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Pilot Assisted Block Transmission (PABT)

JIAO Xianjun (Communication and Information system)
Directed by Prof. XIANG Haige

Abstract:

Pilot Assisted Block Transmission (PABT) is a transmission scheme suitable for
broadband wireless communication. In this scheme, data are grouped into separated
blocks, in which pilot are inserted. Receiver gets channel state information (CSI)
based on observation of received pilot in real time and makes demodulation according
to CSI. Considering the time variety and frequency selective characters of broadband
wireless channel in modern wireless broadcasting, mobile and wireless network
system, PABT is a reasonable choice. In this thesis, a uniform signal framework of
PABT is summarized based on investigations of existing broadband systems, and two
kinds of PABT system are presented under the framework: pilot and data are in time
division multiplexing form; pilot and data are in frequency division multiplexing form.
Researches on key technologies and systems of PABT are carried out. This thesis

include:

1. A uniform signal framework of PABT is summarized, and many signal formats
are presented under the framework. Those formats are classified into two kinds:
pilot and data are in time division multiplexing form; pilot and data are in
frequency division multiplexing form. In the first kind, there are four basic
formats: “PN (Pseudo Noise) pilot + SC (Single Carrier) data”, “PN pilot +
OFDM data”, “OFDM pilot + SC data”, “OFDM pilot + OFDM data”. The
second kind is referred to traditional OFDM systems with frequency domain
pilot in fact. In addition, with different form of guard interval, for example CP
(Cyclic Prefix), ZP (Zero Padding)..., more signal formats can be created. The

formats include not only most existing systems but also new systems. Key



technologies of PABT are discussed under the framework, which are: Channel
Estimation (CE), Euqgalization, Iterative Interference Canceling and guard

interval signal design for higher efficency.

All kinds of CE algorithm are studied and summarized. The procedure of CE is
separated into three steps: pre-process, channel estimate, post-process. Two
algorithms of estimating time domain channel impulse response (CIR) are
studied, which are move correlation and circular correlation. Two algorithms of
estimating channel frequency response are also studied, which are frequency
domain estimation after “cut-and-add” and zero padding frequency domain
estimation. A new CE algorithm based on PN pilot with circular correlation is
proposed. The new CE algorithm has almost the same performance with existing
algorithm, but the complexity of new algorithm is much lower than that of
existing algorithm. A new post-process algorithm is also proposed, which leads
to visible performance gain compared to CE without post-process. The idea of
new post-process algorithm is that certain number of strong path is reserved and
other paths are removed as noise. The performance of new post-process
algorithm has no “floor” phenomenon, which is a drawback of exsisting

algorithm.

Time domain equalization (TDE) and frequency domain equalization (FDE) of
CP/ZP block are summarized and studied. TDE and FDE are proved to be
equivalent. Two MMSE (Minimum Mean Square Error) FDE algorithms are
studied: direct FDE and FDE after “cut-and-add” pre-process. Quasi-MMSE
FDE alogrithms is studied. The complexity of quasi-MMSE algorithm is much
lower than that of strict-MMSE algorithm, and performance degradation is only
about 0.1dB, when 7, [171 133], 1/2 convolution code and random interleaver

are employed.

Iterative interference canceling algorithm is studied in the situation that pilot and

Vi



data are in time division multiplexing form and without guard interval. A
simplified algorithm is proposed for situation where pilots are invariant. As
applications of iterative interference canceling, “OFDM pilot + SC data” and
“OFDM pilot + OFDM data” PABT system is studied. Simulation shows that
two systems are suitable for broadband wireless communication with high
mobility (moving speed 130km/h; doppler frequency 100Hz in 800MHz band).
When CIR is short, for example DVB-T portable reception channel, performance
of new systems can approach that of reference system with guard, which needn’t

interference canceling, and new systems have higher bit rate.

