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Abstract - Massive Multiple Input Multiple Output (MIMO) has the potential to satisfy the requirements of the fifth
generation (5G) and beyond networks with regard to factors like high data rate, high efficiency, reliability, better
performance, and degree of freedom. However, increasing the number of antennas can lead to design challenges such as
hardware complexity, higher cost, and large circuit power consumption. In addition to the parameters mentioned above,
Energy Efficiency (EE) also needs to be considered a key parameter to analyze the performance of a cellular network. In this
paper, Transmit Antenna Selection (TAS) technique based on the normalized power received by the user is proposed for a
single-cell multiuser massive MIMO system. The energy efficiency equation is derived by considering both uplink and
downlink communication for Zero Forcing (ZF) technique. The power consumption in the Radio Frequency (RF) chain,
channel estimation process, and linear processing of the base station are considered for the analysis. The proposed TAS
technique improves EE by 5 Mbit/Joule compared to the conventional massive MIMO system for ZF. This study compares
Maximal Ratio Transmission (MRT), Minimum Mean Square Error (MMSE), and Zero Forcing based on energy efficiency
performance using transmit antenna selection.

Keywords - Energy efficiency, Massive MIMO, Maximal ratio transmission, Minimum mean square error, Transmit antenna
selection, Zero forcing.

efficiency also needs to be considered as a key parameter to
analyze the performance of the cellular network.

1. Introduction

Advances in wireless technology are included after
every decade, and these advances are standardized by the
International Telecommunication Union (ITU) [1]. The
massive MIMO system has been used for the past decade to
meet the demand for a more significant data rate in wireless

Energy efficiency is defined as:

Data Rate (

communication while maintaining effective and dependable
connections. Improved spectral efficiency is also achieved
using massive MIMO by deploying many antennas in the
transceiver system [2-4]. Massive MIMO satisfies the
requirements of 5G and beyond networks in terms of
maximum data rate, high efficiency, reliability, better
performance, and degree of freedom [5]. However,
increasing the number of antennas causes design challenges
such as hardware complexity, cost, large circuit power
consumption, and degradation in hardware.

International Mobile Telecommunications (IMT)-2020
radio interface has included more stringent requirements for
5G with energy efficiency as a new metric [6]. Thus, in
addition to the parameters mentioned above, energy

bit second)
EE /J Joule ©

Power Consumption (Second)

From Equation 1, enhancement in EE is achieved by
increasing the data rate and minimizing power consumption.
As mentioned earlier, massive MIMO is the best technology
for achieving maximum data rate. The total power
consumption in a cellular network includes data
transmission and circuit power dissipation. By increasing
the number of transmit antennas in massive MIMO, the
circuit power consumption also increases, and this needs to
be considered a significant factor for energy efficiency
analysis. Considering this power consumption in the RF
chain of individual antennas, the EE of the system initially
rises with incrementing antenna count until it achieves its
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peak value [7]. The EE of massive MIMO decreases further
with an increase in antenna count beyond the peak value.
Therefore, it is highly essential to maintain the balance
between spectral efficiency and EE by controlling the
number of active antennas in massive MIMO [23].

The antenna selection technique is proposed for the
MIMO system in [9] to address the hardware complexity
problem where Channel State Information (CSI) is used to
select the subset of the antenna. The transmit antenna
selection based on perfect CSI is a popular technique in the
MIMO system for improving the quality of reception [10] -
[11]. For large-scale green MIMO, the EE maximization
based on the random antenna selection technique is
proposed in [12]. The exponential correlation model is used
for massive MIMO to find the relationship between spectral
efficiency and EE [13]. The pilot-based channel estimation
is used for CSI assessment in many antenna array systems.

The EE is improved by using a bisection search
algorithm to optimize the number of antennas in the massive
MIMO [24]. The author considered a single-cell scenario for
the uplink of massive MIMO with CSI and circuit power
consumption. Optimization of the number of antennas has
resulted in an overall increase in EE. An optimal energy-
efficient TAS algorithm is proposed in [15] based on an
exhaustive search for massive MIMO. The authors used the
cross-layer approach based on system capacity and system
throughput for energy-efficient antenna selection, which
improved the EE of the system. A comparison between the
per-subcarrier antenna selection scheme and the bulk
antenna selection scheme is presented in [16] for the
massive MIMO OFDM system. Upon analyzing the EE, the
bulk antenna selection scheme performs better than the per-
subcarrier antenna selection system. The hardware
degradation effect is also observed over the EE for both
algorithms.

