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An optimal modutation technique for Wiretess Local Area Networks on

One-Path Rayteigh fading channel By Using Discrete Markov Chain model
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uvr6'otio
-  J .  d  a  Y  -  /  .  u  t  r  i  u yunnatuiiua{ufirhwuadtnnwmnfrnnnneh#ryrytufrtuutvauehuiu[ntwitunoufiemainwtsfiuuulian

(wireless Local Areo Networks) Iutadagrytufin'tffi1nu'ttJtLlJlJnddTnuXtuuu,ftaawiai[ciutinavluuuhiriatdat fio

tJiurJTwustnuvtto$wsTuoaa CSMA/CA (Carrier Sense Multiple Access with Collision Avoidonce) nltJulnnglu

llar IEEE802.1to fumofionsnit#tytytufitstfisttufluuvtoatuiiaau-udilo BPIK QPIK 16-QAM 64-QAM uav 256-

QAM &nttnJ?uutfruusufiauvuanmnfinnnit#ryrytwuoiavuuu tttou"ltrifi#ustutrn 6oturoted throughput)

tatrvuuftlunade-n qtnwantfimnvtitfuilataztuaon"ltiniuhruofrontsni\#tytyr*uuu BpsK uav epsK fraunnurfr

ilnhdatfiuuriumnfrnnnna\&yrytuuuu 16-eAM 64-eAM uav 256-eAM"luda6ryrytufin')ffi'tnlnuuuundi da
a a a ' d q t e , ^ . . - , 4 - 4 -$lfrattutntrrtfiritnatu$a'lunsekiaqa (Bit Rate) uavriyit#tttunduaadrytytwoiarhrit#wunfraaadryryta

tu na u si aA n G b/N o) fi tvh riu

n'rrirdcg: uunfinnr:n#r#cpcyrru, ln:rr.jrunoufirrnoiranrsfiuuutiaru, uuuusiraorvir{durinodrruutilriorfjo.:

Abstract

ln this reseorch, we evoluote an optimol modulation technique for wireless locol areo networks (WLAN) on

one-poth Royleigh foding chonnel by opplying discrete Markov chain model. An optimol modulotion

technique is used for improving the performonce of corrier sense multiple occesses with collision ovoidonce

rcSMA/CA) protocol bosed on \EEE802.1L stondord. The performonce of oll modulotion techniques ore

compored in term of soturated throughput porometers. The BPSK, QPSK, 16-QAM, 64-QAM ond 256-QAM

modulotion schemes ore considered in this reseorch. Our nUmericol results show that the performance of

BPSK ond QPSK are better than the 16-QAM, 64-QAM and 256-QAM modulotion techniques on one-poth

Royleigh foding chonnel when we f;xed the dota rote ond signol to noise rotio (Eb/No).

Keyword: Modutation techniques, Wiretess locat area networks, Discrete Markov chain model
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1. uild1

lu:suuTn:ldrunoilfi?reroiroilrcfi$uutiaru nr:iu-dl {oqa:vr,r'j1{tnio{noxrfi?taoiddlu (Server or Access

point) rYurn6ornoufirusroiqndru (Ctient) dloroosuflunroufirtnoiruudolfi't (Desktop) uionoufirtrroiutlurnl't

(Notebook) udolrirfiorJ:vfiyBnrvlrolnr:t{drunrrufiuavirueionl:ooflrruua1uo1n1fi Qiln6unrrudlu:uuu1n:'ili'}u

norfirrnoiravrrsfiuruutiaruovoqjfirJ:v3.r1ru 2.4 finvrB:nd (GHz) dl,riu:rlat51u lEEESo2.rrb/g $av 5 finsr8fvr

drufrrrn:g.ru tEEE802.11a/g/n nzvutunr:rjr#rycyrrudo4a (Data signats) rJrnlr.kTundufl1fi (Carrier signats) tlltiun

rvrnfind.jr nr:na1d'ipryrru (Modutation technique) tudor#cyrgrruuuutiaruo'rrrr-l:rirn'rgfidrl#rJ:vfivr6nrnnr:dt

