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Tis studymeasures and analyzes the local average power for line-of-sight (LOS) and non-line-of-sight (NLOS) paths according to
the averaging length in an indoor corridor environment. Te indoor corridor comprises multiple ofces, laboratory spaces, and
lecture rooms. We selected 3, 6, 10, and 17GHz measurement frequency bands. Te measurement system consists of a signal
generator, a low-noise amplifer, transmission and receiving antenna, and spectrum analyzer. To obtain an accurate prediction
model of propagation due to the multipath efect, we determined the measurement method based on the measurement interval
and number of measurements according to changes in the averaging length. 2, 4, 6, 8, and 10 lambdas (λ) were selected for the
number of measurements by frequency, and 1.5 cmwas set as the measurement interval. We used the close-in (CI) path loss model
for the analysis according to changes in the averaging length. Te coefcient of determination (R-squared) was applied using a
linear regression equation to verify the measurement accuracy. Based on parameter n of the CI path loss model, no large
diferences were observed in the averaging length at each measurement frequency. However, at 2λ, owing to the multipath efect,
R-squared was approximately 0.4–0.7 for the LOS path and 0.6–0.8 for the NLOS path. At 10λ, R-squared was approximately
0.7–0.8 for the LOS path and 0.8–0.9 for the NLOS path. Tis indicated that as the number of measurements increased by
increasing the averaging length, the accuracy of the measurement results improved. Te study fndings will help determine an
optimal averaging length, thus ensuring reliable indoor propagation measurement and contributing to the ITU-R standard.

1. Introduction

Recent rapid advancements in wireless communication
technologies have made frequency allocation crucial. Te
frequency bands of interest are microwaves and millimeter
waves. Researchers are developing new propagation models
for these frequency bands [1, 2]. In a multipath fading or
short-term fading environment of mobile radio, researchers
discovered that the appropriate length to obtain the local
average power is in the 20λ–40λ wavelength range [3]. In an
indoor multipath propagation environment, the local av-
erage power-signal strength has been estimated using power

accumulation and the 10λ linear average at 900MHz and
2GHz frequencies [4]. In addition, by simulating the
2.4GHz frequency in an indoor multipath propagation
environment, researchers estimated the local average power-
signal strength based on the size, spacing, and arrangement
[5]. Although path loss models have been presented for 8, 9,
10, and 11GHz in indoor corridors and ofce environments
[6], there is no mention of a local average power mea-
surement method or the coefcient of determination using
linear regression analysis. As described in [7], an indoor
corridor environment has multiple refections and wave-
guide efects. Trough recommendation P.1238-10 [8], the
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ITU-R is working to standardize indoor environment pa-
rameters for developing propagation models [9, 10]. Mea-
surement methods for indoor environments must measure
the local average power to account for the multipath efect.
Moreover, whenmeasuring local average power, considering
the number of measurements according to changes in the
averaging length is necessary.

Tis study measures local average power in an indoor
corridor environment with severe multipath conditions. We
analyzed the local average power measurements at optimal
averaging lengths for 3, 6, 10, and 17GHz frequencies. Te
reasons for choosing the frequencies 3, 6, 10, and 17GHz are
as follows: ITU-R P.1238-10 [8] is a contribution on indoor
radio-wave data and prediction models with frequencies
300MHz–450GHz. Table 2 of ITU-R P.1238-10 contains a
list of corridor environments and no propagation model
parameter values corresponding to frequencies of 3, 6, 10,
and 17GHz.Terefore, measurement data and propagation-
model parameter values corresponding to the frequencies of
3, 6, 10, and 17GHz are required. In addition, measurement
data and propagation model parameter values for the 3, 6,
10, and 17GHz bands are written and adopted in Report
ITU P.2406-2 [11]; these frequencies were used in this study.
To verify the local average power measurement results, we
applied them to the close-in (CI) path loss model, a prop-
agation prediction model. Furthermore, we obtained the
coefcient of determination using a linear regression
equation [12, 13] and performed a comparative analysis.

