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ABSTRACT We propose a new primary protection method for Dynamic Spectrum Access (DSA), in which 

a secondary system uses a frequency band assigned to a primary system. Following a DSA implementation 

plan in Japan, we take care of a practical scenario where a primary system’s transmission station (PTS) moves 

along a predefined course or area, and a corresponding primary reception station (PRS) keeps its antenna 

boresight facing towards the moving PTS. For accurate interference calculation from the secondary to the 

primary systems in this scenario, the proposed method takes the movement of the PTS into account and 

predicts a range of angle variation of the PRS’s antenna boresight based on received signal powers from the 

PTS to the PRS. We conducted computer simulations in three different practical scenarios to demonstrate the 

effectiveness of the proposed method. The simulation results show that the proposed method can increase the 

number of available secondary base stations (SBSs) by up to 1.93 times compared to a conventional method. 

INDEX TERMS 5G mobile communication, cognitive radio, dynamic spectrum access, field pickup unit 

(FPU), microwave link, spectrum sharing. 

I.  INTRODUCTION 

As more user devices connect to the Internet worldwide, 

mobile communication traffic is growing exponentially [1]. 

To accommodate increasing traffic, 5G systems have been 

introduced around the world [2]. However, it is hard to allocate 

additional spectrums for the 5G systems because many of the 

frequency bands identified for International Mobile 

Telecommunications (IMT) have already been allocated to 

existing wireless systems [3]. To solve this problem and make 

more efficient use of spectrum resources, dynamic spectrum 

access (DSA) has been actively developed in some countries 

[4], [5]. DSA allows wireless systems (hereinafter, they are 

called secondary systems) to use of frequency resources 

unused in terms of time and/or space by existing wireless 

systems (hereinafter, they are called primary systems). In 

DSA, a spectrum management system (SMS) is introduced to 

control signal transmissions of the secondary systems and to 

make an interference level caused by the secondary systems 

lower than an allowable level for the primary system 

(hereinafter, this technology is called primary protection).  

In Europe and the United States, the DSA systems have 

already been legislated and standardized, e.g., TV Band 

White Spaces (TVWS) in the UK and the United States, 

Licensed Shared Access (LSA) in the EU [6]–[11], and 

Citizens Broadband Radio System (CBRS) in the US 

[12][13]. CBRS has begun as an initial commercial 

deployment (ICD) phase for fourth-generation mobile 

communication (4G) systems since September 2019 [13]. 

Then, after the ICD phase, full-scale commercial deployment 

of CBRS has been operating successfully since January 2020 

[14]. In CBRS, an SMS which is called as Spectrum Access 

System (SAS) controls availability of secondary 4G systems 

and transmission parameters such as operational frequency 

channels and transmission powers of radio stations of the 

secondary systems to protect federal radar systems, fixed 

wireless access, and fixed-satellite services as primary systems 

[15]. 

In Japan, some feasibility studies of DSA for commercial 

deployment also have begun to allocate frequency bands for 

the 4G/5G systems [16], [17]. The Ministry of Internal Affairs 
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and Communications announced that a commercial 

deployment of DSA with an SMS will launch in a 2.3 GHz 

band (Long-Term Evolution (LTE) Band 40 and New Radio 

(NR) Band n40) from 2021 [18]. In the 2.3 GHz band, 

microwave link systems, which is named as Field Pickup Unit 

(FPU), have already operated by broadcasters [19]. Therefore, 

FPU and 4G/5G systems become primary and secondary 

systems, respectively. FPU is composed of a pair of a primary 

transmission station (PTS) and a primary reception station 

(PRS). Fig. 1 illustrates an example of communications in 

FPU. It is mainly used for video content delivery of road races, 

e.g. marathon races, and then a PTS equipped with a camera 

and a vehicle sends images and videos to a PRS in one-way 

communications. The PRS is fixedly installed on buildings or 

mountains while the PTS moves on a predefined route of a 

road race. To achieve high quality video transmission between 

the fixed PRS and the moving PTS, a directional antenna 

boresight of the PRS is rotated for tracking the moving PTS 

manually by field workers [20]. This situation is very different 

from those of DSA in the other countries, where the antennas 

of the primary systems’ radio stations do not rotate depending 

on the location of the primary systems’ other radio stations in 

their operation. Therefore, conventional SMSs and their 

primary protection methods did not take care of the antenna 

rotations caused by the movement of other radio stations.  

To use the frequency band assigned to FPU more efficiently, 

the SMS needs to take the rotations of the PRS’s antenna 

boresight into account. However, it is hard to obtain 

information of the rotations from the FPU operators directly. 

