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ABSTRACT 
 
The most important target of a spectrum sharing is 
maximizing the performance of an unlicensed user 
(secondary user: SU) under the protection of licensed users 
(primary user: PU). A lot of researchers have been proposed 
spectrum sharing methods of maximizing the SU 
performance while protecting the PU. However, the 
spectrum sharing among multiple SUs with considering 
spatial efficiency has not been considered. When multiple 
SUs exist, channel assignment methods are required to 
maximize each SU performance under the limitation of the 
aggregated interference toward the PU. However, the 
minimization of mutual interference among SUs causes 
sparsely spectral utilization of spectrum in a point of spatial 
domain. In this paper, in order to realize high dense SUs 
with keeping interference constraint, we propose a novel 
channel assignment method targeting high spatial efficiency 
while keeping minimum required signal power to 
interference power plus noise power ratio (SINR) of each 
SU. In order to achieve high spatial efficiency, the central 
control server is prepared and it assigns the channel of white 
space (WS) to SUs based on relative distance among SUs 
and interference conditions. The central control server 
assigns the channels to shorten the distance among SUs 
under considering aggregated interference to be kept less 
than the allowable interference at cell boundaries of SUs. 
We confirm the effectiveness of the proposed method 
through computer simulations. 
 
 

1. INTRODUCTION 
 
In recent years, the demand of frequency resource increases 

with diversification of wireless communication systems. 
The current frequency resource allocation policy is 
exclusively allocating the dedicated spectrum to each 
wireless communication system. Therefore, it is difficult to 
allocate sufficient frequency resources to new application 
services and to enhancing existing systems. In a future 
wireless communication, it is necessary to bring a new 
paradigm shift of the spectrum resource allocation. 
According to a report of Federal Communications 
Commission (FCC), there is temporal and spatial vacant 
spectrum and the current utilization ratio of spectrum is less 
than 15 percent [1]. Therefore, spectrum is not always used 
fully and unused licensed bands called White Space (WS) 
exist. 
 In order to improve the spectral efficiency, a spectrum 
sharing using cognitive radio technology has been proposed. 
Cognitive radio is able to change communication parameters 
according to the surrounding wireless environment [2]. In 
the spectrum sharing, unlicensed user (secondary user: SU) 
can only access licensed band which is not used by licensed 
user (primary user: PU) if the interference toward the PU 
can be avoided. In other words, the SUs have to access the 
WS with lower priority than the PU. In order to meet the 
condition, the method that protects the PU by controlling the 
transmit power of the SU has also been proposed [3]. The 
constraint of the PU protection is also applied when multiple 
SUs exist. In this case, it is necessary to control aggregated 
interference toward the PU. Furthermore, in the case of 
multiple SUs use the same channel, it has to be noted that 
there is a possibility each SU communication quality 
decreases due to mutual interference among SUs. The 
performance of SUs has to be assured under protecting PU. 
In [4], the medium access control protocol that tries not to 
degrade the PU communication quality by limiting the 
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Fig. 1 Image of the system model. 
 
aggregated interference at PU has been proposed and 
improves SU performance. In [5], [6], the PU is protected 
by controlling the transmit power of SUs. The medium 
access control protocol for avoiding collision of signals 
among SUs has been studied in [7]. In [8], the channel 
assignment method for maximizing the throughput of each 
SU with constraint of aggregated interference toward PU 
has been proposed. However, such the channel assignment 
causes a spatially sparse utilization of frequency resources if 
multiple SUs exist, because the relative distance between 
SUs on the same channel is maximized in order to minimize 
the mutual interference among SUs. As a result, 
communication opportunities of SUs which want to start 
communication are reduced. To solve this problem, it is 
better that SUs have to be packed densely as much as 
possible. Therefore, in this paper, we propose a novel 
channel assignment method targeting high spatial efficiency 
while keeping minimum required SINR of each SU. In the 
proposed method, the central control server assigns WS 
channels to SUs based on relative distance among SUs and 
interference conditions. The central control server makes 
channel allocation to shorten the distance among SUs under 
limitation of the aggregated interference less than allowable 
interference at the cell boundaries of SUs. We confirm the 
effectiveness of the proposed method through computer 
simulations. In simulation results, we confirm that it is 
possible to perform the channel assignment with high spatial 
efficiency while keeping every SU communication quality 
by using the proposed method. 
 

