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ABSTRACT

A hierarchical network between Mobile-WiMAX and WLAN systems is to make it possible to utilize wireless internet services including
time sensitive applications such as VoIP, VOD, visual telephony etc. During the process of vertical handoff decision from Mobile-WiMAX to
WLAN hotspot, vertical handoff delay causes user dissatisfaction because it doesn’t provide the seamless wireless internet service. We make
use of type of service (ToS) parameters in IEEE 802.16e specification as the criterion parameter of vertical handoff decision process in
hierarchical Mobile-WiMAX/WLAN networks. In this paper, we propose the process of vertical handoff decision for seamless wireless
internet service which is sensitive to time delay. If type of service is time sensitive application, the decision of vertical handoff is withdrawn
until the service is terminated. In focus on user satisfaction, if the proposed traffic management strategy in hierarchical
Mobile-WiMAX/WLAN networks is used, user will utilize seamless wireless internet services including time sensitive applications.

L=
Hierarchical network, Handoff, WLAN, Mobile-WiMAX, QoS.

etngtaistn tfetel YRsMTE A2t 2008 11. 13



ok

THFERF AT =EA A13E ALE

I. Introduction

WLAN technology based on 802.11a/g provides
high-speed data service ie., 54Mbps data rates, and the
Mobile-WiMAX technology based on IEEE 802.16e
specification provides wide local area wireless internet
services including time sensitive applications such as VoIP,
VoD, visual telephony etc. A hierarchical network between
WLAN and Mobile-WiMAX systems provides high-speed
data service in WLAN hotspot and user mobility with
quality guaranteed wireless internet service in Mobile-
WIMAX network. But it isn’t provides seamless service
during vertical handoff in hierarchical Mobile- WiMAX/
WLAN networks. Figure 1 shows the configuration of
hierarchical Mobile-WiMAX/WLAN networks including in
hierarchical Mobile-WiMAX/WLAN networks. Figure 1
shows the configuration of hierarchical Mobile- WiMAX/
WLAN networks including in IMS system. Because WLAN
and Mobile-WiMAX systems consists all IP network with
AAA(Accounting, Authentication and Authorization)
servers, it is more appropriately to construct hierarchically
structured network between Mobile-WiMAX /WLAN than
CDMA/ WLAN. The user authentication in each network
utilizes IEEE 802. 1x-EAP(Extensible Authentication Protocol)

s IMS © 1P Multimedia Subsystem

- CSCF : Caif Session Cantrol Function

AS/MRF ; Application Server/Media
Resource Function

%, PDF : Palicy Decision Fuaction

1 HSS s Home Subscriber Server

ASN ; Access Service Network

TSN : Connectivity Service Network

it is defined to BS betweent ASN and CSN in B02.16e
specification

J% 1. ASH Mobile-WIMAXYWLAN HIEQIZ2| AT
Figure 1. The configuration of hierarchical
Mobile-WIMAX/WLAN networks
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with AAA and if hierarchical Mobile-WiMAX/WLAN
networks are constructed, it is no problem to the integration
of WLAN and Mobile-WiMAX networks because these are
using in the authentication of user roaming between
AAAMobile-WiMAX and AAAWLAN. In the
transportation of user data, it is consisting of MIP (Mobile
IP) with AAA which takes a role in local authority in the
foreign domain AAA (AAAF) server and external authority
in the home domain AAA (AAAH) sever to each other [1, 2].

IMS (IP Multimedia Subsystem) should eventually take
part in many services related to communications, content s
and data, not only as the host of some of these services, but
also as a mediator and an added-value contributor to services
delivered by 3rd parties possibly located in the Internet. IMS
brings many potential benefits for service providers, as it
defines an access network agnostic architecture for
delivering real-time multimedia services (including voice
services) over an IP-based network, with built in support for
inter-networking, roaming, access control and online/offline
charging. The construction of IMS in hierarchical
Mobile-WiMAX/WLAN networks supports the on-demand
service to user according to the individual profile by
employing policy decision functionf3 ,4].

