

Loe] is )f 
Figure 4.11 : z•!R £·Z[Rµ Nµ · £•"$ !+R ] •ZR*R££ O*•R"!v 

. µ O*•OY•"$ 3O!•[ R µQ· 3ZR OQ"" RO!RK ] •!+ !+R _4 3£ £+Q] " NR*Q] v I Q !+R£R 
£!RV£ !Q 3** O*•R"!£ !+3! 3ZR ZR­ · •ZRK •" 3"µ OQXN•"3!•Q"v 

" TP-LINK Wireless N Client Utility-Current Profile: Default [?)[] 
Action Options Help 

Current Status Profile Management Diagnostics 

Profile Name: Default 

Link Status: Associated 

Wireless Mode: 2.4 GHz 130 Mbps 

Server Based Authentication: None 

IP Address: 192.168.1.93 

Signal Strength: I 

Network Type: Infrastructure 

Control Channel: 11 
Extension Channel: 

Data Encryption: None 

Excellent 

Advanced 

: ected successfully !Q !+R _4 v Figure 4.12 : J *•R"!£ !+3! •£ OQ"" 
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4.4.Design details. U 
_ (!RZ OQ"" RO!•"$ !+R O*•R"!£ ] •!+ !+R 

OQ"" RO!RK !Q !+R £RZ[RZ Nµ $•$3N•! Eh , the network •£ *•YR !+•£j !+R _4 • 
ernet wire, clients 1s 

!+R _4 v i 3ZR OQ"" RO!RK ] •ZR*R££*µ ] •!+ 

Access Point 
L hvvv\vvv vvvvvv\\ ' .> = "--" • ~ 

~ < ~ < a 

mCf vgg N:$:" 802.11 b\g\r 802.11 b\g\n 802.11 b\g\r 

Figure 4.13 : zVRO•(•O3!•Q" Q( VZQ� RO! "R!] QZYv 

W! •£ •XVQZ!3"! !+3! !+R K•£!3"OR NR!] RR" _4 3"K !+R O*•R"!£ •£ R­ · 3* NRO3· £R •( 
!+R K•£!3"OR NR!] RR" Q"R O*•R"! 3"K !+R _4 •£ $ZR3!RZ !+3" !+R K•£!3"OR NR!] RR" !+R 
AP 3"K !+R Q!+RZ O*•R"!£ •" 3"µ OQXN•"3!•Q"b !+3! XR3"£ !+3! O*•R"! +3£ *R££ _4 £VRRKh 
£•"OR ] •!+ XQZR K•£!3"OR NR!] RR" !+R _4 3"K !+R O*•R"!£h !+R XQZR 3!!R"· 3!•Q" •" !+R 
R"[ •ZQ"XR"! 3"K !+R" *R££ K3!3 Z3!Rv DQ 3 [ Q•K ZR(*RO!•Q" Q( !+R £•$"3*£b !+R K•£!3"OR 
NR!] RR" _4 3"K !+R O*•R"!£ •" 3"µ OQXN•"3!•Q" •£ *•$+! Q( £•$+!v 

DQ R"£·ZR !+R K•£!3"OR NR!] RR" !+RXh !+RZR •£ 3 *•"R3Z OQ"K•!•Q" NR!] RR" 
K•£!3"OR 3"K £•$"3* £!ZR"$!+ •( !+R O*•R"!£ 3K� · £! ]• !+ 3VVQ£•!•Q" !+3! !+R ZROR•[ RK 
£•$"3* £!ZR"$!+ (ZQX !+R _4 •£ !+R £3XR (QZ 3** O*•R"!£ OQXN•"3!•Q"b !+3! XR3"£ !+3! !+R 
O*•R"!£ 3ZR 3*ZR3Kµ V*3ORK •" !+R £3XR K•£!3"OR (ZQX !+R _4 · 

D+R D4U8W27 & •ZR*R££ 2 J *•R"! ; !•*•!µ VZQ[•KR£ the signal strength 
XR3£·ZRXR"! (ZQX !+R _ 4i O*•OY 3K[ 3"OR •" !+R O·ZZR"! £!3!·£ !3N i •! is preferred to 
make : g !] Q XR!RZ£ D+R O·ZZR"! £•$"3* 

R !+R K•£!3"OR NR!] RR" O*•R"!£ 3"K !+R _4 •£ Q" ) · v !+ • al 
!Z K ! (ZQX !+R AP since 1e £•$" 

Strength is UEp K. X !+RZRi£ "Q X· O+ *Q££ Q( !+R ata rate 
£!ZR"$!+ •£ "Q! *Q] h 3£ £+Q]" NR*Q] v 
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Advanced Status 

Network Name (SSID}; 
m. ajlouni Server Based Authentication: None Current Signal Strength: 

-36 dBm Data Encryption: None Current Noise Level: 
-96 dBm Authentication Type: None Up Time: 
00:03:36 Message Integrity Check: None 802.11 Preamble: 
Short & Long QoS: 

WMM Current Receive Rate: 1.0 Mbps CCKM Authentication: Off Current Transmit Rate: 243.0 Mbps Management Frame Protection: Off Control Channel 1 
Associated AP Name: Unavailable Extension Channel: 5 
Associated AP IP Address: Unavailable Control Frequency. 2.412 GHz 
Associated AP MAC Address: 

D2-D0-FD-66-48-6F 
Extension Frequency: 2.432GHz 
Channel Set: China 
Channel Width: 20-40 

Power Save Mode: Normal 

OK 

Figure 4.14 : _ K[ 3"OR £!3!·R£ Q( !+R OQ"" RO!RK O*•R"!v 

D+R £RZ[RZ !+3! •£ OQ"" RO!RK !Q !+R _4 £+Q· *K NR +•$+ VRZ(QZX3"OR £RZ[RZ h •" Q·Z 
VZQ� RO! !+R £RZ[RZ +3£ 3 OQZR•T J 4; f vpMBq = 3"K f B. Q( RAMm 3£ £+Q] " NR*Q] h 
3"K 3*£Q X· £! +3[ R $•$3N•! x!+RZ"R! 3K3V!RZ •"£!R3K Q( (3£! x!+RZ"R! 3K3V!QZ !Q £· VVQZ! 
n !RO+"Q*Q$µ !+3! VZQ[ •KR£ !+RQZR!•O3* £VRRK · V !Q ECC 0N V£ !+3! •£ +•$+RZ !+3" gCC 
0N V£ £· VVQZ!RK Nµ (3£! x!+RZ"R!v 

System 

Manufacturer: 

Rating: 

Processor: 

Installed memory (RAM): 
System type: 

Pen and Touch: 

Dell 

"Windows Experience Index 

Intel(R) Core(TM) i5 CPU M 480 @ 2.67GHz 2.66 GHz 

2.00 GB (1.87 GB usable) 
32-bit Operating System 
No Pen or Touch Input is available for this Display 

Figure 4.15 : zRZ[RZ VRZ(QZX3"OR !+3! •£ · £RK •" !+R VZQ� RO!v 

10.1 CC g CCC0N V£ 3"K £•"OR !+R _ 4 
B•$3N•! x!+RZ"R! "R!] QZY O3ZK £· VVQZ! Z3!R£ i i0N (! 3· !Q "R$Q!•3!•Q" 

1000.100.10l ps a er ­ £· VVQZ! 3*£Q •£ Q"R $•$3N•! x!+RZ"R! VQZ! h i 
N i bit ·d 3£ £+Q]" NR*Q] v etween them NQ!+ 3ZR QVRZ3!R in gigaln £VRR h 

v + 3 good performance devices, Als 3d this project ave £Q !+R O*•R"!£ !+3! 3ZR usec 1n 'RAM ! £· VVQZ! !+R +•$+ £VRRK " 
R3O+ Q"R +3£ J QZR f I · Q f vg Bq = J 4; 3"K f B. Q( i 0 

!RO+"Q*Q$µh 3£ £+Q]" NR*Q] v 
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Dell 
8s y pl: ;a; 

Intel(R) Core(TM)2 Duo J 4; DpTMC 1 f vgCBq = f vgC Bq = 

p,li:..JI 

&zs/ i£,± 
'cal) 
·- 5a, 

:(RAM) &;a 5<S 
:j1Ll=.;.le,_; 

bhvvj--Wb hv\3•g 

Figure 4.16 : clients performance that •i£ · £RK g· !+ v " e project. 

