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Abstract

This paper presents the multiple-input multiple-output Interleave division
multiple access (MIMO-IDMA) system with dual polarized division multi-
plexing (DPDM). Dual polarized antenna system replaces the uni-polarized
antenna system availing cost and space features. We have considered dual-
Polarized antennas at both the transmitter and the receiver ends to establish
DPDM. For the purpose of accommodation, the users are separated with user-
specific interleaver in combination with a low rate spreading sequence. In
the receiver, we consider the minimum mean square error (MMSE) algo-
rithm based successive interference cancellation (SIC) Multi-user detection
(MUD) technique to diminish the effects of multi-stream interference (MSI).
Furthermore, we implement Log-maximum a posteriori probability (MAPP)
decoding algorithm at the mobile stations (MSs) to alleviate the effects of
multi-user interference (MUI). We evaluate the effects of coded MIMO-IDMA
system in the context of downlink (DL) communication pertaining to the
Stanford University Interim (SUI) and Long-term Evolution (LTE) channel

Journal of Cyber Security, Vol. 6 4, 379–396.
doi: 10.13052/jcsm2245-1439.641
This is an Open Access publication. c© 2018 the Author(s). All rights reserved.



380 B. Partibane et al.

model specifications. We observe that our simulation results considered turbo
coded Dual-Polarized MIMO-IDMAsystem with iterative decoding algorithm
provides a better bit error rate (BER) performance with less signal to noise ratio
(SNR) when compared to uncoded system. Furthermore our simulation results
show that MIMO-IDMA system with Dual-Polarized antenna requires higher
SNR than uni-polarized antennas in order to achieve same BER. However, it
provides the advantage of replacing two uni-polarized antennas by a single
Dual-Polarized antenna which can therefore help achievement of a higher data
rate with a reduced size of MS in the context of DL transmission.

Keywords: Interleave Division Multiple Access (IDMA), Multiple Input
Multiple Output (MIMO), Multi-User Detection (MUD), Multi-User Interfer-
ence (MUI), Multi-Stream Interference (MSI), Polarization diversity, Stanford
University Interim (SUI) channel model, Long Term Evolution (LTE) channel
model.

1 Introduction

A dual polarized multiple input multiple output (MIMO) with interleave
division multiple access (IDMA) techniques is presented in this paper. The
concept has received a recent attention since it supports high data rates, reduced
inter symbol interference (ISI) and overcomes the effects of MAI. Deployment
of dual-polarized antenna is an effective solution to overcome noindent the
space constraints since deployment of antennas to get maximum capacity and
reliability more number of antennas with half wavelength spacing is required
in a MIMO system [1].

In comparison with single-input single-output (SISO) system, the
multiple-input multiple-output (MIMO) communication system presented in
[2] uses co-polarized (CP) antenna arrays at the transmitter (Tx) and receiver
(Rx) to improve the spectral efficiency in multipath fading environment. The
users in IDMA system are separated via user-specific interleavers combined
with low-rate channel coding [3]. The proposed technique in [3] is in contrast to
the code-division multiple access (CDMA), where users are separated through
user-specific spreading sequences [4]. In comparison with CDMA, the IDMA
has significant advantages such as less complex detection scheme without
compromising the diversity gain [5, 6–9]. Further the IDMA outperforms
the CDMA when it is integrated with iterative turbo decoding schemes at the
receiver terminal [4, 5, 8]. The other important significance of the IDMA is the
easy integration with MIMO systems [10]. The more detailed descriptions on
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the interleaver design for IDMA can be accessed from [11]. The performances
of the MIMO system rely on the overall channel characteristics which are
attributed to metrics such as antenna height, antenna spacing and multi-path
environment [12].The antenna spacing is to be at least ten times the wavelength
at the mobile station (MS) to achieve higher multiplexing gain. However large
antenna spacing poses serious space constraint and also increases the cost
to construct the infrastructure. Further the use of more number of antennas
generally a case when the number exceeds four, there is a serious energy
constraint [12]. A simple strategy to estimate the channel properties under
BPSK modulated single antenna IDMA system is presented in [13]. An
extended version of the IDMA termed as multi-layer IDMA is proposed in
[14]. The combination of IDMA system with orthogonal frequency-division
multiplexing (OFDM) [14–16] has been presented.

