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ABSTRACT

This thesis studies performance of Bluetooth system which is wireless standard for low
power wireless communications between mobile devices in Additive White Gaussian Noise
(AWGN). In this thesis, the physical layer of the system is modeled by using component-based
architecture. In addition, TCP and Reed Solomon code (RS code) are proposed for solving packet
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Therefore, TCP and RS code were chosen in order to propose the throughput with view towards

enhancing the performance of Bluetooth system for AWGN channel in this thesis.
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ﬁmm'l’ﬁﬁﬁ'uuwnmmmuf]uﬁa 4 wiia e 1dfunsiFouneyng uuy dsziand 2 1148y
unainaiildgesdygralunmsdoaisiios 1 Jeedoma Ysziand 3 19Fuunanaiild 3
sosdnyaraluntsdons uaziszneuianii 4 Wiuumanaild 4 yosdoyanalumsdoas

3) Flow

Wudmil$muguinanauumsidendenuuesga Inniativuig 1 da iorvivles
'umﬁmﬂnﬁuezdaﬁ'tyqnm“lﬁnqﬂmsdauwﬂnnﬂ‘i‘}"xﬂﬁ'aﬁ'aunﬁﬂ'mwmnﬂﬁﬁ Flow = 0 T1éia
wmasd oo fussaannaunsniouivs fuunainadnnis aanvzdadygrald
naneBudumanalmidamsdumanafill Flow = 1 lfanmaeilunsdifioad 14
Suimmnanieduivesumanafisuiianufanatn mansedumamaid Flow = 0 T
fananes

4) ARQN (Automatic repeat request)

d2uu89 ARQN Hvuna 1 in Wudiliginssinswwavesmsdadoyaininsdqld
&uanTe’lai msuaanaves ARQN mmmuﬂm‘lﬁv‘l’{amwau’fuwu'uqns’{m (Positive
acknowledgment: ACK) n3emIneus mm'uﬂf]lﬂﬁ (Negative acknowledgment: NAK) lf'lﬂﬁ‘l
nmsfudoyaldduisqunsalfussdiminsufunuugndes uad hiduSezdinsasuiy
wulfias ldagunsalds uadqunseldahildTuunainarsuivlan gunseidezidiled
fnsaoui unuvlgies

5) SEQN (Sequence number)

lvwa 1 a vﬁauﬁm'lﬁ'qﬂnsnfs”umm'huwmnﬂﬁ‘lé'i'ufiﬂﬂuwmﬂm'lmin?mﬂu
unanaldy dmsuunanalviia SEQN seiifnsedhunuiin SEQN ﬁmﬁaqﬂnmﬁ"v‘lﬁ'ﬁ'v
unanafssiinsasasasuiin SEQN dmniin SEQN i 18 5udduda SEQN 1aufieeh
msmiaumanaf1d5ududumssaeilesfunisdumanadidou udilensreaoudn
SEQN ud2lidduiin SEQN @ufiezmsamnddeyafidaniuunana i

6) HEC (Header error check)

Fdmsunisaseaeuniugndesslududaiivuin 8 dn A1ves HEC gafiumeIn
finluduiia degunsalldFuumanaseimsfnmui HEC vndindwianazifouifiou
fuf1 HEC veaumanaiisy'ld
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FouAsuUY Foursuu
Uszion | Packet type SuuroIdYIN
Fqlnsiie o lnsva
1 0000 1 NULL NULL
0001 1 POLL POLL
0010 1 FHS FHS
0011 1 DM1 DM1
2 0100 1 1414 DHI1
- 0101 1 HVI1 114
0110 1 HV2 Ly
0111 1 HV3 hilg
1000 1 DV 1414
1001 1 131% AUX1
3 1010 3 it DM3
1011 3 it DH3
1100 3 it Nilds
1101 3 hild it
4 1110 5 Tails DMS5
1111 5 Tilds DHS

2.3.1.3 daudoya

] 9/ - 1 9 4 a Y 1 9 P
AIUTAMUVDANAUNAUGYTAD AIUUVDYD B 2 ssian '1ﬂllﬂ aIUvIIVDYALTU

] o o o 1 an [ o = LY A
(ﬁ'l'ﬂi'lJllWﬂlﬂﬂllUlJ‘lNIﬂiuﬁ) uasmu%’ay_amma (ﬁ'lﬂi'lJllWﬂlﬂﬂllﬂﬂﬂz‘ﬁ»ﬂﬂiuﬂ) 6

] a .’,’ ] ) y aa 1 s o o
dauvesdoyasziindiuvesdeyaifvauazdoyadiaoangluunainaideanu dnsy

daudeyavesunainaszlsznoudls 3 dau fie dauiavesdaudoya (Payload header)

daudoyaifees (Payload body) 18z CRC
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«——— 68 or 72 bits »la— 54 bits—lt———— 0- 2744 bits———— ]
Access Code Hcader Payload
Payload
Payloa CRC
Header yload

.

a8 or 16 bits><—=-hw0-2144 bits——»1a—| 8 bits—»
ACL packetheader " “~_

L_CH |Flow| Length |Undefind

<3 bitse}e-]-»1e—8 bits—»je4 bits~»
31 2.1 Tassadredudeyaveaunnana

1) dauavesdoya
‘lwmmfm-umuqnﬁs)zﬁtﬁmd'zm’fagmﬁnfuﬁﬁd'zuﬁ":mmz Tagvnaauives
daudeyasiniiu 1 ndo 2 "hJwﬁuag'ﬁ"us)"m':'uaimﬁtytmmﬁuﬁazuwmnn'l% [5u unainafi
19 1 Seadgygnaeziivinavesdaniavesdnudeyariniy 1 lud uddumanaildnnnd 1
soadganaeriivinadauiavesdndeyadiu 2 Tud dauivesdiudeyaseimiifisey
swaziduaveitesdan I AuUMIHMUATn FLOW Y8e30dyasl Hasiaainnug
vosdudeyadoms
2) daudeyadoms
dndeyadomseziludaufiussgdoyaiidesmsdennginseidalifaginseisy
Tasnrnavesdeyademsezuaas B3 ludnizvedudeya
3) CRC
fiadoyalu crC gndmamondeyafiimsds defnnaaiaGouiesfieninnld
aenndmvesdoyadems Tas CRC flunszinumsassasuniwgndesvesdoyaluunn

é ’ o ] ] 3
INA §IA1WBY CRC vzgafnnanoumsamnadudeyadoais

67441
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2.3.2 ¥HAYBUNAINALYYS
2.32.1 imainaf v lumsidendenuudalnsfauazunyes SeTnnia
1) UnAINAKYY NULL
unsinAIuL NULL 92 hilidudeya suulumanaszdszney ldedmvessvia
mafhdauazdauianiniu Mldunananuy NULL fnna 126 §a anminauuy NULL 19
defoyandulufgunsalds ieldqunsaidmshdunmnalddidmmie hindelduan
gouztiviesqUnsaliy devnmsdumanauuy NULL wdagqinssiiulidesinmsasy
Sunvugndeslidginselds
2) UWAINALYY POLL
unmnAUUY POLL adiefuunainauuy NULL Aeduunainaii bifidudeyaud
UNAINALLY POLL Aosmsnisasunduninginssiiudeievinunmnauuy NULL @il
doamsldnsaeuiunisdumaina ludiginselds
3) UWAINANUY FHS
unminauuy  FHS  iuumananuguiisedaaasdnsdueamsaaziin
vosgunsaids daudeyalsvnenluédreiindeyadeas 144 a s2ufu CRC wa 16 Tn
wazinsidhsiadas FEC Wénm 23 Seeeilidndeyaiivinaianua 240 Sn unmina
uuy FHS 11#es 1 seananlumsdaunning
4) UWAINAILLY DM
unmnauuy DM1 agluuwainadszanit 1 iesninlddedoyaiildlumsmuguly

