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0.1 Introduction

= Transmit high datarate in a mobile environment
G Multi-carrier Transmission

= Multi-carrier transmission and OFDM
G Multi-carrier Transmission
Multi-carrier concept
Orthogonality
¢ OFDM

Using FFT device without increasing the transmitter and receiver
complexities

High spectral efficiency dueto minimally densely subcarrier
spacing
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‘ 9.1 Introduction
= Multicarrier Concept

Orthogonal

Orthogonal, n=2

Orthogonal, n=3

Orthogonal, n=1

Non-orthogonal
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0.1 Introduction

= Orthogonality
G Definition
ooTime domain Freguency domain
j X, (1)x(1)dt =0 <& Txl(f)x;(f)df:o

— 0

G Bandpass signal
X _(t)=cog(2z(f. +f )t)= Re( g2+t ) _ Re( X (t)- ézm)
where X%,(t) =€%"" istheequivalent lowpass signal of Xm(t)

Sin(ﬂzyf-r) EgﬂﬁdT
TTAT
: : : : n _
if AfT =n ,N ISnon-zero Integer, I.e. Af =? , then 7/12_0 -

T T
Vi = J'e|27zf1t (e|27zf2t)*dt _ J'e|27z(f1—f2)tdt _
0 0
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0.1 Introduction

= Threetypes of multiple access schemes

G Combination of CDMA and Multi-carrier modulation

techniques
MC-CDMA System
Multi-carrier DSSCDMA System
Multi-Tone CDMA System
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9.2 Family of Multi-carrier CDMA Systems

= Frequency domain spreading + multi-carrier modulation
GMC-CDMA scheme

= Timedomain spreading + multi-carrier modulation
G Multi-carrier DS-CDMA scheme
GMT-CDMA scheme
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9.2 Family of Multi-carrier CDMA Systems

= Frequency domain and Time domain spreading
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9.2.1 MC-CDMA System

= MC-CDMA System
C Frequency domain spreading
G Theresulting spectrum of each subcarrier can satisfy the
orthogonality condition with the minimum frequency separ ation.

G In a (synchronous) down-link mobile radio communication channe,
we can use Hadamard Walsh codes as an optimum orthogonal set.

C It can be implemented by OFDM technique.
G It'sapotential candidate for the 4" wireless communication system.
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9.2.1 MC-CDMA System

= MC-CDMA System

GMCaMasd

1 ¢y 3 — C1 cos(Zafit)
cw LCz]  1Ca time g
. C2 cos(2rfa)
j’mm ¥, -
f 2 sme(t)
ali} time c cos( 2]
{a) Transmitter ali) time C4  cos(Zrfar)
fi f2 5 f4 frequency
(b} Power Spectrom of Transmitted Signal
cos(2nflt) 1
cos(2mfzty g2
Rmim_-bé—h—é—b—[ﬂﬁ{]—»
Signal —-?—-?—Hm-— z "'E;
cos(2mfi) 93

{c) Receiver cos{2afa) a4

+o0 Gae

el = 5 Y di)d,

i=—po m=]

ps(t — iTy) cos{27(fo + mAS))

.
Il
\
5

m=1
J i a .
Ym = Ez;’“ﬂjcfn + Ny,
i=1
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9.2.1 MC-CDMA System

= MC-CDMA System

Data

!J'Stream : --% —?—.-
ali)} time E : Cs cos{ 27FE)

input data/baseband /P oroMm | %)
modulato —C?— 1:N modulator

L | cos{2Zrefith

L] cos{ 2l

|

,-h,?r F—? ‘?-.—

afil] dme C4 cosi 2 fit)

Cy(l)

smc(t)
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9.2.2 Multi-carrier DSSCDMA System

= Multi-carrier DS-CDMA system
G Timedomain spreading
G Theresulting spectrum of each subcarrier can satisfy the

orthogonality condition with the minimum frequency separ ation.

G Thisscheme can lower the dataratein each subcarrier so that

chip time makeit easier to synchronize the spreading sequences.

G Themulticarrier DSSCDMA schemeisoriginally proposed for

link communication channel, because this characteristic is effective for

establishment of a (quasi-) synchronous channel.
C N, =Gy

alarge

aup-

12

NCCU
Wireless Comm. Lab.



