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Performance Modeling of Resource Reservation Cost in
Wireless/Mobile Networks
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ABSTRACT

We propose a new resource reservation scheme called MC-HMRSVP (Mobile clustering based-Hierarchical
Mobile ReSource reserVation Protocol) that is an extension of HMRSVP[3,4]. MC-HMRSVP always establishes a
virtual cluster called Mobile Cluster, which includes its immediately adjacent MA(Mobile Agent)s for passive
reservation as well as the current MA for active reservation to which MH(Mobile Host) belongs. Our scheme
also establishes the MC regardless of intrafinter region movement by GMA(Gateway Mobile Agent) function when
a MH moves. To provide a general formulation on analyzing the performance in terms of reservation cost, we
also model the resource reservation cost by using a simple recursive equation. Then, we show that our scheme

decreases the reservation cost in comparison with the existing HMRSVP extensions.

Hierarchical MRSVP (HMRSVP)®, a mod-
ification to MRSVP, makes an advance re-

I. introdution

Mobile ReSource reserVation Protocol source reservation only when the handoff de-

(MRSVP)[Z], as an extension to conventional
RSVP, overcomes the impact of mobility on
RSVPH by making advance resource reser—
vations, namely passive reservations, in all
subnets. Unfortunately, these excessive re—
source  reservations may waste bandwidth
and degrade the network performance.

lay tends to be long. However, it may not be
able to guarantee seamless intra region hand-
offs a wireless mobile support network size
increases. Also, the pointer forwarding
scheme'® as an extension of HMRSVP, which
makes an advance resource reservation only
one-step forwarding in its path from an
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MH(Mobile Host). Although this scheme has
a merit of decreasing the advance resource
reservation cost, it also has the drawback of
possibly a long active reservation path as the
MH moves further away from its entry point.

In this paper, we proposed new HMRSVP
extension, namely MC-HMRSVP, which make
advance reservation path by using mobile
clustering scheme. Here, we define the active
MA(Mobile Agent) as the current MA to
which the mobile belongs and passive MAs
as the MAs that are immediately adjacent to
the active MA. Such reservation regions are
referred to as a mobile cluster (MC). Also,
gateway mobile agent(GMA), which take care
of several MAs, is performing the access
point for tunneling with exterior network and
manage a mobile cluster for a active MH
with neighbor GMA. Therefore, a mobile
cluster makes an advance reservation regard-
less of intra GMA movement and inters
GMA movement.

To provide a general formulation on ana-
lyzing the performance in terms of reser—
vation cost, we also model the resource res-
ervation cost for each HMRSVP schemes by
using a simple recursive equation and com-
pare our scheme with the resource reser-
vation schemes for the unicast and multicast
cases in HMRSVP. Consequently, we show
that our scheme decreases the reservation
cost when the service rate is high and the
handoff rate is high.

This paper is organized as follows. Section
II  summarizes the HMRSVP extensiomns.
Section III describes the performance analysis
model for calculating the resource reservation
cost, which considers user mobility and serv-
ice rate. Section IV provides numerical
results. Finally section V concludes the paper.

II. HMRSVP Extension

Recently there have been some works ad-
dressing the problem of providing QoS to
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mobile hosts. In this section, we describe
three schemes that are extended from the
HMRSVP in order to resolve the impacts of
MH’s mobility on RSVP in mobile net-
works™” and propose our scheme.

HMRSVPm represents an extension of
HMRSVP using multicast scheme on the
wireless Internet as shown in Fig. 1. The
HMRSVPm makes an advance resource res—
ervation (ARR) on all the branches of the
tree topology from the sender under the mul-

ticast approach i)

Fig. 1. Multicast based HMRSVP

HMRSVPu represents an extension of
HMRSVP using unicast scheme on the wire-
less Internet. The HMRSVPu makes an ARR
only two passive paths from a router or host
to the two neighboring MA’'s of the current
visited MA, in which the router or host is
the least common ancestor of the two neigh-—
boring MA's™,

= @3
{mom Ao ) W’
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Fig. 2. Unicast based HMRSVP

The above suggested schemes includes the
following problems:

- The seamless handoff guarantee prob-
lem regardless of the inter/intra region
movement (HMRSVPm ,HMRSVPu)

- The excessive signaling overhead
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(HMRSVPm )
In order to the above problems, we propose
the MC-HMRSVP as followings:

HMRSVPmc makes advance resource a
reservation for inter GMA as well as two
passive paths from a router or host to the
two neighboring belongs to a GMA. As
shown in Fig. 3, the root node of binary net-
work topology is GMA and the bottom nodes
connected to a GMA are MAs. The determi-
nation of which MAis passive or active when
a MH is originated is determined by GMA.
GMA is responsible for performing the
Mohile IP regional tunneling for all the mo-
bile hosts in the subnet as HMRSVP.

b b b
f{«m &*A?TQB

Fig. 3. MC based HMRSVP

In Fig. 3(a)-(b), MH is located in the pre-
dictive region for an intra region (or cluster)
handoff. However, MH in (c) is located in
the predictive MA for an inter region
handoff. With these viewpoints, the decision
of scope for an ARR is determined by the
assumption of GMA function as follows:

- A number of MAs are grouped in one

cluster called fixed cluster and these
MAs are managed by GMA .