5. In the situation that pilot and data are in time division multiplexing form, a new
PP-OFDM (Pilot Postfixing - OFDM) scheme is proposed as a modification of
traditional CP-OFDM. Replacing CP signal with PP signal in guard interval
ensures that PP-OFDM has higher efficiency of utilizing pilot power than
CP-OFDM. ZP-OFDM can be derived from PP-OFDM. Pilot power allocation is
studied in PP-OFDM, and analytic result is derived. When 1/4 guard interval is
adopted, PP-OFDM has about 1dB performance gain compared with CP-OFDM.

Key words: PABT (Pilot Assisted Block Transmission); OFDM (Orthogonal

Frequency Division Multiplexing); Channel Estimation; Frequency Domain

Equalization; Iterative Interference Canceling
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3.10 R(1) 1=1,2,LN-1
| R 39 3.10
01 . . . . . 0.1
0.08 0.08
0.06 1 0.06
0.04 0.04
0.02} 0.02f

RO oF RO of
0.02} E -0.02f
0.04 ] -0.04f
-0.06 -0.06f
0.08 -0.08
ot 50 00 150 260 250 300 3‘50 200 4‘50 560 01

, , , ; ; ; , , , ,
50 100 150 200 250 300 350 400 450 500
! 1

39PN IR(1)| 3.10 PN IR(1)|
3.3.2.2PN+ZP
[69] N PN N
N, 2N-1
N,3 2N-1
PN
r=p*h+w
r N, N,32N-1 ré¢ r¢ (3.23)
r¢=pd¢A hé+wd (3.23)
pt h¢ w¢ ph w N, r¢  FFT (3.24)
FFT (rd = diag (FFT (p®)) He+ FFT (w§) (3.24)

He= /N, *FFT (hd)
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1 1

VN, TN

A h MSE  (3.26)

he=——xFFT (Hq = ><|FFT(diag(FFT(ptI))'1 FFT(rG))

(PN+ZP FFT) tr?((ﬁ' h)(ﬁ- h)H)g tr?:l-ﬂiag(FFT(pﬂ))-z R%vvg

MSE 5. &N, ;
N N
rgeix%s >d|ag(FFT(pq))
= 1 Nl ,0
N
Ry, = E(FFT (W FFT (wg") » 2,:,- Ls2n
1
"o SR
N PN
IFFT (pdf =31~ L VISE
& N’ g
MSE (P\+2° FFT) 2N - 1)&/2\,
N N,
PN m |FFT(pq)|2
>t 511 m 4096
PN
diag (FFT (pd)* 326

MSE (3.27) (3.26)
/
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0.4
0.35F i
0.3 _
0.25 B
0.2 L
0.15
0.1
0.05
560 1060 15‘00 2060 25‘00 3060 35‘00 4060
Frequency Samples
3.11 PN 911 m 4096
(3.27) MSEPFF) :%% MSE  FFT N,
N, 3.12 N, MSE
PN 911 m SNR MSE

“ PN +ZP FFT1021"“ PN+ZP FFT2048"“ PN+ZP FFT4096” “ PN+ZP FFT8192”

N, 1021 2048 4096 8192 N,

4096 N, = 4096
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10 ‘ =
PN+ZP FFT1021 -
N & PN+ZP FFT2048 |
— 5 PN+ZP FFT4096 |
0° \El\%\ - PN+ZP FFT8192 ||
\(EZ\
B
e
FL
o 10" NN
=
B
b\
o N
\é
10°
0 5 10 15 20 25 30
SNR (dB)
3.12 PN+ZP FFT N,
3.3.2.3PN+ZP
3.13
X
3.13 PN+ZP“ "
PN+ZP (3.16)  PN+CP
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(3.5) (3.28)
& 1,6 )
x:gIN |5 =or=o(Lh+w)=Ch+dw=pAh+ow
| (]
& 1,0
P=cl, i—7-=
§'1 05
L, PN (2N-1)" N C, PN
(3.28) PN+CP
X
PN+CP  (2N-1)/N MSE

