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Abstract- The appearance of the 802.11e standard made the
802.11 Wireless Local Area Networks (WLANS) capable of
providing different levels of Quality of Service (QoS). This
standard defines two new Channel Access Mechanisms
(CAMs), namely the Enhanced Distributed Channel Access
(EDCA) and the HCF Controlled Channel Access (HCCA). The
introduction of two CAMs increases the complexity of traffic
management, since now not only the available resources have
to be distributed, but also the optimal CAM for each data flow
has to be selected. However, the best CAM selection algorithm
is still not clear. This paper presents and analyses different
CAM sdlection policies in order to derive the best-suited
strategy in terms of system performance. From this study, an
optimal policy, based on traffic type and direction (uplink or
downlink), is proposed. The best user QoS satisfaction shown
in the results confirms the good performance of this new
selection policy.

Introduction

During the last years, WLANs based on the IEEE BD2.
standard [1] have become widespread in the highedspe
wireless communications market. At the same tireal time
(RT) multimedia services, such as Voice over IP IRjoor
video calling, have also gained a lot of popularity contrast
with non real time (NRT) services, RT services haght
delay and jitter requirements that must be fuffilley the
network in order to provide the adequate experieadbe end
user. Until the specification of the 802.11e eximms the
802.11 standard was not able to provide any Qo&héfean
admission control nor a service differentiation wpecified by
the standard. RT traffic was handled by the systsmbest
effort traffic with the exactly same treatment & trest of
services. Hence, the lack of quality was continoasended
with the appearance of new 802.11 versions withhédrigand
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higher throughput. Due to the recent increase ofsRilvices
demand, the 802.11e standard was developed antlyfina
incorporated to the 802.11 family in 2005. Thisnsiad
intends to provide the definitive solution to the®provision
problem.

The 802.11e standard introduces a new Medium Access
Control (MAC) protocol called Hybrid Coordinatiorufction
(HCF) which includes two new CAMs, the EDCA, dibtrted
and contention based, and the HCCA, centralized and
contention free. These two mechanisms are simiarthe
Distributed Coordination Function (DCF) protocol dathe
Point Coordination Function (PCF) protocol introdddyy the
802.11 legacy standard. The main difference isatbiéty of
the two new protocols to offer some degree of QB&th,
EDCA and HCCA, must be implemented in all 802.11e
compatible devices. For that reason, any 802.11wonk can
alternate EDCA and HCCA transmissions if necess@ihe
improvement brought into the 802.11 WLANs by thése
new CAMs in the presence of RT services has bebtdated
in several studies [2] [3].

Although the 802.11e specification focuses on [firfy
user QoS requirements, the optimisation of the wbhaccess
for the correct QoS provision in WLAN is far froretded. In
the 802.11e standard, several important aspects ascthe
CAM selection policy, the scheduling mechanism loe tall
admission control are not fully specified. Thistfattows early
and simplistic implementations of the standard, ainthe same
time, permits the development of more elaboratbémmes that
can dramatically improve the performance of the WLAs
compared with the reference version.

In this context, numerous suggestions of CAM s&act
algorithms along with improvements in the reference
schedulers for each of these CAMs have come tofdahe
These proposals aim at achieving the best endexgarience.
Some studies are focused on guaranteeing the eeognts
demanded by RT services as VolP or video calling[$},
while others cope with the improvement in the perfance of
low priority traffic in the presence of heavy Raffic [6].

This paper studies both approaches and presenesasev
alternatives about how to handle the traffic geteeran an
802.11e WLAN by means of different CAM selectionigies
for QoS provision. The important repercussions tlaat



adequate CAM selection can introduce in a WLAN also
demonstrated. Moreover, as a result from the sufdthese
policies, a novel scheme in alternating both HC@4 EDCA
is proposed. This new selection policy called HyRHCCA-

The HCF Controlled Channel Access

The HCCA inherits the bases of the PCF legacy pajto
which was rarely implemented in 802.11 devices. ACC
incorporates several enhancements in order to weplits

EDCA Centralised System (HHE-CS) achieves the beskgiciency, converting it in a viable and even mernendable

performance for both RT and NRT services.
The 802.11e standard

In the 802.11e standard, super-frames are diviga i
contention and contention free periods. Distribupedtocols
like EDCA or DCF are used only during the contemgpriod
whereas the contention free period is exclusivekerved for
polling protocols such as HCCA and PCF. The dunatid
contention free periods can be as long as desiregden could
not be considered at all. Therefore, the differ€AtMs are
alternated inside this super-frame.