{o4aaorn'rnt6o nirnr:anyourira'rrruror#ryryrrunduirqrio:vavvrrr (path l.oss) uavrirnl:Q't{l41urasnilufiorrduu

lotd'cpryrru (fading and mutti-path dispersion) asrYunr:u6onrunfinnr:n#ta'cytprrrdtuxrlsdtr 6lr{Jui6nr:odNraijld

ovrfiurJ:vfiyBnrvrnr:drrioqa'[u:vuu1n:rtirsnoufirrnoirarrsfiuuutiarutri6Ej$iu asriulrui6'uariuddnjrrauofilnr:

urrunfinnr:n#..1a'rgru.*firuurva:re{rr,ridn:qtilunoilfirrnoiravrrvfiuuutiarutudol#rgcprrufrnliof i14lutto{#rgcgrru

ruuuu:6rilsrukiuu!siraot?ix1dlrinov,luuurhirioufior 
'luuilnrrilqvrr-ir:ruastduo'6'ld eitufi 2 qvoBuruuunfinnr:

siraor:vuuTnakivrqrvfivixTniurinov{rrlutrisiorijor (Discrete Markov Chain modet) eirufi 3 osoBurunr:n'rurrurir

id'uarur:ntol:stu eirufi 4 qvtflut{anr:iunr:rvr,iufild'rtat utavaqrJzuaovoq'ludrufi S

2. uuu,fraordrtTdurinav'l ruuulrisio fio.l

flrqiunr:iirrv,l:udoqalu:vluTnr:ltirurrotfirtnoitavrrvduuuliaruovtcilfl:Iilnoa CSMMCA filovfi;rJutuunr:eil

rv'l:u{o4a o'r rtaoflunrvlfi t

Contention Window
CW

Back-off Atgorithm

rryl

ntrfi t : n:slrunr:iil uv'l:urioilatot CSMA/CA h:Tunr oa

1nsil'rlildord'ryryrrunr:eirdoqator:vuu1n:rdrunoufirtnoitavnsfiuulutiaruovqnur-iloonr{Jurixl firvirn-u (stot

time) ntvu?unr:dlrv,l:u{oHaro{ CSMA/CATvr:lilnoaqsrilornanrfiqndrufifinrru6'olnr:ovdltv,l:u{oqa l4rnr:

n:rod'uriardrgryrru (Carrier sensing) Qirtunr:airuv'l:urioryan'{lu:n ntvu?unr:ri.:tvtrir{r{luunurinoov'lo'ano3fiu rfio

tiol#ryrgrru'jrsurnn'jryiorvirril DIFS (Distributed Inter Frame Space) no:rfirrsroifi6'olnr:oveistv{:u{orya (TX) oveil

ril:unruqu RTS (Request to Send) trJrilrn6owroufirrrroifiqvuflu4'ilrvl:l{oqara6onorinr: (RX: Ctient computer

or Access point) rfiol4rnr:oortior#ryrgrru tirnrolfirrnoi{irrd:u{oryavliou osnoundu6'raud:unruql CTS (Cl'ear
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to Send)\]rilnoufirrnoi{ailrv,l:urioqa a1nrlun:su?unr:Gi{tv{iillioqa (Data frame or Paytoad) fiocGudu frrnr:ril

rv,l:ltrjfiriofierflalor liiotrjrfiprnr:turiuflo{Lt,,,l:lnio{a rn6o{Frorlfi'rrnoifiiurv'l:lrioqavrionauBnliavGi{tv'l:xl ACK

(Acknowtedgement) nound'utrJu-{nalfirrnoifieirrv,l:u{orya (tX) 'jrt6'ituv'l:ln:lqn6'o{ nr:c{{trl:ilrrriavnritovqn6'u

6'ru?irl:srrsirar#u1 driun'jr SIFS (Shot Inter Frame Space) firnoufirtrroifieitrv{:lrio4a ffX) hjtfrYltd:tr ACK

nrulurrarfiriluun avQnd'ufrugru'jrrfiorn1:{uri'uflo{rd::rrioqa r,16orv{:l{oqaqruuluisu'j'l{v11{ (Unsuccessfut) 6t

