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Abstract

In this paper, the measurements of the channel impulse re-
sponse at mmWave band in office and conference rooms
are described. The central frequency is 27 GHz with a
bandwidth of 400 MHz. The description of the used mea-
surement stand and considered environments are presented.
The initial analysis of the power delay profile, mean delay,
and RMS delay spread allows preliminary conclusions to be
drawn that there is a significant impact of the dimensions of
the rooms on these parameters.

1 Introduction

For the 5G networks, new frequency bands, with center fre-
quencies of 26 GHz and 28 GHz were introduced. Both
channels, n258 and n257, contain the 27 GHz frequency in
their spectrum [1]. This is why analyzing the 27 GHz fre-
quency band is advantageous. Higher frequency introduces
higher free-space path loss. Moreover, materials’ electro-
magnetic properties are more significant and noticeable, es-
pecially higher reflective abilities compared to lower fre-
quencies. It turns almost all objects into obstacles. It re-
quires much more precise positioning between transmitters
(Tx) and receivers (Rx). For the networks and services in
5G, the indoor environment has to be well defined.

Focusing on a very specific use case, that is, a conference
room, we can assume that all Rxs should receive from the
Tx the same data. That is why we can consider multi-user
(MU) grouping to enhance the network’s performance. To
perform it in the best possible way, the Rxs within one
group should not be correlated or should be correlated as
little as possible. Thus, spatial correlation is an important
aspect of environment analysis [2] [3]. The other aspect of
the conference use case is the propagation environment. It
can relate to small conference rooms, as well as large au-
ditories. In order to understand if and how significant the
influence of the environment on propagation is, we need to
study its multipath properties [4] [5] [6].

The measurements of the channel impulse response (CIR)
presented in this paper allowed for calculation of the power
delay profile (PDP), the mean delay (MD) and the root
mean square delay spread (RMS DS), which are frequently
used to quantify the time dispersive properties of wide band
multipath channels.

The rest of the paper is organized as follows: Section 2 de-
scribes the measurement stand, Section 3 the measurement
environments, and finally, Section 4 the preliminary results.
Section 5 concludes the paper.

2 Measurement Stand

Measurements have been performed with the Microwave
Network Analyzer (MNA) Keysight N5227B [7], which is
a core of the measurement stand presented in Figure 1. This
device can realize measurements in the frequency band be-
tween 10 MHz and 67 GHz. During the performed stud-
ies, port 1 of the MNA acted as a Tx, while Ports 2-4 were
Rxs. The MNA has been set up for the measurements of
the scattering matrix parameters, i.e. S21, S31, and S41, in
time domain, which may be considered as a CIRs for these
channels.

For the Tx antenna, it was selected a double ridged horn
antenna DRH67 [8], with 14 dBi gain and 16 dB return loss
(RL) at 27 GHz. The half power beamwidth (HPBW) of Tx
antenna at this frequency is 30◦ in both E- and H-planes.
A set of three Ka-Band omnidirectional Rx antennas has
been used. The selected type of Rx antenna is vertically
polarised SAO-2734030345-KF-S1 [9], with 3.2 dBi gain,
15 dB RL and 78◦ HPBW in E-plane at 27 GHz.

In order to enable measurements for larger distances be-
tween antennas, four sets of radio frequency (RF) over fiber
converters (RFoF), RFoF-40GHz-Q2-Mini [10], have been
used. The RF/O unit (marked in Figure 1) converts RF sig-
nal to an optical one and the O/RF unit converts the optical
signal back to RF. The two units are connected by the 30 m
long optical fiber. All RF connections were done with a
MWX061 cables [11]. It should be mentioned, that each
RF-fiber cable tract (including RFoF converters) has an av-
erage power gain of 9 dB.

Before the measurements, the MNA was calibrated in order
to properly compensate the delays and attenuation in the
cable tracks from the S21, S31, and S41 parameters’ values
reported at its output. With the calibration step performed,
the recorded CIRs correspond to the relative attenuation in
between the power at the Tx antenna port and the output
power of the Rx antenna ports, i.e. the system loss (SL)
[12].
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Figure 1. Block diagram of measurement stand.

The test signal with a bandwidth of 400 MHz was cen-
tered at 27 GHz. The MNA Tx power at Port 1 was set
to 0 dBm. The Intermediate Frequency (IF) filter band-
width of 100 kHz was used, yielding the average noise level
of -97.7 dB (relative to the power fed to the Tx antenna).
The MNA performed measurements by transmitting a short
pulse at the Tx port, and simultaneously recording the re-
sponse signal from the three Rx ports. The Tx pulse dura-
tion time was 4.89 ns, while the CIRs were recorded over
a 250 ns delay window. In total 4001 sample points are
obtained for each CIR, and 100 CIRs have been recorded
for each channel and each scenario. The triggering time
between successive CIR measurements was varying, being
201 ms in average. Since the MNA operates in the fre-
quency domain, the Inverse Fourier Transform is performed
to obtain the CIR from the measured Transfer Function of
the channel. It should be mentioned that the Kaiser-Bessel
window with shape parameter β = 6 was used in this pro-
cess. All of the measurement parameters are summarised in
Table 1.

The MNA was controlled via an Ethernet connection by a
computer which also stored the measurement data on a local
hard drive. The control software has been designed in G, the
graphical programming language used in LabVIEW [13]. It
allowed for automated measurement process and to collect
over 3.9 GB of measurement data.

