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Abstract

In this paper, transmit antenna selection is performed to improve the energy efficiency
of multiuser large scale MIMO systems, which is necessary for the energy efficiency
maximization of large scale MIMO, because the RF chains which are connected with
antennas are very expensive and consume a lot of power. However, the consumed power
of the large scale MIMO systems should include not only transmit power but also the
fundamental power for operating the circuit at the transmitter, because the effect of
circuit power consumption is more serious when the transmitter is equipped with massive
number of antennas. We evaluate the performance of the energy efficiency in the
multiuser case where zero-forcing precoding is used to reduce the inter-user interference.
The theoretical analysis indicates that there exists an optimal number of selected
antennas to maximize the energy efficiency, and we derive optimal antenna number for
different number of users. All the analytical results are verified through both
mathematical analysis and numerical simulations.

Keywords: energy efficiency, transmit antenna selection, multiuser MIMO system,
large scale MIMO system

1. Introduction

The problem of energy efficiency has mainly been studied for power-limited
applications [1] in the past years. However, with growing energy demands and
increasing energy price, this problem has been noticed in the development of future
mobile cellular systems [2]. Recently, there has been a great deal of interest in large
scale multiuser MIMO systems, which typically means that wireless systems with
hundreds of antennas serve tens of users simultaneously. Simple signal detectors are
proposed to alleviate the computational complexity problem in multiple antenna
systems, and [3] shows that it can reduce the transmit power of each user
proportionally to 1/M if the Base Station (BS) has perfect channel state information
(CSI) when the number of BS antennas M grows without bound. However, one of
the disadvantages of employing multiple antennas is the associated complexity
which results from employing a separate radio frequency (RF) chain for every
employed antenna, which will greatly limit the practical application of large MIMO
technology.

The antenna selection scheme is proposed to solve the aforementioned problems,
which has been intensively studied in previous literatures [4-6]. The theoretical
derivation has been carried on in [4] to prove that the capacity of MIMO systems
with antenna selection scheme is better than the systems without selection scheme.
An optimal antenna selection algorithm of non-full rank channel has been addressed
in [5], which needs to go through all the possible antenna subset with high
computational complexity. The scenario when the antenna selection algorithms are
applied to the receiving end in single-user (SU) MIMO system is also studied in the
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aforementioned literatures. [6] proposes an antenna selection algorithm for
receiving end in multiuser MIMO system, which improves the capacity of downlink.
Two antenna selection schemes maximizing the energy efficiency of the single-user
massive MIMO systems are proposed in [11], without the consideration of the
problem of energy efficiency maximization in the multiuser scenario. To the best of
our knowledge, however, there are very few previous papers that study the downlink
performance with transmitting antenna selection in multiuser large scale MIMO
system.

In this paper, we perform transmit antenna selection to improve the energy efficiency
of multiuser large scale MIMO systems. Under such a scenario, we establish a new power
consumption model as the addition of the transmit power and the circuit power
consumption, and based on this model, analyze the effects of the number of transmitting
antennas at the base station and the number of users at the receiver on the total power
consumption and the energy efficiency respectively. We focus on the multiuser scenario
where the zero-forcing (ZF) precoding is used to reduce inter-user interference, and we
analytically derive the optimal number of selected antennas which can maximize the
energy efficiency in this case. Based on the optimal number of transmit antenna, we
compare the energy efficiency improvement by antenna selection with using all of the
given transmit antennas.

2. System Model

We consider the downlink of a large scale multiuser MIMO system with one BS
and K terminals, as shown in Figure 1. The BS is equipped with N, transmit
antennas, and each terminal has only one receive antenna, which is common for a
cellphone. We assume that N, is large and N, K.

@

N

3
o8

Figure 1. The Large Scale Multiuser MIMO System Model

It is impractical to use all the antennas to achieve high rate due to the expensive
RF chains and high hardware complexity. Thus, we perform transmit antenna
selection to choose the best N” antennas from all the available N, ones. We assume
perfect CSI at the transmitter.

