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ABSTRACT (TURKISH)

TELSiZ MPLS HUCRESEL AGLAR iCIN KULLANICI GEZGINLIK
KALIBI TABANLI RSVP

Anahtar Kelimeler : Telsiz Aglar, Telli Aglar, RSVP, El Degistirme,
Kullanic1 Gezginlik Kalibi, U-RSVP, Yer Yonetimi, [letim Katmani, Gezginlik,
MPLS

Internet kullanicilarinin istegi 6zellikle gergek zamanl uygulamalar igin
biiyilkk bir hizla artmaktadir. “Best effort service” modeli g¢oklu ortam
uygulamalar1 igin yetersiz kalmaktadir. Ugtan uca servis kalitesini saglamak
maksadiyla IETF tarafindan degisik yaklasimlar gelistirilmigtir. Biitiinlesik
service mimarisi ger¢ek zamanlt uygulamalar i¢in gelistirilmigtir ancak, omurgada
ilave sinyal olugmasina sebep olmaktadir. Ayrik servis mimarisi internette
dlceklenebilir bir yapt ortaya koyarken ayni zamanda sinyal trafigini de azaltmak
icin O6nerilmigtir. Coklu protokol etiket anahtarlama (MPLS) hem trafik
miithendisligini ve servis kalitesini hem de ayrik ve biitiinlesik servislerin sundugu

avantajlari saglamaktadir.

Bu tezde, yer yonetimi olarak tasarlanan UMP teknigi kullanarak
hiicresel telsiz MPLS aglar igin UMP tabanli bir RSVP teknigi onerilmigtir. UMP
tekniginde gezgin kullanicy, ziyaret edilecek hiicreler ve hiicreye giris zamanindan
olusan gezginlik kalibin1 kaydeder. UMP kullanarak sadece bir sonraki hiicre
degil hiicre giris zamam da tahmin edilebildiginden yer degistirme
gerceklesmeden o6nce yeni bir LSP yaratabiliriz. Bu husus MPLS’i gezgin
kullanicilarin  servis kalitesi bakimindan daha giiglii ve giivenilir yapar.
Simiilasyon sonuglari ¢agri engelleme oraninda hafif bir yiikselisle birlikte ¢agri

diisme oraninin %20 oraninda azaldiini gostermektedir.
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ABSTRACT (ENGLISH)

USER MOBILITY PATTERN BASED RSVP SCHEME FOR WIRELESS
MPLS NETWORKS

Keywords : Wireless Networks, User Mobility Pattern, RSVP, U-RSVP,
MPLS, QoS, Handoff, Location Management, Transport Layer, Middleware,
Mobility,

The Internet users’ demand is explosively growing especially for the
real-time multimedia applications. The best-effort service model of the Internet is
inadequate to support multimedia service requests. Various approaches have been
introduced by IETF to support end-to-end quality of service (QoS. The integrated
services architecture was developed to provide QoS for real time applications but
it creates additional signaling traffic in the backbone. Differentiated services was
proposed to reduce signaling cost as well as to enable scalable services in the
Internet [7]. multiprotocol label switching (MPLS) [11] provides traffic
engineering (TE), QoS, (iifferentiated services, and supports integrated services.
Thus it leverages both the advantages of the integrated and differentiated services

architectures.

In this thesis We propose a new user mobility pattern based RSVP
scheme for wireless cellular systems where the user mobility pattern based
registration and paging (UMP) technique is used for location management. In the
UMP technique a mobile registers a mobility pattern made up of the cells to be
visited and the expected cell entry times. Since not only the next cell but also the
cell entry time can be predicted by using a UMP, we can create a new label
switched path (LSP) for the new cell before a handoff occurs. This makes MPLS

more powerful and more reliable for QoS requirements of mobile terminals. The

iv



simulation results show that our scheme reduces the call termination rate 80 % in

the average in the expense of slightly increased call blocking rates.
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l. INTRODUCTION

The Internet users’ profile is changing and growing rapidly. A worker
who is trying to be on time for his or her job will want to read his/her e-mails on a
bus. An other one will want to watch a remote video or a videoconference with
someone else during a tiring train trip. The users demand is explosively increasing
especially for the real-time multimedia applications already now via GPRS
teéhnology. The best-effort service model of the Internet is inadequate to support
multimedia service requests since it causes variable queuing delays and
congestion delays [50]. Various approaches have been introduced by IETF to
support end-to-end quality of service (QoS). The integrated services architecture
[50] and Resource Reservation Protocol (RSVP) [2,12] was developed to provide
QoS for real time applications. In integrated service RSVP model every end-to-
end connection needs additional signaling traffic in the backbone. Differentiated
services [13] is proposed to reduce signaling cost as well as to enable scalable
services in the Internet [7]. Multiprotocol label switching (MPLS) [11] provides
traffic engineering (TE), QoS, differentiated services, and supports integrated
services. Thus it leverages both the advantages of the integrated and differentiated

services architectures.

While the demand or different Internet service for the mobile users
increases, the problems that have to be solved increase as well. The most
important ones are the QoS needs and using wireless bandwidth most efficiently.
Terminal mobility imposes additional difficulties in the realization of reservation-
based schemes designed to guarantee QoS. If the next cell that an MT will
handoff and the cell entry time can be predicted during the lifetime of a data flow,
resources can be reserved just in the right cell at the right time. User mobility
pattern (UMP) based location update and paging (UMP) scheme [1] helps us to

realize a mobility prediction in this detail.

In this thesis a new UMP based resource reservation protocol (RSVP)

scheme that reduces the cost of bandwidth reservation in MPLS is introduced to



support end-to-end QoS and using wireless frequency spectrum most efficiently.
MPLS does not support end-to-end QoS. It solves the problems in the backbone.
Our work makes MPLS more powerful since it supports both mobility and end-to-
end QoS for MPLS networks. Furthermore we do not propose any change in
original MPLS and original RSVP

The power of our work is the UMP based location management scheme
[1]. Since not only the next cell but also the cell entry time can be predicted by
using UMP, we can create a new LSP in the next cell before a handoff occurs.
This makes MPLS more powerful and more reliable for QoS requirements of
MTs. This work shows that a new LSP for which the source node is the new cell
can be effectively created for an active connection before an MT handoffs, and
this can be achieved transparent to the MT when the UMP based location

management scheme is used.

In Section II, QoS and traffic engineering are explained. The UMP based
location update and paging is presented in Section III. We introduce our new
UMP based RSVP (U-RSVP) scheme in Section IV. The performance of U-RSVP

is evaluated in Section V. We conclude our paper in Section VL



ll. QUALITY OF SERVICE

A. OVERWIEV

Quality of Service (QoS) is defined as a set of service requirements to be
met by the network while transporting a flow in [51]. There are generally three
phases to support QoS as shown in Fig. 1. First one is the procedure between an
end user and an Internet Service Provider (ISP), the second one is the procedure in
the backbone and the third one is the procedure between the other end user and
his/her (ISP).

END USERA ' END USER B

Fig. 1 QoS Phases

The study for QoS [16,17,35,41,43,57-75] aims to solve all the problems
according to users requests now and for future. While the number of users and the
demand for different services increase, the best effort service becomes not
enough. Because best effort service just tries to send packets when the lines

permits. There may be delays in the transmission of packets based on the network



load. This may cause problems on voice, remote video or videoconference. The
Internet Engineering Task Force (IETF) has developed different service models to
meet the demand for QoS request such as Integrated Services/RSVP [12] model,
the Differentiated Services (DS) model [13], MPLS [11]. We will explain these

service models below.
B. TRAFFIC ENGINEERING

Traffic engineering deals with the controlling a network’s data flow

traffic to use the Internet resource most effectively with the best performance [28].

“Traffic engineering can be viewed as assistance to the routing
infrastructure that provides additional information in routing traffic along
specific paths, with the end goal of more efficient utilization of  networking

resources.

Traffic engineering is performed by directing trunks along explicit paths
within the ISP's topology. This diverts the traffic away from the shortest path
computed by the IGP and presumably onto uncongested links, eventually arriving
at the same destination. The Specification of the explicit route is done by
enumerating an explicit -list of the routers in the path. Given this list, traffic
engineering trunks can be constructed in a variety of ways. For example, a trunk
could be manually configured along the explicit path. This would involve
configuring each router along the path with state information for forwarding the
particular label. Such techniques are currently used for traffic engineering in some
ISPs today. Alternately, a protocol such as RSVP can be used with an Explicit
Route Object (ERO) so that the first router in the path can establish the trunk.
The computation of the explicit route is beyond the scope of this document but
may include considerations of policy, static and dynamic bandwidth allocation,

congestion in the topology and manually configured alternatives” [52].



While the demands increases and greater the Internet by means of
technology and the infrastructure greater the study to scale the Internet about
Traffic Engineering [20,21,23-26,28-33,54-57]

C. BEST EFFORT SERVICE

The first use of Internet is to send e-mails and to transfer files. When a
request arrives at a router, it waits until the network resources are available to
send. Thére are delays and congestion losses [50] but it is not important when you
send e-mail or a file. We call this type of service as best-effort service. Best effort
service is quite well suited to applications with lax demands for timely and
predictable packet delivery. Such applications tend to generate their data in bursts,
or at least can tolerate data being transferred in bursts [115]. This service is useful
for e-mails and files transfers. But the demand for Internet forces ISP’s to use new
system models to answer for voice, vide etc. We cannot use best effort service for

voice or video streaming.

