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ABSTRACT

It is known that triangular QAM with triangular signal constellations gets better SER gain than square QAM
with rectangular signal constellations. In the paper, we propose an exact and general closed-form expression of
the probability of symbol error for generalized TQAM, which has been currently researched. We verify that the
simulation is consistent with the derived equation of generalized TQAM. And, we also suggest the optimal signal

constellation schemes for generalized TQAM at given SNR values.

I.M B II. AJAR D9l

$94 B4 B BEH A% el o o s WA uge e dusal
T WkHEle] o3 gjr) dubdo® it WHE 7)|s Triangular QAM 413+ v}23} 752 16 Triangular
2w A% 9E QAMP] F85m Atk 7l QaMel 2ol ¥ s seilese Alsa
&2] Square QAM 7jHr} £ A oF FE gt FEE ¢ $98(a)-T20) AlEA ALl
(Symbol Error Rate)2 7}Alm =21 SHollA] n|aL Al vl Bl&= AHolgt)
A o] =A] kS BalwE ZH=  Trianugular I3 15 7|E2 s dutskEl M-ary QAM A
QAM A7} AAE DT, FA4l s gt 7 W5 (m=1,2,, VM, n=12,..,/M) F
E SlEE 2t QS 0QAM B AR m (5., ) okl SAlow Taed,
so} o el

A 5 2~=z) o o 1 o)

& el - wlEs 2 ke z,, :{2(n*1)+1* \/]71}2(1,* [2mod(m,2)—1] a €))
Triangular QAMel| tigt A&t SERS] 44] f=
3l =41 AL v BAsF
kL 5 ee [ ek Y = {2(m*1)+1* \/]7[}1) 2)
¥ B Qe Sl Alshe B a8elye5-e] NSL ARl 2 e x)dnte} ai=]9lgick (2010- 0015083)
* ghefojstal g3IAE- s (dwyoon @hanyang.ac.kr)

=W E KICS2010-08-415, A=l 120104 8 269, FHE=wA4dzl: 20104 109 15¢

885

www.dbpia.co.kr



Saa

-Y

Sy

a2l 1. 16 QAMY] T <4

o] 7]¥&-o= 3 M-ary QAME| H A4
o S ohea) o] mHch

2

1 VM—1VM—1
Eav:i Z E S?J
M = j=0 3)

= %dZ{(?)cosQ((ﬁ)ﬁ- 1)M—1}

o7lell A, 4 34> RI-R6E T-EHo 4
el 28 194 ®B5o] A7 d= vVl +¥ ol &
% o (2ol AT AL Bk o< s

o]H, Q(Quadratue) FXr} I =202 YA A53 0]
WAESL o> w/3 o, 1 FRrt Q FHOE A Al
F4o] ¥tk ¢=7/3 oz} Equilateral Tnangular
() QAM Alze}l A wn A(3)2 |
A2)(5)]1¢}F #dotxlek

¢ < n/4°] Triangular QAM-2 A-$3= ¢ > /4
Triangular QAM®] 7/2 3|A% A1335} A8}
ok A, AR A5AEe] 1 Foll WAl ul
ol we} A8 F-5Ade] Holzid

AWGN Ahgo] EAisls Aelx] ¢4 Als,
r(t) & vkt o] )

e

o7l s(t)= 4 AlZelw, n(t)e HH 0
olnl N)/2 & AY¥ ~dER] WEE Ze
AWGNe[t}. weba], 41 4lse] SNR (Als o
AR, = B,/ N=

25 Bx9 7P UHEEEl M-ary Triangular
QAM th #4 ele chist ol 47 44
oo /Z—L,]tsl— =3

2ol B wlsh Po] & 47lel Y elo
2 FxwH 7S 49 R, R2, R3, R4S
2 Aejgltk o7]ell4] R2’/R3 /R4’ 13 194
Z]2)3F R2/R3/R42] WE%El HA] odolc)

M-ary QAM A1&9] it 7 FE, P, o

&3} 2] w4 9leh

1
Py=1=—7P) ®
A71ellA Py
FAlom FEsch

97 shgols chest 2o

:\/71/fdr+\/7)/ flr)dr

2/~ 1ff dr+2/f dr ©

1ol f(r) & 41 A5 rol dhet ShE UE
drole, [ fare @A el R ek
R
W 5 gl Wk
Al 6)F A (5l s H SNR v=E, /N,
7159 dMkslsl M-ary Triangular QAMS] JH<f
OF AU AE, Py TH 0] 7T 5 9l

M—M—-1
Pe= M

L 2@ 4\/7+3>Q(k (11 \/7)
_ 2V 1) p_2Var- 2) q

M ! M

Qos@b  (7)

P, =2)0,0;c08(2¢))+ 0, 0;c08 (49))

40— b 0; — c03(6)) 120~ 2008 () ks Oscos (26))) B

P, = Qk,0; —sin(¢))— Qk.— 2sin(¢) ks—sin(9)  (9)

