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Abstract

The massive multiuser multiple-input and multiple-output (MIMO) system is widely used in wireless communications
considering their reliability and data speed. In multiuser MIMO uplink communications, it is necessary to design linear
schemes that can be able to suppress co-channel interferences (CCls). The optimal and suboptimal data detection
algorithms like linear minimum mean square error (LMMSE), coordinate descent method (CDM), etc., may not provide
satisfactory bit error rate (BER) performance. Here, we analyze the maximum ratio combining (MRC) receiver for a
very large scale multiuser MIMO system under a composite-fading environment. It is developed in the context of an
MRC receiver to analyze the mean square error (MSE) parameter with respect to the total training power. Thus with the
help of MRC combined with CDM technique, the proposed system results better MSE performance or BER performance.

Keywords: LMMSE, Coordinate descent method, Maximum ratio combining receiver, Total training power, Massive
MIMO

I. INTRODUCTION

Multiple-input multiple-output (MIMO) systems use multiple antennas at the transmitter and/or receiver to
simultaneously transmit different data streams. Multiple antennas provide more degrees of freedom to the propagation
channel and improve the throughput and link reliability. Such systems exploit the phenomenon of multipath
propagation, which is traditionally a drawback in wireless communications, to the benefit of the user. The improvements
in the performance offered by MIMO systems are due to diversity gain, spatial multiplexing gain, array gain and
interference reduction. In massive MIMO systems, a large number of BS antennas improve spectral efficiency and
radiated energy efficiency as compared to the existing wireless technologies.

A widely used suboptimal detection algorithm for uplink multiuser massive MIMO systems is the linear
minimum mean square error (LMMSE) algorithm because of its favourable trade-off between bit error rate (BER)
performance and complexity. However, the complexity of the LMMSE detector is still considerably high for large-scale
MIMO systems.

Several reduced-complexity LMMSE-based detectors have been proposed for uplink massive multiuser MIMO
systems to avoid exact large-scale MIMO matrix inversion. So there are various classical iterative algorithms like
Richardson method (RM) which have further reduced the complexity of computing matrix inversion. To reduce the
computational complexity of data detection, approximate message passing (AMP) and its variants, which were
originally designed for compressed sensing, are applied to massive MIMO data detection. The AMP-based detector has
the advantage of involving only matrix-vector multiplications rather than matrix-matrix multiplications. However, the
AMP algorithm requires knowledge of noise variance and an inappropriate noise variance value would result in severe
performance degradation. Moreover, when the MIMO channels are spatially correlated, the AMP-assisted detector may
not converge, leadings to unacceptable performance.

The coordinate descent method (CDM), an old and simple technique that is surprisingly efficient and scalable,
is now enjoying greatly renewed interest. Its revival is rooted in successful applications to big data optimization,
machine learning, and other areas of interest.

As the number of antennas at the BS increases, linear receivers such as maximum ratio combining (MRC) and
minimum mean squared error (MMSE) become optimal. With a large number of BS antennas, things that were random
before now start to look deterministic. As a consequence, thermal noise and small-scale fading are averaged out in
massive MIMO systems. In this paper, we analyze the maximum ratio combining (MRC) receiver for a very large scale
multiuser MIMO system under a composite-fading environment. It is developed in the context of an MRC receiver to
analyze the mean square error (MSE) parameter with respect to the total training power.
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II. SYSTEM MODEL AND PROBLEM FORMULATION

A. Channel Model

We consider the uplink of a single cell multi-user massive MIMO system where a BS is equipped with M
antennas. The BS receives the data from K single-antenna users in the same time-frequency resource. These
transmissions are corrupted by the channel impairments. The transmissions from K users to the BS suffer from
independent Rayleigh fading and lognormal shadowing. The Mx1 received signal vector at the BS is given by

y =/ P:Gx +n, (1)
where G represents the MxK channel matrix between the K users and the M BS antennas, P; is the average transmit
power of a single user, x is the vector of symbols transmitted simultaneously by K users and n is the noise vector.

The channel matrix G models Rayleigh fading and lognormal shadowing. The channel coefficient g;;, between
the ith BS antenna and the kth user can be represented as

Gire = hie\[Vic (2)

where Ay is the small-scale fading coefficient between the i, BS antenna and the 4w user and v, represents the large-
scale fading of the kn user such that vi~log N (4gp), a(de)). In a Rayleigh fading environment, the small-scale fading
coefficient 4 follows a complex normal distribution with zero mean and unit variance i.e., 2;,~CN(0,1).

