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Abstract— Achieving seamless mobility is a major challenge link layer, and improving vendor interoperability.
for future wireless networks. Presently, low latency handwer In this paper, a fast handover scheme (PA-FMIP) is pro-
protocols such as FMIPV6 depend heavily on link-layer rigers  ,oseq. It is based on the reactive FMIPv6 handover protocol

to facilitate proactive handovers. Differences in link-layer tech- . . .
nologies and the absence of a standardised trigger model ma  (réactive FMIPV6). In PA-FMIP, the function of a pre-trigge

it difficult to achieve fast vertical handovers in a multi-access IS replaced with a simple (modular) mobility prediction
environment. This paper introduces a prediction assisteddst application used by the mobile node (MN) to predict its next
handover protocol (PA-FMIP) that does not rely on pre-triggers. AR attachment. The prediction is based on a record of its
A data mining approach is used to implement the prediction oy 6rk-Jayer previous mobility. The current AR tunnels th

algorithm based on the user’s mobility history between wirdess - . ; . S
subnets. The performance of the proposed handover scheme MNs incoming data to the predicted AR, in a manner similar

is compared to MIPv6, proactive FMIPv6, reactive FMIPv6 tO proactive FMIPV6, resulting in a significantly smoother
and Simultaneous Bindings. Simulation results show a 43% handover as compared to reactive FMIPv6. The efficiency of
decrease in handover packet loss over reactive FMIPv6 and pA-FMIP is affected by the number of required predictions
an improvement in TCP goodput. per hop M). The moderate increase in network bandwidth
utilization due to packet forwarding, is considered to be
an acceptable trade-off for a faster and smoother vertical
Fixed mobile convergence is a key trend in the telecorhandover.
munications industry. New developments in technology areThe rest of the paper is organised as follows: A review of
extending mobile services from frequency regulated callulliterature on some important aspects related to this work is
networks to include the unlicensed spectrum. This is altigwi given in Section Il. Section Ill presents a broader desicript
service delivery platforms such as the IP Multimedia Sulaf the PA-FMIP proposal. Section IV describes the ns2
system to reach users in their homes and offices. Users eimulation experiments and discusses the important sesult
connect to cellular networks intermediately using a nunatber Section V concludes.
short range wireless mediums such as 802.11x and Bluetooth.
The expanding service delivery together with an increasing Il. RELATED WORK

demand for seamless mobility and Quality of Service (Q0S) This research consists of two sections, namely the predic-

create new challenges for IP networks. The growing numbgsn of user mobility at the network level, and fast handsver
of wireless mobile devices is testing the philosophy of Beirpased on reactive FMIPVE.

always connected, anywhere and anytime. Mobile IPv6 has
been declared unsuitable for managing the mobility of e Mobility Prediction

users running real-time applications [13]. Seamless IPilmob Network-layer mobility prediction schemes that are de-
ity is looking toward hierarchical network topologies ametf sjgned to facilitate pro-activity in the handover prodess
handover protocols for support. A common feature amongso aid in resource allocation, flow control, call admissio
researchers is the idea pfoactive service establishment. contrgl, congestion control and QoS provisioning. Lui and
Transferring context, pre-negotiating network address®s \jaguire [14] are pioneers in mobility prediction through
forwarding packets prior to a subnet change significantfifejr Mobile Motion Prediction (MMP) algorithms used to
reduces service disruption. predict future locations of a mobile user according to the
Fast Handovers for Mobile IPv6 (FMIPV6) [13] and othe[;ser's movement history patterns. This was one of the first of
related schemes require link-layer (L2) triggers to effeat  many techniques in the literature used to pro-actively eahn
latency handovers. FMIPv6 with proactive handover (proaservices at the new location before the user's arrival. The
tive FMIPV6) uses a L2 pre-trigger to notify the network layemmp algorithms are based on the fact that human move-
(L3) of an impending L2 handover, so that it may pro-activelyhent generally consists of regular and random movement.
obtain a new care-of-address (CoA) and start forwardinghese algorithms use correlation analysis to match movemen
data to the next access router (NAR) before the handov@quences in a movement database. Results show that the
Some access technologies require modification to SUPPRIIP algorithm is highly accurate for regular movements
pre-triggers and implementations are also not standatdisgyt decreases linearly with increasing random movement.
often requiring an accurate configuration of trigger timing vyayas proposes a novel data mining approach for the
to achieve low latency handovers. The work presented jpediction of user mobility in mobile environments [6]. He