Therefore, in this paper, we propose a new primary protection 

method with antenna rotation range prediction. In our 

proposed method, the SMS considers possible ranges of 

azimuth and elevation angles of the PRS’s antenna boresight 

rotation in calculation of potential interferences from the SBSs 

to the PRS. The SMS predicts the ranges of the angles based 

on received powers from the PTS to the PRS. The received 

powers are estimated by a predetermined propagation model, 

the information of the PRS position and that of the predefined 

route where the PTS moves. Then the SMS uses the predicted 

ranges of the PTS’s antenna rotation in the interference 

calculation. The predicted ranges help improve accuracy of the 

interference calculation and then increase availability of the 

secondary systems in DSA. In this paper we demonstrate 

effectiveness of our proposed method by computer 

simulations. In a previous paper, we preliminarily evaluated a 

primary protection method in a simple urban scenario [21]. On 

the other hand, in this paper, we consider various and more 

practical deployment scenarios such as urban, suburban, and 

rural areas in Japan. The simulation results show that our 

proposed method is superior to a conventional method and that 

the proposed method drastically increases the availability of 

the secondary system in all the scenarios.  

The rest of this paper is organized as follows. An overview 

of DSA is briefly explained in Section II. Section III describes 

a conventional primary protection method which is adopted in 

CBRS. Section IV explains the new primary protection 

method and its procedure. In Section V, we discuss 

performance of the conventional and proposed methods in the 

three scenarios through the simulation results. Finally, 

remarks of this paper are concluded in Section VI. 

II.  OVERVIEW OF DSA ARCHITECTURE  

Fig. 2 shows a structure of DSA which we discuss in this paper. 

A main component of DSA is the SMS (e.g., geo-location 

database (GLDB) in TVWS, LSA controller in LSA, and SAS 

in CBRS). The SMS connects with secondary systems’ radio 

stations via public or private networks and acquires 

operational information of the secondary radio stations, e.g. 

location information, transmission powers, frequency 

channels and so on. The SMS also connects with an external 

database which is operated by e.g. government agencies. From 

the database, the SMS acquires operational information of 

primary systems’ radio stations including installed positions, 

moving areas, transmission powers, and date and time of use 

of the primary systems. By using the acquired information, the 

SMS calculates potential interferences from the secondary 

systems to the primary systems. Then it determines 

transmission parameters of the secondary systems to make an 

aggregate interference from the secondary systems to the 

primary systems lower than an allowable level. The 

parameters include maximum acceptable transmission powers, 

frequency channels, and availability/suspension of radio 

stations in the secondary systems. Then the SMS commands 

 
FIGURE 2.  A structure of DSA. 

FIGURE 1.  Communications between PRS and PTS in FPU. 
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the secondary systems’ radio stations to change their 

transmission parameters immediately.  

In this paper, the PRSs of the FPU and the SBSs of the 

4G/5G systems are assumed to be as the primary and 

secondary systems’ radio stations, respectively. To protect the 

PRS, the SMS allows or suspends a signal transmission of 

each SBS based on the availability. The SMS determines a list 

which contains SBSs to be suspended. Hereinafter, the list is 

called as an SBS suspension list (SBS-SL). In the followings, 

we explain how the SMS determines the SBS-SL in the 

conventional and proposed methods.  

III.  CONVENTIONAL PRIMARY PROTECTION 

In this paper, we consider a primary protection method which 

is adopted to calculate the SBS-SL (which is called as the 

dynamic protection area move list) in CBRS as a conventional 

method [22]–[24]. Because the conventional method does not 

take care of the range of the PRS’s antenna boresight rotation, 

the SMS determines the SBS-SL with assuming that the PRS’s 

antenna boresight rotates 360 degrees in the horizontal plane 

and its vertical antenna pattern is omni-directional. Fig. 3 

illustrates the calculation of the interference power from each 

SBS to the PRS deployed at a point 𝑅. The azimuth angle of 

the PRS’s antenna boresight is represented as 𝜑 . In the 

conventional method, to ensure the protection of the PRS even 

when the limited range of variation of the PRS’s antenna 

boresight direction is not provided, the SMS sets the range of 𝜑  to 0° 𝜑 360° . Then the calculation of the SBS-SL 

must be performed individually for all 𝜑  within 0° 𝜑
360° . However, if 𝜑  remains a continuous value, infinite 

number of calculations are required. Therefore, the azimuth 

angle is sampled at interval 𝛥𝜑 within the range of 0° 𝜑
360°. The sampled azimuth angles are expressed as 𝜑
0,𝛥𝜑, 2𝛥𝜑, … , 𝑖𝛥𝜑, … , 𝑁 1 𝛥𝜑 , where 𝑁  is the 

sampling number and 𝑁 1 𝛥𝜑 is less than 360 degrees.  

