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Abstract

A multiple-input multiple-output interleave division multiple access (MIMO-IDMA) system with
Triple Polarized Division Multiplexing (TPDM) is presented in this paper. The present methodol-
ogy replaces three independent linearly polarized antennas with a single triple polarized antenna
at both the transmitter and receiver. The users in the communication link are accommodated and
separated using a user-specific interleaver combined with low rate spreading sequence. To elimi-
nate the effects of multi-stream interference (MSI), minimum mean square error (MMSE) algo-
rithm based on successive interference cancellation (SIC) Multi-user detection (MUD) technique is
employed at the receiver. Furthermore, log-maximum a posteriori probability (MAPP) decoding
algorithm is implemented at the mobile stations (MSs) to overcome the effects of multi-user inter-
ference (MUI) effects. The paper also evaluates the effects of coded MIMO-IDMA in the downlink
communication by adopting the Stanford University Interim (SUI) and Long-term Evolution (LTE)
channel model specifications. In comparison with the traditional uncoded system, the present
solution considering turbo coded triple-polarized MIMO-IDMA system with iterative decoding al-
gorithm provides better bit error rate (BER) with reduced signal to noise ratio (SNR). The simu-
lation results also show that though the SNR requirement is higher for the proposed technique
compared to the conventional uni-polarized antenna based MIMO-IDMA system, it gives the ad-
vantages of achieving higher data rate with reduced cost and space requirements in the context of
a downlink (DL).
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1. Introduction

The triple-polarized multiple-input multiple-output (MIMQ) with interleave division multiple access (IDMA)
techniques has evolved as the next generation wireless system as it supports higher data rate with reduced inter
symbol interference (ISI) and MAL. In a conventional IDMA system, linearly polarized antennas are exploited to
establish the communication link. Further, it has also been demonstrated that the capacity of the channel can be
improved by increasing the number of antennas used in the communication system. This increases the diversity
gain of the antenna. Further to minimize the coupling effects between the antennas, the radiating elements are
spaced at least half a wavelength at the subscriber station and ten times the wavelength in case of the base sta-
tions [1]. This assures maximum capacity and reliable benefits achievable in a MIMO-IDMA wireless system.
This poses stringent specifications on the infrastructure resulting in increased cost. Therefore this paper aims to
overcome this limitation through the usage of triple-polarized antennas for MIMO-IDMA system.

The utility of circularly polarized (CP) antenna arrays for MIMO is demonstrated in [2]. The CP antennas in
the single input single output (SISO) system presented in [2] performed better than the single linearly polarized
antenna in terms of spectral efficiency in multipath fading environments. The IDMA system proposed in [3] ex-
ploited the use of user specific interleavers combined with low rate channel coding for user separation. This is in
contrast to the code division multiple access (CDMA) scheme proposed in [4] where the users are separated us-
ing user specific spreading sequences. Though CDMA and IDMA systems have the potential of delivering
higher diversity gain and mitigating the inter-cell interference, IDMA has specific advantages over CDMA. This
includes the usage of low complex multiuser detectors than required for CDMA systems [5]-[12]. Further stu-
dies in [4] [5] [13]-[18] have proven that IDMA systems can outperform CDMA when iterative (turbo) receivers
are used. Therefore recent developments have shown that IDMASs can be easily integrated into the MIMO sys-
tems [15]. The interleaver for use in IDMA systems is designed and discussed in [16] and [17].

The performance of the MIMO system in SM or TD relies on the channel characteristics which are more
closely related to the antenna parameters such as the antenna height, spacing and scattering effects [9]. Since the
multiplexing gain or diversity gains are the functions of the number of antennas used in the system, more anten-
nas are highly preferred. However increasing the number of antennas poses challenge in terms of space require-
ments since at least ten times the wavelength is the minimum required spacing between the antenna elements in
case of a base station scenario. Also, the number of antennas is restricted to 4 and lesser due to size and energy
considerations [19].

The importance of the IDMA system and its benefits in a MIMO system are described in [3]-[7]. A single an-
tenna based IDMA system employing BPSK-modulation and the corresponding channel estimation is studied in
[18]. Further an extended IDMA system called multi-layer IDMA is proposed in [19]. The integration of ortho-
gonal frequency-division multiplexing (OFDM) with IDMA and its benefits are discussed in [19]-[21].

