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1.1 (Multicarrier CDMA)

(cellular)

(Code Division Multiple Access, CDMA)

(Bit rate) (Inter Symbol Interference,
IST) (Orthogonal Frequency Division Multiplexing,
OFDM) ISI (subcarrier)
(Frequency selective channel)
OFDM (Eureka

147 DAB System) (DVB-T System)

(Wireless LANs) 802.11a HYPERLAN-2

OFDM (Multiple access)
CDMA

(Multicarrier
Code Division Multiple Access, MC-CDMA) MC-CDMA
CDMA OFDM



1.2

MC-CDMA (uplink)
(Multiuser detection)

OFDM

MC-CDMA (transmitter)

(channel model)

(receiver)



(OFDM)

OFDM ISI
(Frequency Division Multiple Access,
FDMA) (Time Division Multiple Access, TDMA)
(Code Division Multiple Access, CDMA)

OFDM
OFDM OFDM/FDMA
OFDM/TDMA OFDM/CDMA
2.1
OFDM
N (parallel) (multiplexing)

OFDM (symbol) N OFDM



2.1

(Frequency Division

Multiplexing, FDM) OFDM
(Power Density Spectrum, PSD) 2.1
(orthogonal)
N T OFDM
1T OFDM
(Spectral efficiency)
‘/x bits
5—> © , >
Serial x = iomal (OEN L 5 Guard D/A
Data —plgp| ¢ 7| Siena L|IDFT[," | P/S | Interval | Up
. Mapper . M . LPF Converter
Input . d(N-1) * . Insertion
5— > —>
Y,
A4
Channel
‘/x bits
Serial 5 < <] <
eria . N | Signal Guard
Data < p/s (Y| De- |€ Eone'Fap T orr [T s/p [« mterval |« LEF Down | ¢
Output $ | manper | 3 qualizer : : Removal A/D Converter
pp
<0 <« <« -
2.2 OFDM




N

(Inverse Discrete Fourier Transform IDFT)

OFDM 2.2 DFT OFDM
(Serial to
parallel) N (Signal mapping)( QPSK
) IDFT

(Parallel to serial)
(Guard interval)

(Flat fading channel)

(equalizer)
T |
Symbol M+1 ><1§2§211: Symbol M ><1§2?$11: Symbol M-1 Ist Path
| |
Symbol M+1 ><Ifl}t‘;i‘i‘;]i Symbol M ><1§t2?i§1i SymbolM-1  2nd Path
—
ISI Free Region
2.3 ISI
OFDM
(Channel impulse
response) (Circular convolution) DFT
(Channel frequency response)
(ISI free region) (
2.3) (Cyclic shift)
(Phase shift) (compensate)

ISI



OFDM

(Peak to Average Power Ratio PAPR) (Radio frequency,
RF) (Power amplifier)
(mobility)
(Inter Carrier Interference 1CI)
OFDM
2.2 /
/ (OFDM/FDMA)
(Orthogonal Frequency Division Multiple Access OFDMA)
OFDM

(Wireless

Metropolitan Area Network, WMAN) IEEE 802.16 OFDMA
IEEE 802.16 [3]

11 |

Group 1 Group 2 Group 3 Group N,

Subcarrier

—— > Pilot subcarreir
— = Subchannel A

— o Subchannel B

2.4 OFDMA (Subcarrier allocation)



IEEE 802.16 2048

24
2048 N, (group) (Pilot carrier)
(subchannel)
(Frequency Hopping Spread Spectrum FHSS)
OFDMA (flexibility)

(Signal to Noise Ratio, SNR)

(Subcarrier allocation)

(performance)

2.3 /

Frequency

Time

2.5 / -



/ (OFDM/TDMA)  [4]

( )
(Time slot) OFDM/FDMA OFDM/TDMA

(Frequency diversity) 2.5 -

(Wireless Local Area Network, WLAN ) 1EEE 802.11
OFDM/TDMA

2.4 /

(OFDM/CDMA)
[5][6] (Multicarrier Code Division
Multiple Access MC-CDMA)
(Multicarrier Direct Sequence Code Division Multiple Access

MC-DS-CDMA )

(Multiple Access
Interference MAI)

Transmitter .
Receiver

A 4

EEE
i 4

—» copier IFFT| | PS |—> —» S/P FFT

2.6 MC-CDMA



2.6 MC-CDMA

L (Frequency domain) (spreading)
OFDM k

OFDM
(despreading) (Data detection)

Transmitter Receiver

—Q— > )
ck(t) k

(t

—»(?—» 0

—> S/P dqy | FFT| | PIS|—> —>{S/P| | FFT o) P/S —>
—»@—W > —
0] K@)

2.7 MC-DS-CDMA

v

MC-DS-CDMA 2.7
MC-CDMA

(Time domain)



(Multiuser Detection)

CDMA (capacity) MAI
(Near/far effect) MC-CDMA
MAI
MAI  MC-CDMA

[7118]
3.1
X) I 15 4 Decision l»
&
r(t) .[ tS % Decision l»

& (1)
j { % Decision l»
7, t=iT,

gy (1)

3.1 DS-CDMA



(Direct sequence code division

multiple access, DS-CDMA) ( 3.1 (Single
user detection) (correlator) (Matched
filter)

(interference)

(Auto-correlation)

(Cross-correlation) P
1 %
P, ={g0.g,0) = | 8.0g, (0 G-1)
b
=] P.; 1 E p,; 0<p <l
MAI
MAI
(Interference-limited)
MAI (Power
control) (Channel coding) (Smart antenna)
3.2
(Data

decision)

11



(Joint detection)

(Interference cancellation)

(Base station) (Mobile
station) (downlink) ( - )
(uplink) ( -
)
3.2.1
(Maximum Likelihood Sequence Estimator,
MLSE) (Decorrelator Detector)

(Minimum Mean Square Error Detector)

3.2.1.1
Verdu[9] 1986
Viterbi (decoder)
(optimum)

3.2.1.2

12



(Multipath Decorrelator Detector, MD)
(Zero-Forcing Block Linear Equalizer, ZF-BLE)

()
(Vector)
y =RAD +n
Wi Lo, oy |4 0 0] D n, (3-2)
W | = Pz 1 P, || 0 4 0| D,|+n,
V3 Ps Ps 1 0 0 4| D n,
R A D n
R—l
$=R'y=AD+R™n (3-3)
R—l
(R™n)
R—l
()
The received signal I . (AAYIA §
» Channel Estimation > A < Codes of users

3.2

13



3.2
r=Ad+n

F=(A"A) AHr

(Noise enhancement)

32.13

P=(R+N,/21)'r

1 102,1 p3,1
R p1,2 1 p3,2
p1,3 p2,3 1
R
3.2.2
(reconstruction)

(tradeoft)

SNR

(cancellation)

14

(3-4)
(convolution)
A -1
(3-5)
(3-6)
SNR
(estimation)



(error propagation)

(Successive interference cancellation, SIC)

(Parallel interference cancellation, PIC)

3.2.2.1
- @\r
5,(2)
() 8,(1) ‘§< A2
Desision > gz
Ya
33 (
3.3)

v, =(yos,)) = [ (05,

B, =sen(y,)

15

Desision

—

(3-7)



»(2)
R0 = v(1) - 4,85, (1)
(y(t) = A1b1S1 () + Aabzsz (?) +n(t))

)
B =sgn((Hs,))

=sgn(y, - 4,5.0)
=sgn(y, —4,0sgn(y,))

A2§252(t)

=sgn(4b +4,(b, —ﬁz)p +U<n’sl>)

p @[ 5,(1)s,(1)ds

( 3.4)

3.3

4.®
S
=

5,(1)

()

X
'o—)
%
i)

©
5
—~
~
~

O

04

B

J‘T V> .
Decision
0

3.4
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B

(3-8)

(3-9)



3222
Varanasi Aazhang[11] (multi-stage)

MAI

4,®—. JOT ‘’ Decision > gl
Y (t) Decision
(@) (XE J‘ T P
3 0
s, ([) Decision
Qﬁ J.T y2 Decision ﬁz
0
3.5 ( )
3.5
R =sgn(y, =Y. 4,0,F) (3-10)