2. SYSTEM MODEL 
 
In this section, the detail of the system model is described. 
This paper focuses on the spectrum sharing among multiple 
SUs under multiple candidate channels. The coexistence 
environment model of multiple SUs is considered as shown 
in Fig. 1. In this model, each SU has a fixed cognitive base 
station like a base station of cellular communication system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Flow diagram the proposed method. 
 
Furthermore, in our assumption, all SUs are registered to the 
central control server with parameter information as location 
information, transmit power, cell radius and minimum 
required SINR of the cell boundary. Communication link of 
each SU is established on the selected channel from multiple 
candidate channels. These cognitive base stations of the SUs 
can access only available channel assigned by the central 
control sever.  
 In this paper, the central control sever calculates 
channel conditions whether the WS can access the channel 
with satisfying the constraint or not, and only approved WS 
channels are listed as available channels for SU 
communication. Here, the mutual interference between the 
PU and each SU is ignored, because we consider the SU is 
located far enough away from the PU. Therefore, we just 
require considering spectrum sharing among SUs. The 
terminals of the SU are interfered by the cognitive base 
station of other SUs accessing the same frequency band. 
The central control server decides the target area for 
spectrum allocation based on the location information of all 
SU, and selects an anchor point as the origin ܱ  which is 
located one corner of the target area. 
 
3. PROPOSED CHANNEL ASSIGNMENT METHOD 

 
In this section, the detail of the proposed channel 
assignment method is described. In order to achieve high 
spatial efficiency of spectrum, it is necessary to minimize 
the relative distance between SUs accessing the same 
channel. Additionally, to maintain SU communication  
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Fig. 3 Example of selecting the SU. 
 
quality, the minimum required SINR of SUs has to be kept 
at the SU cell boundary. Figure 2 shows the flow diagram of 
the proposed channel assignment method. Three blocks 
drawn in Fig. 2, “Select channel”, “Select SU” and “Decide 
channel assignment” are shown detail as follows. 
 
 Select channel 
The central control server selects the candidate channels 
from the order of a lower frequency channel in the target 
area. Let ܥୱୣ୪  denote the channels which are selected by 
central control server. 
 
 Select SU 
The central control server selects the nearest SU from the 
origin  ܱ  from the SUs that satisfy the condition. The 
condition is that the SU does not have any assigned channel 
and has not been selected in order to assign the channel ܥୱୣ୪. 
 Figure 3 shows the example of selecting SU. In Fig.3, 
SUs of cell with a diagonal pattern denote SUs that already 
have an assigned channel. SUs of cell with a grid pattern 
denote SUs that do not have any assigned channel ܥୱୣ୪ yet 
due to not satisfying the condition of channel assignment. 
SUs of plain cell denote SUs do not have already assigned 
channel because those SUs do not have a chance of 
processing channel assignment yet. In the case of Fig. 3, the 
central control server selects the SU that is arrowed by the 
dashed line. 
 Let ݏ  denote the SU that is selected by the central 
control server for starting channel assignment can be stated 
as 

ݏ  ൌ arg min
௜אஈ

ቀඥݔ௜
ଶ ൅ ௜ݕ

ଶቁ, (1)

where ݅ is arbitrary SU, ݔ௜, ݕ௜ denote coordinates of ݅-th SU, 
Π is a set of unprocessed SUs. Here, ݅ ,  ݆, ݇  are different 
arbitrary SU. 
 