this paper aims to provide fast vertical handovers ovg{tlines a three stage prediction algorithm based on the
heterogeneous networks (e.g 802.11x, Bluetooth, UMTS,

CDMA2000) by reducing the handover requirements on thelunless specified otherwise, a handover refers to both Ryard layer-3

|. INTRODUCTION



Apriori algorithm [1][2] and the web-prefetching algonith [1l. PREDICTION ASSISTEDFAST HANDOVERS
by Na_nopoulos in [17][18], to predict the mobility of a USEN Data Mining background
travelling between the cells of a PCS (Personal Communica- o ] )
tion System) network. Simulation results reveal optima-pr Data Mining can be defined as the process of analysing
diction parameters for the PCS topology. Moderate preatictidata to identify patterns, associations, significant stmes
accuracy was achieved, decreasing only minimally with &H relationships, from information stored in a data repogit
increase in random mobility. The authors focus primarily of” database [6]. o

prediction recall and precision results, and make no practi Sequential Pattern Mining (SPM), a subset of Frequent

use of the movement predictions. We build upon this worfkémset Mining, is the process of extracting certsaquential

and integrate it into our fast handover proposal. patterns whose support exceed a predefined minimal support
threshold (ning.,,,) [22]. A minimum support threshold is a
B. Fast Handovers pruning mechanism used to reduce the number of sequences

Fast Handovers for Mobile IPv6 [13] defines the protocdP @ certain level of interest and make the process more
signalling, L2 trigger requirements and packet forwardinrg efﬁqent. .SPM is used in pusmess to study customer be-
proactive and reactive handovers. The decoupling of L2 aRgviour, in telecommunication networks to analyze system
L3 handovers is a useful means of improving the inhereRgrformance, stock market trend analysis and even in DNA
service disruption latency present in their combinatiok. AS€quUencing. o _
though the proactive FMIPv6 handover has certain imple-Association Rule Mining (ARM) [1] is one of the most
mentation issues, as stated by Ivov [12], its main advantafgPortant and well researched techniques of data mining. It
over reactive FMIPV6 is the ability to forward data to the nARIMS to extract interesting correlations, frequent patiesr
during the L2 handover period. When implemented correctf§SSociations among sets of items in the transaction da&sbas
this significantly reduces packet loss and service disonpti 't 1S noted here that sgquentla! patterns |n_d|cate the kzorre
producing more seamless inter-subnet mobility than reactitlon between transactions, while association rules reptes
EMIPV6. intra-transaction relationships. Furthermore, ARM does n

Shim et. al. [21] propose NeighborCasting, a pre_trigggpnsiderthe ordering of the items in atransactioln.Acom.mon
MIPv4 based low latency handover scheme that simply m@¥@mple of ARM is found on Amazon.com. While browsing
ticasts the MNs incoming data streamsatbits neighboring fqr a specific product, the site oft_en displays information
ARs during a handover. Performance results indeed show/glilar to “customers who bought this product also bought...
low latency handover but with significant overhead due tbNiS association makes no use of which product was bought
the aggressive multicasting. flrst., however it implies _that thege products were bought

