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Abstract. Next generation network must be a situation that a variety of RATs (radio access tech-
nologies) coexist and integrate. Aiming at improving user’s QoS (Quality of Service) effectively, a 
mobile terminal access network selection strategy with multi-constraint conditions is proposed. 
Based on the preferences of user and QoS standards of multiple access networks, the strategy con-
sidered different types of business and their priorities at the same time, and given the cost function 
for each wireless network. According to the minimum and best principle, the Strategy selected the 
most suitable network combinations to do parallel transmission. Simulation results show that the 
strategy can greatly improve the data transfer rate, as well as decrease the traffic blocking rate. 

1 INSTRUCTION 

Accompanied by the emergence of various wireless network access technology, wireless net-
work has the obvious characteristics of isomerization. How to realize the interconnection of hetero-
geneous networks has become one of the hot topics [4]. The interconnection of heterogeneous net-
work, which refers to the terminal can make full use of all kinds of the wireless network, can be in 
smooth switching between different networks. So it can realize fast communication, and mobile 
terminal’s QoS for different services can be guaranteed in the heterogeneous network environment 
and obtain better service quality [2,3]. Therefore, by studying the network awareness, multi-mode 
terminal network selection and handover execution based technology, users can select the optimal 
network to access whenever and wherever, so it can guarantee the QoS requirements of different 
users, which has very important realistic meaning. At present, the methods of access selection in 
heterogeneous wireless networks have many literatures, and the literature [7] presents the access se-
lection algorithm for load balancing. According to the principle of what access control, dynamic 
vertical handoff and shortest sojourn time, the algorithm respectively set the voice service and data 
service into appropriate cellular network and WiMAX network. In the literature [5] SHI Wenxiao et 
al proposed the access selection algorithm based on the radial basis function fuzzy neural network. 
The algorithm equals each network’s traffic blocking rate to achieve dynamic adjustment of the 
load of networks. 

.In most existing algorithms, they only consider MMTs (multi-mode mobile terminals) to choose 
only one network access and consideration is single. So it is difficult to accurately reflect the degree 
of the network load and the actual situation. If multiple wireless interfaces can work at the same 
time, the MMT can choose a plurality of networks to access at the same time, and the data can be 
parallel transmitted through these wireless networks. Based on this mechanism, the transmission ef-
ficiency of the MMT will be significantly improved, and the user's QoS will be greatly enhanced. 
Now there only are a small amount of research about parallel transmission in heterogeneous net-
work, the literature [9] studied the sharing resources allocation problem which can realize parallel 
transmission ,and the literature [10] mentioned a parallel transmission on vertical handoff algo-
rithm. But they are concentrated in the network control, without considering the mobile terminal ac-
tive access selection problem. 
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Aiming at the above problems, this paper presents an access selection algorithm of multi con-
straint conditions. And it considers not only the problem of choice preference of the user, but the 
classification about services type and its priority. In order to achieve the optimal QoS, the algorithm 
will select the multiple networks’ optimal combination to realize parallel transmission, which is the 
minimum cost network combination. 

2 THE SYSTEM MODEL 

As shown in Figure 1, in the system model, each terminal can have N available network to ac-
cess {RAT1, RAT2,…, RATn}. Each MMT, having M (N>M) multiple radio network interface 
cards (NICs), can access multiple RATs to realize parallel transmission. The MMT has two mod-
ules to control the selection about access network, which is the NIC control module and the net-
work selection control module. The NIC control module periodically not only collects terminal 
message and parameter information terminal around RATs, but also sends them to the network se-
lection control module. Finally, the network control module selects the access network. 

By the NIC control module, users can find a lot of useful information for the final choice of net-
work, such as the price, the residual bandwidth, power, wireless link quality and network load rate. 

1. Cost: depending on the data rate through the connection to the wireless link at a given time, 
the unit is units/MB. 

2. Remaining bandwidth: the remaining bandwidth of an access network determines the maxi-
mum data rate that the network may implement under certain conditions, the unit is kpbs. 