The coded multiuser systems exploiting iterative turbo style interac-
tion between the multi-user detector and channel decoder has considerably
increased the performance of the systems [17]. In [3, 5, 7], iterative IDMA
receiver design using soft rake equalizers has been presented. This was limited
to either the single antenna system or to the BPSK modulation scheme or to
the case of perfect channel state information (CSI). The coupling between the
dual polarized antennas has been presented in [18–22]. Significant variations
in the capacity due to channel variations has been reported in [20] under
outdoor conditions. The variations are attributed to delay spread, Ricean-K
factor and cross-polar discrimination (XPD). A dual polarized MIMO system
with space time block code has been investigated in [21]. A test bed for dual
polarized urban radio MIMO wireless system is demonstrated in [23]. Further
receiver cooperation in Gaussian MIMO channel has been demonstrated in
[24]. The channel state information at transmitter (CSIT) of MIMO-IDMA
has been discussed in [25]. The multiuser transmitter pre-processing (MUTP)
has been discussed in [6]. The different channel models for MIMO and fixed
wireless system was discussed in [26–29]. The authors in [30–35] discussed
recent advancements in next generation networks. Especially they concentrate
on 5G networks. From the above discussions, it is inferred that the research
is mainly focussed on dual polarized MIMO and fixed network system, this
paper deals with combining dual polarized MIMO system with IDMA will
get better performance than the conventional MIMO system.

In this paper, MIMO-IDMA systems with dual polarization to achieve
increased spectral efficiency have been considered and a detailed study on the
system configuration and the performance has been discussed in the following
sections.
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2 System Configuration

In this work, a single cell multi-user downlink communication which supports
K users has been consider.

Transmitter structure of dual-polarized MIMO-IDMA system

Receiver structure of dual-polarized MIMO-IDMA system

Figure 1 Transceiver structure of single cell multi-user dual-polarized MIMO-IDMAsystem.

The Figure 1 shows the transceiver structure of a single cell multi-user
MIMO–IDMA system with dual-polarized antennas. Each K user is equipped
with Nr receives antennas and the base station is equipped with Nt transmit
antennas. Let input bit stream be expressed as

uk = [uk1, uk2, . . . , ukm]T , k = 1, 2, . . . , K (1)

The bit stream is then encoded by the channel encoder.
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Let the bits stream transmitted contain m bits after channel encoding
and is denoted as bk , the bits transmitted to the k-th user from the base
station (BS).

Where

bk = [bk1, bk2, . . . , bkm]T , k = 1, 2, . . . , K (2)

The input bit stream is then interleaved to overcome the burst errors. The
bit stream bkj , j = 1, 2, 3, . . . , m is spread with the user-specific orthogonal
spreading sequence ck and is expressed as

ck ≡ [ck0, ck1, . . . , ck(Nc−1)]
T , (3)

where Nc is frame length.
The element ck is referred to as the coded bits. Then the ck is permuted

by an interleaver πk .
This user-specific spreading matrix is used to obtain the spread sequence

of the k-th user having length vector Ncm and is expressed as

Ckbk , k = 1, 2, . . . , K. (4)

The signal of all the users are summed up to obtain xk

Where

xk =
K∑

k=1

Ckbk (5)

The bit streams are transmitted using VBLAST architecture using the dual-
polarized antennas.

2.1 Channel Model for Dual-Polarised Antenna Configurations

For the MIMO-IDMAsystem with dual-polarised antennas, the channel matrix
is generally described in terms of the vertical and horizontal polarizations.
The transmit and receive relationship between the vertical and horizontal
polarizations of the antennas at the BS and MS are described by the channel
state information matrix H. This can be modelled with the help of Figure 2 as
given by [12, 18]

Hdp =
[
hvv hvh

hhv hhh

]
(6)

The backdrop of dual-polarised antenna structures suggest the ability to
separate the vertical and horizontal polarisation components as described by
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Figure 2 Dual-polarized antenna configuration.

the cross-polarization discrimination (XPD) factor which is directly related
to the random component of the channel. XPD is the main parameter that
features the information leakage from one polarisation to another induced by
the channel imperfections. Since the electromagnetic waves traverse through
the medium, they may undergo depolarisation due to scattering and reflection
in the rich fading environment. The XPD for the variable component of the
channel can be defined as given by [18]

XPDv =
E

{∣∣∣h̃vv

∣∣∣2
}

E

{∣∣∣h̃hv

∣∣∣2
} (7)

XPDh =
E

{∣∣∣h̃hh

∣∣∣2
}

E

{∣∣∣h̃vh

∣∣∣2
} (8)

