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[Abstract] )

The convergence of broadcasting and telecommunication technologies is a key issue of the ubiquitous networks. So this paper
offers the convergence of integrated telecommunication networks and broadcasting system, Advanced Terrestrial Digital
Multimedia Broadcasting (AT-DMB), and the interconnection of them via the Media Independent Information Server/Service
(MIIS). Then, this paper proposes the fast wakeup and connection mechanism with concepts for improving QoS and energy
efficiency simultaneously. In the proposed convergence network, our mechanism places the key on the minimization of both the
incoming service delay destined to a turned-off interface by using the broadcasting network and the additional energy
consumption. This paper further evaluates the performance of proposed mechanism through the numerical and experimental

analysis and has confirmed the decrease of both service delay and energy consumption.

Key words : Quality of Service, Energy saving, Broadcasting, Advanced Terrestrial Digital Multimedia Broadcasting,
Media Independent Information Service.
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| . INTRODUCTION

The evolution and the deployment of various
telecommunication technologies such as Global System for
Mobile communications(GSM), Code Division Multiple Access
2000(CDMA2000), Mobile Telecommunications
System(UMTS), Wireless Local Area Networks(WLAN), and

Worldwide Interoperability for Microwave Access(WiMax) have

Universal

brought the tremendous improvement of user circumstances.
Simultaneously, the user demands for new added value services
such as Voice over IP(VoIP), Video on Demand(VOD), Digital
Multimedia  Broadcasting(DMB),  and

Television(IPTV) have grown continuously. However, such user

Internet  Protocol
demands for higher data rate, higher mobility, and Quality of
Service(QoS) have not been fulfilled by each telecommunication
technology alone. Therefore, the Next Generation(or 4G)
Networks(NGN) are

telecommunication technologies into a common convergence

integrating those multiple
network.

The convergence has been a key issue of the ubiquitous, the
symbol of NGN, among various groups including researchers,
network operators, and service providers. Especially, the
convergence of telecommunication and broadcasting becomes
very important since the broadcasting technology has rapidly
grown as well as the user demand for broadcasting services such a
DMB. Therefore various emerging future technologies in both the
network and service planes will play a fundamental role in
converging telecommunication and broadcasting.

The ubiquitous network is expected to guarantee 'any-service
with any-device through any-network at any-where in any-time'.
In order to support this ubiquitous service, there are essential
requirements which are very high data rate for ‘any-service’,
multi-interface  systems  for  ‘any-device’,  integrated
heterogeneous networks and high mobility for ‘any-network’, and
so on. However, lots of challenges still remain on various
research areas. In particular, the multi-interface systems, i.e.
becoming all-in-one systems recently, suffer from the serious lack
of energy as it have many parts of a communication running
simultaneously and it is also short of the energy management
functions. So, lots of research efforts in the literature have
dedicated to the investigation of the energy management, usually
called power saving, schemes in multi-interface systems. The
works in  [1]-[3]
consuming wakeup interfaces to reduce the energy consumption
of other interfaces such a WLAN. In[4], it was further proposed
to implement a separate low-energy consuming radio on the
Mobile Station (MS), in addition to other radio interfaces that

suggested using secondary low-energy
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already exist on the MS for supporting user applications, and to
use it as an always-on wakeup and signaling channel. The
approaches in [5, 6] offered a new gateway to interconnect
cellular and WLAN networks. The proposed gateway serves as a
Session Initiation Protocol(SIP) server to handle incoming VoIP
services for WLAN and to wakeup WLAN interface via cellular
network. However, most of these efforts have only focused on the
energy saving issue of multi-interface systems without the QoS
concern, i.e. delay of the incoming service through the interface
already turned into the energy saving mode. Even though some
approaches have considered QoS as well, there is still the critical
degradation of QoS because:

A. Offered wakeup procedure using legacy telecommunication
networks causes long delay, referred as wakeup delay in this
paper.

B. The designated interface has to establish the connection to the
network after it wakes up, that also induces delayed service. We
call it connection delay in this paper.

