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ABSTRACT

This thesis proposes-the_application ‘of rate adaptive Reed-Solomon code
where the information size can-be automatically .adjusted. according to. noise level.
With the block size of 255 symbols, the code can utilize MAC layer of Wireless Body
Area Networks (WBAN). The code rate will be adjusted by evaluating the Bit Error
Rate (BER) at receiver. side at 10-seconds cycle. The BER of 10 i generally an
acceptable criterian-for medical application. Since Electrocadiography (EGC) is crucial
information for all the patients with cardiac desease, the reliability of monitored data
is important. Hence “data_integrity. ‘must be ensured.” The lowest' code rate is
preferably set at thesinitial“state. The rate.will be adjusted' to the‘appropriatness
according to the evaluation of BER. Several-MIT-BIH Arrhythmia data“sets are used to
investigate the performance of the.system. The simulation was performed in Rician
fading channel with K factor of 2.

Upon the obtained result;«the adaptive system works well as BER can be
kept in range. At the SNR from 1 dB to 4 dB, both adaptive rate code and fixed rate
code deliver similar performance. At the SNR of 4 dB to 6 dB, the adaptive code rate
shows better BER pérformance significantly. At the SNR level of 6 dB and onward, the
rate adaptive code still shows good trend with comparable performance when
compared to some fixed rate codes. In addition, the rate adaptive system can gain
advantage of energy consumption on decoding by 37.5 % reduction, compared with

the fixed rate system.
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WnIFIuATaYIesenieliany IEEE 802.15.6

unsgIulesednesaneliae (Body Area Networks - IEEE 802.15.6) ldgn
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Media Access Control (MAC)

Human Body

Narrow Band (NB) PHY | Ultra-wideband (UWB) PHY
Communications (HBCOPHY

JUTl 2:1 mmé’uﬁuﬁ‘waa%’umamwLLawﬁ'umuqumil.%'"lﬁﬂ‘i'fa:ga

2.1 dunteaw (Physical Layer %30 PHY)
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sy Tuvnziigunsaiuuy RFD i ilugnanewindy funteaimues WBAN a@nansa

wudld 3 wuueadl
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(QoS Mode)
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Fumenminsinaluladnsdeansesauulngi (Electric Field Communication)
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2.2 Yunaupunasidnfisde (Media Access Control wia MAC)
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—— CDMA
FDMA
Dedicate —]
F— —— SDMA
—— TDMA
ALOHA
—— Random CSMA
MAC BTMA
71— Random —
Techniques
: Reservation
Random with ALOHA
Reservation
PRMA
—Poll

¥ 2.5 Bnsdeassnmsidifiedeteya

2.2.1 wuudslunisidans

Wasguldfimunuuuisnosiisfesasansovisulanisluanyiuuiondeluil

2.2:1.1 Beacon mode with beacon period (Superframe)

TunutAsd beacon WwgNEIIININe 1 (Hub) senlUluusazyadiaiues
beacon &mL"J'uimhqﬁ‘lﬁﬁmiv‘l’wmw‘%‘agnﬁaﬁm‘li’ UAZIUY Superframe santiudiuges
9 ethavin M Weliietunstantsuasdunisussniandti fe (lamsdidauy
WAy 1 Exclusive Access Phase (EAP1) w\laﬂ'ﬁt"ﬁ'ﬁumueju 1 Random Access Phase
(RAP1) \Wain159AN15. Managed Access-Phase (MAP) wan5idngeiiae 2 (FAP2) iwanis
vhfawuugu2 (RAP2) iWaWasTenasudinfia Contention Access Phasé (CAP) dufiunisds

]
v o

dyquinaudandsanats Tugamasihnuiinaisesiiiafidadymin beacon sanly

Ly

waziudnarslunsmuaunsidnds wasduimlitonsdyautugunssiseudig

2.2.1.2 Non-beacon mode

‘luamumi:ﬁﬁyﬁ’anaNﬁ]sﬁLﬁaqmmawmscﬂums%’mmswhﬁu'u uazliled
n1slidamezenenisdsdygn Beacon Lﬂugﬂu:u*umsﬁamsﬁlﬂﬁms%’uﬂisﬁuqmmw Y
Ussiaﬁzju“(,unsfﬁﬁamL%‘amiaﬁamsdau’[,my'ag‘luam';wé’uLLas'LajG'faams%'Uﬁaé’avammn
undadu ieifunsusendandanu LLUU"‘J%'ﬁﬁEm'L‘B'mqunszﬁﬁﬁﬁi’m’ma}ﬂL%audaﬁaa 9

viogunsainaansilaliluinme wialugunsaiildldvihnuseias
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2.2.1.3 Non-beacon mode without superframe
mnaagyihmihinisdeansasmng Fausznaudenisayginnsidni
fauayndenniigalonreUatennsasgnauatnsseziiainsidiiees EAPL w3e RAP1

wazagldlnslnmoa CSMA/CA Wiemuaun1svaldde

2.2.2 nssudslunisidngs
T¥dmsumunasluurazmanisidrfedoves superframe annsauvsoonldifu
mugmmuﬁqﬁv
2.2.2.1 Random access
TuwuuAsaTmansiifuuRes. Twanisdnfuuudul wanisdnde
wuuiitey 2 ihamaidfautdn 2 waziwatndennsidnis BBmsmuaunisithisdestaey
TdnssuiBuuu CSMA/CA™ wi3e Stotted Aloha Tag3siuy CSMA “o1aasiitigviiiasan

\Foureiivou (hidden node)

2.2.2:2 'Improvised-access and unscheduled access
suuvunmsidfiauvuiiowaliniseumuy - best-effort” 1iindinnsiea
velunsdinaguenmilenindmuanis | visenesyldnaseusmisidifatuvanuusey

THYTLIAN

2:2.2.3 \Improvised access and unscheduled access
slnvvilenaeziFenlddmuanisinelildns@ioaisuuvaamne dienaay
14 vn q sveyseunatszndg 1- m enduinaeunsmaniuazdedadiinislivs ssosm

1 uag m a1 msldinaiiunsssygaliousiouanemsiiianzas

2.2.3 Uszanvaawiu

wisuweadunruaun st idevzilun @ inuian uazdeansiitedeeanlunie
furunerndunienn m’mma‘uaaLwiuﬁﬁu’adauﬁgnﬁwuﬂﬂ'sma'nLLﬁuauﬁazhuﬁ’a
(Header) uasdiunsinaaudifuinsy (Frame Check Sequence) wazfidaufianuerimsy
fusgfuruavestoyaiids (Frame Body) Tassaamsuiluuansisluzuil 2.6 sz

YpunsuLUIDanlfa UG lUil



14

L FB 2

Qctlets: 7
LFB
R TC IR Pt x>

Octet order:

MAC
Frame FCS
Body

MAC
Header

5U# 2.6 lassaeveansutayatumugunsiinfisie [7]

2.2.3.1 wsuuszandnnis (Management type frame)
v % de 8y owow a ¢ o < : o o e
Usgneumelateyaiiluvisdoteiu uasildananansadioninaeiinolin
lusznaumeineu msiduiuauasade-—nisanidnainulaeniesianldsenineg
floans anltdoansseninndlnMsvaitiouss NMseygIAITENANNTHONRD Waziun

YDYAAIAIDY 9|
9

2.2.3.2 wlsudszinvnaiugu (Control type frame)
Usgnavudaediuiiludeyasiaselififle. dufiduiieyassasiivung
o a d v é’ f g w1 dv s @ o e
mavsoisuwUanid ansudszinnilannsoiwndayadaneluil mspaususuuiuiiviule
nMsUiasn1IReusy nsneuFurvuviuiviilaTaiungsidlng nmsufiasnasaeususiuiv

Twa Twanugiean wagiisuwuy B2

2.2.3.3 Wsulssinndeya (Data type frame)
wisnssinndoyaiidseneunausanisdatuuiindiu msudseendy
dautos uazuuyliii'Media ‘Access-Service Unit (MSDUY) wawdnfinisseydssianindu

JoyarmuviedaliiandifyluntsdseyatavgnszyanuslSudadduviui

2.3 n3AUANLAzIL [YYRRANATARINLINTFIY

2.3.1 msfpasuauauiuay zinesarIuANANNRANaIANILY mngﬂﬁ 2.2
wanafetunMen mvaseaLAY finnsuensa BCH nldaesguuuy Aofidauves PLCP
Header uaw PSDU lngludiuwes PLCP Header tussilannuenivune 31 dndeussneuly
&8 PHY Header HCS uag BCH Parity Bits asld5wa BCH (31, 19, t = 2) Fufusiwasgns
gaua95Wa BCH (63, 51, t = 2) Tnensufinda 0 $1uu 32 Sanluneuvinnisdnswa uas
wyhnsavindenanesnneumsdsteyalufavatenna n1sdnswaves PLCP header uand

Faguit 2.7
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From PHY Header

Y

Héader Check
Sequence
Calculation
A\ 4 A 4
PHY
HCS
Header
¥ T '
1 1
[}
' 0
: ! v v
| ]
i | BCH (31,19)
: :
] t
h 4 ) 4 Y
PHY BCH
HCS
Header Parity Bits
) {4 bits) .
(15 bits) (12 bits)

UM 2.7 n13aine PLCP vastumeanimuaunanuduay [7]

SN STAaIUYeY PSDU Hdunaunail

1. ATUITUIAAINETITAVINLAUDIT
Nesoy = (Nitac neader + Nuac Frame Body Nrcs) x 8 (2.2)

1D Nuac neader ' A0 W08 MAC WOUIWAUIUA 488 Nyac prame soay F9 TU0

- gp9du MAC Wusuniludaias Neos iudauiures FCS fvaodulud

2. AMUINUITIUIUVDIANTHAUDSVIA BCH

N
Nospy = [ PZDU] (2.3)

Wis k Aa IUIUV90RYNIENSIRI5WE BCH
° o o 4 o v a MY P %) @
3. muuvlanwdedmsuRulifuAsnISIU1SwE

Nsporten = New X K— Npgpy (2.49)



16

msihsiaiidues PSDU seldsvia BCH (63, 51, t = 2) Taeldwyuwruiinidu

gx) =1+ 3+ x* + x5 4+ x8 + %10 4 x12 (2.5)

wazgdmduw3ate ansomidnnnsAnamrLedsil

11

r(x) = Z rixt = x"*m(x)mod g(x) (2.6)
i=0
o m(x) Aowyuwdaya aunsouandldidu
50
. 2.7
m(x) = Z mxt @)
i=0

4 4w\ 4 . <
2.3.2. msdeasiaUnuiniWel :nFUN 2.3 Iuansdstunipnwuen1sdedns
waundwds dmsldsidniuauaTufiawannsese BCH @etdiu Aediutesnisasne PHR
wazdIuvas PSOU Ingludaumsa¥ny PHR uvsiinsldfnedoagluwuuiBuss H-QOS &4

ABAINSMUALAA1TALUATUWMNEs HARQ 1M §99UnaunI5aS19 PHR wandpazUin 2.8

Shorten BCH
HCS »- =y ———» PHR
partity bits

4

PHR Frame

5U# 2.8 M3a379 PHR 999 un1enwiaual1eanineds [7]

]
¥ o <

PHR Frame $9uin 24-06 lnadad 084 3-9guanfadnsanisdedoa Sail 4 dadia

u

=

P 7] YV gl o o s a o
¥ 11 9uanAmueestupmIuANNSWrtdie Uafl 17-uay 18 agseyiiuanu HARQ Jafl
a‘ Qs as 1 o a‘ = a d Q‘; [ [} ddl'
19 wag 20 venigInuNISNILFR8 duten 21 fadedl 24 Wuiannsdrsealilunsdidu
Tudruwes HCS aslumsidnsfansedudennnalnuuand U6 wuu ITU CRC-4 Tnanisld

WU

p(x) =1+x+ x* (2.8)

ﬁm%’umniﬁﬁa BCH # PLCP Wuagldswaaavunn Ao BCH( 63,51) dmSuluu

J5unA wazld BCH(127,64) dwsunisdearslunuuds Hi-QOS

a

n158319 PSDU  9gUsznauiiuain MPDU saufusiatesdyyin BCH Usenauly

.

#78 MAC Header MAC Frame Body wagguiiidiu FCS uanaagui 2.9
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MAC Header MAC Frame Body FCS

4
v

MPDU

5U#1 2.9 1A59a3579909 PSDU veetunmenmuauauinieds [7]

npUNISARgYInNIsas1ansueas MPOU vy PSDU ﬁ'mam'lugﬂﬁ 2.10

Bit Interleaver [—» PSDU

Y

BCH Encoder » Pad Bits

Y

MPDU—»] Scrambler

o o Y d v a
gﬂ‘ﬂ 2.10 M158319 PSDU. 370 MPDU 98394 MEN 1wk UAINANI 1989 7]

ASHULITUN DU

L2 o - o la W a o
1. Scrambler anﬂiaﬂqama\‘lﬂqilﬂﬂUﬂﬂL'ﬂu 0 'VIiE]Uju 1 waﬂﬂﬂﬂuuqﬂlﬂu‘hﬂw

v

99n91N1Y FeamsnssRtemagldmunniuin wayASuiusimual ss =0 :amiuazyi

msiRuATuASagvilumn-q sy

2. 'BCH-Encoder encoder agviin1siinsviarosdayann sesnludedvuinfe
CBH(63,51) a¢lalunuuidUnd wazsia BCH(126,63) agltlulutds H-QOS

[
Yo

FITMIUTDIA T AN LR Pail

Npspty (2.9)
Now = [T
il N'pspy = 8(NMAC neader-t Nyac frame Body + Nrcs) (2.10)

fmiedus e Nyac neager A0 TUIRvRIEINH MAC Husunulud
W2 Nyac rrame Boay FBUUIATEIEU MAC WUTWLUA Uag Negs Wudruauves FCS &

wielulud wasddwimie (N pspy, k) = 0 Asviagavneazseaslinisiy

Nps = Newk — N'pspy (2.11)
v & o a o ' & ° [ @
fatiuduulanmuanaunzyin s wane

Npspy = N'pspy — Nps (2.12)

138851
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[

mMald9viE BCH(126,63) vziin1sldausaniu HARQ Feldwyunuriingiail

gy =14+x2+ x5+ x5 + 218 + x1% 4 x21 4+ x22 4 x23 + x2* + x5 + x26 + 30 (2.13)
431 4 x32 4 %33 4 X35 4 x36 4 138 4 x40 4 x4 8 L 3?9 | 52 ‘
+x53 + %55 + x56 4 x61 4 x63

3. Pad bits Wumsiiudndrluludunadieldasunuduudadmsunisidhsia

Furuiaineslglunsiudntivaunsavlaann

Npspy + (n — k)N¢y
log, (M)

(2.14)

Nyaq = log, (M) — [Npspy + (n — k) New ]