The Enhanced Distributed Channel Access

solution for RT services with QoS requirements. €any to
the EDCA mechanism, HCCA can guarantee a userfgpeci
QoS distinguishing each user state and achievingt vid
usually referred to as hard QoS. HCCA employs &hdrig
priority of the AP to gain control of the mediumyatime it
senses the channel idle, beginning what is cake@antention
free Access Phases (CAPs). In a CAP, the AP chereserve
downlink traffic or transmit poll frames to the asmted
stations. Only after receiving a poll frame, stasiccan start
transmitting uplink traffic. The main difference tiveen
HCCA and PCEF is precisely that in HCCA the AP caizesthe
channel not only during the contention free peribds also
during contention periods. The AP can take conablthe
channel for CAP transmissions as long as the teserved for

The EDCA mechanism is an improvement of the old DCFCAP phases is not totally consumed.

mechanism and operates during the contention peridde
objective of EDCA is to provide QoS by means offfica
differentiation, achieving what is usually referréal as soft
QoS. There are four different types of traffic elas, which are
referred to in the standard as Access Categori€s)AThese
ACs are, in order of decreasing importance: voitgeo, best
effort (for interactive NRT services) and backgrdun

In EDCA, each station, including the access pokR)(
has to content for the medium in order to transaith data
frame. Before transmitting, any active station tmsense the
channel occupancy during an Arbitrary Inter-Franmacdhg
(AIFS). If the station detects activity, a back-gffocess
consisting in a random number of time slots isiedrout. The
number of waiting slots is randomly chosen betw8esnd a

Contention Window (CW) which starts with a value of

CWmin. When two stations try to transmit a framéoithe
medium at the same time, a collision occurs. Evéne a
frame is not positively acknowledged because tieeithannel
errors or collisions, the CW is doubled until itaches the
maximum value CWmax.

All 802.11e wireless stations, AP included, haveirfo
different queues to choose from in order to sepdcket. Each
of these queues corresponds to an AC and has ependent
contention process working under different seteaftention
parameters: AIFS, CWmin, CWmax and TXOP (Transmoissi
Opportunity) limit. AIFS, CWmin and CWmax controhet
random backoff time that a station has to wait feefo
transmitting whereas the TXOP is the time a staisoallowed
to transmit when it has seized the channel. Thig, wach AC
has different statistical probabilities of achieyinand
maintaining control of the channel. For instance]R/queues
must wait less time in the queues to access thanehand
have more time to be transmitted than best effaffit due to
their tighter requirements.

Thanks to HCCA, the AP is able to allocate downlamid
uplink traffic and is also able to treat each flmwthe network
in an isolate manner. In HCCA, any scheduling atgor can
be implemented to serve both downlink and uplirffit,
although a reference scheduler is described irstidwedard. In
this reference proposal, every service intervaet{®l), the AP
polls every station with uplink flows previously radted for
transmission in strict round robin order. A pollsttion has
the right to transmit frames only during the TXQOiRe granted
by the AP. This TXOP is calculated for each usertlss
minimum time needed to fulfil the user-specific QoS
requirements.

Analysis and comparison of EDCA and HCCA

The performances of the two channel access mechanis
standardised in 802.11e have been studied in cuifew
articles [2] [3]. Although the two new channel asze
mechanisms offer a certain degree of QoS, they Hdferent
pros and cons.

EDCA employs a distributed mechanism and, thereisre
able to achieve a relative good performance withv lo
complexity. However, since each AC has to carry aut
contention process before transmitting, it is dikely to not
gain control of the medium the minimum time reqdir®
fulfill the user QoS. Also, as the AP has the sanubability of
seizing the channel as the rest of the associasgibrss and
usually has to serve much more amount of data, venlkitk
bottleneck is inevitable, just as stated in [2]efiéfore, HCCA
is the most logical CAM to transmit RT servicescsirin this
case the satisfaction of the QoS requirements acimount
importance. However, the polling mechanism employsd
HCCA has some flaws. Obviously, the main disad\gates
the overhead introduced in the form of poll framdsreover,



this polling scheduling is inefficient when handjiruplink
variable bit rates (VBR) services due to the difficTXOPs
adaptation to the instantaneous changes in thateit Grilo et
al. proposed in [4hn algorithm called SETT which employs a
token bucket philosophy. Basically it consists irarging
tokens to each station according to the mean tadtobthe data
flows admitted in the system. A station is allowedtransmit
during a TXOP equal to the tokens stored by theiosta
Whenever a station transmits in uplink, a numbettodens
proportional to the time employed is subtracteds Heheduler
algorithm achieves good performances when serviplink
VBR services in HCCA and, hence, it is the algonithsed in
this paper for this kind of traffic.

The different characteristics of the two CAMs hawade
some authors to state that only by alternatingH@CA and
EDCA mechanisms a network can offer optimal perfmoe
[2]. In agreement with this suggestion, several CAblicies
can be formulated by selecting the adequate CAMefach
traffic flow admitted in the network.

