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INTRODUCTION

The fairness is a crucial issue in wireless networking technologies and it is a desirable property, which offers protection
between users in the wireless network [1-3]. Achieving fairness in a network can ensure no negative impact of the traffic
flow of user by the traffic flow of an ill-behaving user [4]. The system might be fair or unfair based on whether or not
this system meets some criteria such as delay or throughput [5-7]. For instance, if the user experiencing a delay less than
t has a probability greater than p, the system is said to be unfair while fairness can be achieved if the probability is less
than p [8-10]. Another example related to users who receive a throughput of more than r bits/sec, the scheduling
algorithm may be said to be fair in this case and unfair otherwise. The aim behind the fairness concept is to see if a value
for the fairness of a scheduling algorithm can be defined in a similar manner to how Shannon defined a value for the
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information of a source [11-14]. Fairness measures are based on proportions of allocated resources and it can be
evaluated by two ways, equal and unequal weighted users [15-18].

METHODS

Fairness concept Fairness is a crucial issue in wireless networking technologies and it is a desirable property that offers
protection between users in the wireless network. Achieving fairness in a network can ensure no negative impact of the
traffic flow of user by the traffic flow of an ill-behaving user. The system might be fair or unfair based on whether or
not this system meets some criteria such as delay or throughput. For instance, if the user experiencing a delay less than
t has a probability greater than p, the system said to be unfair while fairness can be achieved if the probability is less
than p. Another example related to users who receive a throughput of more than r bits/sec, the scheduling algorithm
might be said to be fair in this case and unfair otherwise. The aim behind the fairness concept is to see if a value for the
fairness of a scheduling algorithm can been define in a similar manner to how Shannon defined a value for the
information of a source. Fairness measures based on proportions of allocated resources and it can be evaluated by two
ways, equal and unequal weighted users.

Fairness Index
Fairness Index is a metric used to determining equality of resource sharing among users of the same application models.
Jain's fairness (Jain, 1984) index is an example that be used to get a fairness among users based on the following equation
[19, 20]
n w4
G (1, 1)

F (x1, x2, xn) = v T TP PP PP PP OPPP PP PPPP SRR

=140
Where n is the number of users and xi is the throughput for it link, when subscribers receive the same allocation, the
fairness has a maximum value. The fairness range starts from 1/n, which is the worst case up to 1 which represents the
best case.

WiMAX Scheduling Algorithms

1. Round Robin (RR) scheduling algorithm assigns an equal portion of time slots to each MS in order, handling all MSs
as having the same priority. The RR algorithm allows every MS to transmit or receive at regular interval on the shared
channel, which is share by many stations in wireless networks. Based on this property, RR may appear as a fair
algorithm. RR algorithm hardly provides very good service to the MS due to its low efficiency compared with other
scheduling algorithms such as Proportional Fair Scheduling (PFS). RR is the simplest scheduling algorithm and easy to
implement, but this algorithm does not take into account the changing reception conditions at the different 25 receivers
or the multiuser diversity. Consequently, when their reception conditions are worse than average, RR will schedule
transmissions from/to subscriber’s half of the time.

2. Max Rate As a channel dependent scheduling, Max Rate algorithm is able to achieve maximum system throughput
by taking advantages of multiuser diversity. First, the scheduler obtains data rate of an identical sub-channel for different
terminals by analyzing Channel State Information (CSI) from these terminals. After that, the scheduler assigns this sub-
channel based on SNR to the terminal that can achieve the highest data rate in this sub-channel. The Max Rate algorithm
can be mathematically denoted as:

E=arg MaxX REN(E). .ot 1.2)

Where Rk, n(t) represents the data rate of terminal k for one sub-channel n in time slot t. Max Rate is not a fair algorithm
because it does not consider the terminals which have bad channel conditions. In terms of throughput, Max Rate is an
efficient scheme to maxims total throughput.

3. Proportional Fair scheduling algorithm an ideal system, there are two issues that should considered implementing
the idea of multiuser diversity: fairness and delay. When users’ fading statistics are the same as in the ideal case, the
strategy above maximizes both the throughput of individual users and the total capacity of the system. In reality, since
users have different channel conditions, the statistics are not symmetrical, some users are moving and others are
stationary. Some users are facing scattering environment while others with no caterers around them, some users are
closer to the BS with a good average SNR. In addition, the planning is concerned with maximizing long-term average
throughputs. There are latency requirements where the average throughputs over the delay time scale is the performance
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metric of interest. Addressing these issues and 26 exploiting the multiuser diversity gain inherent in a system are the
main challenge as the users have different channel conditions that fluctuate independently.

