7~ N— |

IPP HURRAY!

www.huer.pt /

Technical Report

The IEEE 802.15.4 OPNET Simulation
Model: Reference Guide v2.0

Petr Jurcik
Anis Koubaa

HURRAY-TR-070509
Version: 1.0
Date: 05-29-2007



Technical Report HURRAY-TR-070509 The IEEE 802.15.4 OPNET Simulation Model: Reference Guide v2.0

The IEEE 802.15.4 OPNET Simulation Model: Reference Guide v2.0

Petr Juréik, Anis Koubaa

IPP-HURRAY!

Polytechnic Institute of Porto (ISEP-IPP)

Rua Dr. Anténio Bernardino de Almeida, 431
4200-072 Porto

Portugal

Tel.: +351.22.8340509, Fax: +351.22.8340509
E-mail: petr@isep.ipp.pt
http://www.hurray.isep.ipp.pt

Abstract

This technical report provides a reference guidéhto IEEE 802.15.4 OPNET simulation model. The $ation
model can be used for the performance evaluatiahe®lotted CSMA/CA and GTS mechanisms in beacmbled
mode. The optimal setting of the protocol paransetan be found and verified with this simulationd®lo
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1. Overview of the IEEE 802.15.4 Protocol

Thel EEE 802.15.4 [1] protocol has recently been adopted as a commumicatandard for low data rate, low power
consumption and low cost Wireless Sensor NetwovKSNs). This protocol is quite flexible for a widange of
applications by adequately tuning its parametedsiaalso provides real time guarantees by usieg3@baranteed Time
Slot (GTS) mechanism. This feature is quite ativador time-sensitive WSN applications.

The IEEE 802.15.4 standard specifies the physaarl and MAC sub-layer for Low-Rate Wireless Peasdrea
Networks (LR-WPANS). The ZigBee [2] standard isselassociated with the IEEE 802.15.4 protocol pedifes the
network (including security services) and applisat{including objects and profiles) layers.

1.1. IEEE 802.15.4 Physical Layer

The physical layer is responsible for data transiois and reception using a certain radio channebraling to a
specific modulation and spreading techniques. HigEl 802.15.4-2003 [1] standard offers three unbeenfrequency
bands: 2.4 GHz (worldwide), 915 MHz (e.g. North Aioa) and 866 MHz (e.g. Europe). There is a sirgglannel
between 868 and 868.6 MHz, 10 channels betweera88228 MHz and 16 channels between 2.4 and 2.4835
The data rate is 250 kbps at 2.4 GHz, 40 kbps &tz and 20 kbps at 868 MHz. In addition to thésee frequency
band patterns, two high data rate patterns have &gged to the 868/915 MHz bands in the last rewisf the standard
IEEE 802.15.4REVb-2006. The higher data rates ahéemed by using of the different modulation formaThis
revision of the standard is backward-compatibléhto|[EEE 802.15.4-2003, meaning that devices comifgy to IEEE
802.15.4REVb-2006 are capable of joining and fuomitig in a PAN composed of devices conforming t&HE
802.15.4-2003. All of these frequency bands areedham the Direct Sequence Spread Spectrum (DSS3&adipg
technique.

Spr eading Parameters Data Parameters
(I\F;IHHYZ) BZ;??I\G/P r?;) Chiprate |\ qlation | Bitrate | Symbolrate | o\
(kchips/s) (kb/s) (ksymbol/s) y
868-868.6 300 BPSK 20 20 Binary
868/915 902-928 600 BPSK 40 40 Binary
868/915 868-868.6 400 ASK 250 12.5 20-bit PS$S
(optional) 902-928 1600 ASK 250 50 5-bit PSS§
868-868.6 400 QPSK 100 25 16-ary
868/915 Orthogonal
(optional) 902-928 1000 0-QPSK 250 62.5 16-ary
Orthogonal
2450 2400-2483.5 2000 0-QPSK 250 62.5 16-ary
Orthogonal

The protocol also allows dynamic channel selectgosgan function that steps through a list of suggochannels in
search of a beacon, receiver energy detectiongjiraltity indication and channel switching.