In the aforementioned literature works, most of the research adopted a dual-polarised antenna system in the
context of a single user communication system to achieve SM and TD. The impact of the number of users on the
performance of such systems remains unexplored since the increase in the number of users introduces additional
design challenges such as the MUI [22]-[25]. Multi-user detection (MUD) techniques are employed at the BS
and MS to overcome the effect of MUI. But the limiting factor is the complexity involved in the detection
scheme [6]. Therefore to overcome this limitation, transmitter side pre-processing technique to be called as
transmitter pre-processing (TP) or multi-user TP (MUTP) is employed in DL communications. Hence, the TP
along with the receiver side post processing enables to overcome MUI and inter-antenna interference (1Al) in a
DL-MIMO system [6] [22]-[24]. The performance of this pre-processing technique has been investigated in time
division duplex (TDD) system [6].

In a multi-user system, high performance gain can be realized using iterative turbo style interaction between
the detector and channel decoder [26] [27]. In [3] [5] and [7], the iterative IDMA receiver designs have resulted
in minimum mean square error and soft rake equalizers. On the other hand, these designs are limited at the re-
ceiver to a single antenna system or to the BPSK modulation scheme or to the perfect channel state information
(CSI). The analysis on the effect of coupling in a dual polarized MIMO channel is discussed in [28]-[31]. The
channel imperfections such as the delay spread, ricean K factor and cross polarization discrimination (XPD) also
affects the channel capacity which is proven through outdoor measurements as demonstrated in [25]. The dual-
polarized MIMO system exploiting space time block is studied in [26] and the test bed mimicking urban radio
communication is demonstrated in [28]. Furthermore the receiver cooperation in a Gaussian MIMO channel [29],
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the channel state information at transmitter (CSIT) of MIMO-IDMA [30] and the MUTP [11] [31] has been
discussed in literature to support the benefits of MIMO IDMA system.

Thus from the study of the literature, the integration of IDMA with single or dual polarized MIMO system
provides greater benefits in terms of the spatial multiplexing and spatial diversity.

The vertical Bell laboratories layered space time (VBLAST) architecture [32] which transmits multiple data
streams simultaneously over all antennas, is an example of spatial multiplexing. The VBLAST MIMO can pro-
vide higher data rate without increasing the bandwidth and the decoding complexity. However this system is li-
mited by ICI and IAI as discussed earlier. On the other hand, the space time block codes (STBC) [33] [34] are
the perfect examples for spatial diversity. The Alamouti orthogonal STBC (OSTBC) for two transmit antennas
with full rate is discussed in [33]. However in such a system, the overall performance is affected with increase in
the number of antennas due to the correlation properties of the channel due to rich scattering effects and small
antenna spacing [35]. Also, for different antenna inclinations, the polarization gain is estimated for both LOS
and non-LOS (NLOS) environment [36]. The results showed that, the mobile antenna inclination has minimal
effect on the polarization diversity irrespective of the polarization scheme.

The performance of the MIMO using dual polarized antenna has been studied in literature. To further improve
the diversity gain without increasing the number of antenna elements, this paper investigates the performance of
a triple polarized MIMO-IDMA system over correlated frequency selective channels. The benefits of turbo cod-
ing have also been integrated into the proposed system architecture along with Log-maximum a posteriori prob-
ability (MAPP) decoding algorithm at the receiver terminal. Thus the proposed architecture considers both ex-
trinsic and intrinsic information to detect the desired user signal. The performance metric such as the bit error
rate (BER) for single cell multi-user coded triple polarized MIMO-IDMA system with MMSE receiver is eva-
luated following the Stanford University Interim (SUI) and Long-term Evolution (LTE) channel specifications.

The rest of the paper is organized as follows: The system configuration is described in Section 2. The detec-
tion algorithm is illustrated in Section 3. The performance of the proposed system is discussed in Section 4. Fi-
nally the conclusions are drawn in Section 5.

