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Abstract
This paper proposes a new method about the estimation process of the wireless transmission channel characteristic necessary

for the OFDM transmission. Using WSSUS (Wide Sense Stationary Uncorrelated Scattering) model for estimate the channel

characteristic, each parameter of the WSSUS model has been decided as minimized of the difference between the reception

reference signal and the WSSUS model output signal. As a result, this method is able to achieve about twice throughput in the

place of the Eb/NO 8 dB or less with which the propagation property is severe environment.
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BLIE,
Radiocommunication Sector) T IMT-2000 (International Mobile
Telecommunication - 2000)"” & U CTHEEHE(L S U724 3 [AGHE
WEmSE L LTWD. F72, K0 &Rz o S L 3GPP
(3rd Generation Partnership Project)”? T#5 4 Ht{CH#EH; 56
(LTE-Advanced) DIEME(LMEE S LTV 5. ABFIETIT,
5 4 ARIEERERS Y A7 A THW 15 OFDM (Orthogonal
Frequency Division Multiplex)/A #5525 O FEBLUZ 5
BRIBIHEE FIEICBI LT, BT LW HIEZRE LIk HIE L
HICRBFEOMREEZ I 2L —a VIR FHE L TV
D GERFE TITIIHEF ZBRET H720IC IFFT (Inverse
Fast Fourier Transform)% FMERREIRROIELE 7 2 7 7 A L
ZRD, ZOEZO—ELVNVUTOEZZG VD20
WS RE SO —H % b ERE S UEBHEE OMEREN BT 5
FREN D 5. RITTETIE WSSUS(Wide Sense Stationary
Uncorrelated Scattering)® 7 /L% i CEFREFE O HEE 247
D WBIER O ATNTHY 3 2 B o L oA 2 IRE 5 A T
ZAEZHUEE L WSSUS 7 /VHINE S DZADHEHED —
FTRDIR/NT 72 D &5 ITIERRBIFR A ME 2 PR E T D WSSUS
FTNDENRTA=ZEZRET D, ZORET LAY XL
T A T —BUGEEE VD, 2R T L0 Do
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2. SAREIERFE L OFDM =%
2.1 BAHRBEEFESRATL

04 AHERERT AT A OB EEMEICET S
7R BSR4 ©% Tablel 12, F7-HERE% Table2 12737 .

|

Tablel Requirements of LTE-Advanced system



OFDM (B3 Y A T A2 81T % WSSUS E 7L & JTU 7= SRR Rl 2 s

Table2 Each function of LTE-Advanced system
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Fig.2 WSSUS model
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Fig.3 Slot format (frequency domain)
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Fig.4 Slot format ( time domain)
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Fig.5 Block diagram of receive block
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Fig.6 Block diagram of conventional wireless transmission
channel estimation method
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Fig.7 Noise suppression
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Fig.8 Received signal frequency characteristic and guess
frequency characteristic
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Fig.9 Block diagram of proposed method
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NI A =2 3\EHHT 5.
@). XT A —H fi#{l (Optimization of parameter)
W8T A —=5 (RAFOEINIIE CIERE M) % o
W22 () DRI B &2 W IRIRIIIZ N T A — X P % i
b3 5.
@. v 7V B4R (Calculation of replica)
WIZQTRDIENT A —F e HNTEBIET a7 7 AL
DOLT Y AEERLOTROIZEBILT 77 7 A Vin b
Hua35 (&A% RETHETONED) .
®. &
(Calculation of channel characteristic)
SXNHDONRT A= RPREEINTELXQEHNT —
HAGH RIS BT 2 BRI HE B A R 5 .

