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Abstract—To meet the rapid increasing demand of the high
data rate communication, millimeter wave communication system
has attracted considerable attention. In this paper, a millimeter
wave wideband channel measurement with mobility in urban
micro-cell mobile communication scenario at 28 GHz is presented
for the purpose of capturing the channel characteristics. Based
on the measured data, we analyze the path number, root mean
square delay spread (rms DS) and mean excess delay. It is found
that the distribution of the path number is well fitted by a Normal
distribution while the distribution of the rms DS and mean excess
delay is fitted well by a Lognormal distribution. The statistics
of these parameters are also given and are compared with the
results in other measurements. Besides, the effects of the distance
on the path number are discussed. These analysis results can give
insight into the design of the 5G wireless communication system.

Index Terms—millimeter wave, channel, urban micro-cell.

I. INTRODUCTION

IMT-2020 for fifth generation (5G) wireless communication
systems will see considerable changes in the requirements of
both services and technologies, e.g, a peak data rate of 20
Gbps. In order to meet these changes, bandwidths of order
of 1 GHz are needed. However, such wide bandwidths are
only available at carrier frequencies above 6 GHz [1], and it
is well established that millimeter wave communications will
thus form an important part of IMT-2020. As a prerequisite
for the system design, it is necessary to investigate and model
the channel characteristics of millimeter wave bands.

Conducting channel measurements in real communication
environment is a reliable method to characterize the radio
propagation channel. But the parameters extracted from mea-
sured data are significantly related with the measuremen-
t setting, e.g., the delay resolution, central frequency and
bandwidth. Especially for the millimeter wave, the dominant
propagation mechanism changes compared with that below 6
GHz [2]. This is because the ability of the diffraction decreases
as the frequency increases [3]. Corresponding, the channel
properties changes a lot, e.g, the path number and rms DS.
Hence, it is necessary to conduct measurements to model the
millimeter wave channels exactly.

In prior literature, some research institutes and industries
have conducted experimental study of high frequency channel.
Specifically, Aalto University in Finland used sweeper as the

transmitter and VNA as the receiver to collect the channel data
of 81-86 GHz [4], whose scenarios are street canyon and the
roof to the street with the longest measurement distance 685
m. T.S. Rappaport’s team from NYU has conducted millimeter
wave measurements at different bands, e.g., 28, 38, 60 and 73
GHz by rotating the horn antenna. Based on the measured
data, they analyzed the millimeter wave channel properties,
e.g., the path loss (PL), angular and delay information, and
proposed some empirically-based propagation channel models
[5]. But, it is still necessary to use the omnidirectional or
sectored antenna with wide half-power beam width (HPBW)
to capture the channel information. Beijing University of
Posts and Communications (BUPT) used the omnidirectional
biconical antenna to conduct the measurements at several
different frequency bands, 3.5, 6, 14, 23, 26 and 28 GHz,
in indoor scenario [6]. And the characteristics of the PL and
delay spread at different frequency bands are studied. But, all
the measurements are conducted at the fixed locations without
mobility. In this paper, we present a millimeter wave channel
measurements in the urban micro-cell scenario at 28 GHz in
China. A wideband correlator sounder with the bandwidth of
400 MHz was used to capture the channel information. Then,
based on the measured data, the statistical characteristics of
path number, root mean square delay spread (rms DS) and
mean excess delay are analyzed in detail. And the effects of
the distance on the path number are discussed.

The rest of this paper is organized as follows. Section
II introduces the measurement facilities and scenario. Data
analysis processes are described in III. The analysis results of
the path number, rms DS and mean excess delay are shown
in Section IV. Finally, Section V concludes this paper.

II. MEASUREMENT FACILITIES AND SCENARIO

A. Measurement Facilities

During measurements, a wideband correlator sounder with
the bandwidth of 400 MHz is used to capture the channel
information. A pseudo-random noise sequence is generated at
the TX side as the probing signal with a chip frequency of 200
MHz. The corresponding delay resolution is 5 ns. To make
sure the RX can receive the signal with big enough signal to
noise ratio (SNR), a power amplify (33 dBm saturation power
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and 56 dB gain) and a low noise amplifier (5 dBm saturation
power and 20 dB gain) are used to amplifier the signal at
the TX and RX side respectively. The maximum average
output power before the TX antenna can be up to 30 dBm.
Two rubidium clocks disciplined by global positioning system
(GPS) signal are used to realize the clock synchronization
and get the same central frequency. In terms of antennas, a
2 dBi biconical antenna (360 degrees and 40 degrees half-
power beamwidths in azimuth and elevation, respectively) is
used at the TX side and mounted on a trolley. And at the
RX side, a 8 dBi sectored antenna (90 degrees and 40 degrees
half-power beamwidths in azimuth and elevation, respectively)
is used. Detailed parameters of the measurement setting are
summarized in Table I

