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CDMA - Opiopuog

ZxN o TOAUTAEENG onuaTtwv, SnAadT «TauTdXPOovVoS» SLapolpacuos Tov
(5Lov pEoov amo TTOAAQ orjuoTo

CDMA = Code Division Multiple Access
Cellular Standard: IS-95 (digital, 2nd generation)

Avantuén otic H.II.A to 1996
Xp1 01 O€ OTPATIWTIKEG EQPAPUOYEG ATIO OEKAETIEG
Bdon twv cvotudtwv 3ng yeviag (3G)

‘OAoL OL XP1)OTEG:
— o€ 0Ao To (1810) pacoua CLYVOTITWV
— lowg MV (Sl oTIyun 1 oLVEXWS
— ue WSLlaitepo KWOLKO

* IOV XPTNOLUOTIOLELTAL YL TT) SLAPOPPWOT) TOV CTIUATOG, GUVEX WS



Baowa oxnuata moAVTAEENG

FDMA = Frequency Division Multiple Access
TDMA = Time Division Multiple Access
CDMA = Code Division Multiple Access

ZTo SIKTLA KV TG TNAEQWVING 1) avAYKN Yo BEATIOTN
TTOAVTIAEEN TV KOl ElvaL LEYAAN
— Meyarog aplOpog mouToSEKTWV



FDMA (Frequency Division Multiple Access)

(Kiwvnta oiktoa 11 I'evidic)



TDMA (Time Division Multiple Access)
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Yuvdvaopuos FDMA xat TDMA (F/TDMA)
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(Kiwvnta oiktoa 21 I'evidic)



CDMA

* Kd&OBe onuo petooioetal «mdvm» ce OAo To VTOAOLTOL
* Aiktva ktvnng 31 I'eviag



frequency

CDMA: EVOAAQKTIKEG ATELKOVIOELS

frequency
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ynuoatoa ToAVTAEENG: ‘Eva mapddetypa

 'Eotw 0tL 0’ eva peyaro Swpatio, ToAAd (evydpla
avOpwTWV oLVOULAOVV:

— ue to TDMA 6Aa ta atoua Bplokovtal oTtoudNToTE 6T0 SWUATLO, ALK O
KOOEVAG TIEPLUEVEL TN OELPA TOV Yl Vo (AN oL (TipwTa PAdEL 0 19, uetd o
2°5 K.0.K.)

— ue to FDMA ot dvBpwmol 6to Swpdtio xwpilovtal o€ opddeg, 6TMoUL KAOe
opada BPIlOKETAL OE APKETT) ATTOCTAOT) ATO TNV GAAT WOTE OL OUASEG VL
OUVOULAOUV TAVTOXPOVA OAAQ AVETINPEXACTA 1) LI ATTO TNV AAAN

— ue to CDMA 6Aa ta dtopa Bplokovtal omouSNMOTE 6TO SWUATLO Kol
WAGVE TaUTOXPOVA, XAAQX OE SLAPOPETLKT YAWOOTA WOTE AUTOL TTOV WWAAVE
NV 010 YAWOO O ETKOLVWVOUV, EVW ATTOPPLTITOVV TIG AAAEG GUVOULALEG
oav B6pufo



CDMA - Tpomog Aettovpyiag

Apa otnv CDMA, OAoL ot Xpncrsg XPNOLUOTTOLOVV 0A0 TO SLaBEaLpo
EACHO («om)\wvouv» TO OTLt TOVUG 0€ OAO TO SlaBeoipo eaoua)

['la va to emitV)xel auTo, 0 KABE XP1IOTNG XPNOLUOTIOLEL EVaV HOVUSIKO
Kwdka (cdma code)

Eav KO(T[OLOQ AdBeL eva KwOLKOTIO LLEVO o) pa, umopel Vo 10
ETAVAPEPEL OTNV APXLKT) TOU KATAOTAOT KAVOVTAG XP1I0T TOV {510V
Hovadiko KWK,

