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Summary Resource  Reservation  Protocol (RSVP)[3] and
Existing researches related to RSVP with mobility supporeha Differentiated Service (Diffserv)[16].

mainly focused on reservation state maintenance along the However, most existing work on QoS guarantees for
routing path, which varies continuously with the movements of {he |nternet did not consider the mobile computing
mobile host (MH), without much overhead and delay. However, environment. There are some constraints in mobile

problems such as deepening RSVP’s inherent scalability e
problem and requiring significant change or assumption in thenetworks that make QoS guarantees difficult. The

existing network infrastructure have been not adequately solveocommlm'(.:atlon enwronment n ywreless networks is
yet. characterized by low bandwidth, high error rate, and lo
In this paper, we propose a new approa@tncatenation and processing power of mobile devices. The mobility problem
Optimization for Reservation Path (CORP), which addresses requires maintaining a traffic path when the mobiletHos
these issues. In CORP, each BS pre-establighsesdo (MH) and possibly its Access Point (AP) move around
reservations to its neighboring BSs in anticipation of the MH's  geograpbhically.

movement. When the MH moves into another wireless cell, the In wireless networks based on Mobile IP, the MH’s
associated pseudo reservation is activated and concateoated t,ovement can incur changing its own IP address which is
the existing RSVP session for guaranteeing continuous Qosused to identify the MH's physical location[1, 2]. This

support. Because a pseudo reservation is recognized as d norméharacteristic of mobile IP makes some useful existin
RSVP session by intermediate routers, little change is nestjui ) 9
such as Resource Reservation Protocol

in the current Internet environment in order to support both t€Chniques,
movements within a single routing domain and between two (RSVP), not be able to be accommodated successfully. |

different routing domains. CORP also dynamically optimipes t RSVP, a path is first established for traffic trans@nd
extended reservation path to avoid fhéinite path extension QoS is guaranteed by reserving resources along the
problem. Multicast addressing is used to further reduce resourcgpath[3]. If RSVP is used in the mobile IP networks, a
consumption in the optimization process. change in the location of the MH may make the existing
The measured results of the CORP implementation demonstrat¢ageryved path useless. Thus resources along a new path

that it significantly reduces the delay and overhead caused b3have to be reserved again after each movement dithe

handoffs compared to the case of establishing a new RSVPThis overhead results in inefficient use of network
session. Especially, as the distance between the MH and it

Correspondent Host (CH) grows, CORP showed better "€SOUrCes and also introduces additional delay. This is a

performance. major problem in applying RSVP to mobile IP networks.
Key words: Some approaches[4, 8, 19, 22] have been proposed to
QoS guarantee, mobile Internet, RSVP with mobility support, solve the above problem. They focus on reducing the
reservation path extension and optimization overhead and delay caused by handoffs. However, they

require modifications to a considerable number of

) network components such as the intermediate routers and
1. Introduction the Mobility Support Stations (MSS). Later approaches|7,

o ) 24] avoid this limitation by imposing such requirements
Internet applications tend to include more and more 3, only components within a single routing domain or an
traffic types requiring different quality of service (€.9. access network. However, the effort also becomesjarm
transfer rate, delay and jitter). In particular, supfort  rea50n to make those approaches difficult to be applied to
real-time services is being more important since he movements between different routing domains or
delivering time-sensitive multimedia contents are gettin  atween two independent access networks.
popular. In order Fo satisfy these requirements, several In this paper, we propose a new approach, known as
transport mechanisms have been proposed for Q0ScoORp (Concatenation and Optimization for Reservation
guarantees including Real-Time Protocol (RTP)[15], Path), which ensures QoS guarantees with RSVP in
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mobile Internet. It can be easily applied to the mamis the passive reservation. If passive reservationmade to
between different routing domains or two access networksall the neighboring cells, the overhead of maintainin
as well as to the movement within a single routing state information can be several times higher than for
domain. More importantly, with our approach, only an active reservation. This deepens the limitation in
minimal changes are required in the existing Internetscalability of RSVP. Also the architecture requirek al
components. CORP has three key featurBseudo routers to equip additional functions to support passive
Reservation Path (PRP), activation of a PRP and reservation and a MH to have prior knowledge of its
concatenation of the activated PRP with an existing mobility.
RSVP session, andoptimization of the extended Tseng proposed the Hierarchical MRSVP
reservation path. (HMRSVP)[22] where MRSVP is enhanced to reduce the
The rest of the paper is organized as follows: In overhead and network performance degradation due to the
Section 2, an overview of related work on QoS guaranteegxcessive resource reservations in [4, 6]. In HMRSVP,
in mobile Internet based on Mobile IP and RSVP is mobility support with maintaining reservation path is
presented. In Section 3, the concept of PRP and itsperformed with RSVP tunneling mechanism and Mobile
concatenation with an existing RSVP session arelP regional registration scheme[23]. Resources are saved
discussed. In Section 4, the optimization mechanism forby making advanced reservations only when a MH resides
extended reservation paths is described. In Section 5, ain the overlapping area of the two wireless cells. &,
appropriate network architecture for the proposed ideas ighis approach does not sufficiently consider the inheren
designed and testbed configuration is presented. Someélisadvantages introduced by MRSVP. In the case of inter-
noteworthy experimental results are presented in Sectiorregion handoff (generally between two routing domains),
6. Finally, Section 7 concludes the paper. the number of RSVP sessions required for a data flow can
be increased excessively due to RSVP tunneling. Also the
delay time for inter-region handoff includes times for
2. Related Work Mobile IP registration, making passive reservations and

