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Abstract—An adaptive rate controller (ARC) based on 
adaptive neural fuzzy inference system (ANFIS) is designed 
to autonomously adjust the data rate of a mobile 
heterogeneous network to adapt the changing traffic load and the 
user speed for multimedia call services. Through simulations, it is 
demonstrated that the ARC is able to maintain new call blocking 
probability and handoff failure probability of the mobile 
heterogeneous network below a prescribed low level over 
different user speeds and new call origination rates while 
maximizing the average throughput. It is also shown that the 
ARC can make mobile heterogeneous network to accommodate 
more traffic load. 

Keywords- complete sharing (CS) protocol, hierarchical Mobile 
WiMAX and DSRC networks , cognitive mobile heteregeneous 
networks, adaptive rate controller (ARC) 

I.  INTRODUCTION 

The tremendous growth of the wireless/mobile user 
population, coupled with bandwidth requirements of 
multimedia applications, requires efficient management in the 
view of quality of service (QoS) provisioning. The 2.5G and 
3G cellular systems employ radio resource management (RRM) 
strategies that allow them not only to assign variable 
bandwidth to incoming voice or data calls but also dynamically 
vary the bandwidth of ongoing calls. These RRM strategies are 
known as flexible (adaptive) resource allocation (FRA) 
strategies and their ultimate end is to find a tradeoff between 
the existing capacity and QoS. Various FRA schemes have 
been proposed and investigated [1]. In [2], a resource 
management strategy for heterogeneous adaptive-rate traffic is 
presented. In [3], a novel, rate-based, borrowing scheme for 
QoS provisioning in high-speed cellular networks carrying 
multimedia traffic is presented. With the QoS provisioning and 
the problem of scarce bandwidth resource, keeping the new call 
blocking probability and handoff failure probability lower than 
predefined threshold while at the same time maximizing the 
network throughput is one of the most challenging tasks for 
flexible (adaptive) bandwidth allocation strategies [4][5]. 

In this paper, we propose an adaptive rate controller (ARC) 
based on adaptive neural fuzzy inference system (ANFIS) [6] 
for multimedia mobile heterogeneous network. The ARC 
chooses new call blocking probability, handoff failure 
probability, new call origination rate and user speed as 
linguistic variables to adaptively allocate bandwidth to every 

new and handoff multimedia call. The objective optimization 
of the proposed ARC is able to control new call blocking 
probability and handoff failure probability below a target 
threshold while maximizing average throughput subject to the 
constraint of the limited bandwidth of the mobile 
heterogeneous network. The ANFIS control rule is designed 
through simulations of the traffic performance for the mobile 
heterogeneous network, where the hierarchical Mobile 
WiMAX and DSRC networks are considered as an example. 
For simplicity, we employ the protocol allowing all kinds of 
traffic services to share all the bandwidth resource of a cell 
with a first come first service rule. 

II. PRINCIPLES 

The system architecture of the ARC based on ANFIS is 
shown in Fig. 1, which is divided as CS-ANFIS-ARC mode 
and CS mode. The total number of basic bandwidth units 
(BBUs), C, are assigned for each system. One BBU equals to 
the data rate of 64kbps (VoIP applications require 64 kbps) [7]. 
The maximum number of users is assumed to be 40, which 
should be less than the number of data sub-carriers of the 
Mobile WiMAX/DSRC OFDM systems. The cell radii of the 
Mobile WiMAX and DSRC systems are assumed to be 2km 
and 100m, respectively. There are four type of new call and 
handoff call services, including UGS (Unsolicited Grant 
Service), BE (Best Effort), nrtPS (non-real-time Polling 
Service), rtPS (real-time Polling Service). UGS is designed for 
voice call services requiring a fixed packet interval and fixed 
packet size such as VoIP application. 