Eav kamolog Aafet eva KwSkoTompevo o1jpa Kot XproLLoTIo| oL
AdBog Ku)8u<oc Yl Ty QTIOTIAELY) TOV, TOTE O TAPAEEL OIUA EKTOG TNG
QVOALEVOLEVT)G oLUXVOTNTAS (KAl Apa UTTopEL va TO amoppifel)

Apa 6oL ot Xpn OTEG AauBavouv oka TO O pota, aAAG unopouv Kol
z-:mksyouv owro TLOV TOUG acpopa KAVOVTOG XP110T) TOU KWALKA IOV
£XOUV CUUPWVT|OEL UE TOV TIOUTIO



Xpnon eacpoatog AM - SSB
(o1pa @wviig)
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Xpnon paopatoc CDMA
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Xp1No1n KOOTK



[Tapaderypo Kwdka
CDMA



CDMA Iapaderypa

'Eotw 1o Ymerako onua 110100
AvtikaBiotw (Yo A0youg evkoAiag mpagewv ta 0 pe -1)

[IpokvmTel TO oMU elc6dov 11-11-1-1

‘Eotw o vPlovyvoc kwdwkacg 1-1-1-11-111

1-1=-1=-1(1(-1|1 1

[Tapatnpnote mws yla kdBe ocVUBOAO TOV GNUATOG TTANPOPOPLOG
QVTLOTOLYEL Eva 0OAOKAN PO GUUB0AO TOU KWOLKA



CDMA Ilapadetypoa

INuo L.00d0v

Kwdikac CDMA

1 1:1(-1-1-1j1(-1|1 1:1

[ToAAamAaolaopnog Twv 6V0 CTNUATWY

1 1:1(-1-1-1|1(-1|1 1H1 1 1-11-1-1’?‘-1-1-11-11 1H1 11

...ueTAS00M

1 11(-1/1|-1-1



CDMA Ilapadetypoa

AMym onpatog
e s 0 O i e i O O e e

[ToAAamAaolaopog pe tov (6o kwdika CDMA

i(1+-4-1/24-1j2 1:1|(~4-1-11|-1j12 121 ~-1-1-1f1~1fj12 12:4|~-4-1-1(4|~1j12 1:4|-1 -1 -1f1|-1f1 1:1|-1-1-11 1|1 1

Amotédeopa




CDMA Ilapaderypa: AdBog kwoikag

AopBavopevo onua

1 1:1-1-1-1({1|-1|1 1H1 1 1HT‘-1-1H-1-1-1F|1‘1 1H1 i 1|-1j1|-1-1-1(1 1 1(-1|1|-1-1
Kwdikac CDMA

1 1:1-1-1-1(1|=-1({1 1:1 -1 - - i111-1-1=-1(1|=-1(1 1:1|-1=-1-1|1[-1|1 1

AdBog Kwdikas CDMA (oAloBnon katd Eva bit)

-1-1-1/14f-1111-1-1-1(1|-1j12 1 1(-1-1-1|4}-1jy2 17 1|-1-1-1jy12-14j12 1 11 -1-1f1|-1j1 1 1(-1-1-1|1|-1|1 1 1



CDMA ITapadetypo: AaBoc Kwdikag

AapBoavopevo onua

1 1:1-1-1-1|1|-1|1 '.I.Hi 1 1-11-1-1’?‘-1-1-11-11 1H1 1 1-1(1-1-1-1{1 1 1 |-1|1|-1-1

AdBoc kwdikag

Amotédeopa

ZNUO EKTOG CUXVOTNTAG



CDMA Kwd1keg

* Tava pumopel va mpayuatomoinBel n teyvikn CDMA,
TIPETIEL OL KWOLKEC TOU KABE PN oTN VA £XOLV
OVYKEKPLUEVEG ISLOTNTEG, ETOL WOTE VO UNV VTIAPXEL
mePLMTWON va amo@aviel o mapaAnmtng AdBog (dnAadn,
oV TTOAAATIAXGLACEL LE KWK AAAOVL XP1)OTT ATO LTOV
OV €EEMEUPE, VA TIAPEL ATTOTEAEG LA TTOV VA TOU SWOEL VA
KATOAAQBEL OTL TTPAYUATL O CUYKEKPLUEVOGS XPNOTNG SEV
LETESWOE TITTOTA).