i new RSVP tunnel establishment, which are sequentially
In the Bay Area Research Wireless Access Networkperformed.

(BARWAN) project[5] carried out in the University of Chen described a similar method to MRSVP, which
California at Berkeley, a mechanism using multicast is employs a predictive reservation and temporary
proposed to redu.ce delays caused by hgndoffs of the MHS; aservation scheme[19]. With this mechanism, a MH
All packets destined to a MH are delivered to the cell pyares predictive resource reservation in advance at the
where the MH s currently located and also its |ocations where it may visit during the lifetime ofeth
neighboring cells using multicast. This mechanism conpection. These locations become the leaves of a
trades-off network resources for smoother handoffs. njticast tree and the mobility of a host is modeled as
Header multicasting, a method that multicasts only packet ansitions in the multicast group membership. To make
headers to the neighboring pells is also proposed to@eduCmore efficient use of wireless resources, temporary
network resource consumption. reservations can temporarily use the inactive bandwidth
In the Dataman project, Talukdar proposed the regerved by the predictive reservations. Simulationltss
Mobile RSVP (MRSVP)[4, 6] where RSVP is extended 10 \yqe ysed to show the performance improvement over the
work on wireless networks. The major feature of MRSVP approach of RSVP tunnel extension combined with
is passive reservation. These special RSVP sessions aré mgpjje |p[21]. However, since this mechanism is based
pre-established between a source and the current cell'§yrsyvp and the multicasting method, the scalability
neighbors along a multicast tree to prepare for the MH’'s problem of MRSVP still remains unsolveo].
possible movement. No data is passed on a passive  \ahadevan proposed a new network architecture
reservation until activated. In MRSVP, each MH must 4t requires fewer passive reservation-capable routers
maintain its ownmobility specification that includes 4, MRSVP[7, 20]. The main feature of the method is to

information on all locations where the MH is exped®d  oyiend RSVP path when a MH moves into another cell. |
visit during the lifetime of a connection. This infaation the architecture, a mobile access point (AP) with

is used to construct a multicast routing tree including Nintelligence, i.e., Base Station (BS), is locatedefch

active reservation and one or more passive resengatio \yireless cell. A set of administratively grouped ces i
MRSVP requires special hosts, callpdoxy agent, ©  gefined as #oS domain. If a MH participates in a RSVP
make active/passive reservations on behalf of the MH. session, passive reservations between the curremnBS

~ The major drawback in this approach is that the g5ch BS in the neighboring cells within the same QoS
intermediate routers must manage all state information domain are established in advance. In the case that a
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neighboring cell resides in a different QoS domain, a sub-path in the shortest path, which is not includedhén t
passive reservation is established between a gatewagurrent sub-optimal path, and generates an optimized
router and the neighboring BS instead. If a MH moves connection. In principle, this approach can be applied to
within a single QoS domain, the passive reservationoptimize the extended reservation path in Mahadevan’s
between the current BS and the previous BS is activatedarchitecture[7, 20]. However, ATM networks are
and traffic is delivered along the activated passive connection-oriented. Dommety's approach is based on the
reservation. If a MH moves from a QoS domain toleot  Private Network-to-Network Interface (PNNI) protocol
domain, a passive reservation between the currenhBS a and mobile ATM networks. Therefore, it needs to be
a gateway router is activated and traffic is deliveretdi@l  modified to work on packet-switching networks using

it. Therefore, only BSs and gateway routers are requiredMobile IP.

to have passive reservation capability in this aechiire. In the next two sections, we shall describe two key
A MH does not need to participate in making passive features of our schemeConcatenation of Resource
reservations. Reservation Path (CRP) andOptimization for Resource

Mahadevan’s approach solved the major limitations Reservation Path (ORP), to solve the problems stated
of MRSVP, but there are still some drawbacks. Undex thi above.
mechanism, a reservation path may be extended too much
if a MH keeps moving continuously within a QoS domain. ] ]

It is due to the feature that an optimization process is3- CRP using Pseudo Reservation

performed only when a MH moves into a different QoS
domain. Also, every gateway router needs to be abiie to
passive reservations. In practice, most routers asas
gateways for their own subnet. So the approach still
requires a significant number of network components to
be changed. Also there is no description about
maintaining and extending an existing RSVP session
when a MH moves into a different routing domain.

