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ABSTRACT

To support seamless IPTV services in IP-based wireless network, delay or interruption time must be minimized
because noticeable interruption will make IPTV service users unhappy. A number of protocols have been proposed
for solving mobility problem. However effective seamless handover mechanism to support mobile IPTV services
yet to be solved. Mobile WIMAX offers a wireless solution in the access networks that can support IPTV
services. Goal of this paper is to identify some reasons of delay time during handover process in an IPv6 capable
Mobile WiMAX and to perform handover delay of some optimization scenarios given by existing standardization

and proposed improvement.

IPTV technology uses standard networking protocols,

1. Introduction it promises lower costs for operators and lower
prices for users. Using set-top boxes with
Internet Protocol Television (IPTV) 1is gaining broadband Internet connections, video can be
recognition as a viable alternative for the delivery of streamed to households more efficiently than current
video by telecommunications and cable companies coaxial cable. In general, mobile IPTV services can
[1]. It features bandwidth efficiencies, and be classified by their type of content and services
management; therefore, it is ideally suited for [1], [2] as:
broadcast,  multicast, unicast interactive, and - On—-demand content
multimedia services (IMS - IP multimedia). As the - Live content
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Fig. 1. Network architecture for the Mobile IPTV connected
Mobile WiMAX.

- Managed services

— Unmanaged services

For the successful deployment of the mobile
IPTV services the following key requirements need
to be addressed [1]:

- Capability requirements for mobile terminals:
size display, power processor, and limited
storage

- Bandwidth requirements become broad enough
to accommodate High Definition quality video
services.

- Guarantee the wireless link till connect although
temporal reflectors and obstacles around the
mobile terminals can affect the received signal
and cause burst packet losses.

-Deployment wireless network to cover all
geographical area with no dead spots, services
are restricted in some area.

WIMAX is the commercial name of network
solutions based on the IEEE 802.16 standard. Defined
by the IEEE 802.16 working group in 2004 [3], this
specification is constantly assessed, tested improved.
Since fixed, IEEE 802.16 based network solutions
started to appear in 2004, intensive work has been
undertaken to provide mobility support. As a result
in late 2005, a mobility—supporting specification was
Mobile WIMAX, has gained much

attention recently for its capability to support high

released [4].

transmission rates in cellular environments and QoS

for different applications. Beyond what the standard
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can define, in order to effectively support video
streaming, VoIP, and data services, proprietary radio
resource management, including multi connection
assignment, scheduling controls, and call admission
controls, are essential [5]. To support seamless
IPTV services in [P-based wireless networks, delay
or interruption time must be minimized because
noticeable interruption will make IPTV service users
unhappy. Therefore, a seamless handover mechanism
is very important to support mobile IPTV services
over wireless networks.

Mobile WIMAX offers a wireless solution in the
access networks that can support mobile I[PTV
services. The standards of the IEEE 802.16 family
provide fixed and mobile broadband wireless access
(BWA) and promise to deliver multiple high-data—
rate services over large areas. Figure 1 shows the
basic network architecture for the mobile IPTV
WIMAX networks. Video

servers/encoders store audio/video (A/V) contents

services over Mobile

which are encoded and compressed from live and
pre-recorded programs. Video servers/encoders are
either centralized or distributed in core networks.

Goal of this paper is to identify main reasons of
delay time during handover process in an IPv6
capable Mobile WIiMAX and to perform handover
delay of some optimization scenarios given by
existing standardization and proposed improvement.
Then we discuss about Mobile WiMAX capacity when
supporting for mobile IPTV service.

This paper is organized as follow. Section II
describes the related works. In Section III, IPv6
handover scheme of mobile IPTV over Mobile
WIMAX is considered, and the proposed handover
scheme to reduce the handover delay is presented in
Section IV. In Section V, we presented the handover
simulation performance. And finally, conclusions are

discussed in Section VI

II. Related Works

In IEEE 802.16 [4], the handover process can be
divided into two phases: handover process and
network re-entry [6]. The first phase includes three
steps: neighbor discovery, scanning, and handover
decision. In the neighboring discovery step, the
mobile subscribe (MSS) recognizes signal strength

becomes weak and decides to perform scanning
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process. The MSS obtains the neighbor base stations
(BSs) information from the Mobile Neighbor
Advertisement (MOB-NBR_ADV) message which is
broadcasted by the serving BS. Then, in the next
step the MSS selects the candidate BSs according to
this information, and performs synchronization all of
the candidate BSs to determine the target BS it will
associate with. The MSS sends the Identification
(HO-IND) message to serving BS for determent
target BS. The target BS can be determined using
several metrics, such as received signal strength,
available bandwidth, the other priority parameters,
etc. After the target BS is selected, the MSS
disconnects all communications with the serving BS
and synchronizes with the target BS. DCD/UCD
messages are used to exchange the parameters for
the downlink and uplink. There are two kinds of
ranging supported in IEEE 802.16: contention based
ranging and non-contention based ranging. In the
last phase, the MSS performs the re-entry process
and completes the authorization and registration
processes.

