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Abstract and non-real time applications in wireless network.
Moreover, this traffic may be multicast or unicast

Nowadays, as a number of mobile devices arlstreams. An AP should effectively schedule for many

. . . .~ jumble traffic from mobile users to solve QoS
increasing rapidly, each user may use multiple :
traffics at the same time in wireless environm&he requwemgnts. . Lo .
optimal traffic scheduling of mobile networks for QoS is considered as a main issue in delay
mpulticastin and unicasti% between various mixe(sensitive and high throughput application as it
mobile trafgf]ic is a chaIIengin roblem. Therefore requires packets to arrive at their destinatiortiom
there are various researchgesgcc?ncernin. with tcaffi’With the least delay and maximum throughput.
scheduling  methods in order 1o hag\]/e efficiemHowever, with the growing increases of internetrsise
ing ., and their demands, today the network shares the
transmission rate and to reduce traffic’s bottleket

. . : . bandwidth among web browsing, email, voice data,
Acgess Point (A.P ) for mixed t_raffu_:. In this papke and video applications on the same network. Cagryin
various scheduling methods in wireless network art

analvzed and the framework of a new SChedu"mdifferent types of data which increases the loatdhen
metr?/od 4 two-sten stream-based traffic Schedu”n'network may cause a bottleneck in the network. Due

' P . . . to the bottleneck and the competition among differe
method is proposed to satisfy efficient some Qualit

of Services (QoS) parameters: throughput, fairnes kll"!dS of trafﬁp flow on the petwork at AP, packets
and delay. In the first step stréam based s’chaguli voice streaming may experience packet loss.
adaptively. balances betwéen unicast and multicas. The_refore, many researches [3] _focus on
traffic and in the second step, compound schedulir;ImprOVIng QoS with scheduling algorithms by

. . b ; addressing the resources sharing problem. Although
combines Proportional Fair (PF) for non-real time

! X .~ the capacity of current technologies continues to
::gg:g and Delay Related Scheduling for real tlmegrow, the requirements of mobile applications sash

data storage, bandwidth, power allocation, fairness
) and delay grow as well [1] [2] have been broadening
1. Introduction for industries, Education, Entertainment, Insurance
and Field Services. Some of the popular scheuling
There has been a dramatic grO\N‘th of modenmethods include Proportional Fair, Round RObin,
Opportunistic and so on. Some emphasis on
in the wireless networks such as Wi-Fi and ceIIuIa|EPr:0u9hpUt’ some are for _falrness, some are f(ayd_el
; ) o erefore, most scheduling and queuing algorithm
networks. Analysing mobile traffic is necessary toi not solve QoS requirement for mixed traffiqy
provide hlgh quality mobile network services sush a of app”cations from various mobile users [3]
QoS management, traffic engineering, etc. In fact, Employing each one of policies to handle only
several multi-flow applications consume a lot ofreal time traffic or only non-real time traffic or
mobile network resourcedhe transmission energy €mploying policies in isolation scheduling to hand|
of multiples internet traffic such as multimediaffic both multicast and unicast traffic or both realdim

can be increased by filtering or grouping them.r€he g?swbggl?;eal time - traffic has the following

are two important issues for internet traffic in

wireless network to tackle: Quality of service and= Under considering only one of policies in
legal issues scheduling, while simply considering

The wireless bandwidth, fairness and delay play guaranteeing delay for RT traffic, the policy will

an important role in the selection of the network Wweak the target of throughput maximization and
parameters. For high throughput and low delay, While simply considering maximizing the system
traffic bottleneck at AP should be effectively redd throughput in a fair way for NRT traffic, the

by better filtering and scheduling techniques in  Policy will ignore delay constraint on RT packets.

