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ABSTRACT

This thesis presents an investigation on the influence of IEEE 802.15 Bluetooth system
on the efficiency of IEEE 802.11b WLAN system. Both Bluetooth and WLAN systems share the
same 2.4 GHz unlicensed ISM band and provide complimentary wireless solutions for
connectivity. When Bluetooth system operates close to WLAN system, it may impact on the
WLAN system efficiency. For the major effect analysis from Bluetooth interference, the
stationary fading channel is employed for both Bluetooth system and WLAN system models. The
results of system efficiency analysis are proposed in terms of the packet loss and the throughput
of the system. As the result, Bluetooth system with asynchronous connection affects to the

WLAN efficiency more than that with asynchronous connection.
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a o & vy o 4 4
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A 9 4 1 o a 1 v ¥ ' Yaa o_ ¥ o

uazialinmsiendelssaunadiuiesiauniven foualaseiies193mnihvesdan
nduan191mi (Channel reuse) Tnedesszlaszfimstmuansldnudesdaanavewsas

9 4 2 3 ] @ 9/ et 4'1 9 @ @ 1 s a Y 2
wmside Fauaazveedyanaezdes hiimandoudouduiugeosdyanaiigamadiba

Indifioaldog uansisglit 24 wazenfindraudriszuuuan Bmoi ldmediansuegion

o

[

¥
anlanfuriiuudduasslyosdyanaianus 14 sesdyana uaziifios 3 Yesdyaw
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winiui lilinsmdendeuiu drilgamadhds 2 @aniiug
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demsdouiuiusguasiing
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(<] Y
2.3 llWﬂlﬂﬂﬁlﬂQiZﬁUuﬁu\liﬂ'm
vinitdnaranudriszuuuen Bmennus wquiiunsinuuazy§udyeluday
o @ A [ Y @ a ] dy a ] v =1
VBIITAUNWMNIBTTTALIYBURBYBYD AegUi 2.1 Tuduliszefusdelnseadraumiang
9 P v o Jdo o o
veeszuuuau lfme Fedllanuduiusdussduveaudans os1 wmsgrunanfane
o ' [y 4 [V} [
ausageezinisszauon lssdoyaveniiu 2 szdudes [4] Ao sedumIwgUMsdte
dnan uagssAuiamsniuguididieiinars dauszAumonmezuiseenitiy 3 szdudes
fie sTAU PLCP (PHY layer convergence protocol) 5%Al PMD (PHY medium dependent

protocol) HAZMIIANITTLAUNWAN (PHY layer management)

: LLC
Data link
layer MAC
MAC
management
PLCP
Physical PHY
layer management
PMD

7UN 2.5 uuusiaes ost vesunasg faeanuiag

N g

iiiedoyandesmsdiea1sniodau MPDU (MAC protocol data unit) gneasnissesu
o N @ 1 ° K o Y & - o 2d A 0
PLCP sziimsiiuaiurianouinmsdese ldeseqy PMD #efiseauiineeiimsiiiudiuvos
£
wWiewda (Preamble) Audoya lupnmiuminmnavesssuuanlfmeensoniuinng

PLCP 1otn9A931UN 2.6

I« PLCP >
[e——— Preamble > Header

h 2

SYNC SFD Signal Service Length FCS MPDU

—128 bits—>—16 bits—>— 8 bits—>— 8 bits—>— 16 bits —>«— 16 bits> 4096 byte-»

3N 2.6 uianavesszuuuau1ime

-] Y v 1 1 Ao < o ‘A
unmnavesszuuuau ¥erouisesnidiu 3 dau [5] dauusndeduniusuba Fees
[ ) o a do o Ao @ v 1Y 4 P ) = (& o
ldinTesfuamnsadedfvdyapunsvdmnldedgndesneuiisziimsamnddoyands
wiiuiinng daufidesfiodnia (Headen) szlidoyamorfumsunazdngaioiody
4' 4 ) 2 1 1 -1
doyanidesmsdoarsniediu MPDU FanwaziBuadudegueauianassuuian¥audl
L4

o

=
U



11

1y syNe  iudandidsznevlufaeiadeyavesdia 0 uaziia 1 adudy el
In3eesy aunsadfiiamuidelunsSeiduyana

ufaAET @ SYNC fiuina 128 G Bavnmsiu (Scramble) Tia 1 Taw
AOULEUAY (Initial state) vosnsusziiiu [1101100] iiefadhuge
Wusweamsminedadai 1 ) uazinungathusimsminedinga
qathey

wimondu  Svwn 56 O vmsituia o Taoremeduduvesmsiueziy
foo11011] iiiefiadregaiiumvesnsmissdadai 1 ') uazdnum

galusimsmiadiadgate )

SCRAMBLER POLYNOMIAL: G(z) = 27 424 +1

> SERIAL DATA
ouTPUT

SERIAL DATA . - ’
INPUT ~—>] XOR ) Z12273 74 N 25 2827 .

XOR

.

gt 2.7 sty

2528727

SERIAL DATA INPUT 2222378

h 4

XOR

XOR

l . - > SERIAL DATAOQUTPUT

3‘1]‘?1 2.8 gﬂﬂ'lSWuﬂﬁ"iJ (Descramble)

2) SFD (Start Frame Delimiter) ufmanm‘?uﬁ'mmmﬁﬂxﬂﬂ%ga Huua 16 Un

ufmnnens  SFD szifu (1111 011 1010 0000] Tasfiavngaszdiudausaiiosgn
dudlusuduusn

wipinads  SFD azifiu (0000 0101 1100 1111] Taufimvngmezdufausainzgn

adudlususuusn
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= 3 1 [ o & 4 o
3) signal  fawia 8 da Wudnfidmuaviiaveamsuegoadunsesiudedld
Tumsavegandan
t 4 .
wintmaed  dadeyalududivzmhvusasidoyamsdas 100 Aladiadedui
Tnodnvngaszidudausnfivsgndauiudusuusn
(1) X’0A’ (msb Haz 1sb) §m3V 1 wnzdindouril fis (0000 1010)
(2) X’14’ (msb 1o Isb) Ty 2 inziindaIurdl A [0001 0100]
(3) X’37’ (msb 10 1sb) 51U 5.5 wnzlindsIuri Ae 0001 1111]
(4) X’6E’ (msb uag Isb) d vy 11 wnzdindeIui Av [0110 1110]
» ° ¥
wisinady  dadeyaludanilvzmhnudasideyanisds 100 Aladeredui
Tavdinungaozdhudausnizgadaiiususvusn
(1) X’14’ (msb uag 1sb) 917y 2 unsinaeIui A [0001 0100]
(2) X’37’ (msb Hag Isb) tniy 5.5 wnzliaaaIurii v [0001 1111]
(3) X’6E’ (msb (10 1sb) d1M35U 11 wneiiaseIuadi fie [0110 1110]
N 1 A o b4 0"’ ] =1 Q’l’
4) Service Wudaudidsuer ¥ laviumiainaouazuRninaduvesassuy
9 =1 a 9 o =t LYY dy
uau TFmeesiyluuuvesdndoyadnuuzifoiudil
4 - .
M99 2.2 Tnsead19iinuoa Service
b0 b1 b2 b3 b4 bS5 b6 b7
e | 989 AN | Mswequan | 989 | 09 | ves | dafiiy
a 4
WA Y
b2 uaaspnudvesninmilFlumsdausinng
b3 MMuUAITMINBgIaN
o 44 & ;
b7 WudaffuAIuInEIU Length
c’/’ g a’: | dy a ]
5) Length  Mumanagiuazdudiuiozdseneudis 16 da Wumsudnasis

augnvesdaudeyafidesmsdeasnie MPDU lumineluTnsiund

6) FCS (Frame check sequence) 1iuiiaf ldvnnsitisiaduveniivwg 16 ia
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;4 U A~ =3
2.4 MIVNIHAANAN