J A L] [ 4 ..l
NAuLL veansiFeuaeitetia lsinmuunminauuy DM1 sunsedudadeyann 114

2322 inanailFlumsidoudeuuuds Insiia
imanauuudalantasehifidn crC uazdemsdaumanaianisfanainiuee
Tifinsdumanalmi vennmudumanativedslUédusasida 64 Aladaeiund
1) UNANAKLIY HV1
uwmnmmnf:mmmmiq%’agaﬁé’mmsdﬂﬁ 101w Taghifidauivesdudoya
uazldmisidfiatauuy FEC Awdast 13 Wumsflestuauianaadeya unanauuy
Hv1 hil¥ cre
2) UNANALIDLU HV2
unminauuY HV2 amrsoussydoya’ld 20 Tud Taolifidanta instlestuna

Ranmavestoyadsmsidsieniuy FEC &awdns1 2/3 uazhifinis 19 cre
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3) UWAINALLY HV3
| 4
UWANALLY HV3 aansaussytoya’ld 30 Tud Taohitiduds hitinis 19 FEC
uag CRC

4) A LYY DV

] 4
I IKY

unanauuy DV uuwminaitinsdmvesdeyanvuidsanazdoyauuvadnen lae
SoyaiFoafivung 80 in uazhiinms1d FEC  nvaziidoyauvuasasaiivuig 150 i
szneyTidedeyafidesmsdoms so fin Gauduivesdiudeyavina 8 Ga) uag CRC
yu1a 16 ia deyauvvdsasafinmsidisiaflesdunnuianain FEC  Audas 2/3
vennntiuudadeiimaiindaguiid W lududeyauvsneadieliinuiadoymiiv
$numies 10 foumsidsiauuy FEC umamanuy DV svhimsugndauvesdeyaitos
uazg@saoanenniniu TasduvesdeyaidvagnifidmiloudeyodaInsTauas hifinsda
Soyntmidewuamnufanma
5) UNAINAILY DHS
UNANALUY DHS Adeiuiwanauwy DMS sndutnainauuy DHS Tufimsidisda
WUV FEC unaing DHS Tivwia 341 ud Gawdwiavesdiudeya 2 lus) uaz CRC vinn
16 DA umAnALUY DHS 1490t uazvmefidenSosuumaina DHS v lifimswidounos
AMuBnneasa 5 Yeana Taoseanmusnesiimsdedeyasiagesna
6) UNAINALLY AUXI
UNAINALUY AUX1 adofuunainauuy DHI udmamaiuy AUX1 hifins 14 cre
wennniudumanaiivnadeyaniiy 30 Tud Gaudasiavesdmdeya 1 lud uald

Woe 1 ¥eara lumsaaunning

2.4 unaglveunanAugYs

doyavounaNALRLAUANITAANUBIUNAINALTAIAIAIT 19T 3, 4 uaz 5 Tay

daudeyafiuanashildswdiuves FEC, CRC uazdmivesdmdoya
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_ | vnadeyaitoms sasnsaedoyn | misdadeyauuuly
¥1in , FEC | CRC
(lua) HUUTUNIAT AUNAT
ID 13i3) Ty | il 1aid Taidd
NULL Tt ) O I P 13 124
POLL Taidd T8 | Tudl Taid) Taid)
PHS 18 2/3 14 1ot 1aid)
A19197 2.4 LNANALY VT Insid
o | vwedauiaves yiadeyn sasmsdadoyauyy
¥iin . . FEC | CRC .
foyadems Clud) | Foans (lud) aunas (A ladiaAui)
HV1 Taidl 10 13 s Taid)
HV2 1t 20 213 1t Taidi
HV3 Taid 30 1aid) Taidi 123
A191971 2.5 UNANALUVBLE Insiie
Sasnsd Sasimsdadeyn
vinadeya | vnadeya ) ,
R . . Joyauuy uuvhiauuag
yia | dods #oms | FEC | CRC . m o
, . anwAs (AlatiaAnuh)
(lud) (lus) o "
@TadaAu) 0 oy
DM1 1 0-17 w3 | % 108.8 108.8 108.8
DH1 1 0-27 o | 19 172.8 172.8 172.8
DM3 2 0-121 w3 | 4 258.1 387.2 54.4
DH3 2 0-183 Mg | 1% 390.4 585.6 86.4
DMS 2 0-224 23 | 1% 286.7 477.8 36.3
DH5 2 0-339 T | 1% 4339 723.2 57.6
AUX1 1 0-29 g | g 185.6 185.6 185.6




UNN 3

o &
ANNINUIIU

[y d
3.1 ¥8d QY IUITUNIUVIIVINMET (AWGN)

Tumsdemsdoyarzninniosdaiaziniesiy dygpassasinudaunadoudng
fioglavsouih Itifadygrasuniu msmixnm  unzmsswmuoileanndygnuign

Y a a 2 o da d Py A '
TENOUNNTINAYIN (Scaterrer) 5’mn\‘lﬁtyty‘lmi'lJﬂ’J'umﬂﬂ'U'u%‘lﬂﬁ\‘lll’]ﬂﬁﬂuﬂu"] L 31

g

o .’;' ° A a d
AYYIUITUNIUYIIVIN (AWGN) ﬂ\!'u'uﬂ'liﬂ'lafNiz'U'UleJ'Jlﬂi13““1‘550“3?39’\’8\1

o &

fitadailedvidlunauningesdygudae

¥
ar -3

Tumstrassgesdyanusunuiniessmiu ssdmualidygraldsumssuniu

»
<4

NNiyansisUNIL AWGN fagifi 3.1 szldaumisaail

r(t) = s(®)+n() 3.
A a o 4 4 v
o r(t) ABAYUIUNATDITY
s() Aedyanmniaiesds

v »
n(t) Aodayaaisunau filiA1 Power Spectrum density Avaunsee 1

@,,() = Nl | Hz] (3.2

P A a a ] o o ° L4 )
Wo N, ADAAINUIANUNHIUHUYDINAINHIUNIY uaz'lumsmammuuﬂ'lu n(t) ¥

] 4 1 o J
Aundoilugud fianmunlsilsunfiuniis

s() 7ﬂ‘\ r@,
4/

n(y)