WLAN. Nowadays, users may access both real time In case of high probability of QoS violation,
enjoying multimedia services will not be possible.

mobile devices and the usage of multiple applicetio

111



= Under the isolated scheduling policies, althoughincreases considerably and not available on high-
the system throughput and fairness seems to bspeed interfaces such as ATM interfaces.
maximized for a NRT application and packets Secondly, Class Based Weighted Fair Queuing
delay seems to be minimized for a RT application(CBWFQ) [6] provides a solution to WFQ's
the system cannot solve the QoS violation andimitations by providing user defined traffic class
bottleneck of mixed traffic at AP to save the instead of individual flows. The classes are define
bandwidth by taking advantages of multicastingby matching criteria on packet headers which inefud
when the mobile users use mixed multicast androtocols (TCP, UDP, RTP, etc), IP addresses, TCP
unicast application including real time and non-and UDP ports. Unlike standard WFQ, CBWFQ
real time traffic in WLAN. allows the system to define traffic classes andyapp
Therefore, in this paper we consider both realparameters, such as bandwidth and queue-limits, to
time and non real time traffic for multicast and these classes. CBWFQ queues are only held to their
unicast streams to get notonly maximum throughpuminimum bandwidth guarantee during periods of
and fairness butalso minimum delay, limiting the congestion, and can thus exceed this minimum when
throughput of users close to the base station. Ithe bandwidth is available. Incoming packets are
proposes two stage scheduling algorithms that cafiltered and IP packets that meet the match caitém
adapt to multicast and unicast streams in wireless class are placed in their corresponding clasaejue
networks using time division multiplexing for both After defining a class according to its filter, the
real time and non real time traffic: stream basedcharacteristics of the class such as bandwidth and
scheduling and compound scheduling. Moreover, thenaximum packet limit must be assigned. The
system efficiently classifies traffic mixed traffitot =~ CBWFQ uses the class weights to ensure that each

to delay in wireless environment. class is serviced fairly. The key disadvantage with
CBWFQ is that no mechanism exists to provide a
2. Analysis of Scheduling M ethods strict-priority queue for real-time traffic, suchs a

VolIP, Video conferencing and so on.

Next, Round Robin (RR) scheme is a choice to

~ Through the past decades, many schedulers We&mpensate the drawbacks of FCFS which also has
introduced to improve the performance of real-timey,,, implementation complexity. Newly arrival

applications or non-real time applications. Thesepackets queue up by flow such that each flow has it
schedulers can be classified into groups; packseda respective queue. The scheduler polls each flow
schedulers and frame-based ;c_hedulers, e}nd SO Qfleue in a cyclic order and serves a packet frop an
The new method should be efficient and fair, give agmpty puffer encountered; therefore, the RR scheme
high throughput, be bandwidth-guaranteed ands giso called flow-based RR scheme. RR scheduling
enhance the performance of the real time and n@n-re;s gne of the oldest, simplest, fairest and mosielyi
time applications over WLAN [7]. _used scheduling algorithms, designed especially for

Therefore, we analyze many schedulingime sharing systems. They do offer greater fagnes
algorithms such as WFQ, CBWFQ, RR and SP 10,04 petter bandwidth utilization, and are of great
solve above requirements, each method has eathierest. However, since to the lack of flexibility
function such as faimess, delay, and so on seprat yhich js essential if certain flows are supportede
This is a disadvantage of methods when the user USgsated better than other ones 5] [8].

mixed traffic. There are some researches which | o4y Strict Priority (SP) [8] is another classical
consider only both real time and non real timefitaf  sqpice discipline which assigns classes to eanh. f
or some consider only between multicast and unicasytferent classes may be associated to differers Qo
applications. Therefore, the proposed algorithnedas |eye| and have different priority. The eligible jats
on stream for multicast and unicast applicationsyssociated to the flow with higher-priority classes
solves the bottleneck issue in order to improve th&eng anhead of the eligible packets associatedeto th
QoS of mixture traffic and meet delay and fair@gs  fiow with lower-priority classes. This is why it lted
considering RR with priority. _ “strict” since the eligible packets with lower-prity
Firstly, Weighted Fair Queuing (WFQ) [12] (|asses will never be sent before the eligible peck
classifies the traffic into different flows without ,,;ip higher-priority classes. Strict priority sufée
requiring defined access lists t.o provide fairtmnt  fom the same problem as that of FCFS, since a
for all types of traffic. This means that low- packet may also wait arbitrarily long time to beise
bandwidth traffic effectively has priority over Hig Especially for the packets with lower-priority cies,

bandwidth traffic because high-bandwidth traffic they may be even starved by the packets with higher
shares the transmission media in proportion to it%riority classes.