After that, the SMS calculates a tentative SBS-SL for each  𝜑 , 𝑀 , which is a SBS-SL assuming that the azimuth angle of 

the PRS’s antenna boresight is set to 𝜑 . To calculate the 

tentative SBS-SL, the SMS forms a list 𝑆𝐵𝑆 ,𝐵𝑆 , … ,𝐵𝑆 , where 𝑁  is the total number of the 

SBSs in the list, and 𝐵𝑆  is the 𝑗-th SBS which interferes to the 

PRS. In the list 𝑆, the SBSs are sorted in ascending order of 𝑃 →  0 𝑗 𝑁 , which is the interference power from 

the 𝑗-th SBS to the PRS when the azimuth angle of the PRS’s 

antenna boresight is 𝜑 . As shown in Fig. 3, 𝑃 →  can be 

expressed as follows:  𝑃 → 𝑃 𝐺 → 𝐿 → 𝐿 𝐺 → , 1  

where 𝑃  (dBm) is a conducted power of 𝐵𝑆 , and 𝐺 →  

(dB) is an antenna gain of 𝐵𝑆  in the direction to the point 𝑅, 𝐿 →  (dB) is a propagation loss from 𝐵𝑆  to the PRS, 𝐿  

(dB) is a feeder loss of the PRS, 𝐺 →  (dB) is an antenna 

gain of the PRS with the azimuth angle of the antenna 

boresight is 𝜑  in the direction to 𝐵𝑆 . In the conventional 

method, the SMS considers the antenna gains of both the 

SBS and the PRS in terms of the horizontal antenna patterns. 

After calculating 𝑃 → , the SMS chooses the largest 𝑗  

which satisfies that the aggregate interference power 𝐼 ,  is less than or equal to an allowable interference 

power for the PRS 𝐼  (dBm). The condition of the 

aggregate interference 𝐼 ,   can be expressed as 

follows: 𝐼 , 𝑃 → 𝐼 . 2  

Then the SBS-SL corresponding to 𝜑  is determined to be a 

set 𝑀 𝐵𝑆 ,𝐵𝑆 , … ,𝐵𝑆 . Finally, the SMS 

obtain the SBS-SL corresponding to the PRS 𝑀 by 

calculating the union of all 𝑀  as follows: 𝑀 𝑀 . 3  

Then the aggregate interference power from SBSs not include 

in 𝑀 is less than or equal to 𝐼  for all 𝜑 . 

IV.  PROPOSED PRIMARY PROTECTION 

Fig. 4 compares differences between the conventional and 

proposed method. Because the conventional method assumes 

360 degrees of the range of the PRS’s antenna boresight in the 

horizontal plane, it overestimates the potential aggregate 

interference from the SBSs to the PRS. For example, as shown 

in Fig. 4 (a), the potential aggregate interference may contain 

those from the SBSs which the PRS’s antenna boresight does 

 
FIGURE 3.  Calculation of received power from each SBS to PRS in 
conventional method. 𝝋 𝟎° points to the true north and that clockwise 
is a positive direction of 𝝋. 

FIGURE 4.  Conventional method versus proposed method. In the 
figure, circles mean available SBSs and crosses mean unavailable 
ones.  
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not face. As a result, the SMS may add these SBSs to the SBS-

SL while these SBSs may cause less interferences to the PRS.  

To solve this overestimation problem, our proposed 

primary protection method predicts the ranges of azimuth and 

elevation angles of the PRS’s antenna boresight by estimating 

received powers from the PTS to the PRS. The received 

powers can be estimated based on the location of the fixed 

PRS and the trajectory of the PTS, that is, the predefined route 

of the race. Then the SMS calculates the aggregate 

interference by sweeping the PRS’s antenna boresight within 

the predicted range. Therefore, the proposed method can 

calculate the aggregate interference more accurately and 

increase the availability of the SBSs which cause less 

interference to the PRS as shown in Fig. 4 (b).  

A.  ANTENNA ROTATION RANGE PREDICTION 

In contrast to the conventional method, the proposed method 

is performed in two steps: antenna rotation range prediction 

and SBS-SL calculation. This and the following subsections 

describe details of the steps.  