N1 nszvaunmsmsifiadygiusuniuiiniesdy
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FyanuniniesfuszifanruianmailounandyeusuninAWGN mldms
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s a 3 o 1 v a a a o
AudyanauduianuAanmaiu lasdyyinsuniussaawadensiiaaRanaIadu
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3.2 Msusglaniiuy Gaussian Frequency Shift Keying (GFSK)

o a &4
Gaussian Frequency Shift Keying "38 GFSK ﬁ']umiuaqmwmammmmmmﬁ' 9

H
(4 ~ o

9 a e i P 1 o d o o a ° <

doyalidnuazdygraglTivdsusmiuimddad neuiezirlveguasunisnnudd
A @ o 3 4 - 14

aduwmidnyasiminuudeiios uazda I lugduuuamuddiamisaliouaums

adinrnaafvesdayao 1ddiu (4]
s(t,a) = Acos(2xm fpot + ¢(¢,a)) 3.3)

{ o 1 = i A T o 1
Taoft 4- fi’;z ,Ey, Ao ndsnuseiindeya 7, fio avubadums uas a Aeaniudigszuy

stnaeiisalugthwugunlsznouiiu Sadeya o ; ¢(,a) Aedeyammbsavudseen

$(t,a)=2xf ¥ ajq(c-iT)

i=n-L+1
n-L
+mhf ‘_Z a; 3.4
q(t) = Ig(f)dr (3.5)

aumini.4fenmasnazaudavesdydnu uazGonhuda  aun1siz.s fe
dulszneuaumsides

3.3 MIMURUM3 Ivanuy TCP dmSumsaemsuuy]ime

» »

duusnfeminud lufordunguiuguluaudsefenisii ter Tldauly
2 2 U I :
szvunafiaouaz oo anfuinsanilgmifideadu dod Tep nldaumunievinld
o - o = a 4 ] b o
msuaziimsanuudetunguimadiiaggminnislunsadranuvdaesvesssuy
» ¥ []
mMshnuaniualsAnymqufug ety TCP
A A b4 A = [ 3 A A
(iie91n TCP  gnosnuuunuie 1Fnuvwniedolimoilundndaiudieling

g vundedie ¥ awedaugys Seilddssdngamlunisdauuedves
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3.3.1 nnuadavuneulnsalisinaea (Transmission Control Protocol: TCP)

]
~ +

Tcp WulilsTansafi Iin3oumsuinisang '1'3'1ﬁ"asm%’ums‘li’f'\nu‘lm‘}y'unqann
%38 41091 19U IP (Intemet Protocol) Tas TCP fuTulsTansauvunoumnduTedouan
(Connection-Oriented Protocol) @vhl¥msdedeyavunioiiviinannindedounzyinld
wileh aunsofiszdsdoyaialmenaledragndesauysel Tao Tcp sximihiinde
fudu Tus Taneadifinfiiiastsasudeniiuigndeeniel Tasdrdeyaiidalus
ama Insgenionse linsudu TCp ﬁ%zﬁmwde%ﬁegaﬁgtymu Faluuduqes

»
Titimsvhaludnuazi [5]

Sending Machine Recciving Machine
Application Application
Presentation Presentation

Scssion TCP:.End to End Communicalion Session
TCP -~ Gateway Gatcway A TCP
1P 1P 1P IP
Data Link Data Link > Data Link Data Link
Physical Physical Physical Physical
Subnctwork Subnctwork

I 3.2 msdornsuvutmedaaroves Tcp

gﬂﬁ; 3.2 uaasdumisves TP hunasgumsdemslussuuda (Open Systems
Interconnection: OSI) 92111841 TCP fJ(;l'lu‘f;:U‘llOQ nsmaweimaiwes ung doyaiidaring
TCP QniTUNIMANNTY (Datagram) 1A TCP %zﬁm‘:’qaéﬁqﬂnsafﬁﬁmsﬁ'wmnﬁmﬁ'um
ANy i e iiulvhmmunsuamnsafiergndsnadumalydaaremald
otagnAvaauysel 91nA W 3.2 sxiftud TP 'lxi"lﬁ'ﬁﬂgmé"luszﬁ'mnﬂnﬁ (Gateway) &4
fnthiimdumalmmunsuriniy

tiesnin Tcp Ty TaneanuuaeumnduloBouaa e lfiulehamise
dadoya sndumsgiarna1dediigndes Tas Tcp az1d5udonunindatomad

wudilddumensiwiideyafideeen 18 T dalmenetigndeands Taomsdeas
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senadumaeiutatenisves TCp szfinsadinssiadioudeiodensadredygnunsy
SunsedaaudrAummunsy
1 Sansafrnaimnindedeves TCP

Tudauil szndndeiinsii Tep Waduammindetiolumsdedoya Failili
xﬁﬂmsqq;muuazmsdqq‘?yn’faga
1.1) YNNI INBVIY

TCP vzlflavérdunaznisaeuiy (ACK) lumsadreanmingodiovamsda
foyalaoynluddeyafigndslumsidendeves Tcp srgnusaiiudidudinuiiGosdedu
Faludruria (Header) w09 TCP 9zussydnaviiiiudrduioatuvosdoyaludusn1ily
EsniA 6]

mefedFuez185unsmaneh sxdesds AcK vesdoyaii1diyluuda T
AedidaTaodrdyge Ack ilgndsldunmenolussoznariidmuanielmliend
%agmﬁuﬁwgndwﬂnu'?mmzwﬁq $EasfiGeni mineuiumananfunisdada
(Positive Acknowledgement with Retransmission)

TCP matadFusznevgiriwudanvvesdoyniindslidwuiigndemsolal el
il lifinaAanaalumsdadeya llﬁnu‘l.l'lﬂﬂ%s‘lﬁt‘giyml ACK flonszifanmsggymie
wiolitadn ‘5@a1ﬂﬁﬂﬁtﬁﬂmsﬁqq’l'ay,aﬁ=§1a’f'auuasmmm‘uﬁ'ﬂﬁyﬂﬂ'lﬁ swazBuafind
e lugydi 3.3

Send Recevic

123...30 123...3

[Cack ]

Reccived bytes 1-30

313233...50 R o Lost

Timecout

313233 ...50 Retransimil > 313233...50
o]

Reecived bytes 31-50

] [ 4
717 3.3 TCP Inilieninazmisdas

1.2) TCP 13aneias (TCP Header Fields)
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3107 3.4 uarma TCP waRBsHadnTod MR 1ifvivaziBualumsdeteoyaves
Tcp sziiu g luRadues Tep wminedIdsmnioniufidmunefadumaaswedn
Uanunn é‘hmmﬁﬁueﬁﬁu"luﬁusnvaﬁagaﬁdemﬂ"'wuazﬁamwmﬁtytymmm”u Feoz
visqavdvuvesluddalifieaiezdedely ondaeirugu &1 Tep 185udeyaisludd

30 fim19ezion 31 a9l IuNadnIneUsY (Acknowledgement Field)

0 1 2

3
012345678901 234567890123456178901
Source Port Destination Port
Sequence Number
Acknowledgment Number

v 14
717 3.4 Hadiiosduves TCP 1gAIADT

as 2
UAINY

/A

aiieule auudd ack  dedeyaluah 1 8aludd so udq hifideyan

[ [] y A o v d [
deanmisazaalunsdlisuilile Tcp 1451 ACK v nHaasadufozdaunniz TCP wsawnes 1y

