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Abstract— This work provides the specification of a MAC lar
simulator that evaluates the service quality in Wik, and presents
initial results as a stand-alone simulator. The simator will
account for inter-working with WiMAX and HSDPA in t he
context of the IT-MOTION tool. Higher throughputs are found
for the FTP service and for the video service, maln because the
frames transmitted in these services are longer timathe ones for
the voice application. However, the number of suppted users is
higher for voice. This simulator will allow for tuning-up several
parameters like the ones related to how to use Blk&CK, normal
ACK, and NO ACK policies.

Index Terms—QoS, simulation, IEEE 802.11e, interoperability.

I. INTRODUCTION

Under the paradigm of wireless systems coexistaroent
theoretical developments have targeted cross-tigggn as the
key to efficiently exploit the available spectrasources. Strong
interactions exist between the channel environroentlitions
with the networking issues of resource allocatibinis suggests
that several problems which are traditionally cdastd as
networking issues, and are typically designed iedepntly of
the transmission technigues need to be re-examinad,
therefore cross-layer design and optimisation bdlthe way
forward. Also, in the presence of heterogeneouteBsys this
concept can be further exploited to include crgstemn
parameters. Therefore, it is important to inveséigaoss-layer
and cross-system optimisation for legacy and futmireless
systems. The sought solutions will give strong dbations to
innovative cellular planning solutions and netwdelvelopment
tools that consider interoperability via the intipn of
coexistence protocol libraries that will make destoations
possible.

The fast development and deployment of multimedialess
and mobile communication systems B3G will be madriyen
by multimedia traffic, and research on network gesand
multi-service traffic aspects will be strategic. rthermore,
heterogeneous mobile and wireless networks are deysa
available in the market, with totally different chateristics and
dimensioning approaches. The research communityois
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directing its interest towards new ways of optimgshot only
each system individually, through cross-layer desig the
context of All-IP networks but also of achievingss-system
optimisation, making the simultaneous use of systevith
totally different access technologies transparenthe user.
Innovative architectures and protocols will be pregd for this
coexistence, and mechanisms to guarantee the Qib®ewi
explored, including MAC layer solutions. Since #hare totally
different protocols and requirements in each system
harmonized solution is sought. Aspects like molilenetwork
discovery and session management, intersystem tiandand
dynamic resource allocation are being addressed. @rhe
final objectives will be the development of a netkwo
development tool that accounts for several mobile
communication systems.

The aim of this work is to provide the specificatmf a MAC
layer simulator that evaluates the service qualityViFi in
order to enable simulations accounting for interkiry with
WiIMAX and HSDPA in the context of the IT-MOTION tbo
[1], and to improve scheduling algorithms and ComrRadio
Resource Management (CRRM) techniques. Apart frdomied
presentation of the state of the art on the interalpility among
wireless system in Section Il, this work describés
development of a IEEE 802.11e simulator to be iporated
into the IT-MOTION tool. The description of the IEEBB02.11e
standard and from Hybrid coordination function emted
distributed channel access from Sections Il andsl¥ollowed
by a brief presentation of the state transitiongdian, its
variables, entities, and functions, Section V. BectVI
addresses the hypothesis from system and scendrie w
Section VII presents simulation results. Conclusioare
presented in Section VIII as well as future work.

Il.  STATE OF THEART

In order to support accurate B3G network radio ipilag and
system optimisation there is a need for a flexidte open
evaluation tool that provides a framework to suppor
cross-system simulations in a cost-effective manBar its
nature, simulation evaluation tool design is a leimgfing task in
an effort to provide a trade-off between accuragstesn
modelling, and complexity, which will adversely eft the
simulation time. Network throughput can benefit nfro
cross-layer design techniques. Although layeringpday the
driving methodology, strict layering principles magsult in
inefficient implementations of B3G wireless netwark



Moreover, specific issues in wireless networks .(gadio
resource shortage, power restriction consumptiten) eall for
further optimisations in network performance.