Hsieh [11] performs a comparison of five current fast haluring the same transaction (session). Most algorithmd use
dover techniques, including an original Seamless handoy@f sequential pattern and association rule mining are all
(S-MIP) proposal. He evaluates the performance of ea¥friations based on the Aprlt_)rl Algorithm [1]. Each attempt
handove? scheme through simulation, and discusses thdf reduce the number of times the database is scanned,
impact on end-to-end TCP applications. S-MIP shows tfgd explore different candidate pruning techniques so as
best results, however it requires a network entity called!@ Minimise computational time, space and memory. The
Decision Engine to determine when and how the MN is fpriori algorithm, in [3], is a level wise algorithm and make

handover, depending on network conditions and moveméhtlltiple passes over the data to discover large (frequent
patterns. in terms of support) sequences. These sequences, called

candidates, range from lendtho lengthk. Supports for these
C. Combined Mobility Prediction and Fast Handovers candidates are counted at each pass. The largest candidates
Feng et. al. [7] propose a prediction scheme based ehlengthk-1) are then used to deter.mine the candidate set
the MMP algorithms [14] that uses actual mobility tracefor 1€ngthk) during the next pass. This process repeats until
taken from the campus-wide 802.11b wireless network. Dl New large sequences are found. Note that random items
streams are duplicated and forwarded to predicted subn@igiributed within the database are essentially filteretlasu
resulting in a network-layer handover latency that is clodB€Y do notearn enough support, granted the valuainy,,,
to a link-layer handover. Results show a reduced handod@MOt too low. Our approach to mobility prediction is based
latency and packet loss rate compared to NeighborCastin’gg.n the work by Yavas [6] and a simple implementation of
Blondia [5] proposes a prediction mechanism that lear&€ Apriori Algorithm by Bodon [3].
the r_n_obility patterns of a mobile node according to_ar_1 urb?.u Prediction Algorithm
mobility model. The model attempts to capture realisticeno o
movement in an urban environment, characterised by theConsider a transactional databagg, containing a log
MN’s speed, direction, pause time and street coordinat®$.2 node’s mobility history. A mobility history is created
A weighted road selection process uses these parameteré/fignever a node performs a handover to a new access router
predict the node’s next hop, pre-emptively setting up tisind"AR). The ID of this nAR is appended to the histoi)(
and estimating tunnel activation times, consequentlyiatits 9radually building up a set of mobility transactions. Canse
ing the need for a pre-trigger. This approach achieves 10084/€ IDs in a transaction form a trajectory, and represent
prediction accuracy only after 3000 seconds of mobilityrovéh€ mobility between neighbouring cells in a network. The

a small Manhattan-style street topology. respective A.Rs may not necessarily pe spatial neighbours
or even routing neighbours; we describe them as handover

2Hsieh only evaluates proactive handovers neighbours. Tracking and predicting logical network-laye
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mobility can be argued to be simpler and more predictakwoierisger M s 2" me
than geographic mobility. Geographic mobility depends c
many restricting factors such as the physical terrain, o
stacles, and the placement of radio access points, mak
mobility prediction reliant on external hardware.

A new transaction is started evely seconds to indicate I e
the beginning of a new mobility session. The last entry intt T U E— gl

database identifies the node’s current position on the nmitwc —

Sa_y P (_See Table 1). Applying the Apriori algorithm D, Fig. 1. Handover timing diagrams of 1) Proactive FMIPv6 apéR-FMIP
with amin,,,, of say 10%, a set of the most frequent sequeproposal.

tial patterns is obtained and ranked in descending order of

support. All such frequent patterns exceed g, ,,value

of 10%. The next step in the prediction algorithm requires traicknowledgement of the AR Notice message completes the
generation of association rules from these sequentiapatt handover preparation. The link-down (LD) trigger indicate
First, the rule mining algorithm in [9] is modified to take thghe start of the L2 handover and the instant the pAR begins
ordering of items inside a transaction into account. Appdyi forwarding the node’s incoming data stream to the notified
this modified algorithm to the frequent pattern set, one BARs. A link-up (LU) trigger indicates that the node has
left with mobility rules [6]. Each rule is coupled with a completed its association with a new AP. The node then be-
confidence valuecpnf), which is the conditional probability gins the fast registration process by sending a Fast Neighbo
of the term’s support values [8], e.g. the confidence of thdvertisement (FNA) to the nAR. Once the nAR receives a
rule X=>Y is P(Y|X) = 22portUY) - The minimum Fast Binding Acknowledgement (FBACK) from the pAR, the