ﬂ. < ' d U L o L4 lo’ U
W M fe ATNAWATNANF TN IUNIINAAEY YT

. . < v 3 d. g e/ d‘ o
4. Bit Interleaving ﬂamsaauumnaumzﬁminmazyty'lm LW@L%Uﬂ'ﬁﬂi%ﬁﬂUUﬁl
a i a ell’ L4 (% o Yol J a 1 '
NﬂWﬁ']ﬂﬁLﬂﬂ‘Uu‘lViﬂiﬁﬁl'lUﬂuaaﬂlﬂL'WE)I‘VI?,Jﬂ')'lﬁJVl‘uVl']UGlaﬂ'ﬁNﬂWﬁ'lﬂLLUUGIE)L‘]?IEN dung

dmsunisaauinuandlagail

fI(n) = nbModN, (2.15)
dla N, fis A Hveslnivmsasy Unaduualid 192 tazdn b 37

¥

2.4 nsnandeyeyiar (Modulation)

. a w 2

' a o t o v v S
ﬂ']saﬁamm’]mﬂﬁ]maﬂlﬂumﬂua 0 'laz-1 N'Nl‘lJENE)']ﬂWﬂLLUUl’Sﬁ']EJ szaﬂﬁﬂqsﬂaﬁl

L) U

aa v ¥

Fyaufiviadnudyyinueusden edna ulufansanistazdesiinsuendymyiu

] ¥
-7 J <t =

aandelvladyyrunmilousvadunduul Arndenguuuysenisnaisiainase

Uisﬁw%mwmaamsﬁamj Iﬂaﬁ"'alﬂmingﬁﬁ'ﬂgmmﬁﬁﬁammsnLLﬂqaaﬂLfJulﬁmmmu [9]
ﬁamsﬂgﬂé’maﬁmmmawam (ASK =-amplitude-shift_keying) ﬂwsngwé’zgnujmeLUULawLaa
@ (FSK : frequency-shift keying) u,azminfcagwé’ﬁyzy'lmuuuﬁmam (PSK : phase-shift
keying) MInadnyaauuuialeairaziinududeution wselivdnnsamiuvesdynyo
anedygn Lﬁaﬁming'lé'i'ty,nunmsv‘h‘lﬁmuwﬁgmmﬁmnpmlﬁuLﬂé‘w‘lﬂ wiiidoidensadl
- frmumumusedygusumuiuasiieiaussourdesinsndidyginuuuievioaauas
flodia nmsnandanaaeaasiilirmivedygranduniasuly faumuni

(Y]

AR IUTUNIUNINAIIUULDLOALA TaUITaULAlUENWLIAABNATINITIIMIBVBIF QY10
16 s
fin

1 24

= a o % fa  €a v ' Y o 1% o
INPY E)LaEJs[,uLiax‘imﬂ‘ULL‘iJuﬂ'm‘VWlﬂ?ﬁdﬂ%ﬂﬂﬁiﬂaﬂammﬁmLLUULaLaﬁLﬂLmaﬂ’\ﬂ‘Ux‘ﬂuVl

=

a

%
nsveyaliniu Mminadyyrnuvuiieaiaavesdygivezildsulundsainiinisnad

L3 fa i9 o L4 ' '.{ Qs o =
YN wuusIanldestasniinisnardyyinuuuaean wazdenldlunisdeans
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) ' o o ] a v -
alplud Wumsfaasauiien nsEeaisiulasian n1sFeansuauAlnuandie dauaiuise

Tumsnumusedyamsuniuldd nsnadygraiillidlunesgiunisioasiemelians

daquanalunisad 2.1

seituhdulngldmsnadyyrnuuuiiteaia Feivia BPSK

Wuluws uae QPSK finandynamedydneal snciulusauaud 420 - 450 wnzedng

nlinsnandgyrnuuy (GMSK : gaussian minimum-shift keying) tilasannidunisldanlu

anvueiNgITaIiUNINITUHNE (MICS : medical implant communications service) ua

(WMTS : wireless medical telemetry services) Fedulvgjazifiugunsaifldiladiluly

319me Wugunsallyidavigiala viendesdesetonenelu leededdiinnsunsnszaeadu

]
<

L.

Tihfesngaetasiunansenudu 9 fienveziiinfuiusane

v

d‘ o w 1 ¥ ﬂj ] } 24
a150 2.1 msnandyayattuving q Alluanasigiunsdeanssnnaliane [20]

Tt el e Y v
181 gl o L Basadgydnenl | Sasadeys
v FRATRRIAIRE T R
SRR | T T~ {Kbps)~ - [y (Kbps) -
PLCP Header T/2-DBPSK B 187.5 575
402 - 405 MHz PSDU 71/2-DBPSK 1875 75.9
PSbu 7/4-DOPSK 187.5 303.6
PLCP Header GMSK 187.5 57.5
420 - 450 MHz PSDU GMSK 187.5 759
PSDU GMSK 187.5 151.8
PLCP Header 7T/2-DBPSK 250 76.6
863 — 870 MHz PSDU Tt/2-DBPSK 250 101.2
PSDU TT/4-DQPSK 250 404.8
PLCP Header 7t/2-DBPSK 300 919
902 —- 928 MHz PSDY 7T/2-DBPSK 300 1214
PSDU TT/4-DQPSK 300 485.7
PLCP Header 7t/2-DBPSK 250 76.6
950 - 956 MHz PSDU 7T/2-DBPSK 250 101.2
PSDU TT/4-DQPSK 250 404.8
PLCP Header 7T/2-DBPSK 600 91.9
2360 - 2400 MHz
PSDU T/2-DBPSK 600 1214
2400 - 2483.6 MHz
PSDU 7/2-DBPSK 600 485.7




UNN 3

ﬂﬁﬁamma:sﬁamuqmmmﬁﬂwmﬂ

Tun1sdeansshudesdygrasnduddudeiuiuiy  Tnsunimnlifidygyn
iumuﬁﬁﬁu%’uf‘mzlé’ﬁ'nujzyﬂmmﬁauﬁmﬁmnﬂszms Wil e T NTUNIUTENINNIWER
dygnaisuliiy orvvsiuluvieliannsadilald dafunisesnuuussuudeansiedes
Iilidandwvesmdsdynusededyarmsuniugs 9 Signal to noise ratio (SNR) uazdl
é’m’lmsﬁﬂwmmaﬁagaﬁ?ﬂ % Bit Error Rate (BER) M15USUUSIaNTINUYYDITZTUUMNS
Foasansavilivaneds uinsdnsia-(Coding).ansaeansiasunfmluiidulsenou

fauandluguil 3.1 [10]

Source Channet )
Source = . 3 ; » - taoculator
ancoder ancader
Channel
3 Source Chanrel Pl
ser : Cemodutator
Jecoder Cecoder

U7 3.1 ‘vdenlaosunauuessyuundsieans
3.1 Asied1azANEIANYeIN N

msdhsvia Teaussasdifaiiuainaniifetielunsiudedoyaldunniu Inedfisva
Uy 9 msewiimeunsalunsasvdeudayaildiunmiviiinuRenateaviold wavens

wneie anmEensalunsudludenisdhsiauimaingUssasAldildu 2 Ussum

3.1.1 nsiihsvauvasnie (Source Coding)

124

o) =t 1 vl P Y < = o a o
L"LI‘Uf‘lS%‘U’J‘L!ﬂ']iL‘UaEIU‘UEJHEI‘L‘VINEULL‘UU‘VIIMSU'mu Y9NSR UANAUTDIURAYBUE

v
o

vasrunsiddsuduaisuinlmi wiunisidnswasie MP3 uag MPa WWudu Feuteaseanis

P O w a o [ o [
L*Uaaumﬂuuma'm%m'lﬁlmmgammumLanaa
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3.1.2 nadviarasdnyeyias (Channel Coding)
unsrurunislestuindeyansudeiudesdyyin  ieldlaruvumusie

v oW

FyIusUNIU NSaANBU MIunInaen 113919 laensulasteyadunaliinliqudiy

%

mensiiudnaraeutilludeyaidn nsudnsWadesdygnaunsavilsdassguuuy

3.1.2.1.1 msuilvanuianaindravtin Forward Error Correction (FEC)
Tgfiguiuduannsaineasaduuasnisudlonruianannld

3.1.2.1.2 nsunlemufianaind1anda Backward Error Correction (BEC)
wipunndaSeniinisdeswesndnlud® Automatic Repeat Request (ARQ) Tnefidusuiiu
ainsaredurnufiawanausiaglivihmsudlyusgyinisewenduludadddiddoyai
Ravaneiusnlual ylidedanat seifi ARQ Slimaelusiusyuuitlianusadsnanse
FoyavFauuunannie ARQ ulsmansviauldfil Loy Stop-and-wait \ilodsdoyasenty
i gasassensnauntiunngiuian mlisunsaeundvisedsdeyanaly ninldldng
ﬁué’uné’umU‘luﬂmnmﬁﬁmuﬂﬁwﬁmﬁﬁﬁm‘;aLﬁu'ﬁLﬁuli‘luﬂ'WLwa'i?sgwaanlﬂ WUU Go-
" Back-N Eﬂadwzv‘hnﬁﬁﬁagaaanlﬂaEhwiatﬁm wivnndesunsaanuteRanan fedzds
Foyalmilaodaunduluiishums N = 1 faufilesuazlFSudesamunadinluedaiinnn wuu
Selective Repeat Eﬁaaiwsdmawwmsu%’m&aﬁﬁﬂwmmwi'lﬁu'u iflosandofived ARQ fivihld
nsldanudesdaedilssansaiwgs Jainasiamn ARQ 53U FEC (8071 Hybrid-ARQ
Vi3 HARQ Famaausaniussvitnsudluaru@anaradroinnasnnsiames 16l
‘lumiﬁmuﬂﬂﬁﬁ]s?im,awwdauﬁtﬂwuaﬁagawi'lﬂv’u Iummsﬁwﬁﬁﬁmzhjgnz«iaaan‘lﬂé’aEJ
miwﬁms%’awa‘lﬁ’daLﬁaﬂm&quwuiwﬁ"ﬁayjaﬁmwmﬂ HARQ _anansautsesnlaluaes
Usziavdiail

3.1.2.1.2.1 Type-!

Wunsimamuiivanysasaafudefnnainuagnisudladofananly
wianfvuludayaneunisds Lﬁ'ahlﬁqﬂma‘mws‘l**z’fsﬁ'aﬂ'm@uﬂ'nuﬁﬂwmmriauwmwudwﬁ
%'E]ﬁﬂwmﬂLLas‘l'JJE)ﬁﬂwa'lﬂﬂ?uaQ11JLﬂ§N‘V1ﬁﬁ'13J'ﬁﬂLLfﬂ‘U‘Lﬁﬁﬂsﬁ’lm‘sMﬂ‘U wAnINIUSHUTDY
foyaludruiiianaraiifiuninaruaiunsofivglisiansiaaseudefionainunu uasaziia
Foyaymiuudvhmsfaseliddmiviloutu ARQ Uni

3.1.2.2.2 Type-ll

foyayausniidseanluasiifiven3atnduiunsidefawaawiiiuiide
Witvdeya frdeyaiisulabifidensmarnfezduvuilutes 4 uimnidelafiniufinsawy
Jofiawann udryadeyadaly srgnrmwiidmnsaniuiasnauiludefianatnludae
windeyayadaludilmnmanudetionanfiavdinsdamnifdndmsunisudlatefianannly

v ' v
AU NABLUBN



22

shrRTUANeTIRRANRTR

{zrror Control Cocing)

[

[ |
Myefleanufenaneiyusiad assutlensufianana
{Forwara Eror Correction) wuvua sl
| {Automatic Repeat Requesti
l L *LUIIYRKEE T {Stop & Wait)
et unpundl {Go-Back-N)
s¥auuuvion sﬁ’auu%.maﬂ'}@*:‘»"’u eusndonds (Selective repeat)
{Block code) {Convolution codej
evaugus {Harmming code) °s<7|'aaau'l’:@'5""..! {Convolution
e5¥zlamdn {Cyctic code) codel
*57a{i8ies {BCGH code) *5%afi3iBy (Trellis-coce
*stfadnlslausy (Reed-Solomon Modulation)
coce) ssavasly (Turbo code)
ssdansavaouSRuuy * fuq
emavaiiush (LDPC coce)
e

JUN 3.2 Usslnnwpssviaaiununlananfisiunfiey

3.2 SisUaNE I

3.2.1. swdudan (Block Code)

msvnueswdeyaiifesnsdhsiassnifiungy visiseniudeniinnaindy
k niudeyaudiagufonfiasgautadiiusisia (Codeword) Milinuefaiviaiu n Tnodl
n agflAnnnni k @e wareESenswaRuUTInTdhsE (nk) Tnednfudanisidnsa
wuuiliuszuv (Systematie Encoding) ﬁﬁﬁ’aﬁlﬁﬁ"udauﬁﬂu%’agaﬁnamﬁu k vunagla
Lﬂﬁauuﬂamﬁi%ﬁdwﬁL'ﬁmauL%'flﬂﬁnuﬁwmaﬁa;daﬁandqwﬁﬁ%a%ﬁmummﬁu n—k
fgusuiuiinihilunsnensiasenuidabnisenuInannsadlasudannaraunisdule
wﬁﬁ’wmm'l,ﬁ’lﬁwhﬁ’uquéLLaﬂaiwﬁnsﬁaﬁ‘lﬁ%’umﬁu%ﬁmﬁmmﬂmwmm Favgdpariinng
uladoyalindufuindemsmishumisiianaauasmideuly matfudeyasista

o

gasfayavun k In dediguuuuidululite 2% guuuussvilidesdamssumiieninus

Y

Jnumnnuazgiicnududou mnldauautmdadu (linear property) azviliaunsnan

AMUTULDUTDIITAS 1WA LN



23

3.2.2 %adaduliea (Sequential Codes) iasvianaulgdu
(Convolutional Codes)

ﬁay}aﬁéfmmn‘i‘fﬁﬁa‘%’lﬂgﬂLLﬁGEiEJEJ'r]E)ﬂ UAREAINITNANT19TT W IWELABE
saliles msvenauanTBvessiatimudeassssydudnsdimntoutoyaidluwis
mheasvhlifsiaildentunaedu n wihe wu 1/n vm'\Ejmm'jﬁauuaéxgaﬁwﬁwﬁw
sldrsiandsnndhsiaudy n wie vise 1/2 vnemnuindeyaduwanianieagyinly
lassWavungamley mn%'wsﬁmaubq%’uw‘lﬁ%ama%u'uuLﬁauLLazaa%iuanLLuu
wegla 2 fwvueld D Wumdndunsmiraamilonie Fdldumi3dawmesuuuidon

ansnlsuwyuuiiiinvessiansulgtuladail
G¢(D) = Yo D (3.1)

Wo p Az IMUmhEANNEYN RIS HaRaul gty Feredwauve s iames
wouuaz g; = 1/ finvesdayaBunmgnmiznialy i wiie dnanenisiindeyaiendnm

o adagly

@ Yk
% » D s D
=@ sz
gﬂﬁ 3.3/ wsvhsvianeuligiu
mmwsvﬁ"ﬁﬁa"lugﬂﬁ 3.3 amﬁnmwuumﬁwLﬁﬂlﬁﬁqaumiﬁmdw
G(D) = [G1(D),G,(D)] = [1®D,1 & D?] (3.2)