1 1

ﬁ_—cHx_—cHCh+cbw =h+RE™h+=Cl'ow
N P N

trace (h h)(h- h))
MSE(PN+ZPCIR) a

N
RCRIE R(CR) H
CON-1s? trace( (hh )( ) )
= Cxw oy
N N N
MSE
3.3.2.4PN+ZP
“ ” ZP
PN+ZP
PN+CP
X PN+CP (2N-1)/N
X (3.28) X FFT

(3.32)
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FFT (x) = diag (FFT (p)) H + FFT (Pw) (3.31)
h :%XIFFT(IQ) :%xWFT(diag(FFT(p))'1 FFT(x)) (3.32)
3.3.3 “ OFDM+CP”
PN+CP (3.33)
r=pAh+w (3.33)
PN+CP PN+CP p PN OFDM+CP p
PN P IFFT p =IFFT(P) r FFT P
FFT(r) = diag (FFT (p))H + FFT (w) = diag (P) H + FFT (w) (3.34)
H =N ¥FT(h)
ﬁ:%ﬁFFT(I:I) :%xFFT(diag(P)'lFFT(r)) (3.35)
PN +1 diag(P) " FFT(r) r
MSE

MSE(OFDM+CP FFT) -
(3.36)

N

&l ] Ot —Vzv>dia P)*

trgN sdliag (P) " Ry = 8N g(P)
N

Ry = E(FFT (W) FFT(w)") =5

334 “ OFDM+ZP”

PN+ZP OFDM+CP
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OFDM+CP (2N - 1)/N

MSE
& 1,6 )
x:gIN |5 =or=o(Lh+w)=Ch+dw=pAh+ow (3.37)
| 2
~ 1 ~y_ 1 . -1
h——N><IFFT(H)——N><IFFT(d|ag(P) FFT (%)) (3.38)
oG ((A- n)(A- n)")2 Y iag(P) R
MSE(OFDM+ZP FFT) _ ag_ N ]
N1 N (339)
sumaeixi'sfvmliag(P)'zg 2
___&N N g 2N-150
N N N
R, = E(FFT(CDW)FFT(CDW)H) S PR
3.35
1
2.
DVB-T Bl COST207 TU Typical Urban 3]
sur ™ [rol 3.1

3.2~ 35
7.56MHz 8MHz 5%
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3.1

99.9% 99% 95% 90%
99.9% 99% 95% 90%
DVB-T 49 38 25 15 10
COST207TU 46 36 24 11 8
SUI-1 15 4 2 1 1
SuUl-2 17 7 3 2 1
SUI-3 15 7 3 3 2
SUI-4 39 31 16 5 4
SUlI-5 80 52 14 5 3
SUl-6 156 18 4 2 2
SFN 398 69 13 4 3
3.2DVB-T
us rad
1 1.003019 0.057662 4.855121
2 5.422091 0.176809 3.419109
3 0.518650 0.407163 5.86447
4 2.751772 0.303585 2.215894
5 0.602895 0.258782 3.758058
6 1.016585 0.061831 5.430202
7 0.143556 0.15034 3.952093
8 0.153832 0.051534 1.093586
9 3.324866 0.185074 5.775198
10 1.935570 0.400967 0.154459
11 0.429948 0.295723 5.928383
12 3.228872 0.350825 3.053023
13 0.848831 0.262909 0.628578
14 0.073883 0.225894 2.128544
15 0.203952 0.170996 1.099453
16 0.194207 0.149723 3.462951
17 0.924450 0.24014 3.664773
18 1.381320 0.116587 2.833799
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19 0.640512 0.221155 3.33429
20 1.368671 0.25973 0.393889
3.3 COST207
1 2 3 4 5 6
us 0 0.2 0.5 1.6 2.3 5
dB -3 0 -5 -6 -8 -10
3.4 SUI
1 2 3
us 0 0.4 0.9
sul-L dB 0 -15 -20
us 0 0.4 1.1
sul-2 dB 0 -12 -15
us 0 0.4 0.9
SUl-3 dB 0 -5 -10
us 0 1.5 4
sul-4 dB 0 -4 -8
us 0 4 10
SUIS dB 0 -5 -10
us 0 14 20
SUl-6 dB 0 -10 -14
3.5 SFN
1 2 3
us 0 19 52
dB 0 -5 -1
512 3.1
10% 512
[72]
5%
10% 10%
10%
3.14 3.15
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gk | L1
B A v %01 THR, | o B (530

