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ABSTRACT 
Since there is no compatibility between the existing 
different communication systems, networks must be 
independently constituted in a present day.  However, a 
network can be constituted, even when different 
communication systems are used together, by using a 
software defined radio (SDR) function in the base station of 
a network.  Here, if SDR is put into practical use, it is 
possible that conventional terminals, whose communication 
systems are fixed and terminals with the SDR functions are 
both used in a communication environment.  In this network, 
when a base station controls the wireless resources of all 
terminals, communication while considering the influence 
of mutual communication is realizable and improvement in 
the throughput of the network can be expected.  In this 
paper, the resource allocation method in a base station is 
considered, and the throughput in a network of Wireless 
LANs is analyzed. 
 
 

1. INTRODUCTION 
 
Software Defined Radio (SDR) [1], [2], which has the 
ability to change radio functions by change altering the 
software, regardless of the hardware, is currently observed 
and is in an advanced stage [3]. Since it can respond to a 
number of communication systems using this characteristic, 
using SDR in a base station is conventionally studied. 
Although various communication systems exist in the 
present day, there is still incompatibility due to the 
independent operation of each system. However, in SDR, 
even if different communication systems are used 
concurrently, if the base station is SDR, each system can 
connect to each other by relaying through the SDR Base 
Station (SDR BS). 

 For example, Wireless LAN such as IEEE 802.11a, and 
802.11b, whose frequency bands and modulation schemes 
are different from each other, require networks to be 
constituted independently. However, communication 
between different systems is possible by adding a base 
station with SDR BS as a composite element of a network. 
 Additionally, considering IEEE 802.11b and IEEE 
802.11g, where the same network can be constituted from 
setting an access point to IEEE 802.11g, there is a problem 
that the access speed of the IEEE 802.11g terminal falls. 
However, communication of different systems is attained by 
adding a base station with the SDR function as a composite 
element of a network. If the base station can respond to both 
IEEE 802.11b and IEEE 802.11g, it will also be possible 
that it can communicate without reducing access speed. 
 The SDR BS in such an environment needs to change 
radio functions according to the terminals of different 
communication systems. Here, if SDR is put to practical use, 
it is possible that conventional terminals, whose 
communication systems are fixed, and terminals with the 
SDR function (henceforth, SDR terminals) can be 
concurrently used in a communication environment. Unlike 
conventional terminals, SDR terminals can change their 
radio functions. Therefore, when the SDR BS controls the 
communication system of the SDR terminal based on the 
number of and communication systems contained in 
conventional terminals, analysis of the influence of mutual 
communication can be performed, and improvement in the 
quality of the network can be expected. 
 In this paper, the communication control algorithm of 
terminals in the SDR BS in an environment where 
conventional terminals and SDR terminals are used together 
is examined. The controllable radio resources in the SDR 
BS include the communication time with every terminal and 
the communication systems of the SDR terminal. First, the 
data rate used by each communication system is chosen 
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from the allowed BER maximum of terminals and channel 
quality information. Next, the time distributions in the SDR 
BS for every terminal and the communication systems of 
the SDR terminals are derived subject to the request for 
time allocation minimum value. It is shown that the 
throughput characteristic in governed by this control 
method. Moreover, the indicator for maximizing the 
throughput is shown. 
 This paper is organized as follows: In Sect. 2, assumed 
network model is sown. In Sect. 3, parameters used in the 
proposal algorithm are explained. In Sect. 4, analysis of the 
assumed network is shown. In Sect. 5, the communication 
system of the SDR terminal and communication time 
allocation algorithm in the SDR BS is presented. In Sect. 6, 
it is verified in a wireless LAN network. Finally, 
conclusions and future research subjects are given in Sect. 7. 
 

2. NETWORK MODEL 
 
In this paper, the network, which consists of one SDR BS 
and N terminals (terminal 1, 2, …, n, …, N), is assumed 
(Figure 1). It is assumed that base station has SDR function 
and N terminals, which include conventional terminals and 
SDR terminals. Let G express this network, S is the set of 
communication systems in G, and M is the set of 
combinations among elements of S.  