 Decide channel assignment 
The central control server decides whether the channel ܥୱୣ୪ 
can be assigned to SU with satisfying the interference  

 
 
 
 
 
 
 
 
 

Fig. 4 Channel assignment decision (݊஺ ൌ 1). 
 
condition. Let ݏ-th SU denote the SU which is selected by 
the central control server in “Select SU” process. The basic 
policy of the proposed method is that two adjacent SUs 
using the channel ܥୱୣ୪ to ݏ-th SU are chosen and the central 
control server checks the condition of channel assignment. 
The algorithm to check the condition for assigning the 
channel is different according to the number of SUs that 
already have the same channel ܥୱୣ୪  in the field. Le ݊஺ t  
denote the number of SUs with the channel ܥୱୣ୪ . The 
algorithms for channel assignment are classified into three 
cases: (i) ݊஺ ൌ 0, (ii) ݊஺ ൌ 1 and (iii) ݊஺ ൒ 2. The channel 
assignment algorithms of each case are described below. 
 
(i) ݊஺ ൌ 0 
In the case (i)，there is no SU that already has the channel 
 ୱୣ୪. In this case, the central control server unconditionallyܥ
assigns the channel ܥୱୣ୪ to the ݏ-th SU.  
 
(ii) ݊஺ ൌ 1 
When the number of SUs that already have the channel ܥୱୣ୪ 
is one, it is necessary to consider the mutual interference 
between the ݏ-th SU and the SU has the channel ܥୱୣ୪  in 
order to keep the SU communication quality. In this case, it 
is necessary to consider the SINR of both the ݏ-th SU and 
the SU has the channel ܥୱୣ୪, because the channel assignment 
affects not only the ݏ-th SU but also the SU has the channel 
 ୱୣ୪. Thus, in the case (ii), the central control server makesܥ
the channel allocation decision to satisfy the interference 
constraint at two points of cell boundaries. In this paper, 
transmit signal is affected by only the propagation loss 
depended on the distance. The propagation loss is calculated 
by 

ሺ݀ሻܮ ሾdBሿ ൌ െ10 logଵ଴ ൬
ߣ

଴݀ߨ4
൰

ଶ

൅ 10݊୪୭ୱୱ logଵ଴ ൬
݀
݀଴

൰, (2)

where ߣ is the wavelength of the carrier frequency, ݊୪୭ୱୱ is 
propagation factor, ݀଴ denotes a reference distance, ݀ is the 
distance from SU transmitter. Let ܵBDRY,௜ denote the signal 
power of ݅-th SU at cell boundary, ܵBDRY,௜ can be calculated 
as 

ܵBDRY,௜ ሾdBmሿ ൌ ௜ܹ ሾdBmሿ

െ ܮ ቆට݄௜
ଶ ൅ ܴ௜

ଶቇ ሾdBሿ, (3)
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where ܴ௜  means the cell radius of ݅-th SU, ௜ܹ  denotes the 
transmit power of ݅-th SU, ݄௜  is the antenna height of ݅-th 
SU. Therefore, the allowable interference of ݅-th SU is given 
by 

 ௜ܲ ൌ
ܵBDRY,௜

௜ߛ
െ ܰ, (4)

where ௜ܲ  denotes the allowable interference of ݅-th SU, ߛ௜ 
means the minimum required SINR of ݅-th SU, ܰ denotes 
the average noise power. In eq. (4), all parameters are a true 
value. In order to assign the channel under the SINR 
constraint, it is necessary to calculate the SINR of the SU at 
the closest cell boundary to other cognitive base station. 
Because, the closest cell boundary to other cognitive base 
station is the minimum SINR point within the cell coverage. 
Let ݊ଵ  denote the SU is the closest to ݏ -th SU. Here, 
൫ݔ௜,௝,  ௜,௝൯ denotes the closest cell boundary point of ݅-th SUݕ
to the cognitive base station of ݆ -th SU. ൫ݔ௜,௝, ௜,௝൯ݕ  is the 
intersection point of the cell boundary with the line 
connecting the centers of the two adjacent cells. Figure 4 
shows the case of ݅ ൌ ݏ  and ݆ ൌ ݊ଵ . In this case, 
൫ݔ௦,௡భ

