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Abstract: This paper presents an improved sleep control algorithm for small base stations (SBSs) in 5G New Radio
(NR) heterogeneous cellular networks (HetNets). HetNets consist of various base station tiers, including macro base
stations (MBSs) and small base stations (SBSs), and have been suggested as a promising solution to enhance wireless
coverage and network capacity, employing many SBSs into the MBS coverage. However, power consumption
increases significantly as a result of an increase in the number of the SBSs. To solve this problem, the SBS sleep
control has been proposed to reduce power consumption for the SBSs and improves energy efficiency, whereas it
deteriorates system throughput compared with no sleep control system, consequently degrading the quality of service
(QoS) performance at user equipments (UEs). This paper proposes an enhanced algorithm for SBS sleep control based
on energy efficiency as a decision criterion for SBS operating state. From the evaluation results through computer
simulation, the proposed scheme can provide improved performance for both energy efficiency and system throughput
simultaneously, that is it can improve energy efficiency while maintaining almost the same system throughput as the
no sleep control system. Concretely, the proposed scheme has the 14.89% improvement in energy efficiency while
providing almost the same system throughput of over 99%, compared with no sleep control system.
Keywords: Sleep control, HetNets, 5G NR, System throughput, Power consumption, Energy efficiency.

1. Introduction
The three majors of use cases for the fifth
generation new radio (5G NR) mobile networks
include enhanced mobile broadband (eMBB),
massive machine type communications (mMTC),
and ultra-reliable and low latency communications
(URLLC) [1]. There are different key performance
indicators for different use cases. The userexperienced data rate is essential for eMBB, whereas
mMTC is mainly concerned with the density of
connections and the main parameters for URLLC are
latency and reliability.
Considering that 5G NR mobile networks need to
achieve all three requirements and should be capable
of interconnecting with all existing and emerging
technologies, one of the most promising solutions for

overcoming these challenges is attempting
densification of base station (BS) deployment
through heterogeneous cellular networks (HetNets),
which include different tiers of BSs, macro base
stations (MBSs) and small base stations (SBSs), as
shown in Fig. 1 [2-4]. MBSs provide low-frequency
carrier and high-transmission power to achieve wider
coverage with a range of over one kilometer. In
contrast, SBSs provide high-frequency carrier and
low-power radio access for usually ten to a few
hundred meters of coverage. They are classified as
femtocells, picocells, and microcells with the
smallest being femtocells and the largest being
microcells [3]. The SBS tier generally overlays on the
MBS tier in the HetNets. It is necessary to balance
service quality and cost efficiency while planning and
deploying HetNets.
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control and adaptive SBS sleep control. The proposed
energy efficiency based sleep control scheme is
described in section 3. Section 4 describes the system
model for performance evaluation. The results of the
performance evaluation are presented in section 5.
Finally, the conclusions are given in section 6.

2. Related work
Figure. 1 The example of cell deployment for 5G NR
heterogeneous cellular networks

Low cost covers power consumption cost, as well as
network planning and operating charges. The
implementation of SBSs can achieve both better user
quality of service (QoS) and lower operating costs [4].
However, dense and random implementation of
SBSs inside the MBS coverage leads to various
negative impacts, including a rise in power
consumption due to the inclusion of many SBSs [5].
Therefore, various techniques for reducing power
consumption in cellular networks have been
proposed. [6-7]. One of the most attractive techniques
for reducing power consumption and increasing
energy efficiency is to integrate sleep control into
SBSs. The existing schemes for SBS sleep control
have been proposed, for example: random and
repulsive schemes [8], distance-sensitive repulsive
sleeping strategy [9], traffic based sleep control
scheme [10], cell throughput based sleep control
scheme [11], and adaptive SBS sleep control scheme
[12]. Although these schemes can reduce power
consumption and improve energy efficiency, they
could degrade system throughput when compared
with the no sleep control system.
This paper proposes an enhanced SBS sleep
control scheme for downlink communications in the
5G HetNets in order to provide better performance
for both energy efficiency and system throughput
simultaneously,
concretely
improve
energy
efficiency while maintaining almost the same system
throughput as the no sleep control system. To achieve
these objectives, this paper proposes an enhanced
algorithm for the SBS sleep control, which activates
more SBSs while providing the improved energy
efficiency. However, increasing the number of active
SBSs could lead to increased power consumption and
then decreased energy efficiency. Based on this
perspective, the proposed scheme employs energy
efficiency as the decision criteria for SBS sleeping in
order to provide the improved energy efficiency.
The remainder of this paper is structured as
follows: Section 2 presents related work to the SBS
sleep control and then provides detailed description
on the conventional cell throughput based sleep

