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Satellite Mobility Pattern Scheme for Centrical and
Seamless Handover Management in LEO Satellite
Networks

Aysedil Tuydiz and Fatih Alagz

Abstract: Since low earth orbit (LEO) satellite constellations have buffering, and beam switching in addition to signal repmmdu
important advantages over geosynchronous earth orbit (GEO)ys- tion. In addition, satellite systems can play a signi caolerin
tems such as low propagation delay, low power requirements, and broadband convergence networks (BcN). In BcN, the connec-
more_ef cient spectrum allocation due to f_requency reuse betwe®  tion among heterogeneous networks both on horizontal ard ve
satellites and spotbeams, they are considered to be used to comyjqg| structures, interaction among network-dependesthehts
plement the existing terrestrial xed and wireless networks in the of those networks should be carefully designed. Due to egeer
evolving global mobile network. However, one of the major prob- superiority, a LEO satellite constellation may become aiatu
lems with LEO satellites is their higher speed relative to the terres- element fo,r supporting BcN. Therefore, this paper focuses o

trial mobile terminals, which move at lower speeds but at more ran- h | f li Hati
dom directions. Therefore, handover management in LEO satellite andover management problem for LEO satellite constefiati

networks becomes a very challenging task for supporting global A typical LEO satellite takes about 100 minutes to orbit the
mobile communication. Ef cient and accurate methods are needed earth, which means that a single satellite is “in view” ofugnd

for LEO satellite handovers between the moving footprints. In  equipment for only a few minutes [1]. As a consequence, if a
this paper, we propose a new seamless handover managementransmission takes more than the short time period that aay o
scheme for LEO satellites (SeaHO-LEO), which utilizes the han- gatellite is in view, a LEO satellite system must hand over be
dover management schemes aiming at decreasing latency, data lossyyeen satellites to complete the transmission. In genéni,

and handover blocking probability. We also present another inter- can be accomplished by constantly relaying signals between
esting handover management model called satellite mobility pat- the satellite and various ground stations, or by communicat
tern based handover management in LEO satellites (PatHO-LEO) ing between the satellites themselves usiné sinter-saditks”

which takes mobility pattern of both satellites and mobile termi- . .
nals into account to minimize the handover messaging traf c. This (ISLs) [1], [2]. LEO satellites are also designed to have enor

is achieved by the newly introduced billboard manager which is than one satellite in view from any spot on the earth at angrgiv
used for location updates of mobile users and satellites. The bill- time, minimizing the possibility that the network will loeshe
board manager makes the proposed handover model much more transmission. Due to the fast- ying satellites, LEO syssamust
exible and easier than the current solutions, since it is a central incorporate complicated tracking and switching equipntent
server and supports the management of the whole system. To sho maintain consistent service coverage. In this paper, wesfoa
the performance of the proposed algorithms, we run an extens& the handover management of satellite networks, which isia cr
set of simulations both for the proposed algor.ithms and well knpwn cial design problem for supporting mobile communication se
handover management methods as a baseline model. The simulayjices in the co-existing terrestrial and LEO satellite ratvs.

?(?rnsrezsnlj:f;zhhoﬁégitemﬁ Eré)opo;ﬁglﬁtlgsmhms are very promising - g advantage of the LEO system is tha_t th_e satelli_tes' near-
ness to the ground enables them to transmit signals with &k sma
amount of delay, unlike geosynchronous earth orbit (GE®) sy
tems. Also, since the signals to and from the satellites need
travel a relatively short distance, LEO systems can opevile
much smaller user equipment (e.g., antennae) than systems u
. INTRODUCTION ing a higher orbit. In addition, a system of LEO satellites is
Terrestrial wireless networks such as cellular networks prdesigned to maximize the ability of ground equipment to see a
vide mobile communication services with limited geographsatellite at any time, which can overcome the dif cultiesisad
cal coverage. In order to provide global coverage to a hdty obstructions such as trees and buildings [1].
erogeneously distributed user population, satellite camica-  One of the proposed models for handover management in
tion networks are utilized to co-exist with terrestrialwetks. satellite networks is mobile IP (MIP) [3]. It enables a TCRco
Therefore, the role of satellites broadens from the tradéi nection to remain alive and to continue receiving packeterwh
telephony and TV broadcast services to user oriented data $emobile host moves from one point of attachment to another.
vices. This trend is expected to continue in the future. Dydthough MIP is a widely used approach applied to satellite
to this reason, next generation mobile networks will usersmaetworks, it has some important drawbacks including high ha
satellites that will incorporate functions such as switchi dover latency and high packet loss.