TABLE I
MEASUREMENT PARAMETERS

Property Values
Central frequency 28 GHz
Bandwidth 400 MHz
PN sequence 1023
Delay resolution 5 ns
Max output power 30 dBm
TX/RX antenna type Biconical/Sectored
TX/RX antenna gain 2 dBi/8 dBi
TX/RX antenna polarization Vertical
TX/RX antenna azimuth HPBW 360◦/90◦

TX/RX antenna elevation HPBW 40◦/40◦

TX/RX antenna height 1.66 m/13.38 m

B. Measurement Scenario

The measurements were conducted in the campus of the
Beijing University of Posts and Communications. The TX was
put on the ground while the RX was fixed on the roof of a
building with the height of 11.75 m, which is a typical urban
micro-cell scenario. To generate mobility, the TX was pushed
along the planed routes with the speed of about 1 m/s. Each
route is on the major road and there are moving people and
vehicles. Besides, the measured space distance range of the
LoS routes is 13.19 m up to 137 m while it is 15 m up to
88.11 m for the NLoS routes. The schematic diagram of the
measured routes are shown in the Fig.1(b). We can see that
there are 7 LoS routes and 3 NLoS routes. And there are a
lot of trees and high buildings in this scenario, which maybe
bring great effects on the radio propagation.

III. DATA ANALYSIS METHOD

A. Pre-definition

The measured channel impulse response (CIR) collected by
the correlator sounder can be written as

h(t, τ) =
N∑
n=1

ane
jθn(t)δ(τ − τn), (1)

(a) The real measurement environment

(b) The distribution of measurement routes

Fig. 1. The measurement layout

where an, θn(t), δn represents the amplitude, phase and delay

of the nth multiple path. Hence, the power density profile
(PDP) is

P (tm, τn) = |h(tm, τn)|2, (2)

where tm and τn indicates the mth snapshot at time domain

and the nth delay bin respectively.

B. Path Number

Generally, the measured data are affected by the additive
white Gaussian noise. To remove the effects of the noise on
the sampling values of the CIR, we delete all the P (tm, τn)
that are smaller than the average noise level at each snapshot.
Besides, the CIR is discarded if its SNR is smaller than 15
dB. Hence the power of sub-paths as a set of valid sampling
values of the CIR at each snapshot is

xm =
{P (tm, τn)|10log10(P (tm, τn)) > Tn,

max(10log10(P (tm, τn))) > Tn + 15, n = 1, 2, ..., N}
(3)

where Tm is the average noise level at the mth snapshot, N
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is the total number of delay bins. The path means the extreme
value of the sub-paths. We can write the path as

zm =
{P (tm, τn)|P (tm, τn+1) < P (tm, τn)

> P (tm, τn−1), P (tm, τn) ∈ xn}.
(4)

Hence, we can obtain the number of the paths by investigating

the zm.

C. Delay

Generally, the τ1 is set to zero to obtain the excess delay.
The mean excess delay can be extracted as follow

µ(tm) =

∑N
n=1 τnP (tm, τn)∑N
n=1 P (tm, τn)

. (5)

Then, the 2nd raw moment of the excess delay is

τ(tm)2 =

∑N
n=1 τ

2
nP (tm, τn)∑N

n=1 P (tm, τn)
. (6)

The rms DS is defined as the root mean square of the second

central moment of the power delay profile. Hence we can get
the rms DS by

σ(tm) =

√
τ(tm)2 − µ(tm)2. (7)

IV. DATA ANALYSIS RESULTS

A. Path Number

Based on the analysis process described in the Section III,
we extract the path numbers for LoS and NLoS scenario
respectively. The analysis results are shown in the Fig. 2.
The bar represents the extracted path number and the red line
represents the Normal fitting. We can see that the path numbers
for both LoS and NLoS scenario fit well with the Normal
distribution. Moreover, in Fig. 2(a), the Normal fitting has the
mean of 15.48 and standard variance of 3.98. And there is the
Normal fitting with the mean of 15.21 and standard variance
of 4.15 in Fig. 2(b). There are almost the same number of
paths in NLoS scenario than in LoS scenario on average. Two
reasons can be given to explain that. Firstly, there are many
high buildings with glass windows which are good reflectors
for the radio propagation. Hence, many reflected paths will
been received by the RX even in the LoS scenario from
the surface of windows or walls. The ground is also a good
reflective media. Secondly, in terms of the NLoS scenario,
though there are no LoS components, more scattered paths
can be received due to the diversity of the NLoS scenario.
Through investigating the maximum path number, we can see
that the maximum path number of the NLoS scenario is 30
more than 21 in the LoS scenario. This is mainly because
the change of the measured environment has more effects

(a) LoS.

(b) NLoS

Fig. 2. The probability density function of the path number

on the NLoS radio propagation without dominant and steady
components. Besides, a large number of trees around the NLoS
routes shown in Fig 1(b) can generate more paths.