A symmetric leakage is assumed as suggested in [12]. The parameter β,
0 < β ≤ 1 denotes the part of the radiated power that is coupled between the
vertical and horizontal polarization and vice versa. A perfect discrimination
between the vertical and horizontal polarisations occurs when β → 0 and a
polarization leakage occurs when 0 < β ≤ 1. Hence, XPD and β can be
related as

XPD =
1− β

β
, 0 < β ≤ 1 (9)

Here the following normalizations are assumed.∣∣∣h̃vv

∣∣∣2 =
∣∣∣h̃hh

∣∣∣2 = 1− β (10)

∣∣∣h̃vh

∣∣∣2 =
∣∣∣h̃hv

∣∣∣2 = β (11)
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The XPD for the fixed component matrix of the dual-polarized channel is
given by

XPDf =
1− βf

βf
, 0 < βf ≤ 1 (12)

and the normalizations factor for the dual-polarized antennas is summarized
[18] as

E
{ ∣∣hvv

∣∣2} = E
{ ∣∣hhh

∣∣2} = 1− βf (13)

E
{ ∣∣hhv

∣∣2} = E
{ ∣∣hvh

∣∣2} = βf (14)

In a multi-antenna signalling approach, the elements of spatially separated
single polarised channel matrix are correlated when the channels do not exhibit
rich scattering and when the antenna spacing is small [18].

The channel matrix for the dual-polarized Nr × Nt, is then expressed as

Hdp = ρdp �
(

R1/2
rx Hdp R1/2

tx

)
(15)

where

ρdp =
[√

1− β
√

β√
β

√
1− β

]
(16)

defines the polarization leakage matrix, and R
1/2
rx and R

1/2
tx are the receive and

transmit correlation matrices.
Now, without loss in generality, and for specific reference extension to the

arrays of several spatially separated dual-polarised antennas can be readily
expressed using [18].

Hdp = 1Nk/2 × Nt/2 ⊗ ρdp �
(

R1/2
rx Hdp N k× Nt R

1/2
tx

)
(17)

In this work, the frequency selective feature of channel matrix has been
assumed and it connects k-th MS and BS. The channel model is based
on the Standard University Interim (SUI) and Long-Term Evolution (LTE)
specifications. The power delay profile for SUI and LTE channel model are
summarized in Table 1. The impulse response connecting j-th receive antenna
and i-th transmit antenna may be defined as

hji(t) =
L∑

l=1

h l
ji∂(t− τl) (18)
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Table 1 Channel specifications for SUI and LTE channel models
LTE-Extended LTE-Extended

SUI-1 Channel SUI-5 Channel Vehicular Channel Pedestrian Channel
Model Model Model Model

Path Delay Power (dB) Delay Power (dB) Delay Power (dB) Delay Power (dB)
Number (l) (μs) p(τl) (μs) p(τl) (ns) p(τl) (ns) p(τl)
1 0 0 0 0 0 0 0 0
2 0.4 –15 4 –5 30 –1.5 30 –1
3 0.9 –20 10 –10 150 0 70 –2
4 310 –1.5 90 –3
5 370 –0.6 110 –8
6 710 –9.1 190 –8
7 1090 –7 410 –20.8

Where L represents the number of paths between j-th receive antenna and
i-th transmit antenna.

The received vector component y at the k-th MS be expressed as,

y = H kdpxk + nk (19)

where Hkdp is the dual-polarized Nr × Nt channel matrix and can be written
as

Also, nk is the complex Gaussian noise with Nr length vector component
and xk is the transmitted Nr × 1 vector component.

Clearly the Equation (19) can be expressed as

y = H kdpxk︸ ︷︷ ︸
Desired
SIgnal

+
K∑

i=1,i�=k

H kdpxi

︸ ︷︷ ︸
MAI

+n′
k , k = 1, 2, . . . , K (20)

where n′
k is the Gaussian complex vector with zero mean and covariance

matrix be expressed as

E
{
n ′

k
(
n ′

k
)H

}
= σ2 INr (21)

where E{·} indicates expected value of argument and σ represents standard
deviation.

3 VLAST/MMSE Detection Algorithm

The Minimum Mean Square Estimation (MMSE) algorithm based on the order
successive interference cancellation technique (Choi 2006) is considered for
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detection of the transmitted sequence. The algorithm can be described as
follows.