1.2. |IEEE 802.15.4 Medium Access Control Layer
The MAC protocol supports two operational modeg tiam be selected by a central controller of theséte Area
Network (PAN), called PAN Coordinator:

* Beacon-enabled mode: In beacon-enabled mode, the beacon frames ai@df=ily generated by the PAN
Coordinator to identify its PAN, to synchronize dms that are associated with it, and to descilige t
superframe structure.

* Non Beacon-enabled mode: In non beacon-enabled mode, the device can sisgy their data by using
unslotted CSAM/CA mechanism. There is no use afpeedrame structure in this mode. The advantages of
this mode are a scalability and self-organizatidowever, the non beacon-enabled mode cannot provide
any time guarantees to deliver data frames.

When the PAN Coordinator selects the beacon-enahlmk, it forces the use of a superframe strudtureanage
communication between the devices that are assdctatthat PAN. The format of the superframe israef by the
PAN Coordinator. The superframe, correspondinghtoBeacon Interval (Bl), is defined by the time between two
consecutive beacons, and includes an active peamald optionally, a following inactive period. Thetige period,
corresponding to th&uperframe Duration (SD), is divided into 16 equally sized time slotkjring which data
transmission is allowed. Each active period carfusther divided into aContention Access Period (CAP) and an
optionalContention Free Period (CFP). Slotted CSMA/CA is used within the CAP. TQIEP is activated by the request
sent from a device to the PAN Coordinator. Uporeiéng this request, the PAN Coordinator checkstivethere are
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sufficient resources and, if possible, allocates tbquested time slots. This requested group of siots is called
Guaranteed Time Sot (GTS) and is dedicated exclusively to a given devA CFP support up to 7 GTSs and each GTS

may contain multiple time slots. The allocationtleé GTS cannot reduce the length of the CAP totleess the value
specified byaMinCAPLength constant.

backoff slot
L)
beacon time slot
I —— G —mnr—
inactive period

01 2 3 456
|, CAP >= aminCAPLength |, CFP
N L)

|, SD = aBaseSuperframDuration x 2°°
(active period)

N

Bl = aBaseSuperframDuration x 2°°
(superframe)

Figure 1. The IEEE 802.15.4 superframe structure

The star andpeer-to-peer topologies are two basic network topologies defimethe IEEE 802.15.4 standard. In the
star topology, the communication is centralized astblished between a PAN Coordinator and itscieteal devices.
The main advantage of this topology is its simpfici he peer-to-peer topology has also a PAN Coaitdr; however,
it differs from the star topology in that any dexican communicate with any other device withirrddio range. The
cluster-tree topology is a special case of a peer-to-peer tgpoWith a distributed synchronization mechanism.

O
®
o. 1l O /
'\O{K O\\‘{;
O O S

a) star topology b) mesh topology

@ PAN Coordinator (PANC) 7
@ Cluster Head (CLH) /
(O Node II
4 Communication flow |
— Parent/child relation

c) cluster-tree topology

Figure 2. The IEEE 802.15.4 network topologies

2. The IEEE 802.15.4 Simulation Model

The simulation model implements physical and medagoess control layers defined in the IEEE 802:20@3
standard. The OPNET Modeler [3] is used for devielgpnamely due to its accuracy and to its soptastid graphical
user interface. The OPNET Modeler is an industradieg discrete-event network modeling and simutatio
environment. The wireless module extends the fanetity of the OPNET Modeler with accurate modelisignulation
and analysis of wireless networks. This modulenis of the several add-on modules available from BPN

The actual version of the simulation model onlyants thestar topology where the communication is established

between devices, called inside the mdged Devices, and a single central controller, callBAN Coordinator. Each
device operates in the network must have a uniqdeeas.
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The structure of the IEEE 802.15.4 sensor nodesar(_sensor_node) used in the simulation model is composed of

four functional blocks:

1. ThePhysical Layer consists of a wireless radio transmittes) @nd receiverrk) compliant to the IEEE 802.15.4
specification, operating at the 2.4 GHz frequenagdand a data rate equal to 250 kbps. The trasismipower
is set to 1 mW and the modulation technique is Qatade Phase Shift Keying (QPSK).