2.4.1 sHaANAN

]
o

Lﬁmmﬂ‘luﬂﬂqﬁuﬁmmé’fmﬂ1s"l*1’f'a1uszuuuau'1%'awmuﬂ11msa'dwu midiinas
a g [ 9 d’ o A { o/
fatugtiuuvesdyganas Tnseadevsuniosfunuuinitun Saunadanieiidsy
R v a d . 4 o a o
anweaulonn e MsidsWaANIAN (Complementary code keying : CCK) Fewaualngusim
a Ia . a o . o o
dUIADIFA (Intersil) HaTUTINYIyUmMA TuTal (Lucent technologies) (6] iVoriunldfussuy
9 g P - a a o 9 @ a 4 Ao v =a o
wau lFmonnuiSigafinnud 2.4 Sazidind madsimAudnivanmsnmnsTaRudy
é - o n’: ¥ Y ]
(Complementary code) Fsiimisinnlgasasaluszuusasinziniesanlaniunaioses
(Multislit spectrometry) TuiAoUAUEIOY A8, 1998 ANATTUMTIBMNATTIMUAY LT meTiug
° v a d § o ar o a
Thhmadsdadudunldineh ¥szoouan¥melisasuilumsdeya 11 wnziade
a a ’
i
o a o a oy A& o 9 o A 1Y) ]
saauaugnanAulay MJE. Golay [7] iieinnldfuniesanlaniunaivyes
c’: e v a d w @ o 4
vennniunaauiavessimAuAudunnzaudumsiiunlslussuusas Tav Golay 18
° Yo o a d 1 o o a1 o 2 o 1o o da a U
Amualddduiduaudlszneudioguesdiduinedusng Fdnougdwuitansnlug
milouiulinumiuswanghauiilimndnlimlousu Tuzuf 2.9 uaasguauifves

gawulusda@udniilseasudavdiduda 1001010001 4az 1000000110

Like pairs

Unlike pairs

o a @ a 4
2.9 gawulusdenduay

=h.

31

° o 4 o) 4
dmualdsdadoyayah & Ju s* =[sF,s5, 55,557 dlo N Aeanwenives
o o ¢ o Jdo . s
siadeya uaz k uaasgavessiadoyalas k=[1,23,.K] msanduiusauessia

b4
Joyaudnsladail (8]

=
'

R [1=) sF -s,'ij' (2.1)

i

0
—

~ o

2 v a o y
cmﬂﬂuaqsnmﬂmﬁmznﬂmﬁummﬁ

9
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LI - 0 ,j=0
;R 1=, =0 2.2)

4 1 a 1 Vo v a d 1 Q’ll 3
Uﬂﬂ'ﬂuﬁ Golay !NUILW?lﬂulﬁﬂ\‘lﬂ’liﬂ'ﬁU'IUﬁTLHJﬂ\Tﬂﬂ']ﬂﬁiﬁﬁlﬂumuvlﬂu'ﬁl'ﬂ'luu 112V
. A a a o v a d f-'g o
Tseng Uag Liu [9] lamudumnfiaavesddudmaniu Taowavsssiadoyn K gaee

a 1 o @ a g =) ] & 1 t:
gniivsanihusavesdwuRudunie inmiden lude i

K 0 ,j=#0
R*[j1= { . (23)
; KN ,j=0
. ,
o g -4 L) L =y d'd L) é
dmSusdamaiFada (Polyphase code) ssznevdndeyadedouniiunniyaiiunila Tao

sk =/ uazdeuihulamuoulvluaumsi 2.3

2.4.2 MNIHEANAN
A ¥ A o 1y 9
(1090InAMLNITUMS [EEE Apamaingasimsasdeyavesssuunau ¥meliun
4 1
091 2 wnzdiadeduf Jdimsiunafinvesstadenin (Orthogonal coding) MFunI1 M3
} 4 ] ]
siadndy [2] vdenlaszuasuiugruvssmadisiaduduiinnigtussuunan ¥aod

fisasimsdedoya 11 wnzlindeuniuansiegali 2.10

47=65536 codes - g.Coded Modulated-
Data in {1.375 Ms/s) 5 complex data signal
(11 Mbps) 8-bils P;t;ll; %r;% of (11 Msps) ["opax | (26 MHZ)
-—*-——v‘—b' P | C—
Wi 2 8-complex CCK mod
symbol codes
8-Coded Modulated
Data in (1.375 Ms/s) 256 complex data _'signal
{11 Mbps) 8-bits correlation (11 Msps) QPSK (26 MHZ)
8:1 DMUX Matrix bank to < demod [+
find the ; :
‘closest vector

y v a d v o a o
3U7 210 madsiaduduiesnisesasiAnAnvesszuunan a1

@ o o

Tngdruiindeyadunngnuisesniludydnyel dydnusias 8 da (d,.d,,....d;)
sufusasidvesdadnualfaiiu 1 wnefadehni 8 Sadedafnuel = 1375 wan
Fodnusidenit uaseyn 8 Talunilidadnuaiozmlauiiusula@anun 4 e
(01,0250 LT @,) Madydnualzgnadidonsusganuuataeamaraniemsivesh
ATy Tﬂuﬁ'ﬂgﬂg1mﬂaulwﬁncﬁ'ﬁﬂmsﬁueﬂmmmuﬁ%ea'vmwdﬂmamma{wgn‘ﬁ'mnﬁf
Weomdalndifivsvina 8 fin ﬁﬁuﬁufﬁuﬁ'&ymm?fq 4 wler Tavgasimsdesadoyauas
uuuAIana geznifunasg e 1aeiisnsisa 1 uas 2 wasdadehnd auntsilfly

¥
msadesieAuauTag [5110]-[12]
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{ej(%'“?z"'?:*'%),ef(¢’|+¢:+¢4) e/ ey —e o0 ’} 00

- ej(?l"‘Pz"'%) , ej(%*’%) ,_ef(¢1+¢z) ,ej¢|

dle ¢ Ao dwuvsssiaimusiuge C = {corCirmnnts}

o, foawlavessiaedou

2.5 myveganuazAnegaatuAdInsamunanlemsie’

J
2.5.1 msuegmmmuﬁ%mnmmﬂ'ammmmas
aa o a o
msuﬂﬂmmmvmmaammﬂammmmasﬂ?amwmﬁm (Quadrature phase shift

