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ABSTRACT

ubiquitous access to multimedia information, economical system design and higher capacity, higher data rate trans-

In the progress of advancing information technology and public demand for fast, low cost and

mission over a band-limited channel are major concerns for wireless system construction. This paper presents a new
communication system that can provide efficient use of the frequency resource and the transmitted power. The system
incorporates a 16QAM modulation scheme and a phased array power combining technology. It also presents the
effects of forward error correction coding (FEC) on nonlinear transmission channel and the theoretical studies on the
signal transmission characteristics of the proposed system and the investigation results compared with the conven-
tional systems. It was found from this study that the new superposed 16QAM system shows better performance than
that of the conventional system on the nonlinear transmission channel usually observed in such a power amplifier.
This unique configuration enables the reliable transmission of higher data rates with the efficient use of the power and

the bandwidth.
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16QAM Communication System. By Masayoshi Tanaka (Col-
lege of Industrial Technology, Nihon University).
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MR EGbELHEY, HDWIE DD QPSK ZHK
TEETHHEIPRESIN TV S, 16QAM K I IRIE
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L 3alb—al I lI0@BNT S S50, ek
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YR DlogM ¥ v s DIEHE CILET 5O ER
BErx@mOL ETHENTHE. L2LENDL, 5%
MTO&KY P RVEBOEMSELET HHER, BT,
R ERA T HMEPRT 57200, KELEE
BN, ISORELT T T5LEETSH. SHEEH
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a(t)cos ¢ (t) cos (2nft) —a (1) sin ¢ (¢) sin (2w ft)
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y(t)=a(r)sin ¢ (1) (2)

x(t)=a(t)cos ¢ (1),
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3. WMAOAMBRDFERT I
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Efficiency [%]
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(a)AM-AM conversion and efficiency
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Pin [dB]
(b) AM-PM conversion
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SNhBY,

LM% AT 5 £ C, JEEES & L CRIERE
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ETHZEeMRfrbh s, EYETIE (Forward Error
Correction : FEC) 13, SR THH I AWMt 2 50
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h aTIEf 7 (175 LR R=3/4) DFE R Z R, W2IZE
FaA B & B AE R Reed-Solomon 55 DFE L& 7R ¥ .

F1 EeD/Ny 7+ T EIIBIT S HPA(SSPA) D4t

(1 & hEH)
]21 ttkp:tt‘f Gain compression | Phase shift 2‘:;1::;2:
OBO [dB] dB] [deg] IM, [dB]
0 6 11.1 8
-1 2.8 8.4 125
-2 -1.9 7.0 14.5
3 -1.4 5.8 17

P/P parallel to parallel transfer

R=3/4
M2 vIzal—2a iZlHO5Et - ZHRATOERK
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248 (AM Mod) 2, &1 L THPATHEIJIEIEL 7 » 7
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FEEERT. Yial—Ya VIZHWEY AT A
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BHRAANIFTEr, Kildy, HPA THH§
BRI HET, IFE Aty AEEER (AWGN),
HRLE, ViterbifH528, 74 > 1) =, SME5ED,
LR SN G,

ERMERIZ BT, M2 KUFE2IZ/RT FEC 2 fEH
L7-EOBEEERO Y » M8 ) Z (Bit Error Rate:
BER)HMEL 1Y Y PY- VDT ANF— /MEENE
B (EON) OBtRE S I 2 b—Ya V2L YR 74
BAERG6IZ/RT. I 2L —2 3 Tld, Monte Carlo
£i2L Y, ¥ FiEY) = ( BER : Bit Error Rate) & &}
Lffiﬁ%‘l‘éé’éﬁﬂﬁ L7z ghbh, 0", " 1"OF—
YEHET VY AIEESE, BBYETIEFTEkiz2
Yy b1 1RV ELTQPSKEHTA T o712, 31
MEE LTHEBN Y AME (AWGN) 2 A S ETREY

F 1) =N,

F2 HHLIBRYINEFSOHET

(oRas L £ SR BB /ERITH
nEs $aREEIReed-Solomon GX)=x +x*+x +x7 +1
(204,188,T=8)

AEE | RAEDHHS G,(D)=D%+D°+D*+D*+1
gigfj:m G,(D)=D*+D*+D* +D+1
16QaM coswt

ANT
d, AM Mod S(t)
dZ l
d, AM Mod Linear operation
d,
f.
sin wl!