2. TheMAC Layer implements the slotted CSMA/CA and GTS mechanisrhse. GTS data traffic (i.e. time-critical
traffic) incoming from the application layer is std in a buffer with a specified capacity and disped to the
network when the corresponding GTS is active. Tbhe time-critical data frames are stored in an unied
buffer and based on the slotted CSMA/CA algorithma tRansmitted to the network during the active CARis
layer is also responsible for generating beacomdsaand synchronizing the network when a given ramie as
PAN Coordinator.

3. TheApplication Layer consists of two data traffic generators (Teaffic Source andGTS Traffic Source) and one
Traffic Snk. The Traffic Source generates unacknowledged akdoaviedged data frames transmitted during the
CAP (uses slotted CSMA/CA). The GTS Traffic Sourcen produce unacknowledged or acknowledged
time-critical data frames using the GTS mechaniShe Traffic Sink module receives frames forwardeaht
lower layers and performs the network statistics.

4. TheBattery M odule computes the consumed and the remaining energysleVhe default values of the current
draws are set to those of the MICAz mote specibogid].

APPLICATION LAYER

Traffic Sink Traffic Source GTSTraffic Source

UNACK ACK
PACKETS PACKETS

\

Synchro wpan_mac Battery
. o

wpan_sensor_node
Figure 3. The structure of the IEEE 802.15.4 SitmoteModel

The actual version of the simulation model is 2r@l @& not backward-compatible to the previous wearsl.O,
meaning that the devices conforming to versionateDnot capable of joining and functioning in a Pédimposed of
devices conforming to version 2.0 and vice-versa.

The actual version 2.0 of the simulation model enpénts the following functions in accordance whke tEEE
802.15.4-2003 standard.

Support (implemented) features:

* Beacon-enabled mode

e Slotted CSMA/CA MAC protocol

e Frame formats (beacon, command, ack, mac_packet)

» Physical layer characteristics

e Computation of the power consumption (MICAz andoB8 (TmoteSky) motes supported) - Battery Module

* Guaranteed Time Slot (GTS) mechanism (GTS allonatieallocation and reallocation functions)

* Generation of the acknowledged andacknowledged application data (MAC Frame payleatSDU)
transmitted during the Contention Access periodRCA

» Generation of the acknowledged umacknowledged application data transmitted dutiregContention Free
Period (CFP)
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Non-support features:
* Non beacon-enabled mode
e Unslotted CSMA/CA MAC protocol
 PAN management (association/disassociation)
e ZigBee Network Layer

The values of all constants and variables in thiaukation model are considered for the 2.4 GHz dimwy band
with a data rate of 250 kbps, which is supportedheyMICAz or TelosB motes, for example. In thiseaone symbol
corresponds to 4 bits. For other frequency bandsdama rates it is necessary to change appropréatmeters inside
the simulation model (e.g. the header fifgan_params.h).

There are two types of nodes inside the simulatiodel:
» wpan_analyzer_node: This node captures global statistical data fromol PAN (one within PAN).
e wpan_sensor_node: This node implements the IEEE 802.15.4-2003 stathds was mentioned above.

3. Installation of the Simulation Model

The IEEE 802.15.4 OPNET simulation model can berdoaded from the Open-ZB web page [5]. The simorati
model was developed and tested under the OPNET Ielotidireless Suite [3] version 11.5.A provided undee
OPNET University Program license, where Wireles&eSaxtends Modeler with the wireless librariesg(eradio
transmitter and receiver). To install and run IE®E.15.4 OPNET Simulation Model in your computetloiv these
steps (for OPNET Modeler version 11.5):

1. Unzip downloaded file to any user-defined directory

2. Add this directory to the OPNET Model directori€ste — Model Files — Add Model Directory. The name
of directory is automatically added to the envir@mindatabase filep_admin\env_db11.5.