assigned weight. However, WFQ has certain " his paper, the first step scheduling for
limitation that is not scalable if the flow amount ticast and unicast queue considers not onlgidraf
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classification but also priority of real time triaffvith unicast queue because resources are distributed
RR to solve the drawback of CBWFQ and SP. unfairly. The unbalanced multicast and unicast
queuing delay decrease the real time traffic cayaci
because delays need to meet the requirement for QoS
of real time traffic.
Therefore, the system presents stream based
scheduling to solve the problems as first step
3. Proposed System scheduling algorithm which is round robin schedylin
with priority or round robin scheduling without

The system considers a network problem forpriority for fairness of multicast and unicast geeu
multicast group and unicast group of mobile clientsyithout long delaying.

that operate in a heterogeneous wireless access L egee
network environment. It focuses on scheduling and ' )

queuing algorithm to implement a new filter for Users T — e |/ Compound ,
multicast and unicast traffic using specific ciier IRT ] ST [ g | hestame | st 7 Tockes
which is necessary for them. The approach targets t v d )

| —

filtering of unicast and multicast traffic insteafireal
time and non-real time that occurs in some scheduli
algorithms of wireless networks. Therefore, it
presents a high level overview of three major parts  Figure 2 explains detail system architecture. The
classification, the first step scheduling, and thesystem classifies incoming mixed application
second step scheduling for a solution to this @bl according to their stream based different pararseter
with an optimal allocation of mobile users to in to two services group such as multicast or siica
multicast group and unicast queue. Both groups can have real time traffic and
group. non-real time traffic due to mixed traffic of modbil
Muiicast queue users in WLAN simultaneously. For example, Video
% conferencing, Video streaming, Audio streaming and
T Sompeine [ ToClerts FTP and so on are belong to multicast group and web
| browsing, FTP, Video and BE are belong to unicast
group. Then, it schedules each queue depending on
Figure 1.Overall system Architecture priority scheduling methods such as SBRR or
SBPRR. Next, compound scheduling -calculates
Figure 1 is our proposed packet schedulingpriority of real time and non-real time traffic in
scheme operated in the AP. The classification parigher priority queue for QoS of both traffic types
filters incoming traffic of mobile users into muaéist  There are assumptions for the system as follow:
and unicast traffic. Then, the stream based schregdul Let assume thatgris bandwidth statistic of each

schedules the traffic of multicast queue and umicasuser AB is Available bandwidth of AP.MB is
gueue fairly without much delay as a first stepxtNe ' T

compound scheduling for mixed traffic of real time minimum bandwidth of each traffiaN be number of
and non-real time is performed as a second step farsers in each queudy be total number of users at
some of QoS parameters: high throughput and goodp y be number of queues (same traffidy, is
fairness and minimum delay. each user in the each queue.

Figure 2.Detail system architecture

Users'RT
&NRT

Stream-
based

3.1. Stream-based Scheduling for Multicast YooY LKsmo T eq (1)
and Unicast Stream >,,UB  <AB T eq ()
UB,>MB, - eq (3)

As the number of mobile devices on the wireless Classification
networks has grown, not only the volume of unicas "Available bandwidth adP / Number of USers=
stream but also the volume of multicast stream fromA'Verage bandwidth of each useB{v)
those devices has grown. Multicast is dificent
means of transmitting the same content to muItipIez_
receivers minimizing network resource usage being”
deployed over wireless environment. While multicast
gueue needs to send more packets than each nade at
time, unicast queue send one packet each node at3a
time. In other words, the delay is unbalanced™
depending on the number of packets in multicast and

If ABW < minimumBW of each traffic
Reject incoming traffic
Else  accept incoming traffic