“Over the last decade the Internet community came up with Integrated
Services and Differentiated Services, two new architectures for resource
allocation in the Internet. The two architectures introduced a number of new

concepts and primitives that are important to QoS support in the Internet:

Frameworks for resource allocation that support resource assurance and

service differentiation

New Service models for the Internet in addition to the existing best-effort

service
el anguage for describing resource assurance and resource requirements
eMechanisms for enforcing resource allocation” [114].

Integrated Services and Differentiated Services represent two different

solutions. Integrated Services provide assurance through resource reservation for



individual application flows, whereas Differentiated Services use a combination

of edge policing, provisioning, and traffic prioritization. [114]
D. INTEGRATED SERVICES (IS)
1. OVERVIEW

Today the digital voice and video hardware technology is inexpensive
and highly-sophisticated software applications have been developed but it is seen
that the real-time applications often do not work well across the Internet because
of variable queuing delays and congestion losses. The Internet, as originally
conceives, offers only a very simple quality of service (QoS), point-to-point best-
effort data delivery. Before real-time applications such as remote video,
multimedia conferencing, visualization, and virtual reality can be broadly used,
the Internet infrastructure needs to be modified to support real-time QoS, which
can be done by providing some control over end-to-end packet delays. This
extension has to be designed from the beginning for multicasting; simply
generalizing from the unicast (point-to-point) case does not work. [50] This is the
reason why the Intserv model is developed. The study for integrated service
continues [54,55,56}

2. INTEGRATED SERVICES MODEL

The IS model proposes two types of service targeted towards real-time
traffic: guaranteed and predictive service on best effort service. It integrates these

services with controlled link sharing [50]

In this model resources must be definite to guarantee a real time service.
So a reservation setup protocol-is necessary to work with. This is Resource

Reservation Protocol (RSVP) [12]



3. RSVP

RSVP [2] is developed to provide QoS forAreal time applications. It is a
receiver-oriented signaling protocol where a resource reservation starts from the
receiver. To establish a connection, a source node first sends é PATH message to
the receiver. If the receiver accepts the connection request and has enough
resources for the connection, it sends a RESV message'to the source. The nodes
that can provide resources required for the connection repeat the RESV message
to the next node on the reverse path to the source node. Fig. 2 shows RSVP
signaling mechanism. If all the nodes can provide the resources needed, then the
RESV message arrives at the source and the connection is established. If a node
along the route does not have enough resource, the connection cannot be
established. RSVP is defined for wired networks but there are studies to use it for

wireless mobile networks.

In [77] a dynamic resource allocation scheme is proposed to run Intserv
applications within a DiffServ network by adding RSVP extensions for real time

services in wireless mobile networks.

In [78] a reservation protocol, Mobile RSVP, to provide real time
services to mobile users in an integrated services packet network is defined to
make advance reservation for the future location of mobile nodes. In this model, a
mobile host can make advance reservations from a set of locations, called
Mobility Specification (MSPEC). MSPEC should be the set of locations the
mobile host will visit while it participates in the flow. It assumes that the mobile
host acquires its MSPEC, either from the network or from its mobility profile
when it initiates a reservation. It supports two types of reservations: active and
passive. The MT makes active reservation from its current location and it makes

passive reservation from the other locations of its MSPEC.

In [80] Dynamic resource Reservation Protocol (dRSVP) is proposed for

dynamic bandwidth management for a variable bandwidth wireless environment.



It describes an approach for providing dynamic QoS support in a variable
bandwidth network, which may include wireless links and mobile nodes. The
dynamic QoS approach centérs on the notion of providing QoS support at some
point within a range requested by applications. To utilize dynamic QoS,
applications must be capable of adapting to the level of QoS provided by the
network, which may vary during the course of a conneqtion. To demonstrate and

evaluate the dynamic QoS concept [80] propose dRSVP

PATH BATH PATH PATH
/“\quter
Router 2
[ =]
Sender Recsiver
RESV RESV RESV RESV

Fig. 2 RSVP Mechanism

E. DIFFERENTIATED SERVICES

Integrated services provide QoS but the cost is very high. Because RSVP
has to handle each flow separately. It means every router must be aware of this
model and has to handle per-flow information. In Diffserv model networks can be
divided into two parts: The first is the access networks and the second is the
backbone. The purpose is to send Internet packets as early as possible and classify
the packets according to their QoS demand. There are two types of routers in this
model; core routers and edge routers. The packets are classified in the edge
routers. This procedure may take time but this is not important because the link

between the user and edge routers make the bottleneck. When the packets arrive



the core router they are just forwarded simply. The packets are classified
according to the TOS (Type of Service) [15] byte in [P header. Applications set
TOS byte (DS field) according to the need for low-delay, high throughput or low-
loss-rate service. Using classification various types of services can be provided by

ISPs such as:

Premium service for applications that require low-delay and low-jitter

service

Assured service for applications that require better reliability than best-

effort service

Olympic service, which provides three tiers of services: gold, silver and

bronze, with decreasing quality [14].

Diffserv model was designed for wired networks. But there are some
approaches that use Diffserv model in wireless networks. In [76] bandwidth
reservation for a Diffserv wireless mobile networks is defined. [16] describes a

model combining RSVP and Differentiated services to realize the benefits of each.

IntServ, RSVP and DiffServ can be seen as complementary technologies
in the pursuit of end to-end QoS. Together these mechanisms can facilitate
deployment of multimedia applications. IntServ enables host to request per-flow,
quantifiable resources, along end to end data paths and to obtain feedback
regarding admissibility of these requests. DiffServ enables scalability across large
networks. The primary benefit of combining IntServ and DiffServ is the increased

scalability, provided through the aggregate traffic control of DiffServ [17].
F. MPLS
1. OVERVIEW

The routing mechanism used today is IP forwarding. IP forwarding

depends on datagram model In this model each packets is sent to its destination



address independently. The path is calculated according to existing routing
protocols. This is called destination based forwarding mechanism. Each router in
the backbone looks up the header of each packet to decide where to send it. The IP
header has more information than it is needed to forward the packets. This makes
the Internet to slow down. There is another mechanism for data networking,
called virtual circuit. Asynchronous transfer mode (ATM) and, Frame Relay (FR)
use this mechanism. Before data transfer a virtual connection is setup by signaling
protocols. This approach is called connection oriented. Today lots of the Internet
backbones use ATM. There are mechanisms to run IP over ATM but, there are
some scalability problems with ATM. The need for more seamless IP/ATM
integration led to the development of label switching. The IP switch uses a
property signaling protocol to set up an ATM connection on the fly for long
lasting IP flows. Several other approaches were soon proposed, including Cisco’s
Tag Switching and IBM’s Aggregate Route-based IP switching (ARIS). Although
these approaches differ in detail, they are all based on the same paradigm of label
switching [114].

MPLS has been developed for QoS, gigabit forwarding, network scaling,
and traffic engineering to support both the integrated and differentiated services
[3]- The Internet packets that have similar characteristics are assigned to a
forwarding equivalence class (FEC) and labeled according to this FEC in the
MPLS networks. These packets are conveyed through a virtual path called a label
switched path (LSP). A label switched router (LSR) that also assigns the traffic
engineering (TE) parameters to the packets does labeling. LSPs are created by a
label distribution protocols (LDPs) such as LDP [10] or RSVP-TE [9]. Once the
packets are assigned to a FEC, no other analysis of packets is needed in the
backbone LSRs. Instead, packet forwarding is used in the MPLS network.
Therefore MPLS is faster than the other systems as well as it provides service

differentiation.
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2. IP FORWARDING VERSUS MPLS

When a packet travels from one router to another according a network
layer protocol (i.e., IP), on the backbone, each router decides how it is going to
forward it. This means for example every packet for a TCP connection may not
tracks the same routers. When the next router gets a packet it has to control the
network layer header of that packet and has to make a forwarding decision for
that. If there some address prefix in that router’s routing table matches these
packets are assigned to the same FEC for next hope. As the packets arrives the

other router each one of them reexamines the packets.

In MPLS when a packet is assigned to a FEC no other analysis is done at
the other routers. Next router just changes it label and forwards it to the next

router simply.
3. LABEL SWITCHING

Label switching is the forwarding mechanism and it is performed by
Label Switched Routers (LSRs) by adding a fix length /abel to conventional IP
packet’s header to forward packets. When an LSR gets such a packet it learns the
next hope of the packet by looking up the information in the label of it. Then swap
the label according to the next hope and forward the packet. A Labeled packet is
sent through the network within a path according to the labels. This path is called
an LSP.