In this motivation, we propose the fast wakeup and connection
mechanism. This mechanism focuses on the convergence of
integrated telecommunication networks and broadcasting system
which is the Advanced Terrestrial Digital Multimedia
Broadcasting (AT-DMB). To interconnect those emerging
technologies without the development of new components, we
employ the Media Independent Information Server/Service
(MIIS) introduced in IEEE 802.21 Media Independent Handover
(MIH) standard. In the proposed convergence network, our
mechanism guarantees both the significant improvement of QoS
by reducing wakeup delay as well as connection delay and the
energy efficiency. The key concepts of the proposed mechanism
are:

A. Fast wakeup of the designated interface according to the quick
transfer of wakeup signal via AT-DMB channel.

B. Fast connection to the network, waiting for the provision of
incoming service, by providing the network information
previously to the designated interface through AT-DMB channel.
The network information for the establishment of connection is
offered by the MIIS.

C. Minimization of the additional energy consumption caused by
AT-DMB interface.

The remaining of this paper is organized as follows. In the next
section, we explain the proposed system architecture unifying the
telecommunication and broadcasting systems. In section 3, we
propose the fast wakeup and fast connection mechanisms
improving QoS. Section 4 evaluates and analysis the performance
of the proposed mechanisms, and then we conclude this paper in

Section 5.
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II. AT-DMB and MIIS

2-1 Multimedia Broadcasting Systems

The Terrestrial Digital Multimedia Broadcasting (T-DMB)
system is designed to provide multimedia broadcasting service in
a mobile reception environment over a European Digital Audio
Broadcasting(DAB) system known as Eureka-147. The DAB
system can provide a reliable and multiplexed digital audio
broadcasting service including data for mobile devices and
portable and fixed players with a simple non-directional antenna
[7]. But, as the DAB system was designed mainly for audio
broadcasting services, the T-DMB uses state-of-the-art
technologies such as compression and synchronization in order to
provide  high quality Audio Visual(AV)
H.264/Advanced Video Coding(AVC) for video compression,
Bit-Sliced Arithmetic Coding(BSAC)/High Efficiency Advance
Audio Coding(HE-AAC) for audio compression, and Binary
Format for Scenes(BIFS) in the MPEG-4 system for other in-band
data accompanied by audio/video streams are adopted by the
T-DMB system [8].

With the well deployment of the T-DMB service, the Digital
Video Broadcasting-Handheld(DVB-H) developed by Nokia and
the Media Forward Link Only (MediaFLO) developed by

Qualcomm were proposed and deployed for mobile multimedia

services.

broadcasting service recently. In comparison with those following
technologies, T-DMB has the advantage of the broad coverage
and the low cost of installation. However, it is weak in supporting
high quality services due to the lack of both serving channels and
data rate. So, there has been a need to research and develop the
enhanced multimedia broadcasting technology, and thus the
AT-DMB system is emerged. AT-DMB provides higher quality
of multimedia broadcasting services using the hierarchical
modulation and the scalable AV coding scheme while it is fully
backward compatible with the conventional T-DMB system [9].

2-2 Media Independent Handover Services

IEEE 802.21 introduces the MIH services to improve the
handover performance across heterogeneous access networks.
MIH offers a framework that defines Media Independent
Handover Function (MIHF). It is logically designed as a shim
layer between the link layer (L2) and upper layers in the protocol
stack of both the MS and network elements. Especially, MIHF
employs three kinds of services as the key element of the
interaction. These services are responsible for provision of
handover-related information such as link status, link layer
networks

intelligence, serving and neighboring access
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information, and operation policies. In addition, they help upper
layers coordinate and manage handovers, while supporting both
network-initiated and mobile-initiated handovers. The above three
services are Media Independent Event Service (MIES), Media
Independent Command Service (MICS), and MIIS [10].