BE
3.14 5%
. — e
B A AL e e g
ST PN TN
3.15 10%
L+1
zp
N-1 L
1, P q 0
1 L+1=N
2 ZP [ [
h h L
3 h L L+1
2
3.3.6
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3.6

3.6
PN+CP 33.1.1 N 33.1.2 N
PN+ZP 33.23 33.21 3.3.24 3.3.2.2
OFDM+CP N N 333 N
OFDM+ZP N N 334 N
16
[ NH
/
“ PN+ZP”
CP
CP
OFDM / OFDM
o((N-1)°) FET
+1 PN
ZpP CP
CP ZpP
ZpP
(2N-1)/N CP
N/(2N - 1)
N N-1
ZP PN+ZP
PN+ZP PN+ZP PN+ZP OFDM+ZP
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3.4
3.4.1
3.16
SNR MSE “ PN+ZP CIR” “ PN+ZP MV” “ PN+ZP
FFT511" * PN+ZP FFT4096” “ OFDM+ZP FFT511” PN+ZP
PN+ZP PN+ZP PN+ZP
OFDM+ZP PN 1 511 m
7.56MHz DVB-TE! 3.2
10% 20
10° ‘ .
| PN+ZP CIR i
X ~ —F— PN+ZP MV i
4 —+— PN+ZP FFT511 ||
e \X} \ —#— PN+ZP FFT4096 |
OFDM+ZP FFT511 -
N ‘
i S ,
Average N T

MSE \
10 N

10

10
0 5 10 15 20 25 30
SNR(dB)

3.16 DVB-T
PN /

45



3  PABT

10dB
28dB PN
MSE
2
2N-1s, (3.30)
N
OFDM

PN PN
3.4.2

OFDM+ZP 3.17 3.18

DVB-T
2] method-1

512 50

method-2
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10
. —e— no post proc E
= method-2 itrt1
10_3@\ —6&— method-2 itrt2
L e =+— method-2 itrt3 5
BN —4— method-1 itrtl [
—O&— method-1 itrt2 ||
10 - s —H— method-1 itrt3 ||
average
MSE K T
-5
10°
10"
0 10 15 20 25 30
SNR (dB)
3.17 DVB-T OFDM+ZP
10
—e— no post proc E
~ —4— method-2 itrtl [
7 —&— method-2 itrt2 L
B —&— method-2 itrt3
10 32\ s |
B - method-1 itrt1l H
awerage \@\ method-1 itrt2 _
MSE \S\ H— method-1 itrt3 H
10* N
Ny
£ Al
10 N
Y
~%¢Y
10°
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SNR (dB)
3.18 OFDM+ZP
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[72]