D+R VZ•"O•V*R Q( ] QZY •£ !Q !Z3"£(RZ 3 K3!3 (•*R (ZQX O*•R"!£ !Q £RZ[RZh !+R" 3 
VZQ$Z3X !+3! •£ O3**RK J Q*3£Q(! J 3V£3 M XR3£·ZR£ !+R !+ZQ· $+V· ! Q( !+R ] •ZR*R££ 
"R!] QZY O3ZK •" !+R O*•R"! !+3! •£ !+R VZ3O!•O3* !+ZQ· $+V· ! Q( R3O+ O*•R"!h !+R" !+•£ K3!3 
(•*R VZQV3$3!R£ ] •ZR*R££*µ !Q !+R _4 h J Q*3£Q(! J 3V£3 M XR3£·ZR£ !+R !+ZQ· $+V· ! Q( !+R 
$•$3N•! "R!] QZY O3ZK Q( !+R £RZ[RZ !+3! •£ !+R VZ3O!•O3* !+ZQ· $+V· ! Q( !+R _4 v 

D+ZQ· $+V· ! Q( !+R _4 •£ XR3£·ZRK 3VVZQ>•X3!R*µ Nµ •$"QZ•"$ !+R K3!3 *Q££R£ •" 
x!+RZ"R! ] •ZR NR!] RR" £RZ[RZ 3"K _4 h •" QZKRZ !Q ZRK· OR !+R *Q££R£ Q( !+R ] •ZR ] R · £R 
3 J 3!R$QZµ p !] •£!RK V3•Z O3N*R ] •!+ Q"*µ Q"R XR!RZ£ K•£!3"ORv 

D+R £•=R Q( (•*R !+3! !Z3"£(RZZRK (ZQX O*•R"!£ !Q !+R £RZ[RZ •£ pCC 0 . h £•"OR •( !+R 
!Z3"£(RZZRK (•*R (QZ R>3XV*R +3£ 3 £•=R EC0 . 3"K •( !+R !+ZQ· $+V· ! Q( !+R _4 •£ 3NQ· ! 
18Mbps for R>3XV*R !+•£ (•*R •£ !Z3"£(RZZRK •" *R££ !+3" gE £ROQ"K£v DQ X3YR 3 $QQK 
XR3£· ZRXR"! ] R !3YR !+R XR3£· ZRXR"! Q( !+ZQ· $+V· ! •" OQ*3£Q(! O3V£3 M (QZ XQZR 
!+3" !] Q X•"· R!£ •! •£ NR!!RZ !Q !Z3"£(RZ 3 +•$+ (•*R £•=R 3"K !3YR !+R 3[ RZ3$R [ 3*· R 

' 3(!RZ (•[ R X•"· R!£ NRO3· £R •! +3£ £QXR £QZ! Q( £!3N•*•!µ Q( !+R £µ£!RXv 
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J +3V!RZ 
5 

HR£· *!£ 3"K _ "3*µ£•£ 

5.1. Introduction. 

5.2. b Q"*µ _ 4 XQKRv 

TvEv g Q"*µ _ 4 XQKRv 

5.4.n only AP mode. 

5.5. b\g _ 4 X•> XQKRv 

5.6. bgn _ 4 X•> XQKRv 

5.7. Summary 
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Chapter five 
Results and Analysis 

D+•£ O+3V!RZ OQ"!3•"£ !+R ZR£· *!£ Q( 3** 
our network cc 1;- : 

WW*R3£·ZRK •" J Q*3£Q(! J 3V£3 M VZQ$Z3X 3"K g v omiinations that 3ZR 
i 3 so contains th W • between the results. 1€ analysis and compare 

5.1. Introduction. 
on» 

In Q·Z VZQ� RO! ] R ] 3"! !Q XR3£·ZR !+R [ 3*· R Q( !+ZQ· $+ ! · gg v v 
v v V· X 3 OQXNX3!•Q" Q( 

O*•R"!£h these combinations are ] +R" !+R "·X NRZ Q( O*•R"!£ · !+ !] Y 
. · In te "R QZ 3ZR Q"Rh 

!] Qh !+ZRR 3"K (Q·Z & •!+ 3** access point operating XQKR£ •" 3** Q( !+RXh !+RZR 3ZR 
(QZ!µ O3£R£ Q( O*•R"!£ OQXN•"3!•Q"£v 

&+R" !+R 3OOR££ VQ•"! QVRZ3!R£ •" N Q"*µ XQKR ] R ] 3"! !Q XR3£·ZR !+R VZ3O!•O3* 
!+ZQ· $+V· ! [ 3*· R Q( N O*•R"!h ] +R" !+RZR 3ZR Q"Rh !] Qh !+ZRR 3"K (Q·Z N O*•R"!v 

D+R £3XR O3£R (QZ $ Q"*µ _4 h 3"K ] +R" !+R _4 •£ QVRZ3!R£ •" " Q"*µ XQKR !+R 
VZ3O!•O3* !+ZQ· $+V· ! •£ XR3£·ZRK ] +R" •! •£ QVRZ3!R£ •" dC 0q = O+3""R* ] •K!+v 

In N:$ X•> XQKR Q( !+R _4 h !+ZQ· $+V· ! •£ XR3£· ZRK ] +R" !+RZR 3ZR !] Qh !+ZRR 
3"K (Q·Z O*•R"!£ !+3! 3ZR QVRZ3!R£ •" N 3"K $ XQKRh !+3! 3ZR OQ"" RO!•"$ !Q •! ] •!+ 3** 
OQXN•"3!•Q" Q( QVRZ3!•"$ XQKR Q( !+RXv 

z•"OR N:$ X•> XQKR Q"*µ QVRZ3!R£ ] •!+ Q"R £V3!•3* £!ZR3X 3"K " O*•R"! · £R£ !] Q 
£V3!•3* £!ZR3X£ ] +R" •! OQ"" RO! !Q !+•£ _4 •! ] QZY£ 3£ $ O*•R"!h £Q •( ] R +3[ R 3 
combination for example of two b and n clients, the n client is work as g client so this 
OQXN•"3!•Q" •£ NROQXR N$ OQXN•"3!•Q"h £Q 3** O*•R"!£ OQXN•"3!•Q" •" !+•£ _4 XQKR •£ 
NROQXR£ NR!] RR" N 3"K $ O*•R"!£ Q"*µv 

. • 1 !Z £ £Q " O*•R"!£ O3" OQ"" RO! !Q b\g\n mix _4 XQKR QVRZ3!R£ ] •!+ two spatial s R3Z" h 
• v v v v K 3"! !Q XR3£·ZR !+ZQ· $+V· ! Q( It in addition of b and g clients. In this AP mode we w 
!] Qh !+ZRR 3"K (Q· Z O*•R"!£ OQXN•"3!•Q"£v 

d different number Q( O*•R"!£ !+3! 3ZR _ ** OQXN•"3!•Q"£ ] •!+ K•((RZR"! _4 XQKR 3" g 

OQ"" RO!RK !Q !+R _4 3ZR £+Q]" •" !3N*R Tvg 
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Number of Clie nt one Client two Clie nt three Client four 
AP mode clients mode mode mode mode 1 N - - - 

MOO 

f N N - - 
b only E N N N - d N N N b 1 hG so - - 

; 

- 
f $ $ - g only 

$ $ $ - 
E 
d $ $ $ $ 

- - 
1 n oo 

W 

- - 
f n n 

n n ooo 

n only 
E n 

n n n 
d n 

- 
N $ - 

. f 

II I - I N b $ E 
$ so 

N $ 
b I B I $ 

b\g mix 
N 

b I $ I $ N d 

$ $ N $ 

U - N $ 

U 

' 

I Ao I N n f 

e I - I $ n 

- b g N 
- b n N 
U $ g N 
- n N g 
- 

E 
n b n 

- n $ $ 
U n n 
g 

$ 
b N b 

n I b 
b\g\n mix 

N I b 
g 

»so g N b 
n U 

I 

g b 
n U 

N 
n N N 

g U g g 
n U 

' N 
g g 

n 
IN= 

d N 
n g 

n 
I111la 

a N 
n n 

n 
» 

' N 
g 

n 
g 

» 

I $ 
n 

n g 
U 

i 

n 
$ 

n ' $ 
U 

v 
S 

Table 3.1 : _ ** O*•R"!£ OQXN•"3!•Q"£v 
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5•2• b only AP mode. --- 
In !+•£ £RO!•Q" !+R _4 QVRZ3!R£ •" N Q"*µ XQKRh in !+•£ XQKR !+R _4 uses 20 MHz 
R* 3"K Q"R £V3!•3* £!ZR3X !Q !Z3"£X•! 3"K ZROR•[ R K3!3 (ZQX O*•R"!£ !+ channe . , RZR 3ZR ( O*•R"!£ !+3! 3ZR OQ"" RO!•"$ !Q W!v many O 

z •"OR !+•£ _4 •£ QVRZ3!•"$ •" N Q"*µ XQKR !+3! XR3"£ Q"*µ N O*•R"!£ O3" OQ"" RO! 
· ! c0Z R>3XV*R •( !+RZR 3ZR !] Q N O*•R"!£ 3"K Q"R $ O*•R"!v D+R _4 3**Q] £ !] Q N to 1L,1U 5# d efus the 

Wv !£ !Q OQ"" RO! !Q W! 3" ZR £R ! R OQ"" RO!•Q" (ZQX $ O*•R"!· £Q •" !+•£ O3£R !+R client ; 
OQXN•"3!•Q" NROQXR£ NN "Q! NN$v 

5.2.1., Combination ] •!+ Q"R N O*•R"!v 

In !+•£ £RO!•Q" !+RZR •£ Q"*µ Q"R N O*•R"! !+3! OQ"" RO!£ !Q _4 !+3! •£ QVRZ3!•"$ •" N 
Q"*µXQKRh 3£ £+Q]" NR*Q] v 

Access Point 

b only mode 

\/ 

802.11 b 

, v 5 1 · / "R N O*•R"! OQXN•"3!•Q"v 1gure • . 