. Fast Wakeup and Connection via
AT-DMB

3-1 Proposed System Architecture

In this paper, we propose a convergence network architecture
unifying telecommunication and broadcasting systems as shown
in Fig. 1. In addition to legacy telecommunication technologies
such as cellular, WMAN, and WLAN, the proposed network
employs the AT-DMB system as the signaling interface. And the
MIIS is adopted into the proposed network in order to
interconnect legacy networks and AT-DMB system. In the
proposed convergence network, the basic concept of our
approaches is that urgent messages from legacy
telecommunication networks can be delivered to MS via the
multimedia broadcasting channel given by both MIIS and
AT-DMB system.

In order to guarantee QoS, we propose the fast wakeup and
connection mechanisms which reduce the wakeup delay and the
reconnection delay respectively. First of all, we design the
enhanced AT-DMB system architecture as illustrated at Fig. 2.
When the MIIS detects an incoming service to the interface
turned into energy saving mode, it provides both wakeup and
connection information to the enhanced AT-DMB system.
Accordingly, this system generates the Fast Information Group

(FIG) type 4 based on the receiving information from MIIS by

WMAN/WLAN
IP Core Network

Cellular
Core Network

MIIS: Media Indepe: nt Infors
ACR: Access Contrs louter
WLAN GW: WLAN Gateway

RAS: Radio Access Station RAS .

e e Seagen s
a8 1. Mokl sty 7x.
Fig. 1. Proposed convergence network architecture.
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Fig. 2. Proposed AT-DMB transmission system
architecture.

using the Fast Information Channel (FIC) generator. Then it
broadcasts the FIC, i.e. including the FIG type 4, in addition to
the Main Service Channel (MSC).

Secondly, we define the FIG type 4 delivering the fast wakeup
and connection information as depicted in Fig. 3. It is composed
of FIG type, length, and FIG data field. Note that the FIG type
and length field have the fixed value of binary ‘100’ and ‘10100”
respectively. And the FIG data field, as detailed in Table 1,
of MIHF ID, wakeup
information, which is containing LINK ID, PoA ID, and

consists interface, and network

reserved field.
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Fig. 4. Proposed MIHF architecture.
E 2. FIG Data Field 74 &=,
Table 2. FIG Data Field information.
Name Type Description
MIH . . .
- MICS [This commands AT-DMB interface to turn into
Monitor o L
FIC ~ | Primitive [FIC monitoring mode.
'When AT-DMB detects FIG (type 4 and length
MIH MIIS

20), the contained data is delivered to MIHF via

this primitive.
When there is incoming service of which

FastInfo | Primitive

MIH_

. destination is in energy saving mode, network
Incoming | MIIS

components such an ACR send this message,
including the network address of MS and the
interface designated, to MIIS.

Servicelnf| Message
o

Wakeup_Interface *
(Ibyte)

Network Information (12bytes) J
]
|

Reserved (4bytes) ‘

Link_ID (4bytes) l PoA_ID (4bytes) |

* Wakeup_Interface : 0-3GPP, 1-3GPP2, 2-WiMax, 3-WLAN, 4-WPAN, and reserved

a8 3. Meksks FIG type 4 MAIX| ZH,
Fig. 3. Proposed FIG type 4 message structure.

E 1. FIG Data Field 74 &=,
Table 1. FIG Data Field information.

Field Length

Description

This identifies the MS appointed to
receive an _incoming service.
This indicates which interface must
wakeup.
This identifies the network delivering an

MIHF_ID Gbytes

Wakeup Interface lbyte

LINK_ID 4bytes . . .
— incoming _service.
This identifies the Point of Attachment
PoA_ID 4bytes (PoA) transmitting the service.
Reserved 4bvtes Reserved for future use.

This delivers fast wakeup and connection
MIH _Net | MIIS [information such as MIHF_ID, wakeup
FastInfo | Message [interface, LINK_ID, and PoA_ID to AT DMB

transmission _system.

This paper then specifies the MIHF adding on the management
of the AT-DMB system as shown in Fig. 4. To manage AT-DMB,
we propose MIH primitives that are MIH_Monitor FIC of MICS
and MIH_Wakeuplnfo of MIIS.