The vertical handoff procedure of hierarchical Mobile-
WiMAX/WLAN networks with IMS is shown in Figure 2.
This procedure generates vertical handoff delay cause of the
processing time of procedures which define wuser
authentication with AAA, mobile IPv6 transportation and
service policy in user service profile different network
respectively. This vertical handoff doesn’t provide the
seamless real time service because of no guaranteed quality
due to the vertical handoff delay. This vertical handoff delay
causes user dissatisfaction because of the disconnection of
wireless Internet service. If MS moving from Mobile-
WIMAX to WLAN hotspotuses time sensitive application
services, it is required to postpone the vertical handoff until
the termination of service. Therefore, we design and propose
the process of automatic vertical handoff in hierarchically
structured Mobile-WiMAX/WLANs to maximize user
satisfaction according to the type of service. On the scheme
of vertical handoff decision, the decision is made according
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to the criterion parameter, Radio Signal Strength (RSS) only.
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Figure 2. The vertical handoff procedure of
hierarchical Mobile-WIMAX/WLAN networks with IMS

In this paper, it makes use of type of service (ToS)
parameters in IEEE 802.16e specification as the criterion
parameter of vertical handoff decision process over
hierarchical Mobile- WiMAX/WLAN networks. Also, it
defines MAC field and proposes the scheme of vertical
handoff decision based on IEEE 802.16e specification in
hierarchical Mobile-WiMAX/ WLAN networks., The
proposed traffic management strategy between WLAN and
Mobile-WiMAX system will maximize the characteristics
of WLAN and Mobile-WiMAX technologies because of
vertical handoff scheme depending on Mobile-WiMAX
QoS procedure.

II. The Consideration of Vertical
Handoff in Hierarchical Mobile-WiMAX/WLAN
Networks

Mobile-WiMAX handoff and traffic management was
defined in the specification of IEEE 802.16e [5]. The study
of hierarchical network architecture has been based on
MIPv6 with AAA and has been studied on the procedure of
vertical handoff using the user authentication [5, 6]. Like
802.16e specification, as the execution of vertical handoff
statts, it performed user authentication using MIP with AAA

between AAAMobile-WiMAX and AAAWLAN. After user
authentication, vertical handoff is terminated. In order to
carry out this process, it is necessary to define appropriate
MAC management message on vertical handoff. A set of
MAC management message has already defined BS-BS
handoff in IEEE 802.16¢ specification, but vertical handoff
process for traffic management in hierarchical Mobile-
WiMAX/WLAN networks hasn’t defined. We define a set
of proposed MAC management message for traffic
management in hierarchical Mobile-WiMAX/WLAN
networks. By using these MAC management messages, the
vertical process in hierarchical Mobile-WiMAX/WLAN
networks could be simpler than that of any other studies [7,
8]. We define a set of proposed MAC management message
on vertical handoff process in hierarchical Mobile-WiMAX/
WLAN network as shown in Table 1.
MOB_NBR_AP_ADYV message is referred to neighbor AP
advertisement information at WLAN hotspot as followed:

¢ Neighbor_AP_Index: AP in WLAN hotspot index
corresponds to position of hotspot in MOB_NBR_
AP_ADV

¢ Neighbor SSID: SSID parameter in WLAN hotspot

¢ Time Interval T: vertical handoff is postponed interval
time. T is variable time based on statistical analysis
data of service provider

MS may transmit an MOB_VHO-REQ message to RAS
in Mobile-WiMAX network when vertical handoff occurs.
And then MS may receive MOB_VHO-RSP from AP as the
completion of vertical handoff.