In the first step, the proposed method predicts the range of 

the PRS’s antenna boresight rotation based on received 

power from the PTS to the PRS. Fig. 5 explains a positional 

relationship among the fixed PRS, the trajectory of the PTS 

and the range of the PRS’s antenna boresight rotation. The 

location of the PRS and the trajectory where the PTS moves 

are represented as 𝑅 and 𝑓, respectively. The elevation angle 

of the PRS’s antenna boresight, 𝜃 , and the point on 𝑓, 𝑇 , 

can be uniquely determined by the azimuth angle of the 

PRS’s antenna boresight 𝜑. To predict the range of the PRS’s 

antenna boresight rotation, the SMS estimates the received 

power from the PTS located at 𝑇  to the PRS located at 𝑅. 

As mentioned in Section I and Fig. 1, it is assumed that the 

PRS’s antenna boresight is directed to 𝑇  manually. The 

received power, 𝑃 →  (dBm), can be expressed as follows: 𝑃 → 𝐸𝐼𝑅𝑃 𝐿 → 𝐿 𝐺 . 4  

𝐸𝐼𝑅𝑃  (dBm) is an EIRP (equivalent isotopically radiated 

power) of the PTS. 𝐿 →  (dB) is the propagation loss from 𝑇  to 𝑅 . 𝐿  (dB) and 𝐺  (dB) are a feeder loss and an 

antenna gain of the PRS, respectively. Here, 𝐺  is equal to 

the maximum antenna gain of the PRS because the PRS’s 

antenna boresight is assumed to direct 𝑇 . The predicted 

antenna rotation range can be defined as a range of 𝜑𝜑 𝜑 , where 𝑃  (dBm) is a required received 

power of FPU for stable video reception at the PRS, and 𝜑  and 𝜑  are the minimum and maximum azimuth 

angles which satisfy 𝑃 𝑃 → , respectively. 

B.  SECONDARY BS SUSPENSION LIST CALCULATION 

As well as in the conventional method, the SMS samples the 

angles with replacing the range to  𝜑 𝜑 𝜑 . As a 

result, the sampled azimuth angles become 𝜑𝜑 ,𝜑 𝛥𝜑, … ,𝜑 𝑖𝛥𝜑, … ,𝜑 𝑁
1 𝛥𝜑. Then the SMS calculates the tentative SBS-SLs for all 

the sampled angles. 𝑃 →  is calculated by using Eq. (1). As 

shown in Fig. 6, in the proposed method, the SMS uses the 

PRS’s 3D antenna pattern based on 𝜑  and 𝜃  for the antenna 

gains of the PRS 𝐺 →  in Eq. (1). Also, it uses the 3D 

antenna pattern of 𝐵𝑆  for the antenna gains of the SBS 𝐺 → . After calculating 𝑃 → , the SMS determines a set 𝑀 𝐵𝑆 ,𝐵𝑆 , … ,𝐵𝑆  for each 𝜑  by using the 

maximum index 𝑗  which satisfies the condition Eq. (2). 

Finally, the SMS obtains the SBS-SL for the PRS 𝑀 by using 

Eq. (3) as well as the conventional method. 

V.  EVALUATION BY SIMULATION 

A.  DEPLOYMENT SCENARIOS 

We evaluated and compared the conventional and proposed 

methods by computer simulations under three scenarios. In 

each scenario, a PRS at a different location was protected from 

the SBSs. Blue dots in Fig. 7 represent the locations of the 

three PRSs. In the first scenario (S1), we assumed that a PRS 

with very high antenna height (400 m) was deployed in an 

urban area (Tokyo, Japan). In the second scenario (S2), a PRS 

with middle antenna height (50 m) was deployed in a suburban 

FIGURE 5.  An overview of the PRS’s antenna boresight rotation range 
prediction. The true north is defined by azimuth 𝟎° and clockwise is a 
positive direction of the azimuth domain. Also, horizontal and nadir 
directions are set to elevation angle 𝟎° and 𝟗𝟎°, respectively. 

FIGURE 6.  Calculation of received power from each SBS to PRS in 
proposed method. 
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area (Kanagawa, Japan). In the third scenario (S3), we 

assumed a PRS in a high-altitude rural area (Kanagawa, Japan), 

where the height above sea level was about 1300 m. A red line 

in Fig. 7 represents a route where the PTS moved along with 

in the three scenarios.  