Manuscript received May 2, 2006, Therefore, the following question naturally arises: How ca
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communications in both terrestrial and satellites netwark- LEO satellites have the non-geostationary charactesigtitd

ing multiple interfaces? Since most of the applicationshia t high speed movement. Thus, handovers are of signi cantimpo

Internet are end-to-end, we have proposed and developed seance in mobility management. There are two general hamdove

less handover management scheme for LEO satellites (Sealipes in LEO satellite networks which are link layer and net-

LEO), a seamless mobility solution as an alternative to MiP fwork layer handover. In what follows, we brie y discuss thes

handovers. To minimize the messaging traf ¢ generated ddrandover types.

ing the handover procedure, we have also developed satellit

mobility pattern based handover management in LEO sallitA. Link Layer Handover

(PatHO-L!EO)_. . _ . The link layer handover procedures in LEO satellites can be
The objective of this paper is to describe our propo:se{.lIaSSi ed as follows [4].

schemes called a SeaHO-LEO for supporting mobility, its de-

sign issues_, and PatHO—LEO_and their suitability f(_)r si€ell A 1 |nter-Satellite Handover

networks with and related design and performance issues. Th

basic idea of SeaHO-LEO is to use ISLs to prevent data lossThis type of handover occurs when the end user's communi-

while setting up a new path, thus achieving a seamless hafgtion pointis changed from one satellite to another. Tlaegh

off between adjacent subnets. SeaHO-LEO can cooperate v@tisatellite will affect the routing of the ongoing sessionlahe

normal IPv4 or IPv6 infrastructure without the support offvil resource allocation of the satellites [5].

SeaHO-LEO has also a number of advantages such as easier

deployment because of no change required in the Internet fh2 SPotbeam Handover

frastructure, co-operation with Internet's security piils, ef- The spotbeam handover occurs when the mobile user
cient utilization of network bandwidth due to the absende oswitches between the spotbeams of a satellite. Since sputbe
tunneling, etc. The aim of the PatHO-LEO is to eliminate thgandovers occur very frequently, admission control athors
handover messages as much as possible. It offers satalites and schemes for reducing the blocking rate for handoveramnn

mobile users to register with their mobility patterns to atca@  tjon is the main concern of the researches done in this ajea [6
service provider database. Since all the handover infoomat

such as new subnet, new IP, etc., are known before the handgv8 Link Handover

procedure in PatHO-LEO, lots of handover related messages a

no more necessary to complete handover between satellites.
The main contributions of this paper can be listed as follows

Discussing different types of handover scenarios in LE ections utilizing these links must be transferred to otmds

satelhte_ networks. . which causes link handovers.
Proposing a central server called billboard manager f@-loc .
. ; ) These types of handovers are called as link layer handover,
tion updates of mobile users and satellites. .

. . ecause these handovers cause the change of one or more links
Proposing and developing SeaHO-LEO and PatHO-LEO [0 L :
i . . between the two communicating endpoints. These types of han
solve the problems of MIP in satellite networks. The ai . .

gvers sometimes result in change of the IP address of the end

is to achieve seamless handover between satellites. Here o : .
paints so that it is possible that a network layer handovalsis
seamless, we mean low latency and low packet loss duri . :
required after a link layer handover.

handover process.
lllustrating the handoff procedures, signaling procedureB
and location management procedures in SeaHO-LEO an
PatHO-LEO. If either satellite or user node changes its IP address due to
Analyzing the performance measures of proposed handotleg movement of satellite or mobile user, a network layer han
management models and comparing them with MIP a@ver is required to transfer the connection of higher Igvet
other recent proposals. tocol (e.g., TCP, UDP) to the new IP address. Below, two event
The rest of the paper is organized as follows. Section Il suausing network layer handover in a satellite environmeet a
marizes handover architectures in LEO satellite consietia. de ned.
Section Il gives a brief discussion of mobility managemient .
terrestrial mobile networks and LEO satellite networksc-SeB-1 Satellite as a Router
tion IV describes in detail the Signal ow and the simulation When a satellite is used 0n|y for routing, and does not gen_
results of the SeaHO-LEO. In Section V, we mention about ti@ate or consume data, the satellite acts as a router in the In
PatHO-LEO and its mobility management cost analysis. Binalternet. Mobile nodes (MN) are handed over from one satsllite
Section VI concludes the paper. footprint to another as they come under the footprint ofediff
ent satellites going around the earth. A MN needs to estahlis
continuous connection with the correspondent node (CNbewhi
. HANDOVEEg;g?:l?&?gngTELLlTE their attachment point changes from Satellite A to SateHt
Different satellites can be assigned with different IP roatwv
The mobility management in LEO is much more challengingddresses [1]. Therefore, IP address change occurs during a
than in GEO or medium earth orbit (MEQO) systems, becausder-satellite handover requiring a network layer haretov

This type of handover happens when a LEO satellite passes
ver the polar area. Because the ISLs to the neighbor satelli
e switched off temporarily on the polar areas, the ongoang

q Network Layer Handover
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B.2 Satellite as a Mobile Host

