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OFDM

In wireless communication systems with a radio wave, received power of the radio
wave drastically fluctuates because of diffraction and/or reflection. Even when the received power is
low, the transmission quality can be maintained by transmitting the same modulated signal repeatedly over
some wireless channels in OFDM systems, which is called ‘ repetition coding’ . But the repetition coding
has the demerit that the transmission rate is degraded. On the other hands, the transmission quality and
the transmission rate can be maintained or improved by applying the repetition coding considering Hermite
sxmmetricity. The effect of Hermite symmetric repetition coding depends on the condition of wireless
channels and/or the number of repetition. In this research, we theoretically analyze the effect and

propose an adaptive control based on the theoretical result aiming for the best efficiency at any
condition.

OFDM




B X C—19, F—-19, z—19 (tH)

1. WHEBAR LI DT 5=

WTAE, R EREOMAE B NEHITH T 51,

A — N7 F v ORGHRE KT XD RBERE
BOEBENFEE 7> TS, BUfE, HHE
GRS X BT — & @ E X E AR T i
Lo TWDR, KHERHEHFEEE CIX
Wi-Fi (HE#R LAN) [AIER° WiMAX RIFR~T — &
EOWESES [F7u— R Z2EEIEIZHED
720, K AT&T #H°R_T A Vv - UA T LA
FEo X ST MEWHUERE I ~md 7o BEt b
W)= LTWA., LER-T, [BRoni-/E
WHA (F v 1) THREZRIR Y Edfn ik
BEEBEL, T4 VX NVERERROTF v R IVF]
R Z2m LS EnAaKLER>TN
5.

2. MO EW

T 2RI L7z RRE1E T, @i
CICEBEHT - K (v TFRR) R0, BE)
WCEDEBAREDO Ry 7T —EBNFERA
T, BEROZEBNINE L LHTLT7 = —
VUTBRNRREAETD. ZEEHNNKTLE
B4, OFDM HRUCH 1T DO TF v 1L
(B7Xx V7)) ZEHLTCH—OT 4 VX
NEFEEEZEE BvELEEL L, =
BRITERT 22 LT, #ANRN—FRRIC
X VEBEBEMREOLILEHESZ ENTE S, —
FT, TEREEZEEL VDD, B
L—FDOIKRTEHESERE RS> TS,
AL TIL, IniEmE SfnikL— FPOES
OMeFF - M EABRE LT, BT —Y =&
BOMEETHILTINLI— bHEEEE L
7280 R LA E{E (v I — MR 1)
Ehid 2 LI X DR A BRI T 5 .
£, WICKEOHENELND L O 2206
HIE A 2 LT & X DREEEZ B S T
T 5. ‘IS, b fkdcEE B L)
ROBRIZHOWVWTHEKT S.

3. Wt Hik
(1 = — bSO IRICET S
PRAG AT

XU O, =/ — MRIFRF B ZmEA L
7o Z LI K DR E R BRI O W T HELER Y
IR % . BRI, MERREIRR o [F4E
Y XNV EERTFT ¥ RrNVETHADT —% %
EEL, ZEHBACTEMICT vy RV ESBEL
TEAXDT—FEBEILTEHLEEHEL
L EOREFEEEHB TCEMALEED
HERAEHT L. BEEEE LT, B%EMN
BaiHi+52EETHIE Y MRV KL
EHEELFMT2HEETCHLANL—T Y |
D 2 FEIZ OV THGRIZIENT T 5. 2R L
WO BRI TIE, RIEIXEIRARER, %EIT
T v FNVFNHDROIEE L 72 5.

WIZ, ZIEBINELIKTFLESGAA2MA
EL, BORLGSHE 4 ETIET S L&

Hiz, Hbo e (XA "= FJm) &
BB E G w72 T < B Mo~ b IEET
HT LT, Wbt REIRPNGEOND D
& AR 5.

b3k U 7= PRERAEAT A5 F 0 2 4 M & FEA
H-0I, FEHY I 2L — g UfERE —
BT 5L a2l 5.