To meet this challenge, a simple scheduling algorithm called Proportional Fair Scheduling (PFS) has designed for
OFDMA-based system. In this system, the requested data rate Rk,n(t) represent the feedback of the channel quality of
user k in time slot t to the BS, this data rate is supported by the kth user’s n sub-carrier. The working principle of PFS
was discussing as follows. For each user there is an average throughput Tk,n (t) on every sub-carrier in a past window
of length tc , PFS keeps track of Tk,n (t), the scheduling algorithm transmits at each sub-carrier in time slot t to the user
k* with the largest

REN(E) TRIU(E) v e, (1.3)

Among all active users in time slot t, where Rk, (t) = log (1 + SNRE, (t)) is the applicable rate of user k in time slot t,
equation (1.4) is an updating process of the average throughput Tk, (t) by using an exponentially weighted low-pass
filter
Tkn(t+1)=(10- 1tc)Thkn@)+LUtc Rkn(t) k=k* ....cooviiiiiiiiniinin.. (1.4)

Tkn(t+1)=>0- 1/t c)Tkn(t) KER S o (1.5)

The implemented PFS algorithm in an OFDMA uses the equation (1.3) in order to calculate the largest value for the
user, the calculation process performed at each sub-carrier and time slot to allocate this sub-carrier to that user. At the
same time, there is an updating mechanism at each sub-carrier and time slot for the users’ average throughput by
equations (1.4) and (1.5), the conventional power allocation and users’ rate requirements are not considering by PFS,
the reason for that related to system performance degradation due to weak points when employed in heterogeneous user
channel environment. In this study, an equal power value was considering among the subcarriers.

The principles working of PFS algorithm can be explain more by 27 observing figure 1 frequency channel response is
plotted as a function in equal and unequal fading statistics scenarios for two users [21, 22].
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Figure 1. The frequency channel response

The fading statistics in Figure 1 are identical for two users. The throughput for each user converges to the same value
when the scheduling time scale tc is much larger than the correlation time scale of the fading dynamics. Hence, the user
with the highest requested rate will be pick by reducing the scheduling algorithm; PFS algorithm in the long term
becomes very fair as every user is serving when his channel is good. There is a multipath fading responsible for channel
fluctuation for both users in Figure 2 This fading is mainly due to different distances from the BS. It can be notice that
one channel is stronger than another channel. Therefore, all the resources will be assigned to the user who has a strong
channel condition while leaving the weak user out. As a result, the system will be highly unfair, the parameter tc coupled
to the latency time scale of the application. Peaks are defined with respect to this time scale, the scheduler can afford to
wait longer when the latency time scale is large before scheduling a user when his channel has a really high peak. The
resource assignment according to PFS algorithm is decide solely by instantaneous SNR when tc value is infinity, in this
case, the system will be highly unfair with maximized throughput. On the other hand, the system can be fair when the
lower value of tc is one. Hence, the trade-off between throughput and fairness could be obtain by controlling the tc
value.
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Figure 2. Frequency channel response for unequal users

The resource allocation procedures in PFS algorithm are as follows [23-26]:

1. Assign a value to the average throughput Tk, n (¢t).

2. Compute Rk, n (t) by using the following equation

Rik,n (£) =B/N10g2(L + SNR) ..o (1.6)

Where B represents the bandwidth while N represents the number of subcarriers.
3. Calculate (R_(k,n) ())/(T_(k,n) (1))

4. When (R_(k,n) (t) )Y/(T_(k,n) (t)) is maximum, then schedule the users.

5. Update the average throughput Tk, n (t) based on equations (1.3) and (1.4).

RESULTS AND DISCUSSION

System Throughput and Fairness Index

The obtained throughput and fairness results shown based on the number of subscribers. The manual scheduling
algorithm started from 2 to 20 users who are randomly distributed in a WiMAX single cell as indicated in figure 3.
During the execution, the distribution will be different from the previous case. Hence, a new data rate value computed
based on the new channel gain, which affected by the distance from the centralized BS.
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Figure 3. Randomly users are distributed in a WiMAX single cell

The next figures will show that, obtained throughput before and after applying manual fairness algorithm. When the
number of subscribers that served by WiMAX system is limited, the shared radio resources considered highly fair. By
increasing the number of users, fairness among them become a critical issue. Figures 4&5 indicate that it is possible to
guarantee a certain degree of fairness with small number of subscribers, this leads to fairness of radio resource sharing.
Hence, the data rate is approximately same for all users regardless the distances from the BS.
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Figure 4. (a) Throughput of 4 users before applying fairness algorithm (b) Throughput of 4 users after applying fairness
algorithm