. 1 v @ [y ¢ &
keying : QPSK) doynszgndelysudyanamilugduesravosdugiomyi Faraves
o o & A A oA 2 Y ' « T 3w S5 A T
g luvagnilasslisufioanufoaninianun 4 f1 Aedaiwy T M ”a
o P aa o A w a s o d’l
yaunvsgaLUUATasamartanlBnsisessedyuR e mauaad 1ddall [13])-[14]

2F )
s(0) =y cos2af+6)  0<I<T i=1234 2.5)
2i-Drx
e i 2.6)
4
e  E e wdwmvesdyenafideredydnual
& P Y o
T  femuvssnilsdydnyo
£ feanuddyansnyd
o w 3w Sn I
6, femmuesdyauds g eiZ 2% 2% %
47444

=4 °

Avsanaduiusiuguesdadeyaiiverhmanegion nanquiad Tnadifannse

N v
Wouaunsn 2.5 0<r < T 1aaadl

s;(t)= J cosf, cos2af t - 1/ sin@, sin2af ¢t (2.7)

=5,0, (1) + 5,8, () (2-8)
Tay

()= —cos27rft 0<t<T (2.9)

@, (t)=— [staft 0<t<T (2.10)
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sy = E cosb, (2.11)

s, =V Esing, (2.12)
s

0, =tan™ 212 (2.13)
S

Y . 1 e y a ¢ o u’: 1Y < o

e i=1,234 vzwmmmunpmﬁﬁ‘luwaﬂunmﬁ'uﬂsmﬂaﬂ‘mmmﬂnu 2 Wandu
18un ¢,(¢) uaz 4, () Rimym ¢,(7) unz ¢, (1) vzuansdrogadoua 4 ynsornmeidoya 4

1 2 Q 1 2 a ] L'

& 4 (-3 s
nnwes Fagweannines s, seifivuvinuay x medmuaavesdayan 6, tazauen
nawesitiu VE

URUATWRNATRYY (Constellation) uerAsAIgUil 2.11 dmsussuvuegaauuy
an fa 9y ] { ° 9 ] a A:i-: 3
Avmeamamlanleiasives dadoyaszgrudseendiug viliaiuninaduvedafifaiy
T 4wy fie 00, 01, 10 taz 11 Ay uUBgEALLLASAvaNIIMARIBIATIVBS

HAAIAIATTINT 2.3

4 2(‘)

S, 1 s, 10

$ Aav W an o
1 2.11 uunAiadygaeqEALLUATARaMIAIDIATIIES

4 a o [ aa o
ﬂ'lfNﬁ 2.3 Wﬂﬂi}ﬂ‘l!ﬂ\?ﬁiyiy'lﬂluﬂﬂlﬁﬂuﬂﬂﬂilﬂﬂﬁﬂ'l\uﬁ’dﬂ'mlﬂimﬂi

indoya wa (8) s, = E cosé, 5, =V Esin#,
00 zl4 +yE/2 +JE/2
01 37/4 ~-JE/2 +vJE/2
11 5n/4 ~JE/2 -JE/2
10 Tr/4 +vE/2 +vE/2

vnmnaieanuazanmdmualideyeda 1y VE/2 uazdeyaia o du
~-JvE/2u0g s, fin dndeyadumisduasiia

dyanunvegaauuuATasaniunanIBiAgIe

U
b4

J

YBUOA

W\

4

SUULAUIDITIITOUTAL LAR

4 ]
WNUAGAD 5, ATUINTNMSN (2.7)

b 4
Iy




LA ) o
TIUIMBANANEN NIToBMNAIMIANTZAN

E E .
s;(H)= FI(I) cos2zf,t —, /?Q(t) sin2zfjt —o<t<ow
Tagh I() uaz Q) ri‘luﬁaﬁ'ﬂ1ﬂﬁm’fagaﬁnmﬁqﬁuazﬁmmiafjmnﬁﬁv

10)= 3. 1,p(t~kT)

k=—c0

o)=Y 0, p(t—kT)

k=-c
e p(r) #e Hedduiadamdsulugaa [0,7]
I, detl
Q, f9tl
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(2.19)

(2.15)

(2.16)

1 4 ]
mamasindadeyaidiu 7, uaz 0, annsailédil dodadoyaidua 1 9218

a v

I,v3e O, du 1uazliadeyadiudia 0 a4 7, uie 9, i -1

T
-+
y

1(t)

A 4

I(t)cos 2xf,t

{0:} -1 1 -1 1 1

A

o) . ]

A 4

Q(t)sin 2xf ¢

s(#) = I(t)cos2af t - Q(t)sin 27f t

g -nl4 /4 -37n/4 3x/14 1x/4

§ o aa 4
71 2.12 dygravegeanuuatasamananlsiasives
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o an o’ L a o {
dyanueguALLUATARAMANAABIATIRDT HIUNTAgARINGUN 2.11 duse
ar [ { o aa 4 a
uansdganassglin 2.12 Tasdygnamequauuuatneamananlemsivessziiteuniye
Qs d‘ J e A‘ d‘ o d‘d d'l \ | ~
voadnyanansiiug lideiosmadaiuinuveuvaiifinsifeudosznieda msuogian
aa o 9 g [ ] o Aot o a
uuuAImeamuHanleiasiesuaasdlsuden laozunsufsgll 2.13 Foedygruniididiess
WudyanulalniSond desdyana I (nphase) uassesdoanuniddyanalmidieds
Funi1 Feedrya ot Q (Quadrature) MsusganvzizuINdoyaiia 1 gnunlaaduiiauan (1)
L4
waziin 0 gruaadiudinay (1) Tnefiueumdganitusaslimudiu T simiuiiadoyaszgn
uﬁaaaﬂﬁ"wﬁmﬂmﬁuunuaqnsmﬂwmu (Serial-to-parallel converter : S/P) ﬁ‘lﬁﬁ‘l’l’ﬂya
fumided lufigesdoyana 1 gudas cos2aft daudadeyadumiagdslifeedoyann

A o [

O unzquidiy sin2af dudedygnaluvesdyapa 1 uoz O willudygauegion

Clods] ) s

upuAsaoamaa luwSilimudadeyadiu 27, unsdiodyananinsesdunin 7 uay

o o

o [ as oo 4
0 ﬂzumﬁwﬂmﬂuﬂtyapmuaqmmmnmﬂaamdmﬁﬂ’mmmas

| 108 S8)

A (2
\/; cos27f .t QPSK
Serial T .
Polar NRZ Signal
s PY VAW AE to Osc.
-1+, T Y
( LT, Parallel +
&
2
- \/z sin2xf ¢
o) r

3101 2.13 vienlaszunsumsvegeanuuATaeamanaaiensiees

o an Y d
252 msadegaLuUAtnsamutrnieasves
=t aa 4 LY ' 4 [ o
A1saAuBgIanLuUATAsaMmunaaleasises Useneudruglnsal anduius
é (-2 Q. L4 1 o = Q Qr
(Correlator) 2 %A cmvnmiﬁﬂﬁuwuﬁ'iw1natyag1mauwﬂnnﬁiyiy1m 2/T cos(2nfct)
[y . o { d - v @ o ) [y
wordeyenal v2/7 sin(27fr) Aagui 2.14 lenianinmsanduiusezgoulSouifiouiuga
a { & 3 Y o o a o v ]
Suavu (Threshold) Fefiauiniugud &1 x, >0 sdadulitionine 1(¢r) Taudu 1 uadh
x, <0 sznduldienina 1() Haudu o ludenluRvatud x, > 0 wwdadulddydnyal
enia 0@ fisudu 1 uddr x, <0 sdafuldioning 0@ Hauilu o wazieninaves
o = o w o
I(t)yuaz Q) szgnswiudaogunsalvuuidiueynsy (Parallel to serial) ¥a9e @ 1Audn

o 4 v
Tuwis e miyagane
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T X It
—’®—’ I dt s decision ©
[

