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O:muﬁo—. 8 MOBILITY IN CELLULAR NETWORKS

This chapter will provide a complete overview of the mobility models used in cel-
lular wireless systems and the location management techniques as the two main
parts of mobility management required in mobile networks. In a wireless network,
the users are assumed basically to be mobile;” which means that they will change
their network point of attachment frequently, irrespective of whether they are idle or
active in terms of exchanging data with the network and other network users. There-
fore, understanding the user mobility models and location management techniques
becomes profoundly important.

Chapter 9 TRANSPORT PROTOCOLS FOR WIRELESS IP

Transmission control protocol (TCP) is the de facto transport protocol for today’s
global Internet. It performs at an acceptable ‘efficiency over traditional wired net-
works in which packet losses are usually caused by network congestion. However,
in networks with wireless links in addition to wired segments, this assumption would
be insufficient, as the high wireless bit error rate could become the dominant cause
of packet loss, thus making TCP perform suboptimally under these new conditions.
In this chapter, the suitability of TCP for wireless IP will be discussed and several
techniques that could improve the situation will be explained.

Chapter 10 _z._.,m__azm._. PROTOCOL FOR WIRELESS IP

Network layer has a distinguished role in the realization of future wireless IP net-
works. The network layer functionality could determine the efficiency of the wireless
system and its performance in terms of quality-of-service parameters. The main part
of the network layer is the network protocol. In today’s Internet, it is the Internet
protocol that functions as the network protocol. Therefore, for the study of future
wireless Internet networks, an in-depth understanding of Internet protocol and recog-

" nition of its merits and drawbacks is of vital importance. This understanding will
assist researchers in the field to find solutions for improving the Internet protocol
toward its position within the future wireless IP networks. This chapter will provide
such an understanding by reviewing the current version of the Internet protocol, its
next-generation version and also the initiatives toward migrating the Internet into the
mobile environment. )
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Quality of Service in a Mobile
Environment

Quality of Service (QoS) is a terminology that has been around for quite some time and
maybe it is one of the most common words that have been used by the people in the
field of telecommunications in the past few years. The popularity of this usage, however,
could not provide a clear definition of this important term and in many situations leads
to misunderstanding and confusion. When the meaning of the term is not clear, then it
would be difficult to provide its capabilities in a system, namely, a QoS network, as the
expectations from different people would be different.

In this chapter, we try to define the QoS very clearly so that we know for sure what the
problem is and how we can establish a network with guaranteed quality in its services. Our
discussion on QoS will be more general than QoS being only used for wireless Internet,
! that is, the subject of this book, but we will try to limit the discussion to the usage and
i deployment of QoS in wireless Internet. After defining the- QoS term and its requirements,
_ we will establish a framework for a QoS network and exercise the Internet protocol (IP)

and wireless cellular initiations for the QoS. Finally, we will run through wireless data
networks and wireless Internet to see the prospects of QoS in these emerging networks.

5.1 DEFINING THE QUALITY OF SERVICE

QoS can be defined as a set of specific requirements for a particular service provided by
a network to users. These requirements, however, are usually described by using some
quantitative figures. So instead of asking for a good network service, the user is asked to
: specifically request other sorts of measures such as connection speed or delay, which can

The Wireless Mobile Internet: Architectures, Protocols, and Services. Abbas Jamalipour
© 2003 John Wiley & Sons, Lid ISBN: 0-470-84468-X




