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KEY WORDS: MOBILE IP / POST REGISTRATION / PAGING EXTENSIONS FOR
MOBILE [P
KORTONG CHIRATANA: IMPROVEMENT OF PAGING EXTENSIONS IN
MOBILE INTERNET PROTOCOL BASED ON POST REGISTRATION. THESIS
ADVISOR : ASSOC. PROF. DR. WATIT BENJAPOLAKUL. D. Eng., 126 pp. ISBN

974-17-6902-4.

Paging Extensions for Mobile IP (P-MIP) decreases only the number of registration, but
it does not improve the method of registration, which still has a lot of packet loss and long
handoff latency, also wastes the data buffering and time during registration. We propose the
registration delay improvement, while mobile node is entering the active state to decrease mobile
node waiting time for data packets. Thus, this proposed method reduces requirement of data
buffering. We also propose improvement of registration to decrease packet loss and handoff

latency when mobile node moves across cell in the same paging area during active state.

In this thesis, we simulate with Constant Bit Rate (CBR) sources used as traffic sources.
The active mobile node (MN) percentage is 5%. In these paging methods, the simulation area in
each experiment models two complete paging areas. One base station supports a foreign agent
(FA) in each cell based on TEEE 802.11 and use agent advertisement period of 1 second. The
proposed method use link layer beacons (L.2) which are sent every 100 ms. The simulated results
show that the proposed method can decrease the packet loss, handoff latency and buffering

requirement in the appropriate environment.
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< o 9 A ~ dyd 1 A ~ o a = [
ad1wsaild Tasmsiwaeungluuuiisendn msnaeunludinanyiafodniu
(Homogeneous Mobility)
A A A ) ) ] o <
luTnsInaealofinaoun aunsaundavudesdulumstadunsudainng
I} 4 H 1 1 4 4 Y] [ )
Ty Tuamdoud uavzamnsauniym Idednauysaiie 1dsunsdsvlgemsianly
z A 9 1 [ o e, 1 [ o
Fuduae wumMsiulsemaiinuvesIns Inaeandn (TCP) 1wy msdsulganmsinu

I Y
VDY Snoop Protocol g
v o 4 3
2.2 anugaamslumsesnuuuinslnaealafitnaoui
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2.4 Iassas1avedlnsinnoalofitnasunly 1Pv4
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IP src = Original Sendear

IF dst = Ultimate Destination

Header

Payload

Original IP Packet

IP sre = Tunnel Entry-Paint
IP dsi = Tunnel Exit-Point

Lt

Quter Header

Header

Payload

Encapsulating IP Packet

T

- (Quter Payload) Vs

—
- 4
- 4 A tunnel from a homea agent

-
—~ e to a foreign agent
&S USS
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[
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TuamaouNzApeTUIMA1TUTEMANNAINY (Agent Advertisement messages)

v A " v

¥ Y ¥ v 1
HAZATIVEBUVIAITINO MM LA Yzt TuandounnaananenuveFen Te

] 4 I a 1 [ []
114 (home link) 1130 V1e1¥eu Toan 18U (foreign link) a1ilumsaadeiuv1e
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o

Tasstiomeuen fegit Idsumsquaii Id5umssasss (collocated care of address)
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7. luiannauiu uininaiidslas Tuamaouiazgniadunielasase ldTuad
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Effect of number of cells on signalling cost.
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Effect of MN’s speed on signalling cost.
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Average Handoff Latency as a function of the number of cells
(Data activity 5%)
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NMumber of lost packets as a function of the number of cells
(Data activity 5%)
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Number of lost packets as a function of the MN's speed.
(Data activity 5% and sent 3 times)
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Effect of number of hops from router to HA
on signalling cost. (Data activity 5%)
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Handoff Latency as a function of number of hops
from router to HA. (Data activity 5%)
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Number of lost packets as a function of number of hops
from router to HA. (Data activity 5%)
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Maximum number of buffered packet for a mobile node.
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ABSTRACT

Paging Extensions for Mobile IP (P-MIP) decreases
only the number of registration, but it does not improve
the method of registration, which still has a lot of packet
loss and long handoff latency, also waste the data
buffering and time during registration. We propose the
registration delay improvement, while mobile node is
entering the active state to decrease mobile node waiting
time for data packets. Thus, this proposed method
reduces requirement of data buffering and also proposes
improvement of registration to decrease packet loss and
handoff latency when mobile node move across cell in
the same paging area during active state.

