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Abstract. The communication standards tend to be extremelynieal and tedious documents defining the very
behaviour of a given system. The IEEE 802 set okless communications standards for the PersorwlllLo
Metropolitan Area Network mainly specify the twonest OSI layers (physical and link) of the systget, they
comprise hundreds of pages requiring time andddapersonnel to be comprehended. With the incrgasice of
technology evolution, the development and implemigotn of communication standards is calling for new
approaches facilitating easier comprehension efdstalised functionalities as well as developmeudt testing of
new procedures. In this paper we investigate thaiagbility of the Unified Modeling Language (UMLipr
modeling communication standards, in particular HBEE 802.16e network entry process. As an examge
provide a high-level overview of the process ad agla more detailed view on the message passiugsees and
subscriber station actions, and we conclude withescemarks on the suitability of the proposed aagino
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UML modeliranje procedur v IEEE 802.16e standardu

Povzetek.Komunikacijski standardi so praviloma zahtevni intranslates in the increasing pressure on standdiahs

tezko berljivi tehnini dokumenti, ki specificirajo delovanje - e :
doloéenegcjal sistema. |[EEE 802 brgzﬁi kon{unikacijskiJ procedures and on system designers. This increasing

standardi za osebna, lokalna in mestna dostopovmezia, ki Pace of technology development is particularly bitsi
definirajo predvsem spodnja dva sloja OSI sistefizaci in -~ in mobile communications and wireless access

ﬁg‘égi:v?ri] Silgljgdé%tr)njseggjon%%\?os%?gi/i:Roza;gtzel}ﬂgvaprqgecej networks, two traditionally complementary technasg

naragajocim tempom razvoja novih tehnologij je treba zathat are lately converging towards mobile broadband
razvoj in implementacijo komunikacijskih standardovwireless networks. The success of the prevalent
uporabljati nove pristope, ki podpirajo lazje ramwanje technology representatives, e.g. GSM  with

standardiziranih funkcionalnosti kakor tudi razimjtestiranje o hancements such as GPRS and EDGE and UMTS in
novih postopkov. V tem prispevku analiziramo primst

uporabe jezika UML za objektno modeliranje komunijekih mobile communications and WiF_i in wireless access,
standardov. Kot primer smo izbrali modeliranje pp& can be to a great extent attributed to the timely

vstopa v omreZzje in inicializacije v IEEE 802.1@anslardu, standardisation process and its broad acceptance.

za katerega prikazujemo pregled celotnega procesaukli ; ; P ;
vpogled v sekvence izmenjave spifomed omreznimi The main importance of standardisation in

entitetami in v delovanje mobilne postaje. Prispekencamo  telecommunications is to arrive at compatible stadsl
z ugotovitvami o primernosti uporabe predlaganegstgpa for user equipment and network solutions. This iaspl

