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Abstract

The time-varying nature of the parameters influencing the Quality of service (QoS) of real-time applications means the Call
Admission Control (CAC) in LTE networks has to deal with some degree of uncertainty. The existing approaches fail to properly
manage this uncertainty. A model is proposed to effectively manage real-time traffic via the deployment of a Type-1 Fuzzy Logic
Controllers (FLCs). Compared to the Quality Index based approach, the obtained results present notable improvements regarding
the call rejection and call blocking probabilities in a 4G LTE Network.
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1. Introduction

In 2014, the ITU estimates the global number of mobile subscribers at more than 7 Billion; Africa has been the
fastest growing region when it comes to mobile penetration with six times more subscribers in 2013 than there were
in 2005 whereas the numbers only tripled over the same period worldwide'. Internet services, online gaming, social
networking, video calls and other services have led to a growing demand for services the world over. Demand for
data services doubles every year worldwide and have already surpassed that of the traditional voice call traffic in the
US and the same trend is expected for other regions of the world in the foreseeable future’.

However, network service providers can only satisfy a limited amount of traffic. Congestion occurs when the
network is overwhelmed with more service requests than it can accommodate causing delays, dropped and blocked
calls. Congestion is a big contributing factor in the deterioration of QoS and QoE in a network. This paper presents a
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fuzzy approach for Call Admission Control (CAC) that seeks to improve the utilization of network resources in view
of reducing the call dropping and call blocking probabilities as well as keeping satisfactory QoS levels for new and
ongoing data calls.

2. Related works

Uncertainties due to real-time (RT) processing vary from one standard to the other, and they are causing the CAC
scheme to make erroneous decisions such as wrongful admission when the network is actually unable to properly
service the accepted call or wrongful rejection whereas the resources available are actually capable of handling the
rejected call. Oliveira et al. considered mobile clients with the capability of simultaneously accessing different types
of networks with various and sometime contradicting constraints; they note that “Although a number of approaches
have been suggested to deal with network constraints directly, they assume that the network state information is
static. However, in practical scenarios, the network is dynamic and the measured values keep fluctuating.” The main
point of interest in their paper is that they made use of a fuzzy model to handle uncertainties in heterogeneous
wireless network and their findings show an improvement in the decision making of the mobile client in terms of
connecting to the best available network®. Zarai et al. developed an adaptive CAC which gives higher priority to
handoff calls over new calls®. Their results show an improve resource usability and lower levels of call dropping
probability but their approach fails to highlight nor to address the uncertainties that most CAC are faced with in real-
time applications such as wrong full estimates of loss or latency.

Mino et al. agree that the time-varying nature of the parameters (geographical location, speed, direction, available
transmission power, available channels, channel conditions, etc.) considered in the admission process gives little
room for wrong estimation in wireless networking®. It is therefore crucial to assign the proper amount of bandwidth
(aggregated channels) for each service class to avoid call dropping or an overuse of resources for all calls especially
during periods of high demand for services. They are several factors influencing QoS as illustrated below:
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Figure 1: factors influencing QoS

Mathis et al. demonstrated that a channel’s throughput is limited by two factors, namely packet loss and latency6.
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Latency refers to the time it takes to transmit packets over a communication channel. Latency results mainly from
propagation, serialization, queuing and processing delays. The distance between the user and the base station (BS),
and the user’s mobility greatly affect latency, and consequently throughput. “In terms of latency, the LTE radio-
interface and network provides capabilities for less than 10ms latency for the transmission of a packet from the
network to the UE>.” Another input to the fuzzy system considered is the packet loss. In wireless systems, packet
loss refers to the percentage of transmitted packets that fail to reach the intended receiver. The packet loss parameter
is important because besides of altering throughput rates, it can negatively impact on a system’s QoS if not
controlled. High levels of packet loss cause errors at the receiver; and jitters due to the retransmission of corrupt
and/or missing packets are perceivable by the end-user. High user mobility, interference and the distance can cause
packet loss from the user to the BS, just to name a few.