1 3 Output
Received Threshold =0 Binary
Parallel
Signal Osc. sequence
— to f———
h 4
z Serial
2 Threshold = 0 i
T X o)
J dt 251 decision
0

4 =] aa
711 2.14 vdenlaezunsumsivegqaauuuAineamamanlonasuses

2.6 MmsneganmUaniuul

wissnnlussyyFemisia lllidyanasunusownn fesnuvuszuuiafuniss

{ o o o ar . 4 & - = 3 & 3 o
nuzflesiunazddadygnasuniumeg meldmsdemstidseninmiia Sasuiteih

P a da o o 1 ) wa 2 ) sa
!Jﬂ‘lfﬂt)ﬂ']ilﬂﬂll‘ﬂﬂﬂ’Jﬂ"n'umﬁiytymmﬁ\wﬂﬂ G]Nl'i‘.luﬂmﬂuilﬂﬂizﬂ‘ﬁ“uqvﬂq'dfyfy"mﬂu

A

msuequaanuuanlaaiuud  dauguauiflssmsdinguesnisuegaanuanlaaiuuie

a d 1 (Y Qs { 1 o
mInsgnouuuAIanawnsuradeyasendiusiadeyn Tavswadeyafildlifuides

o e —~

v o Jdo v y ] g o 1
nIeduRutfudduiadeyn quavididusnmsdemsuunmlansuurosnsinnis
doasnan lnlinmsnsenuuumiaissnsudiadeyassnifiuanusuiiy

dyenanvegiaatvualaasuuilunisfemsuuudineagniaiunzinn e
A uMsnsiiisssngiotiestumsdednianiy Jamming) uazgrolumsaeudu
a o @ 1 o ° o ¢ o 4
doyanauTaslddidededr sildTemaveamsdnasvdmnadaanaianuiiuly1dfides

0o g Yo & @ W Ye Y ' A a4 o &
nn Middygrafvequanuuaaasuud Ihinnldeduuwsvaemedudduiuimn

- = ' 4 9 L4 [] & ar ¢ A& a
u'll‘lfﬂﬂﬂ'ﬂ‘i]zﬁ’llﬂiﬂﬂﬂﬂﬂﬁﬂfﬂi‘lﬂﬂﬂ']\iﬂlluim YU ﬂ']i?f@ﬁ'lii&ﬂﬂi'ﬂiﬁﬂﬂlﬂﬂﬂuﬂ

v
L‘ﬂuﬂu
Information| Channel R Channel | Output
» Modulator »| Channel » Demodulator — -
sequence | epncoder decoder data
A A
Pseudorandom Pseudorandom
generator generator

U1 2.15 uuySaesszuudemsdidaeaiiveaanailaniuus
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3 -4 4 o 1) o 4 é o J
osAlsznouduiiugm lussuufemsaansuuduansieg 2.15 Favzdaung 144
E 4
dtsznoudng uhitnadumsidsfauazoeasiadesdyain mavegqoauazms
=3 LY J v Q'I d' ld'q N A n' = 1
aveguandnudidudmlszaeuiig Tvesmsiems udfimisufedmsiindudiuves
o a o o ad & o & varo 1 a 1 a8 o <&
gunsalfuiladduNidy (PN sequence) Fdanilsdoagnudunegianiinmindaasdndanile
soagiudmAvegaannady

o o o v ad 4 - 14 g o v ad o
ﬂ']5‘]5\1Tﬂ51‘“WﬂTQl?ﬁﬂlﬂQa'lﬂUWlauﬂﬂ'lﬂ51J°IN'(T5'N‘Uu‘n'lﬂa'lﬂuwtﬂuﬁlﬂﬂﬁﬂblw'lm

M H
o (4 ~

= o y 1Y @ Y A s (& 14 ¥ a o

nivldezdewnsetudgananivdmuteaunsadmaddeya’ldgndes Tunwdfiins
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m(t) = i a, v, (t—nT,) .17
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c(t)= icnp(t—nTc) : (2.18)
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G = BW g = BYur (2.25)
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Vo = 1, (2.26)
1 2

Io =— [ IPCH] . (227)
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1 2
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Abstract

This paper presents the bit error rate (BER) reduc-
tion technique for the FH/BFSK system over line-of-
sight (LOS) and human body shadowing indoor chan-
nel. The probability density function (PDF) for the
indoor channel can be theoretically derived by assum-
ing that LOS and human body shadowing are approx-
imated to be a Rician distribution. Furthermore, we
analyze the BER of the FH/BFSK system according
to the coded scheme, the data format and the num-
ber of signal-to-noise ratio (SNR). The coded scheme
considered in this paper is Reed-Solomon code. How-
ever, this paper is the first to analyze the BER of
the bluetooth packet with Reed-Solomon FH/BFSK
system in the indoor channel. Finally, we summa-
rize the dominant factors which are closely related to
these BER of FH/BFSK system in the indoor chan-
nel as follows: (i) coded schemes, (ii) code rate, (iii)
data format and (iv) SNR.

Keywords: BER, Reed-Solomon code, bluetooth
packet, FH/BFSK, indoor channel.

1. Introduction

Recently, the wireless communication system has
become increasingly important and be rapidly devel-
oped that do not need to rely on pre-existing infras-
tructures and the growing number of customers. To
meet this demand, the new wireless applications re-
quire higher data rate and performance in different
various propagations and conditions. However, the
code scheme FH/BFSK system is subject to severe
performance degradations due to the indoor channel
condition, LOS and human body shadowing channel.
The principal causes of this unwanted performance
attenuation are the multipath fading, the absorbtion
and the shadowing. Specifically, the human body
shadowing is so serious as to cause link outage.

For indoor channel model, the LOS channel that
multipath fading and co-channel interference pro-
duced an amplitude fluctuation signal and the human
body shadowing can be modeled as the Rician dis-
tribution with differed parameter [1]. However, the
shadowing attenuation due to human body in the in-
door scenarios is significant. Although the prediction

of the human body shadowing attenuation is a statis-
tical process, many models have been developed the
result are agree well with experimental observations.
The major models are those of Obayashi [2], Sato (3]
and Spencer [4].

Therefore, the data transmission performance in
the shadowing channel is worse than the LOS. On
the other hand, the received information in shadow-
ing gets more error than the LOS. The use of error-
correcting codes provides an effective way of improv-
ing the system performance in channel model. For
this reason, Reed-Solomon encode is an appropriate
coding scheme for these channel since it is a quite
simply, ubiquitous and powerful error control sys-
tems [5]. Otherwise the data format and frequency-
hopping (FH) binary frequency shift keying (BFSK)
are employed to overcome these problem. In partic-
ular, the FH/BFSK communication systems have at-
tracted considerable interests in both commercial and
military application.

