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Abstract: Traditional mobile communication systems mainly work on the licensed frequency band near or below 3 GHz; 
however, this band is becoming increasingly crowded. On the other hand, there are abundant unlicensed spectrum resources 
in higher frequency bands, e.g., 6 GHz, 15 GHz, and 28 GHz, and if those bands are applied, the current spectrum shortage 
problem could be effectively alleviated. However, the wireless channel characteristics and models are important but still 
unknown, and thus in this study, extensive measurements and modeling have been conducted to study the characteristics of the 
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in an indoor corridor at 15 GHz. Then, in-depth analysis and modeling on the large-scale characteristics of wireless channels, 
the relationship between distance and path loss, the path loss exponent, and the shadow fading standard variance are provided. 
Moreover, the relationship between received power and different elevation angles was studied. In the measurement, two 25-dBi 
horn antennas with a 10 half-power beam width are used to change elevation angles in the transmitting terminal and azimuth 
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basis for future theoretical studies of the 15-GHz band.
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1  Introduction

With continuous development of mobile communica-
tion networks, spectrum resources become crowded. 
High-frequency spectrum resources can effectively 
alleviate the current shortage of spectrum resources, 

achieving short-range communication at high 
speed to meet the capacity and trans-mission rate 
requirements of 5G communications. A sufficient 
amount of available bandwidth, miniaturized 
antennas and devices, and higher antenna gain are 
the advantages of mobile communication in high-
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frequency, millimeter-wave radio. The application of 
the high frequency band to mobile communication 
is a future development trend and a high concern in 
the industry[1]. With the rapid development of mobile 
communication services, people in office buildings, 
supermarkets, conference rooms, and other places 
need to transmit voice, video, and other data, thus 
the communication quality in the indoor scenario has 
attracted increasing attention. Because the propagation 
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and even decides the communication process and 
result, research on indoor radio wave propagation is 
of great significance. Indeed, there have been many 
studies regarding measurement and analysis of the 
indoor channel[2-9]. The 60-GHz indoor channel 
characteristics, such as RMS Root-Mean-Square 
delay spread, delay spread characteristics, and power 
delay profile, were studied in[2-5]. The path loss and 
delay spread characteristics of indoor scenarios at 
2.4 GHz and 60 GHz were also compared[6-8]. The 
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signals was researched in residential environments[9]. 
In addition, outdoor high-frequency channel model 
research has also been carried out. Researchers 
have conducted a study of the 28-GHz millimeter-
wave channel  model  in dense urban N-LOS 
scenarios[10]. Researchers described the broadband 
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important parameters of the channel, such as RMS 
delay spread, path loss factor, and their statistical 
characteristics[11]. 2G and 3G communication have 
occupied most of the spectra below 2 GHz, which 
are the most suitable spectra for the development of 
mobile communication; the other available spectra 
are increasingly dispersed. It is difficult to find a 
suitable complete spectrum between 3 GHz and 6 
GHz because of the uniqueness of spectrum resources 
and the historical heritage regarding the use and 
distribution of spectrum. On the contrary, in the 6-GHz 
to 15-GHz band, there are many spectrum resources 

that can be used for mobile communication and 
have not been fully developed. At present, wireless 
channel measurement and modeling studies in the 
15-GHz frequency band are rare. In our project, 
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sequence was used to measure the propagation 
channel in indoor LOS and NLOS scenarios at 
15 GHz, and the large-scale characteristics of the 
channel were analyzed. Although for 5G millimeter-
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are excellent candidates for the frequency band, the 
15-GHz frequency band is also a good option for its 
low path loss and wide bandwidth, both in indoor 
and outdoor environments. The rest of this paper is 
organized as follows. In Section 2, we introduce the 
measurement system, measurement environment, 
and measurement method. The data processing and 
corresponding results are presented in Section 3. 
Section 4 summarizes this work.

2  Measurement method and scenario 

2.1  Measurement method

Broadband channel measurement can be conducted 
in the time domain to obtain the impulse response, 
or in the frequency-domain to obtain the frequency 
response. Frequency domain channel measurement 
uses the frequency sweeping method and takes a 
long time for each measurement, and thus may result 
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noise, whereas the timedomain measurement will 
not have this problem. Therefore, we used a time-
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out by a horn antenna. The data processing was 
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the reverse of this process. In our measurement, an 
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Unlike traditional channel measurement methods, 
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bandwidth no more than 160 MHz, in this work, the 
bandwidth under measurement was 500 MHz, and 
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more powerful approach. At the transmitter side, the 
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2 GHz, and the OSC bandwidth is up to 8 GHz. The 
AWG had two independent channels to generate the I 
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was used to down-convert the signal in a specified 
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and the OSC was responsible for collecting data. 
The antennas used in the measurement were standard 
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used the AWG to generate a trigger signal to ensure 
synchronization between the transmitter and receiver. 
The azimuth angle was in the range 0° to 360°, and 
the elevation angle was in the range from 45° to 
45°. The transmitter and the receiver used the same 
antenna. The measurement system block diagram is 
shown in Fig.1. 