Figures 5 illustrate the fact that manual scheduling algorithm does not have the ability to keep a certain level of fairness
when the number of subscribers increases. By assigning subcarriers among users, the fairness cannot be guaranteed
since the channel conditions keep changing and subscribers distributed randomly. As a result, the assigned subcarriers
may not be enough for some users to achieve a desired fairness level.
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Figure 5. (a) Throughput of 10 & 18 users before fairness algorithm, (b) Throughput of 10 & 18 users after fairness algorithm
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The system throughput and fairness index results before and after the fairness algorithm are represented in Figures 6 a
&b, shows the fairness algorithm prevents the user who has high data rate from some subcarriers which have been
assigned to another one to achieve a certain level of fairness, this leads to an inverse relationship between system
throughput and fairness index. It is possible to guarantee sharing of radio resources with limited subscribers, but the
challenge is how to keep on with the same fairness level since the random distribution of users affects the system
performance. This is one of the disadvantages of this method where the algorithm should be executing many times.

System tho ughput be fore and afier manud famess
T T T T T T

Throughput

Users

Figure 6a. Throughput before and after fairness algorithm

Faimess index briore and after manual faimess

Faimess

Figure 6b. Fairness before and after fairness algorithm

Downlink Scheduling Algorithms

In this section, Max Rate, RR and PFS are implement and compared with each other based on system throughput and
fairness. MATLAB simulations is using in order to analyze the performance of these algorithms. To measure the fairness,
an arbitrary period was need, so a 100 time slots will be consider evaluating the fairness index. System Throughput and
Fairness index. The simulation results in terms of fairness for different sets of users are show in Figure 7.
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Figure 7. System fairness index
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The RR and PFS algorithms have good results, since they depend on the tc parameter. The PFS algorithm achieves high
fairness without sacrificing system throughput when tc value is low. The Max Rate algorithm allocates the system
resource to the subscribers who have the highest channel gains. Therefore, when a large number of users are demanding
the service from the WiMAX system, the Max Rate algorithm will only serve the users who have the same channel
conditions and this is the reason for the lower fairness index achieved by this algorithm.

According to the system throughput, the Max Rate algorithm produces the best result due to the working mechanism
where the system resources are allocating to subscribers who have the highest channel gains. At the same time, the Max
Rate algorithm maximizes the system throughput. With a large number of users, the throughput increases due to the
high probability of getting channel stronger when there are much more users.

The RR scheduling algorithm has achieved the lowest value compared with the other algorithms. According to the RR
algorithm, all subcarriers are allocating to one user at each time slot independently of users’ channel response and rate
requirements. At the same time, the RR algorithm does not take into account the effect of multiuser diversity. Since the
propagation channels between the BS and MSs are independent from each other, the PFS algorithm exploits this effect
of multiuser diversity. The PFS has achieved a good level of system throughput without compromising fairness as 42
indicated in Figure 8. The competition among users is not directly depending on their SNRs but only by their respective
average throughputs, compared with the Max Rate algorithm, the PFS has obtained a lower throughput because it
manages to achieve a good fairness.

Sysem throug hput

Throughput (bps)
T 'ff J'
{
\
/
1

Users

Figure 8: System throughput

CONCLUSION

In this paper, two algorithms were implemented to achieve a certain degree of fairness among different groups of users
in a single cell. The purpose of the first algorithm was to perform manual subcarriers allocation where the subcarriers
are allocating based on the previous throughput of users. The second algorithm was implemented with three different
downlink schedule algorithms by considering an OFDMA scenario. The Max Rate algorithm always assign resources
to the users who have the large SNRs, the RR assigns time slots to each MS in equal portions whereas the PFS algorithm
keeps track of the average throughput of each user for each subcarrier and assigns resources to the user who has the
largest throughput based on equation 3.2. The three-downlink algorithms were comparing with each other in terms of
system throughput and fairness index. Based on the obtained results, manual scheduling algorithm is efficient with a
small number of users, however the Max Rate algorithm is lack of fairness feature but it provides higher throughput
when the WiMAX serves more subscribers. The RR and PFS algorithms are able to achieve the best fairness indices,
and at the same time, the PFS algorithm provides good system throughput compared with the RR. 45 In conclusion, the
FS is the sufficient scheduling algorithm that can be using in WiMAX system since it has a good level of system
throughput without compromising fairness.
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