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The Optimum Noncoherent Detector for M—-ary
Nonorthogonal Signals

Guang-Yun Jin®*, Kyung-Sup Kwak**

ABSTRACT

This paper proposes an optimum noncoherent detector for M-ary nonorthogonal, unequal energies,

unequal priori probabilities nonlinear modulation signals. Theoretical derivations are given in detail.

Under above conditions, there is not any previous papers to explore the corresponding optimum

noncoherent detector. The detector proposed in this paper can be regarded as a generic optimum

detector which can be applied to nonorthogonal nonlinear M-ary communication systems.

Index Terms: M-ary modulation, nonlinear modulation, noncoherent detection, mobile communications,

nonorthogonal modulation.
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I . Introduction

For M-ary nonorthogonal modulation schem
e, the information contained in one symbol is
sent by one of M nonorthogonal, unequal en
ergy waveforms . It is meaningful to analyze
this kind of systems, because for the real co
mmunication systems, especially mobile comm
unication systems, it is impossible to design
a signal set whose elements are orthogonal e
ach other in the receiving end. Mobile commu
nication channel exists multipath fading, phas
e instability, transmission time delay, and Do
ppler frequency shift, so noncoherent detectio
n is preferred for this kind of application. Ba
sed on above considerations, it is significant t
o analyze and design nonorthogonal nonlinear
modulation schemes.

The optimum coherent detection for M-ary
orthogonal nonlinear modulation was introduc
ed in [1], and the optimum coherent detector

s for equal priori probabilities, equal energies
and unequal energies modulations were propo
sed in [1]. The closed solution for the bit err
or probability of the optimum coherent detecti
on under the binary, equal priori probabilities,
unequal energies conditions was obtained in
[1], but for M-ary situation, the closed soluti
on for the bit error probability is still a probl
em. The optimum noncoherent detector for M
—ary orthogonal nonlinear modulation was als
o presented in [1]. The optimum coherent det
ection for binary nonlinear modulation was di
scussed in [2). Up to now, it is not possible
to find the results about the optimum noncoh
erent detection for the M-ary nonorthogonal
nonlinear modulation in previous research pap
ers.

This paper discusses the optimum noncoher
ent detector for M-ary nonorthogonal nonline
ar modulation under more general conditions.
The waveforms of the transmitted signals are
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not orthogonal each other, and the signal ene
rgies and the symbol priori probabilities are n
ot equal. The channel is white Gaussian. The
optimum noncoherent detector under above co
nstrains is presented in this paper. Compared
with previous research results, our proposed
detector is more generic, it can be applied to
nonorthogonal, nonlinear M-ary communicatio

ns systems.

II. System modeling

The modulation scheme is M-ary, the M b
aseband waveforms are denoted as Sa(9
(m=12,...M) The waveform set { Sa(9
(m=12,...M) }is nonorthogonal. The priori p

robabilities for Sa(8) (m=12,.. M) are not equ

al, and they are denoted as £, respectively.

The transmitted symbol is denoted as b, Fo
r one symbol time period, if the modulator tr

b,

ansmits a specific (9, then &a =1 otherwis

e %2 =0 The received signals at the receiving
side have unequal energies,and are denoted as

Emrespectively. Using noncoherent detection,

then the complex envolope of the received e
. . ] =/ B
quivalent baseband signal is A, = E,e’ ,wh
ere ¥ is uniformly distributed on [0:2%] Th
e channel noise is white Gaussian, its mean i

s 0, variance is O 2,
The equivalent complex baseband output of
receiver is

=Y b,A,5,(H+m8 ,te[0,T) )
Denote

STH=[ s, s,(D s 4],
bT=[b, by byl,
A=diag( A, Ay Ay,

The correlation matrix of the signal vector
81 s

RzLTS'(t)ST(t)dt

5@
= _L [S| ® SM(t)]dt
Su()
Py P ot Pim
_|Pn Pn " Oy
P Pmz " Pum

(2)
Using a bank of M matched filters, matche
d to each of the transmitted symbol wavefor

ms S=(9, and the filters are driven by the re

ceived signal ’(t), then the output of the filte
r bank is a M-dimension complex vector giv
en as

%
x=| "2 |= ["HDs (tydr= RAb+ £

i &)
where €7=[ &, &, €4] is a Gaussian
vector.Its mean is 0, covariance matrix is
0’R(The superscript * represents complex c
onjugate operation).
Denote the Moore-Penrose generalized inve

rse of R as R¥ apply the transformation

R¥ to equation (3), then the new decision s
tatistics becomes

Y=R"X= Ab+n (4)

where T is a zero-mean Gaussian vector

with covariance matrix E{ 7* 7]= ¢? R".

Y is a complex Gaussian vector, with mean

vector (00 A ; 0---0),and covariance matri

x 062 R¥ (assume the modulator sends
S ;(H). Here we imply that the M signals

52(D(m from 1 to M) are probably nonindepe
ndent, so the inverse of matrix R maybe do
not exist. In the case of nonindependent sig
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nal set, Moore-Penrose generalized inverse of
matrix R does exist. Our optimum detector in
this paper does work when modulators signa
Is are not independent.

