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A Study on Performance Discussion of a UMTS
Priority-based Queuing Scheme with two Queuing
Buffer Allocations

Student: Fanpyn Liu Advisors Dr. Chyan Yang

Institute of Information Management
National Chiao Tung University

ABSTRACT

As UMTS systems’ wili=evelve into,an~all-IP stagethe future,
packet switching becomes a prerequisite; forsall (Bvapplications. The
3GPP defines four types pof-UMTS traffi¢i.conversadil, streaming,
interactive and background;»each~type/of* UMTS ieaffas its QoS
features. Differentiated Service(PiffiServ) is Qa&hitecture for IP
networks, their based on packet marking that allpaskets to be
prioritized according to Service Level AgreementAp management.
The DiffServ is a scalable architecture and is psggl to provide QoS
guarantee services and scheduling packets forwarfin each class
within the IP networks.

According to four types of UMTS traffic, this stugyoposes a
priority-based queuing scheme with two queuing dué#llocations, the
dynamic queuing buffer (DQB) allocation and the rfle& queuing
buffer (OQB) allocation, to support packet forwagliof four types of
UMTS traffic in a DiffServ method. In the proposqdeuing scheme,
two major modules, a priority-based enqueuing meduld a sequential
weighted round robin (SWRR) dequeuing module, basehe DQB

v



allocation and the OQB allocation to perform diffietiated packet
enqueuing / dequeuing jobs among four types of UNtafkic.

In this study, we use the ns2 (Network Simulataisim 2) as the
simulation platform to simulate several scenari@¥scussing the
simulation results and analysis, we can find theppsed queuing
scheme can base on packet transmission prioritielow types of
UMTS traffic to support a differentiated packetviarding behavior
among UMTS traffic in a UMTS core network and thexfprmance of
UMTS traffic with a high priority always gets a tatpacket forwarding
performance than that of UMTS traffic with a lowigrity. And, the
differentiated packet forwarding behaviors with pr®posed queueing
scheme are similar to the packet forwarding behlawibh the IETF
DiffServ scheme.

Keyword: UMTS, pHority-based “queuing 'scheme, DQB allamati
OQB allogation, differentiated service packet forivag,
sequentiaFweighied-round.robin gueuing scheme.
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Chapter 1. Introduction

Nowadays, mobile communications have become popular
communication fashions worldwide and are availabbe all. The
evolution technologies over the last two decades @aabled the
development of the ubiquitous mobile communicatgmmvice, which
can provide the mobile user with voice, data andtimadia services at
any time, any place, and in any format. Hence, mapplications and
bandwidth requirements are proposed for mobile comeoations. The
third generation (3G) and the proposed fourth gaimr (4G) mobile
communication support a broadband mobile commuboitat
environment and diversified services.

1.1. Research Background and, Motivation

The Universal Mohile Telecommunications System (LB Tone
of the 3G mobile '‘communication standards developedEurope,
supports diversified-mobile. communication applicas [1, 2].
According to 3GPP planning,.an all IP<based arcture will eventually
be adopted in the UMTS corénetwork to supportdified 3G services
[3]. For reducing the costs to increase the revethee network service
providers plan to merge the data communication otwand telephony
communication network and develop the all-IP neksordn an all-IP
network, traffic is packetized and transmitted wita UMTS core
network and external IP networks [4-7]. These tafypes of UMTS
applications can be divided into four classes: eosational, streaming,
interactive, and background. For 3G applicatiohe,3GPP defines four
types of traffic, each with different Quality of ISee (QoS) features.
Differentiated services (DiffServ) must be suppdrteithin a UMTS
core network to satisfy the required QoS of UMT®leations [8, 9].
The user will be judged on the basis of the thggdi@ations, on the
other hand, network bandwidth and application psiowill determine

1



the performance of the network under its contraleinms of the cost of
operating the network to support the agreed upo8 f@guirements for
its users.

Today, people expect their mobile communicatiorviserto be
available all the time with no deterioration in tervice quality. Hence,
it is imperative that the evaluation of the perfarmoe of the mobile
network takes into account the survivability regments. With a QoS
solution based on different QoS classes the udbeofobile network
resources can be optimized. The users of the némones services are
only interested in end-to-end QoS [10]. End-to-esadvices typically
involve communication through external networks, ichih make it
obligatory to be able to map UMTS QoS parameteexternal network
QoS parameters and vicegversa.

The main goal 0f/ this= study “is\ to -analyze and campthe
performance of differenty queuing.scheme -over UMT8e cnetwork
gateway, using twads queueing”buffer allocations. \dnsider four
classes of packets which Rave to:be served, wivery packet of class
has priority forwarding Behavior corresponding he QoS requirement.
The simulation results are™collected” and analyzediriderstand the
performance of the proposed queuing schemes. Thaitypibased
gueuing scheme is implemented using an ns2 simuldgwmugh which
several scenarios are assumed and simulated. yimaltonclusion is
provided.

1.2. Related Research Work

In the competitive communication world, network Oesdth is
a precious and limited resource. As with any molmGmmunication
network service, guaranteed service levels andaor&tperformance are
critical factors. We investigate the queue schedulscheme for the
provision of QoS over UMTS core network gateway hgtwork
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performance. In fact network performance should m®tmeasured in
absolute quantities like dropped packets but thgreseto which the
network satisfies the service requirements of eagbplication.
Critical network parameters and performance to seduin specifying
and assessing the speed, accuracy, dependahildya\ailability of IP
pack transfer [11]. These parameters include paiiagt, transfer delay,
packet jitter, and throughput. In particular, thedwork performance and
reliability are embodied by these QoS parameterardler to reach the
goal, the access and delivery rules have to bedized and be able to
make meaningful promises in end-to-end QoS.

To realize satisfying QoS results, investigating throcess of
UMTS performance in a form of network simulationasrequired in
implementing a particulat gueuing’ discipline. Thenwdation can
evaluate parameters assocCiatedawitha MTS netwarfomeance; delay,
packet loss, packet jitter and tAroughput \iIn*acogseew service and
architecture. Packetioss information camn; besusaftdacking persistent
congestion problem. The statistical characterisiicthe lost packets are
based on established 1gss models'such as Gillmessdn, and Bernoulli
[12, 13]. The probability®ofspacketiloss resultedni each of sent
packets. That is:

Packet Loss Ratiolumper of_ Lost Packe (1)

Total _Transmitted Packe

Jitter is defined as the mean deviation of theedgifice in packet
spacing at the receiver compared to the packetrgpatthe sender for a
pair of packets. This value is equivalent to theiaten in transit time
for a pair of packets. The jitter metric is defiresithe difference in send
and receive times between two packetndj. The differenceD(l, j),
provides the jitter between any two particular gaskhowever, a jitter
value which measures the accumulated jitter ovgragkets is required.



Di,)=R-99-R-9) 2)

where $the sending time of packet i;#he arrival time of packet i;
Sj=the sending time of packet j=the arrival time of packet |
and j>i

The jitter of the response time is very importaat feal-time
applications such as telephony. Web browsing and ara fairly
resistant to jitter, but any kind of streaming nae(lioice, video, music)
IS quite susceptible to jitter. Jitter is a sympttirat there is congestion,
or not enough bandwidth to handle the traffic.

1.3. Organization of the Dissertation

This dissertation is_erganized-as fellows. Relatesearch works
and literature review are’surveyediin, Chapter 2apidr 3 introduces
some queue managément-mechanisms related to ainatigueueing
scheme. In Chapter 4 and Chaptetr5, they are tis¢ important core of
this dissertation. Hete '\we) desCribe_our gueueingluleoand priority
based queueing schemewith’two differentiqueuetrigballocations in
a UMTS core network®gateway:¢Then, chapter 5 pteseaome
simulation results to compare performance of pyedrased queueing
scheme with two queueing buffer allocation. Finalke conclude our
research and summaries in Chapter 6.



Chapter 2. Literature Review

2.1. UMTS Services and Applications

UMTS is a 3G broadband, packet-based transmissiotexi,
digitized voice, video, video conferencing, IPTWnt@drnet Protocol
television) and multimedia at data rates up to 28)lqan be reached.
Higher bit rates naturally facilitate some new g%, such as video
telephony and quick downloading of data [14, 15]there is to be a
killer application, it is most likely to be quiclceess to information and
its filtering appropriate to the location of a us@ften the requested
information is on the Internet, which calls for exffive handing of
TCP/UDP/IP traffic in the UMTS network. At the dtaf the UMTS era
almost all traffic will be voieg, butlaterthe shaof data will increase. It
Is, however, difficult tospredict thegpace abwhitie share of data will
start to dominate the overall: raificivelume. Atetlsame time that
transition from voice “to data~eccurs,| traffic wilinove from
circuit-switched conngctions to”packet-switchednamtions. At the start
of UMTS service not all.ef‘the"QoS“functions wik mplemented and
therefore delay-critical applications-sach’as spestd video telephony
will be carried on circuit-switched bearers. Laténvill be possible to
support delay-critical services as packet data @ul$ functions [16].

Compared to GSM and other existing mobile netwotdM|TS
provides a new and important feature, namely avesl negotiation of the
properties of a radio bearer. Attributes that define characteristics of
the transfer may include throughput, transfer delagl data error rate.
To be a successful system, UMTS has to support ce wange of
applications that possess different QoS requiresnéitpresent it is not
possible to predict the nature and usage of marthexe applications.
Therefore it is neither possible nor sensible apithose UMTS to only
one set of applications. Table 1 illustrates how dpplications enabling
3G service categories [17].



Table 1. Applications Enabling 3G Service Categorie

Servt ce L ocation Edutainment B2C Office Tde Telematics
Categories and . : - Telemetry
e Based . Service | Extension | medicine .
Applicatio | nfotainment Monitoring
Multimedia H H H H M L
m-commer ce H H H L L M
Unified L L L H M L
messaging
Vol P M M M H H L
| nteractive
Broadcasting H H M L L L
| P Access M H H H M H
Positioning H H L M L H
Legends:

L: Low importanceM: Medium importanceH: High importance

2.2. Requirements for QoS__-._._-.__ e

3GPP has specmed hlgh level requnrements for UNMQIES. These
requirements are d|V|ded into three categonesd—lﬂer general and
technical reqwrements Accordlng to the: SGPP ptamran all IP-based
architecture will be adopted m the UMTS core netkwveventually to
support diversified SG \serwces In an all-IP  nakyotraffic is
packetized and transmittéd Wlthlq a UMTS core nekvwand external IP
networks [3]. For 3G applications, the 3GPP defiioes types of traffic;
their QoS features are different. DiffServs mustsbeported within a
UMTS core network to satisfy the required QoS of TB/applications
[18]. The performance of packet forwarding procéssone of the
important factors that affect QoS of UMTS applioas. For UMTS
packet forwarding process in a UMTS core networteway, a queuing
scheme always plays an important role. A propearpyi-based queuing
scheme within a UMTS core network can support pafckevarding in a
DiffServ way for UMTS applications.

This study focuses on performance comparison aripyibased
queuing scheme with two different queuing buffelo@dtions in a




UMTS core network gateway. The proposed queuingerseh is
implemented in an ns2 simulator and several sceharne assumed and
simulated. The simulation results are collected analyzed to observe
the performance of the proposed queuing schemedifigrent queuing
buffer allocations. Finally, a conclusion is reathe

2.2.1. QoS Mechanisms

QoS is one of the most important issues in networkgeneral, and
particularly so in the Internet and other IP nekgoQoS deals with the
strict management of traffic such that guarante@sbe made and SLAs
(Service Level Agreement) between customers andicgegproviders can
be observed. In the case of packet switching, Qasichlly guarantees

y end td, gitter, loss,
ack and errors etc..

order to guarantee
sequencing (i.e., the

scheduling (used for packet scheduling) [19].

Queue
Management Queue
Classification Scheduling
and Conditioning = e

Figure 1. IP QoS mechanisms



When implementing QoS, a common mechanism usedesing,
We survey a variety of queuing strategies that manasources where
congestion might occur. In UMTS networks, the titamis from a TE
(Terminal Equipment, such as mobile phone, Lapto)..gia RNC
(Radio Network Controller) to a UMTS core networkkaes the gateway
in between a congestion point.

.M./ i

%
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i P #""‘“a__
(Nudeﬂ —{ EMC vircuil domain

LTS NETWORK

packet domain

Classification Congestion Management
%
Marking Congestion Avoidance
Palicing Palicing
—_— » _—

Shaping
Figure 3. The QoS functions and can be implemeortea router

In such cases, queuing might be configured on Htewpny at the
network edge. Figure 2 shows diagram of the infuasire of a UMTS
network [2]. Figure 3 illustrates the QoS mechasisman be
implemented the UMTS core network and briefly diéss the QoS
functions [19].



2.2.2. UMTS QoS Architecture

Network services are considered end-to-end, thiangsidrom a
Terminal Equipment (TE) to another TE. An End-tadEservice may
have a certain QoS which is provided for the u$er metwork service. It
is the user that decides whether he is satisfi¢d the provided QoS or
not. To realize a certain network QoS a Bearer iSerwith clearly
defined characteristics and functionality is toskéup from the source to
the destination of a service. A bearer serviceumhe$ all aspects to
enable the provision of a contracted QoS. Thesecéspare among
others the control signaling, user plane transpod QoS management
functionality. A UMTS bearer service layered arebitre is depicted in
Figure 4, each bearer service_on a specific layErsits individual

TEMT Local LINTS Bearer Servce External Eea‘er
Bearet Service Serice

Radio Beare” 11 Bearer Backkonz
Serice Semica Begrar Service

UTRA Fhrgical
FOONTDD Bearer Service
Service

Figure 4. UMTS QoS Architecture
Legends
TE: Terminal EquipmentMT : Mobile TerminationCN: Core Network,
UTRAN: UMTS Terrestrial Radio Access Network,
EDGE: Enhanced Data Rates for GSM Evolution,
lu: the lu interface to connect UTRAN and CN
UTRA: Universal Terrestrial Radio Access
FDD: Frequency Division Duplex
TDD: Time Division Duplex



2.2.3. QoS Classes of UMTS applications

According to UMTS applications’ features, four Qdyoes of
traffic, conversational, streaming, interactive,dabackground, are
defined by the 3GPP. Each type of traffic has itsSQ@eatures. Four
types of UMTS traffic are described as follows [10]

B Conversational Traffic

VoIP, videoconference, and video telephony are tlypical

conversational traffic. Real time is the most intpot characteristic for
conversational traffic. Moreover, to support comsational traffic, a
low delay and low jitter service is required. Thansfer delay will be
significantly lower than the round trip delay of anteractive
application. The acceptablefpacket, transfer detaycbnversational
traffic is very stringent:

B Streaming traffic

Watching a real time| video or7listening towa raalet audio from a
video/audio server through’theqdMES network is pidstl streaming
application. Generallysspeaking, streaming traficone way packet
transport, and packets are transmitted to usersahtime. Streaming
traffic require a small delay variation. Howeveswl transfer delay is
not required.

B Interactive traffic

When an end user accesses information or datadrearver through a
UMTS network, it belongs to interactive traffic. digal interactive
UMTS applications include web browsing, chattingpmg ICQ, and
telnet; they require low packet loss rate. A reabts packet transfer
delay is allowed for interactive traffic. In genkreteractive UMTS
applications are classical data communication epptins that are
characterized by the request/response patterneoetia-user. Round
trip delay time is one of the key attributes. A Idwt error rate of
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transmitted packets is another characteristic.
B Background traffic

Background delivery of E-mails, SMS, FTP, and réoep of
measurement records within a UMTS network are thpical
background traffics. Background traffic transmissie also one of the
classical data communication schemes that do nueatxhe data to be
reached within a certain period of time. The Qo®atkground traffic
requires a low packet loss rate and relaxed delgyirements, similar
to the transmission of best effort traffic. Therefopacket transfer of
background traffic is more or less time insensitvieh a low bit error
rate.
Table 2. UMTS QoS features

. Application Pack_et .
Traffic class Fundamental features transmissio
example -
n priority
- Preserve time-relation-between
Conversational inform_ation entitles of the stream \oIP, st
-Sensitive to packet.delay Video telephony
-Conversational pattern
- Preserve timerelationsbetween »Streaming
Streaming informationéentities of the stream video, o
- Sensitive to‘packetdelay Streaming audio
-Request/Response‘pattern Telnet,
Interactive | - Preserve payload content Chartroom, 31
-Low error packet rate Web browser
-Destination is not expecting
the-data within a certain time E-mail,
Background | -Preserve payload content, SMS, 4"
-Insensitive to packet delay, File transfer
-Low error packet rate

From the QoS feature descriptions of UMTS traffiattmentioned
above, the major distinguishing factor among th@e& features is the
time sensitivity of packet transfer delay. Conveosal traffic is the
most delay sensitive, followed by streaming andrattive applications.
Background traffic is the least delay sensitive.rdbwer, compared to
conversational and streaming traffic, interactivel dackground traffic
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IS sensitive to packet error rate since most ahthee traditional Internet
applications. In addition, interactive traffic basen a request/response
operation pattern, a long packet delay is not alwrhus, interactive
traffic reaches a higher packet transmission pyiaithan background
traffic. The QoS features of UMTS traffic are summimed in Table 2
[16].

2.3. UMTS with Differentiated Services (DiffServ)

The UMTS has a number of service classes that neguid-to-end
QoS support. This requirement imposes on the dedigimee UMTS core
network bearer service as a part of the UMTS hobweal QoS
architecture. This study presents, queuing schente same scenario
simulations for provisioning-QoS in-the &JMTS coretwork based on
the DiffServ model, @ relatively: simple; but scaaldP-based QoS
technology. This requites_proper .choices» of QoS pmap router
configurations, and sgqueutng seheme. Efficient goguschemes are
introduced for the UMI S cOrernetwork gateway, gatarly for the
scheduling and buffer s umanagementdischemes, to eahdDoS
provisioning in UMTS. The‘effectiveness of this egach is illustrated
by computer simulations.

The next generation of mobile phones will be prdpali-IP based
enabling users to access Internet services. Iir tod@ake this possible
a satisfactory QoS, at least equal to the fixedrit, must be ensured.
To achieve this goal an end-to-end QoS system imeistonstructed.
Another fact is the dominance of IP over other metbgies due, it is
important to develop end-to-end IP QoS guaranteesthfe different
applications over distinct access technologies.[I0]s is particularly
important for cellular wireless networks due to tbeer growing
expansion of mobile phone users. One way to cart&ibo this goal is to
apply DiffServ QoS mechanisms to UMTS technologwptider to model
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an End-to-End QoS communication system. In padigiRED (Random
Early Detection) queue management and PRI (PridQtyeuing) or
WRR (Weighted Round Robin Queueing) scheduling cpesi are
enforced [20]. Different UMTS traffic classes arapped into different
DiffServ parameters [21, 22]. The performance a$ @irchitecture has
been evaluated by simulation using NS2, assumiffgreint network
load scenarios.

2.3.1. Integrated Services (IntServ)

The integrated services (IntServ) scheme focusemaito-end
individual packet flows. In this scheme is desigtedrovide a set of
extensions to best-effort service model. The senevel can be
typically quantified as a minimum-service rate aomaximum tolerable
end-to-end delay or loss’ratemAeeording, to avélalesources, the
network grants or rejects the-flowsrequests=Thaission control unit,
the packet forwarding “mechanisms “and sthe ResoureserRation
Protocol (RSVP) afe \the thrée major ;cemponents hef IntServ
architecture; these three “ecomponents/perform ressurvailability
check, packet forwarding‘ptocess-ifn-a router amdlwalth reservation
jobs [23].

Since flow-based integrated services are suppontdtie IntServ
scheme; routers require more complicated mechanigmsaintain
control and packet forwarding states of all flovesging through them.
For a router, it is a heavy load. From an viewpahimplementation
and operation, it is a significantly difficult jolherefore, there exist
scalability and manageability issues for the IntSscheme [24]. The
design principles of RSVP provides the end-to-emb @uarantee for
data stream and it is to reserve and maintaingkeurces at each node
that is in the transmission path of flows. FigurellGstrates the best
effort service and the IntServ. In this illustratjadhe term “traffic flow"
Is used in a loose sense and represents the solutific. In the best
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effort service, all packets are lumped into a €nghss regardless of the
source of the traffic. In IntServ, individual flovese distinguished on an
end-to-end basis.

Traffic Flow — Traffic Elow IntServ
Flow1 ————> Flow 1 : = :
Flaw 2 reemrmrmenen, > ¢ Best ot FIOW 2 vevnvnnnrnnnd » A » |
Fow3 = = = == \ All Flows l Flow3 m o w= « =3 > | -
Flow 4 > U ] " Flowd == = -)'I"-\ ——
Flows = = = = == > N~ FIOW S e o 1w R— -

Figure 5. Sketch map of Best effort and IntServ

2.3.2. Differentiated Services I_(_I_Qi_]_‘fServ)

DiffServ attempts, toaccompllsh ”thé same goal aSev with
better scalability, it is/a S|mple model Whereﬁraénterlng a network is
first classified and pesslbly condltloned at thenhdaries of the network,
and then aSS|gned to dlfferent behawor aggregaﬁmlablllty is
improved by moving per flow states | to edge routarsl keeping
information of only a feW’ flow classes: called Payg-Behavior (PHB)
in the core gateways. Packets afe treated accotalitieir PHB classes
instead of individual flows. PHB can be performeg pgroper buffer
management mechanisms such as RED in the gatewayduHills
scalability by performing all complicated QoS fuoat such as traffic
classification, marking, metering, conditioning,aping and per-flow
traffic [22, 25].

The Diffserv control architecture definition shoimg-igure 6, these
functional elements are located in the ingress mddeDiffServ domain
and in interior DiffServ-compliant nodes [26].
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Figure 6. DiffServ Control Architecture

Classifier: Selects a packet in a traffic stream based omradhéent of some portion
of the packet header.

Meter: Checks compliance to traffic parameters (ie: torecket) and passes results
to the marker and ..-‘- dropper to trigger ackiwnin/out-of-profile
packets.