Since the BS antennas are closely spaced, the large-scale fading for a single user across M BS antennas is
correlated. However, the small-scale fading coefficients are independent and identically distributed (i.i.d). In this thesis,
we assume perfect correlation between the shadowing components of a single user across M BS antennas. Therefore,
the received signals from the kw user across M BS antennas suffer identical shadowing. The channel matrix G is then
given by

G = HV'/?, 3)

where H is the M<K matrix of small-scale fading coefficients between the M BS antennas and K users and V is a KxK
diagonal matrix containing the large-scale fading coefficients of K users. By using a linear detector, the received signal
y is processed as

r = Ally. 4)

The vector 7 in (4) gives the received signals from all the users where A is the linear detector matrix that depends on
the channel matrix G and H is the Hermitian operator.

B. SINR Formulation
After applying the linear detector and from (4), the received signal vector is given by
r=/PA"Gx + Alin. (5)

To formulate the SINR of a single user, the vector r is decomposed into two parts. Let 7; and x; represent the received
signal and the transmitted symbol of the ju user, respectively. Then

1 = Peaf 9% = [P Zkor s ' Gixic + af'n, (©)

where a@; and g; represent the ji, columns of the matrices A and G, respectively. The first term in (6) represents the
desired signal of the ji user, whereas the other two terms constitute interference from other users and noise,
respectively. Without the loss of generality, we assume unit power spectral density of noise. The SINR of the js user
can then be represented as

2
H
Pt|a]- g]|

SINR; = (7

Z 2
Pe XAy iewjlaf 01|+l
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ITII. RECEIVER DESIGN

In this section we design a linear receiver with the help maximum ratio combining (MRC) receiver combined
with coordinate descent method (CDM) based algorithmic framework.

A. Maximum Ratio Combining Receiver

In case of perfect channel state information (CSI), the M x K linear detector matrix A for an MRC receiver is given
by A =G hence, a; = g;. From (3) and (7), we obtain the SINR of a single user for an MRC receiver as

4
Pl vy

2
Py SR e | v + ||h,-||2v,-

SINRM® =

J” vj ] (8)

Hh
Conditioned on /;, we define a new RV gy such that g; = %
J

variance that is independent of 4;. Therefore, g ~ CN(0,1). From (8), the SINR is then given by

. gr1s a Gaussian RV with zero mean and unit

2

SINRJ™ = — zgit_,[l::!q;évw - ©)
Now we derive the probability density function (PDF) of the SNR. The numerator in (9) is the SNR, Z, of a single
user at the BS. For notational simplicity, we omit the subscripts in the expression of Z. Therefore,

Z = P LiLiIh|? = Py, (10)
where y ~ I'(M, 1) owing to the sum of independent and identically distributed exponential RVs each having a unit
glrfc:)amn.(IO), it is evident that the SNR follows a gamma-lognormal product distribution. The PDF of a gamma RV is
given by

M-1 _
Po(r) = a2, (1

where ['((M) = (M — 1)! since M is an integer. The distribution of a product RV, Z=VG, is given by

Po(2) = [7, Py (0)Pg () - dv. (12)

v/ |

Since, P; is a constant, therefore, we neglect it in the PDF expression of gamma-lognormal product distribution. From
(12), the PDF of the product of gamma and lognormal RVs is then given by

_ &M w0 exp(—z/v) —(§loge v—p(ap))*
P;(z) = (M=1)loqp)VZr fo »M+1) exp( 207, dv, (13)

From (13) it can be noticed that the PDF of SNR does not exist in a closed-form.

B. CDM-Based Signal Detector
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The CDM optimizes one variable at a time while holding others fixed at their most recently updated values. Typically,
the optimization coordinate is chosen cyclically. However, CDM is efficient when the subproblems can be solved

quickly.
Foragiven X_,, £ [xq, ..., Xy_1, X441, -, Xy ], the optimal value of x,, = Auefgﬂ that minimizes ||y — Hx||? is given
by
« 1£]
Af = ——M— 14a
Sl (14
6, = arg{¢,}, (14b)
Where
f,u = Zg=1 H;u (yb - Zgzl,vi,u Hvavejgv)' (15)
To outline the problem concretely the optimal update problem can be written as
A;ej9ﬁ = arg min |y — Hx||? (16)
. 9. 12
= arg min X5, |yp — Xi=1 HpvAye’®| (17)

IV. SIMULATION RESULTS AND DISCUSSION

In this section, the BER and complexity performance of the proposed CDM-based detector are evaluated through Monte
Carlo simulations, where each entry of the channel matrix H is an independent circularly symmetric complex Gaussian
random variable (i.e., Hp, ~ N-(0,1/B)). The signal-to-noise ratio (SNR) is given by E,/No, where E}, is the bit energy.
For comparison, other approximate data detection methods for massive multiuser MIMO systems were also tested,
including the RM-based detector [4], the AMP-based detector [8], and the classical LMMSE detector.

