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Abstract. In recent years, people pay more attention to the problem of increasing power consumption
of wireless network due to the rapid development of information and communication industry. Using
heterogeneous network has been a possible way to solve this problem and improve energy efficiency.
Significant research has been conducted. However, most of them only focused on the power
consumption of base stations while ignoring the power consumption of mobile devices. In this paper,
we start our research with accurate models for both macro and micro base stations and take the power
consumption of mobile devices into account. We observe that area power consumption decreases
with the increase in the number and radiuses of microcells. Finally, we find it is possible to choose a
certain number and radius of microcells to minimize the area power consumption. We verify the
correctness of the analysis with simulation.
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1. Introduction

In recent years, global warming has becoming a topical issue in global affairs. Information and
communication technology (ICT) industry is considered to be a large contributor to the world wide
greenhouse gas emissions with its explosive growth. With the deployment of 4G or 5G networks, the
number of global mobile devices increase rapidly which will lead to more power consumption.
Therefore, there is a economic motivation for network operators to reduce power consumption apart
from the social responsibility. Many solutions have been proposed in the literature to reduce the
power consumption. Heterogeneous cellular networks (HetNets), as one of the approaches to deal
with the surging traffic demand and increasing power consumption, has been widely studied. It has
been proved in [1] that HetNets can provide high-speed data rates and reduce the transmit power. The
mixed deployment scenarios of macrocells and microcells have been investigated in [2]. Simulations
have shown that it can reduce the total power consumption by up to 60% for high data rate user
demand in urban areas. Literature [3] analyze the relationship between the power consumption and
the quality of service (QoS) support level. The results show that the network deployment combining
with microcells not only offers high QoS but also reduces the power consumption. However, most of
researches only consider power consumption of the Base Stations (BSs) while ignoring the influence
of Mobile Devices (MDs). In fact, there will be more mobile devices in the future. Therefore, power
consumption reduction of MDs is becoming more and more important. In [4], several energy
efficiency metrics have been introduced for the component, equipment and system level. In this paper,
we apply the metric area power consumption defined by Richter in [5]. In this paper, we focus on the
effect of microcell deployment strategy on power consumption of HetNets. We apply the detailed
power consumption models proposed by [6] to carry on the research. The power consumption of a
base station consists of two parts. One part describles the static power consumption, a power figure
which is consumed in an idle base station. Depending on the load situation, a dynamic power
consumption part adds to the static power. We analyze the power consumption of both BSs and MDs
in HetNets. We observe that either increasing the number of microcells or expanding the radius of
microcells could reduce the area power consumption under certain conditions. The remainder of the
paper is organized as follows. In Section II, our system model and the power consumption metric are
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introduced. In Section Ill, the analyses of power consumption are provided and in Section IV we
verify ouranalysis with extensive simulations. Section V concludes the paper.

2. System model

In this section, we firstly present the propagation model. Then, the power consumption models of
macro base stations, micro base stations and mobile devices will be introduced. Finally, we describe
the metric applied for evaluating the power consumption of HetNets.

2.1 Propagation Model

In this paper, we use the path loss model in [7], which has considered the path loss and slow fading.

The signal propagation model is formulated as

-2
Prx = K[(L] [Ptx J
rO

Where P, the transmission is power of the BS and P, denotes the received power. r and 4 denote

the propagation distance and path loss exponent. The parameter ro specifies a reference distance
where signal intensity is known. Its value is 1m in this paper. K denotes a dimensionless constant
which depends on antenna characteristics and channel attenuation.
2.2 Area Power Consumption

Usually, considering the mere power consumption is not rigorous for comparing cells of different
size since larger coverage requires larger transmit power which leads to more power consumption. In
order to evaluate the power consumption of the network with respect to its size, we use the notion of
area power consumption. It is defined in [5] as

_ Total power consumed by all base stations and mobile devices

The corresponding cell area

In order to calculate the area power consumption, we need to model power consumption behaviour
of base stations and mobile devices which are provided in the following section.
2.3 Power Consumption Models

The power consumption of a base station includes not only the transmit power but also cooling
consumption, power supply loss and signal processing consumption, etc. In fact, cooling consumption
accounts for a large proportion of the total consumption. Conventional macro base station which
consumes a lot of energy is applied to provide a larger coverage area under the limitation of minimum
received power. Micro base station consumes less power and provide a smaller coverage area. In
consideration of different features, the model of macro and micro base stations are different.

