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Abstract

the wireless access infrastructure problem, how to find,
I'rackr and s.‘cnd data to mobile Internet nodes. These issues come ahl;ul bec.';use of mobile
nodes roaming !)elween Internet domains, often in power-down mode, along with the neced
to perform vertical handoffs for seamless coverage. The Internet, which has been designed
for ﬁ“‘f’ node-s, needs real improvement in order to deal with this new wireless Internet
trend. The main contribution of this paper is in the development of a new protocol, Cellular
Ilfvﬁ, to deal with wireless access routing, handoffs, and paging. First an overview of general
wireless access routing technologies and techniques is given. The design of Cellular IPv6 is
then examined in detail. Cellular IP Route Optimisation, a technique for improving Cellular
IP performance, is also introduced in the paper. This modification to the Cellular IP
standard solves triangle routing problems, improving performance in the presence of intra-

domain traffic. Preliminary simulation results for this technique are presented and
discussed.

Keywords: Cellular 1P, Cellular 1Pv6, Route Optinuization, OPNET.

This paper examines the core of

1.0 Introduction WILANS, Bluetooth, and GPRS have reached
Cheap personal computers (PCs) have spread the pomt  of affordable, wide-spread
not only across developed countries, but also deployment. The Internet Protocol version 6
across developing countries. Now, digital along with Mobile IP (MIP) [2] has been
cellular and short-range wireless standardized to handle addressing and
technologies have become  another roaming problems, although deployment has
revolution; wireless Internet. By enabling been problematic. Most interesting however,
Internet services through portable wireless is the area of wireless access networks where
devices., the Internet has the possibility for research and standardization efforts have not
even deeper penetration. Portable electronic yet come to agreement. The problems
devices such as mobile phones are becoming involved with wireless access networks are
increasingly  widespread even  without challenging. Routing, paging, handoff
Internet capability. Providing Internet access services must then be developed on top of
to those devices is now the key challenge for the standards. The network layer is a good
the Internet | 1]. level for implementing these kinds of
services, as the Internet Protocol provides
Although wireless Internet might sound like addressing and routing. In addition, using the
the ultimate solution. it turns out to be a real network layer has the advantage of enabling
technmical and administrative  challenge. the use of heterogencous wireless interfaces,
Widespread wireless technologies and ISPs for fxamplfe _mixing IEEE 802.11 and
are needed 1o provide the basic connection to Bluetooth within the same access network.
end users. The inherent instability and
mobility  of wireless devices require new The challenge of providing workable [P-
up-,;hﬂ;u,:,. for the Internet Protocol. If the based wircles§ access wilh new standards
research. standardization, and deployment of such as IPv6 is the motivation for the work
these capabilities do not happen in the near in this paper. Cellular 1P [3] i1s one such
future. wireless Internet may stagnate. protocol that provides _Ih_bu:\cd wireless
Wircleos Intermnet research has been up 1o access. Through its use in this research, i
speed with these new rends. Many mobile was found that the IPv4 bu_:,cd protocol could
Wi access,  fechnologies  such s be improved with modificauons that tuke
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advantage of IPv6 and Mobile 1Pv6 [4]. A
new protocol, Cellular IPVG 5], based on the
original Cellular 1P was specified working
with the original authors of [3]. In addition.
Cellular 1P version 6 (CIPvG) was
implc_nurnled and released to the public as a
proof-of-concept. Funally. live
demonstrations were made at INET 200110},

\\'hu?h 1§ a major international  Internet
conference.

In addition to the development of CIPVO. it
was found that many micromobility
pmt-_:\cols have problems with triangle
routing within a single domain. Research
was carried out to find a solution for Cellular
[P (CIP) to eliminate triangle routing. thus
improving performance for traffic between
nodes in the same domain. Route
optimisation for CIP was developed as a
result. This modification to the CIp
specification has been published. simulated.
and released with the CIPv6 implementation
mentioned above.