SFN
3.1
99.9% 69 50
3.18
2 2
3.16 3.19
-2
10 1 ‘ .
PN+ZP CIR H
—+— PN+ZP MV i
@ —+— PN+ZP FFT511 L
) +J —24— PN+ZP FFT4096
10° . I
OFDM+ZP FFT511 H
%

average

MSE \&
-4 I ——
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10°
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[
3
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PN +1 PN
NN - 1) N 2
PN N-1
N, N, FFT IFFT N,
PN OFDM
+1 PN N, 2 N, FFT/IFFT
N, log, (N,) FFT m M
2 3.7
3.7
N=511/512 N, =4096
PN+ZP
0 0 | (N+1){N-1) 261120
PN+ZP
0 0 NN -1) 260610
9216
PN+ZP
2Nlog,(N) | N N-1 512
511
PN+ZP 98304
2N, log, (N,) | N, 0
4096
OFDM+ZP 9216
2Nlog,(N) | 0 N-1
511
OFDM
6dB PN
6dB PN
OFDM FFT/IFFT
PN OFDM
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3.6
PN OFDM
CcP ZzP ZpP
ZpP
CP ZP
PN
MSE
6dB PN
6dB PN OFDM

MSE 5dB 72 5% “ "
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4 PABT

4.1

PABT

OFDM

[89] [92]

4.2

PABT

ISI Inter Symbol Interference --

[64]-[68]

OFDM

bit

4.1
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4

4.2.2

4.2

4.3

(4.1)

(4.2)
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e X I T I R R R Y )
i
SO Sl . Sm == M_
[72]
mWC:C;C;C;C:Ca&e
H@ I O] CR ERC B E BN R Ry ) E BN R O
O = = = O C &= & =

S &= == &

I
O
I
0 O

O = = =

h g

o

o

OO OO O OD

s*h+w=L,s+w

y:

¢ =
-
[
—_
—
s
(7p]
=)
w
N
1
w
=
wn
X
[
—_
-
=
=
o
=
N
1
=

(M+L) M

M+L L,

(4.2)

o

+
o XX, LI LN L T PO POt |
o H = Sm = =
m@ OO OO O OO O
OT T+ T+ T T T T T
o= &~/ o = o
= hL o = O £

MMOOMO
O £F & = & O

S o= & O =

=

=

o

OO0 OO OOV

C,s+®dw=sAh+odw

L+1

OFDM

OFDM

S

S

(4.3)

IFFT

S=(Sy, S, LSy )"
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s=IFFT(S) (4.3)
4.3
4.3.1
Yy Z
S
4.1) y=Ls+w ZF
MMSE (4.4) (45) ZF MMSE [69]
§=Lly (4.4)
§:LT1(LhL|: +RWW) y (45)
T H R =E(ww") =524,
(4.5) S E(ss“) =1,
4.2) z=C, s+dw
(4.6) (47) ZF MMSE
§=C;'z (4.6)
s=c/(c,ci +RY) 2 @4.7)

R(®) = E((Dw((Dw)H

ww

~——

=52501,,, 0"

C, ZF
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4.3.2
FFT/IFFT
4.3.2.1 z
(4.2)

ah, 0 N N O N hoes, 6

gh1 hy I 0 W h M:gsl:

¢l h O I W 0 h=¢l =
z=éh, I O O Il I 0Xs, +dw=Cs+ow (4.8)

Co h Il OO 0 Wiy +

Sl 0O I Oh 0gl~

¢ b O I+

80 U o | h1 hoEgSM.lE;

z M FFT z
Z=FFT(z)=F,z=F,C,s+F,®w =F,C,FF,s+F, ®w (4.9)
FFT() z
FFT F M F, m i

L oexp® o228 g IFFT FrE = C,
NIV M g
FFT IFFT
F\ C,Fy =diag(H) (4.10)
diag(.) H
M FFT
H =M, h (4.11)
h M M (4.9) (4.10) (4.11) z
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Z =diag(H)S+wW'® (4.12)
S=F,s WC9=f,ow s w©®

Z ZF  MMSE

S=diag(H) "z (4.13)
§ =diag(H)" (diag (H)diag (H)" +R(%), | 2 (4.14)
RE®) = E(w(“’) (w("’))H) =F,REF 4.12) W =F, ow
(@7 RE) =E(ow(ow)") OFDM
S
S IFFT
S
§=FS (4.15)
S
= “ " MMSE
(4.14) MMSE R
R R »M*L g2y
' MMSE
§=diag(H)H(aé%iag(H)diag(H)H+NI +L><sfv><lMglz (4.16)