2.1 Sleep control for SBSs in HetNets
Several SBS sleep control schemes have been
proposed, for example, random and repulsive
schemes are studied in [8]. Under the random scheme,
SBSs are put in the sleep state with a certain
probability, whereas the repulsive scheme inactivates
only the SBSs within the sleeping radius of the MBS.
However, these sleep controls could degrade the QoS
performance of user equipments (UEs) and bring
coverage holes incurred by the SBS sleeping. To
solve the problems, distance-sensitive distributed
repulsive sleeping strategy (DSDRSS) has been
proposed in [9]. The DSDRSS scheme inactivates all
the SBSs within the certain area with light traffic load.
These SBSs are then merged to form a sleeping
cluster. To guarantee UE coverage in that area, the
DSDRSS will activate one SBS for this sleeping
cluster. While DSDRSS achieves a maximum power
savings of 50% by sleeping the SBSs, system
throughput is also drastically decreased when
compared with the no sleep control system. In [10], a
sleep control scheme based on traffic load during a
certain period of time has been proposed. In terms of
its sleeping procedure, the activated SBSs monitor
the served traffic on a regular basis. If the traffic load
measured over a specified period is low, the SBS is
put to sleep state to reduce power consumption.
However, this technique also reduces system
throughput in comparison to the no sleep control
system.
2.2 Conventional cell throughput based sleep
control
The conventional cell throughput based sleep
control [11] is a simple but effective scheme applied
for the SBS sleeping. The cell capacity ratio, which
is a ratio of currently achieved cell throughput to
maximum achievable cell throughput, is introduced
as decision criteria for making SBSs sleep, in order
to find the SBSs with the waste of energy. It results
in SBSs with small throughput are put into the sleep
state, whereas those with large cell throughput remain
in the active state. Then the conventional cell
throughput based sleep control scheme can reduce
power consumption, and then improves energy
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efficiency.
𝑖
The cell capacity ratio 𝑅SBS
for the i-th SBS can
be obtained from the currently achieved cell
𝑖
throughput 𝑆SBS
[bps] at the i-th SBS normalized by
cell capacity 𝐶SBS [bps], which is formulated by:

problem from the perspective of efficient frequency
utilization.

𝑆𝑖

𝑖
𝑅SBS
= 𝐶SBS

(1)

SBS

where 𝐶SBS represents the maximum cell throughput
achievable when the SBS fully utilizes its allocated
frequency bandwidth for communication services.
𝑖
The 𝑆SBS
can be obtained by summing the user
𝑗
throughput 𝑆UE achieved at all the UEs connecting to
𝑖
the i-th SBS, and 𝑆SBS
can be written as:
𝑁𝑖

𝑗

𝑗

(2)

con
= ∑𝑗=1
{𝐵UE log 2 ( 1 + 𝑆𝐼𝑁𝑅UE )}

𝑖
where 𝑁con
is the number of UEs connecting to the i𝑗
th SBS, 𝐵UE is the assigned frequency bandwidth to
𝑗
the j-th UE, and 𝑆𝐼𝑁𝑅UE is the received signal to
interference plus noise ratio (SINR) at the j-th UE.
The sleep control algorithm employed in the
conventional cell throughput based sleep control is
shown on the inside of the dashed rectangle in the
upper part of Fig. 2. The conventional cell throughput
based sleep control algorithm employs a threshold𝑖
based control for the cell capacity ratio 𝑅SBS
to
determine the operation state for every SBS. The
following formula is used to determine the operating
state 𝑂𝑆 𝑖 at the i-th SBS:

𝑂𝑆 𝑖 = {

𝑖
sleep ; 𝑅SBS
≤𝛼
active ; otherwise

The conventional adaptive SBS sleep control
[12] focuses on cell-level energy efficiency instead of
system-level energy efficiency. This control proposes
a sleeping technique to improve cell-level energy
efficiency for active SBSs by determining and then
inactivating the SBS with the minimum cell-level
energy efficiency.
The conventional adaptive SBS sleep algorithm
can be described as follows: after calculating the celllevel energy efficiency for all the active SBSs, the
algorithm finds the SBS with minimum cell-level
min _org
energy efficiency 𝐸𝐸SBS
. Then, the SBS with
min _org

𝑗

𝑖
con
𝑆SBS
= ∑𝑗=1
𝑆UE
𝑁𝑖

2.3 Conventional adaptive SBS sleep control

(3)

where 𝛼 is a predefined threshold value for the cell
𝑖
capacity ratio. As shown in Eq. (3), when 𝑅SBS
is less
than or equal to 𝛼, the SBSs enter the sleep state,
otherwise, the SBSs remain in the active state.
Applying this control procedure, the
conventional sleep control scheme provides reduced
power consumption and then improved energy
efficiency, compared with no sleep control system.
However, this conventional cell throughput based
sleep control also causes degradation in system
throughput in comparison to the no sleep control
system. This is because the conventional cell
throughput based sleep control excessively
inactivates SBSs with a lower cell capacity rate. Then,
this system throughput degradation leads to a serious

𝐸𝐸SBS
temporarily changes its operating state
from active to tentative sleep state. After then, the
cell-level energy efficiency for all the active SBSs is
recalculated, and then the updated minimum cellmin _upd
level energy efficiency 𝐸𝐸SBS
is derived. Finally,
if the updated minimum cell-level energy efficiency
is greater than the original minimum cell-level energy
min _org
min _upd
efficiency (𝐸𝐸SBS
> 𝐸𝐸SBS
), the SBS with
min _org
𝐸𝐸SBS
changes its operating state from tentative
sleep to permanent sleep state.
By employing the above control procedure, this
conventional adaptive SBS sleep control achieves
lower power consumption and increased energy
efficiency while maintaining almost the same system
throughput as the no sleep control system. However,
as compared with the conventional cell throughput
based sleep control [11], this conventional adaptive
SBS sleep control [12] results in decreased energy
efficiency, and thus it cannot provide satisfactory
improvement in energy efficiency.

3. Proposed energy efficiency based sleep
control
To solve the problems with the conventional
sleep control schemes, described in the previous
section, this section proposes an enhanced SBS sleep
control scheme as an energy efficiency based sleep
control scheme to enhance both energy efficiency and
system throughput simultaneously.
Since active SBSs contribute to gain in system
throughput, it is necessary to increase the number of
active SBSs in order to improve system throughput.
On the other hand, however, increasing the number
of active SBSs results in an increased power
consumption, which leads to a decrease in energy
efficiency. From these considerations, energy

International Journal of Intelligent Engineering and Systems, Vol.15, No.2, 2022

DOI: 10.22266/ijies2022.0430.21

Received: October 22, 2021.

Revised: January 4, 2022.

235

efficiency must be a key element for achievable
system performance from the perspectives of both the
efficiencies of frequency utilization and energy
consumption. Under the condition of the energy
efficiency maintained without any degradation, the
system can activate additional SBSs to improve
system throughput. Therefore, the proposed sleep
control scheme employs energy efficiency as the
decision criteria for SBS operating state.
The sleep control algorithm for the proposed
scheme consists of 2 phases: pre-decision phase and
final-decision phase, which is shown in Fig. 2 and can
be described as follows:
Pre-decision phase: The operation in this phase is
applied throughout all the SBSs and is a similar
operation to the conventional cell throughput based
sleep control [11].
𝑖
For the SBSs with cell capacity ratio 𝑅SBS
up to
a predefined threshold α, they will be temporarily
considered in a “tentative sleep” state, which is a
different decision from the conventional cell
throughput based sleep control [11], otherwise, they
remain in the active state, as shown in Eq. (4):
𝑂𝑆 𝑖 = {

𝑖
tentative sleep ; 𝑅SBS
≤𝛼
active
; otherwise

(4)