Table 1. Summary of the measurement parameters.

Measurement type CIR

Tx power (port 1) 0 dBm

Center frequency 27 GHz

Bandwidth 400 MHz

IF Bandwidth 100 kHz

Tx pulse time 4.89 ns

CIR duration (max. delay) 250 ns

No. of samples per CIR 4001

Window function Kaiser-Bessel (β = 6)

Average triggering time 201 ms

3 Measurement Environments

Measurements have been performed at Gdańsk University
of Technology in three office rooms with different shapes
and dimensions. The first one is NE 308 (Figure 2), which
is a big conference room with seats for 90 people, with a
length of 20.8 m and width 8.2 m. The height of the room
is 3 m. The Tx antenna (red point) was mounted on the
back wall of the room on its axis, and the Rx antennas (blue
points) were placed in 50 points spread over the room.

Figure 2. NE 308 measurement scenario.

The second investigated room is Aud 2 (Figure 3), which
is an auditorium for 161 people, with the length of 16 m,
width 12 m, and the height of 3.8 m (at the highest point).
The Tx antenna was mounted in the middle of the wall in
the lower part of the auditorium, while Rx antennas were
placed in 63 points deployed in 7 rows. The last room under
consideration is EA 427 (Figure 4). It is a typical small
conference room for 20 people. Its length, width and height
are 7.1 m, 4.5 m and 3 m, respectively. The Tx antenna was
mounted in the middle of the wall, and Rx antennas were
placed in 18 different points around the conference table.

In all cases the Tx and Rx antennas’ heights over the floor
were 2 m and 1 m, respectively. In addition, in order to
ensure that Rx antennas are within the HPWB of the Tx
antenna, it has been tilted by −15◦ in EA 427 and −12◦

in NE 308. Due to the construction of Aud 2 no tilt was
required.
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Figure 3. Aud 2 measurement scenario.

Figure 4. EA 427 measurement scenario.

4 Preliminary Results

Preliminary results of PDP, MD and RMS DS presented in
this section were calculated based on the measured CIRs,
with a 30 dB threshold below the peak level of the PDP.

In Figure 5, PDPs obtained from positions RX8 in NE 308,
RX17 in EA 427 and RX60 in Aud 2 are shown. They are
all placed in the axis of the main beam of the Tx antenna at
distances around 6 m: 5.1 m, 5.8 m and 6.5 m, respectively.
As expected, the dominant component arrives at a similar
time since the distance between Tx and Rx in all rooms was
similar. However, we can observe that signal received in the
smallest room, EA 427, reaches the average noise level first,
at 87 ns, which is the equivalent of 26 m, that is, around
three times the diagonal of the room. For the Aud 2 these
values are 150 ns and 45 m - 2.25 times the diagonal of the
room. In the case of NE 308, the signal does not reach the
average noise level in the observation time (250 ns, which
is the equivalent of 3.57 times the length of the NE308’s
diagonal). The relation between the rooms’ diagonal and
the time needed for the signal to reach the average noise
level will be further studied.

Figure 5. PDP of signal received in three rooms at the 6 m.

The dependence on the size of the room and the distances
between Tx and Rx is also visible in Figures 6 and 7. For
room EA 427 which was the smallest, both, the MD and the
RMS DS are the smallest, so the larger the room, the larger
the spread of obtained values. An interesting thing may be
observed for the Aud 2: the MD statistical values, as pre-
sented in Figure 6, are much more similar to NE 308 than
to EA 427 which was expected due to the dimensions of
the rooms. Median values for MD are 15.4 ns, 37.4 ns, and
40.7 ns for EA427, Aud2, and NE308, respectively. How-
ever, the RMS DS values presented in Figure 7 are much
closer to the values obtained in the smallest room. Me-
dian values for RMS DS are 4.3 ns, 7.1 ns, and 22.8 ns for
EA427, Aud2, and NE308, respectively. Based only on the
dimensions of the rooms it is an unexpected result. How-
ever, taking into account the aspect ratios of the environ-
ments, and the fact that floor of Aud2 has some slope, it has
to be reconsidered what makes the most significant impact
on the multipath propagation. Among other things, this will
be the subject of future work.

Figure 6. Mean delay for three rooms.
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Figure 7. RMS DS for three rooms.

5 Conclusions

In the paper, the measurement stand for experimental in-
vestigations of radio channel properties at mmWave Band
in office and conference rooms have been described. The
configuration of this test-bed allowed to record a statisti-
cally significant set of values of CIR at 27 GHz with a
bandwidth of 400 MHz. Three investigated office and con-
ference rooms, including deployment of Tx and Rx anten-
nas inside, have been described. The preliminary analysis
of the results consists of the analysis of PDP for selected
cases, and statistical analysis of MD and RMS DS for con-
sidered rooms. The initial conclusions may be drawn that
there is a significant impact of the dimensions of the rooms
on the intensity of the multipath phenomenon, which results
in lower MD, lower RMS DS and shorter delay interval for
the rooms with smaller dimensions. Also, the impact of the
aspect ratio of the dimensions and the presence of the slope
can not be negligible. That should be considered when ap-
plying the model for RMS DS from ITU recommendation
[14] where only the surface area of the environment is used.
For future work, a detailed statistical analysis of the results
will be performed.
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