T

Tav'hifidoyaTavnAlueanesozussymves Ack deluitiitae 51 dedunisven il
assdmhieyaiiezdslunfidelufife s1

717 3.5 uaasmsdedoyasznin Tep Faludandranz1ddeyavina 1,000 lud
uazluudag TCP 1samassnmudzysIgdi ACK Had Fudasdmudduveslud
dallfimadizdannndnihonis



26

CLIENT DATA 1001, ACK 3001 SERVER

DATA 3001, ACK 2001

DATA 2001, ACK 4001

DATA 3001, ACK 4001
DAIA

TCP NO DATA , ACK 5001 TCP

] 4
U 3.5 msdadeyaiugmuias ACKs

IEnIUANSNITA9INHIgNUIY (Client) Tnuditudf 1001 B4 2000 Tas ACK Hadse
A J (Y {o " ]
i 3001 damadezdiuludta lffaniie (Server) szdan
T . 4 4 v d 4
wivisszinsaeundudonuasdidoya 1,000 Tud (Fudun 3001) a4
ACK Wadlu TCP 1sminesszuaas it luah 1001 fia 2001 Aduive1dTudeyasdi
auyseiudrnziuinavirduvesluddalifimaies 13 udeyannignisieludn
2001
o ] ] e a 8y a 4 ] ] 1] o
daugndissdurnuuaisnaui lud 2001 3001 uay 4001 TavdsdnAsiiio
& o [ te P 1 4 [y 4 (oA v 1
Fafagnirohisuilufiezdessodygia ACK  vowudazisnuudAnsulumsduday
nud Tagenunsode ldsuniniiiesfms edwnzidy
TuAaivwssimsdadygna ACK vufisadyanaudn Aamisofiszuanslf
t ] td Yy ¥
uhdeyanamualéiusdagndecauysel Mindeuuiios ACK Roniu Maliieiduns
Uszndauuuaian
o ) ad s a a & o a
14 3.6 uamanisasdoyalunsdiiwnmudusnifamsgadonio Fandenndu

. 2 a &

] d 4 (4 [y u’: o oA St veo d
‘11’1\11’)’011711110171 IFENIUATSNAITINAUDANUINTY ﬂ:mu’nmmmﬂmuﬁnm'lumﬁsﬂu

3 -~ y Yo o a ar P A’: ~ o P [V .’:
adwsnndeflefunannsofissdeadyanm ACK fvsniudor Aamisofiszuenlddnie 2
iR 1A3 usd1agndes
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CLIENT DATA 5001, ACK 4001 Lost SERVER

DATA 600), ACK 4001

TCP TCP

Timecout

DATA 5001, ACK 4001

NO DATA , ACK 7001

] 1 4
71/ 3.6 msggymenazmsdadhdoya

1.3) A29U17219849 TCP
LY ¥ ] 1] Tt a o =
tcP  ¥mssunamarsuuuiielduileiee hivadmduinfuld luvuenis
g b v @ 1 y o 1 ] 1 [ [ o
foms Fadrvunaunariivzdansudilymaieg Tadlusdndudervszdeigmnsoniy
v o = o .’,' P 1] y 1 (Y o
TaednaFamulumsdinsierd luafauisn luduiivzuaa Iimudnddunaives TCP
wihfidedeyald lSalaremaldedagndes
- IS UNAIM T
o o ) o’ ° { o o U4 L4 (] o’ .
AavuninsaidinsiimidindanisnuInilie 1y n1sdad1 (Retransmission
. A =g : 4 4 1 o o
Timeouts: RTOs) #ufatuilornaildlumsdedoyalilfulaemanasdygnu ACK i
9/ a v 1 doe ] 4 ¢ - o P R ] & a
aumanninunhaiiiinua Tagar Imdiemsznlaouulas ldausiiaveunTevrodall
d A o A o @ A& + do 9/ 1 o’ ° o 1 &
AU MANAY Wi unadimiimuadeyassgnadasinisdsum RTO ¥lay
- ° @ 0 g a ¥ Q@ 1 = J 1 A 1
UndsgrhnmsiSunuuuend Tnuwdvaldsunseisdemgegainaiundaiiimsiyonds
Y
auan
Tavsdmiu ImlieniazgaiinsanlasmsSanausdvvesdoyadigndseen luaz
Q) :; o A ) v =)
YNYIH ACK NADUNIVNIN FATUNIUINNITIAUNNINTOU (Round Trip Time: RTT)
- MdunmInumsi¥ounouazia9uIa130M 3111914 (Keep-Alive Timer and Idle Timer)
y ) [ )
wiiunanunsieudenazsemsnanuiuflsnduiigaimidnlu tcp

mondelasdturaisnyinmsiFendeszdaumanainlugaaaisinus e I len
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asfemssznindumanazilatemsszdnaiinueg uad lilinsaeuausinigndnn
1 ' @ o o o ° Yo o '
mitedenduagnnaditunasemahnunsenuanami Idduivgmidims
fomsonian
1 @ o ol A' 1 = ‘yl ’ - 'd r A = U
Avssatunainuimadeude lasyndvedn lnsustwdinduaeg daliney

1 2 = = ' w o © o s o =
TINI4 D3 45 W llﬁZﬂ'IGI’JT]UI’J’G'Iiﬂﬂ'li‘ﬂ'l\l'luiﬂﬂﬂﬂﬂﬂﬂ 360 U

C— T i
| Wired Link | Wircless Link |
l FH : § R M}{ :
{ i | |
! : ) .

! Fixed Host Bae Stapion Mobilo Host |

711 3.7 msiFoudeszuhaniove i imeouasiione

3.3.2 M3l¥and TCP vunievelime

v 3.7 setuduiieuniene¥memdehiunisdeiimesssznouly
Sunfede 3 dau daunsniieTeafedfufl (Fixed Host FH) douficesdoiiigiu (Base
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p=AX (3.11)
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T=l—_ (3.12)
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3.4.3 NAINI550 (Waiting Time)

t 4 .
TupnaseziinisinsanluSsanamsseviniaalussuy Tasarlumsse
1] 1 4
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w =X (3.13)
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e W falnaimsse
& d’ - o d' -1 v @ JdJo d’
Fanar luszuumas nainssamasuaziiaImMsvsnsmaseinuduiusaail
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fruald Flow Balance

L=Ww (3.23)
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4.2 vodisiududen (Linear block code)
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o & M o o - A v oo A W
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vousadeyafumniaiusia 2t deyaileziSent [11] miaudon (Block code) dauiiad
AN IUU -k T HiSon31TiAAT2900Y (Parity check bit) TavTiars e aousintiiiluns
udswadeyofinauas hifidawfidusnmsegswait 1S sia b uasiisnsns
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'ﬁ'ﬂgaquuuﬂ’v’iamuﬁﬁﬁ'ﬂ ganmadmiatediudniwentszdninmuesszuums
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uden (k)
k bit n-k bit

Information bit | Parity check bit

Code word » bit
171 4.2 msidhsWauden (nh)

J o d v Aasda d g
4.2.1 mnniinesveastiadiiasuden
9 o 9) & a [ = o o

Tunisihsiavesteyadtivinannueraminy k iia ndningaidisdass 1danu

[ & o1 - J ] o = A Py 3 [y ) 13 ac
grvesdisvaiin o Ga Falivuia nk da dudafiius il dudeyavzgaiSonimi3a
=\ o 4 o J o 9 [ 3 = «
tansrvaey TassdaildszgnSonifiunia @k Fedandiuvesdauiadoyadiuain
I1VIMIHA k/n = Re (30nT16ATIM 514151 (Code rate)

o ) L) & da o v o 4 : o A .