Final-decision phase: This operation is applied to
the tentative sleep SBSs, which will be considered to
be activated in this phase.
At the first step in this phase, the temporal energy
𝑘
efficiency 𝐸𝐸sys
[bps/W] is calculated supposing that
all the tentative sleep SBSs operate in the sleep state,
𝑘
where 𝐸𝐸sys
is defined as the ratio of temporal
𝑘
achievable system throughput 𝑆sys
[bps] to temporal
𝑘
power consumption 𝑃sys [W], which can be written
as:
𝑘
𝐸𝐸sys
=

𝑘
𝑆sys

(5)

𝑘
𝑃sys

𝑘
where 𝑆sys
is defined as the summation of the
𝑙
achievable cell throughputs 𝑆MBS
[bps] at all the
𝑙
MBSs and those 𝑆SBS [bps] at all the SBSs, which can
𝑘
be given by Eqs. (6) and (7), and 𝑃sys
can be
expressed as Eq. (8):
𝑁

𝑁

𝑘
MBS 𝑙
SBS 𝑖
𝑆sys
= ∑𝑙=1
𝑆MBS + ∑𝑖=1
𝑆SBS
𝑁𝑙

𝑗

𝑙
con
𝑆MBS
= ∑𝑗=1
𝑆UE
𝑁𝑙

𝑗

(6)

𝑗

con
= ∑𝑗=1
{𝐵UE log 2 ( 1 + 𝑆𝐼𝑁𝑅UE )}

(7)

Figure. 2 The flowchart for the proposed sleep control
algorithm
𝑘
𝑘
𝑘
𝑃sys
= 𝑃MBS + 𝑃Active
+ 𝑃Sleep

(8)

𝑙
where 𝑁con
is the number of UEs connected to the l𝑘
th MBS. Note that the detailed definition of 𝑃sys
will
be provided in Sect. 4.
Then, one SBS is chosen from the tentative sleep
SBSs on the basis of the maximum cell capacity ratio
𝑅SBS, and the chosen SBS with the maximum 𝑅SBS ,
saying the m-th SBS, is changed the operating state
from the tentative sleep to the active state. After then
𝑘+1
the updated energy efficiency 𝐸𝐸sys
is calculated
𝑚
supporting the operating state 𝑂𝑆 of the chosen
SBS is active.
𝑘+1
Finally, if the updated energy efficiency 𝐸𝐸sys
is greater than or equal to the temporal energy
𝑘
efficiency 𝐸𝐸sys
, which indicates no degradation in
energy efficiency, the chosen SBS will eventually
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change the operating state 𝑂𝑆 𝑚 from the tentative
sleep to the active state. Otherwise, the 𝑂𝑆 𝑚 changes
to the sleep state, as defined in Eq. (9):
𝑂𝑆 𝑚 = {

𝑘+1
𝑘
active ; 𝐸𝐸sys
≥ 𝐸𝐸sys
sleep ; otherwise

(9)

This operation is repeated for the subsequent
tentative sleep SBS until all the tentative sleep SBSs
are chosen.
Through the above control procedure, the
proposed sleep control scheme has the potential to
simultaneously provide improved energy efficiency
and almost the same system throughput as the no
sleep control system, which cannot be provided by
the conventional sleep control schemes.

Figure. 3 BS and UE configuration under consideration

4. System model for performance evaluation
This section describes the system model assumed
in performance evaluations, evaluation metrics, and
the schemes for performance comparison.
4.1 System model
The HetNet for the performance evaluation
consists of two tiers of base stations: MBS tier and
SBS tier. The cell layout of the MBS tier is a 2-ring
structure composed of 19 cells, each with a hexagonal
coverage area, as shown in Fig. 3. The MBS is
located at the center of the hexagonal coverage area,
and the distance between MBSs is 𝑑cell [m]. The
𝑁SBS SBSs and 𝑁UE UEs are distributed uniformly
within a hexagonal coverage area of every MBS. The
UEs are connected to either the MBS or SBS based
on the maximum received signal power from them.
The network employs orthogonal frequency
division multiple access (OFDMA) for radio channel
access, in which the MBS or SBS allocates the same
amount of the frequency bandwidth to each
connecting UE by equally dividing its total frequency
bandwidth 𝐵MBS [Hz] or 𝐵SBS [Hz], respectively.
The signal propagation assumes path loss due to
the distance attenuation and log-normal shadow
𝑖,𝑗
fading. Thus, the received signal power 𝑃rx [dB] at
the j-th UE for the signal from the i-th base station
can be written as:
𝑖,𝑗

