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A New Approach to the Design of
MAC Protocols for Wireless LANS:
Combining QoS Guarantee with Power Saving

T. D. Lagkas, G. |. Papadimitrioigenior Member, |EEE, P. Nicopolitidis, and A. S. Pomportsis

Abstract— An alternative  WLAN protocol which could be Il. IEEE 802.1EHCCA

adapted in the HCF access scheme defined by IEEE 802.11e, in Th f | d by HCE i lled b . |
place of the HCCA mechanism, is introduced. LEPOAC-QG (Low € superirame employed Dy Is called beacon interva

Energy Priority Oriented Adaptive Control with QoS Guarantee) ~and is composed by alternated modes of Contention Period
is a centralized access mechanism that supports low energy(CP) and optional Contention-Free Period (CFP). EDCA op-

consumption, guarantees QoS for all types of multimedia network erates only in CP while HCCA can operate both during CP
applications, enhances the parameterized traffic with priorities, and CFP. The HCCA mode can be started by the AP several

and supports time division access. It instantly negotiates the . . .
quality levels of the traffic streams trying to support multiple times during a CP and these periods are called Controlled

streams with best possible quality. LEPOAC-QG, compared with Access Periods (CAPs). The AP polls a station to grant

HCCA, exhibits generally superior performance. a HCCA-TXOP (Transmission Opportunity: A time interval
Index Terms— QoS guarantee, adaptive control, power saving, during vyhich a station is allowed to transm.it) according to'
wireless access, time-slots, VBR, quality levels, doze mode. the station’s QoS requests. These are defined using traffic

specifications (TSPECs) which describe characteristics of the
|. INTRODUGTION TSs, such.as the mean datg rate, the MAC Servipe Data Unit
) ) . (MSDU) size and the maximum Required Service Interval

ODERN wireless networks are required to integratfzs)y The scheduling algorithm employed by HCCA uses the
background and real-time traffic. Thus, they shoul§gppcs o calculate the TXOPs. Specifically, a TXOP should

meet all types of traffic demands. Moreover, mobile devicgs, long enough to transmit all packets generated during a SI

have limited battery energy, thus, power saving is essentigheryice Interval: the time interval between any two successive
Access control plays a crucial role in QoS support [1lvops allocated to a station).

[8]. The Hybrid Coordination Function (HCF), proposed by there are some drawbacks concerning the operation of

IEEE 802.11e [9], considers a contention based (Enhancgéca  since the scheduler considers fixed TXOPs, it is
Distributed Channel Access - EDCA) and a contention freg, e 1o efficiently support VBR traffic, while this type of
protocol (Hybrid Control Channel Access - H,CCA)' HCCAyaffic is generated by numerous applications. Furthermore, the
is cell based and able to guarantee QOS in many Casg§e of polling packets and acknowledgements are bandwidth
However, it does not efficiently support Variable Bit Rate,qy Also, it fails to efficiently differentiate the TSs, because
(VBR) traffic, while it causes some bandwidth waste. AlSQi jes not employ real-time traffic priorities. Lastly, no energy

HCCA appears highly energy consuming, since it employs no,,servation is supported. Thus, it becomes clear that a more
power saving. Considering the common use of VBR traffic Bfficient protocol could be probably used.

multimedia applications, and the demand for power saving, a
more efficient protocol could be used.

We propose the Low Energy Priority Oriented Adaptive . THE LEPOAC-QG FroTOCOL
Control with QoS Guarantee (LEPOAC-QG), which is able to LEPOAC-QG considers a superframe separated into real-
operate under HCF. It supports real-time traffic, by providingme traffic (RT) and background traffic (BT) periods. It oper-
delay and jitter guarantees even for VBR traffic. The used prtes during the RT periods, which are contention free. Every
orities differentiate the Traffic Streams (TSs). Different Qualitgtation can freely participate in the BT period, which involves
Levels (QLs) for the TSs are instantly negotiated, trying tthe independent use of a contention-based scheme, like EDCA.
support as many TSs as possible with the best possible qualitiie periods defined in the HCF superframe are suitable for
Network infrastructure is required. It is assumed that statiorslapting LEPOAC-QG in place of HCCA (BT periods in place
are able to communicate directly when in range, however tled CPs and RT periods in place of CFPs- CAPs). A TDMA
model where the AP (Access Point) acts as a packet forwardeheme is employed in order to reduce the bandwidth waste
could be also used. HCF also provides a Direct Link Protocdue to polls, keep the stations synchronized by dividing the RT
(DLP) as an extra feature. period into slots, and keep them informed of the time, source

This paper is organized as follows: In Section I, HCCAand destination of the coming transmissions. We exploited
is briefly reviewed. The LEPOAC-QG protocol is presentethe latter feature to implement a power saving mechanism.
in Section 1ll. In Section IV, LEPOAC-QG is compared toSpecifically, since stations are aware of the scheduled TS
HCCA via simulation. Section V concludes the paper. transmissions, they can stay in a low power Specifically, since

The published version of this paper is available by IEEE Xplore at https://doi.org/10.1109/LCOM.2006.224412