For multiuser MIMO, the signal for a user is interference for the others and it is
generally impossible to cooperate among receiver sides in the downlink of multiuser
MIMO, so the achievable rate of each user is limited by multi-user interference
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(MUI) and noise. So we consider the zero-forcing (ZF) precoding scheme to reduce
MUI. The receive signal vector at terminals can be written as

y:Q/%HWx+n (1)

where y is the K x1 received vector for each terminal, x is the transmitted signal
vector, P, is the total transmit power, Hell“*™ is the channel matrix between N,
BS antennas and K terminals, n is Kx1 noise (AWGN) vector. W is the ZF
precoding matrix and W =H"(HH")™". Then the receive signal of k-th user is

fPtXNHWkk+/‘XtZHWX+nk (2)
i=1, j=k

where the second term on the right side is MUI, H,,W,,x, are the channel matrix,

precoding matrix and transmitted signal corresponding to user k, respectively. The
achievable sum rate can be represented as

Ptht |Hka|2
2 3)
+N,B

K
C=A4B-) E|log,|1+
k=1 PN,

K

where A is the scaling factor for pilot overhead and guard interval, and N,B is the

noise power in the given bandwidth B. In the multiuser large scale MIMO system,
(3) can be simplified as

ZHWX

i=1i=k

Copprox = ABK -l0g, 1+L (4)
(I+N,B)K

where | is the MUI term, which can be disregarded in the case of ZF precoding.

3. Analysis of Energy Efficiency with Transmit Antenna Selection
In this paper, we define the energy efficiency as

EE= = (5)

total
P, IS the total power consumption which includes both the transmit power P,
and the circuit power consumption P, in our model, i.e., R, =R, /n+P, . n is the

power amplifier efficiency. In this paper, the circuit power consumption is modeled
as

Py =Py + Py, + N, (Pouc + Py + Py ) (6)

cir syn

where P, is the baseband power consumption, and P,,,Py.c,P.. P are the

syn?
power consumption values for the frequency synthesizer, the DAC, the mixer, the
filters at the transmitter side, respectively.
For multiuser MIMO, we consider the 10MHz OFDM system. And the large scale
multiuser MIMO baseband computation model which was presented in [7] is used
¢ (Gflops)
B = o~ r e Ty (7)
H(Gflops /W)
where 9 is the very large scale integration processing efficiency. The
o(Gflops) can be expressed as
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s s sl

(8)

Based on the achievable sum rate (4) and the above total power consumption
model, the energy efficiency in (5) can be formulated as

ABK-log, 1+L

(I+N,B)K
EE = ~ 9)

Ptotal Ptx / 77 + |:)t:ir

There is a tradeoff between the power consumption and the achievable sum rate. The
energy efficiency increases as increasing the number of antennas, while the power
consumption increases at the same time, resulting in concave shape of energy efficiency
curve. In this paper, we investigate an appropriate number of selected transmit antennas

N"for energy efficiency maximization, and the optimization problem can be defined as

N" =arg mNaxL (10)
t total

As the energy efficiency function is concave, then, we can derive the optimal number
of selected transmit antennas, N*, which should satisfy the following equation

d(EE) zi( oo
aNt aNt Ptotal
BKP -log, 1+ﬂ
_ RBK ~ N,BK "
) P2 log,e
N,BKP_, log,e- ]_.,.ﬂ total 100,
N,BK
=0
Then, N can be written as
N* ~ NoB K (e1+W(F)_1) (12)
Ptx
where
2 - .
= NtPtX /77 NOBKPCW (13)

N,BKP, -e

and W is the lambert W function, we can easily get the optimal selected antenna
number N™ from (12). And now the problem is how to select the N™ antennas from the
total transmit antennas.

When N’is fixed, P, is independent of antenna selection, so the antenna selection for

energy efficiency equals the antenna selection for channel capacity. For the optimal
antenna selection, we need to choose N columns of H to maximize the energy
efficiency,

C(Hy)

H_, =arg max ——=~ 14
sel g{Hse|€H} P ( )

total
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e H} is the set of all possible combination of antennas. Note that optimal

sel

where {H

. . . N i I
antenna selection algorithm has a complexity Of(NiJ’ which means the complexity is

extremely high in large scale MIMO system.

