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Abstract—In this paper, we empirically investigate the effects of
shadowing and multipath fading upon the user equipment (UE)
to access point (AP) channels found in indoor distributed antenna
systems (DAS) at 60 GHz. Our measurements have considered
the signal power simultaneously received at 9 ceiling locations
which are likely to be used in future indoor millimeter-wave
DAS deployments. During the experiments, a single user imitated
making a voice call on a UE, which acted as the transmitter, while
walking through an indoor office environment. To characterize
the shadowing and multipath fading, we have made use of the
lognormal and κ-µ distributions respectively.

I. INTRODUCTION

To meet the high data rate requirements of future wireless
networks, the use of millimeter-wave (mmWave) frequencies
has emerged as a strong contender [1]. The adoption of
mmWave frequencies such as those between 57–66 GHz offer
many attractive features well-suited to the operation of short-
range wireless systems. Not least the plentiful unlicensed spec-
trum space and higher propagation losses due to attenuation
(beneficial for reducing inter-cell interference).

Nonetheless, the higher propagation losses which are at-
tractive for reducing interference also present significant chal-
lenges for maintaining link reliability when mmWave devices
are operated in crowded environments or close to the human
body [2]. For example, at 60 GHz it has been reported that
blocking by the human body can cause attenuations in the
range 20–40 dB within indoor environments [3]. How user
equipment (UE) are operated also has a significant impact
upon the characteristics of the received signal. In [2], the UE
operating mode and its effect on the signal received at a typical
wall mounted access point (AP) location was investigated.
In particular, it was observed that the received signal can
deteriorate by as much as 30 dB when the user moved from
a line of sight (LOS) to non-LOS (NLOS) orientation.

One possible strategy for overcoming many of the deleteri-
ous effects discussed above, in particular shadowing, is the use
of distributed antenna systems (DAS) [4]. While the studies
performed in [2] and [3] are useful for understanding the
impact that the human body can have on a mmWave link, un-
fortunately, they only consider point-to-point communications
and thus their extrapolation for use in the analysis of DAS-like
systems will be difficult. To overcome the point-to-point focus
of many previous studies, in this work, we have designed a
custom, distributed mmWave measurement system operating at
60 GHz which has allowed us to take snapshots of the signal

received simultaneously at multiple candidate AP locations.
Furthermore, we statistically characterize the shadowing and
multipath fading observed using the lognormal and κ-µ [5]
distributions respectively.

II. MEASUREMENT SET-UP AND SCENARIOS

To imitate a typical indoor DAS system, 9 custom 60 GHz
receiver (RX) boards, or equivalently hypothetical APs, were
fabricated and mounted at various ceiling locations in an office
environment as indicated by the red circles in Fig 1.1 It should
be noted that all of the RXs were positioned so that the antenna
boresight was facing towards the floor. A complimentary
transmitter (TX) board representing the hypothetical UE was
used by a human operator (adult male of height of 1.72 m and
mass 75 kg) who imitated making a voice call with the device
positioned at their right ear. The custom 60 GHz channel
measurement system was purposely developed to emulate a
realistic indoor DAS system. The design was based on the
HMC6000LP711E TX and HMC6001LP711E RX manufac-
tured by Analog Devices. Both units featured an identical
linearly-polarized antenna-in-package with +7.5 dBi gain and
a half power beam width of 120◦. During the measurements,
the TX was configured to transmit a continuous wave signal
at 60.05 GHz with an equivalent isotropically radiated power
of +10.9 dBm. The received signal power was recorded using
a v1.4 Red Pitaya data acquisition platform at a sample rate
of 96 kHz. This was subsequently downsampled to a rate of
2 kHz by averaging 48 consecutive samples to improve the
signal-to-noise ratio of the received waveform. Two scenarios
were investigated, which consisted of the test user walking
along the a straight line path 9 m long, in two opposite
directions, namely Path AB and BA, as shown in Fig. 1.