6'ow4rnr:riluv,l:r{oqariulvrri (Retransmission) drnr:;irrv'l:urioqanYlfiaol tv6'orr{r{Tr,rlorurinoov'ldano3fiil

(Backoff Atgorithm) lfioflolfi'utrjlrfrrfiprnr:turi'uu3o4rgraruflo{tv'li:r{oUarrultilf,ou tfiono:rfirtmoifiai'luv'l:u{o4a

(TX) 6'ornr:rvcirrv,l:rnr#rfi z osolocl4rnr:{lrirurardurrrixvrfir t:rtBundxtrard'jtrrirrircli'll0lnr:r{r'[{

dold'ryrgrru (Contention Windows: cw) dlriruorurirrixdxf,lnr:r{rkidold'rycyrruotduoqjrY!1fiq1ot$15noov'|6'anoT

ntdlt lufloqriu:vlrTn:ldrunoilfirusroilailrsfiu!utiarurv"[{n:vu:unr:tuurBrdnfivltuutfiua trrinoov'ld'ano3fi!

(Binary Exponentiat Backoff Algorithm: BEB) ifionndm:rnr:tufiutoltv,l:u{o4alu:vtlu rfiofl ZOOO rini{'atu

ronar:dr.rdlfi tzt tst [4] uay tsl t6'rjrrauanl:siraol:vuu1n:ltjrunrorfirtnoiuovrrvfirruu"Lfaru lorul{vrqr*fivixTd

urinodttultrisioriiol (Discrete Markov chain modet) filuarxd'urrfi z

p
CWrt

Backoff stages change

n,rild zr uruiiraoryixldilrinoy,luurltilriarflo.rcrol:v!uln:.:drunoilf:tnoirarrvfuultiarufl{r,LfnooddanoSflrrLu Bra

rioulu:rfinqvriunur11siraoltunrvrfi z d'jr siancl-ri's model dlutluuutudraotfiqnrirtr-flfflunr:iun:rsvial::ouvtot

:suuTn:ltirunoufirrnoiravrrrvfiuuutiaraurnfiqo qrnruul;raol"[unrnfi z rini{'ul{vrqrsfl6': (Queuing Theory) tu

ffn1?vn.id'? uraunr:rirnrrlrirovrflufrTyuor,16onoufirunoiqnr.irutvdrnr:iiltv',J:l{oryalururiava6orrnr:iilfi{u16onur
-  4  u  v -

ruur rr:udr fr rlpid'lal nr :fr t

2( t -2p) 0)
t Bianchi model (1 - 2 p)Qlat + \ + pCtl (1 - (2 p)'' )

m
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lu$uusiraolro{ Bianchi osl{huri16ndTrruuufioauurinoodd'ano3fil (BEB Atgorithm) uriflryurnr:tufi'utotlv'l:u

rio4a Toral'r,rd'nnr:l4rlrur,ra-n1 6orirri?{txalufileilrdrttrnr:r{r1{tiota'rgcyrru (Contention windows) ovrfildur{Ju

6 o { rvi'r Fi o n 1 : ii c uvl : u ?io u a dl u fi t n ir r'-r a u n r :

CI4/ =2' xCL/'^^ + i=0,1,2,3...m LIAA CW^u*=2' xCW^in

L9rUVl 6orirnmurjrovr{JufiTr,ruoruiorrorfirtnoiqndruovli'}n'}:d.itv'l::.rlio4aluuriava5om
!