We @ A fMAunsuINLUULegla 2
G1(D) fe wuwdriliavesoyalownn vy
G,(D) fip WyuwRINMlaAvetaYaL RN yE

waZINUIBANEY (= 2 B
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a ¢ w @ v o w - "
myazisiaraulgtuannltldiaTesanugdiin  Finite state machine
(FSM) wiouwunwnsada (trellis diagram) fild Fslaevaluszuansdeyaduwn anus

SUAY A01UEiRlU LAZIDANAYRITEUY

3.2.3 sau1y (Fountain Codes)

Jumsdhsiaiiihdeyaidieanisds suismunesenidudnusunedidesnslagld
Hardugu nsdedeyadndudasiidnvuzadionisidnalieanlunienaien1snizanem
9ONYBNIY %nmsnszmaaanmaaﬁmf‘faznssﬁ'}aehwiatﬁathﬁéuqm figusuiiuagyinig
Sulilduaudeyaiinnwesiuaunieedie q funminerdslusesiuth Tasdisuoud

szannirduIuvssdeyanignuuifisiunasadaianisuiledeyanduannnguideyaniula

WA A MNE8ImMANNT AT A uannagUTTed

s, ® e ®
Y AN
Fountain source * ‘e -9

@ encoded symbol
O source data
@ redundancy.

sU#7 3.4 awaTagdnasifyTuedsviau i 1]

u

09 g v 0% v o 4 | a a v U o U
sl mdadusiautuliifidasasya e saineetlaminguiin dusuagyinissu
lesvidegnsallesauniavaensdlasesanysal Mmadisiasgendenannisnisnseany

Yaamaagaduiandurainisnszaneanunasidu Twrastntuiinissulastuinlatng

a o I

wiazUnauleanutuargnyin X-OR  funau nisdalndnsianalludannusu aemaed

Y

¥ a Y a (% ! ¥ v a a4 v
auawuwan‘lmwmmnmmﬁumaway’aqﬂlﬂ LLﬁE%@Hﬁ‘U@QUﬂVIL‘UﬁJMIUQﬂU

Y

3.2.4 s%aU%ev (BCH Codes)
svaddeumdusiawuuudanuseunnuils Fawaundunausvase-lalavou laeld
adinmansauudiandITiunsasesia Arsviangnasedu c(x) Jeyasunie m(x)

wazwuuiile g(x) awnsadisuduaunisead



c(x) = YFdeixt =co+epx + x? + ccpox™E (3.3)
m(x) = Ldmixt = my + myx + myx? 4+ oy xk? (3.4)

g(x) = YFgixt = 14 g1x + gax% + cppx™ 7k (3.5)

v = P ° = o o v v o P
Tunsdswaifiornluszuy agvhnisideudeyaiisesniadisialunmevinie
U (n — k) duns GeRemsviimdneseyadinly (n — k) vieBnnimilaffents
v n-k 2 v v o ] ° ' 1 v oo ad a 1'1_] wel -Lu
A m(x) My x™F dudunimgnideuduisesniuudimitowiiannasadluagyinly

Iafswaiiinnifegiudedie Inediuwaniiofsaludiuvesdoyadaunis

c(x) = po + pix-F paxi 4 L +P(n—k—1)x(n_k_1) N (3.6)
mox(n_k) + mlx("_k_l) + o 4 mk_lx("_l)

Tagfinsvmuamase ple) mldanmsnirvivievenismsnuidteys
p(x) = {x("_k)mx(x)}modg(x) (3.7)
Tngfinyunuiiile g(x) AenIm w3 eswnummdaiifiduanednaiu sevdng 18 2t

g(x) = LCM{f; (), f2(x), vz o far (x)} (3.8)

fawiyeveamuiitinvzSenulonfiununadisiase-laladey  wainismen

YaanvyumALlinvziizn TwIsa ey

3.2.5 nisindulavesnisaensid

'ﬁﬁwu%’uazﬁnisu'i%"lumsnaﬂs'ﬁ’aLﬁ'alﬁmmmﬁ‘uné’uﬁa;&a’tﬁﬁmm‘lné’ﬁmﬁ'u
dhudslinndign [12] Feazdunisdndulaussinuendifuld deyaiisulfiiuazesnunly
JUnuula

3.25.1 nsanaulakuunenu (Hard Decision) Aan1syiAUssunueailn

v < ar L7 L3 1%

Yayaniednanuval Nlnansasnisasnsia nisanduladinesdaessedv nadnsalaay

v
v a

$n71 YEsuuYese Wunindyyrunsudeyauiasanudaldandu 0.9 Aezdedula

Idndoyarigndsesniniandu 1 lusngiivandygraisudeyamfarsanudilaandu

Y

0.1 fagdinduladnladeyaiigndwenundiAniu o
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3.2.5.2 mssnaulanuvaziden (Soft Decision) Wun1smIANUNTRRDUDY

e/ v cao llu Qs P

Undoyaviodaydnualnsuld windygraisuldliriivesinasuuurendiaiunn fezuans
NAssinavesinteyaviedydnuaiilaainiasnseensiaiinuningeiieqs wisiiny
uaniluiazgniesgs lnsunfudinisdndulawvvasiden szldiaaunnaiimsdadulauuy

venu Hesnagiamunengnuiansanienuiululdvesioyanaiuase
3.3 WUUIRBIYaIHRIN

Tussuumsieanssunassuuiniethensufnes Yoedy NI RUIENIRINGNS
flannsadudadls Wy meiala aedfiinder mewdaloud viednansiilunsdeude
wilou Wy msdeinlulasion Fyanaing vEedurise Tagviamiilunisdeinudoyad
hudayanas andasludadsu %qmﬁ]%vﬂucgeiuﬁmw%mﬂunzju‘lﬂé’a@'%’mﬁaqﬁawawaé’%’urﬂﬁ
uaﬂmnﬁ’ﬁaaé'fgmumé'ammmwmamm‘lﬁwawgﬂuw WU nsideurassminagaisusuly
funAugnuacies mahuzesesdyyiatoialasldrLiavseghunul uilsenineios
vietwrasdaifufeyafiannsoewsadeudeunaduly Tunisteasliaeiudetinisds
Fyanamnduniluianens audhuasvesdnauetsssasuliifoswinusingnisal
A4 9 LYY NAvIULUI A INTEAUATERY Namaamsazﬁau‘tﬂmLﬁmmnﬁﬁ'ﬁ\qﬁﬂmw
sewinane nMsAdsunaUinaefiosninnsndsuiivesnduasdausu uasn1sanveu
yasdnynnuilasnssegnnsillnaviasesniy

wuUTIasRdy TUABNI eI IIEAN BTSSRI UAYSY Wadaiaan

v
v

dengasludadfumaaunismaatingamsusailiidudielou Fulnezgolansdieniy

(4 1

uneuiuvenewmadedindduna dygraisulaannsnesuiginUsingnisaiaesetne

Qs

Aatinannsiasulvussd g adunisnevauesduiad wastinainnsnidyyiu

L]

sunugnuINily wanslaRaNSRaT
y(n) = h(n) * s(n) + w(n) (3.9)

dlo y(n) Ao dynadiuld k() Junansuaussduwaduastas oy s(n)
Dudyaiigndsesn uas w(n) Wudygnsumuiiduun
wamauauaaﬁuﬁaémawmﬁzymwm“ﬁuagjﬁu
1. anududadu violidudady

2. dyyraudivegfiuamseld
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4. dyaaufertesiuglivarenau
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1. NaAYBUAYYIMAINIZEENN  FUINLARIUNUAIEANBIEAIL ABN1SUTEUIMNIT
L 1 1 L g 4 ' b 1
dyrugdssgninesudsivaiuiudislifiinginvinesendname ldununisaaney
) ] D v v o £ Y o ° a o o & °
dygyruianudaiuiusuiuedivsseenis lnsiuuudiassidngaivde wuudiaseinie
974 Friis Luud1assdonfaunuy
s = . a dav _a | Y MY A e
2. HavdIUIINgN15adlaM3e Large scale fading iinannisniinginvinudusulsl wiesin

d A a 1 Yo o a :
Werduiiumsiarldsunanseny YnliAansganiu @edluy wagnsvany

S 2 - v o @ ] - = L ! ¥ o Y %% v
nansiiluenansianulidmsumsldanuienisdnwivintgy leygnlmhluldusslesimunism
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3. waveInsimdeuivatsiivie Multi path dygrnaindudeaziiumislunansiienie
dloifumandeiiguiuasinaunnsiaiy ﬁﬁlﬁﬁ'@LWaLtasLtamwagmmu@iasﬁtyfym
wnnsinaiulumaeg

dosdgyrusiassfidenlunianisdeansiias wWuwuusiassaname (Fading
model) Tnefidnygnazgnanveuas tesnanmsdsdyyraangdaludSuasimans
s wavesusngn1saian dyaaiiudeinnns msaaveudygin madsuues
dyga madeuanud mansedansrans vennilkuusassesdyyrauuuuandund
heggnénafaruiulnedygiuezgnasmeusedygyinsuniu Alimsnszasuuund Ty

guumsdeansiimedlounuuiassvensdian warlaidou wudety

N1383519uUU180990 e fiank-UafdInasa s 1911 NaNNAFILADILUY AB
wuvadensinlagldia3emistiaswionmes (Vector NetiwarkvAnalysis) wagn1sadneann
aunsMIndnmapi AN NTinasas MUUNEESS Tty st dedaniduassuuufouuy
agjiiuil (Static)/ WazuuTRRoTtDyRamich labiuoghastiistrasuiidyaenadoatudin
Usrunnndluntsasdio Ui daasdganandansovassane 13 atydudunisia
dnvawnlnsnsTaéuatmaat At dwaneinatadtiddinetaglnd 4 vie
Heoglustsng-tilogs arasus Wl osilaifolarlnssasusantiuusd dednasions
Wiuvnavgapaunmi g T mielunisaisduniesaunse iseerldiduaudnuns
ol Aoildlus T loagpasiafantia il agasiam ofer yeg U EmIaraliif 2
\Buiuns WasaUnsaiituerdestbuiuni 2 wupiisfudbiliu Swuns-sumtisnisdang

gUNIRlveI LA U LA SR FRE N WAL 3.6

@ Non-Implant device
@ Implant device

| @

JUN 3.6 Yan1sgunsalsudsdygnnenasetiesianelians [14]

<

Yosdggruntdluiaiedissrenigliatsaiuisadiwunuuuinasseentadu 4

sUUU wazudsengosfiuluaniBioaun fine o) vessenne: 7 dnualyail [13]
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A1919% 3.1 N1999NLUUNITNABBALNBMILUUI 1A &I

S1 sevingluswne fulusinie 402 - 405 wnzdsng M1
S2 3enIlUTIeN1e AUUUsTNNTEY 402 - 405 WNELEING CM2
s3 | sgwiwnluiune fugunaainieuen | 402 - 405 Wneldnd M2
s4 sgwitsuueanie fuuusunie (g | 13.5, 50, 400, 600, 900
Tuwunanea) wnznd M3
2.4,3.1 - 10.6 finzidind
S5 senInauusne fuvusenie (d | 13.5, 50, 400, 600, 900
agluwwianean) wnedsnd CM3
2.4,3.1 - 10:6.finz\8304
S6 | sgwinvuine AugUnsal 900 tunziIng cMd
muuen (eglukiinmeni) 2.4, 3(1 - 1056 fingiand
S7 zwinuusne fugunsal 900 Wneigsnd
mevan (hlegluuuaaen) 2.4, 3.1 £ 10.6 Ancidsnd cha

3.3.1 Wasdua1tue1eng (Fading Channel)

N5919W18 (Fading) | flansintie uesdugnniiadsihudedyaianisdeans ds
ovAnanmsdanassdfuusIngnsaiang q e nsdsunamesaniandou
Tudumafueesdynial validnanaielunaieds (Multpath), aunieglddeiuiy
Ay alunsaziaun 199 taunAINI IR usuldinSanny uanmnf}ﬁwé’waaﬁzycyﬂmﬁ%gn
aaveuasliviiudosnaruanfvaaatI AdukAs e run Tl uvg Fyerad
fuasinanmamkasaiiuuinimed Suiulvldfinsiusuemndgiatinnsaduiy
Lﬁaamﬂag‘lumatﬁmﬁu v3sanTuInasIndanalAnnsind st uilatannisnduia
vadnynndrzivdsulunmaa

awavihliiAnn13919me (Fading)

1. Usngnnsal Doppler shift deviliAnn1sanamieetined q (slow fading) was
mMInemeRiRatuet1emng (fast fading)

2. nsawviou (Reflection) Aatuidenisunsnszaeaduuiminlnfnssnuuy
Jnqdafiauwaiilvgannileisuiuausnafiuresmaunnszaiadu gy Aune wila
fiuems AfuusduasazTioundy Tuwnfirduunduaziunsiniagmnarumun
yasinglumawinfuiunuenedy Usinadasviounduasuusindufuauemedunie

LUSHUAILAIND AU DARUAUNIINIUAILNS ARUTINEYZaNaAEUNEIULDEAT

{ U
fl
<

a o 4 a d a oA o aa
aaululasivilissainaiuineglinrmenaduannniaiululasawinn lusasiinduii
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AMENIRALTRENIN 9 WuAduEuBuN IRt lia T soRUAE U TR il wuen

visarulUle

3. SiaEaLUY (Diffraction) Lﬁﬂ‘ﬁmﬁmﬁumaﬁmmmﬁwq'iwimmaiw,asmﬂ%'u
gnitnvralneufiiidureuiivin wietngiifivunslugininanuenaduinn q wu o
RREREN navneduSusuTiaesaniuidiinraanisiadoufiiuiuiivdaddeatnail
Ramsidevesrduseudsiareiulasiamzuinueuresing Hlvlifidumauuaion
sswhamedauazmaiy ileufuirduiumsinmdeuveuvesiagiiiarnas

4. M3n3LR (Scattering) infulisfaduisiudinarsiluingfidvuadnndy

a

Waisuiumnueeauy azdsmalinauinnisnseianseatgaanluvatefianie dmalinay
Avunluiavaten1aziinduasann wu-Aaulug . 10 — 20 Ansdmdgnitiunis
foansanifieniinnueinau Ussinm 1 ~ 1.5 Wufiwns asientsgyideetiannluans

omantilusnifioanuuinveswinruilvuialnalfesiumaNeAaY

USSNUBINITINAIB VS0

Y mMyaentUsnstng (Carge | scale . fading) e n1sfisedumduadeves
Frusuiinnsiumouednet q lussagmadu ' Useaes 5 59 40 wihvsspgaay mas
WisvesduyuiuiUIganauilasr sy G U RN Ta T g lusinay
uwnuieN1sAaanTeiu macrocell vy ninsaiunasiidminstumatsilans 39
sswiadunemsasesdyamenissgruatilaefngavie Tngiitivuinlve) ilvdya i
Fulainnndgygiamsdeniiundn Usingnasaiiinaiadendimansenuaannisgnuals
(shadow effect) ~A1saemIBIAsIRgaNIIsnesuElaBndnvmenilafe drimualy
seaEnTEwinsUdRUsuTUisseza uavhaaswasudumisesdwstlunans q 7