CAM selection policies for WLAN IEEE 802.11e

The CAM employed to transmit a traffic flow is a
determinant factor in the final performance of a832.11e
network. This choice should be made following @aiarCAM
selection policy conceived to achieve the best eepee for
the end user. The system should identify the diffetypes of
user QoS requirements, serving the traffic with aalequate
policy in order to maximise the best effort thropghwithout
compromising the satisfaction of RT users. In tlesec of
802.11e WLAN, a policy can be defined as a functibat,
given a set of different input parameters, provittes CAM
that will be used to transmit a certain trafficvilo

The rest of this section describes the main featofeRT
and NRT services. This description is needed terstdnd the
fundamentals of the allocation policies. Next, soisic
policies are defined. And finally, the combinatiohtwo basic
policies and the novel CAM selection scheme HHE-#8
presented.

Main features of RT and NRT services

Generally speaking, packet data services can Issifital
in RT and NRT services. For NRT services, like veetwsing
or email traffic, the delay constraint is not agpartant as the
transmission reliability. Although a maximum deliayusually
not considered in NRT services, the service respdime,
defined as the period elapsed since the instanthefdata
request until the complete message reception, igoad
measure of the quality perceived by the end uspeaally for
interactive NRT services. In this sense, it is camiy defined
a maximum desirable delay for NRT services thataperator
tries to ensure. However, if the network is higldgded then
users have no choice but to wait until the arrigdl the
information. On the other hand, RT services sucVal® or

video streaming, must be served fulfilling certeéquirements;
otherwise the service experienced by the end uskeb&come
intolerable.

Basic policies

The first policy has only one input: if service RST or
NRT. In case of NRT traffic, EDCA is obviously tHmest
option since HCCA is designed to transport onlyffizavith
tight constraints in terms of throughput and deldgwever,
RT traffic could be served through EDCA or HCCArha to
the QoS control that both channel access incorpdoaprotect
high priority streams. A priori, HCCA protects mtRT traffic
but at the expenses of an increasing overhead. qugstion
has been widely discussed by different authors Bt
conclusions are contradictory. Therefore, as surisegrin
table 1, two different QoS policies can be formedata policy
that employs EDCA for all kinds of traffic and alipy that
trusts the RT traffic to HCCA.

. Policy
SerVice FE5 A THCCAYEDCA
RT _|EDCA| HCCA
NRT |EDCA| EDCA

Table 1 CAM selection policies based on the type of service

However, the type of service is not the only fadtmibe
taken into account. The transmission direction,civhtan be
either downlink or uplink, has an important effemt the
performance of the WLAN. As explained before, EDCA
suffers from a downlink bottleneck due to the catiten
process that all stations (including the AP) hawepérform.
HCCA can use the ability of the AP to seize the imn@dat any
moment to attenuate and even eliminate this beitlen
However, because of the aforementioned inefficenaf the
polling mechanism in the uplink transmissions, tee of
HCCA with best effort uplink traffic is not recommaed. For
this reason, a new CAM selection policy is proposetble 2.
This policy only takes as input parameters thective of the
traffic flow to be transmitted.

_ N Policy
Traffic Flow Direction HCCA+EDCA
Downlink HCCA
Uplink EDCA

Table 2 CAM selection policies based on the direction of the
traffic flow

Combined policies

It seems obvious that an optimal combination of tihe
previous policies would entail a better networkfpenance.
By mixing both policies it can be possible to tadvantage of
the benefits of each CAM, avoiding their respective
inefficiencies. The policy resulting from this satent has
been called Hybrid HCCA EDCA Centralized System fHH
CS) and its functioning is summarised along witheotpolicies



in table 3. This policy comes from the combinatiohthe
HCCA+EDCA policy based on the type of the serviod the
HCCA+EDCA policy based on the traffic direction. dseding
to this philosophy, HHE-CS transmits downlink bestort
traffic not only through EDCA but also through HCC@nce
the traffic with high QoS restrictions has been ptately
served, the HHE-CS employs all the remaining timeGAP
transmissions to transmit downlink best effortficafwhen all
the CAP time is depleted, the AP contents for thanoel
control to send more downlink traffic through EDCA
scheme summarising the HHE-CS functioning is represl in
figure 1.