The AP has collected the QoS TABLE |
requests from the stations EXAMPLE OF THE TRAFFIC SREAM ADMISSION PROCEDURE
S Tsuperfae J|[ ot S doraton case T High QU out Rejeeted]” Tow QL | Hgh QL
If more than the available bandwidth is required, then proceed to ¢ase 2
Adjustthe assigned Case 2 High QL [Out (Rejected) Low QL | Low QL
The AP uses the beacon/S|_Start bandwidth of the running If more than the available bandwidth is required, then proceed to ¢ase 3
to inform the stations ofthe as- | Traffic Streams Case 3 Low QL [Out (Rejected) High QL [ High QL
signed zlséstg;ﬁjg%:amc bl If more than the available bandwidth is required, then proceed to ¢ase 4
Case # Low QL [Out (Rejected) HighQL | Low QL
Assign bandwidth to the If more than the available bandwidth is required, then proceed to ¢ase 5
The real-time traffic period takes new requesting TSs Case 5 Low QL [Out (Rejected) Low QL [ High QL
place If more than the available bandwidth is required, then proceed to ¢ase 6
Rooaouae. ST duraton Case § Low QL [Out (Rejected) Low QL | Low QL
The background traffic period takes| If more than the available bandwidth is required, then proceed to ¢ase 7
place Case J High QL [Out (Rejected) Low QL [ Out (Rejected
_I Assign time slots |

end ?
bandwidth for the new TS. When the QLs of the high priority

Fig. 1. LEPOAC-QG operation overview TSs are lowered, we also check if it becomes possible to
increase the QLs of the low priority TSs. Thus, the best
combination of QLs is served. An example is presented in

stations are aware of the scheduled TS transmissions, they dahle I, where we have two QLs (High QL, Low QL) and
stay in a low power “doze” mode during those slots that do nd®ur TSs with different priorities (PiorityA is the highest,
involve any data exchange concerning them. Thus, there avéile Priority D is the lowest). The first three TSs are already
no packets to buffer during the doze period, so no forwardirgkamined and the Priorit)) TS is under examination. Each
is needed. The AP uses the beacon signal in the beginningtisie, we check if there is enough bandwidth to serve the TSs
the superframe to inform stations of the assigned slots and téh the corresponding QLs. If there is not, we proceed to the
duration of the Sls. In the beginning of every SI, except froriext best QLs combination. The final case is the rejection of
the first one in the superframe, the AP broadcasts St&it the examined TS (QL: OUT).
message which carries the same information with the beacorn. EPOAC-QG efficiently supports VBR traffic by adapting
signal. If a station fails to receive the latter, it stays awak® the dynamic requirements of the TSs. Each station calcu-
and defers, until it successfully receives aS3art message lates the current traffic rate of all its running TSs by counting
(or a new beacon). Generally, LEPOAC-QG and HCF adogie generated bits for a short time. The result is included
the same superframe structure. Of course, in LEPOAC-Q(a, the QoS request along with the size of the corresponding
the AP is enhanced with new admission control and dynampacket buffer. The AP tries to provide the bandwidth needed
bandwidth assignment, while the TSPECs involve multiplfor the transmission of all the new and buffered packets of
QLs. Standard HCF stations can still operate in a LEPOACQ& TS. When the RT bandwidth is not enough, a proportion
WLAN only during the BT periods using EDCA. of the requested bandwidth is assigned to each TS accord-
Commonly, a multimedia application supports multipléng to its priority. It is considered that all generated and
QLs. The admission control negotiates simultaneously all thiffered packets of a TS can be transmitted during a SlI, if
QLs. The higher the QL is, the higher are the resourate allocated bandwidth corresponds to the theoretical traffic
requirements (bandwidth, delay). The point is to serve as margte: Theoretical TR = CurrentT R + Buf feredBits/S1,
TSs as possible, favor the higher priority TSs, and providghere the current rate §urrentT R. Sharp and consecutive
the higher possible QLs. A stations QoS request includes thkerations of the allocated bandwidth are undesirable, thus, a
TSPECs of the QLs for both running and new TSs. Thigroportion of the requested bandwidth accession or reduction
way VBR traffic can be supported. In Fig. 1, an overvievis considered to be the target. Finally, the target traffic rate is:
of the LEPOAC-QG operation is presented. Actually, the only TargetT R = PreviousT R+
additional control overhead introduced by LEPOAC-QG is the BW _Dif Percent x (Theoretical TR — PreviousT R)
Sl_Start message, however, no polling messages are employwhbere PreviousT R is the traffic rate corresponding to
thus, the total overhead is lower than that of HCF. the bandwidth assigned during the previous superframe,
Initially, the new requesting TSs are sorted (highest prioritgnd BW _Di f Percent (default 0.8) is the percentage of
first). The admission control examines first the highest priorithe requested bandwidth accession or reduction which is
TS and checks if there is enough bandwidth to serve it wittbnsidered to be the target. The algorithm calculates the
maximum QL. Otherwise, the QoS requirements of the nepercentage of the available bandwidth that each request-
highest QL are checked. If neither the minimum QL can bimg TS deserves (eligible bandwidth). The weighis_PR
served, then the TS is rejected and the TS of the next highédefault 5) and W _BW (default 1) control the contribu-
priority is examined. When there is not enough bandwidth tiion of the traffic priority and the requested extra band-
serve a TS with minimum QL, then the QLs of the previouslyidth, respectively, to the eligible extra bandwidth. The
examined higher priority TSs are lowered so as to save somen-normalized eligible bandwidth percentage for 7$s:



TABLE Il
EXAMPLE OF ASSIGNINGEXTRA REQUESTEDBANDWIDTH

Live Video

@ 600
: — : £
... | Requested Available Eligible Assigned =
Step| TS | Priofity| gandwidth| Bandwidth| Bandwidth| Bandwidth &
A 6 5 Mbps 5.6 Mbps | 5 Mbps s
1 B 3 3 Mbps 10 Mbps | 2.9 Mbps -
C 1 4 Mbps 1.5 Mbps -
B 3 3 Mbps 5 Mbos | 33 Mbps | 3 Mbps Packets Received (%)
c| 1 4 Mbps PS | 1.7 Mbps - \ HCCA ELEPOAC-QG \
3 C 1 4 Mbps 2 Mbps 2 Mbps 2 Mbps
Fig. 2. Packet jitter measurements concerning live video traffic
280
Perl[il| = W_PR x PerPR[i| + W_BW x Per BW(i] & _.H
where Per PR is the normalized traffic priority ander BW % 210 | e
is the normalized requested extra bandwidth. In order to favor 2 -
the AP TSs, we multiply the AP'sPer[i] with the factor g,’ 140 =
W _AP (default5). Then, we normalize to get the final eligible wo .-
bandwidth percentage for each TS. At each step, if the eligible E - o \
bandwidth of a TS is higher than its requested bandwidth, o &=
then the latter is immediately granted to this TS. Finally, a 2 4 6 8 10

Number of Stations

proportion of the requested bandwidth is assigned to the TSs
that cannot be fully served. An example is given in Table
. TI’_]IS dynamic bandwidth aSSIQnmenF completes the Squq-riE]. 3. Total energy consumption during RT communications
provided by LEPOAC-QG to VBR traffic.

| —A—LEPOAC-QG — O -HCCA |

IV. SIMULATION RESULTS multiple quality levels for the TSs. This mechanism and

A simulator in C++ was developed in order to comparf'® use of dynamic bandwidth allocation provide support
LEPOAC-QG against HCCA. The considered physical IayéP multiple TSs with best possible quality. The S|mulapon
protocol is IEEE 802.11g. The condition of any link wag®Sults show that LEPOAC-QG always performs superiorly
modeled using a stochastic finite-state machine. The maximdf{gn HCCA, while it conserves significant amount of energy
percentage of the superframe reserved for RT perigdgis,  With no performance degradation. As future work, LEPOAC-
We have live voice and video communications (bidirectiond?G ¢an be combined with an efficient background traffic
transmissions) between the adjacent stations and a videoR5Atocol in place of EDCA in order to form a complete high
demand TS transmitted by the AP to each station. performance protocol for WLANS.

In Fig. 2 we plotted the results regarding packet jitter of the
live video VBR traffic in al0-station (that is30 TSs) WLAN.

It is obvious that LEPOAC-QG exhibits lower jitter than [
HCCA. Fig. 3 represents the total energy consumption during of |EEE MELECON 2004, pp. 571-574, Croatia, 2004.

the real-time traffic communications as the number of stationg] P. Nicopolitidis, M. S. Obaidat, G. I. Papadimitriou and A. S. Pomport-
varies. Because of the proposed power saving mechanism, fé] ?sb“\ggllgss (Naetl‘Ngg‘;;ai\pn"i'g?guJagh;%% Pomportsis, “HIPERSIM:
LEPOAC-QG, the devices stay for a significant proportion ™ A sense Range Distinctive Simulation Environment for HiperLAN
of time in doze mode instead of being idle, resulting in  Systems,” Simulation, Transactions of The Society for Modelling and
clearylower ol power consumpton. The considered valueg, SMUALE Healord, o5, ot o 162 L iy 2003
of power arel.65W, 1.4W, 1.15W, and0.045W in transmit, Protocols for Ad-Hoc Wireless LANs: A Learning-Automata-Based
receiyg, idl_e, an_d doze modes, respectively, while the doze-idlg é\p%{)c%crgl'itﬁ?smc)sc ,\lletlsaElzgier{}i;SLZAn?' Ifc?r.n‘”(;?t_s‘gl"‘l_oecat{r rﬁgm.
:;?)r:jsétlggntcl;rgst IZOE&;L%OE]O?VLSSE?ﬁe’ t[:l:reesl(;vr\llt-g((i)wrsgcdhoazrﬁs[ni Automa?a-Base’d Polling Igrotocols fé)r Wireless L?A\Ns”, YIEEE Trar?s-
which involves power saving according to the slots allocatiorié]

and without any performance degradation is innovative.
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