2. System Configuration

A single cell multi-user downlink communication that supports K users has been considered in the proposed re-
search work. The transceiver architecture for the proposed single cell multi-user MIMO-IDMA system with
triple-polarized antennas is shown in Figure 1.

Each of K user is equipped with N, receive antennas and the base station is equipped with N, transmit
antennas. The input bit stream from the proposed configuration be expressed as

:
Ue = (U Upr - U ]+ k=12, K (1)

The bit stream is encoded using the channel encoder. Let b, defines the input bit stream with m bits after
channel encoding and is transmitted to the k™ user through the base station (BS).
The encoded bit stream,

b =B, Beor B |+ k=12, K . @)

To overcome burst errors, interleavers are deployed following the encoder section. Then the bit stream by,
J=12,3,---,m s then spreaded using the user-specific orthogonal spreading sequence c, which is given by

T
Cy E[CKO’Ckl""’Ck(NC—l)] ' (3)

where, N, is length of each frames

The element c, is referred as the code bits. ¢, is permuted by an interleaver =, ,

This user-specific spreading matrix is used to obtain the spreading sequence of the k™ user having the
length vector N.m and is expressed as

C.b.,where k=12,---,K. (4)

All the user’s signals are then combined to obtain the final transmission bit stream X, as defined by,
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Figure 1. Transceiver structure of single cell multi-user triple-polarized MIMO-IDMA system. V—Vertical;
H—Horizontal; S—Slant.

The bit streams are transmitted using VBLAST architecture using triple-polarized antennas at the transmitter

end.

The channel state information matrix of the proposed single triple-polarized antenna at the BS and MS is giv-

en by [26] and is represented in Figure 2.

L
HIp = hhv hhh hhs
hsv hsh hss

The cross polarization discrimination (XFD) factor estimates the polarization losses incurred in the proposed
scheme. The XPD is a random component and it gives the amount of signal loss due to information leakage in
adjacent polarization. This leakage is primarily attributed to the losses induced by the channel. Due to rich scat-
tering effects in the mobile environment, the transmitted signal undergoes depolarization. Experiments have
proven that antenna orientation that could give higher cross polarization discrimination can be employed to
overcome the effects of depolarization. The equation to estimate XPD in a frequency selective channel [14] [26]

is given by,
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\'%
Rx
®)
9)
(10)
11)
and
~ 12
c[i]
XPDy, =———=. (12)
=l
The XPD is chosen as,
1-
xm:M, 0<(B,+p,)<1. (13)
B+ 5,
The XPD for the fixed component matrix of the triply polarized channel [26] is given by
1- +
XPD;, =M, 0<(By + By )<1 (14)
Bis + By
and the normalizations factor is defined by [26] as,
~ 12 ~ |2 ~ 12
|hvv| =|hhh| =hy 21_(ﬂ1f +132f) (15)
~ |2 ~ |2 ~ |2
|hvh| = hsv = hhs :ﬁlf (16)
~ 12 ~ 12 ~ |2
I"'hv = h/s = hsh :ﬁzf . (17)

From the above set of equations, the normalization factor for the triply-polarized antenna [26] can be esti-
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mated as
e[} =€ {h[ | =E{R[}-2-(8+ 5) (18)
- elil] el
e} = E{Rf | = E{Raf ] = 5. (20)

Thus, for the triple-polarized MIMOIDMA system with N, x N, antennas at the BS and MS, the channel
state information matrix is given by

Htp =Py O(Rzthp Rtliz) (21)
where

Vi-u B B
Py = \/13_2 \/ﬁ \/Fl (22)
B

is the polarization leakage matrix with x= g+, where 0< <1 under symmetric conditions. Further
based on the investigations through (21), it can be inferred that the correlation matrices at the transmitter and
receiver end is defined as Rﬂf and fo/z. For an array of spatially distributed triple polarized antennas, from
[26] it can be inferred that the channel state information matrix be represented as,

Hy = 1Nk/3><N‘/3 ® pyy O(sz Htp N xN¢ Rtlx/z) . (23)

In the proposed scheme, the channel matrix that connects the k™ MS and BS is assumed to be frequen-
cy-selective and the channel model is assumed to satisfy the specifications as stipulated by Standard University
Interim (SUI) and Long-Term Evolution (LTE) specifications. Table 1 summarizes the power delay profile of
the proposed scheme under SUI and LTE conditions. Equation (24) represents the impulse response connecting

j™ receive antennaand i transmit antenna is given by

Table 1. Channel specifications for SUI and LTE channel models.