CIPv6 was developed as a modification 0
the original CIP with changes for IPvO,
mobility. and security. This protocol 1s
examined in detail in this paper. The original
Cellular IP protocol also contained other
problems not addressed by CIPv6: namely,
triangle TouULNg 1S performed for traffic
between mobile hosts in the same access
network. This paper 15 {imited to addressing
the Cellular IPV6 protocol and  route
optimisation modifications. Cellular IP is
only one part of Wircless Internet that
provides scalable routing, handoff, and
paging for wireless access networks. Other

topics such as context-transfer, handoff
algorithms. accounting, security
mechanisms. and vertical handoffs are

beyond the scope for this paper.

2.0 Cellular IP

Cellular 1P (CIP) is a micromobility protocol
developed by the University of Columbia’s
COMET group and Ericsson [7]. The aim is
to provide similar services as cellular mobile
phone networks. such as power-friendly
paging and smooth handoffs. Cellular IP
works independently of Mobile 1P by
implementing a separate protocol {3]. A hop-
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by-hop soft state routing technique is used to
forward packets to mobile hosts (MH),
Instead of speeific signalling, uplink data
packets from MHs are used to refresh the
routing caches of CIP nodes. This minimizes
signaling wallic. A semi-soft  handoff
procedure is employed 1o reduce the number
of packets lost during a handoff. Finally, 5
built-in paging function allows nodes to stay
in power-down mode, even while performing
handoffs.

A CIP network contains @ number of entities
as seen in Figure 1. The CIP Gateway acts a;
the default router for all mobile hosts in the
wireless access network. It also functions as
the Foreign Agent for MIP. Base Stations act
as points of attachment for mobile hosts,
they are responsible  for broadcasting
advertisements. Any number of CIP nodes

can be arranged in a multi-level hierarchy
between the galeway and base stations.

N, ‘ J o

Figure 1: An é;{nmpié Cellular [P network.

The introduction of 1Pv6 provides penefits
not only for MIP. The huge address space.
optional header, built-in security, and Jack of
Mobile IP version 6 (MIPV0) Foreign AZNE
are also useful for micromobility protocats:
These new features have inspired the
introduction of Cellular IPv6, the man
subject of this paper.

i. Routing o
When a mobile host (MH) enters Hl |
network. it listens for beacons ransmittes b‘!{'
all base stations (BS). The MH I.h-.:il chqtlﬁv
the best BS (the one with the 5
by sending an authenticated
(RU) message, which is then
the gateway. This initial messig
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the MH with CIP. All packets transmitted by
the mobile host regardless of !‘hei}r
destination address are routed lowards the
eateway using these route [3]). All CIP nodes
including the gateway and base static}ns:
contain a routing cache o keep track of the
next downlink hop of active CIpP nodes. This
is a soft-state routing cache. which must
periodically be updated or the entry for a
MH will become stale and be removed. The
cache can be updated by any uplink data
packets sent by the MH, or in the absence of
those. by periodic route-update nessages.
Data and route-update packets are always
routed from the base station on the shortest
route to the CIP gateway. This ensures that
the route-caches of all nodes along the path
are updated. However. in the case of intra-
domain traffic (i.e.. between MHs in the
same network) this is very sub-optimal. A
solution for optimal CIP routing is discussed
in Section 4.

ii. Paging

Cellular 1P supports the tracking of idle
mobile hosts through a paging mechanism.
Paging | 7] allows a reduction of signalling in
the access network. and more efficient power
usage for mobile hosts. Instead of forcing a
MH to continually send RU messages to the
network. it is allowed to go into an idle
(power-down) mode. A CIP network 1s
configured into blocks of Base Statior?s
(BSs). known as paging areas. Within this
paging area an idle node can roam without
performing handoffs, and only very rarely
sends a Paging-Update (PU) 8] message to
the network. With many nodes allowed to
enter idle mode, the scalability of an access
network can be improved. Idle nodes are
located through the paging mechanism where
they are woken using a packet bmadc'asl
lhrbughom their paging ared when downlink
traffic arrives.