Pasklis introduced a mobility adaptation scheme with
RSVP[24] where a RSVP mobility proxy (RSVP-MP) in
the access network dynamically updates its own binding
between a MH's Local Care-of Address (LCoA) and
Domain Care-of Address (DCoA). Since a RSVP-MP
performs dynamic address translation of RSVP message
and data packets for a MH according to this binding
information, a MH's IP address can be always represent
in the RSVP internal states by a single IP addreseADC

while moving within an access network. The approach A pseudo reservation session is established in the

2§§lt']£tesipth§ dszégniiiiggtge d?)zl":gnto Arlgilrgqaemggle?oac same way as a normal RSVP session but no traffic is
) PP Iﬂ'delivered over the session until it is activated. dkkolike

I|m|ts Its funct|ongl|ty o inside a single accesswiwk a passive reservation but there is an important diftere

with the assum_pnon that the core network supports thenamely the routers in the networks do not need to know

Other[)gr?]?nz;‘:h'triCtg;Zjl:;Btgso Dtilfr:?zegt\ilbn mechanism whether a RSVP session is a pseudo reservation otnnot.

. . Y prop PUIMI: our scheme, pseudo reservations are always established
in mobile ATM networks descnbeld in [14]. The scheme between two BSs. So, only the BSs need to know about

optimizes asub-optimal connection”. Most fast handoff the existence of PRPs. Since BSs never send trédig a

schemes for mobile ATM networks, includingath  yhe pRPs before they are activated, intermediate reoute
extension and anchor swtch, reduce handoff latency by eeq not block traffic on the PRPs even when theyiare

establishing only a necessary portion of the path and, i ated. Because of this transparency of pseudo
attaching it to the existing connection when a MH has oseryations, they can be applied to handoffs between t
moved. This may result In a su,b-optlmal 'conn.ectlon routing domains without any functional change and any
between two endpoints. Dommety's mechanism finds agyir4 gyerhead to keep pseudo reservations inactivated in
the intermediate routers.

3.1 Pseudo Reservation Path (PRP)

In CORP, each BS takes charge of the RSVP process and
also supports mobility of MHs. To support MH’'s
movements including those that cross routing domains,
we propose a special RSVP session, callegsaudo
reservation, in place of the passive reservation in [4, 7]. A
pseudo reservation is an advanced resource reservation
session in order to prepare the possible movement a MH.
A BS pre-establishes pseudo reservations with
neighboring BSs for each MH located in its own céilh |

MH moves to another cell, the PRP between the ctirren
Zell and the previous cell is activated, and traffic is
delivered through the activated PRP. The previous BS
concatenates the original RSVP path with the activate
PRP and forwards traffic on it.

! The path for a connection is considered sub-optimal ifribis
the shortest path between the two endpoints of the connection.



Each CORP BS takes charge of all the process Fig. 2: Representative of neighboring BSs
related to PRPs, including establishment, maintainirty an )
release. A PRP can be established and released with th _In 5'9““? 2, ’g EB’FC ZnGd g)lbelong to Lhe same
same way as a normal RSVP session, using REIP routing domain, and E, F an elong to another routing

resv, and path teardown messages[3]. A CORP BS domain. So, if a MH is currently served by BS A, three
dynamically terminates useless PRPs after a MH |eave§nter-routmg-domgln PRPs (betwgen AandE, AandF, A
the current wireless cell. and G) are required. However, in our example, BS F is

In Figure 1, the MH participates in a RSVP session, selt_ec_ted_ as a represgntative (.Jf the neighbpring BSs
which is illustrated by a double line. The current BS of res@ngdln a.notFr:Sch.)utlng %(I).mha'g' TAhus,dor'l__Iy uénSerF :
the MH is A. A hexagon represents a wireless cell andrqutmg- omain s established (A an : ) n
each point inside a cell represents a BS. A, B, C and prigure 2 then establishes pseu_do reservations from _(to) E
belong to the same routing domain with a gateway routerano.I G on behalf of A. The ch0|_ce of the represerdasy
R1. E belongs to another routing domain which is served"’Irbltrary and can be prede_termmed _for each BS along the
by gateway router R2. A dotted line represents a PRPbOUﬂd"jlry between two routing domains.

within a routing domain and a solid line represents a PRPPRP” Lhe MH mor\]/es from CBeg A todcelrl] B, C, D or ths ,
between two routing domains. etween the new and the previous is

activated. Then BS A forwards traffic between the

= \* - o activated PRP and the existing reservation path. If the
r 3 = MH moves to cell E, a PRP between BS E and F and a
= =i=1 :—:;?L/ PRP between F and A are activated. The reservatidn pat

is extended to BS E via BS F. In this case, not oigyAB

but also BS F forwards traffic between the two PRPs$s

Be.. . = Normal RSVP path . . 3
P A g <== PRPwitiih arouting dornain mcremept of the number of_ activated PRPs in an extende
>/ D —  PRP between two routing domains reservation path can incur much overhead and
QMH CH3 ‘GanespanidentHost performance degradation in the network. To minimize
such overhead and deterioration, CORP immediately
Fig. 1: Pseudo Reservation Path (PRP) performs an ORP process to optimize the reservatidn pat

when it is extended using an inter-routing-domain PRP.