𝑖
𝑃rx = 𝑃tx
− (𝑃𝐿𝑖,𝑗 + 𝜓 𝑖,𝑗 )

(10)

𝑖
where 𝑃tx
[dB] and 𝑃𝐿𝑖,𝑗 [dB] denote transmission
power at the i-th base station (MBS or SBS), and the
distance attenuation in the signal propagation path
respectively. 𝜓 𝑖,𝑗 [dB] denotes its shadow fading

Figure. 4 Signal and interference for two-tier
heterogeneous network

attenuation which follows a log-normal distribution
with zero mean and standard deviation of 𝜎MBS or
𝜎SBS [dB] for MBS or SBS tier. The path loss 𝑃𝐿𝑖,𝑗 is
specified in the 3GPP specification TR 38.901 [13]
for the carrier frequencies in 5G networks. For the
𝑖,𝑗
MBS tier, the path loss 𝑃𝐿MBS [dB] can be found as
Eq. (11):
𝑖,𝑗

𝑖,𝑗

𝑃𝐿MBS = 13.54 + 39.08 log10 ( 𝑑3D ) +
20log10 (𝑓cMBS ) − 0.6(ℎUE − 1.5)

(11)

𝑖,𝑗

where 𝑑3D [m] denotes the 3-dimension distance
between from the i-th MBS to the j-th UE, 𝑓cMBS [Hz]
is a carrier frequency used in the MBS tier, and ℎUE
𝑖,𝑗
[m] is an antenna height for UEs. The path loss 𝑃𝐿SBS
[dB] for the SBS tier is defined in Eq. (12), where
𝑓cSBS [Hz] defines a carrier frequency for the SBS
tier:
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𝑖,𝑗

𝑖,𝑗

𝑃𝐿SBS = 22.4 + 35.3 log10 ( 𝑑3D ) +
21.3log10 (𝑓cSBS ) − 0.3(ℎUE − 1.5)

(12)

The network employs the different carrier
frequency bands 𝑓cMBS and 𝑓cSBS between the MBS
and SBS tiers. The network does not employ
frequency reuse technique for both the MBS and SBS
tiers. Therefore, the co-channel interference at the UE
is caused by the arriving signals from all the BSs
except its own connected BS in the same tier as
shown in Fig. 4.
𝑗
As for the SINR 𝑆𝐼𝑁𝑅MBS at the j-th UE
𝑗
connecting to the i-th MBS and that 𝑆𝐼𝑁𝑅SBS at the
j-th UE connecting to the i-th SBS can be expressed
by [14]:
𝑗

𝑆𝐼𝑁𝑅MBS =
𝑗

𝑆𝐼𝑁𝑅SBS =

𝑖,𝑗
𝑃rx
𝑗
𝑗
𝐼MBS +𝑁0 𝐵MBS

(13)

𝑖,𝑗
𝑃rx
𝑗
𝑗
𝐼SBS +𝑁0 𝐵SBS

(14)

where 𝑁0 [dBm/Hz] denotes noise power density,
𝑗
𝑗
𝐵MBS and 𝐵SBS [Hz] are the frequency bandwidth
allocated to the j-th UE by the connected i-th MBS
𝑗
𝑗
and SBS, respectively. The 𝐼MBS and 𝐼SBS denote the
total co-channel interference at the j-th UE from other
BSs in the same BS tier, except its own connected BS,
which are defined by:
𝑗

𝐼MBS = ∑𝑖∈∅𝑗

𝑖,𝑗

MBS

𝑗

𝐼SBS = ∑𝑖∈∅𝑗

SBS

𝑗

𝑃rx

(15)

𝑖,𝑗

𝑃rx

(16)

𝑗

where ∅MBS and ∅SBS represent the set of BSs
interfering to the j-th UE.
Only the downlink communication from BSs to
UEs is assumed and its data traffic employs a full
buffer model. Therefore, the UE throughput
𝑗
𝑆UE [bps] at the j-th UE can be derived by using
Shannon's channel capacity theory in Eq. (17) [15]:
𝑗

