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Abstract—This paper presents wideband channel measure-
ments in an office environment in the 62 GHz and 83 GHz
frequency bands. Measurements were performed with a VNA
and the mechanical steering of directive antennas at both the
transmitter and receiver side, allowing a double-directional angu-
lar characterization. A comparison of propagation characteristics
such as the path loss, multipaths clusters’ dispersion properties
in the delay and angular domains are provided. Results show
that similar propagation characteristics are attainable in the two
bands considered.

I. INTRODUCTION

The use of the classical frequency bands for mobile com-
munications systems (i.e., 300 MHz-3 GHz) can not meet
the requirements of future broadband communications, e.g.,
throughput, due to the congested and limited bandwidth
therein. Nonetheless, the overwhelming demand of resources
for broadband communications can be achieved by using the
millimeter-wave (mmWave) spectrum where a large amount
of bandwidth will enable multi-gigabit per second data trans-
mission for the next generation of 5G wireless system [1].
Thus, regulation organisms such as the International Telecom-
munication Union-Radio Regulations (ITU-R) and the Federal
Communications Commission (FCC) enable the use of several
bands in the mmWave spectrum. These bands include - but not
limited to - the unlicensed 60 GHz band (57-66 GHz, often
refered to as V-band) and the licensed 70/80 GHz (71-76 GHz
paired with 81-86 GHz, refered to as E-band). The broadband
radio channel along with the propagation characteristics must
be well understood in these bands for the standardization and
design of future communications systems.

Several researches have addressed the indoor channels char-
acteristics and models in the V-band [2], [3], as well as in
the lower sub-band of the E-bands [3]-[5]. Measurements
based statistical channel models for 60 GHz propagation in
hospital environments are provided in [2]. A measurement-
based spatio-temporal statistical channel model developped
at 60 GHz and 70 GHz in several environments shows that
identical channel model framework can be used to cover
both frequencies [3]. Directional and omnidirectional path loss
models and rms delay spread statistics have been investigated
for co- and cross-polarized antennas configurations at 28 GHz
and 73 GHz [5].

However, to the best of the author’s knowledge, only few
reasearches have dealt with indoor channels measurements
and characterisation in the upper band of the E-band. The

channel characterization results at 81-86 GHz in roof-to-street
and street canyon scenarios are presented in [6], and [7]
uses directional measurements in an indoor environment at
80.5-86.5 GHz to derive omnidirectional path loss model and
dispersions properties of the channel.

In this paper, we investigate indoor mmWave channels at
59-65 GHz and 80.5-86.5 GHz through directive antennas
measurements, and the propagation parameters are compared.
The rest of the paper is organized as follows: the measurement
campaigns, setup and scenarios are presented in Section II.
The wideband channels are characterized in Section III and
the measurement results and discussions are also provided.
Finally, Section IV concludes the paper.

II. CHANNEL MEASUREMENTS CAMPAIGN
A. Measurement setup

A 4-port Vector Network Analyzer (VNA) has been used
to record the two measurement campaigns. The first one
was carried out at 59-65 GHz whereas the second was at
80.5-86.5 GHz. To be able to measure at these mmWave
frequencies, two pairs of frequency converters - one for each
band - have been employed at both sides of the transceivers.
The VNA setup parameters for the measurement campaigns
are presented in Table I. The low IF bandwidth permits us to
have a noise floor of approximately -140 dB.

TABLE 1. VNA setup and antennas directional parameters.
Frequencies No. sweep | IF Azimuth step
points bandwidth (Tx, Rx)
59-65 GHz 2001 100 Hz (360°, 10°)
80.5-86.5 GHz | 2001 100 Hz (45°, 10°)

For the 59-65 GHz measurements, we use a 0 dBi gain
standard omni-directional antenna on the Tx side while we
use a vertically polarized standard horn antenna with 20 dBi
gain and approximately 20° half power bandwidth (HPBW) on
the Rx side. For the 80.5-86.5 GHz measurements, a vertically
polarized horn antenna with 10 dBi gain and a HPBW of 50°
is used on the Tx side whereas a vertically polarized horn
antenna with 20 dBi gain and a HPBW of 15° is utilized at
the Rx (see Fig. 1(b)).