, ௦,௡భݕ
൯ is the closest cell boundary point of ݏ-th SU to 

the cognitive base station of ݊ଵ-th SU. Let ܦ௜,௝  denote the 
length of the line connecting the centers of the two cells. 
൫ݔ௜,௝,  ௜,௝൯ can be written byݕ

௜,௝ݔ  ൌ ௜ݔ ൅
ܴ௜

௜,௝ܦ
൫ݔ௝ െ ௜൯, (5)ݔ

௜,௝ݕ  ൌ ௜ݕ ൅
ܴ௜

௜,௝ܦ
൫ݕ௝ െ ௜൯. (6)ݕ

Since, the closest cell boundaries of ݊ଵ-th SU and ݏ-th SU 
are expressed as൫ݔ௦,௡భ

, ௦,௡భݕ
൯, ൫ݔ௡భ,௦,  .௡భ,௦൯ illustrated in Figݕ

4. In this paper, we consider the assignment conditions as 
the 95% interference limit based on SINR is the threshold 
for decision of channel assignment when the ݊஺ ൌ 1  for 
taking the SINR margin. The reason for this margin is that it 
is difficult to satisfy the condition of which the channel ܥୱୣ୪ 
is assigned to ݏ -th SU and there are possibility that the 
channel ܥୱୣ୪ is not assigned to ݏ-th SU in the case (iii) if the 
interference is nearly equal to allowable interference at cell 
boundary in the case (ii). From the above, if the interference 
from ݊ଵ-th SU is lower than 0.95 ௦ܲ at ൫ݔ௦,௡భ

, ௦,௡భݕ
൯ and the 

interference from ݏ -th SU is lower than 0.95 ௡ܲభ  at 
൫ݔ௡భ,௦,  th SU by-ݏ ୱୣ୪ is assigned to theܥ ௡భ,௦൯, the channelݕ
the central control server. Let ܫ௜,௝

௞  denote the interference 
from the ݇-th SU to ൫ݔ௜,௝,  ௜,௝൯, it is given byݕ

 
௜,௝ܫ

௞ ሾdBmሿ ൌ ௞ܹሾdBmሿ

െ ܮ ቆට݄௞
ଶ ൅ ൫ݔ௜,௝ െ ௞൯ݔ

ଶ
൅ ൫ݕ௜,௝ െ ௞൯ݕ

ଶ
ቇ ሾdBሿ. (7)

Therefore, the condition of which the channel ܥୱୣ୪  is 
assigned ݏ-th SU is expressed following equations, 

 ቊ
௦,௡భܫ

௡భ ൑ 0.95 ௦ܲ  
௡భ,௦ܫ

௦ ൑ 0.95 ௡ܲభ

. (8)

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Channel assignment decision (݊஺ ൒ 2). 
 
(iii) ݊஺ ൒ 2 
In this case, two or more SUs already have the channel ܥୱୣ୪ 
in the previous step. As well as the case (ii), it is necessary 
to consider the mutual interference among ݏ -th SU and 
multiple SUs have the channel ܥୱୣ୪  in order to keep SU 
communication quality. If the channel ܥୱୣ୪ is assigned to the 
new SU, the mutual interference from the new SU affects all 
SUs that have the same channel ܥୱୣ୪. Therefore, in the case 
(iii), the central control server makes channel assignment 
decision whether the aggregated interference is less than the 
allowable interference at the affected cell boundaries. 
However, it is too complicate to calculate the interference 
situation caused by the effect of channel assignment results 
considering all SUs. Therefore, this paper proposes the 
simplified channel assignment evaluation for multiple SUs. 
In the proposed method, only two adjacent SUs using the 
same channel to ݏ  -th SU are chosen for the impact 
evaluation. Here, the SUs adjacent to ݏ-th SU are decided by 
the closer distance SUs from the candidate SUs. In order to 
evaluate the interference, we have to consider six points at 
cell boundaries. Six points are six red dots that is 
intersection points of the line connecting the centers of the 
two SUs and each cell boundary, such as shown in Fig. 5. 
Let ܣ is a set of the SUs that have the channel ܥୱୣ୪, ݊ଵ is the 
closest SU to ݏ-th SU, and ݊ଶ denotes the second closest SU 
to ݏ-th SU. Let ݊ଵ and ݊ଶ are given as follows. 