If (UDP & same destination IP & port)
Send packets to multicast queue
Else  send packets to unicast queue
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There are several approaches to identify eackolume changes, SBPRR uses the ratio of the number
packet’'s group. One suggestion is to classify eaclof packets in the queue (queue size) of the multica
packet according to the service type of its protoco and the number of packets in the queue of unicast a
port, source or destination addresses. Multicasksvo the priority of the multicast queue not to be quegui
on UDP protocol and unicast is presented on TCRielay.
protocol. Likewise, real time traffic and non-réiahe The dominant component of delay is the queuing
traffic use UDP and TCP protocol respectively. Thedelay considering that the transmission delay &ed t
heterogeneous traffic from mobile users is filteredtransmission overhead are very small. Furthermore,
and put these into suitable queues according to thethe transmission delay is the same in the queues
criteria. Each packet has observable features nfost assuming that they use the same transmission rate.
which are contained in the packet header. Therefore, we need to balance the queuing delay of

Feature selection will affect the accuracy of iaff the multicast and unicast results in the balanced
classification. It is sufficient to achieve highcacacy  downlink delay. Thus, it is shown that SBPRR
by using IP protocol, TCP/UDP ports, IP address advalances the queuing delay of the multicast and
the features. The paper adopts these suggestenhicast traffic.
features, since multicast traffic to be identifiacour We can compute the queuing delay by
work are based on UDP protocol and IP address anchultiplying the transmission time by the queue size
port whereas unicast traffic is identified on TCP according to little’s law
protocol [9]. D yeem = Qayeiem /H system [11]. Then, we can

compute the queuing delay of the multicas{, and
the unicasD, , multicast transmission rajg,, ,

1: Count number of packets for both real time andunicast transmission raje, as follows:

B. First step scheduling

non-real time traffic in each queue 1 1
Dy =Qy O— D, =Q, b—
Hwm Hy

QM :Qn+Qnrt’ QU :Qn+an

We consider the priority of the multicast in

2: Calculate the priority for each queue. two cases: When the queue size of multicast isgrea

P = Qu if Q, # Qy than the queue size of unicastg, = Q, -
Y ) Otherwise, when both queue size is equal,
P = fQy =Qyu Q, =Q, - M, = P.u, because the multicast

transmitsp packets when it gets a chance to transmit

3. Schedule both multicast and unicast queu&yacyets while unicast transmits only one packet.
according to priority for in each round. Thus, D .. can be rewritten as:
’ M .

1

To achieve the fairness between the multicast and Dy, =Qy 5
unicast traffic in an AP, when multicast and unicas Hu
qgueue have the same amount of traffic, the schegluli Then, we can get the optimap value for

method needs to be able to schedule multicast packbalancing the delay of both queues as follows:
and unicast packet sending all wireless clientagisi

Stream based Round Robin (SBRR)within a given D, =D,

interval. Then, intuitively, the multicast queueeds

to send N packets for many users in a given time 1 1

while the unicast queue transmit one packet foheac Qu Dp, o Qu Uy

user in a given time interval. When multicast and

unicast queue have not the same amount of tréffiic, Then,

system use Stream based Priority Round Robin =3 - Qu ifQ, #Q,

(SBPRR) method according to their number of packet Qu

in the each queue because it can adaptively change P=1 ifQ, =Q,

the number of the real or non-real time packets in Priority P is the ration of the queue size of
each queue. multicast which is the number of multicast packets,

SBPRR would balance the multicast and unicashng the queue size of unicast which is the number o

queuing delay in the case. In such a case, we teeed ypjcast packets when both queue sizes is not equal.
consider the traffic volume of multicast and untdas For instance, if five wireless clients, from C1 to

deciding the priority between the multicast andcs each client sends two packets, and the muticas
unicast queue. In order to consider such traffichas six packets in its queue, then the queue dize o
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unicast is four packets, and the priority of thegg P traffic by multiplying adjusted weight value for
becomes (2 ~ 1.5 =6/4). Thus, in SBPRR, themixed traffic of mobile users.

multicast queue sends two packets in each time The gystem proposes a scheduling algorithm to
interval when the unicast queue acquires a chance Tminimize users average packet delay and to

transmit a packet in each time interval. If we assu o h h h f i
that each queue gets the same chance to transnitAXIMiz€ the system throughput for  multiuser

packet in each round, then the number of packets ifognitive networks, in which the user has different
the queue of the multicast and the number of packetraffic models. The system schedules the multioast
in the queue of the unicast become two and oneynicast queue as first step scheduling in eachdroun
respectively to send, and both of them become zergnd then implements the compound scheduling
after the next transmissio , /Q,, packets results nathod for mixed traffic of mobile users by

one or less than one which means each queue gets tultiplying the corresponded priority value with PF
same chance to transmit packet in each round becaug,, non-real time traffic and DR for real time fiiaf
both multicast and unicast have the same queuin
delay.