ST IoSN Y J1 995 0] JAsN © 10 JueLoduw! ST 31 “UOISSIS UONEDIUNUILIOD-BIEP € U] "ISOD Jun
-15d 10 1500 asn-1ad :palopISUOD 3q UED 1502 Jo $3dA1 WWAIRYIP oM ‘dLAW SO0 B Sk Siy
3pNOUI 01 SIUBM IOSN B USYAY '1osn & $38reyo 13p1aoid 201AI0S 3 1BY) $39) IVIAISS 3P
J0 an[eA Ksuow 3y st 3500y “Kifenb oy FULISPISUOD UIYM SIASN IOJ s1gourered sanedIpur
1SOUT 31 JO SUO ST SWYL “1500 3y SI suawaimbal god) Josn oyl ur £1032)ed puodas YL
“Jop1A01d 3014198 YIOMISU
a1 £q paysnes aq 01 a[yoid SO IISN Y} SAYEUI JBY 1ISQNS € 3 [[IA4 213U sjuowannbal
asay e Suowe ‘I19AamOp “(3[durexs UOISSIUSURT OSPIA U3 JOF PRIST] 9M 13§ S S Yons)
uoneoridde Yoes [IM PIIRIOOSSE SUSWAINDAI SOQ JO JQUINU PIAWI] € I I3 pue
uoneosdde sy 9s00yd UED SIASM) "SIASN [[B JOJ SuSWaInbar oY Jo 198 Swes Ay ind om
uoneordde sures o) Joj UIAS B 3SBD A 10U SI I “9I0JRIRY, “[Te1ep 2uniod Jo Kugenb
JI0j02 21m301d 2y U2A9 J0 A1end o1pne 3 03 UONIUSNE YonuW Suiked noyim Akl a[qerdedoe
UE 1€ 09pIA o1 Jo YyorqAe(d YIOOWS UT PIISAIAUT 3 YSIW 3UQ "UOISSTWISURT) OIPIA € Yons
30 Aypenb o) SUMILIBISP 0] SI030€J JO 13S SWES I} ISN SIISN [[e JOU Jey SI ardurexs smp
wolj SpN[OUCD 0} JUBM A JBy) PUB S[qIsA A19A jou SI jerp Junp juepodwr 2u3 Ing ‘19U
-I9JU] 21 U0 SUIMSIAOSPIA JO 958D AU Ul [ensn ore pue Sururejdxa-J[as are s10108] 9SAYL
“([6—] SoouaIayay 29 “§-0) S2IMLIANI] AUBW UI PISSNISIP ST SO0 BIpSWH[NW JO oidoy ay

UONBZIUOIYOUAS OIPNEB/OIPIA ©
Anpenb oipny e

£orInooe JO[0D AIMJLJ @
[1e19p Mg

SSOUYIOOUWS O9PIA @

RI OIPIA ©

:aTe 2SIy L
“WwaysAS UONESIUNUWILIOD B YoNs M Wafqold v Jo uondejsnes 19yia jensnt o 19pio ut
$10J0€) [I9AS JOPISUOD ABUI JOSN Y "3I0A 1M 1DWINU] oY 1940 dI[d OSPIA B JO UOISSTU
-suen epaurninus Jo oydiexs U JOPISUOD SN 19] ‘Te3[d S yew o, -2dA1 uonesrdde pue
UOISSTUSUET] EIEP UO Paseq SO0 paaraoiad a1 M 30UBpIOOOE UL PAUYAP St AN[EINL)

Aunoag e
150D e
Aeonu) e

:5011) OJuUI PaZLI0TANEd 9q UBD SjUAWANMbAX SO [9A3[-13SN Yy ‘Tesouad uj
: 1uswannbal goQ) sy Sutugep ur
3101 SutunuL=ap e sey voneordde 1osn oY) mata Jo Jutod Jasn Y WOL 1By IPpN[IUOD M
0S “UO 0§ PUE ‘N SSI[SII4 JouIS] ‘Te[n[[ed Surpnjout yiomiau jo adA1 Aue o) ardurexa
S 2z1[EIoUSS URD 9A4 "SOLPW SO0 PaAlediad o St palspIsuod ore Aufenb a010A pue
ANNUMUOS SUOREIUMIWOD JO suonedadxa 19sn ayy ‘uonestidde ey Jo siseq iy uo pue
pesn usaq sey uonesidde 9o10A ® “gjdurexs 3A0qe 3 U] -uonjeordde 1asn ap ST STYJ,
“[oAa] Josn 2y 18 00 a1 Suruysp ul Jnourered 1uenodw ue saste1 ajdurexa aroqe YL
. -gopuey oY) Suunp
suaddey uonestunuwod jo Apend ur a3ueys sfqisuas Jo doip [[ed e ssaun ‘paloud pue