The ARC based on ANFIS consists of a CS frequency 
channel allocation rule and an ARC. When the network traffic 
is under-loaded, the ARC enables the CS mode to allocate 
maximum data rate for the software-defined radio (SDR) radio 
transceiver to set a channel coding rate and a modulation type, 
but in the time during which over-loaded network traffic occurs 
the CS-ANFIS-ARC mode is enabled to receive the feedback 
information from the network controllers of the Mobile 
WiMAX/DSRC system to reduce its allocating data rate. When 
every new or handoff call generates in a given cell, the ARC 
based on ANFIS allocates a proper data rate for multimedia 
service calls based on the feedback internal network QoS state 
information and external environmental conditions including 
user speed and traffic loading. The ARC based on ANFIS will 
control new call blocking probability and handoff failure 



probability below a target threshold while maximizing the 
throughput. The target threshold of new call blocking 
probability and handoff probability is set as 0.05. 

A. Mobility model for new call and handoff call 

First, in each cell, the new call arrival rate λ (calls/sec) 
follows Poisson process. The bandwidth holding time is 
defined as the time duration between the instant that the 
bandwidth is occupied by a new (or handoff) call and the 
instant it is released by either call completion or call handoff 
again. The bandwidth holding time THn,i,k for a new call in 
system i and type k call service is the minimum of the 
unencumbered call holding time [8] Tk for type k call service in 
system i and the cell residence time Tn,i for a new call in system 
i. The cell residence time Tn,i  is defined as the duration a call 
resides in system i. We assume the call holding time for a new 
call has a negative exponential distribution. The bandwidth 
holding time THh,i,k for a handoff call in system i and type k call 
service is either the remaining call holding time Thk  or the cell 
residence time Th,i for a handoff call in system i, whichever is 
less. The random variable Thk is given by 
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where c is the number of handoff for a given call. The random 
variables for THn,i,k and THh,i,k  are given by 
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The distance between the point where a new call is originated 
and the point on cell boundary where it exits from cell is Zi. 
Then the cell residence time of for a new call Tn is expressed 
as Tn,i = Zi /Vi. This is a function of system parameters such as 
cell size, speed and direction of movement by a call. Then the 
probability density functions (pdfs) of the cell residence time 
Tn for a new call and a handoff call are given in[8], where Vmax 
and Vmin are the maximum and minimum speed of a call in a 
cell, respectively. The speed of a call in the given cell is 
uniformly distributed in [Vmin, Vmax]. Its mean speed is (Vmin + 
Vmax)/.  ri is the cell radius of the system i. 

B. ANFIS Architecture 

The ANFIS rule employs the adaptive network architecture 
to represent the fuzzy inference system, which can be applied 
to a wide range of areas, such nonlinear function modeling, 
time series prediction, and fuzzy controller design. Here we use 
the ANFIS rule to control the new call blocking probability and 
handoff failure probability of the mobile heterogeneous 
network below a target threshold while maximizing the 
throughput. The ARC based on ANFIS is implemented by a 
five-layer ANFIS rule [6]. Four input linguistic variables are 
chosen for determining the data rate to achieve objective 
optimization of maximum average throughput. Each variable is 
divided into two fuzzy terms in order to reduce the computing 
load. The node functions of each layer are described as below: 

Layer 1: Every node i in this layer is an adaptive node with 
Gaussian membership functions (MF) 

 
, ,

, ,

2 2

1, ,

1, ,

2 2

, ,

, ,

1, 2, 3, 4,

1 1
( ( )) , ( ( )) ,

( ) ( )
1 1

1 1
( ) , ( )

1 1

( ( )),  ( ( )),  ( ),  ( );   1,2

k j k j

k j k j

k N k Hb b

N j H k j

j k j

k ib b

k j k j

k j k j

k k N k k H k k k k

A P n B P n
P n c P n c

a a

C NR D V
NR c V c

a a

O A P n O B P n O C NR O D V for k

 
 

 

 
 

 

    

 (3) 

Layer 2: Every node i in this layer is a fixed node labeled Π. 
The output of node i, denoting by O2,i, is the minimum value of 
all the incoming signals for the i-th rule. It is given by 
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Layer 3: Every node i in this layer is a fixed node labeled N. 
The i-th node calculates the ratio of the i-th rule’s firing 
strength to the sum of all rules’ firing strength. The output of 
node i, denoted by O3,i, is called normalized firing strength and 
calculated as 
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Layer 4: Every node i in this layer is an adaptive node with 
node function 
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, where O4,i is the output , fi is a crisp output in the consequence, 
and the are the consequent parameter set of node i. The 16 
fuzzy inference rules of fi corresponding to Fig. 2 are 
constructed. 