3. Power consumption: when the terminal access network transmission services, it needs to con-
sume some power, the unit is W. 

4. Quality of wireless link: signal-noise ratio of the wireless link and signal interference noise 
can well reflect the quality of transmission quality of the wireless link, the unit is dB. 

5. Load rate: Load rate reflects the degree of access networks being occupied by other users with 
0 and 1, respectively, indicating unloaded and heavily loaded. 

In order to better meet the need of users, The MMT integrates a user interface to help users set 
preferences value in accordance with the parameters mentioned above. According to users’ prefer-
ences and RATs’ parameter values, the management module about selecting network determines 
the most appropriate network to access, and transmits control information back to the NIC man-
agement module, and makes it connect the appropriate interface and connects different networks on 
these interfaces for parallel transmission of the application service. 

 
Fig. 1 terminal control selection in heterogeneous wireless network framework of access network 

3 ACCESS NETWORK SELECTION STRATEGY 

The strategy in this paper, referencing to the services classification method in the literature [6], 
divides the services into three categories, which are switching real-time services, new real-time ser-
vices and non real-time services, and their services priority decrease with this order. 

The users can set the preference value about the price, the residual bandwidth, power consump-
tion, wireless link quality and load rate, which have been already mentioned above. The strategy 
considers the different services priorities and which network is fit to this type of the services. This 
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paper presents a cost function about the candidate networks’ QoS to obtain the best combination of 
the networks, and the following will discuss in detail. 
3.1 The cost function of candidate network 

As shown in Figure 1, the MMT selects M networks to access from N RATs. 
The mobile terminal has N candidate networks to access, the access solution whose QoS is opti-

mal is the optimal access scheme, namely the best solution is the network combination scheme with 
minimum cost function value. 

Designing a reasonable cost function is very important, and the strategy of cost function is given 
by the formula (1): 

n n

a

a

F F     (1) 

Among them, 
nF , the cost function of the network N, said mobile terminal need to paid the price 

for all applications from the network N. 
n

a
F  said mobile terminal need to paid the price for the ap-

plication a from the network N[11]. Absolutely, cost is as small as possible.The formula is given by 
(2): 

n n n

a a a
F E Q    (2) 

In the formula, 
n

a
E  is the elimination factor when network n provide the application a for the 

mobile terminal. For example, high voice services, like RT, have high requirements on real-time, 
while the data services, like NRT, have high requirements on data transmission rate requirements 
but low requirements on the delay. Cellular networks cover a wide range and have high link quality, 
while WiMax networks can provide high-speed connections, so if the voice business priority access 
cellular networks, and data services priority access to WiMax networks. If the network n is not very 
suitable for a, it can get a relatively large value, then the cost function is large and have little chance 

to be chose. 
n

a
Q  represents the QoS that the network n provide users with a, which has given by 

formula(3): 
1

3
n

a

a
E

a
 

，    the network is fit for 

，the network is not fit for 
 （3） 

The cost function is shown in formula (4): 

, ,
i

=n n n
a a i a iQ W Q    (4) 

Among them, i  represents the network selection factor for every RAT, namely the above men-
tioned price, the residual bandwidth, power, wireless link quality and the load rate, which have been 

mentioned above. For each factor, ,

n

a i
W  ( , 1n

a iW   ) is the embodiment of the users’ preference. The 
users can set different weights according to their own preferences, and the weight values of 0, 2, 4, 
6 mean very important, important, not important and not considering, respectively. Users can set 

,
B

n

a i through GUI provided by MMT. Therefore, ,

n

a i
W  can be calculated by formula (5): 

, , ,
j=1

=B / B
I

n n n

a i a i a iW     (5) 

Among them, I is the total number of factors to be considered, and ,

n

a i
W =1. 

n

a
Q  is composed of the network parameters ,

n

a i
Q that has been normalized and the corresponding 

weight ,

n

a i
W . In order to prevent the impact of significant  

differences among the network parameters of the cost function, it is need to normalize network 
parameters [8,1]. All the range of networks’ parameters are consistent after normalization, and its 
importance will be embodied by the weight of value. 

