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Abstract – The popularity of wireless communication is increasing day by day. This has led to the fact that data transfers via
GSM have reached very high levels. Data transfers via GSM, which are continuously growing, increase the density of data traffic,
thus necessitating high level of area throughput (TR) performance in the near future. One of the most effective ways to increase
area throughput is seen as increasing spectral efficiency (SE). Very high amount of energy required to increase the spectral
efficiency. High energy consumption is costly and harmful to the environment so thus makes it necessary to increase the energy
efficiency (EE). Massive multiple-input and multiple-output (Massive MIMO) systems are one of the techniques that can be
used to increase the both of area throughput and energy efficiency. In this study, length of coherence block – communication
bandwidth combinations are investigated by using Massive MIMO systems in cases which there are various numbers of users
and active antennas. As a result of the studies, the effects of length of coherence block and communication bandwidth on EE area throughput tradeoffs were evaluated.
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I. INTRODUCTION
The use of wireless communication is becoming
increasingly widespread. This has led to the fact that data
transfers via GSM have reached very high levels. This
situation is expected to have a negative impact on the intensity
of wireless data traffic in the near future [1].
According to the estimate put forward by Ericsson, the rate
of increase in the use of wireless communications between
2016 and 2022 is expected to be 42% annually [2]. Therefore,
future cellular network technologies are expected to have the
capacity to increase the area throughput (TR) hundreds of
times in order to cope with the increase in data traffic [3].
Area throughput [bit/s/km2] refers to the number of bits
transmitted per second on per unit area successfully and it is
directly related to the data traffic. Area throughput is generally
formulated to be directly proportional to three factors. These;
frequency spectrum, cell density (average number of cells per
square kilometer) and spectral efficiency (SE). Since it is not
possible to increase the frequency spectrum and cell density
factors hundreds of times, area throughput improvement
efforts are performed by increasing spectral efficiency.
The spectral efficiency of an encoding or decoding
algorithm is equivalent to the average number of bits of each
complex valued sample of information [bit/s/Hz] [1]. The
transmission power and the number of receiving antennas can
be increased or the space division multiple access (SDMA)
method can be used to increase spectral efficiency.
Uncontrolled increase in the transmission power and at the
number of active antennas will increase the amount of energy
consumed to very high levels. This situation is considered to

be an important problem because it is harmful to the
environment and high cost [4]. Increasing SE with lower
energy consumption is possible by increasing energy
efficiency (EE). Energy efficiency refers to the amount of bits
successfully transmitted using unit energy [bit/Joule].
Massive multiple-input and multiple-output (Massive
MIMO) system is one of the preferred methods for increasing
spectral efficiency [5], [6]. This system uses hundreds or
thousands of antennas at each base station (BS) [7]. In this
system, it is intended that the number of active antennas (M)
in each cell be greater than the number of active users (K).
Massive MIMO system is used in many areas such as
increasing energy efficiency, hardware improvement, pilot
series improvement, as well as increasing spectral efficiency
directly affecting the area throughput. Figure 1 shows an
example of Massive MIMO system [8].
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Fig. 1 Example of Massive MIMO system [8]
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In the situations which TR and EE values are tried to
increase at the same time, it is observed that TR increases
continuously as the number of active antennas and the
transmission power increase. EE increases to a point and then
decreases. Therefore, there is a trade-off between TR and EE.
An example of the relationship of TR and EE is illustrated in
Figure 2 [1].

(2)
In (2) B symbolizes bandwidth.
(3)
(4)
In (4) PFIX symbolizes fixed power, PTC symbolizes power
of transfer chains, PCE symbolizes power of channel estimates,
PC/D symbolizes power of coding and decoding, PBH
symbolizes power of backhaul and PSP symbolizes power of
signal processing.
III. RESULTS
In the calculations, two-cell Wyner model was used and
varying M from 10 to 200, in steps of 10 and various number
of K (50 and 100) were used.

Fig. 2 Example of relationship of TR and EE [1]

Figure 2 shows the situations that different pre-coding
methods are used and active antenna numbers are changed.
When the figure is examined, it is seen that the change of EE
due to TR is unimodal type. This means EE increases
monotonously up to the peak and then falls monotonously.
In this study, the effects of bandwidth and length of
coherence block on this trade-off were investigated separately.

A. Examining of Bandwidth
The results obtained using three different bandwidth values
on value set 1 and on value set 2 are shown in figure 3 and
figure 4 respectively.

II. MATERIALS AND METHOD
In this study, multicell minimum mean-squared error (MMMSE) pre-coding method was used in these examinations
performed on cases where two different power sets given in
the Table 1 are used also different numbers of user equipment
(UE) and different numbers of antennas are used.
Table 1. Values of power sets

Parameter
Fixed power: PFIX
Power for BS LO: PLO
Power per BS antennas: PBS
Power per UE: PUE
Power for data encoding:
PCOD
Power for data decoding:
PDEC
BS computational
efficiency: LBS
Power for backhaul traffic:
PBT

Fig. 3 Curves of TR – EE trade-off on value set 1

Value set 1
10 W
0.2 W
0.4 W
0.2 W

Value set 2
5W
0.1 W
0.2 W
0.1 W

0.1 W/(Gbit/s)

0.01 W/(Gbit/s)

0.8 W/(Gbit/s)

0.08 W/(Gbit/s)

75 Gflops/W

750 Gflops/W

0.25
W/(Gbit/s)

0.025
W/(Gbit/s)
Fig. 4 Curves of TR – EE trade-off on value set 2

The main formulas used in the calculations are as follows:
(1)

Maximum values of EE for different conditions are given in
Table 2.
Table 2. Maximum values of EE while bandwidth is changing

In (1) ETP is effective transmit power and CP is circuit
power.
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Conditions
K = 100, B = 10 MHz
K = 100, B = 20 MHz
K = 100, B = 40 MHz
K = 50, B = 10 MHz

Value set 1
5,040
7,889
11,74
9,274

Value set 2
12,52
21,96
36,79
19,85
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K = 50, B = 20 MHz
K = 50, B = 40 MHz

15,79
25,44

37,19
67,33

B. Examining of Length of Coherence Block
The results obtained using three different length of
coherence block on value set 1 and on value set 2 are shown in
figure 5 and figure 6 respectively.

V. CONCLUSION
It has been observed that throughput increases with
increasing bandwidth or increasing length of coherence block.
Also, these two parameters change the throughput levels at
which maximum EE values are seen. Since these two
parameters cause higher costs or higher workloads it is useful
to investigate the ideal values of these parameters for various
conditions.
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Value set 2
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IV. DISCUSSION
When the results obtained are examined, the throughput,
which is high when the number of active users is low, has
reached to higher levels with increasing bandwidth. It seen
increasing the length of coherence block increases the
throughput by a certain amount in all conditions. Also, it is
observed that when length of coherence block increases peaks
of TR – EE curves are shifting to higher TR and to higher EE
levels. When the low power set is used it is seen that energy
efficiency increases at any conditions and the maximum EE
values can be reached at higher TR levels.
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