E 1. Vertical H=E2ZE 2|5 H|oHE MAC 2| HIA|X]
Table 1. Proposed MAC management message on
vertical handoff

Type Message name Message description

MS vertical handoff request

70 MOB_VHO-REQ message

BS vertical handoff response

71 MOB_VHO-RSP
message

AP neighbor advertisement

72 | MOB_NBR_AP_ADV message for vertical handoff
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The proposed MAC management message on vertical
handoff is defined in detail as follows in Table 2. According
to the reported metric that MS indicates, MOB_ VHO-REQ
message includes the following parameters:

¢ AP RSSI mean: AP RSSI mean parameter indicates the
Received Signal Strength measured by MS from AP at
WLAN hotspot

® Service level prediction: service level prediction value
indicates the level of service which MS can expect
from serving BS. The following encodings apply:

* 0; No service possible for this MS

E 2. HetEl MOB_VHO-REQ H|A[X| =od
Table 2. Proposed MOB_VHO-REQ message format

Syntax Size Notes
Management Message
Type=70
Report metric 8bits

Bitmap indicating presence

of metric in message

Bit #0: AP RSSI mean

Bit #1-2: Service level
prediction

Bit #3-7: Reserved.

Number of new recommended

N_New_AP_Index 8bits

. APs which are included in
1=
If(N_New_AP_Index!=0){ | 8bits MOB_NBR_AP_ADV
message.
Configuration change count
for MOB_NBR_AP_ADV}
For(j=0; Neighbor_AP_Index

j<N_New_AP_Index; j++){ 8bits

Neighbor_AP_Index
If(Report metric[Bit#0]==1 { 8bits

Neighbor SSID

® 1; Some services are available for one or several
service flows authorized for MS

¢2. For each authorized service flow, a MAC
connection can be established with QoS specified by
the Authorized QoS ParamSet

* 3; No service level prediction available

A Service Level Prediction may be accompanied by a

number of services flow encodings shown in Table 3. If
Service Level Prediction encoding value is 2, RAS doesn’t
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transmit MOB_HHO-RSP message because of time
sensitive application services. Otherwise, RAS transmits
MOB_HHO-RSP message because it is possible for MS to
execute the vertical handoff. In addition, the process of
vertical handoff in which an MS migrates from the
air-interface provided by RAS to AP in WLAN hotspot is
not necessary because it doesn’t need synchronization or
scanning to each other on account of different frequency
band and heterogeneous networks.

E 3 Ho|E] gelivery AMH|A & (IEEE 802.16e U E)
Table 3. Type of data delivery services
(IEEE 802.16¢ specification)

Type | Symbolic name Meaning

Unsolicited Grant Service : to support
real-time  applications  generating
fixed-rate data

Real Time Variable Rate Service : to
support real-time data applications with
variable bit rates which require
guaranteed data rate and delay
Non-Real Time-Variable Rate Service :
tosupport applications that require a
guaranteed data rate but are insensitive
to delays.

0 UGS

1 RT-VR

2 NRT-VR

Best Efforts Service : no rate or delay
requirements

Extended Real-Time Variable Rate
Service : to support real-time
applications with variable data-rates,
which require guaranteed data and
delay, for example VoIP with silence
suppression

4 ERT-VR

As depicted in Figure 3, the block diagram of dual mode
terminal which perform vertical handoff in hierarchical
Mobile-WiMAX/WLAN network consists of Mobile-
WiMAX module including of architecture to provide type of
service and WLAN module. This terminal concludes
vertical handoff process to be the information of Grant
Allocator[9].

If Grant Allocator value is UGS or rtPSRT-VR or
ERT-VR), MS doesn’t transmit MOB_VHO-REQ message
to RAS because of the time sensitive application services.
Otherwise, MS transmits MOB_HHO-REQ message
because it is possible for MS to execute the vertical handoff.
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Figure 3. The block diagram of dual mode terminal

used in hierarchical Mobile-WIMAX/WLAN network

. The Proposed Process of Vertical Handoff
Decision between the hierarchical
Mobile-WiMAX/WLAN networks

We propose the process of vertical handoff decision
between hierarchical Mobile-WiMAX/ WLAN networks,
When Mobile-WiMAX to WLAN vertical handoff is
executed, type of service should be considered because of
the handoff delay time. If type of service is UGS service or
rtPS (real time Polling Service), the decision of vertical
handoff is withdrawn until termination of service. In Figure
4, the vertical handoff process from Mobile-WiMAX
network to WLAN hotspot is shown when Mobile-WiMAX
to WLAN vertical handoff is executed.