3. After that, the directory name can be found in @men file dialog:File — Open. Select appropriate Model
Directory and File and pres3pen.

i..-ll]pen I8 _J.—‘- | ﬁl
Filez af type: iProieu:t :I
Model directories: Files:

-y C wpat_ieeef02 15 4

FH] ProgramsWOPME 411,58 madelshstd

o o [l ool

Set az Default Directony |

[ Show all files of wpe "Project
Open I Lancel |

4. The default OPNET scenario contains one analyzele nwpan_analyzer node) and three sensor nodes
(wpan_sensor_node). Additional nodes can be added from the modebsipry:
Topology — Open Object Palette — Node Models — Fixed Node Models — By Name — wpan.
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=101 x|

_:E_l Search by name; |

Dirag model or subnet icon into work zpace

| [1[=] I TS THUET=] =
] trend* [1 model) _J
FH ] tlane ™ [6 miodelz]
umts * [&7 modelz]
{ Windows * [1 model)
] wlan ™ [15 modelz] Q
FH_ WLAM-NY ™ [2 maodels]
wlans (2 models] |k Satelite Subret
E% wpan_analyzer_node  Fikved Node Q
wpan_sensor_hode Fixed Mode Mobils Subnet
HH] %25 (3 madels) Q
I:IEFJ «05L " [4 modelz] =
| = | ﬂJ Subriet
M rdel Eetails | Create Custom Model..., | Cloze | Help I

4. User-defined Attributes

1.3. wpan_analyzer_node
This node captures global statistical data from le/fAN (only one node within PAN). The hierarchistiucture of
the user-defined attributes of thupan_analyzer _node node model follows.

| Attribute | Walue
& name Analyzer
@ |— model wpan_ahalyzer_node
|—Enable Logging enabled
@ L Log File Directony o bempth

Figure 4. The user-defined attributes of tan_analyzer_node node

Logging
» Enable Loggingdisable]
» Log File Directory[c:\]

Logging
The output to the text file and on the screen eaallowed by these parameters.
Attribute Name Value Description
Enable L ogging [enabled/ | Enable the storing of the output to the file andvslon the screen.
disabled]
Log File Directory The valid directory path for storing an approgikdg file if a logging is
enabled.

1.4. wpan_sensor_node

This node implements the IEEE 802.15.4 standandaasin Section 1.The hierarchical structure ofuber-defined
attributes of thevpan_sensor_node node model follows. Default values of the attrémutire in the brackets and written
in italic. Attributes marked with a filled squara)(are valid only for the PAN Coordinator (a nodehnhe device
mode attribute equal to PAN Coordinator). Attritjutearked with a diamon@) are valid only for the End Device.
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| |Attribute

® name
& | model

[=l Traffic Source

I Destination MAC Address

|

CSMA/CA Parameters
I Masimum Backaff Mumber
L Mirimum Backaff E xponent

[T

Battery

Current Draw
F Iritial E reray
L Power Supply
IEEE 802-15-4

I Device Mode
F MALC Address
MALC Attributes
WRAN Setting
Logging

GTS

GTS Setting
GTS Traffic Parameters

|

BE0E 0 G008 @

e

Acknowledaed Traffic Parameters

Unacknowledged Traffic Parameters

|\-falue

ninde_1
wpan_zensol_node

(]
Broadcast
[.]

[.]

4

3

[.]
2 A8 Batteries [3, 1600 maH]
2 i B atteries [3v)

End Devcie
Auto Aszigned
(.1

(.1

[...]
(]

Figure 5. The user-defined attributes of Wpan_sensor_node node

Traffic Source
Acknowledged Traffic Parameters

0 MSDU Interarrival Timg constant(1.0)]
0 MSDU Size[ constant(0.0)]

o Start Time[Infinity]

o Stop Tim€ Infinity]

Unacknowledged Traffic Parameters

0 MSDU Interarrival Timg constant(1.0)]
0 MSDU Size[ constant(0.0)]

o Start Time[Infinity]

o Stop TimeInfinity]

Destination MAC AddresEBroadcast]

CSMA/CA Parameters
Maximum Backoff Numbef4]
Minimum Backoff Exponent3]