When a MH participating in a RSVP session enters |n Section 4, the ORP process is described in detail.
cell A or when a MH in cell A requests a new RSVP

session, BS A establishes pseudo reservations betweeB.3 CRP Process: Before a Handoff

neighboring BSs (B, C, D and E) and itself. R1 and R2 do

not have to know whether a reservation session bet¥e A network architecture that supports CORP is presented
and E is pseudo or not. The pseudo reservation is treateblelow. The major features of this architecture are:

asifitis an ordinary RSVP session. * Each cell in the mobile network has a BS which is a

mobile Access Point (AP) with certain intelligence.

« Every BS knows about their neighboring BSs
A PRP between two different routing domains, called an including their IP addresses.
inter-routing-domain  PRP, generally requires more « Each BS has capability to establish a pseudo
network resources than the one within a single routing reservation and to activate it when needed.
domain. To reduce overhead for maintaining a lot of ,
inter-routing-domain PRPs required, we propose a
concept of epresentative BS.

3.2 Representative BS

Each BS can forward traffic from one reservation
path to another.

Representative
neighboring BS
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shown in Figure 3(c), all required PRPs are successfully
established to prepare all possible movements of the MH
The CRP process when a MH is a receiver in the
RSVP session is similar to the procedure when a Mid is
sender. But there are some minor differences because

(j—ﬁ e RSVP is areceiver-initiated setup protocol. In this case,
T e RSVP path messages includingspec are delivered from
Q the current BS to its neighboring BSs to establish PRP
il So a CRRnform message does not have to incldsgec.
The inform message delivered to BS_C should include
Reservation path only IP addresses of BS B's neighboring BSs.
inackivaied BRF Subsequently, BS_B performs the PRP establishment

process by exchanging RSMsth and resv messages

with its neighbors in the reverse direction to theecan
Figure 3. BS_C acts as aepresentative of the
neighboring BSs by sending RSVffath messages to

A BS_B’s neighbors which reside in BS_C's routing
) domain. Finally, all required PRPs are successfully

established to prepare all possible movements of the MH

-------------- CRP & RSVP control flow

Fig. 3: CRP process before a handoff when a MHssraler

Figure 3 shows the process of establishing pseudo3-4 CRP Process: After a Handoff

reservations before a handoff when the MH is a seimder , o ) )
a RSVP session. A thick solid line represents an argin ~ After @ MH's handof, there is little difference ind CRP

RSVP path, and a dotted line represents a control messadd©cess depending on whether the MH is a sender or a
flow for the RSVP and CRP processes. Each thin solid/€CelVer in the RSVP session. Only difference is the
line represents a PRP between two BSs. To showthiiat direction of the traffic delivered with QoS guarantees
proposed mechanism supports the movements betweeREWeen the MH and the CH. Figure 4 shows the CRP

two different routing domains successfully, we describe anProcess after a handoff. A thick solid line represemts
example that an inter-routing-domain PRP is used toordinary RSVP path or an activated PRP attached to the

extend the original RSVP session. original RSVP path. Since there is no meaning in the
g direction of delivered traffic, we describe all reséim

In Figure 3(a), The MH currently resides in cell - . : ' !
ThRaths in the figure as arrows with both directions.

and participates in a RSVP session as a sender.
current BS is BS_B. First, BS_B passes CRRrm
messages (which notify the MH's entrance or
establishment of a new RSVP session) to its neigidpor
BSs (BS_A and BS_C). Annform message includes
Tspec, which defines the traffic characteristics of théada
flow that the MH will generate. In this example, BS_A
and BS_B are in the same routing domain while BS_C
resides in a different routing domain.