According to [3], the minimum bit error pr
obability criterion is equivalent to MAP criter
ion, so the optimum detector is

i=argmax(P, f[¥] 5]} (®)

where f1Y15(0]is the conditional probability
density function under the hypothesis that mo

dulator sends (.
According to the general processing method
for noncoherent detection, for getting the con

ditional probability density function f1Y15(2]
first for given¢i, calculate the conditional pr
obability density function f(Y1549:¢;) | then

we obtain f1Y18:(9)] according to the following
formula

AV s01= [ Y] 5,004, 79,)d8,

1 27
= (D, d.)ds.
oL AN s(0,) 3, ©
Denote the mean vector and covariance ma

trix of Y as My, Cy respectively, according to
{3] we have

A s-(t) 4)

—eg Pl (Y=my) G (V= m)]
ICA

("

Substitute concerned parameters into equati

1 ..
on (7),we have (denote B=———"t is
s Ml C y|

a constant.)
AY] s(0,4,)
= Bexpl- (Y- m,)”" (6 R")" (Y- m,))

- Be p[ (YTRY- Y7 Rm, — mYTRY+m;TRmY)]

O'

(8)
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In above formula,

m}Rm,,:[O---O A 0---0]

Pn Pa 7 P
p:21 p:zz pZ:M [0--0 A 0---0]
P Pm2 *° Pmum

= ‘{piiAi H 4 P pi=Ep;
9)
Y7 Rm, =15, ¥, - %]

0
Pu Pz o Pim| .
P:21 /-7:22 pZ:M A
P P " Pum 0
M -
=AY VoP o
m=1
(10)
m RY=[0---0 A 0---0]
Pu P v Pl K
Pu Pn 0 Pwm || N
P P Pumm LM
M
=42pim.’/m
m=1
(11)

Substitute above variables into formula (8),
we obtain
£(5:(6.8))
_ . Y
~(Y'RY=AY Y. P~ A PinIn+ EP)
m=) m=l

0,2

= Bexp

[ M
-Y'RY+ 2Re("§2pimym)' -Ep;
=l

0_2

= Bexp|

= Bex{. — (Y RY+ Ep,)+23— JE Re[e’" > Pin¥a) ﬂ

(12)
Introduce equation (12) into MAP criterion,
we get the decision rule as
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i=argmaxP, £(¥] 5,(0,8,)

=a,gmn{gyi f”exg(—;l;(Y’PH Ep,)
+2§R{exw¢j)g(p;mym)']}%}
{5, [ - Ls0r7p)
exp(—%gi).exp[Zg Re[exp(/qé,-)g(p,-mym)']}dféi}
(13)

equation,

fexp ———(172—( Y*TPY)]is not related to

In above

‘1’;, and it is a positive number for all i, so

27
we can get it out of J; ,and cancel it from

above formula, this processing does not influe
nce the decision of argmax. So does constant

E,P;\ .
B. Also exp T, i above formula i
s not related to ¢ ,50 we can take it to the
7% 3
outside of .[) .
In equation (13),

e/ﬁ
. where B is the

M . M *
Y (i) =2 (Pin V)
arl =l

M *
Y (PinYm)
m=1

phase angel of , then

E i .
ex 27‘/.;'— R{GXPQ%)Z(PWVHI) :]

E A * .
=ex 2%; R{exp(m) 1Y (Pui) | exwﬂ)]

o

=¢X

M
Z(Rmym)' cos@; + )
=l
(14)

Substitute concerned results into (6), we ge
t the optimum decision rule as

" E.p.
i = arg max{ P, exp(— —'[:i)
o

[t

0_2

Y. (Pin¥n)|coS($, + ﬂ))]}}

Ep. . 2JE
= arg max{ 7, exp( - —54) 1, (Y- )

M
> (Pin¥)

G (0 = [ exp( xeos y)dy )

= arg max{ —Ec';—fi+ In[ 7,(2 \/_‘ )]} P

0,2

> (PinYn)

(15)
Equation (15) is the optimum noncoherent d
etector for M-ary nonorthogonal nonlinear mo
dulation. This is a general noncoherent detect
or. If we let M signals be orthogonal and eq
ual energies, then the detector proposed here
is the same with the optimum detector in [1]
for orthogonal nonlinear modulation. If we set
that M signals are orthogonal, but with uneq
ual energies, then the detector here is the sa
me with the detector proposed in [2].

Il . Conclusion

This paper focuses on the noncoherent dete
ction for nonorthogonal nonlinearly modulated
M-ary communications systems. An optimum
noncoherent detector has been derived and pr
oposed in this paper for this kind of systems.
Previous noncoherent optimum detectors are o
nly for orthogonal M-ary systems, our nonco
herent optimum detector is for nonorthogonal
M-ary system. Compared with previous opti
mum detectors, our proposed noncoherent det
ector is more general, and can be used for all
kinds of M-ary communications systems, wh
ether or not the signals employed are orthogo
nal, equal energies, and equal priori probabiliti
es. Previous noncoherent detectors for M-ary
orthogonal systems can be regarded as the s
pecial case of the detector proposed in this p
aper.

In this paper, we have proposed a novel no
ncoherent optimum detector for nonorthogona
I, nonlinear M-ary communications systems. I
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t can be applied to all kinds of M-ary modu
lated communications systems. It is a generic
noncoherent optimum detector. Previous corre
sponding detectors assumed certain assumptio
ns, our detector generalized previous research,
it is applicable to all kinds of M-ary modulat
ed communications systems.
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