1) Macrocell Power Consumption: For macro base stations, the dynamic power consumption can
be neglected compared with the total power consumption which is proved in [6]. So the model of
conventional macro base station can be simplified to the static part. For modeling the power
consumption, it is given as

P
PBS,Ma = NgeNpa (_tx+ Pspj(1+cc )(1+Cps)

PA

P/A

Where Pssv. and P, denote the total consumed power and transmitted power, Ng. and
N, denote the number of sectors per base station and the number of power amplifiers per sector, £p,
denotes the amplifier efficiency, P, denotes the signal processing overhead, C. denotes the cooling

consumption and C.q denotes the battery backup and power supply loss. The values of these

parameters which are derived from practical applications are given in Table I.

2) Microcell Power Consumption: Compared with the macro base station, the micro base station
has a smaller power consumption and transmit power due to the smaller coverage area. As mentioned
above, the power consumption of macro base station is usually independent of traffic load. In contrast,
a major advantage of micro base station is its ability to measure its power consumption with the
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current level of activity. In [6], the power consumption of the micro base station consists of two parts:
static part and dynamic part. The static part describes the power consumption when it is an idle base
station which does not serve to any active user. Dynamic part is the power consumption which
depends on the instantaneous load. For modeling the power consumption, the following formula is
applied:
PBS,Mi =P,

sta,Mi

+ den,Mi

The static power consumption usually contains the static signal processing power, the power
supply loss and the transmit power when there is no active user. We derive the formula as

PX
Psta,Mi :£ : CTX,sta + PSP,sta jE(1+CPs )’

PA
Where C,, ., the percentage of is transmit power that is consumed when the base station is idle,

U, denotes the decreased power amplifier efficiency compared with the power amplifier of a macro
base station and Py, . is the static signal processing power. Considering the size of the microcell and

the instantaneous traffic load which cannot be ignored, the dynamic power consumption is given as
follows

P
den,Mi = (ﬂ—b‘(l— Crx sta )[Ctx,NL + Psp,NL j[NL[(l"' Chs )'

PA
Where NL is the number of active links in the microcell C,, ,, denotes the percentage of dynamic

transmit power per active link and P, , is dynamic signal processing power for each active link. The

values of these parameters are given in Table I.
3) Mobile Devices Power Consumption: Based on the model in [8], the power consumption of
MDs is given as

I:)MD = dele +(1_ p) PWOI’k )
Where P, denotes the power consumption when the mobile device is not active and P, denotes

work

the power consumption when the mobile device is working. The p denotes the probability that the
mobile device is not active. The values of these parameters are given in Table I.

3. Cell deployment and power consumption calculation

3.1 Cell Deployment

In this paper, we investigate the power consumption of two scenarios: one is the macrocell only
deployment, the other is the macrocell whose edge is deployed with several microcells. In both
scenarios, we keep the coverage fixed which means 95% of the hexagonal area in Fig.1 is covered
either by a macrocell or several microcells. The mobile devices are uniformly distributed in the
hexagonal. Firstly, we observe the power consumption of a macrocell only scenario, which is used as
a comparison point. Then some microcells are deployed around the macro base station. We assume
that the active MDs need to download a data package with size of S in a unit time (T) which is 1
second. We further assume that both macro base stations and the static part of micro base stations
always work at saturation power and the dynamic part of micro base stations depends on the
instantaneous traffic load. In this paper, the dynamic part depends on the downloading time of the data
package S. Besides, the multicarrier deployment strategy is applied in this paper. The whole spectrum
resources are divided into two parts without overlapping. One is utilized by the microcell and the
other is for the macrocell. We also assume that all of the MDs at different carrier frequencies can be

assigned to the same bandwidth. Thus, the MDs will not interfere with each other. The noise power is

o’ in this work. So the Signal to Noise Ratio (SNR) at a mobile device is
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F>I‘X K[PXD"fﬁ'
SNR(r)= i ?

Where r is the distance from the MD to either macro base station or micro base station and Prx
denotes the received power. The transmission rate of mobile devices in the cell obey Shannon

theorem. It is given as Rate = BDog2(1+ SNR), where B denotes the bandwidth for each mobile
device.