To fully investigate the channel in the azimuth domain, two
positioner devices have been used to rotate the antennas and
perform mechanical steering. Additionally, the rotating motor
at Rx side is collocated with a 2D positioner that is able
to scan in a grid of 80x80 cm?. A laptop operates the



(a) Measurement system in the office

Fig. 1.

VNA and the two positioner controllers through a Matlab
software. Fig. 1(a) shows two pictures of the measurement
environment with antennas connected to the converters and
placed on the positioners. We consider one Tx location and
four Rx locations. At each Rx location, the 2D positioner
moved following a 3 x5 (resp. 2x3) grid at 59-65 GHz (resp.
80.5-86.5 GHz) and the channel is probed at each position
(see Figs. 1(b), 2).

B. Measurement scenarios

The measurement campaign has been carried out at CEA-
Leti. The scenario was a classical office of approximately
50 m? with desks, storage cabinets and bookshelves (furniture
was arranged at the sides of the room leaving a large empty
part in the center where there was possible to perform the
measurements). The room dimensions L, [, and h are approx-
imately 7 m, 7 m, and 2.6 m respectively. A floor plan of the
office is depicted in Fig. 2, along with the locations of the
transceivers.
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Fig. 2. Floor plan of the measurement environment and scenarios. At
each location of the Rx, the red points (resp. black crosses) indicate the
measurement positions at 59-65 GHz (resp. 80.5-86.5 GHz).
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(b) Scheme of the transceivers position.

Measurement system (left) and transceivers position’s scheme (right) in the office

III. CHARACTERIZATION OF MMWAVE WIDEBAND INDOOR
CHANNELS AND MEASUREMENTS RESULTS

A. Synthetization of directive channel measurements and om-
nidirectional power delay profile

At each pairing scanning direction of the Tx and Rx (Q7,
Qf), the channel frequency response H,(f, Q, Q1) has been
recorded and the corresponding channel impulse response (i.e.,
hy(7,QF QF)) computed. The power angular delay profile
(PADP) of the channel is as follows:

PADP(1,QF 08y = |h,(r,QF, Q)2 (1

Note that (1) is further corrected to remove the gains intro-
duced by the antennas. The synthetic omnidirectional PDP is
then obtained as follows:

NT NE
PDP,(r)=Y_ > PADP(r,Ql,Qf) )

T=1R=1

where NI (resp. NF) is the number of scanning direction
of the Tx (resp. Rx). Additional details on the synthetization
procedure can be found in [3], [7].

The number (Ny) of detectable paths and their corresponding
delay 7, (k = {1...Np}) is determined from the synthetic
PDP. Each delay 7, is mapped to a unique (27, Q) couple
defining the direction of departure and arrival of the k'"
detected path. In the following, only the azimuthal direction is
considered as the transeivers have the same height. The paths
detection algorithm [3] is applied for paths identification. The
algorithm searches for local maxima in the PDP by comparison
with a threshold function [3].

Consider a path is found at 7y, the corresponding power is
given by the following maximization function:

ol = e PADP(7,®7 o) 3)
where R = {1...NF} and T = {1...NT}. The (azimuth) angle
of arrival (AoA) and departure (AoD) of the Eth path is given
by the couple (<I>ST,<I>§) maximizing (3).

Fig. 3 shows an example of omnidirectional PDP along with
the detected multipaths. The two PDPs have been measured
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Fig. 3. Measured PDPs in the office (Rx1) and the detected specular
paths.

- as best as possible - at the same position. We clearly see
from Fig. 3 that i) the power level of multipaths is in general
higher at 62 GHz than that at 83 GHz, and ii) the PDP drops
faster in the noise floor at 83 GHz. These observations might
be explained by the free space attenuation that is higher at
higher frequencies.

B. Path loss model

Path loss models are important features that provide infor-
mations such as coverage distance allowing efficient design of
communications systems. The path gain value is obtained from
the total relative received power P; values, which in turns are
obtained from the integration of the full PDP:

K
1
P =—= E PDP(; 4
t PL — (Tl)7 ()

where K is the number of sweep points. The path loss value,
i.e., PL, is then derived from the path gain. To model the path
loss, we adopt the omnidirectionnal floating intercept model.

