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Abstract

Energy consumption in a mobile device becomes a great interest as limited battery source restricts the power to activate the device. Cur-
rent battery capacity displayed on a mobile phone screen is based on current state. A more precise prediction method is important as the
connected application critically depends on the power availability. This paper reports the 802.16 energy assessment and modelling. A
state and duration based energy consumption prediction is proposed and compared to simulated energy measurement. The evaluation
showed state trend results 0.18% deviation for training data, 0.187% for test data 1 and 0.191% for test data 2. While state and duration
trends result 0.194% deviation for training data, 0.211% for test data 1 and 0.215% for test data 2.
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1. Introduction

Worldwide Interoperability for Microwave Access (WiMAX) is
a part of the 802.16 standard series. WiMAX provides high
speed microwave radio connection either point to point or point
to multipoint[1]. The 802.16e introduces mobility by providing
handover services.

WiMAX works on 2-11 GHz and 10-66 Ghz frequency bands
allowing high speed connection and multichannel services[2].
Working on high frequency enables WiMAX to have more fre-
quency channels than 802.11 technologies. This is why instead
of using contention scheme as carrier sense multiple access
(CSMA) technologies [[3]], WIMAX uses time division duplex
(TDD). Further, as more channels are available, WiMAX pro-
vides quality of services (QoS) classes. It provides five services:
Unsolicited Grant Scheme (UGS) for fixed size traffic such as
transport link and voice over internet protocol. Real-time Polling
Service (rtPS) is to supports real-time variable bit rate traffic
such as video stream, Enhanced Real-time Polling Service
(ertPS) for on-demand bandwidth request and allocation applica-
tion, Non Real-time Polling Service (nrtPS) is for non-real-time
application, and Best Effort Service (BE) is contending applica-
tion.

WiMAX usually consists of a base station (BS) connected to an
IP network and mobile users or subscriber stations (SSs)[4].
Although its configuration is like a cellular network, WiMAX
works as a packet based network. However, unlike 802.11,
802.16 is able to connect to other base stations as part of its
subscriber stations.

WIMAX works with three different bandwidth allocation
schemes: such as grant, polling, and contention. The framing
format for ach channel is shown by Figure 1.WiMAX divides a
channel into an uplink and a downlink streams. If grant for pri-
ority and bandwidth request or polling is given, it is informed to
SS by using MAP frames within download stream. If a band-

width request is sent, its request is allocated in uplink stream.
TDD frame requires WiMAX maps every downlink and up link
streams and inform them to SS. As result, wide range applica-
tion can make use WiMAX.
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Fig.1: WiMAX Frame Structure [2]

WIMAX research starts from physical to the application lay-
er[5]. In physic layer related to the use of orthogonal frequency
division multiple access (OFDM), multi input and multi output
antenna (MIMO), as well as channelization[6]. Link layer co-
vers error control techniques as well as the use of adaptive mod-
ulation and coding (AMC)[7]. Channel arrangement for multiple
accesses involves scheduling techniques and resource alloca-
tions [8]. Internet layer discusses mobile IP within WiMAX
networks [9]. Transport layer concern with MAC support to
enhance TCP or UDP performance[1], [10].

There is growing concern on energy usage on mobile devices.
Miniaturization has been considered as an effective way. How-
ever, taking steps into energy efficient usage all level of TCP/IP
architecture has been proposed in many ways. One of methods
that has been implemented in energy saving is in standby mode
or power saving mode [11]. Other research has proposed load
arrangement [12].

One way to understand energy consumption is to derive energy
usage model. Since WiMAX permits the mobile unit streaming
high bit rate data from distance up to 70 km, there is high bat-
tery dependency, especially for mobile unit. Energy consump-

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
B use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://creativecommons.org/licenses/by/3.0/

International Journal of Engineering & Technology

719

tion model is important to predict how much energy required
supporting this connection. As study goes through energy mod-
el, it was found that the work by Bezerra, et al[13] that proposed
a normalized energy consumption model in each medium access
level such as transmitting and receiving, sleep mode, idle mode,
turned on, uplink burst and downlink burst may fit the WiMAX
energy model requirement. Bezzera et al[13] divides normal-
ized power as depicted in Table 1. The maximum power con-
sumption occurs in states of uplink and downlink, while trans-
mitting burst data only consumes 17 % of it. Turning on device
also constitutes to high power consumption. Meanwhile, idle
mode wins the energy saving that consumes about 6% of maxi-
mum level, followed by sleep mode.

Table.1: Bezzera Normalized Power Consumption [13]

3. Research Method

This paper uses NS-2 simulator to evaluate the effectiveness of
the proposed energy consumption model. WiMAX module from
nation institute of science and technology (NIST)[16] is em-
ployed. The Bezzera energy consumption model scripts are em-
bedded to 802_16SS.cc in NS-2 simulator. There are 27 states
within subscriber station simulator. A sample of the equivalent
states is shown in Table 2.

Table.2: Simulated Normalized Power Consumption

NS-2 state Normalized power consumption
While_dI_subframe 1.00
While_ul_subframe 1.00
while_sleep_mode 0.29
while_idle_mode 0.06
while_turned_on 1.00
while_ul_burst ratio 0.17
while_ul_burst_energy ratio 0.01

Operation Mode Normalized power consumption
On dl subframe 1.00
On ul subframe 1.00
On sleep mode 0.29
On idle mode 0.06
Turned on 1.00
Transmitting ul burst 0.17
Transmitting ul burst 0.01

Even though, this model only presented the amount energy con-
sumed in each operation. In order to get the predicted consumed
energy, this paper proposed a trend based energy consumption
model in WiMAX. The proposed model records states and dura-
tions from training data, finds the trend patterns[14], [15] for
each state and duration, then predict the consumed energy for
given bitrates.