The label switching mechanism is used in both ATM and FR. But
supporting the label-switching paradigm within [P networks, enhances the
services provided in the IP networks by offering scope for traffic engineering,
guaranteed QoS, and virtual privéte networks (VPNs) [114]. When the power of
label switching is noticed IETF has decided to form a working group to develop
label switching standards and label distribution protocols. As a result MPLS has
been held up as the solution to IP QoS, gigabit forwarding, network scaling, and

traffic engineering.[22]
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a. Label

A label is a short fix length physically contiguous identifier, which is
used to identify a Forwarding Equivalence Class (FEC), usually of local
significance [11]. It does not encode any network layer header. It means it is
independent from network layer construction in encoding or decoding a packet.
When a packet is assigned to a FEC no other analysis is done in the backbone

routers.

b. Forwarding Equivalence Class

The IP packets that are treated in the same manner are assigned to a FEC.
For example the multicast packets that have the same source and destination
address may be assigned to a FEC according to their network layer header.
Another example is transfer layer port numbers for a specific application within a

computer.

c. Label Switched Router (LSR)

A Label Switched Router is the router that can encode and decode the
label information. An LSR encapsulate a network layer packet in a network layer
2 packet.

(1) MPLS domain:

A contiguous set of LSRs, which runs MPLS routing and forwarding,
and which are also in one Routing or Administrative Domain [11].

(2) MPLS edge node:

An MPLS router that connects the MPLS domain with a non MPLS

domain or a router that con not run MPLS since it is in out of an MPLS domain.

(3) Ingress Label Switched Router

It is an LSR that handles the traffic entering an MPLS domain.

12



(4) Egress Label Switched Router

It is an LSR that handles the traffic leaving an MPLS domain.

d. Label Switching Path (LSP)

A Label Switching Path is a virtual path, which consists of the routers in
which the packets in a FEC travel. The path information is placed in a label at the
ingress Label Switched Router (LSR).

e. Label Stack

MPLS permits more than one label to be encoded in a packet organized
by first in last out stack. This is called label stack. It is useful on a path, used by
lots of LSPs. In this situation the backbone LSRs are not related to the LSPs being

creation or released between them. Actually this mechanism is called LSP tunnel.
4. LABEL SWITCHING TABLE

The label-switching table resembles packet-forwarding table in IP
routers. It is also called an incoming label map (ILM). It contains information to

map an incoming label to the outgoing label for the next hop.
5. THE NEXT HOP LABEL FORWARDING ENTRY (NHLFE)

The entry that the incoming label points to is called the next hop label
forwarding entry (NHLFE). Each incoming label typically points to one NHLFE.
However, in the case of load sharing, there may be multiple NHLFEs for an
incoming label. Typically the NHLFE contains the next hop and the outgoing
label for that next hop. If an LSR is the ingress or egress of an LSP, the NHLFE
also specifies the actions for manipulating the label stack. NHLFEs may also
contain additional state information related to the LSP; for example, hop count
and data link encapsulation to use when transmitting the packet. LSRs use the
label-switching table for forwarding labeled packets. When a packet arrives, an

LSR finds the corresponding NHLFE for the incoming label by performing a look
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up in the label-switching table The LSR then replaces the incoming label with the
outgoing label and forwards the packet to the interface specified in the
corresponding NHLFE [114]:

6. WHY MULTIPROTOCOL?

In MPLS Forwarding is performed at Layer 2. Network layer header’s of
the packets are encapsulated without any encoding. This means label
encapsulation can be done with any network layer protocol. For example label
switching can be used with IP as well as IPX. This feature makes MPLS

multiprotocol according to the network layer protocols.

Furthermore MPLS can operate with any virtually link layer protocol.
This makes MPLS multiprotocol according to the ink layer protocols.

Network Layer Protocols (IP, IPX etc)

MPLS

Link Layer Protocols (Ethernet, ATM, Frame Relay, FDDIPoint to Point)

Fig. 3: MPLS in OSI Network Layers

7. LABEL DISTRIBUTION MANAGEMENT
a. Label Assignment and Distribution

In the MPLS architecture, the decision to bind a particular label L  to a
particular FEC F is made by the LSR, which is DOWNSTREAM with respect to
that binding. The downstream LSR then informs the  upstream LSR of the
binding. Thus labels are "downstream-assigned”, and label bindings are

distributed in the "downstream to upstream" direction. If an LSR has been
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designed so that it can only look up labels that fall into a certain numeric range,

then it merely needs to ensure that it only binds labels that are in that range [11].

b. Attributes of a Label Binding

A particular binding of label L to FEC F, distributed by Rd to Ru, may
have associated "attributes". If Ru, acting as a downstream LSR, also distributes a
binding of a label to FEC F, then under certain  conditions, it may be required to

also distribute the corresponding attribute that it received from Rd [11].
8. LABEL DISTRIBUTION PROTOCOLS

A label distribution protocol is a set of procedures by which one LSR
informs another of the label/FEC bindings it has made. Two LSRs, which use a
label distribution protocol to exchange label/FEC-binding information, are known
as "label distribution peers" with respect to the binding information they
exchange. If two LSRs are label distribution peers, we will speak of there being a
"label distribution adjacency" between them. (N.B.: two LSRs may be label
distribution peers with respect to some set of bindings, but not with respect to
some other set of bindings.) The label distribution protocol also encompasses any
negotiations in which twq label distribution peers need to engage in order to learn
of each other's MPLS capabilities The architecture does not assume that there is
only a single label distribution protocol. In fact, a number of different label
distribution protocols are being standardized. Existing protocols have been
extended so that label distribution can be piggybacked on them. New protocols
have also been defined for the explicit purpose of distributing labels [11].

a. Label Distribution Protocol (LDP)

LDP is the first Label Distribution protocol for distribution of labels to
support hop-by-hop routing Two LSRs that use LDP to exchange label/FEC

mapping information are known as LDP peers [114].
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b. Constraint-Based LDP (CR-LDP)

CR-LDP is developed for traffic engineering by adding explicit route and
resource reservation extensions to LDP. An explicit route is determined in the
label request message. CR-LDP both supports loose and strict explicit routes. In
strict explicit route, the nodes along the LSP cannot be changed. All the routers on
the way of the LSP is determined with an IP address. On the other hand loosely
explicit route allows some routes that become unavailable during an LSP
connection, to change. Some nodes (routers) can be defined as abstract. An
abstract node consists of routers. The nodes except the nodes between two known

nodes may change according to a network failure.

The CR-LDP LSP setup is shown in Fig. 4. The ingress node LSR A
initiates a LSP between LSR A and LSR C. LSR A sends a label request message
to LSR B, containing an explicit route request to LSR C. Then LSR B sends the
label request to LSR C. When the request message arrives LSR C it understand
that it is the egress node and sends the label-mapping message to LSR A over

LSR B. resource reservation is allowed in CR-LDP.

Label Label

A

A

Label Label

Fig. 4:CR-LDP initiation
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(1) Path Preemption and Priorities

If the requested resources cannot be reserved over an LSP, the LSP may
reroute and modify the existing LSP. This is called preemption of the existing
LSP. There are two parameters for this purpose: setup priority and holding
priority. The setup priority and holding priority reflect the preference for adding a
new LSP and holding an existing LSP. A new LSP can preempt an existing LSP if
the setup priority of the new LSP is higher than the holding priority of the existing
LSP. Thé setup and holding priority values range from 0 to 7, where 0 is the
priority assigned to the most important path, or the highest priority. [114]

(2) LSP Modification Using CR-LDP

Modification of the bandwidth and other parameters of an established
Constraint-based Routed Label Switched Paths (CR-LSP) using CR-LDP without
service interruption is possible. After a CR-LSP is set up, its bandwidth
reservation may need to be changed due to the new requirements for the traffic
carried on that CR-LSP. LSP modification also supports reroute of the existing
LSP. For modification the LSP must be already set up and active. That is,
modification is not defined nor allowed during the LSP establishment or label

release/withdraw phases [18].

c. Extensions to RSVP for LSP Tunnels (RSVP-TE)

RSVP is originally designed for resource reservation for Integrated
services especially for multimedia applications such as real time applications
(video conference, voice conversations), remote video. RSVP-TE is developed by

adding label distribution and explicit route extensions.

(1) LSP Tunnel

Original RSVP protocol was designed to setup reserved paths across IP
networks like LSP. But it is not enough to setup LSP with RSVP Because In
original RSVP a reserved path is always associated with particular destination and

transport-layer protocol, and forwarding packets over the intermediate nodes is
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performed due to the IP header. In contrast, with an LSP set up by RSVP-TE, the
ingress node of the LSP encapsulates the IP packets according to heir FEC. The
intermediate nodes over the LSP just looks up the label and just forward the
packet according to the label and they do are not related to the IP packet
encapsulated within the label. To determine this feature, an LSP in the RSVP-TE
specification is referred to as an LSP tunnel [114]. RSVP-TE LSP creation is

shown in Fig. 5.

RESV RESV

A
A

v
v

PATH PATH

Fig. 5: LSP Tunnel setup

G. MOBILITY SUPPORT FOR MPLS

Mobility issues in original MPLS are not supported. There are different

proposals to support user mobility.

In [4] Wireless MPLS (WMPLS) is introduced. There are two main
factors that influence the design of WMPLS: wireless medium and terminal
mobility. WMPLS, which tackles the issues introduced by these factors,

resembles the original MPLS protocol. It introduces loosely explicit routing

18



concept where the wireless mobile part of the network is defined as an abstract
node. An abstract node is a group of nodes in an LSP [9] and the packets of a data
flow can be forwarded through any set of the nodes in an abstract node. WMPLS
uses the abstract node approach to solve the handoff problem. Mobile terminals

can handoff among the nodes of an abstract node during an LSP connection [4].