AN modulation
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LE+00 S E—
3 2 1 0 . 12 = without FEC
* ¢ ¢ ¢ Nonlinear . * .0 - with FEC R=34
i LE-01 EERTEE B
9 s 4 distortion e .- .
. . . . 7 6 5 4
- LE-02 |+
n, 10 o 8 N s o
He Pt = 1E-03
15 14 13 12 . -E-
» L] . . 15 . 13
14
LE-04
(@) (b)
= 1E0s i S N
B ] St I Hee b | PinE!
K4 16QAM 155 Z2 M FC & X 0 FEMILAFIE IS & 5 KW . 5 . R o u o o1 o
Eb/NO [dB]

6 KD 16QAM ¥ R 7 L DI FLENER @ BER 454

1.E+00

1.E-01

Convolutional Coding

1LE-02

BER

DEM
1E-03

~#- 16QAM R=3/4 04B-OBO |}
-#- 16QAM R=3/4-1dB-OBO | |

= s s : S N — S LE-04 [ 4 16QAM R=3/4 -2dB-OBO [
X viab—va sIZHWC: :
5 L—3 WY 2T LHERR LOAM Ro3'4 24B.OBO

Recelving data

¥ 16QAM linear R-34
LE0s L 1) L

6 7 8 9 10 1 12
Eb/NO [dB]

7 D 16QAM ¥ A 7 L DIEM T BIERE D BER # %

WEEL, TOHMEEREE{LIETRL S EWN,
EEODHLTYS, &%EYy M, REY Y bR
Gy by FEDEH,SHE v FFRD F(BER) &K

Wiz, OB, BEGAOHEE R0 L72030) O FERR BN 12 31T 5 BERA§1E & Eb/N, D B4R 2 B
AP0 EE %5 &9 B takEy ME#RE  7IORY. BERFEMIIFREEICLDEFL (HLT 2
LTwa. Z &, -3dB-OBO B i Tid Eb/N (I HIEEIEIZ A~

6121k, FEC# M L 2 WO L e TURL T, 0.7dB4 1L (BER=1e-5DH) 56 Z 5 h 5. T
Tw . BER=le-512BW\T, Ha{bFlfg3.2dB 2518  Zb b, IEHIENMEREI I & RIS OREME &l $
ERTW5E, 51 HPA@;‘F%‘?%%T WX BN A7:01213, FECOATIRIFREEZ MET A5 I12EFR
HHLEWES»IIT A0, MR LAERES 9 THeILERLTWAE. 20720, HEERF
PEAREH L7 QAMETIE, HPA AJL XL S(0)D5  OIEFIMHERB AL EEL D,

BRRIEOIC LB A 720, TrofETERILL 7.
6. ZMSRERE 16QAM(SPCS-16QAM)
TER D 16QAM HEIX 3 1Z/R L 72 & 9 12 =D DRI

FHABRDOTFHE S % f L2 DNy 74 75 (0dB TR (AMMod) # W TER SN TWA, ZRIxT
73 % % 7 (0dB-OBO : Output Back Off), —1dB-OBO, L CHEER 16QAMIZESIZ/RT & 912, 6dBD L X)L
—2dB-OBO, -3dB-OBO)IZREEL T, LIZRL7AY ZEOFH OO QPSK LM TEHIUETHLY. =
Ialb—Ya NECEDEREELEHE L 72, [4(b) NE~<A 7 aEnERIc & ) EHL 2R ER9ITRT
ciétﬁﬁ%éM‘E(OdB-OBo)B%@E%EEE L TW O T, ~EDIREL H T H DD QPSK zﬂi%

