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Keywords Pilot contamination (PC) is the major challenge in Massive Multiple Input Multiple
M-MIMO, Pilot Output (M-MIMO) systems of work of previous researchers because it reduces the
Contamination, OVSF, achievement of numerous benefits of the M-MIMO system. In this proposed scheme, users
and ZCPS are classified into center cell and edge cell users based on their large-scale fading. The

center cell users suffer less or no interference which not the case with the edge cell users.
Pilot sequences are assigned to the center cell users, which are shared sequentially with
new users after being exhausted. The edge cell users are assigned distinct Orthogonal
Variable Spreading Factor (OVSF) and multiplied then by Zadoff Chu Pilot Sequence
(ZCPS), thereby creating orthogonality across the cells as well as across the neighboring
cells. This process reduces or eliminates interference, resulting in improved performance
of the M-MIMO system as evident from both the plots of the results of the work of Ali et
al., (2017a) and that of the developed scheme. When the plots of the sum-rate against
standard deviation of AoA, number of antennae, cross gain, and number of cells of both
schemes are compared, the developed scheme outperformed the existing work with
improvements of 6.8%, 11.11%, 12.20%, and 11.90%, respectively.
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1. INTRODUCTION et al., 2016). In addition, 5G network is capable
. . . of solving the shortcomings associated with the
The growing need for higher data rates in the 9 g

) L previous communication systems, such as
system of wireless communication have
. ) multi-media applications, reliability of the link,
innovative

necessitate the requirement for

latency, full coverage, and energy efficiency

technologies that is competent in the provision
(Larsson et al., 2014).

of high capacity in contrast with previous

mobile network technologies (Elijah et al.,
2016). It was predicted that, there would be a
serious rise in mobile communication traffic
through the next decade, therefore, the next
Fifth Generation (5G) network demand arouse
in order to achieve the predicted capacity (Li et
al., 2014). Massive Multiple-Input Multiple-
Output  (M-MIMO)
predicted to be the technology to cater for this

systems have been

large data capacity for mobile network (Elijah
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When an extra data of pilot is transmitted
it helps in the
determination of Channel State
(CSI). The multi-cell M-MIMO systems suffer

together with actual signal,
Information

from Pilot Contamination (PC). PC interference
that occurs as a result of pilot

sequence reuse in the nearby cells in the course
of channel estimation which cannot be overcome

with the increasing number of antenna is the
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major M-MIMO

(Muppirisetty et al., 2018).

challenge in systems
The Least Square (LS) channel estimator which
does not require perfect knowledge of channel
statistics results to estimates not good
enough,while  Minimum Mean Square Error
(MMSE) estimator which requires the ideal
knowledge of channel covariance matrix gives
better estimates (Mehrotra & Chaubey, 2017).
Numerous schemes have been suggested in the
literature as an effort to resolve the problem of
PC in multi cell M-MIMO system (Liu et al.,
2. REVIEW OF SIMILAR WORK
Salhet al., (2020) proposed the mitigation of pilot
contamination for channel estimation in multi-cell M-
MIMO systems, a technique that reduced PC and
improved the performance of edge cell users through
the use of the large scale fading and orthogonal pilot
sequence reuse. The edge cells PC issue was
eliminated using, Matched Filter (MF) and Zero
Forcing (ZF) pre-coding scheme. The system’s
results could be better, if the MMSE pre-coder is
employed because of its better performance.
Waziriet al., (2019) proposed the development of
Pilot Allocation Protocol (PAP) for the mitigation of
PC and enhancement of edge cell users’ performance
in Time Division Duplex (TDD) M-MIMO systems.
Sectional pilot sequence sharing was employed and
the Rayleigh fading channel was wused for
initialization. In the scheme, more than one user
shared the same orthogonal pilot sequence. Signal
equalization was achieved by using ZF and MF pre-
coding/detection scheme. It was verified that ZF out

performed MF in terms of Bit Error Rate (BER).
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2017). Considering the issues of CSI estimation
error in multi-cell system, Benmimoune et al.,
(2015) projected an integer linear programming
and heuristic dynamic programming algorithm,
while Tebe et al., (2015) suggested down link
transmit power model. Despite this effort, there
is still the need for improvement in terms of
sum-rate capacity through PC reduction, CSI
estimation  improvement,  pilot  sharing
technique, and improved fading channel model
(like Nakagami fading channel model).
There is need for further intervention in the edge cell
user’s orthogonality to further enhance the overall
system performance as well as achieve better sum
rate capacity.