(2) #EMEHREOFEFIEF v 2V EERZXF v 3
D5y BEE TR

(1) OFEFTTIE, HHREFROFHETF ¥ 2V
EERT vy xNETHADT—X%EEL,
ZAEHEMTIEREIC (FRAERIIZ) F ¥ R &5
BEL CHRADOT— X @I TEHI L xM
FELTWER, 2O TIE, EEHNHD
EHICEGE S NHBREEFZHEH L &
PRIERORIERS EHEE L, 7 — % & 0B
HTD2T NI X LEFHEHK S I 2L —
a v FICEE L E0EBEREIZONT
a4 5.

(3)  J i 4 oD SE4E

(1) DFFATIC &0 B U752 6l
EHT2ZLT, FICKREODRPELND
KD 7238 AT B O A 2 £ B 2> O W R ()
Wr - 3BT 2 2 ENTE 5. BARB 22 fEE
H&LUTIE, 80U ZE, 7518751,
T4 VANVERSEE N ET b D, R
M LA B L R A B AR L, IS
AR I 2 b —va v RIZFEEL
7= & EDORBERFEIC OV TRETT 5.

(4) HERLEMdEL B L T AORR

IVFT T T HEACRR Y T IERAN, £
VARIVIBIERIR & W o T c T =D S
SR 2 fe 4 = & TH 7R D e EN ]
REEL 72BN, JEESCE S B OMHE I BT A
Uy NMIRBHEAERHD. £2T, AT b
JVIEB T D —FTdh D M-ary SS &
OFDM J7 R & & L 7= M—ary SS/OFDM J5 =iz 3%
Hd 5. BHEEZ 2 IE EHIN S8kt
FUESEDLILEEAMNELT, BEREOE
WEBF S 2B L, 0 iR LUAES{bE i L
7o & X OBEREEICOWTHRENT 5.

4. WAL

(1) = — bSO RIZET 5
PR AEAT

MR LS EE L & 2 LEREL, B
5B ML E I (Average CNR) &%}
LBy RO R LEHRAL—T v FD
e g P Wl B I e Vi W N Ol
L, TSROV I L5t OFDM (RC-OFDM)
FHROT 4 ¥ FNVEPIE 16QAM, =/ I — |
*IFRF 5L OFDM (HC-OFDM) FRoDF 4 ¥4
NVEEFIZ QPSK & L, = /L F 2D ENY (IF
HAL L7BIER 7 Ly Ro/T) % 0.01 (5%



ELTWS. [AXF o RC-OFDM (16QAM) &
HC-OFDM (QPSK) % bik4 5 &, BEORE
FROFNRE Yy "RV RLAL—T > hD
W CRIFREEEZTRLTWS Z ENbh
5. Thbb, BHFHME LT v 3 AFH
RN EBITH ELTWD Z LA HRTE
. 70, HEREER, vIalb—va i
Z7ay hETRLTWAN, WMEN L
TWB ZEnD, BT L 25 E 0%
MPERHEGR CTX 5. HEAZHIEICIEAT 5
Z LT, fEHENOBRRRCR B O T A RINT
THZ LY, HEmEITOERN HERTE

— ' —_ ' ' —_—
10E N, =192 o
E o, /T, = 0.01
102 E
4 ol
o, -
@ 103 E
é)l) E o . O... E|
£ P }OFDM (QPSK) R o
A 2
< 0% 4 } RC-OFDM (16QAM) NS 3
[ f_} HC-OFDM (16QAM, I-ch) ]
-5 O\ -
107E l} HC-OFDM (QPSK) D
[ —--max. div. gain in HC-OFDM (QPSK) \‘il\\
o ey | RSN

5 10 15 20 25 30 35 40

Average CNR T [dB]
X1 ey MR HoBGmE (172)
S IS L LN L BN B B
- ° }OFDM (QPSK)
< LA }RC—OFDM(]GQAM)
Z 3F 7~ .
z 3 f_}Hc-OFDM(mQAM, Ich)
2 I
= H l} HC-OFDM (QPSK)
J?D P ; —--max. div. gain in HC-OFDM (QPSK) .
e | i}
= . ol Ao St
= ) T
;%D .’/,)ﬁ’
g r o ]
Z -
N, =192
I o, /T =001
= MR R il
5 10 15 20 25 30 35 40