0N N· ! •" VZ3O!•O3* N3£RK •" 
hn *Q$µ is 11 ops, .(hr $+V· ! Q( D+R !+RQZR!•O3* !+ZQ· $+V· ! Q(N !RR _4Q v · · £! 6.880Mbps and !+R Q·

1
. ! !+3! 

( !+R Wz - · ( !+R O gR" Q·Z XR3£· ZRXR"!£ !+R !+ZQ· $+V· ! O • ·X !+ZQ· $+V· ! 
0 . the maxim !+R O*•R"! is 6.863 Mbps, !+•£ [ 3*· R •£ 

Operates in N !RO+"Q*Q$µv 
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oughput value Q( !+R _ 4 3"K N O*•R"! •£ O*Q£RK !Q R3O+ Q!+RZ "Q! R­· 3*v z•"OR 
¼ 3 *Q££R£ •" ] •ZR*R££ (QZ Q"*µ !] Q XR!RZ£ *•"Y NR!] RR" _4 3"K !+R O*•R"!v 

!+RZFi h£ (!+R N O*•R"! 3"K !+R _ 4 3ZR £+Q]" •" figure 5.2 Throughput o 

NQ"*µ 
s-ADP rgcivg 

6850 

6840 

pmgC 

6800 

dC TC 67 O 10 20 30 time( s ) 

r 41if +==FHE pmpC 

pmTC 

6840 

ff lags#fl![; t 682!1 •.• : ··········l••·-+.·.·.·.·:.:;· ·.·.····~:.: .. ·.·.·.·::.~. ·.·.·J:. jj� jj ::···t·····;·····1·····j·····1····· '],/., 
~10 ····r·····r· .. · · n· Uc· · · · n· · · · n· · · · Z 
6800 

[i']' d' 3 C gC 

pC MC BO uC 100 110 

TC pC 
time(s ) 

bination. f one b com . Throughput o Figure 5.2. 

uC 
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5 f f J QXN•"3!•Q" ] •!+ !] Q N O*i ¼ !R"!£v 

D+RZR 3ZR !] Q O*•R"!£ !+3! 3ZR / v · Operating in b 
3£ shown in figure TvE NR*Q] v XQKR OQ"" RO! K R !Q N Q"*µ _4 XQKR 

Access Point 

b only mode 

802.11 b 
802.11 b 

Figure 5.3: Two N O*•R"!£ OQXN•"3!•Q"v 

th D+R VZ3O!•O3* !+ZQ· $+V· ! Q( !+•£ AP •£ pvmTd0NV£h 3*!+Q· $+ !+R !] Q O*•R"!£ +3[ R 
R £3XR v 1 th ] ZZR R££ QVRZ3!•"$ XQKR 3"K +3[ R £3XR VRZ(QZX3"OR KR[ •OR£ 3"K 3*£Q +3[ R 
©same sc :. th fir . RV3Z3!•Q" K•£!3"OR (ZQX !+R AP; !+Rµ +3[ R K•((RZR"! !+ZQ· $+V· ! [ 3*· R£h ! R 
st client has EvdCd0NV£ !+ZQ· $+V· ! 3"K !+R £ROQ"K O*•R"! +3£ Evdgf 0NV£v 
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5 f Ev J QXN•"3!•Q" ]• !+ !+ZRR N O*· ¼ gR"!£v 

D+RZR 3ZR !+ZRR N O*•R"!£ OQ"" RO! !Q b onl 
µ AP XQKR 3£ £+Q] " •" (•$· ZR TvT 

Access Point 

N only mode 
{ 
?' \_.I vvvv hb { .­ w \ 

~ 

< <SJ 
802.11 b 802.11 b 802.11 b 

Figure 5.5 : D+ZRR N O*•R"!£ OQXN•"3!•Q"v 

D+R VZ3O!•O3* !+ZQ· $+V· ! Q( !+R _4 •" !+•£ O3£R •£ ZRK· ORK !Q pvpuT 0N V£h !+R AP 
throughput is K•£!Z•N· !R£ NR!] RR" !+ZRR O*•R"!£ ] •!+ K•((RZR"! !+ZQ· $+V· ! [ 3*· R Q( R3O+ 
Q"Rv D+ZQ· $+V· ! Q( !+R (•Z£! O*•R"! •£ f vf EE 0N V£ 3"K !+R £ROQ"K •£ f vf dM 0N V£ 3"K 
!+R !+•ZK · f · h h !£ vf gf 0N V£h !+ZQ· $+V· ! [ 3*· R Q( !+R£R O+R"!£ 3ZR O*Q£RK !Q R3O Q! RZ "Q! 

R­ · 3*h 3£ £+Q]" •" NR*Q] (•$·ZRv 

v D+R AP •" !+•£ OQXN•"3!•Q" £· VVQZ!£ !+ZRR O*•R"!£h !+3! XR3"£ !+ZQ· $+V· ! Q( •! •£ 
K•£!Z•N· !R£ NR!] RR" !+ZRR O*•R"!£ 3"K £•"OR 3** O*•R"!£ QVRZ3!R£ •" !+R £3XR XQKRb !+Rµ 
have thrc ° oughput values O*Q£RK !Q R3O+ Q!+RZ£v 
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5 f dv J QXN•"3!•Q" ] •!+ (Q· Z N O*· ltents, 

In N Q"*µ _4 XQKR !+RZR 3ZR (Q· Z N O*• v 1ents is connected tc : 
Q •! 3£ £+Q] " NR*Q] v 

Access Point 

b only mode 

w 

w 

802.11 b 802.11 b 802.11 b 
802.11 b 

Figure 5.7 : Four N O*•R"!£ OQXN•"3!•Q"v 

J *•R"! "· XNRZ !] Q O3" !Z3"£X•! QZ ZROR•[ R K3!3 •( !+R O+3"" R* •£ (ZRR (ZQX !Z3((•O 
Q( r Chents one h!+ZRR 3"K (Q·Z £Q •! +3£ Q"R ­ · 3Z!RZ Q( !+R AP !+ZQ· $+V· !h AP 
throughput di> ° u1 listributes between !+R (Q· Z O*•R"!£v 

fourth b client !+•ZK N O*•R"! £ROQ"K N O*•R"! (•Z£! N O*•R"! 

. ffour N OQXN•"3!•Q" 
Figure 5.8 : Representation o1 10 
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entioned before in section 5.2.3 the throughput of the AP is distributes
As m ected clients; so the AP throughput which is 6.337Mbps distributes 

between ;::b client, throughput of the four clients are 1.390Mbps, 1.480Mbps, 
between d l.606Mbps, as shown in figure 5.9.t.492Mbps an 

bbbb 

' ' 
6250 ····+·······

2 6 8 10 12 
time(s) 

14 16 18 20 22

I
tc:)

J i _ b client
' 
' ·~r++~--- •-i•-

'+rl++ '!:I r-7---t.
' i ' i i i i 

E 1i ~) ~ II 11 u 
(ii .
t: 

b client 4. ""44++= 
J f.◊) •..L'. -+--+-::-:;::j
~ ' 

• +, 
] i I ] 1+ i I i 

' -H®,, ll!) --~-- - Ii i<l 2l
tl
ts 
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only AP mode. 53.$ 

The AP in this section operates in g only mode· th t
. , a means only g li t connect to it, b and n chents not able to connect to this AP mode. chents can

This mode is operating in 20 MHz and uses one spatial tr .
:. stream to transmit and eceive data the same as in b only mode, but since g technology uses OFDM 

technology it has higher data rate comparing with b technology.

5.3.1. Combination with one g client.»» 

There is one g client connects to the AP that is operating in g only mode. The
theoretical data rate of this AP mode is 54 Mbps, but in practical this is l 8.360Mbps.

AP throughput in this section distributes to only one client, as shown in figure
5.11, the client throughput of this section is the practical maximum throughput of g
technology.

g client

• f ne g combination.Figure 5.11 : Representation o o

Shared
Channel

;. :. 6 the value of throughput of the AP is 
As mentioned before m section 5.2.l that_ when there is only one client; so 

closed to the value of the throughput of the chent . figure 5.10. 
.. [28Mbps, as shown 1n lllaxunum throughput of g client is 18.1 '
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time( s ) 9O 100 110 

Figure 5.10 : Throughput of one g combination. 

73.2 Combi · 3 ination with two g clients. 

There are tw 1 · as show b O clients that are operating in g mode connected tog only AP mode
than thrn elow in figure 5.12. Throughput of this AP is !8.128Mhps which is less
9.Jg4~ughput in the case of using one client, throughput of the first client is

ps and in the second client 9.152Mbps. 
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Figure 5.12 Throughput oftwo g combination.

Since thi
8
Witchin b s AP m this combination support two clients, it has more time to

the prop g etween clients; so less throughput value to it, and since with more device
erty of coll · •cgian is increased the AP reduced its own speed.