III. RESULTS AND DISCUSSION

Prior to characterizing the fading observed at each of the
hypothetical AP positions, the path loss was removed from the
raw received signal power using the methodology described in
[6]. The multipath fading component was then obtained from
the resultant data set by first removing the shadowing which
was calculated using a moving average window of length 10λ.
Parameter estimates (Table I) for the shadowing (lognormal
distribution) were obtained using maximum likelihood estima-
tion and multipath fading (κ-µ distribution) using non-linear

1More details on the measurement environment can be found in [2]



TABLE I
PARAMETER ESTIMATES FOR THE LOGNORMAL AND κ-µ DISTRIBUTIONS FOR PATH AB AND PATH BA.

Path AB Path BA
RX index Shadowing Multipath Fading Shadowing Multipath Fading

u σ κ µ Ω u σ κ µ Ω

RX1 -0.04 0.40 68.75 0.10 1.07 -0.03 0.30 1.16 0.97 1.19
RX2 -0.12 0.39 23.29 0.26 1.07 -0.08 0.29 0.76 1.07 1.20
RX3 -0.13 0.31 3.41 0.70 1.12 -0.06 0.21 0.97 0.99 1.20
RX4 -0.08 0.41 69.61 0.10 1.05 -0.01 0.29 1.30 0.92 1.20
RX5 -0.07 0.40 67.16 0.10 1.06 -0.07 0.35 1.44 0.98 1.17
RX6 -0.11 0.51 3.50 0.69 1.13 -0.01 0.24 0.76 1.01 1.22
RX7 -0.11 0.30 2.26 0.85 1.15 -0.02 0.31 1.26 0.99 1.16
RX8 -0.18 0.27 4.09 0.67 1.10 -0.07 0.42 1.80 0.89 1.16
RX9 -0.18 0.26 1.75 0.91 1.15 -0.01 0.27 0.90 0.98 1.23

Fig. 1. Floor plan of the indoor office environment.

Fig. 2. Empirical (shapes) and theoretical (continuous line) PDFs (a)
shadowing / path AB / RX3, (b) multipath fading / path AB / RX3, (c)
shadowing / path BA / RX6, (d) multipath fading / path BA / RX6.

least squares, both performed in MATLAB. As we can see
for the path AB, the estimated σ parameter of the lognormal
distribution (which represents the standard deviation of the
shadowing’s logarithm) ranged between 0.26 and 0.51. For
the return path BA, this was reduced to 0.21 and 0.42 which
suggests that magnitude of the shadowing observed at each of
the RX locations was generally less than the path AB.

The κ parameters obtained for the multipath fading showed
significant variation between the two scenarios AB and BA.
For the path AB, as the UE generally maintained a LOS

with the majority of the RX locations, the κ parameter which
characterizes the ratio of the power carried in the dominant
signal to that carried by the scattered signal contribution [5]
was quite large, suggesting that a strong dominant component
existed. Interestingly, the µ parameters obtained (which are
related to the number of multipath clusters in the channel)
were often quite low µ << 1 suggesting that little scattering
contributed to the multipath fading. Contrasting this with path
BA, here the UE was now typically in NLOS and it can be
seen that the κ paramters were significantly reduced and the µ
parameters increased, suggesting a greater scattered multipath
contribution. Fig. 2 shows some examples of the empirical
and theoretical probability density functions for the shadowing
and multipath fading. As can be seen from Fig. 2, generally
there is a good agreement between the plots. However, for the
shadowing plots [Fig. 2(a) and (c)] some digression between
the empirical and theoretical plots can be observed.

IV. CONCLUSION

A measurements based characterization of the shadowing
and multipath fading observed at multiple AP locations likely
to be used in DAS systems has been performed. Generally,
the lognormal and κ-µ fading models were found to provide
a good fit to the shadowing and multipath fading. Notably,
the shadowing was occasionally observed to have more than
one mode, suggesting that distributions which are able to
characterize multimodal fading behavior may be beneficial.
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