b

LD Trigg

LU Trigger *

. ) i . support(X) . .
confidence of this set is limited by a pruning paramet&¥AR delivers any en-route or buffered packets to the node.
MiNcon f- The node continues to receive its forwarded data with no
interruption until it completes its home registration of it
TABLE | new CoA, upon which, the tunnel between pAR and nAR
EXAMPLE ILLUSTRATING THE STRUCTURE OF THE PREDICTION is deactivated. Context transfer usually occurs at poinmt d i
PROCESS reactive handovers. Any delay here would directly affeet th
. — — overall handover latency. PA-FMIP solves this by proadyive
Database D Frequent Patterns| Supp . Mobility Rules Conf. X . .
12,3,6,7 236> = 123 05, transferring any context in the AR Notice messages.
2,3 <1,2,3> X 2,3=>6 91%
6781 <6.7> y =) 90% IV. PERFORMANCEEVALUATION

In this section the performance of PA-FMIP is evaluated
through two simulation experiments. Firstly, the accuracy
of the prediction algorithm is assessed in order to derive

The final step in the algorithm searches the set of rules optimal value for the number of predictions per hop,
for items immediately before the arrow that matches tHd. And secondly, PA-FMIP is compared to similar fast
condition r;= p,. These matching rules are related to thbandover protocols in UDP (User Datagram Protocol) and
node’s current position and are collected and ranked aecofdCP (Transfer Control Protocol) application scenariod. Al
ing to confidence. A user-defindd number predictions can simulations are performed using ns2 [16].
be outputted; in this case, thd most confident,;values
are selected as the mostly likely next-hop predictions.
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A. Prediction Accuracy

_ Mobility models such as the the random waypoint model

C. Faster Reactive Handovers are unable to emulate regular mobility patterns. For this

Handover latency is the primary cause of packet loss areason we only use the restricted random waypoint (RRWP)
performance degradation for mobile nodes, especially forodel [19] over a city section. Restricting mobility paths o
end-to-end TCP [11]. The common denominator in mogthte mobile node to a finite nhumber of city streets creates
fast handover solutions in the literature is FMIPv6. FMIPv& degree of regularity that we exploit. RRWP models are
makes full use of cross-layer triggering to mitigate theommonly used to model vehicular ad-hoc networks and
negative effect of a handover. As shown in Fig. 1, the mobileshicular mobility [20].
trigger, just one of three types of pre-triggers, is acédat In this experiment, the mobility model generator in [19]
some periodiproactive Defore the L2 handover [13]. Duringis used to generate ns2 compatible RRWP mobility patterns.
tproactive the node’s L2 scans for a new AR, forms a neWwhe model generator uses the TIGER (Topologically Inte-
CoA and begins the fast registration process. grated Geographic Encoding and Referencing) [4] database

PA-FMIP uses the prediction(s) from the prediction awhich contains selected geographic and cartographic in-
gorithm to essentially replace the need for a pre-triggdarmation on road maps in the USA. This information is
The prediction algorithm is run as an application at sontgpically used to provide the digital map base for Geographi
time between handovers. It notifies the current AR (pARhformation Systems or mapping software [20]. 36 access
of its M predicted movements by sending an AR Noticeouters (ARS) are positioned across a 1200m by 1200m city
message. This message is forwarded by the pAR to a#ction of West University Area in Houston Texas, which
predicted nARs. In Fig. 1, bi-directional tunnels are setupnsists of 383 intersections and 594 road segments as
between points a and b, but only activated at point ¢. Tl&own in Fig. 2. These routers are connected with 100Mb