2/ o LY U ‘ﬂ. Qs T 3 ] o hnd dl g A d ) 1
LEIVITNITIAAUDAY YDA Y TULLARS IV IEWUNARUIAUAYYIUNIATUNILAFLIAN 8UA

-

Ty Sauissesnieseniaginuduasnuiuasiidwituinmuidesanifidsinena
wuadadguseninaduneiiuinaagiy

2. AMTINMBLULINASLEN (Small scale fading) Ae Anumeiindadyaaiusud
nsAsuauintueg1esinga delinsivdsuuUamesssaemeseninedudafugudy
Wisadntesindu lunsdiidyaafinisunsnseaeuuunaradums mdwasdyaa
é’w‘%’uwﬁmmbgasiamsm?ﬁ'auﬁmaﬁmqsau q fuutiu n1seremeniasdnaiunsn
Aaduldudidnsseenesenirsdudasdusuldinnudsuudausiinisidsuudas
anmwndey Iulinmsindeuivesinquazdinuindudumufuvedoyyin

wenani  dugraiiuldddinaieniietunisidenldussinanvesansainie

é’nwmwmmEJmmmmﬁé’agﬂﬁi’wﬁ’ﬂﬁ'zaé’nwmzmﬂ%mu WU @EeINALUUNNANIEQNLY
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o v v % L ] 4 a‘; ) o LY ]
ﬂULﬂiENﬂLMf\]\‘l‘VI'J%VI'ﬂ?J anwmsiwmamaaquauulummzaumzLﬂumnmﬂumsaa

doygnuaziinnuuananiuesniuluudazyana 19U AUMNIYBITINNTY AnaNTRAIN

]
U a

WHuladidnnse uagaduiiuaud dosdya ity Small scale fading aunsauansunumae

[y

wuudasasian wie l5ifeu Yustiudygiuunssuiuaien

v

3.3.2 iiaaé'cyng’rmmét%ummwmn (Additive White Gaussian Noise)

[
o/ < 124

Wumsdrasdiygrusumuiiugrunasuindluiuvdggraidwiuyedygyi

R(t) = s(t) + n(t) (3.10)

fl ]
Q7 »/ <t

Tne?l R(t) Wudygoadsvld s(t) Dudynividieen uay n(t) Dudnyeu

L7t 7] <o

[ %
=1

sumuiliaduluszuu legatanvasdyginsunuinatuduinduninumuiuduve s

wusguuuuinmd@guninisuanusaiiuuinaspiu— fefirededuguduazainiu

[ = ar 1 = < - ¥ W a ]
wUsUsTIULTUNUS ﬂEUf.U']m'iUﬂ?ﬂﬂ%ﬁ]gluLLﬂUﬂTmﬂLLE‘!\‘IE‘U']'J'V]U%UUL‘U']ﬂUﬁEyliy,']m'Vlti'l

5]

v
1 ar <

Aaan1s Tudnwuenisuandiugnly dslnfvesdygauazhildnantinisananeuaznis

nszdnnszangvedy I vesdnalinliasgnodiunsasaisaniiiuanag eI

' o v .. a P o - o o
LLasa’lﬁ]ﬁ]:flummzaﬂuﬂﬁuﬁmmﬁm Lwattaﬂﬂaﬂ‘t}m:ﬁﬂ'l‘iaﬁ)a’liﬂuﬁﬂﬂwwuqﬂaﬁﬂ

o Py ) v v P v PP P v
UAVINIEWINATUEILALATUIU WTDANIWLLIRRDUNUNTF DAL UUAASEAUNY

3.3.3 desdgaynaistiai (Rayleigh Model) .

\Huuuudaesiimnausaadugnaesavig dledyamiinsdumannniimil
umendususasudaieanu aglillifyaauunsgivdten (LOS). udagldiuuan
frvnadu 4 uny é’ul.ﬂaammnwa‘uaanﬂsasﬁauﬁ’ﬁmqw%aﬁaﬁﬂmwﬁu?iammmscu“lﬁa'm

cala <

[ @ o A P a )
Ay o funisdeansituvssennialnsiwaisuaylaloluaile wWSeanunsaiidiniséeans

]
<

Tuilasuazifuludenisfinmsvesings dygaiidesniznszdanssans gnanveu
gvisu wazdggaidusvesilunasnvssdyaafisnuurssinudisiuSeana was

weundye Hariduarumuivenuineziduresodyaninansldfsaunis

_BZ

B .
P(B) = Sy exp [2—07] (3.11)

dle B Wudasmsaaveusuweuwiyavesdayeyied (Amplitude distortion factor)
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3.3.4 Yasdyqailadeu (Rician Model)

Wuwvudrassesdygruuvurateianianiiounuuinassiosdyyausdian
\Wipaussatunseilunuusasosdyyalsfouty widyguuanduaen sbelios
whaduna Tneduneiifudunemsaiudondt Specular %30 dominant path  uae
ﬁhLaﬁamaaLél'umwé’ﬂﬁv’u%ﬁaﬂﬁwhﬁ'uqué Tusnsidumedy 9 fwdeduiSeni
random 38 scatter ZaAnadvveadumduiussiiruadoduaud Srwualiduusdy
Bedousuiudesiaie X~N(my, 02) uaz Y~N(m,,o?) lnefl X unufidhedumandn
LLu'JszﬁumEJmLLazﬁﬁhLa?{almvhﬁ’mué (my=s) wag Y unuseenadefivinfugud

(m; = 0) uazvinaawuUsiiAAMuKsUTN o2 Wil Mvualvimudsduidetou Z fe
Z=X+jY (3.12)
uaztaunlavvawiudsdundiadou R hanslasal

R =+/X2+Y? (3.13)

Wavesdygramleain

Y
@ = tan‘l(}) (3.14)

of o P diady vl e Y& ) = a 1
Wwasnauds X uag Y ummaaﬁl&lmﬁﬂu q}\‘]ﬂqvﬁ“lﬂﬂ?LLﬂiﬂLLaﬂQﬂQﬂQWN‘LNL{JUﬂa']\'i S

Y2IMLUTN AR

s= /m% + mZ (3.15)

] 3 27 LY J v :‘ 2/ 1
NTEIUC LY UNULEUNNINANTD IUNANAANDUA T TOUTAILNUAILAT K

K (3.16)
Power of LOS component

~ Power of NLOS components

UIOF U TOUERAILNUAY

2
K:z[% | (3.17)
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1 17 12 & ] o ¢ o < a1 v a
mnnavesa K 1ilng oo azifiutesdygraundi@sudviawuuuin uasmnilanlndifes 0
aulludosdyyransdiasi [13]

Harduaununuuuauuzidunanslasaunis

B p*—a®| [ap (3.18)
p(B) = exp _T‘z] o [;),—2] |
ﬂaﬁzo

We Iy(x) Aie Weiduluawa (Bessel Function) FadudrunilavesnisvAinau
%Jmaumsaq'ﬁuﬁ'ﬁLﬁuﬁwmau'lugﬂaqnsuwawwaﬁ Lay AN TN

WUUIABIYBIF Y IMYBINTT A A TUOUN T NENE TN AU ULVIUAIE NN

godemudun (pathloss) SiuivannsRIMNAITEINaU (power delay profile)
Fiadd

< v ] [ a
AUNIFEUIAIAAUNIIAUELITUATLUA (dB)

PL(d)[dB] = a- log,o(d) + b+ N (3.19)

Toedl arwag b WumdulsyanseesninisuAsnsmmady. d (Jussesng

sy Tulasdads NaduAnisnsgaedmvudnflaeiiinasuasandeduuinnsgiu
uaud aunisaruarduomasnuuansldcail

L—-1
h(E) =) d expG8) (¢ = )
=0

(3.20)
Tnefl a; Wuruoundgauaadunag ¢, lunafidegt s 6, Juaveudu
o w o [ [ 2/ o <t [ o a
awui 1 wag L idudnuveadunisiungs wasifurandumusn

(Dirac function) Al¥iAN
' ' « v ’~ o v v v w
dulvgiidugud snuusnaiunu x Ju 0 exldaudnlndeiud
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3.4 swdIn-lglayou

Wuswaildsuniseeusuuarldanuegraunivaie WusWaiuseuuasinuaudn
Wudaduiililiiaugiuaes (Non-binary Cyclic Code) gnimunseunainsviaidiey laanns

Uuszezagalviivuinunntu lneieswaanuninasnelaainnisideuiiunivienssuiy

[
Y w v s o

sEnIarsiadeganls iadeyavessiauazdiunisrnufianaintusregluauinveny

e e L3 < a

(Extension Field) uragdeyanwaiziivuin m 9n (Unfd m azluuin wavuinnii 2) el

msdstayauvuuilolutrmin mifazgniiudnluludeyasianauineviinisds e deya

wnfvuiufizansansindudefianatauazvinisudlaszezniswossiaign Ao

Apin =n—k+1 (3.21)

UnAudinlNenTeiudonyadsnasa-lalanoy Ao 2™+ 1 uisndesvensliunn
figndia 2™ + 1 sain Tolaueufuduignuesiiation uasifusiauuuudondedoyaiios
hsaazdesgaudiesniluufonvuiain 9 fu swasa-lalausu Weuunuse RS(n, k)
femnuenuden. n dydnwnl tazdalauteye k dyanuol e (o~ k).= 2t e t e
Suugsaavesdaanuaiftannsauilyls
sofu

pe (T (E5) (3.22)

2 2

wardns1Siia (code rate) @unsanlaann
k
code rate = (E) (3.23)

dnwazvedlasiaisiain-lelateuuanifsgui 3.7

& symbols 2t parity
»> g4

4
\

- symbol
e bits) L |

A
Y

# symbols

U 3.7 lassaavessiada-lelaneu [15]
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o v L4

nAsEumiiiiananfaunsadasmunle Fasiiendn Erasure Fududgydnuol
fgnavly dnaglddeyalu 0 17 Feasfiamsdwmiwdazlifvuinvesdoya lned
AUENNSARRIsTAT A-lelanauvvaunsaus luldiusuiuasavinues Erasure wnnldi p

Ao Erasure wansviase-laluau avanuisaunlels Ao

p=Mm—-k)=2t (3.24)

[

30 e o waz B Andnunudgdnvaliawaiauaziuudydnvalflauauiiuiaiwminanau
20 B<(n—F) (3.25)

Unfudrsviainlalanen selioun F v 2™ fussiusznau wazusasdydnuel

[ a 0 {72 [ [ -1 2 (Y o LYY < v Y
szuanalu m Jadr fidwrdioyadinudenidisiatasiwnudgdnvaluuiondswady
n = 2™ — 1 sadusiase-lelaveou Midoguudyanuel 8-Ualien n = 28— 1 = 255

s

Fyanualdaufen

3.5 svsan-lylanauagiege

Tunasldaufivunnudanvostiona Lildidudruauriasifuruinvassiain-
Telanauluuung L'ﬂmmsmﬁa‘uLﬁawmﬂ‘uéan‘b’ayjaﬁé’uniwmﬂiﬁ’ﬁ%’ﬂ-lmiauauLLUU
Un@ ﬁﬁwudwsv‘hnmﬁuﬁmL{J'W‘lil“lu"ﬁa:gaLﬁa'lﬁ’ﬁwmﬂwhﬁ'wmmmsﬁ'a?m-I%Iauaufiau
wdnihmsidhsiia tesdeviiasinnsdesandsiusuiasimsindnvesdagaiiilaidily
nOUASLI S LLé"ﬁ\‘lﬁﬂﬂ‘ﬁﬁ\‘l‘ﬁay)aﬁlﬂé’dﬂa’lEJ‘Vl’N Lﬁa%'agamﬁwmamqﬁ%v‘hmuﬁm

o v

Undayaliaugraviiusuniedazvilviswasa lelatauatnsnoensiald Tnauniuda

et ezl onfidaniu 0 snniesldueniaity 1
3.6 N1a25Wan (Galois Field)

asndydnunlvessiaia-lelaveuduannvesauindifanidas  [(16] vie
Suniindsilad viedsussdeldifiu GF Fweunsadeuwnudie GF(p™) vseursads
Fewdy GF(g) e p Wudwruamzuas m Judwmuduuin Haduszneuludodn
maaﬂuﬁnﬁﬁi’ﬁﬂagﬁﬁu'su p™ il Wuaunu GF(2™) LfJuL%mﬁﬁauﬁ%naQﬁi’wuau

2™ Aligiu Inen m Buswiudy auwdiin GF(p™) asilauinges GF(p) waziSen
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GF (™) Miluaumaenees GF(p) nsmamndnsiuiu 2™ d9e9 GF(2™) aunsom
éTneisuannasimuae wyuiuUsy (Primitive Polynomial) p(x) dusfudl m dudy
wuitanneulild Sdwmuel o Wusneesmmugy i p(a) = 0 Aeniidses
a fieldunnda 2m — 2 afiuanenety uasdlonn 22m1 fagawbuen 1 Snads Meduesld
10,1, a,a?, ..., a®™ 2 Jadugnves GF2™) uaziSen GF(2™) 1wduflad 1y Tu
GF(5) veil 2 umninuguiasanandndiulufiadannsaadienn 2 Wiamun deil
21=2,22=4,28=3,2* =1 fufu afidwdu2 waelandndenitaundnvediiad
Tneflunazaudnaunsadouwnulddonauuewnasamndnluilas wu m = 4, p(x) =
x*+x+1 Lﬂuwnuwuﬁlﬂmmsmwnﬁwsznau‘lﬁmaqﬂaﬁ GF(2%) waglvi o 1usnwes
Wi p(x) =x* +x + 1 Fodu_at=a 1T 9Efuiaa aunsnenfdeildaunndng

fu 2% — 2 A1 = 14 AIUNITATEIEVDUREIATY 9 109 a aldisannsng 3.2

A139N 3.2 aumdafanidasaune 2% aundndadlden p(x) = x*+x + 1

e e e UL Cdimienal Polynomial of o
" Decimal | Hexadecimal P :
0 a® |1 0001 1 1 x+1
1 al | x 0010 2 2 xt+x+1
2 a? | x? 0100 4 q x* +x+1
3 ad | x3 1000 8 8 xt 3+ x?+x+1
4 at |x¥1 0011 3 3 xt+x 1
5 a® | x%*+£x 0110 6 6 X2 +x+1
6 ab |+ 1100 12 c x*+adtx? +x+1
7 a’ |3+ x+1 1011 11 B x* a3 41
8 a® | x%241 0101 5 5 x¥4+ x41
9 a® | x3 +x 1010 10 A Xt x4 x+1
10 | al® |x®2+x41 0111 7 7 2 Fx+1
1 | a'l |3 +x2+% 1110 14 £ x*+x3+1
12 | a'? | x3+x? + x4+ 15 F xt+x3+x%+x+1
13 | a¥® [ x¥+x%2+41 1101 13 D xt+x3+1
14 | a* |3 +x 1001 9 9 x*+x3+1

au1¥n a deziSeninaundnugy (Primitive Element) w83 GF(2™) 16 vnaandnla q ves
GF (2™) fmenmdwasaundnuuliviiuguduu GF(2™) wu Aenfdwes a 7 a* vy