In  our  measurement ,  we used the s l iding 
correlation measurement method and made full 
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sequence. The transmitter transmitted the modulated 
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stored in the computer after high-speed sampling, 
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in the transmitter to obtain the time-domain channel 
characteristics. First, at the transmitting terminal, the 
AWG generated the baseband IQ signals, and the IQ 
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then transmitted by the horn antenna. At the receiving 
terminal, the received signals were processed by a 
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signal analyzer to obtain the IF signals. The IF signals 
were collected by the OSC according to sample 
number or time to obtain the IQ data. The related 
parameters are shown in Tab.1.
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frequency 14.8 GHz

RF bandwidth 500 MHz

Tx power 0 dBm

	
��

	
|�'` Tx/Rx: 10°

antenna gain 25 dBi

antenna height Tx/Rx: 1.08 m

two-axis turntable ������
�	��
�Â��+�Â¥
Q�����	��
$&�Â�&�Â

Figure 1  Measurement system block diagram
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Our measurements were carried out in LOS and 
NLOS scenarios in a corridor environment. The 
transmitter and re-ceiver locations are shown in 
Fig.2. In the LOS measurement, the transmitter and 
receiver were both in the middle of the corridor. In 
order to analyze the relationship between received 
power and the angles, we rotated the antenna in 
the measuring process. For each measurement 
point, the antenna elevation angle changed from 
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receiving antenna azimuth angle rotated from 0° 
and 360° in 5° steps. Therefore, for each point, a 
total of 219 measurements were carried out. We 
measured at eight adjacent points in all, with an 
interval of 6 m. The receiver was stationary, and the 
transmitter moved in the middle of the corridor. In 
the NLOS measurement, the receiver was moved to 
the corner and the transmitter moved the same as 
in the LOS measurement, as shown in Fig.2. The 
transmitting antenna and receiving antenna rotation 
were the same as those in the LOS measurement. 
The measurements were carried out in a typical 
corridor environment; the corridor was 51 m long, 
2 m wide, 2.5 m high, and 5.2 m wide around the 
corner. Both sides of the corridor featured concrete 
walls and wooden office doors. In the experiment, 
the transmitting and receiving antennas were at the 
same height, and the transmitter and receiver were 
in equal status. The real environment and the plan 
are shown in Tab.2.

The measurement configurations are shown in Tab.2. 
Through the proposed measurement system and 
method, we can obtain the received I and Q data. We 
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3  Data processing method and analysis
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According to the measurement system, we adopted 
the processing method shown in Fig.3. First, the IQ 
data were downsampled after convolution with the 
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We obtained the absolute received power through 
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different transmitting elevation angles and different 
receiving azimuth angles for each measurement point. 
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parameter LOS NLOS

Tx moving range 1~48 m 6 m, 12 m

Rx moving range stationary stationary

Tx vertical rotationangle of the antenna $�Â�
�Â�
�Â 0°

Rx horizontal rotationangle of the antenna 0°~360° with 5° per rotation 0°~360° with 5° per rotation

Figure 2  Measurement scenarios
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We used the least-squares method[12] to calculate the 
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In the most general case, path loss is assumed to 
have a linear dependence with logarithmic distance, 
expressed as 

PL�d#
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receiver distance d in dB, � is the intercept, � is the 
path loss exponent, and  X� is the shadow fading. 

According to the least-square method, we can 
obtain the path loss exponent as
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In the data processing, we used the least-squares 
method and the path loss based on close-in reference 
distance, which can be expressed as 
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receiver distance d in dB, n is the path loss exponent, 
and X� is the shadow fading with mean 0, standard 
variance �. � is the wavelength, d0
§
*
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PL�d0#
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the path loss under close-in reference distance, and 
can be expressed as
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then we carry the appropriate sum to obtain the 
received power. 

3.2  Data analysis and results

At each distance, the transmitting antenna elevation 
angle was changed from 5° to 0° to 5°, corresponding 
to each elevation angle, and the receiving antenna 
azimuth angle changed from 0°and 360° in 5° steps. 
For the 0° elevation angle, the path loss is calculated 
as a function of Tx-Rx distance. The shadow fading 
is shown to meet the normal distribution. The fitted 
curves and cumulative distribution functions of shadow 
fading are shown in Fig.4 and the results are shown in 
Tab.3.
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closely matches the Gaussian distribution. In 
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path loss under different horizontal angles in each 
distance, and the long red dashed line is the fitted 
curve corresponding to the path loss. The path loss 
exponent is 1.915 5, and the shadow fading standard 
deviation is 3.521 1 dB. The asterisk represents the 
total path loss under different horizontal angles in 
each distance, and the short blue dashed line is the 
fitting curve corresponding to the path loss. The 
path loss exponent is 2.320 4 and the shadow fading 
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Fig.5 shows that the received power in dBm varies 
with the azimuth angle under different elevation 
angles. It is clear that when the elevation angle is 0°, 
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the received power is approximately 3 dB larger than 
at other elevation angles. The received power values 
	�
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the shadow fading

Table 3  Results of path loss parameters

analysis method n �/dB

all Samples 2.320 4 ���¤�
�

best Sample 1.915 5 3.521 1

elevation angle 0
elevation angle 5
dlevation angle -560

90

30

0

330

300
270

240

210

180

150

120
-40

-50

-60

The proposed method is based on the close-in 
reference distance; if not, the path loss exponent is 
0.280 5, and the shadow fading standard variance 
is 4.140 8 dB. On this issue, we hope the relevant 
scholars discuss with us. 
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scenarios, and it  is clear that the multi-path 
distribution is not very obvious; this may be related to 
the long and narrow corridor test environment.
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4  Conclusion

To understand the characteristics of the high-
frequency band, i.e. 15 GHz, for future research and 
development of 5G communication technologies, in 
this study we conducted extensive measurements on 
this band in an indoor corridor environment. A testing 
system was built, and through data processing and Figure 5  Angle spectrum
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modeling, we obtained the path loss exponent n as 
2.320 4. The shadow fading effect is shown to follow 
the Gaussian distribution with standard variance of 
���¤�
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received power under different transmitting antenna 
elevation angles, and determined that the propagation 
performance is better when the elevation angle is 
0°. Our work can be regarded as a reference for 
technology research and network planning in the next 
generation of mobile communication.
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