(Packet Transmission Probabil.ity)

6odTurunr:eisrd:u{oryadruioriruunoovrlatrtq (Retransmission or backoff stages)

6orirnrrurirocr{Jufiovrfinnr:tun-uflo{tv'l:u{o4a (Col.l.ision Probabil.ity)

6oriT tixrrarvrirrirrrjxfi rnr:r{rkiriora'rgrUrrufi uunoov'{armq i

6orirtixrrarurirsirnixf,lnr:r{rhitiora'rXryrruoirqnr,r6oniruiufru (Minimum Contention Window)

6orini:tu:a'larirsirnix0rnr:urirkiriosd'rgtUlruqaqn (Maximum contention window)

uur-rdrnorlunlv!fr 2 r{Juuwqiraotfr'rtrJluriord'ryryrrudlilfid'rprulru:un?uuavnlianilou (ldeal. Channet) rrsi

riol#ryryrruffl{eiliv'l:udoqalu:vulfi'[{rruoir (real. channet) ovfirirnr:anvoudra-wrutot#ryryrrurio:stJvvl'tl $avFi't

nr:a1{u1uitasnmufiprrduutor#ryrgrruoqj6'rurauo actiurruiq-uariud6r,flraor:srLulrarifirjlruan:svruflorrirnr:orturu
-  . i a

flo{arU6U1ruyriln1:raflLrr{L8rafifirulr-rr:6d {nateigr, Fading) urirufiqr:rur utasrirnusr"lririrsiru'tuni:ri.rrv,l:urio4a'f'r ti)

uavrirtirurarurirrir.idrrf,snr:u{rl{riora'ryryrcu (ctz14 r^rirnxfi uriu'rnrtrivrqr*fivi':tldrrinrov'fuulutririoudoltufiout6u
d  a  q  , 3 ,
frlr:rrSanrynfrnnr:qiraoltvulJrruu-[uilil ' jr FBFC (Fixed Backoff staqes and Fixed Contention Windows sizes

tech nique) d'cutantlunrv'{fi :

+ Backoffstageschange

n1l'{fi 3: n1:silaolrsrlurr!! FBFC

(2)
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o1nR1v{fi g riruunlfi'rirsirurunr:6{tuv,{:u{ouadrutoriruurjnoav{armofirirrvirfi'l s (0-7) uasrirtixrratrriT rixrirttlnr:

r{rlritiord'ryry n) (cvDfidrrvirfi'u tozq to-tozzl a6on ffrr:rrirr,ruprlri b,.o hontnx:,rrirosr{Jufr:suuasoqjfiru

noov,latna i uavrirdrttrarurjrrirtrixfitnr:r{rl{tior#rgryrru k r:rhivrqrcfifir (Queuing Theory) 'luanrrvnlm-r

(steady state) urnirnrruilrqcrtJufituuFru6onoufirrrroiqndruovlirnl:d{rd:xr{oqaluurriavaSon (packet

Transmission Probabitity) fr'ufifiriold'ryrprru'jrtrrnn'jrrniouvjrri'u DIFS (Distributed Inter Frame Space) rirr,rrirsirl

rix0rnr:l{rtridotd'rpryrru k nnne}drarfiavrafirafios}ourflu4uri Cw or K =0 time stot) uav P. 6orirnrrurjrosr{Jufi

noilfi?taoiQnrjruoc6'oruuFr:onr:t?ir"l{dond'ryryrru (r,rqnnr:nnriryrirrirldxf,rnr:r{rl{rior#ryryrru K) rdo
tios#rprgrrurird'rqnnoufirrnoiunr6otdul{airrv,l:urioqnod ov6'or:01#notfirunoifirird'rl{rrurior#ryrgrru;{lrio4alri'ra5o

duriou drosaur:ntiun:srrunr:anrir ctzy riold'(aprrir K arfiavufi.iaSoncur{Juquti) ovrYurirnrruilrovuflufi

noufirtmoiantjrutvlirnr:drtvi:u{oraluuusiasuuunoov'larno i fid'ufi'uiSrYlrirnrruilrrsrflufiausroGud'u bo,o ovrflurr-r

ailn1:

,,,=;i[ffi]",,
u,,,=*f,[ffi1",,
u,, = #F,[F#|*. .# ; [ ffif' u,,

ornrqufrfirluanrtvnt6'r (Steady state) rirnrrrrjrosu{lutuuriavuunoodaroro ov6'or:rufi'urvirrTuyfir riu6orirnrru
rirnsi{lufrTvupru6onroufirtnoinnrira"[n1 oslirnr:riru,'l:u{o4alur,rfira6omnr:drovuvirriu