From the cross-layer perspective, significant dibenis
given to the interfacing methodology between PHYA®/
network and transport layer. Typically, protocolakation
platforms are not managed by the same task mapagegssor,
otherwise computation time would be prohibitive. ush
interfacing is usually managed by look-up tableat thre
computed off-line. The traditional problem is hawréflect the
physical layer assumptions, implications, and sgesan the
system level when independent simulation platforwigh
different time granularities are employed. Refeemng?2], [3],
[4] have addressed these issues, and [5] is targétie link
level interface, given MTMR (Multiple Transmit Migte
Receive) techniques for MIMO
(Multiple-Input-Multiple-Output) MC-CDMA. How to mdel
the interface assuming coexisting systems is aarele
challenge that needs to be further explored.

From the cross system perspective, EVEREST (Ewiaty
Strategies for
Heterogeneous Networks) [6] project aims at prowgdi
advanced Radio Resource (RRM) and Quality of Ser{@S)
Management solutions for the support of mixed sewiwithin
the context of heterogeneous networks beyond 3€cifigally
it aims to address inter-working of UMTS, GERAN and AN
RRM entities using a bandwidth broker at the Costwédrk

The joint utilisation of multiple alternate radiechnologies
can provide capacity enhancements inside areasvehsingle
stand-alone radio network segment cannot confrentdtality
of traffic demands and extended radio coveragages where
possibly due to the user’s mobility, the signaltleé wireless
network currently in use is lost or degraded. Aevaht
example, regarding the discussed
heterogeneous network segments, is the efficientinge of
users through seamless and transparent handoverirzide
and outside of hot-spot areas. For example, the WLA
technology offering high throughput and
capabilities can be employed inside hot-spots, evlil 3G
technology, featuring wider coverage and lower badth
characteristics, can be used for supporting lovega draffic
streams outside of hot-spots. Motivation for therskess
integration of wireless network technologies igHar promoted
by the fact that, from a high-level viewpoint, maagpects of
heterogeneous wireless networks are invariantaaitiderlying
radio technology actually employed, which becomesdvant
for the service providers (SPs) and the usersragds cost and

Radio Resource Management in Cellulguality criteria are met. This invariance can btfer sustained

and promoted through the use of suitable intelligeulti-mode
terminals, possibly in conjunction with advancegowce and
service management systems.

lll. IEEE802.1E
The IEEE 802.11 architecture consists of sevemajpmments

cooperation among

short-range

(CN). ROMANTIK (Resource Management and Advanceghat interact to provide a wireless LAN that supgcstation
Transceiver Algorithms for Multihop Networks) [7hdkled mobility transparently to upper layers. The bascvise set
"structured" and "ad-hoc" multi-hop radio netwodswell as (BSS) is the basic building block of an IEEE 802LBN. Fig.

intelligent relaying techniques for B3G mobile/&ss 2 shows two BSSs, each of which has two statioas e
communication systems. Also ARROWS (Advanced Radigiembers of the BSS. Instead of existing indepemdenBSS
Resource Management for Wireless Services) [8] lopedl, may also form a component of an extended form ok that

simulated, evaluated and validated advanced Rad&piRce s pyilt with multiple BSSs. The architectural coonent used
Management algorithms and procedures for an optamal {5 jnterconnect BSSs is the distribution system )(OBEE

efficient use of the radio resources provided byRATo enable gg2.11 logically separates the wireless medium (Vitbin the

high capacity for multi-service applications redgudr high bit  gistribution system medium (DSM). Each logical mexliis

rate (up to 2Mbit/s). Both TDD and FDD modes wergseq for different purposes, by a different comporef the

considered. Furthermore, research has also targetg@nitecture.

interoperability between WLAN, and 3G [9], [10]. i$his An access point (AP) is a station (STA) that presgicccess
deemed an important system relationship as botte v g the DS by providing DS services in addition ttireg as a

common scenario that can support multimedia traffimdoor  STA Data move between a BSS and the DS via an &P 1F
environment.

Research trends are driving towards resource &itota
solutions that can facilitate explicit control iagket scheduling
[11], [12] to allow optimal use of radio resourceg using
cross-layer information, which can include sessiQoS
statistics, channel state information and MIMO [T]he
requirements on link radio delay, (end-to-end)raye bit error
rate, data rates, and traffic characterisation nede identified
for mobile multimedia network beyond 3G. In [13]
characterisation parameters were identified andiesalere
suggested for their range of variation, in the esntof
cross-layer design, including a resource allocafiarameter,
very useful for optimisation based on utility fuiocts.