79



Combinations with three g clients. 
~ 

are three g clients connect log only AP mode. The practical throughput of There 
. this case is 18.080 Mbps. the AP in 

AP throughput distributes between three clients with throughput of them are
The 4 667Mbps and 8.968Mbps, as shown in figure 5.13.4.443Mbps, . 
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b.nations with four g clients. 34. Com 1
~ 

1
AP mode there are four g clients are connected to it. The AP

In ·", ZOOMbps that distributes between four g clients as shown below in h t IS ' 

(hrOUg pu4 throughput of these clients are 4.455Mbps, 3.526Mbps, 4.089Mbps an,a figure 5.1 , 
g8Mbps. 2 

o' • 
9999

' + 
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: : : : : : : -+-APgggg : : : : : ' { mean 
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2
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12
time(s) 
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I
g! 

g client 
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i!----..1.14.-.4-o--p" 
' ' ' j[]]].+ ; L...J Iffl 11 fl

i# 
?1?1

'.'., = 
~-:·----·:··--··-·:···-··-·:··· ... ~. '.--:--.:;,'

I
;m 

g client 

: : ···-~····~ 
... : __J:,:: -·-····f-::,: ... -:·····-···: : l=p: 
! + saws..+p; 

J~) ···t·--t--·-···r ····-····
~ 
f us 
;; 

1 ' 
£!!t» ····r·· 

Et 1 £ 

1 • n . u n 
11 

binatto · ,1 " " ffour g com 
1-~11 • Throughput o 
Figure 5.14 · 

81 



DiyAP mode. 
54"° 

client there are two cases when it is operating in
20

MH . .
In n al f thr h h z and when 1t in • n.rz since the v ue o oug put w en the AP is operates in 40MH . d

40M6 i% 20MHz cl, lzis double alue of throughput in lz channel, we want to operate n only AP d .
the v fi d thr h f . mo e m
40MHz channel. To n oug put o n m 20 MHz divides the value by two.

Combination with one n client.54.l.:.!---

There is one n client connecting to AP that operates in n only mode with
40MHz channel the theoretical throughput of this ~ is 300 Mbps with two spatial

but in our measurement the throughput of it is not exceed 33.632Mbps. Since streams, .
the value of throughput of the AP is closed to the value of the throughput of the client, 
when there is only one client; maximum throughput of this technology is 
33.240Mbps, as shown below. 

~ rt+j+ yr;wyIy"jg"S+ so 60 70
0 10 20 30 40 time( s) 

4 nonly , : : - n client 
_ mean 

O : ' : ' : ' 50 60 

10 T a «@ 'mets) 4inatiofl. 

- ut of one n comFigure 5.15 : Through 
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As mentioned before in chapt ti if th . er our this I
f the client, 1t ere ts a client with va ue is d .o • th" . I core i5 CP ependmg t

tbfOUghpUI Ill 1s case is about 4SMb U and 2Gr the performf h hi h ps. This B RAM he @nce 
roughput I 11 as 1g er performan Proves that th . t e theoreti ce, as shown . fi e client can h etical 

In gure 5 .16 ave higher

This result is higher than the same
,erformance of this client. combination wh en we use less d .evice 
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Figure 5.16: Throughput ofn with high performance client. 

In our Perform measurements it is very important that all clients have the same
throug1iance, since if any one has higher than others· it will have higher value of

put than h . 't e others when they are operating m the same mode.
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Combination
5±2 

with two n clients.

0 
clients that operate inn mode connected ton only AP mode the are tw . . ' 

fbere h ut of this AP is 32.040Mbps which 1s less than of AP that is 
racrical

thr
ounlg p ne client, throughput of the first client is IO .0 1 0Mbps and in the " (ed to o Y 0 

connect ' 19.840Mbps. d client is . secon 
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I(

! 
l

bination with three n clients.3 Com
~ 

three n clients connect to n only AP mode, the practical throughput fThere are o 
this case is 29. 752Mbps. AP in (he U 

AP throughput distributes between three clients, 9.800Mbps for the first 
The SMbps for the second client and 9.875Mbps for the third client, as shown ient, 9.83 

in figure below.
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b. ation with four n clients. 44. Com in 

' AP mode there are four n chents are connecting to it, the throughput ofa;, 200Mbps in this combination distributes as shown below in figurehich 1s · . . 
tl e AP w th four n clients, throughput of these clients are 10.420Mbps,I tween e Mb 
5j9 be 704 Mbps and 4.584 ps. 
292Mbps, 3. 8.
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g AP mix mode. 
~ 

this section the AP is configuring to operate • b
In 1 h Ill g mode In th.at 20MHz channe wit only one spatial stre ' Is mode the APoperates am.

W'th this operation mode of the AP the combi ·ti 
1 • • ' Illa tons are betwee , . the combinations numbers of clients are tw hr en and g

cbents, . 1· o, t ee and four Th
b. ations that contam one c 1ent or group of clients th t . . · e

com in . . a are operating in the same
d are not mentioned here; smce they are analyzed before • b

1mod© in on Y, g only, and nonly AP mode.

1,5.1. Combinations with two clients.

The combinations of clients in bg AP mix mode are between b and g clients, and
since there are two clients, the combination ofthis section is just bg combination.

Throughput of this combination is shown in figure 5.20. The AP has a
throughput value of 9.384Mbps, b client has 5.146Mbps and g client has 4.272Mbps
throughput.
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gh ut of bg com Figure 5.20 : Throu} p 
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B cause the two clients are operating . th .
c€ thrc zhr wit different ,, 

d•a-erent AP oug put, although b client . operating modI as 111• • Is operat . e, each o1 b client operates at higher throughput 1 es in lower through neclient, va ue than g. put than g

fElr"Tee' [ii] s iean[] 
Time

Second transmitting cycle First transmitting cycle

Figure 5.21: Specification ofbg combination

Lessees b clients maximum throughput means more time needs it to transmit or
receive data to\from the AP than g clients, so the two clients have different throughput
value and these values are not closed to each other like in bb combination.

Since maximum throughput of b client is less than g client; b client take more
time than g client. When b client want to transmit data to the AP it take a long time to
Omplete transmitting its data than g. And since channel in wireless is half duplex, g
chentmust wait until b client finish it's transmitting, as shown in figure 5·21

Waiting more time means less value of throughput in g client. Comparing " 
one g r . d 't ait any other c ten o

Chent in g only AP mode, g client in this case oesn w_ .
transmit its data and has higher data throughput than in bg combination. 

In h · 1 · t · s less than the maximums ' Is combination throughput value of the b c ten t gh t f the AP in bg
"®t of one b client in b only AP mode; since throw"",,,,, aat means 
binati : • t to only one c 'each on Is distribute between the two clients no ombination all AP

one h · · e b on Y co
th, as Its owns throughput value, but in on 
ghput a;- : 1stributes to only one client.
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combination that contains one b client with b
In which . 1 I only AP
P is 6.880Mbps wi1cl 1s tess than through t . mode through

tl ·s A . pu In bg b' put of11 gl ut g client mcrease AP throughput so g 1. . Combination, addin, ; 
ouglP,, ' client increases A 8 igh 

b combination, and has less throughput than b 1. . P throughput th
jot©' client inbg comb;> «:. an 

1nation, 

If the b client is replaced by g client, the comb. . .
:. .± nation is become 

;aer AP throughput comparing with bg; since all cl;- , 3Sgg, which has 
h1 er ' c tents In this c . .

teat high throughput value. In gg combination 1. . ombmations are
aper@!_., .4,,-. £client wait shorte 

cond g finish it's transmitting than time waiting fo b 1. . 0 er time until
these . r c ient In bg combination.

Comparing bg combination with bb, which has lowe thr h
. . . r rcoughput than bg· ·

th AP in bb combination work with two low throughput 1. . ' smce
e . . . . chents which have more

tun. e in transmitting and receiving data than g clients so AP thr gh . 
3 oug put will be 

decreased.

5.5.2. Combinations that contain more than two clients.

This section contains the combinations between b and g technologies when there
are three and four clients in all combinations.

The AP in bbg combination in bgn AP mix mode has 6.240Mbps throughput
which is higher than the same combination in bg AP mix mode, first b client has
3.108Mbps, and the second has 3.140Mbps and g client has l.538Mbps throughput, as
shown in figure 5 .23. 

Comparing the throughput of bbg to bbb combination that is operates under b
only AP mode; replacing one b client in bbb with g client increases throughput of the
AP in bbg than in bbb combination.

Cl. . . h lower throughput value1ent that operates in g mode in bbg combination 1as d
th . . . tin the two low ataan any b clients g client can transmit or receive data after wai g . ·t·
rat b · ' • l time that is wai mge clients, as shown in figure 5 .22. Since g client wait onger i . .
hlg .: h · bg combmat10n.Combination; throughput of the g client is lower t an m

g client b client b client Shared
channel 

Figure 5.22: bbg combination
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Figure 5.23 Throughput ofbbg combination.

90 



If another b client is adding to bbg combination, the new combination in this
case is bbbg, b client reduces AP throughput to 7,285Mbps. 