When a satellite has on board equipment to generate data that
are transmitted to workstations on the earth or it receivesrol
signal from the control center, the satellite acts as theeind 3. Encapsulated packets
of the communication. Although the satellite's footprinbwves
from ground station A to B, the satellite should maintain-con
tinuous connection with its CN. If the IP address of the siteel

o cN

Internet

HA Z

has to be changed when it is handed over to ground station B, a 4,
network layer handover has to be performed. Home o, FA
network &%, e
%’@ oe‘f" =
B V\Q\S
Ill. MOBILITY MANAGEMENT IN TERRESTRIAL MN *
MOBILE NETWORKS AND LEO SATELLITE Foreign nework

NETWORKS

) - Fig. 1. Handover ow of mobile IP.
A. Outline of General Mobility Management

The main concern of mobility management is to locate MNs
in the network and to guarantee a seamless data transmisgitican not be identi ed in the higher layers when its IP addres
upon change in nodes position. Mobility management bdgicathanges after handover.
contains two operations, namely binding update and date-del The most dominant protocol among existing mobility man-
ery. agement protocols is MIP that was proposed to solve this-prob
The binding update operation aims to associate reachak#m by using two different IP addresses for the two locatioins
ity identity (Reach.ID) and routing identity (Route.ID) each MNs. First location is called as home network and identi gd b
node [7]. The Reach.ID indicates a unique name of the nodeme address which serves as a Reach.ID. Second location is
and is not subject to change, whereas the Route.ID spedies visiting network and identi ed by care of address (CoA) whic
position of the node in the network and changes in responsefdactions as a Route.ID. In this protocol, locations of MNe a
node movement. When a mobile node changes its position, tirecisely managed by binding update for every handoverreccu
Route.ID changes as well and the old binding is no longedvalirence. The details of MIP and its drawbacks will be discussed
To update the binding, mobile nodes are requested to seird tivethe remainder of this section.
new Route.ID to the location directory (LD) [8]. Also, there are other mobility management protocols such as
The main problem of this procedure arises when LD is ggaging mobile IP (P-MIP) [11] and cellular IP [12] which are
ographically too far from mobile nodes. In this case, thet cosased on the principle of loose location management of idle
of binding update becomes very expensive, especially il hinodes. In loose location management, location management i
mobility environment such as satellite networks [9]. Altigh done for only idle nodes. When idle node becomes active, pag-
a handover is a local process that concerns only the MN, ting is usually used for locating the node in the network. leoos
old AR, and the new AR, a binding update is a global procekgation management protocols will not be covered in thisgpa
that may affect other network elements in addition to theehr
adjacent entities. C. Mobility Management in LEO Satellite Networks

Route.ID can be used to indicate the position of the MN; The most widely used protocol for mobility management over

therefore, no further operation is needed to do data tresssom satellite networks is again mobile IP. MIP is the standara pr

tsr::‘:lmﬁizlyuit'e()svﬁfgegeﬁ'zg dF:t)éJt:f. :\EI)NasSrteheisFt)rr;t(i:(l)Sneelggﬂil? 8osed by the Internet engineering task force (IETF) to randl
q q P 9 P mobility of Internet hosts for mobile data communicatioh3][

a slight movement of the nodes. Thus, the required update “PRe MIP enables IP host mobility without breaking the high

cagb(ir:/eryt:ugﬁ [131' hen Route.ID i d to indicate | level connection. It enables a TCP connection to remairealiv
_ ©n the other hand, when Route.[D 15 used 1o Indicale 10Cgs 15 continue receiving packets when an MN moves from
tion of the MN roughly, an additional operation called pagis

. e . one point of attachment to another. MIP is based on the con-

needed to nd precise position of t_he MN._However, the pagln(gl;;ept of home agent (HA) and foreign agent (FA) for routing

cost can be very high in case OT W',de paging areas. of packets from one point of attachment to the next. During
As a result, Route.ID has a signi cant importance on the M¥andover from the HA to the FA, a MN registers with the FA,

bility management cost. The role of the Route.ID should kg, for the allocation of channels, and updates its loceith
chosen carefully according to mobility management issdes o HA database. The trafc ow of MIP is depicted in Fig. 1.

underlying network. When MN moves to a new domain, a location update is sent to

HA.Therefore, the HA is informed by the CoA of the MN. The

packets from the CN to MN are encapsulated and forwarded to
In terrestrial IP networks, IP addresses are designed MN's current CoA. Then, these packets are decapsulated and

Route.IDs and are also used as Reach.IDs in higher layeis. Tdelivered to upper layer protocols.

causes an important problem for mobility management since dn this procedure, the operation in which HA is informed by

B. Mobility Management in Terrestrial Mobile Networks
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Fig. 3. IP/LEO satellite network.

