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Dear editor,

Directional modulation (DM) has been developed as a
How-
ever, most of the DM techniques cannot guarantee transmis-
sion security when eavesdroppers and legitimate users share
the same direction. In order to tackle this problem, a DM
system with multiple distributed and cooperative receivers,
namely DM-CR, was proposed in [1]. Then the DM-CR and
spatial modulation (SM) techniques were combined into a
novel directional modulation (SDM) system [2], which not
only maintains the secure transmission in DM-CR systems
but also possesses SM’s high-throughput characteristics.

Recently, polarization states (PS) of electromagnetic
waves, as a new dimension in addition to frequency, time,
and amplitude-phase, have been explored as a novel modu-
lation scheme termed polarization modulation (PM) [3-5].
Motivated by the PM system, a polarized spatial and direc-
tional modulation (PSDM) scheme is proposed in this study
to improve the security and spectral efficiency of SDM with-
out increasing the number of RF chains.

promising physical layer security (PLS) technique.

Transceiwer design. As shown in Figure 1(a), we con-
sider N, distributed cooperative receivers at Bob as well
as an eavesdropper Eve both equipped with a single dual-
polarized (DP) antenna. The DP antenna consisting of a
pair of co-located orthogonally polarized dipoles is capable
of transmitting the horizontal and vertical components of
signals which are denoted as Ej, and E, [6]. Furthermore,
arbitrary polarization states (v,n) can be shaped by differ-
ent combinations of the E}, and E,, which are given by

v

E
v = arctan (E_) , n=angle(E,) — angle(Ep), (1)
h

where v € [0,71/2] is auxiliary polarisation angle and n €
[=m, ) is polarization phase difference. In the remain-
der of this article, all antennas are defaulted as the same
DP antenna. Additionally, the legitimate transmitter Al-
ice is equipped with a polarization-sensitive crossed-dipole

array consisting of Ny DP antennas. Suppose the direc-
tions of Bob and Eve relative to Alice are denoted as
Op = [631,632,...,63Nr} and 0p respectively. Further-
more, all of the Bob’s antennas are connected to a central
digital signal processing (DSP) unit which operates the de-
tection and demodulation of receive signals jointly. In the
real transmission, even if the receiver is equipped with the
same antenna as the transmitter, there exists mutual inter-
ference between receive signals, Ej, and Ey, owing to the
cross-polar discrimination (XPD) [7]. Therefore, the receive
signals are given by

Eh —x Eh _ 1 ﬂ Eh

E, E, VX 1 E,
where x is the coupling matrix and the XPD parame-
ter in dB is denoted as x;é = —10log x. Assuming the
transceiver is located in the same plane and taking the XPD
into consideration, the steering array in azimuth angle 6,
HI(0) € C?*2Nt s formulated as

; 2)

H
NES] hg(0) ® x, ®3)

where ® denotes the Kronecker product, and h(0) € CNVtx1
is the steering vector of the normal uniform linear array
which can be expressed as

hs(9) — {17 ejTrsin97“ . ej(Ntfl)T[sinQ]T. (4)
Then, considering all the N, receivers, the steering matrix
of Bob Hp € C2Nr*2Ntcan be further expressed as

Hp = [Hy(0p,) Hp(05,) - Hp(0py)]".  (5)

At the transmitter side, the total logy (M PN,.) data bits
are divided into three parts. The first log, (M) bits are in-
voked to generate the M-order amplitude-phase modulation
(APM) symbol spm,. The log,(P) bits of the second part are
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Figure 1

used to choose one polarization state (v,7)p from the P-
elements polarization state set. The remaining logy (Ny) bits
are allocated to select the target index [ of the receive an-
tenna. Thus, the transmit vector s,,,; € C2Nrx1 i given by

Smpl =€ ®

cos Ypbm
sinyp " b,

=10,0,...,0,c08 Ypbm,sin v by, 0,..., 0,0]T, (6)
—— N

1th Ith

where by, € B = {bi,b2,...,bps} is the APM symbol
with uniform power (i.c., E{|bm|?> = 1}), then (cosyp,
sinype”r) € P is the PM symbol, and e; is the Ith stan-
dard basis column vector of the Iy,. Furthermore, the
beamforming vector for the ith receiver of Bob denoted as
Wpg, € C?NeX2 =1 ... N,, is formulated as

N,-th

Wg, = |hs(05:) @ | | hs(05:) @ ) (7)

ot
0

where a; = el® € A, i =1,..., N, is a scrambling factor
updated with the symbol rate, which is available at both
Alice and Bob. Taking all the antennas of Bob into con-
sideration, the beamforming vector W € C2NtX2Nr can be
expressed as

W= [Wg, ,Wg,,...,Ws, |. (8)

Signal detection. Therefore, the N, pairs of receive signal
yp € C2NrX1 at Bob can be expressed as

yp = HpW sy + 1, 9)

where ng € C2Nr*1 is the additive white Gaussian noise
(AWGN) at Bob, each element of which obeys CA(0,0%).
Furthermore, the APM symbol by, PM symbol (cosvyp,
sinyel” ), and receiver index | can be jointly detected by
the maximum likelihood (ML) criterion as
(mvﬁvi) = argmlin ||yB - HBWSmleE .

m,p,

(10)

Similarly, the receive signal yg € C2%! at Eve can be ex-
pressed as

yg = H} (0p)Wspp +np. (11)
Due to the miss of Hp and A, the ML detection of Eve can

only be conducted as
2
cos Ypbm
YE — { }

(m,p) = arg min (12)

m,p sinype!"P by,

2

According to (12), Eve cannot detect the receiver index [
resulting from the distributed cooperation in the proposed
PSDM scheme.
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(a) System model of PSDM; (b) BER performance comparison between DM-CR, SDM, and PSDM.

Low-complexity near-ML detection at Bob. For alleviat-
ing the computational complexity in (10), a low-complexity
near-ML (NML) detection is employed for the signal detec-
tion at Bob, which only requires M 4+ P+ N, Frobenius norm
operations. First, the receiver index [ is obtained by search-
ing the maximum receive signal power, and is formulated

as 1 2
lyp| —er ® [ }
1

Then, the XPD parameter x is required to be estimated
and equalized to eliminate the XPD effect. Furthermore,
the NML detection can be further implemented to obtain
the polarization state symbol ps(vBi, nBi) as

(13)

i= arg min
l

2

R . 2
p = argmin ||ps(y5;.n5;) — Ps(ypmp) |- (14)
P
Finally, the APM symbol can be detected as
=h T v G—ing 2
yBAC“l* Yyp.e P
L : i i _
M = arg min - bm| , (15)
m 2 cosvp 2siny;

where ﬂ%ﬂ and 73 are the outputs of XPD equalization.
i

Conclusion and simulation results. This contribution
proposed a PSDM system with a DP array in the context
of free space transmission. Specifically, the steering vector
of the DP array was introduced with the consideration of
XPD, followed by a design of the transceiver structure. Fi-
nally, bit error rate (BER) simulation results in Figure 1(b)
demonstrate that the proposed PSDM scheme outperforms
its SDM, DM-CR counterparts.
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