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ABSTRACT

The traffic of multimedia service in wireless network increases by exponential as the number of applications
increase. Since the weakness of proportional fair algorithm in meeting the Quality of Service (QoS) such as delay
and packets loss, it is not so widely used in modern wireless communication. This paper proposes a scheduling
algorithm that based on QoS utility function in which a parameter is introduced to improve priority mechanism for
overcoming such weakness. Smulation results show that our scheduling algorithm can meet the QoS requirements of
real-time traffic; and the whole system transmission performance has been markedly improved.
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INTRODUCTION

With the rapid development of wireless network, tumtradiction between wireless network resouraes data
service demand increases sharp [1-5]. With theoreas$ wireless network resources not being incré;agdreless
resource scheduling algorithm has become a prdgeedsection [4-6].

Currently, the classic scheduling algorithms arenigaRound scheduling (Round Robin, RR) algorithAj, [the

maximum Carrier to Interference scheduling (Maxr@arto Interference, Max C/l) algorithm [8], Prational Fair

scheduling (Proportional Fair, PF) algorithm [1RR algorithm takes turns to scheduling various fess on time
slice, which have the same scheduling priorityesysin all business, to guarantee equal opportdioitall business
distribution system in the same amount of resoursash as time or bandwidth. Then the users arrim to

scheduling according to some sort of agreemenil, after all the business is scheduled to the sekeduling cycle.
Max C/I algorithm is a kind of scheduling emphasissystem throughput. It sorts descending all usettse system
according to the channel SNR, system priority salieg SNR of big business, until the end of theestifling.

For user's largest fairness, RR algorithm sacsfite system throughput, however, Max C/I scheduilgorithm
for maximum system throughput and fairness at #perse of the users. They are only in accordantteanertain
performance indicators for scheduling, but ignorithe other performance indicators, which restritieir
application in the actual system. In order to inwer¢his problem, PF scheduling algorithm was prepdsy Jalali.
The algorithm considers both the real-time charstate of the business and the fairness betweemdsssi
transmission rate. The initial time of each businpsorities are attached to the same value, ahddsding is
always priority scheduling priority every time. Buith a good quality business channel continuotredualing, the
average throughput will increase, resulting in @da its scheduling priority. It makes the origiaiv priority
users can get more chances of scheduling, incigg#tsinfairness of scheduling algorithm. Schedufirigrity of PF
algorithm defined as
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P[i] =arg max%) (L

I as the instantaneous channel signal-to-noise wtithe channeli , R as the average throughput of the

business [9]
Update formula oR [10]:

1. ; ;
—*R +(1-—)*R_,.i By scheduling
R =_| I fc
i(l‘l)'R,-~:’ other
L (2
t ¢ as the balance of time parameters.

Although the PF algorithm is better than that & BR algorithm and Max C/I, in recent years, aeseof improved
algorithm appeared that was shown in table 1.

Table1theimproved PF algorithm

algorithm name improve direction Scheduling priority Parameter meaning
scheduling algorithm o . L ] o
Data rate control inde ;r%rift?mess of the P P[i] =arg max() N for the index parameter
(DRC) [11] 9 R,
scheduling algorithm o rci ; .
Adaptive proportional fai y'le |thr(.’tT19hpUt of e pli] =arg max(‘—) Cl for the index of control
(APF) [12] algorithm R, parameters
Based on the QoS of , algorithm adapted to pr; r w,. for the minimum guarantee rate
proportional fair algorithm/ ., "~ P[i] =arg max(-)x w, b . .
[13] the business rate i for the corresponding business
PF algorithm . r T, for the existing dela) for
M-LWDF algorithri'¥ adaptability to business P[i] =arg max(—=—)x — Ti , > ™
time delay Ri " Thax the maximum time delay
PF algorithm ] . —_— Bacsetiss . |
M-PF-1 algorithrfi® adaptability to business P[i] = arg max(—=) x ( Fackerioss) for the predicted value
packet loss rate R:, for packet loss rate @ as the inde
of control factors

Although PF and improved algorithm have good compse on system throughput and fairness, it is widskd in
the actual system. But, in recent years, as atrebuolultimedia services as exponential growth ireless networks,
PF improved algorithm can not meet the various @spaf Quality of Service (QoS, Quality of Servic®mand on
business. When there is a business of QoS valse ¢tothe maximum QoS threshold scheduling, pyiatiange
trend is not obvious, so that the business carbedtmely scheduling causing delay timeout afféet Quality of
business communication. So, in this paper, somanpaters based on the utility function of QoS faxteuch as
delay, packet loss rate and delay jitter busines$ @quirements collection, are introduced in tbeeduling
priority of PF algorithm. When the multimedia seeiQoS factor is closed to the QoS threshold, #rarpeter can
be rapidly increased business opportunities foedaling, to ensure the quality of the communicabbémultimedia
business.