Layer 5: The single node in this layer is a fixed node 
labeled Σ, which computes the overall output O5 as the 
summation of all incoming signals 
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The ARC based on ANFIS chooses new call blocking 
probabilities PN(t), handoff failure probabilities PH(t), new call 
origination rate NR and mobile user speed V as linguistic 
variables. The new call blocking probabilities and handoff 
failure probabilities are defined as 
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, where NNB(t) is the number of blocked new calls at time t; 
NN(t) is the number of new calls at time t; tc is the current time 
and T is the total simulation time. New call origination rate 
follows Poisson process and mobile user’s speed V decides the 
user’s cell residence time as discussed before. The average 
throughput of Mobile WiMAX and DSRC systems is defined 
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, where N is the total number of successful completion calls 
served in a given cell within the duration of T sec. THx,i,k,j is the 
bandwidth holding time either for new call or handoff call and 
Zj is the assigned number of BBUs for the jth new generation 
call or handoff call. In the preset total simulation time T, the 
throughput RT can be calculated by (10). 

The ARC must be trained to achieve the goal of control 
new call blocking probability and handoff failure probability 
lower than 0.05 while maximizing system throughput. The 
training scenario of the ARC based on ANFIS is summarized 
as follows: 

Four types of data rates, as shown in TABLE I, are chosen 
for the ARC to control the modulation type and channel coding 
rate of the transceiver in PHY-layer. The total number of BBUs, 
C, in each cell are assumed to be 40. The arrival process for 
new-call requests is Poisson with mean rate λ (calls/s/cell), 
which is uniform in all a cell. The range of offered load was 
varied from 0.01 to 0.1 and the interval between two call 
arrivals is 0.01. Five cases of user speeds including 20km/h, 
40km/h, 60km/h, 80km/h and 100km/h are considered. The call 
holding time are exponentially distributed with different means 
for different multimedia traffic types. The mean for UGS is 
120s and the mean for BE、nrtPS and rtPS is 300s. 

Restricting new call blocking probability and handoff 
failure probability to lower than 0.05, figures 2(a) to (e) show 
the average throughput verse new call origination rate for 4 
type BBUs and five kind user speeds. When new call arrival 
rate is low, user can be provided with the maximum bandwidth, 
i.e., type 1, and achieve the maximum average throughput. 
When new call arrival is high, the bandwidth allocated to user 
must be reduced to control new call blocking and handoff 
failure probability lower than predefined threshold 0.05. The 
proper type of allocated bandwidth that control new call 
blocking and handoff failure probability lower than predefined 
threshold 0.05 while achieving maximum system throughput is 
chosen as training data for ARC to construct fuzzy inference 
rule and train the ANFIS architecture. 

After constructing the fuzzy control rules, the premise 
parameters of four MFs and the consequent parameters are 
trained using a hybrid learning algorithm which is a two-phase 
learning scheme. In phase I, a self-organized learning scheme 
called grant descent method is used to construct the inference 
rules and to locate the initial MFs in layer 1; in phase II, a 
reinforcement learning scheme called least square estimator 
(LSE) is used to optimally adjust fi in the layer 4 for 
approximating the ARC output to the desired output in ANFIS 
control rules.  