4. Location register request

4. Location register reply- Delete or deactivate olq |p

NF-ACK chunk (if delete) o |
5. Send ASCO control transmission protocol (SCTP) to associate two IP ad

dresses. According to the model, after MN enters to a new foot
Fig. 2. Signaling ow of TraSH-SN. print, it obtains a new IP in this new domain. Then, MN noti-

es CN about the new IP. When the new satellite becomes more

ef cient, MN lets CN set primary address to new IP address.

the CoA of the MN is calledbinding update The binding up- MN al§o updates a centra_ll server called_ Iocation.manager. Fi
date operation aims to associate Reach.ID (home network BaLY: it deletes and deactivates old IP. Fig. 2 depicts theas
dress) and Route.ID (CoA) of each node. The home netwofV of TraSN-S_N. Although this model provides an mcreasgd
address indicates a unigque name of the node and is not subjgqughput during handover, the handover blocking prdtipbi

to change, whereas the CoA speci es the position of the nodelficreases very rapidly since it allocates two IP addresses-
the network and changes in response to node movement. WA@giation during handover process. Besides, no informaiio
a mobile node changes its position, the CoA changes as we|l @,@alyss of mobility management cost of the model is given in
the old binding is no longer valid [10]. this work. _

Although MIP is a widely accepted concept in both indus- Since it is not possple to decrease frequgnt occurrence of
try and research [14], it has a number of important drawhack@ndovers in LEO satellite networks, new mobility manageme
First problem ishigh handover latencyA MN needs to wait for Protocols are needed to develop to minimize binding updade a
completion of the steps, which are discovering the new Coflated mobility management costs.
registering the new CoA with the HA{nding updatg and for-
wardjng packets from the HA to the cgrrent CpA, before it can IV. ANEW SEAHO-LEO
receive forwarded data from the previous point of attachtmen o
Since the frequency of handover occurrences in LEO satellit In the proposed models, we assume that the direction of the
networks is very high, a large number of binding update rs»qyetraf ¢ ow is from CN to MN which illustrates the application
is likely to be generated in a single burst. Seconkiigh packet like le downloading or web browsing by the mobile users. The
lost rateis another drawback of MIP. During the HA registratiorN does not move, so its location is xed. The Fig. 3 illusést
period, some or all of the packets directed to the MN's old Cofl€ integration of terrestrial IP network and LEO satelfit-
will be lost because the old point of attachment does not knd#prks.
the new point of attachment of the MN so that it cannot commu- ,
nicate with the MN during this period. Thirdly, it has aref - A. Handover in SeaHO-LEO
cient routing pattsince large amount of data is routed to the HA, Here, we discuss the details of SeaHO-LEO. We develop an
and then tunneled to the MN. This may decrease the scajabilif cient and seamless handover scheme which would be appli-
issues as the number of MNs managed by a HA increases. déble to satellite environment. First, we will describe sheps
nally, the MIPcon icts with network security solutiorsuch as of the proposed scheme. Compared to MIP system, where each
ingress Itering and rewalls. It is hard to duplicate HA taay- subnet has to locate a location management component (HA)
ious locations to increase survivability and manageabdiince causing a really dif cult task of dealing with a large number
HA must reside in MN's home network. Therefore, this modedf location management entities, our model reduces themsyst
needs some modi cations to be applicable to internet itftgs  complexity and maintenance cost.
ture. The research results in [16] show that the mean number of

Atiguzzamanet al. proposes another mobility managemerdvailable satellites for a given MN is at least two for ladiés
protocol for satellites called transport layer seamlessdbfi less than 60 degrees. This means that MN is within the fatpri
scheme for space networks (TraSH-SN) which is based on tifewo satellites most of the time, which makes our model ef-
association of two IP addresses (one obtained from therurriective for handover management of satellites to reduc&giac
subnet and the other obtained from the next subnet) [15]s Thiss and handover latency. The whole handover procedure de-
model uses a new transport protocol for Internet namelastre picted in Fig. 4 is divided into three parts which are deslibs
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Current satellite (§ IsL ISL

not received by MN.

» Newsatlie (5 "o e " 3) Start to use new IP to send data packafghen MN moves
Compute . further into the footprint of the new satellitey$ data path
P ess ot between MN and $ becomes increasingly more reliable
WP REQUEST o than data path between MN and current satellige SAt
ot 1 i1b0und pacers that time, MN may want to start to redirect data traf ¢ to
B the new IP to increase the possibility of successful deliv-
HR_REQUEST CONN_ACTar ery of data packets to the MN. Therefore, MN sends a han-
i RESPONSE CONN_AcTiarg CONN_ACTIATE dover ready request (i.e., HREQUEST) to current satel-
10 _RELERSE lite Sc to say that new IP is available for data transmission.
packet o When & receives HRREQUEST message, new IP is sent

uffered

to CN by the message CONNCTIVATE. When CN re-
ceives the new IP, it replies to current satellite with an ac-
knowledgement indicating the success of obtaining the new
Fig. 4. Signaling ow of SeaHO-LEO. IP. After S receives HRREQUEST message, it also stops
buffering the in-bound packets on next satellite Since the
new IP is ready to receive new packets. At that poigt, S

follows. sends a CONMCTIVATE message to $ to make connec-

1)

2)

tion establishment complete. WheR Seceives this mes-
sage, it understands that MN will communicate with CN via
Sv - In other words, new IP is ready for the communica-
tion. Therefore, the nal message causes the next satellite
Sy to forward all the buffered packets to the MN. As soon
as the new IP becomes ready to receive packgtsedds all

dhe buffered packets to MN and starts communication with
MN. Moreover, & sends a HCRELEASE message tocS

to complete disassociation and release of radio resoutces a
the old satellite.