CBZRL f:;ﬂéﬁﬂﬁ%‘l‘é@ AM-AM, AM-PMZ# Bl 4 OHPAIZ AT 572912, HPADIER I Ol
@%ﬁ”é&“ Xy, B EVES A ST, MHEEEAT EABESH LA, HPA RO RV IERIEHBTEE
hE L, ?)Erllm#i%mménzaﬁu HRIFODO K E W E5 50" EEDLIENAREE RS, L L, HPAI DB O AR
AL E & S ICIRIEASFEH E NS 720, M4a(a) 1l TRE2EDEEHSE —-TH LD, N7 v

S(t)=S(t)/ V10 (3)

ARYETRENSERTAH I EWrrs. N % W TAERT 5 &, BIREK % BHARKE O
g — Yial—var FEUEELS
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HELBELTL3dBOEABESEET LY. 20O
R, A% S ICEBNESERT 5 RAEH
LTWwWa, COMBEHEEBIT L7202, LTIORY
ZRE S AR & 5 EER16QAM (SPCS-16QAM) % 15
L7

6.1 AT LK

ZEM AN % EH L CESA 16QAM T EBT %
B L AT AR EB10IIRT. BEODO0
QPSK Ziigs, SR OFIG & (AHZ %3 5 Flfqu]
LE(VG) LA 25 (VP), E/IEMEER (HPA) &
Trx—RFT7LAT T FroiERSH, 20 QPSK
BFBRO WA AR & EE %, B4 T HEE
b, Fok, WHEBIE, 7=o—-F7LAT T
FICHRESR, ZBHTENARINS. BHTOED
HRUE, MOIWRL<A 7 OERIEBICL S8R
%, BARKEE TII MR 2 M BRI RE
A,
TODOQPSKERABH, L DEFKII—EIRIETH 5
728, Bl 4 OHPA THIE S LA BEIC, 1(b) IZ7R”T A

o QPSK1 o 16QAM
*
* *

level difference: 6 dB

8 Zo®QPSKENEERIIL D 16QAM NDEHFE
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T ARVMAIET A RO R ZZE T X0,
6.2 AR DmEKE

B01(b) {2759 AM-PM #6212 30 (v 4 Bl 8 % #fi 18
TH-0, MI0IRT VP EHWVS

3RS HERY A7 L TlE, Z20My. O
IR HE, B ENL720, ORISR E)
LTWwa, ZO#HE, M4®)IZRT L) ITEFEED
— BRI HBIEE L e 70, (HEER A #ET A 2 &
BHEETH - 72, —F, MI10IRTZEZBHEEHN 16QAM
TiE, oD QPSK EDIRIEIZ—ETHH, &K 4MV
AR A HETAZEDESHTH L. ZORRE,
HPA % MR CEME S T, BBIDOMAHHHE 12
I IEOESEE > HETAZ R E D, B8
(A2 MR Bl EE % W E L 7o BARIRAE TII B4 ) (a) LR ¥
WAt EBTE L7280, M6 IR BEERNR
REEMEFR—-E AL, 2B, ARIORKRE T, K101
SR QPSKZEF X HPAD B EHIRH D 7 1 v ¥
FEBLTWS, O—IVF 77140V F52 L0 HHH
FR%&Hid & QPSK DEMMAEE T 525, v ME