za standardizacijske postopke v komunikacijah. to radio and fixed networks as well as to mobilel an
Klju &ne besedemodeliranje UML, komunikacijski standardi, Satellite services. The broader the acceptancegofem
IEEE 802.16e, vstop v omrezje in inicializacija standard the better interoperability between the
equipment from different manufacturers, the lowes t
prices for the equipment due to the international
competition and the economy of scale, and the lhighe
the satisfaction of users. Nevertheless, the dpwedmt
Wireless access systems that provide end-users wih standards is a long and tedious process with
high bandwidth and mobility are seen as the kethousands of experts working on different partsi0k-
segment of the next generation networks. The markekpert that takes a look at a typical set of
pressure for new technologies, supporting novelommunication standards is rapidly discouragedhey t
applications and higher bit rates, to becomamount of information and technicality of the langa.
commercially available increases continuously, Wwhic Due to a short development time standards are
typically specifying the main functionalities and
interactions between layers and network entitigausT
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concrete implementation and the choice of mosablét IEEE 802.16-2004 standard [8] for fixed broadband
algorithms to the equipment manufacturers. In otder wireless access is a document of about 900 pagés. |
ensure compliance with standard requirements aheé to integrating earlier editions of the standard for
able to develop and test the newly implementeftequencies between 10 GHz and 66 GHz (IEEE 802.16
procedures under time pressure communication systepproved in December 2001) and its amendment IEEE
designers need to make use of new approaches &@i2.16a with some MAC modifications and a set af ne
tools. In the light of this, the Unified Modeling physical layer specifications for frequencies betwe
Language (UML) appears as an efficient tool folGHz and 11 GHz (ratified in January 2003). The IEEE
modeling communication systems and protocols. 1802.16e-2005 standard [9] is an amendment to tB& IE
particular, the UML model could help training novel802.16-2004 standard with more than 800 pages It i
personnel much faster by providing an overviewhaf t addressing mobility, better support for Quality of
system at different levels of abstraction; it cosftbrten Service and the use of scalable OFDMA, and is emitt
the development time, ease integration and help that it deletes, updates or adds things to EieEl
maintain a system [1]. 802.16-2004 standard. Thus, when searching for
UML has emerged from the field of softwaremobility-related issues, one has to switch betwten
engineering as a need to analyze and design objéeb standards to get an updated and coherent picfur
oriented applications. Its development started 9941 the system.
[2] and the most up to date version is availabbenfthe Two specific technology solutions based on the
developer, the Object Management Group (OMG) [3ktandards IEEE 802.16-2004 and IEEE 802.16e-2005
Nowadays UML is a standard language for specifyingre ~ WIMAX  (Worldwide Interoperability for
visualizing, constructing, and documenting thefadies Microwave Access) and mobile WIMAX referring to
of software systems, as well as for business mogleli systems built using the respective standard and the
and other non-software systems. This way UMIOFDM physical layer as the air interface technology
facilitates project teams to communicate, develogd a For the latter, the conformity tests are still unde
validate system architectures. UML is beingdevelopment, so modeling of such system could be of
increasingly used also for the system on chip (So@articular importance for system designers.
design [4], real-time embedded system design [1, 5] The IEEE 802.16-2004 and IEEE 802.16e-2005
quality of service (QoS) [6], etc. standards are organized as follows: first an oeevvi
The advances in UML as well as in communicationsientioning the scope of the IEEE 802.16 is giveent
systems  (software  defined radio, softwaréhe three sub-layers: Convergence Sub-Layer (CS),
implementation of the physical and link layers o8I0 Medium Access Control-Common Part Sub-layer
[7] as opposed to traditional hardware implemeotgti (MAC-CPS) and Security Sub-layer (SS) of the OSI
seem to open the road for modeling such systenmgy usiink layer are defined; next physical (PHY) layer
UML. Exporting UML-modeled communication aspects, configuration, parameters and constants,
systems directly to the source code capable toorua encodings and finally system profiles are defirdd].
device would significantly cut down costs and saort In order to investigate the utility of the UML-l=ab
time to market. approach in designing the IEEE 802.16 system, we
This paper investigates the applicability of UMir f chose the network entry and initialization procedaf
object-oriented modeling of communication procedurean IEEE 802.16e compatible system. This procedure i
on an example of the network entry process accgrdimefined in the Data/Control plane of the MAC Common
to the IEEE 802.16e standard. It is providing ahhig Part Sub-layer and comprises 15 sections in theElEE
level overview of the process as well as a moraildet 802.16e-2005 standard, each section having sesatal
view on the message passing sequences and subscrisetions or redirecting the reader to adequategpaphs
station actions. The rest of the paper is strudttae within the IEEE 802.16-2004 standard. Some sections
follows. In Section 2 a short overview of IEEE 802. use activity or state machine diagrams to ease
standards is provided while Section 3 briefly prtse understanding the message, but the use of thekeisoo
UML. The IEEE 802.16e network entry andnot unitary and coherent. Getting a comprehensive
initialization modeling using UML diagrams is picture of the system architecture and its opematto
presented in Section 4. Section 5 concludes therpap thus a tedious and time-consuming task.

2 |EEE 802.16 standard 3 UML

IEEE 802.16 is a broader term for a set of starmitrdt Complex system architecture and its behaviour as a
have evolved over time for a set of air interfabased whole are difficult to understand since they reguar

on a common Medium Access Control (MAC) protocolarge amount of information to be blended in ortter
and different physical layer specifications depentdsn  form a coherent picture. Training and time are eeed
the used spectrum and regulation requirements. Thar people to get to understand a system, and witho