Figs. 1(a) and 1(b) illustrate the BER results as a function of SNR using QPSK modulation for antenna configuration
BxU=128x32 and BxU = 128x48. Here we consider two types of time durations or slots, say T=1 and T=5 for all the
four techniques RM, AMP, LMMSE and CDM. These figures provide the following observations: First, for a fixed B,
increasing U deteriorates the BER performance for these algorithms under the same SNR value. Second, the BER
performance improves as the number of iterations increases for the RM assisted detector, the AMP-assisted detector,
and the proposed CDM-based detector. When the iteration counts are the same, excluding the initial two iterations, the
BER performance of the proposed CDM-based detector is superior to that of the RM-assisted detector and the AMP-
assisted detector regardless of the antenna configuration employed. Thus, the proposed CDM-based detector requires
less iteration to achieve the same BER performance as the RM-assisted detector and the AMP-assisted detector.

QPSK 128 BS antennas 32 users

QPSK 128 BS antennas 48 users
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(a) 128 BS antennas and 32 users
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Fig. 1. BER versus SNR for (a) the 128 x 32 massive MIMO system with QPSK modulation and (b) the 128 x 48

massive MIMO system with QPSK modulation.
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Fig. 2. BER versus SNR for (a) the 128 x 32 massive MIMO system with 16-QAM modulation and (b) the 128 x 48

massive MIMO system with 16-QAM modulation.
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Fig. 3. BER versus SNR for (a) the 128 x 32 massive MIMO system with 64-QAM modulation and (b) the 128 x 48

massive MIMO system with 64-QAM modulation.

Next, we examined the behaviour of the proposed CDM based detector for higher-order and non-constant amplitude
modulations. Figs. 2 and 3 shows the BER displayed as a function of SNR for different antenna configurations with 16-
QAM and 64-QAM modulation, respectively. The settings were identical to those in Fig. 1 except for the modulation
scheme. Figs. 2 and 3 reveal similar performance trends to those exhibited in Fig. 1, which implies that most of the
observations of Fig. 1 also hold true for these scenarios with 16-QAM and 64-QAM modulation schemes. However,
because of the increase in the order of the modulation (the size of the problem), the RM-assisted detector, the AMP-
assisted detector, and the proposed CDM-based detector require more iterations to obtain the desired results than do
those in Fig. 1 under the same antenna configuration (Figs. 2 and 3).
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We examine in below Fig. 4 the impact of noice variance for the CDM based detector having antenna configuration
BxU=128x32 massive MIMO system without spatial correlation using 16-QAM modulation. We can see that the BER
performance of the CDM based detector is not affected by an inappropriate 62 compared to the other data detection
techniques.

16-QAM 128 BS antennas 32 users
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Fig. 4. BER versus SNR for the 128 x 32 massive MIMO system with 16-QAM modulation, where the RM, AMP,
LMMSE and CDM assisted detectors, adopts inappropriate 62 drawn from a uniform distribution on the interval from
’Ua to ’Ub .

Finally from the below Fig. 5 we can observe the Total Training Power with respect to Mean Square Error behaviour

for different data detection methods. We can clearly analyze in the context of an MRC receiver the MSE parameter with
respect to the total training power.

Total Training Power vs MSE

10°

CDM T=5

MSE

1w

o Z 4 6 8 10 12 14 16 18 20
Total Training Power (dB)

Fig. 5. Total Training Power versus MSE for massive MIMO system in comparison of different methods RM, AMP,
LMMSE and CDM.
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So with the help of MRC combined with CDM technique, the proposed system results better MSE performance
compared to the remaining methods. This shows the effectiveness and efficiency of the proposed method.

V. CONCLUSION:

In this paper, we have proposed an energy efficient and low complexity data detection method for uplink multiuser
massive MIMO systems. The optimal and suboptimal data detection algorithms like linear minimum mean square error,
approximate message passing, etc., may not provide satisfactory bit error rate (BER) performance. Here, we considered
a maximum ratio combining (MRC) receiver for a very large scale multiuser MIMO system under a composite-fading
environment and combined it with the coordinate descent method (CDM) technique. We have taken CDM into
consideration because of its low complexity and better performance compared to other conventional techniques. The
simulation results show that the proposed system results better MSE or BER performance. The comparison results
analyzing total training power with respect to MSE for the different methods RM, AMP, LMMSE and CDM shows the
energy efficiency of the proposed system Thus this new approach is substantially energy efficient and low complex.
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