Keywords: Mobile [P, Post Registration, Paging
Extensions for Mobile IP.
1. INTRODUCTION

With increasing users who need ongoing

communication while moving, Mobile IP is a mobility
protocol without changing permanent IP address. It is
developed by the Internet Engineering Task Force (IETF)
for all ongoing communication according to
Transmission Control Protocol (TCP) in the global
internet [1]. The location of Mobile Node (MN) is
tracked by Home Agent (HA), which binds Care Of
Address (COA) with MN’s home address. When an MN
moves to a foreign network, it obtains a COA from agent
advertisement periodically every 1 second in the standard
Mobile IP from a new Foreign Agent (FA). Then, the MN
registers this COA with its HA by. sending a registration
request through the new FA and HA replies a registration
reply to the MN." After this process finished, the
Correspondent Node (CN) sends the packets to the MN
through the new FA [1], [2].

Mobile IP supports registration but not paging.
Mobile IP users will not be actively communicating most
of the time [3], rather, they will be idle. It would be
sufficient to know the approximate location of idle MNs
that can be found by using paging in Paging Extensions
for Mobile IP (P-MIP) [4]. P-MIP is a procedure that
allows a wireless system to search for an idle MN when
there is a message destined for it, such that the mobile
user does not need to register its process location to the

system whenever it moves. Thus, it reduces signaling
overhead associated with registration and location
database updates. The power consumption of MN is also
reduced because idle MNs no longer have to register their
exact location with the system. However, original P-MIP
concentrates only the decreased number of registration.
P-MIP still uses Mobile IPv4 registration, which has a lot
of packet loss and long handoff latency; moreover, it
waste data buffering and duration for state changing.

Consequently, we propose to improve registration
delay, while MN is changing its state, to decrease MN
waiting time for data packets and data buffering. The
proposed method improves registration during active
state. It can also reduce data packet loss and handoff
latency by using the main idea of Post Registration, that
is Low Latency Handoff, proposed by IETF [5]. Post
Registration uses link layer information to initiate
handoff. In this method, packets can be delivered to the
MN at the new FA even before the formal registration
process has completed.

This paper is organized as follows. In section 2 we
describe the principle of P-MIP and Post Registration. In
section 3 we propose the method to decrease registration
delay, data buffering, handoff latency and to improve
performance in active state. Section 4 presents the
simulation scenario and simulation results in Mobile IP,
P-MIP, Post Registration and the proposed method.
Finally, section 5 concludes this paper.

2. OVERVIEW OF PAGING EXTENSIONS FOR
MOBILE IP (P-MIP) AND POST REGISTRATION

2.1 Paging extensions for Mobile IP (P-MIP)

P-MIP uses MN state which includes active state and
idle state. An MN is in active mode if it has recently sent
or received IP data. An active MN operates in exactly the
same manner as in Mobile IP [2]. If an MN cannot
receive or send data packets more than duration which is
depended on the environment of system, an MN will
enter idle state [4] that MN does not register when
moving within the same paging area, while it is not the
case in original Mobile IP. When packets are destined to
MNs, home agents forward them to the foreign agents
registered by the MNs, known as registered foreign
agents. A registered foreign agent first determines if it



has any information on record for the MN. If a record
exists, then the registered foreign agent checks if the MN
supports paging or not. If the MN supports paging, then
the registered foreign agent checks the MN’s operational
state. If the MN is in active state, then the registered
foreign agent decapsulates packets and forwards them to
the MN, as in the case of Mobile IP. If the MN is in idle
state, then the registered foreign agent sends a paging
request message to all other foreign agents that reside in
the same paging area, as well as broadcasting the paging
request on its own network. After the other foreign agents
receive this message, they will broadcast the paging
request on their own cells for search MN.

When an MN receives a paging request message, it
registers with its home agent through the foreign agent on
the current foreign agent. After receiving a registration
reply message, the MN sends a paging reply message
back to the foreign agent it had previously registered with
through its current foreign agent to inform the previously
registered foreign agent of its current location. Paging
signalling while MN is entering the active state is as
shown in Fig. 1.

Fig. 1: Paging signalling while MN is entering the active
state.

2.2 Post Registration

The Post Registration handoff scheme uses layer 2
(L2) trigger to set up a bi-directional edge tunnel that
allows the MN to continue using its old COA while on
new FA (nFA)’s subnet. It is based on a network-initiated
model of handoff by means that the MN does not involve
in performing the handoff process until the actual L2
connection with the nFA is completed [5].