9.2.2 Multi-carrier DSSCDMA System

= Multi-carrier DS-CDMA system

GMD=4
i o o Clty  cost2mfiy
L2 | [ Ca] time
(1) cos{Zafath
- Serial g !
Al =10k=
—- -
Stream Parallzl x
/ Converter i % smo(t)
afi) time Cit)  cos{2wuf3t)
| I — l-‘f._ MNe=d
{1} ame O cos(2nfad
(a) Transmirter
i : ; ; : 1 .
fi f2 f3 & feguency
(b} Power Spectrum of Transmitted Signal
coa(2mfity  Cit)
[T
cas(Zefae) Ot
a Parallel
Rw*'g—'—g-—lm*ﬁ'ﬂ*— wo- L
Signal -—?—-?—HEI-—EE-» Serial
Conwverter
Da

cos(af3 O

D

2.
(] Rm&iwu—mc " cw

+oo Ne Gup

Sep®) = 3 DD H)d,
f=—o0 =1 m=1
Pelt — (m — 1)Te —iT})
-coa{2m(fo + kA F)}
Tc _ NCTS
Gps
Af =L
Tc
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9.2.3 M ulti-Tone CDMA System

= Multi-Tone CDMA (MT-CDMA) system
G Timedomain spreading
G Theresulting spectrum of each subcarrier no longer satisfiesthe
orthogonality condition.

G TheMT-CDMA scheme useslonger spreading codesin proportion to
the number of subcarriers, as compared with a normal DSSCDMA
scheme.

G TheMT-CDMA system can accommodate more usersthan the DS-
CDMA system.

G N, <G

NCCU
Wireless Comm. Lab.
14




9.2.3 M ulti-Tone CDMA System

= Multi-Tone CDMA (MT-CDMA) system

C1 QA CsCrCel C1acCls
=6

sime™ Oy cosf2alin)
C2CECe CACIOCIZ T4 Cls

Oy cos{Eeln)

— Ed ; ; R T : +oo N Gur .
L] e e saer(1) Sy 2. ) ) Hnd,

Bii) time ity cosiZnfa) i=—o0 k=1 m=1

———{ ¢ & Pe(t — (m = 1T, — iTY)

—
(o) Tranumitier MO} time i) cos{2af4c)

- —— cos{2m(fo + kAS")t),

frequency . . .
(b) Power Spectrum of Transmitind Signal Af" (= 1/T,) is the subcarrier separation.
sl el 18

I

oo 2T 21)

S e

Rescei Cresmbiner I

Sipnsl Foak
Combiser 3

cosl 2afi)

i o
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9.2.3 M ulti-Tone CDMA System

= Multi-Tone CDMA (MT-CDMA) system

Oy tus(Zan)

]

City  cos(2xfH)
Data Seril -—&——-&-—
o n
Sweam™ [ Pacalled & ™
/ Coones "'?_“?"' smr(t)
aff) tme Oy cos(2mb) : 4o N, Gur . _
[/ f i Neard sur(t) = z Z E b (i)el,
bei} :,',';ncm v 27T i=—oo k=1 m=1
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i
0 " (= i i i
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9.2.4 System Features Comparison

= System features comparison

Access Scheme | Symbol | The Number Processing | Chip Subcarrier Required
Duration at of Gain | Duration | Separation Bandwidth
Subcarrier | Subcariers B
DS-CDMA T, 0 Gos | T./Gbs | Gps/T, Nyquist Filter
. o with Roll-off Factor = 0
MC-CDMA T, N, Gpe /T,  (Gps41)/T,
o | =Gye | ®0pg |-
Multicarrier NeT, Ne Gup | NI /Gps | Gps/(NT) | (No+1)/Ne-Gps/T,
DS-CDMA = Gps
MT-CDMA | NdT, . Gur | TfGps | UNT) | (Ne-D)/{NT)
=NGps | +2Gps/T,
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9.2.4 System Features Comparison

= System features comparison
G MC-CDMA Bw=1/Ts, B=(Nc+1)/Ts
G Multi-carrier DSSCDMA Bw= G,4/(NcTs), B= (Nc+1) x G,J/(NCTs)