A scheme based on location was projected by
Muppirisetty et al., (2018) to reduce PC in the uplink
transmission of M-MIMO systems. The scheme made
use of inexact location of UT including their BS in
order to present fine estimate of the CSI between UT
and their matching BSs. The system was designed to
avoid PC in the presence of moderate number of
transmission antennae and assigned identical pilot
sequences to several users from different or the same
cell. Pilot coordination technique for multi-user multi
cell system was suggested for pilot decontamination.
The results from this technique showed that there was
improvement in the overall sum-rate. Despite the
tremendous achievement in the overall sum rate, the
cost of coordination was the major drawback of this
study.

Ali et al., (2017a) proposed the development of

orthogonal uplink pilot sequences for multi-cell TDD
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M-MIMO
(ZCPS) was employed in order to eliminate PC

system. Zadoff-Chu Pilot Sequence
during channel estimation. In this proposed method,
there was assignment of definite orthogonal code to
Base Station (BS) followed by the

multiplication of ZCPS element-wise at individual

individual

BS, which created orthogonality across the nearby

cells. The simulation results showed that this
proposed design got rid of PC for the period of
channel estimation procedure, thereby improving the
sum rate gains. Large scale fading was not considered
in this technique which could have affected the
results.

2.1 Review of Concepts

It is important to review models, tools, methods, and
techniques used in addressing problems associated
with PC. This equips the researcher with the adequate
knowledge suitable to make appropriate choices on
these aspects necessary to obtain better results.

2.1.1 Uplink Training Model

Considering a BS g, the received uplink signal (yq) is

modeled as in Ali et al., (2017):
Yo =\/Pup Z%:l VDig HigZ + Vg ey

where, p,,denotes the average uplink transmit

power, Dyq is given by

diag (Big1, Pigz, - Biqu).Pigurepresents the cross
gain, Hycorresponds to the channel coefficient, Z
depicts the set of pilot sequences (Z1, Z> ... Zy), and
Vstands for Additive White Gaussian Noise

(AWGN).
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Figure 1: The model of connection between the a-th
antenna of the g-th cell and u-th user of the r-th cell
ina TDD M-MIMO System ali et al, (2017a)

2.1.2 Downlink Transmission

The downlink transmission is achieved by employing
the Minimum Mean Square Error (MMSE) pre-coder.
due to its lesser noise and interference with high
power efficiency advantages over other pre-coding
techniques (Albreem et al., 2019). The MMSE pre-
coder and the corresponding output from the MMSE
are mathematically modeled as follows(Albreem et
al., 2019):

sy = (HUH +——D)TTHY (2)

Xumse = S(AY sey) (3) where, Istands
for the identity matrix, H”denotes the transpose of
the channel matrix, H is the Hermitian channel
matrix, H Hrepresents the Grammian matrix, S(.),
the slicer quantizes each entry to the nearest neighbor
in the constellation, and K corresponds to the number
of mobile users.

The achievable rate with MMSE pre-coder for the
uplink and downlink is given by Fatema et al,
(2017):

ﬁquﬂgSE = mﬁqq (1+

-1
pup(z:%:lzg:lcqﬁlqucc?)) J’ch (4)
where, C,corresponds to the pilot sequence and

C/lrepresents the Hermitian transpose of the pilot
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sequence, B4, is the cross gain,f,,denotes the direct
gain, y,stands for the received signal, Ldepicts the
number of cells, and usignifies the number of users.
The Angle of Arrival (AoAs) 6,4,0f all paths are
independent and identically distributed (iid) Gaussian
random variables with mean 6,,, = 90° and
The the

number of Antenna (A), the higher the sum-rate and

standard deviation g4,, = 90°. larger
the propagation diversity gain of the system(Ali et
al., 2017b).