When signal from WLAN is strong, MS tries to seek
SSID in WLAN hotspot referring MOB_NBR_AP_ADV.
When received SSID in WLAN hotspot is correct, MS
checks the type of service in Grant Allocator. If type of
service is USG or rtPS (RT-VR or ERT-VR), vertical
handoff is postponed by interval T, the time for termination
of service. Otherwise, MS sends MOB_VHO-REQ message
toRAS. WLAN AP sends MOB_VHO-RSP message to MS,
vertical handoff is terminated to success.

Recaive
MOB_NER AR ADV

»,

».

e fo 58
WLAN?

Time interval, T [
H

[y
785 - KT il Start exaeution of
Vertical Handoff
i

Check 10 Type of services in
Grant. Allocator

218 4, Mobile-WIMAXO A WLAN iﬁi%SEA
vertical == HA}
Figure 4. The vertical handoff process from
Mobile~-WiMAX network to WLAN hotspot

The vertical handoff process execution will be restarted
after Time interval, T which is based on statistical analysis
data of service provider. MS, to success in receiving
MOB_VHO-RSP on vertical handoff, attempts to uset
authentication through AAAmohiewimax 10 AAAwian. A
proven user for roaming network starts transportation of
wireless interpet data. If the user authentication is not
succeeded, MS restarts this process. As shown in Figure 5,
the improved vertical handoff procedure of hierarchical
Mobile-WiMAX/WLAN networks with IMS.

AT+MS RAS AP ACR ARAgsse  AlAway HA
| |
B E .
S Che(k Type of garvites in Grant Mliecator
Privisel 1 typae=AiG ar P, then Hando discand
[ y Otherwise, permit
FAGE, HER AP ALY
4408 VHO-RES e
308 VHO-ARQ, /
E/ mm\J bR o ok 30 REG Saudion Key
discard Tt AR MN REQ ] Generation
HA REG
HA R3¢
A BN RSP AA_MN RSP
o BA_MN RSE
Handotf ] $108.VHO-RSP
{ permit |
PR

I8 5 MSE ALESHE AIEE Mobile-WIMAX/WLAN
HEQ AoMel sALEl vertical HERZ Hip
Figure 5. The improved vertical handoff procedure of
hierarchical Mobile-WiIMAX/WLAN networks with IMS
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On the other hand, vertical handoff from WLAN to
" Mobile-WiMAX network is not concemed about the
criterion parameter of QoS because WLAN hotspot covers
small area. It has to take a vertical handoff from WLAN to
Mobile-WiMAX network because WLAN terminal doesn’t
have a resource to communicate when MS moves from
WLAN hotspot zone to Mobile-WiMAX network. The
vertical handoff process in the hierarchical Mobile-
WIMAX/WLAN networks is shown in Figure 6 when
Mobile-WiMAX to WLAN vertical handoff is executed.
This vertical handoff process is simpler because vertical
handoff from WLAN to Mobile-WiMAX network is not
concerned about criterion parameter of QoS.

Start execution of
Vertical Handodf

a8 6. WLAN StAazioll M Mobile-WIMAXZ 2l
vertical H=E2 = MR}
Figure 6. The vertical handoff process from WLAN
hotspot to Mobile-WiMAX network

IV. Performance Evaluation

We use numerical analysis to verify the performance of
proposed vertical handoff process. The analysis is
performed in terms of throughput and delay during handoff
process. Regarding the process time between AAAMobile-
WiMAX and AAAWLAN and the process time of both MIP
with AAA and PDF, we define the time parameters used in
the numerical analysis on Table 4. It is assumed that the
round-trip time between MS and AP/ACR is 8ms, which
between AAAMobile-WiMAX and AAAWLAN caused by
the user authentication is 74ms, that of MIP is 15ms, and that
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of PDF determining the service policy is 22ms [10].