As shown in Figure 3(b), when BS_A receives an
inform message, it sends a RSy&th message to BS B
in order to establish a PRP from itself to BS_B. This
RSVP path message includebspec and BS_B replies to
the message with a RSVifesv message. Then a PRP
between BS A and BS_B is established. Since BS_C=#>

Reservation path
& activated PRP

Inactivated PRP
resides in another routing domain, thorm message = é PR . CRP & RSVP
delivered to BS_C should include not ofilspec but also gontral How

IP addresses of BS_B'’s neighboring BSs. In other words, < % & Traffic forwarding
BS_C should establish a PRP from itself to BS B using @MH

RSVPpath andresv messages, and also should play a role
of BS B in Figure 3(a) as theepresentative of Fig. 4: CRP process after a handoff
neighboring BSs in another routing domain. Thus, as

(c)



PRP activation is actually done by either the current
BS or the previous BS, depending on which BS currently
acts as a sender of the PRP. When a MH enters inéwva
wireless cell, it tries to perform a Mobile IP regitton
process with its Home Agent (HA)[1]. By relaying a
Mobile IP registration request packet from the MH to the
HA, the current BS knows that a corresponding PRP

QoS domain to another. However, as described in $ectio
2, this solution does not work when the MH moves
continuously within one QoS domain.

To solve these problems, we propose a new solution,
called Optimization for Reservation Path (ORP). In this
mechanism, the current BS of a MH replaces the extended
reservation path with the optimized one which is laid

between the previous BS and itself should be activatedalong the shortest routing path between a sender and a

Then the current BS sends a C&fivate message to the
previous BS to inform the movement of the MH. Finally
one of the two end BSs of the PRP, which is curreatly
sender, activates the PRP by starting sending trdffiga
the PRP.

In Figure 4(a), when the MH moves into the cell in

receiver. Two points should be considered when adopting
this mechanism. The first issue is to determine wen
optimization process needs to be performed. If a
reservation path is extended usimger-routing-domain
PRP or includes a loop, the reservation path necessaril
needs to be optimized. An optimization process is also

which BS_C resides, the current BS, BS_C sends a CRRequired when the cost of maintaining an extended

activate message to BS_B to notify this movement and the

reservation path is even higher than the cost of ngakin

PRP between BS_B and BS_C is activated by a sender afiew one. Thus a way of determining cost in each case

the PRP. Then, by concatenating the activated PRireto
original RSVP session, the reservation path is suitdgss

should be studied. In our implementation, the ORP
process is performed at every time that a MH’s handoff

extended to guarantee seamless QoS to the MH. To déas occurred and the CRP process has been completed.
that, BS_B forwards the traffic between the actiga®&RP This is due to that we intend to save network resources,
and the original RSVP session as shown in Figure #(b). especially bandwidth, rather than to reduce the overhead
is not necessary to maintain the PRP between BS dA anon BSs, which is required for ORP process. As an iaterv
BS_B any more. Thus BS_B terminates the PRP as showibetween two ORP processes increases, the overhead in
in Figure 4(c). Finally, BS_C plays the role of BS_B in each BS decreases, however, the bandwidth consumption

Section 3.3 to prepare for future movement of the MH.

In this section, we have proposed the concept of CRP

to maintain a reservation path when a MH moves & th

wireless network. The proposed mechanism supports

inter-routing-domain handoffs and requires little change
to the existing Internet. However, this mechanism does
not address thefinite reservation path extension issue.

In the next section, a new mechanism, called ORP, is

proposed to solve this problem.

4. Optimization for the Extended Reservation
Path (ORP)

4.1 Considerations on ORP Process

in the network due to the extended reservation path
increases significantly.

The second issue is to minimize the optimization
overhead. If a new RSVP session should be established t
substitute for an extended reservation path, the twoFRSV
sessions for one flow is wasteful of network resources
even though it is temporary. Also, a new reservation
request for optimization can be rejected by intermediate
routers due to lack of network resources. To reduce the
amount of extra network resources consumed by the ORP
process, CORP can make usenaflticast address for
every RSVP session, even if it is a one-to-one .flotwus
optimization can be performed by joining in the multicas
RSVP session instead of making a new RSVP session.
This also can prevent effectively an optimization retue
from being rejected by intermediate routers. In the next
section, we shall describe the ORP process using nmiltica

The CRP mechanism is built on RSVP and uses a “path/P address in detail.
extension” technique to guarantee seamless QoS in

mobile Internet. To do this, each BS along the MH's

4.2 ORP Process Using Multicast Address

movement extends a reservation path by activating a

prepared PRP and forwarding traffic between the existing

reservation path and the extended one. One problem iffddress.

this mechanism, is that a reservation path can lendsd
infinitely if a MH moves continuously in the wireless
network. In [7], to avoid infinite extension of the

Figure 5 briefly shows an ORP process using a multicast
In Figure 5, a thick solid line represents an
ordinary RSVP path or an activated. For ease of
illustration, Figure 5 describes the case where path
extension is achieved using a PRP within one routing

reservation path, an optimized sub-path is made betweerﬁjomain’ but ,it can be applied directly to the casentef- .
a gateway and the current BS when a MH moves from ond outing-domain PRP. We assume that a RSVP session
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with multicast address had been established betweer
BS_A and the CH, and that a CRP process has beel
performed as described in Section 3.