According to the results in [8], for large N, and fixed K, the numerically accurate
approximation of the distribution of the mutual information with full complexity is given
by

Nt
As can be seen from (15), for fixed K, when N, — o, the channel quickly “hardens” ,

in the sense that the mutual information fluctuation decreases rapidly relative to its mean,
which means that if we use numerous transmit antennas with limited users, the channel
condition for each user is nearly constant. Based on this conclusion, the channel
hardening phenomenon [8] provides the large scale multiuser MIMO with the advantage
of making all users’ channel condition almost evenly good. Thus random antenna
selection is nearly optimum with lower complexity. Therefore, if the number of selected

antennas N” is determined,

| ~N[K log, (1+ NRQ,M} (15)

*

PN
Cr ~ ABK -log, (1+ —%— 16
sel gz( NOBK) ( )
4. Simulation Results

In this section, we evaluate the energy efficiency for the large scale multiuser
MIMO system with transmit antenna selection. The simulation parameters are
shown in Table 1 and the value of parameters follows the setting of [9-10].

Table 1. Performance Evaluation Parameters

Parameters Settings
Pyn+ Poac + Prix P (MW) 50, 15.6, 30.3, 20
n 0.38
B(MHz) 10
(Gflops / W) 50
Ty, T, (ms) 0.5,0.214
T, T, Ty Ta (us) 71.4,66.7, 4.7, 4.7

The effect of the number of transmit antennas on the variance of the mutual
information based on (15) is plotted in Figure 2, and we can find that in a large scale
multiuser MIMO system with fixed K, as the number of antennas grows, the variance
approaches to zero. So we can conclude that the channel hardening phenomenon exists in
the large scale multiuser MIMO systems, providing the system with the advantage of
making the channel condition for each user is nearly constant. That’s why we use random
antenna selection instead of optimal antenna selection for lower complexity in this paper.
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Figure 2. The Effect of the Number of Transmit Antennas on the
Variance of the Mutual Information

Based on the new power consumption model, the effects of the increase in the
transmit antennas and the users on the tendency of increase in total power
consumption are shown in Figure 3 and Figure 4, respectively. Since the circuit
power consumption from analog devices is considered, the total power consumption
is gradually increasing. In the aspect of energy efficiency, the increase in the total
power consumption affects the tendency of energy efficiency critically.
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Figure 3. Total Power Consumption Versus the Number of Transmit
Antennas
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Figure 4. Total Power Consumption Versus the Number of Users
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Figure 5. The Achievable Sum Rate Versus the Number of Users with
Different P, and N,
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Figure 6. The Optimal Selected Antennas Number Versus the Number of
Users

The achievable sum rate for different numbers of users under different BS
transmit antennas and different transmit powers for ZF with perfect CSI is shown in
Figure 5. According to the results from Figure 3, Figure 4 and Figure 5, we can
conclude that in multiuser large scale MIMO systems, there is a tradeoff between
the total power consumption and the achievable sum rate. The achievable sum rate
increases as increasing the number of users and transmit antennas while the total
power consumption also increases, which results in the existence of the optimal
number of selected antennas to maximize the energy efficiency when K is fixed.

The comparison between the simulation and our derived results for optimal
antenna number N with regard to the number of users K is shown in Figure 6,
when N, =1000, P, =40W . The purple ‘o’ stands for the analysis from (12) and the
blue ‘+’ stands for the result from maximizing the energy efficiency (10) based on
the equation (9), when ZF precoding is used. As the equation (12) and (9) are
obtained by approximation, when the number of transmit antennas is fixed, the
discrepancy between the simulated and theoretical results is only related to K. The
larger K is, the larger the discrepancy is. As shown in Figure 6, it’s obvious that the
theoretical analysis matches the simulation better when the gap between N, and K

is larger.
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Figure 7. Energy Efficiency Improvement through Transmit Antenna
Selection

Figure 7 indicates the energy efficiency performance improvement by transmit
antenna selection under different transmit powers. Especially, when the number of
users is 10, and the transmitting power is 40W and 10W, compared with using all of
the given transmitting antennas, the proposed antenna selection scheme achieves
nearly 12% and 78% gain in energy efficiency, respectively. Simulation results
indicate that transmit antenna selection in large scale multiuser MIMO system can
improve the energy efficiency significantly.

5. Conclusions

In this paper, we accessed the energy efficiency performance of the large scale
multiuser MIMO systems with transmit antenna selection. Through the mathematical
derivation and simulation results, we obtained that when the transmit power and the
circuit power consumption are both considered, there exists an optimum number of
selected antennas to maximize the energy efficiency under ZF precoding with perfect CSI.
And the simulation results also showed that transmit antenna selection in large scale
multiuser MIMO systems can improve energy efficiency significantly comparing with
using all of the transmit antennas, which is proved to be a candidate technique for green
communications in future wireless standards.
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