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SUMMARY  Providing seamless QoS guarantees for multimedia ser-
vices is one of the most critical requirements in the mobile Internet. How-
ever, the effects of host mobility make it difficult to provide such services.
The next steps in signaling (NSIS) was proposed by the IETF as a new
signaling protocol, but it fails to address some mobility issues. This pa-
per proposes a new QoS NSIS signaling layer protocol (QoS NSLP) using
a cross-layer design that supports mobility. Our approach is based on the
advance discovery of a crossover node (CRN) located at the crossing point
between a current and a new signaling path. The CRN then proactively re-
serves network resources along the new path that will be used after handoft.
This proactive reservation significantly reduces the session reestablishment
delay and resolves the related mobility issues in NSIS. Only a few amend-
ments to the current NSIS protocol are needed to realize our approach. The
experimental results and simulation study demonstrate that our approach
considerably enhances the current NSIS in terms of QoS performance fac-
tors and network resource usage.

key words: quality of service (QoS), mobile Internet, NSIS, handoff, cross-
layer approach

1. Introduction

As mobile devices become popular and have more comput-
ing power, the demands for real-time multimedia services
are rapidly increasing. However, in mobile Internet, there
are some obstacles against providing such services. For in-
stance, the host mobility causes considerable service disrup-
tion and a traffic redirection overhead. The mobility-induced
variation of available network resources is another potential
barrier. Achieving seamless QoS guarantees is one of the
crucial challenges for such services. Mobility tends to dis-
rupt services mainly due to the delays in the link/network
layers, and the QoS signaling. This paper focuses on reduc-
ing the QoS signaling delay.

The resource reservation protocol (RSVP) [1] was de-
veloped for QoS signaling within integrated service, but it
cannot be applied directly to mobile Internet because it was
originally designed for wired Internet. Although a number
of studies [2]-[5] have extended the RSVP to address the
mobility issues, they did not provide appropriate signaling
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mechanisms for resolving the quality degradation due to the
mobility. In addition, the RSVP is known to have the con-
straints including flexibility, scalability and security prob-
lems [6],[7]. Accordingly, the Internet Engineering Task
Force (IETF) proposed a general IP signaling protocol suite
called the next steps in signaling (NSIS) [7].

There are some mobility issues in NSIS [8], [9] and the
basic NSIS operation for those problems in [9]. A crossover
node (CRN), which is a merging-diverging point of multi-
ple signaling paths, is discovered after handoff in the basic
operation. This incurs relatively long latency for the CRN
discovery and the session reestablishment. In addition, re-
search projects such as DAIDALOS [10] and WEIRD [11]
have proposed the NSIS-based QoS architecture in mobile
environments, but the detailed signaling mechanisms and
the performances were not presented. As a consequence,
the efficiency of the NSIS protocol that supports mobility
has not been adequately verified.

This paper proposes a scheme for seamless QoS guar-
antees based on a make-before-break model, which refers to
the advance reservation with a cross-layer design. In our ap-
proach, a CRN can be discovered before handoff. Thus, the
nodes on a new signaling path can prepare the QoS session
setup in advance so that they immediately use the network
resources after handoff. Our approach has several advan-
tages over existing schemes. First, a new signaling path
is optimized as a direct routing path simultaneously with
the session reestablishment. Second, no extra signaling is
needed over an IP tunnel. Third, our approach can be easily
adapted to other mobility support protocols such as session
initiation protocol (SIP), mobile stream control transmission
protocol (mSCTP) as well as Mobile IP (MIP) because our
cross-layer design is based on the interaction between the
QoS signaling and the link layer. Finally, our approach re-
quires only a few amendments to the current NSIS and no
other components are needed to the network entities. Note
that the preliminary version of this paper appeared in [12].

The performance of our approach is simulated and an
implementation is tested. The measured results from the im-
plementation confirm that our approach incurs no additional
delays except the handoff latency and guarantees continuous
QoS even when an MN moves to congested networks. In ad-
dition, the simulation results demonstrate that our approach
outperforms the conventional NSIS [9] in terms of the sig-
naling performance parameters. The performance gain of
our approach appears more significant as the offered load in
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the network is increased.