Amsiimesonamils Mianudgylumsidisdeniufe siiminuenils (Hamming

. ° a o & ] Tt 1w ¢ o :‘ o (Y

weight) Muetadvaudavessdadaiiar hivhdugud iwu s9a 101000 szihiminoiiy 2
udmniiswadidiofudion 2 A1 fie

MT1971 4.2 HAAIFINNUUANANITSNINMSTHY

2.

Asvad i C,= 10011010 Anmueaan i

.

Msvan j C,= 11110000 AunUavedan j
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Tumsmmanuuansessnisimiaed wialdnnsnaudaniodumia
vesdaniimunniei Faozunsf 187 hszezusuil (Hamming distance) Won @iy d,
Fans1afi 2 Taodi i = j sindaetredredusznuhmissuzusuiianiiy 4 Tasfidwesssozuey
fiafifsendng 0 <d; <n fidiiqa ves 4, dmiunialaezdondiszezanuuaniidiga
(Maximum distance) voaraidiowldidhu d_

msdhstauuyia T Tauouesiisas159d (Code rate) $1un319 (Wideband) 1fufie
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msnSouioususs i 1iidhse Non-binary block code Usznauduidafifinauuid
sWettniuoue Element YIRS HAQNIABNIN Alphabet Y94 q symbol uaaslas {0, 1,2, ...,
q-1} Taovalyl q=2* 1iufle k-information bit gn map T4 1 ¥84 q symbol Taufi

n fie aANuo1veImIauouluuii

kfio $nmvesdoyaiigisrsialuudenyes n symbol

D_,, fi® i1 minimum distance ¥oaMadstauenlunis

Systematic (n,k) block code 152noVUA2W k information symbol L1 n-k parity check symbol
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] s a . . L] [ o o
A LasA1sTusueniie (Hamming distance) 38M313M13nd 2 i1 dna1n 13 lunoudu
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n=q-1=2%-1
k=123,..,n-1
D, =n-k+1

Rc=£
n

anwemnselumsud luvesmsidhs ety Symbol error
=200 -1)|-| 20| @
2 2

fdmauanufianaraidmsulisnninauauisalunisudlvligndes @
[ d
Fatumoeasiass liannsaud luastsasusianugndeuiaziSeniimsosasiadanain

(Decoder failure)

4.3 s¥ialuma-laag3-SeninIaudu (Bose — Chaudhuri — Hocqgenghem: BCH)

aseeauuusiaud lualwdanainszisznouday mseenuuusia laeiina e
vesdendufiqn () ffnnurnsmiiliudeninms 0 uazsvozmeduiiqe (@ )
Fosmsdmivsimiuniodmivamenvesiadmilsfismuald @) uazsasisia (o)
srdeamsesnuuyldswaiicn d mnfiganifiesdiuly 1 wufle sseenuuusia i
arwnnsalumsudlvanufanmialdafiqe swa Ber dluswaaadoudiionlfunss
Uszaniamlunsudlvanuianmaldfiiga swe BCH Fudusiadulngessiaasion
flsznoude (6]

AMNEIVBIVRN : 1 = 2™
Swansg: n—-k < mr
s::uzmﬁ"'u"v'iqﬂ td g, 22841

a 1 o o :i
o m uag tiflumdnaudulaamiluuan

4.4 sWaaalalanen (Reed Solomon : RS codes)

TrodnAudadausninasRinisanfiaiufio 61un11u0903 Narrow sense primitive [13]
P ﬂ o 'll ) ar t-sy ﬂ Y v -1
aauiluswa BCH uuv'luui3 swerifleziilu superset ¥9959a Reed Solomon 8814 15Aamms
3 o o o o P P 3 o
dhsdanifen Taondnqudaszgnlfludnuazvesnisnsznadesidumsidsdauuy

4
SalaTavouminiu Salddhmssausngduuunatsqdiulunndsdredaanequazinasgu
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o’ 1 o Y A 1 1 o .’:
yoamiadoarszma vundnnsnionquijvesmadiia e ldhwdsnnudi ledniuly

1 o «a @
iissduezinseSuelugiuuysia BCH

Noise/
en‘or\\
Reed - Solomon Communications Reed - Solomon Data
Dara ey —— > »
Source Encoder Channel Dccoder sink

17 4.4 uamsuden laszunsuvesswasa Ty Taneu
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o = é L4 L 1
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Aedudydnuaiveatnims ¢ Aendwannsalunsudlvdefanan 4 Aeszesdige
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g(X)=(X—ailX+ai+])..(X+ai+2’—1) 4.4)

aun1sh 4 Ao Ind TudisaNeanFuvessvasa loTanou douandassninasia BCH fuswa
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4
vnaums Ind Tudivafiug 14
g(X) =(X+aOXX+aIXX+aZXX +a3)
g(X) =X4 +(a0 +af1 +ar2 +ar3)/\’3 +(azl +ar2 +ar3 +ar4 +a5)X2 +(ar3 +az4 +ar5 +a6)X+a6

g(X)=X4 +a?x3+a’xt v’ x+ab
‘1ﬁ'¢’|'usﬁ'mﬂu ao a2 as as a6

m1af 4.3 Arsviadadnuel

Element Polynomial
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i aala’aa’al! iWoulasliegiugiiauguanenzlddt 111001111101111001010

Tavansaaglimeulddaaaluaisi 4.4

M3N 4.4 A13NTUARBUsT VeI RS(7.4)

arflowdh | drdendy | Ansqu X X’ X' Xx°
a2 a5 as a6
0 0 0 0
5 5 20 23 o3 24
2 0 a3 e a4 0
25 o2 45 45 0 o

Y

+ @ - @® @® @

i(x)

Ui 4.5 famsidhsiaialsTaveu

wssmudhsiadmivaiesalsTavouswaaslugli 4.5 Taodves g, hiduily
= " @ ’ a A v 9 @ ot A ] -~ v A 1
sy 1 uezlugammsquiimsi¥endedoundy Tavsslimsi¥ende nie hilvouds
J LI L) a 1 o A [N ¢ o LY L)
Yusguanznidl lummaui lumamsdandussiin hivhduguidmivsdaialeTaveu
awrsnbudoursssmadisda rsz49)  1adsgIii 4.6 vazninmsidisiass 184

a'6a'5a'0al ﬂﬂiﬂﬁﬁiyﬂﬂﬂﬂlﬂ‘ﬂ'lﬂﬁl‘u'l

@ @ @
(?}7 i(x) ® Sass >

310 4.6 2993msdhsvia RS(7,3)