(89]

(4.16)

4.3.2.2 y

4.1 y
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[72]
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OMMMOhOhiMhIMhL -
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s| 2
B S0
O
@]
I
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|
10 did o 4
[}
= OO0 = O
BooSoosed
hl.M hLO - hO
hLO - hOM hl._

mw OO O OO O WD
1

°

-

(4.8)

(M+L)" (M +L)

C¢

(M+L) M

C,

(4.17)

(4.18)

(4.19)

CgAs+w

y:

FFT

M+L

(4.20)

+LFM +L'A\S + I:M +LW

H
M

I:M +LC$:

Fu. CAS+F, W

FM+Ly =
diag (H®) S¢+ W

Y =

Fu. As

M+L

M+Lx,, h ML s¢

He=
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M ML W=F,, W
ML ZFIMMSE
S¢=diag(H) 'Y
S¢=Rediag (HY" (diag (H) R&diag (HY" +R,, ) ¥

R& = E(SQ(SG)H) = FM+LAAHF|C:+L Ryw = E(WWH) :s"z" v

M+L As s¢ S¢  IFFT

se=F/, S¢
s¢ M M S

S=A" s¢

S S
p=d [13 ” MMSE
(4.22) MMSE RE
R, “« 7 MMSE

S¢=diag(H" (diag (HYdiag (HY" +s2 >4M+L)-1 Y

4.3.3

ZF
MMSE MMSE
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4.3.3.1
V4 MMSE S
49)  (414)  (4.15)
Z=Fyz (4.26)
é:diag(H)H(diag(H)diag(H)H +RS,°53V)—12 (4.27)
§=F1S (4.28)
§=F/ diag (H)" (diag (H)diag (H)" + RE,@’\ZV)-1 F,zZ (4.29)

(4.10) diag(H)=F,C,F! R} =F,REF:
-1
se=F; (F,C,F)" (FMCth (FuC.FL)" +FMRS;V)F“',,*) F,z
-1
=ciF (Fy (coo +RE)FE) Rz (4.30)
=c}(c,ci+RE) "2

(4.7) MMSE
MMSE (4.16) “ ” MMSE

4.3.3.2 y

y MMSE s (4.20) (4.22)
(4.23)  (4.24)

Y =Fy.y (4.31)
S¢=diag (H9" (diag (YR diag (HY" + Ry, ) Y (4.32)
se=F/, S¢ (4.33)

§= A" & (4.34)
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§=A" ), diag (H9" (diag (H9 Rg:diag (H9" +RWW)'1FM+Ly (4.35)
diag(H)=F,. CHF..  R&=E(S(S9")=F, AA"F],  L,=CfA

I:QWW = I:M +LRWWF|\|;||+L

s=L5 (Ll +R,, )y (4.36)
(4.5) MMSE y
MMSE (4.25) “ " MMSE
4.3.4
4.1
/ ZF/MMSE / ZF/MMSE
OFDM / ZF/MMSE / ZF/MMSE
4.1 MMSE
“ " MMSE
4.4
MMSE
HiperLAN/2 [6]
64 20MHz 1/2
7 [171133] QPSK
50 HiperLAN/2 B!

11% 18 4.2
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4.2 HiperLAN/2 B
us dB

1 0 -2.6
2 0.01 -3

3 0.02 -35
4 0.03 -39
5 0.05 0

6 0.08 -1.3
7 0.11 -2.6
8 0.14 -39
9 0.18 -3.4
10 0.23 -5.6
11 0.28 -7.7
12 0.33 -9.9
13 0.38 -12.1
14 0.43 -14.3
15 0.49 -154
16 0.56 -18.4
17 0.64 -20.7
18 0.73 -24.6