Superposed 16QAM

Hybrid
N

16 QAM
signal

P/P:Parallel to Parallel Transfer, VG:Variable Gain
VP:Variable Phase Shifter

K9 <A 7oEBBICLDERLAC-EENI6QAM ¥ A
T L ORERX

Phased array ANT

Superposed 16QAM

16-QAM signal

P/P:Parallel to Parallel Transfer, VG:Variable Gain

VP:Variable Phase Shifter

10 Z=REERESE 16QAM(SPCS-16QAM) ¥ A 7 L DX

ER17HE3 A
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YA IV T TORBIIFIC—ETHLIDT, ZO¥ A
IV T TORMBIIBITANHFAEREITH) L I2L D
BAREE 2 B, 72721, AiHIBR O £ 12 HPA @ JE#
EERZIT L2012, TN OARY + 5 LhAT
BIRIENH DY,

IZDEINCEKY AT LTI, RFRTHVWORT
W LM AMHORIBER BRI EL 2 0, KRR~
DERFMHPHBMEIND I, BRBOBBEICMEST
% HPA DAL A2 A5 IZHE T & B 7200, WHRE
DRI M T THPAZ BifE & €5 2 L AT RE &
A

6.3 ERIOFIERE L ABRENFEREEICE

ETER

ZEHESR 16QAM Tid, M IZERENI-Z2o0D
QPSK Zaiil & 22 CTARB L T 16QAM 25 2581 &
Nb, ZD7DIZ, ZERD2REDREE, 22HED
T YT ORERE(POORE), ZERDME L)
FE—LPLCRTHA b)) EOMERRICEY, S5
el 2R EVAICERZ AR AET S, B1113, Bk
EGEELZEMOBBE : 36,000km) 2R E LT, F
BB 25GHZ 2B WT, “ODRET v 7O
(ERTERILBLIOZET v FFOE—aLrb
DA 7ty MEEECH LT, 2k HEE Y RO -
bOTHY, ROMMHENTKRELIEET > FFED
BMEZET > FFHOF 71y MR- HIh b5
EERLTWE, =Y ALY 7ORBICT LI

1.0E-02

1.0E-03 @

1.0E-04

BER

1.0E-05

1.0E-06

0 2 4 6

Phase Error [deg]

M, BRAEDBEINT 543, FF 100km LT O — € A
TYTEHETEINFE—L L AT AICBWTIE, 7
HEBEL 0EITIT 5 2 EATHTH S, RSO
EHGAE I L B0 SIS 2T B 72002,
AR LAFEERLL Y I ab—2ariEicky,
T & DEREREOIRRFE & AT L7z, B1213, EbN,
=12dB |25\ T, 29 FT1E (FEC) #4Th %2 W & 47 -
7R ORI L AL ARE AR I K T 5 BEREFE D 1L %

920
= 70
®
&
&
g
z 50
2
s
Z 30
E 1de
10 ‘,nb?§9err°
1 3 5 7 9
Distance between two transmitting antennas

[wave length]

Rt Zo0FET7T T HRBEZET V7T Fohlnd
DA 7ty ML B EREREE

= - Gaiil error 0 dB

p | —0 = Gain error 0.5 dB

—/- Gain error 1.0 dB

- = Gain error 1.5 dB |
' | ==O = Gain error 2.0 dB
—&—FEC Gain error 0.5 dB
~d—FEC Gain error 1.0 dB
~~o—FEC Gain error 1.5 dB
—&—FEC Gain error 2.0 dB

M12 ZEHEREER 16QAM OFIfE - (G ERAEIZL S BERFFE~OEBGEYETIEA D & %2 L) (Eb/N=12dB)
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RLTWA, Ml ikEiass s R ERE 0B
N T, BEREEMWDIHILT A LGN b. T/, RE
M AL T Thhid, FECIZ L ) BERFFEDHEEL
W EENDLZ LA E. —JF, Hiako FEC % #
L7356 O 4 DR FAFI2 51 5 Eb/N £ BERD
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WheE % B, —F, kDY A5 L TlX, BERFEMED
HLE B C-OIWHPA RNy 7 F 7 EE HER,
BHHBEOK T 2B VTwA. 72& 2L, -3dB-OBO
HTIE, HPADORIEL, B 1 (a) 2R $ & 9 (8 sic
HRTHER IR T 5.