Fig. 1 - Non-roaming reference model.

The IEEE 802.11 quality os service (QoS) facilitpyides
medium access control (MAC) enhancements to suppcat
area network (LAN) applications with QoS requiretsehe
QoS enhancements are available to QoS stations AQST



associated with a QoS access point (QAP) in a QBSS. Table | - UP to AC mappings.

The mechanism called the enhanced distributed ehanhn UP (Same as 802.1p 802.1D AC [Designatior
access (EDCA) delivers traffic based on differegmga user
priorities (UPs), Fig. 2. This differentiation istaeved by

user priority) Designatior

varying the following for different UP values: Lowest 1 BK__|AC_BK|Backgroung
» Amount of time a STA senses the channel to bebiefere g E;E QE—BBE %12?%?%?:
backoff or transmission, or 3 EE AC BE| Best Effort
* The length of the contention window to be usedtfier 4 CL AC VI Video
backoff, or 5 Vi AC_VI | Video
» The duration a STA may transmit after it acquites t 6 VO AC VO| Voice
channel. Highest 7 NC AC_VO| _Voice

The mechanism called the hybrid coordination fuorcti
(HCF) controlled channel access (HCCA) allows fbe t
reservation of transmission opportunities (TXOPsjhvihe ACO  ACT  AGZ AG3
hybrid coordinator (HC), Fig. 2.

Details on the CSMA/CA protocol, and interframe cgm
(IFS) are presented in [14]. The backoff time amel backoff
procedure are addressed in [14] and [15], as wellha
description of the network allocation vector (NAWnd the use

of RTS/CTS with fragmentation, the fragmentation tie
process of partitioning a MAC service data unit (M$ or a BrE(|1BXE|[B5E || 258
. . =S _= TS Tws
MAC management protocol data unit (MMPDU) into skeral 2E(T=F EFY =S
MAC level frames, MAC protocol data units (MPDUS). T T T T
Required for
Prioritized Required for I Virtual Collision Handler |
QoS Services Parametrized
) QoS Services Transmission
Required for Hybrid Coordination Function (HCF) * Attempt
Contention Free
Services f - . .
Qogr\g_tl:_is; o%rtig?wr;'\/_ Used for Flg 3-The ACs in EDCA [17]
othewise Contention
P([)ii_m _ c l—{CFl c I-:CI; g S(e:rvicez: baclsisfor
Coordination ontention ontrolle: PCF and HCF . . . . .
F(un((::ti())n access ecess The TXOP limit duration values are advertised wy@AP in
PCF, EDCA HCCA . . .
ae the EDCA Parameter Set information element in Beaaod
Distibuted Coordination Function (DCF) Probe Response frames transmlltted by the QAP.. NZm-A
QSTAs shall ensure that the duration of TXOPs olethiusing

Fig. 2 - MAC architecture. the EDCA rules do not exceed the TXOP limit. Theation of

a TXOP is the duration during which the TXOP holder
maintains uninterrupted control of the medium, @ridcludes
the time required to transmit frames sent as an ediate
response to the TXOP holder’s transmissions.

1) Obtaining an EDCA TXOP

Each channel access timer shall maintain a badkoétion
(timer), which has a value measured in backoffssldthe
duration AIFS[AC] is a duration derived from thelua
AIFSN[AC] by the relation

IV. HYBRID COORDINATION FUNCTION(HCF) ENHANCED
DISTRIBUTED CHANNEL ACCESYEDCA)

The QoS facility includes an additional coordinatfanction
called HCF that is only usable in QoS network (QBSS
configurations. The HCF shall be implemented in#TAs.