GF (2*) Tumseht 3.3 aglanwudma 15 aandin fdlivifueud



A19T1N 3.3 A819U0Inal at vee GF(2%)

@h°=1
(aa)3=a12
@)=a” =a’
@)’ =0* =a’
@)?=a" =a’

@)'=a @)’
16 (aﬁ) 5
13
a0 _ alo (aﬁ) 1
= aSZ - (17 (ad) 14
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sty at Fuduau@ndguues GF(2%) dwaundn o Tdluandndguiiosnin

! 345 a1 o L3 v O Ao o Vs o v o a
A1 (@) RAwviriugud  dafunyuan plx) aRsuduvindy m Nasragnniaunin
2™ dvzgnisendwuudgi-agiiuinluusiazdhuauiuuan m eedlegnadosnis

wpnaugn wuuUgaiideslnuludunusag q wasedansien 3.4

M19190 3.4 frpgveswuINYgy Mlealdiuluauusiig

Suduil m wnuuUgy
3 x3+x+1
4 ¥t +1
5 x5+ x2 +1
6 xX+x+1
7 xT+x3+1
8 xS+ xt P Ex? #1
9 xO+x*+1
10 x10 a3 +1
11 x4+ x? +1
12 x4+ x6 +xt +x 41
13 B xt P +x +1
14 11t + X0 X0 +x+ 1
15 xP+x+1

Qs

NNy

[

anLdu

nsinsziila q sedufnussauiunsaisasvilvlan1vesaundnluaunuwvingu

ipenniluauiudiie nsnserisana1iusEnausie N15UIN NIJaY N3AM WAZAITVITT

o< 2/ ] YY) o « PR [ [ <~ w &
ﬂﬁamsqmmamunauumm msmzm‘luﬂaﬂuu%LUumsniszmUIuQIa 2 ABHAANS

INNITNITLOUAEAIY 2
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3.6.1 MIUINUATaY

mMsuInkazaufuesaudnluauusiansdas ssdrwmieusuiownldieidu
784 X-OR viaidninisuanuazauuuusegla 2 Aeiurmduuseaviaadullffouad 0
wie 1 Wiy wumindeanisuainay 12 war 15 lu GF(16) madwsnldandu 3 awnse

WAAIAIBANNTWUNA]

C+HxD+ 3 +x2+x+1)=x+1

v

wazannsawanslugliavgiuaedlansil

1100 (12)

1111 (15)
0011 (3)

z‘humsauﬁ%‘lﬁwaLﬁutﬁmﬁ'ul,ﬁaamnl,ﬂumsniw‘i’lLmuuagﬂ,a 9

3.6.2. NIAMUUAEAIINT

UnfudIns Ao MYUINaR R MIMAYIAY m— 1 Wavestmuniifaeiiing
Wity 2m = 2 “wdlunsdlvasauasidenidiinadnsidululd azbifundiaundnid
Fgean Fudunspuuunisglavampnaiiign p(x) fe nedndaslsinaannasmstan

YBIWLIUN U LINAuin

v
Yo

AeEe 1y 12 Aa 15 luauidriamansvuan GF(16) mlsinsil
Fuusnidenwyunanatiia_p(x)) =x*+ xoF Lofiux*=x + 1
JuiiaewvihmInuwnusEesiILuYng

Funaihnmsuinwunilamensunuuuauugie
C+Hx)EP+x2+x+1D) = x0+ x5 +xF + 3+ x5 +xt +x3 + %2

= x84 x?
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wnur p(x) adlunaguile

= x*.x% + x?
= (x+ 1)x? + x?
=x* +x* +x?

giuIradnsannspaiy Wuiavgiuaes 1000 videwdaudugrudulinadns 8
nsmsluaunundrtnsinnalndidestumsen Taeluduusniuaginism
drunduresiamnsnou Mndufguiunudunounisanund wu 15/12 wftuindiundy
284 12 Ao 10 Mntuvhmaga
e
15

1
1—2 15XE 15 x10=12

wlandugunwunailesail

(x3 +x? +x+1)(x +x)= X0 +xt T+ F X% 3+ x
= x5 £%x% 4 x% £ x
=+ D2+ (x+ DxEx%+x
=x*+x2+x2+x+x2+x
=x3 +x°

wadws Il dwangauaes 1100 wiswlantugmayldnadng 12 dulu 15/12/212

3.7 nmswsvdasa-lglanau

wyuuiin (Generator polynomial) we3sviasa-lalaveu asgniunainaswada
Usenaulumesmusenauunn n — k = 2t Weuls Aa

gx) = (x + a®)(x + a®* 1) (x + aP+21) (3.26)
X2+ o1 x4 gox? + gix + go



a0

v
v W

W g; € GF(2™M) #nsvaswvuininlinfe 2t MaueEunsanagmvunain

[
=1

Fununniiseiiiasdnny 2t n viadioleuduguinluldaa

gx) =T 'x— o (3.27)
Unfud9sld jo, = 1 wnuensedl jo # 1 Ald wu 2@, + t) = 2m Tunsdidesnis

fulszdans g(x) wuvanuag

3.7.1 mssaBessuy
P 1 o o [ L% o [ CY - &
Wesnansiase-lelaneu Wusiaauseu.nasideu (lUnnewn) vasmswandsaadu
Aswiaey il vnasudou k-doyalvaurinan udiddu 2¢dumianasiumitiagld

swada-lelanaudessuy psnsevindnanlu Werdaansinenisin x @ Fm(x) was

\ |7
s

WnYinMsms x™ B (x) fe gl)fariiruae SeanneATnisatues feiuazlein
K Om(x) = Q(x)g(x)+P(x) (3.28)

Wa @(x) Ao navasile wag g(x) Ap Irvivae waslisisidulanmsirundeds

Weulvallimdu
p(x) = x"Om(x)mod g(x) (3.29)
FofuSeennsadeusatadssuuldae
c(x) =p(x) + x**m(x) (3.30)

lpe#t A1 2t 3nann—k
sfaIA-lelaneu AU ilndslivunasiUsenaudiuiy 2t wiedl

YWy n — k Iaei g(x) mlaan

gx) = (x + a®)(x + a®*1) ... (x + aP+2EH1) (3.31)
= X2+ gor1x¥ T+ gox® + gax + -+ go
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e a Wudnnuawgigauasauudiianads go i ga—q {Wuddulsedns
gaesmuuuiile Fanuuiudavessiasa-lelaveusziluauasiadununuiuiinves

aundianidas vsewuuiiinvassialdiey

3.8 n1snansndasa-lglanau

[l
2/ [l

WaAuNNEayaniinIsii g wndinsiawain wulldyyiusuniuiatuny

U

[l [
(Y]

Joyadnsvaiy lnsfiaufiawainernaziintuivdydnueimuvidanld Ssansauan

lalay

E(x) = Ep1xV 24 Ep_1x™ '+ At E;x? +'Epxl + Egx° (3.32)

msussilunas e sdygiadeyaniwasdnii Judyanusuniu viediui

ToyaHANaIn
R() =T+ E() ‘ (3.33)

= (C -1 + E _1)xn_1 + (C =% + En_z)xn—z Feet (Cl + El)xl + (CO + Eo) (329)

v

vissansnileulaluguveIn Uil

R(x) = Rpix™ 1+ Rypiox™ 24 4 Ryx® 4 Ryxt +. Rox® (3.34)

JURBUNTOBASHENUIYUNT AR UMDY AD AUROLLINTZATIVEOUIIAISTHAT
aSuuntulideiianatavialy @ltus o UNABUNINITORANEIATIILYIINSUIR WAL SLaY
Aiiianaeieuilalignies lnesunsumsnensauaninagul 3.8 Tnefivindsiansuld

QY a & ° v v 1% ' ° v du Yvay o '
qu‘uawﬂ‘wmﬂ ‘Uu‘ﬂauﬂqivn\ﬂu%&'Lﬂuﬂ\jﬂqu“lﬁﬂ LW]'VI']ﬂﬂ']SWﬂV]TUIﬂﬂJ‘U@Nﬂwaqﬂﬁ]‘éﬁwqu

[
[ 1

Fumpundue  Teiluaneds luswiveiarldduneunudunuiuazndosiiu dail 5
Sunousiad (15]

1. fwmmadulasuandsiaiisuld mnfidiamnduguduanidiliidoya
ﬁﬂwmmwiwmﬁ'lmmuﬁawuiﬂﬁaEiwqﬁaawﬁw‘hwﬁaﬁlﬁwhﬁ'ugm&? YEMNB T IR
ideRanan SwardosdinsmundasAfianainsely fivaneianasufaunissulasy

@ s

\u 383 Peterson-Gorenstein-Zeirler 35 Berlekamp-Massey wazigyndnd



a2

2. AW LINUenduviiRuiawaa (Error locator polynomial) 3n
aun1sgulasu laeundazldganesniuees Berlekamp Massey

3. WA USRANEIlAENTVNEUNE UYEISINIIN WU UBNALILIAI A
fawann Tnevilul$38nsves Chien Search

4. mﬂ'wﬁﬁﬂwmmwnwv;umuams'hLmﬁammﬁﬂwmﬂLtaxaums%uimuiﬂa’l%
FBnses Forney aSunimmunassisiuniianain (Error evaluation polynomial)

5. ynnmswhludatianarsvespisiansula

Encoded Data.

¥
Calculate
_ Syndromes
Transformed Transformed Berlekamp Peterson- Berlekamp's Euclid’s GCD
Berlekamp Berdadlh AL Massey Alg, Gorenstein- Alg Alg
Massey Alg L Euclid Alg Zierler Alg
il | 3
v ]
Time Domain TranSfoTCd y Find error
Recursive Fomev's Recursive Matnicude
E g method error Extension of E » L
Xtension Rles | polynomial -
y 4 y
Chien Search Chien Search
Inverse FT . D i A e
error location arorlocation

Solve
equations for
error values

U7 3.8/ laasunsunisnensviain-lelatey [14]

3.8.1 msAuImaun1sTUlRTy

dledswaunfaiusy weldanunsansiadudefianainuasyinmisuiludofianain
Tuld Fausniigowiniionsieaeuindistaisuniusiaufianaauioll tuensAiuan
aun1sdulasy Ferzdesiurumaulasuimvunsiuy 2t e mnmﬁv'wmﬁﬁuﬂuqué
wansdnmsansunldduliidedanate waininduinudisvesdulnsuedrnioguis

° ]

Auwmisliviriuguduansindrsianivuniuidefanaraiadu Tunisujuaudinaia
Aanaravesdsiaty Wululdhenvezietuludiuvesioyaies vieeraintuludiuveam
add & 1% a oo @ ¥ o v Y

sandululs Tnenisviadelelaseuazansonsaduuazudludefianarmmaiulsd vinaaw

Rewaneindulivualifiu 2t vse n — k dydnval mssuaumadulasuaiunsavila



a3

#1833 Ao MImsArsiamenuniule FanismstuulslaAnanIsuaziay vniay
wiriuauduansidsianlasuldidetianan 8038 Ae  msuwnuAIsInienAgulaTy

FFnsmiandulasusien1sunsaunsavldauaNniseall

Rx) _
gi(x)

q:(x) + Sl gi(x) = (x + ab) (3.35)
gi(x)
Toedien S; uudulasuusazsumiy uay i dAegsenin 0<i<(n—k)—1

WINEITNSHNUA L HDMNABULATY auns (3.35) anunsaisulvilasall lnenazuny x fe
a' Faagililadn gq; x (x + a)= 0 ussmsmnsanuidawiiuluaumdiianias

- gzfipdurud Jaldaunisinidu

Si = qi(x) % (x + ai) +. R(x)
= qi(a’) x (o' + a) + R(a)
= gi(a*) x 0.+ R(@")
= R(a)
= Rp_ (a2 + Rpla(@) 72+t Rop(@) 2+ Ri(a)* + Ro(ah)

¥ s

FeanusandgulvieglugUaninswunulaasd
2t-1

A Z S;at
i=0

¥ =i 5 ° t 1 i a P < Vo =‘i’
LLﬁL’ﬁ']?J']'SﬂL%EJuﬂﬂJﬂ'ﬁl'ViLWlu‘VWNG\']LLVIuQLLaSﬂ'IﬁQJﬂQWNNﬂWEﬂﬂ ‘UQﬂ']lJ']iﬂL‘UEJUIﬂﬂ\‘IU

S@) =E(a) = Z Yate
=1

v
= > %X
=1

Y a

Tae X, unudunusnfidefanain wag ¥, unuAiinanain wag v unudiuiu
1 5 day a o 1 c‘l’ 1 1 < a v "
Alivuafilielanatndertilogsznii v < ¢ uasanunsoeuaumsulasulieglugy

YmUAINd lAnall
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Sl SZ 53 e S‘U AV _S'U+1

Sz 53 54 Sv+1 Av—l _Sv+2

53 54 Ss SV+2 AU—Z = _SU+3 (336)
Sy Svi1 Spra e Sppoall Ay 11 =Sy,

3.8.2 MM IWVUINUBNAVIUIHANAIAA 8 ISIUasAuAN
(Berlekamp Massey)
lumsuiaunisBulasuty Ae  nsUssluaindswanlasy daesnvasmyuny

Aiianlinadwsidugud nsufaunsfulasuduanunsoilevaeds wu 33 Perterson-

<

Gorenstein-Zeirler daflumsmdiunduassuuninduaisiasiiusednmanilounndndrud

ynlvgiudunmsdhsvameia-lelasen msuiainTiulasuieiSerdndaeldvannsm

A.3.4. UAA5N5 Berlekamp” Massey- Fatllunsueslaymaulasnwiiounisuddymansi

awes uazludanaiiiiuurings nadnsuasdanesviu Berlekamp-Massey Aewyuiuuen
fiunuEanaa (Error Locator Potynomial)

a ¢ o ty ) o s . e € a I

NNuURINE 3.36, Avualy viliuduaudganuainazamsaunluanuianaials

AU v < ¢ UAEINUUAINARSNUTT Syq 1 UL Sy, S50 85,0 Sy UBY Sypp TUBETU Sy,

S3, Sares Sypa rluatneiilyiGey quavaunsalouliedlugdaunislindl
S] = — ¥=1 Ai Sj_]_ ?T'TW%I'U]' =v-+1,..2V (3.37)
gl A fie Fudssing 39 Alx) Ao wrunuaasunisiawana Sadsuduaunising

A(x) = A, xP 4 = aFA x4 1 (3.38)

Fveavesauaudiuliudnnsduaseiinisdines Ineiisuroudas

1. fvusAususiu AQ ) = BOG) uag Ly = 0 laefl A(x) Aossamasuansiumis
way B(x) Ansdaimaidnses (Auxiliary Register) uag L lumiuenveddiames 35n15veq
wesduaudazihimsiunaduou 2t seu wazasvilildmwmuauendumisil A2 =