ZAE131~T. 12 &£ 1355 FEC I3 iR ER =12
JBY ZETIET A ETHYTHAZ LW hb,. Ih
LO/MBEEL L, DTICHEREHOLKEIT).

7. FMiieER

R EER 16QAM TlE, ZONHPAXLE LTS
75, ENENEIIRER O B 72 BRI LB TOEED

#3126 — D BER ¥4 (BER=1e—-4) & EH T LD
7= EER 16QAM E{ER Y AT L DENIFREHE
BN L-b0THY, HEEZ, 1ERF I
BWT -3dB i1/ v 7 4 7 ( —3dB-OBO) L 7= BE il
T AT TR L T0 D, IS L 72 HPA D
MFEE, M@ R L2llEr— e L7z &
FHFRNHRT, ZEZHEER 16QAM Tid, FERESF

LE-01 I R { i i =0~Phae=0,Gain=0dB

=~ Phase=6deg ,Gain=2dB

=O==Phase=6deg ,Gain=1.5dB |

wd=Phase=ddeg ,Gain=2dB

; =®—Phase=4deg ,Gain=1.5dB |
i w=de=Phase=2deg ,Gain=1.5dB ..
=& Phase=1deg Gain=1dB

1.E-02 |

g 1.E-03
~

1.E-04

1.E-05

6 7 8 9 10 11 12 13 14 15
Eb/NO [dB]

13 AR ERR 16QAM OF - A EHAEIZL S BERIFENDOEEGRVTED D)

F3 EEEHREZRR 16QAM L IER R 16QAM DB Z, ENHE O

BER=1e-4
Scheme Condition Eb/N, HPA Power
[dB] efficiency(%e) | Consumption
(From Fig.1 (a)) | (relative)

Conventional [-1dB OBO 132 32 1.2
16QAM -2dB OBO 11.5 25 1.0

-3dB OBO 10.5 20 1.0
Superposed | Phase error:6deg 13.5 40 1.0
16QAM Gain error:2dB

Phase error:6deg 12.4 40 0.77

Gain error:1.5dB

Phase error:1deg 11.2 40 0.59

Gain error:1dB

Phase error:0deg 9.8 40 0.43

Gain error:0dB

1743 A — 8] —
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MArRES N LR, LELTHEYN KT L, %
ERERNIWNSLTT LI &, i TESIRIESE % Sl
HEBOBINFSBIF L ER CEIfES 2 2 &H5C
35720, HEENZETI LI L TES, B
B, ZEZMEDERFROF SR ERAEY 1.5dB, fiL
MR ERE AT 6 IR B Ltk Y A7 LRI B
LT, HEENZ20% U LK F 2452 LAMREL %
5.

8. %¢&®

AfmXTld, ZHENERBEME H V- EER
16QAM ARV AT LEREL, 0Lkt r >
3ab—va XL, (RS AT A LDRE
Batadr o7, KL A7 213, RO W DOBERT S
IRIGZSIH R © —HE TERIERT 2 FIERLRBET2HD
QPSK k% &Y A HIEERL Y, #E D QPSK AH
B EEHTENERT L HETHL. ZORKR,
HPA DIEBILHHIE DB S TH 0, HPA % Saf s E T
BESE LT EMMREL 2D, SSIZENABEIN
EL %Y, ERDI6QAMIRE Y AT LIZHRTEN
MEFYEBEENSLZLEFHL I, 3512, B
B2 AT L01% b L2, ZRAGRBICHFRSNDF)
BEMMHDOBELHL2LIZL 7.

KT AT 4%, HPA OSBRI R VTSN A 7 2
NT AT DREHPVEE % 2905, BEIE%E % &R
KTEHWETH D, FFICEEEEZ S ITHEBEEI
MR D& B HEME S AT L2 RBMIHEEST L) 2
THMThHHEZELZOLND,

#$ £ X W
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