As shown in Figure 5(a), BS_B first joins into the
existing multicast RSVP session to open a direct
reservation path along the shortest path between andH
itself. There are some differences in this procedure
according to whether a MH is a sender or a receivé¢hne
existing RSVP session as following:

e When a MH is a sender, BS_B sends a R¥d
message destined to a multicast address of an existin L) 3 i
RSVP session to join in the session. This message is E"—(;r “(;ptimize ; Psepvmlion e
delivered to the receiver and BS_A. BS_A discards =17 path
the message because it knows that BS_B is on the ==
extended path. However, the receiver (CH) is not
aware of this, so it replies with a RSV&v message.

This allows BS B to join in the existing RSVP P e T
session @

e When a MH is a receiver, BS_B joins in the IP
multicast group using the Internet Group
Management Protocol (IGMPgport message [13]. It
then waits for a RSVBath message which the sender 4 3 ORP Process Using Unicast Address
(CH) generates periodically through the IP multicast
session to identify a flow for a new destination [8].  Though ORP process using multicast address gives a
this situation, BS_B can directly receive traffic from more efficient and scalable way to optimize an extended
the router because it is a member of the IP multicastreservation path, ORP process using unicast address still
group, but the quality of service cannot be should be elaborated in preparation for some unexpected
guaranteed. To support seamless QoS to the MHconditions. For example, underlying networks may not
BS_B should deliver traffic from the activated PRP to support IP multicasting or a MH participating already in a
the MH and, at the same time, it should wait for a unicast RSVP session may come into a cell.

RSVP path message directly from the sender. When An ORP process using unicast address starts with
BS_B receives thepath message, it replies with a establishing a new RSVP session between a CH and the
RSVPresv message. This enables BS_B to join in the current BS. To do this, first the current BS sends R O
multicast RSVP session. initiate message, which notifies a need of optimization for
Consequently, BS_B is now able to send (receive)an extended reservation path, to the CH. Second, the

traffic from (toward) the MH through the new RSVP path current BS gnd the CH exchangg RSpdth and resy
as shown in Figure 5(b). Then it terminates the atetiva messages with each other to establish a new RS\éPes
PRP between BS A and itself using a CRéease When a MH is a sender, the current BS sends a RSVP

message. After receiving a CRP release message, BS Rath message first and the CH replies with RSVP resv
leaves the multicast group by sending a RSMEh ~message, and vice versa. Third, the extended reservation

teardown message to terminate the existing reservation path is replacepl t?y the.newly established RSVP session,
path to the receiver. Finally, only an optimized path and _then traffic is delivered through the new RSVP
between BS_B and the receiver is left as shown in Eigur S€SSION- Fourth, the current BS term|_nates the aetiva
5(c). After finishing whole ORP process, the CRP praces "RP between the previous BS and itself using a CRP

described in Section 3 is performed to prepare the nex{ €€ase message. Finally, the previous BS terminates the
movement of the MH. unnecessary RSVP session between the CH and itself by

sending a RSVPath teardown message to the CH. After
finishing whole ORP process, the CRP process described
in Section 3 is performed to prepare the next movement of
the MH.

Inactivated PRP

9 Traffic forwarding

Fig. 5: ORP process



In this section, we have described the ORP
mechanism which optimizes an extended reservation
path. The proposed mechanism has the advantage that
can avoid establishing a new RSVP session during the
optimizing process by using multicast RSVP sessions.
This can considerably reduce network resources
consumption.

E : RSVP Session End
R : Gateway Router
HA/FA : Home/ Foreign Agent
BS : Base Station
AP : Access Point
RA : Reservation Agent
MH : Mobile Host

© : NIC (IEEE 802.3)

¢ : NIC (Wireless LAN)
= : Hub

- : Reserved Traffic Flow

Wired Subnet

5. Experimental Testbed

The testbed architecture for implementing CORP is
shown in Figure 6. A dotted line represents a flow for
reserved traffic. In Figure 6, each BS consists d¢tfa
(Reservation Agent) module, a HA/FA (Home/Foreign s T

Agent) module, a routing module and anAP (Access Fig. 6: The Testbed Architecture
Point) component. The RA module performs all RSVP
activities on behalf of a MH. It also establishé2PB in The CRP module and the ORP module have been