2. luusasseunsdnnn r %ﬁ']wum’lﬁ%‘%aLﬂas'ﬁl,ﬁuwnumuans‘hLmﬁaﬁ'mmmn (L) 7
A 9 feu ntuaesinaidulasiefieuiu@ulaseie AanaLAnEnaile

22138077 Discrepancy WVUGIY Ar WAAZIBUNIATUINT T IwAUIMENNTTULATY fp

n—1
(3.39)
r (T—l)
S = —ZA]. Sr_;
j=1



a5

[

We S, Ao MTulasuass liannsanAauLRNA1ese Ar 1aneil

n-1
(3.40)
7 -1

Ar=S,— S, =ST+ZAJ(.r ’S,_;

j=1
-1

-1

e A(r )Sr_]'

]
0

a3

~.
I

NINTAIALAAAIUUANAIILAASIN Ar % 0 ¥SDANNY1NVDI3IaLRDSlalnuzan Ao
2L,_, <7 —1 Hgfimsifuanuenvesiiameidy wivinliiaurainiadeufasliinng

v

R/ ! [ v v o (.7 <t dl </ <
Ufurnla q Tnefmuali 8, unudavinnisusvdsmastitoulun1susuusadsil
§, = Vamn Ar #0 way 2L <+ =1 lilguiy 8= 0

aa ¢ =l J
LAZANENNYDISARDTLLURE UL TN

Le'=\8/(r < Lil) + (3.41)
(1 — 8r)Lr—l)

nntuheianuwandsilaldysudsiRamesdises wesiineenanalusdaneinan

Feuansladadunis
AD )= ATD(x) — A xBT-D(x) (3.42)

uazvihnsUsulsesRamesdsedlaeldasuiauly

nsdifl 6, = 1 swvininfosaiianesdisedaentamsailuiianaiudnie
ANANNUANA

n3if 8, = 0 FRuANETIvBTIAneTdTestunEnnilddy AweiEianos

dsoavnlagail

BM(x) = A716,ACD(x) + (1 -8,)xBC 1 (x) (3.43)
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3.8.3 NIIMITINHYUINUBNAMWUIRANEIARI8TTITBULESTY (Chien Search)

nsufaunsfulasumedsvaaveiiuaud asvilvlanuinuensumisdanain
nsmhumisiiiananavesdsaiisuldiuarliiinmsveadeuasy Fadumsmersinds
MsunuATBINUIIUBNA NN IARE @ Aulls «™ D anduthedidusnues
aumslumanundu dunduiildtnnduihunmesisiaifonan namsnvesiideu

@ivludunssiuuuasfinassgn (Trial and error)

4 <

3.8.4 nsmvunaniRanatanie3Iswasiug (Forney)

¢« o

NAITINHAGNO VRIS IT oW ATV AV AL AR UL IUDIAUAANATA N1TUITUIAT
a o a :Ju 2/ [ 174 = E)
Aawanliainaiswansuunle agnszalasnasldnyuiuyseidiuniiuianain (Error

evaluator polynomial) %39 [(x)-feiovaiwesiudlngmlaan
M) =, A(x)S(x)modx? (3.44)

YUIAVDIAMNRANA A LISAMI AN

o P (3.45)
! AT
o A a Py )
1l e; Ao PUINANUAANAIATIAALAUS §
o A'(x) Jueyfusuet Alx) waz e(x) =Y Vilex!

3.8.5 nsuilufannsdeyaniawain
 deyangndemmuiufenasinveeyaniiulauazamndeyaifianainly win
anunsoudlylagnees masmlfezvinaiuludlewindunisnssiuuy X-OR vesauu

)

00
m(x) =r(x) +e(x) (3.46)

f9ee nInansvasAlglaneu Imar‘iwumlﬁﬁﬁﬁ’aﬁgndaaanmnﬁwudagnLiﬁiﬁ'ﬂé"sa‘%m-
Telauauwuia 15 dgydnwal {¢;} = {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0} iilornuzesdysyuns
doans Ildygsuniu Adydnueliumdadl 3 5 uay 12 fvuadeuld wasiuldidu
11 uag 15 amdwu lvssadsulddu (v, = {0,0,0,4,0,11,0,0,0,0,0,0,15,0,0) uaz



ar

wladlvieglugumvuiudsvaliilu v(x) = 4x + 11x° + 15x2  wazudaslioglugy

Frunulguldidu a?x® + a”xS + a2x'? fumreumsnensiall 5 Tuneudil
FUABUR 1 AMIUMIATULATY TIEADIMIIVNA 2t AN
Sy =v(@®) = Ytvia* dwmsu 1<k<6

We k unuswiusdulasureadulasuwnasal $1azlan

n-1

Z vt = vyad + vea® + vat?

i=0 '

— AT g
=6+54+10=3

S, = v(al)

n—1
Sy =v(a®) = Z v = vyab 4+vsat® + vy,
=0
=a?a® +a’at® +ata’®
= 5 +44.12'=13
n-1
S, 2plad) i z via3 = wya® +viaS vz al
i=0
V¢l + a'%a®
=144+11+8 =13
n—1
Ss=v(at)= Zvi M=l ¥ vea®+v a8
i=0
= AR e D i)
=94+15+1=7

n—1

Ss =v(a®) = z via = v3al5 + v at? + vy,al
i=0
=a?+a’al® + al
=4+44+15=15

n-—-1

Se = v(a®) = v;a® = vya® + vsa® + vy,at?

'M

10
P+a’ 4+ at?al?

=6+11+10=7
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Ardulasutis 6 afildde 5.} = (3,13,13,7,15,7)
w39 S(x) = 3 + 13x + 13x2% + 7x3 + 15x% + 7x5

Sunauil 2 WwuLuenduisiiawaaeISiuesauaud
nMsmwNUendumisheveveiauaulty  axfesinisinativun 2¢ seu
Wiy Favihduswuvesumisiulasy
fvuaAs Uy

A®(x) = BO(x) uay L, =0

MsAIMseUT 1 (r = 1)
Ar — 251=0 A]('T_I)Sr—j

= NSy

= 51

=3
Boat=2=14
WA Ay 0 us-2L ) =r—1u3e (2X0) =1 =1) fweililans, =1
ML, = 6(r =L, 1)+ (T =8k 3ald Ly =1

o0 Ia®i6] A/ 1 —Asx o=t g |
o ek [B(r) (x)] y [A:18r (1~ 6r)x] [[B(T‘l)(x)” *]

A = AO(x) = AxBO@(x)
=1-—3x

BO®)'= 6,4, AQ ) +4(1—5,)xBO(x)
= 87100 (x)
=(14)(1) = 14

ASANUINTBUN 2 (1 = 2)

L 1
Ar = Z ATVs, = z AVs,_;
j=0 j=0

= NpSy + A5y
=S,+5;
=13+ (3)(3)
=13+5=8



a9

Fa A7l = % =15
Wi Ay O Uae 2L, #7— 130 (2x 1) > (2 — 1) Jeaerililéin s, = 0
ML, =8 —L_)+{1-8)L,_, F8dnL,=1

} AD] 11 —Ax ATV,
HagIN [B(r)(x)] - [A;IST (1- Sr)x] [[B(r—l) (x)]l azlé

AP (%) = AD(x) — A, xBD(x)
=(1-3x)—(8x)(14)
=1-10x

- BAX) = 6, A AW F(1=5,)xBD (x)
= xBM(x)
= 14x

MIANIUTOUN 3/ (F = 3)
L 1

1 (r=De/ A (2)
Ar = ZA]. S/ = ZAj G5l
j=0 j=0

= Aosg + A152

=13.+.(10)(13)

=13+11 =6
= _ 1
KN A,-1 = z =\7
wliudn Ap#0 uR-2L,_{ =7 — 13 (2% 1) = (32 1) Frawhlilé's, = 1
AN L, =8.(r =Ly 1)+ (1~ §,)Lil; Adlein Ly =12

N Thx ATDE T
Ha¥aN [B(T) 0 [A‘18 N r)x] “B(r “N(x) ] azlel
A® (x) = A x) — ATxB(Z) (x)
= (1 - 10x) — (6x)(14x)
=1-10x — 2X2

B®(x) = §,A;1 AP (x) + (1 — 6,)xB@D(x)
= A7IAP (%)
= 7(1 — 10x)
=7—3x
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NSAMINTeT 4 (r = 4)
L 2
Ar = Z AV, = Z ADS,;
j=0 . j=0
= AgSq + A;S3 + A,S,
=S, + (10)S; + (2)S,
=7+ (10)(13) + (2)(13)
=74114+9=5

BAt=2=11
euin Ap# 0 uar 2L, #7—1vie (2% 2) > (4— 1) Feasviilvildin 6, = 0
N L, = 8,.(r — Ly_1) + (1 = 8)Lpeq-A0loiiT k=2

R L I S Y | G oY
HaEn [B(r) (x)] / [A;18r (1 8r)x] “B(T‘l)(X)” -

AB(x) = A (x) = A xBO (%)
=(1=10x + 2x?) = (11x)(7 =3x)
=1-—2x — 13%2

BWx) =6,A; 1A% (x) + (1.~ 6,)xBS (%)
= xBG3) (%)
= (7 —3x%)
= 7% — 3x?

A1SANUINTBUN 5(r =5)
L

2
a4 (r-1) — 4)
AT—ZA] ST_J_ZA.’ Ss_}

j=0 =0
= AoSs + A;Ss + A,S;
= Sg + (2)S, + (13)S;3
=15+ (2)(7) + (13)(13)
=15+ 14+ 14 =15

gooa-1_ 1 _

9w A= i 8

WU Ap# O UA 2L, =7 — 1950 (2% 2) = (5 1) Fweeililean &, =1
ML, =8 —L_)+(1~-8)L_; WanLs=3

Ao o1 —6,x 1|[aC ”(X) S8
Wazn [B(")(x)] = [A;lar (1— 6r)x] “B(r D(x) ] arl



A®(x) = A®(x) — A, xB@(x)
= (1 — 2x — 13x3) — (15x)(7x — 3x?)
=1-—2x—13x% — 11x% + 2x3
=1-2x — 6x°* + 2x3

- BO(x) = §, A7 AW (X) + (1 — 6,)xB®(x)

= 8AW(x)
= 8(1 — 2x— 13x%)
=8 —3x — 2x?

ANSATUITOUN 6 (r = 6)

L 3
. (r-1 Ly (5)
j=0 j=0

= NgSg +A1Ss + A3S, +A35;
=S¢+ (2)S5 + (6)Sy +(2)S3

= 7+ (2)(15) + (6)(7) + (2)(13)
=74134+149=2

= 1
LN A;1=E=9

uiuin Ap# 0-uazy 2L, #r=1win 2x3)>(6—1) Foazvilvlen 8, = 0
AN Ly = 8,.(r = Ly~) +(1 =8, )L_; Wle Lg = 3

I L de S A ~Ax S E9)
Wa¥n [B(T)(X)] N [A;lgr, (1= 6f)x] [[B(r—l)(x) ]ﬁ]ulﬂ

A®x) = AG) (x) — A, xBO)(x)
=(1— 2x = 6x%+ 2x3) —(2x)(8 = 3x — 2x?)
= 1 — 2% — 6x%+2x3=3x="6x% + 4x3
=1-x+6x3

B®(x) = §,.A71AG (%) + (1 — 6,)xBO)(x)
= xBO)(x)
= x(8 — 3x — 2x%)
= 8x — 3x? — 2x3

falunuuandumisianataAadulTEatYeY A d16uR 2t Aie 1 — x + 6x3
e A®Y(K) =1 —x + 6x3
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TUABUN 3 MIINVDINYUILUBNFAUNUIAANATN (8T TeMETY
WunsdmwunvendumidiananaiildaniSivesauand ACO () = 1 — x + 6x3 1

snlagvimaegaunn o audululs il
AMa)=1—(@)+6(@)P=1-(2)+6(8)=1—-24+5=6%0
Aa)=1—(a¥)+6(a®)®=1-(4)+6(12)=1—-4+14=11+%0
A@)=1-(a®)+6@3)3=1-(8)+6(10)=1-8+9=0
AaH=1—(@ ) +6@)3=1-3)+6(15)=1-3+4=6%0
A@)=1—(a5)+6(@5)}=1-(6)+6(1)=1—6+6=1+#0
Aa)=1—-(a)+6(a”)3=1-(11)+6(12)=1-11+14=5%0
A@®)=1—(a®)+6(@®®=1-(5)+6(10)=1-5+9=13%0
A@)=1-(a*)+6(a®) =1—-(10)+6(15)=1—-10+4=15#0
A(@'®) =1 — (al®) + 6(al®)3 =1 (7 +6(1)=1=7+6=0
Aa@M)=1-(@)+6@?)P¥=1-(14)+6(8)=1—144+5=10%0
A(@®?) =1 — (a'?)4.6(al?)3 =1-=(15) #6(12)=1—15+14 =0
Aa®®) =1 - (aB3)4 6(a™®)3=1-2(13) + 6(10) =1 =13 + =5 # 0
Al@™®) =1— (@) + 6(a?*)P=1—(9) + 6(15) =1—9-+4 =12%0
A@®®) =1 —(a®®) + 6@ =1 =) F6(1)=1-1+6=6%0

MNNIswnuA InlasInvanuIvandIIdanaNa 1A 7 a a'® uaz
° a d v.a a ' [ = A= = 1% )
a?  MIHELIRaNaIRRUASIR BN SVIdI UNE YT aIsINEnAT I EvaglAiTuen

12 5 @ 3 % e‘; o i . LY (4:\ < dl o ] & o
a™® o ey a” SRUUAMLATNUBIA AN YIVNANAIRADVIAMLYUY 12 5 U8y 3-fuainu

& o ! a R o e aswv A ¢ €
TuARUN 4 mApHawaamUdeulu s it veawesiud (Forney)
Brsveaesiug Wumswimmaiudenaae InsldwgumiUszidiumlanans

N ulAmyesdulasuaz WU BnALrIA wena Rl

S(x) =3+ 13x + 13x%+7x3 + 15x* + 7x° Was, AX) = 1—% + 6x3
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I'(x) = A(x)S(x)modx?t
=(1—x+6x3)(3 +13x + 13x2% + 7x3 + 15x* + 7x5)mod x°
= (x® + 4x7 + 6x° + 14x + 3)mod x®

=14x + 3
UazIN
AX)=1—x+6x3
ot

AN(x) =1+ 6x?
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YUINAURANAIATIAAUY 12
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312——m Iﬂiﬁ’la =’ =8

unuAN
' _14x)+3
T 1+ 6x2
14(8) + 3
~ 1+ 6(8)2
943
T1+14
10
15
=10x 1571
= 10%x8
=15
PUIMANARANA AT U dneali 12 Aa 15

<

YUIRNAIUHANAIAAANLYUL 5

_ @™ 6 Aty 0 Q
5 = 2k nen-o 3 = ol =7
wuAn
_14(x) 43
© 1+ 6x2
_14(7) +3
T 1+ 6(7)2
_ 12+ 3
T 147
15
6
=11
a o