In [23] A hierarchical architecture using' label switched packet
forwarding to énhanced traffic control and accommodate service differentiation
supporting wireless users is defined. In this architecture the network consists of
base stations, connected to label switching nodes (LSN), along with the
components of the standard MPLS network, such as label switching routers. LSN
provides services to base stations and supports fast handoff and location
management mechanisms. The hierarchical architecture extends label-switched
paths up to the base station, which in turn supports wireless users. The
architecture proposed here is independent of the underlying radio technology, and
the base station terminating the label switched paths requires functions for
forwarding of packets between wireless terminals and LSN interfaces Location
management and routing is realized by adapting the current interior protocols for
mobile users. The path i§ calculated according to the link state routing protocols

and LSPs are created with signaling protocols [23].

In [19] Hierarchical Mobile MPLS (H-MPLS) supporting delay sensitive
applications over wireless MPLS is introduced. In a hierarchical mobile MPLS
architecture, the mobile host determines whether it is at home or in a foreign
domain when it receives agent advertisement messages, broadcasted by the
Foreign Agent (FA). If the mobile host determines that it is in a foreign domain,
the mobile host acquires a temporary Care of Address (COA) from the FA and
sends a registration request to the FA. The FA will forward this Registration
Message to the FDA instead of the HA of the mobile host by using normal IP
forwarding. Then the FDA will forward this Registration Message to the HA of
the mobile host. When the HA gets the Registration Message and knows the IP
address of the FDA, it will send a label request using LDP protocol to the FDA
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with the IP address of the FDA as the FEC. The FDA replies with an LDP label
mapping message back to the HA and sends a label request to the FA of the
subnetwork in which the mobile host currently is located. When the label mapping
message arrives at Home Agent (HA), the LSP from HA to the FDA is
established. Similarly, the FA replies with an LDP label-mapping message back to
the FDA and when this message arrives at FDA, the LSP from FDA to the FA is
established. Then, the HA will search the label table anéi find the row with MH’s
home address as the FEC and change the outgoing port and out label to the same
values as the ones for the LSP from HA to the FDA. Finally, the HA sends a
registration reply to the FDA along the LSP from HA to FDA and the FDA will
forward this registration reply to the FA along the LSP from the FDA to the FA.
When the FA receives the registration reply, it adds a new row in its label table
and puts the incoming registration reply’s label value and port number into the “In
label field” and “incoming port field” of the table. Fig. 6 shows the registration
procedure for mobile hosts in Hierarchical Mobile MPLS.

In [49] Micro Cell Mobile MPLS (MM-MPLS), which is an
incorporation of MPLS forwarding, localized signaling, and soft-state location
management scheme is introduced and a comparison of the two approaches,
Hierarchical Mobile MPLS and Micro Cell Mobile MPLS is given management.
Similar to H-MPLS, MM-MPLS also hides the movements of a mobile host,
moving within a domain, from its remote home agent. Two levels of foreign
agents, Foreign Domain Agent and Foreign Agent, are comprised in each MM-
MPLS domain. RSVP-TE, is employed as the signaling protocol to establish and
manage the LSPs. This means it must refresh the states of each LSP periodically.
Otherwise, the states are removed automatically when the timers associated with
them expire. This property of RSVP-TE allows us to apply the soft-state location
-managements on the mobile hosts within the MM-MPLS domain. The home
address of the mobile host, instead of the address of the current FA in H-MPLS, is
used as Forwarding Equivalence Class (FEC) to establish the LSP from the FDA
to the FA. This allows, most likely, an intermediate LSR between the previous FA
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and FDA, instead of the FDA defined in H-MPLS, to handle the local location
update message, and steer the traffic to the current FA when the mobile host
handoffs to another network that belongs to the same domain. Thus, the FDA may
even not notice the movement of the mobile host in MM-MPLS. This has the
benefit of further reducing the delay and jitter during the handoff period of the
mobile host, when compared to H-MPLS, since it will take a shorter period of
time for the location update message to reach an intermediate LSR than the FDA.
A simulation-based study of the two different approaches, H-MPLS and MM-
MPLS, supporting micro mobility is presented in the paper.

== = FA Advertisement

il Rogistration Message

Fig. 6. Hierarchical Mobile MPLS Architecture [19]
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ll. LOCATION MANAGEMENT AND RESOURCE RESERVATION FOR
MOBILE NETWORKS

A. OVERVIEW

Wireless communications is growing incredibly nowadays. personal
communications service (PCS) scribers are increasing at an exponential rate and
will continue to increase in the near future. The next generation personal
communications network (PCN) is being standardized as part of the international
mobile telecommunications 2000 (IMT-2000) system, whose goal is to unify
many diverse systems existing today (including PCS, two yaw paging, mobile
satellite, etc) into a seamless radio infrastructure capable of offering a wide range
of service. The current PCNs use a cellular architecture. The geographical
coverage area is portioned into cells, each served by a base station. Mobile users
and their terminals are connected to the network via the base stations. Cells can
have different sizes: picocells are commonly used indoor environment; microcells
are used within cities; macrocells are used in rural areas and cover highways.
Smaller cells use less power for transmission and allow greater frequency reuse.
Several base stations are connected to a base station controller, and a number of
base station controllers ‘are then connected to a mobile switching center. The
connection of the base stations, base station controllers, and mobile switching
centers, along with the radio links between the base stations and mobile terminals,

form the access network. [108]
Mobility management enables telecommunications networks to:
¢ Locate roaming MTs for call delivery
e Maintain connections Qith MTs that change their point of attachment.

Location management tracks and locates the MT for the delivery of
incoming calls, while handoff (or handover) management allows a call in progress

to continue as the MT changes channels or moves between cells. In location
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management, the MT periodically performs location registration (location update)
to explicitly notify the network of its new access point and store changes to its
user location profile. Then, when incoming calls arrive, the network performs call
delivery by querying the user profile to deliver the calls to the current call location
of the MT. Location management protocols deal with querying and storing
information in location databases and sending paging signals‘ to locate the user
within the network [117]. '

It is well known that there is a trade-off between the cost of location
update and paging. If the mobile terminal updates its location whenever it crosses
a cell boundary, the network can maintain its precise location, thus obviating the
need for paging. However, if the call arrival rate is low, the network wasres its
resources by processing frequent update information and the mobile terminal

wastes its power transmit the update signal [108].
B. LOCATION UPDATE

The network has to know the exact location of each user to so that it can
connect a fix host or another MT that is calling it. If the network doesn’t know the
location of an MT when a call arrives it searches the MT. This is called paging.
An MT has to make location update according to different approaches explained
above. Increasing the location update reduces paging. Location update is
performed by each MT. This procedure begins with an update message sent by the
mobile terminal over the uplink control channels, which is followed by some
signaling procedures, which update the database. Location update algorithms can
be divided into two groups: static and dynamic. In a static algorithm, location
update is triggered based on the topology of the network. In a dynamic algorithm,

location update is based on the user’s call and mobility patterns. [108]

1. SELECTIVE LOCATION UPDATE

An MT may move among. For example an office worker goes to his/her

job in the morning and return in the evening. He is in his office all the day. This
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means he enters some LAs just for short periods on his/her way to and from work.
In this model the residence time and transition probabilities is needed [117] and
this can be estimated from the behavior of MTs according to their movements for

a period of time from the system databases.

2. MOVEMENT BASED LOCATION UPDATE

In this model location update is performed aééording to the number of
cells (d) that the mobile user visits. The value d is called location update
movement threshold. When an incoming call arrives, the network pages (searches)
the MT within a location area including all cells within a distance d from the last

registered location of the called mobile user. [95]

3. TIME BASED LOCATION UPDATE

Location update is performed in a period of time t in this model. The
location area is calculated according to the movement behavior of the mobile user
during location update period. This does not mean that the location information is

saved.

4. DISTANCE BASED LOCATION UPDATE

Location update is realized when a mobile user moves a distance (in

terms of number of cells) since the last location update process.

5. PREDICTIVE DISTANCE BASED LOCATION UPDATE

In Predictive Distance Based Location Update scheme [119], the network
predicts the MT’s future location according to the information that the MT sends.
This is performed by location update process. The MT sends its location and
speed while sending the location update signal. The network makes the prediction
information available for the MT. If the MT goes somewhere else that the network

has calculated, the MT updates its new location.
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6. STATE BASED LOCATION UPDATE

In this model location update is performed when the state of the MT
changes. The state can be different according to the scheme; the number of cells

that the MT moves among, the time elapsed since the last location update etc.
C. PAGING

We can define paging as the process of being searched and designated
the exact location of the MT by the network. The purpose of both paging and
location update schemes is similar, reducing the bandwidth consumption. All the
MTs listen this message and just the MT called answers. The network needs
paging when a call arrives to an MT that the network does not know its exact
location. Paging costs bandwidth consumption. This means that if the network
knows the future location of an MT, both the location update and paging costs

reduce. Generally there is a trade-off between location update and paging.