o YUUTEPOAOHO
— OLkwSikeg TpemeL va eivat opBoywviol petadd Toug, SnAadn:
— (kwdkag A) x (kwowkag B) = 0 yia kabe (evydpl xpnotwv A,B



ZUYKPLOT TEXVIKWV TTOAUTIAEENG

FDMA AmAoTnTO 0TNV VAOTIOIN O

TDMA KaAvUtepn ekpueTAAAELON PACUATOG

CDMA BéAtiotn xpnomn @aopatog
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AAyopLBpot Iapoaywyr)c CDMA kwdikwv

LFSR (1/3)

Fpappikol katoxwpnTtéG oAloOnong pe
avadpaon (Linear feedback shift register)

‘Evag LFSR amoteAeital amd N fabuideg
(B€0ELg LVTIUNG): TO TTEPLEXOUEVO KAOE
uiag etvar ette ‘0’ eite ‘17

Kamoleg amo tig Babuideg avtég yivovtat XOR
KOL TO ATMOTEAEOUA TINYALVEL TTIoOW TNV TTpW TN BaBuida

LFSR

s Initial State

0

1

1

1

seq (output sequence)

>>s=[01110]
>>t=[52]
>> seq = LFSR(s,t)

Nik'B

Av o LFSR Bploketal og pla katdotaon (SnAadr) ot Babuideg Tov €xovv pia
OUYKEKPLUEVT TLUT)), TOTE 1] EMOUEVT] KATACTAGT] TOV TIPOoSLoplleTal EVKOAN ATIO

TOoV aKOAoVO0 Kavova:

— 'OAeg ot Babuideg (n T Toug dnAad1)) oAloBalvouv katd pio O€om de€la

— Hvéa tiun v v mpwtn Babuida eival to amotédeoua s mapamavw XOR

TPAENG



AAyopLBpot Iapoaywyr)c CDMA kwdikwv
LFSR (2/3)
o Jlapaderypa: LFSR tpliwv Babuidwv

— Av 1 apyxwn katdotaon eivat 001, toten €€0dog eivar 1 (n
Se€LoTepn Pabuida).

— Tnv emopevn Xpovikn oTiyun, n kataotaon Ba etvat 100 kot
£€0060¢ 0.

— To 100 mpokVTITEL WG £€1G: TO «1» elvat To XOR oL elyorv apyIKa
devtepn KaL 1 Tpitn Babuida (ov tav 0 kat 1 avtiotoya), EVwW
T0 «00» elval amAd oAloONUEVES OL TLUESG TTOU €LYV P LKA N
TPWTN UE TN devTEPN Babuida.

—_— > »> E— ’Egoaog

Ny




AAyopLBpot Iapoaywyr)c CDMA kwdikwv
LFSR (3/3)
« ZXtov mponyovpuevo LFSR, av Bewpnoovpe 6tL 1

apxkn kataotaon sivatn 001, ot StadoxIkeg Egodog
KATAOTAOELG ATO TIG OToleg EpVAEL (KoL M 001 1

avtiotolym €€000G IOV TAPAYETAL) E(VAL VTEG 100 0
oV ep@avidovtal 6Tov SImTAavVO Tivaka 010 0
101 1

« H 001 €xel Eavagpu@avioTel, OTTOTE OL KATAOTACELG 110 0
emavoAaufBavovtal Apa, o ovykekpipuevog LESR 111 1
TapayeL TNV akoAovBio 1001011, n omola 011 1
eMovVaAQpUBaveTal TEPLOSIKA. 001 1