J£k

17



Divsalar[12] (Partial parallel interference
cancellation, PPIC) (Weighted parallel
interference cancellation)

MAI
(weighting) m

%[m]=w[m]x[yk —ZA,-pjk%[m]j +(1=wfm]) xe[m -] (3-11)

JZk

wm] m (weighting coefficient)

3.3

(MMSE with PIC)
(Decorrelator with SIC)
(Decorrelator with PIC)

18



(MC-CDMA)

MC-DS-CDMA
MC-CDMA
MC-CDMA
cd, 1) es(l)
1, user Guard
llh—» N?PSK b“[m]' Copier IFFT P/S { Interval
apping cd,(2) cs(2) : Insertion
cd,(N) cs(N)
. b S
Random bit stream N]I?;};iﬁg p.[m] Pilot signal
4.1 MC-CDMA u

19



4.1 MC-CDMA

(Data signal) (Pilot signal)
QPSK (mapping) QPSK
N (N FFT )
(Scrambling code)
(chip) N IFFT
BPSK
m- (m-sequence)
(cell) MAI
(Walsh code)
(Gold code)
(Nyquist
sampling) u

D,(n)= bu[m]fo%u(k)exp(jznkn/N) }xPTC(z ~nT, ~(m -1)T,)

"B 4444244448 (4-1)
IFFT
Ed. (k) @cd, (k) % cs(k)
b, [m] u m (Data symbol)
cd, (k) u k
cs(k) k
N IFFT

T (chip time)

c

20



P, (t P.(t)= b, 1=0
x() - RO= 0, t=nT,n#0
u cp, u
£, (n)
P,(n) =bp,[m]xcp,(n)x P, (t =nT, =(m ~1T) (4-2)
bp,[m] u m ( Pilot symbol)
cp, (n) u n
T, (chip time)
P, (t P.(t)= b, 1=0
2 RO= 0, t=nT,n#0
5,(n) =D, (n) +P,(n) (4-3)
4.2
m_
4.2.1 m-
0 1

(Random binary sequence) m-

(Linear feedback shift register)

21



® (Balance property) m- 1

o (Run property)  run 0 1
1
run 1 —  run
2
2 1 run 3 1 m
4 8
+
m- run (V+1)
2
N @2" -1
® (Correlation property) m-
m- 2" =1 m
T, p(0)
R(T)=—- J 1, POP(E Tt
T,=NT,
(4-4)
T m-
_(N+1)
R(T)= : /VTC i =T,
‘ -1 for the remainder of the pefiod

N
(4-3)

4.2.2

22




NXN
N=2"
le[l]
H = 1 1
211 -1
1 1 1
i
2 2
1 -1 -
g
g
g
_h1_
H H h
HN:|: N/2 _N/2:|@ 2
HN/2 HN/2 M
ey
hi Hy i
N N i=
hh'=Yhh, =
im0 ; k" jk {0 i

4.2.3

23

(Hadamard matrices)

Hy

(4-6)

(4-7)



(preferred pair) m-

a b a b N=2"-1 m-

a={a,} =(aya,...ay._,)

(4-8)
b=1{h,} =(bb..by )
a b
G(a,b)={ab,alb,a 7Tbla T’b,L0a T"'b} (4-9)
T (shift operation) 2" +1
—t(m) -1
t(m)—2 t(m)
m+l
1+22 m
t(m)= " (4-10)
1+2 2 m
G(a,b)
FFT
4.3
(Static channel)
(Mobile radio channel)
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(AWGN, Additive White Gaussian Noise)
(Fixed two-path channel)

h(t)=0(t)+o(t — 1) (4-11)

r

(Two-path fading channel)

h(t) = a,(t)0(t) +a,(1)0(t — T) (4-12)
a, () a,(t) N
(independent) (Jake’s fading channel
model)
>
a,(t)=——=) exp(j2rft+¢@,) k=12 (4-13)
¢ Nf n=l1 ,
f,= freosCe) . (Doppler frequency) @,
/
k n
4.4
Tx 1 (1) hy(n)
W (n)
Txu A 0 l "
TxU S () By (n)

25



4.2
4.2

H(n)= Y5, (n) Dh (ny W ()

(4-14)
s, (n) u
h,(n) u

W (n) (AWGN)
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(MC-CDMA)

MC- CDMA

MA I

[ 17]

5.1

7 ar
L, Remove
Pilot 20
g » interference >
cancellation
A
BF,- (k)
BRaa(k)
R (k i .
r . S/P FFT i )‘ (i =1%u~1u +1 4U) . Pilot Multiuser
» ) » interference Detection
reconstruction
A
v
Channel A
| estimation i (k) >
for all user
—
The reconstruction of data signal from
the last stage of MUD BF,., 5 (k)
5.1 MC-CDMA u
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MC-CDMA 5.1
(Radio frequency, RF)
(RF front end) r
FFT k
R (k) m

R, (k)

1, (k) = (68, (), B8, (), .., T () 2 (k)

u m k

Pl i (k) R (k)
R (k)

5.2

28



5.2.1

FFT (FFT matched filter)
FFT
x,(n) x,(n) N X, (k) X,(k)
x,(n) FFT x,(n) x,(n) M (D)

M= L5 [m=0),]
= IFFT{X, ()X, (k)

@y (9mod N
IFFT

%) %) me o) )
r0)= X cme[m=1),]

= IFFT{ C(k)C" (k}

|-, %0
N , 1=0

C'(k)
52  FFT

c(n) C(k)

IFFT

(7=0) (peak)
FFT

29

c(n) C(k) C(k)C" (k) r.(n)
— »  FET —»%—» IFFT  ——

x,(n)

(5-1)

(5-2)

5.2
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B2 )

Inter-path ‘ ﬁl (k)
Decorrelating FFT

FFT matched filter
Interference
cancellation 7] (k) Bl (k) A (k)
R, (k G) ;() (@ﬁl(’& IFFT | TR | Path
i " " filter "] selection
A T T
bp,Im =111 cp* (k)
N
Bhois(h) (i=110)
FRaa(k) (=1 -Lu +14U)
53 ( u )
5.3
R, (k)
u
FFT
u 2. (k)
N

30

CP.(k) u

(normalize)



%O(k) 1- ;C> %IIR (k) X
A
%47- Delay
5.4
2 (k) , = (k)
» Path selection p—mp
A
B s () B e (k)
> | .| » IIR filter
5.5
72, (k)
(First order IR filter) (Path selection)
54 IIR
a
(SNR) a
a
( ) a
IIR
%?HR (k)=ax %6-1,111{ (k) +(1 -a) X%o(k) (5-3)

31



IIR

IIR
7, (k)
(Inter-path Decorrelating)
(Path correlation matrix)
B, (k) FFT
72803
52.2.1
%(,)HRZ = {%?HRZ 1), %,)IIRZ 2),..., %,)HRZ (N)}
%”,O»HRz (k)max Eth Eth %losHRz (k)max
Th (%"ZOJIR2 (k)max - Eth)
%?Hm (k) Th
Eth
0 0z (k) < Th
ﬁ;:n(k) _ , ur2 (k) (5-4)
?/m(,)HRl(k) ’ ?f::unz (k)=Th
70w (k) !