SUI-1 channel SUI-3 channel SUI-5 channel LhTE'FXteﬂded | LTE;jexte_nded
model model model vehicular channe pedestrian
model channel model
Path Number
0 Power
Power (dB) Delay Power (dB) Delay Power (dB) Delay Power (dB) d
Delay (us) Delay (ns) (dB)
p(7) (Hs) p(7) (Hs) p(7) (ns) p(z) o(z)
I
1 0 0 0 0 0 0 0 0 0 0
2 0.4 -15 0.4 -5 4 -5 30 -1.5 30 -1
3 0.9 -20 0.9 -10 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
8 1730 =12
9 2510 -16.9
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L
hyi (1) = X hjo(t-1) (24)
1=1
where, L represents number of paths between the j" receive antennaand i transmit antenna.
The received signal vector component y at the k™ MS is given by,

y=Hg,X+n, (25)

where H,, isthe triple-polarized N, x N, channel matrix.
n, is the complex Gaussian noise with N, length vector component and x is the transmitted N, x1
vector component.
Thus from Equation (25), it can be clearly stated that,
K
y=Hgx + > Hgex+n,k=12--K (26)
—— i=lizk

Desired | —
Slgnal MAI

where n, is the Gaussian complex vector with zero mean and the covariance matrix is given by
x{o(n)'}=o"1, 27)
where X {} and o are the mean and standard deviation.

3. VBLAST/MMSE Detection Algorithm

At the receiver end, minimum mean square estimation (MMSE) detection algorithm using successive interfer-
ence cancellation technique is considered to estimate the transmitted bit sequence from the triple polarized an-
tennas. The detection algorithm at the receiver is described as follows. The relationship between the transmitted
and received bit sequences in a MIMO-IDMA system is given by,

y=Hx+n. (28)
Initialize

i1 (29)
E=(H"H+ol,) H" (30)
z, =argmin|(E, )| . (1)

Recursion
WZi = (El )z (32)
Xzi = (WI )z- r| (33)
Yim=Yi— Xz, (Hzi ) (34)
E,=(HI'H, +o%1,) HE, M =4 (35)
z,,, = argmin “( E..), ” (36)
fe{z -z} (37)
i itl. (38)

Using the algorithm described above, the MMSE detection algorithm estimates the transmitted bit sequence as,
X, = X+n. The estimated bit streams are then deinierleaved using an user specific deinterleaver module to ob-
tain the original bit sequence as estimated by b, . b, is then despread following b, =S, -b, . A turbo decod-
ing algorithm based on Log-MAP decoding algorithm is then used at the receiver to obtain G, .
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4. Results and Discussion

This section presents the computer simulation results of the proposed MIMO-IDMA system following the
channel standards as specified by the SUI [37] and LTE [38]. The channel model parameters are given in Table
1 and simulation parameters are shown in Table 2.

During simulation, the Doppler shift of 0.5 and 2.5 Hz are considered with an antenna correlation coefficient
of 0.7, 0.4 and 0.3 for SUI-1, SUI-3 and SUI-5 channel models [37] respectively. Under LTE-typical urban
channel model and LTE-extended vehicular considerations [38], the Doppler shift is assumed to be 70 Hz for a
mobile moving at a velocity of 40 kmph and 162 kmph respectively. Furthermore, 10,000 channel realizations
are made for each SNR. A 1/2 rate parallel concatenated convolution encoder is considered for channel encoding
with = 0.4.

The BER performance of the uncoded and the proposed coded triple-polarized MIMO-IDMA system is
shown in Figure 3. in all the cases ten iterations were performed assuming SUI-1 channel model with VBLAST/
MMSE receiver. From the realized results it is evident that, the proposed coded MIMO-IDMA scheme could
achieve a 3 dB better than the uncoded MIMO-IDMA scheme.