To reduce the handover delay time, there are
many proposed approaches in the several literatures.
In [7], the authors proposed a predict algorithm to
estimate the target BS using mean CINR and arrival
time difference. Using preamble, delay can be
reduced by skipping the unnecessary neighbor BS
scanning. The handover latency can be reduced signi
ficantly. But using this algorithm, the MSS cannot
receive all physical information from the BSs. In [8],
the MSS stores the frequency information and uses
this information to estimate the frequency of target
BS. In [9], the relay station is used to optimize the
scanning process. In [10], the author modifies the
Downlink message to Fast DL-MAP_IE message to
help the MSS receives the downlink traffic when the
uplink is not synchronized with the target BS. Some
cross—layer solutions to reduce handoff latency have
been proposed in recent years. In [11], the authors
reduce the handoff latency using information about
the service flow on the MSS and in [12], handover
latency is minimized using an efficient authentication
scheme. In [13], the authors proposed a priority
algorithm to reduce the scanning BSs list using the
efficient mobility pattern.

After finishing network re—entry in a new location,
an [Pv6 node, working on the top of the MSS stack,

has to make handover in IPv6 and higher layers.

That process can be arranged using a stateless [14]
or stateful [15] automatic configuration procedure. In

[16], the detail reconfiguration is described.

II. IPv6 Handover Scheme

In the initial, the MSS must prepare for handover
process. Figure 2 shows handover acquisition process.
This process includes the neighbor discovery and
scanning steps:

e Neighbor
Neighboring

Discovery : The MSS receives
(MOB_NBR-ADV)

message which contains information related to the

Advertisement

other BS nearby. This message is periodically
broadcasted through the IP network.

e Scanning : After obtaining neighboring BSs’
information from serving BS and recognizing that the
current BS's signal strength is becoming weak, MSS
decides to perform scanning and synchronization
process by sending Scanning Request (MOB_SCN-REQ)
message. The BS responds Scanning Respond
(MOB_SCN-RSP) message to accept the MSS for
performing the scanning process. After scanning
completes, MSS gains knowledge about the

neighboring BSs. Using various metrics (signal
strength, signal to noise ratio, etc.), MSS sorts the BS
list. This process may take long time when MSS is
being in the dense BS area. We will focus on this

problem in the next section.

- Neighboring Neighboring
] Serving BS BS #1 BS #2

[ wss |

«MOB_NBR-ADV—{

|—MOB_SCN-REQ#»|

l-MOB_SCN-RSP—
- Synchronization with BS #1 >

[«¢——PHY Information

I
Contention Resolution—————»|

|
|—RNG_RSP (success)

RNG_REQ(Serving BSID, MS Mac
Address)

<7RNG_RS‘ID (success)

< Synchronization with BS #2 >

D) PHY Information

A 4

Contention Resolutio

D) RNG_RSP (success)

RNG_REQ(Serving BSID, MS Mac Address)——————»»|

D) RNG_RSP (success)

Fig. 2. Handover acquisition process.
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r¢—————HO Notification RSP-
-4-MOB_HO-RSP—

———HO_IND—»
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Stop Data Forwarding|

<¢—Normal Operation and Data Transfer—|
\

Fig. 3. Handover and network re-entry process.

After steps, the MSS

continues to perform the handover and network

finishing the previous
re—entry process. Figure 3 shows handover and
network re—entry process.

* Handover : After synchronization process, MSS
has a list of neighboring BSs and their
characteristics. MSS sends a list of desired target
BSs to its serving BS through Handover Request
(MOB_MSHO-REQ) message. The serving BS can
modify this list and send it back in Handover
Respond (MOB_HO-RSP) message. After that, MSS
Identify (HO_IND)
identify target BS. After this transmission, serving
BS forwards data to target BS and releases MSS.

e Network Re-entry: MSS

elements

sends Handover message to

adjusts the radio

depending on station’s frequency and
modulation, and then performs network re—entry.
Delay in this process can be decreased significantly
when reducing some unnecessary message that that
will be discussed in the Section V.