Throughput of three b clients in bbbg combination are 1.865Mbps, 2.164Mbps, 
!.866Mbps and g is l.681Mbps. Throughput of b client is higher than g client, asshown below. 
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Comparing with bbbb combinati 
:4 atton through 

in bbbb with one g client the AP thr h put to bbbg, by repl .oughput · ' acmg one b cli t
AP support four low data throughput %,,' "@ses, since in bbbb combs;),,"" 

1ct takes lo; :. 1nation the 
below. 2Ylger time than in bbb; sh gas s own

In bbbg there are three client th. . s at take lon) ti 
shortest time comparing with them . . g ime and one g client that tak 

s so in this corbi :. es 
than with bbbb combination. mnunation the AP take shorter time

b client b client b client b client

I g client 11 b client 11 b client 11 b client

Figure 5.25: bbbb and bbbg combinations

Again in bg combination if one g client adds, the new combination is bgg, since
g client has higher throughput than b client; the AP throughput is 9.780Mbps which is
lower than in bg combination.

In bgg combination AP throughput is 1 I .088Mbps, throughput of b client is
3.370Mbps, first g client is 3.902 Mbps and second g client is 3.816Mbps, as shown

in figure 5.26.
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Comparing with bbbb combinati 
:4 i:. buon through 

in bbbb with one g client the AP thrc ·h put to bbbg, by repl .oughput ir 3> acing one b ·li 
AP support four low data throughput ,, ""@ses, since in bbbb cs,,,, _'lent 
b I 

whucl takes longer ti> om mation the
e ow. lime than in bbbg sh ass own

In bbbg there are three clients th. . . at take long ti
shortest time companng with them ' th;- me and one g client that tak so in this combi :. <es 
than with bbbb combination. mation the AP take shorter time

b client b client b client b client

I g client 11 b client 11 b client [[s client

Figure 5.25: bbbb and bbbg combinations

Again in bg combination if one g client adds, the new combination is bgg, since
g client has higher throughput than b client; the AP throughput is 9.780Mbps which is
lower than in bg combination.

In bgg combination AP throughput is 1 l .088Mbps, throughput of b client is
3.370Mbps, first g client is 3.902 Mbps and second g client is 3.816Mbps, as shown
in figure 5.26.
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Figure 5.26 : Throughput ofbgg combination

Client that operates in g mode not wait long time until the other clients finish
there transmitting, since there is only one long time b client in this combination like in
bg combination, but since there are more g client in bgg than in bg combination,
throughput ofthe AP in bgg combination is lower than in bg combination.
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If another g client is adding the new combination is bggg, the AP throughput is
9.328Mbps. Throughput of each g client is higher than b client that are l.849Mbps for
b client and 2.625Mbps, 2.473Mbps and 2.360Mbps. shown in figure 5.27.

When there are more g clients are added to bg combination; throughput of the gclients are increase.
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Comparing with gggg combination in g only AP mode, since there is one b client
places one g client in gggg that reduce AP throughput from 17.200Mbps in gggg to
328Mbps in bggg.

In bbgg the number of b clients and g clients are equal, AP throughput is
.812Mbps. In this combination throughput of the clients are closed; throughput of the
vo b clients are l.788Mbps, l.734Mbps, and two g clients are l.628Mbps,
.504Mbps, as shown in figure 5.28.
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. with gggg combination in g only AP mode, since there is one b client 
paring 

Com client in gggg that reduce AP throughput from 17.200Mbps in gggg toces one g ",%s bggs» 9328Mb 

the number of b clients and g clients are equal, AP throughput is
In hbgg this combination throughput of the clients are closed; throughput ofthe7

g12Mbps. In 1 788Mbps, 1.734Mbps, and two g clients are 1.628Mbps, . clients are . 
two b hown in figure 5.28. 504Mbps, ass J. 

bbbg 

·AP bbgg 

6:

95 



Comparing with bggg, throughput in th' . .
:. Is combination ° h ince there are more high throughput g client An 1s igher than in bbgg·

s . h' b' . . s. d also Com . . '(hroughput in this combination is lower than in bb; :. paring with bbbg 
IJll gg; smce there 1 ' b clients. are lower throughput 

5.6. bgn AP mix mode. --- 
AP in this section operates in bgn mode· in this mod th AP . .

: .± ± 3 le ie operates in either 
0 or 40 MHz channel width, but since in this section all combinatio ha at ] . on as a east oneb or g client; so AP is operating in 20MHz. 

This mode of the AP can support 40MHz channel, when there are n clients that
connect to it, all n clients and the AP can operate in 40MHz channel width, since n
client can support it.

If b or g client is now connects to the AP, and since b or g clients can only
operate in 20MHz only; AP forced to operates in 20MHz channel to support all clients
in this combination, n clients are operate in the AP 20MHz channel in this case.

Since this mode allows AP to operate with two spatial streams; n clients can
connect to this AP in addition ofb and g clients.

5.6.1. Combinations that contains two clients.oggsoooo 

The number of clients that are connecting to the AP in this section are two, so
the Combinations of clients in this section are bg, bn and gn.

. 9 4 l 4Mbps which is higher than bgIn bg combination throughput of the AP is · f
1
. t ·

: 6Mbus and throughput o g c ien iscombination in bg AP mix mode. b client has 5.14 P 
. h b 1 win figure 5.294.372Mbps which is lower than b client, as s own e 0 
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. g g client with n client, a new combination bn becomes ·eplacin£ :. » Since n 
BY r P tial streams to transmit and receive data; It raises throughput ofAPtwo spa . . 8 Mb

·ent uses throughput of n chent 1s 5. 52 ps and b client s 4.570Mbps, as ch zzMlJps.
to 10.4_ figure 5.30.
own 1 

f b client is 4.570Mbps, and throughput of n is 5.852Mbps, which 
Throughput!

0

. t' in contrast with g client in bg combination; since n client usesthan b c 1en , . . .
. higher h and uses two spatial streams it has higher throughput than b°' 5ding rate than g high co in

client.
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1. nt that operates in n mode in bn com bin t. .
Clic!, : b :li :. 1at1on increases thr 
. bb combmatton, c ient in bn combinatio d s t oughput of th
in n reduced thr e AP 

tl1ail duced throughput of the AP than in nn combinat;> {9Vghput of n client a dat lat1on. ±n 

In gn combination throughput of AP is higher th .
. . . an in bn combi r . 

1
. t in bn combination is replaced by g client that ha ;, '@ 1on; since the 

%clie! .4. e. as igher thr 1gh 
. t In this combination all two clients are using th ou put than b

clienb. . M e same modulation techniqu 
rich is OFD!1. e 

Throughput of the AP in gn combination is 18.278Mbps. Thr gh .. . . · ou put of n client 
ce it uses two spatial streams is 10.888Mbps; so it has higher thr gh

sill ' ou put value than
client which has 7.390Mbps throughput, as shown in figure 5.32 

Comparing between gg and gn combination. By replacing one g client in gg
combination with n client that increases throughput value of the AP from l 8.128Mbps
in gg combination to 18.278Mbps in gn combination, because there are high
throughput n client that uses two spatial streams that makes AP to distribute more data
to this client.

Comparing between gn to nn combination, since there are two high throughput n 
clients that increase AP throughput than in gn combination.

Although g and n clients are operates in the same OFDM technology; n client has 
higher throughput value than g client by using two spatial streams with higher coding 
rate than g as shown below in figure 5 .31.

n client g client

. f combination
Figure 5.31: Specification ° gn 
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b. ations between b and g clientsCombn 

. ontains all combinations between b and g clients whe . section c . en ere are
TJ11s 1. nts connected to bgn AP mix mode, that are bbg, bgg, bbb; 6 four c ,e . ' ' g, ggtl ee and . binations are taken also before In bg AP mix mode.1 This com and bggg. 

b. ati' on if another b client added, the new combination is bbg com in ' . .
In bg h AP in this case is 6.248Mbps and throughputs of the b clients areh t oft e .

rhfoug pu OMbps and 2.061Mbps for g client, as shown below,95Mbps, 2.72 
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. mode the AP transmits data by using tw . 
gn ms @Spatial streams Ill b and g client in all combinations in this secf . h S, vut since only ion, t e AP tra .tl1ere are by only one spatial stream by using all three antennz smits and . data as.co 
AP in bgn mix mode can use diversity technique, which, . . The b · · ' IC Is Increasedl·n each clients y mcreasmg SIN ratio· and since by• .. d power . . ' mcreasmg SIN receive h ut will be increased m AP and in all clients.io througP 

h ut of the AP in bbbg is 7 .657Mbps which is higher than bbbg in bg AP
Through b li ' 1.866Mb Throughput of first c tent ts . ps, second b client 2.064Mbps, 

J]]ix mod.e. . 1 S65Mbps and g client has 1.582Mbps throughput. !bird b client 1s · . 
bbbg 

AP eAbbbg 
-mean 

[ETTY]]'gs'.'>-%3 
~ 10 20 30 40 time( s ) 

bbbg 

25 

>,',' }' '3' % a 
hmt(I)> 

1565 , lO 
1) • • ' ' ' ' ' ' ' ' ' • • ioo 110 • tion

4l 9) time(,) ro ,o BJ 9J gh ut of bbbg combin 
Figure 5.34: Throu] 1P 
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bgg combination throughput of
111 • • each g
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"bgg; AP . 2 360Mbps, first g
client is 3 g, throughput is 11.379Mbps, client b fhroughp~tJ• _- 3 S66MbP'• as
sho\Vn, .6i0Mbps second g is 3.688Mbps and third g client 1S . 
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combinations between b and n clients
~ 

1. nts in this AP mode operates with two t· 1cl1U 4.±... 4 Spatial streams , 
e b client in all combination in this section· th A . s, and since there ar

4east'O '°is operating in.20 ,' 
z. 