Table 2 describes those novel primitives as well as new MIH
messages used to provide the information for fast wakeup and

connection.

3-2 Proposed Fast
Mechanism

Wakeup and Connection

Using the proposed system architecture, our fast wakeup and
connection mechanism reduces both wakeup delay and
connection delay. Fig. 5 shows how the proposed mechanism
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improves the end-user QoS by minimizing the delay of incoming
service.
First, the legacy wakeup and connection mechanism performs

as following.

A. If there is no ongoing call or service from WMAN/WLAN
networks, MS turns off WMAN/WLAN interfaces. Cellular
interface keep functioning in order to detect incoming service,
even there is no service from cellular network.

B. When incoming service is received by an access network, e.g.
WMAN/WLAN in the figure, it queries whether the destination
MS of the service is currently connected to the network. If so,
the service is delivered to MS immediately, otherwise, the
network has to wake up the designated interface of MS via
cellular network. Therefore, it initially sends wakeup message
to WMAN/WLAN core network.

C. Once WMAN/WLAN core network receives wakeup message,
it delivers that message to cellular core network through
Internet backbone network.

D. After receiving the wakeup message, cellular core network

MS

relays that message through PDSN and BSC to BTS (from
cellular core network to cellular in figure).

E. Then, BTS transmits wakeup message to cellular interface of
MS.

F. If obtaining wakeup message, cellular interface wakes up the
designated interface.

G. Once the interface is recovered, it performs network discovery
phase to find out the target PoA and network to connect.

H. Lastly, MS authenticates with the target access network based
on the result of network discovery phase.

Then, the operation of the proposed fast wakeup and connection

mechanism is detailed below.

A. If there is no ongoing call or service from WMAN/WLAN
networks, MS turns off WMAN/WLAN interfaces. Then, in
order to detect incoming service, MIHF permits AT-DMB to be
switched-on in FIC monitoring mode, which consumes very

Cellular WMAN/WLAN

— Cellular WMANWLAN  AT-DMB Cellular ATEND NIl WMANWLAN - ¢ e Network Core Netwark Internet
. ttert Interface
o e e e e e e = e = o e e e
Legacy Wakeup Mechanism - Ticomng scevice B
| Wakeup message I
! £ |
| s ) Wakeup message
g - S B |
| - 3
| Wakeup < I
A e e e R R | | | .
O B | 1 W e 1
cgac nncction Procedure
| Network Discovery cgAcy Connection Rroceddre |
| Authentication |
| — — — - Incoming service — — — }— — — |
(a) Operation of wakeup and connection procedure in legacy energy saving schemes
MS . w Cellular WMAN/WLAN
m— e i v R s Cellular AT-DMB MIIS WMANWWLAN o S, ritgrEE
1 1
MIH_Maonitor FI{ ——— g
r % ; f— — — — — Incoming service =— — -3 -
| Proposed Fast Wakeup Mechanism I : B T
| = MIH_Incoming_Serviceinfo |
2 e———] =
[ 5 AIH_Net_Fastinfo = I
s 2 =
= & FIG typed in FIC g
[ — - 3 |
MIH_Fastinfo =
| iMEmDLUp —— = I
| [ MIH _Link Down —] OFF |
. | e s o ey WY R —— Wp——— e — —————
[ ——— T T T T ] el A s o= T e s B o B, |
__Network Information § ) Proposed Fast Connection Mechanism JI
| =] Authentication
Tiv |
I oo — e e — = [1COMING SEIVICE — — — e ——
&8 J I
e e - 1 1___L

(b) Operation of fast wakeup and connection mechanism in proposed energy saving scheme

38 5. Wakeup and connection 7|&2| H|w,
Fig. 5. Comparison of wakeup and connection mechanism.
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low energy, by using MIH_Monitor_FIC primitive.