 ( )MSG ,=   

  (1) 

   

 The number of elements of S, si, becomes N (the 
maximum number) when all N terminals use different 
communication systems respectively. The mi, element of M, 
expresses combinations, mi =(communication system of the 
terminal 1, communication system of the terminal 2, …, 
communication system of the terminal N). The value of si 

depends on the number of conventional terminals, and the 
value of mi depends on the number of SDR terminals.  SDR Base Station

Terminal 1
(Communication System S1)

Terminal 2
(SDR)

Terminal 3
(Communication System S2)

Terminal n
(Communication System Sx)

Terminal N-1
(Communication System S3)

Terminal N
(SDR)

…
…

 The Structure of this network changes with 
combinations of communication systems of terminals. 
Therefore, we’ll propose that SDR BS control resources of 
terminals based on the number of terminals and 
combinations of communication systems. In this paper, we 
discuss the case of downlinks that is from SDR BS to 
terminals for simplicity.  
 

3. ASSUMPTIONS OF ASSIGNMENT 
 
3.1. Assignment Objects  

Fig. 1 Network Model 
 

 
In the network as shown in Figure 1, depending on the 
communication system of the destination terminal, SDR BS 
needs to reconfigure its communication system. Here, both 
the SDR terminal and SDR BS can choose their 
communication system. Therefore, the SDR BS can choose 
the communication system with the SDR terminal 
adaptively according to the situation of the other 
conventional terminals. By estimation of the quality of the 
channel, the SDR BS can also control data rate in the 
terminals.  
 Wireless resources, which are assigned to terminals in 
the SDR BS, are as follows; 

(1) Communication time with all terminals 
(2) Communication system in SDR terminals 
(3) Data rate of all terminals 

 
3.2. Parameters Used in Assignment 
 

Table 1. Parameters Used in Assignment 
The number of terminals N(n=1, 2, …, N) 
Allowed BER maximum value Pemax_n 
CNR estimated value CNR_n 
Connection time Ts_n,mi 
Reconfigure time Tr_n,mi 
Data rate B_n,mi 
BER under data rate B_n,mi Pe_n,mi 
Time of 1 cycle T 
Required time allocation ratio 
minimum value 

amin_n 

Required time allocation ratio 
maximum value 

amax_n { }NxsssS x ≤= |,,, 21 L

{ }!|,,, 21 NymmmM y ≤= L  
Parameters used in assignment are shown in Table 1. Here, 
subscripts of each parameter are explained as follows. 
Parameters, which have only subscript n, depend on the 
kinds of data or request to the terminal, and are the eigen-
value of the terminal. Parameters, which have subscript n  
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Tr1 Ts1 Tr2 Ts2 … TrN TsN

Assignment 1 Cycle:  T

Connection time
Reconfiguration time

The time assigned to the terminal 1 :  T･a1

Communication time: T･a1 -(Tr1+Ts1)

  
  
  
  
  
  
  

 
Fig. 2 Time Allocation in SDR Base Station 

  
  

4. ANALYSIS OF THE SDR NETWORK and mi, depend on the communication system of the 
terminal and the combination of communication systems in 
the network. This means that values change according to 
circumstances in each terminal.  

 
4.1. Time Allocation in SDR Base Station 
 
If communication systems of terminals are different, SDR 
BS is required to repeat a reconfiguration of communication 
system, connection with a terminal, and data transmitting. A 
time allocation in the SDR BS when the network is 
consisted of N terminals is as shown in Figure 2. 

z Allowed BER maximum value: Pemax_n 
 This shows the maximum of the bit error rate which is 
allowed by the terminal n. 
z CNR estimated value: CNR_n 
 It is assumed that the SDR BS can estimate the channel 
situation. CNR_n means the estimated CNR value of the 
channel to the terminal n. 

 
4.2. Throughput 
 z Connection time: Ts_n,mi 
When the combination of N terminals’ communication 
systems are mi in the network G, let the throughput TH_mi 
denote as follows.  

 This means the time that the SDR BS takes to connect 
with the terminal n. This depends uniquely on the 
communication system of terminal n. 
z Reconfigure time: Tr_n,mi  Total data transmitted correctly [bit] 

TH_mi [bps] =
The time length of 1 cycle [sec]  This means the time that the SDR BS takes to 

reconfigure its wireless functions for communication with 
terminal n. This depends uniquely on the communication 
system of the terminal n. 