Th n client is operates in 20 MHz channel width de . an uses two .
th AP is transmits or receives data to/from n cl· t . spatial streamsen ¢ lent it uses tw e. 

w h nit transmit or receive data to/from b client it is u 1 ° spatial streams,
tWIG .±. ses only one sr ati±] 
since b clients are operate by usmg one spatial stream. pa 1a streams;

In this section the combinations between b and n client h h
S, W en t ere are threeand four clients are bbn, bnn, bbbn, bbnn and bnnn. 

When there is one b client is adding to bn combination, the new combination in 
this case is bbn; since b client has lower throughput than n client that reduces AP 
throughput to 7.812Mbps, first b client has 2.73OMbps throughput, the second has
3046Mbps, and n client has l .875Mbps throughput.

Throughput of n client is the lowest on in bbn combination, since there are two
low throughput b clients that force n client to wait until they are finish there
transmitting, as shown below.

n client b client b client

:. 5fbbr combination Figure 5.37: Specification ot 20 
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Ill gJ 100 110

Compar client nng this res lt . 
through u with bbb combination by replacing one b client by one n

throughput put of the AP is increases; since n client operates at high data
'°lllbinatio:'.'d that make AP to wait shorter time in the transmitting cycle than in bbb 

er By addin thr'ent that is g another b client to bbn the new combination is bbbn, adding more
o work t 1 ' th AP hi.,Ughput is

6 8
a ow data throughput will reduce AP throughput. n bbbn 1© 

..,"than n cl: 40Mbps, as shown in figure 5.39. Throughput of each b clients is

1ent throughput. 
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d of n client are operates by two spatial t
wst_ea t throughput ofb clients are l.627Mbps ; r7e6ams it has lower through
b cbeO , , . OMbps l 86 put",,,s throughput. '®96Mbps, and n is 

[3f5 0 

Throughput value of n client in bbbn is lower th .
an this clie t : 

:. ation, since there are more low data through t b . ent in bbn 
combina ' . . pu clients in bbbd time of complete the transmitting cycle of the AP n, that
«cres ' 

C mparing with bbbb combination, bbbn has n client so thrc gh o . · ou put of the AP incombination is higher than in bbbb combination.

Again in bn combination, if one n client is adding to this combination the new
combination of client is becomes bnn, adding high throughput n client increase AP
throughput to 10.562Mbps. 

When the number of n clients are higher than b clients like in this combination
throughput in each n client is becomes higher than b client. Throughput of n clients
are3.780Mbps, 4.180Mbps and b client is 2.602Mbps.

n client n client b client

: 3fbr combination 
Figure 5.40 : Specification ° nn 
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Throughput of bnn combination 

Comp . ,,,"e his combinatio ith """" 3,"t red ma 10n with nnn combination replacing one n c 1ent in nnn 

Oug],, Juces thr gh ' d 
put th ou put of the AP because b client is operates at low ata

C0111b· an n clie t ' · · th lllation n and also when we add b clients force other n chents in e
s to ope . . .rate with 20MHz channel instead of 40MHz in non coinbinanon,

In b IO,gg nnn comb. . h I I 
8
ll1bp

8

h. matwn, adding another n client increases AP thfoug pu

0

' which is higher than bnn combination throughput value.
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f
clients in this combination is more than b client· b clienthero n . . '

the num d ced data throughput comparing win, nnnn combination
S·nce . n re u . ' 1 

mbinatlo . h data rate than b chent. Throughput of n clients areU1 co h1g er . .
~ b!ll rent has 767Mbps and b chent 1s 2.040Mbps throughput.each n c 1 3 Ol 7Mbps, 2.
J,01 tNfbpS, .
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' ' ' 

sAPbhprn 

20 30 40 

tn 

70 

j s 
tie('s) 
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her of b and n clients are equal, in this combinaf hr 
be num . . ion t oughput of,, bbJlll t ,,._ which is higher than bbbn and lower than bnnn wh· h h

pl g401v1upS IC OS more AP is7° in figure 5.43tl1e as shownels»' · . 
" out of n clients are higher than b clients, the n chents throughput are

r1troughpd 3 167Mbps, for b clients that are 1.41 OMbps and l .334Mbps.s an · MbpP 
bbnn 

77

bbnn

---+-b cfienlI : ! ' ! : '. : ! : +····! b client « 
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\laJ 10 2l ll
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client operates at higher data through
gce" 4,, .:. :. put than g elf b and n clients combinations has hi h c ient; so all .
v" #her throughput ,' ®bhination» 

b
jnauons. ue in b and8 

4 combinations between g and n clients.
~ 

S·nce there are at least one g client in all combinati . .it tons in this sectic th · 20MHz channel. 10n t e n client
;works TH 

g and n clients are working in the same modulation techni : · ct uque that is OFDM 

b
ecause that it has higher data throughput value than b and n clients b' . '

d I
. . com matton there

are work in different mo ulation technique The combinations betwe d .en g an n clients 
ae ggn, gnn, gggn, ggnn and gnnn.

In ggn combination when there is more low data throughput g client (comparing
with n client) is adding to gn, throughput of AP in this combination is l7.912Mbps
which is lower than gn combination.

Instead off the number of n client is less than the number of g clients; throughput
of n client is higher than each g client, because two clients mode are operate in the
same OFDM modulation. Throughput of n client with tow spatial streams is
8.480Mbps and two g clients are 4.,520Mbps, 4.650Mbps, as shown in figure 5.45

n client g client
g client

Figure 5.44: ggn combination 
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Comp . p, 2@Ing with ates , I ggg ll J' , , , , since th With two sp f 
1
, c ient m ggn increases throughput of the AP; since JI ts

ere are a ta 
str
eams. Throughput of ggn is lower than gn combination 

more low thr oughput g clients. 

In has I gggn cor .bi ca, ~\Ver 1hr m mation, there are another g client is added; so the AP (hro~ghp~t
e is 17 52 oughput I th AP n this · OM!, va ue than in ggn combination. Through e

1
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I 7A 

throughput of n client is 5.239Mb 

O
,n,ps and 4.540Mbps. Throughput ps, and for g 

pp ir of n cf; 
· b· iation, as shown m figure 5.46 chent has 
o! 
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1'h, hi COmbi . . . er than g client.
"a,""" a brow or aa a dies """,",'so 

th
•AP thr n clients are 6.732Mbps and 7.356MbPS and for g

oughput is 19.200Mbps, as shown in jjgur• S.4
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Throughput of gnn is higher than throughput of gn combination; since there are 
0:e more high throughput n client in gnn eombination and that has lower throughput

v ue comparing with nnn combination. 
. In gnnn combination by adding more one n client, throughput of the AP is
Increased to 19.360Mbps adding more n clients increases AP throughput. Throughput 
of . ' g chent is 3.6OOMbps and three n clients are 4800Mbps, 4800Mbps and 

5.840M6 ps, as shown. 
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Comparing with nnnn combination, since there are one g client; n clients is
operates in 20 MHz channel that cases decrease throughput on the n clients and the
AP also.

When number of g and n clients are equal, throughput of the n clients are higher
than g clients. Throughput of two n client are 6.048Mbps and 6.031Mbps and two g
clients are 3.920Mbps, 3.119Mbps, AP throughput is 19.l 12Mbps, as shown below.

4 ggnn 
x 10 , , , , , , , , : ,

1.895 

j1g''k' k's' 3'& ' ; 10 20 30 time(s) 0 
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Figure 5.49: 
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5.6.5. Combinations that contain b, g and n technologies.

Combinations in this section when there are three and four client b bb
s are vgn, ·gn, bggn and bgnn.

The AP in this section operates at 20MHz channel width, since there is b and g
clients in all four combination in this section.

In bg combination that is operating under bgn AP mode, if one n client is adding
the new combination becomes bgn, in this combination AP throughput is 9.280Mbps.

Throughput of b client is 3 .960Mbps which is higher than g and n clients, n has
throughput value of2820Mbps and g has 2400Mbps as shown in figure 5.50

AP 
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g client

;f' 41==4=ts=hr 
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b client

:l '·l 1l
fey 

ll 1: ~ 

f bgn combination 
Fi ure 5.50 : Throughput o

g . . n will be bbgn, since there are
. the new combma~o s which is less than

In bgn if one b client 1s addedtlte AP throughput is 7 .99SMbP
more low data throughput in bbgn, 
in bgn combination. 