WIZ Fig 10 \ZR T 72 —F v — F & HWE DL TAE
DBEEZTT. PO TO/NR % RIREEATIC L S
LD T/ <, Figl0 WRT LT RKIEREZHFT
5 1/NAD 3RT A—F O DHOIRIEORKE W
EIZ S 2 DE A 1ET L L NS ETHRET 5.
DRI 1 AN APETNERES L TIT FiElc Xk, %B&T
V7Y 1 HOKREWSRZADBIE T v 7 7 A L BIRK
Sl &L D TOTHENAANMIICHT TELE Liz#E
NAREIC 2 5 .

-
—

START
o]
[rcasmtonctaemy o |

—_—
PP P Py Parameter of real part
Detection of maximum pass| P,.P; ’PS"'PZ(YX n+z . Parameter of Imaginary part
PT’PA’PG -Pw(m)u . Parameter of delay time

Optimization of
parameter A ~ P, .

N: The maximum number of pass

Decision B ~ Pia- 143

Calculation of replica
using optimized parameter

!

Replica is subtracted
from former delay profile

Calculation of channel characteristic
in the frequency point of the data signal

STOP

Fig.10 Flow chart of parameter determination
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ATETMETEDZENHMOENTWVWDHDOT, 22Tl
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SNR (ZDHEAIEX (5) TH@W) X Rw) ZHW5. %
228003 Fig.5 10°7) 2% 12[dB]D AT, % OMEEIER
VEBE R TIEF 2 [dB] TH » 7= DIzt LT, AREIFRHMEE
ETIHEE O SNR D5 TH 14[dB] & KIE (2 [ BHE 2 ks
FEokENTE S,

5.1 2—RESEEEAVLGWES (Fy FRYFEIZKD
EaTiiD)
(1) YTaL—varvEk

=]

RGO EHERT L7201, TTX¥—FRF5
ZHWRWEAIZONWTY I ab—y g 2 X5 %

T79. 20V alb—va vy A7 AOW % Fig 11 12,
FHEE T & Table3 (27”7,

Transmission data

&> 1°st (QAM) |p2'nd (OFDM)| | CP [»{ Radio |,

e——»| modulation modulation addition channel T

Reference signal AWGN

CcP OFDM Ref. signal QAM
{a > Ll orom L) Refsional |o(D)y oMt
deletion ) _l T

Channel Received
estimation data

Fig.11 Block diagram of simulation without turbo coding

Table3 Specification of simulation without turbo coding

{GRIREE Vehicular A(TH#1h)
BELRE 120 km/h
g 20 MHz

YITXYUTHER 15 kHz
FFTH A X 20488
HITXvUTH 12017
OFDMI 2R ILIE IR 66.7 1S
1R (QAM)ZEEA | QPSK,16QAM,640AM
HITEEH 1000[H]

/XA E T LI Tabled (2773 L 5 IZH T COBREL & FE
L72 ITU @ vehicular A &5 /v % W 1T 120km/h &
T 5.

Table4 The main specification of ITU vehicular A

INRBE  |EERR ] | FHEH [dB]
1 0.000 0.0
2 0.310 -1.0
3 0.710 9.0
4 1.090 -10.0
5 1.730 -15.0
6 2.510 -20.0

(2) ¥TalL—va il
F9, X —RE T E BV 72 WA O QPSK, 16QAM,
64QAM Z I ZIIT K% Eb/NO %72 0 450k (BER(bit
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error rate) f#%:) % Fig.12, Fig.13, Fig.14 [Z/R7. T 5
TILREHEIIC Eb/NO, #Ediilc BER 2BV, 727 & IEIC MR
BIRR R E RN BE N D56, 1REHEEIE A WG, ek
OHEEEZ VT84, BBl b MRS PIE 217728 )
> 12384 D% BER Fift % 9.

RIZ BER 78 102 D5 T4 1 IREHR TR LT, ek
FRERBEFRIZONWT, MEFIH 2 S 72 Ga0 5
DU RS B A Table5 |2, F /72 AR AEEZBEE & LT
HARE D B OB OFE R % Table6 1277 .