This paper presents the BER of FH/BFSK system
in the LOS and shadowing. The PDF for indoor chan-
nel can be theoretically derived by Rician disuiibu-
tion. Furthermore, we analyze the BER of FH/BFSK
system according to the coded scheme, the data for-
mat and the number of SNR. '

The organization of this paper is as follows. In the
next section, we describe a baseband system model
of the FH/FSK system and indoor channel model. In
Sect. 3, we describe the error correction and coded
scheme. The general data format of FH/BFSK sys-
tem is described in Sect. 4. The numerical results of
our simulations are demonstrated in Sect. 5 and 6,
and conclusion respectively.

2. System and Channel Model
2.1. System Model

The communication system that is used in this pa-
per is shown in Fig. 1. The incoming non-return
to zero (NRZ) binary data aggregates with packets
which employed an error correction scheme. Then
these packets are implemented with two type of for-
ward error correction (FEC) code and ARQ scheme
which is only used for the data. The FEC code are
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Fig. 1. FH/BFSK system block diagram.

rate 1/3 bit-repetition in the header and 2/3 in the
payload. This data packets are fed into a rate k/n
Reed-Solomon encoder. The (n, k) Reed-Solomon en-
coders output n coded symbols for every block of
k input symbols with a code rate of k/n. The en-
coder output symbols are then applied to the BFSK
modulator with two baseband frequencies, f; or f,
according to the incoming binary words. -The fre-
quency separation between f; and f, is B = 1/T,
where Ty = Tb/L is the hop duration, T} is the bit
duration and L is the diversity level of the frequency-
hopping system [7].  The BFSK modulator output
is pseudo-randomly hopped to one of the available
frequency-hopping bands. The bandwidth of each
frequency-hopped band is 2B. The output of fre-
quency hopper signals are impaired by the indoor
channel model with additive white Gaussian noise
{AWGN) [9]. The receiver begins by entering signals
to the BFSK demodulator and the Reed-Solomon de-
voder. The Reed-Solomon decoder outputs are con-
verted into dara packet. The packet decode is imple-
mented with the FEC code and gets the binary data
scquence. The BER and FER ean be derived from
the received data and information.

2.2. Channel Model

The most significant propagation aspects of the in-
door channel are line of sight and human body shad-
owing. The dominant stationary signal component
present. such as a line of sight propagation, the small
scale fading envelope distribution is Rician. Fur-
thermore, the Rician distribution degenerates to a
Rayleight distribution when the dominant component
fade away [10], Thus, the line of sight and human
body shadowing are employed the Rician channel that
differed the component. The Rician distribution is
given by

Sy
p(T) = a%-e o IO (%) for (A Z 01 r Z 0)) (1)
0 for (r < 0).

The parameter A denotes the peak amplitude of
the dominant signal and Io(-) is the modified Bessel
function of the first kind and zero-order. The Rician
parameter K is defined as the signal power and the
variance of the multipath.

2
K (dB) = 10log %5 dB. (2)

As A5 0,K — —o00 dB. The Rician distribution
degenerates to a Rayleigh distribution.

In this paper, we employed two channel: LOS and
human body shadowing. -~ The probability density
function (PDF) for the indoor channel can be the-
oretically derived by assuming that LOS and human
body shadowing are approximated to be a Rician dis-
tribution. Fig. 2 shows PDF of LOS and shadowing
channel. - The cumulative distributions of LOS and
shadowing are showed in Fig. 3.

3. Coded Schemes

In this paper, we consider two ways of code scheme:
The error correction schemes on the bluetooth packet
and Reed-Solomon coding. The former schemes are
1/3 rate FEC, 2/3 rate FEC and ARQ scheme. The
1/3 FEC Code is a simple 3-times repetition code
used for the correcting entire header packet. The
repetition code is implemented by repeating the bit
three times [9]. In 2/3 FEC code, the purpose is to
reduce the number of retransmission, which improves
the throughput of FH/BFSK system. The 2/3 FEC
scheme is a shortened Hamming code used on the
data payload. Hamming code is the first major class
of linear binary code designed for error correction.
The [n, k] Hamming code is the k message symbols
encoded into a codeword that consists of n symbols
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and this code rate is k/n (k is called the message
length and n is called the codeword length). Last, an
automatic repeat request (ARQ) scheme only works
on the payload in the packet. With the ARQ, the
data packets are transmitted and retransmitted until
a successful reception.

One of the early forms of “block coding” that is
still in use today are the Reed-Solomon codes. These
codes take a block of bits and group the bits into log-
ical symbols and then add redundancy in the term of
redundant. logical symbols. This technique takes the
demodulator’s output and performs a check on the
“logical symbols” or groups of bits and then makes a
decision as to which logical symbol (group of bits) is
sent. For code parameters (n, k) dmin =n —k + 1,
(1<k<n),n=2m-1, k = any value n. The max-
imum separated distance of the Reed-Solomon codes

¥ .
o
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is the largest possible distance for any code with the
same value of n and k.

4. Packet Format

The data format, bluetooth packet format that em-
ployed the error correction scheme for increasing data
performance. The general packet data consists of 3
entities: the 72-bit access code, the 54-bit header and
the payload of viable length (0-2745 bit) depended on
the packet type.

Each packet starts with an access code. The ac-
cess code uses for synchronization and identification.
The second part is the header represented the packet
type and the address that can distinguish between
the packets. The header is coded with 1/3 FEC re-
sulting in a 54-bit header. Finally, the payload can
range from zero to maximum of 2745 bits depended on
the packet type. Furthermore, the payload is coded
with 2/3 FEC. In this paper, we investigate on DM1
(Data-Medium rate) packet on the aynchronous links
covered up to a single time slot and consisted of the
access code 72 bits fixed, the 54 bits header and the
160 bits payload. The DM1 packet format is shown
in Fig 4.

5. Numerical Results

In this section, we present, the numerical results of
the BER of FH/BFSK system in the indoor chan-
nel. To consider the BER of the LOS and human
body shadowing, these parameters depend on both
the coding scheme, data format. Therefore, we ana-
lyze the performance of indoor channel on the BER of
FH/BFSK system in two different approaches. First,
we can analyze the BER as a function of the coded
scheme with data format fixed. Second, we can an-
alyze the BER of FH/BFSK system as a function
of the data format with the code rate fixed. Other-
wise, we can analyze the frame error rate (FER) and
throughput of FH/BFSK system.

As a first approach, Fig. 5 shows the BER of
the coded schemes LOS and human body shadow-
ing FH/BFSK system as a function of signal-to-nosie
ratio with the bluetooth packet format. In this case,
we assumed that the [15, 10] Reed-Solomon code is
available. Note that here the BER of the human body
shadowing FH/BFSK system give worse performance
than those of the LOS case. There exists a wider per-
formance gap between the LOS and shadowing in the
regions with an upper SNR.