Average CNR T [dB]
B 2 YA N—T v OHGERE (1=2)

—05, ZIEBHINEZELIIKF LSS A2
EL, MORLGTCELE 4 LRELTE
XOWEIE y NRY FRMEAZK 3 IZRT. T2
72U, EHib L7z K> 77— £,T.% 0. 005,
EAE L7z IEA 7 Ly Ro,/T, % 0. 001 [Z5%
ELTWD., T, Habhmz L
(f-div) 72 <i<, BEHEEFMOmG
M (tf-div) ICRE L& T ORMEL IR L
TWa. ALY, Ky 77 —F@hZ X DE
BZEENE, /LT /NADJEN VI L BB
EEOW T DOHEA NR—= FhREFEHTH
CETHREOBENELNTND Z &1
WTEDH. F-, K1 EREEIC, FRERITRE
ROZHUMELHERTED.

.
ey 77/ Te = 000173
RCH-div e — 0,005 7

o 107 L =47
o) ]
~ 107 HC f-div = 3
an E
s b HCif-div ]
810 E
z E

o simulation
— analysis

10_6||||||||||||||||||||||||||||-
10 15 20 25 30 35 40

Average CNR T [dB]
(3 SEHE Y FER D RO (1=4)

(2) EHEFRORIATF v RV L ELZT ¥ 1
LDy BEE

BMOIRLG AL LE 2 LRELIZEED
ey R REMEEK 4R T.2E L,
EHAL Ky 77—k £,T. % 0.005 (ZHEHH
BWEHEE) &£0.02 GEWNGE) ITREL TN
5. FXEY, 8EHATH D HC-0FDM =
DF MBI EEZ R L TWVWA Z &R
Tx5. F1m, Ry 7 o—E@#nE sl
HERR AR DA ERBE R OHEEICEENE L S
7%, 2{2FE S (Average CNR) 2K X< 72
STHhbEy MRV ENRUETET T —7
0T BRETHN, WERE LM EIE L
WORBITISHOHETH S.

100 T T T T T T T E
107 ]
;e

5 107 $ E
0 £ ? E
) -3 A _
3 10 | fpT,=0.02 2 a A3
S o4 * RC-OFDM . R E
Z = 4 HC-OFDM ° 43
& fpT,=0.005 ]
107 0" RC-OFDM o
Lo * HC-OFDM . 5

0 10 20 30

Average CNR[dB]

4 4 EEEFHAZEIE L2 L ED
Wy MRRY REE (1=2)

(3) TSI oD S 4

T 4 X NVEF TR E LT BPSK, QPSK,
8PSK, 16QAM > 4 fE¥H, #tV iR L5
LTI 4ETOBESHBELZEE L L &
DN AN—T"y MNEWEZ X 5 IR, 7272
L, EHULEBEAT Ly Ro/T,% 0.01 IZF%
ELTWD. £, &0 I LTS A [H
E LSS @Yo NEIO [=1~4) OFED
FIFFIZKR L TWS. 28, RRFoLEW
EOFMBNIRE RS LA 508, BN
[80%) & 72> TW D RNV IR LT 51k
BHEISHE L7 s X0 TH D, ViR



LG b5 [=4 O35, BRI W
ELTIERWSZEET) (K CNR) DOFEIK T AV
— 7y MEMENERBIZ/R DD, & CNR Ok
TIEREHENTEET B2/ B (T v R AR
RIT/NEW) . —F, B0 LGS =1
OBGEILW OME 2R3 0, ViR LGSk
BA SN HET 5 Z 212k D, CNR Offf
WP O LT HEHICKREDANL—T7v EE
EIRLTWAIZENRDND., T/hbb, B
FIRAFT A5 AT B D U 7 B8 S T 0D 20 SR 23 % 4
ENTNDHZ ENFERTES.