 ݊ଵ ൌ arg min
௜א஺

ቀඥሺݔ௦ െ ௜ሻଶݔ ൅ ሺݕ௦ െ ௜ሻଶቁ (9)ݕ

݊ଶ ൌ arg min
௜א஺

ቀඥሺݔ௦ െ ௜ሻଶݔ ൅ ሺݕ௦ െ ௜ሻଶቁݕ ሺ݅ ് ݊ଵሻ (10)

Namely, the six points are expressed as ൫ݔ௦,௡భ, ௦,௡భ൯ݕ , 
൫ݔ௡భ,௦, ௡భ,௡మݔ௡భ,௦൯, ൫ݕ

, ௡భ,௡మݕ
൯, ൫ݔ௡మ,௡భ

, ௡మ,௡భݕ
൯, ൫ݔ௡మ,௦,  ,௡మ,௦൯ݕ

൫ݔ௦,௡మ,  ௦,௡మ൯ and illustrated in Fig. 5 and can be calculatedݕ
by using eq. (5) and eq. (6). From the above, the condition 
of assignment channel to the SU can be written as following 
equations,  
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ۖ
۔

ۖ
ۖ
௦,௡భܫۓ

௡భ ൅ ௦,௡భܫ
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௡భ,௦ܫ
௦ ൅ ௡భ,௦ܫ

௡మ ൑ ௡ܲభ
    

௡భ,௡మܫ
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௡మ ൑ ௡ܲభ

௡మ,௡భܫ
௦ ൅ ௡మ,௡భܫ

௡భ ൑ ௡ܲమ

௡మ,௦ܫ
௦ ൅ ௡మ,௦ܫ

௡భ ൑ ௡ܲమ    

௦,௡మܫ

௡భ ൅ ௦,௡మܫ

௡మ ൑ ௦ܲ      

 . (11)

 
4. SIMULATION RESULTS 

 
In this section, the performance of the proposed channel 
assignment method is evaluated through computer 
simulations. Here, we consider many SUs are uniformly 
distributed in the square area of 5 ൈ 5 ሾkmଶሿ . The same 
parameters are utilized among all SUs, such as transmit 
power, minimum required SINR and antenna height of a 
cognitive base station except cell radius. The cell radius of 
each SU is determined at random in the range of 100 ~ 150 
[m]. Thus, in this environment, it is important to assign the 
channel considering the mutual interference in order to keep 
the required SINR under different coverage size. Five 
channels can be used for spectrum sharing among all SUs 
located in the same area. The center frequency of each 
channel can be selected from 500, 550, 600, 650 and 700 
ሾMHzሿ. The other simulation parameters are shown in Table 
1. The simulation results are obtained by averaging the 
thousand trials. 
 In simulations, we evaluate the ratio of the number of 
successful channels assigned to SUs to the total number of 
SUs in the area. In a channel assignment algorithm, it is 
important to keep the SINR constraint. In order to evaluate 
whether the proposed algorithm satisfies the minimum 
required SINR in the cell boundary of SUs that have 
assigned channel, the ratio of the satisfied minimum 
required SINR at the cell boundary is calculated by 
checking SINR per 1 degree angle at the cell boundary of 
the SU have assigned channel. Moreover, the spectral 
efficiency in a space domain is evaluated. In order to 
evaluate the spectral efficiency, spatial distribution of 
interference and noise power are derived in the area when 
the number of SUs is 130. For deriving the distribution of 
interference and noise power, the target area is divided into 
blocks of 5 ൈ 5 ሾmଶሿ  and the interference and the noise 
power at the center of each block is calculated in each 
channel.  
 In this simulation, random assignment method is chosen 
to compare with the proposed channel assignment method. 
In this random assignment method, the central control server 
does not exist. Each SU decides the access channel if the 
aggregate interference is lower allowable interference at cell 
boundary in all direction. In detail, as first step, the SU is 
selected randomly from all SU. Secondly, the selected SU 
select a channel at random. Thirdly, the selected SU decides  