+,Tnn. = Lb,,o = bo,o I br,o + br,, + br,o + bo,o + br' + b6,0 + br.o =l 6)
, =0

ttuuaunr:d 3,4 LLau s artu 6 o-narnr:lri'oqluyJodrriru r:rfiovteiFirnrurirovrflufiTr,runr,rtonroufirunoianr.iru'[or1

osl4rnr:drrv'i:lrioryalur,tfiraSonnr:iilriruiunr:sirao.t:uuurruu FBFC esuflu6'railnr:

u,, = +*]ffi]' u,. b,. = *EIEH)',,, G)
u,, = *Elt=11"^. bu.=,#,*[ffi]'u, G)

TFBFCmod,et =

t9luvl

,=,oi [ , ! ' -+l l '  .= o$[J'-r . l l '  p= p jr fJr-e,),1'  u= ,  $[( ' -r ,) l '"- rsf=,1(r-2p,)J "- yhlT-rF,) "- etfi l(r-2p,)) "- wfr;6-E1

r= p i [Jr-e"),1'  6= p y[ lr-p, l ' l '  
"= 

,  Y[,(t-",) . ] '' 2ssftl(r-zr,)1 " - 5nht[_rFJl 1023 *L,l(t-zr,))

(7)

3. nr:rirurruriri#s arur:ora.::vuu

lu:vuu1n:rdrunorfirtnoirarrsfiurutiaru rilifr'uarilr:nluanrrvdun''r fi.w1ilrunrru'jr4nlaSonosfinorfirumoi

qnrirudrrvi:rrio:rao{ua:ro (Saturated throughput t2l) Qilririd'uaru',todrflu*r:rfirnoin-rud#l.iltf,irau:;nusflo{

:vtrut6' ririf,'EJarur:nros:vuuri'rurrul6'ornaunrtfi a -t+
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Ps P,"(MS DU x g) P Mnotcn runntc

Throughput = S =
(l- P,,)o + P,,P.T, + P,"(l- Ps)Tc

turonar:drtalii tzt t6'alrJrirnrTlilrovrflusoro'n:rriofiorvrarflfimfiail (BER: Bit Error Rate) flo{trnfinnl:nair#cgryrru

rruu Binary Phase Shift Keying (BPS$ Quadrature Phase Shift Keying (QPSK) t6 64 *av 256 Quadrature

Amptitude Modutation (16-QAM 64-QAM 256-QAM) luriol#ryrurrufifinr:orturu$uut:6d (One-Path Rayl.eigh

Fading) avLflud'{6:Jn1:
I

BERB5IK = BERqrsx = *n -t t ,tl+u W NSI

P,  = l - ( l ' t ) '

^ nr(l-r)'-1 nr(l-t)'-l
- J  

n ,  l - ( l - r ) '

P . : 1 -  P "  = 1 - n r ( l - r ) * l
L  J  

l - ( l - r ) "

T, = To,r, +Tor, +Trr, * 34rr., + 4o +Tro,o *Tn *

Tc =T^rs +TDTFS + o

d MSDUxB
t DA,A = 

Dtt" R"t"

BE&u-e* = 
|tr 

-r l rE+ s t <zn, t Nrll

BER64-,AM = *tt -t t JlTl t<n, t Nrll
va_utuv, 

24_

BE&.,u-o* =ftft-r, r+85 /(4Eo /  N)l

uavrirnruilrosrflufirv,l:l{ouaosdsh.iiiruSorfiorornnr:orrvluludosdryryrruuuur:a'dosrflud'saunr:

P;i;I';* FADING -1-o- BERlusou"t

L9rUVl MSDU

Ps

PC

TC

TS

T^r,

7,,,

Toorn

Tor*

To,r,

4t,"t
o

n

doturototutl:l{oqafieit (MAC Service Data Unit sizes)