1. BLANKET PAGING

In blanket paging all cells in an LA are simultaneously paged upon a call
arrival, The least paging delay is guaranteed by the blanket polling technique.
This scheme has high paging cost.

2. SELECTIVE PAGING

The selective paging is an alternative to the blanket polling and reduces
the paging cost, but increases the paging delay. In the selective paging, the
location of the MT is predicted based on its location probability, and cells are
paged sequentially starting from the cells where the MT is most likely to be

present.

3. VELOCITY PAGING

In the velocity paging, the system calculates the maximum distance that a
mobile can travel based on its average velocity and the last registration time, and

pages the cells, which are within this distance from the last registered cell.
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4. SEQUENTIAL PAGING

In this scheme the location areas are partitioned into clusters. The
number of clusters in a location area guarantees that the system can page them

sequentially without exceeding the given delay bound.
D. MOBILTY PREDICTION

. 1. OVERVIEW

The next generation wireless systems will consist of smaller cells for the
advantage of efficient use of frequency and bandwidth. Thus location
management and handoff will be paramount and handover process have to be
done fast [8]. To accomplish this, location update and resource reservation must
be done as fast as possible because users’ mobility implies that reservation has to
be realized at all places that an MT may visit, during the life time of a data flow.
These are location management issues. There are time based [92,93,107],
movement based [92,94,95,106], distance based [92,96,97,109,110], direction
based [98], selective [99,100], profile based [1,38,74,104,105,112,113,116],
hierarchical partioning [101], load balancing [102], intersection-oriented [111]. In
[118] a location-tracking mechanism that consists of intersystem location update
and intersystem paging'is introduced. If the future location of the MT and
expected cell entry time can be predicted during the lifetime of a connection,
resources can be reserved just in the right cell where the MT will visit next. The
problem is the mobility of the MTs. If the future location is known resource is

used most effectively. But this is not easy to predict someone’s movement.

The goal advantage of the profile based location update scheme is to
reduce the update cost by taking advantage of the user mobility pattern. The
network maintains a profile for each user, which includes a sequential list of the
LAs the user is most likely to be located at in different time periods. This list is
sorted from the most to least likely LA where a user can be found. When a call

arrives, the LAs on the list are paged sequentially. As long as the mobile terminal
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moves between LAs within the list, no location update is necessary. Location
update is performed only when the mobile terminals moves to anew LA not on the

list. The list may be derived from the user’s movement history [108].

2. USER MOBILITY PATTERN (UMP)

a. Overview

The user mobility pattém (UMP) scheme [1].is introduced for location
update and paging in wireless systems where mobile terminals (MTs) maintain
their history data in a database called user mobility history (UMH). During a
location update, an MT derives a UMP from its UMH and registers it to the
network. Unless the MT detects that it has moved out of the registered UMP, it
does not perform any other location update. On the other hand, cells are paged
selectively according to the cell entry times in the registered UMP upon a call
arrival for the MT. The related data structures and the protocols for the UMP

scheme are presented in [1].

Mobile subscribers usually follow a limited number of mobility patterns
in their daily lives. For example, people generally take almost the same path and
same time to go to work every day. In the UMP scheme, an MT collects the data
related to these patterns in a UMH, and predicts its current UMP based on the
collected data. During location updates, the expected UMP is registered to the
network by the MT.

A UMRP is a list of cells expected to be visited starting from a given time
according to the mobility history of a mobile, and is made up of a number of
nodes that have two fields, namely, cell identification (cell id) and expected cell
entry time. A cell id and expected cell entry time pair identifies a node, which is
unique in a UMP. However, a UMP may have two different nodes with the same
cell id and different expected cell entry time values. Similarly, two different
UMPs may have nodes with the same cell id because the same cell may be visited
in multiple UMPs or multiple times in the same UMP. For example, one may go

to work passing through a cell in the moming. The user may come back home
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passing through the same cell in the evening. Moreover, the same person may go
somewhere else through the same cell at noon in the weekends. In these cases, an
MT visits the same cell in different UMPs or in the different phases of the same
UMP, i.e., the subscriber may have a single UMP that represents his way both to
and from his work where some cells are visited twice at different times within the
same UMP.

In Fig. 7, we show an example UMP with four nodes. The cell in the first
node is expected to be entered starting from 1080 according to the UMH of the
MT that registered this UMP. Expected cell entry time is the representation of
daytime in minutes with a 24-hour scale starting at midnight, i.e., 06:00 p.m. is
represented as 1080. Cell 12 is expected to be visited twice in Nodes 2 and 4
according to the UMP shown in Fig. 1. The difference between these two nodes is
the expected cell entry times. Assuming that this UMP represents the pattern that
a subscriber follows to go to work and to come back home, that user passes
through Cell 12 once in the morning and once in the evening. Note that a UMP is
valid after its registration as long as another UMP is not registered, which means
that a UMP can span many days. For instance, a subscriber may go to work and
nowhere else during some days where he does not need another location update
when the UMP represeniing the path to work is registered before the beginning of
this period.
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cell id 8
Node 1 expected cell
) 1080
entry time
cell id 12
Node 2 expected cell
' 480
entry time
cell id 21
Node 3 expecfed cell
' 510
entry time
cell id 12
Node 4 expected cell
] 1050
entry time

The UMP scheme outperforms the time-based and movement-based
location update schemes as well as the blanket, selective, and velocity paging
schemes according to experimental results. It is an effective location management

scheme. The algorithms, the protocols and the results from the performance

Fig. 7. An example UMP. [1]

evaluation for the UMP scheme are presented in [1].

b. User Mobility History (UMH)

UMPs are derived from UMH, which is a data structure where the
mobility history of an MT is stored. Each MT manages its own UMH, which is

composed of a limited number of records with the following fields:

o flag,

e UMP identification (UMP Id),

e cellld,

- expected entry time interval (EETI),

- the earliest entry time te.,
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- the latest entry time t,
e . number of visits (NV), and
e . next node structures (NN)
- - index of the next node I,

- - number of times that the next node is visited Ny.
The records are the parameters, which are related to nodes of a UMP.

When an MT enters a new cell, it starts the procedure shown in Fig. 8 to
update its UMH. This procedure is composed of “if” statements, and a UMH has
generally less than 100 records as explained in [1]. Therefore, this procedure
generally requires a limited number of comparisons (i.e., less than 100), and one
or two update operations, which makes it simple enough to run on an MT

hardware.

If an MT enters a new cell, its UMH probably holds a record for that new
cell. Therefore, the UMH is searched for the record of the new cell first. If a
record with the same cell id is found and the expected entry time is not larger than
the maximum entry interval Imax, the Np field in the current node record is
incremented. The previous node is the node from which the MT crosses to the

current node.

The expected entry time interval, which is the difference between tee and
tle, must be lower than ... The minimum t.. and maximum t, values can be
determined as lower and upper control limits by using techniques like statistical
quality/process control where the difference between these two values gives Ina.
If the cell entry time is not between t.. and ti. when a new cell is entered, the
expected cell entry time interval for the node is also modified (i.e., te is replaced
if the cell entry time is lower than tee or t, is replaced if the cell entry time is

higher than t;;).
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Procedure UpdateUME(cell id, entiy time,
pravious ceil id, UMH)
Begin
1) recordecreate recordfeoell id, entzy
time)
2} Af record exists (record, i)
a) record.MVerecord.NV+1
B) iF record.t.. > entry time
£ 1200rd, Le—enlry fime
¢) else if record.t;. « entry time
s recoxd. b s—antry time
d) previous rscordeéeget previous record
{recoxrd, UMA)
€e) increment N..{previous record, record)
£} i N,. bescowmes ths largsst (previous
record, record)
¢ modily MP I fields (previous
record, UMH}
3) aisa
a) 4Ff rhere ig no space (),
+ aging recorde-find an aging record
(Dt}
*+ delete the last node (UMH, aging
record)
B) inzerr s new Yecord {(record, UMR)
2) If the previons node axizibs (previoug
cell id, entzy tilme, UMH}
e previcus recorde-find previous
record {(previcus cell id,
entry time, UMH)
s oreate next node (previous vecord,

record}
| End

Fig. 8. The UMH update procedure. [1]

When the maximum value for an NV field is reached, all NV fields are
decremented with the exception of the records where the NV value has already
become 0. The NV field is used to find the aging UMPs. When the UMH is full

and a new record is needed to be inserted, one of the records with the lowest NV

is replaced with the new record.

When the Nnc field pointing to the new cell in the previous record
becomes the largest Nnc of its record after update, it indicates that the UMP

changed starting from the previous node. For example, if we modify next node 2
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structure of Node 0 as 8 j 4 (i.e., Nnc a 8 and Inc & 4) in Fig. 9, the nodes in the

'UMP starting from Node 0 become 4 and 5. In this case, we must modify the
UMP Id fields of Nodes 4 and 5 as 0, and the UMP Id fields of Nodes 1, 2, and 3
as 1. Because Node 0 is the member of both UMP 0 and 4, and after this
modification, the probability that the MT crosses from Node 0 to Node 4 becomes
higher than the probability that it crosses from Node 0 to Node 1.