The rest of the paper is organized as follows: Sect.?2
briefly introduces the NSIS and the related mobility issues.
Section 3 describes how our approach operates in detail.
Section 4 illustrates the testbed environment and perfor-
mance evaluation results. In Sect.5, we present our simu-
lation study. Finally, in Sect. 6, we conclude this paper and
suggest future works.

2. Related Work
2.1 NSIS Overview

NSIS separates the functions of the signaling into two lay-
ers: NSIS transport layer protocol (NTLP) and NSIS sig-
naling layer protocol (NSLP). The NTLP is responsible for
delivering signaling messages of different signaling appli-
cations. The main part of the NTLP is the general Inter-
net signaling transport (GIST) [13], which discovers NSIS
nodes on a signaling path and delivers signaling messages
in a hop-by-hop fashion. An NSLP for QoS, the so-called
QoS NSLP [14] is responsible for the resource reservation.
Similarly to the RSVP, the QoS NSLP establishes and main-
tains a QoS state at each node along the data path. It uses
the following four types of messages for QoS signaling:

o RESERVE: establishes and handles a reservation state.

e QUERY: requests data path information, receiver-
initiated reservations, or support of certain QoS mod-
els.

o RESPONSE: provides information about the result of
a previous QoS NSLP message.

e NOTIFY: delivers information to a QoS NSLP node
without preliminary request.

The QoS NSLP nodes are categorized by their role
in signaling. QoS NSLP initiator (QNI) initiates QoS sig-
naling. QoS NSLP entities (QNEs) forward the signaling
messages along the signaling path, and QoS NSLP receiver
(QNR) is the terminating point of signaling. The QoS NSLP
provides both sender- and receiver-initiated operations. In
the former case, the QNI first sends the RESERVE message
with the QoS requirement for a data flow. The QNEs for-
ward the RESERVE message toward the QNR and, the QNR
sends the RESPONSE message to the QNI. The data flow
starts after this signaling operation. The receiver-initiated
operation is the same as the sender-initiated one except that
the QUERY message is sent by the QNR before the QNI
sends the RESERVE message.

A QoS NSLP message contains a common header in-
cluding the message routing information (MRI). It conveys
the direction of signaling (namely, an upstream or down-
stream) and the addresses of the QNI and the QNR. Thus,
the MRI is used as a flow identifier (FID). Additionally, a
session identifier (SID) manages the signaling states. Al-
though it is mapped to a specific FID, the SID is indepen-
dent of a data flow so that the changed FID can be remapped
to the SID without affecting the reservation state.
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2.2 NSIS Mobility Issues

Here, we discuss four known mobility issues that may sig-
nificantly affect the NSIS operation in [9].

e Double state problem: Because the resources reserved
along the old path are no longer valid after handoff,
the double resources for one session should be reserved
temporarily to support the continuous QoS. This tem-
porary reservation incurs an additional overhead and
wastes of the network resources.

e End-to-end signaling problem: Because the FID may
change due to mobility, the signaling state should be
updated along the entire path. However, installing sig-
naling states along the entire path incurs a considerable
processing overhead as well as service disruption.

e Invalid NSIS receiver (NR) problem: If the MN is an
NR (i.e., a QNR in a QoS NSLP), QoS NSLP messages
cannot be forwarded to the MN after handoff. Accord-
ingly, an error message may be triggered to inform the
QNI that the QNR fails or is truncated. Thus, the QNI
mistakenly remove the state on the old path.

o [P tunneling problem: If the MIP is used, the IP-in-IP
encapsulation makes the signaling messages invisible
to the intermediate nodes within IP tunnels. Thus, extra
signaling is required to resolve the invisibility problem.

The basic NSIS opreation provides a mechanism for
CRN discovery and for updating a QoS state locally after
handoff. Therefore, the session reestablishment delay may
be significantly long for multimedia services. Moreover,
the required network resources cannot be reserved in a con-
gested network due to insufficient available resources. This
approach also requires additional signaling incurred by the
IP tunneling problem. In addition, a routing path for signal-
ing and data flow, including an MIP tunnel, is not optimized
when an MN resides in a foreign network.