6orirnrrurjrosrflufi oseilld:l{oqaldairriq (Success probabil.ity)

6orirnrrurjrqsrflufiovrfietnr:tufi'uttolrd:u{oqa (Col.l.ision probabil'ity)

6orirnrurrn'rfi tfi prnr:tutotrv'l:urio4a (col.Lision period)

6orirnru trarfi eil rv'l:u{o4aeirtio (success period)
4  |  . i q Y ,
fr orir nr rr trarfl[drit rd:u{o{n RTS (Request to Send)
4  |  d g r  I  v

fiorirnru urarfl[diil rv'l:ut]o{a CTS (C|.ea r to Send)

6orirnrrrrnrffl{eiqv'l:uriorya MSDU (Payl.oad)

6onirnrunard'[{airrv'l:lcioqa ACK (Acknowl.edgement)

dorirnrutrar DIFS (Distributed Inter Frame Space)

fiorirnrrrrar SIFS (shot Inter Frame space)

6orirnrutrarvfila6on (aTimeSl.ot)

6 osirurulvuquto,0'rurun olfi r im oiq nr.i''ud6'oo nr:o tait ud:l{o4a

@)

o)
(10)

ft1)

(12)

03)

(14)

(15)

(16)

(17)

(18)

0e)
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BER rirnrluilrostflutoso'rr:rriofi nnarntgrfieir
i  -  |  |  o u

Eh I N" rirrird'rrruuaa'utold'rgryrruriorirrird'tlruradutotd'cgrglru:un?uriofivl
(Signat-energy to Noise spectra l-density ratio)

pREYLEIGH FADING
, ERROR 6orirnerurirovr{Judrd:u{oilaovrirtrieirtEntfiolornnr:41{u'tuto{d'ruru'tru

ruut:6d

rirnrurrarro{n:lunoa CSMA/CA RTS CTS n1:$.r'ren'ri1u |EEE802.11a tflud'smr:rlfi 1,ltll2l $ac [7]

Periods lEEE802.11a standard

T^r, 28 lrs

Tro 28 ps

Torr 28 Frs

Trn u 341 ps

To,n 34 tLs

4,., 16 lrs

o 16 ps

: rirnrrrrarro{vr:lvnroa cSMA/cA RTS cTS n1ilri1n:1q1u |EEEB02.1la finilltEr 24-Mbpsn1ilil1gl:19'ru

4. fl a nlre [n :rsritfi t st'r rar

nr:iln:rvvii0r6'rratriri#rla1il1iaflo{rurrLIn:rdrunroufirrnoitavvtvfiuudiaruffl{runfinnr:ndr#rgrgrruurriav

IEEE8O2.11a OFDM 24-Mbps [PF=9.95, m=6, MSDU=1024 bytes]

^.r.r.r  
a'*," 'eg?.9 9.*"g 9-o

e  . . . - , -

o-
!

o

o
6
=

rrlJrlr:1ast{glur?a1fl0{ tEEE802.11a rflur,rd'n TerulcjTrl:tun:srnoilfi?Laoittiutdurfiutonar:6'1ia{fi [8]

14,000,000

12,000,000

10,000,000

8,000,000

6,000,000

4,000,000

2,000,000

0

-  e 9 - O . g 9 . O g 9 . O 9 . O , r

a'a'a 
d'A'a- 'a 

-o'  o- * 'o'  oj: i* 'o* 3

^ ' u a ' a

^ ' 6 ' '

A

'- '@ " Bianchi's modet (ldeal channen) CW= 32 timestots

-'o'- Bianchi's model (ldea[ channen) CW= 255 timeslots

'' '^--' Bianchi's model (ldeal channen) CW= 1024 timestots

--x- FBFC model (proposed model in ldeal channel)

r  3 5 7 9 LL 73 L5 L7 19 21 23 25 27 29 31 33 35 37 39

Number of contending stations

nmd 4: riri#uarilr:ndl{nr:siraol[uu Bianchi's modet ttav FBFC model'
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xlnn:rvflunlilfi 4 LfluntiurJieurfiuuriri#erarul:ntol:euu:vu'i1{nl:dtno{L[u! Bianchi' model fi'unr:sirnolt|uu