Services offered in 4G cellular networks include gaming, video conferencing, video calls, voice calls, GPS tracking,
web browsing, text messaging, instant messaging, blogging, banking, learning, media download/upload, cloud
computing, email, etc. Due to the similarities in QoS and bandwidth requirements for some of them, they can be
grouped in subclasses. Depending on the service providers and the user’s interface, the expected values for the
service classes listed in Tablel below may be different to a certain extent for some applications. Despite the
explosion in the number of applications available today, four (4) service classes under which most applications fall
are investigated:

Table 1: Service classes

Service Description (RT or NRT) Expected Throughput
C1 Video calls, HD Audio/music streaming (RT) 192 kbps up to 512 kbps
C2 SD video streaming, videoconferencing (RT), Mobile Internet 1 up to 3 Mbps
C3 HD video streaming, Multi-player Online Gaming, Multiuser videoconferencing (RT) 3 up to 10 Mbps
C4 High speed Media Download (NRT) 100 Mbps Up to 1Gbps

3. Model development

3.1. Proposed Model

Most LTE operators separately service their voice and data traffics. This proposed model only deals with data
services; it consists of a call admission based on the network conditions and the available channels. Calls are
assumed to arrive following a Poisson distribution pattern. When a call is made, whether a new or handoff request,
the system performs channel aggregation where one channel or a combination of channels are assigned to
subscribers to meet the expected throughput required to service a specific call. The network condition gives an
indication of the state of the wireless link between the user and the base station (eNodeB). In LTE networks, calls
may be assigned a minimum 180 kHz resource block (RB) up to a maximum 100 MHz aggregated bandwidth. In
case a call is admitted, it is directly assigned one or more channels. When a call is not admitted it is queued and
another combination of channels is performed to service it, after four trials, the call is blocked or dropped.
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3.2. Membership functions
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Figure 2: Membership functions for latency (a) and Packet loss (b)

Latency and packet loss are the two inputs to the FLC. Their membership functions are displayed in Figure 3 above.
These factors are used to determine the achievable throughput of a wireless channel. The membership functions for
throughput are shown in Figure 3 below.

Very Low Low  Slightly Low Medium Slightly High High Very High
1

0.8
06
0.4

0.z

0 g 10 15 20 25 an
Throughput (bps/Hz)

Figure 3: Membership function for throughput

The Fuzzy Logic Controller’s (FLC’s) output is throughput. The two inputs are packet loss and latency. The
inference rules are detailed in the Table 2 below. The centroid method was used for defuzzification.
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Table 2 rules:

if Packet Loss And Latency then Throughput
Rule 1 Low Very Low Very High
Rule 2 Low Low High
Rule 3 Low Medium Slightly High
Rule 4 Low High Medium
Rule 5 Low Very High Slightly Low
Rule 6 Medium Very Low High
Rule 7 Medium Low Slightly High
Rule 8 Medium Medium Medium
Rule 9 Medium High Slightly Low
Rule 10 Medium Very High Low
Rule 11 High Very Low Slightly High
Rule 12 High Low Medium
Rule 13 High Medium Slightly Low
Rule 14 High High Low
Rule 15 High Very High Very Low

Spectral efficiency is the output of the FLC, the results obtained are converted into crisp values that are
deterministic of the amount of bandwidth (in Hz) needed by each service. The defuzzification process is based on
the very common Centroid Method defined by the equation:

J n)xdx
X =
[ n(xdx

Where x is the spectral efficiency (or throughput) in bps/Hz, and [ denotes the integral function.
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4. Result analysis

4.1. Non fuzzy approach

In a bid to reach conclusive results, the system was simulated on seven consecutive times under the same
conditions and the results were averaged out in order to compare them to the fuzzy approach. The numbers in Table
I below show the percentages of rejected calls, including handoffs, in every cell during the busiest hour. In order to
reduce complexity, it is assumed that during the busiest hour, all seven cells in our system expect at least 3600 calls
each.