In addition to the routing-cache kept by ( P
nodes, some nodes can also keep 4 paging-
MHs. It is recommended
the first
this

cache 1o track idle :
that the gateway. and possibly tf
hierarchy of CIP nodes contam &
rv cache. The paging cache 15

secondary i
updated by PUs sent by the MH _WE"T‘H'f
“iters uJI:: mode, and then periodically
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;hereaﬂer (on the scale o
ust ; i i

4 1} 15 with the fouling-cache, a pagin
r.,:[u{:[m contains the next hop for each id?c
(id-l !f‘ a MH moves 1o g New paging area
. Lnl!fl’cd from the BS beacons), it must
send a PU1 message immediately. o

f - many minutes),

When the gateway recejves
o a MH.
entry

: : a4 packet destined
it Chc}cks IS routing-cache. If no
CXISts, the paging-cache is
checked. The paging Cachcélclls the ncxIl:?);
of any idle MH in that paging area. This
procedure is followed for all downlink CIp
nodes. If a node does not have g paging-
cache, it then broadcasts the packet on all
downlinks. The area covered by these
downlink base stations makes up a paging
area. It may also be that a CIP network
contains only a single paging area, in which
case the gateway contains no paging-cache,
and all downlink packets with no routing-
cache entry are broadcast. When a MH
receives the downlink data packet, it enters
active mode where is sends 2 RU and normal
operation begins again.

iii. Handoffs

In order for MHs to roam in a CIP access
network, while still correctly maintaining
route~-caches, two handoff procedures are
provided by CIP: hard handoff and semi-soft
handoff. Handoffs in CIP are always MH
initiated [9], whereas in many traditional
cellular paradigm handoffs are network
initiated or network assisted. MHs in CIP are
always monitoring the SNR levels of
beacons received from BSs. When a
sufficiently better BS is found than the
current one, the MH simply sets it as the new
default route and sends a RU to that BS. This
updates its new location in all upl.ink C‘IP
nodes. Because of the latency time for
changing the routing-cache in upl_ink nodc.s.
there may be a loss of packets if there is
raffic destined 10 the MH during the
handoff. If a node can listen to both BSs at
the same time, it may be able to avoid losing

packets [3].

In order 1o reduce the chance of lost packets,
semi-soft handofT can be employed. In semi-
soft handoff a new BS is pro-actively
notified about a coming handoff before 1t
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accurs. When ready to perform a handoff o
a chosen BS. 2 MH first sends 2 RU with the
S-flag set to the new BS. It then continues to
use the current base station for a set latency
ume before starting 1o use the new BS. This
RU wall travel uplink until it reaches the
crossover node where the old and new routes
cross. This special RU with the S-flag adds a
duplicate route to the crossover node’s
routing-cache. The node then bi-casts any
traffic for that MH down both links. When
the MH makes the handoff to the new BS it
sends another RU without the S-flag. When
this RU reaches the crossover node the old
cache entry 15 removed. This handoff method
does not guarantee a lossless handover (as a
soft-handoff would), however it tries to
minimise any packet losses and research
results  have shown it o work almost
flawlessly [7, 8, and 1 0].

3.0 Cellular IPv6

The introduction of IPv6 to the Internet
community has given a large boost to the
support of Internet host mobility. Cellular [P
was onginally designed tightly around the
specific capahilities of IPv4, for example the
MIP Home Agent and IPv4 header format.
With the introduction of IPv6, Cellular IP
could also be improved to take advantage of
the IPv6G  mobility  and  secunty
mprovements.

The design and implementation of Cellular
IPv6, an improved micromobility pmlgcol
(or IPvO wireless access networks, is dclullt?d
i |5 The author of 15| is the main
contributor for protocol design and oversaw
the implementation of the prulm:n.l. Other
research groups have also been involved

with  the design,  publications, and
implementation.
Design changes 10 CIPv6  from its

predecessor, CIP, stem from new features n
[Pv6, 1PSEC, and MIP. The new structure of
IPvO addressing gives the first improvement.
IPv6 autoconfiguration can be used for a MH
o acquire its carc-of-address (CoA). The
new 1PV extended headers allow CIPvO
control messages to be included in the Hop-
by Hop extension header. Along with IPvO,
bualt i security is required with IPSEC This
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means that  all  IPvo

nodes  include
authentication capability. CIPv6 uses this
built-in  authentication  for  al| control

messages. Mobile IP for IPv4 required that 4
foreign agemt be located in every network.
With MIPvG this is no longer a requirement.
introducing changes to the CIp Gateway
node. Finally. because semi-soft handoff
required a wireless technology where two
hase stations can be  contacied
simultaneously, CIPv6  introduces  an
alternative. Indirect semi-soft handoff allows
for semi-soft handoffs with other wireless
interfaces. These differences are summarized
in Table 1.