The antenna selection scheme with energy efficiency is
proposed in [17] for massive MIMO downlink, which uses
the power consumption model for circuit and signal
processing power dissipation along with cooling loss. The
authors used the global optimal closed-form solution for
selecting the number of transmitting antennas. An energy-
efficient antenna selection method is proposed for uplinking
massive MIMO [25]. The concept of dynamic switching of
antennas is used with perfect CSI, where the balance
between EE and spectral efficiency is illustrated with the
simulations. The authors in [19] proposed an EE-based
antenna selection technique for uplinking massive MIMO
systems. The authors claim that enhancement in the EE is
achieved by switching the RF chains based on the estimated
CSI. A novel precoder design that maximizes the EE of a
hybrid massive MIMO system is proposed in [20]. The
optimization algorithm is implemented to deactivate the
number of RF chains. In [21], the authors proposed different
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antenna selection schemes for deploying the XI-MIMO
system to maximize the EE. The closed-form analytical
equations are derived for EE, and a genetic algorithm-based
antenna selection scheme is proposed. In [22], massive
multiuser MIMO models with accurate and inaccurate CSI
are implemented for the analysis of maximization of energy
efficiency of single-cell and multi-cell scenarios.

As per the study, Massive MIMO is a key technology

used to enhance EE. Because the count of RF chains is more
while using massive MIMO, the power consumption also
increases. There are two notable methods to achieve an
energy-efficient massive MIMO design. The first method is
the use of a low complexity algorithm and the second one is
to minimize circuit power consumption by reducing RF
chain count using transmit antenna selection technique.
As per the literature survey, the process of selecting an
antenna is used to achieve better energy efficiency in the
massive MIMO system. Existing work primarily focuses on
EE analysis of massive MIMO either for uplink or downlink
communication using TAS based on perfect and imperfect
Csl.

In this work, transmit antenna selection technique based
on the normalized power received by the users is proposed
for a single-cell multiuser massive MIMO system for both
uplink and downlink cases. TAS will select an antenna
subset using an uplink and downlink pilot-based approach to
estimate perfect CSI. The EE equation is derived by
considering both the uplink and downlink communication
for ZF linear precoding. The water-filling algorithm is used
to minimize data transmission power for optimal power
allocation. For the analysis of EE, the base station (BS)
linear processing, channel estimation process, and power
consumption in RF chains are all taken into account. Thus,
using zero-forcing as a low-complexity linear precoding
technique and TAS to reduce the count of RF chains will
help minimize hardware complexity, which may help reduce
power consumption and make the cellular network energy
efficient. The last optimization of EE for the proposed
system is done by considering the number of antennas and
users.

Paper sections are arranged as listed below:
Section 2: System Model.

Section 3: Energy Efficiency of Massive MIMO.
Section 4: Performance Analysis.

Section 5: Conclusion.

2. System Model

Figure 1 shows a single-cell massive MIMO transceiver
system for antenna selection. At BS, the data stream is
initially mapped with the MIMO-OFDM pre-processing unit
and the precoder. The processed data is then passed through
a large set of RF chains. A large count of RF chains
increases the hardware.
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Fig. 1 System Model for TAS in Massive MIMO

The complexity of the system and the overhead of power
dissipation decreases the system's energy efficiency.
Improved EE can be achieved using a massive MIMO
system with transmit antenna selection. As shown in Figure
1, the base station equipped with M massive antennas is
communicating to K single antenna User Equipment (UE).

The concept of TAS is implemented by using an RF
switch that selects the subset of L antennas from M number
of massive antennas depending on CSI estimated at the
receiver. The channel between BS and UEs has coherence
bandwidth (B.), coherence time (T.), and the system
operates at the bandwidth B.