good modeling and documentation, the knowledge
hard to pass on or might be lost once the key [geor
move on [10]. In a particular case of communicatio
systems, which are hard to understand due to the
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abstract nature [10], good modeling and documentati
are even more important. Well built UML models car kb
help understand systems and keep trace of theg# ra %‘{;5};{;} —
changes, thus easing the introduction of new pojtoc | Saete
versions in the communication system model, an g
speeding up the development of software protoci Package
stacks. Ll
UML is a general purpose modeling language the iy 20 [ Han oyl
uses a graphical notation to model a system. Atradis g Bl
model of a system, called the UML model, helps roefi e
in a clear way the architecture of the system froatro Diagram
to micro level, as well as interactions betweerfed#nt i
parts of the system. UML emerged from the softwar ; Diagram g
. . . . . . Behavior 4 Sequence |
engineering field as a need to visualize, designelbp Diagram . Diagram
and document software systems. The language was 3 e /i —
adopted by companies in non-software business tt e eston
used it for modeling of business, mechanical syster s —
etc. One of the advantages of UML is its independen [;gg';;% i
of methodology so that each organization can séhect W—
methodology and tool that best serve its needs [2]. oo |
UML can be used to model an application and UMI Diagram _
tools allow qqtomatic generation of source codeeb.as,:igure 1. UML 2.0 diagram hierarchy [11].
on the specified model. Code can be generated in
object-oriented language such as C++, Java an®IC#,  application components. Interaction —Diagrams
in non-object-oriented languages such as FortrasyaV include four types of diagrams: Sequence,

Basic and Cobol. There are also some tools thdyzma  Communication, Timing, and Interaction Overview

existing source code and reverse engineer it ikt U [3].

diagrams. Some tools exist for generating test and The main criticism regarding UML is that it is too

verification suites from UML models [3]. large and complex and contains too many redundant o
In this paper we investigate if UML modeling cam b infrequently used diagrams and constructs [11]. The

utilised for ~modeling communication  systempjoat of the language is probably due to the faat its

procedures, such as those specified in the IEEfm is being general purpose. Another UML drawback

802.16e-2005 standard, and then used for personggems to be the difficulty of learning and adoptihg

training, system development and maintenandanguage [12]. The perspective of model-driven gtesi

purposes. in which the model can be exported to executabtieco
As with UML 2.0, 13 types of diagrams are defineds very appealing and UML 2.0 is aiming at it.

that offer flexibility in modeling systems. Diagraman Nevertheless, exporting UML models to code does not

be grouped into two main categories, the Structurgeem to be as straighforward as desired [13].

Diagrams and the Behavior Diagrams; and one

subcategory, the Interaction Diagrams (see Figure 1 T

- Structure Diagrams are used for static modeling of4 Netwo_rk Entry and Initialization
system/application by specifying what it should be Modeling

comprised of. They model the structuraly ihe following, UML will be used to model the
composition. UML 2.0 Structure Diagrams includégqyork entry and initialization according to tHeEE
six types of diagrams: Class, Object, Componengny 16e-2005 standard. A high-level overview of the
Composite Structure, Package, and Deployment. main stages in the network entry and initialization
- Behavior Diagrams are used to describe the cess is provided using a use-case diagram. it e
behaviour of a system. They model things a syste@,ge a more detailed view of the messages that are
should do and states it should go through. Behavigfsseq hetween the base station (BS) and the dsscr
D|agfams include three types of diagrams: Use Cas§ation (SS) can be provided by sequence diagrams.
Activity and State Machine. _ After looking at the messages passed at each plartic
- Interaction Diagrams are derived from the BEhaV'Oétage, a complete and unitary view of the message

Diagrams and focus on interaction between SySte'@Qchanges during the whole network entry and
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Scan and Synchronize ta Downlink Channel Estahlish Provisioned Connections
Obtain Downlink and Uplink Parameters Register and Establish IP Connectivity

Suhbscriber station

Authorzation and Key Exchange

Initial Ranging and Automatic Adjustments

Negotiate Basic Capabilities

Figure 2. Network entry and initialization use case

initialization process can be provided. Finallye states Establish 1P Connectivity and Establish Provisioned
of the SS during each stage of the network enty arConnections.

initialization process can be detailed using attivi Without reading the entire documentation, a user
diagrams. The aim of this approach is to help a- noknows from such an overview that the network entry
expert to get a good insight into the network entrgnd initialization in the IEEE 802.16e-2005 standar
process in a short time. The documentation of thdeh requires seven stages and knows their names. The
can also be exported to an html document to fatdélit sequence in time of the stages is not clear fraamute

fast browsing. case (aimed to keep the description simple), butilit
become clear from the sequence diagrams.
41 High-Level Overview Each use case has a short description that ezplain