Mohile Devices
Macrocell only

Macrocell with microcells

Fig. 1 The deployment scenarios
3.2 Power Consumption Calculation
In this part, we will calculate the downloading time and total power consumption of two scenarios.
The mobile devices are uniformly distributed throughout the area.
1) Macrocell Only Scenario: Under macrocell only scenario, we assume that the number of mobile
devices is N and the total bandwidth of macro cell is BMA. Therefore, bandwidth of each mobile

device in macrocell is
B — Bua

MA, user
N

According to the Shannon theorem mentioned above, if SNRR is the minimum SNR required at
the edge of macrocell, the transmit power of macrocell is

Powva = SNRR[bZEK‘ltR‘
Where R denotes the radius of macrocell. Then we can derive the SNR of mobile device which isr
meters away from base station.

-1 A
SNR(r)=M=SNRR[(Bj

o’ r

According to the Shannon theorem, the transmission rate could be derived as
Ry (1) = Byyauser 100, (1+SNR(T))

So the transmission duration of a mobile device at a distance of r meters from the base station is

S
tya(F)=
Rua (1) |
In combination with the previous formulas, we derive the average transmission duration of all
mobile devices

Nua

2 tua (%)
_ =l
N
The total power consumption of mobile devices is

TMA
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MD total — =N [[Pworkm- + I:7dle E(:l'_TMA)] 1

Finally, the total power consumption of macrocell equals to the sum of power consumption of
macrocell and all mobile devices:

I:)MA,totaI = I:)BS,Macro + I:)MD,totaI

2) Macrocell with Microcells Scanario: In this part, because of the addition of microcells, the
calculation becomes more complicated. As mentioned above, the macro base stations and the static
part of the micro base stations have been always working at full load, while the dynamic part of the
micro base stations depends on the downloading time. We assume that there are Nmicro microcells at
the edge of macrocell and the number of mobile devices in each microcell is Nijmicro Where parameter
I denotes the ith microcell. Then we derive the number of mobile devices in all microcells and the
number of mobile devices in the mcarocell

NMlcro

MD Micro — Z NI Micro

)
NMD,Macro =N- NMD,Micro
)

The total bandwidth of ith microcell is Bmi. Therefore, the bandwidth of each mobile device in ith
microcell and the bandwidth of each mobile device in macro cell are
B,
B —_ M

i,Mi,user
N i,Micro
)
B' _ BMA
MA user — ’
N

MD,Macro
We assume that the radius of the micro cell is D. The minimum required SNR at the edge of micro
cell is SNRD. Due to the addition of microcells, the radius of macrocell will decrease to R'. So we
derive the transmit power of microcell and macrocell as

P, wi = SNR,[o*[K™[D*
P o ma = SNRy Lo [K [R*
The SNR of mobile device which is r meters away from micro base station and mcaro base
station are
KPR, 0" g
SNR(r")=—>22—= SNRD[(BJ
r

2
o

) N\ A
SNR(r") = KP o T SNRR[[%j

2
o}

According to Shannon theorem, we derive the transmission rate as
Ryi (') = By eer 109, (1+ SNR(r"))

Ria (') = B'yper 109, (1+ SNR(r ),

So the transmission duration of a mobile device at a distance of r meters from ith micro and macro
base station can be derived as

G i (r'): RMiS(I")
)=,
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Then the average transmission duration of all mobile devices in ith microcell and macrocell can be
expressed as

Ni micro
> (M)
_ it

Ti,Mi N

i,Micro
)

NMD,Macro

S
T =—4

N

The total power consumption of mobile devices in ith microcell

MD, Macro

Ti i Ti i
I:)i,MD,Micro = Ni,Micro[|:PW0rkD-i-_M+ I:)idIeE(:L_ -i-M ):|

And the power consumption of mobile devices in all microcells is given by

N Micro

P

total,MD,Micro — Z I:)i,MD,Micro
i=1

The power consumption of mobile devices in macrocell is
T 1 T 1
I:)totaI,MD,Macro = ( N — NMD,Micro )[|: F)WorkD TMA + I:)idle[(:l'_ TMA)}
The total power consumption of mobile devices can be expressed as
P +P

I:)totaI,MD = total,MD, Micro total,MD, Macro

Then we calculate the power consumption of microcells. In a unit time, the static part of micro cell
works at saturation power all the time, but the dynamic is not. So the dynamic part should be
multiplied by a weight factor which is the downloading time.
=P

sta,Mi

Tini
PBS,Mi + T[den,Mi

So the power consumption of all microcells is given as follows

NMicro

=Zp

BS,Micro
i=1

We derive the decreased macrocell power consumption as

. =3
P asva = NeecNpa (Iu_”‘+ PSP](1+ Co)(1+ Cps)

P

total ,micro

PA
So the total power consumption is given as follows

1
I:)total - P BS,Macro+ I:)total,micro + I::;otaI,MD
i)

Which includes the decreased macrocell power consumption, the power consumption of all mobile
devices and the power consumption of all microcells.