Through comparing with prior literature, the path number
results seem different with that shown in [7], in which the
average numbers of resolvable multiple path components are
7.7 under LoS conditions and 8.8 under NLoS conditions.
Though the measurements were also conducted in a campus,
a outdoor cellular environment, they used the horn antenna
to capture the channel information and some paths may be
missed. During our measurements, a omnidirectional biconical
antenna and a sectored antenna both with wide HPBW were
used and they could see more paths, e.g., scattered and
reflected paths. In [8], they used dipole antennas to conduct
the channel measurements in a indoor office at 14 GHz. The
number of detected paths under LoS conditions is 11 while it
is 10 under NLoS conditions, which is still smaller than our
results. Maybe this is because many paths arrive at almost the
same time due to the small size of the indoor office so that
they can not be resolved.

2017 11th European Conference on Antennas and Propagation (EUCAP)

#15703143412882



B. Delay

The number of resolved paths partly reflects characteristics
of the delay. Especially for the rms DS, more resolved paths
usually bring bigger rms DS. Fig. 3 shows the statistics of the
rms DS for both the LoS and NLoS conditions and Lognormal
fitting is used here. The fitting parameters µ(log10(s)) and
δ(log10(s)) of the rms DS under LoS conditions are -7.53
(29.51 ns) and 0.32 while these are -7.43 (37.15 ns) and
0.21 under NLoS conditions. On comparing with the rms DS
results in [9], we find that the mean of the rms DS here
are smaller relatively. This is maybe because the maximum
measured distance here is only 137 m and the propagation
distance differences between different paths are not big as in
[9]. Besides, the different measuring method can also bring
differences on the statistics of the rms DS. Our measurements
are conducted with mobility whereas RX and TX are fixed
during measuring in [9]. More samples can be obtained in our
measurements and these samples have higher similarity over
excess delay domain.

Fig. 4 shows the statistics of the mean excess delay. Similar-
ly, the Lognormal distribution fits well with the mean excess
delay results. The fitting parameters µ and δ are -7.6 (25.12 ns)
and 0.13 under LoS conditions while these are -7.44 (36.31 ns)
and 0.17 under NLoS conditions, respectively. It suggests that
the multiple paths on millimeter wave channels are more likely
with small excess delay and there are less scattered paths,
which is consistent with the results in [2]. Table II concludes
the statistics of above analyzed parameters.

Scenarios UMi
LoS NLoS

Path number µ 15.48 15.21
δ 3.98 4.15

Delay spread
log10(s)

µ -7.53 -7.43
δ 0.32 0.21

Mean excess
delay log10(s)

µ -7.6 -7.44
δ 0.13 0.17

TABLE II
THE STATISTICS OF THE PATH NUMBER, RMS DS AND MEAN EXCESS

DELAY IN THE MEASURED UMI SCENARIO

C. Effects of the distance on the path number

In our measurements, the distance ranges of the route 1, 2
and 3 are 13.19 m to 24.13 m, 24.13 m to 69.46 m and 85.49
m to 135.01 m respectively. These three routes are along the
same main road and cover a wide distance range. Hence, we
empirically choose the measured data on these three routes to
analyze the effects of the distance on the path number. Fig.
5 shows the analysis results. The straight line is the linear
fitting of the path number. We can see that the path number
is significantly related with the distance on the route 1. The
route 1 is just under the RX and in between two high buildings
shown in Fig. 1(b). Hence, the RX can receive a large number
of reflected paths from the ground and the wall of buildings.
But as the TX moves away the RX, the path number decreases

(a) LoS.

(b) NLoS

Fig. 3. The probability density function of the rms DS

greatly. Besides, on the route 2 and 3, the correlation between
the distance of the path number decreases compared with that
on the route 1. The slope of the linear fitting line is more and
more flat. It suggests that effects of the distance on the path
number are not apparent in the far area.

V. CONCLUSION

In this paper, we analyze the statistics of the path number,
rms DS and mean excess delay based on the measured data
from a millimeter wave 400 MHz channel measurement in
UMi scenario with mobility at 28 GHz. For both the LoS and
NLoS scenarios, the statistics of the rms DS and mean excess
delay can be fitted well with the Lognormal distribution. In
terms of the path number, the Normal fitting performs well.
Besides, all the fitting parameters are given and their physical
meanings are explained combined with the characteristics of
the measured environment and millimeter wave propagation.
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(a) LoS.

(b) NLoS

Fig. 4. The probability density function of the mean excess delay

Fig. 5. Effects of the distance on the path number.

The path number in our measurements is not small as that
shown in prior literature. Besides, the mean values of the
rms DS and excess delay are generally smaller relatively. It
suggests that the statistics of the multiple paths on millimeter
wave channels are largely related with the environments and
measuring setting. In addition, the effects of the distance on the
path number are discussed here and it is found that the effects
are significant in the near area, i.e., under the base station, but
not apparent in the far area. In general, these analysis results
can help model the millimeter wave wideband channel and
design the wireless communication system.
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