2 A Proportional Fair Scheduling Algorithm Based on service quality utility Function

PF algorithm can't guarantee well multimedia Qo§uiements, mainly does not take into account Qax$ofs
affect business operation. In order to improve tinsblem, this paper introduced QoS in PF schedutinority
factor parameters to ensure the QoS of multimed&nless communication requirements, establisheth@i®o0S
factor parameters of the utility function model.

Utility function is the characterization of the @owmnic benefits of people occupies a certain assetsnction in
economics. The introduction to the wireless netwisrkised to characterize wireless scheduling aéeeive the
subjective satisfaction degree function. In geneha utility function on resource allocation prefnl is a function of

Z [7].Therefore, this article defined the “t” fang current business QoS factor, and it indicatesbtisiness of the
sensitive degree of QoS. Therefore, when the task factor is small, the emergency degree of taBkdding is
small, being remembered to 0 (minimum of utilityétion); When the task QoS factor is close to orartban the
current business allowed maximum QoS threshold, éheergency degree of task scheduling is high, being
remembered to b (maximum of utility function). Ireld, this paper puts forward the following utilitynction:
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e—aX(t—c)

Among them, & shows the tilt of function, and its value représahe sensitive degree of utility function on QoS
requirements;C shows a turning point of function, and its valuan dolerate maximum QoS on behalf of the
business.
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Figure1 @ for theinfluenceof the U (t) Figure2 C for theinfluenceof the U '(t)

From figure 1, it shows that the larger is in tl@ue of &, and the faster is in change when utility functiorthe
QoS factors is close to the biggest business of ho&shold, which can make the business schedpliragyity
increased dramatically, to ensure the businessdgao®nd;

From figure 2, it shows that the larger is the tighextreme value point of the value curve, theyda is in the
maximum tolerable by QoS, which is easier to guaethe QoS of the business needs.

In this paper, based on the above reasons (PRlgajithm, PF - A algorithm of scheduling priorigydefined as:
pli] =argmaxf QoS CS, )

=argmaxf (10, OY, @), ¢ ))F% J= 1,2,.N W

I as the instantaneous channel signal-to-noise aitithe channeli , R as the average throughput of the

business.U, '(X) as the derivative &, (X), QOS for the QoS requirements of the corresponding kessin
NV, '(t),U, 'd),...U; 'C)) the product of the QoS factors account for thertess i .

In this paper, PF - A algorithm considering theibess delay and packet loss rate and other Qo8réaicifluence
on task scheduling, task scheduling priority valuelsited to service quality utility function, thdannel state.
Finally update expressions of formula (4) was gwiarity. At the time delay and packet loss ratelisse to the
maximum QoS value, the corresponding task scheglplifority has increased dramatically, so as tamnthe QoS
requirements of the business. To sum up, this pppgyoses the PF - A job scheduling algorithm steqesas
follows:

(1) Business will sent generate data to the resmetiuffer, and change the scheduling priority loé Husiness
. 1
Pli] =—;
N

(2) according to the real-time channel SNR, forn{@)a formula (3) respectively update business. R . U (t)

(3) According to the formula (4) calculating schidg priority of the business, according to thenfota (5)
calculating the largest scheduling priority, andading to the descending order;

(4) Scheduling priority of the largest businessuim until after the allocation of resources; (&peat steps (2) to (4),
until the schedule is complete.

3 Simulation and analysis
This paper use Matlab to simulation experimentwbfch the data model for the voice (VolP) businégsliP
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business is composed of sudden periods and thepgried in wireless network, which QoS factortesss than 300
ms for time delay and packet loss rate is less 8f4n So, this article proposed in the utility fuoot U '(t)
=300, i =1,2,.....N, in the packet loss rate of the utility functidd '(d) ¢ =0.03, i =1,2,....N. and

breaking period can produce 9.3 KBPS voice datheasame time, but silence does not produce dat&§3ed on
the literature [8], sudden period and quiet perdwd expressed with two state markov process, withiely are
independent and the conversion process obey thenerfial distribution at the same time, rate patanseof

a=2.841, respectively,b=1.538.