B. When incoming service is received by an access network, e.g.
WMAN/WLAN in the figure, it queries whether the destination
MS of the service is currently connected to the network. If so,
the service is delivered to MS through the legacy network,
otherwise, the MIHF-employed ACR has to wake up the
designated interface of MS by
MIH_Incoming_ServiceInfo message to MIIS.

sending

C. Once MIIS receives MIH_Incoming_Servicelnfo, it finds out
the fast wakeup and connection information such as MIHF_ID,
LINK _ID, and PoA_ID by checking the network address of
MS with the database of MIIS. Then it
MIH Net FastInfo message including those connection
information and the wakeup information to AT-DMB

transfers

transmission system.

D. As described in Fig. 2, FIC generator in AT-DMB forms the
proposed FIG of type 4 and length 20 according to the obtained
information when it receives MIH Net FastInfo containing
fast wakeup and connection information. Then the generated
FIG type 4 is appended to FIC, and AT-DMB broadcasts it in
addition to other channels.

E. For saving energy, AT-DMB interface in FIC monitoring mode
of MS executes no protocols for DMB service and is listening
for not entire DMB channel but FIC. When detecting FIC with
the FIG type 4, it transfers MIH_FastInfo primitive containing
whole data fields of the FIG to MIHF.

F. After the reception of MIH_FastInfo, MIHF primarily confirms
MIHF 1D to determine whether this information is destined to
itself. If the received MIHF ID matches with which of MS,
MIHF immediately wakes up the interface indicated by wakeup
interface field in MIH_FastInfo primitive, and also switches off
AT-DMB interface to save energy.

G. Then, referring to the fast connection information consisting of
LINK ID and PoA ID, the recovered interface of MS notices
the target PoA and network for connection without further

network discovery phase. Accordingly, the connection

establishment is simply completed after authentication phase.

IV. Performance Evaluation

4-1 Analysis Model

To compare and evaluate the performance, we initially design
the numerical analysis models for the wakeup and connection
procedure in terms of the QoS and the energy respectively.

We introduce the numerical model of the QoS degradation
factors, the wakeup delay and the connection delay. In equation
(1) and (2), the wakeup delay of legacy wakeup procedures

407
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(Dya_wr) and which of the proposed fast wakeup mechanism

(Djust_w) are derived respectively.

DoldiWU = TACR—Core + TWCm'e + Tlnter + TCC()re + TPDSN—C(»'e (1)
+ TRST'—PI’)\'N + TRTS‘—RS‘(‘ + TM\‘—RTS‘ + Df)N
D/'astiWU = TMIIS—ACR +TDMB—MIIS +DATDMB +DON (2)

Note that 7'y_ y is the message delivery time between X and Y,
while 77, is the message traverse time over Z where WCore
means WMAN/WLAN core networks and CCore means cellular
core network. Moreover, Dy is the delay caused by the warming
up of recovered interface, while D7, is the propagation delay
between the AT-DMB transmitter and the receiver. These

equations are simplified by assuming that:

T, Net-Net — T ACR-Core = T, PDSN—-Core = T, BSC-PDSN 3)
= TBTS—BSC =T, MIIS-ACR = TDMB—MIIS

So, the simplified numerical models of the wakeup delay are

described in equation (4) and (5).

DoldiWU = 4TNet—Net + 15 g5 + Doy )
+ TW(“nrp + Yvhﬁpr + T{‘{“/,y,;
DfasliWU =2y net T Dazps + Dow Q)

We further derive the numerical models of the connection

delay as shown at equation (6) and (7).

D

Dold _Con = Lpiscov ery Authentication (6)

fast_Con — 2 Authentication @)

Regard that Dpgpper, is the delay due to the network
discovery phase of MS, and that D 4,1,cntication 15 the delay due to
the authentication phase of MS.