Table 1: Protocol differences between CIP
and CIPvO

Cellular IP | Cellulac IPv6
Control Message ICMP | [Pv6 Hop-by-Hop |
Carrier extension header |
Address MIPHA or | IPv6 '
Acquisition DHCP | Autoconfiguration |
| Host Identification | Home [P | IPv6 care-of- ‘
address | address |
Authentication Proprietary | IPvo i
authentication
‘ header
Handoff Normal, also Indirect
| Semi-sofi Semi-soft
i. Signaling
CIPv6 base stations transmit their CIP

network ID, base station ID, paging area ID,
CIP gateway IP address, and IPv6 subnet
prefix in a beacon packet. See Figure 2 for
the format of this beacon packet. The beacon
is periodically sent in an IPvG destination
options header to the IPv6 all-nodes
multicast  address  (FF02:0:0:0:0:0:0:1)-
When a new CIP mobile host arrives within
range of a CIP base station, this beacon 15
used to join the network. After the MH
authenticates to the network, it uses IPvO
stateless address auto-configuration to form

its IPv6 care-of-address.

Instead of using [CMP packets for sending
and paging-update control
messages, CIPv6 uses built-in [Pv6 headers.
Update messages are sent in the hpp-by—hopf
IPv6 extension header. The destination ©
this packet is always the gateway. !{nu(c-‘
and paging-update packets urc_s_dcmw-.ll_ .h,
those in CIP except for an additional 1-flag

route-update
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used tor imdirect semi-soft handoffs. These
contral messages are authenticated using 1';11:
IPSEC authentication header. In the original
CIP control messages were authenticated
using a proprictary method.

Fieure 2: The Cellular IPv6 beacon format.

Routing .
Routing in CIPvG is performed identically as
wus described for CIP n Section 2. Uplink
packets from mobile host are always
forwarded along the shortest route 10 the
Gateway. Downlink puckets arc forwarded
on a hop-by-hop basis by each CIP Node
along the path. 17 a CIP node receives 4
packet for a node it does not have any vahd
route or paging cache entry for, it 1s
broadeast on all downlink interfaces. This
performs the paging mechanism, identical o
that in CIP, However, the specification for
paging is Mmore in the CIPV6
specification with yegurd Lo the placement of
paging caches. The new indirect semi-soft
handoff method is explained below.

precise

Indirect Semi-soft Handoff

The CIP semi-soft handoff method requires
that « MH has the capabiliy 1o listen to the
current BS while sending i route-update
packet o the new BS. Not all wireless
technologies have this capability (as is the
case for Bluctooth). For this reason. an
allernative method 1s introduced for CIPvo:
mdirect semi-soft handoff.

When a mobile host decides 1o mike d
handoti. instead of sending @ route-update
packet 1o the new s directly (as it c;lmnot‘]-
1 sends the packet W the current BS. This

2 e S g
pucket will have as 4 destination 11 address.

he 1P address of the new BS.

soft handoft the I-
an indirect semi-
1t BS will forward
mally.

hke ma standard NQUIE
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Figure 3: Example of indirect semi-soft
handoff.

The Gateway then uses normal IP routing 1o
deliver the packet to the new BS. When the
new BS receives the indirect handoff route-
update, it creates a semi-soft route update
packet with the IP address of the mobile
host. It is then forwarded uplink. Data
destined to the mobile host is then bi-cast
from both the current and new base stations
in order to assure that no packets are lost.
The mobile host then completes the handoff
by sending a normal route-update packet to
the new BS. This route-update ends the bi-
casting function. See Figure 3 for a sequence
diagram of indirect semi-soft handoff.