Table 3: Percentage of rejected calls using CQI

Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Cell 6 Cell 7
Attempt 1 1.2867 1.7145 1.1219 1.5068 1.3478 1.2008 0.9434
Attempt 2 1.2187 0.8669 1.3858 1.3770 1.3089 1.6785 1.2821
Attempt 3 1.4215 1.3989 1.2579 1.4656 1.6308 1.5124 1.4416
Attempt 4 0.9156 1.0471 1.4942 1.1999 1.2639 1.7203 1.2420
Attempt 5 1.1453 1.5437 1.4116 1.0745 1.0919 1.7603 1.6591
Attempt 6 1.0600 1.1507 1.3001 1.1190 0.9266 1.3079 1.5111
Attempt 7 0.8581 1.1999 1.3668 1.1528 1.0825 0.6346 1.5443
Average 1.1294 1.2745 1.3340 1.2708 1.2361 1.4021 1.3748

4.2. Fuzzy approach

The results in Table 2 below where obtained by running the Matlab code seven consecutive times using the
spectral efficiency generated by the Type-1 FLC that has latency and packet loss for inputs. In this scenario, the
system’s busiest hour is considered in order to examine which method is more robust during peak hours. The
average new and handoff call arrival rates are respectively A, =2 calls/s and 1, = 0.2 calls/s; they are both
considered Poisson distributed. About 10% of channels are reserved exclusively for handoffs in each cell.

Table 4: Percentage of rejected calls using fuzzy logic

Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Cell 6 Cell 7
Attempt 1 0.9868 0.6816 0.7856 1.0670 1.1520 1.1169 0.9811
Attempt 2 0.5875 0.8673 1.0150 1.1812 1.0067 0.9308 1.3208
Attempt 3 0.7563 0.6762 1.0761 1.5270 1.0075 1.1985 1.0147
Attempt 4 1.0813 1.0939 1.0000 0.8541 1.0139 0.7353 0.8268
Attempt 5 1.0499 0.7886 1.0405 1.1177 0.9978 0.6287 0.8729
Attempt 6 0.7581 0.7836 0.8889 0.8191 1.1905 0.9256 0.7931
Attempt 7 0.8841 1.1967 0.9705 0.7429 1.0522 1.1182 1.4238

Average 0.8720 0.8697 0.9681 1.0441 1.0601 0.9506 1.0333
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The average results obtained in Table I and Table 2 are graphically shown below

% Of Rejected Calls

Looking at the averages in each cell in the system considered; the two approaches show a consistent grade of service
below 1.5% during the busiest hour; this is considered very satisfying for most wireless networks. The type-1 fuzzy
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Figure 4: CQI vs. Type-1 fuzzy approach
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approach generally outperforms the CQI based CAC in terms of low call rejection as shown in Figurel above. If
implemented, the fuzzy approach has the potential to consistently reduce the network’s call rejection by up to a

third. In terms of call dropping, the two methods have similar performances where simulation results show that more
often than not no call is dropped; however, a maximum of only 1 in 400 calls is dropped. The centroid method was
used for defuzzification. Although the scheme’s output is generally satisfying, it has limitations in determining
extreme lows and highs in terms of a channel’s spectral efficiency R such that: 1.667 < R < 28.333. In practice,
the spectral efficiency of a channel might come lower than the minimum obtained using the centroid method.
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5. Conclusion

The non-fuzzy approach of call admission control uses the Channel Quality Indicator (CQI) which determines the
appropriate modulation technique and code rate for individual channels’. However, CQI lacks flexibility, and its
index reporting schemes often present errors due to the time-varying nature of the wireless links. This
unpredictability causes the network to underperform by wrongfully admitting, blocking or dropping calls.

Fuzzy logic better deals with uncertainty and our results show that the deployment of fuzzy logic controllers
(FLCs) within the call admission scheme of cellular networks could potentially reduce the number of rejected calls
by up to a third while sustaining a very low call dropping probability during the busiest hour; resulting in higher
levels of user satisfaction and QoS provisioning.
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