- If there is no record for the node entered in the UMH (i.e., there is no
record that has the same cell id or the expected entry time interval becomes larger
than I after its modification of the cell entry time), the data about the new node
is inserted into the first unused record, unless UMH data structure is full.
Otherwise, the record with the minimum NV is found, and the next node links are
followed until the next node with an NV greater than the minimum NV or a
record with no next node data is reached. This ensures that we select the record
related to the last node of one of the least used UMPs. The next node field in the
previous node record is also modified such that it does not point to the node to be
replaced anymore. Then, this record is used to store the data related to the new
node. If the previous node is known and there is a record for it in the UMH, the
links between the previous and the new node are also created after the data about

the new node is inserted into the UMH.

UNP Celd

Flag Id _Id EETI NW NN 1 NI 2
10RO

¢} L8} 0 g 11410 10 7-1 2-4
454-

i TN [ 12 525 7 7-2 0-G
510

21 UM ] 231 570 7 7-3 00
1050-

3 u 0 12 1095 K 2-0 -0
G30-

4 u 4 12 - 645 A 2-5 00
10Z0-

5 o 4 $ 1035 2 (973 ] 0-0

Fig. 9. An example UMH. [1]
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¢. Location Update By Using The UMP Scheme

An MT starts a location update process when one of the following
happens: when the MT is turned on, or returns back to the coverage area of the
network, and . if a new node is entered, which is not a member of the UMP
registered in the last location update. During a registration process, an MT first
finds the UMP that it follows. Knowing the current cell and the current time is
enough to determine the current UMP. By searching through the UMH, the MT
finds the node according to its current cell and time. For example, if the current
time is 540 (i.e., 9:00 a.m.) and the current cell id is 12 when an MT is turned on,
its current UMP will be UMP 0 for the UMH given in Fig. 9 because 540 is within
the expected cell dwell time interval for Cell 12 in UMP 0. At the end of this
search, if the MT cannot find a UMP for its current situation, it starts to create a
new UMP until it enters an existing UMP. During the time when it cannot register
a UMP, a static or a dynamic location update technique may be used. In other
words, when an MT does not have a UMP in its UMH for its current location,
then any other location update scheme can be used. After finding its current UMP,
the MT creates a UMP registration message, which has the structure illustrated in
Fig. 10. The first field of this message is a header and consists of two subfields,
namely the flag and number of nodes fields. The flag field is a single bit, and the
network uses it to interpret the content of the message. If this bit is 0, it indicates
that this message is related to a UMP, which has been previously registered to the
network. In this case, the number of nodes field gives the number of nodes in the
registration message. The network first modifies that many nodes of the
previously registered UMP and uses the modified UMP as the current UMP of the
MT. If the number of nodes field is 0, it indicates that there is no need to modify
the UMP before using it. When the flag bit is 1, the meaning of the message
depends on the content of the number of nodes field. When the flag bit is 1 and
the number of nodes field is greater than 0, either an existing UMP is replaced by
a new one or UMP, which was not registered before, is sent to the network. When

the flag bit is 1 and the number of nodes field is 0, it indicates that this registration
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message is for another location update technique. The second field in a
registration message is the UMP Identification (UMP Id) field. It may also be the
location area identification when the system is in the static location area
management mode. The fields for the nodes in the UMP follow the UMP Id field.
Each of these fields is composed of two subfields, namely the cell identification
and the expected cell entry time. When this structure is created, it is sent to the
network in the-payload of a registration message. Note that the network keeps the
registered UMPs and modifies them by the registration messages coming from
MTs. Therefore, an MT reports only the modifications that are made in the nodes
of a UMP since its last registration. It is also possible that the network discards the
previously registered UMP of an MT as soon as the MT registers a new UMP. In
this case, the MT must send all of the nodes in the UMP as registered to the
network for location updates. Hence, when the network keeps only the current
UMP and forgets the previously registered UMPs, the average size of registration
messages increases. Also, note that our solution is adaptive. If an MT enters a
region where it has not been before, it cannot find a UMP in its UMH for the

current location. In this case, we can use another location update technique.

header | UMPId nxle 1 nde 2 node n

flag # of nodes cell id expected cell entry time

Fig. 10. The structure of a location update message.

d. Paging By Using The UMP Scheme

When a call arrives for an MT, the cells registered by the MT in the UMP
are paged sequentially starting from the cell where the called MT is most likely to
be at the call arrival time. This cell is determined by searching the nodes in the
UMP registered by the called MT in order to find the last node which has an
expected entry time lower than or equal to the current time, i.e., there is either no

node after the last node or the next node has an expected entry time greater than
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the current time. For example, if a call arrives for the MT which has registered the
UMP in Fig. 9, and the current time is 10:30 a.m., Cell 21 is paged first. If the MT
is not found in the first paged cell, the cell with the closest cell residency interval
to the current time is paged next. For example, Cell 12 is paged second, and Cell 8
is paged third. One cell at a time search is carried until either a response from the
MT is received or a paging delay bound is reached. If t.he MT is not found in one
of the paged cells until the paging delay bound is reached, all remaining cells in
the UMP are paged simultaneously. If the MT is still not found, it indicates that
the MT either left the coverage area of the network or turned off without
deregistration (i.e., sudden death of power supply) because MTs are supposed to
register a new UMP whenever they move out of the registered UMP. In such a
case, the called MT is deregistered and recorded as turned off until it registers a
UMP. As explained in the location update proéess in the previous section,
whenever the MT returns to the coverage area or is turned on, it starts a location

update process.
E. RESOURCE RESERVATION FOR MOBILE NETWORKS

Resource reservation is a promising to provide QoS for real time
applications. There are .two kinds of reservations First Immediate and advance
reservation [34]. Resource reservation is very important for cellular networks
since the resource is limited. And it is very important to support bandwidth to
moving mobile users when they have open connection. Lots of studies have been
made about resource management for mobile networks [35,36,38,75-91]. There
are different approaches for reserving the resources. [35] compares five different
schemes (named CHOI, NAG, AG, BHARG, NCBF respectively) for bandwidth
reservation and admission control in QoS sensitive cellular networks. Probabilistic
resource estimation and semi-reservation for flow oriented multimedia wireless
networks is defined in [36], an optimization for adaptive bandwidth reservation in
wireless multimedia networks using full information on near future traffic arrivals
and an event-sensitive rescheduling method [36]. In [38] Reservation is realized

according to user mobility prediction.
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F. PREDICTED RESOURCE MENAGEMENT

Efficient resource use in mobile networks is very important for QoS
requirements for MTs since limited bandwidth in wireless media. There are
various resource management schemes and studies. Minimizing the amount of
system resources must fulfill QoS. Generally you must select one of both in
traditional approaches, either minimizing system resources or QoS requirements.
If the user movements can be predicted both efficient use of system resources and

QoS requirements of MTs can be maintained.

The shadow cluster concept can be used to estimate future resource
requirements and to perform call admission decision in wireless networks. In [81],
it is shown how BSs determine the probabilities that a mobile terminal will be
active in other cells at future times, define and maintain shadow clusters by using
probabilistic information on the future position of their MTs with active calls and

predict resource demands based on shadow cluster information.

Consider a microcell wireless network system that can support MTs
running applications which demand a wide range of resources. Users can freely
roam within the netwaqrks coverage area and experience a large number of
handoffs during a typical connection. The wireless network users expect good
QoS from the system, e.g. low delays, small call dropping and packet loss
probabilities. The wireless network must provide the requested level of service
even if an active MT moves to a congested cell. In this case, the corresponding BS
must provide the expected service even if this implies denying network access to
new connection requests. Ideally, BSs should deny network access to certain
connection requests only when it is strictly necessary. This constitutes a problem
that could only be optimized if knowledge is available regarding the future
movement and cell holding times of the active MTs in the wireless network, as
well as the future movements and call holding times of the MTs with connection
requests. As in related problems, solutions close to optimal can often be obtained

by using knowledge of past events to predict future behavior.
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The fundamental idea of the shadow cluster concept is that, every MT
with an active wireless connection exerts an influence upon the cells (and their
BSs) in the vicinity of its current location and along its direction of travel. As an
active MT travels to other cells, the region of influence also moves, following the
active MT to its new location. The BSs (and their cells) ;:urrently being influenced
are said to form a shadow cluster, because the region of influence follows the
movements of the active MT like a shadow. The shadow (and therefore the level
of influence) is strongest near the active MT and fades away depending on factors
such as the distance to the MT, current call holding time and priority, bandwidth
resources being used and the MT’s trajectory and velocity. Because of these
factors, the shape of a shadow cluster is usually nof circular and can change over

time.

We say that the center of a shadow cluster is not the geometric center of
the area described by the shadow, but the cell where MT is currently located. We
also refer to this cell as the MT’s current home cell. A bordering neighbor is a cell
that shares a common border with shadow cluster’s center cell. In contrast, a
nonbordering neighbor c;ell, although being a part of the shadow cluster, does not
share a border with the shadow cluster’s center cell. In a manner consistent with
the above definitions, we also use the terms current home BS, bordering BS and
nonbordering BS. Conceptually, the number and the darkness of the shadows
covering a cell reflect the amount of resources that the cell’s BS needs to reserve
in order to support the active MTs currently in its own and neighboring cells.
With the information provided by shadow clusters, BSs can determine, for each
new call request, whether the request can be supported by the wireless network. In
practice, a shadow cluster is a virtual 'message system where BSs share
probabilistic information with their neighbors on the likelyhood that their active
MTs will move to neighbor cells (while remaining active) in the near future.
Within - the information provided by the shadow clusters, BSs project future

demands and reserve resources accordingly. BSs reserve resources by denying
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network access to new call requests and by waiting for active users to end their

calls.