- GMA is an agent that represents one
cluster and act by CoA (Care of
Address) of all FA(Foreign Agent)s
that exist on lower part. That is, act to
all lower part MA tunneling point.

- GMA provides the functions of QoS
mapping/inter-working  between  ex-
ternal Internet and wireless/mobile sub
network. Here, external Internet can or
cannot support RSVP protocol.

- We also assume the GMA can de-

termine or maintain the scope of reser-
vation, that is Mobile Cluster, for the
ongoing MH under its own sub network,
which is possible by sharing the sub
network information of the neighboring
GMAs as well as its own sub network.
This assumption also implies that our
scheme decreases the reestablishment
cost for the new resource reservation
when a MH handoff to the MA belong-
ing to a neighboring GMA.

IIl. Performance Analysis

1. The Resource Reservation Cost

To provide a general formulation in terms
of the resource reservation cost(RRC) per
each MH in a MA, the wireless/mobile
Internet environment is assumed to be a bi-
nary tree network topology as shown in Fig.
4. In this section, we consider the RRCs with
those of the HMRSVPm, HMRSVPu and
HMRSVPmc considering both direction of
MH movement.

518 |
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The numberof MAsinaGMA=2' —1
G = GMA

Fig. 4. Binary tree network topology connected a GMA

Referring to Fig. 4, we denote ™; as MA?
for {0,1,2,...,k—-1,kk+1}. A GMA
consists of the set of MAs {m; _my},
which is symmetric. According to the location
of the current MA, we also decide the in-
ter/intra region movement for the ARR ac-

cording to the outer or inner location of the
GMA. Therefore, we can define
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{my my mmy,} for inter movement and

{mg, _my_1}for intra movement.

To describe this cost model, we define the
following parameters:

1 : The hierarchical network level of the bi-

nary tree.

@ . The resource reservation cost that the
reservation path length is one between
two neighboring nodes among the no-
des branching from the root GMA to
the bottom MAs.

6 : The ratio of the cost of a passive reser—
vation path and the cost of active
reservation path; 8 can be referred to
as reservation overhead(0<0<1).

h : The  ARR(Advance
Reservation) cost between the current
GMA and the target GMA as shown
in Fig. 5(a).

H : The new resource reservation (NRR)

Resource

cost for reestablishment between the
target GMA and HA (or CH
(Correspondent Host)) when MH oc-
curs in the inter-domain handoff as
shown in Fig. 5(b). This cost depends
on the state of core network (wired
Internet)

%, : The RRC of a MH, which is in MA j
for j given its initial MA is ¢ for 1.
HMRSVP extensions, 7;; depend only

on J.

@) 9

Ncikelcino)clicloio)

m——  Active Reservation
meeeeees Passive Asserval tion
=« * Passive Reservatian for inter GMAs(h}

(a) The ARR cost (/1)
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Active Reservation
''''''' Release Reservation

= = = Active Reservation for the new resource reservation
Between GMA and sender{H)

(b) The NRR cost ( /) for the teservation reset

Fig. 5. The depiction of the parameters (h, H)

@® The Multicast-HMRSVP

Define 7;; is the RRC in MA j given its
initial MA is i for 4,5 = {1,..., k}.

In each scheme, the RRC 7 for a MH

consists of the active cost and passive cost
as Eq. (1). This is referred in™

+ Cost

1‘[.,1. = Cost, passive 1)

active

For HMRSVPm, the Cost, i is (I—1)a
and C0styge is determined by the location

of the MA movement as shown in Eq. (2, 3).