Battery
Current Draw

0 Receive Mod¢MICAZ]

0 Transmission ModéMICAz (0 dBm)]
o Idle Mode[MICAZ

0 Sleep Modg MICAZ

Initial Energy[2 AA Batteries (1.5V, 1600 mAH)]
Power Supply2 AA Batteries (3V)]

|EEE 802-15-4
Device Modd End Device]
MAC Address Auto Assigned)]
MAC Attributes
0 Battery Life Extensiom [disabled]
WPAN Setting

0 Beacon Ordes [15]
0 Superframe Ordeu [15]
o PANID=[O]
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Logging
e Enable Logginddisable]
e Log File Directory[c:\]

GTS
e GTS Setting

GTS Permitm [enabled]

Start Times [ Infinity]

Stop Times [Infinity]

Lengthe [Q]

Direction ¢ [transmit]

Buffer Capacitys [ 1000]

*  GTS Traffic Parameters
0 MSDU Interarrival Times [ constant(1.0)]
0 MSDU Size¢ [constant(0.0)]
o0 Acknowledgemens [disabled]

O o0OO0OO0OO0OOo

Traffic Source

The Traffic Source module generates unacknowlegaetiacknowledged application data. These applicatiata d
can be generated by the PAN Coordinator or by thé Bevice, and are transmitted as a MAC Frame Ray(oe.
MAC Service Data Unit (MSDU)) during the Contentidwwcess Period (CAP). The parameters for acknoveddg
(Acknowledged Traffic Parameters) and unacknowlddd&nacknowledged Traffic Parameters) data can be
individually setting. During the period, which isinded by thé&tart Time andStop Time attributes, the acknowledged
and/or unacknowledged application data are gerteratkependently from each other. The size of theeggted MSDU
is specified by the probability distribution furmi of theMSDU Size attribute. The probability distribution function,
specified in theMSDU Interarrival Time attribute, defines the inter-arrival time betwdw consecutive MSDUSs.
Then, the MSDU is wrapped in the MAC header andest@s a frame in the buffer. The default sizehef MAC
header MAC_HEADER S ZE) is 104 bits, since only 16-bit short addressesused for communication (according to
standard specification). The maximum allowed sizéhe overall frame (i.e. MSDU plus the MAC headisrequal to
aMaxPHYPacketSze (1016 bits). When the CAP is active, the framesramoved from the buffer, wrapped in the PHY
header and dispatched to the device with a gixestination MAC Address.

If the Destination MAC Address attribute is set tdBroadcast, the acknowledged traffic will not be generated
regardless thacknowledged Traffic Parameters. Sop Time must be later tha&tart Time otherwise data traffic will not
be generated.

e Acknowledged Traffic Parameters
e Unacknowledged Traffic Parameters

Attribute Name Value Description
M SDU Interarrival | PDF* The inter-arrival time in seconds between two contee MSDUSs.
Time [sec]
PDF The size in bits of the generated data unit i.eDMSThe value can be from
[bits] the interval (0aMaxMACFrameSze). The values out of this interval are
MSDU Size automatically set to boundary valuaMaxMACFrameSze is the maximum

size that can be transmitted as a MAC Frame Payaodds equal to
aMaxPHYPacketSze - MAC_HEADER_SIZE (i.e. 1016 - 104 = 912 bits).

Start Time [sec] The absolute simulation time in seconds whertraffic source will staiits
data generation. Setting the valudrfinity will simply disable the source.
Stop Time [sec] The absolute simulation time in seconds whertraffic source will stofis

traffic generation. Setting the valueltdinity will make the traffic source
generate data until the end of the simulation.