Figure 2 shows a single-cell massive MIMO system with
multiple users. The base station with M antennas has been
positioned at the center of the cell, and K numbers of single
antenna UEs are arbitrarily scattered around it. It is assumed
that the BS and UEs are operating in perfect synchronization
with the time division frame structure, as shown in Figure 2.
The uplink frame consists of the uplink pilots with an
interval of t,,, followed by the data. The total uplink
symbols are ¢ ,; U. Similarly, the downlink frame has an
interval of 7, between downlink pilots and data. { 4 U are
total downlink symbols. The UE is assumed to be positioned
at a distance x;, from the center of the cell. The UEs are
randomly distributed, and the selection of antennas is carried
out in a round-robin manner. It has been assumed that the
same fading channel is present between UEs and all BS
antennas. The function [(x;) is considered the average
channel attenuation between K" UE and the BS antenna.
The use of pilot transmission ensures the perfect CSI
estimation at the receiver in uplink and downlink modes.

N/ | Demodulation |
Channel
Estimator
Uplink Pilots | pjink pata | PoWnlink | powniink pata
(Tw) Pilots (ta;)

Uplink { ,; U symbols Downlink { 4; U symbols

Base Station (BS)

&

Fig. 2 Massive MIMO System with Multiple Users.

Let H denotes the channel information matrix between K**
UE and M*®" the antenna of the BS. It is assumed that the
channel follows the Rayleigh fading distribution. To evaluate
the energy efficiency, the first step is calculating the data rate
of both the uplink and downlink channels. The zero forcing
technique is initially used at the receiver for detection
purposes to analyze both the uplink and downlink scenarios.
Through linear processing at the uplink, the combining
matrix for ZF is defined as

G=H (H'H)" @)
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Here, H denotes the channel matrix containing all user
channels [hy, h; ...... ], H is the Hermitian matrix of H.

Similarly, the precoding matrix for downlink using ZF is
defined as

V = H(H"H)? (3)
It is assumed that the combining matrix and precoding matrix

given by Equations 2 and 3 are the same to avoid
computational complexity.

The uplink rate of the K** UE denoted as Rj_,; by
considering the perfect CSI estimation with the help of
uplink pilots can be given as [22]

(4)

Here, ¢ ,,; is a fraction of the uplink symbol ¢ ;U and T is

the pilot overhead. The average data rate R;_,,; is given as
Pea I8 i |2 >

3K 19 e T ol |

I_ek-ul:B lOg <1+ (5)

Here, pj,_; is the uplink power allocation vector for K"
UE in the numerator by considering the water-filling
algorithm, g, and h, are K" element of G and H matrix,
respectively. g2 is noise power and ||g, ||? is the square
norm of g, .

By considering the ZF detector with M > K + 1, the
gross data rate is mentioned in Equation 6.
Riw=Blog(1+p(M-K)) (6)

Where p stands signal to interference noise ratio.
Equation 6 is redefined as

BK(U-1,)
Uln2

/’2 TL(I(M'K))

R, , =
feul (ur+Kp+1

In(l + (7

Similarly, by using ZF, the downlink rate as given by
Equation 8

K | &
Reai=C 4 [1 - C“ZU Ricar (8)
The average downlink data rate R_(k-dl) is given as
v |2
2 P e P
Rk-dl:B ZOg 1+ Z 3 (9)
SEiPLa %*
Mi
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Where, py_q is the downlink power allocation vector
for K" UE in the numerator by considering the water-filling
algorithm, v, and h, are K** element of matrix V and H,
respectively. a2 is the variance and ||v, ||? is the square
norm of vy, .

Similarly, considering the ZF detector with M > K +
1, the gross data rate for downlink is mentioned in Equation
10.

Ry =B log( 1 +p (M-K)) (10)
Equation 10 is redefined as
-z 2 (M-
Rk.d]:BK(U dl) ll’l(]+p d/(MK) ) (11)

Uin2 (tatK)p+1

Similar equations for MRT and MMSE techniques can
be derived. In this work, these equations are considered for
simulation purposes.