Marker: Writes/rewrites thé

Shaper: Delays some pa: ihe @ofil

The DiffServ h on control. Efere, the
network managers nough resoare available
for the agreed SLAs. D upport gewf QoS guarantees

to achieve scalability. It be allenging tdl maintain QoS,
especially for voice and video, which need per-figuarantees [27]. The
ways in which PHBs, edge functionality, and trafficofiles can be
combined to provide an end-to-end service, such asgtual leased line
service [28].
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Chapter 3. Review of Queue Management Mechanisms

The desired performance level and applying resoattmcation
policies in mobile communication network is a htask. There is a need
to express policies defined by the queuing scheingach resource in a
UMTS core network gateway. This need is becomingeiasingly
pressing in settings such as minimum limit, maximumt, buffer size,
type of packet, packet enqueueing probability...8tce problem of
gueuing scheme in mobile communication network ézoming an
important one.

3.1 Passive Queue Management (PQM)

In passive queue mafiagement (PQM), packets comimghuffer
are rejected only if thekeAs _nospacetin-the luftfestore them and the
senders have no eaflier warfing on the 'danger miigg congestion
[29]. In this case allspackets coming during sdtaraof the buffer are
lost. The existing schemes_.may_differ on ithe chateacket to be
deleted (end of the tail,shead of the tai; fandobBuyring a saturation
period all connections are affected-and all reacthe same way, hence
they become synchronized.

The main drawbacks of PQM are summarized as fol[@@p
B Global synchronization

When a drop-tail buffer is full, all of the incongnpackets are
dropped. Consequently, all the affected TCP commexttry to recover
those dropped packets at about the same time. nibiment, all the
connections simultaneously send large amount dfgiado congest the
buffer again. This phenomenon may seriously affieetlink utilization
and thus the overall network performance.
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B Full-queue

PQM is only activated after the buffer is full. Theffer occupancy
may oscillate between empty and fullness. A trdfbev may experience
large end-to-end variations.

B Lock-out

Because of global synchronization phenomenon, smmeections
are always served first and the others are derydd@M. The network
resources are thus not distributed in a fair maniéis is called
“lock-out”.

3.2 Active Queue Management (AQM)

To enhance the thrgughput and-faipness of thedhdring, also to
eliminate the synchromzation; the  Internet Engimee Task Force
(IETF) recommends ;activealgorithim’of buffér mamaget [30]. Active
queue disciplines drop or| matk’ packets “before theugq is full.
Typically, they operate hy<maintaining *one or modeop/mark
probabilities, and probabilistically dropping or mkiag packets even
when the queue is short7Active"Queue Manageme@MA can
improve the performance of TCP, and has been reemded by the
IETF for use in the routers of the mobile commutiaaa[29]. The goal
of AQM is three folds. First, to improve throughpoy reducing the
number of packets dropped. This is achieved by ikgefhe average
qgueue length small in order to absorb naturallyuo@eg bursts without
dropping packets. Second, AQM provides low delayirtteractive
services by maintaining a small average queue henghird, AQM
avoids the lock out phenomenon arising from taoipdi31, 32].
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3.3. Random Early Detection (RED)

Among various active queue management schemes, RED
probably the most popular studied. RED was propdeedprove the
performance of TCP connections. As a queue managemechanism,
it drops packets in the considered gateway buffeadjust the network
traffic behavior according to the queue size. Qyeahe configurable
parameters of RED such as dropping probability #meésholds are
critical to network performance, but the choice tbése parameters
remains more of an art than a science becausesafaimplexity of the
relationship between TCP/RED parameters and netperformance. A
few papers on mathematical models and parameteigsetan be found
in the literature [33, 34].

RED is an effectiveymechanism-tofcontrol the congesin the
network routers. It also hélpsiprevent the ‘glolyaickronization in the
TCP connections sharing -a: congestedyrotter ancedace the bias
against burst conneetions. lt"was an imprevemerr dle previous
proposals, such as Random<Dropr=and Early Random.[Ztark and
Fang [35] have proposedthe incorporation of DiffSa the Internet by
applying RED with different| parameter setting toe tfIn” and
“Out” packets of the flows arriving at a router. e able to apply RED
mechanism in the DiffServ service, it is importemsurvey its queueing
behavior. For example, to figure out any guaranteeshroughput and
delays one needs to survey these as a functidredRED parameters. It
is useful to complement these efforts with an anadystudy.

Lin and Morris [36] have shown that the RED scheloesn’t work
particularly well when the queue is occupied bylseehaved TCP flows
as well as greedy UDP flows at the same time. Miabmg flows don’t
back off even if their packets are dropped. Theraye value of the
gueue remains oveMing, causing drop from TCP flows that have
already reduced their rate.
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3.4. Priority-based Queueing

Priority-based queueing is a simple approach teigeoDiffServ to
different packet flow. Packets of different flomseaassigned a priority
level according to their QoS requirement. When p&larrive at the
output link, they are first classified into differte classes enqueued
separately based on their priorities. Then, queuesserved in order.
The highest priority queue is served first befoeeviig lower priority
gueues. Packets in the same priority class arécedrnin a FIFO manner.
But if a higher priority packet arrives while sergi a lower priority
packet, the server waits until complete the servicthe current packet
then goes back to serve the higher priority qu8ue 38].

Accordingly, higher priefity ‘gueues will always Iserved before
lower priority queues. tfia-high_priority~user afemore load than the
link capacity of the ouitput link; no:packets Canti@nsmitted from the
lower priority queues. /In the worst-case, alk paske lower priority
gueues will be discarded due ia.exceeding theitrdakky bounds of the
scheduler. The high-priarity»;gueueis always gotogbe given first
priority, and that means4raffic_in thedower-prgrqueues can sit there
for a long time. Figure 7 illustrates the prioriigsed queue, anytime a
packet enters the high queue, the scheduler vap stansmitting any
other queue's traffic and transmit the high-prjotiaffic. The packets in
the other queues now have to wait their turn, af meany packets enter
those higher-priority queues. The starvation ockilog problem always
arises with high occurrence probability in the lowaority queue.
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Figure 7. Priority-based Queueing

The priority-based queuing discipline play a crua@e in the
implementation of the DiffServ architecture wheeelkets are classified
into a number of traffic classest and handle witlioess priorities.
Numberous research efforts have been made on periae analysis
and evaluation of the: pnorquueumg mechanlsm [29], as well as its
development and apphcatlons [40 41] '

3.5. Weighted Round Robln (WRR) Queuemg

The traditional flrst in- flrst opt (FIFO) droptaivas initially the
only queue management scheme in the network sitriple and easy to
implement in routers, however, it exacerbates thmitdtions of
end-point congestion control schemes such as TCRenWa packet
arrives and the queue is currently full, the inaognipacket will be
dropped. Droptail is the most widely used queueaganalgorithm due
to its simple implementation and relatively higHieéncy. However,
droptail has some weakness, such as the bad faishasing among TCP
connection, and the throughput and link efficiensyffer severe
degradation if congestion is getting worse [42puUfe 8 and Figure 9
illustrate FIFO queueing and WRR diagrams.
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In WRR assigns a weight to each queue, and it eevices each
nonempty queue in proportion to its weight, in r@uobin fashion. The
packets in different queues are processed in turhus the
lowest-priority queue can be guaranteed of a mininiandwidth. This
avoids the case that the packets in the low pyiariteues cannot be
served. WRR is optimal when using uniform packetesi a small
number of flows, and long connections [43]. Lindemand Thummler
[44] have shown a QoS differentiation with WRR, i main focus in
the paper has been in balancing the resources &etarecuit switched
voice calls and packet switched data calls.

Figure 8. First In First Out Queueing
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Chapter 4. An Approach to Priority-based Queueing
Scheme with Two Queueing Buffer Allocations

It is impossible that a UMTS core network bandwiddm fully
satisfy bandwidth requirements of all UMTS traffisccording to the
QoS features of conversational, streaming, interacand background
UMTS traffic and the packet transmission priorityeach type of UMTS
traffic, a priority-based queuing scheme with difi@ queuing buffer
allocations is proposed in this study to suppodiféerentiated packet
forwarding process for UMTS applications. The fallog subsections
describe the processes of the enqueuing and deguenodules in
details about the priority-based queuing scheme.

4.1. Queueing Buffer Allegations'in Priority-based
Queueing Scheme

Enqueuing and.-dequeuing 'medulesiare two major resdi
handle packets enqueuing and.dequetingjobs ineaimy scheme.
Usually, queuing buffer\allocationiin:a qgueuing estie affects packet
forwarding processes inengueuing and‘dequeuingitasdlirectly [40,
45]. Considering packet forwwarding in“a DiffServahanism and packet
forwarding starvation avoidance for four types df1TS traffic, in [41]
proposed assignment buffer access scheme and vassigament buffer
several queuing buffer allocation ideas, such g&#&b queuing buffer,
guaranteed queuing buffer space, queuing buffelcespdynamical
allocation, and overflow queuing buffer space, &mdie arrival packet
enqueuing processes. With these queuing buffecaln ideas, the
proposed priority-based queuing scheme uses twadingiebuffer
allocations; one queuing buffer allocation is dyrmamueuing buffer
(DQB) allocation, the other is overflow queuing feuf(OQB) allocation.
These two queuing buffer allocations will be ddsedi in details as the
follows.
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4.1.1. A Dynamic Queueing Buffer (DQB) Allocation

In the DQB allocation, a queuing buffer is dividetb four logical
queuing buffers, conversational, streaming, interacand background.
Each logical queue buffer is FIFO queue; it statescorresponding
UMTS packets. Each logical queue buffer is divid@d two segments:
guaranteed buffer and dynamic buffer. For one tfpd MTS packets, a
guaranteed buffer stores packets unconditionallgpdice is available.
Since each type of UMTS traffic has its own guagadt buffer to
enqueue arrival packets; it might reduce a possilmf a UMTS packet
enqueuing starvation, especially for UMTS applmasi with lower
packet transmission priorities. Moreover, a guaedt buffer size
depends on a packet transmission priority of itgesponding UMTS
traffic. Usually, a logicalegueuingiwith a high pat transmission
priority, more guaranteed buffeispace would becalled; this would be
helpful for UMTS packets with: highet packet transsimon priorities to
be enqueued easily.

When no space is availabletinza-guaranteed budfehared buffer
will be allocated conditionally to store@an arrivadhcket [46, 47]. A
RED-based packet enqueting |process is invoked ky pitoposed
enqueuing module. According to available spaceueumg buffer and
related parameters settings, the DQB allocatiorcgs® is invoked to
decide to enqueue or drop arrival packets. As avahpacket is allowed
to store in queuing buffer; it will be enqueuedoints corresponding
dynamic buffer [48, 49]. A dynamic buffer is theffau space will be
appended to a logical queuing buffer dynamicallyewione arrival
packet is enqueued into it. A size setting of aasyic buffer of each
logical queuing buffer depends on its corresponghiagket transmission
priority. A logical queuing buffer with a high pask transmission
priority might have a larger dynamic buffer thalogical queuing buffer
with a low packet transmission priority. Figure ditows the diagram of
the queuing buffer allocation in the DQB allocation
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Figure 10. A diagram of queuing buffer with the D@Bcation
4.1.2. An Overflow Que-u__jeln-g -B-u_.ff-e:r (OQB) Allocation

Like the DQB allocatldn—a FIFO Ioglcal queumg faufidea also is
adopted in the OQBaIIocatlon In the OQB aftoaa,trhwe FIFO logical
queuing buffers are used to enqueue arrlval UMT(S(@I& four logical
gueuing buffers are guaranteed buffers and oneetbgueurng buffer is
a shared buffer. The four guaranteed logical quedinffers are

corresponding to four types of UMTS traffic sepalgtan arrival packet
will be enqueued into its corresponding guarantkmgical queuing
buffer unconditionally when space is available tmuweue one packet.
Allocations of these four guaranteed logical qugubuffers let four
types of UMTS traffic can receive their queuingfBufpace to enqueue
their arrival packets; it can avoid packet enqueitarvation.

Moreover, for enhancing an enqueuing possibilityJMTS packet
with a higher packet transmission priority, thesearflogical queuing
buffers depend on their packet transmission presrito allocate their
queuing buffer space. An overflow logical queuingfér is one shared
buffer; it is shared by all UMTS packets. A size adferflow logical
gueuing buffer is a difference between a physicaluing buffer size and
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four guaranteed logical queuing buffers. For a UMarBval packet, if
no space is available to accommodate one packies icorresponding
logical queuing buffer; the overflow queuing buffesill base on a
RED-based packet enqueuing process to determin¢h&rhan arrival
packet can be enqueued into the overflow queuifigibar not. Usually,
UMTS traffic with a higher packet transmission pitip receives better
settings in its corresponding RED-parameters tmaathore packets with
the same packet transmission priority to be enqlienie® the overflow
logical queuing buffer more easily. Figure 11 shawvdiagram of the
OQB allocation.
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Figure 11. A diagram of queuing buffer with the O@Bcation

4.2. A Priority-Based Enqueueing Module

A priority-based packet enqueuing module [41, 51, iS5 adopted
to handle arrival UMTS packets enqueuing proces®ngmseveral
logical queuing buffers in the proposed queuingesod Since two types
of queuing buffers are allocated to enqueue arpaakets; a two-stage
packet enqueuing process is adopted to processrraral apacket
enqueuing job in the priority-based enqueuing medurl the first stage
packet enqueuing process, a FIFO method is usexldaaranteed buffer;
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an arrival packet can be enqueued into a guaraimaféer only if space
is available in its corresponding guaranteed buff@therwise, a
RED-based packet enqueuing process is invoked ansdtond stage
process to decide to enqueue or drop an arrivddgbaEigure 12 shows
the pseudo code of the two-stage packet enqueutog$s.

A two stage priority-based enqueueing process

It bases on packet transmission priorities of tgpes of UMTS traffic to set the
parametersguaranteed buffer sizgginimum limits maximum limitsandpacket
enqueueing probabilitiesvhich are used in the priority-based enqueueindute

If (queueing queue buffer space is available)
{ I* to invoke the first stage */
if (enqueued packets size < guaranteed bsiffe)
{
To enqueue an arrival packet into a guaeghbaiffer in its
corresponding logical gueué
} else {/* to invoke the second-stage-*/
To invoke th&ED<based.packet engueueing process
}

} else {/* the queueingbufferfisfull */
To drop an arrival packet
}

Figure 12. A pseudd.code of a two stage priotityeobenqueuing process

The priority-based packet engieuing module basedpacket
transmission priority of each type of UMTS trafta@ set the parameters
which are used in the two-stage packet enqueuirtgess. These
parameters include guaranteed buffer size of eagicdl queue buffer
and four groups of RED-alike parameters [33, 34dclte group of
RED-alike parameters consists of minimum limit, maxm limit, and
packet enqueuing probability. Generally speakiraghelogical queuing
buffer depends on its packet transmission priority receive
corresponding guaranteed buffer size and RED-gid&k@ameter settings.
A logical queuing buffer with a higher packet tramssion priority
always receives more favorable parameter settimgs logical queuing
buffer with a lower packet transmission priorityid easier for an arrival
UMTS packet with a higher packet transmission figdio be enqueue
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into its corresponding logical queuing buffer. Baywof corresponding
parameter settings, a DiffServ behavior can be @utpp by the
proposed enqueuing module.

Since two queuing buffer allocations are adopted the
priority-based enqueuing module to handle an drpaaket enqueuing
process, there exists some differences in the gemppacket enqueuing
process. The proposed packet enqueuing processtheittwo queuing
buffer allocations will be described in detailstlas follows.

4.2.1. A Priority-based Packet Enqueueing Module wh a
DQB Allocation

With the DQB allocation; two”segments are allocatedeach
logical queuing buffergfone is a guaranteed buéfed the other is a
dynamic buffer, it is aishared buffer.<For enguguanrival packets into
guaranteed buffer and/ 'dynamic bufier in adlogica¢wjng buffer, the
two-stage packet engueuingsprocess uses: two diffareeasures to
process an arrival packetzenqueuing job. In thet fstage packet
enqueuing process, a FHEG:-method-i§ used for aagtesd buffer; an
arrival packet can be enqueued into a guaranteddrimnly if space is
available in its corresponding guaranteed bufferthe@vise, a
RED-based packet enqueuing process is invoked ansdtond stage
process to decide to enqueue or drop an arriv&igbac

Packet enqueuing process in the second stage baadignamic
buffer space allocation for an arrival packet. 8irec dynamic buffer
space allocation depends on available space oysiqath queuing buffer;
it is easier for an arrival packet to receive dymabuffer space when
more space is available in a physical queuing buffehus, the
RED-based packet enqueuing process bases on ome gf&RED-alike
parameters which are corresponding to an arrivekgtaand available
space in physical queuing buffer to determine wérethynamic buffer
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space can be allocated or not. If dynamic buffexcepcan be allocated
for an arrival packet; an arrival packet would begeeued into its
corresponding dynamic buffer. Allocated dynamicfeuspace will be
appended to the end of one logical queuing buffdricv is
corresponding to the arrival packet. Otherwiseaaival packet will be
dropped by the RED-based packet enqueuing processdiately.

UMTS ;- ;k
applications’ arrival i
packets

Conversational logical qaéﬁé—ihé buffer

1 1—1-»I._r B
sl _yl_J- ;

The
Priority-
based
engqueuing
Module

Streaming ]oglcal que ueang buffer

-6

- Intgractwe iogacai queuemg buffer

- 3 o Backgm{md I't’jg;cal gueueing buffer
Legends: promised butfer | F3/% UMTS application
= pachts
dynamicbuffer l C S—rl @

Figure 13. A diagram of arrlva]:\p :""kets enq u@ng:ess with the DQB allocation

In the RED-based packet' ehque'umg process, twehblds [31,
33], minimum limit and maximum limit, about a phgal queuing buffer
utilization are use to decides whether an arrivatket can receive
dynamic buffer space allocation unconditionally tr be dropped
immediately. Dynamic buffer space can be alloc&be@n arrival packet
unconditionally when length of enqueued packeess Ithan minimum
limit. An arrival packet will be dropped immediatelvhen length of
enqueued packet is more than maximum limit. Moreoynamic
buffer space can be allocated for an arrival packeditionally when
length of enqueued packet is more than minimunt land it is less than
maximum limit. The diagram of arrival packets enggiag process with
the DQB allocation is shown in Figure 13 and Figare shows the
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pseudo code of the RED-based packet enqueuinggzedé the DQB
allocation.

A RED-based packet enqueuing process with the DQB allocation
if (physical queuing buffer space is available)

{
if (the corresponding logical buffer size ofamival packet <
its minimum limit)
{
To allocate dynamic buffer space with the D&IBcation and enqueue an
arrival packet into the allocated dynamic bufieacse
To append to the allocated dynamic buffer spa@néological queuing
buffer which is corresponding to the arrival packet
}else {
if (the corresponding logical buffer siean arrival packet=
its maximum limit )
{
To drop an arrival packet ammediately
} else {
To generate a random prebabilitydabon a uniform
distribution
if (the/randem probability=
the packet enqueuing probability )
{

Te allocate’dynamic,buffer’ Spadth the DQB allocation
and engqueue an‘arrival packet into the allocateduayc
bufferspace

To appenditoitheallocated dynamic buffer spaano
logical queumng buffer which is corresponding te th
arrival packet

} else {
To drop an arrival packet
}
}

} else {/*no space available in queuing buffer */
To drop an arrival packet immediately
}

Figure 14. A pseudo code of the RBBsed packet enqueuing process with the |
allocation
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4.2.2. A Priority-based Packet Enqueueing Module wh an
OQB Allocation

Like the priority-based enqueuing module with th@Ballocation,
a two-stage packet enqueuing process is adoptetthisnenqueuing
module, too. The process procedure of two-stag&kgbaenqueuing
process in this enqueuing module is same as theegsoprocedure of
two-stage packet enqueuing process with a DQB ailmt. However,
there exist differences in queuing buffer allocatizetween the DQB
allocation and the OQB allocation; this causes thattwo-stage packet
enqueuing process has different process targetthatlifferent queuing
buffer allocation.

Four logical queuing buffersgwhich are correspogdim four types
of UMTS traffic are guaranteed buffers;shey are ¢fluaranteed buffer
space to store arriyal” UMES packets #with the OQBocation.
Guaranteed buffer spaceallocation: of, each typeUMTS traffic
depends on its packet| transmission priority=A UMagplication with
higher packet transmission’prioritypreceives morargnteed buffer
space allocation. Diffefentiated guaranteed bidface allocations exist
among four types of UMTS traffic. FIFO method isedsin the first
stage process to handle arrival UMTS packets enggejob in
guaranteed buffers. Arrival packets can be enqueundyg if space is
available in their corresponding guaranteed buffetherwise, a
RED-based packet enqueuing process will be invakethe second
stage process to handle arrival packet enqueuibgirjoan overflow
logical queuing buffer.

The second stage packet enqueuing process is aba&#y packet
enqueuing process; it bases on the overflow quebufter's capacity
and type of an arrival UMTS packet to handle atrpacket enqueuing
job in the overflow logical queuing buffer. LikeelRED-based packet
enqueuing process with the DQB allocation, eacle typUMTS traffic
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has its corresponding RED-alike parameters mininfiamt, maximum
limit, and packet enqueuing probability, to caltelaan enqueued
probability of an arrival packet in this stage @ss. And, the settings of
four groups of RED-alike parameters are correspanto their packet
transmission priorities. A packet with a higher kgetc transmission
priority receives better settings in its correspogd RED-alike
parameters and it can be enqueued into the ovelfdgical queuing
buffer more easily. With proper parameters setfirgdifferentiated
packet enqueuing behavior can be supported inribygoped enqueuing
module with the OQB allocation. The diagram arrivahckets
enqueueing process with the OQB allocation is shiowifigure 15.