II 12 1' I!
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Throughput of n client i .

h t 1
. n this comb·

tbfoug pu , g client has 2 545 mation ·.1 5Mbr is the hi 

value which are 1.484Mbps d ps, and two b 1. ighest one it han a.656Mbps c tents have th 'i as 2.221Mbps
' as shown in fi e owest throughgure 5.51 belo putw. 
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Figure 5.51 : Throughput ofbbgn combination.
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Although ° b 
b clie,'bbgn combination number ofb client are more than g and n clients,

n as 1
Dllltlb owes! throughput than other types of clients, on the other hand when
bbbn : of b clients is higher than g or n clients such as these combinations bbbg,

' bg, bbn in this combination each b client has igher throughput value than g



d clients type, since in combination that contain b g and th dan n . . ' n, e g an n are operate
;», the same modulation; the AP give g and n clients more data tha el; mn an clients. 

In bbgn combination, if one b client is replace by g client, the combination in

th·s case is bggn, since there are three clients that are use OFDM modulation which
1s ·5 e two g clients and one n client; throughput of the AP is increased from 7.995Mbps
: bbgn to 9.910Mbps in bggn combination, as shown below.

Most AP throughput is distributes to the clients that are use OFDM, throughput
of n clients is 2.825Mbps which is higher than each g client, throughput of two g
clients are 2.540Mbps and 2.687Mbps, throughput ofb client is l.733mbps which is
the lowest throughput value, as shown in figure 5.53

There are three clients operate in the same modulation technique that are one n
client and two g clients, that have shorter time period than b client, as shown below in

figure 5.52 

n client n client g client b client

Figure 5.52: bggn combination
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Each n client in this combination has higher throughput than g client, the two
types are use OFDM modulation, since n client uses two spatial streams; so it has
higher throughput than g client.

Throughput of n clients are 3.385Mbps and 3.035Mbps, g client has 2.475Mbps
and b client has l.694Mbps throughput value, as shown in figure 5.54.
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Number of Client one Client two Client three Client four AP 
P mode clients mode mode mode mode Throughput 

~ 1 b=6.863 - - - 6.880
2 b=3.404 b=3.412 - - 6.854

B only 3 b=2.233 b=2.247 b=2.212 - 6.695
4 b=l.390 b=l.480 b=l.492 b=l.606 6.373
1 g 18.12 - - - 18.360..---- 
2 g=9.184 g=9.152 - - 18.128

gonly 3 g=S.968 g=4.664 g-4.442 - 18.080

4 g-2.807 g=4.809 g 3.526 g-4.455 17.200

1 n=33.240 - - - 33.632- 32.040n 19.840 n 10.008 - - 2
nonly n-9.875 n=9.835 n 9.800 - 29.7523

n-4548 n 3.704 n 8.292 n 10.420 26.9644
g 4.372 - - 9.384g 2 b-5.146

6.248I

b=2.720 g=l.538 - b=2.945 
3 g=7.244 g=3.442 - 11.400b-2.593

7.285b\gmix b=l.814 b=2.064 b 1.712 g 1.680
g 1.504 7.812I b-1.788 b 1.734 g 1.6284

g 2.473 g 2.360 9.328
b-1.849 g-2.624

9.414- g=4.372 - b=5.146 - 10.422I n-5.852 - 
2 b=4.570 18.278- n 10.888 - g=7.390 7.786g-1.538 - 

b-3.108 b=3.140 7.812n=l.875 - 
b=2.729 b=3.046 11.080g=3.816 - 
'b=3.370 g=3.902 9.352n=3.046 - 

b=3.960 g=2.395 10.5623 n=4.180 - 
b=2.602 n=3.780 - 17.912

g=4.650 n=8.480
19.200g=4.520 - 

n=6.732 n=7.356 7.658'g=3.906 b=l.866 g=1.581 
b=l.865 b=2.064 n=1.475 6.841b\g\n mix b=1.760 b=1.866 9.920'b=1.626 g::3.904 g=1.372 

b=2.114 n=2.220 7.995b=2.336 g=2.545 b=1.655 n=3.167 7.839[b=1,484 
b=1.334 n=1.960 

g=4.520 10.840b=1.410 g=3.688 z=3.610 n 2.825 9.910[b=2.360 z=2.687 10.649g=2.540 n=3.385 4 b=l.734 n=3.232 10.888g=2.475 n=2.767[b5=1.694 n=3.017 17.520n=3.011 n=5.239 ~ 
b=2.039 g=4.540 19.112g=3.420 n=6.031 -
[R-4.316 n=6.048 19.200g=3.119 p=4.058 g=3.920 n=4.128 n=3.804 g=2.163 .......

Table 5.2 : All clients combinations results in Mbps 
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Chapter
6 

Conclusions and future works

6.1. Conclusions. 

6.2. Future works.
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Chapter six 
Conclusions and future works 

This chapter contains many conclusions d · ·. . . . uring in our measurement of this
oject, and also includes some significant points abc 1t th :. .: · thi · t ou e way of continuing more 
d more in s project. 

.2. Conclusions. 

During in this project there are many results and measurements are obtained in' 
his section we list some of the most interesting results of them that are:

• In b only, g only and n only AP modes, if the number of clients increased,
throughput of the AP will be decreased.

• In combinations that contain equal number of b and g clients; throughput of b
client is higher than g client.

• If number of b clients are equal of n clients, throughput of each n clients are

higher than each b clients.

• Combinations that contain g and n clients, throughput of n clients are higher
than g clients in all combination between them.

6.2. Future works. 

There are a lot of ideas that can be utilized to enhance project measurement and

results. Here are some of them:

1
. t' combinations in download scenario and

• Measuring the same client's ad 5 . ed the results in uploa scenano.
comparing results that obtain to 

and server especially in combinations that 
• Use high performance clients

contain n clients.
d 802.11n technologies in 5GHz 

e«-ects between 802.11a an .
• Studying the 1I 

band.
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TL-WN95TN 
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in 11 n routers 

QSS, Quick Secure Setup, 
complies with WPS for 

effortless wireless security setup 
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Diagram: 

Wired 

Wireless 
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MIMO, SST™, CCA™ technology, allows for
faster speed, further wireless coverage,
more stable performance
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mechanisms
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Cisco WAP441 ON . Po=/Advancsa s,"?'®®s-N Access Point 

C
. un y · 
isco Small Bu . siness Access Points 

Advanced, High-Pert ormance Wireless A ccess for the S II 
Highlights ma Business 

• Supports high-bandwidth . . 802.11b 1applications with th • b and g devices e 802.11n standard· b kw 
' ack rard compatible with 

• Connects to Power over Eth . for&ndc hemet devices, simplify] an cost of installing external;'' ' t mg installation and eliminati th 
• Pr t t • power supplies ng e need 

o ec s business information with enha detection, advanced encryption ands alncted security, including rogue access point 

S

. ·- n,t se ec access filters 

• ,mpltfies installation and co fi nliguration with e t· easy-to-use weD interface 

Figure 1. Cisco WAP4410N Wireless-N A . 
ccess Point: PoE/Advanced Security 

Product Overview With the growth of high-bandwidth applications, such as storage and video, in the workplace, 
networi< performance is essential. Wireless technology is no longer lagging behind wired 
,,-4srance. The Cisco® WAP4410N Wireless-N Access Point (Figure 1) answers the 9""9 

business need for access, speed, and security. 
The CiscO w;re1ess-N ftj:.C8SS point lets you connect w;re1ess-N (802.11n ). w;ra1ess-G (802.11 g), 

and Wireless-B (802.11b) devices to your wired netwctk, so you can add PCs to the network with 
no cabling hassle. power over Ethernet (PoE) support makes the access point easy to install - yoU 

,,,44rt t anywhere, even without ready access to a power plug. With appropriate OF °"" 
at the other end, you need to run only one cable to the access point to deliver both data and 
,,ar. or course, you can also use the included AC adapter if power is avol®®""" Page 1 of 5
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Figure 1 c· ,n e ace 
• isco WAP4410N Wireless-lN Acc . ess Point: PoE/Advanced Security 

Product overview With the growth of high-bandwidth applications, such as storage and video, in the workplace, 
,%work performance is essential. Wireless technology is no longer lagging bell°"" 
performance. Toe Cisco" WAP441 ON Wire\ess-N Access Point (Figure 1) answers the growing 

business need for access, speed, and security. 
Toe Cisco Wiretess-N r.:,cess Point lets you connect Wire\ess-N (802.11n), Wtretess-G (802.119), 

,,4 y-sss-B (802.11b) devices to your wired network, so you can add PCs to the W' 
,,,-p% asste. Power over Ethernet (PoE) support makes the access point eas» ®"" ? 
can mount it anywhere, %yen without ready acceSS to a power plug. With appropriate PoE suppO 
at the other end, you need to run only one cable to the accesS point to deliver both data and 
power. Of course, you can also use the included AC adapter if power is available nearbY- 
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Moreover, the integrated quality of service (QoS) features provide consistent voice and video 
quality on both the wired and wireless networks, enabling the deployment of business-quality voice 
over IP (VoIP) and video applications. 