Bless and Rohricht [15] addressed those NSIS mobility
issues. In this approach, the flow information service ele-
ment should be equipped on every node for the interaction
between NSIS and MIPv6. This element provides an inter-
face to QoS NSLP or GIST for the request of mobility infor-
mation to MIPv6. However, this approach basically reestab-
lishes the signaling session after handoff, thus the session
reestablishment latency cannot be reduced sufficiently for
real-time multimedia services.

Another proposal of Benmammar and Krief [16] ba-
sically operates with hierarchical MIPv6 (HMIPv6) and is
based on a make-before-break model. It makes advance
reservations from a mobility anchor point to all candidate
ARs. Thus, it suffers from excessive advance reservations,
and requires considerable modification on the current Inter-
net due to the use of the HMIPv6. In addition, it predicts the
future location by the mobility profile that should be handled
by the mobile device in spite of its limited computing power.
In summary, the efficiency of NSIS in mobile environments
has not been sufficiently verified.
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3. Proposed Approach
3.1 Overview

In our approach, the advance CRN discovery is based on
the movement prediction from link-layer information. Be-
cause the CRN is discovered before handoft, it can initiate a
resource reservation in advance along a new data path. Af-
ter handoff, the reservation on the new path is immediately
activated without the session reestablishment on the entire
path. As a result, the session reestablishment latency can
be significantly reduced. In addition, the signaling path be-
tween CRN and MN can be directly routed without the bi-
directional tunnel. This signaling path optimization is per-
formed simultaneously with the above session reestablish-
ment. Our approach can achieve those effects with simple
amendments to the current NSIS protocol. Just three mes-
sage flags to the QoS NSLP messages and two mobility con-
trol modules need to be added to the current QoS NSLP.
Figure 1 depicts the overall message exchange proce-
dure among NSIS nodes in our approach. With the move-
ment prediction, the MN informs the QoS NSLP of its fu-
ture location for triggering the advance reservation process.
Thereafter, the QoS NSLP in the MN informs its handoff
initiation with a Handoff _Init message along the (old) cur-
rent path (Step 1). After that, each QNE in the current path
determines whether it is the CRN for the MN (Step 2). If
a QNE is not selected as the CRN, it forwards the Hand-
off_Init message to the next QNE. Otherwise, the CRN im-
mediately establishes an advance reservation to the new AR
(Step 3). This advance reservation does not trigger the QoS
state installation in the QNEs along the new path until the
handoff completion. When the MN completes its handoff,
it sends a Handoff_Done message along the new path (Step
4). Subsequently, the new AR forwards the Handoff_Done
message toward the CRN and each QNE on the new path
activates the previously stored advance reservation (Step 5).
Upon receiving the Handoff_Done message, the CRN im-
mediately requests the state update along the common path
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Fig.1  Overall message exchange procedure.
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(Step 6(a)). At the same time, the CRN sends a teardown
message toward the old path in order to avoid the double
state and the invalid NR problems (Step 6(b)). For simplic-
ity, we assume that Steps 2 and 3 are completed before Step
4 in general. Even though Step 3 might not be completed
before Step 4, the QNEs along the new path just install a
new QoS state for the corresponding session with that in the
advance reservation message received later.

Figure 2 shows the modified NSIS protocol stack. As
shown in Fig.2, our approach predicts the MN’s move-
ment with a link-layer API. This prediction information
is delivered to the advance CRN discovery module in the
QoS NSLP via a GIST API. We modified the parts of the
GIST API for handling the movement prediction and de-
fined the movement information for communicating with the
link layer. Advance CRN discovery and local state update
modules are added for mobility control in the QoS NSLP.