Before normalization, it is need to classify the parameters, which can be divided into the follow-
ing two categories: 

985



1, The higher values indicate worse performance, such as price (c) and load rate (l). 
2, The higher values indicate better performance, such as the rest of the bandwidth (r), power (p) 

and wireless link quality (q). 
For these two types of parameters, the methods for normalization are different. We assume that 

maxi and mini  are the maximum and the minimum values for the parameters respectively, and ( )Z i is 

the result after normalization for parameters. So, we can get , ( )n
a iQ Z i .

If i  is the first type of parameters, its procession can be divided into the following three kinds 
of circumstances: 

min max min
( ) ( ) ( )Z i i i i i     ( min maxi i i  ) 
( ) 0Z i  ( mini i )   (6) 
( ) 1Z i  ( maxi i ) 

If i  is the second type of parameters, its procession can be divided into the following three 
kinds of  

circumstances: 
max max min

( ) ( ) ( )Z i i i i i     ( min maxi i i  ) 
( ) 1Z i  ( mini i )    (7) 
( ) 0Z i  ( maxi i ) 

3.2 Access network selection strategy 

A MMT can access multiple networks, and use them for transmission to meet the better QoS re-
quirement. The strategy about choice in this paper is to select the minimum cost function combina-
tion, and satisfy the requirements of a plurality of RATs combined with multiple constraints. 

min
T

U
F U 

 
   (8) 

Among them, F


= 1 2 ,..., ]NF F F   is price vector, and U = 1 2 ,..., N     is RATs’ choice vector
k {0,1}  . If RAT is chose by a MMT, k =1, otherwise k =0. As N>M, so there are at most M
k =1.

formula (9), ck  represents the price of kRAT  in unit date, and k kc r  represents the price in unit 

time, and C represents unit total price upper bound. In formula (10), kp represents service con-

sumption of electricity in kRAT , P represents the total power consumption of the upper bound of all 

services. In formula (11), kr  represents the remaining bandwidth in kRAT , and P represents the 
minimum required bandwidth for services on the network. 

By solving the formula (8), a question about choice of access in a multi constraint conditions, we 

can get the best combination. For example, if 1 2 4= = =1   , other k =0, the best combination of ac-

cess network is { RAT1 , RAT2, RAT4 }. There are 2M M
NC     combinations for access network in 

totally. In the   actual case, the N and M values are very small, so we can use existing methods to 
solve the problem of the multi constraint conditions. 

When the user is in a multi network coverage area, the MMT can be based on user’s preferences 
to choose the most suitable network combination mode to access and parallel transmit services by 
them. The details of the algorithm are shown as follows. 

Network access selection algorithm: 

Input: N kRAT ’s kF    Output: min
T

F U
 

1, Determine the services type and priority access with high levels of services. 

2, Calculate kF  for every kRAT , k N  . 
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3, For each kRAT ( k N  ), set k =0 or 1, and the number of k =1 is less than M, and get 
2M M

NC access network combination modes of RATs. 

4, For each network combination, calculate 1

.
N

k k k
k

c r



、 1

.
N

k k
k

p



、 1

.
N

k k
k

r



. 

5, Exclude the network combination conditions, which isn’t satisfy formula (9), (10), (11). 
6, Select the minimal one to access in the remaining network combinations satisfying formu-

la(9),(10),(11). 
7, If there are not network combinations satisfying formula (9), (10), (11), search and select the 

minimal network combination to access. 

4 THE SIMULATION EXPERIMENT 

In order to verify the effectiveness of the proposed network access scheme above, this paper 
made contrasting experiments and analysed the experimental  results from considering services 
priorities and setting different networks parameters in different users. 
4.1 The experimental parameter setting 

The experiment has 6 optional network for access, 3 WiMax networks and 3 TD-LTE networks, 
and each MMT has 4 NICs, which can choose four networks to access for parallel transmission. In 
practical situations, the network performance values are constantly  changing because of the 
changes in the user's mobile and network conditions, so we can assume that these factors generate 
randomly in a range of values of a  periodic changing. According to the actual respective charac-
teristics of TD-LTE and WiMax network, the network parameters are set as shown in table 1. 

