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Abstract—1In this letter, we advocate that it is possible to
mitigate Pilot Contamination in Massive MIMO systems by
scrambling the pilot sequences with a Base Station (BS) scram-
bling sequence. It is possible if a set of sequences is carefully
designed to meet the orthogonality property defined in this letter.
Each BS possesses its own scrambling sequence that can be reused
the same way frequency reuse is applied to cell deployment.
The main advantage of the prosed pilot generation scheme
is that the frequency reuse factor can be set to 1, the most
aggressive one, while the scrambling sequences can be reused
with much less aggressive reuse factors (e.g., 4, 7, 9, 12, etc.),
which in consequence results in pilot contamination mitigation
and increased system’s performance.

Index Terms— massive MIMO, pilot contamination, channel
estimation.

I. INTRODUCTION

When the wireless channels exhibit i.i.d. Rayleigh fad-
ing behaviour, the pilot contamination problem can not be
completely eliminated, only mitigated to some extent. Pilot
contamination is a phenomenon created by the reuse of pilot
sequences in neighbour cells. It happens in multi-cell multi-
user systems and hugely degrades the performance of the
massive MIMO systems. In this letter we advocate that it is
possible to mitigate the pilot contamination problem if there
is a set of sequences that can be used to scramble the pilot
sequences employed by a BS. If this set of sequences exist, we
show that the pilot contamination is completely eliminated and
consequently, the system’s performance increases approaching
the single-cell’s performance.

II. SIGNAL MODEL

In this work we consider a multi-cell system with L cells
where each cell has at its center a BS with M antennas
and K randomly located single antennas users in each one
of the cells. We assume frequency-flat fading channels. Let
Gilkm Tepresents the complex channel gain from the k-th user
within the [-th cell to the m-th antenna of the BS located
at the i-th cell. The channel gain, g;;xm,, can be re-written
as Gitkm = v/ Biukhikm Where i, represents the large-scale
coefficients (taking into account both path-loss and shadowing)
and hjx., represents the small-scale fading coefficient, which
has the following distribution CA (0, 1). The large-scale fading
coefficients from the k-th user located at the [-th cell to the ¢-th
cell, B;, are assumed constant for all the M antennas at the
i-th BS, once path-loss and shadow fading change slowly over
space [1]. The channel can be considered flat Rayleigh fading

as the small-scale fading is considered to follow a complex
Gaussian distribution with zero mean and unitary variance
and the transmitted signal’s bandwidth is smaller than the
coherence bandwidth. The overall channel matrix is denoted
by G;; and has dimension M x K, where its k-th column,
g = Gk, ,gisz]T, represent the channel gain from
the k-th user in the [-th cell to the i-th BS. Additionally,
we consider the set of large-scale coefficients, {8}, as
being deterministic during the estimation phase. It is possible
because the large-scale fading coefficients change slowly in
comparison with the small-scale fading coefficients [2].

A. Uplink Training

We assume that the users of all cells use the same set of
pilot sequences at the same time (i.e., all users’ transmissions
are aligned to the BS uplink) and that the pilot reuse factor is
equal to one, the most aggressive one.

The scrambled pilot sequences of K users are represented
by a 7 x K matrix ®; = S;P with the following orthogonality

property

ifl=1
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where P is the 7 x K matrix corresponding to the pilot se-
quences of all K users in all L cells that reuse this set of pilots
and S; is a 7 x 7 diagonal matrix with the sequence elements
added to its main diagonal. The matrix S; corresponds to the
BS scrambling sequence employed by users within the [-th
BS. In order to achieve the property defined in (1) there must
be a set of sequences, used to construct the matrices S;, that
make (1) hold.
The received pilot sequences at the i-th BS are represented
by a M x 7 matrix, Y,, defined as

L
Yi=p) Gud +N,, 2)
=1

where p is the average pilot transmit power of each user and N;
is a M x 7 matrix with i.i.d. elements following the distribution
CN(0,1). Let ¢y denote the k-th column of <I>f{ . Hence, a
sufficient statistic for the estimation of the channel vectors,
g.:..» at the ¢-th BS is given by

© 2019 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints201906.0247.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 June 2019

L
1 1
zi, = —Yioir = Y Gu® i + —N;di
NG ; : NG 3)
= 8iir T Wik,

where w;;, = ﬁNi@k with distribution CN(0,y, %IM) and
z;i, follows the distribution CA(0ay, (i1 Ins) where

1
Gik = Biik + —. 4
p

III. CONCLUSION

It is possible to mitigate, if not eliminate, the phenomenon
known in the literature as pilot contamination, if a set of
sequences is carefully designed to meet the orthogonality
property defined in this letter.
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