III. SIMULATIONS  

To compare the performance of the proposed CS-ANFIS-
ARC mode and CS mode, a two-contiguous-cell mobile 
hierarchical network model with the same parameter settings 
was constructed in AWSIM, which is a discrete-event-driven 
simulator [9]. Based on the analysis of the mobility model for 

new call and handoff call, a number of call generators 
generated Poisson arrivals of new call and handoff call requests 
from four type service classes as described before. Figure 3 
shows the handoff rates for a new call and a handoff call (c=1), 
which illustrates that the handoff rates increase with the user 
speed because the cell residence time of the calls is shorter 
when the MS speed is faster. The handoff rate for new call is 
higher than that for handoff call because the call duration of 
handoff call is shorter than that of handoff call. Because the 
cell size of the Mobile WiMAX is larger than that of the DSRC, 
the handoff rate of the Mobile WiMAX is lower than that of 
DSRC. The calculated handoff rate is applied for the following 
simulations.  

Through simulations, both the new call blocking probability 
and the handoff failure probability of the DSRC system are 
approximately equal to zero due to there are no calls in the 
Mobile WiMAX system handoffs or overflows to the overlaid 
DSRC system and the new calls generated in the DSRC 
system will handoff to the Mobile WiMAX system in a very 
short time. Figure 4 shows that the DSRC system has the same 
average throughput for both the CS mode and CS-ANFIS-
ARC mode because both modes can always provide the 
maximum data rate for the users. Figure 5(a) and 5(b) show 
the new call blocking probability and handoff failure 
probability of the Mobile WiMAX system for CS mode and 
CS-ANFIS-ARC mode in terms of five different user speeds. 
Under CS mode, as the call origination rate is increased, so are 
the new call blocking probability and handoff failure 
probability. It can be seen that the average throughput 
increases with new call origination rate, but both the new call 
blocking probability and handoff failure probability exceed 
0.05 when the new call origination rate is greater than 0.07. 
The high traffic load will result in the unacceptable QoS for 
the users of multimedia call services. Under the CS-ANFIS-
ARC mode, both the new call blocking probability and 
handoff failure probability are remained to lower than 0.05 
when the call origination rate exceeds 0.07. Figure 5(c) and 
5(d) show the average throughputs for CS mode and CS-
ANFIS-ARC mode, respectively, in terms of five different 
user speeds. Compared with CS mode, CS-ANFIS-ARC mode 
is able to maintain the average throughput when traffic loading 
is increasing.  

IV. CONCLUSION  

In this paper, the ARC based on ANFIS is proposed for a 
cognitive mobile heterogeneous network. The simulation 
results indicate that the ARC based on ANFIS is able to 
autonomously adjust the data rates to adapt the changing user 
speed and new call origination rate. It is shown that the 
cognitive mobile heterogeneous networks with the proposed 
CS-ANFIS-ARC mode could increase the new call origination 
rate compared with the CS mode. 
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Fig. 1 The system architecture of ANFIS-ARC 
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Fig.2 Mobile WiMAX training data of the ANFIS-ARC for different user speeds: 
(a) 20km/h, (b) 40km/h, (c) 60km/h, (d) 80km/h and (e) 100km/h 
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Fig. 3 Handoff rates for a new call and a handoff call                          Fig. 4 Average throughput for CS and CS-ANFIS-ARC modes in DSRC system 
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Fig. 5(a) New call blocking probability for CS mode and CS-ANFIS-ARC mode, (b) handoff failure probability for CS mode and CS-ANFIS-ARC mode (c) 
average throughput for CS mode (d) average throughput for CS-ANFIS-ARC mode in Mobile WiMAX 

 
TABLE I  

EQUIVALENT BBUS FOR DIFFERENT DATA RATES 

 Data rate UGS BE nrtPS rtPS 

Type 1 64kbps 1BBUs 1BBUs 1BBUs 1BBUs
Type 2 128 kbps 2BBUs 2BBUs 2BBUs 2BBUs
Type 3 384 kbps 6BBUs 6BBUs 6BBUs 6BBUs
Type 4 512 kbps 8BBUs 8BBUs 8BBUs 8BBUs

 