L2 ADIAHIS 4O ALITVNO IHLONINI2A 'S

juaredsuen are sainpadoid 3s3y [[e ‘IOSN Y} JOJ "9OTAISS PUR [[BD INOA JO ANNUNUOD 3
urIUIBW 0} JAPIO UI S[[30 U29Mm])aq Jjopuey pue Sunepdn uonesol Jo ainpaseld pajesrduios
e uiopad 0) Spasu JIOMISU TB[NJ[ad A} ‘SUO ISYIOUR O) UOTIEIS ISeq U0 JO BATE IDIAISS
oy wioxy sAow nok J1 “Aupenb 20104 JO [9A9] 91qEIdedoE A[QRUOSESI B PUR UONRSISAUOD
suoyd 9[qer[al B 9ABY 01 ST 9JIAISS INOA wWwoly juswannbar pue asodmd ajewmin nok
‘SUONIEOTUNUIIOD 9210A A[Tep Inok 1oj suoyd rernyiao e Juisn are nok J1 ‘ojdwexa 10,4 “Jasn
) AQ paIoUS1 aIe A3Y) ‘9TAIIS JISN-PUS JY) O) PIje[al A[1031Ip JOU IB A3Y) IsnEd2q Iey)
10 J3sn 3y 03 Juaredsuen A[[ENUISSS ST SIIMOANYOIE SO0 [FAI[-WISISAS AUBW R SUBSUI
SIY L, "Iosn 3y} AQ UI3s aq Ued 1By 3soy) Aurewr are SoQ) Jo syuswannbar ‘faas] 1asn oYy 1y

sjuawaiinbal QoY |19A3]-43SN  L°L'S

‘(=11 Surpeas Joyuny 10§ S0 uo siaded
A9AINS SWIOS 0) 19JI OS[e AeW Iopeal ay 'So) 2y} JO sjuawannbal paseq-A3o[ouyos)
pue paseq-Jiomidu ‘paseq-1asn Juneredos Aq uonooss syl ur oansst sy ure[dxa [im apm
*9seq JOSN B UO JUAIDNIP IO SIdSN [[B JOJ Paxy Aoy ore ‘FULIIPISUOD e 9M SIDIAIIS JO
ad£) 1eym ST 9nSST 9 INQ “YIOMISU [BIPT Y) 9 PINOM IT USY) “SIWT) [[ I8 SIDIAIIS I
U0 JUSUNTIWOS [N B 9pIA0id UBD YIOMIAU B J1 JBl) SMOUY JUOCAIaAY "2q p[nom Sod
pasuerend oy jeym urejdxs ued suo ou pue peoiq 0o} st 91doy 1 ‘J9AIMOY SO0 paISjue
-Ieng ® 9ATO00I UBD ‘SI9SN 19WIAU] FUIPN[OUT ‘SYIOM)SU SUOTIEITUNUNLIODI[S) UOTIRISUSS-1XoU
91 1B SNSSI I} ISTRI O) PaITels dAey sorredwod Auewl ‘sreak Juadal U "aW JO Sem
® 3q pnom 1amsue 3[3urs e puy o1 dwone Aue pue o oYy JOJ UODIUYIP ANUYIP B
3q j0uued 219y) Jeyl ensnip A[dwis seuo Jerwuis Auewl pue suonsanb saoqe ayJ
{UOnEd0] 10
swm remnonred e Je 9[qe[IEAR JOU SI 31AI3S pajsanbar oy J1 suop aq pnoys jeym e
(uonesol pue swn refnonred e e Lurenb 9014198 © [[yng 03 3qissod 11 ST ©
(A30[0uyd9) JO ‘YIOMIU ‘IaSN :SIUSWAIINDII IDTAISS JY) JO I2INOS 3} ST JBYM, ©
{IOMIBU 3Y) JO JISN Y ‘991a13s Tenored e 10y pasu sy safpnl oyp e
{99TAIDS [RUTILIS) JOSN-PUD UR JO IDTAISS NIOMIOU B 3J1AIaS paysanbal oy s e
{991AI3S TB[Nn
-onred e 9A19991 0] JSN B SIZUOYINE JBY] JIoM)au ) ut A1nus Sununodde ay) ST Ogpy
(99o1A19s Te[nonred e Suipiaoid 10j s[qisuodsal ST yiomiau sy} Ul AU YOIYM e
{901A19s Te[nonred v 01 painquye aq ued senmenb jo sad£) jeyp e

:suonsanb Suimorro) sy Jo awos Fuisod £q suonsanp Auewr ur no pajutod aq UBD UONITUL
~Jop So0 ut ANnJiqure YL "SUOP 3q O ARY IeY) STUI ISYIO I8 JI3Y] [[1IS INq WLI) Y .uo
Suruesw 2y Fuwrespd premo) dais pood e st Kinuenb s[qeinsesw e oyur Ayrenb Suiuey)
*ssad01d JuawIyng
901A195 pue 1sonbar 1osn oy Suunp LimSique srqissod Aue syusraid ospe pue Japraoid
P Aq 9o1a10s repnonred e 03 Anenb jey) Jo uoneosoqe jo ssecoid ayy sagrdurs oow
aanemuenb e £q paquossp peq Jo pood se yons uuay Lenb e Suiaey ‘Kepop pue poads
3y 10§ ‘Afaandadsar ‘swr gQg o sdqy 9¢ ‘ojdurexs 10J ‘anfeA esusWINU B £q PaqLIDSIP aq