2. Materials and Methods

2.1. Measurement Environment and System. Section 6.1.7.4
of ITU-R Report P.2406-2 [11] presents the indoor corridor
environment, measurement scenario, and measurement
system of Building No. 1, College of Engineering, Sunchon
National University. Tis study used identical frequency
bands, measurement environment, measurement scenario,
and measurement system. Figure 1 displays the measure-
ment environment and scenario. Te measurement envi-
ronment comprised ofces, laboratories, and lecture rooms
along an indoor corridor. In addition, the measurement
scenario and pictures 1–24 are numbered in the fgure, and it
shows the location and status of the surrounding environ-
ment. Te types of materials are represented by diferent
colors. We used two measurement locations (Tx) for the
measurement scenario. Tx 1 and Tx 2 are the line-of-sight
(LOS) and non-line-of-sight (NLOS) path measurements,
respectively. We collected measurement data at 0.5m in-
tervals andmeasured the local average power at all Rx points.
We measured all distances in 3D. Te measurement system
comprised a signal generator, a signal analyzer, low-noise
amplifer, transmission and receiving antenna, and cables.
We used a rail with a maximum length of 1m to measure the
local average power.

2.2. Measurement Method. Owing to the loss due to mul-
tipath propagation in the indoor environment, a local
average power method is needed to obtain precise

measurement data. Equation (1) is used for applying the
local average power method, and the three parameters are
the averaging length (L), number of samples (N), and
interval between samples (d) [4, 5]. N varies according to
the changes in L and d. Te value of d was fxed at 1.5 cm,
and the results according to the change in L were analyzed.
2λ, 4λ, 6λ, 8λ, and 10λ were applied to change L. Table 1
lists the number of measurements at each frequency
according to the averaging length. Figure 2 shows the
diagram of the rail for the local average power measure-
ment system and a photograph of the developed system.
Te Autonics A15K-S545-G10 motor is manufactured by
incorporating the rail so that the Rx antenna can move via
motor control. Te rail had a maximum length of 1m, and
the Rx antenna moved along the rail with a measurement
interval of 1.5 cm.

L � Nd. (1)

3. Results and Discussion

We used the CI path loss model for the analysis according to
changes in the averaging length. Equation (2) represents the
CI path loss model presented in ITU-R P.1238-10 [8]. To
consider shadow efects, we added the last term, Xσ . Te
parameter N was 10n. Te coefcient of determination (R-
squared) was calculated using a linear regression equation to
verify the measurement accuracy. We calculated R-squared
using the linear regression equation provided by the curve
ftting toolbox of MATLAB. Figures 3 and 4 present graphs
of the CI path loss model at 2λ, 4λ, 6λ, 8λ, and 10λ of the LOS
path and NLOS path, respectively. Table 2 lists the corre-
sponding result values. Table 2 shows the power loss coef-
fcients (n), standard deviation (σ), and R-squared of the CI
path loss model parameters at 2λ, 4λ, 6λ, 8λ, and 10λ for the
LOS and NLOS paths. Te values of parameter n at 2λ and
10λ for the LOS path are 1.36 and 1.36 at 3GHz, 1.44 and
1.41 at 6GHz, 1.41 and 1.39 at 10GHz, and 1.51 and 1.49 at
17GHz, respectively. Te error is 0–0.02 for each mea-
surement frequency of the LOS path. Te values for the
NLOS path are 2.46 and 2.42 at 3GHz, 2.68 and 2.61 at
6GHz, 2.60 and 2.56 at 10GHz, and 2.74 and 2.67 at 17GHz.
Te error is 0.04 to 0.07 for each measurement frequency of
the NLOS path. Based on the error of parameter n of the CI
path loss model, we observed no large diferences in the
averaging length at each measurement frequency. Te R-
squared values at 2λ and 10λ for the LOS path are 0.66 and
0.83 at 3GHz, 0.51 and 0.79 at 6GHz, 0.43 and 0.71 at
10GHz, and 0.75 and 0.82 at 17GHz. Te values for the
NLOS path are 0.80 and 0.95 at 3GHz, 0.66 and 0.73 at
6GHz, 0.68 and 0.82 at 10GHz, and 0.74 and 0.88 at 17GHz.
For the LOS and NLOS paths, the R-squared values at 10λ
are higher than at 2λ. Te R-squared values at all frequency
bands for the LOS and NLOS paths are at least 0.5 and close
to 1, indicating high reliability at 10λ, which has a higher
number of measurements than at 2λ or other averaging
lengths. Te graphs in Figures 3 and 4 show that at 2λ, the
values measured along the line of best ft of the measurement
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Figure 2: Rail of the local average power measurement. (a) Schematic. (b) Prototype.

Table 1: Measurement points of local average power.

Frequency (GHz)
Measurement points

2λ 4λ 6λ 8λ 10λ
3 13 27 41 53 67
6 7 13 21 27 33
10 5 9 13 17 21
17 3 5 7 9 11
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Figure 1: Scenario of the measured indoor corridor environment [11].
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Figure 3: Measurement and ftting results of LOS. (a) 2λ. (b) 4λ. (c) 6λ. (d) 8λ. (e) 10λ.
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Figure 4: Measurement and ftting results of NLOS. (a) 2λ. (b) 4λ. (c) 6λ. (d) 8λ. (e) 10λ.
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frequency are highly dispersed. When 10λ is applied,
however, the measured values are concentrated along the
line of the best ft of the measurement frequency.