The EDCA mechanism provides differentiated, distiel
access to the WM for QSTAs using eight differentsUPhe
EDCA mechanism defines four access categories (AlGs)

provide support for the delivery of traffic with WPat the AIFS[AC] = AIFSN[AC] x aSlotTime + aSIFSTime
'I(?aSbTIeAT Fig, 3. The AC is derived from the UPs asvshin The value of AIFSN[AC] shall be greater than or &dqo 2

for non-AP QSTAs and is advertised by the QAP s EBDCA
lfarameter Set information element in Beacon andoePro
Response frames transmitted by the QAP. The value o
AIFSNJAC] shall be greater than or equal to 1 foARZ. An
EDCA TXOP is granted to an EDCAF when the EDCAF
determines that it shall initiate the transmiss@fna frame
exchange sequence. Transmission initiation shalebermined
according to the following rules:

- On specific slot boundaries, each EDCAF shall enak
determination to perform one and only one of thiko¥ang

For each AC, an enhanced variant of the DCF, called
enhanced distributed channel access function (EDCA
contends for TXOPs using a set of EDCA parameters the
EDCA Parameter Set element or from the defaultasafar the
parameters when no EDCA Parameter Set elementésvesl
from the QAP of the QBSS with which the QSTA isaxsated.



functions [14]:
« Initiate the transmission of a frame exchange secpiéor
that access function.
» Decrement the backoff timer for that access fumctio
* Invoke the backoff procedure due to an interndisioh.
« Do nothing for that access function.
- At each of the above-mentioned specific slot lutzuies
[14], each EDCAF shall initiate a transmission saue if
* There is a frame available for transmission at HR2CAF,
and
» The backoff timer for that EDCAF has a value oizemd
« Initiation of a transmission sequence is not alldvwe
commence at this time for an EDCAF of higher UP.

2) Multiple frame transmission in an EDCA TXOP

Multiple frames may be transmitted in an acquirdCA&
TXOP if there are more than one frame pending énAR for
which the channel has been acquired. However, tfrasees
that are pending in other ACs shall not be trartsahitn this
EDCA TXOP. Ifa QSTA has in its transmit queue dditional
frame of the same AC as the one just transmitted the
duration of transmission of that frame plus any estpd
acknowledgment for that frame is less than the neimz
medium occupancy timer value, then the QSTA mayrmente
transmission of that frame at SIFS after the cotiguieof the
immediately preceding frame exchange sequence.

All other ACs at the QSTA shall treat the mediumbasy
until the expiry of the NAV set by the frame thasulted in a
transmission failure, just as they would if theyl maceived that
transmission from another QSTA.

3) EDCA backoff procedure

Each EDCAF shall maintain a state variable CW[A@jich
shall be initialized to the value of the param&®@min[AC].

The backoff procedure shall be invoked for an EDQvkien
any of the following events occurs:

» A frame with that AC is requested to be transmittbe
medium is busy as indicated by either physicalidual
CS, and the backoff timer has a value of zerotat AC.

* The final transmission by the TXOP holder initiated
during the TXOP for that AC was successful.

 The transmission of a frame of that AC fails, ireded by a
failure to receive a CTS, a failure to receive @¥KAor a
failure to receive a BlockAck.

» The transmission attempt collides internally witiother
EDCAF of an AC that has higher priority, that wsptor
more EDCAFs in the same QSTA are granted a TXOP a
the same time.

The backoff timer is set to an integer value chassadomly
with a uniform distribution taking values in thengge [O,
CWIAC]] inclusive. All backoff slots occur followm an
AIFS[AC] period during which the medium is determihto be
idle.

V. STATE TRANSITION DIAGRAM

The state transition diagram used to build the Eitou is
shown in Fig. 4. Tables Il presents event actions.

Table Il - UP Event actions.

ACTIONS

State = LISTEN_DIFS.
Save:
Time creation packet.
Length packet.
Fragmentation (if it is required).
Know destination.
Know type of packet.
Buffer [AC] I=NULL.
Schedule:
STOP_LTN_DIFS (clock + AIFS).

Schedule:

STOP_TX (clock + length packet).
See the TXOPLimit to send if there is any packeteng
Backoff_condition=1 for STA in LISTEN_DIFS.
State = TX.

Schedule:
STOP_RX_ACK (clock + ACK).
State = LISTEN_SIFS.

State = WAIT _ACK.

Erase the packet.

State = IDLE.

Save:
Increment number of packets transmitted.
Delay of the transmission.

State = WAIT.
Increase the number of collisions.
Backoff condition = 1;

Schedule:
STOP_LTN_DIFS (clock + AIFS).
State = LISTEN_DIFS.