4.0 CIP Route Optimization

Cellular IP performs very well in networks
where almost all mobile host traffic is
coming from or going (O outside the
network. However, when intra-domain
wraffic exists (between MHs or 4 MH and a
local network entity) the forced route
through the gateway is far from optimal [11}.
Data packets take needless extra hops, and
congestion problems arise at the gateway. In
order to optimise the handling of intra-
domain traffic with Cellular IP, the author in
19,12] has helped develop a proposed route
optimisation for CIP.

i. Algorithm
This technique 15 & modification to the
original CIP specification and is cqunl!y
applicable 10 C1pv6. The ge_aul u‘i“ the
algorithm is (o route intra-domain traftic on
qie shortest path. while still sending the

pecessary signatling messages o maintam
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the soft-state routing caches of uplink nodes. 2. The route optimisation teardown packet
The central entity for performing the that is sent upon handoff, cither by 4
algorithm is a cross-over node, which is a mobile host or a crossover node. This is
common uplink for 2 or more base stations. hased on the original route-updale
The performance of this technique improves format.
as the number of hierarchical levels in the 3. Two additional fields in routing-cache
network increases. When there is only a mappings:
single level, i.e. a gateway connected directly * The teardown optimisation (T()) flag
to base stations. there is no performance (unset by default), that is set by route
improvement  as  the gateway is the optimisation teardown packets 1o
optimising node in this case. indicate that route optimisation can
no longer be performed for the
The changes to the specification affect corresponding mobile host.
mobile hosts in active mode and any CIP .

' The route optimisation timestamp,
nodes which are located at common that holds the time of the last route

crossover points between BSs. See Figure 4 optimisation.
for a visualization of route optimisation. No *
new architectural entities are added and soft-
state routing is maintained. The optimisation
function is transparent to mobile hosts.

When route optimisation is enabled. each
crossover node performs additional checks
upon receiving uplink traffic. For each

.

TN packet the routing-cache is checked for a

A e, ) mapping that corresponds to the uplink

(| - ) packet’s destination. If a mapping is found

o & . with the TO-flag unset, the packet is relayed

. 1 ! T to the corresponding downlink interface

: -\ [ (instead of being forwarded uplink to the
j{ ! gateway). At the same time, a proxy route-

update packet is sent uplink towards the
gateway. This packet carries in the control
field the address of the mobile host that route
optimisation is being performed for. Proxy
route-update packets are sent uplink on
behalf of the mobile host at route-timeout
intervals for as long as route optimisation for

Figure 4: Cellular IP Route Optimisation. this mobile host is being performed. Uplink

nodes then use the control field of these
However, some protocol extensions are packets to update their routing caches. Tm“
made in order to maintain soft-state routing transmission of proxy route-update puclkels
and to assure that route optimisation is on behalf of a mobile host ceases .wzeﬁ
efficiently terminated upon handoff. These traffic from this mobile host 1S f_or\ffif 1:31 :
extensions are: uplink, or if the route optimisation timestamg

isation for this

|. The proxy Route Update (RU) packet indicates that no route Op""‘f . for OnE
that is sent by an optimising node uplink, mobile host has been pcl’lo!'l-m.-- " vl
on behalf of a mobile host. This is based route-timeout  period »[ 12|._ [his prok
on the original CIP route-update format. sequence is shown in Figure 5E

6O
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Figure 5: Route optimisation sequence
resembling Figure 4.

(Data is optimised from MHI to MH2
through the optimising crossover node.
During that time proxy roure-updates are
sent to the gateway periodically. When MH2
makes a handoff, it sends a RO teardown
message uplink, which ends the
optimisation. )