Next, to determine the throughput of the data
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packet. Fig. 6 shows the variations of throughput
according to the SNR by considering the bluetooth
packet. As a whole, the throughput for a coded sys-
tem less severe shadowing attenuation is larger than
those for a uncoded system producing more severe
shadowing attenuation. In Fig. 7, however, we illus-
trate the FER of the FH/BFSK system as a function
of the SNR according to the availability of the blue-
tooth packet format. Here we assumed Reed-Solomon
code rate 10/15. Fig. 8, shows the variations of
the Reed-Solomon code rate according to the SNR
by considering the bluetooth packet.

As a second approach, we analyze the data format
as a function of data format with coded scheme fixed.
In. Fig. 9, we illustrate the BER of the FH/BFSK
system as a function of SNR according to the avail-
ability of bluetooth packet and data stream format.

FER
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-0 Smgowlng. coding : ; F ;
0 2 4 6 8
SNR(dB)

Fig. 7. FER of FH/BFSK system versus SNR; LOS
and shadowing channel.
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Fig. 8. ' The variations of Reed-Solomon code rate
versus SNR.

6. Conclusion

In this paper, we have presented the BER of
FH/BFSK system using the coded scheme, data for-
mat in the indoor channel; LOS and human body
shadowing channel. The PDF for the indoor chan-
nel could be theoretically derived by assuming that
the human body shadowing can be approximated to
a Rician distribution. Furthermore, we analyze the
BER of FH/BFSK system according to the number
of SNR and code rate in the bluetooth and indoor
channal performance. '

As a result of this investigation, we have found
that the Rician distribution can be assumed as line
of sight and human body shadowing channel. That
is, the BER is least severe in bluetooth packet, and
is most severe in data stream. As expected, the BER
of uncoded data FH/BFSK system give worse perfor-
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Fig. 9. BER of FH/BFSK system versus SNR; blue-
tooth packet and data stream.

mance than those of coded data. There exists a wider
performance gap between the uncoded data and cod-
ing data in the region with an upper SNR. Finally,
we have summarized the dominant factors which are
closely related to the BER of FH/BFSK system in the
indoor channel as follows: (i) coded scheme, (ii) code
rate, (iii) data format and (iv) SNR. This results can
be utilized for design of the wireless communication
system by estimating the code rate for the regions of
interest. The accurate estimation of the code rate will
enable system designers to plan a suitable amount of
indoor channel for a system, and will make it easier
to satisfy the grade of service requirements.
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Abstract

Wi-Fi (IEEE 802.11b) uses the same 2.4 GHz ISM
spectrum as Bluetooth Personal Area Networks
(PANSs). The spread spectrum modulation employed by
Wi-Fi and the frequency hopping sequence used by
Bluetooth system requires them to periodically share
the same frequecies. Operation of these PANs and Wi-
Fi simultaneously in the same locations is expected to
become increasingly common. When Wi-Fi and
Bluetooth are collocated, the performance of each
system can be degraded by the interference from the
other. Simulations were conducted to determine the
impact of interactions between systems using the
different standards. In the simulations, system
performance degradation was determined as a function
of the relative power, distance of Wi-Fi and Bluetooth
receiver from interference source and type of Bluetooth
packet. We use several simulation scenarios and
evaluate Wi-Fi and Bluetooth performance in terms of
throughput and probability of packet-loss.

Keywords :

Wi-Fi, IEEE 802.11b, Bluetooth, IEEE 802.15

Introduction

Over the last few years unlicensed wireless network has
experienced rapid growth and continued to do so as this
technology is adopted in the office, home and leisure
places. Operating in 2.4 GHz ISM band, the two wireless
technologies experienced the most rapid evolution and wide
popularity are wireless personal area networking (WPAN)
and wireless local area networking (WLAN). The WPAN
category is led by a short-range wireless technology called
Bluetooth (IEEE 802.15). The WLAN category has several
technologies competing for dominance. However, based on
current market momentum, it appears that Wi-Fi (IEEE
802.11b) will prevail. Wi-Fi offers speeds of 11 Mbps and
covers a range of up to 100 meters and supports true
multipoint networking with such data type broadcast,
multicast, and' unicast packet [1]. The media access
controller (MAC) address built into every device allows a
virtually unlimited number of devices to be active in a
given network.
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Bluetooth designs to the cable replacement for linking
portable consumer electronic and communication products.
Furthermore, Bluetooth is ideal for applications such as
wircless headsets, wireless synchronization of personal
digital assistants (PDAs) with computers, and wireless
peripherals such as printers and keyboards. Key features of
Bluetooth are low power consumption, low cost and low
complexity. Bluetooth implementations support a range of
up to roughly 10 m, and speeds of up to 700 kbps for data
or asynchronous connection-less transmission (ACL) [2]-

[3).

Recently, wireless technology devices such as Wi-Fi and
Bluetooth are popular and famous. While Wi-Fi and
Bluetooth employ in the same frequency range, 2.4 GHz.
the collocation of them is special significance. Many IEEE
and Bluetooth documents focus on Wi-Fi and Blueototh
performance such as the probability of packet collision
between networks, the architectures and protocols of IEEE
802.11 and Bluetooth {4]-[7]. The investigation interested
in the problem of calculating the probability of an overlap.
in both time and frequency, of a continuous sequence of
Blutooth packets and IEEE 802.11b direct sequence (DS)
11 Mbps packet. Relative power levels between Bluetooth
and Wi-Fi packet were not considered [8). Others analyze
the interference between Wi-Fi and Bluetooth on both
MAC and Physical layer, as indicated by literature such as

(9).

This paper investigates on Wi-Fi and Bluetooth
performance impacted from collocation inside building. We
have created Wi-Fi and Bluetooth mode! analyzed in the
full ramification detail of the physical layer such as
hopping, spectral masks and filter sclectivity, based on
IEEE 802.11b and [EEE 802.15 specification, respectively.
Most of the dominant factors have been discussed to
evaluate both performance liked the distance between Wi-
Fi and Bluetooth devices, the type of Bluetooth packet, and
the Signal to Interference Ratio (SIR). The outline of this
paper is organized as follows. In section 2. approach and
method describes an overview of Wi-Fi and Bluetooth
system, Wi-Fi and Bluetooth cases suffer cach other, and
channel model to analyze the Wi-Fi and Bluetooth
performance in various factors. In section 3, result and
discussion, we present the simulation resuits with various
factors and discuss on the results. Finally, the concluding
remarks are given in conclusions, section 4.



Approach and methods

Wi-Fi System (IEEE 802.11b)

Wi-Fi system operates bit-rates as 11 Mbps and employs
Direct Sequence Spread Spectrum (DSSS) scheme for high
data rate [10]. DSSS signaling technique divides the 2.4
GHz band into 14 twenty-two MHz channels, of which 11
adjacent channels partially and the remaining three do not
overlap. For speed up to 11 Mbps, Wi-Fi uses
Complementary Code Keying (CCK) which includes a sct
of 256 complex code words transmitted using QPSK
modulation. CCK has a code length 8 and a chipping rate of
11 Mchip/s. The 8 complex chips comprise a single symbol.
By making the symbol rate 1.375 MS/s the 11 Mbps
waveform ends up occupying the same approximate
bandwidth as the for the 2 Mbps QPSK waveform.