The decision process for the acceptance of a new call request also
involves a shadow cluster. Every new call request results in the implementation of
a tentative shadow cluster. BS exchange information on their new call requests
and decide, based on this and other information, which requests should be
accepted and which requests should be denied. When implementing shadow
clusters, it is important to consider that the amount of information shared among
neighbor BSs should be limited, so that the wireline network is not overburdened
with control messages. In practice, after a mobile call has been admitted, only a

small amount of information needs to be shared.

When an active MT handoffs to another cell, the shadow cluster moves.
After a handoff, BSs within the old shadow cluster are notified about this
movement and the MT’s new current BS has to assume the responsibility of
supplying the appropriate information to the BSs within the new shadow cluster.
BSs which were in an old shadow cluster that has just moved away must delete
any entries corresponding to the active MT that established the shadow clustered
free reserved resources ‘if appropriate. BSs which become part of the influence
region of a shadow cluster must be given appropriate information on the shadow
cluster’s active MT, such as respective QoS requirements, e.g., bandwidth
demands, call dropping probabilities and any other useful information such as the
wireless connection’s elapsed time, for the establishment of the shadow cluster. In
return for the communication and processing overheads involved, the shadow
cluster concept improves some QoS requirements of the network, providing the
ability to control the call dropping probability by establishing resource reservation

requirements and a call admission policy. [81]

In [38] resource reservation is done according to user mobility that is

predicted according to MTs’ movements saved in a database. In this scheme both
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the next cell and cell entry time is predicted. The main difference between [1] [38]

is that in [38] the user mobility pattern is saved in the network.

In {120] the BS of a cell calculates the required bandwidth to be reserved
for anticipated handoffs from adjacent cells upon arrival of a new connection
request. The mobility i.e. handoff behavior of each user is estimated using history
of handoffs observed in each cell. Using this estimation, one can compute the
bandwidth required to handle the handoffs that are predicted to occur within a
specific time window. It also adaptively controls the window size depending on

the observed handoff dropping events.

In [121], the BS considers not only incoming handoffs from adjacent
cells, but also outgoing handoffs to adjacent cells. The BS then calculates the total
required bandwidth in its cell for both handed-off and existing connections.
Originally, this scheme is evaluated based on: 1) an exponentially-distributed time
each mobile stays in a cell; and (2) the perfect knowledge about the mobility and
lifetime of each user connection, i.e. known handoff and connection-termination

rates. [35]
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IV. SYSTEM DESCRIPTION

A. OVERVIEW

U-RSVP is a middleware between application and transport layers, and
designed for the cellular networks where the UMP scheme [1] is used for the
location management. An MT registers the cells expected to be visited, and the
predicted cell entry times (#) during a UMP based location update [1]. For the
active flows of the MT, an additional LSP is established for the cell expected to be
visited A secs before the predicted cell entry time ¢, We call this LSP, i.e., the LSP
other than the actual one, advance LSP. A is a system parameter, which is a short
period of time in seconds. A can be determined by network administrators
according to the QoS requirements and efficient resource using considerations.
Thus an advance LSP lasts A seconds on the average. After a handoff occurs, the
advance LSP for the new cell becomes the actual LSP and the actual LSP is

terminated. LSPs are created according to the used signaling protocols.

There may be multiple advance LSPs for a single actual LSP based on
the mobility of two endpoints of a flow. Only one of the endpoints or both
endpoints may be mobil.e. In the case where both endpoints are mobile, mobiles
may change their current cell almost at the same time, or one of the mobiles may

change its cell long after the other one changes.
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Fig. 11: Advanced LSP Creation.

B. ESTABLISHING AN ADVANCE LSP

For establishing an LSP, there are three-label distribution protocols as
explained in Section 2.F.8. which are LDP, CR-LDP and RSVP-TE. LDP
supports hop by hop label switching. It is not useful for us because it does not
support end-to-end QoS. CR-LDP and RSVP-TE supports explicit routing. We
can use both CR-LDP and RSVP-TE for creating LSPs.

An LSP is setup from ingress LSR. A modification on an LSP is needed
when the mobile user handoffs to a new access network in an MPLS domain. The
LSP setup is shown in Fig. 11. At the beginning the mobile user enters the access
network by registering itself to LSR A. When a call arrives or the mobile user
requests a call, the MT sends this request to the LSR A. Then the LSP is setup
among LSR A, LSR C AND LSR E, LSR F. When the mobile user handoffs,
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1. If the access network does not change the current LSP does not change
- either (A,C,E,F).

2.If the access network changes and will be LSR B, then there must be a
modification in the current LSP (B,D,E,F). The SA informs the network before
handoff and the change in the current LSP is calculated. The advanced LSP is
performed with LSR (B,D,E,F).

1.SYNCHRONIZATION AGENT (SA) PROCEDURES |

An SA is software, which the network collaborates the location
management and call management systems of the network with, is used for the

management of active and advance LSPs.

The next BS in the UMP of an MT should start the RSVP procedure on
behalf of the MT before the handoff. The network sends an advance LSP request
to the SA in the next BS along the UMP of the MT. This message includes also
the identification of the source and destination nodes, the flow number and other
QoS related parameters. The SA establishes an LSP by using these parameters.
When the MT handoffs, it starts using the advance LSP, established by the SA in
the new cell. The SA in ’tihe former cell terminates the actual LSP.

As soon as the network finds out that an advance LSP is not required
anymore, e.g., when an MT registers a new UMP, the related SA is notified, and
the SA terminates the LSP. Advance LSPs do not last longer than the maximum
advance LSP duration tyay, which is a system parameter and a function of A. tmax
is a function of A and UMP accuracy (¥). There must be a relation between tmax
and ¥. Because when ¥ is higher, it indicates that 4 is pretty much accurate. We
can show this relation by (/- ¥) » 4. If we add this time to 4 then the formula

becomes

b= A+ (1- V) x 4 (1)
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tmax = [1+(1- ¥)] z 4 )

System administrators can use a variable 8 to make #,, flexible
according to their administrative purposes. Applying 6 to Equation 2, we find

Equation 3. Then the formula becomes:

tmax = [(1-F)x O+1]x A 3)

The advance LSPs are terminated without waiting a termination request

from the network unless they become the actual LSP before the end of tmax.

2.LSP SETUP WITH RSVP-TE

In conventional RSVP a PATH message should be sent by the source
node to the destination. Therefore, we need a solution from the MT to the ingress
node. An SA solves this problem. The SA procedures are explained above. The
LSP Creation with RSVP-TE is shown in Fig. 12. The LSP setup is performed
with LABEL, REQUEST message that is sent with RSVP PATH message. in

RSVP LSP is created after the resource is reserved.
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PATH and RESV messages for Active LSP

............ »PATH and RESV messages for Advanced LSP

Fig. 12: LSP Creation with RSVP-TE

3.LSP SETUP WITH CR-LDP

The difference between RSVP-TE and CR-LDP during LSP setup is that

in RSVP-TE first the LSP is created before resource reservation. On the other

hand in CR-LDP reservation is performed after LSP is setup. The LSP setup for
CR-LDP is shown in Fig. 13.
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Fig. 13: LSP Creation with CR-LDP

C. CASE 1: ONLY ONE OF THE ENDPOINTS IS MOBILE

An example scenario for Case 1 where only one of the endpoints is

mobile is shown in Fig. 10. In this scenario an MT establishes a connection with a
fixed host (FH) when it is in Cell 1, i.e., the cell served by Base Station (BS) 1.
The network knows the current UMP that the MT follows because the MT
registers it. According to this UMP, the network predicts that the MT will make a
handoff to Cell 2 at time ¢ At time #-A, RSVP is used to establish an advance LSP
between Cell 2 and the FH for the MT. When the MT enters the Cell 2, it starts
forwarding its flow through the advance LSP, and terminates the actual LSP.

After this, the advance LSP becomes the actual LSP. Hence the resource

reservation process is completed before the handoff, and thus the effects of
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mobility, such as slowdown in transmission rate, jitter and high connection

preemption rate are alleviated.

Adwd' S )

LSP for MT-1

Fig. 14. Example scenario for the case where one of the end points is mobile.

D. CASE 2: BOTH OF THE ENDPOINTS ARE MOBILE

Fig. 11 shows an example scenario for Case 2 where a flow is established
between two mobile hosts. When the flow is established, MT1 is in Cell 1, and
MT 2 is in Cell 4. As in Case 1 the UMPs of MTs are known by the network
because the UMP based location management is used. According to their UMPs,
MT1 is expected to handoff to Cell 2 at time #;, and MT?2 is expected to handoff
Cell 3 at time ¢,. In this case, there may be up to three advance LSPs for the actual
LSP at a time. The number of advance LSPs depends on the difference between ¢;

and ¢,.