PL(d)[dB] = PLg + 107 log,, (j) +X, ()
0

where PLg is the intercept in dB and n is the path loss
exponent that characterizes the increase in the channel path
loss as a function of the Tx-Rx distance d. Both PLg and
n are obtained from the intercept and slope of the best-fit
to (5) according to the minimum mean square error (MMSE)
criteria. PL(d) is the measured path loss at the distance d and
is obtained from (4). Finally, X, representes the variation due
to shadowing effects. Fig. 4 shows the path loss model at the
two frequencies. We obtain n (resp. PLg) of about 1.36 (resp.
67.88 dB) and 1.34 (resp. 69.58 dB) at 59-65 GHz and 80.5-
86.5 GHz, respectively. Finally, we found that X, ~ A/(0,
0.66 dB) at 63 GHz and X, ~ N(0, 0.86 dB) at 83 GHz.
N (p, o) means a normal distribution with mean y and standard
deviation o.

C. Delay dispersion properties

One of the important delay parameter - if not the most - is
the root mean square delay spread (7,.,5) as it sets the bit error
rate or the maximim achievable throughput of communication
systems. The rms delay spread is the square root of the second
central moment of the power delay profile.
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Fig. 4. Arrival and departure estimated angular spread.

After post processing, the 7,.,,s values measured throughout
the room vary from 4.60 ns to 8.40 ns for the first band
(i.e., 59-65 GHz) while it ranges from 6.15 ns up to 11.5 ns
for the 80.5-86.5 GHz band. We observe that there is clearly
no trend between the 7,.,,s; values and the Tx-Rx distance.
Therefore, the environment will be characterized by the mean
rms delay spread, which are about 6.10 ns and 8.27 ns at
83.5 GHz and 62 GHz, respectively. Moreover, the 7,5
values are randomly scattered around the mean values in both
configurations. Hence, the actual rms delay spread of the
environment can be thought of as the summation of a constant
rms delay spread (i.e., the mean value), plus a random delay
spread (X ;) due to fading. From the measurements, we found
that X, ~ A/(0, 0.70 ns) at 62 GHz and X, ~ N(0, 0.83 ns)
at 83 GHz.

D. Clustering of the multipath

A cluster is a set of multipaths that have similar propagation

characteristics in terms of delays and angles of arrival or
departure... It has widely been proved that multipaths arrive
in clusters mode in indoor environments [8]—[10]. Moreover,
un-clustered models overestimate the channel capacity if the
propagation paths are actually clustered [11]. Therefore, the
clustering pattern of the multipaths and properties such as
the dispersion properties are important for efficient design of
future 5G communications systems.
We group the estimated multipaths into clusters using the K-
means algorithm [12] and the multipath component distance
(MCD) is used as a metric to discriminate the clusters. Here
we determine the MCD in the azimuth of arrival and delay
domains.

g 1
MCDXoAzi |ai

where ag=[sin(0y) cos(®4), cos(0y) cos(Py ), cos(Py)] L.

—ay | (6)

| 7o — 7 | Tsta

AT2

max

MCDY =¢ (7)
where 744 is the standard deviation of the delays,
ATpmaz=max; ;(| 7 — 7; |), and ¢ is a suitable delay scaling
factor fixing the importance of the delay domain. Here we set
¢=1. The resulting metric to distinguish clusters is as follows:

MCDy = /| MCDY, , |2 + | MCD¥ |2 (8)
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Fig. 5. Identified paths and clustering pattern at Rx1-position 1.

To avoid detection of insignificant clusters, the power of an
identified cluster should be at least 1% of the total power.
Figs. 5, 6 shows an example of detected paths and correspond-
ing clusters. The red circles, blue square, and black triangle
indicate the first, second, and third cluster, respectively. The
yellow markers show the centroids. The concentric circles
indicate the traveled distances - in meters - by the paths.
We clearly assess three clusters in both bands. However, the
number of cluster varies slightly throughout the office. The
probability density function (PDF) of the number of identified
cluster is shown in Fig. 7. On average, the number of cluster is
similar for the two frequency bands. In general the number of
cluster depends on the Rx location and the frequency as well.
The most probable number of cluster is 2 at 80.5-86.5 GHz
while it is 3 at 59-65 GHz. Moreover, we observe - for both
bands - that 4 clusters mostly appear at the same location
Rx4. The reason behind this may reside in Rx4 being near
corner walls, closets and other furniture, as shown in Fig. 2,
so there are multiple sources of scattering in different angular
locations.