Refresh NAV.
State = WAIT.
Deschedule:
STOP_LTN_D.
Schedule:
STOP_RX (clock + NAV).

State = BACKOFF_TIMER.
If (backoff_condition == 1)

Generate backoff.

Decrement backoff_value each time slot.
Else

Decrement backoff value each time slot.

10

Suspend backoff procedure.
Refresh NAV.
State = WAIT.
Schedule:
STOP_RX (clock + NAV).

I

11

Schedule:
STOP_RX (clock + RX).
State = RX.

12

Schedule:
START_TX (clock + SIFS).
State = LISTEN_SIFS.

13

Schedule:
STOP_TX_ACK (clock + ACK_ ength).
State = TX_ACK.

14

Save:
Time creation packet.
Length packet.
Fragmentation (if it is required).




Know destination.
Know type of packet.
Buffer [AC] I=NULL
Backoff_condition = 1.
State = WAIT.
15 | Schedule:
STOP_TX (clock + length packet).
See the TXOPLimit to send if there is any packeteng
Backoff_condition=1 for STA in LISTEN_DIFS.

State = TX.
16 | State = IDLE.
17 | Schedule:

STOP_LTN_DIFS (clock + AIFS).
State = LISTEN DIFS.
18 | Schedule:

STOP_LTN_DIFS (clock + AIFS).
State = LISTEN_DIFS.
19 | State =IDLE
20 | Schedule:

STOP_LTN_DIFS (clock + AIFS).
State = LISTEN DIFS
21 | Schedule:

STOP_RX (clock + packet_length).
State = RX
22 | Schedule:

STOP_RX (clock + packet_length).
State = RX
23 State = LISTEN_SIFS.
Schedule:

START_TX (clock + SIFS)
24 State = TX
Schedule:

STOP_TX (clock + packet_length).
25 | State =RX
Schedule:

STOP_RX (clock + packet_length).
26 | Decrement backoff value

The following events cause transition/change ofrtlaehine
state:
NEW_PCK_BK - a new packet of BK is generated
NEW_PCK_BE - a new packet of BE is generated
NEW_PCK VI - a new packet of VI is generated
NEW_PCK_VO - a new packet of VO is generated
STOP_LTN_DIFS - end of the AIFS period for sendimg
medium
STOP_LTN_SIFS - end of the SIFS period for sentieg
medium
TIME_SLOT - the STA decrements the backoff_value
START_TX- the station starts to transmit
STOP_TX - end of the transmission
START_RX - begin of the reception
STOP_RX - end of the reception
START_TX_ACK - begin of the transmission of the ACK
STOP_RX_ACK- end of the transmission of the ACK
ACK_OK - the ACK was received
ACK_NOK - the ACK was not received
START_TX_ACK - begin to transmit the ACK
STOP_TX_ACK - end of the transmission of the ACK

A detailed description of the characterisation o$gble states
for the “machines” nodes, the simulation entitteg, simulation
variables, and the functions for events is givefi8j.

VI. SYSTEM, SCENARIO AND ASSUMPTIONS

Lets consider a cellular Wi-Fi system where eadhhas a
setN+1 IEEE 802.11 stations communicating through traes
wireless channel. While station O is the AccessPor QoS
Access Points (QAP), the othlr wireless terminals or QoS
stations (QSTA). The propagation time is assumedbdo
absorved by some mechanisms of the 802.11. Eatibnsteas
four buffers whose size depends on the kind ofiserleing
dealt in order to guarantee a given goodput (paylofathe
packet).

Simulations have to be undertaken in order to hetltest
buffer size to be used. One of the approachesdsrisider the
buffer with infinite size. This buffer will be fidd with a MAC
Service Data Unit (MSDU) generator that charactsrithe
service being dealt in the given buffer. If the M$3 bigger
than a fragmentation threshold, it will be fragneshtin order to
cope with service quality the packet transmissioliofs the
Enhanced Distributed Channel Access (EDCA) IEEE. BO2
MAC procedure. Due to collisions or interferengeaaket may
not be correctly received. The number of collisioiss
represented by a global variable that checks whetteze is
more than one wuser transmitting simultaneously. The
interference issues are addressed by using a padpgagation
model. The hidden terminal and the exposed terngirablem
will be addressed with an appropriate level of tlet@ach
packet exits the buffer only after the reception af
acknowledgement, or if it has suffered more tharokision
threshold.