In the ideal case, handover process implements
BSs managed by same operator, the network
operator knows current MSS location and so that

MSS does not need to change the IP address. On
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the other hand, MSS must
re—entry and the higher layer (i.e. IPv6), must be

complete network
reconfigured. According to IPv6 standards [14] -
[16], the following steps are necessary:

* Stateless auto-configuration: MSS routes to be
configured properly by using Router Advertisement
(RA) message. This message can be announced
periodically by routers or requested by MSS -
sending SOLIT message.

o Stateful configuration: Configuration process
requires obtaining such parameters as IPv6 addresses,
DNS configuration, SIP domains and server. Only
some basic parameter can be auto—configured. Stateful
configuration is implemented according to DHCP for
IPv6 (as DHCPv6).

* Location update: After finishing two previous
steps, MSS must inform its home agent of new
attached point. After completing this step, the

communication process is able to implement

normally.

IV. Proposed Handover Scheme to Reduce the HO
Delay in the Dense WiMAX BSs

In previous section, we just only consider
scenarios that MSS comes to area of one BS. In this
section, we consider dense WIMAX BSs scenario,
with the meaning that MSS comes to overlapped
area of more than one BS. Figure 5 shows our
WiMAX BSs

scenario, when leaving the connecting with the

proposed dense scenario. In this
serving BS, MSS comes to area of three BSs nearby.
In this case, when MSS recognizes received signal
strength from the serving BS becomes weak, it
performs the neighboring discovery process. MSS
discovers other three BSs which have signal strong
enough for connecting. And MSS performs the
scanning and synchronization process with all three
BSs. With each BS, MSS exchanges some messages
to get information and then makes handover
decision. Figure 2 shows the messages that will be
exchanged in the synchronization process. During the
exchanging of messages, if some messages are
missing, the loop circuit performs until waiting
timeout [4]. Therefore, delay in this process may be
increased by large amount if there are many BSs in
the MSS

environment i1s so bad — reason of message missing.

coming area, and if communication
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One solution to solve this problem is to optimize
the waiting timeout that how to get the best
performance. In [4], they do not issue any waiting
timeout, so that the waiting time out can be
optimized for the specific service system. Another
solution is reducing the synchronization BSs list from
the neighboring BSs list with condition guarantee the
communication quality. In this section, we propose a
priority algorithm for reducing the BSs list that MSS
performs in the synchronization process.

WiMAX BS I\
~ INBR-BS A1) ~ //
SS \

WiMAX BS \ /
i \
(Serving BS) N
u)

‘WiMAX BS 4
~o (NBR-BS#2)_ -~ \ !

~ P \

\ —— L
N

I N

| \

\ \

\

N MAX /i
< WiMAX BS l
\ ~ NBR-BS #3 P

Mobile WiMAX BS
(Neighboring BS#2)

Mobile WiMAX BS
(Neighboring BS#1) ]

Video

Mobile WiMAX BS Sever

(Serving BS)

Fig. 5. Simulation model to perform the handover delay.

In this proposed scheme, we concentrate how to

reduce the synchronized list wusing localization
acknowledgement. This idea is based on the direction
of MSS's

overlapped area. In our scenario, when MSS comes to

movement when it is being in the
that area, it performs scanning process and decides

to connect with best BS — depending on various

metrics (signal strength, signal to noise ratio, etc.).

In Figure 4, We assume MSS decides to connect
with BS #3 at that time,
performance. But MSS does not move to BS #3, it

because it's good

moves to BS #1 as assumption. In that case, MSS
only connects with BS #3 for a short time and
recognizes again signal becomes weaken. Then it
performs the scanning process again. That problem
will increase the number of unnecessary handovers
and handover time, therefore decreasing the
performance of system. In that case, if MSS priors to
connect with BS #1, the performance will be better.
To solve this problem, we propose the method to
make handover decision with priority using direction
assume that Neighboring
Advertisement (MOB-NBR_ADV) message contains

the localization information of neighboring BSs. The

acknowledgement. We

serving BS can get the localization information of
neighboring BSs through the access network and
then periodically broadcasts to MSS. MSS can know
the localization by itself, so that it can calculate its
moving direction. After receiving the localization
information of BSs and comparing with its moving
direction, MSS makes a priority scanning list depend
on localization and sends to serving BS through
Scanning Request message. Next state, serving BS
sends the Scanning Respond message to accept the
MSS for performing the scanning processes. MSS
performs scanning process from the beginning of
localization list. If it meets certified BS, it will stop
the scanning process and send Identification
(HO_IND) message to serving BS. In the worst case,
MSS performs scanning process with all neighboring
BSs. But worst case appears with low probability. In
the best case, MSS only performs scanning process
one time and decides to connect with target BS,

therefore reducing the handover time significantly.