Table 2. Simulation parameters.

Parameters Attributes
Modulation technique BPSK
Channel spacing 20 MHz
Sampling frequency 22.5 MHz
Number of triple-polarized antenna at the transmitter 1
Number of triple -polarized antenna at the mobile station 1

SUI-1, SUI3, SUI-5

Channel model LTE-extended vehicular and typical urban

Channel coding Turbo

XPD —3.98 Db

10
Uncoded Triple Polarized MIMO-IDMA for SUI 1 ch. model
Coded Triple Polarized MIMO-IDMA for SUI 1 ch. model

10

10

BER

10°

10
0 2 4 6 8 10 12 14
SNR(dB)

Figure 3. BER versus SNR for coded and uncoded MIMO-IDMA for under SUI 1 channel model.
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The BER performance of uncoded and the proposed triple-polarized MIMO-IDMA system is depicted in
Figure 4 and Figure 5 for SUI-3 and SUI-5 channel specifications respectively. From the results it can be in-
ferred that the proposed MIMO-IDMA system could offer better BER at low SNR as compared to the uncoded
triple-polarized MIMO-IDMA system.

Figure 6 shows the BER performance of the proposed triple-polarized MIMO-IDMA system under various
channel models and the uni-polarized MIMO-IDMA system was compared, the proposed triple polarized
MIMO-IDMA system under LTE channel model requires an additional 6 dB SNR compared to the single pola-
rized antenna case for a fixed BER of 10°°.

()
10
Uncoded Triple Polarized MIMO-IDMA for SUI 3 ch. model
Coded Triple Polarized MIMO-IDMA for SUI 3 ch. model
10”
% 10”
m
10°
10*
0 2 4 6 8 10 12 14

SNR(dB)

Figure 4. BER versus SNR for coded and uncoded MIMO-IDMA system for
SUI 3 channel model.

10°

Uncoded Triple Polarized MIMO-IDMA for SUI 5 ch. model
Coded Triple Polarized MIMO-IDMA for SUI 5 ch. model

10

10

BER

10
10

10
0 2 4 6 8 10 12 14
SNR(dB)

Figure 5. BER versus SNR for coded and uncoded MIMO-IDMA system for

SUI 5 channel model.
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The results in Figure 7 indicate that the proposed scheme requires an SNR of 6 dB to achieve a BER of 10°
as compared to uni-polarized MIMO-IDMA system. Thus from the results presented in Figure 6 and Figure 7,
it can be concluded that the proposed triple polarized MIMO-IDMA system for LTE channel model equipped
with turbo coding can perform better in terms of BER even under rich fading conditions.

0

10
Uncoded Triple Polarized MIMO-IDMA for LTE ch. model
Coded Triple Polarized MIMO-IDMA for LTE ch. model
10"
102
o
W
m
10°
10"
10°
0 2 4 6 8 10 12 14
SNR(dB)

Figure 6. BER versus SNR for coded and uncoded MIMO-IDMA system for LTE
channel model.

10°
Triple Polarized MIMO-IDMA for SUI1 ch. model
Triple Polarized MIMO-IDMA for SUI3 ch. model
Triple Polarized MIMO-IDMA for SUI5 ch. model
10 = Triple Polarized MIMO-IDMA for LTE ch. model

Uni Polarized MIMO-IDMA

10

10

BER

10
10

10
0 2 4 6 8 10 12 14
SNR(dB)

Figure 7. BER versus SNR for MIMO-IDMA system under various channel model.
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5. Conclusion

This paper presented a new technique to improve the performance of the existing MIMO-IDMA system. The
usage of a triple polarized antenna at the BS and MS has been demonstrated and the performance is analysed using
the SUI and LTE channel models. Form the presented results, it can be inferred that the BER performance of the
proposed scheme is enhanced in a rich scattering environment characterized by path dependent Doppler and an-
gular spread. The MSI at the transmitter and receiver end is minimized through the usage of the proposed archi-
tecture. Thus the proposed triple polarized MIMO-IDMA system with turbo coding performs well at a low SNR
offering higher data rate with significant reduction in cost and space requirements for developing the infrastruc-
ture.
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