𝑗

𝑗

𝑆UE = 𝐵UE log 2 (1 + 𝑆𝐼𝑁𝑅UE )
𝑗

𝑗

𝑗

(17)

where 𝐵UE is either of 𝐵MBS or 𝐵SBS depending on
𝑗
the BS tier connected by the j-th UE. 𝑆𝐼𝑁𝑅UE is also
𝑗
𝑗
either of 𝑆𝐼𝑁𝑅MBS or 𝑆𝐼𝑁𝑅SBS.
For the power consumption at each BS, this paper
focuses on the power consumption at the transceiver
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on the BSs, which is typically consisted of a power
amplifier (PA) module, a radio frequency signal (RF)
module, a baseband processing (BB) module, a DCDC power supply (DCDC), an active cooling system
(CO), and an AC-DC (main supply) unit (ACDC)
[16-17]. For the power consumption at the SBS, we
assume different states for SBS operations: active,
idle, and sleep. The active state is defined as the state
in which the SBS is fully operational, including the
operation of the PA and RF modules with maximum
power due to the provision of communication
services to connected UE. In the idle state, the SBS is
partially operational, which means the SBS does not
operate especially the PA and RF modules due to no
requirement of communication services to UEs under
the case with no connected UEs, and consumes lower
power than the active state. In the sleep state, the SBS
does not operate major operating parts, however, to
ensure that it could be activated, it should not be
entirely powered off, and then may continue to
consume some power.
Each operating state is assumed to consume the
different power: 𝑃Active , 𝑃Idle , and 𝑃Sleep [W] for
active, idle, and sleep state, respectively. For the
power consumption at the MBS, all the MBSs always
active, and then their power consumption 𝑃MBS [W]
is assumed to be constant.
4.2 Evaluation metrics
In the performance evaluation, system
throughput 𝑆sys , system power consumption 𝑃sys ,
and energy efficiency 𝐸𝐸sys are evaluated by
computer simulation.
The system throughput 𝑆sys [bps] is defined as
the summation of the cell throughputs for all the
MBSs and SBSs with their final operation state in the
HetNets, which is calculated by applying Eqs. (2), (6),
and (7).
The system power consumption 𝑃sys [W] is
defined as the total power consumed at all the base
stations. Thus, 𝑃sys can be expressed by:
𝑃sys = (𝑃MBS ∙ 𝑁MBS ) + (𝑃Active ∙ 𝑁Active ) +
(𝑃Idle ∙ 𝑁Idle ) + (𝑃Sleep ∙ 𝑁Sleep )

(18)

where 𝑁Active , 𝑁Idle , and 𝑁Sleep are the number of
SBSs under the final operating states of active, idle,
and sleep, respectively.
The energy efficiency 𝐸𝐸sys [bps/W] is defined
as an achieved system throughput 𝑆sys normalized by
the power consumption 𝑃sys, which is calculated by
applying Eq. (5) [18].
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4.3 Schemes under comparison
For the performance evaluation, this paper
compares the performances for four different
schemes.
•
•
•

•

No sleep control system: All the SBSs remain in
the active state, except for the SBSs with no UEs
connected, which are under an idle state.
The conventional cell throughput based sleep
control [11], which employs the cell capacity
ratio as a decision criteria, described in sect. 2.2.
The conventional adaptive SBS sleep control
[12], which inactivates the SBS with the
minimum cell-level energy efficiency, explained
in sect. 2.3.
The proposed sleep control, described in sect. 3.

5. Performance evaluation
This section presents the computer simulation
results for four different schemes. All simulations
were conducted using MATLAB software and
included monte carlo simulations for 105 trials to
ensure statistically significant results. The system
throughput 𝑆sys , system power consumption 𝑃sys ,
and energy efficiency 𝐸𝐸sys are shown while
comparing between four schemes. The performances
for the sleeping operation rate 𝑆𝑂𝑅SBS also shown in
this section.
5.1 Simulation parameters and their settings
We use the parameter settings for the simulation
parameters listed in Table 1. The total number of
SBSs and UEs per MBS coverage is defined between
5 to 50 and 50 to 300, respectively. The frequency
bandwidth is 20 MHz for both MBSs and SBSs. The
carrier frequencies for MBS and SBS tier are 0.8 GHz
and 3.7 GHz, respectively [19]. The transmission
power at MBSs and SBSs is 46 dBm and 30 dBm,
respectively. The threshold α for cell capacity ratio is
set as a constant value of 0.25, which is an optimum
value for the energy efficiency in the conventional
cell throughput based sleep control scheme and
proposed sleep control scheme.
5.2 System throughput performance
Fig. 5 (a) shows the system throughput 𝑆sys for
varying the number of SBSs per MBS for the number
of UEs 𝑁UE = 100. The proposed sleep control
scheme improves system throughput 𝑆sys over the
conventional cell throughput based sleep control
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Table 1. Simulation parameter setting [11, 13]
Symbol
Value
Distance between
𝑑cell
500√3 [m]
MBSs
No. of MBS
𝑁MBS
19
No. of SBS [/MBS]
𝑁SBS
5-50
No. of UE [/MBS]
𝑁UE
50-300
Bandwidth