2. Proposed Consumption Model

In order to obtain the energy consumption model, training
data should be obtained at first time. Since the evaluation
employed in this paper is based on simulation results,
scripts for recording the energy consumption should be
embedded in each state. In case evaluation performed in a
real device, energy consumption for each state should be
precisely recorded. Afterwards, transmission is performed
for various traffic bit rates, the state frequency and dura-
tion is recorded.

Each state level is classified as in Bezzera [13] energy
consumption model. Duration of each state could be con-
stant or varied for different bit rates. The amount the con-
sumed energy for a given bit rate is approximated by
Equation 1.

i
E= ) D.P @

i=0

n

E is predicted energy; Di is the duration regression equation and
Pi is normalized power for state i according to Table 1. Equation
1 is applied only if the equation pattern derived from duration
only. However, if both duration and state patterns are derived,
then the model is expressed by Equation 2:
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S; is in the frequency of state in form of equation derived from
regression analysis

As the evaluated traffics are derived from akiyo_cif.yuv video
traces, the successful generated rates are limited. Rates from
40.000 Bps to 680.000 Bps if for training data, bitrates from
56.000 Bps to 696.000 Bps and from 64.000 Bps — 704.000 Bps
are for test purpose.

Network configuration consists of 4 mobile nodes transmitting
similar traffics as explained previously. Power is adjusted to
give 1 km coverage with 64 QAM and two-ray ground propaga-
tion model.
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Fig.2: Network configuration

4. Results and Analysis

4.1 Duration Trend

Training data generation from 40.000 Bps to 680.000 results 15 out of
27 states involved within subscriber station device. There are 15 states
active in communication. Eight of them have constant states duration for
all bit rates. Seven states experience various lengths for different bit
rates. Table 3 and Table 4 show the constant and varied state durations.

Table.3: Constant States

No State Name Duration (s)
1 MAC initialization 0.001
2 Mac arrangement 0.000263
3 DL-MAP processing 1.411993
4 DCD Processing 0.005981
5 UCD Processing 0.004005
6 Ranging 0.000026
7 Registration 0.000005
8 NBR_ADV 0.003587
TABLE 4. DURATION OF VARIABLE STATES
9 gauctlg(]g:ng y = 58.627 e—o.om("‘t ?‘11530030000)
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By using Equation 1, the energy consumed can be calculated.
From this training data and simulation record, it is obtained that
as shown in Figure 3.
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Fig.3: Training data and predicted model

The model and the simulation have similar pattern, however,
some Vvariation occurred in most points. Deviation in average
0.18% occurred during modelling. The training data energy
consumption is closed to the predicted model with deviation
0.180 %.

Model is then tested for different rates: 56KBps to 700 KBps
and 64KBps to 704KBps. The results are plotted in Figure 4a
and b. Prediction for both 56 KBps to 696 KBps and from
64KBps to 704 KBps have close values to simulation results.
The average deviations are 0.187% and 0.191%.
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hen both state duration and state frequency are approximated by using
regression techniques, the additional frequency per total values are plot-
ted in Table 4 and 5 for both constant and variable values.

<

Table.5: States Frequency
State Name Frequency per total duration
MAC initialization 0.001
Mac arrangement 4.38333E-05
DL-MAP processing 2.08035E-05
DCD Processing 0.000108745
UCD Processing 7.28182E-05
Ranging 0.000026
Registration 0.000005
NBR_ADV 6.61808E-06
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Table.6: Duration of variable states
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Prediction results for training data and two test datum are shown
in Figure 5. By using frequency and duration of the state the
deviation of predicted and simulation results produce 0.194%,
0.211%, 0.215% subsequently for training data, test data 1 and
test data 2. It seems additional pattern analysis is not necessary.
The duration of the state has been representative for predicting
the total energy consumption.

231

230

/—/_'

229

228

227

226

225

Consumed Energy (J)

224

00 e°

é@@

QQQQ&‘P@@QQQ
@?‘@@@@@@

Bz{ rate (Bps)
(a). Training Data

<>° e°

@@Q ép@

o ‘bQ

@“




International Journal of Engineering & Technology

721

[}
w
g

ra
w
=}

.,4-—/

ra
=)
=)

ra
=]
]

ra
x]
@

Consumed Energy (J)
ra
3
jart

ra
=)
wn

ra
[x]
-

%b@qu@g 0@%&9‘9:&9 ,\@"Q @"Q@ @ 2 q@ & @ @
Bit rate(Bps)
(b). Test Data 1
231
230 A

ra
[x]
=

ra
M
wn

Consumed Energy (J)
1
[t
&

ra
%)
T

@@"@@@@@@»

@@M’

bQ ‘b‘\;go‘ol\()

Bit rate (Bps)

(c). Test Data 2
Fig.5: Prediction results using duration and frequency trends

5. Conclusion

This paper has proposed energy consumption model based on
state frequency and duration. The model gathers consumption
data as a training data to form regression trends of every state.
Trends can be generated by using state duration only or both
state frequency and duration.

The state duration based results an average 0.18% deviation
between predicted and measured energy consumptions for train-
ing data. It also produces about 0.187% and 0.191% for test data
1 and test data 2. The state frequencies and durations produce
0.194 %. 0.211% 0.215% subsequently for training data, test
data 1 and test data 2.
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