We assumed that the SBSs were deployed in Tokyo’s 23 

wards and densely inhabited districts (DIDs) [25], as 

illustrated in Figs. 8 and 9 respectively. In the Tokyo’s 23 

wards, intervals between the SBSs were set to 600 m in the 

latitude and longitude directions [26]. In the DIDs, the 

intervals were 1200 m.  

B. SIMULATION PARAMETERS 

Table I shows the conditions of the clear-air method of ITU-R 

P.452-16 used as a propagation model in the simulations [27], 

[28]. The propagation loss is calculated based on the actual 

topography. 

Tables II and III show radio parameters of the FPU [28]–

[30] and those of the SBSs [30], [31], respectively. We 

TABLE II 

 PRIMARY FPU RADIO PARAMETERS [29] 

Parameters Value 

Carrier Frequency [GHz] 2.35 

Bandwidth [MHz] 17.2 

Tx 

Tx Power [dBm] 46.0 

Antenna Gain [dBi] 5.2 

Horizontal Antenna Pattern Omni-directional 

Vertical Antenna Pattern  

Directional [30]  

(HPBW: 23 degrees,  

Maximum attenuation: 30 dB) 

Antenna Height [m] 3.5 

Feeder Loss [dB] 1.5 

Rx 

Antenna Gain [dBi] 14.0 

Horizontal/Vertical  

Antenna Pattern 

Directional [30]  

(HPBW: 30 degrees,  

Maximum attenuation: 30 dB) 

Antenna Height [m] S1: 400, S2: 50, S3: 5 

Feeder Loss [dB] 1.5 

Noise Figure [dB] 4.0 

Required Received  

Power (𝑃 ) [dBm] 
81.4 

Allowable I/N [dB] 10.0 [28] 

Allowable Interference  

Power (𝐼 ) [dBm] 
107.4 

 

FIGURE 9.  Locations of SBSs in DIDs (red dots). 

 

FIGURE 8.  Locations of SBSs in Tokyo’s 23 wards (red dots). 

TABLE I 

CONDITIONS FOR CLEAR-AIR METHOD IN ITR-R P.452 [27]  

Parameters Value 

Required time percentage 

for which the calculated 

propagation loss is not 

exceeded  

20 % between the PRS and SBSs [28], 

0.001% between the PTS and PRS 

Polarization Vertical 

Clutter category 
S1: Dense urban, S2: Dense suburban,  

S3: Village centre 

Dry air pressure [hPa] 1013 

Air Temperature [degree] 28 

TABLE III 

SECONDARY BASE STATION PARAMETERS [30] 

Parameters Value 

Carrier Frequency [GHz] 2.35 

Bandwidth [MHz] 18.0 

Tx Power [dBm/MHz] 20.0 

Antenna Gain [dBi] 5.0 

Horizontal Antenna Pattern Omni-directional 

Vertical Antenna Pattern Directional [31] 

Antenna Height [m] 10.0 

Feeder Loss [dB] 0.0 

 

FIGURE 7.  Locations of three PRSs and a route of race where PTS of 
FPU is moved. 
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assumed LTE (Long-term evolution)-Advanced for the SBSs 

and followed the parameters of small cell BSs described in 

[30].  

C.  EVALUATION RESULTS 

In this subsection, SBSs within a line-of-sight (LOS) distance 

from the PRS, i.e., maximum distance between the PRS and 

SBS for LOS propagation [32], are considered in the SBS-SL 

calculations of both the conventional and proposed methods 

because these SBSs may cause strong impacts on the 

aggregate interferences. The LOS distance 𝐷 (km) between 

two radio stations can be calculated as follows: 𝐷 4.12 ℎ ℎ , 5  

where ℎ  (m) and ℎ  (m) are antenna heights above sea level 

of two radio stations’ antenna. Eq. (5) implies that the LOS 

distance from the PRS and the numbers of SBSs within the 

LOS distance increases as the PRS’s antenna height above sea 

level rises. Green dots in Figs. 10 (a), (b) and (c) represent the 

SBSs within the LOS distance on a map of the simulated areas 

in S1, S2 and S3, respectively. 6355, 4088 and 6975 SBSs 

were considered for the SBS-SL calculation in S1, S2, and S3, 

respectively. Yellow dots in Fig. 10 represent the SBSs 

beyond the LOS distance, which are absolutely excluded from 

the SBS-SL calculation and available in the secondary use 

manner due to large propagation losses by non-LOS (NLOS) 

conditions.  