FBFC lnuritruorlri'firir CW^in rav CW^^r,r6oriTrjrcrrntarirrixdxfisnr:rcirl{dotd'ryrytcuoir4qLtau4.iqofitvirrYu6o a

fil 1024 afion ludord'rgryl6ufiL{Juruuqnilnfi (hifinr:ae}vrou trifid'rgryrrui!fl'tu ravlilfin'r:qr{vruflo{d'rgrulru) a1n

n:rv,losrfiu'irnirid'uarur:offl{rvrnfinrnr:q;raoruutLu FBFC model. tvu{Jurirra6slo.inl:d'lao.i!!uu Bianchi' modeI

o

:t

0
o
a
o

14,000,000

12,000,000

10,000,000

8,000,000

6,000,000

4,000,000

2,000,000

-ia- ldeal channet

+ BPSK,QPSK : EblNo=1OdB

--.a- 16-QAM : EblNo=lOdB

---€- 64-QAM : EblNo=lodB

--x- 256-QAM : EblNo=10d8

7 3 5 7 9 l l  B 15 17 19 21 23 25 27 29 31 33 35 37 39

Number of contending stations

nryrd 5: eiria'uarur:nrorrynfrnnr:nasra'ryryrruuriavurr-r1nul{ruuiirao{ FBFc lutiold'cgrgrrurtutqorunfi

rirtio.:#rgryrruiifi nr:or{vrt'rltuur:6drravl{urirroavluu BEB

o-
-c
f
o

!

@
o

o

13,000,000

12,000,000

1 1,000,000

10,000,000

9,000,000

8,000,000

7,000,000

6,000,000

--.- BPSKQPSK : EbAo=20d8
+ 16-QAM: EblNo=20dB
--+- 64-QAM : EblNo=20dB
--+- 256-QAM : EblNo=2odB
--,.- BPSKQPSK : g!/\6=40d8

+ 16-QAM: EblNo=4odB
--X- 64-QAM : EblNo=40dB
--<F 256-QAM : EblNo=40dB

r 3 5 7 9 11 13 $ 17 19 21 23 25 27 29 31 33 35 37 39 41

Number of contending stations

n1l,rd 6: niliduarm:nrorrynfinnr:ndrflryryrruurinvurr.Lrdorfiu!fi'uder:rnr:trj6uuutjnliirurunouir[naiendlu

lEEE8O2.11a OFDM 24-Mbps [PF=0.05, MSDU=1024 b]tesl

lEEE802.11a OFDM 24-Mbps IPF=0.05, MSDU=1024 bytes]
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t -
t

a.]nn:lilluntvrfi5uras6rfior:rritaln'lririrrira-wruradutor#ryrprruriorirrira'r{1uta6uflo{d'rurUlrurun?ueiofivrrvirriu

10 20 $au 40 dB mrurird'l uavriruuorl#ri'rnm:rrirlunr:;itrio4aoqjfi z+-tvlops Fl'u.tlr1n:g1u lEEE802.11a zuaornn:rv',|

qsifiu'jr riria'uar:r'r:ntolrunfinnr:n#rA'rgry',*uuu BPSK ras QPSK osfiau::nuvddn'jr (qln'jr) rfiorfruurfuriri#u
o ,

61x.t1:0ro{rylnrilnnr:nrira'rgrur6uulJU 16-QAM 64-QAM $as 256-QAM ttav?J6uut68?fr'uririd'uaril'l5nto{:uuuosaFl

silnlrfror:llfitriruruanrfiu3orntolnoufirrnoiqntirufifrotnr:rirrv,l:iltio{a (Number of contending stations : n)

lnuraursruaa'vriirrnn:rvftunrvrfi s qsu#u16'odrrrYpruou'jrfiru:rufiurn6o{n0ilfi?terofqndrufi6'olnr:riltv'l:urio{aoud'i