INIWNCHIANT I TIHOW V NI 3OIAHIS 40 ALMYNO 921




128 QUALITY OF SERVICE IN A MOBILE ENVIRONMENT

charged either on the basis of the period of communications, that is, the usage time of
the service (e.g. measured in seconds), or according to the amount of data (e.g. measured
in bits) transmitted in the uplink and the downlink from and to the user: Charging on the
basis of the amount of data has become very interesting for many users recently, thanks
to the increase in Internet and data applications compared to traditional voice and other
constant rate and real-time applications. This can be considered an important factor in the
success of i-mode for wireless Internet.

The third category for QoS requirement is security. This can be further divided into
several types, such as

o Confidentiality

e Integrity

e Digital signature capability
e Authentication

Confidentiality refers to the service in which a particular user’s information can be
accessed only by appropriate and recognized users. If the user is worried that the infor-
mation is not to be corrupted during the course of transmission, then the integrity becomes
the desired security QoS metric. Digital signature provides an example of methods by
which a user can make sure of the identity of the sender of a particular package of infor-
mation. So if you are among those people who do not open a mail when there is no
sender address on it, then for an electronic mail session, you will need this type of digital
signature too. They also provide a safe method of making sensitive financial transactions.
Verification of a user’s identity and the right to access a particular service and information
is provided through a process called authentication.

As we can see, for the second and third categories of the QoS requirement, there still is
a general set (maybe expandable from what we listed here) and the user has the freedom
to choose and customize his own subset. The chosen subset will then be forwarded to the
service provider and if both parties agree, then the user QoS profile will be prepared.

5.1.2 Technology and network QoS requirements

On the basis of the technology and the network architecture, we can find more indicative

figures to illustrate the QoS provided to users. Although many of these indications can be

seen by users, they are more or less related to the technology behind the service and thus

a user will find limited flexibility in changing the profile after subscription to the service.
We may categorize these requirements mainly into three types:

o Bandwidth
e Timeliness
o Reliability

wE.EﬁES illustrates the speed or data rate available to a user application. Very loosely
speaking, we can say that the more the bandwidth available in the system, the higher the

5.1 DEFINING THE QUALITY OF SERVICE 129

data rate that can be provided to each user application. The statement above is loose in
the sense that it does not include other determining parameters that could affect the actual
data rate given to a particular application at a specific period of time. For example, when
you compare a 100-Base-T with a 10-Base-T LAN, with nominal data rates of 100 Mbps
and 10 Mbps, respectively, each with N hosts attached, you may say that the 100-Base-T
LAN is faster than the 10-Base-T LAN. However, this comparison does not consider the
loading of the two LANS. If, for example, the 100-Base-T network is fully loaded and the
10-Base-T network is very lightly loaded, then each of these N hosts in the latter network
can receive a faster connection speed than the users in the former network, because the
LAN system is a bandwidth-shared system. For the sake of discussion in this section,
we will use this loose relationship between bandwidth and speed. In Chapter 7 that deals
with traffic management in wireless IP networks, more discussion will be provided.

To make the definition of bandwidth more precise, we need to distinguish between
three different rates, including the system-level data rate, the application-level data rate,
and the transaction data rate.

System-level data rate shows the actual data rate at the physical transmission media
at uplink (from user terminal to the network) and downlink (from the network to user
terminal) directions. This rate relates to static network characteristics such as the type
of media used for connecting the user terminal to the network, network technology,
and network topology as well as network dynamic characteristics such as current traffic
loading, current network capacity, and also the service agreement between the user and
the subscribed network. The system-level data rate could have a nominal value that can
be within a range agreed to between the user and the network. The system-level data rate
could also be further limited by interactions between protocols at the higher layers of the
network stack such as transmission control protocol (TCP) and IP.

Application-level data rate could have a completely different value from the system-
level data rate. Application protocols designed for high-bandwidth applications such as
multimedia usually use different compression algorithms in order to reduce the amount
of data exchanged between the application and transport protocols and eventually passed
to the physical layer. Usually, the more the application data is compressed, the less the
bandwidth that is required to transmit the data, but at the same time this means reducing
the quality of the received information. So, there is always a trade-off between how much
bandwidth you may use and the quality of information you receive at the other side of
the network connection.