3.2 Advance CRN Discovery

A CRN can be discovered before handoff when an MN de-
termines the access point (AP) to which it will be associated
later. There are some approaches [17]-[20] that use layer
2 (L2) information for reducing the handoff latency. Sim-
ilarly to those approaches, our approach utilizes the L2 in-
formation to predict the movement of the MN. We assume
that an MN can simultaneously detect L2 signals from mul-
tiple APs, and there is always an overlapped area between
two adjacent wireless cells. The MN continuously compares
the signal strength of the neighboring APs by active or pas-
sive scanning [21]. One of the reachable APs that emits the
strongest signal during the movement prediction time is se-
lected as a future location before handoff. If the movement
prediction is inaccurate, the QoS NSLP operates in a con-
ventional way (that is, it discovers the CRN after handoff).
Figure 3 shows the advance CRN discovery procedure.
After determining the future location, the MN sends the NO-
TIFY message, which contains the MAC address of the new
AP, toward the upstream path. The NOTIFY message con-
tains the HO_INIT flag, which refers to the handoff initia-
tion. Upon receiving the message, the old AR resolves the
IP address of the new AR by using the neighbor AR map-
ping table, which contains the binding information between
the MAC addresses of neighboring APs and the IP addresses
of the corresponding ARs. Note that the mapping table is
assumed to be created with the deployment of ARs and the
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Fig.2  Proposed QoS NSLP in the NSIS protocol stack.
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spatial overhead incurred by the mapping table is just a few
bytes of memory.

For the advance CRN discovery, each QNE can find a
route to the new AR by simply referring to its routing ta-
ble. In most cases, each entry, r in a routing table, RT has
a next hop field, which indicates the IP address of the next
hop router to which the packet is to be sent on the way to its
destination. The NSIS-aware routers store the reservation
direction in SID (i.e., SID.direction) and the IP addresses of
its upstream and downstream peers in GIST. Note that non-
NSIS-aware routers forward the NSIS messages according
to the routing algorithm. A QNE follows Algorithm 1 to de-
termine whether it is the CRN. If the change of destination
in the MRI is detected in the received NOTIFY message,
the QNE first looks up RT to know the next hop router to-
ward the new AR (i.e., rnexthop(new_AR)) and compares
its address with the current upstream or downstream peer’s
address. At the same time, the QNE examines whether its
outgoing interfaces for the next hop router and the peer are
different or not. If the two addresses are equal, the QNE is
not selected as a CRN. If the two addresses and outgoing
interfaces are not equivalent, the QNE recognizes that there
is a different route to the new AR. Thus, that QNE decides
to be a CRN.

As shown in Fig.3, the selected CRN immediately
sends the NOTIFY message by setting the CRN_DCVD flag
to inform the MN that CRN is discovered. At the same time,
a stateless RESERVE message with the new MRI is sent to
the new AR. Then, the QNEs on the new path store the new
MRI, but does not immediately install the reservation state
to avoid a waste of resources. Therefore, this advance reser-
vation enables the network resources on the new path to be
used for other flows while it is inactivated.

3.3 Local State Update

After handoff, two signaling procedures are performed for
reservation session adjustment: activation of the advance
reservation on the new path; and a local state update on
the common path (that is, the path between the CN and the
CRN). Figure 4 depicts the message exchange procedure.
Each step in Fig. 4 is described in detail as follows:

e Handoff notification: After receiving an MIP registra-
tion reply or a binding update from its home agent, the
MN immediately sends a NOTIFY message toward the
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Algorithm 1: CRN discovery algorithm on a QNE

1 if SID == NOTIFY.SID AND NOTIFY.HO_INIT == TRUE then
2 if SID.direction == upstream then

3 new_AR = NOTIFY.MRI.destAddr;
4 next_peer = upstream_peer;
5 endif
6 else
7 new_AR = NOTIFY.MRI.srcAddr;
8 next_peer = downstream_peer;
9 endif
10 while each r € RT = NULL do
11 if rnexthop(new_AR) != next_peer AND
outgoing_interface(r.nexthop(new_AR)) !=
outgoing_interface(next_peer) then
12 iSCRN = TRUE;
13 exit;
14 endif
15 else
16 continue;
17 endif
18 endw
19 isCRN = FALSE;
20 Forward the received NOTIFY message to the next_peer;
21 endif
MN New AR CRN CN Old AR
<MIP R(f_gi.st_ra_ti_o_nAR_eply_ ___________ -
NOTIFY
INFO, HO_DONE)
Install < NOTIFY
Qos Statea] (INFO, HO_DONE)
w NOTIFY
QoS State’ INFO, RT_CHG) | RESERVE
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[--oooe - Data Flow ) -

Fig.4  Local state update procedure.