UMTS
applications’
arrival packets

Conversational logical queueingbuffer

\ e reaming -Q-gtca queuefng buffer

T Interactfvekéglcafqueucmg buffer

- Backgroundlogtcaiqueugmg buffer

Engueui
ng
Scheme

i Legends: UMTSappIicationloglcal UMTS application \
queuing buffer packets

Eel

Figure 15. A diagram of arrival packets enqueu@irtgess with the OQB allocation

Since there exists differences in a shared buffecation between
the OQB allocation and the DQB allocation, the RiEd¥ed packet
enqueuing process with the OQB allocation is &lidifferent from to
the RED-based packet enqueuing process with the R{dgation.
Essentially, these two RED-based packet enqueuiagepses base on
three parameters, minimum limit, maximum limit goatcket enqueuing
probability, to decide whether an arrival packet b& enqueued into a
shared buffer or not. In the OQB allocation, anrbiees logical queuing
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buffer is the only shared buffer; it stores all @aged packets which are
allowed by the RED-based packet enqueuing procets the OQB
allocation. A FIFO method is used to process paekefueuing and
dequeuing jobs in an overflow logical queuing bufféd packet
enqueuing sequence is determined by packet enquéuone and four
types of enqueued packets are mixed in an overfamical queuing
buffer. Figure 16 shows the pseudo code of the REfed packet
enqueuing process with the OQB allocation.

A RED-based packet enqueueing process with the OQB allocation
if (physical queueing buffer space is available)

{
if (enqueued packet size of the overflow logiwatdfer size <
a minimum limit of an arrival packet)
{
To enqueue an arrival packetinto-the overflogical queueing buffer
}else {
if (enqueued,packetsize of the overflogical buffer size=
its maximum/limit-ef-an-arrivalpacket)
{
To drop an arrival packetimmediately.
}else {
To generate a-randont. probabilitydabon a uniform distribution
if (therandom probabiity=
the packetengueueing probability )
{
To enqueue an arrival packet theooverflow logical
gueueing buffer
} else {
To drop an arrival packet
}
}
} else {/*no space available in queueing buffer */
To drop an arrival packet immediately

}

Figure 16. The pseudo code of a RED-based packeeering process with the OQB
allocation
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4.3. AWRR Packet Dequeuing Module

A packet dequeuing module in a queuing scheme pesfpackets
forwarding from its queuing buffer to packets’ néxip gateways. Since
all enqueued packets are stored in several logjaaling buffers no
matter with the DQB allocation or the OQB allocatid herefore, for
supporting a DiffServ in packet deuqueuing pro@ess avoiding packet
dequeuing starvation, especially for packets witlovaer transmission
priority, a WRR idea is applied to propose a setjaeWRR (SWRR)
dequeuing scheme in this packet dequeuing mod@le pddiagram of
the SWRR dequeuing scheme with the DQB allocasoshiown Figure
17 and a diagram of the SWRR dequeuing scheme thehOQB

allocation is shown Figure 18. __

gt g “[déforward UMTS
, LLF LA s S N pdckets to their
Convapgationdtlogical gididing 48 inext Hop gateways
71 | g
U=l v WIS VBTN / The WRR
Strea I’T‘I._l:.[_:ll:.{-,:..'|§;J..g|t,q.|-~h}_l.}ffj[.lt;‘lldlzg lzu{fu_ dsaticun [

gModule

\ Interactive logicalquistaing butfer >

Background Iogical'queue'mg buffer

| Legends: lcgical queuing buffer Enqueued packets : |
i dequeuingcycle‘ JC‘ tSI' @ @ ;

Figure 17. A diagram of the SWRR dequeuing modutk the DQB allocation

In the SWRR scheme, each logical queuing buffeleddg on its
corresponding packet transmission priority to reedis deserved packet
dequeuing weight in a weighted packet dequeuingdaobin cycle. In
a weighted packet dequeuing round robin cycle, dagltal queuing
depends on its deserved dequeuing weight to regeicket dequeuing
turns in an assigned dequeuing sequence. One padkee dequeued
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from one logical queuing buffer when the logicalegaing buffer
receives a packet dequeuing turn. A dequeuing weitiptment bases
on packet transmission priorities of logical queninuffers and a number
of logical queuing buffers to allot a correspondipgcket dequeuing
turns to each logical queuing buffer. Since the D&)Bcation and the
OQB allocation have different logical queuing busfea logical queuing
buffer with the same packet transmission prioritlf veceive different
packet dequeuing turns in these two queuing bu#fiecations. In the
SWRR scheme, at least one packet, possibly moie beidequeued
from each logical queuing buffer in a packet dedugpweycle. Usually,
packets with a high transmission priority are measily dequeued than
packets with a low transmission priority. The pdclequeuing turns

received by logical queuin buffersyin_the DQB adibon and the OQB

kets to their
t hop gateways

dequeuing
Module

Background Iogicéqu‘é'

buffer ' @__@

Overflow logical queueing buffer

-

| —_ -.l_— - 1-:.....‘:",__‘ 3 ',"',:
Ly PHTHTHTR

Legends: UMTS applicationlogical Enqueued packets :
queuing buffer [ [

O\ AR e —
: ) i c :: S I @ B
C dequeuingcycle =¥ 12 @

Figure 18. A diagram of the SWRR dequeuing modutk the OQB allocation
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Table 3. Packet dequeuing turns received by ait&gjueuing buffers with the
DQB / OQB allocations in a packet dequeuing cycle

Logical queuing Packet dequeuing turn number
buffer the DQB allocation  the OQB allocation
Conversational 4 5
Streaming 3 4
| nteractive 2 2
Background 1 1
Overflow 0 3
Dequeueing cycle 10 15

The SWRR depends on a congruence equation to haadle
dequeuing turn switching a process among all logiceuing buffers.
Two variables, a packet dequeuing counter and &epatequeuinging
cycle, are the core parametets; iy the congruencatieq. The packet
dequeuing counter increments when.one packet dequéom one
logical queuing bufferSThe-packet dequeurngingleys the sum of the
assigned dequeuing=turns-receivedsby allilegicaumg buffers in a
weighted packet degueuing roufnd robin gyele. Thweith a mapping
relationship between‘a congruence=which/is caledlél the congruent
equation and a packethdequeuing seqguence amongallogueuing
buffers, dequeuing turns will BeFswitched among ladjical queuing
buffer dispersedly and differential dequeuing tucas be received by
logical queuing buffers.

acongruenc =
packetdequeueingcountermod packetdequeueingeycle -+ (2)

packet dequeueing cycle

total logical queueing buffer number

packet dequeueing turns )
i=1
In additions, as one logical queueing buffer reegina packet
dequeueing turn and there is no packet in the &gjaeueing buffer to
be dequeued; a packet dequeueing turn transfer TPPrbcedure will
be invoked by the SWRR to accelerate packets degugpprocess. The
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PDTT procedure will try to find one logical queugibuffer which has a
higher packet transmission priority and has ond&giacan be dequeued.
If one logical queueing buffer is found; it will gelve a packet
dequeueing turn which is transferred from anotlogichl queueing

buffer. With the PDTT procedure, one logical quegebuffer with a

higher packet transmission priority always can inecea transferred

packet dequeueing turn to dequeue one packet tsmti. iThus, Figure

19 shows the flowchart of PDTT procedure which Wwid enhanced a
differentiated packet dequeueing behavior. A floartiof the proposed
weighted round robin packet dequeueing moduleasvahn Figure 20.

No— ':- Buffor Ves
S length~_" —l
of the logical queuing Lils To switch the received PDT

] i
uffer >= lengths of other logical No »| to another logical quening

\:!iltlﬁl::?ggh::g;?s buffer with the highest PFP

Yes
&

The logical quening buffer keeps
the received PDT

Figure 19. Flowchart of dequeueing turn transfef P[procedure
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37



Chapter 5. Simulation and Results Analysis

The Network Simulator — ns2 is a discrete evenukator targeted
at network research [52]. Ns2 provides substastipport for simulation
of TCP/UDP, routing, and multicast over wired andekess (local,
mobile and satellite) networks. In this study, tie2 (version 2.26) is
used as the simulation platform in this study.

The proposed queueing scheme with the DQB allacatiovith the
OQB allocation is implemented in the ns2 with C+greover, UMTS
applications are coded with C++ and integratechenris2, too. Several
simulation scenarios are coded with TCL and sinedlato observe
packet forwarding performance of the proposed guguscheme with
the DQB allocation or withythe.OQB allocation. Mover, with the
simulation results, pa€tket forwarding. performancghwthe DQB
allocation or with the OQB| alloeationis.compared analyzed.

5.1. Simulation Topology,andParameters

For analyzing simulation"data more concisely, goéifired topology
Is used to simulate a UMTS ‘core-network and singaifJMTS traffic is
simulated over four pairs of UMTS connections; eamnnection
represents one type of UMTS traffic. The simulatiopology is shown
in Figure 21. The backbone bandwidth over a UMT& aeetwork is
2MB and the bandwidth requirement of each UMTS eation is 1MB.

Several dimensions of simulation parameters, fgpes of UMTS
traffic, packet size, backbone bandwidth, bandwidituirements, and
traffic transmission patterns, are used to constvacious simulation
scenarios. Moreover, since the DQB allocation dred®QB allocation
are a RED-based queueing buffer allocation; botthef require four
groups of RED-alike parameters to handle four typlearrival UMTS
packets in a packet enqueueing process. Due tffemeditiated packet
transmission behavior is required among four type&MTS traffic;
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therefore, the settings of these four groups of Riike parameters base
on their corresponding packet transmission presitFinally, two traffic
transmission patterns, continuous and intermittenl, be simulated.
The settings of these parameters are listed inelfébl

Sender

&

Interactive
Application

Table 4
Parameter dimensions

Receiver
Y%
N

Conversational
Application

Interactive
Application

Four types of UMTS traffic , STR, INT, BAC
Packet size 100 bytes, 500 bytes, 1000 bytes
GBS MIN MAX PEP
Two-phase queueing buffer Con 8 8 40 1.00
aIIocF;ti on gcheme Settings STR ! ! 38 0.95
INT 5 5 35 0.85
BAC 2 2 31 0.70
UMTS traffic bandwidth Backbone bandwidth in the
requirement 1.0MB UMTS core network 2.0MB
Queueing buffer allocation DQB, OQB
Traffic transmission pattern Continuous, Intermittent
Simulation time 30 seconds

Legends

CON: Conversational trafficSTR: Streaming trafficINT : Interactive traffic,
BAC: Background trafficGBS: Guaranteed buffer size,

PEP: packet enqueueing probabilitIN : minimum limit, MAX : maximum limit
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5.2. Simulation Results and Analysis

According to the traffic transmission patterns, \daion scenarios
can be divided into two parts, continuous and mitgent. Moreover, for
having a packet forwarding performance comparisemveen the DQB
allocation and the OQB allocation, the others patans settings are the
same in these two parts simulations and simula&ésalts in the same
traffic transmission pattern are collected, comgaend analyzed. The
simulation results are described in the followingsections.

5.2.1. UMTS Packet Transmission in a Continuous Tiffic
Pattern

In this section, all scenarios bases on the pammisettings shown
in Table 4 and all UMTS,‘packets-are’transmittedtinaously. These
scenarios intend to observe_thenWMTS packet foringrgerformance
when the backbone Bandwidth s insufficient and fiyypes of UMTS
traffic keep transmitting=continuausly.” -The= simidat results about
UMTS packet enqueugd g@nd “dequeued//performancematmn are
shown in Table 5 and Figure22.

By examining Table 5 fand®™Figure 22, it is obviousmtt a
differentiated packet forwarding behavior is sup@odrby the proposed
gueueing scheme with the DQB / OQB allocationshagpe of UMTS
traffic receives its packet forwarding performarmm@responding to its
packet transmission priority. Conversational andBOgJlocations; each
type of UMTS traffic receives its packet forwardimgerformance
corresponding to its packet transmission priorf@onversational and
streaming applications receive better packet fodwgr performance
than interactive and background applications. Campga packet
dequeueing volumes reached by four types of UMagidrwith the two
allocations, we can find that conversational tcaffeceives the same
packet dequeueing volumes with both the DQB and Ga)&ations;
streaming traffic receives approximately the samekpt dequeueing
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volumes with both the DQB and OQB allocations; rattive traffic
receives better dequeueing volumes with the DQBocatlon;
background traffic receives better dequeueing velkiwith the OQB
allocation. Moreover, by examining the simulatioace files in details,
there is packet starvation for background traffithvihe DQB allocation;
only a few background packets can be forwardedchatbeginning of
packet dequeueing process and most of backgrowieisaare dropped
during a packet dequeueing process.

Table 5. A packet enqueueing / dequeueing statstitMTS traffic in a continuous
transmission pattern

: Packet Packet
Arrival Enqueued Dequeued Dropped ac ac

uT

PS

packets packets packets packets

dequeued  dropped
ratio (%) ratio (%)

DQB OQB DQB QQB. DdB OQB DQB_0QB

DQB

OQB DQB OQB

CON

100
500
1000

37500 37500 37500 27500 37500 37500 .0 0
7500 7500 7500 7500 7500 7500 6 o
3751 3751 #8751, 8751 3751 3751'5;0'T 0

100
100
100

100 0 0
100 0 0
100 0 0

STR

100
500
1000

37500 37500?2507 22511 22507 22511 14993 14989
7500 7500 4507 4513 4507 4513 2993 2987
3751 3751 2257 2260 2257 2260 1494 1491

60.02
60.09
60.17

60.03 39.98 39.97
60.17 39.91 39.83
60.25 39.83 39.75

INT

100
500
1000

37500 37500 15005 10015 15005~ 10015 22495 27485
7500 7500 3005 2014 3(505 2014 4495 5486
3751 3751 1505 1013 1505 1013 2246 2738

40.01
40.07
40.12

26.71 59.99 73.29
26.85 59.93 73.15
27.01 59.88 72.99

BAC

100
500
1000

37500 37500 27 5012 27 5012 37473 32488
7500 7500 27 1011 27 1011 7473 6489
3751 3751 27 514 27 514 3724 3237

0.072
0.36
0.72

13.37 99.93 86.63
13.48 99.64 86.52
13.70 99.28 86.30

Legends
UT: UMTS traffic, PS packet size,
CON: conversationalSTR: streaming|NT : interactive BAC: background

Examining Figure 22,

it can be found that therestsxia little

difference in packet dequeueing volume with theseadllocations when
UMTS packets are transmitted in different size. rFtypes of UMTS
traffic can receive better packet dequeueing volgeparately when
UMTS traffic is transmitted in a larger packet sigspecially for UMTS
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traffic with lower packet transmission prioriti¢surther comparing total
packet dequeueing throughputs supported by thesaltacations, only

a very small difference exists in the total padequeueing throughputs.
The DQB allocation outperforms the OQB allocatigrnpecomes more

obvious when UMTS traffic is transmitted in a lagpecket size.

4000000
e
3500000} | Eé
)
20000004 Eé
Bili”
2500000} ::%
transmigsion EE/ 7
volume  2000000F | ggé EEZ
(bytes) ::% ::é
1500000 | Eé Egé
1000000/55é Eé
i )
500000} 55% ;;_//-’_
NRE=8 - il (P
CO_I‘:_i_.__:' .:c,,' ETR p & . y \ .: I‘:N.T
M DQE-100 3750000/ | o) 23500000 |\ 1500500 2700
@ DQE-500 sfsmnny | F2zsasoos| G % 15025dn 13500
B DQE-1000 st azs7o0n. 1 505000 27000
L1 UQB-10 FBoagn st I 1ddisee 501200
Bl OQB-500 3750000 2256500 : ~ 100700 505500
H OOE.-1000 wpstonn | gsenan | {1 3inn 514001
" W\ A Te5RE B N
Legends:

CON: conversationalSTR: st'r""e-ami'ngl_NT-'é‘ ihieractive,BAC: background,
DQB-100 packet size = 100 bytes and allocatioD®@B,

DQB-500 packet size = 500 bytes and allocatioD@B,

DQB-100Q packet size = 1000 bytes and allocatidn@B,

OQB-100 packet size = 100 bytes and allocatio®@B,

OQB-500 packet size = 500 bytes and allocatio®@B,

OQB-1000Q packet size = 1000 bytes and allocatiod@B

Figure 22. A statistics of packet dequeueing volume continuous transmission pattern

42



Table 6. An average packet delay statistic of UMBSHic in a continuous
transmission pattern

UMTS
Traffic
Allocations DQB OQB DQB OQB DQEB 0QB DQB 0OQ@B
b 100 [0.8006 0.8005 1.3333 1.3334 2.0 2.9968 4.0 5.9890
500 |4.0147 4.0112 6.6667 6.6640 10.0 14.9285 76.9231 29.7564

B

®) 1000 8.0587 8.0437 13.333313.3351 20.0 29.7470 153.846258.6901
Legends
Unit : ms PS: packet sizeB : bytes

Conversational Streaming | nteractive Background

Table 7. An average packet jitter statistic of UMF&fic in a continuous
transmission pattern

UM T.S Conversational Streaming | nteractive Background
Traffic
Allocation | DQB OQB  DQB __ QQB DQB OQB DQB OQB
100 | 05654 0.117  266. 6607 364. 6541 y800.0 401.2484 0.0 5.0299
E;S) 500 | 141371 2.934 4 1333 1853 1829. 306 4oooo 2035.785 59200.0 132.8048

Legends T ——
Unit : us, PS: packet s;zeB bytes A -

1000| s57.22  11. 7365 2666 0754 3638, 618_2_ 800010, 4185.9545 118400.0 648.43775

Table 6 and Table 7 show average packet delaysardge packet
jitters received by four types of UMTS traffic witthe two buffer
allocations in a continuous’ transrplssmn pattelxarﬁnmg Table 6, we
can find that average packet delays received by BMaffic are
corresponding to their packet transmission priprtynversational and
streaming traffic receive better average packedydethan interactive
and background traffic. Looking over average padethys received by
four types of UMTS traffic, conversational and atreng traffic receive
close average packet delays with both the DQB a@dB @llocations;
interactive traffic receives better average padedays with the DQB
allocation; background traffic receives better ager packet delays with
the OQB allocation when transmitted packets argelar Viewing
average packet jitters received by four types of T3 traffic,
conversational and interactive traffic receive éetiverage packet jitters
with the OQB allocation; streaming traffic receie=ter average packet
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jitters with the DQB allocation; and, backgroundftic receives better
average packet jitters with the OQB allocation whamsmitted packets
are larger. Moreover, we also find that averagekg@agqitter of
background traffic is @ s with the DQB allocation when transmitted
packet size is 100 bytes; it seems an unusual atroaolresult. Further
examining the simulation trace data that all UMTS&ckets are
transmitted in 100 bytes , we can find that backgcdbUMTS packets
can be transmitted stably before a background patievarding
starvation occurs (i.e., bandwidth is availableldackground packets to
forward to their next hop gateway). The backgropadket forwarding
starvation should be the reason why the averagdkepajdter of
background traffic is @s; it is a special case about average packet
jitters of UMTS traffic.

After examining Table-6 and. Iable-7#except forkdgmound traffic,
an average packet delay /Sttee received by ope tyf UMTS traffic
depends on its corresponding packet size; UMTSidraéceives a
smaller average packet delay.Zjitter when/transchipacket is smaller;
on the contrary, UMTS traffic receives a‘largerrage packet delay /
jitter when transmitted pagcket.is largefiiFor masUMTS traffic, there
exists a ratio relationship between™ average padeédy / jitter and
packet size with the DQB / OQB allocations; thisaaelationship can
be expressed as the following equations.

packet Size iarge _

packet Siz@ smai
an average packet delayge 000000 e (4)

an average packet delaymai

A ratiOut, packet delay =

packet Size arge _

packet Siz@ smai
an average packet delayge 00000000 e (5)

an average packet delaymai

A ratiou, packet jitter =

where ut = conversational traffic, streaming traffand interactive traffic
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Moreover, after looking over the simulation tratesf in details, we
find that there exists a disorder packet transmmssssue for UMTS
traffic with the OQB allocation; there is no diserdgacket transmission
for UMTS traffic with the DQB allocation. The ordef severity about
the disorder packet transmission among UMTS tratepend on the
packet transmission priority of each type of UMT&fic; UMTS traffic
with a higher packet transmission priority mighansmit its packets
more disorderly than UMTS traffic with a lower patkiransmission
priority. A statistic of disorder packet transm@siamong UMTS traffic
with the OQB allocation in a continuous traffic teah is shown in Table
8.

Table 8. A statistic of disorder packet transmissamong UMTS traffic with the
oQB aIIocatiQn in a_co_ntinuqus traffic pattern

UMTS
Application . W 7N
Packetsize | 100 5@0 /10065100 500 1000 100:500 1009 100 500 1000

Conversatidnal Streamlng “nteractive | Background

Number of DPT|124842484W2342503506.253"8 =6 6| 5 5 6
Percentage of ~ |\ 77 R
DPT 33.29 33'._1232.;.91 6.686.756.75/0.020.080.16/0.0130.07 0.16

Legends s
DPT: disorder packet transmission

At last, a simple packet forwarding performanceghieimeasure is
adopted to evaluate four types of UMTS traffic’'scket forwarding
performance with the two allocations. Four evahmtitems, dequeued
packets, dropped packets, average packet delagsawrage packet
jitters which are corresponding to QoS features,&ed in the weight
measure. Each type of UMTS traffic depends on atskpt forwarding
performance ranking in each evaluation item toiveces corresponding
weight in the weight measure. A total packet fodig performance
ranking assignment depends on the sum of weightseifour evaluation
items; one type of UMTS traffic will receive a letttotal packet
forwarding performance ranking only when it receavdarger weight
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sum. Since three kinds of packet sizes are usathderstand packet
forwarding performance of four types of UMTS traffn the scenarios;
the weight measure also bases on the packet sizsluate the packet
forwarding performance received by UMTS traffic sfatistic of packet

forwarding performance weights and rankings about types of UMTS

traffic in a continuous traffic pattern is listedTable 9.