* Probabilistic Distribution Function

Attribute Name Value Description
Destination MAC The generated data traffic will be transmittedhi® device with this short
Address (16-bit) address. The valid address has to be @agitp the destination device

(MAC Address attribute). There are 2 predefined addresses:
* PAN Coordinator: address of the actual PAN Coordinator
* Broadcast: broadcast short address (OxFFFF), which shadidoepted
as a valid short address by all devices insidé>#.
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www.hurray.isep.ipp.pt



Technical Report HURRAY-TR-070509 The IEEE 802.15.4 OPNET Simulation Model: Reference Guide v2.0

CSMA/CA

The parameters related to the slotted CSMA/CA maisha The slotted CSMA/CA mechanism is used in
beacon-enabled mode during the CAP. The slotted &8 algorithm is based on backoff slots, where baekoff
slot is equal t@UnitBackoffPeriod (20 Symbols). This is the basic time unit of thA® protocol and the access to the
channel can only occur at the boundary of the bficiots. The backoff slot boundaries must be aidjwith the
superframe slot boundaries. Each time a deviceesish transmit frames during the CAP, it shall tedhe boundary
of the next backoff slot and then wait for a randouomber of backoff slots. If the channel is buslofnving this
random backoff, the device shall wait for anotterdom number of backoff slots before trying to ascihe channel
again (this can be repeatbthximum Backoff Number times). If the channel is idle, the device canibégnsmitting
on the next available backoff slot boundary.

Attribute Name Value MAC PIB* variable Description
Maximum Backoff 0-5 macMaxCSVIABackoffs The maximum number of retries (backoffs) the
Number CSMAV/CA algorithm will attempt before the

algorithm terminates with a channel access
failure status.

Minimum Backoff 0-3 macMinBE The minimum value of the backoff exponent
Exponent (BE) in CSMAJ/CA algorithm. Backoff exponent
is related to how many backoff periods a devife
must wait before attempting to assess the
channel activity.

* MAC PAN Information Base

Battery
The Battery module computes the consumed and theinéng energy levels during the active and in&cperiods.
The default values of the current draws are s#tdee of the MICAz mote specification [4].

e Current Draw - the current draw in different modes

Attribute Name Value Description

Receive M ode [MA] The current draw of the device when the tramger is in the receiving
mode (RX_ON state). There are 2 predefined opfitefisult for MICAz
and TelosB motes:

* MICAZz=27.7mA

+ TelosB =24.8 mA

Transmission M ode [MA] The current draw of the device when the tramger is in the transmitting
mode (TX_ON state). There are 6 predefined optommeesponding to the
nominal transmitting power of the transceiver:

e MICAz(0dBm) =TelosB (0dBm) = 17.4 mA

e MICAZz(-5dBm) =TelosB (-5dBm) = 14 mA

e MICAZz(-10dBm) =TelosB (-10dBm) = 11 mA

Idle Mode [nA] The current draw of the device when the transeeis in idle mode and
voltage regulator is on. There are 2 predefinetboptdefault for MICAz
and TelosB motes:

e MICAz=35puA

e TelosB =26.1uA

Sleep Mode [nA] The current draw of the device when the transeeis inactive and voltagg
regulator is off. There are 2 predefined optionadk for MICAz and
TelosB motes:

* MICAz=16pA

o« TelosB =6.1pA

© IPP Hurray! Research Group 10
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Attribute Name Value Description

Initial Energy [Joule=Ws] | The initial amount of battery energydyefany activity. The relation
between battery voltage (U[V]), battery capacitynd@h]) and energy
(E[Joule)): E = U[V] x C[mAh] = [Watt x sec] = [Joule]

There are 3 predefined types of batteries wittfallewing initial energies:
e« 2 AA Batteries(1.5V, 2300 mAh) = 2x 24 840 = 49 680 Joule
e« 2 AA Batteries(1.5V, 1600 mAh) = 2x 17 280 = 34 560 Joule
2 AA Batteries (1.5V, 1200 mAh) = 2x 12 960 = 25 920 Joule

Power Supply I\ The battery voltage in Volts. There is 1 predef] option:
* 2 AA Batteries (3V) = 3 Volts (each battery with voltage 1.5V)

IEEE 802-15-4

In beacon-enabled mode, beacons frames are peailydsent by the PAN Coordinator to identify its RAto
synchronize devices that are associated with it ndescribe the structure of the superframe. Tuperdrame,
corresponding to thBeacon Interval (Bl), is defined by the time between two consecutigadons, and includes an
active period and, optionally, a following inactigeriod. The active period, corresponding to $hperframe Duration
(SD), is divided into 16 equally sized time slots, idgrwhich data transmission is allowed. During diptional inactive
period, each device may enter a low power modave gnergy resources.