𝐵MBS , 𝐵SBS

20

[MHz]

Carrier frequency at
MBS, SBS
TX power at MBS,
SBS
Shadow fading std
for MBS, SBS

𝑓cMBS , 𝑓cSBS

0.8, 3.7

[GHz]

MBS
SBS
𝑃tx
, 𝑃tx

46, 30

[dBm]

𝜎MBS , 𝜎SBS

6, 7.82

[dB]

Noise power density

𝑁0

-174

Cell capacity
threshold

𝛼

0.25

𝑃MBS
𝑃Active
𝑃Idle
𝑃Sleep

150
30
25
15

Power consumption
at MBS, Active, Idle,
Sleep

[dBm/
Hz]

[W]

scheme [11] and achieves almost the same as no sleep
control system and the conventional adaptive sleep
control scheme [12]. This is because the proposed
one can activate more SBSs, compared with the cell
throughput based scheme [11], and this activation
contributes to an improvement in the system
throughput. As can be observed in Fig. 5 (a), the
proposed scheme achieves more improvement in the
system throughput over the cell throughput based
sleep control scheme, especially for the case with the
larger number of SBSs 𝑁SBS from 30 to 50. For
example, at 𝑁SBS = 50, the proposed scheme achieves
only 0.6% degradation from the no sleep control
system, whereas the conventional cell throughput
based sleep control scheme [11] shows 3.1%
degradation.
The system throughput 𝑆sys for varying the
number of UEs per MBS is also shown in Fig. 5 (b)
for the case of 𝑁SBS = 30. The proposed sleep control
scheme also provides almost the same system
throughput as no sleep control system and the
conventional adaptive sleep control scheme [12] for
any number of UEs. The reason for this improvement
is the same as that in Fig. 5 (a). Furthermore, the
proposed scheme largely improves system
throughput for the case with the smaller number of
UEs 𝑁UE from 50 to 150. This improvement under
such the case, as well as the case with the larger
number of SBSs in Fig. 5 (a), is caused by the fact
that the network has the large number of candidate
SBSs to be activated under such the cases, as can be
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(a)

(a)

(b)
Figure. 5 The system throughput 𝑆sys for different
numbers of (a) SBSs 𝑁SBS and (b) UEs 𝑁UE

(b)
Figure. 6 The sleeping operation rate 𝑆𝑂𝑅SBS for different
numbers of (a) SBSs 𝑁SBS and (b) UEs 𝑁UE

found in Fig. 6, which shows the sleeping operation
rate under the same condition as Fig. 5. We can find
in Fig. 6 that the sleeping operation rate is relatively
high under such the cases, and then the network has
more SBSs to be activated in the final decision phase
by the proposed scheme, resulting in a larger
improvement in the system throughput.
In addition, as illustrated in Fig. 5, the proposed
scheme shows the constant normalized system
throughput, which is defined as a ratio of the
achievable system throughput to that for the no sleep
control system, for any numbers of SBSs and UEs. In
contrast to the proposed scheme, the normalized
system throughput for the conventional cell
throughput based sleep control scheme [11] depends
on the number of SBSs and UEs, and then, the
conventional scheme [11] cannot provide the
constant normalized system throughput for all the
system conditions.

schemes are less than that for the no sleep control
system. However, the conventional adaptive sleep
control scheme [12] consumes larger power than the
proposed scheme and conventional cell throughput
based sleep control scheme [11]. The proposed
scheme achieves the smallest 𝑃sys performance,
however it shows slightly larger 𝑃sys than the
conventional cell throughput based sleep control
scheme [11]. This is due to the fact that the proposed
scheme activates additional SBSs from the tentative
sleep SBSs in its final-decision phase. As a result, the
proposed sleep control scheme activates a larger
number of SBSs, leading to slightly larger power
consumption.
Moreover, the proposed scheme shows slightly
larger degradation in the power consumption for the
cases with larger improvement in the system
throughput, that is the cases with larger 𝑁SBS or
smaller 𝑁UE . This means the proposed scheme
provides throughput improvement with a cost of
power
consumption.