Table 9. A ranking weight statistic of UMTS apptica with both of the DQB
allocation and the OQB allocation in a continugasfic pattern

Allocation DQB oQB

PS El CON STR INT BAC |[CON STR INT BAC
DP 4 3 2 1 4 3 2 1

DRP 4 3 2 1 4 3 2 1

100 APD 4 3 2 1 4 3 2 1
bytes | APJ 3 2  _A._ 4 4 2 1 3
ws | 15 awwiiig, | 15 11 7 6

TPEPR 1 A 2 3 3 | , 1 2 3 4

DP 4 o EHE TN 16 4 3 2 1

DRP | 4=l d—khdll NI ¥ 3 2 1

500 APD 4l /AP | Bt 3 2 1
bytes | APJ 4w\ 3, L0 | /fa 2 1 3
WS | 16% 12008 1154 fiwie 11 7 6

TPFPR| 1 2. 3 AT 1 2 3 4

DP 4 SOtV | 4 3 2 1

DRP | 4 3 TRIERT 4 3 2 1

1000 | APD 4 3 2 1 4 3 2 1
bytes | APJ 4 3 2 1 4 2 1 3
WS 16 12 8 4 16 11 7 6

TPFPR| 1 2 3 4 1 2 3 4

Legends:

CON: conversationalSTR: streamingINT : interactive BAC: background,

PS. packet sizeEl: evaluation itemPP: dequeued packetBRP: dropped packets,
WS: weight sumAPD: average packet dela&PJ: average packet jitter,

TPFPR: total packet forwarding performance ranking

Examining Table 9, we can find that four types d¥1T5 traffic
depend on their packet transmission prioritieseteive their deserved
packet forwarding performance with the DQB and O&MBcations; no
matter what kind of packet sizes are transmittedifferentiated packet
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forwarding behavior can be supported by the prahagesuing scheme
with the two allocations in a continuous transnaedraffic pattern.

5.2.2. UMTS Packet Transmission in an IntermittenfTraffic
Pattern

Actually, it is impossible for all UMTS traffic tbe transmitted in a
continuous traffic pattern all the time. Four typéJMTS traffic would
be transmitted intermittently and it presents darmittent traffic pattern
during one specific period. This scenario triesottserve forwarding
performance among UMTS traffic supported by theppsed queuing
scheme with both the DQB allocation and the OQBcaillion when the
bandwidth requirement of all UMTS traffic exceedse tbackbone
bandwidth over a UMTS core-networkand four typeg®ITS traffic is
transmitted intermittently” Fhelparameter settingshis scenario also
bases on Table 4. :Ihe statistics: oftf enqueued macked dequeued
packets are listed inZFable’10 andsates of UMT&es dequeuing are
shown in Figure 23.

Examining Table 107and-Eigure-23,"we can find foat types of
UMTS traffic depend on their"packet transmissioioniies to receive
their deserved dequeuing packet rates with the DBl OQB
allocations; differentiated packet forwarding rates be supported by
the proposed queuing scheme with the two allocatioran intermittent
transmission pattern. Comparing packet dequeuitss 1@f four types of
UMTS traffic, conversational traffic, streaming,dabackground traffic
receive better performance with the OQB allocatimteractive traffic
receives better performance with the DQB allocatMoreover, we also
find that packet forwarding starvation of backgrdutraffic in a
continuous transmission pattern can be releasedninintermittent
transmission pattern with both the DQB allocationd athe OQB
allocation.
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Table 10. A packet enqueuing / dequeuing statidtidMTS traffic in an intermittent
transmission pattern

C
—

PS

Enqueued Dequeued Dropped
packets packets packets

Arrival
packets

Packet Packet
dequeued dropped
ratio (%) ratio (%)

DQB OQB DQB OQB DQB OQB DQBOQB

DQB OQB DQB OQB

TT
(second)

100
500
1000

233142331423313233142331323314 1 0
4664 4664 4590 4664 4590 4664 74 O
2334 2334 2284 2322 2284 2322 50 12

100 100 O 0
98.41 100 159 O
97.8699.49 2.14 0.51

18.65

100
500
1000

-4 n|(Z200

249392493917834179161783417916 7105 7023
4989 4989 3580 3606 3580 3606 1409 1383
2497 2497 1794 1832 1794 1832 703 665

71.5171.84 28.49 28.16
71.7672.28 28.24 27.72
71.8573.37 28.15 26.63

19.95

100
500
1000

27314273141516(135841516(135841215413730
5464 5464 3053 2723 3053 2723 2411 2741
2733 2733 1519 1379 1519 1379 1214 1354

55.5049.73 44.50 50.27
55.8749.84 44.13 50.16
55.58 50.46 44.42 49.54

21.85

100
500
1000

O>m|H=Z2—

3750(375001336(148511336(148512414(22649
7500 7500 2760 2996 2760 .299614740,4504

37.88 40.15 62.12 59.85

35.63 39.60 64.37 60.40
36.80 39.95 63.20 60.05

30.0

3751 3751 1421 1506.1421.1506 2330:2'245

Legends
UT: UMTS traffic, PS packet S|zeTT transmlssmn tlme
CON: conversationalS TRy streamingINT _lnteractlve BAC: background

Table 11 and Table 12.shéw average=packet delaysamerage
packet jitters received by four“types-of UMTS tiaffvith the two
dynamic buffer allocationsiin—an- |nterm|ttent tramssion pattern.
Looking over Table 11, we can find that averagekpadelays received
by four types of UMTS traffic are corresponding tioeir packet
transmission priorities with the two dynamic buffedlocations.
Moreover, we also find that the conversational at@aming traffic
receive better average packet delay with the OQ&cation and the
interactive traffic receives better average padkafy with the DQB
allocation in an intermittent transmission pattefixamining Tablel2,
we can find that the average packet jitters reckibg four types of
UMTS traffic seem not corresponding to their packetsmission
priorities with both the DQB and OQB allocations an intermittent
transmission pattern; the conversational traffcerees the best average
packet jitters and the streaming traffic receive$tdr average packet
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jitters than the interactive traffic. And, except the streaming traffic,
the conversational, interactive, and backgrounfficrean receive better
average packet jitters with the OQB allocation mimtermittent packet
transmission patter.

140000 ¢
12c000f”] Eié W=
87 g
10c002k"] Eié
87 % iz
P
packet 800D Eig % &
cequenng i / . S
7 n = ;
rat= A =|/ ; H HH L><:_
(hytesizec) HL000= ii% %»_' 1 5
Ei% % H H % EEV }g
4co00” !!% i ] Z !!%
itk i i - h
a L i X
2Co0at ﬂ/ d Hi M i ==% %
[l . 1
i7 = Rii il = -
~THH i Hi H- 5 —H e
cou _ SR HT E4C
OD3E 100 12500263 G | dmmazam o 60352 15103 44533.33333
@l OZE-100 ]25008'.\0_4'2.9_ - = Eos04 THem . | p 521£9.33625 49503, 33333
B DB £00 183056 30075 50724 517175, Y 936270023 46000
OooJB-s00 |, Mizs04d zms S03T5.5985 b, | N 6Eh11 21281 47933.33333
EI DB 1000 | g d3366 4g7e——]| | pEban 451?&3’:;_"-5. 68540 4503 47366.63667
& 0IE-1000 | B 14504 02t 51329 73°3'_ p _.'-63112 12515 50200
— & s
Legends: — | o :

CON: conversational, STR streamlngl,T mteractlveBAC background,

DQB-100 packet size = 100 bytes and allocatloD@B

DQB-500 packet size = 500 bytes_._qnq gllgcatloD@B,

DQB-1000Q packet size = 1000 bytesiand allocationGB,

OQB-100 packet size = 100 bytes and allocatioB©B,

OQB-500 packet size = 500 bytes and allocatioD@B,

OQB-1000 packet size = 1000 bytes and allocatiod@B

Figure 23. A statistics of packet dequeuing ratannntermittent transmission pattern

Examining Table 11 and Table 12, we find that thexsts a ratio
relationship between average packet delay and pacewith both the
DQB and OQB allocations in an intermittent transiae pattern; this
ratio relationship is similar to equation 4; wecafsd that UMTS traffic
with a smaller packet size can receive better @eepacket jitter.
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Table 11. An average packet delay statistic of UMFEHic in an intermittent
transmission pattern

UMTS
Traffic
allocations| DOB OQB | DQB 0OQB | DOB 0OQB | DOB OQB
100 | 0.8045 0.8045| 1.1212 1.1171|1.4464 1.6182|2.0290 2.0207
(FI;S) 500 | 4.1758 4.1116| 5.6320 5.6263| 7.2857 8.2523(9.9790 10.0254
1000| 8.6228 8.4625(11.372111.271314.906916.628421.160619.9867

Legends
Unit : ms PS: packet sizeB : bytes

Conversational Streaming | nteractive Background

Table 12. An average packet jitter statistic of UBAFaffic in an intermittent
transmission pattern

UMTS
traffic
locati
a Oncs'o DQB OQB | DQB  OQB | DQB OQB | DQB  OQB
PS 100| 4.4626 2.3513 166 3637 2249944 496 8321 251.002 | 1390.7471 63.2231
(B) 500|175.0327 51.9759 847 7044 1138#13:0 .2.36.6174 1523.3886 4020.3046 715.4309
1000627.4165 247.191Cﬂ.820 828_2333 333' 5310 3905 3422 319% 5085.2713 2114.3617
Legends ) A
Unit : s, PS: packet snieB bytes e | =

conversational streaming interactive background

Table 13. A statistic of dlsorder packet transrmssamong UMTS traffic with the
0OQB aIIocatlsn in an |nterm|ttent traffic pattern

UMTS G |
Application Conversational | St_____earr]l g
Packet size | 100 500 1000] 100 5001000 100 500 1000 100 500 1000

I nteractive Background

N“g‘g?rr o 157681114 5211564 319 1609|2018 424 214| 364 198 161

Percentage
of DPT (%)
Legends
DPT: disorder packet transmission

24.7423.9 22.336.272 6.4 6.78|7.39 7.76 7.83/0.971 2.64 4.3

In additions, the disorder packet transmission @stor UMTS
traffic still exists with the OQB allocation in amtermittent transmission
pattern. A statistic of disorder packet transmissamong UMTS traffic
with the OQB allocation in an intermittent traffgattern is shown in
Table 13 .The disorder packet transmission of theversational traffic
iIs the most serious and the disorder packet trassom of the
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background traffic is the least serious. With th@BDallocation, packet
transmission priority might impact order of sewembout the disorder
packet transmission among UMTS traffic in an intétent transmission
pattern.

Table 14. A ranking weight statistic of UMTS applion with both of the
DQB/OQB allocation in an intermittent traffic patte

Allocation DQB 0oQB

PS El CON STR INT BAC Cl\? STR INT BAC
DPR 4 3 2 1 4 3 2 1

DRPR 4 3 2 1 4 3 2 1

100 APD 4 3 2 1 4 3 2 1
bytes APJ 4 3 2 1 4 2 1 3
WS 16 12 8 4 16 11 7 6

TPFPR| 1 2 3 3 1 2 3 4

DPR 4 g 2 AL 4 3 2 1

DRPR 4 3 2 1 4 3 2 1

500 APD 4 3 2 \» 4 3 2 1
bytes APJ 4 3 2 1 4 2 1 3
WS 16 12 8 4 16 11 7 6

TPFPR| 1 2 3 4 1 2 3 4

DPR 4 3 2 1 4 3 2 1

DRPR 4 3 2 X 4 3 2 1

1000 APD 4 3 2 1 4 3 2 1
bytes APJ 4 3 1 2 4 2 1 3
WS 16 12 7 5 16 11 7 6

TPFPR| 1 2 3 4 1 2 3 4

Legends:

CON: conversationalSTR: streamingINT : interactive BAC: background,

PS packet sizeEl: evaluation itemDPR: dequeued packet ratio,

DRPR: dropped packet ratid\PD: average packet delayS: weight sum,

APJ: average packet jitterTPFPR: total packet forwarding performance
ranking

Finally, the packet forwarding performance weiglgasure is used
evaluate four types of UMTS traffic’'s packet fongsng performance
with the two allocations in an intermittent pack@insmission pattern. A
statistic of packet forwarding performance weigatgl rankings about
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four types of UMTS traffic in an intermittent traffpattern is listed in
Table 14.

Examining the total packet forwarding performanaeking shown
in Table 14, we can find that four types of UMT&ffic can receive
their deserved packet forwarding performance vhigh DQB and OQB
allocations; no matter what kind of packet sizes @ansmitted. A
differentiated packet forwarding behavior can bepsuted by the
proposed queuing scheme with the two allocationsnnintermittent
transmission traffic pattern.

5.2.3. Summary

After examining the simulatiofifresults, several mares about the
proposed queuing scheme-with the twa duffer allonatare received
and described as the fellows:

B The proposed gueuing scheme with' Bboth the DQB a@B O
allocations can suppott ‘astifferentiated packewvéoding behavior
for four types of UMI S'traffic=either/inva continu® transmission
pattern or an intermittént:transmission patteroy fiypes of UMTS
traffic can depend on their ‘packet transmissiooriiies to receive
their deserved packet forwarding performance.

B Comparing the packet forwarding performance reckibg four
types of UMTS traffic with both the DQB and OQBaahtions, we
can find that the dequeued / dropped packet volom&MTS
packets is almost the same in a continuous trassmigpattern and
the dequeued / dropped packet volume of UMTS tradfvery close
In an intermittent transmission pattern. We alsod fithat the
conversational and streaming traffic receives clagerage packet
delays with both the DQB and OQB allocations ants ieasy for
UMTS traffic to receive better average packet jgtevith the OQB
allocation either in a continuous transmission gyattor in an
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intermittent transmission pattern.

After examining the packet forwarding performantdéonr types of

UMTS traffic and packet size, we find that therdstex a close
relation among them. UMTS traffic receives morewang packet
volume when transmitted packet size is large; h@neWMTS

traffic receives larger average packet delays anery. On the
contrary, UMTS traffic receives less dequeuing paciolume when
transmitted packet size is small; but, UMTS traficeives smaller
average packet delays and jitters.

Finally, although the proposed queuing scheme it the DQB
and OQB allocations can forward four types of UMd&kets in a
DiffServ way; but, for either the DQB allocation dhe OQB

allocation, some issues need-be watched. For thi® &lQcation, a
packet forwarding Starvatiomsreeeived by the baokgd application
in the continuo@s; traffic: ‘pattern;y but: the packetrwarding

starvation among (UMTS traific with |lower packet nsanission
priorities might be released“when*UMTS packetstaesmitted in
an intermittent transmission—pattern,’ For the OQIBcation,

disorder packet transmissions-e¢cur among UMTSidrabth in a
continuous transmission pattern and an intermitteasmission
pattern. The overflow logical queuing buffer opematin the SWRR
scheme should be the reason why UMTS packets ansnhitted
disorderly. In spite of disorder packet transmissian an IP layer
can be recovered in a transport layer; the disorgdacket
transmission still is an issue for the proposedugque scheme to
refine the OQB allocation.
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Chapter 6. Conclusions

As a UMTS system enters an all-IP stage, a packsclsng
scheme is used to forward packets from all UMTSliegtons within a
UMTS core network. Since four types of UMTS traftiefined by the
3GPP are supported by the UMTS; each type of UM@S8id¢ has its
QoS features and requirements. However, bandwiddource of a
UMTS core network is limited; it might be insuffent for UMTS
applications to receive their required QoS. FoisBahg most of UMTS
applications’ QoS requirements, a queuing scheroaldtbe adopted to
handle UMTS packet forwarding process in a DiffSeay within a
gateway over a UMTS core network.

This study proposes_aspHorty‘based queuing schamsupport
differentiated packet fofwarding behaviers’amongTBvraffic within a
UMTS core network:iIn the-{proposed, quéuing schetwe, queuing
buffer allocations, the  DQB and QQB, are=adoptechandle packet
enqueuing and dequeuing,processes.. These: twotalogdase on QoS
features of UMTS traffic.tordivide a physical quagibuffer into several
logical queuing buffers; €ach-logical-qéeuing bufeused to enqueue
arrival UMTS packets. In the“BOB allocation, fowgical queuing
buffers are corresponding to four types of UMTSficta And, each
logical queuing buffer can be subdivided into arganteed buffer and a
dynamic buffer; a guaranteed buffer is one typeudranteed buffers
and a dynamic buffer is one type of shared bufféns.the OQB
allocation, five logical queuing buffers are uséaljr logical queuing
buffers are guaranteed buffers which are correspgn four types of
UMTS traffic and one overflow logical queuing bufie a shared buffer.
Usually, a logical queuing buffer with higher patkigansmission
priority can allow to enqueue more packets be emegiavith the DQB
and OQB allocations.
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In the proposed queuing scheme, a priority-basellgba&nqueuing
module is adopted to process an arrival packeteangg job with either
the DQB allocation or the OQB allocation. Since tiypes of queuing
buffers, guaranteed buffer and shared buffer, aeel to enqueue arrival
packets; FIFO scheme is used in a guaranteed barfférRED-based
scheme is used in a shared buffer. The prioritypthgsacket enqueuing
module bases on packet transmission prioritieoof fypes of UMTS
traffic to assign parameter settings to logical ugog buffers in a
differentiated way. With the differentiated paragretsettings, the
proposed packet enqueuing module can support ereiitiated packet
enqueuing behavior among UMTS traffic. Moreover W&RR-based
packet dequeuing module is used to manipulate &epaidequeuing
process among logical queuingsbuffers. The SWRRsehis proposed
in the packet dequeuing -module;=it{lases on patiatsmission
priorities of UMTS packets=which ‘are ‘engueued igidal queuing
buffers to assign différentiated packet.deqguetumgs to logical queuing
buffers. According tosreceived pdeket degueumingduit is easier for the
SWRR scheme to ¢dequewe™UMTS packets with higherkegpac
transmission priorities “ftom_logical quétnng bufferA differentiated
packet dequeuing process can be supported by tHRSMWheme.

In this study, several C++ programs and TCL scrigpescoded and
implemented in the ns2 to simulate several scesafovo types of
scenarios, continuous and intermittent transmissmatterns, are
simulated to understand packet forwarding perforreanf the proposed
gueuing scheme with the DQB and OQB allocationsofding to the
simulation results, we can find several importaoinfs. First, the
proposed queuing scheme can support four typeshT Jtraffic to
receive their deserved packet forwarding perforraaeither with the
DQB allocation or with the OQB allocation in both antinuous
transmission pattern and an intermittent transmmsgiattern. Secondly,
examining the simulation results, we can find ttlet overall packet
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forwarding performance of UMTS traffic which is qgsted by the
proposed queuing scheme either with the DQB aliocabr with the

OQB allocation is close. Different types of UMT&(ffic receive better
packet forwarding performance either with the DQBcation or with

the OQB allocation in different scenarios; neitliee DQB allocation

nor with the OQB allocation can let four types d¥1US traffic receive

better packet forwarding performance in all scesarthirdly, about the
two queuing buffer allocations, some issues nedoetoefined. For the
DQB allocation, UMTS traffic with the lowest packé&tansmission
priority might receive a packet forwarding stareatiin a continuous
transmission pattern; but this issue seems not @xign intermittent
transmission pattern. For the OQB allocation, disortransmission
packets occur among four typesiyof UMTS traffic mtHbha continuous
transmission pattern andyan-intermittenttransmmsgattern; this issue
results from the overflow’ legigat gueuing buffereogtion in the SWRR
scheme.

56



10.

11.

12.

13.

References

UMTSWorld.com , 3G TutorialOverview of The Universal Mobile
Telecommunication Syste(draft), available at
http://www.umtsworld.com/technology/overview.htm).22002.

3GPP TS 23.101, General Universal Mobile Telecomoations
System (UMTS) architectur&9.0.0, Dec. 2009.

3GPP TR 23.922, Architecture for an All IP netwo@ct. 1999.
UMTS Forum, Enabling UMTS Third Generation Servieesl
Applications(Report 11), available at
http://www.tik.ee.ethz.ch/~mobydick/related _worktsaforum/umt
s-forum_reportl1l.pdf, Oct. 2000.

Heikki Kaaranen, Ari Ahtiainensd.auri Laitinen, &ianak Naghian
and Valtteri Niemi UMI'S‘Networks:‘Architecture, Mobility and
Serviceq2" ed.),J6hn Witey & Sons, MeNew Jersey, 2005.
3GPP TS 23.002; Network Architectun.3.0, Sep. 2008.

ETSI TS 123 002; Digital celldlar telecommunicas@ystem
(Phase 2+); Univérsal Mebhilei:Telecommunicationst&y (UMTS);
Network ArchitectureM#:1.0, Mar.-2006.

Farshid Agharebparast andVictor C. M. Leung, Qafpsrt in the
UMTS/GPRS Backbone Network Using DiffSeRroc. of IEEE
GLOBECOM Nov. 2002.

Daniel Collins and Clint Smith, 3G Wireless Netwsyrk
McGraw-Hill Professional Sep. 18, 2001.

3GPP, TS 23.207 v8.0.0, End-to-End QoS ConcepAatittecture
Dec. 2008.

Neal Seitz, ITU-T QoS standards for IP-based nekgydEEE
Communication Magazin&ol. 41, No. 6, pp. 82-89, Jun. 2003.
Alan Clark, Packet loss Distributions and Packss IModelsITU-T
Contribution COM12-D97-E, ITU, Telchemy Incorporated 2003.

Wenyu Jiang and Henning Schulzrinne, Modeling afikéaLoss

57



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

and Delay and their Effect on Real-Time Multime8exrvice
Quality, In ACM International Workshop on Network and Opirgt
Systems Support for Digital Audio and Video (NOS&D&hapel
Hill, North Carolina, Jun. 2000.

Thomas Pliakas, George Kormentzas and Charalabasi§k
Scalable Video Streaming Traffic Delivery in IP/UMTNetworking
EnvironmentsJournal of MultimediaVol. 2, No. 2, pp. 37-46, Apr.
2007.

David J. Goodman and Robert A. Myers, Mobile Videtephony:
for 3G Wireless NetworkdvicGraw-Hill ProfessionalNov. 2004.

3GPP TS 23.107 V6.4.0, QoS Concept and ArchitecReéease 6,
Mar. 2006.