As shown at Figure 2, the legacy vertical handoff
procedure use a variety of messages such as PRRtSol,
MOB_VHO_REQ, MOB_ VHO_RSP, MOB_NBR_AP_
ADV, AA_MN_ REQ, AA_MN_ RSP, HA_REQ,
HA_RSP, USR_PD_REQ, and USR_PD_RSP. So it takes
pretty much time for sending those messages and the
handoff delay is given by

E 4 FxEMol AI2E AlEeolM TEtoi &
Table 4. Time duration parameters used in the
numerical analysis

Parameters Messages Time Duration (ms)
Tops PRRiSol 4
Towo_reo MOB_VHO_REQ 4
Lo gse MOB_VHO_RSP 4
Tio anv MOB_NBR_AP_ADV 4
Ty zeo AA_MN_REQ 37
Tys rer AA_MN_RSP 37
T reo HA_REQ 15
Tt rsp HA_RSP 15
Top ko USR_PD_REQ 11
Top rsp USR_PD_RSP 11
Delay for legacy VHO
= TPRS + TAP_ADV + TI’/HOJQEQ + TAA_REQ + THAﬁREQ
+TVH0_RSP +TAA‘RSP +THA7RSP M

Note that the time duration of USR_PD_REQ/RSP is
much smaller than which of AA_MN_REQ/ RSP, it thus is
excepted from the equation (1).

On the other side, the proposed vertical handoff scheme
reduces handoff delay as illustrated at Figure 4. In case of
1tPS, the total delay time is given by

Delay for improved VHO (RTPS)

= Togs + TAI’_ADV + TVHOfREQ + TVHOARSP 2.



A %5 Mobile-WiMAX/WLAN ) 2] 210) 4 9] e ghis}  gholl ghh o -l 5

The equation (2) explains that the proposed scheme uses
fewer messages than legacy scheme in order to decrease
vertical handoff delay.

In Figure 7 and 8, the delay time and the packet loss
during vertical handoff process is evaluated in terms of the
delivery time of MOB_VHO_REQ and the number of
packets dropped, respectively. In the evaluation, we assume
the simulation topology to consist of a Wibro network, a
WLAN network, and a core Internet as shown at Figure 1.
The radius of Wibro is considered as 50m and that of WLAN
is considered as Sm. The packet generation rate of Wibro is
100 packets/sec, while which of WLAN is 200 packets/sec.
It is also assumed that the terminal velocity is 10 m/sec.

In the evaluation, we assume that the data rate of
Mobile-WiMax is SMbps and which of WLAN is 10Mbps.
As llustrated in Figure 7, the improved scheme significantly
reduces VHO latency by terminating needless handover in
case of RTPS. As shown at Figure 8, the legacy process has
many VHO control messages to send so that critical packet
loss is occurred during handoff. It also causes the
deterioration of throughput performance during handoff.
However, it is verified that the proposed vertical handoff
process diminishes handoff delays, thus the throughput
performance and the packet loss problem is improved.
Especially, the proposed process denies vertical hanoff
during rtPS data is in air so that the critical packet loss is
suppressed and seamless service is guaranteed.
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Figure 7. The comparison of throughput performance
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V. Conclusions

In this paper, we considered the vertical handoff process
between the hierarchical —Mobile-WiMAX/WLAN
networks. We defined MAC management messages on
vertical handoff process in order to improve handoff
performance. The criterion parameter of RSS is not
sufficient to provide seamless service, ie. VoIP, visual
telephony, and ete, because the vertical handoff delay did
not guarantee quality of service. Therefore, we propose the
novel vertical handoff decision scheme for seamless service
which is sensitive to time delay. The type of services should
be considered because of handoff delay time. If type of
service is UGS or riPS service, the decision of vertical
handoff is withdrawn until the service finishes. If these
proposed strategy and scheme are adopted, the user
satisfaction’ll be improved. The MAC management
messages, such as the type of service based on 802.16e
specification, are used for quality of service which is
seamless wireless internet service. In focus on user
satisfaction, if the proposed traffic management strategy in
hierarchical Mobile-WiMAX/WLAN networks is used, user
will utilize seamless witeless internet services including
time sensitive applications. As the future work, we will
focus on Media Independent Handover (MIH), Voice Call
Continuity (VCC), and Multimedia Session Continuity
(MMSC) in order to enhance vertical handover and QoS.