The input-output relationship of MIMO-IDMA system is given by the
following equation

y = H̄ x + n (22)

Initialize
i ← 1 (23)

Ei = (HH H + σ2IM )−1HH (24)

zi = argmin ‖(Ei)‖ (25)

Recursion
Wzi = (Ei)zi

(26)

xzi = (Wi)ziri (27)

yi+1 = yi − xzi (H zi) (28)

Ei+1 = (HH
z i

H z i
+ σ2IM )−1HH

z i
, M = 4 (29)

zi+1 = argmin ‖(Ei+1)f ‖ (30)

f /∈ {z1 . . . zi} (31)

i← i + 1 (32)

The above MMSE/OSIC detection algorithm is carried out for obtaining
x̂k = x + n bit stream. The bit stream is deinterleaved by a user specific

deinterleaver for getting sequence ˆ̃bk is then despreaded. The despread

sequence b̂k = ST
k · ˆ̃bk is decoded by the turbo decoder based on the maximum

Log-MAP decoding algorithm to obtain ûk .

4 Results and Discussion

In this section, the computer simulation and corresponding results of MIMO-
IDMA system under SUI and LTE [26–29] channel specifications has been
presented. The channel model parameters and simulation parameters are
presented in Table 1 and Table 2 respectively.

A Doppler shift of 0.5 Hz and 2.5 Hz with antenna correlation of 0.7
and 0.3 for SUI-1 and SUI-5 channel models [26, 28] respectively has been
assumed. We presume a Doppler shift of 70 Hz and 300 Hz and mobile moving
at velocity of 40 km/hr and 160 km/hr for LTE-typical urban channel model
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Table 2 Simulation Parameters
Parameters Attributes
Modulation technique BPSK
Channel spacing 20 MHz
Sampling frequency 22.5 MHz
Number of dual-polarized antenna
at the transmitter

1

Number of dual-polarized antenna
at the mobile station

1

Channel model SUI-1, SUI-5,
LTE-Extended
vehicular and
Typical urban

Channel coding Turbo
XPD –3.98 db

and LTE-extended vehicular respectively [27, 29]. 10,000 channel realizations
for each value of SNR has been considered. We realize parallel concatenated
convolutional encoder with a rate of 1/2. Further, we consider the value for η
to be 0.4.

From the figure, we observe that to acquire a BER of 10−2, the uncoded
system requires an SNR of 8 dB. Figure 3 and 4 depict the BER performance
of a dual-polarized MIMO-IDMA system for SUI-1 and SUI-5 channel
specifications.We observe that the coded dual-polarized MIMO-IDMAsystem
with VBLAST/MMSE algorithm provides a better BER performance with
less SNR in comparison with the uncoded dual-polarized MIMO-IDMA
system.

Figure 5 and 6 indicates the BER performance of dual-Polarized MIMO-
IDMA system for LTE pedestrian and vehicular channel model. It is observed
that the coded system require to achieve a BER of 10−4 approximately
10 dB From the Figure 7, it is observed that to achieve a BER of 10−4,
the considered system with an uni-Polarized antenna require 3.5 dB SNR
than the dual-Polarized antenna requires 10 dB under SUI-5 and LTE channel
specifications.

Figure 8 illustrates the performance of the number of iterations with
different SNR, it is inferred that our considered dual-polarized MIMO-IDMA
system with turbo code achieves BER of 10−4 after the fifth iteration of 7 dB
for SUI and LTE channel models.
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Figure 3 BER vs. SNR performance of coded and uncoded dual-polarized MIMO-IDMA
system for SUI-1 channel model.

Figure 4 BER vs. SNR performance of coded and uncoded dual-polarized MIMO-IDMA
system for SUI-5 channel model.
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Figure 5 BER vs. SNR performance of coded and uncoded dual-polarized MIMO-IDMA
system for LTE Ped. channel model.

Figure 6 BER vs. SNR performance of coded and uncoded dual-polarized MIMO-IDMA
system for LTE Veh. channel model.
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Figure 7 Comparison of uni-polarized and dual-polarized MIMO-IDMA system.

Figure 8 BER vs. No. of Iterations dual-polarized MIMO-IDMAsystem with various channel
models.



392 B. Partibane et al.

5 Conclusion

In this paper, we investigated the BER performance of a turbo coded dual-
polarized MIMO-IDMA system for frequency-selective channels based on
SUI and LTE channel specifications in the context of DL communication.
The ability of path-dependent Doppler and angle spread with rich scattering
that degrades the BER performance of the system has been considered and
solutions are provided to mitigate the effects of MSI both at the transmitter and
receiver. The results show better performance when the system is equipped
with dual-Polarized MIMO-IDMAemploying turbo style of iterative decoding
algorithm. The overall systems provides better BER performance with less
SNR irrespective of the channel conditions while offering higher data rate
with reduced size of MSs.
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