ETSITS 122 105, V6.4 0 UMTS; Serwces and Serdapabilities
available at http: //www etsi. org, Sep 2005

Robert Lloyd Evans QoSin Inteqrated BG NetwpAdasech House
New York, 2002.= :

Santiago Alvarez; OoS for IP/MPLS Netwo,rKBsco PressJuly
2006. _

Dimitios Stiliadis and ABaN vér’fha,' Efficient fajueueing
algorithm for packet-switched networkEEE/ACM Transactions
on Networking\ol. 6, pp. 175-185, Apr. 1998.

IETF Differentiated Services (DiffServ) working gno, available at:
http://www.ietf.org/html.charters/diffserv-charteml

S. Blake, D. Black, M. Carlson, E. Davies, Z. Waagd W. Weiss,
An Architecture for Differentiated Servicd& TF RFC 2475Dec.
1998.

Paul P. White, RSVP and integrated services inrtegnet. A
tutorial, IEEE Communications Magazinol. 35, No.5, pp.
100-106, May 1997.

Dovrolis Constantinos and Ramanathan Parameswargase for
relative differentiated services and the proposdldatifferentiation

58



25.

26.

27.

28.

29.

30.

31.

32.

mode| IEEE NetworkVol. 13, pp. 26-34, Sep./Oct. 1999.

Tham Chen Khong, Yao Qi, and Jiang Yuming, Achigvin
differentiated services through multi-class probsiic priority
schedulingComputer Networks/0l1.40, No. 4, pp. 577-593, 2002.

Y. Bernet, J. Binder, S. Blake, M. Carlson, S. KeslE. Davies, B.
Ohlman, D. Verma, Z. Wang and W. Weiss, A Framework
Differentiated Servicdnternet Draft available at
http://tools.ietf.org/id/draft-ietf-diffserv-framesvk-01.txt, Oct.
1998.

Ikjun Yeom and A. L. Narasimha Reddy, Modeling TB&havior in
a Differentiated Services NetwglEEE/ACM Transactions on
Networking pp. 31-46, Vol. 9, No. 1, Feb. 2001.

Van Jacobson, KathleeniNichols'and Kedar PoduriexXypedited
forwarding PHB. Request femGemments 25@8ernet Engineering
Task Force Jun. 1999.

Dana Arash andiMalekloo Ahniad, Performance Comparis
between Active and Passiwe Quetie ManageniDs|
International Journahef*Computer-Sgcience Issid. 7, Issue 3,
No. 5, May 2010.

Bob Braden, David Clark, Jon Crowcroft, Bruce Dadteve
Deering, Deborah Estrin, Sally Floyd, Van Jacobsamreg Minshall,
Craig Partridge, Larry Peterson, Kadangode Rantfakais, Scott
Shenker, John Wroclwski, and Lixia Zhang, Recomménds on
Queue Management and Congestion Avoidance in teenket IETF
RFC 2309Apr. 1998.

Sally Floyd, References on RED (Random Early DeiaQueue
Managementavailable at http://www.icir.org/floyd/red.html

James Aweya, Michel Ouellette and Delfin Y. MontuAo
multi-queue TCP window control scheme with dynabufer
allocation Journal of Systems Architectuiol. 49, No. 7-9, pp.
369-385, Oct. 2003.

59



33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

Sally Floyd, RED: discussions of setting parametavailable at
http://www.icir.org/floyd/REDparameters.txt, No\Oa7.

Thomas Ziegler, Christof Brandauer and Serge Fdidayantitative
Model for the Parameter Setting of RED with TCPfflealWQoS,
LNCS 2092\ol. 2092, pp. 202-216, 2001.

David Clark and Wenjia Fang, Explicit Allocation Bést Effort
Packet Delivery ServicéEEE/ACM Transactions on Networking
\ol. 6, No. 4, pp. 362-373, Aug. 1998.

Dong Lin and Robert Morris, Dynamic of Random Edbdigtection
In Proceedings of ACM SIGCOMM9@p. 127-137, Cannes, France,
Sep. 14-18, 1997.

Jaiswal N.K., Priority Queyé&cademic PresdNet York, 1968.

Eitan Altman and TanighJiménez, Simulation analg6RED with
short lived TCP connection€emputerNetworks/ol. 44, Issue 5,
pp. 631-641, Apr.s2004.

Mohamed Ashour and Tho Le“Ngoc, Priority queuindpofy-range
dependent traffidn Rrogeedings.of.the 2004 IEEE Global
Telecommunications:€onference (GLOBECOM (). 6, pp.
3025-3029, 2003.

Hoon Lee, Anatomy of delay performance for thecswriority
scheduling scheme in multi-service Interr@@ mputer
Communications\vol. 29, No. 1, pp. 69-76, 1 Dec. 2005.

Chung G. Kang and Harry H. Tan, Queueing analylsexplicit
priority assignment buffer access scheme for AT Mvoeks,
Computer Communicationsol. 21, No. 11, pp. 996-1009, 10 Aug.
1998.

Takahiro Matsuda, Akira Nagata, and Miki Yamaoterf®rmance
Analysis and Improvement of HighSpeed TCP withDeob/RED
Routers IEICE Transactions on Communication®l.E88-B, No.6 ,
pp. 2495-2507, Jun. 2005.

Long Bao Le, Ekram Hossain and Attahiru Sule ABarvice

60



44.

45.

46.

47.

48.

49.

50.

51.

52.

differentiation in multirate wireless networks witleighted
round-robin scheduling and ARQ-based error contidt E
Transactions on Communicatignsl.54, No.2, pp.208-215, Feb.
2006.

Christoph Lindemann and Axel Thummler, Evaluating GPRS
radio interface for different quality of serviceofites, Proceeding
12th GI/ITG Fachtagung Kommunikation in Verteil&ystempp.
291-301, Hamburg, Germany, Feb. 2001.

Robert Braden, David Clark, and Scott Shenkerghatted Services
in the Internet Architecture: an Overviede TF RFC 163, Jul.
1994.

Sally Floyd and Van Jacobson, Random Early DetedBateways
for Congestion AvoidangdEEE/ACNM, Transactions on Networking
Vol 1, No. 4, pp. 3972413, Aug..1993.

Fengyuan Rena, €huang-Linaand:Bo‘Wei, A nonligeatrol
theoretic analysisto TCP—RED systetomputer Networksvol. 49,
Issue 4, No.15, pp. 580-5924Nov.*2005.

Chait Hollot, VishalMisray Do Towsley.and Wei-Bong, A
control theoretic analysiSiet:REEEEE Infocom’01, Anchorage
Alaska, USA, 2001.

Juha Heinanen and Kalevi Kilkki, A fair buffer atlation scheme
Computer Communicationsol. 21, No. 3, pp. 220-226, 25 Mar.
1998

Gianluca Mazzini, Riccardo Rovatti and GianlucaiSAtclosed
from solution of Bernoullian two-classes priorityeue Computer
Communicationsvol. 9, No. 3, pp. 264-266, 2005.

Xiao Yang, Performance analysis of priority schefoedEEE
802.11 and IEEE 802.11e wireless LANSEE Transactions on
Wireless Communicationsol.4, No.4, pp. 1506-1515, 2005.

Steven McCanne and Sally Floyd, The Network Sinaulatns2
available at: http://nsnam.isi.edu/nsnam/index.plgm_Page

61






Appendix A: The DQB Source Code

#include "umtspred-queue.h"
static class UmtsPredQueueClass : public TclClass

{
public:
UmtsPredQueueClass() : TclClass("Queue/UratsPueue") {}
TclObject* create(int, const char*const*) {
return (new UmtsPredQueue);
}

} class_umts_priority_red_round_robin;

UmtsPredQueue::UmtsPredQueue()

{
con_g_ = new PacketQueue;
str_q_ = new PacketQueue;
int_g_ = new PacketQueue;
bac_q_ = new PacketQueue;
pg_=con_g_;
con_enable_enque_ = false;
str_enable_enque_ = false;
int_enable_enque_ = false;
bac_enable_enque_ = false;
packet_deque_ctr_=0;
umts_deq_turn_ = 0;
phy_q_length_=0;
con_eng_ctr_=0;
str_eng_ctr_=0;
int_eng_ctr_=0;
bac_enq_ctr_=0;
con_deq_ctr_=0;
str_deq_ctr_ =0;
int_deq_ctr_=0;
bac_deq_ctr_=0;
con_dpq_ctr_=0;
str_dpg_ctr_=0;
int_dpqg_ctr_=0;
bac_dpg_ctr_=0;

bind("str_queue_limit", &str_queue_limit
bind("int_queue_limit", &int_queue_limit_);
bind("bac_queue_limit", &bac_queue_limit_);
bind("c_eng_min", &c_enqg_min_);
bind("s_enqg_min", &s_enqg_min_);
bind("i_eng_min", &_enq_min_);
bind("b_eng_min", &b_enq_min_);
bind("c_enq_max", &c_eng_max_ );
bind("s_enq_max", &s_eng_max_);
bind("i_enqg_max", & _eng_max_);
bind("b_eng_max", &b_eng_max_);
bind("con_redenque_prob", &con_redenque_prob_);
bind("str_redenque_prob", &str_redenque_prob_);
bind("int_redenque_prob", &int_redenque_prob_);
bind("bac_redenque_prob", &bac_redenque_prob_);
}

void UmtsPredQueue::enque(Packet* p)
hdr_ip* iph = hdr_ip::access(p);
phy_q_length_ = con_qg_ -> length() + str_q_ +gkh() + int_q_ -> length() + bac_q_->length();
switch (iph->prio_)

/I'If IPv6 priority = 15 (UMTS conversation tfaf IP packet) then enqueue to con-queue
case 15:
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{
if (phy_g_length_ < glim_)
if (con_q_->length() < con_queue_limit_)

con_enable_enque_ = true;

}else {
con_enable_enque_ =
overflow_pkt_enqueue_by_red(c_eng_min_,c_eng_may_g length_,con_red
enque_prob_);
}
}else {
con_enable_enque_ = false;

if (con_enable_enque_)
{
con_g_->enque(p);
con_eng_ctr_++;
}else {
con_dpq_ctr_++;
}

break;

/I'If IPv6 priority = 13 (UMTS stream traffic IPacket) then enqueue to str-queue
case 13:

{
if (phy_g_length_ < glim

end_mhay_¢p length_,str_redenqu

if (str_enable_enque_)
{
str_qg_->enque(p);
str_enq_ctr_++;
}else {
str_dpq_ctr_++;

break;

I/ If IPv6 priority = 11 (UMTS interactive traff IP packet) then enqueue to int-queue
case 11:

{
if (phy_g_length_ < glim_)
if (int_qg_->length() < int_queue_limit_)

int_enable_enque_ = true;

}else {
int_enable_enque_ =
overflow_pkt_enqueue_by _red(i_enq_min_,i_enq_maw ,q_length_,int_reden
que_prob );
}
}else {
int_enable_enque_ = false;

if (int_enable_enque_)
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{
int_g_->enque(p);
int_enq_ctr_++;
}else {

}

break;

int_dpq_ctr_++;

/I'1f IPv6 priority = 9 (UMTS background traffi® packet) then enqueue to bac-queue
case 9:

{
if (phy_g_length_ < glim_)
if (bac_q_->length() < bac_queue_limit_)

bac_enable_enque_ = true;

}else {
bac_enable_enque_ =
overflow_pkt_enqueue_by red(b_eng_min_,b_enq_may_g length_,bac_red
enque_prob_);
}
}else {
bac_enable_enque_ = false;

if (bac_enable_enque_)

bac_q_->enque(p);
bac_enq_ctr_++;

}else {
bac_dpqg_ct
break;
}
default:
printf("Not an U mtsPred queue.\n");
break;
}
}

}
unsigned long UmtsPredQueue::random_seed_by_sytitea()
{

struct timeval tv;
struct timezone tz;
unsigned long rng_seed;
/* to generate a seed of random generator by tifner
if (gettimeofday(&tv, &tz) == 0)
{

rng_seed=tv.tv_usec;

}else {
printf("Not get timer information by getieofday !'"\n");
rng_seed=0;
}
return rng_seed;
}

bool UmtsPredQueue::overflow_pkt_enqueue_by_reéiot_min, int eng_max, int enq_pkt_num, double
redenque_prob)

unsigned long rseed;
double random_prob;
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if (eng_pkt_num >= eng_max)

return false;
}else {
if (eng_pkt_num < eng_min)

return true;
}else {
rseed=random_seed_by_system_time()
srand(((int)rseed));
random_prob=(double)(rand()/(RANDAXH1.0));
if (random_prob <= redenque_prob)

return true;
}else {

}

return false;

}

Packet* UmtsPredQueue::deque()

{
Packet *p;

bool deque_packet = false;

umts_deq_turn_=0;
switch (packet_deque_ctr_ 9

/ to set dequeue turn to o pgth() //case (0, 3, 6, 9):
case O:

{
if (con_qg_->length() > 0)
{

}else {
if (str_q_->I
{
umts_deq_tur
}else {
if (int_g_->length() > 0)
{
umts_deq_turn_=3;
}else {
if (bac_q_->lengtk(0)
{
umts_deq_turng;=
}
}
}
}
break;
}
case 3:

{
if (con_qg_->length() > 0)
{

umts_deq_turn_=1;

}else {
if (str_g_->length() > 0)
{
umts_deq_turn_ =2;
}else {

if (int_qg_->length() > 0)
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umts_deq_turn_=3;
}else {
if (bac_g_->lengtk(0)
{

umts_deq_turng;=

}

}

break;

}

case 6:
{
if (con_qg_->length() > 0)
{

umts_deq_turn_=1;
}else {
if (str_qg_->length() > 0)
{

umts_deq_turn_ = 2;
}else {
if (int_qg_->length() > 0)
{

umts_deq_turn_=3;
}else {

}

break;

}

case 9:

{
if (con_q_->length() > 0)
{
umts_deq_turn_=1;
}else {
if (str_qg_->length() > 0)
{

umts_deq_turn_ = 2;

}else {
if (int_qg_->length() > 0)
{
umts_deq_turn_=3;
}else {
if (bac_g_->lengtk(0)
{
umts_deq_turng;=
}
}
}

break;

}
/I to set dequeue turn to stream traffic fifstain_q_->length()  //case (1, 4, 7):
case 1:

{
if (str_g_->length() > 0)
{

umts_deq_turn_=2;
}else {
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if (con_qg_->length() > 0)
{

umts_deq_turn_ =1;

}else {
if (int_q_->length() > 0)
{
umts_deq_turn_=3;
}else {
if (bac_q_->lengtk(0)
{
umts_deq_turn4;=
}
}
}
break;
}
case 4:

{
if (str_g_->length() > 0)
{

umts_deq_turn_ = 2;
}else {
if (con_g_->length() > 0)
{

umts_deq_turn
}else {

}

break;

}
case 7:
{
if (str_g_->length() > 0)
{
umts_deq_turn_ = 2;
}else {

if (con_g_->length() > 0)

{

umts_deq_turn_=1;

}else {
if (int_q_->length() > 0)
{
umts_deq_turn_=3;
}else {
if (bac_q_->lengtk(0)
umts_deq_turn4;=
}
}
}
}
break;

}

/ to set dequeue turn to interactive traffistfif con_q_->length() //case (2, 8):
case 2:
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{
if (int_q_->length() > 0)
{
umts_deq_turn_=3;
}else {
if (con_qg_->length() > 0)
{

umts_deq_turn_ =1;

}else {
if (str_q_->length() > 0)
{
umts_deq_turn_ = 2;
}else {
if (bac_g_->length(0)
{
umts_deq_turng;=
}
}
}
break;
}
case 8:

{
if (int_q_->length() > 0)
{

umts_deq_turn_=3;

}else {
if (con_q_-
{
umts
}else {
}
}
}
break;

/I to set dequeue turn to background traffistfir con_q_->length()  //case (5):
case 5:

{
if (bac_qg_->length() > 0)
{

umts_deq_turn_ = 4;
}else {
if (con_qg_->length() > 0)
{

umts_deq_turn_ =1;
}else {
if (str_q_->length() > 0)
{

umts_deq_turn_ = 2;
}else {
if (int_qg_->lengji¥ 0)
{

umts_deq_turn3;=

}

69



}

/I To print out the statistics information of UMTBiority queueing discipling

void UmtsPredQueue::printstats()

}

break;

default:

{
umts_deq_turn_=0;
break;

}
}

switch(umts_deq_turn_)

{

case 1:

{

p = con_q_->deque();

deque_packet = true;
con_deq_ctr_++;
break;
}

case 2:
{
p = str_qg_->deque();
deque_packet = true;
str_deq_ctr_++;
break;
}

case 3:
{
p =int_q_->deque(
deque_packet = true;
int_deq_ctr_++;
break;
}

case 4:
{
p = bac_g_->deque
deque_packet = true;
bac_deq_ctr_++;

break;
}
default:
{
break;
}
}

if (deque_packet == true)

packet_deque_ctr_++;
return (p);
} else
{return 0;}

/I Unit : packet

{
printf("\n***  UMTS priority queueing discipline peration statistics ***\n");
printf(" \n");
printf("Traffic type enqueue degee dropped\n™);
printf("------------ e —_— e \n");
printf("Conversation %7d %7d

%7d\n",con_enq_ctr_,con_deq_ctr_,con_dpg_ctr_);

printf("Stream

%7d

%7d

%7d\n",str_eng_ctr_,str_deq_ctr_,str_dpqg_ctr_);
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printf("Interactive %7d %7d
%7d\n",int_eng_ctr_,int_deq_ctr_,int_dpqg_ctr_);

printf("Background %7d %7d
%7d\n",bac_enq_ctr_,bac_deq_ctr_,bac_dpqg_ctr_);
printf("\n \n");
printf("Total UMTS dequeue packet number : %d\ntkmt_deque_ctr );
}

/I Commands from the ns file are interpreted throthdghinterface.
int UmtsPredQueue::command(int argc, const chastargv)

{
if (strcmp(argv[1], "printstats") == 0)
{

printstats();
return (TCL_OK);
}

return(Queue::command(argc, argv));
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Appendix B: The DQB Header File

#include <stdlib.h>
#include <string.h>
#include <sys/time.h>
#include "queue.h"
#include "address.h"

class UmtsPredQueue : public Queue {
public:
UmtsPredQueue();
int command(int argc, const char*const* argv); / inferface to ns scripts
protected:
void enque(Packet*);
unsigned long random_seed_by_system_time();
bool overflow_pkt_enqueue_by red(int eng_min, imj_emax, int eng_pkt_num, double redenque_prob);

Packet* deque();

void printstats();
PacketQueue *con_g_; Il the FIFO queue for UM®Bversation traffic
PacketQueue *str_q_; Il the FIFO queue for UMTr8am traffic
PacketQueue *int_g_; /I the FIFO queue for UMft8ractive traffic
PacketQueue *bac_q_; // the FIFO queue for UMag&kground traffic

bool con_enable_enque_; // boolean for UMTS caat@nal packet enqueue
bool str_enable_enque_; // boolean for UMTS stiegmpacket enqueue

bool int_enable_enque_; // boolean for; UMTSIlmE'm packet enqueue

bool bac_enable_enque_; // boolean for UMTS bimkgd packet enqueue
int packet_deque_ctr_; //to count the ent packet
int pkt_deque_cycle_; //to mod tHe sent packetsla s
int umts_deq_turn_; ik 1 for con—q—Zfor St @ 3: for i

| for bac_g

int phy_g_length_; /I dsed’ quetebufieFlength

int con_enq_ctr_; //'UMTS conversation aprﬂmn enqueue packet counter

int str_enq_ctr_; i UM’FS stream appllcatron enqupacket co‘unter

intint_enq_ctr_; /I UMTS linteractive applicatlenqueue packet 'counter

intbac_eng_ctr_; // UMTS; background applicatianectie packet.counter

intcon_deq_ctr_;  // UMTS; cohversatton applicatitEgueue packet counter

int str_deq_ctr_; I UMTS? strea\m apphcatlon deqsupa ket.counter

intint_deq_ctr_; [l UMTS mteracttve appllcatldaqueue packet counter

intbac_deq_ctr_;  //UMTS backgrou d:-:applmatloqumte ﬁacket counter

int con_dpq_ctr_; /I UMTS conversation | apr|>llcaqmcket drop by queue

int str_dpq_ctr_; /I UMTS stream application paakep by queue

intint_dpq_ctr_; /I UMTS interactive applicatipacket drop by queue

int bac_dpq_ctr_; /I UMTS background applicatiathet drop by queue

int con_queue_limit_; /I UMTS conversational kggtion queue limit

int str_queue_limit_; /I UMTS streaming applioatqueue limit

int int_queue_limit_; /I UMTS interactive apmiton queue limit

int bac_queue_limit_; /I UMTS background apgima queue limit

int c_enqg_min_; /I UMTS conversational apation min queue limit

int c_enq_max_; /I UMTS conversation applicatioax queue limit

ints_eng_min_; /I UMTS streaming application mireue limit

ints_enq_max_; /I UMTS streaming application rgague limit

inti_eng_min_; [l UMTS interactive applicationmgueue limit

inti_eng_max_; /I UMTS interactive applicatiomxmueue limit

intb_eng_min_; /I UMTS background applicatiommueue limit

intb_eng_max_; /I UMTS background applicatiorkxmaeue limit

double con_redenque_prob_; /[UMTS conversaticagaication packet enqueue probability by red
scheme

double str_redenque_prob_; IIUMTS streamingcain packet enqueue probability by red scheme

double int_redenque_prob_; //UMTS interactivicagtion packet enqueue probability by red scheme

double bac_redenque_prob_; //UMTS backgrounidatimn packet enqueue probability by red scheme

h
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Appendix C: The OQB Source code

#include "umtspdb-queue.h"

static class UmtsPdbQueueClass : public TclClass {

public:
UmtsPdbQueueClass() : TclClass("Queue/UmiQiRdbe™) {}
TclObject* create(int, const char*const*) {
return (new UmtsPdbQueue);
}

} class_umts_priority_dynamic_overflow_buffer;