159



YA R TS S=EA A138 A1

Acknowledgment

This research was supported by the Internet information
Retrieval Research Center (IRC) in Korea Aerospace
University. IRC is a Regional Research Center of Gyeonggi
Province, designated by ITEP and Ministry of Knowledge
Economy.

[ 1]C. Perkins, "Mobile IP joines forces with AAA,” IEEE
Personal Communications, vol.7, no.5, pp.59-61, Aug.
2000.

[2]1E. Gustafsson, A. Jonsson, and C. Perkins, "Mobile
IPv4 regional registration draft-ietf-mobileip-reg-
tunnel-06.txt,” Mar. 2002.

[3]3GPP TS 23.002 v7.1.0, "Network architecture,” 3GPP,
Mar. 2006.

[4]1H. Kim, "IMS (IP Multimedia Subsystem),” TTA
Journal, No 11, 2006(Korean).

[ 5 1IEEE std. 802.16e-2005, "Part 16: Air Interface for
Fixed and Mobile Broadband Wireless Access
Systems,” IEEE, Feb. 2006.

[61K.S. Jang, J. S. Kim, H. J. Shin, D. R. Shin, "A novel
vertical handoff strategy for integrated IEEE 802.11
WLAN/CDMA networks,” Proceedings of the Fourth
Annual ACIS ICIS 05, pp.616-621, 2005.

[7]1S. T. Cheng, J. L. Lin, "IPv6-based dynamic
coordinated call admission control mechanism over
integrated wireless networks,” IEEE J. Select. Areas
Comm., vol. 23, No. 11, pp. 2093-2103, Nov. 2005.

[8]1C. P. Hong, T. H. Kang, S. D. Kim, "An effective
vertical handoff scheme supporting multiple applications
in ubiquitous computing environment,” Proceeding of
the ICESS 05, 1EEE, pp.407-440, Dec. 2005.

[9]H. S. Alavi, M. Mojdeh, N. Yazdani, "A quality of
service architecture for IEEE 802.16 standards,”
Communications, 2005 Asia-Pacific Conference, Vol.
Issue, 03-05, pp. 249-253, Oct. 2005.

[10]M. Lee, "Using location prediction to improve

160

performance of seamless and secure context-aware

services in ubiquitous computing networks,” thesis of
graduated school of Chung-Ang Univ., pp. 87-103,
2007.

KA

2 Ef S(Tae-wook Moon)

1992 24 : =gt F
FARREEI (F8AD

19944 89 . X8 F st st

. v . 5/\] ] E—:—ULJ,} (_:_1;]-/5‘ /\]_)

19943 89 ~ 1997'd 24 : 2T =R Y F A7 4

1997\3 24 ~ 20004 2€ : A AR FA4 71%% A
Zleas AddTd

20001 29 ~ 84 : 2L F

2006 3€ ~ @A) . AT NG JRFA TS
Bal oA

¥ P4 Fof: ELAF A1, WiBro, Y E$ 2, Hybrid Y E

A=

of

.I

Hn

=)

2 2(Moon Kim)

20043 29 : Fr=rghE e
X*E l%i‘?)r (FE1h

2006\ 249 : S=rgk et
| y_%ﬂ%f&ﬂr (T8 Ah
20063 9¢€ ~ AA) : F=FFoREE R EAF T

2haha}g
Aok 214 ] B4 91 B ¥, MIH, QoS, Hybrid
HEH A

Z= M Z(Moon Kim)

1969 24 : =TS

FEFEN TR (FAY

19751 d 29 : gheFui gl oj gkl
(:1161-/\4 }\]_)

E

19814 3¢9 : QAP 8 thEHI (T ghurAL

1972 84 ~ A A A= FF A FFTHAA R BE
BN uae

A EoE: o) 5T, FAEA, BBAATE, o F

2 AU