L( a*t) (-a™t)

Figure 3 Vol P business model

e(-b*t)
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The instability of the wireless channel will britansmission delay and delay jitter. To make itiezal® measure
the time delay, the wireless channel model is VABMC channel. FSMC channel state is only allowedhi

adjacent state transitionsSOfor no channel noise Sl for channel noise stronger stat&2 strongest state to
channel noise. Based on literature [8] =0.09,3: 0.

MD

lqp

Figure 4 wireless channel model

| -e(-b¥*t)

In order to verify the advantages of PF - A aldworitin real-time business service (VolP servicethis paper, the
PF algorithm and PF - A algorithm based on sergigality utility function are comparison the perf@nce in 5
aspects of the overall performance from fairnegstesn throughput, delay, packet loss rate, andstieduling
algorithm

Figure 5, figure 6 and figure 7 and figure 8 statssof several scheduling algorithm of fairnessptighput, delay
and packet loss rate.

Figure 5 shows when the scheduling period is mbaa t100, FA values are greater than 0.9, which shibrat
fairness is of PF - A algorithm is acceptable,@ltih slightly smaller than other PF algorithm.

Figure 6 shows that PF - A throughput is highentR& algorithm, PF - A system throughput increa3é43of the
algorithm.

Figure 7 shows that PF, DRC, APF three algoritharsrmot meet the requirement of the VolP minimunag€B800
ms), and the maximum delay of PF - A algorithmeissl than 300 ms, meeting the demand of VoIP bissites
minimum delay. It proves that PF - A algorithm abie for VolP business with delay limit.

Figure 8 four scheduling algorithm can be obtaitierlaverage packet loss rate is respectively: 0.62%, 0.64%
(DRC), 0.63% (APF), 1.34% (PF - A). Although PF -afgorithm of packet loss rate is greater than rothie
algorithm, but also meet the minimum requiremeffitgaP business (less than 3%). It proves that RAmethod is
applicable to a packet loss limit of VoIP business.
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Figure 7 time delay Figure 8 packet loss probability

Although through the above experiments demonstrétetl PF -a algorithm is suitable for the specifoS
requirements of VoIP business, the algorithm ishatexpense of the system's fairness and packetrdds. The
same as the improved algorithm, the QoS optiminagioal is better than the original algorithm, bubther ways
worse than the original algorithm. So, this pap@roduce parameter Q to represent the overall pagoce of the
scheduling algorithm, and through the analyticdnielny process (AHP) to find the reasonable optimratue, direct
description so as to achieve the purpose of schegalgorithm performance.

In order to better describe the overall performasfae scheduling algorithm, this paper defines:

QZZ(G‘*-I-daay"'b*Cu"'C’c FA ®

Qas the overall performance of the scheduling algori T, as the business time delayC, as the system

elay
throughput FA as system tables fairnessa . b. ¢ as weight coefficient

In this paper, the AHP is applied to the optimduson, the steps are as follows:

(1) according to the demand of the actual systemjriost important is the influence of time delayhef system, so
the time delay of importance to 1; Secondly, atsclgreat importance to the throughput, the througlyb
importance for 3; Finally, it is fairness, fairnefsmportance for 5.

3
(2)To construct judgment matrix,

A =

gk Wk
= wlo ;

1
3
5
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(3)To calculate weight businessa=0.6522, b=0.2174 €=0.1304

(4)Consistency check
i.To calculate Cl : Cl =0
ii. Tofind Rl : Rl =0.58

Cl
iii. To calculateCR: CR==—=0, CR< 0.10 So the consistency of judgment matrix is reasonahlke

weight coefficients of the business is acceptable.

(5) Computing algorithm the overall performarige

Figure 9 shows the algorithm overall performancereufrom which, the overall performance of thegosed PF -
A algorithm parameters Q than PF and APF algoriimd fairly with the DCR method, but stability th®CR
algorithm.
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Figure 9 Algorithm performance
CONCLUSION

This paper proposes a PF - A algorithm based oriceequality of the utility function, and the sination results
show that the algorithm can meet the VolP busitiessigh the utility function to solve time delaydapacket loss
rate, the specific QoS requirements such as algoriOf course, the algorithm is also at the exparighe other
properties such as part of the equity. The exangilesv that the PF - A algorithm through customrmptisolutions,
can look for QoS satisfaction with the best compsanbetween system losses.
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