T T T T T
—e—w/o Threshold

| w/ Threshold
| —=—80%

5]

N

—_

Average throughput [bit/s/Hz]

()]

Average CNR [dB]

4 65 Rl A TR L L&D
WA —T o N

(4) HaoFrtkdcEE B L T ORR

TFEE 8 OBWILBIFE %Mz M-ary
SS/0FDM 52 B3 2 i EHz W T, 7
=V T ORBENNSOERE (EZEEN
FoBELNICH Y, BN EERET D)
THMESESRNBEE IR OND D, 7 x—
VT DRBNRREL RDITONTHEN
HENDZ Enbrolzizd, 0K LGS
EPEA LTz & & DEERKMEIC O VTR
4. EBER T 2 —D o CEMELE OB K
BN TA—H L LIZEETDOEHE Y MR
WA 6 1TRT. 72— OB
KEW (K OED/NEVY) & X[ RC-0FDM 0
BRENBIFTH DD, K DENRKREXL 2B
ST M-ary SS/OFDM e I3 B0z S
5. —J7, W& ZGFH L7z M-ary SS/RC-OFDM
FHRE, FOREICBWTH BRIt a2 R
LTWAIZ ENERTES.

107!
107
e
&
o 10
a0
S 4
o 107%
< [ 4 RC-OFDM
107 o M-ary SS/OFDM
® M-ary SS/RC-OFDM
10' L | L | L | L |

-30 20 -10 0 10 20 30
K[dB]

6 M-ary SS/OFDM fzo
ey NRR Y R

5. ERIEE U
(WFFEfFeg . WIZEs 8 K ONE#ERITE 4 12
Y]

UdEaEams) (B8 1)

(M F. Sasamori, S. Asada, 0.Takyu, and S.
Handa, Precise BER Analysis of
Repetition Coded OFDM Systems over

Time— and Frequency-Selective
Rayleigh Fading Channels, IEICE
Transactions on Communications,

vol.E98-B, no.1, pp.88-98, Jan. 2015,
A,
DOI: 10.1587/transcom. E98. B. 88

@ A. Toda, F. Sasamori, 0. Takyu, and S.
Handa, Robustness against Fading
Fluctuation in Hermite—Symmetric
Subcarrier Coding for OFDM Systems,
Proc. IEEE International Conference on
ICT Convergence (ICTC) 2014, P-2-35,
pp. 834-835, Oct. 2014, #qHiA.

DOI: 10.1109/ICTC. 2014. 6983305

® S. Sasano, F. Sasamori, 0. Takyu, and
S. Handa, Performance Evaluation of
Acoustic OFDM with Repetition Coding,
Proc. IEEE International Conference on
ICT Convergence (ICTC) 2014, P-2-22,
pp. 798-799, Oct. 2014, HFHAH.
DOI: 10.1109/ICTC. 2014. 6983292

@ W. Koike, F. Sasamori, 0. Takyu, and S.
Handa, Adaptive Control Based on
Theoretical Analysis in  RC-OFDM
Systems, Proc. IEEE 2013 International
Conference on ICT Convergence (ICTC),
S6-2-1, pp.581-582, Oct. 2013, A i
A
DOI: 10.1109/ICTC. 2013. 6675424

® K. Hayashi, F. Sasamori, 0. Takyu, and
S. Handa , Design and Implementation of
OFDM Signal Processing on PSoC
Microcontroller, Proc. IEEE 2013
International Conference on ICT
Convergence (ICTC), S4-4-1,
pp. 391-392, Oct. 2013, #HA.
DOI: 10.1109/ICTC. 2013. 6675379

® Y. Yu, S. Handa, F. Sasamori, and O.
Takyu, Adaptive Iterative Decoding of
Finite-Length Differentially Encoded

LDPC Coded Systems with
Multiple—Symbol Differential
Detection, IEICE Transactions on

Communications, vol. E96-B, no. 3,
pp. 847-858, March 2013, #Fi
DOI: 10.1587/transcom. E96. B. 847

(@ F. Sasamori and S. Handa, Performance



(F=HER]

@

Analysis of Hermite-Symmetric
Subcarrier Coding for OFDM Systems
over Fading Channels, IEICE
Transactions on Fundamentals

vol.E95-A, no. 12, pp.2461-2469, Dec

2012, #AFE

DOI: 10.1587/transfun. E95. A. 2461

Y. Yu, S. Handa, F. Sasamori, and O.
Takyu, Improved Soft-Output
M-Algorithm for Differential Encoded
LDPC Coded Systems with
Multiple—Symbol Differential
Detection, Proc. 2012 IEEE 23rd
International Symposium on Personal,
Indoor and Mobile Radio Communications
(PIMRC), pp. 1986-1992, Sept. 2012, &
wLH .

