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Abstract—This paper reports the results of propagation chan-
nel measurements simultaneously performed at 24 and 60 GHz
in an urban cellular access environment. A channel sounder with
a phased-array antenna capable of high-speed beam steering
was used to achieve double-directional full-azimuth scan mea-
surements at the same position and at the same time at both
frequencies. Statistical properties of the delay time of arrival, and
the azimuth angles of departure and arrival, called large-scale
parameters (LSPs), were obtained from the measured data. The
results improve the accuracy of the currently widely used cluster-
based millimeter-wave channel models for site-specific channel
prediction.

Index Terms—millimeter-wave, channel sounding, channel
model, 3GPP, large scale parameters, small parametars

I. INTRODUCTION

The use of the millimeter-wave (mm-wave) band, which
offers wide bandwidth, is expanding in order to cope with the
rapidly accelerating increase in communication traffic each
year. The mm-wave is known for its high environmental
dependence, with small objects being the primary propagation
mechanism due to their short wavelength [1]. The channel
model that well reflects the characteristics of mm-wave is
indispensable for the development of new wireless commu-
nication systems using mm-wave. However, the site-general
cluster-based channel models that are widely used today do
not reflect the strong environmental dependence of mm-wave
[2]. Therefore, further experiment-based propagation channel
analysis is required to improve the accuracy of these channel
models. This paper reports on the results of simultaneous
spatio-temporal propagation channel measurements in the 24
and 60 GHz bands in an urban cellular access environment,
and the channel statistics calculated from the measured data.

II. MEASUREMENT CAMPAIGN

A. Channel sounder

The channel sounder used for this measurement consists
of custom baseband processing units and custom-off-the-shelf
(COTS) phased array antenna beamforming transceivers [3].
The transmitter side baseband processing unit is mainly re-
sponsible for sounding signal generation. The sounding signal
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Fig. 1. Measurement environment

was the unmodulated Neumann phase multitone (NPM). The
number of samples for a single waveform is 2,048 for both
frequencies, and the numbers of tones are 512 in 200 MHz
and 1,024 in 400 MHz for the 24-GHz and 60-GHz bands,
respectively. The sounding signals are up-converted to the
center frequencies of 24.15 GHz and 58.32 GHz, respectively,
by the local oscillator of the transceivers.

In each transceiver, a narrow beam in the azimuth plane
is synthesized using a planar array and a uniform linear
array for the 24-GHz and 60-GHz bands, respectively, at
both Tx and Rx. The half-power beam width (HPBWs) of
the broadside beam patterns are approximately 15° and 6°
for the 24 and 60 GHz, respectively, in the azimuth plane.
Further, those in the elevation plane are 45° for the 24 GHz
phased arrays, and 18° for Rx and 45° for Tx for the 60 GHz
phased arrays, respectively. The scanning range of 90° is
covered by 5 Tx and 5 Rx beams and 11 Tx and 12 Rx
beams for 24 and 60 GHz, respectively. By using four phased
array antennas directing toward -135°, -45°, +45° and +135°,
this system is extended to the 360° azimuth angle sweep.
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Fig. 2. Largescale parameters

Employing a dual 4 × 4 MIMO time division multiplexing
(TDM) scheme can measure 32 channels simultaneously for
rapid acquisition of full azimuth angle range. The complete
measurement consists of 132 MIMO measurement blocks for
angle scanning with 11 Tx and 12 Rx beams for both bands,
which takes approximately 5 minutes.

B. Measurement environment

A measurement campaign was carried out in a typical urban
environment around JR Kannai Station and Yokohama World
Porters, Yokohama, Kanagawa, Japan. The aerial maps of two
measurement environments are shown in Fig. 1. The channel
measurement was conducted in downlink (BS: Tx, MS: Rx).
Regarding the UMa scenario, the BS was installed on the
roof of an 8-story building (BS antenna height: 31.0 m), and
the MS was moved along 49 points on the sidewalk (MS
antenna height: 1.5 m). The distance between the BS and MS
antennas ranged from 40–350 m. On the other hand, in the
UMi scenario, the height of the BS antenna installed on the
sidewalk was 3.0 m, and the MS was moved along 25 points
on the sidewalk (MS antenna height: 1.5 m). The distance
between the BS and MS antennas ranged from 27–200 m.
The measurement data might include some influence of cars
and pedestrians running around the MS.

III. CHANNEL PARAMETERS

The delay spread (DS) and angular spread (ASD/ASA) were
calculated based on the 3GPP model and compared with values
used in the 3GPP model (UMa) [4].

Fig. 2 shows the cumulative probability distribution of each
parameter. The solid lines denote the distribution obtained

in this measurement, and the dashed line is the distribution
obtained in the reference model. The figure also shows the
p-value of the KS test under the null hypothesis that the
measured distribution follows the Gaussian distribution.

Comparing the measured distributions with those of the ref-
erence model, we see that the distributions are quite different,
especially for DS. In other words, we can infer that DS is
a parameter with strong site-specific nature. Comparing the
two frequency bands, we can also see that the distribution at
60 GHz is smaller for all parameters. This can be attributed
to the fact that 60 GHz is more strongly affected by diffuse
scattering by small objects and larger attenuation by oxygen
than 24 GHz.
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