PLCI(dB) � L d0(  + Nlog10
d

d0
  + Xσ , (2)

where

N: distance power loss coefcient (N � 10n)
d: separation distance (m) between the base station and
portable terminal (where d> 1m)
L(d0): basic transmission loss at d0 (dB), for a reference
distance d0 at 1m, assuming free-space propagation
L(d0) � 20 log10 f − 28, where f is in MHz
d0: reference distance (m)
Xσ: standard deviation (dB)

4. Conclusions

In a measurement scenario of an indoor corridor envi-
ronment, this study measured and analyzed local average
power according to the transmitter and receiver positions in
the 3, 6, 10, and 17GHz frequency bands for LOS and NLOS
paths. We confgured the measurement environment, sce-
nario, and system identical to those presented in Section
6.1.7.4 of ITU-R Report P.2406-2 [11]. As a measurement
method, we selected 2λ, 4λ, 6λ, 8λ, and 10λ for the local

average power measurement. Te rails of the local average
power measurement system were designed and fabricated.
As for the measurement results and analysis, the parameter
N value of the CI path loss model did not signifcantly vary
with the averaging length. At 2λ, owing to the multipath
efect, R-squared was approximately 0.4–0.7 for the LOS
path and 0.6–0.8 for the NLOS path. At 10λ, R-squared was
approximately 0.7-0.8 for the LOS path and 0.8-0.9 for the
NLOS path, indicating that the accuracy of the results im-
proved as the number of measurements increased owing to
the change in the average length. If an averaging length
higher than 10λ is selected, the reliability increases as the
number of measurements increases. A local average mea-
surement method was used to obtain accurate measurement
data according to loss due to multiple paths in the indoor
environment. Te interval between samples was fxed as
1.5 cm, and the number of measurements due to the change
in the average length was determined. Reference data for
selecting the averaging length was proposed using the R-
squared value. However, as the number of measurements
increases, the measurement time and size of the local average
device increase, leading to spatial limitations. Terefore, an
appropriate averaging length must be selected for the
measurements. In addition, as the number of measurements
increases owing to an increase in the averaging length in the
measurement results, the correlation owing to the large
number of samples at 3GHz is high, but that owing to the
relatively small number of samples at 17GHz is low. In
addition to the appropriate selection of the averaging length,

Table 2: Power loss coefcients, standard deviation, and R-squared of measured parameters.

Frequency (GHz)
LOS NLOS

n σ R-squared n σ R-squared
2λ
3 1.36 2.81 0.66 2.46 2.70 0.80
6 1.44 3.69 0.51 2.68 3.54 0.66
10 1.41 3.47 0.43 2.60 3.22 0.68
17 1.51 2.07 0.75 2.74 3.26 0.74
4λ
3 1.36 2.48 0.70 2.44 2.03 0.88
6 1.42 3.17 0.60 2.64 2.98 0.71
10 1.38 2.76 0.50 2.57 2.69 0.74
17 1.51 1.95 0.75 2.70 2.36 0.85
6λ
3 1.36 1.96 0.79 2.43 1.72 0.91
6 1.43 2.75 0.69 2.62 2.85 0.72
10 1.38 2.30 0.60 2.55 2.47 0.76
17 1.51 1.80 0.78 2.68 2.09 0.87
8λ
3 1.36 1.77 0.82 2.43 1.56 0.93
6 1.43 2.47 0.74 2.62 2.73 0.72
10 1.39 2.15 0.64 2.55 2.27 0.80
17 1.49 1.60 0.80 2.67 2.06 0.87
10λ
3 1.36 1.63 0.83 2.42 1.25 0.95
6 1.41 2.08 0.79 2.61 2.59 0.73
10 1.39 1.92 0.71 2.56 2.16 0.82
17 1.49 1.52 0.82 2.67 1.94 0.88
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various directions of analysis should be considered by ap-
propriately using various measurement intervals and the
same number of measurements for each measurement
frequency.

In the future, we expect the fndings of this study to
signifcantly contribute to selecting averaging lengths for
measuring local average power in an indoor corridor en-
vironment and presenting coefcients of determination for
the accurate reliability of prediction models. Furthermore,
we expect the data obtained in this study to be used as a
reference for the ITU-R standard.
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