We design the numerical models of the energy consumption
depending on the type of interface. Our model supposes that the
interface types are limited to the wireless such as WMAN and
WLAN, the cellular, and the AT-DMB. In equations (8) ~ (10),
the energy consumption models of wireless (Fi eiess (tptZ)),
cellular (£,,(t;;t,)), and AT-DMB (£}, (t;:t,)) are derived,

respectively.
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Ewireless (tl H t2 ) = Ewi[dle (tl ) + Ewibusy (tZ } (8)
Ecel (tl H t2 ) = Eceliid/e (tl ) + Ece/fbusy (ZZ ) (9)

Edmb (tl ° t2 ) = EdmhfFlC (ll ) + Edml)ihuxy (12) (10)

Note that Fy ;g (), EX_I,,lsy(t), and EX_F]C‘(t) are the
consumed energy of the interface which is in idle mode, busy
mode, and FIC monitoring mode during time t, respectively. Also,
the idle mode is turned-on state without any active service and
operation, while the busy mode is turned-on state in order to
provide service. Regard that AT-DMB interface is only activated
by end-user demand in legacy MS so that there is no idle mode.
Therefore, the total energy consumption (Zys(tu)) of the MS
including wireless, cellular, and AT-DMB interfaces is computed

as shown in equation (11).
EMS (tall ) = Ewirele.v.v (twi > twh ) + E/r@l (t(!i ’ t{'h ) + Edmh (tdF > tdh ) (1 1)

Note that .y is the total operation time of MS, while ¢,z is the
duration of FIC monitoring mode of AT-DMB. Additionally, ?,,;
and t,; are the idle mode duration of each interface, while Z,,, t4,
and ?g, are the busy mode duration of each interface.

Using those equations, the total energy consumption of each

MS employing different energy saving mechanisms are derived in
equations (12) ~ (14).

En(me (tal[ ) = Ewireless (twi ’ twb ) + E(el (tci > tch ) + Edmh (0’ tdb )
= Ewiidle (twi) + Ewibusy (twb) + Ece/7i111(4 (tci) (12)
+ Ecelibusy (tcb) + Edmbi FIC (0) + Edmbibu.vy (tdb )

Ei ) = E e (0,8,,)) + E (208,) + E,,,(0,2,,)
=E, O +E, () +Ey ig.(t;) (13)
+ E(‘elibu.vy (tch) + EdmbﬁF[C (0) + Edn1b7busy (tdh)

Enew (tall ) = Ewirele:: (0’ twb) + Ecel (tci > tcb) + Edmb (tdF > tdb)
=E w_idle O+ Ewibusy (t,5)+ Eceliidle () (14)
+ Ecel _ busy (tcb) + EdmbiFlC (tdF ) + E dmb _ busy (tdb )

Equation (12) represents the total consumed energy
(Erone (tall)) of the MS without any energy saving mechanism. In
addition, El,ld(tau) defined in equation (13) is the energy
consumption of the MS using legacy energy saving mechanisms,
while which of the MS adopting the proposed mechanism

https://doi.org/10.12673/jant.2017.21.4.402

(E. u,'(tall)) is defined in equation (14). Also, Z(0) means that
there is no energy consumption since the corresponding mode is

not triggered.
4-2 Performance Analysis

Based on equations (4) ~ (7), we derive the total delay of
incoming service when using legacy wakeup and connection
mechanisms (£J,;4) and when using proposed fast one (L), as

described at equation (15) and (16) respectively.

D,y = 4Ty ver + Tss-prs + Doy + Tycore T T (15)
+ TC Core + DDis covery + DA uthentication
D/ust = ZTNet—Net + DA TDMB + DON + DAuthemi('ution (16)

These numerical results show that the legacy mechanisms
suggested for energy efficiency barely consider the QoS issues,
and thus induce both long wakeup delay and long connection
delay before the user experiences an incoming service. On the
other hand, the proposed fast wakeup and connection mechanism
assures the improvement of QoS by reducing both wakeup delay
and connection delay significantly. This is because our
mechanism guarantees the fast wakeup of the sleeping interface in
accordance with the rapid wakeup signaling by the help of
AT-DMB and MIIS. Furthermore, it ensures the fast connection
to the network waiting for the service provision, according to the
early distribution of network information to the sleeping interface
via AT-DMB channel.