3. Energy Efficiency of Massive MIMO

The energy efficiency defined in section 1 by Equation 1
is the data rate ratio to the transmission plus circuit power
consumption. For a multiuser massive MIMO system, by
considering both the uplink as well as the downlink
scenarios, energy efficiency is defined as

EE = Y&, (ERpw)) ER-an)) (12)

PrytPr.q+Pc
The following steps are carried out to determine the EE of
massive MIMO:

e FEvaluate the data rate of uplink and downlink
scenarios, described in section 2.

e Consider data transmission power consumption in
uplink and downlink.

e Power consumption model wherein circuit power

consumption terms which are significantly dependent
on the number of antennas that is parameter M are
considered for analysis.

To enhance the EE of massive MIMO following steps are
carried out.

e Transmit antenna selection technique is proposed for a
single-cell massive MIMO system.

e TAS will select the antenna subset depending on the
normalized power received by the users.

e The pilot symbols for uplink and downlink are used to
estimate the perfect CSI.

e The index of the antenna subset is fed back to the RF

switch to select the subset of antennas L from M for
transmission purposes.
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3.1. Energy Efficiency of Massive MIMO with Data
Transmission Power Consumption

Water-filling algorithm as an optimum power allocation
technique is used to improve the EE of Massive MIMO.
Pr—w aNd p_4; are uplink and downlink power allocation
vectors considering the water-filling algorithm are used in
Equation 5 and Equation 9 while evaluating of data rate for
deriving the equation of EE. Massive MIMO is an EE
enhancement technique, and a water-filling algorithm is
topped up on it as an optimal power allocation technique.

3.2. Energy Efficiency of Massive MIMO with Circuit
Power Consumption
Accurate modeling of power consumption is essential
while dealing with the energy efficiency analysis of a cellular
network. Performance analysis of a single-cell massive
MIMO is carried out by considering circuit power
consumption. In Equation 12, P;_,;and Pr_, are data
transmission power terms of wuplink and downlink,
respectively and P, is total circuit power consumption given
as
Pc=Px+PrctPcptPpytPcptPrp (13)
Here, Py represents the power consumption for the
backhaul network and control signaling, which is assumed to
be fixed, Pg. stands the RF chain power consumption, P._p,
stands the power consumption in coding-decoding of the
channel, Pgy is the power consumption load-dependent
backhaul, P.; represents power loss during the process of
channel estimation, P, is power loss in the linear processing
of the BS. By using the equations presented in [22], the
power consumption in the RF chain is given as
Ppe=(M Pys+Ppo+KPyg) (14)
Here, Pgs stands for power consumed by the mixer,
converter, and other circuit components, P, stands the local

oscillator and Pyg stands user equipment power
consumption. The channel coding-decoding  power
consumption P._p, is given as

Pe.p=2K ((EReu) YER-a)) +(P,, ;Puc) (15)

Here, P, is the coding power, which is the same as
P,.. decoding power.

The power consumption of backhaul Py is specified as
Ppi=Yr (EQRiu) YE(Ry-4)) +Pyr (16)

Here, Pgr Stands the traffic power of the backhaul
network.
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The Pgg is uplink and downlink power for channel
estimation and is given as
_ 2BMK’, +4BK21d/

Pcp= Uls - (17)
Here, Lgs and Ly are complex-valued terms.
The P,p is given as
K(‘ru +7)\ 2MK
Prp=B (l'l—dl) T *tPpc (18)
BS

Here, P,p_. is the power consumed to compute the
matrix G and V.

Looking at Equation 14 to Equation 18, it is observed
that the power consumption terms Pg¢, Py ad P;p are mainly
dependent on the parameter M that is, the number of massive
antenna elements. Therefore, selecting all such antenna
elements will significantly increase the power dissipation,
and interns will decrease the EE of the system.