The Wi-Fi physical layer uses direct:sequence spread
spectrum (DSSS) at four different data rates using a
combination of differential binary phase shift keying
(DBPSK) for 1 Mbps, differential quaternary phase shift
keying (DQPSK) for 2 Mbps, and QPSK/Complementary
Code Keying (CCK) for the higher speeds: 5.5 and 11
Mbps. In this paper, we analyze especially for 11 Mbps.
The RF power level can vary, but is typically between 30
and 100 mW (up to + 20 dBm) in most commercial Wi-Fi
3 y s t € m s

Complementary Code Keying (CCK)

The CCK code words are derived from the
f oll owing f ormuaula
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( 1 )
Where C is the code word, ¢, —g@,is the phase values of
the complex code set, and ¢ € {0,;,7:,37”} .

In modulation, the input data is a serial bit stream
that is partitioned into bytes as (d7, d6,..., d0). The data
dibits (d0,d1), (d2,d3), (d4,d5) and (d6,d7) encode @1,¢,

@;and @, , respectively, based on DQPSK as specified
IEEE 802.11b standard.

n

Bluetooth System (IEEE 802.15)

Bluetooth is a short-rang radio technology designed to
enable wireless connections between portable computing
and communication devices in an ad-hoc fashion. It is the
major member of wireless personal area network (WPANS).
In Bluetooth ad-hoc network, the basic architectureal unit in
Blueototh system is the piconet, composed of a master and
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seven slave devices. Its data are conveyed in packet,

‘consisting of access code, header and payload. There are

two link types: synchronous connection-oriented (SCO)
link and asynchronous connection-less (ACL) link. The
SCO link is a point-to-point link between a master and a
single slave in the piconet. The master maintains the SCO
link by using reserved slots at regular intervals. The ACL
link is a point-to-multipoint link between the master and all
the slaves participating on the piconet. For SCO link, each
voice channel supports a 64 kbps in each direction. The
ACL link can support maximal 732.2 kbps asymmetric (and
still up to 57.6 kbps in the return direction), or 433.9 kbps
symmetric.

Bluetooth radios operate at a channel bit rate of 1 Mbps and
employ Frequency Hopping Spread Spectrum scheme in
order to make links more robust. This is accomplished by
designating 79 hop frequencies, each displaced by 1 MHz.
Compared with other systems in the ISM band, Bluetooth
typically hops faster (1600 Hop/s) and uses shorter packets,
making more robust. In addition, it utilizes Forward Error
Correction (FEC) scheme, which limits the impact of
random noise. These radios utilize Gussian Frequency Shift
Keying (GFSK) with a nominal modulation index
() between 0.28 and 0.35 and normalized bandwidth of

B,T=05, where B, is the 3 dB Bandwidth of the

transmitter’s Gaussian low pass filter, and T is the bit
period.  Furthermore, —Bluetooth system  provides
interconnection of devices in the use vicinity in a range of
about 10 meters, but it can be extended up to 100 meters.

The GFSK signal

The GFSK signal can be represented by

S(@t,a) = Acos(2nf t +(t,a)) 2)
oy
A= T 3)

Where E,is the energy per data bit, f_is the carrier
frequency, @ is the random input stream comprised of the
data bits a;, and ¢(f,a) is the output phase deviation. The

positive effect of variability on the richness can be
expressed as:

n n-L

gay=2mh, Y aqU-iD)+mh Y o (4)
i=n-L+l j=—
a0 =] gt ®

Where g(r) is the impulse response of a Gaussian filter,
and L is the length of-g(r) in bit periods. For Bluetooth
with B,T=0.5, we have L=2 minimum value of
richness in a non-stress situation. The second sum is.the
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‘consisting of access code, header and payload.- There are

two link types: synchronous connection-oriented (SCO)
link and asynchronous connection-less (ACL) link. The
SCO link is a point-to-point link between a master and a
single slave in the piconet. The master maintains the SCO
link by using reserved slots at regular intervals. The ACL
link is a point-to-multipoint link between the master and all
the slaves participating on the piconet. For SCO link, each
voice channel supports a 64 kbps in each direction. The
ACL link can support maximal 732.2 kbps asymmetric (and
still up to 57.6 kbps in the return direction), or 433.9 kbps
symmetric. :

Bluetooth radios operate at a channel bit rate of 1 Mbps and
employ Frequency Hopping Spread Spectrum scheme in
order to make links more robust. This is accomplished by
designating 79 hop frequencies, each displaced by 1 MHz.
Compared with other systems in the ISM band, Bluetooth
typically hops faster (1600 Hop/s) and uses shorter packets,
making more robust. In addition, it utilizes Forward Error
Correction (FEC) scheme, which limits the impact of
random noise. These radios utilize Gussian Frequency Shift
Keying (GFSK) with a nominal modulation index
(h,)between 0.28 and 0.35 and normalized bandwidth of
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accumulated phase of all previous symbols called the phase
state.

Wi-Fi and Bluetooth Interference Cases

If Wi-Fi and Bluetooth are used at the same scenarios, their
traffic will crash. Specifically, these systems transmit

on overlapping frequencies, creating in-band noise for one
another. Interference between Wi-Fi and Bluetooth occurs
when either of the following is true:

e The Wi-Fi receiver senses the Bluetooth signal at the
same time as Wi-Fi signal is being sent to it. The effect
is most pronounced when the Bluetooth sngnal is within
the 22-MHz-wide passband of the Wi-Fi receiver.

e The Bluetooth receiver senses the Wi-Fi signal at the
same time as the Bluetooth signal is being sent to it;
the effect is most pronounced when the Wi-Fi signal is
within the passband of the Bluetooth receiver.

For the Bluetooth transmission to disrupt the Wi-Fi
packets there must be an overlap in frequency as well as
time, as illustrated in Figure 1. Long packets stand a higher
chance of overlapping a number of Bluetooth time slots,
whereas shorter packets increase the chances of successful
reception during the gap in the transmission.

Channel Model

Some experiments have been conducted to evaluate the
power delay profile of indoor channel at 2.4 GHz [11]-[14].
The channel is roughly categorized into two major classes:
(1) channels with a line-of-sight (LOS) path and (2)
channels with an obscured path. For a LOS path, Kim [11]
found that it could be reasonably approximated by a Rician
distribution ‘with X =5, where Kis the ratio of the
dominant-path power to the scattered-path power. For a
path with obstructions. the probability density function
(pdf) of the amplitude of the fading signal is Rician with
K =2, which is close to the Rayleigh distribution. Also in
this report, a Rayleigh fading distribution was considered
for indoor channel.