51

MAMINDASHE

o a o Jad . a
Tumssmmnnuiananaisenitld las143i3ves Wosiid (Fomey algorithm) A4
uanaluaunIsn s
A(2)E(z)= f(2)* +Qfz) 4.5)
1 A(z) Aomaigonae Ind Tuiliva, E(z) mnsadalieglungquaiudluglvesIndTuidiva
Handu uaz Q(z) Aear Tnd Tugivafendumds —LsensafiammanuRanaaia:
" o~ o a - A
i1 A'(z) Tugderpiusvesaums IndTuiliva fie

(Even t) A2+ A, 337 A

(Odd ¢) Az VA L3 P A (4.6)
2 1

o o & ¢t @ =~ a’ o [ v (XY [ o
msiidamidulssainiues A uasiimsimuamlumeunugineglugdeynsuilgud
AANURANDIAUAR MU m asuaas luaunsig

e, =Q(z)/ "N (2) @7
o o v oA - LA v a9 a a J o
AMSMUIUMA z=a " auils i oAU uANYDISIN ING IuisaRandu

vnsaia e laveuimnmdisdasouienie o’ a2 aba’a%! dmiu rRs(7,3) muud
WiinsAanaafidumisii 5 uoz 3 1831 o32%ea?a%2%! Asuldeglugiiarddy
monad1diiu

S0 =a5 +a'4 +a'5 +a'3 +a5 +a'0 +a'1 =a'0

S1 =a'5 -61'6+a'4 -a5 +a'5 -a4 +a'3 -a3 +a'5 -a'2 +a0 ~a1 +a'1 =a'1

S2 =a5 -a5 +a4 -a3 +a5 -al +a'3 -a6 +a'5 -a4 +a0 -a2 +a'1 =a0

S3 =a'5 -a4 +a4 -al +a5 -a5 +a'3 -a2 +a5 -a6 +a'0 -a3 +a'1 =0

nmMsunuameovasluaunis 19

a®A, +a'A; +a® =0

a'A, +a®A, =0
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a’A =a'
— — oyl
A=a A =a

A(z) =alzz +a22+1

s1nveanisiFeudsaunis IndTuillvafie a*91n (o'a® +a?at +1=0) uaz a? 910
1.4 2 2 _ S ¥ T QT - v o o ° o y
a'at +ata? +1=0) Bmsinves Ind Tulion 2 A19naun1siide 2 imsasaedudeya
- o d Ao t @ ° ' 4 ° ° '
Aana1alddusendumis -4 uaz 2 ufe Aumia 5 uaz 3 miviinsAinnusnny

Aanaan a3 Ind Tudiva A1i183910 0 89 £-1 o9 S(2)A(2)

Qz)=(SoA, +8,A4)z+S,A,
Q(z):(arl +a’ +oz°)z2 +(ar2 +a')z+a°

Qz)=a*z+a®

° o o 9/ J . 9y ] R & a P 1 o
dmiumstmuald g(x) &9 i=0 15903MIM 2A'(z) FTAURDBUMNMTY A(z) TAoyn

a a

o ' (Y P 1
dudssnfvesaumsiisihiuguddaiueelan

e = Q(z) =a4z+ao
m zA'(zjz=am alz s=a™

M m=3 Uag m=5 AN

4 -3 0 3

e3=a ar2 —+3a a ar_1 _at
a‘a a

es = a4a2_5j5a0 - a_23 — o’
a‘a a

@ e ’a o { o ] o @ o { o
dydnuaiilaTufe o3 fidwmia 3 gaiimsudleldgndesldidlu o8 uasdgydnusinsy
1afe o* fdwmia s udnimsudluiigndesdidlu «Ouasiifonaagifinoulunis
09ATN VDY RS(7,4)
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4' 1 Py '8 @ o
M1 4.5 AINITAATITHUBIIN A 1o lansu

Code size Original Code Min dist. | Code Rate
7 (74,1) GF(8) 4 57%
15 (15,7,4) GF(16) 9 - 46%
31 (31,16,7) GF(32) 16 51%
63 (63,31,16)  GF(64) 33 47%
127 (127,64,31)  GF(128) 64 50%
108 (108,53,27)  GF(256) 59 48%

» ]
nndussusnanamsoagliddmsnd 4.5 Aemmsinseimmsidisda i

usmIumsidhsda mszeemsdgaiiannsoud 1vld uazdasnsdnsia [16]
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5.1 Unin
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azaanluntsdons uazﬁmum’nm‘s‘ﬂums'd'q%’aga'lﬁ"lé'ﬂ?u1muazﬁ1]szﬁn§quai‘fu
C“mms‘l‘i‘f'szuuuqmzi‘lunnéamsﬁ'lﬁ'%’uﬂ'mlﬁuuqamswhmmanuunmsﬁﬂé"q
gUnsal1dd1s 51719 annsaindentholdihe mnedumsdemsludninamdifivuaden
Fafifuiidrie quaniafugnveugysie msuegmauuy GFSK  Sasinisdedeyn
IMbps HOUAYTINET1$AE 2.4 GHz Aamdnduniaman 79 a2wd anwniuveauay
aawdae 1 MHz 1fidam 0.1 mw lumsdeesnemea msdems B¥mueszunugymh
MIAIA YR INYIITITUVY Broadeast Tuinoiiwusatuiioulinsdeasveslasete
vnaidnifufle Piconet Tavamnsofignaie (Slave) gegald 7 n3eq Tasvimsdedyga
SIS AANTIEMITUNIMIVY AWGN Saaaslugyli 5.1 Aediednginsaidiaanseiind
Tuilegiuifinissesiuszuuugys Taodgluuuuasnihilumshauiuandeduud

o o ] e ] A. d’ 1 A o
musamnsfudedeya 8 luszuuugys Jemidendadudsiihauluieiinisinon
(1,2,10]

2 A |
7 L ASBINUN

.....

computer:-

(gniw) Scanner

(gmim)

gﬂ‘n 5.1 1UUS128IMIMNUITVUVYYS IurBsdyanuNIMITUNIULLY AWGN
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5.2 iwudiaeszunugysiinsliau TCp Yslanen

Stant E

sending
Define variabl l ]
efine variable AWGN l
jl’ No
Initial system setting i
GFSK
1 demodulation

/ Intcr-arrival time /J

No

modulation

Result throughput and delays l

i 5.2 unufamshaussuugysivawmiugesdyaasun i AWGN

» » »
1NN 5.2 uermsiumsunmsiauvesszuvansaos e 1dail
L yhmsadugadeyavesdlduins Taslinsdmuadunmmnfavesyadeyaud
azdldvimsuuudu dAmualdudazgadoya lifinisifalunaidoatu fvua
- o 1 dy
wiiimeiase Il
Simulation time = 1,000,000 sec
Time slot length =625 us

Transmission rate =1 Mbps
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Signal to Noise Raito  =9-11 dB

Time arrival rate =650-1,100 s
Time service =650 us
Master =11A704
Slave =71A504

° o e 9 y a a 4 ' a9 W
2. msdasngadeyavesilduinsamnamsinaidiunuugy TasSsedrduein
& ) = i [ Y
Yoo livnn Gahifi Temelinamsifafinfeufuvesyadoya
[ »