 
 

Transmit power of SU: ௜ܹ 20 ሾdBmሿ 
Average noise power: ܰ െ100 ሾdBmሿ

Minimum required SINR: ߛ௜ 10 ሾdBሿ 
Propagation factor: ݊୪୭ୱୱ 3.5 
Reference distance: ݀଴ 10 ሾmሿ 

Antenna height: ݄௜ 10 ሾmሿ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 SU with successful channel assignment ratio. 
 
the access channel based on whether condition is sufficient. 
If the condition is not sufficient, ݏ-th SU randomly reselects 
other channel. 
 Figure 6 shows SU with successful channel assignment 
ratio. In Fig. 6, we can confirm that SU with successful 
channel assignment ratio of the proposed method is 5 
percent higher than that of random channel assignment 
method when the number of SUs is 1000. Therefore, the 
proposed method can efficiently assign the channels to SU 
compared with random assignment method. It can be also 
seen that the improvement effect is increased as the number 
of SU increases. 
 Figure 7 shows the outage probability of the minimum 
required SINR at cell boundary 10 ሾdBmሿ. In Fig. 7, we can 
find the outage probability of SINR at cell boundary is less 
than 10 ሾdBmሿ . The proposed method achieves lower 
outage probability than that of random assignment method. 
Moreover, as the number of SUs increases, it is confirmed 
that the decrease of this ratio is small in the proposed 
method compared with random assignment method. Thus, 
the proposed method can improve spatial efficient channel 
assignment with satisfying the required SINR. 
 Figure 8 shows the distribution of the interference and 
the noise power in the case the number of SUs is 130. In 
Fig.8, there is one peak at around െ85 ሾdBmሿ in the random 

Table 1 Simulation parameters. 
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Fig. 7 Outage probability of the minimum required SINR  
at cell boundary. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 Distribution of the interference and the noise power. 
 
assignment method. On the other hand, in the proposed 
method, there are two peaks at approximately െ80 
and െ100 ሾdBmሿ . In the proposed method, the central 
control server assigns low frequency channel preferentially. 
As a result, the channels assigned to SUs are packed densely 
in lower frequency channels and a peak appears at 
approximately െ80 ሾdBmሿ. On the other hand, the number 
of SUs that with assigned channel is a few and a peak 
appears at approximately െ100 ሾdBmሿ . This level is 

equivalent of the noise level. From these results, we can 
confirm that the proposed method enables the spatially 
dense utilization of spectrum and much room can be 
remained for the other wireless communication systems 
using the same spectrum as secondary systems. 
 

5. CONCLUSION 
 
In this paper, we propose a channel assignment method 
targeting for high spatial efficiency while keeping the 
minimum required SINR of each SU. In the proposed 
method, the central control server assigns WS channels to 
SUs based on relative distance among SUs and interference 
conditions. The central control server makes a channel 
allocation to shorten the distance among SUs with keeping 
aggregated interference less than the allowable interference 
at the cell boundaries of SUs. In our simulation results, we 
can confirm that it is possible to perform the channel 
assignment with high spatial efficiency while keeping every 
SU communication quality by using the proposed method. 
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