32



Th

5222
m
P i T, Jj 7,
p,
1 N-1 .
P, :—Zcpu(k) Xcp, ((k —(7, _Ti))N) (5-5)
Ni=
s AL oo | [l B L oA
R= 1021 p22 L p2P - 1021 1 L pZP (5_6)
M M O M M O
(Pr Pr Prp ] | P Pro L]
o
h
h=Rxh (5-7)
h'=R™xh (5-8)

h@[%(q) L ﬁ;‘n(rp)]T h @{ﬁa’n‘(q) L %'(rp)}
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53

R, (k)

Pilot interfer ence cancellation

+ RE, (k)
k+

A

Pilot interference reconstruction
18 6) % Q) m® L,
fbpl[m -1] %Pl(k) P
HiE0h) X < Phwatk)
. \T Sum
. bp,[m—1] CP,(k)
ﬁ‘—l(k) ’ />_<\ &\ ﬁrﬁ—l(k) R
fbp[][m -y lenwm
5.6
5.6)
u k Pl (k)
P01 (k) = B -1 (k) % bp, [m =1] XCP. (k) (5-9)
m R, (k)
U u
Rd,. (k) =R, (k) => L. (k) (5-10)

R (k)

34
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54.1

R (k)

Channd egtimation i (k)

A 4

Code matching
Channel matching
Data decision

V4
X )«

X

MAI

Bhai(k)

5.7

&, (k)

Data signal reconstruction

35
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Code Channd matching
matching

>()—
féﬁzv(l)

' ®" £
) »(X) »(X SUM A’M/ ™Y,/ Decision [———>
&& ()

()

LN - Goy (k)
R (N) '&.\ ) ,
& G (v
N
58 8
( 57
Rd,. (k)
(Code matching) (Channel
matching)
N-1 u u
o = 1 ZL?e“,y,,s(k)gzu(k)Gm_1 (k) 5-11)
O N& N
G, (k)
B, 543 544
5.8
B - ()
Ed. (k)
u
Bl (k)
B (k) = 3B,y x B (k) xBdL () (5-12)
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542 s

Data interfer ence cancdlation

Bl () BB (k) Boas (k) B (k)

Channel estimation /752 (k)

S SO oo T =3 N SO A 7%
K/ Data decision
& (k)
Data signal reconstruction
5.9 s

S 5.9 S
R, (k) MAI
RE.. (k) = R (k) = Bl (k) (5-13)

1#u
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543

) (Maximum Ratio Combining, MRC )
G (k) = Hh (k)
(branch)
(co-phase)
AWGN

® (Equal Gain Combining, EGC)

Gty =12 ®)

o

® (Zero Forcing, ZF)
b (k)

G (k) =
‘ﬁl‘n(k)

2

38

(5-14)

(5-15)

(5-16)



® (Minimum Mean Square Error, MMSE)

(k)

G, (k)= —— (5-17)
E%m)+"
£
5.4.4
(Hard decision)
(MMSE) (Soft
decision)[19]

c;’:m = tanh(—?”: _’Zz
. (5-18)

2

o T =|en [ -E2

mzfﬁm)

S (variance) S

d; s =sgn| ¥, | (5-19)
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6.1

MC- CDMA

(DS-CDMA)

P/S

Guard

Spreadingep, Pilot signal

MC-CDMA  DS-CDMA
DS-CDMA
cd, ()  es(l)

1, user QPSK b,[m] .

| Modulation [ | COPT d(2)  os2)
cd,(N) cs(N)
bp,[m] BPSK
—— .
Mapping
6. DS- CDMA

an
V

Interval
Insertion




1

GI
Remove

Pilot Rt (k)
> interference >
cancellation
A
PR, (k)
PR, (k) )
R.(K)| . _ y Pilot Multi
L, sp FFT (=1l LD | ference D;::tlls:i
reconstruction
A
v
Channel
—>» estimation '%71(]{) >
for all user
The reconstruction of data signal from
the last stage of MUD D/I",_LS (k)
6. PS- CDMA u
6.1 DS- CDMA
QP SK
| S| DS- CDMA
MC- CDMA
[ 18]
AWGN
(Rayl eigh fading

(fadpagtern)

41
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convertor)

® MC- CDMA

(Anal og

(modulation) QPSK
(carrier frequency) 2GHz
(total bandwidth) 6.4MHz
(number of subcarriers) 512
(useful symbol time) 80 us
(guard interval) 20 s
(overall symbol time) | 100 s
(data rate) 20Kbps
(spreading factor) 512
(scrambling factor) 512
(vehicle speed) 30 kmv/hr (100 km/hr)
(Doppler frequency) 55.56 Hz (185.19 Hz)
(path number) 2
(max delay spread) 15 us

6.1 MC-CDMA

42

t
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6.3

® CDMA

(modulation) QPSK
(carrier frequency) 2GHz
(total bandwidth) 6.4MHz
(data rate) 20Kbps
(chip duration) 0.1563 us
(guard interval) 20 s
(spreading factor) 512
(scrambling factor) 512
(vehicle speed) 30 km/hr (100 km/hr)
(Doppler frequency) 55.56 Hz (185.19 Hz)
(path number) 2
(max delay spread) 15 s
6.2 CDMA
A WG N

MC- CDMA CDMA

43
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6 .

0.01

BER

0.001

0.0001 |

3

DS- CDMA

45

SNR (dB)

— Theory
——+—— MC-CDMA, MRC
—<&—— MC-CDMA, EGC
——O—— DS-CDMA, MRC
—A—— DS-CDMA, EGC

A WG N MC- CDMA



0.01 —
- B
L |
m
0.001 —
0.0001 | | | | |
0 4 8 12 16 20
SNR (dB)
— Theory
——+—— MC-CDMA, MRC
——<&—— MC-CDMA, EGC
——0O—— DS-CDMA, MRC
——A—— DS-CDMA, EGC
6. 4 MC- CDMA
DS- CDMA
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BER

0.1 —
0.01 —
<
0.001
| | | | |
50 100 150 200 250 300
User
—+—— No interference cancellation.
——<S—— MUD, s=1, MRC
—&—— MUD, s=2, MRC
—2A—— MUD, s=3, MRC
MC- CDMA AWGN

(SNR = 6dB)
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BER

0.1 —
0.01 —
0.001 é
| | | | |
50 100 150 200 250 300
User
—F—— No interference cancellation.
—<—— MUD, s=1, MRC
——6&—— MUD, s=2, MRC
—2A—— MUD, s=3, MRC
MC- CDMA

(SNR =14dB, v =30km / hr)
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BER

0.001 | | | | |

50 100 150 200 250 300
User

—&—— No interference cancellation, MRC
—@ — MUD, s=3, MRC+MRC+MRC

—<&—— No interference cancellation, EGC
—4—— MUD, s=3, EGC+EGC+EGC

6. 7 MC- CDMA

AWGN (SNR = 6dB)
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BER

0.01

0.001

50 100 150 200 250 300
User

—O—— No interferece cancellation, MRC
——@ —— MUD, s=3, MRC+MRC+MRC
—<—— No interference cancellation, EGC
—— 49— MUD, s=3, EGC+EGC+EGC

8 MC- CDMA

(SNR =14dB)
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BER

0.01

N/?T\\\\\H‘

0.001
| | | | |
50 100 150 200 250 300
User
—+—— No interference cancellation.
——— MUD, s=1, MRC
—&—— MUD, s=2, MRC
—2A—— MUD, s=3, MRC
MC- CDMA AWGN

(SNR =6dB, a, =0.95, a, =0.999)
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BER

0.001

M| \/\\H‘

50 100 150 200 250 300
User

—F—— No interference cancellation.
—<—— MUD, s=1, MRC
——O—— MUD, s=2, MRC
—2A—— MUD, s=3, MRC

10 MC- CDMA

(SNR =14dB, v =30km/ hr, @, =0.75, a, =0.999)



BER

0.1

0.01

0.001

00001 | | | | |
40 80 120 160 200 240
User
— — ©— — Perfect channel estimation, v=30km/hr
— — A — — Perfect channel estimation, v=100km/hr

—@—— Perfect path selection, v=30km/hr
—A—— Perfect path selection, v=100km/hr
—O—— Channel estimation, v=30km/hr
—2/A—— Channel estimation, v=100km/hr

6. 11 MC- CDMA
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280



(SNR =14dB, s =3)

v=30km/hr, a, =0.75, a, =0.999
v=100km/ hr, a, =0.4, a, =0.999

MC- CDMA
DS- CDMA
6. 3 6. 4 AWGN
MR C
A WG N
AWGN EGC
MR C EGC
MC- CDMA
DS- CDMA SNR
6.5 6. 6
s=1
s=2

MA |
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MRC EGC 6. 7 6. 8
s=3
MR C
A WG N
Il I R
Il I R a
a
| I R a, a,
[ N ¢
054 @ )
0.024
0.021 (
) Il I R rT( Ti me constant
0.024
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A=<
A

o 0.0241
criterion : 7, <

(6-1)
c(m/s) (=3x10°m/s)
S (Hz)
A(m)
v(m/s)
I,(s) Il I R

v=30km/ hr 100km / hr
a,(30km/hr)=0.75 a,(100km/hr)=0.4

a, 0.999

6. 9 6. 10
v=30km/hr)
6.5 6. 6
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ti me)