In Table 3, we compare the QoS performance of the proposed
mechanism with which of the others in terms of wakeup delay
and connection delay. Especially, some approaches enhancing
QosS, i.e. the tightly coupled and the very tightly coupled, are also
evaluated in this table. Note that the session management and the
handover issues are not concerned here. In result, it is shown that
the tightly coupled and the very tightly coupled approaches

slightly improve QoS, by reducing connection delay solely, in

E 3. QoS Mso Y 24,

Table 3. Numerical analysis of QoS performance.

Mechanisms Wakeup Delay Connection Delay
Legac 4TN€[—Net + TMS—BTS + D()N D, +D -
gacy T T T Dis covery Authentication
+ WCare + Inter + CCore
. 4T +7 +D,
Tlghﬂy NE)‘;_N]@_{ @7qu N DDi:covPry + Authentication
WCore CCore
Very Tlghtly 4TN€[—Net + TM?—BT? + DON DDiscover)r + DAmhemicatiun
Pl‘OpOSGd 2TNM— Net + DA TDMB + D()N Authentication




comparison with legacy ones. Nevertheless, it is obvious that our
mechanism is much more sufficient than the others taking into
account the concurrent reduce of wakeup delay and connection
delay simultaneously.

Then, we analysis some experimental results of the QoS
achievements based on the average delay of incoming service. In
the simulations, the time parameters verified by the experimental
results based on demonstration [11] are used to bring more
reliable evaluation. These are Dpispery and  Daysnentication
distributed between 200~300 ms and 5~20 ms respectively, and
Dpy set as 1000 ms [11]. Moreover, we arranged D 7pym
between 50~200 ms in accordance with the fact that the
transmission interval of AT-DMB is 96ms [8].

Fig. 6~8 depict the average delay of incoming service
depending on various energy saving mechanisms including the
proposed one. In Fig. 6, we compare the service delay of each
mechanism according to the message delivery time between

network components, i.e. ;- ner. It shows that the bigger

T'net— ner network induces the longer incoming service delay
which end-users experience. Further, it is confirmed that the
proposed energy saving mechanism, in comparison with the
others, significantly improves the QoS by reducing the incoming
service delay. In practice, the measured average incoming service
delay of our mechanism is about 1153~1667 ms, while that of the
others such as legacy, tightly coupled, and very tightly coupled
approaches are about 2056~3147 ms, 1706~2926 ms, and
1350~2526 ms, separately.

Fig. 7 and 8 describe the average delay depending on the
message delivery time between MS and BTS, i.e. 75— pre, and
the time duration of network discovery phase, i.e. Dpiscverys

respectively. In result, according to the increase of 75— p7gand
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Dpiseovery the service delay of legacy mechanisms slightly
increases as well. However, the proposed mechanism maintains
the service delay at about 1200 ms regardless of those X values,
because it does not require the network discovery phase and it
employs the AT-DMB integrated network architecture. In this
manner, our fast wakeup and connection mechanism reduces the
incoming service delay significantly as shown in Fig. 7 and 8.

We additionally evaluate the QoS achievement of energy
saving mechanisms in terms of wakeup delay and connection
delay in Fig. 9. It clearly shows the robustness of the proposed
mechanism compared with the others. In result, the proposed fast
wakeup and connection mechanism causes total incoming service
delay of 1112.93367 ms including wakeup delay of 1100.667 ms
and connection delay of 12.26667ms. On the other hand, legacy
ones induce total incoming service delay of 2335.4003 ms
including wakeup delay of 2064.667 ms and connection delay of
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Fig. 9. QoS performance of the proposed scheme.

270.7333ms. Regard that these delay values are computed by
referring above three simulations.

In terms of energy efficiency, we firstly simplify equations
(12~14) by eliminating zero components £(0) as described in
equations (15) ~ (17).