4. Simulation and analysis

To verify the accuracy of analytical results, a large number of simulations are provided in this
section. The parameters of simulation are given in Table I. We usually consider four scenarios:
macrocell only, one microcell per macrocell, three microcells per macrocell, and six microcells per
macrocell. Each micro base station only contributes 1/3 of its area to the coverage. The deployment of
microcells are showed in Fig.1.As it turns out, several microcells are located at the edge of macrocell.
We assume that 95% of the hexagonal area is covered either by macrocell or microcell. Both
macrocell and microcell contribute to the coverage. Therefore, when a new microcell is added to the
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edge of a macrocell, the coverage of macrocell will decrease which leads to a lower transmit power
and power consumption. In Fig.2, the radius of microcell is fixed at 15% of the radius of macrocell. It
shows the relationship of area power consumption to different radius of macrocell. It is seen that
deploying a varying number of microcells could reduce the area power consumption when the radius
is larger than a threshold. However, it could increase the area power consumption for lower radius. So
when the radius of macrocell is larger than 1900m, it is best to use six microcells per macrocell which
will minimize the area power consumption.
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220_ —2 — Mumber of microcell=3 H
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= : *
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o
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Fig. 2 Area power consumption over radius of macrocell
Fig. 2 shows that for certain radius of microcell, utilizing microcells decreases the area power
consumption. However, the effect of different radii of microcells is not considered. Therefore, we fix
the radius of microcell at 20% of the radius of macrocell in Fig.3. When the microcell size is larger,
we see that utilizing microcells becomes a better strategy for bigger radius of macrocell. On the other
hand, the area power consumption increase for smaller radius of macrocell. In this scenario, since
larger microcells could cover a larger area, macro base stations can decrease more transmit power

considerably while maintaining the coverage constraint.
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Fig.3 Area power consumption over radius of macrocell

Fig. 2 and Fig. 3 suggest that increasing the radius of microcells reduces the area power
consumption. However, if we continue to increase the size of microcells, they no longer stay as
microcells. In such a case, the micro base stations need to be as large and powerful as macro base
stations. Then, they have to obey power consumption model of macrocells. Therefore, we cannot keep
increasing the size of microcells.

In Fig. 4, we analysis the relationship of dynamic power consumption of mobile devices to the
radius of microcells. It is seen that area power consumption decreases with the increase in the number
and radiuses of microcells. On one hand, when a new microcell is added to the system, the capacity
will increase, thus the time of downloading will reduce which leads to the reduction of dynamic
power consumption of mobile devices. On the other hand, when the radiuses of microcells increase,
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more mobile devices will be included into the microcell. The channel condition of microcell is better
than macrocell. Therefore, the power consumption will reduce with the increment of radius of

microcells.
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Fig. 4 Dynamic power consumption of mobile devices over radius of microcell

5. Conclusion

In this paper, all our analysis is based on the assumption that the coverage is fixed and the mobile
devices are uniformly distributed throughout the area. We analyze the power consumption of both
base stations and mobile devices in a more comprehensive perspective. We observe that both
increasing the number of microcells and expanding the radius of microcells could reduce the area
power consumption under certain conditions. Besides, we find it is possible to choose a certain
number and radius of microcells to minimize the area power consumption.

Table 1
SIMULATION PARAMETERS

Macrocell Parameters

parameter value ” parameter value
Ngae 3 Psgp 58w
Npa 2 Co 0.29
Hp oy 38% Cpg 0.11
Bandwidth | 20M Hz N oiai 160dBm H =z
SNRr 1048 Carrier frequency 2.0GHz

Microcell Parameters

CrX sta 0.8 Psp sta 15w
Cez NL 0.04 Pap,NL 055w
HPa 2% Cps 0.11
Bandwidth ZMHz N oiai 150dBm H =z
SNRp 10dB Carrier frequency 2.0 Hz

Mobile Devices Parameters

Prork 12w
Pyaie 0. G
5 100k bit
Propagation Parameters
Macrocell Microcell
A 4 A 26
K 7.081 K TOO081
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