UmtsPdbQueue::UmtsPdbQueue()

{

FILE *fp;

con_g_ = new PacketQueue;
str_q_ = new PacketQueue;
int_g_ = new PacketQueue;
bac_g_ = new PacketQueue;
ovb_g_ = new PacketQueue;
pg_=con_g_;
con_enable_enque_ = false;
str_enable_enque_ = false;
int_enable_enque_ = false;
bac_enable_enque_ = false;
ovb_enable_enque_ = false;
packet_deque_ctr_=0;
umts_deq_turn_ = 0;
phy_q_length_=0;
con_eng_ctr_=0;
str_enq_ctr_ =0;
int_eng_ctr_=0;
bac_enq_ctr_=0;
ovb_eng_ctr_=0;
con_deq_ctr_=0;
str_deq_ctr_=0;
int_deq_ctr_=0;
bac_deq_ctr_=0;
ovb_deq_ctr_=0;
con_dpq_ctr_=0;
str_dpg_ctr_=0;
int_dpg_ctr_=0;
bac_dpg_ctr_=0;

bind("con_queue_limit", &con_queue_limit_);
bind("str_queue_limit", &str_queue_limit_);
bind("int_queue_limit", &int_queue_limit_);
bind("bac_queue_limit", &bac_queue_limit_);
bind("c_enq_min", &c_eng_min_);
bind("s_enq_min", &s_eng_min_);
bind("i_eng_min", &_enq_min_);
bind("b_eng_min", &b_enq_min_);
bind("c_enq_max", &c_eng_max_);
bind("s_enq_max", &s_enqg_max_);
bind("i_eng_max", &i_eng_max_);
bind("b_eng_max", &b_enq_max_);
bind("con_dbenque_prob", &con_dbenque_prob_);
bind("str_dbenque_prob", &str_dbenque_prob_);
bind("int_dbenque_prob", &int_dbenque_prob_);
bind("bac_dbenque_prob", &bac_dbenque_prob_);

[* To check output record files and remove them *
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if (fp = fopen("con_pkt_forwarding_delay rec_pgdin")) = NULL)
{ fclose(fp);

i}f ((fp = fopen("str_pkt_forwarding_delay_rec_pd")) = NULL)
{ fclose(fp);

i}f ((fp = fopen("int_pkt_forwarding_delay_rec_pdlwv")) = NULL)
{ fclose(fp);

i}f ({(fp = fopen("bac_pkt_forwarding_delay_rec_pdv")) 1= NULL)

fclose(fp);

}
void UmtsPdbQueue::enque(Packet* p)
hdr_ip* iph = hdr_ip::access(p);
phy_g_length_ = con_g_->length() + str_g_->lengthint_q_->length() + bac_g_->length() +

ovb_g_->length();
switch (iph->prio_)
{

I/ If IPv6 priority = 15 (UMTS
case 15:

en enqueue to con-queue

g_min_,c_enqg_méay_g_length_,con_db
}

}else {
con_enable_enque_ = false;
ovb_enable_enque_ = false;

if (con_enable_enque_)
{
con_g_->enque(p);
con_eng_ctr_++;

}else {
if (ovb_enable_enque_)
{
ovb_qg_->enque(p);
con_enq_ctr_++;
ovb_enqg_ctr_++;
}else {
con_dpq_ctr_++;
}
break;
}
/I If IPv6 priority = 13 (UMTS stream traffic IPacket) then enqueue to str-queue
case 13:

if (phy_g_length_ < glim_)
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if (str_qg_->length() < str_queue_limit_)
{

str_enable_enque_ = true;

}else {
str_enable_enque_ = false;
ovb_enable_enque_ =
overflow_pkt_enqueue_by prob(s_enq_min_,s_enqg_mhby_g_length_,str_dbe
nque_prob_);
}
}else {

str_enable_enque_ = false;
ovb_enable_enque_ = false;

if (str_enable_enque_)
{
str_g_->enque(p);
str_enq_ctr_++;

}else {
if (ovb_enable_enque_)
{
ovb_q_->enque(p);
str_enqg_ctr_++;
ovb_enqg_ctr_++;
}else {
str_dpq_ctr
}
}
break;
}
/I'1f IPV6 priority = 11 (UMTS'i enqueue to int-queue
case 11:

{
if (phy_g_length_
if (int_qg_->leng

int_enable_eng

}else {
int_enable_enque 5
ovb_enable_enque_ =
overflow_pkt_enqueue_by_prob(i_eng_min_,i_enqg_n@y ,q_length_,int_dbe
nque_prob_);
}else {

int_enable_enque_ = false;
ovb_enable_enque_ = false;

if (int_enable_enque_)

int_g_->enque(p);
int_enq_ctr_++;

}else {
if (ovb_enable_enque_)
{
ovb_q_->enque(p);
int_enq_ctr_++;
ovb_enqg_ctr_++;
}else {
int_dpq_ctr_++;
}
}
break;
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/I'1f IPV6 priority = 9 (UMTS background traffi® packet) then enqueue to bac-queue
case 9:

{
if (phy_g_length_ < glim_)
if (bac_q_->length() < bac_queue_limit_)

bac_enable_enque_ = true;

}else {
bac_enable_enque_ = false;
ovb_enable_enque_ =
overflow_pkt_enqueue_by prob(b_eng_min_,b_enq_rpay_q_length_,bac_d
benque_prob_);
}
}else {

bac_enable_enque_ = false;
ovb_enable_enque_ = false;

if (bac_enable_enque_)
{
bac_g_->enque(p);
bac_enq_ctr_++;

}else {
if (ovb_enable_enque_)
{
bac_enqg
ovb
}else {
}
}
break;
default:
{
/I printf("Not an UMTS traffic packe ropped bmtsBi queue.\n");
break;
}
}

}
unsigned long UmtsPdbQueue::random_seed_by_systeef) t

struct timeval tv;
struct timezone tz;
unsigned long rng_seed;

/* to generate a seed of random generator by tifer
if (gettimeofday(&tv, &tz) == 0)
{
rng_seed=tv.tv_usec;
}else {
printf("Not get timer information by getteofday !''\n");
rng_seed=0;

}

return rng_seed;

bool UmtsPdbQueue::overflow_pkt_enqueue_by prob@énti_min, int eng_max, int eng_pkt_num,
double dbenque_prob)
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unsigned long rseed;
double random_prob;

if (eng_pkt_num >= enq_max)

return false;
}else {
if (eng_pkt_num < eng_min)

return true;
}else {

rseed=random_seed_by_system_time()
srand(((int)rseed));
random_prob=(double)(rand()/(RANDAKH1.0));
if (random_prob <= dbenque_prob)

{

return true;
}else {
return false;
}

}

Packet* UmtsPdbQueue::deque()
{

Packet *p;
bool deque_packet = false;

/ to set dequeue turn to convers ength() //case (0, 3, 6, 9, 12):
case O:

{
if (con_qg_->length() > 0)
{

umts_deq_turn_=1;

}else {
if (str_qg_->length() > 0)
{
umts_deq_turn_ = 2;
}else {
if (int_g_->length() > 0)
{
umts_deq_turn_=3;
}else {
if (bac_g_->length(0)
{
umts_deq_turng;=
}else {
if (ovb_glength() > 0)
{
umts_degn_ = 5;
}
}
}
}
}
break;
}
case 3:
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{
if (con_q_->length() > 0)
{

umts_deq_turn_=1;
}else {
if (str_qg_->length() > 0)
{

umts_deq_turn_ = 2;
}else {
if (int_qg_->length() > 0)
{

umts_deq_turn_=3;

}else {
if (bac_g_->length(0)
{
umts_deq_turng;=
}else {
if (ovb_glength() > 0)
{
umts_degn_ =5;
}
}
}
}
}
break;
}
case 6:

{
if (con_q_->length() > 0)
{

}else {
if (str_q
{
umts_“d
}else {
}else {
if (bac_q_->lengtk(0)
{
umts_deq_turng;=
}else {
if (ovb_glength() > 0)
{
umts_deqn_ =5;
}
}
}
}
}
break;
}
case 9:

{
if (con_qg_->length() > 0)
{
umts_deq_turn_=1;
}else {
if (str_g_->length() > 0)
{

umts_deq_turn_ =2;
}else {
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if (int_qg_->length() > 0)
{

umts_deq_turn_=3;

}else {
if (bac_g_->lengtk(0)
{
umts_deq_turng;=
}else {
if (ovb_glength() > 0)
{
umts_degn_ =5;
}
}
}
}
}
break;
}
case 12:

{
if (con_qg_->length() > 0)
{

umts_deq_turn_ = 1;
}else {
if (str_g_->length() > 0)
{

}

break;

}

/ to set dequeue turn to stream traffic firston_g_->length()  //case (1, 4, 8, 13):
case 1:

{
if (str_qg_->length() > 0)
{

umts_deq_turn_=2;
}else {
if (con_qg_->length() > 0)
{

umts_deq_turn_ =1;
}else {
if (int_qg_->length() > 0)
{

umts_deq_turn_=3;
}else {
if (bac_g_->lengtk(0)
{

umts_deq_turng;=
}else {
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if (ovb_glength() > 0)
{

umts_deqn_ =5;
}

}

break;
}
case 4:
{
if (str_g_->length() > 0)
{

umts_deq_turn_=2;

}else {
if (con_qg_->length() > 0)
{
umts_deq_turn_=1;
}else {
if (int_qg_->length() > 0)
{
umts_deq_turn_=3;
}else {
if (bac_g_->length(0)
}
}
break;
}
case 8:

{
if (str_qg_->length() > 0)
{

umts_deq_turn_ = 2;

}else {
if (con_g_->length() > 0)
{
umts_deq_turn_ =1;
}else {
if (int_q_->length() > 0)
{
umts_deq_turn_=3;
}else {
if (bac_g_->length(0)
{
umts_deq_turn4;=
}else {
if (ovb_glength() > 0)
{
umts_deqn_ =5;
}
}
}
}
}
break;
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}

case 13:
{
if (str_g_->length() > 0)
{

umts_deq_turn_=2;

}else {
if (con_g_->length() > 0)
{
umts_deq_turn_ =1;
}else {
if (int_g_->length() > 0)
{
umts_deq_turn_=3;
}else {
if (bac_g_->length(0)
{
umts_deq_turng;=
}else {
if (ovb_glength() > 0)
{
umts_degn_ = 5;
}
}
}
}
}
break;

}

// to set dequeue turnto i
case 2:

/lcase (2, 10):

{
if (int_g_->length() > 0)
{

}else {
if (con_q_-
{
umts_deq_td
}else {
if (str_qg_->length() > 0)
{
umts_deq_turn_ = 2;
}else {
if (bac_q_->lengtk(0)
{
umts_deq_turn4;=
}else {
if (ovb_glength() > 0)
{
umts_deqn_ =5;
}
}
}
}
}
break;
}
case 10:

{
if (int_q_->length() > 0)
{
umts_deq_turn_=3;
}else {
if (con_g_->length() > 0)

81



{
umts_deq_turn_=1;
}else {
if (str_qg_->length() > 0)
{

umts_deq_turn_=2;
}else {
if (bac_q_->lengtk(0)

umts_deq_turng;=
}else {
if (ovb_glength() > 0)
{

umts_deqn_ =5;
}

}

break;

}

/I to set dequeue turn to interactive traffistfif bac_qg_->length()  //case (5):
case 5:

{
if (bac_qg_->length() > 0)
{

umts_deq_turn_ = 4;

}else {
if (con_q_->leng
{
}else {
if (ovb_glength() > 0)
{
umts_degn_ = 5;
}
}
}
}
}
break;

}

I to set dequeue turn to overflow buffer traffist if ovb_q_->length()  //case (7, 11, 14):
case 7:

{
if (ovb_q_->length() > 0)
{
umts_deq_turn_ =5;
}else {
if (con_g_->length() > 0)
{

umts_deq_turn_=1;

}else {

if (str_qg_->length() > 0)
{

umts_deq_turn_=2;

82



}else {
if (int_q_->lengjt¥ 0)
{

umts_deq_turn3;=
}else {
if (bac_glength() > 0)
{

umts_deqn_ =4;
}

}

break;
}
case 11:
{
if (ovb_q_->length() > 0)
{

umts_deq_turn_ =5;

}else {
if (con_qg_->length() > 0)
{
umts_deq_turn_ =1;
}else {
}
}
break;
}
case 14:

{
if (ovb_q_->length() > 0)
{

umts_deq_turn_ =5;
}else {
if (con_qg_->length() > 0)
{

umts_deq_turn_=1;
}else {
if (str_q_->length() > 0)
{

umts_deq_turn_ = 2;
}else {
if (int_qg_->lengjh¥ 0)
{
umts_deq_turn3;=
}else {
if (bac_glength() > 0)
{

umts_deqn_ =4;
}
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break;

}

default:

{

umts_deq_turn_ = 0;
break;

}

}

switch(umts_deq_turn_)
{
case 1:
{
p = con_q_->deque();
deque_packet = true;
con_deq_ctr_++;
output_packet_forwarding_delay(CON);
break;
}
case 2:
{
p = str_qg_->deque();
deque_packet = true;
str_deq_ctr_++;
output_packet_forwanrding
break;

}

case 3:

{
p = int_g_->deque()
deque_packet =t
int_deq_ctr_++;
output_packet_forwafc
break;

}

case 4:

{
p = bac_qg_->deque();
deque_packet = true;
bac_deq_ctr_++;
output_packet_forwarding_delay(BAC);
break;
}
case 5:
{
p = ovb_qg_->deque();
deque_packet = true;
hdr_ip* iph = hdr_ip::access(p);
switch (iph->prio_)
{

case 15:
{
con_deq_ctr_++;
ovb_deq_ctr_++;
output_packet_forwarding_delay(CON);
break;
}
case 13:
{
str_deq_ctr_++;
ovb_deq_ctr_++;
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output_packet_forwarding_delay(STR);
break;
}
case 11:
{
int_deq_ctr_++;
ovb_deq_ctr_++;
output_packet_forwarding_delay(INT);
break;

}

case 9:

bac_deq_ctr_++;
ovb_deq_ctr_++;
output_packet_forwarding_delay(BAC);
break;
}

default:

printf("No UMTS packet avaialble dege from the overflow buffer '\n");
break;
}
}
break;
}

default:

{

break;

}
}

if (deque_packet == true)

packet_deque_ctr_++;-
return (p);
} else
{return 0;}

/I To record UMTS packets forwardingidela
void UmtsPdbQueue::output_packet “farware defdygacket type )

FILE *pkt_forwarding_delay_rec_fp;
double cur_clock, cur_pkt_forwarding_delay_time;

cur_clock = 0.0;
switch (packet_type_)
{

case CON:
{
pkt_forwarding_delay_rec_fp=fopen("cont gerwarding_delay_rec_pdb","a+");
cur_clock = Scheduler::instance().clock();
cur_pkt_forwarding_delay_time = cur_clock - prewncpkt_forwarding_clock;
fprintf(pkt_forwarding_delay_rec_fp,"%Mour_pkt_forwarding_delay_time);
prev_con_pkt_forwarding_clock = cur_clock;
break;

case STR:

{
pkt_forwarding_delay_rec_fp=fopen("strt gkrwarding_delay _rec_pdb","a+");
cur_clock = Scheduler::instance().clock();
cur_pkt_forwarding_delay_time = cur_clock - prev_pkt_forwarding_clock;
fprintf(pkt_forwarding_delay_rec_fp,"%f\n",cur_pKorwarding_delay_time);
prev_str_pkt_forwarding_clock = cur_clock;
break;
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case INT:

{
pkt_forwarding_delay_rec_fp=fopen(“inttplorwarding_delay_rec_pdb","a+");
cur_clock = Scheduler::instance().clock();
cur_pkt_forwarding_delay_time = cur_clock - prex_pkt_forwarding_clock;
fprintf(pkt_forwarding_delay_rec_fp,"%f\n",cur_pKorwarding_delay_time);
prev_int_pkt_forwarding_clock = cur_clock;
break;

case BAC:

{

pkt_forwarding_delay_rec_fp=fopen("bact_férwarding_delay rec_pdb","a+");
cur_clock = Scheduler::instance().clock();

cur_pkt_forwarding_delay_time = cur_clock - prevc bgkt_forwarding_clock;
fprintf(pkt_forwarding_delay_rec_fp,"%f\n",cur_pKorwarding_delay_time);
prev_bac_pkt_forwarding_clock = cur_clock;

break;

default:

break;

}

}
fclose(pkt_forwarding_delay_rec_fp);
}

printf("\n***
printf(" i
printf("Traffic type eue.. ——— - deque
printf(*'------------
printf("Conversation : 0\ gtr_,con_deq_ctr_,con_dpg_ctr_);
printf("Stream

%7d\n",str_eng_ctr_,str_deg
printf("Interactive

printf("Background o
%7d\n",bac_enq_ctr_,bac_deq_c
printf("\n \n");

printf("Total UMTS dequeue packet number from ol@xfbuffer : %d\n",ovb_deq_ctr_);
printf("Total UMTS dequeue packet number : %d\ntket_deque_ctr_);

printf("Total UMTS enqueue overflow buffer packetmber : %d\n",ovb_enqg_ctr_);

/l int command(int argc, const char*const* argv)
/I Commands from the ns file are interpreted thratingghinterface.
int UmtsPdbQueue::command(int argc, const chartargv) {
if (strcmp(argv[1], "printstats") == 0) {
printstats();
return (TCL_OK);
}

return(Queue::command(argc, argv));
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Appendix D: The OQB Header File

#include <stdlib.h>
#include <string.h>
#include <sys/time.h>
#include "queue.h"
#include "address.h"

#define CON 1 /I Packet type : conversation
#define STR 2 I/l Packet type : streaming
#define INT 3 /I Packet type : interactive
#define BAC 4 /I Packet type : background
class UmtsPdbQueue : public Queue {
public:
UmtsPdbQueue();

int command(int argc, const char*const* argv); // interface to ns scripts

protected:

void enque(Packet*);

unsigned long random_seed_by_system_time()

bool overflow_pkt_enqueue_by prob(int enm,mint eng_max, int eng_pkt_num, double

dbenque_prob);

Packet* deque();

void output_packet_ fonNardlng__delaiﬁ(mcbet type_)
void printstats(); : - X

PacketQueue *con_g_; i the FH‘—'O queu_fo_UMﬂiﬁdersatlon traffic

PacketQueue *str_q_; I the _FI FO-qUeue for UNTr8am trafflc _
PacketQueue *int_g_; /the FIFO_queue for UMeractrvé fi
PacketQueue *hac_q_; kA the FIFO queue for UMIG(ground trafflc

PacketQueue *ovb_q_; -/7‘ tHe FIFO queue for'Unoverflow buffer

bool con_enable_enque_; ¥ boolean for UMTS ccsatmnal packet enqueue
bool str_enable_enque_; /£ boolean for WMTS stregmacket enqueue

bool int_enable_enque_; // boolean for UMTS ipttve-pack (fengueue

bool bac_enable_enque_; //" boole@n for "UMTS bamkupl u“L(a(’:ket enqueue
bool ovb_enable_enque_; // b(jolean for UMTS overfbuffer packet enqueue

int packet_deque_ctr_; //to count’ the sen pack_'
int pkt_deque_cycle_;  // to mod the sent paci(ets
int umts_deq_turn_; /I 1 for con_q, 2 for str3dor int_q, 4 for bac_q

double prev_con_pkt_forwarding_clock; // Previaosversational packet forwarding clock
double prev_str_pkt_forwarding_clock; // Previetieaming packet forwarding clock
double prev_int_pkt_forwarding_clock; // Previauteractive packet forwarding clock
double prev_bac_pkt_forwarding_clock; // Previbaskground packet forwarding clock

int phy_q_length_; // used queue buffer length

int con_enq_ctr_; /I UMTS conversation applicatenqueue packet counter
intstr_eng_ctr_; // UMTS stream application @egwge packet counter
intint_eng_ctr_; // UMTS interactive applicatienqueue packet counter

intbac_enq_ctr_; // UMTS background applicatioquweue packet counter
intovb_enqg_ctr_; // UMTS overflow buffer enqeegoacket counter

int con_deq_ctr_; // UMTS conversation applicatitagueue packet counter
intstr_deq_ctr_; // UMTS stream application ukewe packet counter
intint_deq_ctr_; // UMTS interactive applicatidequeue packet counter
int bac_deq_ctr_; // UMTS background applicatiequeue packet counter
int ovb_deq_ctr_; // UMTS overflow buffer deqeegoacket counter

int con_dpg_ctr_; // UMTS conversation applioatpacket drop by queue
int str_dpg_ctr_; // UMTS stream application letadrop by queue
intint_dpqg_ctr_; // UMTS interactive applicatipacket drop by queue

int bac_dpqg_ctr_; // UMTS background applicati@tket drop by queue

int con_queue_limit_;  // UMTS conversationapbgation queue limit
int str_queue_limit_; /I UMTS streaming apption queue limit
intint_queue_limit_; /I UMTS interactive apgation queue limit
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int bac_queue_limit_; /l UMTS background apgiion queue limit

int c_enqg_min_; /I UMTS conversational apation min queue limit

intc_enqg_max_; /I UMTS conversation applicatioax queue limit

ints_enq_min_; /I UMTS streaming applicatioim mueue limit

ints_enq_max_; /I UMTS streaming applicaticexmueue limit

inti_eng_min_; /I UMTS interactive applicationin queue limit

inti_eng_max_; /I UMTS interactive applicatioax queue limit

intb_eng_min_; /I UMTS background applicatioim queue limit

intb_eng_max_; /I UMTS background applicatiozx queue limit
double con_dbenque_prob_; /I[UMTS conversatiopli¢ation packet enqueue probability
double str_dbenque_prob_; /I[UMTS streaming apiia packet enqueue probability
double int_dbenque_prob_; /IUMTS interactivdgtion packet enqueue probability
double bac_dbenque_prob_; /IUMTS backgrounctaiidin packet enqueue probability
h
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Appendix E: Simulation scenarios for DQB in a contuous traffic
pattern

set ns [new Simulator]
#Define different colors for data flows
$ns color 1 Red
$ns color 2 Blue
$ns color 3 green
$ns color 4 yellow
$ns color 5 black
#0Open the nam trace file
set tf [open umts-pred-out-a.tr w]
$ns trace-all $tf
#Define a 'finish' procedure
proc finish {}
{
global ns tf
$ns flush-trace
close $tf
#Execute trace file process
set PERL "/usr/bin/perl"
set USERHOME [exec env | grep "*HOME" | sed /"HGNH"HOME-=//]
set NSHOME "$USERHOME/ns2/ns-allinone-2.30"
set XGRAPH "$NSHOME/bin/xgraph"

exit 0

}

set node_(s1) [$ns node]
set node_(s2) [$ns node]
set node_(s3) [$ns node]
set node_(s4) [$ns node]
set node_(g1) [$ns node]
set node_(g2) [$ns node]
set node_(rl) [$ns node]
set node_(r2) [$ns node]
set node_(r3) [$ns node]
set node_(r4) [$ns node]
$ns duplex-link $node_(s1) $node_(gl) 2.0Mb 1mspDeol