CRN with the HO_DONE flag set.

o Activation of advance reservation: Upon receiving the
NOTIFY message, each QNE on the new path installs
the QoS NSLP state for the given session and flow as
long as the network resources are sufficient to be re-
served. Thus, the flow can be given high priority over
other traffic (e.g., the best-effort traffic). This message
is forwarded until it reaches the CRN.

e Reservation state update: When the HO_DONE NO-
TIFY message has arrived, the CRN immediately sends
a NOTIFY message with an RT_CHG flag set to the
CN. On receiving this message, each QNE updates its
state of the corresponding session.

e Old path teardown: At the same time as it sends a state
update message to the CN, the CRN also sends a RE-
SERVE message toward the old AR with a T-flag set
in order to release the previously reserved resources so
that we can avoid the double state problem and the in-
valid NR problem.

The local state update can significantly reduce the ses-
sion reestablishment latency because only the reservation
states on the common path are updated, not on the entire
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path. After the local state update, the QoS NSLP notifies
the changed destination address to the corresponding mul-
timedia application so that the CN replaces the destination
address of the data flow with the MN’s care-of-address to
transmit packets along the new path.

4. Testbed Implementation
4.1 Testbed Construction

We implemented an experimental testbed for evaluating the
operability of our approach. As shown in Fig. 5, the testbed
contains four routers including ARs, an MN, and a CN. In
spite of its simplicity, the testbed configuration is sufficient
for comparing and characterizing the performance of our
scheme and conventional NSIS.

A proposed NSIS is installed on every node except the
traffic generator. The ARs are equipped with an MIP mod-
ule. For wireless access, the APs and the MN are equipped
with IEEE 802.11 [21] interfaces providing 11 Mbps data
rate. The APs connected to the ARs reside in different sub-
net and have different ESSID. A hierarchical token bucket
[22] and a stochastic fairness queuing [23] are used for QoS
differentiation. Dynamics MIP software [24] is deployed on
the ARs and MN to support mobility. For video transmis-
sion, a VideoLAN client [25] is used, and a multi-generator
tool [26] is used to generate the background traffic.

With the testbed, we analyzed the delay factors of the
handoff that affects the service disruption as shown in Fig. 6.
The time taken to pass through the overlapped area, Tog4,
varies with the configuration. The measured time for the ad-
vance reservation (7 4x) in our testbed averages about 18 ms.
Actually, Tp,4 is longer than T4z. For example, Tp4 is 2s

Traffic
Generator

;_‘_;_;_,ﬁ

andoff

Fig.5  Experimental testbed environment.
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Fig.6  Handoff delay factors in the service disruption.
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when the width of the overlapped area is 30 m and the ve-
locity is 15 m/s. Thus, the advance reservation is guaran-
teed to be completed in our testbed before the connection is
lost. The handoff latency, THandog, consists of the delay of
L2 roaming, Tg, MIP advertisement, 74,4, and MIP binding
update, Tgy. L2 roaming is performed by the reassocia-
tion with the new AP [21]. Because there are only two APs
that should be scanned before handoff, Tk is less than a few
milliseconds in our testbed. After the L2 roaming, the MN
waits for an advertisement from a new foreign agent or so-
licits for new connection. In our testbed, the interval of the
agent advertisement, 744, is configured to be 100 ms. If the
MN receives the agent advertisement, it sends the MIP reg-
istration request to its home agent. The binding update time,
Ty, is the interval from when a registration request is sent
to when the corresponding registration reply is received. In
our testbed, Ty is measured as 42 ms on average. In our
approach, the total service disruption time, T pigruprion, 15 the
sum of Thangop and the delay of the reservation activation
process, T4, which is measured as 9 ms on average. Thus,
the portion of T4 within T pjsruprion s about 9% so that it
does not significantly affect the service disruption. On the
other hand, the time for the QoS session reestablishment in
the conventional NSIS, Tre—estabiishs 1S about 1.5s on aver-
age. Thus Tre—csapiisn significantly increases Tp;sruprion-