As it can be seen, DCF is included also in tab$én8e its
performance is afterwards compared with the regpadicies
based on the 802.11e extension. On the other HADCA
enhanced (EDCAe) is a tuned up version of EDCA. défault
contention parameters defined for EDCA by the stathcare
far from optimal, and its performance can be gye@tiproved
with an optimal parameter selection [6]. Basicallhis
optimisation is based on granting more priorityttie AP than
the rest of stations and on enlarging the contantiindow
when the number of stations in the network increadéis
way, the downlink bottleneck and the number ofismhs are
decreased and less throughput is wasted in retissisms.
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Figure 1 Functioning scheme of the HHE-CS scheme

. . Policy
Service| DI 5 =FTEDCA [EDCAe| HCCATEDCA| HHE-CS
RT DL | DCF| EDCA |EDCAe|  HCCA HCCA
RT UL | DCF| EDCA |EDCAe| _ HCCA HCCA
NRT | DL | DCF|EDCA|EDCAe| EDCA | HCCAIEDCA
NRT | UL | DCF|EDCA|EDCAe|  EDCA EDCA

Table 3 Combined policies based on the direction and the type
of service of the traffic stream to be transmitted

Performance comparison of combined policies

To realise this investigation, an evolved versidnthe
emulator presented in [8] has been employed. Riicgsr have
been included in the simulations via the H263 vidadling
model described in [9]. This model generates irtateapus
changes in the output bit rate while maintainingaaarage bit
rate of 256 kbps. Each time a frame is not trartethibefore
the generation of the next one, the frame is dikthr The
percentage of frames not discarded, called infghjger as the
User equipment Satisfaction (UeS), is an accuradeator of

the QoS experienced by a video call user. On therdtand, as
an example of NRT service, web traffic has beerp als
modelled. The web browsing service has been impiézde
following the model described in [10]. All stationare
transmitting at 6 Mbps according to the 802.11gqdsad and
no channel errors are considered in order to isokhte
behaviour of the allocation policies.

Figure 2 compares the performance of all the CAM
selection policies in the implemented multi-servaeenario.
The number of video call users is fixed to 7 whserdlae
number of web users ranges from 0 to 60.

H263 UeS

HCCA+EDCA [~~~ ~ 7~~~ 7
—— recs || | |
04 I I 1 1 1
0 10 20 30 40 50 60
Web users

Figure 2 Average UeS of H263 bidirectional users with an
increasing number of web stations in the WLAN

As it can be observed, the legacy DCF protocolas n
valid for managing RT traffic, and consequently thality of
the RT communications decreases enormously whee meb
browsing stations are admitted in the system. Tigige also
shows how the EDCA protects the RT traffic up teeatain
degree thanks to its traffic differentiation mecisams. It is
worth noting the important improvement in EDCA
performance obtained by means of the contentioampeter
tuning. However, neither the default EDCA nor thBGe
can maintain the user satisfaction when the nunabeneb
browsing stations increase too much. The reasorthés
incremental channel occupancy of web stations, whatages
RT wusers. On the contrary, the performance of the
HCCA+EDCA and HHE-CS policies is basically the saime
terms of H.263 UeS, no matter how many web usees ar
admitted in the WLAN.

To see if the HHE-CS policy entails any improvement
thanks to its consideration of the traffic direatisghe UeS for
best effort is analysed and represented in figuiieh® time the
UeS is calculated as the percentage of downlink pates
transmitted in less than 5 seconds. In order talystthe
repercussions of the CAM selection in both direwiof the
traffic, the overall web throughput, consideringtbaplink and
downlink traffic, is also depicted in figure 4. Tineimber of
video call users is again 7 and the number of wesrsuranges
from O to 60.
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Figure 3 UeS of web browsing users with an increasing number
of web stations in the WLAN
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Figure 4 Overall throughput of web browsing users with an
increasing number of web stations in the WLAN

The best UeS performance and total throughput is

achieved by the DCF protocol. This is obvious, sirveeb
browsing users are employing the resources thatildhioe

reserved for RT traffic. The most relevant ressilthie fact that

the policies that use HCCA to transmit RT traffeheeve also
better web performance than EDCA policies. The atseof
collisions in the polling protocol achieves a betise of the
WLAN resources. RT stations in HCCA do not contiemtthe
medium control and therefore the number
contending for resources is decreased which fawsalsusers.
The figures also show clearly how the HHE-CS poéichieves
better results than the HCCA+EDCA policy due tohbtster
allocation of the downlink and uplink traffic. Nonly HHE-
CS contributes to remove the downlink bottlenecksed by
contention as the UeS reveals, but it is also &bimprove the
total throughput of the network. The improvemerttaduced
by the HHE-CS scheme over the HCCA-EDCA policybsat
10% in terms of UeS and about 6% in terms of oVevab
throughput.

of stations

Conclusions

This paper has shown different QoS policies that loa
applied to the WLANs based in the 802.11e standahis
study has demonstrated that the way in which tte @A&Ms
are alternated has important consequences in ttierpance
of the network. Two different parameters have baéen into
account when defining the CAM selection policy: tgpe of
the service and the direction of the traffic stre&urthermore,
this study has also shown that the best resultsohtained
when both parameters are considered instead of amdy of
them. Although two parameters have been studiedhis
article, there are a lot more to be introduced IrCAM
selection policy such as the transmission bit rafethe
associated stations or the channel quality. Atethé, the more
the parameters that a CAM selection policy considee better
the performance achieved by the network.
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