Table 1 the network parameters 
ts/MBMB- r/Kpbs p/W q/dB l 

WiMax 0~50 100~1500 1~5 0~12 0~1 

TD-LTE 0~20 1000~2500 1~8 0~6 0~1 

According to the general users’ information, in the  experiment we set the value of restrictions 
mentioned above (9), (10), (11), C=60(units/MB)，P=6W，R=1000Kbps. 
4.2 Priority experiment 

In the process of simulation, the initial services of RATs network randomly distributed in over 
lapping coverage area, and new services randomly distribute in the network according to the Pois-
son distribution. 

Traffic congestion is an important factor for the performance evaluation index of service priority. 

The network blocking probability b
P  is closely related to access service load   , and b

P  will in-
crease with the increasing of access service load. From the    contrasting Fig. 2 (a) and (b), with-
out considering the services priority, the three services’ network blocking probability obviously in-
crease with the services increasing and the growth rate have no difference. With considering the 
services priority, switch RT’s network blocking rate is the lowest with the equal access service 
load, and is the slowest rate of growth; and the NRT’s network blocking rate is the highest. 
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Figure2(a) not consider the business priorities 

 
Figure 2(b) consider business priorities 

As shown in Figure 2 (c), the average blocking rate of network access algorithm considering the 
services ’priority is less than not considering priority. Thus we can know that the network access 
algorithm considering the services ’priority reduce the blocking rate, so the networks‘ resource uti-
lization can be improved. 

 
Figure 2(c) business average blocking rat 

4.3 User preference 

We assume that a video stream is running on a MMT with 1500s, and the buffer size at t is b[t], 
as shown in the formula (13). 

 

 

rate[t] is the data rate of a receive buffer. playR
 says the playback rate. 10 playR

 is the maximum 
data can be buffered in the beginning. Assume that the networks’ conditions change once per 10s, 

and the MMT choose a combination of multiple RATs for parallel transmission. If rate[t]< playR
at t, 

the value of b[t]   reduced. When b[t]=0, the buffer is empty, then the media applications inter-
rupt. 

We assume the users’ preference values are 1 = [6, 4, 6, 2, 2] and 2 = [2, 6, 2, 6, 4] respective-

ly, corresponding to [c, r, p, q, l]. Obviously, the user 1  care more about the price cost and power 

consumption, and the user 2  considerate more the influence factors of the transmission rate. 
From Figure 3 we can observe that the interrupt time of user1 is lower than user 2, namely the 

average transmission rate of user 1 is lower, and know that the interrupt time ratio of user 1 will in-
crease with time . 
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Figure 3 blocking rate of different preference values 

From the contrast of Fig. 4 (a) and (b), we can easily observe that the price and power consump-
tion of user 2 are higher than user 1, what are due to the   different preferences of different users. 
The users can set the corresponding element values according to their own needs. Therefore, that 
the users’ preferences and the threshold of different factors set reasonably are very important for 
choosing the appropriate networks. 

 
Figure 4(a) price 

 
Figure 4(b) power consumption 

5 CONCLUSION 

In the heterogeneous network environment, the problem about access network selection has been 
one of the hot issues in the next generation wireless networks. This paper presents an access control 
scheme for the selection of the terminal, and the users can according to their own preferences to set 
different network parameters. What’s more, in this paper, considering different services priorities 
and different services type, the minimal cost problem about access network is converted to a prob-
lem with multiple constraints. List all network combinations, in accordance with the strategy to 
choose the best combination of access. The simulation results show that the users can choose differ-
ent network parameters according to their needs to meet the user's QoS requirements, with consid-
ering the different services priorities and different service types to select the appropriate one, which 
can reduce the blocking probability of the network and improve the utilization rate of cyber source. 
Moreover, the experiment also show that the parallel transmission method increases the efficiency 
of network transmission greatly by increasing a little cost and power consumption. 
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