MA |

(v=100km/ hr)
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(Coherence



MC-CDMA

® MC-CDMA CDMA
MC-CDMA
DS-CDMA
SNR

[ MRC
EGC AWGN
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1.1 ( OFDM- CDMA)

(OFDM-CDMA)

(cellular) (Orthogonal
Frequency Division Multiplexing, OFDM) (Code Division
Multiple Access, CDMA) OFDM

(frequency selective fading channel)

(narrowband interference) CDMA (Bit rate)
(Inter Symbol Interference, ISI) CDMA (Multiple access)
1. 2

(signal synchronization)

(integral frequency offset)

(fractional frequency offset)

(Downlink) (Uplink) OFDM-CDMA
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OFDM-CDMA CDMA OFDM

CDMA (pilot signal) OFDM (Guard

interval) CDMA

(Direct Sequence Spread Spectrum, DSSS)

CDMA OFDM
OFDM —CDMA (Downlink) OFDM -CDMA (Uplink)
IF.
FF. T.
Method Pilot Guard interval
System
CDMA IF.
(DSSS) FF.
T.
OFDM T.
FF.
IF.(DAB)
OFDM -CDMA IF. T.
(Downlink) FF. FF.
T. IF.
OFDM -CDMA IF.
(Uplink) FF.
T T.

1.1

CDMA(DSSS) [1][2] OFDM
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[31[4] [5][6] Downlink OFDM —~CDMA [7] Uplink

OFDM —~CDMA [8]

CDMA(DSSS)

(pilot)
M (equivalent baseband signal)
xM(n)ZdM (¢4 (n) +c,(n) n =0,1,2,.....N -1
(2.1
T, : chip time
Ty : symbol time. Ty = NT,
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dy, o izl Ts

cd<n),cp<n>:{ijﬁ}

Tc Ts(  2.1)

Symbol M ~1—»a— Symbol M

»F Symbol M +1

cy(n) =cy(n+pN) ; ¢, (n) =c, (n +pN)

N
2 cp(m) @ ((n+m)y)=0d((n)y)

3

— O

z

OcE(m) [q((n+m)y) =3((n)y)
-1

OcEcm>E¢d(<n+m>N> =0

3
Il

Z

3
I

2.2

75

-

(sampling window)



Samplingwindow wth lengthN

/>0 I1=0 1<0
/- .
thelstpath
the 2nd path
e
W)
thenp - th path
> Tinp -
2.2
I SN
np xy (1)
(circular convolution)
Xy, (1)

( )
cpi(m)=c,(N-71; =l+n)y) n=012,..,N-1
(2.2)

np )
h(n) =7 a(i) B(n-1,,)
i=1
(2.3)
c,.(n) (cyclic shift) a(i)
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r(n) = ia(l) [¢,,(n) = ia(z) B,(N =7, = +n)y) n =0,1,2,....,.N -1 (2.4)

. i
R(9 = FFT{x(n)} = 3 (> a(i) Ty (N~ ~[+m) ) & N
n=0 i=1
np N-1 _j2mk
= 2ail Zocp((N -1, —l+n)y)e N}
i=1 n=
N _2m(r,4)

§a<i)acp<k)@" Ny
i
=C,(hHKE N

(2.5)

2.1 {t Egr al freque

of fset estimati on)

(FFT Matched Filter) xIl(n) x2(n) N
(n 0 N-1 ) FFT XIk)y X2(k) FFT  IFFT
23
x;(n) X, (k)

~——» FFT | —»[|—> IFFT ——y(n)

X5(k)

23
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Y (k) = X, (k) X5(k)

FFT‘ l IFFT

¥(m)= ZOxZD(m)B%I ((n+m)y) =x, (1) DXy (€ n)y)

(2.6)
(2.6) y(n) xI(m) x2*(ny) ( (= xmodN  ((X)N)
N-1 ) (circular convolution)

xl(n)=r(n) x2(n)=cp(n) (2.6)

x(m) = r(n) =Y a(i) B, (N-T, 1 +n)y)

X, (n) =c,(n)

Y(k) =X, (0) XS(k) = {C, () (W) @} T (k)

_ 27 ppT

= HK)@' N~ h((n-Dy)

Y=Y xm) G, ((n +m)y,)

= 3 m) OB a() @, (N-,, —1 +n +m) )}

= ia(i} QiCE(M) [8,(N-7,; =[ +n +m)y)}

= >4l B(r-7, ~D))
= h((n=Dy)
2.7)

78



y(n) (cyclic shift)

- 1
Af _(A+5)TS
1 1
A 0 0<o<l —=—
T NT,
( )r(n)
., (A+0) - n(A+0)
T,
g2t = SN T
27m(A+ J)
np N
5 () =rn) =Y a) @ (N-1) -1 +m)y )} @
i=1 P :
.2Tnp

J
= N T o
Xy (n)= cp (n)lé - EE[: U Cp (% p)N) p is an integer.
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N-1 0
V)= X x5 (m)B (n+m)y)

m=0
N o P 279
= X {c,(ml JRY a@le, (N-77 ; ~I+n+m)y) & }
m=0 i=1
np jz”n(l\?w) N-1 j—2 m(?\: o)
= 2 a(i)lé DX cpm (N-17 ;~I+n+m)\) €& }
i=1 m=0 ’
p Ao [ 2O ED
=Y a(i)é B((n-1y i_l)N)N Y e
i=1 ’ m=0
21mm(A+ J)
RG]
=h((n=1)\) e N w
(2.8)
N j27Tm(A+5—p)
where W=§ > e N

m=0
|y P A=D1 T 2

(2.9)

(2.9) ly(n)|
w24 p W
lym)  Alp] Alp] ymP p

A[3]> A[2] >A[4]
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Two paths  A+0=2.6

v f[2] p=2
A3

T 1[ ] =3

A[4] p=4

$ ¢ n

24

e ¥ (N =256) q=0+0 -p

0.9

0.8 -

o
N
T

o
(2]
I

the magnitude of the parameter W
o o
iN 3
T T

o
w
I

0.1~

0 |

-4 -3 -2 -1 0 1 2
the frequency offset q(1/symbol time)

2.5 W] q

2.5 W| q q A +0

81



q<0.5 [W[>0.636  |q>1 [W]<0.22 W] q A =p
q=0 [y(m)| p=2 3 4
y()  [y(n)| p=3 A=3
r(n) y (n Symbol-by-symbol peak Alp]
] — Ay -0Yy- N 1l e AP
FFT ?—> IFFT average(L1) Magl ] detection Db~ +4
; ! h((n=1)y)
Clk-p)  yi(n=N)
try different integer p : =4 ~ +4 A= arg {ml?x A[p] }
Alpl — _ Compare , sign(é-)
p:—4~+4 A[A_I]A[A]A[A"'l]
2.6
p 2m(A+9)
— . I N
r(n) = (D ai) &, (N-1,,-l +n), )} [
i=1
;2m(8+0)
y,(my=h((n=-0)e ~ W, +nn)
1 Mt 278+ O=p)
where W = N Z e N
m=0

v, (M), (n=N)=|h((n =1))|

2.6

n(n) n'(n) :noise  (2.10)

. 2
@]2H(A+d) [|Wp| +n '(I’l)
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fc=2.4Ghz

1/Te=10MHz N=1024 10ppm

(M) < f. 00ppm = (A +9),,, =2.4576

NT,
p={-3 2 -1 0 1 2 3}
- (symbol-by-symbol average) y(n)
y(n)
j2r[n(A+c§)
y*(n-N) e N
eerr(A+6) _
(magnitude) n'(n)
21m(A+9)

v, | =|h((=D) & N W, +am)| =|h((n=D)|[W,| +noise

2.4 A =3 ly(n) p=

p=3(p=4 ) A[3]> A[2] >A[4] A +d 2 3
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3 0 |6 |<0.5

casel:

A[A]

A[A +1] A[A-1]
| |

A+1 A A-1
4 3 2

9= -09 0.1 1.1

A+5=3.1
A=3

q=D+d-p

= O can be positive or negative

case2:

Ald] )
A[A-1]
A[A+1] ‘
L
A+1 A A-1
4 3 2

9= -14 -04 0.6
A+5=26
A=3

q=D+d-p

— & must be negative.

signd=0 signo=-1
2.7 sign(d )
A[A-1] A[A] sign(® )=-1 A[A+1]

A[A-11 A[A+1]

casel:

...............................