ra 1 n tna n1:fl ,fi'roro ro,l rr.,doila siruruu r n $n s3 3 und o r r vl4rtrini ri fr'u ar u'r : 6rtr o { : s uu a c a n a.i er't n'j r 2 M b ps du ufi o ll'

n1:ar{u'r ufl ot#cyryr rufi rfi nrsflulutiord'rgrgr rufutot

12,000,000

11,500,000

i1,000,000

10,500,000

10,000,000

9,500,000

9,000,000

8,500,000

t " t

o
q

o
o

o
6

I A
t , '' n

P
i d

lEEE802.1 1a OFDM 24-Mbps

IPF=0.05, MSDU= 1024 bytesJ

" - ] "  BPSK,QPSK:n=20
" -e" '  16-QAM :  n=20
____+_ 64-QAM : n=20
____rs- 256_QAM : n=20
- - - ] "  BPSK,QPSK:n=40
----+r- 16-QAM: n=40
"'A--- 64-QAM : n=40

256-QAM: n=40

|  3  5  7  9 1 r 1 3 1 . 5 1 7 1 . 9 2 1 2 3 2 5 2 7 2 9 3 1 3 3 3 5 3 7 3 9

EblNo (dB)

n1T{d 7: riridualrrr:nro':rynfinnr:n#r#rgrxrruuriavururfiorfiuuflud'n:rnr:til6uurdarrir EblNo

lunrvrfi z r{Junr:u.Jiutufiauriri#uar:Jr:ororrvnfinnr:neird'ryryrruuriavuurufiot:ruJduuurJalrir EblNo lLas

rirr,runlrisiruruanrfiu6onoufirimoianr.irun{firvirn-u 20 uav 40 anrfiprrudr6'r ornn:rv'lqstliu'irffior:rrfiurirriT dwru
!

!  -  !  -  q  u  <  ;  - - - g -
rafiutold'rgrgrcurionirrira-rrruuafiutord'rynJr6uiun?udofiv (EblNo) lrfrrrnflu riria'uarur:ntol:vtlufrosufruurnflu

uriurdurfi'u rravriria'uaril1ioflo.irilnfinnt:nn31d'rurutrutrllu BPSK uav QPSK risnl6n'jr riri#uaril't:nto{tilnfinn1:
v ^ .

nrira'rycprruur!! 1 6-QAM 64-QAM rau 256-QAM oqj u,rfi ourfi l
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5. dTJ

arnr{an1:tliuurfiuuriri#uarilliflto.rryrnfinnr:na'"r#ryrylruudnviruu tudor#rgcgrrufifinr:orrvruruuur:dti 10fll{

rilnfinnr:1i1ao{tt!!vi?{sixrrinov,lrrrrtrjsiorfior uurf,f,Snm*ruurduaufinoov'lo'ano3fiuufioano'n:rnritunuflo{rv,lirJ

{o4alu:vuu riri#uarxrr:nroquvnfinn'':nat d'rgry.rcuu1J1J BPSK $ns QPSK firJ:vf;vrdnrvrddn'jrrirea'ua1:J1inflo{
^  3  q  ,  o  u  q  .  ^ -  !  ^  3

rilnfinn'r:nriT#rycgrruuur 16-QAM 64-QAM unv 256-QAM rrrilrird'u luournrrr:roslirnr:i{'urfroillrvrnfrnnrintil

d'ryryrrufiu,rurvarcil,rirTrr:rtirunroufirrnoiranrsfiwuliaruludo{d'ru6U1ru fifinirnr:anvroudra-rrrutor#cyryrrurio

:uusvnd (path toss) rravfi#ryryrcu:un?ufit{JuttulJ AWGN (Additive White Gaussian Noises) :rrfitrirnr:o'r.i14'ruLLav
-  S  -  . o  ,  J  q v

n?lilrJotv'rfluflo{aryrulru (fading and multi-path dispersion) lugrJrruuoul urlu{n{ Ltt[uuelno{vi?{durinov,lrrurtil
' . i 4 A

Fl0Lu0{t14xJ0ut9ril

rondl:d1{A{
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