CN starts to use new satellitéAfter CN receives the new

i IP of the MN, it sends the next data packets to MN via new

Calculate a new IP:-The handover preparation procedure
generally begins when the MN moves into the overlapping
coverage area of two adjacent satellites' footprints. As il
lustrated in Fig. 4, when the MN receives the agent adver-
tisement (AA) from the new satellite (i.e.n$, it will initi-

ate the steps of obtaining a new IP address. The MN mea-
sures the received signal strength, and determines the nee
for handover when the signal strength of the current radio
link deteriorates below a certain threshold while stilbalt

ing communications. If there are more than one candidat
satellites for handover, MN should choose the most favor
able one according to the connections QoS parameters. A

ter it determines the leading candidate satellite, it Stant satellite & . ) , N
obtain a new IP for new satellite. Obtaining new IP address 1€ S€aHO-LEO provides efcient utilization of network

can be performed with a dynamic host con guration protc)C(!;]andwidth because of the absence of tunneling, and also does
(DHCP) [17], dynamic host con guration protocol for IPv6NOt need any change in the existing internet infrastructure
(DHCPV6) [18], or IPV6 stateless address autocon guratione@HO-LEO uses the ef ciency of ISL. Therefore, our model
(SAA) [19]. The main difference of these methods is tht§ YETY effective to provide continuous communication hesw

generation of IP address either by a server (DHCP/DHCPV{-N and a MN whose mobility is random. 3 _
or by the MN itself (IPv6 SAA). Since the IPv6 SAA sig- On the other hand, some researches on mobility of terrkestria

ni cantly reduces the required signaling time, it is recomf0des show that MNs have a pattern during a speci ¢ period
mended for the proposed handover protocol. In new IP gé?{_tlme. Also, as we mentioned in the |ntr0(_juct|on, a typical
eration step, MN only requires the address to be unique arfg© satellite passes over the same geographical area arife
routable. in repeating periods of time generating a mobility pattes.
Send handover preparation request to current satellké; Novel handover management algorithm based on mobility pat-
ter MN computes a new IP address, it sends a hando¥egns of satellites and MNs will be discussed in Sec'glo.n VAcBi
preparation request (i.e., HREQUEST) to the current HP_,REQUEST and HEREQUEST messages are eliminated by
satellite ($). This message includes new IP of MN, an#Sing this approach, handover management cost of the grdpos
the IP of & . After St receives HEREQUEST, it replies model will be minimized.

to MN by sending a handover preparation response (i.e., .. .

HP_RESPONSE) message to indicate the success of reC§V_5|muIatlon Results of SeaHO-LEO

ing the new IP. At that time, S also starts buffering all in-  In order to evaluate the performance of the SeaHO-LEO, we
bound packets on\Sduring the handover. Thus, all the in-compared it to the MIP scheme and the TraSH-SN scheme pro-
bound packets coming to the;: Sor MN will also be sent posed in[15]. Each algorithm is evaluated by analyzing iio¢h
directly to the next satellite 8 by using ISL between & MNs' average throughput and handover call blocking probabi
and S . The buffering mechanism creates a virtual path bay. In addition, we compared the handover latency behavbr
tween CN and the new satellitgyS This buffering proce- all models. The performance of the decision schemes ara-eval
dure is an intelligent one in which the current satellite sloated by using OPNET [20] as illustrated in Fig. 5.

not send the packets whose acknowledgements from MN deWe simulated 1 orbit with 6 satellites. In the simulation en-
livered by & . Therefore, § receives only packets that arevironment, the number of available satellites for a given MN
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LEO1
GS1 MN
LEO2
GS1
Handover MN
GS2
LEO3 cN
LEO2
GS3
BM
LEO4
GS4 Gs2
Fig. 6. Handover management in simulation.
LEO5
GS5
LEO6
T
Fig. 5. LEO satellite network model in OPNET. é
o
5
Table 1. Parameters used in the simulations. =
Parameter Value £
Footprint length 1650 km
te (time in a footprint) 5.10 min TrasH-SN
F > / : Mobile IP
Vsar (footprint's velocity) 5.3922 km/sec SeaHO-LEO

two as shown in Fig. 6. The network consists of 6 LEO satel- Time (sec)

lites (altitude 1000 km, inclination 98 and a number of xed

ground stations and mobile terminals. Furthermore, weiegpl
the parameters shown in Table . de nes the maximum time
that a MN can stay in a satellite footprint. A CN generatedra
according to a Poisson distribution function. ability since it establishes an association between ctiiread-