When an active mobile host performs a
handoff to a new base station, it first
transmits a route optimisation teardown
packet to the old one. This packet sets the
TO-flag of routing-cache mappings, thus
making the mobile host “unavailable™ to
receive any route-optimised data. This
preserves the correctness of soft-state caches.
As a result, data is no longer optimised for
this mobile host, but will be normally
forwarded uplink. If this route optimisation
teardown packet is lost on the wireless
channel. a black out time of one route-
timeout would occur. To avoid this, a new
route optimisation teardown packet is also
sent by the uplink crossover node of the old
and new hase stations. Specifically, upon
handoff. an active mobile host sends a route-
update packet 1o the new base station. On a
node. which is a crossover point between the
old and new base stations. there will already
exist an older cache mapping for this mobile
host on another interface. If this mapping’s
T'(')-ﬂug is not set (probably the route
oplimisation teardown packet sent through
the old base station was lost or delayed). then
another route optimisation teardown packet
is semt downlink on that interface. This
Nacket will be routed downlink following the
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mobile host’s old cache mappings that have
not  vet expired and will set the
corresponding TO-flag at each crossover
node. This assures that route optimisation is
efficiently terminated upon handoff.

Although this route optimisation algorithm
has been implemented and included with the
CIPvG release, it is difficult 1o get a reliable
performance evaluation on a test bed. In
order to secec how RO performs in a larger
network with many nodes, preliminary
simulations have been performed in this
work. The simulations have shown that a
reduction in the average number of hops and
end-to-end delay can be made with route
optimisation in a CIP network with intra-
domain traffic. The advantages of course
increase as the perceptage of intra-domain
traffic increases. As proxy RU messages are
used to keep uplink route-caches current
during optimisation, the amount of signalling
to the gateway increases, slightly. This is
however offset by the huge amount of data
traffic that would otherwise be routed
through the gateway. The simulation setup
and results for route optimisation are
presented below.

5.0 Simulation
Simulations were carried out using OPNET

to better model an environment where many
mobile hosts are involved. The goal of the
simulations is to gain insight into the
performance  benefits of the route
optimisation feature and to check the
correctness of the protocol in different

situations.
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Figure 6: The simulated network model
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The simulated network model is a Cellular IP
network as shown in Figure 6. A gateway is
used 10 route packets outside the local

network o vartual  Internet  hosts. Two
intermediate  CI* switching nodes,  each

connected 1o two Access Points serve the
purpose of forwarding packets to and from
Mobile Hosts.

There are a total of 24 mobile hosts used in
the simulations, with approximately 6 using
each access point at any one time. The CIP
gateway. intermediate nodes. and access
points are modeled as switches. Within these
switches there 1s a CIP processing entity that
implements the protocol. The CIP host, node.
and gateway models have the capability for
normal CIP operation or Route Optimisation.

Access points are nodes with two interfaces.
one wircless and the other wired. Mobile
hosts are provided with a wireless iterface.
Links in the simulation are modeled us point-
to-point wired links. Wired links have a 10
Mbps data rate. while AP to mobile host
wireless links have a | Mbps data rate. Half
of the mobile hosts are stationary. while the
others have an assigned trajectory and move
during the course ol the simulaton for
handoffs between neighboring access points.
Mobile nodes send traffic o other hosts
either on the same network or on an outside

The simulation time was 10 minwtes for each
scenario. Stanstcs were collected 10 measure
the number of hops 10 a  destination,
application end-to-end deluy. and signalling

International Journal of Electrical & Telecommunication Sy stem Resoyrely

network. Mobile node traffic sources have an
average transmission rate of 160 Kbps with
an idle time randomly spread over a 907,
average value.

- oo |
25 g8 57
E Sy 3T

Figure 7: The intra-donuuin network seemario

Figure 7 and Figure 8 show the two network
scenarios  that  have been used in the
simulations. The first one is a network with
24 mobile hosts. 2 CIP nodes. 4 access
points and a eateway with no  external
connections so that all tralfic is internal. as
seen in Figure 7. This is called the intra-
domain scenuario, The other scenario - the
mixed scenario - (shown in Figure 8) is
composed of two connected networks with
the same topology as above 1o model a
network with both intra- and inter-domain
traflic.