G MT-CDMA Bw= God/Ts, B=2G,J/Ts+(Nc-1)/NcTs
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9.2.4 System Features Comparison

= Recelver structures
G DS-CDMA scheme
G MC-CDMA scheme
O different structures
G Multicarrier DSCDMA
Compose of Nc normal coherent (Non-Rake) receivers
G MT-CDMA
Compose of Nc Rake combiners
C Detection strategies comparison

19
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9.2.4 System Features Comparison

< Diverdity and combining schemes

Combi ner

G Diversity

G Combiner —
Selection diversity
Equal gain combining
maximum ratio combining an
Orthogonality restoring combining
MM SE combining

20
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9.2.4 System Features Comparison

= Recelver structures
GMC-CDMA system
1.0rthogonality Restoring Combining (ORC)

<> choosing the gain q...as 4 o
gIegaN GnaS  gi' = f 2% /|zm|?

XY e J
D = z ﬁym: Ym = Z%ﬂ"ﬂ']m + Ny,
m=1 .]':1
G are _
D=a + Y iz /zm| nm , Z_ isthe complex envelope of
m=1 the m-th subcarrier

<> Noise enhancement
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9.2.4 System Features Comparison

= Recelver structures
GMC-CDMA system
2.Controlled Equalization (CE)

T P J j j .
o - Bt = Dededtn
m=1 j=1
. Gumc , J .
D = 3 chan/lzmlullem) = 1O ', +nim)
m=1 Jj=1

o = Chy |
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9.2.4 System Features Comparison

“ Recelver structures
GMC-CDMA system
3.Equal Gain Combining (EGC) and Maximum Ratio
Combining (MRC)

@, ={ hey /|l (BGO)
™ chy 2 (MRC)

< MRC maximizes the output SNR
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9.2.4 System Features Comparison

“ Recelver structures
GMC-CDMA system
4.Minimum Mean Square Error Combining (MM SEC)

gh, = chzn /) (J|zm|? + No),
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9.2.4 System Features Comparison

= Recelver structures
GMC-CDMA system
5.Maximum Likelihood Multi-User Detection
(MLMUD)

<-Find a set of @,(j=1,2,....,J) to minimize the following likelihood

function A\
G pmo J

A= E | Zzﬂ,‘ajcj{m]ﬁ
m=1 =1
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9.2.4 System Features Comparison

& Recealver structures
GMC-CDMA system
0.EGC-EGC Multi-User Detection

<-First using EGC to estimate a set of a,(j=1,2,....,J,j% |’)

<»And then estimatesthe a’ by EGC after removing the MAI
from thereceived signal

Gac J

D = E clr.r;z:n”zmllrym = Z zfn“?cjm + fim)
m=1 j=1

1#3’
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9.2.4 System Features Comparison

& Recealver structures
GMC-CDMA system

/.ORC-MRC Multi-User Detection (O-M MUD)

8. CE-ML Multi-User Detection (C-M MUD)

9.Decorrelating and MM SE interference Canceller
(DIC and MM SEIC)
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9.2.4 System Features Comparison

& Recealver structures
GMT-CDMA system

DFE - Decision Feedback Equalizer

LE - Linear Equalizer

JEIC - Joint multiple access I nterference
Canceller/Equlizer

28
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9.2.4 System Features Comparison

<= Detection strategies comparison

Access Scheme | Detection Up— | Down—

] o __L_E.l:ate EY Link Link
D5-CDMA . Hake Combiner a o

MUD o

MC-CDMA ORC
CE
EGC =
MRC o
MMSEC
ML MUD
E-E MU
D-M MUD
=K MTIT
DI
MMSEIC
Multicarrier Non—-Rake o
D5-CDMA Receiver
MT-CDMA | Rake Combiner
DFE

o
a
LE o
e

2 Q9 000 0 00 00

JELC
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9.2.4 System Features Comparison

= Bit error rate comparison
(BER lower bound

BER; g

- (R ()