preparation for the MH’s motion and performs CRP and implemented in the testbed. The latest ORP module in the
ORP processes. Th#A/FA module enables a BS to act as testbed has been implemented to only perform an ORP
a HA or a FA in Mobile IP. Theouting module delivers process with unicast address, which is described in
traffic between wired and wireless networks and handlesSection 4.3. Also some applications were written using
traffic control of reserved flows. RSVP API (RAPI) to demonstrate the operability of the
In the architecture shown in Figure 6, each BS hasCORP module and to measure the performance.
its own wireless interface. This feature enablesSat®
have its own wireless subnet which is regarded asla cel )
and to act as a gateway router for the subnet. Thus alf. Experimental Results
traffic concerned with a MH passes through the BS that ) ) )
handles the MH. This feature makes the implementation'" this section, we present some experimental results
of CORP mechanism easier and more efficient becausd"€asured while running our CORP implementation on
each BS can monitor all traffic from/to MHs. the testbed described above. We evaluate the CORP
The experimental testbed consists of a RSVP router,Performance in terms of processing delay, transfer rate
two BSs supporting the CORP function, and a MH with opservatlon, performance variation erendlng on the
RSVP capability. The two BSs know each other's IP distance between a sender and a receiver, and so on.
addresses. Each BS has two network interfaces: a
Ethernet card and a WaveLAN | ISA card[9]. Also a
WaveLAN | PCMCIA card is used for a MH. Each BS,
router and MH runs FreeBSD 2.2.2. The Mobile IP
software from Portland State University[10] is used to
support mobility, and the RSVP package from Southern
California University[11] is modified to implement the
CORP mechanism. For traffic control, Alternate
Queueing Package (ALTQ) [12] is used.

rb.l CRP Performance Evaluation

Figure 7 shows the elapsed times for resuming data
transfer when a MH moves into another cell. The
estimated Mobile IP handoff time appears about 112 ms.
This delay represents the interval from the time ¢
crossing a cell boundary to completion of registratiath w

a new mobile agent. It needs approximately 9 ms delay for
resuming data reception through an existing TCP session
after a Mobile IP handoff. A MH can receive QoS-
guaranteed traffic through an extended reservation path 4
ms after the existing TCP session becomes availd@ble.
delay times presented are the average values of 50
experiments measured on the testbed. These results are
dependent on how far the CH is from the MH. In this
case, the MH is the receiver and the sender is 2 hops
away.
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g. 8: Transfer rate variation when backgrouafitr exists.

As shown in Figure 7, CORP significantly reduces Figure 9 shows the CRP completion time and packet
the d.e'aY caused by handoffs F:ompared to the case Ofygq during this time as a function of the distance &etw
establishing a new RSVP session which takes 141 MSthe MH and CH. We measured the Round Trip Time
Also, as can be seen, the CRP process adds little dela(”RTT) of a packet having the same size as a RBA(R
(only 4 ms) to the Mobile IP handoff delay. The td®P o556 in each case that the distance betweennther se
process takes around 125 ms. Most of the time is needed,q recejver was varied from 1 to 7 hops. The processing
for Mobile IP handoff since a wireless LAN AP typigal  tines of the RSVPpath and resv messages at an
broadcasts a beacon signal at 100 ms intervals. intermediate router are also measured. With this data, w

Packet audio applications like V‘f"t (V|§ual a_Ud'O t00l) could estimate delays caused by the RSVP process for
[17] adopt aplayout delay mechanism in which the  igrarent number of hops. The CRP completion time does
receiver delays playback of the_audlo contents after packenot depend very much on the distance between a sender
arrival for some amount of time. Cacgres et al. ,haveand a receiver, but is more dependent on the distance
measured the playout delay for particular Multicast poyyeen the current BS and the previous one. In this
Backbone (MBone) sessions that used vgt[18]. Thg reswtexperiment, the current BS is always 2 hops away from
shows that the tolerable playout delay is approximately o previous BS. So the CRP completion time is only

100 ms for a local conference and 4-5 seconds for 8ygnendent on the delay needed to resume traffic transfer
lecture from a distant host. Human factor studies have,gqr the reservation path has been extended. Thess dela

shown the maximum tolerable delay for interactive o4 pe estimated by measuring the packet delivery time
conversations is approximately 200 ms. These studieS,ayeen the previous BS (i.e., the one before theeotirr

show that the proposed CRP mechanism is capable OES) and the CH for different number of hops. So the

supporting voice traffic in the mobile Internet. _ packet delivery time is measured in each case that the
_Figure 8 shows the transfer rate variations of traffic jisiance between the sender and receiver was varied fro
during CRP, where 50 kilobytes of bandwidth have been to 7 hops. In Figure 9(a), we see that the relative

reserved and a sender transmits 500 data packets Pefartormance advantage of CORP increases as the CH is
second with each packet size fixed at 100 bytes. Weg, ipar away from the MH. For example, the CRP