En(me (tall ) = Ewireles.v (tw[ > twh ) + Ecel (Zci > Zc‘b ) + Edmbihu.\y (tdb ) (15)
Euld (tall ) = Ewibusy (twb) + Ecel (Zci > tcb ) + Edmbibusy (tdb: (16)

Enew (tall) = Emex,r (twb) + EL'el (tci > tﬁh) + Edmb (tdF s tdb) (17)

In equation (15), we can derive a simple fact, i.e.
L =ty Tty =ti Ty, since there is not an energy saving
mechanism which turns off the idle interface. In addition, as the
FIC monitoring mode is not defined in legacy mechanisms, the
energy consumption of which mode (£, 77¢(0)) becomes zero
and is eliminated as shown at equation (15) and (16). Equation
(16) explains the consumed energy of MS employing one of
legacy energy saving schemes. The consumed energy of wireless
interface in idle mode (&, ;e (0)) is zero because the scheme
turns off the wireless interface of idle mode. Instead, the cellular
interface is always-on state in order to detect an incoming service
destined for the turned-off wireless interface and to wakeup it,
accordingly the fact, t,; =t T1,, can be derived. Likely, as
described at equation (17), the proposed mechanism also turns off
the wireless interface in idle mode, and so reduces the energy
consumption. However, our mechanism proposes the use of
AT-DMB system instead of cellular as the always-on wakeup
interface, though it induces additional energy consumption
referred to as Edmb_FIC(tdF). But, note that the energy
consumption of AT-DMB in FIC monitoring mode
( E};,,,,;me(tdp)) is low enough as well as the cellular interface in

idle mode. In this manner, the proposed mechanism compensates

https://doi.org/10.12673/jant.2017.21.4.402

the QoS degradation of legacy ones with the fast wakeup and
connection without the serious degradation of energy efficiency.

Then, we evaluate some experimental results of the energy
efficiency based on the average energy consumption. In the
simulations, some energy parameters given by interface
manufacturers of cellular [12], DMB [13], and WLAN [14] are
adopted to offer more reliable evaluation. These parameters are
explained in Table 4.

Fig. 10 ~ 12 show the average energy consumption of MS
containing cellular, WLAN, and AT-DMB interfaces. In Fig. 10,
the consumed energy of MS without any ongoing service is
measured in unit of Joule(J) depending on the used energy saving
mechanisms. According as the turned-on time flows away, MS
without any energy saving scheme spends lots of energy rapidly,
while MSs with energy saving schemes, i.e. legacy and proposed
one, reduce the unnecessary energy consumption remarkably by
turning off WLAN interface currently not in use. Fig. 11 and 12
compare the energy consumption of MS experiencing cellular
service and AT-DMB service respectively. Similarly, it is
confirmed that both legacy and proposed mechanisms enhance
the energy efficiency of MS. In comparison with legacy energy
saving schemes, the proposed one consumes a little more energy
due to the use of AT-DMB interface in FIC monitoring mode.
However, it is obvious that the consumed energy by AT-DMB is
low enough to barely affect the total energy efficiency of MS.

E 4. UESZ ZA E MH 22 (mW).
Table 4. Energy consumption (mW) of network interfaces.

State Cellular [12] WLAN[14] | AT-DMB[13]
Idle mode 20~125 190*~1140 **20~40
Busy mode 696~1582 2600~2610 180~220
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Furthermore, as verified above, the proposed mechanism with fast
wakeup and connection improves the QoS achievements
significantly.

V. Conclusion

In this paper, we proposed the fast wakeup and connection
mechanism for improving the QoS and the energy efficiency
simultaneously. We initially focused on the convergence of the
integrated telecommunication networks and the AT-DMB
broadcasting system, and the interworking of them by adopting
the MIIS. In the proposed convergence network, our mechanism
concentrated on the enhancement of QoS by reducing both

wakeup delay and connection delay, and the minimization of the

411
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additional energy consumption caused by AT-DMB interface.
Then, we evaluated the performance of our novel mechanism in
terms of the average incoming service delay as well as the
average energy consumption through the numerical and
experimental analysis. In result, it was verified that the proposed
mechanism significantly improved the QoS by reducing the
incoming service delay without the degradation of energy
efficiency.
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