Fig. 7 compares the MN's average throughput during a ha#ess and new IP address by allocating one channel for each
dover process. Since TraSH-SN lets a MN to use two IP aﬂ]bnet (i.e., one channel for current satellite's subnet @me
dresses at the same time, the resu“ing throughput |S\1@Mﬂ channel for new satellite's Subnet). In other words, TraSNis
higher. In mobile IP, due to the tunneling between HA and FARased on the principle of decoupling registration causiigh h
the throughput of the channel between MN and CN converged¥ndover blocking probability for crowded networks. On the
zero during the handover. When the handover process is cdfier hand, MIP and SeaHO-LEO have almost same level of
pleted, the throughput reaches a reasonable value. Ourlmddecking probability. As illustrated in Fig. 8, SeaHO-LE@s
SeaHO-LEO throughput is better than MIP and very close ¥§ry low blocking probability comparing to TraSH-SN.
TraSH-SN's throughput. Finally, Fig. 9 shows the average handover latency. Hardove

Fig. 8 depicts the handover call blocking probabilities datency is dependent on the time taken to establish the ndw pa
TraSH-SN, MIP, and SeaHO-LEO. Among these three handowagment between MN and new satellite. In other wohds)-
management models, TraSH-SN has the highest blocking prdover latencyis the time interval between last data segment re-

Fig. 7. Simulation results of a MN's handover throughput.
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Fig. 9. Hand lat .
Fig. 8. Blocking probability of a handover call. '9 andover fatency.

ceived through the old path and the rst data segment redeivid’9€ number of binding update requests is likely to be gener
through the new path from CN to MN. ated, all in a single burst. To process such bursts of binding
In small overlapping areas, handover latency of SeaHO-LELthate requests, a massive amount of network bandwidth and

is better than TraSH-SN, since TraSH-SN does not have eno( putational load are required. This is intuitively aicet is-
time to nish all the signaling. Some packets sentto the ated "€ for scalability of mobility management in LEO satelfitst-

AR (satellite) are lost and CN is forced to back off by SCTP! orks. In PatHO-LEO, we try to decrease this excessive numbe

congestion control algorithms. Therefore this procesales ©' Pinding updates during handover processes.
in higher handover latency for small overlapping areas.t@n t A typical LEO satellite takes less than two hours to orbit
other hand, in SeaHO-LEO, as soon as old satellite receive’@ €arth, which means that a single satellite passes oger th
HP_REQUEST message, it establishes a virtual communicati@me geographical area of the earth in repeating periotsef t
path between the new satellite and MN by the help of ISL b&his characteristic provides a satellite mobility patt¢gMP)
tween it and new satellite. This process needs very shoet tigeheme which includes when and where a satellite passes over
(i.e., approximately 20 ms). Therefore, the handover e & location. On the other hand, some researches such as in [21]
SeaHO-LEO is smaller than that of TraSH-SN for small ovefhow that MNs also have a pattern during a speci ¢ period of
lapping areas. However, after a speci ¢ threshold, sigmpbf time. Mobile subscribers usually follow a limited number of
TraSH-SN requires a slightly less time than SeaHO-LEO dod8obility patterns in their daily lives. For example, peopkn-
In MIP, handover latency is immense because MN has to se¥@lly take aimost the same path and same time to go to work
location update message to its HA to associate its home ssidi@very day. In the user mobility pattern (UMP) scheme, an MN
and CoA. This binding update process is a time consuming opéllects the data (location, time, etc.) related to thestepes,
ation. MIP is incapable of receiving packets in ight duritigs ~ and predicts the UMP based on the collected data.
registration process. In the case of MIP, the MN always uses i By combining these two concepts, we come up with a novel
home address to send and receive packets, and it cannottorta to manage handovers between satellites as illustiated
the old FA (satellite) while registering with new FA (satigl). Fig. 10. The PatHO-LEO [22] is introduced for location up-
We can see that there is a transmission stall of about 240 migtes of MNs during the handover between LEO satellites. In
which represents the handover latency when using MIP. Tligs approach, MNs and satellites learn their patterns sore s
handover latency is independent from the time spent in aperl their history data in a database located in a central sehegr t
ping area of new and old satellites. is called billboard manager (BM). The database in BM corgtain
the time and the place where a MN is in and the corresponding
satellite which passes over the same place at the same tifme wi
V. PATHO-LEO the MN. In our model, all binding update operations, whica ar
A. Handover in PatHO-LEO caused by handovers occurred during a single communication
' between CN and MN, are reduced to a single query operation
Here, we discuss the details of PatHO-LEO handover madmem BM database, since all the routing identities, whicti wi
agement model. As we mentioned in Section lll, applying MIBe used during the communication, are stored in BM. There-
to LEO satellite networks will result in a precise managemefore, HA of the MN does not need to be informed by MN after
of mobile nodes location, and consequently, binding updéte each handover, instead it obtains all CoAs from BM at therbegi
be invoked upon each handover occurrence. Given the high fiing of the communication. As a result, this operation atiatés
guency of handover occurrences in LEO satellite networks hage amount of binding update operations done in MIP.
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Satellite A Satellte B Table 2. Content of SUMP table.
ID IPSAT EET F (S) |P|\/|N
0 192.122.1.37 08:43:54 0842 157.158.10.12
0 192.122.1.38 08:57:42 1030 157.121.10.17
0 192.122.1.39 09:13:58 0304 157.125.11.19
0 192122140 09:17:49 1959 157.135.12.21
0
1
a"é ! N 1 192.122.1.157 20:26:46 0892 81.215.21.139
8 s . 1 192.122.1.158 20:40:01 0407 81.213.10.141
g 1
°
=) 2
E IP router A IP router B
33)
Internet
° lite's footprint is extracted and started to be used by bdth C
3 and MN. BM manages this process precisely to avoid fail-
CN
4 Query for MN's SUMP BM