3.3. Energy Efficiency of Massive MIMO with TAS

To improve the EE of the massive MIMO system, It is
suggested to utilize a TAS technique that will choose a
subgroup of antennas depending on the normalized power
users receive. The pilots used for uplink and downlink are
utilized to estimate the perfect CSI. The antenna subset is
selected based on the maximum value of CSI, and then the
antenna index is feedback to the RF switch.
To select the subset of the antenna, the parameter 9,, is
computed as

Dk
9 :ZK_ ,
k=1vyM
n Zj:] lj,k

(19)

Here, 1, is the fading coefficient parameter between
mthantenna and K" user. The antenna subset is selected
with the highest value of 19,,. The pilot-based approach is
used to find out the 9,, value for all the antenna elements.
The antenna element has the highest value of ¥, are
arranged in descending order and selected with the highest
value of 9,,.

3.4. Maximization of Energy Efficiency
Evaluating the maximum value of the EE defined by

Equation 12, the power consumption terms with a significant

value of M are considered. Therefore, rewriting Equation 12

as

DR1C ERiew ) + ERpar))

Pry+Pr.gitPRetPce+PLp

EFE =

(20)

Equation 20 with detailed power consumption terms is
given as
2N EReu)ERiear))

~ 2BMK? 4BK? ( 1)
Tul dl
Prg+Pr.gi+ (M Pps+Pro+KPyg)+ Ulgs + Tor
Kt ttq) PMK
+B (1-—U Tag FLPC
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Equation 21 is maximized to evaluate
number of selected antennas by considering,

the optimum

Ba?pS,

Proy+Pr_g = K

and
SK ) (EQRua) + E (Rg)) = KR (1- 22

Where Bo?is total noise power, pstands signal to
interference noise ratio, S,= E{(L.)~'}, L. is a model of
large-scale fading, # is PA efficiency at the BS, U is Total
symbols, and K is user count.

The EE for TAS in multiuser massive MIMO can be given as

_ K(Tul+7dﬂ
KR (I-T)

; ; — Kz, ;+
Ci K'+M Y7 D; K'+AKR (1-%)

< (22)
B ”prKJrZ?:O
Here, C; and D;denotes the coefficients of various
power terms defined in Equation 14 to Equation 18.

Equation 22 is the maximized value of EE by
considering the ZF combining technique. Similar to this
maximized value of EE for the MRT technique can also be
derived.

4. Performance Analysis

Performance evaluation of a single-cell massive MIMO
system is carried out for the ZF precoding technique with
and without TAS cases. The proposed system is a single-cell
massive MIMO with TAS, and the conventional system is
without TAS.

The comparison of ZF with MRT and MMSE is also
implemented in the proposed system. The parameters used
for the simulation are listed in Table 1.

Table 1. Simulation parameters of the proposed system

Parameter Value |Parameter| Value
M 220 K 150
Kappa (Path loss component) |3.56/5.5| 7,74 1
B 20MHz B¢ 180KHz
Bo’ -96dBm U 1800
oy 0.6 o 0.4

Figure 3 shows the simulated result of a single-cell
massive MIMO with TAS and without TAS using ZF for two
different values of path loss component (Kappa). By
increasing the antennas at the BS beyond 200, the proposed
TAS system gives improved EE by 5 Mbit/Joule compared to
the conventional massive MIMO system for the path loss
component of 3.56 and 5.5. Thus, the massive MIMO with
the TAS system's performance is better than the conventional
massive MIMO system.
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Figure 4 shows the application of the proposed TAS
system for MRT. The proposed TAS system has also
improved energy efficiency compared to the conventional
massive MIMO for MRT. An analogous performance is
observed for a higher value of the path loss component of

5.5.

60 220

Table 2. EE Comparison of ZF, MMSE, and MRT on proposed
TAS massive MIMO system

Precoding Energy Efficiency
Technique (Mbit/Joule)
ZF 30.52
MMSE 8.85
MRT 0
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Figure 5 shows the EE performance comparison of the
proposed TAS massive MIMO system for ZF, MMSE, and
MRT. It has been observed that the proposed TAS system
has given very high EE by using ZF as compared to MMSE
and MRT techniques. The observations for 200 antennas at
BS give EE = 30.52 Mbit/Joule using ZF, whereas for the
same count of antennas, MMSE gives only 8.85 Mbit/Joule,
and MRT is very close to 0 Mbit/Joule. The values presented
are for one set of random generations of parameters and can
vary in every iteration. Thus, the ZF technique has given
significantly high EE compared to MMSE and MRT, as per
the values in Table 2.