TUWINANURANA ARSI yanwaif 5 Ao 11

YUINATIURAANAATAIUNUY 3

_ @™ s 3 12 _
€ = 1 lngnl o3 = al2 = 15
WyIuAN
140 +3

1+ 6x2
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14(15) + 3
~1+6(15)2
5+3
+9

I

||
Dol o=

1l

YunANRANa AR VLSS anwaA 3 fip 4

fatiurLInARana I RiuseiuleRdme 12 5 uag 3 Ae 15 11 wag 4 auasu

unaudl 5 uilvAsvianinnaialngnees

P v a

ﬁ'ﬁﬁawgnmaaﬂawaﬂmaamnﬁﬁﬁaﬁ%'u‘lﬁﬁ'wmmmmwuﬁmwamﬁﬂmﬁu‘tﬁ
mx) =r(x)+ e(x)
AR uvdadeuanualn 12
m(x) =154+/'15 =0
neuvisdan el 5 _
mfx) =114 11=0
NFuvisdeuansan 3
m(x)=4+4=0

WedgydnvainRawaingnasianuuaslasumsunty dayanisuladagnredmiieuiuns
{mx} = {050101010101010:010:01010:050}

3.8.6 wawuiildlunisnansia

lunsnensiaiuiedestunisiman s fuiRfednsldouesauas an
wadeiiumu  asfesdinmsfnamainisiulasuteunniifeiianaindasitiunou
falu winliieyaRawanaivdugaduneunsaonsia  Jansiiitunouinnvieteeduf
Humslnussaunsuntostuiy  Tumeufifdunsnssiuvumsquasiianududeu
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RS RS RS RS RS RS RS
Code(n k)
(255,239) (255,223) (255,191) (255,159) (255,127} (255,111) (255,95)
N (block size) 255 255 255 255 255 255 255
K (Information) 239 223 191 159 127 111 95
Code rate (k/n) 0.94 0.87 0.75 0.62 0.5 0.44 0.37
2t (parity) 16 32 64 96 128 144 160
T (correctable) 8 16 32 48 64 72 80
Dmin (2t+1) 17 33 65 97 129 145 161
Syndrome
4,080 8,160 16,320 24,480 32,640 36,720 40,800
computation (2nt)
Berlekamp
2 256 1,024 4,096 9,216 16,384 20,736 25,600
Algorithm (4t )
Chien Search (nt) 2,040 4,080 8,160 12,240 16,320 18,360 20,400
Z
Forney Alg (2t +t) 136 528 2,080 4,656 8,256 10,440 12,880
Total Energy
6,512 13,7192 30,656 50,592 73,600 86,256 99,680
Consumption

3.9 f’l"l'ialilﬁ'ﬁllﬂ‘ljﬂ%'l\‘i?jﬂ (Ultra Wide Band)
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3.10 Fadunurves¥snaualnunninegds [18]

-

”~ radio
AN

1 26 moblle phicries

3G moblie phones,
wirglgss LAN

Power (W/MHz)

10k (100K AM--90M | 100M 16— 106
Frequency bandwidth (Hz)

i o =i - Ay =4 o
JU# 3.107005 M0 mn0sEsan skaumIan IBInush s@egsiausiduduau [18]

a = a a =
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AudTIvaEiinannwiiy wmafiavesdyrauauanuiinieddanunsauuseaniy
LUULAUANELFET (Single band  approach)  WaAgMUUMATBLAUAIINA (Multiband
approach)  saunsldiseninadianisldmdunvidesitlisuniufusivaiuan  lunisuay
é’ty,zymw?aua@La‘ﬁ’utwuﬁSaﬂdwﬁaﬁuuuﬁimavﬁtﬁu Multiband OFDM (Orthogonal
Frequency Division Multiplexing) Gaiudninadiainseungunisldmnuiiunauniann
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3.10 ywileiingItaiusidaruaNAMaRanaIALAENTUTUS AT STEOALUIA

3.10.1 “An Overview of Physical Layers on Wireless Body Area Network” [20]
mu%"ﬂf:lﬂum3ﬁmimﬂu°ﬁv’umamwmaammgm ﬂzi'n‘l,"ﬁwmmwgmﬁiuamﬂﬂ
Qzlﬁlﬁgnﬁwﬁ'ﬂmﬂ%'mmﬁmLLﬁimamsLwaéwi'lﬁu uragiinisvegludinislaanuuszinn
z‘huqﬂﬂamnﬁu vﬁaéﬂ%’mumwslﬂ‘u'qﬂa'msmqnmwE?whfi"'u sy aunss
984 PPSU  #fununmussnisaeansuauainuiuavasiinisidnsaanig PLCP Header
WwWintughe BCH(31,19) Taedi PLCP Header flvuna 31 Ua uaz BCH(31,19) fiuswand ade
11970 BCH(63,51) wazdan ¢t = 2 fin anunsaunlelndanainlaiies 2 On
fifunenmasansaeansuauandninisesudaluaecuu fe  wuuuniies
39 BCH(40,28) Faifiussianiugaues BCH(63,51) feutlataiananlasiuiu 2 On uas
WU Hi-QOS aeidnssa BCH(91,28) Fuliuswanuttotas BCH(127,64) wazudlainfinwain
s 9 On luvmsfidunieninuas HEC WlainspamssiaaluauAnNEanan
WRUIATITTINARE | BCH awisaiu  Header “wme PHY \winfu uag
aansolunsuiletelanairfiiiesdiuion Trauilulgisauay 2 Snlunsdoasuay
Avwiiau uag 9-dnluduanuiiniess deieuiuauinuesioyalutumsrauaumaiiiae

4 da Py a
davdvuInng 2040 Ua

3.10.2 “Design of Packet Erasure Mitigation Technique using a Digital
Fountain Code for Wearable Wireless Body Area Network” [21]

nudedl “dnauasigun (fountain) Inetdenld LT “Code wwaldlumsudly
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da Sudnyaude Spectrum Analyzer TBUESSHISU uasidenldrdnedad -80 7T wiofhn
\Jlu erasure ratio # 107

aal

} 74 1l o d 1 =Y 224
n1590nLUUlY LT code  waiin1suSutUasum wisatn (M) a1uAu@eIns

(% v
Qv o

Turuideidnaue 800 1200 waz 1600 Um nwuIRMSHanauun 2040 On(255 lus)
Andudnsswa 0.60 0.41 uae 0.22 My
nansvaaedldiinafisusyinnsdiswanaglifinnsdhswa wuind M=800 wadi
Faglivilwaninnislddasda nsvin M Ju 1200 ¥ildanunsaSuudludefiowanald us
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M
3.10.3 “Highly Reliable Wireless Body Area Network Using Error
Correcting Codes.”[22]
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50 fia 150 kbps uaadasinnsduenavshilinasianisanat PER

LT-Code n3u0 node finvagiaiduimosaningldnsauvumes Tneiiou
fusiada-lelausy Feldrrmnuninvsiiuvosdnsifinwaan 10" wag 107 sudwu Tay
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TevinsiSeudievlaeldlaa sevine LT code uag RS code mamIsenueny

Data rate Rb [kbps] 1214
One packet length PLbit [byte] 255
Information length Lbit [byte] 239
Symbol {ength [bit] 8
Packet duration T [ms] 16.8

HANSNARBIIEATLINT throughput lngwilaain
n = Npacket x Lbit /Tn

HANINABBIWYI1 Throughput 989 Sa-lalavsuazAniives LT Tunsdifignsiaiu
Hananavesdayaninitanuaunsalumsuiluteianainvesin-lelaneu uidlednsinis
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dndrddindateyanamunazannsouflaldfovun witannninfuinlelauouarlsl
ansaunlalavinliawddedn LT code agdndn RS

LT code Fudusvailivannig Ex-OR lssaniimnaligsenunnlunsdunn 14
wiudr Juusnldnsldvhnisieuiisusianiuauanuianainseninesia  Luby
Transfbrm Code (LT Code) #iwufiu Reed-Solomon-Code (RS-Code) wu31 LT-code i
UseAvSawindn RS-Code Tuvnedl RS-Code aglinguniidindn fetfu RS-Code Famned

] A 2 =4 t a
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3.10.4 “Performance Analysis for Hybrid ARQ Error-Controlling Scheme
for UWB WBAN.” [23]

mddeillfinausnisyFuls throughput TovumMEnwnsAeaTuauAILd
fads u,asﬁwmimaaqﬁLmuﬁwamﬂiaqﬁ’iyiymﬁ 3 (CM3) Wiy en-body to on-body
Wity msudhsasgindioutuisdeyaiifu medical wag non-medical uidoyaiidiu
medical 3g¥inAstiiy H-ARQ 1luse psunsviaasld BOH63.51). dridhuiutiu vn
annuifimiiawateadeyadensdiiinaun Bulasuasds NACK-LUsfudauiiodos
vow3iin lawsduildudoya Medical Whiudssiinsueddymiudagvinmsdslvl nns
vhsnanaspsimstltasdeyavisdrudoyauasn3atasouiy Mssedsoyatsdugad
roulenmaslinudayainnatauianissnnuntsvelidaiuniAiiael] Avnsitinosd

TalunsveapuR M T19NIuaa

Channel IEEEB02.15.6 CM3

Pulse shape Modulated RRC

Bandwidth 500MHz

Mod.Demod. 2PPM, Energy detection

Bit rate 2Mbps

Frame (Message) length 256 bits (1280bits)

Codeword Data frame(63,51) BCH codeword Parity frame (15,7)
BCH parity bits

Decoding Bounded distance decoding

ARQ protocol Selective Repeat ARQ

Tunsiaussansawiy Wivuedr M Ao Maximum number of transmission
o M inTusgyiili BER anas uasiilefinisiimsruuvesuwalfinunntuvdonsdideya
Anwaafadadninvaanisdsdoyadudiussansnmiazanasesnaunfasnaneiutes i
ledayadifisuaremaSsuiosfiazdsimsavesnantimes winwuiarfisediduiu

AMeansula A Delay 9zdipaiudu wazminlynsnensianlatsnishifianuaiunsninn



62

v v

< a4 a v v a & o q v : ) o o Y &
‘UUWEBMﬂ')']JJ‘ZiU‘dauENﬂu‘-\]:ﬂ‘VﬂIVlL’Jaﬂm‘mumﬁaaﬂa\i ?JEJNI?HGI']QJENJJ‘UEW]LU‘ufgﬂﬂaaﬂam

Error rate laianunsaniuaule

3.10.5 “Raptor Codes in Wireless Body Area Networks.” [24] A
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3.10.6 *Adaptive Radio Transmit Power in Wireless Body Area Sensor
Networks.” [25]
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3.10.7 “Continuous Health Condition Monitoring by 24x7 Sensing and
Transmission of Physiological data over 5-G Cellular Channels.” [26]
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3.10.8 “Preliminary Evaluation for an ECG Monitoring System.” [27]
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3.10.9 “lterative Soft Decoding of Reed-Solomon Codes.” [28]

miideillfitaentsidisuiieuianisanaulessuiie msieaulanuuveuias
‘mysndulanvvaziden Tnemaneaefishusaulunisisasnnsisnadeinwainit 300
58U ¥insMaaesiiswa RS(15,7) waz RSG1;25) eelddesdun aundfeudunuuuuan
waztesdynausiian nansnaaesivesdyniansdiarivatsia RS(15,7) wuinisdnduls
wuvaziduaagliszansnmAninnsanaulawvunetu vliladnsinsvene 8.8 dB win

WisuWisumednsidndanain uazdiuiu 5 dB WewSeuisumedndydnualifianain

=]

fauanslugy sgalsianunmsdadulanvvazidesidadidedes Wsldmuiusiaiiiniue
& Y ° v av ver A a A o Y
N LUATRE RS(63,55) agvinlvionsiveneilasuaraavidaiiies 0.6 dB wiatfsuiunis

sindulanuuneny uanﬁnnﬁm’nwﬁu%'aumaqmsaaﬂLLUUu,asmsﬁmamﬂ%’usauﬁé’qmgqaE\j



64

R {= - Hard Dociswontbit lovel aing) |

S B N | —=- Hard Decision(symoal ievel fading) §

\ ~O !+ 551D Decoded(symhol avel fadng) ;

=, . © 5 SSID Decoded{bil leved tading) [

10 N ST H

B - . i

N T :

N N :

.‘AV“'\ \. .

TN :

107 Y ~ . :
L \ - H

Ly N "% i

\. s \,_\

[ S Y 5, ~ .
g XN N\
ER Y A :

\ N -

S Nt .

™ & \\ AN :

5, N \ * .

\ N N

° N\ s

19 \ N
M

P S SO 1 e e fol
C 2 4 [} 8 10 12 14 18 18 20

E N, (6Bi

Fig. 2. RS (157 code with BPSK nuxlulation over Rayleigh fading channel

under SSIN decoding.
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Absrraci— Nowadays, Wireless Body Area Netivork (WWBAN)
haz become an inferesting area of researchers zince it cam
facilitate medical experts to provide a real-éime health
monitoring. The increazing of elder population is the main driven
factor in implementing the medical incelligent services.
Application of intelligent medical care system in the disaster
environment is also not even less important. In such a vital
application system as well as other large bandwidth requiremnent
system, such as a cardiogram and heartbeat mouitoring, the
comununication need: not only the reliability but also the real-
time action. Considering the phydcal Iayer of IEEE 802156
standard, Ultra Wideband offers an adwntage in term ‘of
bandiridth availability. In this paper we propose the preliminary
investigation of the applicadon of error control code te NAC
layer data. Of itz both random and burst error correction
capability, Reed-Solomon codes have been considered. In our
investigation, several MIT-BIH Arrhythmia databases are chocen
as input data. The coding scheme is appled to the 280 byte
payload data. RS(250, K) which is the shorten version of R8(258,
K) defined in GF(256) with variable code rate are investigated
AWGN channel and fading chanpels are employed to examine
code's performance.

Index Teyms—CWB, Wireless: Body Area Network, Ervor
Cortrection Control.

L INtTRODUCTION

Wireless Body Area Network (WBAN) is ‘a collaction of
low-power, intelligence, and niniaturized devices atfacked on
ormlplzmtedm!hebod) or spread around the body. These
devices provide continuous health monitonng)and real-thne
feedback to a medical ‘expert The tramsmission of these
devices, cover a short range of only meters.

The IEEE 802.15.6 standard defines one Media Access
Layer (MAC) and three Physical layers (PHY) which comprise
of Namowband (NB). Ulta wideband (UWB), snd Himan
Body Commumications (HBC) layers. The selection of each
Physical layer depends on the application requirements. In vital
health monitormg environments, - the' real-time “and_ reliable
applications are required The monitoring signal is very
important for the patient that unacceptable for loss, missing, or
even damage, and the UWB layer is suitable for these kinds of
application. To mitigate errors of WBAN communications, one
can implement error comection at either PHY or MAC. or both
layers. Emor comection implemented m PHY should be

978-1-4709-1027-4713:$31.00 22013 IEEE

performed at chamnel coding which can be done before
modulation. BCH coding is a binary cods and it can identify
location of ermror bit. it is emploved at PHY to improve
robustness of PLCP header and able to corect up to two
erronegus bits. In contrast, the error correction in MAC layer
can be performed at 2 frame Jevel.