4 3 2
A[A+1] . A[A-1]
AA-1]
........... AR L
.................. l Ay
Th

A[A] sign(d )=0

1
case?2:
A[A] )
A[A-1]
N SIAREEELERPPIS ‘ .....
A+1 A A-1
4 3 2
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sign(d )=-1

case3:

A[A +1]
‘ ‘ A[A-1]

A+1 A A-1
4 3 2

9= -0.6 0.4 1.4

A+5=34
A=3

q=0+0-p

— & must be positive.

signd=1
A[A] sign(d )=1
case3:
) A[A]
] A[A +1] A
Th ‘ AlA-1]

A+1 A A-1



2.8 1

A[A-1] A[A+1] AlA]
Th,
A[A-1] A[A+1] AlA] A[A-1]
Th,
casel
A A A[A]
A[A+1] A[A-1 ki
(A[A+1]  A[A-1]) T
2
A[A-1] oo
Th,
A[A-1]
Th,
OFDM-CDMA

A[A+1]> A[A-1]= signd=1

A[A-11> A[A+1]= signd=-1
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”? sign(d )=0

A[A+1]

sign(® )=0

sign(d )=0

A[A +1]



2. 2 (Fractional f

of fset estimati on)

Symbol-by-symbol average @ | sign correction .
y(n) L length=L1 symbols > Al of & >0

T

The strongest path information

yHn-N)

2.9

A~

After we compensate A ,
27m o

J
y=h((n=1) )& N W +n(n)
j2ﬂ5|

* 2
HOINTSYELCEIN W VR0 @.11)

.21tm O
] N-1 J—— '
where W=— Y ¢ N n'(n) n(n) : noise
Nyu=0
The strongest path information : the time index of the strongest path

( ) y(n) N
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21 d - 21 @ -TU ~TT

o ¢
)
y(n)
2.1
A A +3 A +3
A+ =2.6
A=3 A=2 3 A[3] A[2] 25 27 case2

A=2 q=0.6 A=3 =04  q=0.6 -04 [W|
Al2] A[3] A=2

A=2 sign(d )
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AL ATA]

A[A-1] A[A+1]
A[A+1] S ‘ A[A-1]
A+1 A A-1 A+1 A A-1
4 3 2 4 3 2 1
q=-14 -04 0.6 q= -04 0.6 1.6
A+3=2.6 A+0=26
A=3 A=2
—=signo=-1 =signd=1
* 2 im— * 2 2
vy =N F(-ty | 2O 3oy =My icn -y OO
p=—0.4 mitE" 0~ $=—04 p=-0.4 mMFE"0=_ =06
A+5=2.6 A+5=26
2.10
¢/ 2710-6) $=-0.4
sign(d )=1 S=p+1=0.6 A+5=26
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(210) ¥, ()T, (1=N) =[h((n =D &> 10, [ +n'(n)

A O

y(m) B *(n=N) =|h((n =1))|" +n'(n)

—» time index of a'th path

(2.12)
|
r(n): three paths |
|
cp(m
(=10 I
M <y
12
I+ 1) )f TT T
N -1,
2.11
N-L( )
. Compute delay _ .
y(n) —» ? —»  Path selection > range D[j] of paths Dia}=min{D[j1}
yHn-N)

AA]

&9



2.12

2.12
(delay spread)
D[j] DIj]
j y(n)
j D[j]
D[j]=D[a]
R(n=1)y) - h((n)y) D[3] =3

h((n+1,))f %

N

= —»

Dljlj=3

2.13 D[j]
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OFDM

OFDM x(n) useful symbol (Ny ) Guard interval ( N,
(ISI)
Ccopy
e —
guard interval. useful symbol.
x(n) n=0,1,2,..... ’NU -1

x,(n) =Ny =Ny +n)NU) n=0,1,2,.. Ny +N, —1

where (k) , means the residual after k is divided by N .

3.1 OFDM
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3.2 (sampling window)

/ (0~Ng- T 1,,)
ISI IST free region [>Ng- T 1, np
<0 ISI free region
( IST) Region A

ISI free region

ISI free region Region A

Samplingwindow wth length N

I
I
I
i
v

-—-—————
«—

| | | |
[>01 %0 1<0 o
[ = i ¢ : |
thelstpath i i i
L L
the 2nd path L ! i L
SR o
| | | |
N2 i i |
| | 1 |
1 | | |
1 | | |
thenp - th path i i i i
~ - !‘ i > N, (useful symbol) i< i
o o
i Ne(Guard interval) b
. o
3.2 IST free region
xt(n) h(n)
rt(n)( (timing offset))
r(n) R(k) ISI
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=Y c®Bn-1,)  rm=xmOhnE > elx0r 1,,)

if the sampling window startsat / , 0</<N, -7,

r(n) =§c(i) [X,(n) n=0,1,2,.. N, -1 where x,(n) =x((N, =1, =1 +n)y )
R =FFT{xm)} = 3 (3 () BN, 1, ~ +m) )} B
np Ny -1 _j27Tnk
= eI ANy —1, I +n) )@ )
ln_p . _j2nk(r“+l)
= ZC(Z’) Qx(ye ™ 3
: 2

XHH) R M

_ .2k
for [0(0,N# 7,,) RkE X(KYH(kPe M
for /U0(O0,N& 7,,.) IST exists.
& =(b+3)—
TU
A 5+
TU
. jart8*0) j2 A 89
() o 2T, = Ty —e Ny
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.27Tn(A+5)

o = xme 22075 = e NU
(3.1)
x(n) Nu+Ng xt(n-/)
1(n) Ny cn) c(n) A
r(m)—L1— o(n)
jpr8*0) g2 AN EY0) .

c(n)=r(n) @ (n-N,)= x(n)e " IX'(n-N,)e Yoo = x@) e T n DA
(3.2)

() |
=N,

Arg{c(n)}
/i
A: the phases of the received signal in the region are the same for each OFDM symbol.

(if the channel is perfect)
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3.3

34 e(n) c(n) (moving average) c(n)
A
(d) (¢) Ng  Ng/2 ISI free
region Ng

cn) - c(n)

ﬂ. \
Arg{c(n)} (a)
=7l

Moving average
o M
length=Ng (b)
Moving average

|e(n)| /\/—\/_\/\A//—\/\/ (C)
length=Ng/2

Symbol-by-symbol W\/—\/\/ )
average

e(n): Moving average for c(n)

34 (a)c(n) (b) Ng (¢) Ng/2 (d) -
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Case 1 : Perfect channel and no frequency offset (N =256 and Ng =63)

the normalized phase

0.5

0.4

0.3

0.2

0.1

-0.1

-0.2

-0.3

-0.4

-0.5

0

Il
100 200

L
300 400 500 600 700
time index n

Case 2 : Perfect channel and frequency offset exists (A +J =3.3) (N =256 and Ng =63)

the normalized phase

0.5

0.4

0.3

0.2

0.1

-0.1H

-0.2 H

-0.3 H

-0.4

-0.5

3.5

100 200

arg{c(n)}

300 400 500 600 700
time index n
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3.6 (1) @) )

G) 4 r(n-Ny) 1) r(n=Ny,)

M G @ @

M @ @ 6

(H*G) @*¢ c(n)

ISI free region A

(moving average)

ISI

free region

A Nu ISI free

region 3.7 A

3.8
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r(n)

r(n—Ny)

) e (3)

N\
.