generated background traffic between a CH and a MHgqyhjetion time is approximately 125 ms and the new
using a FTP application. The application generatedpgyp session establishment time is approximately 141
background traffic at the highest rate possible. Thd tota .5 \when the sender is 2 hops away from the receiver. T
available bandwidth in the testbed was estimated to bedifference is only 16 ms. But the two values become 148
about 150 kbytes/sec. We observe that the performance of,c and 204 ms respectively when the sender is 7 hops
CRP is not affected by the background traffic. The period 5,5y from the receiver. In the latter case, theettfice is
of time identified a<CRP completion time represents the  _p i 56 ms.
delay during which a MH cannot receive any traffic rafte Figure 9(b) shows the number of dropped packets
cell crossing. It includes a Mobile IP handoff delay, a during handoff. We measured the number of packet lost
TCP dgta fe—transferring delay and a pure CRP delay a%luring CRP completion time, where 50 kilobytes of
shown in Figure 9. bandwidth have been reserved for CORP traffic and the
sender transmits 500 data packets per second with a fixed
size of 100 bytes per packet. The result in Figure 11
confirms that the proposed mechanism provides better
performance as the distance between the CH and MH
increases.
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120 Figure 11 shows the transfer rate variations of traffi
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_ time is proportional to the hop count between the C#l an
6.2 ORP Performance Evaluation MH. However the rate of increase is not high. For
example, the ORP delay is about 9 milliseconds when the
iR sender is 2 hops away from the MH and the value
increases to 13 ms when the sender is 7 hops away.
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) ) ) Fig. 12: ORP delays as a function of distance éetwMH and CH
With the current CORP implementation, an ORP process

begins just after a CRP process is completed. Figure 10  Figure 12 shows the ORP delays with different
illustrates elapsed times for performing an ORP processvalues of hop count between the MH and CH. We observe
The result is the mean value of 50 experiments on ourthat the values increase almost linearly. This bagkeur
testbed, where a MH is the receiver and the send2r is claim that the ORP mechanism scales well. We can
hops away. As shown in the figure, much of the ORP assume that most communication paths are 15 hops or
process is performed simultaneously with CRP dataless. The estimated ORP delay is approximately 18 ms
forwarding through an activated PRP and does not affectwhen the distance between two communication end points
the data transfer rate, packet loss, and delay. Thelactuas 15 hops. This confirms that our ORP mechanism can
ORP delay time, during which a MH cannot receive datasupport QoS-guaranteed transmission of various
from a sender, is approximately 9 milliseconds. This multimedia traffic on the mobile Internet.

delay is required for exchanging ORP messages and

switching the sender’'s RSVP session into the optimized ]

one. The results show that the ORP process causes only 7. Conclusion

short delay which can be ignored in transmission of . )
multimedia data such as voice traffic. In this paper, we have proposed a new mechanism, called

CORP, to minimize the delay and overhead when a
Mobile Host (MH) participating in a RSVP session moves
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in the wireless network. The proposed mechanism Packet Network”, in proc. IEEE Conference on Computer
overcomes the drawbacks of existing approaches. First, it ~ Communications (INFOCOM), Apr. 1997.

supports inter-routing domain handoffs as well as [7]1 I Mahadevan, K. M. Sivalingam, “An Architecture for QoS”
handoffs within a routing domain. Second, our approach Guarantees and Routing in Wireless/Mobile Networks”,

requires fewer functional and architectural changesdo th ACM International ' Workshop on Wireless Mobile
q 9 Multimedia (WOWMOM *98), pp. 11-20, 1998.

existing netvyork components. Third, the process and 8] R. Jain, T. Raleigh, C. Graff, M. Bereschinsky, “Mobile
network architecture that support QoS-guaranteed handoff * nternet Access and QoS Guarantees using Mobile IP and
are simple. In the proposed architecture, only Base  RSVP with Location Registers”, IEEE International
Stations (BSs) are required to have functions that support  Conference on Communications, pp. 1690-1695, Jun. 1998.
the proposed scheme because the BS takes care of evel§] “WavelAN”, http://www.wavelan.com

RSVP process and the additional functions to support[10] “Mobile IP. implementation ~ on  FreeBSD",
mobility on behalf of a MH. Finally, the scheme ey fip://ftp.cs.pdx.edu/pub/mobile/mip-July97.tar.gz, 1997.
increases the scalability problem inherent in RSvp [11]"RSVP Code reld.2a2", ftp//itp.isi.edu/rsvpirelease
because most of Pseudo Reservation Paths (PRPSs) WOUHZ] Code for Alternate Queueing’,

. . ) http://www.csl.sony.co.jp/person/kjc/kjc/software.html
be established between two BSs in the same fOU“”g[la] W. Fenner, “Internet Group Management Protocol, Version

domain. 2", RFC 2236 on IETF, Nov. 1997.

An experimental testbed has been developed to[14] G. Dommety, M. Veeraraghavan, M. Singhal, “Route
demonstrate the feasibility of CORP. The experimental Optimization in Mobile ATM Networks”, ACM Mobile
results show that the proposed mechanism can Networks and Applications Journal (MONET), Vol. 3,
significantly reduce delay and overhead during QoS- Issue 2, pp. 203-220, Aug. 1998.
guaranteed handoffs in the mobile Internet. The resultsl15] H._Schulzrinne, S. Casner, R. Frederick, V. Jacobson,
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