2.1.3 Zadoff-Chu Pilot Sequences (ZCPS)
Zadoff-Chu sequences have vast applications, but are
mainly employed as reference signal (pilot) in order
to provide good timing estimation due to their better
autocorrelation property (that is, their Constant
Amplitude and Zero Auto Correlation (CAZAC)
property). Hence, it is believed that Zadoff Chu (ZC)
sequence may be employed as the pilot sequence in
the next generation networks (Ali et al., 2017a) and it
is modeled in Ali et al., (2017) as:

Z,(n) = e = 01,..P—1 (5)
where, P is the pilot sequence length (even), u €
(1,2, ...,P — D)represents the pilot sequence root
index.

2.1.4 Orthogonal Codes

Orthogonal codes are classified into three, mainly:
Walsh, Hadamard, and OVSF (Rintakoski et al.,
2004). The common orthogonal codes such as OVSF
and Hadamard codes are often employed in pilot
sequence designs(Tseng & Chao, 2002). There is
mutual orthogonality in the code rows of these codes.
Therefore, multiplying the code rows element-wise
with ZC pilot sequence creates orthogonality across
the network (Tseng & Chao, 2002).
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Consider an 8 by 8 orthogonal matrix as follows (Ali

etal., 2017a):
1 1 1 1 1 1 1 1
1 1 1 1 -1 -1 -1 -1
1 -1 -1 1 1 -1 -1 1
1 -1 -1 -1 -1 1 1
Og = 1 -1 1 -1 1 -1 1 -1 ©6)
1 -1 1 -1 -1 1 -1 1
1 -1 -1 1 1 -1 -1 1
1 -1 -1 1 -1 1 1 -1

Each row is represented by Os, w, Where w is the row
number.

2.1.5 Orthogonal ZCPS

The pilot decontamination technique multiplies ZCPS
element-wise with the individual orthogonal code
rows to achieve orthogonality across the network.
The technique chooses the length of ZCPS as the
multiple of two (that is, P=2", m > 2).

Therefore, the ZC sequence with P=2" is written (Ali
etal., 2017) as:

. n 2
Z,(n)=e’™m n=01,..P-1

()

The set of cyclically shifted version of Z, is
represented byZ, (Ak), where, Ak is the cyclic shift
(Ali et al., 2017a) and expressed as:

-2 -1)<Ak<(2M™-1) (8)

Considering a system composing of seven cells, the
separate orthogonal code row is given to each BS of
the cluster of seven cells. The assigned distinct
orthogonal code row is multiplied element-wise with
the set of ZC sequence at the BS of the seven cells.
The result of the multiplication is given (Ali et al.,
2017) as:

Cone = Zu(BK) * Og,,

Cepk = Zy(n + Ak) * Og,,(n+ 1)

(9)
(10)



Zaria Journal of Electrical Engineering Technology, Department of Electrical Engineering, Ahmadu Bello University, Zaria — Nigeria.
Vol 10 No. 2, Month 2021. ISSN: 0261 — 1570.

where,n = 0,1,...,2M —1, ‘%> represents the
element-wise multiplication, and e=1, 2,...,7 denote
the number of the BS in the seven cells.

2.1.6 Grouping User Terminals

For commonly used block fading model, it is
assumed that the channel gain will remain steady
during the coherence interval. Considering the
k™user, the j™ cell, and the i™ BS, the large-scale
fading channel coefficient, §,;, which is the same at
the BS but dependent of Mobile Terminal (UT), is

given by Zhou et al., (2018) as follows:
Ajjk

(riji/Tmin)"

5ijk = (11)

where, A;j is the shadow fading factor, 7;;,denotes
the distance between user k of cell j to BS
l,rminrepresents the minimum distance between users
and BS (cell radius), and ysignifies the path loss
exponent. Therefore, for a UT, withC denoting the
center cell users and E the cell edge users.
auser is Cif 8% > py (12)
auseris E if 67 < p (13)
where, p; is the power threshold for the grouping,
that is independent of geographic location of the UT,
rather it depends on signal space of &;;; and can be

expressed (Zhu et al., 2016) as:

—_ Ayk <2
pL =« Lk=10ijk

(14)

where, p;denotes the threshold adjustment parameter
that can be tuned in accordance with system design,
Krepresents the number of users, and Sl-zjk is the
power based on large-scale fading coefficient. It is
generally assumed that 6l-zjkis known at the BS (Zhu
etal., 2016).