4.2  MPEG Video Streaming

To perform video streaming experiments, MPEG video is
streamed from CN to MN over UDP at a constant bit rate
(CBR) of 1.75 Mbps. The maximum capacities of the wired
and wireless links are about 94.1 Mbps and 4.9 Mbps. A
bandwidth of 2 Mbps is reserved on intermediate routers for
the video stream. We measured the average video streaming
rate and the PSNR values of the video frames. The PSNR
is one of the objective and widely-used quality metrics for
video because it can be calculated simply in terms of the
mean square error [27]. The maximum PSNR is 78.13 dB
when the complete video frames are streamed. If the PSNR
is less than 30dB, we conclude that the frames are lost or
damaged [28]. As depicted in Fig.5, the MN is initially
attached to ARI1 and moves to the cell managed by AR2
while receiving and playing the video stream. The heavy
background traffic of 93 Mbps is loaded between the CRN
and AR2.

Figure 7 shows the variation of the video streaming
rate. At around the 29 second, the handoff procedure is
initiated and the data rate is rapidly decreased in both ap-
proaches. After the completion of handoff, the conventional
NSIS suffers from significant video quality degradation due
to heavy background traffic for about 7s. Considering that
the session reestablishment time in conventional NSIS is es-
timated to be 1.5 s, as shown in Fig. 7, the congestion of the
new wireless cell managed by AR2 significantly impacts on
the quality degradation of the streamed video. However, our
approach quickly recovers the stable data rate after a short
service disruption (of less than 1s). This quick recovery is



LEE et al.: QOS NSIS SIGNALING LAYER PROTOCOL FOR MOBILITY SUPPORT WITH A CROSS-LAYER APPROACH

Handoff

Average streaming rate
M

¥ '
Voo
14 ot
13k 7 Seconds —— Proposed Approach
---%--- Conventional NSIS
1.2 . . ‘ ‘ ; ' ‘
0 10 20 30 40 50 60 70 80
Time (Sec)

Fig.7  Average video streaming rate.

80 80

‘ 70
60
=
2140
1

73
Z 30

20 T
10

10 handoff handoff

0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Frame Number

(a) (b)

Fig.8 PSNR of an MPEG video stream with (a) the proposed approach
and (b) conventional NSIS.

Frame Number

possible because, with advance reservation, the variation of
streaming rates is scarcely affected by severe service disrup-
tion, except for the handoff latency.

Figure 8 shows the PSNR values for the video frames
delivered to an MN when our approach (a) and the conven-
tional NSIS (b) are applied. As depicted in Fig. 8(b), the
conventional NSIS suffer from about 216 damaged frames.
In this case, the desired QoS level is not guaranteed because
of heavy background traffic. However, our approach leads
to only 31 frames being damaged after handoft as shown in
Fig. 8(a). Note that most of the damaged frames are affected
exclusively by the handoff latency caused by the link and
network layer not by the QoS signaling latency. This out-
come shows that our approach can avoid the video quality
degradation by reducing the session reestablishment latency
even in a congested network.

5. Simulation Study

In addition to the testbed implementation, we conducted a
simulation with ns-2 [29] to illustrate how effectively our
approach guarantees that a MN would complete its reser-
vation session without failures. We compared the proposed
approach to the conventional NSIS and MQoS NSLP [16].
Figure 9 shows the network topology where all 49 ARs are
uniformly distributed in the simulation area. Each wireless
cell has a coverage of 250 m, and the overlapped area be-
tween two cells is 150m. For simplicity, the distance be-
tween the CRN and each AR is configured to be one hop.
In our simulation, the MNs’ movement pattern follows the
random walk on the tours model [30], where the initial lo-
cations and the movement directions of the MNs are ran-
domly chosen. When an MN reaches the border of the sim-
ulated area, the movement direction of the MN is randomly

0 200 400 600 800 1000 1200 1400 1600 1800 2000
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changed. The speed of the MN’s movement varies from
1.5m/s to 25 m/s.

The QoS evaluation factors are the same as those in
[3]. They are useful for showing the overall performance
of the QoS signaling protocols. The reservation blocking
ratio (RBR) is the probability of a reservation request for
a wireless cell being blocked due to a lack of network re-
sources. The session loss ratio (SLR) indicates the probabil-
ity of an MN losing its active reservation path after handoff
due to a lack of network resources. The session completion
ratio (SCR) represents the probability of an MN success-
fully completing the reservation session without suffering
any reservation blocking or session loss. Hence, this ratio
reflects the combined effect of the first two factors.