$ns duplex-link $node_(s2) $node_(g1) 2.0Mb 1mspDeol

$ns duplex-link $node_(s3) $node_(g1) 2.0Mb 1mspDeol

$ns duplex-link $node_(s4) $node_(gl) 2.0Mb 1mspDeol

$ns duplex-link $node_(gl) $node_(g2) 3.0Mb 100m#sPredQueue
$ns duplex-link $node_(r1) $node_(g2) 2.0Mb 1msyDial

$ns duplex-link $node_(r2) $node_(g2) 2.0Mb 1msyDial

$ns duplex-link $node_(r3) $node_(g2) 2.0Mb 1msyial

$ns duplex-link $node_(r4) $node_(g2) 2.0Mb Ims{lail

set umtspredqueue [[$ns link $node_(gl) $node_@&Dle]

#Setup UmtsPdbQueue queue parameter
$ns queue-limit $node_(gl) $node_(g2) 40
$umtspredqueue set c_eng_min 8
$umtspredqueue set s_eng_min 7
$umtspredqueue set i_eng_min 6
$umtspredqueue set b_eng_min 5
$umtspredqueue set c_eng_max 40
$umtspredqueue set s_eng_max 39
$umtspredqueue set i_eng_max 38
$umtspredqueue set b_enq_max 37
$umtspredqueue set con_dbenque_prob 1.0
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$umtspredqueue set str_dbenque_prob 0.95
$umtspredqueue set int_dbenque_prob 0.90
$umtspredqueue set bac_dbenque_prob 0.85
$umtspredqueue set con_queue_limit 8
$umtspredqueue set str_queue_limit 7
$umtspredqueue set int_queue_limit 6
$umtspredqueue set bac_queue_limit 5

$ns duplex-link-op $node_(gl) $node_(g2) queuePos 0
$ns duplex-link-op $node_(s1) $node_(gl) orient up
$ns duplex-link-op $node_(s2) $node_(gl) orierttuigf
$ns duplex-link-op $node_(s3) $node_(g1) orierttdefvn
$ns duplex-link-op $node_(s4) $node_(gl) orientmow
$ns duplex-link-op $node_(gl) $node_(g2) orienltrig
$ns duplex-link-op $node_(g2) $node_(rl) orient up
$ns duplex-link-op $node_(g2) $node_(r2) orienthrigp
$ns duplex-link-op $node_(g2) $node_(r3) orienttrigown
$ns duplex-link-op $node_(g2) $node_(r4) orient dow

#Setup a UMTS UDP connection

set udp_s1 [new Agent/UDP/UDPUmtsc]
set udp_rl [new Agent/UDP/UDPUmtsc]
$ns attach-agent $node_(s1) $udp_s1
$ns attach-agent $node_(r1) $udp_rl
$ns connect $udp_s1 $udp_rl

set udp_con_pktsize 1000
$udp_s1 set packetSize_ $udp_co
$udp_rl set packetSize_ $udp_
$udp_sl setfid_1
$udp_rl setfid_1

$udp_r2 set packetSize_ $udp_s
$udp_s2 set fid_ 2
$udp_r2 set fid_ 2

set udp_s3 [new Agent/UDP/UDPUmtsi]
set udp_r3 [new Agent/UDP/UDPUmtsi]
$ns attach-agent $node_(s3) $udp_s3

$ns attach-agent $node_(r3) $udp_r3

$ns connect $udp_s3 $udp_r3

set udp_int_pktsize 1000

$udp_s3 set packetSize_ $udp_int_pktsize
$udp_r3 set packetSize_ $udp_int_pktsize
$udp_s3 set fid_ 3

$udp_r3 set fid_ 3

set udp_s4 [new Agent/UDP/UDPUmtsb]
set udp_r4 [new Agent/UDP/UDPUmtsb]
$ns attach-agent $node_(s4) $udp_s4

$ns attach-agent $node_(r4) $udp_r4

$ns connect $udp_s4 $udp_r4

set udp_bac_pktsize 1000

$udp_s4 set packetSize_ $udp_bac_pktsize
$udp_r4 set packetSize_ $udp_bac_pktsize
$udp_s4 set fid_ 4

$udp_r4a set fid_ 4

#Setup a UMTS Conversation Application
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set umtscapp_s [new Application/lUMTSCApp]
set umtscapp_r [new Application/lUMTSCApp]
$umtscapp_s attach-agent $udp_s1
$umtscapp_r attach-agent $udp_rl
$umtscapp_s set pktsize_ 1000

$umtscapp_s set random_ false

#Setup a UMTS stream Application

set umtssapp_s [new Application/lUMTSSApp]
set umtssapp_r [new Application/lUMTSSApp]
$umtssapp_s attach-agent $udp_s2
$umtssapp_r attach-agent $udp_r2
$umtssapp_s set pktsize_ 1000

$umtssapp_s set random_ false

#Setup a UMTS Interactive Application

set umtsiapp_s [new Application/UMTSIApp]
set umtsiapp_r [new Application/lUMTSIApp]
$umtsiapp_s attach-agent $udp_s3
$umtsiapp_r attach-agent $udp_r3
$umtsiapp_s set pktsize_ 1000
$umtsiapp_s set random_ false

#Setup a UMTS Background Application
set umtsbapp_s [new Application/lUMTSBApp]

set start_all_time 0.0
set stop_all_time 30.0

$ns at $stop_all_time "$umtssapp_s ‘stop
$ns at $stop_all_time "$umtsiapp_s stop
$ns at $stop_all_time "$umtsbapp_s stop"
$ns at 31.0 "$umtspredqueue printstats"
$ns at 31.0 “finish"

$ns run
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Appendix F: Simulation scenarios for OQB in a contiuous traffic
pattern

set ns [new Simulator]

#Define different colors for data flows
$ns color 1 Red

$ns color 2 Blue

$ns color 3 green

$ns color 4 yellow

$ns color 5 black

#Open the nam trace file
set tf [open umts-pdb-out-a.tr w]
$ns trace-all $tf
#Define a 'finish' procedure
proc finish {}
{
global ns tf
$ns flush-trace
close $tf
#Execute trace file process
set PERL "/usr/bin/per!"
set USERHOME [exe

exit 0
}
set node_(s1) [$ns node]
set node_(s2) [$ns node]
set node_(s3) [$ns node]
set node_(s4) [$ns node]
set node_(g1) [$ns node]
set node_(g2) [$ns node]
set node_(rl) [$ns node]
set node_(r2) [$ns node]
set node_(r3) [$ns node]
set node_(r4) [$ns node]

$ns duplex-link $node_(s1) $node_(g1) 2.0Mb 1mspDeil
$ns duplex-link $node_(s2) $node_(g1) 2.0Mb 1mspDeil
$ns duplex-link $node_(s3) $node_(g1) 2.0Mb 1mspDeil
$ns duplex-link $node_(s4) $node_(g1) 2.0Mb 1mspDeil
$ns duplex-link $node_(gl) $node_(g2) 3.0Mb 100mus$PdbQueue
$ns duplex-link $node_(r1) $node_(g2) 2.0Mb 1msyDial
$ns duplex-link $node_(r2) $node_(g2) 2.0Mb 1msyDial
$ns duplex-link $node_(r3) $node_(g2) 2.0Mb 1msyial
$ns duplex-link $node_(r4) $node_(g2) 2.0Mb 1msyDial
set umtspdbqueue [[$ns link $node_(gl) $node_(@ale]
#Setup UmtsPdbQueue queue parameter

$ns queue-limit $node_(gl) $node_(g2) 40
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$umtspdbqueue set c_eng_min 8
$umtspdbgueue set s_eng_min 7
$umtspdbgueue seti_eng_min 6
$umtspdbgueue set b_eng_min 5
$umtspdbqueue set ¢c_eng_max 40
$umtspdbqueue set s_eng_max 38
$umtspdbqueue seti_eng_max 36
$umtspdbqueue set b_eng_max 34
$umtspdbqueue set con_dbenque_prob 1.0
$umtspdbqueue set str_dbenque_prob 0.9
$umtspdbqueue set int_dbenque_prob 0.8
$umtspdbqueue set bac_dbenque_prob 0.7
$umtspdbqueue set con_queue_limit 8
$umtspdbqueue set str_queue_limit 7
$umtspdbqueue set int_queue_limit 6
$umtspdbqueue set bac_queue_limit 5

$ns duplex-link-op $node_(gl) $node_(g2) queuePos 0
$ns duplex-link-op $node_(s1) $node_(gl) orient up
$ns duplex-link-op $node_(s2) $node_(gl) orierttuigf
$ns duplex-link-op $node_(s3) $node_(gl) orierttdefvn
$ns duplex-link-op $node_(s4) $node_(gl) orje

$ns duplex-link-op $node_(g2): /
$ns duplex-link-op $node_(g2) $

$ns attach-agent $node_(s1)
$ns attach-agent $node_(rl) $uc
$ns connect $udp_s1 $udp_rl
set udp_con_pktsize 1000
$udp_s1 set packetSize_ $udp_con_pktsize
$udp_r1 set packetSize_ $udp_con_pktsize
$udp_s1setfid 1

$udp_rlsetfid_1

set udp_s2 [new Agent/UDP/UDPUmtss]
set udp_r2 [new Agent/UDP/UDPUmtss]
$ns attach-agent $node_(s2) $udp_s2

$ns attach-agent $node_(r2) $udp_r2

$ns connect $udp_s2 $udp_r2

set udp_str_pktsize 1000

$udp_s2 set packetSize_ $udp_str_pktsize
$udp_r2 set packetSize_ $udp_str_pktsize
$udp_s2 set fid_ 2

$udp_r2 set fid_ 2

set udp_s3 [new Agent/UDP/UDPUmtsi]
set udp_r3 [new Agent/UDP/UDPUmtsi]
$ns attach-agent $node_(s3) $udp_s3
$ns attach-agent $node_(r3) $udp_r3
$ns connect $udp_s3 $udp_r3
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set udp_int_pktsize 1000

$udp_s3 set packetSize_ $udp_int_pktsize
$udp_r3 set packetSize_ $udp_int_pktsize
$udp_s3 set fid_ 3

$udp_r3 set fid_ 3

set udp_s4 [new Agent/UDP/UDPUmtsb]

set udp_r4 [new Agent/UDP/UDPUmtsb]

$ns attach-agent $node_(s4) $udp_s4

$ns attach-agent $node_(r4) $udp_r4a

$ns connect $udp_s4 $udp_r4

set udp_bac_pktsize 1000

$udp_s4 set packetSize_ $udp_bac_pktsize
$udp_r4 set packetSize_ $udp_bac_pktsize
$udp_s4 set fid_ 4

$udp_r4 set fid_ 4

#Setup a UMTS Conversation Application

set umtscapp_s [new Application/lUMTSCApp]
set umtscapp_r [new Application/lUMTSCApp]
$umtscapp_s attach-agent $udp_s1
$umtscapp_r attach-agent $udp_r1
$umtscapp_s set pktsize_ 1000
$umtscapp_s set random_ false

#Setup a UMTS stream Applic

#Setup a UMTS Interactive Applicz
set umtsiapp_s [new Application/UR
set umtsiapp_r [new Application/lUMTS
$umtsiapp_s attach-agent $udp_s3
$umtsiapp_r attach-agent $udp_r3
$umtsiapp_s set pktsize_ 1000
$umtsiapp_s set random_ false

#Setup a UMTS Background Application

set umtsbapp_s [new Application/lUMTSBApp]
set umtsbapp_r [new Application/lUMTSBApp]
$umtsbapp_s attach-agent $udp_s4
$umtsbapp_r attach-agent $udp_r4
$umtsbapp_s set pktsize_ 1000
$umtsbapp_s set random_ false

set start_all_time 0.0
set stop_all_time 30.0

$ns at $start_all_time "$umtscapp_s start"
$ns at $start_all_time "$umtssapp_s start"
$ns at $start_all_time "$umtsiapp_s start"
$ns at $start_all_time "$umtsbapp_s start"
$ns at $stop_all_time "$umtscapp_s stop"”
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$ns at $stop_all_time "$umtssapp_s stop"”
$ns at $stop_all_time "$umtsiapp_s stop"
$ns at $stop_all_time "$umtsbapp_s stop"
$ns at 31.0 "$umtspdbqueue printstats"
$ns at 31.0 “finish"

$ns run
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Appendix G: Simulation scenarios for DQB in a intemittent traffic

pattern

set ns [new Simulator]

#Define different colors for data flows
$ns color 1 Red

$ns color 2 Blue

$ns color 3 green

$ns color 4 yellow

$ns color 5 black

#0Open the nam trace file
set tf [open umts-pred-out-p.tr w]
$ns trace-all $tf

#Define a 'output' pricedure

proc output {} {
global udp_r1 udp_r2 udp_r3 udp_r4
global con_xmit_period str_xmit_period int_xmit ripel bac_xmit_period
global udp_con_pktsize udp_str_pktsize udp_intsipktudp_bac_pktsize
set con_app_rbytes [$udp_rl set con_rbytes]
set str_app_rbytes [$udp_r2 set str_rbytes]
set int_app_rbytes [$udp_r3 set int_rbytes]
set bac _app_rbytes [$udp_r4 set bac rbytes]l
puts " g
puts "con_xmit_period : $con xmit'penod""' ]
puts "str_xmit_period : $str_xmitcperiod” .
puts "int_xmit_period : $int_xXnit, --peno_d_ '
puts "bac_xmit_period : $hac_x \
puts "Conversation applicatior -..transm155|on volumeon app .ibytes
puts "Stream application tf@nsmission volume - $gipd rbytes =
puts "Interactive appllcatlorrtransmssmn volumt L app_ rbytes'”—
puts "Background application transmission ‘ueluiback app_ rbytes
set con_app_xmit_performance, byte: [expr $congapesy $con_Xmit_period]
set str_app_xmit_performance_byte\[expr $str dmles/$str Xmit_period]
set int_app_xmit_performance”. by& [expr $int abpters/&?i’nt Xmit_period]
set bac app_xmlt performance 4 ’byte-‘[expr $bac am:esrb$bac Xmit_period]
puts "

puts "Conversation application transmlssmn'pérﬁnmaby bytes : $con_app_xmit_performance_byte"

puts "Stream application transmission performanchyes : $str_app_xmit_performance_byte"
puts "Interactive application transmission perfang®by bytes : $int_app_xmit_performance_byte"

puts "Background application transmission perfornedng bytes : $bac_app_xmit_performance_byte"

set con_app_xmit_performance_pkt [expr [expr $cpp_egbytes / $udp_con_pktsize] /
$con_xmit_period]

set str_app_xmit_performance_pkt [expr [expr $§tp_abytes / $udp_str_pktsize] / $str_xmit_period]
set int_app_xmit_performance_pkt [expr [expr $ipp abytes / $udp_int_pktsize] / $int_xmit_period]
set bac _app_ xmit_performance_pkt [expr [expr $bag_ebytes / $udp_bac_pktsize] / $bac_xmit_period]

puts "

puts '
puts
puts
puts

}

'‘Conversation application transmission perforceeby packets : $con_app_xmit_performance_pkt"

"Stream application transmission performancpatkets : $str_app_xmit_performance_pkt"
"Interactive application transmission perfonoc@by packets : $int_app_xmit_performance_pkt"
"Background application transmission perforneamg packets : $bac_app_xmit_performance_pkt"

#Define a 'finish' procedure
proc finish {} {

global ns tf

$ns flush-trace

close $tf

#Execute trace file process
set PERL "/usr/bin/perl"
set USERHOME [exec env | grep ""HOME" | sed /"HOMEZHAOME=//]
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set NSHOME "$USERHOME/ns2/ns-allinone-2.30"

set XGRAPH "$NSHOME/bin/xgraph"

set GETSET "$NSHOME/ns-2.30/bin/getset"

set GETDRT "$NSHOME/ns-2.30/bin/getdrt"

set EEDELAYS "$NSHOME/ns-2.30/bin/eedelay_s"

exec $PERL $GETDRT -s 0.0 -d 6.0 -f 1 umts-predftrt> predumtscdrtp.tr

exec $PERL $GETDRT -s 1.0 -d 7.0 -f 2 umts-predftrt> predumtssdrtp.tr

exec $PERL $GETDRT -s 2.0 -d 8.0 -f 3 umts-predmtrt> predumtsidrtp.tr

exec $PERL $GETDRT -s 3.0 -d 9.0 -f 4 umts-predstit> predumtsbdrtp.tr
exit 0

}

set node_(s1) [$ns node]
set node_(s2) [$ns node]
set node_(s3) [$ns node]
set node_(s4) [$ns node]
set node_(g1) [$ns node]
set node_(g2) [$ns node]
set node_(rl) [$ns node]
set node_(r2) [$ns node]
set node_(r3) [$ns node]
set node_(r4) [$ns node]

$ns duplex-link $node_(s1) $node_(g1) 2.0Mb 1mspDeil
$ns duplex-link $node_(s2) $node_(g1) 2.0Mb 1mspDeil
$ns duplex-link $node_(s3) $node_(gl) 2.0Mb 1mspDeol
$ns duplex-link $node_(s4) $node_(gl) 2.0Mbpl mspleol
$ns duplex-link $node_(g1) $node_(g2) 3Mb 100ms¢lRmdQueue
$ns duplex-link $node_(r1) $noded(g2).2: OMb ImsiDa];

$ns duplex-link $node_(r2) $node(g2) 2.0Mibyd mspliail .|

$ns duplex-link $node_(r3) $rdde/ (g2)-2-0Mb- Imspial
$ns duplex-link $node_(r4) $node_(g2)y-2-0Mb'1 mspiva}
set umtspredqueue [[$ns Ilnk $node . (g1)-$node (uié}ie]

#Setup UmtsPdbQueue queue parameter
$ns queue-limit $node_(g1)$node (gZ) 40‘
$umtspredqueue set c_eng_1
$Sumtspredqueue set s_eng_min 7+
$umtspredqueue set i_eng_mifg o
$umtspredqueue setb_eng_min 5 4 &
$umtspredqueue set c_eng_max 40 «;
$umtspredqueue set s_eng_max 38
$umtspredqueue set i_eng_max 36
$umtspredqueue set b_enq_max 34
$umtspredqueue set con_redenque_prob 1.0
$umtspredqueue set str_redenque_prob 0.9
$umtspredqueue set int_redenque_prob 0.8
$umtspredqueue set bac_redenque_prob 0.7
$umtspredqueue set con_queue_limit 8
$umtspredqueue set str_queue_limit 7
$umtspredqueue set int_queue_limit 6
$umtspredqueue set bac_queue_limit 5

$ns duplex-link-op $node_(gl) $node_(g2) queueP®s 0
$ns duplex-link-op $node_(s1) $node_(g1) orient up
$ns duplex-link-op $node_(s2) $node_(gl) orierttuief
$ns duplex-link-op $node_(s3) $node_(g1) orierntdefvn
$ns duplex-link-op $node_(s4) $node_(g1) orientmow
$ns duplex-link-op $node_(g1) $node_(g2) orienttrig
$ns duplex-link-op $node_(g2) $node_(rl) orient up
$ns duplex-link-op $node_(g2) $node_(r2) orienthrigp
$ns duplex-link-op $node_(g2) $node_(r3) orienttrigown
$ns duplex-link-op $node_(g2) $node_(r4) orient dow
#Setup a UMTS UDP connection

set udp_s1 [new Agent/UDP/UDPUmtsc]

set udp_rl [new Agent/UDP/UDPUmtsc]

97



$ns attach-agent $node_(s1) $udp_s1

$ns attach-agent $node_(r1) $udp_rl

$ns connect $udp_s1 $udp_rl

set udp_con_pktsize 1000

$udp_s1 set packetSize_ $udp_con_pktsize
$udp_rl set packetSize_ $udp_con_pktsize
$udp_sl setfid_1

$udp_rl setfid_1

set udp_s2 [new Agent/UDP/UDPUmtss]
set udp_r2 [new Agent/UDP/UDPUmtss]
$ns attach-agent $node_(s2) $udp_s2

$ns attach-agent $node_(r2) $udp_r2

$ns connect $udp_s2 $udp_r2

set udp_str_pktsize 1000

$udp_s2 set packetSize_ $udp_str_pktsize
$udp_r2 set packetSize_ $udp_str_pktsize
$udp_s2 set fid_ 2

$udp_r2 set fid_ 2

set udp_s3 [new Agent/UDP/UDPUmtsi]
set udp_r3 [new Agent/UDP/UDPUmtsi]
$ns attach-agent $node_(s3) $udp_s3
$ns attach-agent $node_(r3) $udp_r3
$ns connect $udp_s3 $udp_r3

set udp_int_pktsize 1000

$udp_s3 set packetSize_ $udp_int
$udp_r3 set packetSize_ $udp_intaf
$udp_s3 set fid_ 3
$udp_r3 set fid_ 3