3. msassdeusesdgyguiimslduimsirinniehiluniwsnszuuwanyn
U o ' A o a9 g -] ] o o ¥
yoIdgya N Wevesdganalildmuaunnyesdaygru yadeyadalidossely
suufmugliuy MM

»
4. verdggnaitgateyanieminisds askudunsunisuegqaauuy GFSK 910
doyeyreu Digital 1Hiudgyanan Analog Wudyaudinaisiiumsrunuuy
(] [] t d
AWGN fillszAunananiu sesdgnamiimssuniuiihinissasssasimssuniu
o
Aan

5. Mmsulasdoynud12m1391n Analog 1u Digital A1umsANBAE@AUIIL GFSK

6. aTngsuANUdemsvefeyamndeyaiansAanarndimualissuuimsds
1 d
Fr9adoyaIAn (Retransmission) {iuTamzduuumsiamves Tcp TilsTanea
A - - 1 .Y [ ' A L] .’
WiefoyaifianuRanainsziinsde NAK ndu'lud madaitovemsded uay
A o 1 -4 o L4 o (4 | ] [
diedeyaimsdalinnuauysel masusiimsda Ack ndulddamadasudy
da o 4
wedudumsduadefu [17]

7. Mmssandemuselumsds

5.2.1 MANITUNIY

vingldi 5.2 Asmahauszuugysihauiusesdygusunuuy AWGN
Fufidumsiauiidumssunauiuy AweN Fududyusuniuamusssuna i
Wiunssun NN asadeunnuia Flow Chart mavinmId&az1d 5.3 18]

ot idiudeszundreduiimsatragadeyaudimsdainamsennally
ﬁm'zzﬁﬁmi5umumumm;umamw?'lf‘hnuﬂ Fav1rmsdvia 1,000 Saru'lus
masy lagdmualdlinissuniueino dB e 12dB FunamasinninfunlSoudoudy
iresduuuy ldnadauaaluglii s.4 fefanmninzfuiifianuianmaguiiessun

gnnissunuluanizhiguuswaziioan1aznssunuuuy AWGN fvuinanasezld
o /A.-.:J
HOANTNAYY
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Uniform random number G Ian rand b

generator generstor

Y

f‘ k Output
Binary data source =\ v > Detector > data
> Compare <
Error counter

/ 30 5.3 uuudaeamaihnuvesnsdedeyaiumssunauiuy AWGN

A2 ) L3A32

Error probability
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ABSTRACT

Bluetooth is a standard for low power wireless
communications between mobile devices. The Bluetooth
systems are degraded by Additive White Gaussian Noise.
In this paper, we simulate the system using component-
based architecture to model the Physical layer. The
system performance can be assessed using throughput.
This paper investigates into an approach to use TCP and
Reed Solomon code (RS code) for solving packet loss
and packet corrupt correction due to AWGN Channels in
Bluetooth system. The TCP and RS code provide the
high efficiency and have a major role in data
transmission for Bluetooth system. Therefore, TCP and
RS code are chosen in order to propose the throughput
with view towards enhancing the performance of
Bluetooth system for AWGN channel in this paper.

Keywords: Bluetooth, TCP, Reed Solomon code and
AWGN Channels.

1. INTRODUCTION

The prosperity of wireless communication
technologies has been creating wide communication
areas and various mobile services. Tremendous growth in
the popularity of wireless mobile devices increasingly
requires efficient communications between ubiquitous
heterogeneous personal devices (PDA, Notebook, PC,
Scanner, Printer etc). The increasing demands for
modality in the modemn world have created requirement
for a “Bluetooth” radio system to act as replacement and
communication mechanism of a Personal Area Network
(PAN) Communication is performance via an
inexpensive, short range (10-100 m) transceiver that can
operate without any license in the frequency band: 2.4-
2484 GHz [1].

The main contribution of this paper is to evaluate the
Bluetooth performance in hostile environments. The
problems are packet delays, transmission errors and
packet loss as shown in Fig. 1.The Causes of problems
are Additive White Gaussian Noise (AWGN). The
AWGN channels are natural noise in environments. The

problems solved by TCP integration and RS Code in
wireless are a challenging problem. Many solutions have
been proposed to solve the problems of TCP over
wireless: packet delays, transmission errors and packet
loss.

Fig.1: Communication of Bluetooth system in AWGN
Channels.

2.BLUETOOTH

Bluetooth is a specification for the wireless
communication of voice and data using short-range radio.
The modulation is Gaussian Frequency Shift Keying
(GFSK). The operating band is divided into IMHz-speed
channels, each signaling data at 1 Mega symbol per
second so as to obtain the maximum available channel
bandwidth. With the- chosen modulation scheme of
GFSK, this equates to 1Mb/s. Using GFSK, 2 binary 1
gives rise to a positive frequency deviation from the
nominal carrier frequency, while a binary 0 gives rise to a
negative frequency deviation[l]. The Bluetooth
communication protocol is a slotted time-division duplex
transmission scheme, where each slot is 625 s in length,
Two slots from one frame: A request from the “Master”
is followed by a response from a “Slave™ [2].
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2.1 THE PROTOCOL STACK

All transmissions are synchronized to this slot grid
and are completely controlled by one of the units defined
as the piconet master. The master Bluetooth systems are
scheduled by the Master-driven time division duplex
(TDD) scheme, and their time slots are distributed
alternatively between the Master and Slaves. A Master
can send ‘Poll’ packets to a Slave in even-numbered
slots, while the Slave can only send packets to the Master
in from the Master. Thus the Scheduling in Bluetooth
systems is executed on the Master-Slave papers. Since
Bluetooth employs a Master-driven TDD based
scheduling algorithm, which is basically operated with
the by exchanges of round-robin policy, many be wasted
by exchanges of POLL or NULL packets even when
there no data waiting for transmission in queues. In a
piconet, the Master will transmit and receive from each
of the Slaves, which are allocated an AM address and are
active at that time. If there is nothing to send, the Master
may either omit that Slave or transmit a NULL packet.

22 GFSK

Gaussian Frequency Shift Keying is a form of
frequency modulation where the data bits are convolved
with a rectangular signal and then with a Gaussian pulse
before being used to frequency modulate carrier. This
leads to phase continuity at the edges of the symbols and
hence containment in frequency. Mathematically can
write as

s(t,a) = Acos(2m fot+ ¢(t,a)) (1)

WhereA.-."ZgIL, Ey, is the energy per data bit, f is

the camier frequency, and @ is random input stream,
comprised of the data bita;; ¢(f,a)is the output phase
deviation [3]

-iT
L+laiq(t ! )

n~L
+xhf T a; )

Im—

$(t,a)=27f

The second sum is the accumulate phase of all previous
symbol, and it is called the phase stage.

1 4
q(t) = f g(r)dr 3)
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3. REED SOLOMON CODE

Reed-Solomon codes [4-5] constitute an efficient
class of linear codes using multi-bit symbols and having
the capability of correcting/detecting symbol error.