ures. The most signi cant bene ts of BM are as follows.
Storing user location information into a central secure
database, namely in billboard manager database, is much
more secure than scattering it in various HAs located at
different sub-networks like in the case of MIP.
The whole handover management scenario is divided into Centrahzgd p|llboarq management provides a way for
four parts as shown in Fig. 10 which can be described as fol- an organization/service provider to control user accesses
lows.

from a single server
1) Satellites register to BMSatellites register to BM with their 5) Cr']\:j?ﬁ ngs td:rattatpackr:ac';sdt(i MNNkrT:aTeT\AT\(I)CPeCUﬁn Setzgin
mobility patterns (SMP). If any updates are needed for a spe- zatell'tz startsto se ata packetsto acorrespo 9
ci ¢ satellite, it informs BM about the changes. e

2) MN rggistgrs to BMOncg th'e MN gqcomplishes to set its On the other hand, BM can become a single-point of failure
Eﬂa&hé:nrfglsigs \t/\(/)itﬁ’\rﬁcv)\g;htrl:;nmoontglIEJyMpF?t:c?:rt]ji(ffL(Jal;/claFr)l)t.tméalthough a central server model is useful for management. To
intervals 9 overcome this problem, a satellite system administratorada

. . . locate more than one billboard manager servers to storegts r
3) BM establishes the satellite and user mobility pattern . .
(SUMP) table After BM receives both SMP and UMP, it eS_|ster satellites and mobile users. In the case of more than on
: : L illboard manager servers are allocated, the communicate
tablishes a new table called SUMP table which contains the o
time and the place where an MN is in and the corresponditieen these servers should also be well maintained. Anafiter
: cp P Pgoach to solve this problem is holding a copy of billboarcdhma
sateliite which passes over the same place at the same tén%r database in a GEO satellite. The copy database stdhed in
with the MN. Table 2 shows an example of the content of .

SUMP table. The SUMP table is composed of the foIIowinﬂ EO satellite can be updated when any change occurs in origi-
elds.

Fig. 10. Handover scenario in PatHO-LEO.

al database. However, this operation increases the cgityple
. . of the model. Instead of making updates for each change in BM,
UMP identity (IDywmp ), - : . . .
satellite identity (IRxr ), periodic updates (i.e., making updates in 1800 secona®¥i
expected entry time (EET),

can be applied to reduce traf ¢ load and complexity.
the duration of MN on the satellite's footprint(},

As a result, in the PatHO-LEO handover model, all handover
the IP of MN for the corresponding satellite (JR).

messaging steps are eliminated and handover latency iexappr
In Table 2, IQuyp have two different values, 0 and 1, andmated to the time of sending only one acknowledgement sent

each of these IDyp values identi es different patterns. Forby BM to MN and CN which is needed to handshake for hand-
example, Ivp = 0 shows the pattern of the user in théng over to new subnet on the right time. Unless the MN detects
weekdays, whereas [pp

= 1 shows the pattern of thethat its pattern deviates signi cantly from the registe&dMP,
user in the weekends. Therefore, a user can specify mdrperforms the pattern based handover model. If MN breads th
than one pattern.

pattern, then it can start to proceed with the steps of SeaHO-
4) CN and BM establish connectioWWhen a new connection is LEO or MIP. This approach is capable of handling handovers

established between MN and CN, the BM informs CN abobetween satellites accurately in a short time. Howeversttie
MN's pattern including its corresponding IP addresses fovare is needed in both satellite and MN to generate and store
corresponding satellites which are on the way of MN. Ther&MP and UMP. Also, an ef cient algorithm should be imple-
fore, CN learns the time and IP pairs of MN in order to conmented for MN to learn its pattern precisely. Moreover, BM
municate via speci ed satellite. During a location update ishould be well designed to manage SMP and UMP of each MN

the handover process, the SUMP is examined by the CN agfctiently and adapt gracefully to the growth in the numbér o
its relevant entry with the new IP address in the new sat@hobile users.
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B. Analysis of Mobility Management Cost of PatHO-LEO