. :{(l—l)wl-(?—l—lj £ 02<i <k )rtmmamet (2)
Y (2" € g (i={L K)itenaoet Q)

Then we can obtain the column vector T;
with NRR as shown in Eq. (4). In this case,
the ARR parameter(#) is not considered as

following.
(I-1)a+2'—1-1) -6 -«
n={r,= : @
(1—1)a+(2'—1-1) -6 -«
(-Da+Q' +h-1-1)-6-a
(U-Da+@ -1-1)-0-a
r,={5}= :
(U-Da+Q@' -1-1)-6-a |
where (-Da+@ +h-1-1)-6-a| is @

column vector and the matrix is used for the
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average reservation cost in a MA as shown
in section 3.2

RM™=1r, - 1]7 5)

@® The Unicast-HMRSVP

When the MH exists in the intra move-
ment region, we obtain the maximum and
minimum %/in the following Eq.(6, 7). This is
referred in'"

Maximum

ni=0-Na+i-6.a 2<i<k-1) ©

Minimum
ri=0-1)a+6-a 2<i<k-1) O

Therefore, we obtain the ri.j, in the

following.

ry=0-1)a+0.a<rn;< (I-Da+t-0-q
(2 < i < k—1) Intra movement

®

[ (-Da+6-a |

(-Da+l-6-a
=03 -Da+1-6-a

where

i (I—I)a-+6?-a Jis a col-

umn vector and the matrix is used for the
average reservation cost in a MA as shown
in section 3.2

The RRC of HMRSVPu, R*is defined as

R(u) — [7”1 Tk]T )

@® The MC-HMRSVP

When the MH exists in the intra move-
ment region, we obtain the maximum and
minimum 7yin the following Eq.(10).

(1-1)a+36 ca<n; <(I-1)a+i-6-q
@2<j<k-1)

10)

Also, Tiiand fikfor inter-region movement

are obtained with the ARR cost (#) between
the current GMA and the target GMA when
the MH expects the inter region handoff.

Finally, we obtain %/as shown in Eq.(11).

(—Da+36-a<r;<(I-Da+i-6-0

=

ro= (2 <j<k-1) intra movernent |(11)
4V I-1)a+({+h+1) -6 -,
=1,k inter movement

The RRC of HMRSVPmc, R™?, is defined
as

R™=[r, -~ 1) (12)

[(I-Da+(+h+1)-0-a]
(I-Da+30-a

(I-Da+1-6-a
(-Da+1-0-a

(l—l)a:+39~a
| (I-Da+(I+h+1)-0-a ]

where

a column vector and the matrix R™is used
for the average reservation cost in a MA as
shown in section 3.2.

2 Mobility modeling the HMRSVP extensions

In this section, we design the mobility
model for performance analysis, which is
used -for the calculation of the average re—
source reservation cost in each HMRSVP
extension. We assume that the call service
time of MH in a MA is exponentially dis—

tributed with the mean V# and the movement
time inter-MAs are exponentially distributed
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with the mean 1/ M4 . Therefore, we can obtain

the pdfs of f(W)=pe" gng (7)== p, ™

Using these pdfs, we can derive the aver—
age resource reservation cost for each
HMRSVP schemes when a MH is originated
in a MA as followings.

@® The Multicast-HMRSVP

Using Eq(175), we can obtain the average
resource reservation cost for HMRSVPm
(C(%)) as followings :
Case I 2 <1< k-1
LetC(:) be the average reservation cost for a
MH in a MA. When the MH exists in the
region of intra movement region, C(%) is

ol =Iz(x-r,,j)fx(x) fo(z)dxd

+Tjee, +%(cv—' )+ QU+ ) £ £,(e)dce

1
:—[;,. I— 1)+ a1+1
u o Au+ d)(C( » (13)
for 4,5 =11, ..., k}
Case 20 i=1,k
Similarly, using Eq.(5), we can evaluate the

average reservation cost with the NRR inter
GMAs as shown in Eq. (4.16)

am

I, A= (QU-1)+ Qi+ 1)+ H-a) with NRF

1
u Aptpy)

(14)
@ The unicast-HMRSVP
Using Eq.(6™9), we can obtain the average

reservation cost for HMRSVPu
Case 12 < i< k-1

1,
an =" it Nt d)(C(l D+ Ai+1) (15)

Case 22 i=1,k

438

a= )(q1—1)+ Ai+1)+ H-a) withNR}
,u
(16)
@® The MC-HMRSVP
Using Eq.(10712), we can obtain the aver-

age reservation cost for HMRSVPmc
Case 12 < i< k-1

1
B i e GOt LI N
Case 2: 1= 1,k

1
) = ey XD

Defining R ={R™,R®W, R™)}  anq
={C(1),...,C(k)}, we obtained the
simple recursive equations as shown in
Eq.(15718).
Also, let A be the average reservation
cost of the all MAs in a GMAfor each
HMRSVP extensions, A = {A,, 4,, A4,.}.