In Post Registration handoff, instead of making a
new Mobile IP registration with the nFA, the MN defers
it while maintaining connectivity- using -the BET (Bi-
directional Edge Tunnel) to tunnel the packets from old
FA (oFA) to nFA. Two network-initiated handoffs are
defined source trigger and target trigger handoffs. In this
paper, we describe only the target trigger received at
nFA. The nFA received L2 trigger informing that the MN
is about to associate with it. The nFA then sends Handoff
Request (HReq) to the oFA. The oFA replies the Handoff
Reply (HRep) to nFA. This establishes the BET between
oFA and nFA. The MN may lose the connection with the
OFA when the L2 Link Down (L2-LD) is received at
OFA. The MN fully connects to the nFA when the L2
Link Up (L2-LU) is received at nFA. After the BET is
established, the traffic is tunneled from oFA to nFA so
that the MN continues to receive service through the BET

123

without registration to the nFA. At some future time,
the MN will register to the nFA. The signalling flow
chart is shown in Fig. 2 [6].

Fig. 2: Two party target trigger (TT) handoff timing in
Post Registration.

3. THE PROPOSED REGISTRATION DELAY
SCHEME

P-MIP uses the original network layer registration
which has a lot of packets loss and long handoff latency,
as in the case of Mobile IP; furthermore, P-MIP needs to
register across the core network to HA, while registered
FA is buffering until it receives paging reply message
from MN after MN has finished the registration process.
Consequently, we propose the registration delay scheme
to improve performance in two phases. When:

e an MN is in active state; or
e there are incoming data packets destined to MN.

When an MN is in active state, we propose using the
Post Registration scheme. The original P-MIP can detect
movement when an MN receives agent advertisement
message in network layer (L3) periodically every 1
second, but, basically, the Post Registration use L2
beacons sends every 100 ms. Therefore, link layer (L2)
information allows an MN to detect the loss of
connectivity more quickly than a network layer in the
Mobile IP algorithm.

When there are incoming data packets destined to
MN, we propose MN defers registration process and
keeps using registered FA’s COA while MN is on current
FA’ s subnet through BET, that is established between
registered FA and current FA. Then, MN can obtain these
data packets quickly before MN registers to HA.

While the data packets are destined to MN, HA
forwards these packets to the registered FA. First, the
registered FA determines-if .it-has any information on
record for the MN. If a record exists, then the registered
FA checks if the MN supports paging or not. If the MN
supports paging, then the registered FA checks the MN’s
state. If the MN is in active state, then the registered FA
decapsulates packets and forwards them to the MN, and
enters the Post Registration scheme. If MN is in idle
state, then the registered FA sends a paging request
message to all other FAs that reside in the same paging
area, and broadcasts the L2 beacon, that trigger MN to
enter active state. After the other foreign agents receive
paging request message, they will broadcast the L2
beacon on their own cells to search for MN.

When MN receives the L2 beacon from current FA
for changing state, the MN re-associates with the current



FA by sending Association Request message (AReq) to
current FA. This association message will act as a L2
target trigger at the current FA. In return, the current FA
sends the Association Response (ARes) to the MN
according to IEEE 802.11. The AReq triggers the current
FA to send a Handoff Request (HReq) to registered FA.
When the registered FA receives the HReq it sends back
the Handoff Reply (HRep). This establishes the BET
between the registered FA and current FA. At this point,
the registered FA sends the packets addressed to the MN
and buffering data packets through the BET. When the
MN receives the agent advertisement message from the
current FA, the MN initiates the Post Registration scheme
with the current FA. Signalling timing while MN is
entering the active state is as shown in Fig. 3.

| B —

Fig. 3: Signalling timing while MN is entering the active
state in the proposed method.

We illustrate a simple registration delay scenario
where foreign agents FA1, FA2, and FA3 form a paging
area as shown in Fig. 4. An idle MN moves from the FA1
cell to the FA3 cell without registration in idle state. The
COA record maintained at the MN’s home agent points
to the FAL. In this scenario, a correspondent node (CN)
sends data (1) to MN. The HA encapsulates the data
packets (1) and tunnels packets to the FALl. After FAL
receives data destined to MN, it checks if it has a record
for the MN. If it has a record, then it determines if the
MN supports paging. If this is the case, the MN is in idle
state. As a result, the FAL starts to buffer packets, and it
sends a paging request message (2) to the other cells in
the same paging area (FA2 and FA3), and it broadcasts
the L2 beacon to change MN’s state in FAl’s cell.
Following this, FA2 and FA3 broadcast the L2 beacon in
their cells (3) as FA1 acts. When the MN receives this L2
beacon, MN enters active state to prepare itself for
registration of network layer, and MN re-associates with
the FA3 by sending AReq, which acts as L2 trigger (4).
When FA3 sends HReq to FAL (5), FAL responds back
the HReq to FA3 (6). Consequently, the data packets and
buffering packets at FA1 can be sent through BET (7)
faster than P-MIP, which buffers the packets until wide
network crossing registration to HA finishes. This
crossing registration delays the MN in receiving the data
packets from HA. When MN obtains agent advertisement
message from FA3, it registers its location with HA
(8).Then, the HA starts forwarding data toward FA3 (9)
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Fig. 4: An Example of the propoéed method scenario.