H
|
[ ]

www.dbpia.co.kr



o . &
1A & (3cos?(¢)+1)M—1 "~

Gaussian Q-function®]3L @Q(z,y,;p) = 2-D joint
Gaussian Q-function®.2 A2|s}r] t}S3} Zo] F
el

Q(z,)= 1-D

Q(z1,ysp)
© poo 2, .2 o
:%/ / exp{— Hyizfyp}dydw (1n
271'\/1*/)2 oy 2(1*;7)

dubd o= AWGN  3H3oll4]  Square M-ary

QAM }?_igl /gﬂé —9—% Q{—%—’ PE,sa[47 41(52'79)]
& vhest g,
_a(vVa-1) 37\ a(var-1)? [ [ 34
Pp = M Q( M—l)* M Q( M—l) 12)

¢=m/3, M=16, 64, 256 Equilateral Triangular
QAMol| tfat AEelold Aol %= 54 (7))
e mlaks w5t 2k 719] Square QAMell
Wl S SERS ZHE AL ¥ S oleh # o
aﬂjEQ_ , Fig. 3, Fig. 4]9,} Zg3ke B 4 9]
tl. SER 10 *& 7|5°® Triangular QAMO®]
Square QAMe] ®la] wiZF 0.4~0.5 dB A% A%
o]50] 5% B & stk

Folzl 4241 Al52] SNRel| sl ¢ kol et

L ——e—— 16 TQAM (Equ.)
cee2eesOeeeeess 16 TQAM (Sim.)
‘-u\ ———v-- 16 SQAM (Equ.)
101k ~ —i=Ai— 64 TQAM (Equ.)
— —m— - 64 TQAM (Sim.)
X —:—0O~-— 64 SQAM (Equ.)
X
| N
o Ny
w AN
AN
Sl
S
\.
| . |
22 24 2%
SNR (dB)

2! 3. M=16, 64, 256014 SER A%

65

4 TQAM

16 TQAM
64 TQAM
256 TQAM
1024 TQAM

¢ (degree)

59

SNR (dB)

32l 4. ¢l W SER A5

Triangular QAM®] SER W3} o] tls =
ox & 4 9lch

A2 e 44l SNRS 2= 54l 370
Ae ¢ 635 FhE W3R &M F o 2
SER A5 9= 7 dv= = 7 ok s
SER 1077 olsfe] F& Eil e o3te
T/32& k= Zlo] AAE & 4 gick

B =Fol|A] Triangular QAMS] Al 257 35
S de] ¢¥%l 1-D, 2-D Q-function®Z A
closed-form G222 fslich EEoA A5
2438 Triangular QAM-S Square QAMol| ¥}
urb e AW oF SES 2 5 geh B
ojed RIS 87H T2 Ak AA B o
M Asd (VM—1)’22 does 2xgk)
olsje] e} R2-R4-E Mol Fxlel web AbdA
o7 A& olr} 7|E2] Square QAMeAE T}
o] g odode Ak LRE ey H]E
Triangular QAM(¢ =7/3)elAE A% Aé l =k
thre] 74 ododo] mAlzbade] oz} A ltsio]
How a4 FU 4 A ol neh g

2 95 ol

I/Q A% wiA|mellA] ajd e <dsle] Als wf
27} =2 ¢hgo® Hrl Wi vE °f HE
(BER)®] #Ae] 83 glck

[o5
or

—

o
18 o

o2t

32
(1) S. J. Park, “Triangular quadrature amplitude

887

www.dbpia.co.kr



g2 A18}3] =54 *10-11 Vol. 35 No. 11

888

modulation,” IEEE Commun. Lett., Vol.11,
pp-292-294, Apr., 2007.

K. N. Pappi, A. S. Lioumpas, and G. K.
“O-QAM: A
Quadrature Amplitude Modulation Family and
in AWGN and Fading
Channels,” IEEE Trans. Commun., Vol.58,
No.4, Apr., 2010.

M. Abramowitz and I.A. Stegun, Handbook of

Mathematical

Karagiannidis, Parametric

its Performance

Functions with  Formulas,
Graphs, and Mathematical Tables, National
Bureau of Standards Applied Mathematics
Series: U.S. Department of Commerce, 1982.
J. G. Proakis, Digital Communications -4th ed.,

McGraw-Hill, 2000.

= A = (Kyongkuk Cho) 2134
g EAlss =] A2 AT s

Ol X} & (Jaeyoon Lee) 3|
g AlE s =] #3134 A3CE

£ = 2 (Dongweon Yoon) 22134
g2 A15t 5] =] A|31E A9ICE

www.dbpia.co.kr



	일반화된 Triangular QAM의 성능 분석
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 오류 확률
	Ⅳ. 성능 분석
	Ⅴ. 결론
	참고문헌