5.3 Power consumption performance
Fig. 7 shows the system power consumption 𝑃sys
under the same conditions as Fig. 5. It is observed that
the power consumption 𝑃sys for all the sleep control
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(a)

(a)

(b)
Figure. 7 The power consumption 𝑃sys for different
numbers of (a) SBSs 𝑁SBS and (b) UEs 𝑁UE

5.4 Energy efficiency performance
Fig. 8 shows the energy efficiency 𝐸𝐸sys under
the same conditions as Fig. 5. The proposed scheme
can achieve superior 𝐸𝐸sys performance to both the
conventional sleep control schemes, particularly
compared with the conventional adaptive sleep
control scheme [12], which provides almost the same
system throughput. This is because the proposed
scheme employs energy efficiency as the criteria for
the decision of the SBS operating state in its finaldecision phase prior to activating additional SBSs for
the purpose of improving system throughput. The
performance gain in the energy efficiency by the
proposed scheme gets larger for the cases with larger
improvement in the system throughput. This fact
shows the gain in the system throughput surpasses the
cost in the energy consumption in the proposed
scheme.
Table 2 compares the energy efficiency 𝐸𝐸sys
achieved by different schemes for different numbers
of SBSs 𝑁SBS . We can find from Table 2 that the
proposed sleep control scheme can provide the
highest 𝐸𝐸sys of for example 1.304 [Mbps/W] at

(b)
Figure. 8 The energy efficiency 𝐸𝐸sys for different
numbers of (a) SBSs 𝑁SBS and (b) UEs 𝑁UE
Table 2. Comparison of energy efficiency 𝐸𝐸sys for
different numbers of SBSs 𝑁SBS and 𝑁UE = 100
𝑵𝐒𝐁𝐒
Sleep Control Schemes
30
40
50
1.189 1.162 1.135
No sleep control system
Conv. cell throughput sleep
1.315 1.306 1.292
control [11]
Conv. adaptive sleep control [12] 1.279 1.271 1.260
1.324 1.317 1.304
Proposed sleep control

𝑁SBS = 50, which is a 14.89% improvement in
comparison to the no sleep control system, whereas
the conventional cell throughput based scheme [11]
and the conventional adaptive sleep control scheme
[12] improve performance by only 13.83% and
11.01%, respectively.

6. Conclusions
This paper discussed the sleep control applied for
the SBSs in 5G HetNets. Aiming at improving energy
efficiency and system throughput simultaneously,
this paper proposed the enhanced sleep control
algorithm which employs energy efficiency as a
decision criterion for switching the SBS state into
active or sleep state. The proposed sleep control
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introduces a 2-phase control procedure and its second
phase activates additional SBSs from the sleep SBSs
to improve the energy efficiency while retaining the
system throughput.
We evaluated the system throughput, power
consumption, and energy efficiency for the proposed
scheme and compared with the conventional schemes.
The evaluation results through computer simulation
demonstrate that, the proposed sleep control scheme
achieves superior energy efficiency and system
throughput simultaneously, indicating that it can
improve energy efficiency while maintaining almost
the same system throughput as no sleep control
system, which cannot be provided by the
conventional sleep control schemes. Moreover, the
proposed scheme improves energy efficiency by
14.89% while maintaining almost the same system
throughput of over 99% when compared with the no
sleep control system. Consequently, the proposed
scheme can contribute to providing high capacity
green HetNets for 5G NR cellular networks.
In future work, the proposed sleep control
scheme could be applied to the HetNets with dynamic
behavior, such as UE mobility and traffic fluctuation,
by enhancing our proposed sleep control so as to
handle the dynamic behavior in HetNets.
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