The structure of the superframe is defined by twoameters, thB8eacon Order (BO) and theSuperframe Order
(S0), which determine the length of the superframe iémdctive period. The setting &0 and SO must satisfy the
relationship 0< SO < BO < 14. The length of the superframe (Bl) and the tleraf its active period (SD) are then
defined as follows:

Bl = aBaseSuperframeDuration x 25°,

SD = aBaseSuperframeDuration x 2%°.

The aBaseSuperframeDuration constant denotes the minimum length of the supexdrwherBO is equal to 0. The
IEEE 802.15.4 standard fixes this duration to 9@@lmls.

If SO = BO thenSD = Bl and the superframe is always active. Accordinthéostandard, iSO = 15, the superframe
will not be active following the beacon. MoreoviérBO = 15, then the superframe shall not exist anchétevork will
operate in the non beacon-enabled mode. In this ¢las value 080 is ignored. As a result, a PAN that wishes to use
the superframe structure must set Beacon Ordevatua between 0 and 14 and Superframe Order &ua between 0
and the value of Beacon Order.

Each independent PAN selects a unique identifieis PAN identifier PAN 1D) allows communication between
devices within a network using short addresses amables transmissions between devices across imdiepe
networks. Thus, all networks can operate indepehdéom all others currently in operation.

The actual version of the simulation model onlymans the star topology where the communicatioesisiblished
between devices, called inside the mdgad Devices, and a single central controller, calleAN Coordinator (Device
Mode attribute). Each device operates in the networktrhave a unique addre$8AC Address attribute).

e WPAN Setting - the following attributes are related only to tR&AN Coordinator. The End Devices
receives these values in the beacon frame.

Attribute Name Value MAC PIB variable Description

Beacon Order m [0-15] macBeaconOrder Specification of how often the PAN coordinator

transmits a beacon frame (i.e. Beacon InteBial If
Beacon Order is equal to 15, the PAN coordinatdr wi
not transmit a beacon (i.e. non beacon-enabled nogle

Superframe [0-15] macSuperframeOrder | The length of the active portion of the superframe,

Order m including the beacon frame. If Superframe Order is
equal to 15, the superframe will not be activedwihg
the beacon.

PANID m Integer | macPANId Identification of the network where the PAN

Coordinator is active.
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Attribute Value MAC PIB Description
Name variable
Device [End Device/ The function of the device within network (PANQh&
Mode PAN device can act as a PAN Coordinator or an End B@evic
Coordinator] e PAN Coordinator: There can be only one PAN

Coordinator within PAN providing

synchronization through the beacon transmissipn.
« End Device: A device associated and

synchronized with the PAN Coordinator.

MAC macsShortAddress | The unique short (16-bit) address of the devicagigr
Address the communication within PAN. There is 1 predefined
option:
e Auto Assigned = device address will be randomjy
generated

o MAC Attributes

Attribute Name Value MAC PIB variable Description
Battery Life [enabled/ | macBattLifeExt The initial value of the Backoff Exponent (BE) is
Extension m disabled] equal to min(2macMinBE) if the Battery Life
Extension is enabled or BE is equahtacMinBE if
it is disabled.
Logging
The output to the text file and on the screen eaallowed by this setting.
Attribute Name Value Description
Enable Logging [enabled/ | Enable the storing of the output to the file.
disabled]
Log File Directory The valid directory path for storing an approgiktg file if a logging is
enabled.
GTS