V. Handover Performance Measurement

In this section, we consider some scenarios to
analyze the handover latency. With each scenario,

we analyze the delay of each process

A. Handover Scenarios

Some scenarios proposed by [6] are applied for
mobile IPTV case. With each scenario, we take care
about handover, re—entry, and location update time.

The scenarios category as:
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1) Standard : MSS must performs total all process
provided by mobile WiMAX standard (IEEE 802.16¢)
without any optimization.

2) Optimized standard: A set of possible optimization
provided by IEEE 802.16e. If there is available priority
knowledge, some steps can be omitted: basic capability
negotiation (SBC-REQ/SBC-RSP), registration (REG-
REQ/REG-RSP) and key exchange (multiple PKM-
REQ/PKM-RSP) and service flow creation (DSA-REQY/
DSA-RSP/DSA-ACK).

3) Skip initial DHCPv6 delay - Purpose of this initial
time is to reduce the congestion following a power
outage. In this scenario, this feature is removed.

4) Rapid-commit : Reducing the number of
discovering message exchanged between DHCPv6
server and client from four messages to two
messages

5) Skip DAD (Duplicate Address Detection): A
configured address detection mechanism. But this
feature was not designed for mobility case, so that
we can omit this process.

Figure 5 shows simulation model to perform the
handover delay. In this model, three Mobile WiMAX
BSs and video sever connect to the IP network. This
simulation uses Numbat — one packet of OMNET
simulator, extensible simulation environment for
mobile, IPv6 capable IEEE 802.16e stations [6]. In
this model, handover initiates after a constant time
interval (3 second) of starting the communication
process. Purpose of this model is to simple handover
process simulation and focus on handover producing
itself.

Figure 4 shows the dense WiMAX BSs scenario
for our simulation model, with mean that there is
more than one BS in the mobile coming area. In this
model, there are two cases of scanning: full
scanning process provided by existing standardization
and reducing scanning process using localization and
direction acknowledgement. Purpose of this model is
to find out the efficiency improvement of proposed

scheme when MSS comes to the many BS area.

B. Performance Analysis

With each scenario, we take care about delay time
of each process in total handover process and delay
time of two cases: handover process without location
update (governed by same operator case) and total
handover (governed by different operator case). In

first case, delay time includes delay of handover and
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re—entry process. In second case, delay time
includes delay of handover, re-entry and location
update process. Each handover scenario is simulated
in the same time (100ms), and delay time is
calculated by average number of handover delay.
The chosen simulation time is long enough for
handovers performance measurement.

Figure 6 shows handover delay time comparison
for different scenarios in the case of without
location update. In this figure, we see that delay
time of four last scenarios is same in without
location update case. Because each scenario has
same optimization of handover and re-entry process
provided by existing standardization. Figure 7 shows
the total handover delay time comparison for
different scenarios. In Figure 7, each scenario delay
is smaller than previous one. Because each scenario

is optimization of previous one in location update

process.
1L —+— Standard
—=— Optimized standard
Skip initial DHCPv6
0s | —— Rapit-commit
= —e— Skip DAD
2 [
i
0 _\/r\/\w
2
- 04 r
)

10 30 50 70 90
Simulation time [sec]

Fig. 6. Handover delay time comparison for different scenarios in
the case of without location update.
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Fig. 7. Total handover delay time comparison for different
scenarios.
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Fig. 10. Handover performance of the proposed scheme.

We calculate the average delay for of each of the
processes of every scenario in Figure 8. The figure
shows the comparison of delay time of each
handover process. In Figure 9, we calculate average
delay of total handover and handover without
location update process. Figure 8 shows that delay
of handover and re-entry process is very small

comparison to location update delay. So that, there

is a big difference between delays of total handover
and handover without location update process in
Figure 9.

From Figures 6-9, we verified the main causes of
the handover delays. We also showed various
handover process delays. Figure 10 shows the
handover process performance of the proposed
scheme. In the worst case, the performance of delay
time is same with existing standardization case,
because MSS performs scanning process with all
neighboring BSs. In the best case, the MSS only
performs scanning process one time, therefore

latency is reduced significantly

VI. Conclusions

Analysing and simulating delay of each process in
WIMAX IPv6 handover shows the general observing
about the reasons of the delay time. We gathered
the genaral knowledge about handover process and
analysised each step and it's latency in the whole
process. Simultaneously, the new priority scheme is
proposed to reduce the latency in the dense BSs
scenario. This proposal can be implemented in the
real mobile IPTV system and can enhance the
performance of system. Performance of existing
standardization and proposed improvements @ is
evaluated by using the real scenario simulation
environment. Through simulation results, we see that
Mobile WIMAX with IPv6 capable is the good
candidate for mobile IPTV system. The research also
indicates the main reasons of delay in multi-operator

environment — location update process.
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