DOT: 10.1109/PIMRC. 2012. 6362679

(GF1 51h)
B sk, A U, BA B, FEH
5HER, RC-OFDM ¥ AT AIZEBIT 5 Mg
FWEEE LI ANL—T v ORI,
W EE 2 EIN KRS Student
Branch # X HEFL, 2014 4 12 H 18 H.
FMRY (BEF) .

KR MK, R ST, HA E, EH
BEB, PSoC v A =t ~O A OFDM J8
g o ELE L3, EIEREEFEEM
K% Student Branch FR ¥ 3&FEL, 2014
12 H 18 H. BMKZE (EBH) .
KE B, Tk U, BHA B, EH
BEER, EMEEEFE & AV 72 M-ary/OFDM
VAT AOFEFHE, BEREETS
B RE, 2014 410 H 4 H. M
K% (EFWH) .

& bR, &R U, BA &, Pk
AEER, LDPC & 5{k & # v i LiF 51k & #1
LA b7 OFDM 3 2 T A 0 Ke k341,
B ERBEFSFEHEGBAS, 2014 F
10 H4H. BMNKE (EBHH) .

FHE OB, AR U, BAE, M oE
BE, =V — XSS b OFDM ¥ A7
A ORHEGEAM, B EHIEE PR EEK
HRE, 2013 4£ 10 H 5 H, ERELLE
R (BT .

MO, MR U, mA O, ¥m &
BE, KEx e MR EIKEREE 2T LT
OFDM {5 ZALEE D% F & F22k, E @
B EEEEM K%, 20134510 A 5 H,
F MRS (R .

AN BB, R U, BA B, kW &
BB, RC-OFDM 3 A7 AIZ331F B BRERARHT
IZEDS WIS EE, B EREETs
Bl RS, 2013 42 10 H 5 H, £l

6.

Btk (R

AKE G, & U, BHA &, H
BES, EEEET S & AV 2 M-ary/OFDM
FAROFVEF A, &G HlE TG
TS, 2013 4F 10 A 5 A, EMEH
By (W) .
TR %, AR U, HAE, W&
B, 0 R LA b2 i A L 7= 7528 OFDM
DOREMEFHM, 715wl E a5 G
£, 2013 4E 10 H 5 H, MR
KF (KR .

&7 IER, FF U, BHA &, FH
BRR, Bk e ERUAS K ERBE A ARE LT
LDPC #5814t OFDM < & 7 2 D et: FEAf,
HEREREFREMEGT RS, 2013 4F
10 H 5 H, MMM (BT .

R #, Mk S0, HA B, W E
ER, PSoC <A = ~DHEHLIE OFDM {55
WUERDFREES & 328k, B EWREETSE
I ¥ Student Branch 3 3CHEFRE, 2012
F12 H 19 H, FINKE (BE¥H) .

N ¥, AR U, BB, ¥l E
B, @il % %5 8 L 7= RC-OFDM > 2 7
LD, BEHEEEEREINKE
Student Branch (R FELS, 2012 4F 12
H 19 B, EMKE (EEFH) .

AN P, HERR S, WAE, R E
B, 30 TR 2 VN 72 RC-OFDM & A&
T A, BEEREEFREBEGE RS,
2012410 H 13 H, Hrid K i) .

O, EAR U, mA &, W E
BE, PSoC <A =t ~@ OFDM {E 54LE D
RXEF & SRAE F R A AR L - AR AL
H-, BErEHREEFEEHGH KRS,
2012 4F 10 A 13 H, #HiB K= Frigm) .

RE &, A& S0, mA E, FE E
RS, PSoC <A =t ~@ OFDM {5 4L D
FJEFLFEE - URAFA I TR
W - B IE G PR E S R,
2012 4 10 A 13 H, HrisRs Gosh) .

I FEAH

(D) WFFERFEE

TR
ETLPNE
725 1 70298090

1= (SASAMORI, Fumihito)
PITHFEE L R - U