4. SIMULATION SCENARIO AND SIMULATION
RESULTS

We simulate Mobile IP, Post Registration, P-MIP,
and the proposed method using Delphi 7.0, with Constant
Bit Rate (CBR) sources used as traffic sources. The
active MN percentage is approximately 5% [3]. In these
Paging methods (P-MIP and the proposed method), the
simulation area in each experiment models two complete
paging areas. One base station supports an FA in each
cell based on IEEE 802.11, as shown in Fig. 5.

Fig. 5: Topology with overlapping cell coverage scenario

The HA sends the CBR packets of size 500 bytes in a
period of 10 ms. All links have a transmission rate of 5
Mbps and each link has a delay of 3 ms. FAs, whose cell
diameter is 122 m with overlapping distance with other
FAs of 1 m, send the agent advertisement every 1 s, and
the IEEE 802.11 beacons are sent every 100 ms. There
are 1 MN;and 1 HA in our simulations, in which the MN
travels straight. The number of cells in a paging area, the
number of routers in core network, and the varied speed
of MN are depended on simulation environment.

In Fig. 6, we show the impact of MN speed on
signalling cost. The number of routers in core network is
20 units. The number of cells in simulation scenario is 80
cells. In case of paging, it has two paging areas, where
the number of cells is 40 cells. There are 3 active
intervals. The duration of each total time including active
state and idle state times is 100 s. The duration of
simulation is 318.633 s at the maximum speed from the
first FA’s center to the terminal FA’s center. When MN
speed increases, the signalling volume of each method
increases because of the boundary crossing. The
signalling cost of the proposed method is a little more
than that of P-MIP due to established BET, but the
signaling cost of the proposed method is much less than



those of Mobile IP and Post Registration as a result of
decreasing the number of registration.
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Fig. 6: Effect of MN speed on signalling cost.

Fig. 7 illustrates when MN speed is fast, the trend of
the number of lost packets is increased because of the
boundary crossing. When MN speed is 15 m/s, Mobile IP
and P-MIP have a downtrend of lost packets, because
MN obtains agent advertisement rapidly when MN enters
the new FA. However, the lost packets of the proposed
method are less than those of Mobile IP and P-MIP. In
Fig. 8, when we consider handoff latency, the proposed
method which receives L2 beacons quickly can reduce
handoff latency compared with those of Mobile IP and P-
MIP. The lost packets and handoff latency of proposed
method are similar to those of Post Registration, but they
are different because of L2 beacon synchronization
change when MN begins to enter active state.
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Fig. 7: Number of lost packets as a function of MN speed.
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We vary the number of routers in core network to
compare the buffering requirement in registered FA
between P-MIP and the proposed method. We determine
the number of cells in simulation scenario to be 24 cells,
and there are two paging areas, where the number of cells
are 12 cells in each paging area. The MN travels straight
with the speed of 20 m/s. There is only one active
interval. The duration of simulation is 139.150 s from the
first FA’s center to the terminal FA’s center. When we
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measure the buffer requirement when there are
packets destined for idle MN, the proposed method uses
maximum number of buffered packets much less than P-
MIP because P-MIP needs buffering until registration,
which waste real time services with HA crossing wide
network, is finished as shown in Fig. 9. The proposed
method, which defers registration, can obtain the data
packets and buffering packets through BET.
Consequently, the proposed method can reduce buffering
requirement and MN waiting time for the data packets
and the buffering data packets.
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Fig. 9: Effect of the number of hops in core network on
the maximum number of buffered packets for two paging
methods, P-MIP and the proposed methods.

5. CONCLUSION

It is shown in this paper that the proposed method
can decrease handoff latency, lost packets and buffering
requirement with slightly higher signalling cost of the
proposed method than that of P-MIP method, but less
than those of Mobile IP and Post Registration very much.
In the future, we will study how to use the proposed
method in an adaptive paging area which can change the
number of cells automatically.
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