=@ Ideal

—@— Proposed Method
—8— Previous Method
==X%-= No Suppression

~, Previous Method
_| :1.0[dB] Improvement _
R |

BER

E- Proposed Method:
[ _ 2.6[dB] Improvement _ | _
|

=@ Ideal

—@— Proposed Method
—B— Previous Method
==X-= No Suppression

| »
1 "
0 5 10 15 20 25 30

=@ Ideal

—®— Proposed Method
—B— Previous Method
==¥%-='No Suppression

Previous Method:
0.1[dB] Improvement

Fig.14 Eb/NO vs. BER characteristics (64QAM)

Table5 The improvement result from no noise suppression.
(Evaluation by BER )

HEAED EBERRD

PERTEE = e e o

1RZE A ==[dB] E=[dB]

{BER=102) (RER=10-2)

{BER=10) (BER=10 )
QPSK 1.01 2.61
1AM ARA noa 2 77
LOUAIVI u.o4 2./2
EAO AN n12 C N1
VITRL VR Ved o e S L

Table6 The degradation from the ideal characteristic
(Evaluation by BER )

e e fle =2ranl 2 il =rdn1
LA Bsenmsg Ty HILE G FILE Qo)
(BER=102) (BER=10?)
MmDbCl” 171 n 2N
LI 1./ 1 V.U
160AM 2.72 0.41
LOLLATY sl a Vel
64QAM 5.01 0.93

5.2 A—RESIEEMAMLIEEBE (FOoyvy I BYE(CEK
% §F4E)

(1) Y3alL—vavEhl

TR RS EMMLCIHIZITY. =L
—a VAT AOREK % Fig15 12, T4t % Table?
WZRT . Ny MeEO T vy 7% A X% 5376[bit]iZ [
JE L, 7SAET /LT ITU @ vehicular A &5 /L (Tabled) %,
BT 120km/h 2 W 5.

(2) Y3alL—vaviER

2 — R E W84 D QPSK, 16QAM, 64QAM
ZNENICXKT D Eb/NO xf7 v » 7§80 % (BLER) %F
M (BLER(block error rate) ##E) % Fig.16, Fig.17, Fig.18
WRT. b TIIAE®EC Eb/NO #tfiic BLER & VY,
#5200 BER REPE DN & MA LT M8 [5] 88 45 1 23 BE 0 85 &
BLER §#:, $R£EH#EE%4 AW 4 @ BLER Kt 1t
SRHEEE A AW 7- 858 O BLER B, % (i b M5 80
E&1T by » 72854 @ BLER i1t 2 /R 9.

%72 BLERIO' DT 1 IREFH RUSxt LT, 1wk
KL ERESH RSOV THEEF I 2 i S 2V IGE D Dk
EfE B A Table8 12, E7-HAAMMN S DHLORE R %
Table9 |2 7~7.

Table7 The specification of simulation with turbo coding

{mEIRsE Vehicular A
oA 120km/h
BigiE 20MHz
#EkARK A—REFE
FFEL— 1/3
JoyigAX 5376 bit
S %5 7R 15kHz
FFTH A X 20485
VPR RIVE: 120174
SR LR 66.74 s
1(QAMRZEER | QPSK,16QAM,640AM
AITEIE 1000[H]
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@ Ideal

—8— Proposed Method
—B— Previous Method
--X-= No Suppretion

Previous Method:
0.08[dB] Improvement
!

3 Proposed Method:
2.68[dB] Improvement

@ Ideal

—8— Proposed Method
—E— Previous Method
--%== No Suppression

¢ Previous Method:
0.03[dB] Improvement
! !

— 1 Proposed Method:
2.33[dB] Improvement

=@ Ideal

—®— Proposed Method
—8— Previous Method
==X-= No Suppression

| .

— - Previous Method:

0.02[dB] Improvement
!