As comparison, [13] obtains a maximum of six clusters in
a residential room at 60 GHz, [14] found up to four clusters
in an outdoor micro-cell at 73 GHz, and 2 to 5 clusters are
obtained for an indoor channel measurements at 28 GHz [15].
However, it is worth mentioning that the number of clusters
will depend on the measurements dynamic range, the used
algorithm to assess the multipaths, and so on.
We now investigate the dispersion properties of the clusters
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Fig. 6. Identified paths and clustering pattern at Rx1-position 1.
70 T T
5965 GH:
60 DBO.S—BG.SZGHZ
g 50
§ 40
§ 30 1
% 201 8
10 1
o ‘ ‘ |
2 3 4
Number of clusters
Fig. 7. Occurency of the number of cluster

in the delay and angular domains. The general definition of
rms angular spread [16] provides values from O to 1, and
overcome the cyclicity of the angles when determining the
directional spread. However, for small values of angular spread
as expected for clusters, we adopt the definiton of the rms
angular spread [17]. We omit the formulas here for the sake
of space. Table II displays the rms angular and delay spread
values. For a Rx location, each parameter is calculated by
averaging the values obtained from all the positions at that
location.

We focus the analysis on the first cluster as it carries a
significant part of the received power, i.e., at least 80% for
Rx1, Rx2, Rx3 and 67% for Rx4. The rms angular and delay
spread values of the first cluster are similar at both frequencies.
The first cluster rms delay spread is quite constant over the Rx
locations at the two frequencies. Namely, a mean rms delay
spread of the first cluster of about 23.00 ns and 22.60 ns
is obtained at 59-65 GHz and 80.5-86.5 GHz, respectively.



TABLE II. rms angular and delay spread values for both frequencies (bandwidth of 6 GHz). [-] indicates that the related cluster does not exist.
157 cluster 274 cluster 379 cluster AT cluster
7 [°] Trms [08] g [°] Trms [08] g [°] Trms [D8] 7 [°] Trms [D8]
~ | Rxl 37.10 24.20 20.45 19.30 20.20 20.50 [-] [-]
5 Rx2 | 2235 21.60 13.70 12.40 12.60 16.70 [-] [-]
- | Rx3 18.45 22.30 19.10 12.95 8.30 14.80 4.30 27.90
© | Rx4 12.20 23.90 11.40 23.20 9.40 9.40 2.50 9.05
2 Rx1 34 22.90 39.10 12.40 20.40 6.40 [-] [-]
O | Rx2 15.50 22 22.60 10.45 20.70 5.50 9.05 11.60
wn | Rx3 19.20 23.60 39.20 7.90 [-] [-] [-] [-]
% | Rx4 8.90 22 13.95 13.90 3.15 3.70 3.70 6.90

On the opposite, the rms angular spread varies along the Rx
locations. The smallest (resp. highest) value occurs at Rx4
(resp. Rx1) location. Basically in Rx4 there are more clusters
and so each of them is more colocated. We observe that the
directional spread of clusters narrows when the receiver is
located near reflectors and scatterers.

IV. CONCLUSION

A measurement campaign with directive antennas has been
carried out in an office environment at two mmWave fre-
quencies. Path loss model is evaluated, providing path loss
exponents of 1.36 and 1.34 for measurements in 59-65 GHz
and 80.5-86.5 GHz, respectively. We obtain two to four
clusters at both frequencies and the number of clusters mostly
depends on the transceivers location. The rms angular and
delay spread of the most significant cluster have been deter-
mined. The first cluster rms angular spread ranges from 12.20°
to 37.10° (resp. 8.90° to 34°) at 63 GHz (resp. 83.5 GHz)
while its rms delay spread values are quite similar (i.e., ~
23 ns) throughout the office at both frequencies. The office
investigation shows that the large scale parameters variation
is not significant at the two frequencies. Therefore, the same
modelling framework is likely to be valid in both bands, at
least in indoor environments.
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