Each active period can be further divided into at€ntion Access Period (CAP) and an optional CditrrFree
Period (CFP). The CFP is activated by the request som an End Device to the PAN Coordinator anovigles
real-time guarantees for time-critical data. Upeaceiving this request, the PAN Coordinator checksther there are
sufficient resources and, if possible, allocates tbquested time slots. This requested group of siots is called
Guaranteed Time Slot (GTS) and is dedicated exalysio a given device. A CFP support up to 7 Gagd each GTS
may contain multiple time slots. The GTS allows tweresponding device to directly access the mediithout
contention with other devices inside the PAN. A Gd&h only be allocated by the PAN coordinator apgdliaed
exclusively to data transfer between the deviceiendoordinator, either from the End Device to B¥eN Coordinator
(transmit direction) or from the PAN Coordinatorttee End Device (receive direction). Each device memuest one
GTS in the transmit direction and/or one GTS in tbeeive direction. The allocation of the GTS camsaluce the
length of the CAP to less thaMinCAPLength (440 symbols). If the available resources aresudficient, the GTS
allocation is denied by the PAN Coordinator. Endvibe to which a GTS has been allocated can alswitné during
the CAP.

The PAN Coordinator may accept or reject the GT&ation request from the End Device accordinchtovalue of
the user defined attributéTS Permit. The End Device can specify the time when the @ll&&ation and deallocation
requests are sent to the PAN Coordinagart Time and Stop Time attributes). This allocation request also includes
the number of required time slot&TS Length attribute) and their direction, transmit or reeei@TS Direction
attribute).

When the requested GTS is assigned to a given aleitk application layer starts generating datacksothat
correspond to the MAC frame payload (i.e. MAC SeevData Unit (MSDU)). The size of the frame payldad
specified by the probability distribution functimf the MSDU Size attribute. The probability distribution function,
specified in theMSDU Interarrival Time attribute, defines the inter-arrival time betwe®o consecutive frame
payloads. Then, the frame payload is wrapped inMA¢& header and stored as a frame in the buffeh waitgiven
capacity Buffer Capacity attribute). The default size of the MAC headdAC HEADER SZE) is 104 bits, since only
16-bit short addresses are used for communicatiocofding to standard specification). The maximillowaed size of
the overall frame (i.e. frame payload plus the MA€ader) is equal taMaxPHYPacketSze (1016 bits). The generated
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frames exceeding the buffer capacity are droppdteiithe requested GTS is active, the frames arevesinfrom the
buffer, wrapped in the PHY headers and dispatcbéle network with an outgoing data rate equaltysical data rate
WPAN_DATA_RATE (250 kbps).

o GTS Setting
Attribute Name Value MAC PIB Description
variable
GTSPermit m [enabled/ | macGTSPermit Enabled if the PAN Coordinator accepts GTS request
disabled] from End Device. Disabled otherwise.

Start Time ¢ [sec] The absolute simulation time in seconds wthen
application layer will starits GTS data generation.
Setting the value ttnfinity will simply disable data
generation.

Stop Time ¢ [sec] The absolute simulation time in seconds when
application layer will stofits GTS data generation.
Setting the value ttnfinity will make the application
layer generate GTS data until the end of the sitiula

Length ¢ 0-15 slots The length of the GTS in superframessiathin one
superframe.

Direction ¢ [transmit/ The direction of the transmission from the End ibev

receive] point of view:
+ transmit: End Device— PAN Coordinator
» receve: End Device— PAN Coordinator

Buffer Capacity ¢ [bits] The capacity of the FIFO buffer for storitige traffic
arriving from the application layer before dispach
to the network.

e GTSTraffic Parameters - generation of the GTS application data traffic

Attribute Name Value Description
MSDU Interarrival PDF* [sec] The inter-arrival time in seconds betw&&o consecutive MSDUSs.
Time ¢
MSDU Size ¢ PDF [bits] The size in bits of the generated daihite. MSDU. The value can bg

from the interval (0aMaxMACFrameSize). The values out of this
interval are automatically set to boundary valadsaxMACFrameS ze
is the maximum size that can be transmitted irMA& Frame
Payload and is equal aMaxPHYPacketSze - MAC_HEADER SIZE
(i.e. 1016 - 104 = 912 bits)

Acknowledgement ¢ [disabled/ Enable if the generated data should be acknowledged
enabled]

* PDF = Probabilistic Distribution Function
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