\symbol average for c(n)\ w

T
Arg{symbol average for c(n)} WW\WW
i

3.6 c(n)

)

Symbol timing
3.7
Symbol-by-symbol average a Moving average a | Maximum
I"(I’l) - |:| (length = L1012 symbols) “| (length = L3 samples) | MagL]| " jetection

r(n=N,)

3.8
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- Tin Tout

Symbol-symbol average . o1 L . . J
—> 1, (iN+)) —IZI}H(U —)N +iN +j) .
=1 1

(length=L symbols)

Moving average — e 1 INHj J =
(length=L samples) Lout (ZN+.]) R Z L, (k) .
k=iN+j(L-1) 1=
in I} N N1 N+ 3N
r
out 1 N i -~
3.9 - =3

Perfect channel (L, xL, =100)

x 10°

3.5F

the magnitude
N
N w w
T T

=
o
T

OISNWWHVW( WWWWWWWWW FWWWW{N
0 I I Il I I Il
200 300 400

0 100 500 600 700
time index n
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Thechannelis two- pathfadingchannel:

the powerratiois1:1, thedelayis 25usec
and thef; =277.78Hz.

TheaverageSNRis 7dB. (L, XL, =200 )

x10°

3.5 E

N
a1
T
L

the magnitude
N
T
L

=
ol
T
L

1t |
05 M‘Nmmmd |
% 100 200 300 400 500 600 700
time index n
3.10 c(n)
3.11 (fading channel)
r(n) r(n-N)
- L1 ( 3.12(a))
(  3.12(b)) ( 3.12(c) IST free
region A -
L2 ( 3.12(d))
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A

r(m)—[ ]
¥
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3.12(a) D1l @12
D11 D12 3.13
(block 1).
Symbol-by-symbol average Modified abrupt phase
(length = L1 symbols) | | ArgLT > change detection
. (a)- (b)-
r(n—N))
(c). (d).
|:| 0 Symbol-by-symbol average Moving average Minimum
T ‘ ‘ (length = L2 symbols ) ('length = L3 samples) detection
3.11 ( )




the normalized phase

Perfect channel

0.45

(L,=3and L, xL, =100)

(@

(b)

(©)

(d)

0.4r

0.35

0.3

0.25 -

0.2

0.1r

0.05 -

100

200 300 400 500
time index n
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Thechannelis two-pathfadingchannel:

the powerratiois1:1,thedelayis25usec
and thef; =277.78Hz.

TheaverageSNRis7dB. (L, =3 and L, xL, =200)

0.45

0.4 B

0.3 B

the normalized phase
o
N
(]
T
L

0.2 i
0.15 - i
0.1 B
0.05 ! ! ! ! ! !
0 100 200 300 400 500 600 700
time index n
3.13
OFDM
(ICD)  (3.3) 8
A
8 ICI (3.4)
3.14 OFDM FFT
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27m(A+9)
o
N
r(n) = s(n) & U

e
Ny k=0
Ny k=0

N

U
R(m)=FFT{r(n)} = X

n_

Ny-1 , Nyl
S X(k)H(K)E

1
= Y i
n=0 NU k=0

= 3 X(KHKE

k=0

Rm) = 3

k=0

2 {X(k)H(k)d

2 XMk

-1

.2 Tkl

N
where s(n) = IFFT{X(k) H(k) & U}

2kl 2 Thk

1 jz mh+ &

-

N N
Uwg U

Ny

271k

2mktA+ 9
7 J

Ny

N
U}@

_ 27mm

r(n)ie Nu

.27kl j2 m(k+A+

_ .2 mm

-
N N
U U g

27k

2 1h(k+D+ 5-m)

Nyl J

N U N

upl ¥ . U
Ny n=0

2 7Tkl Ny -l

1

12 m(k+A+ o-m)

ZX(k)EH(k)Eé N E—IN—Ze Nu

U n=0

Ny

1 Ny -1
— e
U n=0

2ﬂn(k—m+A) .
— 1 if(k-m+A =0
for =0, N :{ (k-m* Dy,

0 otherwise
27 D)l
O R(my X((m A )y, M H((m D)y, )Eé M

Nyl 2 Nyl 2Tk As S

ZX(k)Dﬂ(k)@ N ElN—Ze N

k=0

(3.3)

for 0#0, R(m)
U n=0
27Tml Ny-1 27m(A+5)
= X(m) H(m) (& N G—Ze Ny
NU n=0
Ny -1 (27 Nyl 2m(k+B+ om)
+ ZX(k)[H(k)m: No E—IN—Ze Nu

k=0 U n=0
k#m

ZITml
= X(m)H(m)@ ™ OF, +ICI
1 Ny -1 j2ﬂn(A+5)

- Ny
M=y &
U n=0

(3.4)

Nyl 2™ Nyl j2mk+b+ &m)

Z X() HE) @ ¥ W, N

k#m

ICI =
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r(m)—| ]

r*(n— U)

>
NG
k=091 2 4
3.14
(a) (b)
Symbol-by-symbol average Select ISI _ | Average over
(length = L1 symbols ) ArgL] > free data L2 outputs y

" 270

Symbol timing information —T

3.15
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T 3
=77
316 -
3.16 i (3.2) A
2770+ 9) L2
A=2 5=03 5 A
2m(2+0.3) 4.6 .
@20 = oI iy~ 06 = 5=25T —03
o
3.3 (DAB
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Select the
1 2
received r (f’l) @ @) Peak
reference symbol » FFT —— |:| — |FFT > power
from each frame T detection
Symbol timing J XrD((k —i)y.)
information v
fori=-3,.....+3
3.17
1(n)
(reference
symbol) ISI x, (n) r(n)

x,(n) I o7 X, (h)

2md b
r(n) = IFFT{X, (k) (H() 8 ™ e M
27D
(1) : FFT {r(n)}=X, ((k-A), ) H((k-D), )& ™
PRI
(2) 1 IFFT{X, ((k-B)y, ) H((k-D) ) ™ X (kD) )}
e Mn((n=D)y,) . if i=A
x()  pn i#A @)
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Downlink OFDM-CDMA

user 1 spreading
QPSK > and S/P >
mapping scrambling
1'st user data SUM IFFT P/S >f ™
N

U'th user data ‘—»

Pilot

PN spreading

4.1: OFDM-CDMA

4.1 U U

QPSK U IFFT
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ISI

5,(n) = Ni{idﬁ (2! (k) m;,(k)} @V +e,(n) n=0,LL ,N -1

k=0 u=1
4.1
d! u I (Data symbol)
4 D% L jL}
’ V2O 2
¢y (k) u k
¢, (k) k
N IFFT
c,(n) n
u'th user's code: scrambling code for all usres
e (0 | ) o c:(NLl)‘ (@ | ¢, | vk,
frequency frequency
4.2:
s(n)
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(Walsh code) m- (m-sequence)
(cell) m-

(useful symbol) N, =N N,=N+N, =125N

W,(n): AWGN W)

. (n) »  FO, TO, > Rx |
W, (n)
s(n) > h(n) »  FO, 70, > Rxu
W, (n)
. hy(n) > FO, —(fr—— T0 »  RxU
4.3:
h,(n) u
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FO (frequency offset) u

u

W, (n) u (AWGN)
10, (sample timing offset) u
2 Downl i nk OFDM- CDN
2.1
CDMA(DSSS)
OFDM-CDMA
N N/2 4.4

N/4
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st pathI

2nd path [] [ [ |
v cp(n)@ij v
| ] v=l,p=—4~4
| ] v=2,p=—4~4
| ] v=3,p=—4~4
| ] v=4, p=—4~4
* Lp=2 [ | v=5p=—4~4
p=4 yv,p,i (n) |v:3, p=3 ?
‘_ yv,p,i(n)‘v=5, p=3
4.4
4.4
LIS
e V v=1~5
j27'rnp
Cp(n) L N p = _4 ~ 4 yv,p,i (n) v p
yo,
p A+9O
A+9d =26 yv,p,i(n) |v:5, p=3
yv,p,i(n) |v:3, p=3
(
) ISI free region