We analyze the handover management cost of PatHO-LEO ﬁﬁt&'fg]fo
protocol and compare it to that of mobile IP. Also, a more de-
tailed simulation results of PatHO-LEO can be found in our
previous work [22]. The handover management cost consists
mainly of the cost of binding update and data delivery. 1n[11
the management cost is computed as the product of the gener-
ated control message siad,, and the number of hop$], re-
quired to deliver the message. (1) indicates the de nitibthe
cost in this evaluation.

Handover management cost

Cost=M H: (1)

Three different costs are required for each handover manage
ment event; binding update, local forwarding, and paging. | Number of mobié rodes
mobile IP, the binding cost is the product of (1) and the rdte o
handover occurrence, whereas the paging cost is 0. The enobt
IP handover management cosfy&(t), can be expresses as

9- 11. Performance evaluation in terms of handover management cost.

Cwip ()= M Hwun:p Ruo (t) (2) of this operationisvi 1 S. In the following results, the per-
formance evaluation of MIP and PatHO-LEO model is based on
where,Hun ;.o denotes the number of hops between a Mbhe mobility management cost derived from (2) and (4).
and location directory. The rate of handover OCCUrrenC@, [10 F|g 11 presents the evaluation results. The gure demon-

Rho (1), is strates that the PatHO-LEO signicantly outperforms the
Zy_ . MIP. Also, due to this low handover management latency in the

Rio (t) = VaarLsat Do (Veart)dt 3) PgtHO-LEO, Fhe throughput degrada‘Flon period is also reduq

Vear (t 1) Since MN quickly starts to take service from the new satellit

. with a new ef cient path, the low throughput becomes higlmer i
where Vsa andL s5; denote the ground speed of satellite and thesnhorter time.

coverage boundary length, respectiveddy. (Vs t) is the linear
density of nodes on the coverage of satellite at ttmén our
evaluation, we calculated nodes density as the ratio ofata t VI. CONCLUSION

number of nodes to the coverage surface area. In the PatHO;, ¢ paper, we have proposed two new handover manage-

LEO model, the local forwarding and paging scheme cre hani | HO-LE PatHO-LEO which
some additional cost. The total cost of PatHO-LEO mode?em mechanisms namely SeaHO-LEO and PatHO-LEO whic

c 0 i ecrease the handover latency and data loss.
paro -LEo (1), 1S We rst described a simple mobility management protocol
called SeaHO-LEO for LEO satellites. We also described dif-

C - t)=M Hwun:Dp+
patro -Leo (1) MN LD ferent handover scenarios such as MIP and TraSH-SN used for

M Hariar Rio (1) + satellite networks to establish a reference model for perémce
fM Harar (S 1)+ M Sg comparisons. We underlined their major drawbacks. Relging
n(t)(1 ) (4) the simulation results, we showed that the SeaHO-LEO mech-

anism decreases latency signi cantly while increasingtigh-
where,Har.ar  @ndS denote the number of hops between twput in a short time. Furthermore, SeaHO-LEO model is stgtabl
adjacent satellites and the number of single-beam satetlitat especially for dense networks in which the number of MNs is
cover a single paging area, respectivelft) and denote the high due to low handover call blocking probability.
total number of MNs per a coverage area at timand the ra-  Moreover, to eliminate some handover messaging traf c,
tio of active MNs to the total number of MNs, respectivelywe proposed our second model PatHO-LEO. The PatHO-LEO
The rate of new connections to a MN is denoted a¥he rst mechanism employs a BM which is responsible for location up-
term in (4) indicates the handshaking cost of PatHO-LEOc&indates of mobile users as well as comes with additional bene t
all binding update operations are done at the beginning ef thuch as security, scalability and manageability. Also, BM r
communication, there is no binding cost during handovehén tduces the system complexity since the satellite serviceigeo
PatHO-LEO. The second and third terms represent the local fonly deals with a central location update manager. Compar-
warding and paging costs, respectively. In the third tetm, tison of PatHO-LEO model performance to that of MIP was
expressiom(t)(1 ) indicates the occurrence rate of pagmade through a mathematical analysis. Performance ei@iuat
ing. Since a satellite is required to send a paging requets toresults showed that management cost of PatHO-LEO is much
S 1 neighboring satellites, the cost of sending these requestsaller than that of MIP. In the considered models one enat poi
iISM Harar (S 1). Then, each satellite broadcasts the pagf communication (i.e., CN) is not mobile. We are currengy d
ing messages to the MNs within its coverage area, so the casing to improve the proposed model to account for mobitity
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both ends.
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