Ethernet links to form a large IPv6 network. Mobile IPv6ind that the MN should maintain a value bf>4 to ensure
maintains the mobile node’s connectivity as it moves. Far 92.5% probability of a prediction hit.
simplicity, 802.11b is used with a uniform transmission The factors most influencing the accuracy of this system
range of 140m; however, we acknowledge that a multi-accem® the database and the size of the topology. A prediction on
type environment would certainly be more appropriate fahe next AR will not be accurate unless the MN has previ-
evaluating vertical handovers. ously traversed this path, implying that movement in smalle
The prediction algorithm proposed in section [lI-B igopologies is more predictable. The prediction accuracy of
executed by the mobile node as an application at sorifés algorithm is compared to NeighborCasting [21] in Fig.
period before each handover. To determine the accuracy3ofit follows a linear increase in accuracy &b increases,
each prediction, the prediction result is recorded afteheawith a minimum 0f§=12.5% . Its uninformed AR selection
handover and compared to the ID of the new AR. Thémits its potential accuracy and produces more redundant
following assumptions are made in order to simplify thipacket forwarding.
experiment and ensure repeatability:

« Only the mobility of a single MN is considered.
« Both AR and 802.11b AP are co-located.

« Each subnet has only one AR.

« The radio coverage areas of each AR are overlapping.a,o'r
« A handover only occurs between neighbouring subnets £ o
« The MN has an initial mobility history totalling 30000 <

seconds of mobility over the topology. 04
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B. Handover Performance

This scenario is designed to investigate the behaviour of
a MN as it moves between two access routers anywhere
within the city section of Fig. 2. Hsieh released a Fast
Hierarchical Mobile IPv6 extension [10] to ns2 which we
Acsess Routr adapted to implement the following fast handover protocols

o in ns2: MIPv6, reactive FMIPVv6, proactive FMIPv6, the PA-

) ) ) ) ) o FMIP proposal and Simultaneous Bindings. The handover
Z'rge'az'covségglf;,og;fgggy' 1200x1200m city section of Wsersity o rformance of each are compared using packet loss and
latency as metrics, over separate UDP and TCP applications.

The MN moves according to the following characteristicg::'g' 4 shows the node layout, link properties and the MN's
Average speed = 5rmis max. speed deviation = 2msay. AECOTY.
pause time = 0s. As stated, the node initially roams around
the city for 30000s recording its points of attachnierin
doing so, it “learns” the topology, and creates the initial
database needed by the prediction algorithm. The following
simulation parameters are used: Simulation time = 2000s,
MiNgypp=10%,MiN.,, r=90%, andlr=170s. The average num-
ber of neighbouring ARs is set to 8 even though the ARs on
the perimeter only have between 3 and 5 neighbours. The
measured accuracy for each valueMfis the average of 10
sets of recorded simulation data.

During each 2000s simulation an average of 25 handovers
occurs. Simulation results (shown in Fig. 3) for this experi
ment reveal an expected increase in accuracy as M increases
with a minimum of 39.05% foM=1. The main objective of

this experiment is to obtain an optimal value fd asM |, 5 FTp (File Transfer Protocol) application between

defines the number of new AR targets and therefore affegtS, \in and the corresponding node (CN), TCP-Tahoe is
the neighbouring link bandwidth utilisation (see Fig. 6)eWused with a packet size of 512 bytes and a window size

330000s is approximately equivalent to 154 transactionk @it average of 32 packets. The MN begins a 3Mb file download from
transaction length of 4. This is long enough for the node teeca large the CN_ 10 Seconlds after it beglns to move toward nAR. At
percentage of the topology. approximately mid-way between the two ARs, a handover

200m

il
i
"