To measure those QoS factors, we increased the offered
load (p), which is the total number of active reservation re-
quests (i.e., RESERVE messages) from MNs in the simu-
lated area. If we assume that the inter-arrival time of reser-
vation requests and the reservation duration follow exponen-
tial distributions with a mean 1/4 and 1/u, respectively, the
offered load is equal to NA/Cp, where N is the average num-
ber of MNs per AR and C is the average total number of
available reservation sessions supported by an AR. In our
simulation, A and y are configured as 1/180. We can change
the offered load so that it ranges from 0.1 to 1.0 by increas-
ing N which varied from 5 to 50.

Figure 10 shows the RBRs, SLRs, and SCRs for the
conventional NSIS, MQoS NSLP and the proposed ap-
proach. As the offered load increases, the RBR increases in
all cases because the lack of the available resources. Espe-
cially, RBR of MQoS NSLP steeply increases because it un-
necessarily reserves the resources of all candidate ARs be-
fore handoff. When the offered load is greater than 0.4, the
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RBR of the conventional NSIS increases more rapidly than
that of our approach. This is because the reservation state
of the current session is not prepared in the routers on the
new path. In addition, the extra signaling for the IP tunnel
requires additional network resources between the CRN and
the home agent. That is, the distance of the new signaling
path is increased and the network resources of the IP tunnel
should also satisfy the QoS requirements. As a ressult, the
reservation request for a new session cannot be accepted by
the routers on the new path. On the other hand, the proposed
approach prepares the reservation along the new path before
handoff. Moreover, the distance of the new path is shorter
because our approach does not require extra signaling over
the IP tunnel. Thus the reservation requests of a new session
can be accepted more easily.

Clearly, the greater the number of advance reserva-
tions, the lower the SLR. The conventional NSIS does not
make any advance reservations. Thus the SLR increases
more sharply as the offered load increases. In contrast,
MQoS NSLP and our approach make advance reservations
so that the reservation session is not easily lost. In the pro-
posed approach, the advance reservation is performed for at
least one of ARs to which an MN is most likely to move
into whereas the advance reservation in MQoS NSLP is per-
formed for all the neighboring ARs. Therefore, more re-
sources are available in our approach compared to MQoS
NSLP. The SCR decreases in all approaches as the offered
load increases. However, the slopes of both the conventional
NSIS and MQoS NSLP are steeper than that of the proposed
approach. This outcome indicates that our approach can
achieve SCR of 73.6% even when the offered load is 1.0
while the corresponding SCR of the conventional NSIS and
MQoS NSLP are 59.1% and 28.0%, respectively because of
greater RBR and SLR.

6. Conclusion

In this paper, we proposed an enhanced QoS NSLP that sup-
ports mobility with a cross-layer approach. Our approach
uses movement prediction based on link layer information
to reduce the number of unnecessary advance reservations.
In our approach, the CRN is discovered before handoff, and
the network resources along the new path are proactively re-
served. Moreover, Our approach requires only a few modi-
fications to the current NSIS and does not need additional
software on the network entities (such as the CN, CRN,
ARs, and MN) except for the modified NSIS itself. The
experimental results show that our approach can recover the
reservation state for a QoS guaranteed flow within a few mil-
liseconds after handoff. Thus, the service disruption due to
handoff is significantly reduced. The performance compari-
son with several QoS factors in the simulation study shows
that the current NSIS and MQoS NSLP can be considerably
enhanced by the proposed approaches, especially with re-
spect to RBR, SLR, and SCR. This capability indicates that
our approach can guarantee a seamless multimedia QoS in
mobile Internet by reducing the latency of signaling session
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adjustment. In addition, the proposed approach resolves the
mobility issues that arise in the current NSIS protocol.

We have shown that our approach is an efficient way to
provide QoS guarantees when the network is congested. In
future works, we plan to improve our mechanism by mak-
ing it compliant with other mobility management protocols
such as SIP and mSCTP. For a seamless mobile multime-
dia service, the total handoff delay incurred by L2 roaming
and the routing path switching in the network layer must be
drastically reduced.
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