=

\- ~ Proposed Method:

j 2.17[dB] Improvement  _
H4------ t-———==
A

i T

I I

| 1

10 15 20

Eb/NO

Fig.18 Eb/NO vs. BER characteristics (64QAM)

Transmission data

Table8 The improvement result from no noise suppression.
(Evaluation by BLER )

ntdkEHD E=E=D

T A d ey s 1AL AT S d Sy v

IRERAR S =[dB] WE=(dB]

(BLER=10%) | (BLER=107)
QPSK 0.08 2.68
16QAM 0.03 2.33
5AQAM 0.02 2.17
640AM 0.02 2.17

Table9 The degradation from the ideal characteristic
(Evaluation by BLER )

mERLD | EEELOD

1RERAX | LILE[dB] £icE[dB]

{BIER=107) (BIER=102)

APREnRTAY e
QPSK 2.73 0.13
1M ARA AN N 10
LOUAIVI £.940 u. iy
640AM 2.20 0.05

5.3 ZRNL—Ty i

F#%IC QPSK, 16QAM, 64QAM FHZFHUCKIT 5 %
=T NEEERD D, A —T w MEMIT 1 RER
FREFFERENLRO LN DR ANIBEL— MMIx LT
ELLAzETE 5HESR (1-BLER) ZR/RAE L CTHHEL TW
5. ek al g E 52 & R 5 Eb/NO % AL —
v MEEZ Fig 19 123, 2 ORI H B IE L MR A SR 4s
PERBER OGS, REHTEEZ WSS, EkHEEE
ERWESE, REICMBHEEMEEZITDR o 5GE
DAN—"T > NREMEEZIRT.

Flo, F1IRERFTRICH LT, gKAL—T > FR
10% %L d 5 8T, fekFRERET ROV THESZTI
il 2l &S 7o WA NS O SERESL Z Tablel0 (2, F72#HE
FBE B OHL OGS % Tablell 277 .

4 X 4MIMO % VT 100Mbps 1= 2525 A HE 72 25Mbps A
IZBWT, BEFIEITMNRLITIEIZH A~ Eb/NO 25 2.1dB &
= FE T AR R R AR A BE A 0 35 5 0y b O ki 0.22dB
Thb.

e » Turbocode || 1'st (QAM) |,|2'nd (OFDM)| | CcP ol Radio _>®_
(Interleave) l., modulation modulation addition channel ¥
i AWGN .
Reference signal Received data
|_, cP |»] OFDM || Ref. signal @ LLR [Turbo decodel__o
deletion demodulation separation Al calculation [P{Deinterleave

Channel
estimation

Fig.15 Block diagram of simulation with turbo coding
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Q- Ideal

—®— Proposed Method
—8— Previous Method

Throughput [Mbps]

Fig.19 Throughput characteristics

Table10 The improvement result from no noise suppression
(Evaluation by throughput )

EAKXD |BEEFLD
IRERAX qE 2 (dB] HE=(dB]
(BLER=102) (BLER=10?)
QPSK 0.10 2.80
16QAM 0.02 2.53
64QAI 0.02 2.21

Table11 The degradation from the ideal characteristic
(Evaluation by throughput )

wEEEXD | BEERD
LREFAR #1LE|(dB] %1t E(dB)
{BLER=10"7) {BLER=10"7)
QPSK 3.21 0.52
160AM 2.63 0.41
640AM 2.52 0.25
6. LIV

ARG SCTILIA A OFDM (516 v A 7 A O JE R (] R HE
TE SR DWW T OFREE & F Al 21T o 7=, 1 3 o0 RE R I
THES ZBRET D HIEICEDY, RFIEIX WSSUS 5
NERHWBRESEEBUR TOZESREST L LieT
D IHEZ DEDHMEHED 2 T4 H/MZT 5 K 91T,
WSSUS E T /LD /NT A — 2 & BRYTRIEE Tk
WD BT LY REREE R HEE T D HIEERE L.
AT 1R % B E 20[MHZ] D5 4 HREEEEFE S AT 40D
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