Figs. 11 (a) and (b) show the results of the SBS-SL 

calculated by the conventional and proposed methods in S1, 

respectively. The blue dots are the SBSs that are available, that 

is, the aggregate interference from these SBSs to the PRS is 

below the allowable level, even when the FPU is operating in 

the same frequency band simultaneously. The red dots are the 

SBSs that are unavailable when the FPU is used, that is, the 

SBSs that cause harmful aggregate interference to the PRS. In 

S1, the SBSs deployed in Tokyo’s 23 wards are not available, 

regardless of the conventional or proposed method. On the 

other hand, the number of available SBSs deployed outside the 

23 wards is increased by the proposed method. The 

conventional method can make 375 out of 6355 SBSs 

available. In contrast, the proposed method can make 622 out 

of 6355 SBSs available and increases the number of available 

SBSs within the LOS distance by 1.66 times compared to the 

conventional method. 

Figs. 12 (a) and (b) show the results of the SBS-SLs 

calculated by the conventional and proposed methods in S2, 

respectively. The conventional method can make 259 out of 

4088 SBSs available, and the proposed method can make 501 

out of 4088 SBSs available. The proposed method can 

increase the number of available SBSs within LOS distance by 

about 1.93 times compared to the conventional method. In S2, 

the PRS's antenna boresight is mainly pointed in a 

northwestward direction because the PRS’s coverage on the 

PTS’s route in Fig. 7 is located at the northwest side of the 

PRS. The proposed method can predict this antenna rotation 

by calculating the PRS’s coverage based on the received 

power and make some SBSs on the east side of the PRS 

available. Note that most of the SBSs within the LOS distance 

cause severe interference to the PRS in S2 because the LOS 

distance is shorter than those of the other scenarios. As a result, 

the number of available SBSs within LOS distance is small 

compared to the other scenarios, regardless of the 

conventional or proposed method. 

 
(a) S1 

 
(b) S2 

 

(c) S3 

FIGURE 10.  SBSs within LOS distance (green) and those beyond LOS 
distance (yellow) from PRS. 
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Figs. 13 (a) and (b) show the results of the SBS-SLs 

calculated by the conventional and proposed methods in S3, 

respectively. The conventional method can make 1805 out of 

6975 SBSs available, respectively whereas the proposed 

method can make 2316 out of 6975 SBSs available. The 

proposed method can increase the number of available SBSs 

within LOS distance by about 1.28 times compared to the 

conventional method in S3. These results show that some 

SBSs on the west and north side of the PRS become available 

by the proposed method. In S3, the PRS’s antenna boresight is 

mainly pointed in an eastward direction because the PTS’s 

route is located at the east side of the PRS, as illustrated in Fig. 

7. By predicting this antenna rotation, the proposed method 

can improve the number of the available SBSs. Note that the 

LOS distance from the PRS is longer than those of the other 

scenarios in S3. Therefore, compared to the other scenarios, 

only a relatively small percentage of the SBSs within the LOS 

distance causes harmful interference to the PRS. As a result, 

compared to the other scenarios, relatively more SBSs within 

the LOS distance become available in S3 even by the 

conventional method. Conversely, there is little room for 

improvement by the proposed method in S3.  

VI.  CONCLUSION 

We have proposed a new primary protection method with 

received power-based antenna rotation range prediction to 

increase the availability of the secondary 4G/5G systems 

under the secondary use manner. The proposed method does 

not require the primary system operator to provide the 

information of the PRS’s antenna rotation ranges to the SMS. 

Instead, the proposed method predicts the ranges of azimuth 

and elevation angles of the PRS’s antenna boresight based on 

the received powers from the PTS to the PRS, and then 

calculates the interferences from the SBSs to the PRS by 

sweeping the PRS’s antenna boresight within the predicted 

ranges and using the 3D antenna pattern. Assuming the 

practical deployment of DSA in the 2.3 GHz band in Japan, 

we evaluated the proposed method in the three different 

scenarios, i.e. urban, suburban, and rural, by the computer 

simulations. The simulation results show that the proposed 

method increases the number of available SBSs within LOS 

(a) Conventional method 

(b) Proposed method 

FIGURE 11.  Available and unavailable SBSs in S1. 

 
(a) Conventional method 

 
(b) Proposed method 

FIGURE 12.  Available and unavailable SBSs in S2. 
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distance by 1.66, 1.93 and 1.28 times compared to the 

conventional method in the scenarios respectively. These 

results indicate that the proposed method can allocate the 2.3 

GHz band to the 4G/5G systems under the secondary use 

manner and that it is promising to solve the problem of 

frequency resource shortage.  
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