The transaction rate illustrates something completely different from either of the above
two rates. If you assume a transaction as one single task to be done in the transmission
of certain information, the transaction rate simply shows the rate at which the predefined
tasks can be performed by the user, successfully supported by the attached network.

Depending on the nature of applications run by the user, one or some of these bandwidth
indicators can be used to illustrate the QoS provided by the network. A user might use
different indicators, something that is more sensible for human beings such as delay time,
to quantify the bandwidth service provided by the network.

The second category of network- and technology-based QoS is timeliness. Timeliness
can be sensed through delay time, response time, and delay variation, as well as simi-
lar indicators. Delay can be defined as the time spent by a user from the instance the
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134 QUALITY OF SERVICE IN A MOBILE ENVIRONMENT

bandwidth sensitive application, such as a real-time voice over IP application that requires
around 1-Mbps bandwidth and short delays. The second one is a delay and bandwidth
insensitive application such as FTP (File Transfer Protocol) that can tolerate the data rate
and delay requirements reasonably. Hosts A and B are connected directly to the router
R, that is connected to a second router R;. A limited capacity link of 1.5 Mbps connects
the two routers R, and R;. All packets have to be routed through this connecting link to
the other parts of the network.

The voice over IP application needs its typical bandwidth and delay requirements in
order to have sensible communications. On the other hand, the FTP application can take
longer time for delivery of packets so that no restrictive delay or bandwidth requirements
are assumed here for this application. This simple example also illustrates different QoS
requirements for different applications, as outlined in the previous section,

In an ideal situation, a network manager wants to provide 1 Mbps out of the available
1.5 Mbps to the voice application and the leftover capacity of 0.5 Mbps to the FTP
application. One way to do this is to classify and mark different packets (voice packets
versus FTP packets) at the input port of the router R, so that the router can share the total
capacity proportionally to the two hosts. By providing such a share policy, we will be
able to provide the QoS to the two hosts connected to our example network. Therefore,
the first principle in providing the QoS is that we need to differentiate between different
types of packets generated from individual applications.

The currently used version of the IP, IP version 4 (IPv4), has a field in its header called
type of service (TOS) and the next-generation IP, or IP version 6 (IPv6), also includes
a Traffic Class (TC) field within its header. (See Chapter 10 for detailed discussions on
IPv4 and TPv6 protocols.) The TOS or TC field in the IP header can, for example, be
used for this type of classification or for marking the packets generated from different
applications. When the router has the appropriate information on distinguishing between
different traffic classes and is equipped with a new discrimination policy according to
the packet classes, it will be possible to provide different services to different classes of
packets (applications). The current IP, however, rarely uses the TOS field as all packets
are handled equally so that we have just a best-effort service. This is a service that allows
every user to grab the bandwidth as much as possible without any control or priority
consideration.

5.2.2 Packet isolation

The classification of the packets is a very good start in providing QoS in IP networks.
But what happens if the applications misbehave and use more network resources than
what they really need. For example, if the host A uses more than 1 Mbps for its voice
application, it may improve its service slightly but on the other hand it will destroy
the host B FTP application performance. So there should be some entity within the
network to monitor the behavior of applications and their use of the network resources.
Therefore, our second principle here will be that in addition to packet classification,
we need to monitor and control that no one uses more resources than what they have
been allocated.
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The most directly connected router to the hosts (in this example router R,) can per-
form this monitoring role. By this method, we will make sure that the task of control
and monitoring is distributed within the network and it is assigned to the most appro-
priate entity in the network. It also provides other benefits usually known for distributed
systems (as opposed to central control) such as reliability and minimal exchange of con-
trol messaging.

5.2.3 Efficient resource management

One way to provide monitoring that no application uses network resources excessively
is to partition these resources. In our example, the bandwidth is the main resource and
we can partition it into two parts of 1 Mbps and 0.5 Mbps allocated to host A and host
B, respectively. This can be easily done by maintaining two different queues at the input
port of router R;, which can be easily implemented by the software. Note that when
we say allocating resources to a user, it does not mean that this allocation is permanent.
The allocations can be managed and reconfigured dynamically, for example, only for the
duration of the respective application.

One problem that could be raised here is what happens if host A’s voice application
does not use its allocated resources for some time. This means that although we have
tried to discriminate the two applications to provide a good QoS, we may waste the
precious network resources. So we come to our third principle that although we need
to differentiate individual application’s packets and monitor their limit on usage of the
available resources in order to provide QoS in our network, we still need to make sure
that our resources are not wasted at any time. Therefore, the resource management will
be an important issue in any QoS network and we need to use the network resources
as efficiently as possible. Management of the queues maintained at the routers could be
thought of as part of the overall resource management in the system.