$ns connect $udp_s4 $udp
set udp_bac_pktsize 1000
$udp_s4 set packetSize_ Sudpba
$udp_r4 set packetSize_ $udp™|
$udp_s4 set fid_ 4
$udp_r4 set fid_ 4

#Setup a UMTS Conversation Application

set umtscapp_s [new Application/lUMTSCApp]
set umtscapp_r [new Application/lUMTSCApp]
$umtscapp_s attach-agent $udp_s1
$umtscapp_r attach-agent $udp_rl
$umtscapp_s set pktsize_ 1000

$umtscapp_s set random_ false

#Setup a UMTS stream Application

set umtssapp_s [new Application/UMTSSApp]
set umtssapp_r [new Application/lUMTSSApp]
$umtssapp_s attach-agent $udp_s2
$umtssapp_r attach-agent $udp_r2
$umtssapp_s set pktsize_ 1000

$umtssapp_s set random_ false

#Setup a UMTS Interactive Application

set umtsiapp_s [new Application/UMTSIApp]
set umtsiapp_r [new Application/lUMTSIApp]
$umtsiapp_s attach-agent $udp_s3
$umtsiapp_r attach-agent $udp_r3
$umtsiapp_s set pktsize_ 1000
$umtsiapp_s set random_ false
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#Setup a UMTS Background Application

set umtsbapp_s [new Application/lUMTSBApp]
set umtsbapp_r [new Application/UMTSBApp]
$umtsbhapp_s attach-agent $udp_s4
$umtsbapp_r attach-agent $udp_r4
$umtsbapp_s set pktsize_ 1000
$umtsbapp_s set random_ false

#Simulation Scenario
set start_all_time 0.0

set stop_con_timel 7.5
set stop_str_timel 9.5
set stop_int_timel 10.5
set start_con_timel 10.25
set start_str_timel 12.0
set start_int_timel 13.0
set stop_str_time2 14.25
set stop_int_time2 15.75
set stop_con_time2 16.0
set start_int_time2 17.25
set start_con_time2 17.6
set start_str_time2 18.0
set stop_con_time3 20.0
set stop_str_time3 20.6
set stop_int_time3 21.35
set start_str_time3 24.4
set start_int_time3 25.5
set start_con_time3 27.0
set stop_all_time 30.0
set con_xmit_period 0.0
set str_xmit_period 0.0
set int_xmit_period 0.0
set bac_xmit_period 0.0

set con_xmit_period [expr [€X

$start_con_timel ] + [expr $ ‘ 23 SStant pr $stop_all_time -
$start_con_time3]]

set str_xmit_period [expr [exp 0 _M_ R all Yae expr $stop_str_time2 -
$start_str_timel ] + [expr $stop \"». $stsirt time2i] +.[€xpr $stop_all_time - $start_smeB]]
set int_xmit_period [expr [expr $stOp_i 't al I time] + [expr $stop_int_time2 -
$start_int_timel ] + [expr $stop_int_time3is $sté ] + [expr $stop_all_time - $start_inm&3]]

set bac_xmit_period $stop_all_time

$ns at $start_all_time "$umtscapp_s start"
$ns at $start_all_time "$umtssapp_s start"
$ns at $start_all_time "$umtsiapp_s start"
$ns at $start_all_time "$umtsbapp_s start"
$ns at $stop_con_timel "$umtscapp_s stop”
$ns at $stop_str_timel "$umtssapp_s stop"
$ns at $start_con_timel "$umtscapp_s start"
$ns at $stop_int_timel "$umtsiapp_s stop"
$ns at $start_str_timel "$umtssapp_s start”
$ns at $start_int_timel "$umtsiapp_s start"
$ns at $stop_str_time2 "$umtssapp_s stop"
$ns at $stop_int_time2 "$umtsiapp_s stop”
$ns at $stop_con_time2 "$umtscapp_s stop"
$ns at $start_int_time2 "$umtsiapp_s start"
$ns at $start_con_time2 "$umtscapp_s start"
$ns at $start_str_time2 "$umtssapp_s start"
$ns at $stop_con_time3 "$umtscapp_s stop”
$ns at $stop_str_time3 "$umtssapp_s stop"
$ns at $stop_int_time3 "$umtsiapp_s stop"
$ns at $start_str_time3 "$umtssapp_s start”
$ns at $start_int_time3 "$umtsiapp_s start"
$ns at $start_con_time3 "$umtscapp_s start"
$ns at $stop_all_time "$umtscapp_s stop"
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$ns at $stop_all_time "$umtssapp_s stop"”
$ns at $stop_all_time "$umtsiapp_s stop”
$ns at $stop_all_time "$umtsbapp_s stop”
$ns at 31.0 "$umtspredqueue printstats"
$ns at 31.0 "output”

$ns at 31.0 "finish"

$ns run
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Appendix H: Simulation scenarios for OQB in a intemittent traffic
pattern

set ns [new Simulator]

#Define different colors for data flows
$ns color 1 Red

$ns color 2 Blue

$ns color 3 green

$ns color 4 yellow

$ns color 5 black

#0Open the nam trace file
set tf [open umts-pdb-out-p.tr w]
$ns trace-all $tf

#Define a 'output' pricedure

proc output {} {
global udp_r1 udp_r2 udp_r3 udp_r4
global con_xmit_period str_xmit_period int_xmit ripel bac_xmit_period
global udp_con_pktsize udp_str_pktsize udp_intsipktudp_bac_pktsize

set con_app_rbytes [$udp_r1 set con_rbytes]

set str_app_rbytes [$udp_r2 set str_rbytes]s T
set int_app_rbytes [$udp_r3 set int ghytes]) v
set bac_app_rbytes [$udp_r4 sephac_rbytes

puts " "
puts "con_xmit_period : $con.;
puts “str_xmit_period : $str_&xmif_p
puts "int_xmit_period : $int _xmltJ)enod"
puts "bac_xmit_period : $bac: xmit period" s ’
puts "Conversation appllcation transmission’ volurﬁean app rb es
puts "Stream application trafis :ssmh\/olume Wp rbytes”
puts "Interactive application transmission: volurmi - app_rbytes"
puts "Background application transrhlssmn volumbac app/rbytes
set con_app_xmit_performance_byteijéxpr $con_apesti $eon_xmit_period]

set str_app_xmit_performance_byte {exp $Str_agpe 9 $str Xmit_period]
setint_app_xmit_performance_byte [expr $int " iipptem/ $int_xmit_period]

set bac app xmit_performance_byte [expr $bac_apfesth $bac_xmit_period]

puts "

puts "Conversation application transmission perfarwesby bytes : $con_app_xmit_performance_byte"
puts "Stream application transmission performanchyes : $str_app_xmit_performance_byte"

puts "Interactive application transmission perfang®by bytes : $int_app_xmit_performance_byte"

puts "Background application transmission perforneamg bytes : $bac_app_xmit_performance_byte"
set con_app_xmit_performance_pkt [expr [expr $cpp_gbytes / $udp_con_pktsize] / $con_xmit_period]
set str_app_xmit_performance_pkt [expr [expr $§ip_abytes / $udp_str_pktsize] / $str_xmit_period]

set int_app_xmit_performance_pkt [expr [expr $ipp abytes / $udp_int_pktsize] / $int_xmit_period]
set bac app xmit_performance_pkt [expr [expr $bag_ebytes / $udp_bac_pktsize] / $bac_xmit_period]
puts "

puts "Conversation application transmission perfarcesby packets : $con_app_xmit_performance_pkt"
puts "Stream application transmission performancpatkets : $str_app_xmit_performance_pkt"

puts "Interactive application transmission perfane®by packets : $int_app_xmit_performance_pkt"
puts "Background application transmission perfornedng packets : $bac_app_xmit_performance_pkt"

}

#Define a 'finish' procedure
proc finish {} {
global ns tf
$ns flush-trace
close $tf
#Execute trace file process
set PERL "/usr/bin/perl"
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set USERHOME [exec env | grep "*HOME" | S8¢iGME=/s/"HOME-=//]

set NSHOME "$USERHOME/ns2/ns-allinone-2.30"

set XGRAPH "$NSHOME/bin/xgraph"

set GETSET "$NSHOME/ns-2.30/bin/getset”

set GETDRT "$NSHOME/ns-2.30/bin/getdrt"

set EEDELAYS "$NSHOME/ns-2.30/bin/eedeldy_s

exec $PERL $GETDRT -s 0.0 -d 6.0 -f 1 umtb-pdt-p.tr > predumtscdrtp.tr
exec $PERL $GETDRT -s 1.0 -d 7.0 -f 2 umtb-pdt-p.tr > predumtssdrtp.tr
exec $PERL $GETDRT -s 2.0 -d 8.0 -f 3 umtb-pdt-p.tr > predumtsidrtp.tr
exec $PERL $GETDRT -s 3.0 -d 9.0 -f 4 umtb-pdt-p.tr > predumtsbdrtp.tr

exit 0

}

set node_(s1) [$ns node]
set node_(s2) [$ns node]
set node_(s3) [$ns node]
set node_(s4) [$ns node]
set node_(g1) [$ns node]
set node_(g2) [$ns node]
set node_(rl) [$ns node]
set node_(r2) [$ns node]
set node_(r3) [$ns node]
set node_(r4) [$ns node]

$ns duplex-link $node_(s1) $node_(gl) 2.0Mbpl mspleol
$ns duplex-link $node_(s2) $node_(gt) 2. OMb 1mspDail

$ns duplex-link $node_(s3) $nodeh(gl)- 2-0Mb 1msDed)
$ns duplex-link $node_(s4) $node_gg1) 2.0MbglimspDedl |
$ns duplex-link $node_(g1) $nade” (§2)-3WH 100mssRdbQuel

$ns duplex-link $node_(r1) $node_(g2)y-2-0Mb 1 mspTals

$ns duplex-link $node_(r2) $node.(92):2.0MB Lisiail
$ns duplex-link $node_(r3) $notle_(g2) 2.0Mb Imspaal - || -
$ns duplex-link $node_(r4) $node_(g2) 2.0Mbsd sl = || =
set umtspdbqueue [[$ns I|nk'$node (gl) $node @mpe]_ i

#Setup UmtsPdbQueue queue parameter
$ns queue-limit $node_(gl) $node. ?{:12) 40
$umtspdbqueue set ¢_eng_min 8¢ & .
$umtspdbqueue sets_eng_min 7
$umtspdbqueue seti_eng_min 6
$umtspdbgueue set b_eng_min 5
$umtspdbqueue set c_eng_max 40
$umtspdbqueue set s_eng_max 38
$umtspdbqueue seti_eng_max 36
$umtspdbgueue set b_eng_max 34
$umtspdbgueue set con_redenque_prob 1.0
$umtspdbqueue set str_redenque_prob 0.9
$umtspdbqueue set int_redenque_prob 0.8
$umtspdbqueue set bac_redenque_prob 0.7
$umtspdbqueue set con_queue_limit 8
$umtspdbqueue set str_queue_limit 7
$umtspdbqueue set int_queue_limit 6
$umtspdbgueue set bac_queue_limit 5

$ns duplex-link-op $node_(g1) $node_(g2) queueP®s 0

$ns duplex-link-op $node_(s1) $node_(g1) orient up
$ns duplex-link-op $node_(s2) $node_(g1) orierttuigf
$ns duplex-link-op $node_(s3) $node_(g1) orierttdefvn
$ns duplex-link-op $node_(s4) $node_(g1) orientmow
$ns duplex-link-op $node_(gl) $node_(g2) orienltrig
$ns duplex-link-op $node_(g2) $node_(rl) orient up
$ns duplex-link-op $node_(g2) $node_(r2) orienthrigp
$ns duplex-link-op $node_(g2) $node_(r3) orienttrigown
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$ns duplex-link-op $node_(g2) $node_(r4) orient dow

#Setup a UMTS UDP connection

set udp_s1 [new Agent/UDP/UDPUmtsc]
set udp_rl [new Agent/UDP/UDPUmtsc]
$ns attach-agent $node_(s1) $udp_sl

$ns attach-agent $node_(r1) $udp_rl

$ns connect $udp_s1 $udp_rl

set udp_con_pktsize 1000

$udp_s1 set packetSize_ $udp_con_pktsize
$udp_r1 set packetSize_ $udp_con_pktsize
$udp_sl set fid_ 1

$udp_rl setfid_1

set udp_s2 [new Agent/UDP/UDPUmtss]
set udp_r2 [new Agent/UDP/UDPUmtss]
$ns attach-agent $node_(s2) $udp_s2

$ns attach-agent $node_(r2) $udp_r2

$ns connect $udp_s2 $udp_r2

set udp_str_pktsize 1000

$udp_s2 set packetSize_ $udp_str_pktsize
$udp_r2 set packetSize_ $udp_str_pktsize
$udp_s2 set fid_ 2

$udp_r2 set fid_ 2

set udp_s3 [new Agent/UDP/UDPUmtsi
set udp_r3 [new Agent/UDP/UDPU mist
$ns attach-agent $node_(s3) $udp,
$ns attach-agent $node_(r3) $ud
$ns connect $udp_s3 $udp_r3:
set udp_int_pktsize 1000
$udp_s3 set packetSize_ $d
$udp_r3 set packetSize_ $udp/[i
$udp_s3 set fid_ 3
$udp_r3 set fid_ 3

set udp_s4 [new Agent/UDP/YDPL
set udp_r4 [new Agent/UDP/UDPUn
$ns attach-agent $node_(s4) $udf
$ns attach-agent $node_(r4) $udp_r4
$ns connect $udp_s4 $udp_ra
set udp_bac_pktsize 1000
$udp_s4 set packetSize_ $udp_bac_pktsize
$udp_r4 set packetSize_ $udp_bac_pktsize
$udp_s4 set fid_ 4

$udp_r4 set fid_ 4

#Setup a UMTS Conversation Application

set umtscapp_s [new Application/lUMTSCApp]
set umtscapp_r [new Application/lUMTSCApp]
$umtscapp_s attach-agent $udp_s1
$umtscapp_r attach-agent $udp_rl
$umtscapp_s set pktsize_ 1000

$umtscapp_s set random_ false

#Setup a UMTS stream Application

set umtssapp_s [new Application/lUMTSSApp]
set umtssapp_r [new Application/lUMTSSApp]
$umtssapp_s attach-agent $udp_s2
$umtssapp_r attach-agent $udp_r2
$umtssapp_s set pktsize_ 1000

$umtssapp_s set random_ false

#Setup a UMTS Interactive Application
set umtsiapp_s [new Application/UMTSIApp]
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set umtsiapp_r [new Application/lUMTSIApp]
$umtsiapp_s attach-agent $udp_s3
$umtsiapp_r attach-agent $udp_r3
$umtsiapp_s set pktsize_ 1000
$umtsiapp_s set random_ false

#Setup a UMTS Background Application

set umtsbapp_s [new Application/lUMTSBApp]
set umtsbapp_r [new Application/lUMTSBApp]
$umtsbapp_s attach-agent $udp_s4
$umtsbapp_r attach-agent $udp_r4
$umtsbapp_s set pktsize_ 1000
$umtsbapp_s set random__ false

#Simulation Scenario
set start_all_time 0.0

set stop_con_timel 7.5
set stop_str_timel 9.5
set stop_int_timel 10.5
set start_con_timel 10.25
set start_str_timel 12.0
set start_int_timel 13.0
set stop_str_time2 14.25
set stop_int_time2 15.75
set stop_con_time2 16.0
set start_int_time2 17.25
set start_con_time2 17.6
set start_str_time2 18.0
set stop_con_time3 20.0
set stop_str_time3 20.6
set stop_int_time3 21.35
set start_str_time3 24.4
set start_int_time3 25.5
set start_con_time3 27.0
set stop_all_time 30.0

set con_xmit_period 0.0 A m

set str_xmit_period 0.0
set int_xmit_period 0.0
set bac_xmit_period 0.0

set con_xmit_period [expr [expr $stop_con_timestaft_all_time] + [expr $stop_con_time2 -
$start_con_timel ] + [expr $stop_con_time3 - $stamh_time2 ] + [expr $stop_all_time -
$start_con_time3]]

set str_xmit_period [expr [expr $stop_str_timektadt_all_time] + [expr $stop_str_time2 -
$start_str_timel ] + [expr $stop_str_time3 - $stsirt time2 ] + [expr $stop_all_time - $start_smeB]]
set int_xmit_period [expr [expr $stop_int_timelst&t all_time] + [expr $stop_int_time2 -
$start_int_timel ] + [expr $stop_int_time3 - $start_time2 ] + [expr $stop_all_time - $start_int&3]]
set bac_xmit_period $stop_all_time

$ns at $start_all_time "$umtscapp_s start"
$ns at $start_all_time "$umtssapp_s start"
$ns at $start_all_time "$umtsiapp_s start"
$ns at $start_all_time "$umtsbapp_s start"
$ns at $stop_con_timel "$umtscapp_s stop”
$ns at $stop_str_timel "$umtssapp_s stop"”
$ns at $start_con_timel "$umtscapp_s start"
$ns at $stop_int_timel "$umtsiapp_s stop"
$ns at $start_str_timel "$umtssapp_s start”
$ns at $start_int_timel "$umtsiapp_s start"
$ns at $stop_str_time2 "$umtssapp_s stop"
$ns at $stop_int_time2 "$umtsiapp_s stop"
$ns at $stop_con_time2 "$umtscapp_s stop”
$ns at $start_int_time2 "$umtsiapp_s start"
$ns at $start_con_time2 "$umtscapp_s start"
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$ns at $start_str_time2 "$umtssapp_s start"
$ns at $stop_con_time3 "$umtscapp_s stop”
$ns at $stop_str_time3 "$umtssapp_s stop"
$ns at $stop_int_time3 "$umtsiapp_s stop"
$ns at $start_str_time3 "$umtssapp_s start”
$ns at $start_int_time3 "$umtsiapp_s start"
$ns at $start_con_time3 "$umtscapp_s start"
$ns at $stop_all_time "$umtscapp_s stop"
$ns at $stop_all_time "$umtssapp_s stop"
$ns at $stop_all_time "$umtsiapp_s stop”
$ns at $stop_all_time "$umtsbapp_s stop"
$ns at 31.0 "$umtspdbqueue printstats”

$ns at 31.0 "output"

$ns at 31.0 “finish"

$ns run
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Web Browsering ETP

VolP Video Streaming (HTTP)

AR Exponential CBR HTTP FTP
Protocol

Transport Protocol UDP UDP TCP TCP

Packet Size (bytes) 372 540 500 500

Rate (bps) 12.2(x7 source)=85 47.7(x7 source)=333 160 484

Rate (%) 8 31 15 46

Interleaving(ms) 20 2 7 20

Voice: 372bytes: 10 frames per packets: 20(IPv4)+8(UDP)+12(RTP)+332(max RTP
payload for 10 AMR frames). It can be modelized by the two Markov process as

suggested by ITU-T.

Video: 540bytes: 20(IPv4) + 8(UDP) + 12(RTP) + 500(max AMR RTP payload).
The most of commercial videos are CBR.

Web Browser: 500bytes: Based on large packet sizes used in Internet.
FTP: FTP sessions behave similar to HTTP requests but without the page

abstraction level.
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Table 1. A Summary oﬂsnmulatlon parameters
Parameter dimensions - — Setting values
Packet size 500, bytes
UMTS Apphcatlen GBS MIN MAX PEP
= Gonversatlonal. 8 40 1
Two-phase queueing buffer ¥ =
allocation scheme settings Streaming : 38 0.95
! -_-_:'-jlntgractWe—--;- =g | N 35 0.85
Backg:"'___und — ’ 31 0.7
UMTS traffic bandwidth HEE Backbone bandwidth in the UMTS
, 1.0MB 2.0MB
requirement core network
Queueing buffer allocation DQB, 0QB, DiffServ
Traffic transmission pattern Continuous Simulation time 60 Sec

Legends: GBS: Guaranteed buffer size, PEP: packet enqueueing probability,
MIN: minimum limit, MAX: maximum limit

109




Table 2. Average packet jitter/delay statistic between DQB, OQB and DiffServ

Unit : ms, PS : packet size, B : bytes

;.IMTfS Conversational Streaming Interactive Background

raffic

Allocations| jitter delay jitter delay jitter delay jitter delay
DQB |0.000016 0.22751 |0.002112 0.158768 | 0.000164 0.153704 | 0.020889 0.201037
0QB 0.00162 0.164011|0.002518 0.164316 | 0.002047 0.186736 | 0.002037 0.171697
DiffServ |0.000021 0.311937 | 0.000739 0.267067 | 0.001391 0.267066 | 0.0125 0.265889

Legends:

Table 3. Packet enqueuing/dequeuing statistic

Packet Size: 60 seconds |Conversationall Streaming Interactive | Background
500 bytes
DQB 15001 15001 15001 15001
Arrival packets OQB 15001 15001 15001 15001
DiffServ 14999 14999 14999 14999
c g DQB 15001 9007 6004 28
nqueue _ e T
packets OQB A& 15001 - 9012 4016 2009
DiffServ 14999 11093 3880 45
DQB 15001 9007 6004 28
Dequeued i
packets 0QB & 150071 9012 | 4016 2009
DiffServ 14999 11093 3880 45
DQB 0 5994 8997 14973
Dropped packets|  0QB e g 10985 12992
DiffServ 0 3906 11119 14954
Packet dequeued DQB 100 60.04266382 | 40.0239984 | 0.186654223
ratio (%) OQB 100 60.07599493 | 26.77154856 | 13.3924405
(Throughput) DiffServ 100 73.95826388 | 25.86839123 | 0.300020001
DQB 0 39.95733618 | 59.9760016 | 99.81334578
Packet dropped
ratio (%) OQB 0 39.92400507 | 73.22845144 | 86.6075595
DiffServ 0 26.04173612 | 74.13160877 | 99.69998

Table 4. QoS mapping between DiffServ PHBs and UMTS Service class

Application Type UMTS Service Class DiffServ PHB
VolP Conversational EF (Expedited Forwarding)
Video Streaming Streaming AF1X (Assured Forwarding)
Web, Telnet Interactive AF2X
FTP, email Background BE (Best Effort)
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