 Breakdown of T na⋅ , the time assignment for the 
terminal n in a cycle, is as Figure 2. Therefore, the data 
number transmitted to the terminal n with data rate, B, in 

naT ⋅  is  z Data rate: B_n,mi  
 This means the data rate of terminal n. Bit error rate, 
Pe_n,mi, depends on B_n,mi.  ( ) ( ){ }

iiiii mnmnnmnmnmn TsTraTPeBth ,,,,, 1 +−⋅−= (3) 
 

 Total throughput (N terminals) is expressed as follows. 3.3. Assignment Cycle 
 ( ) TathTH

n
nmnm ii 







= ∑
=1

,

N

 (4)  
In consideration of communication comparison fairness, 1 
cycle in defined as the length of that a SDR BS has for one 
communication to every terminal, e.g. every terminal can 
communicate with the SDR BS at once in a cycle. 

 
4.3. Terminal QoS 
 

 The ratio of time assigned to each terminal during 1 
cycle is defined as a_n. The time assigned to the terminal n 
in 1 cycle is T . Here, as requests to terminal n, 
following requests about a_n are defined. 

na⋅

Terminal satisfaction with the time allocation ratio assigned 
is evaluated as terminal QoS. Using amin_n, required time 
allocation ratio minimum value, and amax_n, required time 
allocation ratio maximum value, terminal QoS is as follows. 

z Required time allocation ratio minimum value: amin_n 
z Required time allocation ratio maximum value: amax_n 
 The time length of 1 cycle, T, uses a suitable value 
according to the number of terminals. Let a unit of time 
define T_c, T is represented as follows. 
  

(2) 







∞−

<≤
−

=

otherwise

aaa
aa

aa
Q

nn

nn

n
n

n
n maxmin

minmax

min



−
= aa

nn max1

(5)

( ) NTaTT c
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Fig. 3 Allocation Algorithm 

1.   Enumeration of Parameters
• CNR estimated value (from SDR BS)
• Allowed BER maximum 

(from transmitting data)

2.   Decision of Data Rate
• Decide maximum data rate for every 
communication scheme
• Enumerate candidate communication schemes 
in SDR terminals

3. Allocation Communication System and 
Communication Time
•Optimize the time allocation ratio for every 
terminal using the Dynamic Programming 
Method each combination of communication 
systems
• Determination of communication time 
allocation ratio for every terminal
•Determination of the communication system for 
SDR terminal

 

Fig. 4 Allocation Flow in SDR BS 

x      0

N == 0 ?

No

Yes

N == x
&&

CNR == c ?

No

Yes

Allocation Process

Communication 
1 cycle

End

Start

N   check_terminal
CNR check_CNR

x       N
c       CNR

x:  the number of terminals before 1 cycle  
N:  the number of terminals
check_terminal:  check N

c:  CNR estimated value before 1 cycle
CNR:  CNR estimated value
check_CNR:  estimate CNR

5. ALLOCATION ALGORITHM 
 
In this section, Algorithm that control the communication 
time between the SDR BS and every terminal, as well as the 
communication system of the SDR terminals is proposed. 
 
5.1. Algorithm  
 here, the communication of SDR terminals are determined. 
Allocation algorithm for the communication time and the 
communication system of SDR terminals is shown in Figure 
3 and follows. 

 
5.2. Flow in SDR Base Station 
 

1. SDR BS estimates CNR value between BS and 
terminals, and gets CNR_n for every terminal. 

SDR BS performs the allocation described previously by the 
flow as shown in the Figure 4. SDR BS searches CNR_n 
and the number of terminals in each cycle, if they change 
from previous cycle, re-performs the allocation. A change in 
the number of terminals is considered, since it could 
decrease by having a terminal finishing data transmission, 
or increase by having a new terminal starting data 
transmission. 

2. SDR BS searches S, which is the set of communication 
systems in G, and M, which is the set of combinations 
among elements of S. Here, candidate of 
communication systems for SDR terminal are 
enumerated. 

3. Maximum data rate for every communication system, 
which satisfies the following equation, is selected. 

 ( )
ni

PeCNRPe nmn max, ≤  (6) 
 

6. VERIFICATION UNDER WIRELESS LAN 
NETWORK 4. Determine the aim of optimization in the network, and 

optimize the time allocation ratio a_n for every 
terminal using the Dynamic Programming Method [4] 
each mi. Optimization is subject to amin_n, which is 
the required time allocation ratio minimum value. 
Choose the combination which most satisfy the aim,  

 
In this section, we verify the proposed algorithm in network 
using Wireless LAN. 
 