Results and Discussion

In this section, we present the result of Wi-Fi and

Bluetooth performance inside building channel by using the
document and process shown in Approach and Method,
Section 2. To consider the efficiency of Wi-Fi and
Bluetooth, we use Rayleigh fading for inside-building
channel which probability density function of signal is
Rician with K =2. We assume that each packet is followed
by an acknowledgement and information is streamed in a
continuous manner. Moreover, we analyze the Wi-Fi and
Bluetooth perfomance in two main factors. First, we can
analyze throughput as a function of signal to interference
ratio (SIR) with distance of Wi-Fi and Bluetooth devices
fixed (see Figure 2 and 3). Second, we analyze both
wireless performances as a function of distance with SIR
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fixed (see Figure 4 and 5). For Bluetooth, we consider two
types of appllcatlon namely voice and

MdeT
WLANs band /
4
ASHTEAN e
615 ; /BTM“\
y Time
Wi-Fi packet ‘
Time

®)

Figure I — Interference of Bluetooth signal on Wi-Fi signal
(a) in frequency domain (b) in time domain.

data traffic. For voice traffic, we assume a symmetric
stream of 64 kbps each way using HVI1 packet
encapsulation. For modeling data traffic, we consider an
asymmetric packet of 723.2 kbps (57.6 kbps in reverse)
c =hled D H 5 packet

As a first approach, figure 2 shows the throughput of Wi-Fi
and Bluetooth devices in percentage as a function of SIR
with transmitter and receiver distance of 4 meters In this
case, we assume that an interference limited environment
with carrier to noise ratio (CNR) equal to 35 dB, so the
main source of error is the interference. In this figure, we
analyze the Wi-Fi-performance case with Bluetooth
interference and the Bluetooth-performance case with Wi-
Fi interference. Furthermore, we suppose that the
interference is always on and that it exists for entire length
of packet. This figure. throughput of Wi-Fi system gives
worse performance than throughput of Bluetooth system.
For Wi-Fi, in the range of SIR from 0 to 4 dB, throughput
dramatically increases more than 10 percent. As the same
range. Bluetooth throughput grows up around 7 percentage
less than Wi-Fi. Wi-Fi and Bluetooth throughput curve is
steady on 67 and 38 percentage, respectively.

Next, to determine the throughput, we need to compute the
data resource from figure 2 with data rate of each system.
Figure 3 depicts the throughput curves in Mbps for Wi-Fi
and Bluetooth system. Note that here throughput of Wi-Fi
is stable around 4.2 Mbps in the case of SIR more than 5
dB, and of Bluetooth is around 600 kbps. Compared with
figure 2, Bluetooth throughput in Mbps is less than Wi-Fi,
in contrast to throughput in percentage that is larger than
Wi-Fi system. It indicates that throughput depend heavily
on the data rate; the larger the data rate, the larger the
throughput.

As second approach, we analyze both wireless
performances as a function of distance with SIR fixed.
Figure 4 illustrates the Wi-Fi throughput mapped against
Wi-Fi-station to Wi-Fi-access point distance with the



impact of changing Bluetooth packet type from high-rate
basic data application to voice application. For data traffic
interference, DHS5, in the range of 5 to 10 meters, Wi-Fi
performance has dropped to around 1.5 Mbps, representing
approximate 50 percent reduction in throughput within the

g 8 3

Throughput (percentage,%)
-
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Figure 2 — Throughput of Wi-Fi and Bluetooth (percentage)
versus Signal to Interference Ratio (SIR).
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Figure 4 — Wi-Fi throughput versus distance of Wi-Fi
station and access point.

first 10 meters of distance from the Wi-Fi station. For HV1.
Wi-Fi throughput has severely dropped to around 1.5 Mbps
in the range of 20 to 30 meters from the Wi-Fi station.
Figure 5 shows the probability of packet loss as a
function of distance of recciver from the interference source
with SIR equal to 10 dB. First. we focus on the probability
of Wi-Fi with Bluetooth interference. Since DSSS
spreading requires bandwidth of 22 MHz, there is a
significant probability that Wi-Fi packet may cause
interference to multiple Bluetooth packets. In other words,
although, Bluetooth is hopping to a new frequency for each
slot, Wi-Fi interference is present in roughly 22 of the 79
channels. On Wi-Fi with HV1 interference, the probability
of packet loss is so high due to the long length of HV1
packet compared to DH5 one. Because a HVI packet is
larger than DHS5, and so probability of packet loss of Wi-Fi
corrupted by HV1 packets are more than DHS5 packets. Still
considering the HVI1 interference, one sees that the
performance, one see that the performance significantly
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improves as the distance exceed 4 meters. Second, w¥ocus
on the probability of Bluetooth traffic with Wi-Fi
interference. One observation is that for Bluetooth
transmission, the effect of Bluetooth packet type is
reversed. While DHS packets are interference, the Wi-Fi
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Figure 3 — Throughput of Wi-Fi and Bluetooth (Mbps)
versus Signal to Interference Ratio (SIR).
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Figure 5 — The probability of packet loss versus distance of
receiver (Wi-Fi, Bluetooth) from interference
source(Wi-Fi, Bluetooth).

probability of packet loss is high because a DHS5 packet is
shorter than HV1 packet, and so a number of DHS5
interfering packet are more than HV1 packet.

Conclusion

In this paper, we have presented the Wi-Fi and
Bluetooth efficiency impacted by each other inside
building. For Bluetooth, we consider voice and data packet
at traffic rate 64 and 723.2 kbps, respectively. As a result of
this investigation, we found that Bluetooth throughput in
percentage is larger than Wi-Fi throughput, but its
performance in Mbps is opposite to previous. This indicates
that throughput heavily depends on the data rate. The larger
the data rate, the larger the throughput. As same as distance
that far from Wi-Fi station and access point, Wi-Fi
efficiency interfered by Bluetooth data applications is
worse than by voice application. Moreover, the gap



between Wi-Fi device increases, while Wi-Fi throughput
declines. Our results indicate that Wi-Fi environment
impacted by Bluetooth voice traffic is the worst case
because the probability of packet loss is roughly 0.25. On
the distance between receiver and interference source less
than 5 meters, Bluetooth voice traffic has a highly robust
performance with Wi-Fi interference than data traffic.
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- The efficiency of Wi-Fi (802.11b) in presence of
Bluetooth radios inside building
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tDepartment of Information Engineering, Faculty of Engineering,
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Abstract

While there are certainly many devices where difference radio technologies can be built into
the same platform, collocation of Wi-Fi (IEEE 802.11b) and Bluetooth is of special significance
because both occupy the 2.4 GHz unlicensed ISM frequency band. This creates the potential
for interference and causes the degradation performance between the two technologies.

To study the impact of Bluetooth on Wi-Fi system, we have created the simulation model
that highly flexible C program [1] accurately models the behavior of both the PHY and MAC
layers of both Bluetooth and Wi-Fi system. These models analyze in detail the full ramifications
of the physical layer such as hopping, spectral masks and filter selectivity. In addition, the
actual usage indoor channel has been used to determine the signal strength related to the Wi-Fi
performance because the propagation inside buildings suffers from large shadowing and high
multipath effects. This is a serious problem for Wi-Fi and Bluetooth practical employment.

In this paper, the block diagram of analysis the efficiency of Wi-Fi in presence of Bluetooth
radios is shown in Fig 1. The Wi-Fi and Bluetooth model base on IEEE 802.11b and IEEE 802.15
specifications, respectively. Most of the dominant factors have been discussed to evaluate the
Wi-Fi performance liked the Wi-Fi payload range, the distance between Wi-Fi and Bluetooth
devices, the Bluetooth packet type and the number of Bluetooth devices. The efficiency of Wi-Fi
system measures in term of packet error probability, residual number of errors and throughput.
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