200m -]

f L rl
AN )
PN

L
(550.45),

" Fig. 4. Simulation topology for handover evaluations in.ns2



TABLE I

occurs. The 802.11 link-layer handover is modelled as a
COMPARISON OFTCPGOODPUT FOR DIFFERENT FAST HANDOVER

constant 20ms delay ) for comparability. The handover

. . . . . PROTOCOLS
latency is defined as the period of time between the first
retransmitted packet and the last time this packet was sent
[11]. In Fig. 5, this period is indicated as dor reactive Upp 2
. Handover Method Handover | Lost| Handover | Lost| Buffer |av. Goodput | Download
FMIPV6 and ga fOf PA'FMIP Table ” summarises a” the Latency (ms) | pkts [Latency (ms)| pkis [usage (pkis)] (Kbytes's) time ()
MIPvE 2578 45 1260 28 3 57.1158 53.7854
recorded measurements Reactive FMIPve 41.92 6 314 16 10 58.4177 52.5868
Proactive FMIPvE T8.6 13 346 10 16 584939 525138
3940 Prediction Assisted 338 3 355 9 18 58.4714] 525385
: Simultaneous Bindings 259 5 269 2 7 58.4929 52.5192
3930F No Handover 60.4945 50.7815
o 3920-
Qo
£
3 3910 . o . .
Y size of 210 bytes. A VoIP application typically requires a
§ 39 bandwidth of 64kb/s with the same packet size. We speculate
3 3890 £ that future real-time applications will require simultas
8 3880 voice, video and data, thus justifying the seemingly higtada
= . . .
< PA-FMIPproposal | rate of 300kb/s for the simulations. The handover latency in
3870 Simultaneous Binding: hi . fi h . . f di . .
. proactive FMIPY6 this case is defined as the maximum period of disruption in
3860° + reactive FMIPv6 the CBR packet stream during the handover. Thus the high
28 53 532 534 536 538 54 s datarate also provides a high resolution for measuringgiack
Time (seconds) delays. PA-FMIP shows an improved performance over both

proactive FMIPv6 and reactive FMIPv6 due to the reduced

Fig. 5. A comparison of handover characteristics during B Bpplication. packet size. Again, PA-FMIP displays a 50% decrease in

Only TCP source profile shown. packet loss over reactive FMIPv6. The significantly longer

handover latency of proactive FMIPv6 is again due to the

An interesting result is immediately visible. PA-FMIP, timing ambiguity problem. PA-FMIP shows a handover la-

actually has a 41ms longer handover than reactive FMIP&Q]Cy close to that of the link-layer latency, with the least
(dr), and 9ms longer than proactive FMIPV6. This is a diregimount of packets lost. Bi-casting illustrates the perfamoe

result of the congestion effect of the large packet size afight proactive FMIP should achieve, although it does irszea
the packet forwarding between the pAR and the nAR afe potential for duplicated packets.

the wired links that decreases the arrival rate of the FMIPv6

control messages (e.g. FBU, FBACK, etc). A positive resL " 100 ol
of the packet forwarding is a significant decrease in the nuig ——M=3

—%— M = 4 (Optimal)
—=—M=5

——M=6

—<—M=7

—p— M = 8 (NeighborCastin¢

ber of lost packets by PA-FMIP. A 43% decrease in packg |
loss is observed compared to reactive FMIPv6. The downlog "
results indicate that goodput performance is influencecemce@ *
by packet loss than latency. Besides the slightly slower T(§ °
handover and buffer usage due to the forwarding, PA-FM5
shows competitive goodput and packet loss figures nextg 20l
proactive FMIPV6. 1ol