Here, the A for each HMRSVP extensions
can be obtained by the following matrix
equations in Eq.(19).

e .. . 0 T N
) 2(ptpq) -

Ha He It
P N .t Sy, ) . . 0 1)
2kt ie) 2+ itq} f}i)’ 2‘4
ki . "
2 tig) .
[ .
[}
B - .
) 20 +itq) Cl1) "
v . . JO L O ) -
B (at gy 2Mu+pa) ;
VRN B TR =
2t ua) 2w +he) #
M(kE)(Ch.i)r (k1)

Using Eq.(4.19), we finally obtain

k
C=M'rand A = EC(i)/k,

i=1

k:a mumber of MAsina GMA 20)
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IV. Numerical Results

To compare the existing HMRSVP ex-—
tensions with our MC-HMRSVP, we use the
average reservation cost for the total MAs in
a GMA with the following parameters: the
layer size of binary tree (1)=0.1~1, service
rate p: 0.1~1 for long service time, 207200
for short service time, handoff rate fg: 0.1~1
for long handoff time, 207200 for short hand-
off time, a=1, 6=0.1"1, k=1 or 2, H=175.

In Fig. 6, we first examine the average res-
ervation cost as increasing the service rate.
As the service rate increase, the values of
the Am,
decrease. In case of short service time, the
A,. there presents the lowest value among

the HMRSVP extensions as shown in Fig.

6(a). In the results of case Fig. 6(b), the mo-
bility of MH decrease as the service time

A, A,. have a tendency to

decrease, therefore, the A, and A,. shows

almost same tendency. This implies that the
reservation cost for the MH has a significant
influence by MH mobility.
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Fig. 6. The average Reservation Cost vs. Service time.

In Fig. 7, we observe how the increase of
handoff rate affects the reservation cost un-
der the fixed service rate. Similarly, when
the handoff rate is high, that is, the handoff
time is small, the A, represents the lowest
value among the HMRSVP extensions as
shown in Fig. 7(a). When the handoff rate is
small, the A,and A,.curves have a similar
tendency as shown in Fig. 7(b). The reason
of such a tendency is similar to the results
obtained in Fig. 6.
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(b) In case long handoff time(1/414)
Fig. 7. The average Reservation Cost vs. HandOff time

In Fig. 8 we observe the An, A, A, by
increasing the number of layer of the binary
tree. In this result, the A,. and A, curves
converge on the same point as the layer
increase. This fact explains our scheme per-
forms relatively well at a small network
(1<5,k=2% in comparison with
HMRSVPu. The result of HMRSVPm shows
the worst in a large size of network (I= 5)).
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In this case, we can see the network size is
a significant factor for the resource
reservation.

) w\k - .

" .
H— & ey —® ®
O S

4 5 6 7 8 2 1
Layer(Nyu=10,,=20,0=1,0<0.1,h1,H=2)

0 ‘ ‘
e s e
2 3

Fig. 8. The average reservation cost vs. Layer Size

In Fig. 9, we shows that the average res-
ervation cost of the A, and A, have a sim-
ilar tendency as the penalty cost (H)
increase. The NRR (new resource reser—
vation) cost (H) is needed for the reestab-

lishment path when a MH moves to the
neighbor GMA and can be decided by the
network reliability and network speed for the
high-speed traffic transfer. In Fig. 10, the A,
is significantly higher than those of the A,
and A, showing the similar tendency as the

reservation overhead (6) incases.
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3 ] ) A
g 12T/7 [N
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B e S O S
1 15 2 25 3 35 4 45 5

The resenvation cost in Core Netwom(H)(l=4,p=1o,pd=20,®=0-1,a=1.h=1)

Fig. 9.The penalty cost (H)
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V. Conclusions.

In this paper, we proposed a new reser—
vation scheme called MC-HMRSVP, which is
an extension of the HMRSVP®Y. In our re-
sults, we show that mobile cluster based
HMRSVP performs well when the service
rate is high and the handoff rate is high.
This is because it performs advance resource
reservation with the ARR cost (h) for the
inter cluster movement as well as the intra
cluster movement when MH handoff the
neighbor MAs. We also identified that the
NRR cost (H) for the reestablish path and
the ARR cost {h) for advance resource res-
ervation inter clusters are the significant pa-
rameters for the resource reservation.

For the future, these two parameters will
be studied in terms of the network capability
of Internet and the performance issue of
GMA. Also, a major problem of
MC-HMRSVP will be its applicability in the
current network infrastructure. It is required
that relevant routers of the underlying net-
work is aware of MC-HMRSVP, otherwise
the control traffic will be very high and will
even affect the best-effort performance.
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