) ) what it does. The Scan and Synchronize to Downlink
A high-level overview of the network entry andchannel use case has the following description:
initialization in the IEEE 802.16e-2005 standard be
provided using behavior diagrams. By using behavior «pyring this phase, the SS listens to DL frame
diagrams, the model describes the main things the preambles, tries to synchronize with these preasnble
system will perform. Use-case diagrams were chosen (pHY level synchronization), after which it listens
for giving this high-level overview due to their o DL_MAP management message and tries to

simplicity. Activity diagrams or state machine diams decode it (MAC synchronization).”
could have been also used, but these type of diagra
offer more details because of their nature. Theviact According to this description, the device performs

diagrams offer information about the flow of theeats  some kind of listening to the control messages bgnt
in the system while the state machine diagrams shqwe BS on the channel. For more detailed informatio

the logical transition between states. The use-cagg yse-case documentation can be checked:
diagrams will concisely present the functionalifytioe

system. “The Scan and Synchronize to the Downlink
According to the IEEE 802.16e-2005 standard, the Channel operation is the first step a SS performs t
SS has to go through seven stages (see [8, Sijler enter a network after signal loss or power on. The

enter a network and use the services it provides (S  Ss tries to connect to a BS using the last suadessf
Figure 2). The first stage consists in scanning and set of parameters. If it cannot achieve
synchronizing to the downlink channel that is medel synchronization using that set of parameters, it

by the Scan and Synchronize to Downlink Channel use scans the preferred frequencies provided by the
case. The other six steps are modeled by use casespperator.”

having suggestive names: Obtain Downlink and Uplink

Parameters, Initial Ranging and  Automatic Fyrther details can be viewed by checking the
Adjustments, Negotiate Basic  Capabilitiesjystification or sub-diagrams of the correspondirss
Authorization and Key Exchange, Register an@ase. Since UML has been initially developed and is
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Figure 3. Achieve PHY Synchronization sequencerdiag

U

MAC Synchronizecl

still mostly used for software engineering, manglso
offer documentation template (leaf, rank, multiplic
derived, etc.) specific to the industry which ist no
particularly well suited for modeling communication
systems. Nevertheless, some of these templatebecan
configured to suit the needs of non-software
applications, or, alternatively, tools for modelingn-
software systems can be used (e.g. SysML [14]).

Achigve Dowdlink Channel and Uplink Channel Desaiptors )

5. Listen for DCD
6 DCD

T. Listen for UCD
& uco

CDMA | ritial E‘Iangmg J

4.2 Detailed Interaction Overview B

Figure 4. Network entry and initialization sequedagram.

Each use-case diagram that models the network en

andd lllnltlatI;]zatlon has one orb rpore ?ﬁb'g'ggraanﬁggrams are similar to sequence diagrams but ahey
modaeling the message passing between the an re suitable for use when showing the context of a

during Ithe cr?rregpondmgdphgsec;:‘thg procedlsrearﬁ]g ommunication is more important than showing the
example, the Scan an ynchronize to Downling,o sequence [15]. The timing diagrams were not

Channel use case has two sequence sub-diagraQ$ieq for th f thi deli : thf
Achieve PHY Synchronization and Achieve MACClOCekingorieesgg(r:ﬂ?sre“;aﬂo:‘sirq?gmf;ggnsmce ¥r

Synchronization. The first one shows the messaugs t
are passed to achieve physical synchronizatioscdhs . . .
different frequencies on the downlink channel and-3 Holistic Interaction Overview

synchronizes with an OFDMA frame preamble ag\|| the sequence use cases showing message passing
depicted in Figure 3. during the stages of the network entry and init&tion

Each message that is passed is documentggh be grouped in timely fashion to give an ovemvig
correspondingly, so the user can understand its il the entire process. Figure 4 depicts part of tigeisece
the message flow. As en example, the Activatiojagram showing the interactions between the SS and
(vertical rectangle) on the SS’s side is descried BS during the network entry and initialization pess.