6.1. Network Model 
  
It is assumed that there are a SDR BS, and 10 terminals. 
Communication systems used in the network are IEEE 
802.11a and IEEE 802.11b. Terminals are some  
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Tr1

Assignment 1 Cycle:  T

Reconfiguration time
Communication by IEEE 802.11a

… Trn…
…
…

Communication by IEEE 802.11b
Reconfiguration time

  
  
  
  
  
  
   

Fig. 5 Time Allocation in SDR BS Under W-LAN Network   
  

These are expressed following recursive equations, and it is 
possible to use Dynamic Programming Method. 

conventional terminals and SDR terminals. Data is 
transmitted to terminals from SDR BS. 
 Here, this network is expressed as follows using Eq. (1).  

( )MSG ,=
sS ==

  
{ }bIEEEsaIEEE 11.802,11.802 21 =
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(10)
 
6.3.1. Simulation Parameters 
 

Table 2. Simulation Parameters 
Communication system IEEE 802.11a IEEE 802.11b
Allowed BER maximum 
value 

10-5 10-5 

CNR estimated value 12dB 20dB 
Data rate 24Mbps 11Mbps 
BER  5.1*10-9 5.6*10-8 

  
6.2. Time Allocation in SDR Base Station 6.2. Time Allocation in SDR Base Station 
  
Time allocation in SDR BS is shown in Figure 5. Time allocation in SDR BS is shown in Figure 5. 

  SDR BS needs reconfiguration time when it switch to 
IEEE 802.11a from IEEE 802.11b, or to IEEE 802.11b from 
IEEE 802.11b. In this paper, the order of terminals is 
decided that make reconfiguration time minimum.  

 SDR BS needs reconfiguration time when it switch to 
IEEE 802.11a from IEEE 802.11b, or to IEEE 802.11b from 
IEEE 802.11b. In this paper, the order of terminals is 
decided that make reconfiguration time minimum.  

Parameters used in verification are shown in Table 2. For 
simplicity, CNR estimated value and allowed BER 
maximum value are same for each communication system.  
 Using a receiver sensitivity performance of IEEE 
802.11a and IEEE 802.11b technical standard, under 
parameters of Table 2, data rate and BER under the data rate 
are derived as shown in Table 2 [5][6]. 

  
6.3. Application of Dynamic Programming Method 6.3. Application of Dynamic Programming Method 
  
It is shown the optimization of time allocation ratio for each 
terminal whose aim is maximizing the total throughput in 1 
cycle in the network using Dynamic Programming Method. 
From Eq. (3) and (4), the allocation problem is represented 
as follows. 

It is shown the optimization of time allocation ratio for each 
terminal whose aim is maximizing the total throughput in 1 
cycle in the network using Dynamic Programming Method. 
From Eq. (3) and (4), the allocation problem is represented 
as follows. 

 
6.3.2.Total Throughput in 1 Cycle 
 

  ( ) [ ]NNN THkf max=( ) [ ]NNN THkf max=     

  ( )( ) TathTH
n

nnN








= ∑
=1

( )

N

 (8) 

 ( ) ( ){ }
nnn srn TTa +−⋅

10=N
ennn TPBath ⋅−⋅= 1  

   

A total throughput in 1 cycle is shown in Figure 6. It 
increases with the growth of the number of IEEE 802.11a 
terminals. The time allocation ratio is optimized, and it is 
shown that the total throughput maximization is attained. 
This gives suggestions to switching the communication 
systems of SDR terminals. 
 
6.3.3 Terminal QoS 
 

Subject to  Average Terminal QoS is shown in Figure 7. Both 
IEEE 802.11a and IEEE 802.11b change by optimization of 
the time allocation ratio. Since the aim is to maximize the 
total throughput, terminals of IEEE 802.11a that have 
bigger data rate than IEEE 802.11b are given 
communication time more than terminals of IEEE 802.11b. 

 1
1

== ∑
=n

nN ak

aan min≥

N

 
(9) 

 
n
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 7. CONCLUSIONS    

In this paper, the communication control algorithm of 
terminals in the SDR BS in an environment where 
conventional terminals and SDR terminals are used together 
is proposed. It is shown that improvement in the throughput 
of the network can be expected using the proposed 
algorithm.  

 
 
 
 
 
 
 

 When the aim of optimization is only maximizing the 
total throughput in 1 cycle in the network, there is 
difference in terminal QoS. Therefore, It turns out that the 
assignment, which also considers terminal QoS 
simultaneously with throughput, is required. This is our 
future work. 
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