The UTs are divided into center cell and edge cell

users, respectively. The division is done based on
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large-scale fading coefficient because the achievable
rate for M-MIMO depends on it (Yang et al., 2015).
The division made, improves the Quality of Service
(QoS) of the edge users, thereby increasing the
throughput of the system. The adjustment of A
determines a user as center cell or edge cell user.
When the value of Ais zero, all users are edge cell
users. On the other hand, when A is set to the highest
value of K, (that is, A = K), implying that all the
users are center cell users.
For a center cell pilot number P; < K,the pilots with
new users are shared if the following holds:

=0 (15)
That is, when the center cell pilot P,are exhausted,
pilot sharing with new users start. Otherwise, each
user is assigned a pilot.
2.1.7 Center Cell Pilot Sharing
The center cell pilot sharing is achieved through the
employment of Hadamard matrix that solves the
problem of intra-cell interference caused by pilot
sharing. Hadamard matrix is characterized as a
square matrix that is the same as its inverse and
whose elements are either 1 or -1 and orthogonal in

nature. The Hadamard matrix is derived from OVSF

(Rintakoski et al., 2004), which is clarified
mathematically as follows:

_[H H
Hr = [H o (16)

3. METHODOLOGY AND SIMULATION

The methodology adopted in this research work
involves a cellular network of L hexagonal cells in
which the BS of each cell contains an array ofA

antennae and serves U single antenna Mobile
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Terminals (MTSs) in the same frequency time resource
considered.

Users were grouped into center cell users and edge

cell users based on their large-scale fading
coefficient.
Pilot Sequences (PSs) are assigned to users

sequentially for the center cell users, but shared
sequentially with other users when pilots are
exhausted. The Hadamard code is assigned to the
new user. OVSF codes are assigned to cell edge users
and then multiply with ZCPS across the edge cells.

Minimum Mean Square Error (MMSE) estimator and
linear equalizers are employed for Channel State
Information (CSI) estimation and sum-rate capacity
determination of the developed improved orthogonal
uplink pilot sequence decontamination scheme. The
system architecture of this developed scheme is

shown in Figure 2.

Figure 2: System Architecture of the Developed
Decontamination Scheme

Sum-rate capacity is used as the performance metric
for the validation and evaluation of the developed
pilot decontamination scheme when compared with

the work of the base paper.
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4. RESULTS AND DISCUSSION
The results achieved from the improved pilot
decontamination scheme using orthogonal uplink
pilot sequence based on large-scale fading are
presented. The scheme’s performance was weighed

up using sum-rate.

Parameter Syvmbaol Value
MNumberofcells L 7
Transmission Frequency F 2100NHE
MNumberofusers percell ] 13
MNumber of antennas A 100
Asrerage UL TX power Bun 0dE
Average DL TX power Pup 10dBE
Direct gain Bagu 1
Cross gain Bigu 03
Pilot length p=2m g
Frequency reuse factor @ 1
Mean of ACAs Xana oo
standard deviation of ADAs g4, opd
Antenna spacing D Af2
MNumberofpaths { 100

The simulation results obtained based on the model
parameter values shown in Table 1 for the developed
scheme are discussed here. The technique was
developed based on Nakagami Fading channel
model. Figure 2 depicts the plots of sum-rate versus
standard deviation of Angle of Arrivals (AoAs) of the
two systems obtained using equation (2.11), where
the AoAs ranges from 0° to 90°. The performance of
the developed scheme is represented in red and that
of the existing scheme, Ali et al., (2017a), in black.
At 0° standard deviation of AoA, the existing scheme
offers sum-rate capacity of 21lbps while the
developed scheme presents sum-rate capacity of
22bps. At 90° standard deviation of AoA, the existing
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scheme presents sum-rate capacity of 23.5bps while
the developed scheme presents sum-rate capacity of
25bps, respectively. This shows that there is sum-rate
capacity improvement of 1bps and 1.5bps at 0° and
90° standard deviation of AOA, respectively. The
developed pilot decontamination scheme
outperformed the scheme of Ali et al., (2017a) with
better sum-rate capacity due to the reduction of

interference caused by pilot contamination.