In this first phase the users are assumed to ke, stad are
distributed uniformly in a hexagonal areafo$quare meters.

In this initial phase, the topology to be implenezhtonsists
of several wireless stations and an Access Poilt).(All
wireless stations are located such that everyostasi able to
detect a transmission from any other station. Thypes of
traffic sources where chosen, namely high prionityice,
medium priority video and low priority FTP data. € raffic
sources parameters are shown in Table Ill. Intddie it are
also presented the Access Categories (AC) of egoh of

traffic.
Table Ill — Traffic Parameters [17].

Voice Video Background (FTP
AC VO VI BK
Packet size 1280 bit 10240hit 12 000
Packet intervall 20 ms 10 ms 12.5 ms

We adopted the IEEE 802.11g physical layer spetitios.
The physical and MAC parameters are shown in Tihle
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Fig. 4 - State transition diagram.

Table IV — MAC and PHY parameters.

Slot time 0.016 ms
Physical rate 20 Mbl/s
ACK size 112 bit
SIFS 0.016 ms
RTS threshold 3000 bit
RTS size 160 bhit
CTS size 112 hit
CWinin 31 slots
CWiax 1280
Collisions threshold 7
Fragmentation threshold 3000
Simulation time 100 s

VII.

Our initial simulations only considered one acqassit with
several client machines. Results include the paciaay,
throughput per second and the channel utilizatign.
performance measure combining throughput and dity
single function will be applied in a near future.

The results for each parameter are obtained asvérage of
five simulations (each with different random seeds)

Packet delay is the period of time between the nmbrae
which a node becomes active (i.e., when it has tdat@nsmit)
and the moment at which the packet is succesdfalhsmitted.

SIMULATION RESULTS

The results for voice (VO), background (BK) andeadVI) are
presented in Fig. 5.
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Fig. 5 - Delay as a function of the number of ndde8K, VO,
and VI applications.

From [13] the voice application, supports delay$ap0 ms,
the video application supports delays up to 10080anmd the
background applications up to 500 ms. Hence, oWEEIE
802.11e AP supports up to 70 voice users, 18 vikeos, and
20 background users with an appropriate QoS level.

Another performance measure is the maximum throwighp
achievable for a given channel capacity. It is aarthat a
fraction of the channel capacity is used up in fofroverhead,



acknowledgments, retransmission, token delay, etc.

Channel capacity is the maximum possible data th#t,is,
the signalling rate on the physical channel. kl& known as
the data rate or transmission rate, assumed to loari case,
20Mb/s. Throughput is the amount of “user datat th&arried
by the wireless network. The results are presentédy. 6. The
maximum achieved throughput is 14.5 Mb/s.

16

1 A --A---A--A |
é . —e—BK
5] ———\VO | |
g =A==V [
o )
— X\
g e \
= \

>—o o

40 50 60 70 80 920 100

Number of nodes

Fig. 6 - Throughput as a function of the numbenades for
VO, BK, and VI applications.

Channel utilization is the ratio of throughput tbaanel
capacity. It is independent of the medium accesdrab It is
obvious that one is the ideal situation. The resale presented
in Fig. 7. The maximum found is 0.7.

VIIL.

Our simulator still requires extra validation bhetresults
already obtained are near of the ones in the Igitdjghy [17]. In
future work the implementation of BlockACK and difet
physical layer procedures will be addressed.

During this development, several difficulties wéryend, like
misleading information found in the standard.

CONCLUSIONS AND FUTURE WORK

0.8

Numberofnodes

Fig. 7 - Channel utilization, as a function of thember of
nodes, for VO, BK, and VI applications.

It was hard and still not very clear to understéiodv the

BlockACK, normal ACK, and NO ACK policies. Policigkat
provide access to the medium, that ensure someeelegfr
service, based on the channel SNR, delays, bit eate, etc,
will be tested. Handover policies between AP wiloabe an
objective to be fulfilled. Later, our simulator Wile integrated
into the IT-MOTION simulator, and further work wilbe

performed to optimise inter-working among differegstems.
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