4.4 45 4.6 4.7 QPSK QPSK
64QAM 64QAM
SNR “ OFDM-CIR”— OFDM
“ OFDM-TD” — OFDM MMSE
“ OFDM-FD” — OFDM “ " MMSE “ SC-CIR” —
“ 7" MMSE “ SC-TD” —

MMSE

SC-FD” —
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raw BER

10 ; ‘
—4— OFDM-CIR |
i, —F— OFDM-TD
y I
) —6&— OFDM-FD
10° ~ SCCR =
=5 H
o —H5—SCTD |
—6—SCFD ||
10
NS \E%‘\
R\ N
10°
N
B N
10 4 =
M
10°
0 5 10 15 20 25 30 35
SNR (dB)
4.4 QPSK HiperLAN/2 model B
10° : 5
OFDM-CIR H
—+— OFDM-TD [
—&— OFDM-FD ||
=—ScTD -
N SCFD
N
10° \s\
NN
10°
N
N
“H
-4
10
0 1 2 3 4 5 6 7
SNR (dB)
4.5 QPSK HiperLAN/2 model B
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10 : =
OFDM-CIR |
—— OFDM-TD [
— & OFDM-FD |
A _
o N SCCR |
59— SCTD |
NN [
SC-FD |
raw
BER R
o? N
10°
]
W W
-4
10
0 5 10 15 20 25 30 35 40 45
SNR (dB)
4.6 64QAM HiperLAN/2 model B
10° .
—~ OFDM-CIR |
= —+— OFDM-TD [
—©— OFDM-FD |
A _
10t W SCCR |
= 95— SCTD |
SC-FD  H
BER
\
107 \
10° \
i
il
10"
0 5 10 15 20 25
SNR (dB)
4.7 64QAM HiperLAN/2 model B
45~ 47 OFDM
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4.4 4.6 OFDM “ n [89]
“ 7 MMSE
“ 7 MMSE OFDM
1dB
1dB
4.5
/ 3
“ 7 MMSE “oo
MMSE “ 7 MMSE
M FFT IFFT M xog,(M) M 2
M 2 FFT
M og, (M) (4.16)
-1
A N y
S=diag(H)Hg(ejiag(H)diag(H)H+NI Lxs;x:ME z H (4.14)
a
M M
a. OFDM “ 7 MMSE M FFT M
b. OFDM “ 7 MMSE M+L FFT M+L
M+L IFFT M  FFT
C. “ 7 MMSE M FFT M
M IFFT
d. “ 7 MMSE M+L FFT M+L

M+L  IFFT

64



4

PABT

FFT

M+L  FFT N
" \ FFT
M M+N M+N  FFT N M FFT M N FFT
[89] 4.3
43
M=2048;N=512
OFDM M Hog, (M) +M 24576
“ y 2048
MMSE
OFDM 2(M +N)>og, (M +N) 83056
« » | +M+N+M xog, (M) 2560
MMSE M+N
20 Hog, (M) + M 47104
“ y 2048
MMSE
2(M +N)Hog, (M +N) 60528
“ om +M +N 2560
MMSE M+N
OFDM “ " MMSE
« » MMSE “ " MMSE
4.6
/
a. MMSE
b. MMSE “ " MMSE
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OFDM

" MMSE

MMSE
1dB
” OFDM
1dB
OFDM
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51
PABT
1/4
PABT
PABT
DMB-TE! DMB-T OFDM PN
[69]
PN OFDM DMB-T PABT
“ SC+OFDM”
“ OFDM+QOFDM” “ OFDM+SC”
DMB-T “ OFDM+QOFDM”
FFT
“ PN+OFDM” PN FFT
[69F 73] FFT OFDM
OFDM PN
OFDM

“ OFDM+SC”

(58]
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“ OFDM+OFDM” “ OFDM+SC”
ZP
ZP
ZP
52
5.2.1
K% mi ATER, Kk
15 Elbit 1
RS s
e I MUX e
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