—+— Improved MMSE CE | | i
-} —8— Existing MMSE CE 1222

Sum-rate (bit/sec)

) I I T T N A N S N
0 10 20 30 40 50 60 70 80 90
Standard deviation of AoAs

Figure 3: Sum-Rate versus Standard deviation of
AOAs of Schemes
Figure 4 depicts the sum-rate versus the number of
antennae performance of the existing and the
developed pilot decontamination schemes, with

number of antennae ranging from 0 to 100.

| P—

[ —— Improved Scheme with MMSECE| 1 |
i| —®— Existing Schema with MMSE-CE
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Sum-rate (bit'sec)
&

L] 10 20 30 40 50 60 70
Number of Antenna
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Figure 4: Sum-Rate versus Number of Antennae of
Schemes
From the simulation results obtained, when the
number of antennae is 0, the sum-rates for the
existing and developed schemes are 10.5bps and
13bps, respectively. When the number of antennae is
100, the sum-rates for the existing and the developed
schemes are 27bps and 30bps, respectively. This
shows that the developed scheme outperformed the
existing scheme with improvements of 2bps and 3bps
at 0 and 100 numbers of antennae, respectively.
The results of the plot of Figure 4 obtained using
equation (2.11) shows the comparison of the
developed and Alli et al., (2017a) schemes when sum-
rate is plotted against cross gain.

35 [ R - ————
—+— Improved Scheme with MMSE-CE |

s : : : | —&— Existing Scheme with MMSECE |

| SER

Sum-rate (bit'sec)

2 4 6 8 10 12 14 16 18 20
Cross gain

Figure 5: Sum-Rate versus Cross Gain of Schemes
At cross gain of 2, the sum-rates of both the existing
and developed schemes are given by 31.5bps and
33bps, respectively while at the cross gain of 20, the
by 20.5bps and 23bps,

respectively. This indicates improvements of 1.5bps

sum-rates are given
and 2.5bps at cross gains of 2 and 20, respectively.
The sum-rate versus number of cell performance

comparison of the two schemes is shown in Figure 6.
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Figure 6: Sum-Rate verses Schemes Number of Cells
The sum-rate decreases for both the work of Ali et
(2017a) and that of the developed pilot

decontamination schemes. When the number of cells

al.,

is 2, the sum-rates for both the existing and the
32.6bps and 35bps,
respectively while when the number of cells is 20, the

developed schemes are
sum-rates for both the existing and the developed
schemes are 21bps and 23.2bps, respectively. This
of 2.4bps and 2.2bps,

respectively. From results achieved, it is observed

shows improvements
that the developed pilot decontamination scheme
outperformed the existing pilot decontamination
scheme implemented by Ali et al., (2017a) in terms
of sum-rate capacity. The improvement is as a result
of the reduction of inter-cell interference due to pilot
contamination during the channel estimation process.
5. CONCLUSION

Pilot contamination during channel estimation
process is a major challenge in Time Division Duplex
(TDD) Massive Multiple Input Multiple Out (M-
MIMO) systems because it limits the sum-rate
capacity of

the system. An improved pilot

decontamination using orthogonal uplink pilot
sequence based on large-scale fading M-MIMO

system was developed. Users are grouped into center
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cell and edge cell users based on their large-scale
fading. The cell center users were assigned set of
pilots, which were shared with new users. The cell
edge users were assigned distinct OVSF codes which
were multiplied with Zadoff Chu Pilot Sequence
(ZCPS). This multiplication created orthogonality
the After

orthogonality among the cell center and cell edge

across edge cell users. creating

users, successful pilot transmission that was free

from contamination was achieved. When the

developed pilot decontamination was compared with
the existing work of Ali et al., (2017a), the developed
scheme provided sum-rate capacity improvement of
1.5bps, 3bps, 2.5bps and 2.5bps when plotted against
standard deviation of A0As, number of antennae,
cross gains and number of cells, respectively
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