5.2.4 Traffic load control

Our three principles so far are very important and can provide a good service quality in
our network. They are also very general and can be used in any network. But we have not
included one important factor in our discussions. The fact is that our network resources
are limited. In our above example, we had 1.5-Mbps capacity and thus we could share it
between two applications, at 1 Mbps and 0.5 Mbps, so that we could provide a good QoS
to both the applications. But this is not always the case. Especially, when your network
has many users, sharing the available capacity will not be an easy task. For instance,
consider our simple example when hosts A and B are both running voice applications
and both need 1-Mbps capacity in order to comply with their QoS requirements. Using
the simple calculation of ‘one plus one equals two’, we can see that it is not feasible to
share the available 1.5 Mbps between the two hosts and still claim that we provide the
QoS as desired by the users.
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138 QUALITY OF SERVICE IN A MOBILE ENVIRONMENT

Internet flow. Therefore, if in a network somewhere in the middle between the source and
destination the service guarantee is not available, then the whole issue of end-to-end guar-
antee will be lost. In addition, subdivision of the best-effort service may cause problems
in commercial networks.

The IntServ and RSVP proposals have failed to become an actual end-to-end QoS
solution, mostly because of the scaling problems in large networks and because of the
need to implement RSVP in all the network elements from the source to the destination.
Because of these scalability problems and other disadvantages discussed above, IntServ
will probably never be deployed beyond access networks.

5.3.2 Differentiated services

DiffServ came to remedy the disadvantages of IntServ in providing QoS in IP networks.
DiffServ aims at providing simple, scalable, and flexible service differentiation using a
hierarchical model. That is, the resource management now divides into two domains:

e Interdomain resource management

e Intradomain resource management

DiffServ also allows the network provider to differentiate different traffic streams, using
different per-hop-behaviors (PHB) when forwarding the IP packets of each stream. The
advantage of such a scheme is its scalability, since many IP flows can be aggregated in
the same traffic stream or behavior aggregate (BA). The PHB applies to an aggregate
and is characterized by a DiffServ code point (DSCP) marked in the header of each IP
packet. In IPv4 header the TOS field and in IPv6 header the TC field can be used for this
purpose, which in DiffServ terms are renamed as DS field, shown in Figure 5.1. PHBs
are implemented on IP routers through the management of network resources, namely, of
classifiers, markers, meters, queues, droppers, and schedulers. These network resources
are managed and allocated to traffic streams according to the provisioning policies of the
network provider.

At the local network (now named local DS domain), three types of routers can be
distinguished: access routers, interior DS routers, and border DS routers. These are shown
in Figure 5.2. Access routers are the routers close to the end-user hosts. Several access
routers are connected to an interior router. So the interior routers are at the second level
far from the end hosts. At the highest level of the local DS domain, all interior routers are
connected to a border DS router that connects the local DS domain to the outside world

DSCP (differentiated services code point) Unused

Figure 5.1 DS field in the IP header for the purpose of DiffServ

||||r||
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Figure 5.2 Differentiated services network architecture and the three types of DS routers

or the service provider network. The link between the border DS router and the service
provider network will be contracted at the DS aggregate rate.

At the interdomain resource management, unidirectional service levels are agreed at
each boundary point between a customer and a provider for traffic entering the provider
network. At the intradomain resource management on the other hand, the provider is solely
responsible for configuration and provisioning of resources within its domain. Therefore,
different from IntServ in which all control and resource management have been performed
on an end-to-end basis, in DiffServ the local network has to share the resources allocated
by the outside network (or service provider) to its users. Scalability, simplicity, and
flexibility of DiffServ compared with IntServ come from this hierarchical management.

DiffServ does not impose either the number of traffic classes or their characteristics on
a service provider. The provider builds its offered services with a combination of traffic
classes, traffic conditioning, and billing.

So, in DiffServ architecture a service-level agreement (SLA) is provided to govern the
traffic handling between a local network and the service provider network [35]. After that,
it will be the local network that provides the required services to its end users. Per-flow
state is also avoided in DiffServ within the network since individual flows are aggregated
in classes and will be supported by the local network resource management using the
available resources provided on the basis of the SLA.

In summary, in DiffServ the entire customer’s local network requirements for QoS are
aggregated and then an SLA will be made with the network service provider. The SLA
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