Recently.there are many researches attend for mitigation of
eryor occurrences, and it is desirable to use a suitable channel
code or Forward Emor Correction (FEC). In geperal. these
codes add a systematic redundancy to the transmission packet
and allow the receiver to detect a limited number of errors that
may occur anywhere in the message; and often to correct these
errors. without retransnussion. [4] proposed a packet emor
mitigation. technique-implemented at PHY laver using LT
code and compared with RS code. The result shown that. the
throughput of RS code was-higher than LT code, when the
error bits less than correctable bits. [3] stated that the MAC
protocol plays a sigmificant role in many finctions especially
to contro} and recuce power by mitigation Tefransmitting
tequest. To nntigate request of retransmission at PHY channel
coding level, shorten version of RS<ode (8. k, 1) over the
GFQSG) was examined [6]. In medical video transmission
application, it requires high reliability and strong exror control.
the hybud ARQ emor control in UWB was propased.
However such a_system required the refransmtission process
when errors were detected [7].

This paper proposes ‘an. emor comection mechamism
mplemented at MAC Javer. The coding scheme is applied to
the 150 byte payload data. The variable rate RSQ250, L} is
investigated. The code Tates)of 0.74 to'0.98 are fairly high and
of our interest. Several MIT-BIH “arrhythmia databases are
chosen 25 input data. Simulation has employed both AWGN
channels and fading chammels.

This paper is organized as follows. In secton IL we
imtroduce [EEE 802.15.6 standard both MAC and PHY layers.
In section IL “we describe Reed-Solomon codes and shorten
version of such'codes. and WBAN chamnel models. These are
the main contribution of this paper. In section IV. we explain
the design and the experiment setup. Finally we conclude our
achievement in section V.



II. [EEE 802.15.6 STANDARD

IEEE 802.15.6 {Wireless Body Area Networks or WBAN)
[1] has been published in February. 2012. It supports one MAC
layer and three different physical {PHY) lavers a3 follow:

4. Plysicai Layer (PHY}

1) Namowband PHY (NB-PHY): it is responsible for
activation‘deactivation of the radio transceiver. Clear Channel
Assessment (CCA) within the current channel and data
ransnassion reception.
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Fig 1. Standard PPDU Strucnre for Narrowband.

NB PHY is aimed at commumication with the wearable rodes
on body and the implantation nodes i the body. NB-PHY can
support the rate of 75.9 kbps'to 971:4-kbps. The standard
defines 230 physical channels and seven operation bands. The
PPDU composes of three main components: the PLCP
preamble, the PLCP header. and the PSDU. Each PLCP
preamble is constructed by concatemating a length-63m-
sequence with 010101010101101101101101101 extension
sequence. The length of the preamble is therefore 90 bits:

2} Ultra Wideband PHY (UWB): it is desizned for high
performance. robust. dow complesity, and ultra low potver
operation. There are two different types of UWB technologes.
Namely, impulse radio UWB (R-UWB) and -wideband
frequency modulatioa (FM-UWB). The specification defines
two modes of operation which are”default mode and high
quality of service {QoS) mode. The default mode shall be used
in medical and non-medical applications. and the high QoS
mode shall be used for high-priority medical applications [3].
The PLCP constructs the PHY layer protocel data unit (PPDU)
by concatenating the wnchmmzanon header (SHR) physical
layer header (PHR) and physical layer’ service: data wmt

(PSDU). respectively.
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Fig. 2. Standsrd PPDU Strucre foo UWB.
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3) Human Body Commnmications PHY (HBC); it uses the
electric field commumication (EFC} technology. Its transmitter
15 implemented with only dimtal cicwits and nesds one
electrode. instead of antenna. The realization of the receiver
needs none RF modules. which makes equipment easy to camry
and power consumption 15 very low [2]. The data rates are
distnbuted in 164.1kbps. 328.1kbps, 636.3kbps, or 1312.5kbps
respectively. The HBC packet frame format 1. composed of
PLCP Preamble. Start Frame Delinuter (SFD). PL.CP Header.
and PHY Payload. PSDU suucture as shown below in Fig. 3.
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Fig.3. Standsrd PPDU Sauctie for HBC.

B. Media Access Conirol AMAC)

The stmdard defines the different access modes. access
mechanism.and different type frames as follows;

1) Access Modes; the entire channel in WBAN is divided
into-superframe wiich is interchangeable with beacon period
used.  especially when no beacons are transmutted. Each
superframe is bounded by a beacon period of equal length.
MAC layer can operate in one of three modes as following:

¢ DBescon mode with beacon penod (superframe):

in this mode. the beacons are transmitted by the bub in
each beacon period except in inzctive superframe or
prohibited by regulations. The ‘superframe is divided
into exclusive access phase 1 (EAP1), random access
phase 1 {RAPL). manage access phase (MAP).
exclusive access phase 2 (EAP2). random access phase
2 (RAP2). another manage access phase (MAP). and
contenfion  access . phase (CAPy In an active
superframe (beacon period) a mb shall transmit a
beacon and may provide access phases accordingly. In
an inactive superffame (beacon period), a hub shall not
transmit, any beacon and shall not provide any access
phases.

e Non-beacon mode with superframe: in this mode. a
b may have only a managed access phase (MAP) in

e Non-beacon mode without superframe: in this mede, a
hub may’ provide ~umscheduled bi-lmk allocation
intervals” compmising of type-II polled allocations
and’or posted allocations. After determiming that the
Imb-for thenext frame exchange is operating in non-
beacon mode without superframe boumdaries. a node
may freat amy time interval as a partion of EAPI or
RAP1 and employ ACMA/CA based random access to
obtain a contended allecation



2} Access Mechanism: it is used for each access phases of
the superframe and are categorized into three mechanisms as
follows;

s Random access: in executive access phase 1 (EAPI),
random access phase 1 (RAP1). executive access
phase 2 (EAP2). random access phase 2 (RAP2). and
contention access phase {CAP). the allocation may
only be contended allocations which are non.
reoccurTing tme intervals which valid per instance of
access.

o Improvicsed access and unscheduled access:
improvised access may enploy as an independent
access method to send polis or posts on a best-effort
basis. or as a supplemental access method to
scheduled access and umscheduled access to send
additional polls and posts outside scheduled
allocations and unscheduled bi-link allocations, or an
enabling access method for scheduled-polling access
and unschednled access.

o Scheduled access and scheduled-polling access: it
may employ scheduled access to obtain . scheduled
vplmk  allocations and scheduled . downlink
allocations, and may emplov scheduled-polling
access to obtain scheduled bilink atlocations ‘and
polled and posted allocations. Scheduled - uplink
allocations, scheduled - downlink allocations. and
scheduled bilink #llocations, which-are. collectively
referred to as scheduled allomuons may be 1-
periordic or m-periodic allocations, except that. a
node shall pot have both 1-periedic and w-periodic
allocations in the same WBAN.

3} MAC frame format; a MAC frame is an ordered
sequence of fields delivered to or from the physical layer
service nccess point (PHY 'SAP). General frame format
comprise of a fixed-length MAC header, a vanable-length
MAC frame body, and a fixed- length Frame Check Sequence
(FCS) field as shown in Fig 4.
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Fig. 4. MAC General Frame Format.

A MAC frame type ts divided into- three sub-types as
follows;

e Management type frame; it contains both certain
mandator\ fived-length fields-.and some optional
variable length component fields including: bezcon,
secwrity association, security disassociation, pairwise
temporal key, SToupwIse. tempoxal key.. comnection
request, comection assignment, disconnection. ) and
optionally command field

»  Control type frame: if contsins either frame payload

or no frame payload and may contain fixed or vanable
length frame payload. It may also contain following
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field: immediate aclmowledgement (I-Ack). block
acknowledgement (B-Ack). immediate
acknowledgement + poll (I-Ack+Poll). block
acknowledgement + poll (B-Ack+Poll}. poll, time-poll
{T-Poll). wakeup, and B2 ffame.

o Data type frame: this tvpe of flame contains a full

a fragmented. or no MSDU. If a data tvpe of
emergency subtype of a user promnty is set. it will be
transmitted to mdicate as an emergency or medical
tmplant event report

C. Modularion Techniques

Modulazion 15 mechanism to carrying binary data through
wireless analog medium. at the receiver side it needs to recover
back to digital data accordingly. The different techmgue
mfluences to distance and power consumption. the Phase Shuft
Keving (PSK) modulation is more suitable than others in term
of lower power consumption. The modulation technique of
each physical layer shown in Table I to Table II

TABLE [ MoruranoNy TECEDGQUE OF NB

Peequency «:‘;:u odelation "’::’g; 3’“’ Sappert
PLCPHseder | =2-DBPSK 578 Meodzory
PSDU x3-DBPSE . 13 Mandrary
PSDU ©2DBPSE 1528 Mandasry
N PSDU =$-DQPSK 3036 Mizdesry
3053y PSOU 5-DERSK 4355 Crpaioaal
PLCP Haodss GMSE 538 Mandviory
PSDU GMSE 159 Mandswory
PSDU GMsSE 1515 Masdrory
PSDU GMSE 1575 Qptiona
o\ PLCP Hasder | %2-DBPSE %6 Mandrory
ST, #SDU 2=-DBPSK 612 Mexdrore
9{{;& PSDU =3-DBPSK 2013 Memdrory
2 ;;';x PSDU c+DOPSK 3048 Mndrory
PSDU =3-DIBSE &1 Optiomat
PLCP Hozdie | x2-DBPSE sig Mazdarary
. 4}5&; PSDU =1TBPSK 1214 Mandrry
2409+ PSDU =2-DBPCK 18 Mezdrory
HWEIRE: | ppu =2-DBPSE 4557 Mandrary
PSDU #4-DQFE 8714 Mand
TABLE II. Moptr st TEcENIQUE ¢F UWB
PEY Modalaion ‘:::::‘(:;; Swpport
UWB (T8) e0-0F nmmlng 457 - 15.600 Maadutory
UWBH (M) DBPSK 387 7.500 Mandrsory
UWB (FM} DGPSE 11,600 Mandrrory




TABLEIII. MortLAmon TECEGQUE 0F HBC

Packet Isformaton
PHY \odcladan dars race Suppent
tomzponent (kbps)
PLCP Headay FE-Spreodsr 1& Mandancer
PSDU F&-Spreader 15 Mandwory
HBC P3DU FS-Sproad 33 Oprionzt
PsDY FS&-Spreadar &% Cptionsl
PSOU F&-3pwadar 13128 Opriomi

. SHORTEXED REED-SoronmaN CoDES AND CHANNEL MODELS

Reed-Solomon (RS) codes: are non-binary cyclic emor-
comrecting codes invented by Irving S Reed and Gustave

Solomon. The codes are used in various applications from hi- :

end product to consumer electronics such as CDs. DVDs. and
Blu-ray Discs. By adding r check symbols to the data, then an
RS codes can detect any combination of error bits up to X
erronecus symbols, or can cormrect up to [7] symbols. The codes
are also viewed as cyclic BCH codes, where encoding symbols
are derived from the coefficients of a polynonual constructed
by omitiplying p{x} with a cyclic generator polynoral The

maximum codeword length ()5 #=2"-1_ where-m is a
symbol size. In the application that does not require “natural”
size of RS codes, or 5o called “shortened RS™ one can produce
& smaller code from any. desired size of a larger code. By
padding zeroes (or other known symbels) to the unused portion
before trapsmit the packet and then re-loaded zegoes (or the
same known symbols) at the receiver to recume the message.
Due to the limitation of the availability of possible data amount
in the pavload slot. m this paper we are relied on the code with
the length of 250 which is the shortened version of RS{235, k)
code.

Channel models refer to the mathematical deseription or
transfer fimetion that.frying to represent the characteristic of
physical ‘behavior “along. entire path between sender and
receiver. Most chammels characteristic is' modeled from a
transition probability that specifies an cutput distubution for
each possible of inputs sequence. In wireless communications.
a random attammation of the transmitted. signal affecting by
multipath propagation; or due to shadowing form the obstacles
called “fading model” is often be used. Additive White
Gaussimn  Noise (AWGN) is another mods| 'that frequent
reference, the amplitude will be reduced -as Gaussian
distribution and the degradation to comnmmication is a linear
addition of white noise with a constamt spectral density.
Channel models on WBAN called “C)M", IEEE 802.15.6.
working group 6 (wg6) has categorized the CM into 4 types
[8]. M1 medels for inmplant to imxplant device, CM refers to
implant to either body surface or. external device. CM3
represents body surface to body surface, and CM4 describes
models between body swface and external device. These
models have been generated from a theoretcal or empirical
model. The major factors when the signal traveling across or
around the body including path loss, shadow effect. and power
delay profile.
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The model of UWB WBAN can refer to path loss model and
power delay profile (PDP) as following [¢]:

Path loss model;
PL(d)[dB] = a-logia{d} + b+ N 1)

where a and b are coefficients of linear fitting. d is distance in
mm between 7x and Rx. and N is normal distnbuted vanable
with zero mean and standard deviation gy.

Power delay profile;
h() = Zizd @ exp(jd) 6t — 1) &)

where a, is path anplitnde. 1, as path amrival ume, and 9,
denotes the phase for the {-th path L is the mumber of arrival
paths. and 6(2) is the Dirac functron.

IV. DESIG AND SIMULATION

Acconding to. IEEE 802.15.6 standard. a MAC layer can
contain three sub-types of frame format, management type
frame. control type frame. and data type frame. In this paper.
we focus onthe frame payload that contain in a MAC frame
body of the difa fype frame. Regardless the optional Low-order
sequence mumber and MIC. the frame payload can hold 250
bytes at most. With this regard, we examine RS(250,k) codes
by varying k message block size from 186 to 246 bytes. The
resulted code rate is made vary from 0.74 to 0.98. The defail
parameters are show in table IV below.

TABLE IV, SHORTEYRS-CODES PARAMETERS

| Codotuts | Shaciab) | Farier ben | Corscslutrmd | Cods rm
RSN 34 % i 1 4%
RSSO 82 % 3 Ly
RS20 B8 P [ f; 69
RS20 43 o) 14 P o34
Jrssza o0y ™ % 10 un
RSz 236 2% u i @
RS 2021 P 3 1 e
W0 196 % w3 iz aw

V. RESULT AND CONCLUSION

In the expeniment. we varied the message size (k parameter)
of shortened RS codes as described in the previous section and
use 'MIT-BIH arthvthoia, databases’ as input data. The
obtained BER graphs are shown'in Fig. 5. and Fig. 6
respectively. “Qbviously, st a particular value of SNR the
longer message code (lugher code rate) provides larger BER.
The BER can be improved significantly when we reduce the
message size from 246 bit to 238 bit. Toward the different
channel-environment. results on AWGN and fading channel
were converged to the same trend when SNR is less than 6 dB.
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