Proactive FMIPv6 however was expected to significant P R s
Outperform reactive FMlPV6 |tS poor performance iS a. Handover latency (ms) while receiving 300kbps CBR stream
tr!bUted to the timing ambiguity prObIem, [15]. Referring tOFig. 6. Effect handover latency and number of predictionsotal packets
Fig. 1, tproactive 0OCCUrs 202ms before the link-layer handoveferwarded.
This is the time required by the MN to complete the CoA
negotiation and home registration. Once the registratron p  The simulation topology is modified to include a total of 8
cess has begun, the MN does not change links for anotimeighbouring ARs, according to the grid topology in Fig. 2.
62ms (eg) and it cannot receive packets from the pAR. Thi$he number of tunneled packets were recorded for ranging
results in the increase in packet loss, each lost packeincausvalues of M. We see that for a PA-FMIP (UDP) handover
the TCP-Tahoe congestion control mechanism to halve the33.8msM=4 (prediction hit probability 92.5%), a total of
source’s transmission rate, subsequently reducing thkepac20 packets would be forwarded with only 15 of these being
loss rate. Simultaneous Bindings [15] mitigates the timinggdundant. With a similar latency, NeighborCasting would
ambiguity problem by bi-casting packets onto the pAR’achieve the results equivalentt=8 in Fig. 6: a total of 40
wireless link as well as to the nAR. Thus allowing the MN tdorwarded packets, 35 of these being redundant. Therefore
receive packets until the LD event. Bi-casting has a simil®@A-FMIP achieves a 50% improvement in forwarding over-
effect on the arrival rate of signalling messages [11] like P head over NeighborCasting. The lowest cost of a 33.8ms PA-
FMIP; however it is not as noticeable. FMIP (UDP) handover (wittM=4) can be approximated as

In the next experiment, the FTP application is replace@2 times the cost of one proactive FMIPv6 handover, where
with a constant bit rate (CBR) application to investigate this the number of packets proactive FMIPv6 forwards during
effect of handovers oreal-time traffic. The CBR application its handover. In this experimeht7, therefore PA-FMIP costs
is configured with a constant data rate of 300kb/s and a packeminimum of 2.86 times more than proactive FMIPv6. The

i



simulation results in Fig. 6 are also confirmed analyticallggo] R.  Hsieh. FHMIPv6  extension  for  ns2.

by the foIIowing equation: http://mobgos.ee.unsw.edu.au/ robert/nsinstall.plpp32
[11] R. Hsieh and A. Seneviratne. A Comparison of Mechanidors
P=—2 “MHx th Improving Mobile IP Handoff Latency for End-to-End TCRMobi-
pktsizexs Com’' 03, San Diego, USA:14-19, Sept 2003.

Here the number of forwarded packeEQ (S a function of [12] E. lvov and T. Noel. An Experimental Performance Evébraof the
the total st . bit rate\ d ket si th b IETF FMIPv6 Protocol over IEEE 802.11 WLANsin Proc. |IEEE
e total streaming bit rate\] and packet size, the number WCNC '06, Las Vegas, USA, March 2006.

of target nARs ), and the duration of the handover. [13] R. Koodli. Fast Handovers for Mobile IPv6. RFC 4068,yJaD05.
This equation does not take the variable effects of congest{14] G. Lui and G. Maguire Jr. A Class of Mobile Motion Predrt

d link | thel it cl | dels the d ] Algorithms for Wireless Mobile Computing and Communicato
and link 10ss, nevertneless It closely models the aynamics ACM/Baltzer MONET, pages 113-121, 1996.

involved in this experiment. [15] K. Malki and H. Soliman. Simultaneous Bindings for MtbilPv6
Fast HandoverslETF Internet Draft, May 2003.
V. CONCLUSIONS [16] S. McCanne and S. Floyd. ns2 - Network Simulator.

. .. . http://www.isi.edu/nsnam/ns/, April 2006.
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extensive simulations and careful evaluation of the resuﬁlg] WebKDD Workshop (WebKDD' 01), 2001.
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osals, simplifying transitions across heterogeneoussascc . Hoc Networks.ACM VANET 04, Philadelphia, USA, Oct 2004.
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offs so long as the cost of bandwidth is considered. Loctipm the University of Natal. He is also the Secretary-Gaher
mobility scenarios (e.g. in home, office or PCS networké$pr the student branch of the IEEE at UCT.

with finite movement boundaries may derive more benefit

from this proposal, especially within low cost private or-un

licensed access networks. Nevertheless, this work higtslig

the benefits of proactive packet forwarding in handovess, th

poor handover performance of the standard MIPv6 and the

important role that fast handover protocols play in pravigi

seamless IP mobility.
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