068

Vigure 8: The mixed network scenario

load the protocals place on the nerwork. For
cach  scenario  stundard  Cellular 11
compared o CIP with route opunisation
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6.0 Simulation Resuits

In this section the simulat
presented,  taking  ingg account
parameters that optimization a local 1'0I ing
protocol, in particular the number of h”mq"“lg
‘he.uer'\'«*ork for a packet 1o rczlchp e
destination node. the end-to-enq delay (hl.lf
gives a measure of the congestion in ”;1
network. and the ptimizat g2enerated by []f
gateway in the network. -
A point  worth noticing is that jip the
simulated  network only two levels of
hj.;-.rarc:h_\' were present. However, in a more
complex  network  the advantage  of
optimization will increase, just as with only
ane level of routers (gateway and Aps) there
is no performance gain. For the purpose of
this work, that is. to give an idea of the
protocol scalability, these results are re]iab[e.
Finally. to gain further insights measurement
should be carried out in real test bed
environment with a sufficient number of

on results s

hosts.

Mumber of Hops

The result can be seen from Figure 9 (a) and
(b) below. As can be expected Route
Optimization will always decrease the
number of hops with respect to standard
Cellular IP where the number of hops is
fixed since all packets must travel to the

gateway.
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(b) Number of hops for intra-domain
scenario compared

Fi}::ure 9: Number of hops
The result shows the number of hops for the
mixed scenario which is further reduced for

the intra-domain scenario.

ii. End-to-End Delay

Whenever a packet reaches its destination
the total route time is computed to estimate
the packet delivery time. It is waorth noticing
that the lower number of hops make it
possible to have lower end-to-end delays in
cases where optimisation is done.
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Figure 10: ETE delay

Therefore, the end-to-end delay of traffic ina
CIP network for the mixed scenario is seen
with Figure 10(a), but with only intra-
domain traffic the end-to-end delay
improvement is better as seen in Figure

10(b).

il Gateway Signaling Load
The one disadvantage of this route

optimisation technique is that the amount of
signalling between crossover nodes and the
gateway is higher as seen in Figure 11.
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Figure 11: Gateway signalling load
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However, this is offset by the actual traffj.
load of the gateway, which decreaseg Witk
route optimization. Since all traffic ip the
CIP network must pass through the Bateway
it puts a high data packet load on the
gateway. With CIP route optimisation ngpe
of the intra-domain data traffic pagge
through the gateway. However the signaling
load is slightly higher because of proxy
route-update packets. Route dptimisatiop
does not affect the amount of signalling
between the AP and MH.

7.0 Conclusions

The theme of this paper has been o
improving micromobility Touting, which is
the key to enabling wireless Intermet. The
original introduction of Cellular IP a5 4
solution for the intra-domain routing
problem was quite unique. Cellular IPv6 is
an aftempt to modernize this original
protocol by taking advantage of the new
features of IPv6 and Mobile IPv6. This
improved protocol has a better standard
authentication mechanism, built-in IPv6
headers, and offers a new handoff method.

This paper has compared the performance of
two different Cellular [P networks -
Standard Cellular [P and Cellular IP with
Route Optimisation (RO). A two-level
Cellular IP network was simulated with 2
mixed traffic scenario (both inter- and intra-
domain traffic) and a purely intra-domain
traffic scenario. Section 6 provides the result
for this experiment. The experiment shOWS
that in RO intra-domain traffic takes 4
shortest route through the nework. 1°
accomplish this, possible cross-over ™
perform the additional task of forwarding ™
actual data along the shortest path. HOWE" e
in order to maintain the soft-state FOUIE"
caches of CIP, this cross-over node [I"-k
sends proxy route-update packets UP"

towards the gateway. - ffic.
This method optimizes intra-domain !ldd'uu
while minimizing the amount ©f o
handled by the gateway. CIP T :
optimisation involves modification o }_'“ls_
CIP nodes that could be cross-over ,if“’fwd.
The galeway and MHs are unaflee
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For future work, micromobility research also
has other open issues which need to be
solved. These include authentication and
billing issues. such as the integration of
Authentication, Authorization and
Accounting (AAA) with currently proposed
protocols. The integration of quality of
service with micromobility is another area
which is starting to receive attention. Finally,
many of these wireless access network
scenarios  have assumed only a single
wireless hop. However, there are many
situations where multi-hop wireless networks
will be used. This is a difficult problem 1o
solve. involving both routing mechanisms
and performance problems.
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