A comparison is presented in [22] between the proposed
system using massive MIMO TAS for ZF and the existing
system. In the existing system, analysis of EE is based on
perfect and imperfect CSI is carried out. The proposed
massive MIMO system with TAS depending on normalized
power received by the users for ZF has given around 5%
improvement in EE compared to the current work. Achieved
5% improved EE values are listed in Table 3 for 64, 128, and
200 antennas at the base station.

Table 3. Improvement in EE for ZF with TAS

Number (Mbiltzlfoule) EE Improvement
of Proposed (Mbit/Joule) | in EE (%) of
Antennas Sysr,)tem Existing Proposed
ZF with TAs | System [22] Model
128 30.34 29 4.62
200 30.52 29 524

Optimized EE in single-cell massive MIMO for ZF with
TAS is shown in Figure 6 (a) and Figure 6 (b) without TAS.
Along with EE and the number of antennas, the number of
users is also considered to analyze multiuser scenarios. As
shown in Figure 6 (a) and values listed in Table 4, it has been
observed that 30.8 Mbit/Joule optimum EE is obtained at M
= 150 and K = 100. Similarly, the optimum EE = 25
Mbit/Joule without TAS case is obtained at M = 160 and K =
110 as shown in Figure 6 (b), and values listed in Table 5 as
per the achieved results, the proposed TAS system gives
improved EE even in the case of multiuser scenario.

Table 4. EE with TAS using ZF

M K Energy Efficiency (Mbit/Joule)
150 100 30.8
200 50 15
220 150 35

EE in single cell Massive MIMO with TAS using ZF
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Fig. 6 (a) EE of Single-cell Multi-user Massive MIMO with TAS using
ZF
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Fig. 6 (b) EE of Single-cell Multi-user Massive MIMO without TAS
‘using ZF



Shruti. R. Danveet al. / 1IJETT, 70(12), 170-178, 2022

Table 5. EE without TAS using ZF

M K Energy Efficiency (Mbit/Joule)
150 | 100 22
160 | 110 25

50 50 14

EE in single cell Massive MIMO with TAS using MRT
Optimum
Value

25
oule

Energy Efficiency [Mbit/Joule]

(=}
L

200 150

100

100 50

Number of Users (K)
Number of Antennas (M)

Fig. 7 EE of Single-cell Multi-user Massive MIMO with TAS using
MRT

Figure 7 shows the optimum EE of massive MIMO for
MRT using the proposed TAS technique. MRT also achieved
the optimum value of EE = 10 Mbit/Joule at M = 80 and
K=60 as per the results listed in Table 6. Thus, with an
increase in the user count, the proposed TAS system also

Table 6. EE with TAS using MRT

M K Energy Efficiency (Mbit/Joule)
100 100 11
80 60 10
100 50 8
5. Conclusion

Transmit Antenna Selection technique depending on
normalized power received by the users is proposed in this
work for a single-cell multiuser massive MIMO system. The
energy efficiency equations are derived for uplink and
downlink communication for the zero forcing combining
technique. The power consumption in the RF chain, channel
estimation process, and linear processing of the BS are
considered for the perfect energy efficiency analysis. The
proposed TAS technique improved EE by 5 Mbit/Joule
compared to the conventional massive MIMO system for ZF.
Also, the proposed TAS for the multiuser scenario gives
optimum EE = 30.8 Mbit/Joule at M = 150 and K = 100 for
ZF and optimum EE = 10 Mbit/Joule at M = 80 and K = 60
for MRT. The EE performance of the proposed TAS massive
MIMO is much better for the ZF case than MRT and MMSE.
Efforts have been put into energy efficiency improvement by
using low complexity ZF linear precoding and minimizing
power consumption in RF chains using the proposed TAS in
a massive MIMO system.

Future work
In the future, the system can be upgraded to enhance
energy efficiency for multi-cell massive MIMO systems

using the proposed transmit antenna selection technique.

improves EE for MRT.
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