If |t;-to] 2 A, there can be a single advance LSP at a time although both of
the end points are mobile. In this case, the scenario can differ based on which MT

makes handoff earlier as explained below:
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If t;<t; , an advance LSP is established between BS2 and BS4 at time t;-A. When
MT1 handoffs, the actual LSP is terminated, and the advance LSP becomes the
actual LSP. Then another advance LSP is established between BS3 and BS2 at
time t;-A. This advance LSP becomes the actual LSP when MT2 handoffs to Cell
3. If ty<ty, the first advance LSP is established between BS3 and BS1 at time tp-A,
and the second advance LSP is established between BS2 and BS3 at t,-A.

Advanced

: H \
! Advanced LSP |\ i \

l?l for MT-1
2 MT-

Fig. 15. Example scenario for the case where both of the endpoints are mobile.

When [t)-t;] < A, three advance LSPs are present at time max(t;-A, tz-A).
If t;<t; , the first advance LSP is established between BS2 and BS4 at time t;- A,
and the second and third advance LSPs are created between BS3 and BS1, and
between BS2 and BS3 at time t;- A. As the MTs handoff, the actual LSP is
terminated, and an appropriate advance LSP, e.g., if MT2 handoffs first, the
advance LSP between BS1 and BS3 is the appropriate advance LSP, becomes the
actual LSP.

47



V. PERFORMANCE ANALYSIS

For performance evaluation, we simulatea a cellular network with 40
cells. We assume that each cell has 40 bandwidth units (BUs) capacity. In our
experiments we use the User Mobility Pattern scheme [1] as the location
management technique where users follow their UMP according to a parameter
called UMP accuracy which is the probability that an MT follows its current UMP
when it handoffs. Palicade Decision Tools Risk 4.5 for Excel is used as the
simulation tool. The simulation parameters are as follows: Number of users is
distributed according to Poisson distribution with A=20 and with a maximum
value of 40. Call arrival rate is distributed according to Poisson distribution (A
changes according to the desired call arrival rate and the maximum value it can
take is the number of users in the related). Average delay (unavoidable jitter) is
600 ms. Number of handoffs is distributed according to Exponential distribution
with A=5, the maximum value it can take is the number of fhe unblocked calls.
Calls require either 1 BU or 4 BUs (30 % 4 BUs, 70% 1BU). Call duration is
exponentially distributed with P=120. Velocity is distributed according to
exponential distribution with p=25. Each MT derives a UMP from its UMH, and
registers it during the location updates. We measure the call dropping and
blocking rates for the varying UMP accuracy and node density, i.e., number of
nodes in the simulation area, in our simulations. We also evaluate the overhead of
U-RSVP for varying advance LSP duration A. On the other hand U-RSVP’s jitter
performance is measured for varying call duration, velocity and advance LSP
duration A during handoff. We also measure our system sensitivity versus

velocity.
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Fig. 16. The call blocking rate versus call arrival rate for UMP accuracy ¥= 1.0.

Fig.16 shows call blocking rate versus call arrival rate for UMP accuracy
¥= 1.0. When compared with RSVP there is a slight increase in U-RSVP since

system resources are kept for open connections.
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Fig. 17. The call dropping rate versus call arrival rate for UMP accuracy w= 1.0,

As seen in Fig.17 U-RSVP outperforms RSVP for call drop rate. The
reason is the power of UMP. In UMP MTs’ future location can be predicted.
When the future location is known UMP helps us to reserve resources when an

MT needs at that time.
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Fig. 18. The call dropping rate versus call arrival rate for UMP accuracy wy= 0.9

Fig.18 shows that when the UMP accuracy y= 0.9, U-RSVP is again
very powerful when it is compared with RSVP. When U-RSVP is used the call

drop rate decreases %93 for call arrival rate is 0,2.
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There is an increase in call drop rate when the UMP accuracy y= 0.8 But

the call drop rate still too low for U-RSVP when it is compared with RSVP.
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Fig. 20. The call dropping rate versus call arrival rate for UMP accuracy y=0.7 .
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Fig. 16-20 show the call blocking and dropping rates for the varying
UMP accuracy y= 0.7-1.0 and call arrival rates.. These figures show that our
scheme reduces the call-dropping rate 79 % on the average in the expense of

slightly increased call blocking rates.

Figures 17-20 prove that U-RSVP outperforms RSVP in call dropping
rates. We repeat the experiments for varying UMP accuracies, and observed that
U-RSVP performs better than RSVP even for UMP accuracy y=0.7. It is shown
by a statistical study that the UMP accuracy is higher than 0.8 in the average [1].
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Fig. 21. The call dropping rate versus number of the nodes

While the number of nodes increases the call request also increase.
Fig.21 shows the call dropping rate versus number of the nodes for traffic load is
0.2. It is seen that especially when the number of users is 30 call drop rate for

RSVP increases exponentially while call drop rate for U-RSVP is under 0,01.
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Fig. 21 and 22 show the relationship between the call blocking rates and

the node densities. Since higher node density indicates higher traffic load, call

blocking rates increases in the higher node densities.

Fig. 23 shows the overhead of advance LSPs, i.e., the capacity used to

establish the advanced LSPs and the resources reserved for them, for varying

advance LSP duration A between 1 and 10 minutes. The number of nodes is 50,

the call arrival rate is 0.2 call/h, and the average speed of the nodes is 10 km/h in
these experiments. The overhead of U-RSVP is less then 1% for the advance LSP

duration A is 1 minute.
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Fig.23 shows the overhead of advanced LSPs for varying advance LSP
duration A. When A is 1 minute the overhead is under 1%. U-RSVP decreases

call drop rate %78 while it causes just %1 overhead.
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Higher speed of MTs indicates more handoff. Fig.24 shows the call
dropping rate versus velocity. While the call dropping rate increases very fast for
RSVP, it tracks nearly a horizontal pattern with U-RSVP. This shows that higher
handoff number causes huge call drop rates with higher speeds for RSVP. But U-
RSVP supports seamlesé connection to MTs.
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Fig. 25 Call drop rate versus call duration time. Since longer call duration

means more handoff RSVP causes higher Call drop rates while it is under 0,02 for U-
RSVP.
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Fig. 26. U-RSVP'’s jitter sensitivity to call duration during handoff.

The average RTT values for GSM networks are around 600 ms as it is
discussed in [122]. Since transmission speed decreases after handoff, an additional
jitter occurs. In . Fig. 25. U-RSVP’s jitter sensitivity to varrying call duration during
handoff is shown. In U-RSVP when handoff occurs the new LSP connection is

ready while in RSVP the connection must be done after handoff.
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Higher speed of MTs indicates more handoff. Fig.27 shows U-RSVP’s
jitter sensitivity to velocity during handoff. Since velocity affects handoff, the delay

with RSVP is higher for higher velocities.
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Fig. 28. shows U-RSVP’s jitter sensitivity to A during handoff where A
indicates advance LSP time. Since higher A values cause more system resource use,
higher A values causes higher drop rates. On the other hand as seen in the figure this does

not affect delay for open. connections. It is because the advance LSP is ready for the

coming connection.
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VI.CONCLUSION

The demand or different Internet service increases and number of mobile
users will grow in the future decade and the problems that have to be solved
increase. Efficient use of resources and QoS needs are paramount topics for
wireless mobile networks. Terminal mobility imposes additional difficulties in the
realization of reservation. Anybody who watches a remote video or a
videoconference with someone else does not want to connection dropped. But
predicting the future location of MTs is not an easy task. The best solution is
reserve resource all the neighbor cells that the MT is located. But resources is
wireless media is not infinitive. UMP knows the next cell that an MT will handoff
and the cell entry time can be predicted during the lifetime of a data flow, so

resources can be reserved just in the right cell at the right time.

MPLS has been developed for QoS, gigabit forwarding, network scaling,
and traffic engineering to support both the integrated and differentiated services
[3). Mobility issues in original MPLS are not supported. In this thesis a new UMP
based resource reservation protocol (RSVP) scheme that reduces the cost of
bandwidth reservation in MPLS is introduced to support end-t-end QoS and using
wireless frequency spectrum most efficiently. Since not only the next cell but also
the cell entry time can be predicted by using UMP based location management
scheme [1], we can create a new LSP in the next cell before a handoff occurs.
This makes MPLS more powerful and more reliable for QoS requirements of
MTs. In this thesis it is shown that a new LSP for which the source node is the
new cell can be effectively created for an active connection before an MT
handoffs, and this can be achieved transparent to the MT when the UMP based
location management scheme is used. Our scheme complies with the current
RSVP protocol, and does not ixﬁpose any need to modify it. We just add a new
extension in application layer for advance reservation. The network predicts the
next cell that an MT will handoff and the expected cell entry time by using the
UMP registered by the MT. Then the BS in the next cell notified. When our

scheme is used, the call dropping rate decreases 78% in the average, in the
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expense of a slightly increased call-blocking rate. Our system also utilizes the

“system resources more effectively.
A. FUTURE WORK

MPLS supports QoS between ingress and egress LSPs. It means MPLS
does not support end-to-end QoS. In our thesis we propose an end-to-end QoS by
no changes in original MPLS. Our work makes MPLS more powerful since it
supports both mobility and end-to-end QoS. There must be new studies to make

MPLS available for end-to-end QoS both for fix users and mobile users.
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