Using this metric, the priority of the multicast o )
changes adaptively when both queue’s the trafficl: Calculate the priority for each traffic type.
volume changes. When the amount of multicast

$he detail procedure of the second step scheduling:

traffic increases, the queue size of the multicast p - Qu forRT, P, = Qut for NRT
increases and the priority also increases to balanc " Qu " Qu

between queuing delay. When the queue size of (OR)

unicast traffic increases, the priority of multitas - Qu forRT, p = Qum forNRT
traffic will decrease. Instead of using the number "Q, "Qy

packets, we could also use the packet size to ctampu

the ratio between the multicast and unicast trafficP, + P, =1

volume. However, for our application, the overhead

to transmit a voice packet is very large compaed t2: Schedule both real time and non-real time traffic
the small voice data size. It was also confirmeat th according to priority.

using the number of packets queued performs better

than using the packet size. In order to balance For (schedule according tB in each round in
between system delay and fair resource distributiofne first step scheduling)

the proposed scheduler utilizes the property ofrfélou Schedule according t®. . P.. in each
Robin (RR) with priority of the queue. " n
3.2. Second Step Scheduling for Real time and

Non Real timetraffic j = maxarg{P,, L PF + P, L DR}

1<k<K
0<j<l

time interval

Wireless systems tend to support heterogeneous

traffic  which includes real-time traffic  (€.9..  The compound scheduling is determined to be
voice/video and gaming) and non- real time traffic g, \ymation of individual policies by multiplying dac

(e.g., web browsing and file download). Different police with associated priorityp and priorityp_ .
traffic classes have different QoS requirementshsu

as the delay bound of real-time traffic and the
minimum average throughput requirement of non-reafh® NRT streamp, is the priority for first policy and
time traffic [10]. The users expect good servicet b p_ is the priority for the second policy [4].

the wireless system wants to support more users and

obtain a great system throughput. 3.2.1. Proportional Fair Scheduling
So, how to design the scheduling algorithm to

improve resource efficiency with all users’ QoS  The well-known packet scheduling schemes for
ensured is not only an important problem, but @so future wireless cellular networks are the maximum
complex problem. Packet scheduling can guaranteearrier-to-interference ratio (Max CIR), the
the different flows’ QoS requirements by providing Proportional fairPF . For the efficient utilization of

methods of resource allocation and multiplexing atcarce radio resources under massive downlink
traffic, throughput and fairness in wireless netigor

the packet Iev.eI. Analyzed_paper proposed ],O'mhas been considere®F tries to increase the degree
packet scheduling for real time and non-real timet faimess among connections by selecting those wi
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the largest relative channel quality where thetida 4. Conclusions
channel quality is the ratio between the connetgion
current supportable data rate and its average
throughput.

Therefore, the paper pays attention focusing o
the PF scheme for non-real time traffic. It promises
an attractive trade-off between the maximum averag
throughput and user fairness for the sake o
completeness. Many of the algorithms rely on
optimizing an objective function which ensures
optimal performance [5].

In this paper we proposed the framework of traffic
management and scheduling to increase bandwidth
Nisage and fairness without much delay for mobile
user in wireless LAN to be able to solve bottleneck
roblem and scalability issues of traffic classifion.

he scheme has likely more performance in internet
or data traffic with a high degree of compatibility
with existing scheduling methods. The actual

i performance result of the system will be testearas
PF favors users which has good channely qoing process. As a future work, we will
conditions and high instantaneous data rate, ierord investigate and implement the framework to be

to keep system throughput high. However, in thegaiisfied with QoS parameters with real wireless

meantime it also considers user with bad channelgyironment and consider congestion avoidance for
since these user’ low average r@g) will increase  opile traffic

their chance to be selected for next scheduling slo
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