* AkoAovBiec mov mapdayovtal amod LFSR movu
TIEPVAVE ATTO OAEG TIG TIOAVEG KATAOTACELS (OTIWG
n 1001011 mov poAis eidape) ovoualovtal
akoAovBieg peyiotov punkovs (maximal-length
sequences 1] m-sequences)



AAyopLBpot Iapoaywyr)c CDMA kwdikwv
AxoAovBiec Gold

Kataokevalovtal pe mpdaén XOR petady 600 m-sequences
IOV TIPOKVTITOVV aTtO V0 SltapopeTikovs LESR.
[Tapovoialovv KAAEG LIOLOTNTEG €TEPOCVOXETIONG (ONAadT,
0pBoywvIOTNTAG).
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Aoxnon 1

Oewpovpe To Yn@lako onua mAnpogopiag 100110101, pe diapkela bit Ts = 8ns
kaOw¢ kat tov kwdwka cdma (1,-1,-1,1,1,-1,1, -1), ue duapkewa bit 1 ns. Na
UTIOAOYLOTEL 1] KWOLKOTIOMUEV LOP@PT] TOVU OTLATOG TIANPOPOPIAG. ETNV CUVEXELA
VA YIVELT) ATTOKWOLKOTION GO TOL 01UATOG Kol va eAeyxBel o opBoTNTA TNG.

AVon
* To onua mAnpowoplag etvar to 1,-1,-1,1,1,-1,1,-1,1
e XMV KAlpaka Tov 1ns, 1o kdBe 1 kat To kABe -1 TOV ONUATOG TANPOPOPLAS YPAPETAL
11111111 ko -1-1-1-1-1-1-1-1 avtiotolxa
* Apa 1o onua TAnpogopiag ypagetal (kAipaka 1ns):
- 11111111-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-111171111111111111-1-1-1-1-1-1-1-
111111111-1-1-1-1-1-1-1-111111111
e XV avtiotoym kAlpaka, o kwdikag (emavadapufdvovtag Tov auTto Tov 9 PopES) elval:
- 1-1-111-11-11-1-111-11-11-1-111-11-11-1-111-11-11-1-111-11-11-1-
111-11-11-1-111-11-11-1-111-11-11-1-111-11-1
O MOAAATAXCLHOUOG TV SV0 OCNUATWYV VOl O:

Inua NAnpodopiog
(8 ns) 1 0 o} 1 1 0 1 0 1
nua NAnpodopiag
(1 ns) o Bt S e A e A B e R s e e s A R S e e e A 8 e e e s e A e e e e A e A e s 1 s 1 e A e g B e

Kwbikag o e R e R e e e e s s A e A S s e R e s s e s s e s A s s R e e s B s B A s e s

VoYY o) (o) N WESEVZo 2y e AP o e e s A I e e e e s e e e e e e 8 e e e e I e A e e e s




Aoxnon 1

* EmaAnfevon

Kwdikomotnuévo
INua 1-1-121-22-1-1211-2-227-122-1211-2-217-221-2-221-22-21-2-221-22-1-111-2-227-221-1-121-12-1-111-1-11-111-1-111-11-1
Kwdikag 1-1-121-12-11-2-21271-117-121-1-111-2212-22-2-221-12-21-2-221-22-11-1-1211-221-121-1-121-12-11-1-111-11-11-1-111-11-1

IAUa

MAnpodopiag
(2 ns) 11111111-1-2-2-2-1-1-1-2-2-2-17-12-13-2-2-171711111111171111117-2-2-2-2-2-2-2-22112111111-2-2-2-1-1-1-1-111111111
INua

MAnpodopiag
(8 ns)
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Aoxnon 2

Noa mapayBel o kwdikag CDMA mov avtiotolyet og évav LFSR
TeECOoAPWV Babuidwy, pe apyikn katdotaorn 0100.
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0100
0010
1001
1100
0110
1011
0101
1010
1101
1110
1111
0111
0011
0001
1000
0100

©O KB R R B O KB O KB B O O B O O

Apa 0 KWSKAG elvat o

001001101011110
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