Each sequence diagram that was used as a subdiagra

“The SS tries to acquire a downlink channel usingf the use-case model defined in Section 4.1 isctiEp

the last operational parameters stored in a nonwith different shading.

volatile memory. If unsuccessful, it scans for a By |ooking at the network entry and initialization

channel using predefined, operator specificsequence diagram one can see the order in which

parameters. SS can achieve PHY levahessages are passed in time to perform the network
synchronization using OFDMA frame preambles.” entry and initialization. First, the SS achieveysital
synchronization, then it achieves MAC synchronizati

This explains the actions of the SS while tryiog tit continues with achieving channel descriptors,
achieve PHY synchronization. proceeds with CDMA initial ranging, etc.

Sequence diagrams were chosen to model the An alternative solution for the holistic interamti
message passing between the communicating entit@gerview of the network entry and initialization ce
since they are able to show the time sequenceisn ttould be based on interaction overview diagram&yTh
communication. Interaction overview diagrams as®al would have offered a more detailed holistic ovemvisf
suited to model message passing, but these diagr@nsthe process by incorporating activity informatidhys
more complex, as they show workflow through th?providing an even better model.
sequences [15]. This kind of diagram combines
sequence and activity modeling. Communications
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P 802.16e-2005 standard using UML. A brief overviefw o
the IEEE 802.16 standard and UML is provided and
then the models are presented and discussed. elgh-|

=y as well as more detailed overviews of the netwartkye
@EU}\ and initialization ware given throughout the papsing

suitable diagrams. Use-case diagrams are used to
specify the high-level overview of what the SS dtou
do to achieve network entry and initialization. Rbe

Search for PHY frame on channem/ H H H H H
( S interaction overview, the message passing is mddale
detail using sequence diagrams, while the behawbur
overview is presented by the activity diagrams.
PHY preamble detected PHY preamble not detected Advantages of some diagrams over others for moglelin
A4 certain aspects are analyzed and alternatives for
modelling suggested.

UML specifies a comprehensive set of diagrams

PHY Synchronized ) Countdown 20| suitable for modeling a variety of things: fromsdas in
an object-oriented system to business models. For
Timeout 720 simple and small-scale tasks it seems redundantt but
can prove to be a good tool for managing largegutsj
with long life expectancy such as in avionics/apau®,
[M°“e‘°"e@7 shipping and other similar industries where prosluct

lifecycle is of tens of years. For rapidly changing
technologies, such as information systems, it canep

to be useful for managing, upgrading and, as pdiote

in this paper, for representation of standards ted
actual implementation. For the particular case of
communications systems, however, UML has not been

Syncronization |ost

l

Figure 5. Achieve PHY Synchronization activity dia. widely used although it is capable to perform adjoo
modeling of such systems. The main reason liefién t
4.4 Detailed Behaviour Overview fact that it is a general-purpose tool with several

) ] ) ] features that appear to be redundant or not opadrfier

The detailed behaviour overview describes what igogeling of communication systems and protocols.
happening on the SS and BS side during the messaggyertheless, the work in extending UML profiles fo
passing interval within the network entry andsystems [14] and communication systems [16] is
initialization procedure. In this respect the stabé the ongoing, so the future might focus more on modetiag
SS are modeled using activity diagrams, which werg n5iral way of developing systems. In particutar,
chosen due to their property of_ _modeling behavioupe\y modeling language, SysML (System Modeling
particularly sequence flows of activities. _ Language) targeting modeling of systems has been

Figure 5 shows the activity diagram correspondingiangardized by the OMG recently. SysML uses some
to the activity happening on the SS side while@dng ot the UML 2.0 diagrams, modifies others and adds
physical synchronization (see sequence diagram Wyira diagrams to respond system modeling needs [14
Figure 3 or the corresponding diagram overview iy instance, SysML defines requirement diagraras th
Figure 4). After turning the power on or signaldpthe o pe used for a high-level overview as an altama
circuit blocks/software on the SS responsible fofy the use-case diagrams in UML [5]. Another gragip
achieving physical synchronization start a ime2@in  yorking on the definition of an extension for UMLO2
Figure 5), start searching for a valid downlinkehel 4t would support the modeling of communication
(a channel on which a BS advertises its servicas) dsystems. The extension will be inspired by the

synchronize to it by detecting a preamble. If tH® Seyperience made with the Specification and Desoript
manages to synchronize, it sends an appropriatelsig Language (SDL) [16].

and continues the network entry process, othernitise

moves to another channel. As with all other model

each state in the activity diagram is documente References
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