To protect your data and privacy, the Cisco Wireless-N Access Point supports the industrial­ 
strength wireless security of Wi-Fi Protected Access (WPA), encoding all your wireless 
transmissions with powerful encryption. The MAC address filter lets you decide exactly who has 
access to your wireless network, and advanced logging keeps you apprised of access attempts. 
The rogue access point detection capability notifies the administrator when an unauthorized 
access point is detected in the airspace. The WPS (Wi-Fi Protected Setup) feature facilitates 
simple and secure deployment of security in the wireless network. Configuration is a snap with the 

web browser-based configuration utility. 

The Cisco WAP441 ON Wireless-N Access Point is the best way to add wireless access to your 

existing business network. 

Features 
• Draft 802.11n wireless networking delivers greater throughput and extended range, 

maximizing the number of wireless clients per access point for your small business 

• Easy installation and configuration via a web interface 
• Adjustable and removable dipole antennas with multiple-input, multiple-output (MIMO) 3x3 

diversity 

• Gigabit Ethernet LAN interface 

• Supports PoE and external DC power . . . 
f . I sh page on initial user access 

• HTTP Redirect facilitates the display o a sp a 
. the access point over IPvG 

• IPv6 host support for managing . II the creation of multiple secure 
• Multiple basic service set identifier (BSSID) support allows 

for users and guests wireless workgroups . . t . application security and quality 
• Service set identifier (SSID) to VLAN mapping main ams 

across wireless and wired t f the wireless network 
d secure deployment O 

• WPS allows for simple an s 
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Moreover, the integrated quality of service (QoS) features provide consistent voice and video 
quality on both the wired and wireless networks, enabling the deployment of business-quality voice 
over IP (VoIP) and video applications. 

To protect your data and privacy, the Cisco Wireless-N Access Point supports the industrial­ 
strength wireless security of Wi-Fi Protected Access (WPA), encoding all your wireless 
transmissions with powerful encryption. The MAC address filter lets you decide exactly who has 
access to your wireless network, and advanced logging keeps you apprised of access attempts. 
The rogue access point detection capability notifies the administrator when an unauthorized 
access point is detected in the airspace. The WPS (Wi-Fi Protected Setup) feature facilitates 
simple and secure deployment of security in the wireless network. Configuration is a snap with the 
web browser-based configuration utility. 

The Cisco WAP4410N Wireless-N Access Point is the best way to add wireless access to your 
existing business network. 

Features 

• Draft 802.11n wireless networking delivers greater throughput and extended range, 
maximizing the number of wireless clients per access point for your small business 

• Easy installation and configuration via a web interface 

• Adjustable and removable dipole antennas with multiple-input, multiple-output (MIMO) 3x3 
diversity 

• Gigabit Ethernet LAN interface 

• Supports PoE and external DC power 

• HTTP Redirect facilitates the display of a splash page on initial user access 

a in the access point over IPvG 
• 1Pv6 host support for man g g . rt II ws the creation of multiple secure 
• M.dtiple basic service set identifier (BSSID) suppo a o 
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Operating system 

Linux 
Setup/Configuration -

Web user Interfa ce 
Built-in web user imtorfac if% 

Management ce r easy browse bas
r-t 3ed configuration (HTTPIHTTPS) 

Simple Network Management -
Protocol (SNMP) version SNMP version 1, 2c -
Event logging 

• Event logging Jo0 

• Email logging 
• Remote syslog 

Web firmware upgrade 
Firmware upgradeable through web browser 

Diagnosti cs. Flash, RAM, LAN, WLAN 
Dynam ic Host Configuration DHCP client Protocol (DHCP) 

HTTP Redirect 
"[?"®®'·r ·ss to an external wet ssvar to tspstay corr,any too or rawca 

IPv6 host • Support for management and control of access point over IPv6 
• Supports RFC2460 (IPv6 protocol) and RFC4294 (IPvG node requirements) 

Network Capabilities 

Multiple BSSID Supports up to 4 BSSIDs, allowing the creation of multiple virtual access points 
VLANs Supports 802.1q - up to 4 VLANs 
SSID to VLAN mapping Supports mapping of SSIDs to VLANs to securely separate workgroups across wireless 

and wired domains 
Spanning Tree Supports 802.1d Spanning Tree Protocol to prevent loops when using wireless distribution 

system (WDS) links as redundant links in a distribution system 

Operating modes Access point mode, point-to-point bridge mode, point-to-multipoint bridge mode, repeater 
mode, wireless client mode 

Load balancing Allows bandwidth control with user-defined CPU usage ratios 

Auto-channe l selection On boot-up, the access point selects the least congested channel 

802.11d regulatory domain Enables the access point to provide radio channel settings for client devices, facilitating 
easy client access as they move across regulatory domains 

Security 

WEPIWPA/WP A2 Wired Equivalent Privacy (WEP) 64-bit/128-bit, WPA-Pre-Shared Key (WPA-PSK), WPA2­ 
PSK, WPA-ENT, WPA2-ENT 

Access control Wireless connection control: MAC-based 

SSID broadcast SSID broadcast enable/disable 

Client isolation Supports wireless client isolation between and within SSIDs 

802.1X Wireless clients can be authenticated through IEEE 802.1X 

802.1X supplicant 
Supports 802.1X supplicant on the Ethernet port to allow the access point to authenticate 
itself to the network 

RADIUS server 
Up to 2 RADIUS servers can be configured for redundancy purposes 

WPS 
Supports WPS, a WI-Fl Alliance specification for simple and secure setup of a wireless 

network 
;. that have not been categorized as known are logged as rogue 

Rogue access point detection New access points detect@U®,,,-±rator to clamp down on unapproved devices in tha 
access points, allowing the admm! 
network 

Quality of Service 

QoS 
e 4 queues 
• 802.1p VLAN priority 
• WMM wireless priority . • ·ty to maintain end-to-end QoS 

:» 12.15 VLAN priority to WMM wireless pnon • Mapping of 80 IP 

. . e· 802.11b/DSSS, 802.11g/OFDM, 802.11n!OFDM Wireless 
Radio and modulation typ · ·fE pa (ETSI and Japan} Spec/modulation ica, 13 most o uro 
Operating channels: 11 North Amen ' 
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Internal antennas
7 

External antennas
None 

Transmit power
3 (omnidirectional) 

Transmit power @ normal te 
-

802.11b: 16 dBm 'nP range for FCC· 
802.1 . 1TX, 19 dBm @ 2 . 

-
1g: 13 dBm @ 1TX, 16 dB TX, 20.5 dBm @ 3TX 

802.11n: 17 dBm@ 1TX m@2TX, 17.5 dBm @3TX 
11dBm @ {@MCS0-s/8-i3, 13 
a, ;]?w%%% ,"",® "sows 

@ MCS6/14, 14 dE 30-5/8-13, 
21.5 dBm @ 3Tx@Mcso Bm @ 2TX@ MCS7/15 0-5/8-13, 17 ' 
15.5 dBm @ 3TX @ MCS7rs 'S dBm @ 3TX @ MCS6r4, 
Transmit power @ 

' 

normal temp 

Antenna gain in dBi

11b/g/n: 13 dBn @ '@ngo for ETSI: 
m 1TX,16 dBm @ 2 2 TX. 17.5 dBm @ 3TX 

Receiver sensitivity 802.11.n: 300 Mbps at -69dB 
802. m 11.g: 54 Mbps at -73dBm 

Environmental 
I 802.11.b: 11 Mbps at -88dBm 

Dimensions 6.69 x 6.69 x 1.60 in. 

-

Wx Hx D (170x 170 x40.7 mm) 

-

Weight 

Power 

0.86 lb (39 kg) 

: 12V 1 A DC input, and IEEE 802.3af compliant PoE 

Certification 

Max power draw: 10.1W 

FCC, CE, IC 

Operating temperature 32to 104 'F (O"to 40'C) 

Storage temperature -4to 158F (-20to 70'C) 

Operating humidity 10o/o to 85%, noncondensing 

Storage humidity 5% to 90%, noncondensing 

Package Contents 

• Cisco WAP4410N Wireless-N Access Point with PoE 
• User guide on CD-ROM 
• Bhemet network cable 
• Power adapter 
e Product stands 
• Registration card 

Ml nimum Requirements 
• 802.11b, 802. 11g, 802. 11 n wireless adapter with TCP/IP protocol installed per PC 

• Switch/router with PoE support or PoE injector when used with PoE 

• Web-based configuration: Java-enabled web browser 

Pro duct Warranty 
3-year limited hardware warranty with return to factory replacement and 90-day limited software warranty. 

Cisco Limited Warranty for Cisco Small Business Series Products 

This Cisco Small Business product comes with 3-year limited hardware warranty with return to 
factory replacement and a 90-day limited software warranty. In addition, Cisco offers software 
application updates for bug fixes and telephone technical support at no charge for the first 12 

months following the date of purchase. To download software updates, go to: 

http://www.cisco.com/qo/smallbiz. 
Product warranty terms and other information applicable to Cisco products are available at 

http://www.ciscg.com/go/warranty. 
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