IST free region
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p A+

o

Lst path— [ | I S O B
2nd path | [ [ | e | [ | I I |
] |
|
| 1 |
| | A[3]
| 1
t 2 1 A
:p i1 (M) =3, pms Prpi (1) |z s 2 jprar 2
y” n ‘h;“@/ 4( mqy/ﬂ_
Tt Tt o
V0 s s Voopi (1) |25 s T
‘h; 2 E/mg(mm qu 2
4.5
4.5
yv,p,i(n) yv'pyH (n)
2 2B 2
h' & i, | h, v
LTSN
Wp p 4 Z @+ 9)
5
—N % (A +9)
p=—4~4 45
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_ 45 45

Al p] A4[3]  45(3]

1(n) i

re,(n)

Sample 5 segments (length N)
which differ N/2 timing point

i o 1) r(n)

rd, (n) v=1~5

LT 13
Shift register :

combine r_,(n) r_(n) r(n) to a new signal rc,(n)
length=3(N + N,) =3.15N

yv,p,i (n)

rdv,i (n)

detection

Co(k=p)x) y:’p’i_l (n)

try different integer p : —4 ~ +4

Alp]l —» Compare e gion(d
v A_ A A gn(9)
e BTGB A TA

4.6

i r.(n) 1.25N

() ry(n)

3.75N N rd, ;(n)
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FFT ~>[f—» IFFT Hlf’ Sylzl;z;bgye-(sLyﬁbOI e Magl] s PEE L A [P]

v:1~5
p:—4~+4

A:arg {max Av [pl}
4
A{} [A] :MaxAv [p]

re,(n)

N/2



yv,p,i(n) -

b A[A-1] 4[] A[A+1]

<>
=

1

>

If v'th segment rdv l.(n) contains nearly whole pilot code,

LAY RIS
_ _ N _ N
¥y, p (M= =1,)\ )@ W, =h, @ w,
5 \l
27N —n')(B+0) .277(ZN-n )(A+9)
Y @ @) . =h, :
A5
* 5 2@]2772(&*'5) 2
. = + |l ] . .
yV,p,l (n)@v,p,i—l (n) | v| [.]’Vp‘ n(n') n(n') :noise
27mm(A+ 0—
LNl m( r)
where Wp = Y e N
Nm=0
otherwise yv l.(n) 1s small.
4.2)

rdv,i (n)

[ v h, rd,(n)
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Without losing generality, we assume #n' = iNS +n
j 27mn'(A+ 0)

np
=2 @) B O el @ T

27Tmp 272(1N +n+m)(A+0)
N-1
v, m= X {eg Somya * N }E{Jzam@ p (N7 5 l+n+m>N>@ N }
P m=0 =1
276N _)(A
o j2r[n(A+6) Nl j27ﬁn(A+5—p) i TGN () (A+ )
= a(i)@ N E{] (m)E (N-1) ;=1 +n+m)\) @ N 13z N
i=1 o
27m(A+ 0) 2 m(A+ Fp) 27N )(A+0)
np J J J
= Y a(i)d N B((n- o —I)N)EL N Iz N
i=1 o
jz’m(ﬁ"@ 2o NI ]27Tm(AN+5‘P)
_h((n—l)N)@ Wp L& where W p ﬁ Z:()
27TN (A+ )
— 2
yp’l.(n)@/ = ‘h((n I)N)‘ N E.Wp‘ +n(n')  n(n') : noise
(4.3)
n' n 0~N-1
=iN_+n N, J ¢ I ‘
s 1,i
i p (4.3)
N (A+d) 5
TN T80
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Symbol-by-symbol average

sign correction

Yy i) > . <
vt ? 7 length=L1 symbols ALl of &
* T
Yy -1 The strongest path information
4.7
yv,i (n)
25
4
@ )
Signé' =-1
D>0= 5=(p-) 4
Signé' =1
p<0=5=(prd
After we compensate A,
j2/m'5 jz m' o
V(M) =h((n=1))é N W =h1ld ~ W
27(N,-n") & ,2”(%]\/‘”75

Yok ((n-)yE N w=n'E v w

oS
» MO ()= ira 4JEFW|2 +n(n')  n(n') : noise

h,

2mmo

N-1
where W = lz ¢ N
N m=0

The strongest path information : the time index of the strongest path in v=1~5
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5
2 _j2rE(A+9) 2
4 '
(@ 1w, +n(n)

*
42 3,3 (=],
A O
* _ 2 '
VW () =[h[ +n(n)
(4.5)
2
‘h ‘ v=1~5
1%
) 2 2 2 L .
y‘;,i(n)4> D" Path selection Oberserve hv O hv 4 hv in turn.— fime index of the first path in
? 1 2 5
here A >A  >45>4
yE\L/,i—l(") A4 where 1T " ¥ Vs
v
2
hvk : the first path<GI. & the last path<GlL.+max_delay
2 2
hvk :hvl :the first path>GI. or the last path>GI.+max_delay
4.8
AV
Av Vl ( Avl )
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Vs

st pa‘[hI

2nd path

¢, (n)

il =
bt

T

4.9

A
V()] Tf

y\=,1(”) lu=s

(v=1)

(v=5)

OFDM-CDMA
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delay . IST free region

(181 free region), .. (181 free region), ..

(ISI free region) ISI free region

min

4.10

min

Z

Symbol timing

4.10

4 . 3 Downl i nk OFDM-CDN

Symbol-by-symbol average Moving average Maximum
I"(l’l) - |:| (length=" [ ] symbols) ('length = L3 samples) Mag[ ] detection

4.11
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: )
“1L2 outputsy 270

detection pi—4~+4

h((n=1)y)

A =arg{max A[ p]}

Symbol-by-symbol average | Select ISI | ¥ .| Average over
I"(I’l) - |:| (length = L1 symbols ) " ATOLT 1 ree data
%
r\n—
( U) Symbol timing information —T
4.12
OFDM-CDMA OFDM
IST free region A
After we compensate 0,
r(n) ¥, ()
D -by-
| FFT [—* IFFT o | Symbol-by-symbol | Jypory | peak | Alp]
average(L1=1)
Symbol timing
information: O /7 _ *
sample signal Cp(tk=pIN) Ypi-1M )
V(vllet:gffleal) try different integer p : —4 ~ +4
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4.13
r(n)

ISI free region N ISI

27N (A+9)

v, o=engf @ N [ e

2N
=‘h((n—l)N)‘2EJ "4 [lw p‘2+n(n') n(n") : noise
27tm(A-p)

Nl
where Wp _ﬁmzzoe N
(4.6)
4 . 4 ( Downl i nk OFDM- CDMA)
4 . 4.1
[ (Rayl eigh fad
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channel)

(fadg

digital convertor)

®e Downlink OFDM- CDMA

pattern)

(Anal og

(modulation) QPSK
(carrier frequency) 2GHz
(total bandwidth) 6.4MHz
(number of subcarriers) (512
(useful symbol time) (80 s
(guard interval) 20 us
(overall symbol time) [100 us
(data rate) 20Kbps
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ratio: Eb/NO)

(spreading factor) 512
(scrambling factor) 512
(vehicle speed) 30 km/hr (100 km/hr)
(Doppler frequency) 55.56 Hz (185.19 Hz)
(path number) 2
(max delay spread) 15 us
ilot to
signal ratio) v el )
(signal to noise 15dB

4.1 OFDM -CDMA

(Th1)

2.44

2(Th2)

[

300

4.2
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Probability of Probability of the Integral frequency offset misdetection

0.16 —

2-path fading channel
012 L1=16 v=30km/hr
' —f—— Frequency offset =3.6(no sign of FF.)
—<——  Frequency offset =3.002(no sign of FF.)
——— Frequency offset =-2.58(with sign of FF.)
0.08 —
0.04 —
0 B =% ¢ g——
50 100 150 200 250 300
Users
4.14
4.14 ( sign of FF.