[=D

- Ey /Ny
2 -+ Ebr'llaﬂ'ﬁru L

GBER of an MC-FDMA

1 Ew/No
BERuc— = =11~
MC-FDMA 9 ( \/l +Ebfﬁq)
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9.2.4 System Features Comparison

= BER performance

1
MC-CDMA Processing Gain=32
Down Link (Walsh Hadamard Codes)
16' I
a .
-2
E 10
- . 3
A 10

8 Lower Bound
—— 16

1{.]4—' —— 13
2 Path Frequency Selective
Slow Rayleigh Fading Channel
a1 g
0 2 4 6 8 10 12 14 16 18
Ew/No [dB]

BER performance of MC-CDMA scheme with EGC
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9.2.4 System Features Comparison

= BER performance

' MC-CDMA Processing Gain=32
Down Link (Walsh Hadamard Codes)

Bit Error Rate

vk
=1

Lower Bound

qf —FH—16
10 —%— 32
2 Path Frequency Selective
Slow Rayleigh Fading Channel
I{jj Lt ¢ 1 1 1 1 A
6 2 4 6 8 10 12 14 16 18
Ev/No [dB]
BER performance of MC-CDMA scheme with MMSEC
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9.2.4 System Features Comparison

= BER performance

MT-CDMA Computer Simulation
2-Finger Rake Combiner
10 F
g
%10
S,
g 1
52 163__ - 2
M —&— 4 3 Subcarriers
8 Processing Gain=63
< #' 16 " (Gold Cod
- 1 old Codes)
Lower Bound
2 Path Frequency Selective
5 Slow Rayleigh Fading Channel
16 i I 1 1 | i 1 I
¢ 2 4 6 8 10 12 14 16 18
Ev/Ne [dB]
BER performance of MT-CDMA scheme with 2 subcarriers

NCCU
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9.2.4 System Features Comparison

= BER performance

I MT-CDMA Computer Simulation
Down Lak . 2-Finger Rake Combiner
1B Y ' ' V
10
3
& 10
g
|
/M 10 4 4 Subcarriers
O 8 processing Gain=127
1k =+ 16  (Gold Codes)
Ve 32 Lower Bound
2 Path Frequency Selective
5 Slow Rayleigh Fadi[ng Channel
16 ' L
0 2 4 6 8 10 12 14 16 18
Eo/No [dB]
BER performance of MT-CDMA scheme with 4 subcarriers
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9.2.4 System Features Comparison

= BER performance

B A Seansy Avenus S sy o
2 Path Frequency Selective

‘Slow Rayleigh Fading Channel
Processing Gain=31
{Gold Codes)

Numbaer of Users RN
———

——= 7 Multicarrier
——t— 4 DS-CDMA

—— 8 Lower Bound in Frequency ™
4] =+ 16 Non-Selective Fading Channel/

0 3] Lower Bound in Frequency
Down Link  Selective Fading Channel

Bit Error Rate

)
e

1{}5 1 I 1 i 1 I I
a 2 4 6 8 10 12 14 16 18
Ee/MNo [dB]

BER performance of Multicarrier DS-ODMA scheme
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0.3 Differences between OFDM and MC-CDMA

= MC-CDMA system isa CDM A based on a combination of

CDMA and OFDM signaling.

¢ OFDM-CDMA

G MC-CDMA can beimplemented by OFDM technique.

Data

!J'St[‘eam !

ali) time E

input data
e

Copier
R
: sSmc(t)
E Cs  cos(2ufs)
a(i) time C4 cos( 2 far)
basehand sP | | OFDM xn(ﬂ_
modulata 1:N mé&dulator

C1 cos(2refity

cos{2mfze}

(X0
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0.3 Differences between OFDM and MC-CDMA

= MC-CDMA spreadsthe signal in the frequency domain
according to the code.

= MC-CDMA can view asemploying the frequency diversity
method.

= MC-CDMA performsbetter than DS-CDMA in Downlink
level. But performseven worsein Uplink level.

= MC-CDMA has gained much attention, because the signal
can b easlly transmitted and received using the fast Fourier
transform (FFT) device without increasing the transmitter
and recelver complexitiesand it ispotentially robust to
channel freguency selectivity with a good frequency use
efficiency.

NCCU
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