Error correcting non-binary Reed-Solomon codes
RS(n,k,t,d) are block codes defined over GF(2") and are
characterized by four parameters: ‘n’ as the codeword
length, ‘K’ as the number of information symbols, ‘r’ as
the error-correcting capability and ‘d” as the minimum
Hamming distance. Bits are grouped into ‘m’ bit-
symbols. This characteristic makes this kind of code
particularly powerful to combat transmission burst errors.
An RS(n.k.td) code is a non-binary BCH(n.k1d) code
built over GF(g) with[4]:

Information block size n=g-1
Redundancy bits number re=n-k
Minimum Hamming distance d =n-k+1=2¢+1

An RS(n,k) code, when 7 is the total length of the
codeword and K is the number of information symbols,
and code rate /n, respectively can correct up to random
symbol f=|(n—k)/2] errors where | k| represent the
largest integer not exceeding , or detect up to (n-k)
symbol errors. Moreover, it is capable of correcting ¢ or
less random symbol errors, simultaneously, provided
that2¢ < (n-k). Typically “Error comections check”
decodes. Hence, it is advantageous to determine the
reliability of the received RS-coded symbols.

Following the analysis described, we investigate the
performance of an RS error correcting codes operating at

approximately half rate but having different block
lengths (see Table 1)[6].

Table 1: Reed Solomon Code Table

Code . . Min | Code
size Original Code dist. | Rate
7 (7.4,1) GF(8) 4 57%

15 (15,7,9 GF(16) 9 46%

31 (31,16,7) GF(32) 16 | 51%

63 (63,31,16)  GF(64) 33 _| 41%

127 | (127,64,31) GF(128)| 64 | 50%

108 ](108,53,27) GFQ56)§ 59 | 48%

4. SIMULATION

In this paper, we simulate the connecting channel
between Master and Slave in Bluetooth over wireless
communication system as shown in Fig.2. It consists of
1) Transmitter 2) Noise and 3) Receiver, respectively.

Method of the transmitter is described as follows.
The input data are encoded by RS and then modulated
using GFSK modulation. OQutputs from the transmitter
are sent to the receiver. The received signal includes the
effect of AWGN channels, with zero mean and 1-sided
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power spectral density. In the receiver, the received
signals are demodulated and sent to decoding module.
This received data stems are compared with the input
data stems from the transmitter. The difference from the
comparison is used for calculating the Bit Error Rate
(BER).

RS (ab) GFBX
Datala -_*—l.u* modulstor

e o ] i

Fig.2: Block diagram of system.

This paper uses TCP for flow control. Packet loss
and packet corruption are problems in Bluetooth system.
We solve these problems wusing TCP. An
acknowledgment (ACK) is generated only by the
receiving TCP and after the data correctly is received by
receiver. TCP transmitter is guaranteed that the data have
reached the receiver correctly when it receives an ACK.
Also, Negative Acknowledgement (NAK) is generated
by the packet loss or packet corruption. The transmitter
retransmits the loss packet or packet corruption. We
consider the packet corrupts correction for decreasing
retransmission. The bit error correction is a characteristic
of RS code. The packet corruption is corrected by RS
code. In the case that the RS code can not correct the
packet corrupt, the NAK packet is send out to the
transmitter for request retransmission packet. Then, the
transmitter retransmits the packet until it corrects.

Fig.3 shows diagram of the simulation which has
eight parts. The details of these parts are shown as
follows:

1) Transaction generation for the Slave.

2) Transaction sorting in the Slave from small to
large of the birth time.

3) The connection check between Master and Slave.

4) The channels send the data by using RS encoding
and GFSK modulation to broadcast. '

5) This ig the AWGN interference in channels.

6) The simulation transfers the data from analog to
digital by GFSK demodulation and decode by RS
decoding.

7) When data successes. That is received complete.
If data unsuccessful. The system retransmitted data.

8) The system throughput is computed.

Fig. 4 shows RS code that is solved BER of
Bluetooth system. The RS(7,4), RS(15,7) and RS(31,6)
are code sizes of RS code. BER is decreased by RSn
code. Thus, we choose the RS(7,4), RS(15,7) and

80

RS(31,16) for this paper. In addition, the noise of
environment is 9 dB and 11 dB.

Fig.3: Flow chart of Bluetooth with TCP/IP and Reed
Solomon Code for AWGN channels.

10’ ¥ T
R ‘O‘TE,S_*‘E*\\
i N
E [T5 gl TS S S

10

|

1ot
o328
fas

4 ] 10 12

6
SNR (63
Fig.4: Probability of bit error versus SNR when varying
RS code.

5. SIMULATION RESULTS

In this section, we present simulation results that
show the performance improvement when using TCP and
RS code. In simulation results, we propose the
throughput of noise effect. For the environment having
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AWGN, we propose three levels that are SNR equal to
11 dB and 9 dB.

The Bluetooth performances using TCP and RS code
are shown in Fig.5 and Fig.6. The throughput is
succeeding packets complete in transmission per
simulation time. They illustrate the throughput of
AWGN, TCP and RS code in environment that has effect
of noise. The x-axis is interarrival time (sec); y-axis is
throughput (bit per sec) of system. The curve of AWGN
is throughput of system that has effected of AWGN in
channels and not be performance. The curve of TCP
presents throughput of system that has performed by TCP
in flow control. The other curves present system that has
performed by TCP and RS codes.

According to Fig.5, AWGN curve presents the low
level of throughput that is the cause of low data
transmission. When the system is performed by TCP, the
throughputs increase more than AWGN curves.
Furthermore, when we perform the system by TCP and
RS code, throughput is increased more than TCP and
AWGN curve. If, RS code size changes from RS(7,4) to
RS(15,7) and RS(31,16), the result of simulation
increases respectively. However, the performance will be
degraded for higher interarrival time. When signal to
noise ratio is 9 dB (Fig.6), the all of curves have lower
level than Fig.5.

The code size is a parameter of implement in system.
The code size include RS(7,4), RS(15,7) and RS(31,16).
This paper investigates the performance of the Bluetooth
radio by using TCP and RS code. According to the
results we conclude that they are high performance in
AWGN chinnels.

6. CONCLUSION -~

In this paper, we present a simulation of procedure to
evaluate the throughput of Bluetooth system in corrupted
indoor channel. The results show that the throughput
decreases as the interarrival time increases. In addition,
the results are agreement with TCP and RS code. The
results jllustrate that the throughput increases when RS
code has large size. Finally, TCP and RS code are high
performance for Bluetooth in AWGN channels.
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RS code. ..

"" i .
deeeaes \“
\HF-—«‘ \N\i

G0 70 7% 80 60 90 90 1000 1058 10
Interarval time (0)

——o
Sy

i

Fig.6: Throughput when varying interarrival time and
RS code.

ECTI-CON 2006
The 2006 ECT| International Conference



82
wa Y A
Uz Iagivey

wwngnus Aa Inwe BadioTud 14 Tquwu wa. 2525 RS aminupssdin A
nsAnBygarmdanssuAtansiudia - ananddnssuinsanuian  aandninden
Fsanssulnsanunan  Auddnssumtani awidnaidamaluladigoudd lullnasAnm
2546  uandnAnmselussduiByanin wdngasianssuAansuwiugin @10
Franzsuinzanutan nAdTRAINIsNInsANUIAN ALAAINITHAART aonTumaluladl

nszsauinddiaummeatanseia Wilmsdnm 2547