3.6
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2-path fading channel
v=30km/hr

Frequency offset =-3.002 L1=1 (Gl.)
Frequency offset =-2.25 L1=1 (Pilot)
Frequency offset =-2.25 L1=100 (Pilot)

Probability of the Integral frequency offset misdetection
|

0.02 K
o & i = &
50 100 150 200 250
Users
4.15
4.15
ISIT -
100
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0.006 —

@ i 2-path fading channel
£ v=30km/hr L1=100
g, ——f—— (©l)
S —<——  (Pilot)
S 0.004 —
2
T
c
S
g
o
; —
Q
IS
£
7
[0}
[}
S 0.002 —
©
[a]
=
%]
[}
=
'_ —
B —— j j 1
0
‘ \ ‘ | \ \
50 100 150 200 250 300
Users
4.16

4.16

ISI free

region
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Probability of the symbol timing misdetection

0.012 —

B 2-path fading channel
v=30km/hr
———F—— Frequency offset =-3.4(Gl.)L1=100
Frequency offset =0.002(Pilot)L1=100
0.008 — = Frequency offset =-3.4(Gl.)L1=200
0.004 —
0
Y Y \ \ \
50 100 150 200 250 300
Users
4.17

(processing gain)

100

L1=200

100
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Uplink OFDM-CDMA

:

g O

u,, user a4 Guard
RAREEN M%PS_IE Ly Copier IFFT P/S {) > Interval
pping () ce( : Insertion
cf(N-1) ¢(N=1)
Random bit stream BPSK bp; Spreading o Pilot signal
Mapping p
5.1 OFDM-CDMA
(Data signal) (Pilot signal)
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QPSK (mapping) QPSK
N (N FFT )
(Scrambling code) (chip) N
IFFT
BPSK
(cross correlation) -
( ) -
(autocorrlation)
m- (m-sequence)
(cell) MAI (Walsh code)
(Gold code)

(useful symbol) N, =N

u

2 71Tkn

sy = S [dr B BB Y +bp! ()

(5.1)
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N,=N+N, =1.25N

n=0,LL ,N -1



(Data symbol)

¢ (k) u k
c, (k) k
N IFFT
bp; u i () bp'D
c:’ (n) u n
1.1
5,(n)
Tx 1 : Delay st, % h(n) FO,
Txu Su (n) Delay st, ¥ h,(n) FO,
Tx U SU (7’1) Delay st |y hy,(n) rFo,
5.2
s, (n) u
st u

131

Win)

T0

r(n)



h,(n)
FoO,
W(n)

70

u
(frequency offset) u
(AWGN)

(sample timing offset)

Upl i nk

132
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r(n)

'

re,(n)

-T2 ()

14

Shift register :

- r(n) Z I’,(l’l)

Sample 5 segments (length N)

which differ N/2 timing point

combine 1_,(n) r,_j(n) r,(n) to a new signal rc,(n)
length=3(N + N,) =3.75N

For u'th user:

yv,p,iu (n)

rd, (n) v=1~35

I"dv’l. (l’l) FFT [FFT _»| Symbol-by-symbol | Mag[.]

- " ?ﬂ ? average(L1)

*

Uummu _ * u
bpl' @p ((k p)N) Yy pi-i (I’l)

try different integer p : =4 ~ +4
Aﬁu[p] Compare L . Sign(éA_M)
pi—d~+4 4B A7) A A +]

5.3

4.2.1
*
u u _
u
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L peak
detection Avu [ p]
v:1~5
R p:—4~+4
A" =arg {max A 1Pl
p
UrA1= u
A‘3 [A]—MaxAv [»]
u



If v'th segment rdv l,(n) contains nearly whole pilot code,

jznn(A”+aF‘) 2mat+ &)
u — _ju N U_p U N u
Yy, p,i (m)=h((n=1 ")) e [Wp =h, [Wp
5
27N —n)(A +J') 2mC, N —n")(A" +J")
* ook oy J N u u* J N y
yv’p’i_1 (m)=h ((n=1,")N) [Wp =h," @ [Wp
~S
u * u hu2@]2”4mu+éu) 412
. = + ' n . :
Yy, p,i (n)@v,p,i—l (n) A [.]Wp n(n')y  n(n') :noise
2am(A* + F -
1 N-1 J m P)
where Wp” = Y e N
Niu=0
otherwise yv,p,i(n) is small.
(5.2)
5. 2. 2
Symbol-by-symbol average @' | sign correction A
u , Y Y-8y g > R , Sl
Y Vi (n) Ea length=L1 symbols > AL of 3t 4 g
5
* u T
Y v,i=1 (n) The strongest path information
5.4
422 )
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Signé'“ =-1

p>0=5=(p-nd
Signg“:l
) ) 4

P <0=>F=(¢ i

After we compensate A" ,

jZITHIJ jia-

vl =h(n-1"))E@ N W =h'E@ N
5 r
21(Ny—n") o 'ZH(ZN—n)J

NGO ETNCE DI CE K S

x U 2 Jj2 25
v 0 " =[n [ @ W +an)  nn) :noise
1 N-1 jZHmJ‘
where W" I—Ze N
Nm=0

The strongest path information : the time index of the strongest path in v=1~5

(5.3)

o 2 _pdwesy .o
(52 v, 03 =@ [ e
A" O
* u u2 '
v =T +nn)

(5.4)
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h v=1~5
v 2 2 2
“ () ; u u ou
Y., W—[]——» Path selection Oberserve \h* | Olh TR | in turn.
Vit v v v,
? 1 2 5
T where A4 > A% >4 > A4
* % v V.
.. A 1" 5
v,i—1 2
v
B | the first path<GI. & the last path<GI.+max_delay
"k
2 2
B | =p* | the first path>GL or the last path>GI.+max_delay
kel 1M
5.5
423

5. 3 Upl i nk OFDM- CDMA

OFDM-CDMA
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__Jhq Ag Dy,
r(no) =xe +x26 +L +er

r(nO —N):xl +X H +xy;
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2 jAg «  JD
e ’
izj 1/

* U
F(ng) T (1, = N) ZMZ:1|xu
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| +2Re{ ¥ x x .}
izj i/

Ag@ is very small when frequency offset is compensated

U
=~ z |xu
=1

X, :the data of u'th user is a complex number

A@ : phase rotation of the data of u'th user

(5.5)

I ISI free region ISI,L ISI,,
x, ISI, u
IAYA Ag,
IAYA
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25users L1=300 A¥+o% =—4~4 50users L1=600 AY+0%=-0.01~0.01
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®@Upl ink

OFDM- CDMA

(modulation) QPSK
(carrier frequency) 2GHz
(total bandwidth) 6.4MHz
(number of subcarriers) (512
(useful symbol time) (80 s
(guard interval) 20 us
(overall symbol time) [100 us
(data rate) 20Kbps
(spreading factor) 512
(scrambling factor) 512
(vehicle speed) 30 km/hr (100 km/hr)
(Doppler frequency) 55.56 Hz (185.19 Hz)
(path number) 2
(max delay spread) 15 us
I( )

(pilot to signal ratio)

(signal to noise
ratio: Eb/NO)

15dB

(max imum of s¢, )

2.5 us

5.1 OFDM -CDMA

(Thl)  |4.0143
2(Th2)  |1.1046
4

52

140




Probability of the Integral frequency offset misdetection
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5.9 L1
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Probability of the Integral frequency offset misdetection

The STD of the estimated fractional frequency offset

0.016

0.012

0.008

0.004

0.016
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2-path fading channel
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Probability of the symbol timing misdetection

Probability of the symbol timing misdetection
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0.2 —
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0.04 —

200users
2-path fading channel
v=30km/hr

—<>——  v=100km/hr
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5.14 ( )

ISI free region

2.5Us 16

ISI free region

100km/hr 30km/hr 30km/hr

(fading cycle) 100 L1=400

100km/hr
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OFDM-CDMA

OFDM-CDMA

OFDM-CDMA

1000

Uplink OFDM-CDMA

Uplink OFDM-CDMA

Uplink OFDM-CDMA
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