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Abstract

The millimeter-wave (mmWave) bands and 
other high frequencies above 6 GHz have 
emerged as a central component of fifth gener-
ation cellular standards to deliver high data rates 
and ultra-low latency. A key challenge in these 
bands is blockage from obstacles, including the 
human body. In addition to the reduced cover-
age, blockage can result in highly intermittent 
links where the signal quality varies significant-
ly with motion of obstacles in the environment. 
The blockages have widespread consequences 
throughout the protocol stack including beam 
tracking, link adaptation, cell selection, hando-
ver, and congestion control. Accurately model-
ing these blockage dynamics is therefore critical 
for the development and evaluation of potential 
mmWave systems. In this work, we present a 
novel spatial dynamic channel sounding system 
based on phased array transmitters and receivers 
operating at 60 GHz. Importantly, the sounder 
can measure multiple directions rapidly at high 
speed to provide detailed spatial dynamic mea-
surements of complex scenarios. The system is 
demonstrated in an indoor home entertainment 
type setting with multiple moving blockers. Pre-
liminary results are presented on analyzing this 
data with a discussion of the open issues toward 
developing statistical dynamic models.

Introduction
Since the inception of cellular communications 
systems, providers have faced an ever increasing 
demand for data. In recent years, the impending 
capacity crunch has forced the many stakeholders 
to explore higher frequency bands where more 
spectrum is available and harness them for mobile 
communication [1]. These extremely high frequen-
cies include the millimeter-wave (mmWave)bands, 
which formally comprise the range of 30 to 300 
GHz. These bands, along with other frequencies 
above 6 GHz, are now considered the primary 
vehicle for enabling the extremely high through-
puts of bandwidth-hungry applications and services 
in fifth generation (5G) mobile networks. 

However, the design and deployment of 
mmWave communication systems present sev-
eral unique challenges arising from the relative-
ly unfavorable radio wave propagation at these 
frequencies. Most significantly, mmWave signals 
are highly susceptible to blockage. Compared to 

signals transmitted at lower (e.g., microwave) fre-
quencies, mmWave transmissions simply cannot 
penetrate many common objects and building 
materials. Similarly, the human body, the subject 
of this work, can typically result in 20 dB of atten-
uation as demonstrated later in this article — much 
greater than at lower frequencies.

In addition to loss in coverage, blockage 
results in another equally challenging problem: 
channel dynamics. Due to blockage, mmWave 
signal strength can vary rapidly with any motion 
relative to obstacles in the environment. For 
example, moving behind buildings, and changes 
in the orientation of a handset or the location of 
a body or hand blocker may all cause fast and sig-
nificant large-scale fading. These dynamics have 
a wide ranging impact throughout the protocol 
stack including beam tracking, link adaptation, 
channel feedback at the physical layer, as well 
as TCP and end-to-end application performance. 
While there have been extensive studies of block-
age in the mmWave bands, many of these works 
have been limited to static scenarios. For exam-
ple, there are numerous studies for penetration 
loss measurements of various materials, as well as 
measurement campaigns in outdoor settings for 
deriving statistical path loss and coverage models 
with fixed receiver locations.

Understanding channel dynamics in realistic 
time-varying blockage scenarios is more compli-
cated. Most importantly, mmWave transmissions 
are inherently directional. To overcome the high 
isotropic path loss, mmWave signals will be trans-
mitted and received in narrow beams formed by 
electrically steerable antenna arrays. Due to scat-
tering and reflections, there are often multiple 
viable communication paths in addition to the line 
of sight (LoS) links. Hence, if a current mmWave 
path is suddenly blocked, ongoing communica-
tion can be steered to an alternate path from the 
same serving cell or an alternate cell to maintain 
the quality of service/experience [2]. MmWave 
blockage models must therefore describe the joint 
dynamics of these paths to properly assess such 
procedures including beam tracking, multi-con-
nectivity, and handover.

In this article, we begin with an overview of 
blockage modeling techniques that view blockage 
from an RF theory perspective [3], and those that 
seek to develop statistical models and methodolo-
gies for simulations involving mmWave blockage 
[4]. These statistical models often rely on ray-trac-
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ing-based studies instead of measured data due to 
the diffi  culty of performing these measurements.

To ensure that there is no gap between these 
blockage models and the true statistical nature 
of human blockage, NYU WIRELESS has devel-
oped a 60 GHz measurement system using 
two phased arrays. Importantly, the system can 
measure the channel characteristics in multiple 
directions almost simultaneously. We report mea-
surements in an indoor, home entertainment type 
setting with multiple moving blockers and discuss 
some preliminary eff orts aimed at deriving statisti-
cal characterizations of blockage dynamics from 
these measurements.

oVerVIew of blockAge Models
Before describing blockage models, it is useful to 
consider a typical human body blockage event. 
Figure 1 presents a trace of such an event from 
our measurements discussed in detail below. The 
fi gure shows the attenuation vs. time for the LoS 
component. Blockage models seek to character-
ize the statistics of various key parameters such 
as the attenuation level, the duration of the block-
age, as well as the fading and rise time.

We can see that the impact of human body 
blockage on the radio link can be severe. In the 
trace of Fig. 1, there is more than 20 dB attenua-
tion for a duration of tblocked = 0.2 s. Furthermore, 
before and after the link is blocked, there are 
regions tfading and trising, where the signal strength 
first decreases as the blocker begins to obstruct 
the LoS path and then rises as the blocker moves 
away. These eff ects alone can infl uence the qual-
ity of an mmWave connection. For 5G wireless 
systems requiring low latency, such blockage 
durations are critical and must be mitigated by 
beam steering antenna arrays. If the LoS signal is 
blocked, the link can be maintained by switching 
to an alternative path.

blockAge studIes extendIng rf theory

Many early papers on mmWave blockage focused 
on 60 GHz due to the standardization efforts 
behind IEEE 802.11ad and beyond [3, 4]. More 
recently, with the increasing interest in mmWave 
for 5G, there have been a growing number of 
contributions that targeted other frequencies, 
such as 28 and 73 GHz. The authors of [5] report-
ed a series of measurements performed with a 
single-input single-output (SISO) channel sounder 
operating at 73 GHz. Two horn antennas were 
pointed directly at each other to yield a channel 
that was dominated by a single LoS component, 
where a human blocker walked through the link 
at varying distances between the transmitter (TX) 
and the receiver (RX). The resulting data was uti-
lized to verify and extend the well-known double 
knife edge diff raction (KED) model to allow its use 
with directional antennas at mmWave frequen-
cies. In this model, the attenuation due to a screen 
between the TX and the RX is computed analyti-
cally, requiring precise knowledge of the TX, RX, 
and screen locations. In addition to the double 
KED model, other models have received atten-
tion such as multiple KED and uniform theory of 
diff raction. As argued in [6], alternative blockage 
models may under- or overestimate attenuation; 
thus, measurements are needed in order to accu-
rately characterize human body blockage.

MMwAVe blockAge Models for sIMulAtIon purposes

Geometry-based blockage models are a very 
common approach that allows the simulation to 
capture the effects of blockers moving through-
out the environment. As noted earlier, the ques-
tion is whether or not the locations and behavior 
of these blockers can be accounted for accurate-
ly. Despite these concerns, these types of mod-
els are widespread and can be very useful in the 
appropriate circumstances.

The Third Generation Partnership Project 
(3GPP) channel model for frequencies from 0.5 
to 100 GHz [7] includes blockage as an add-on 
feature. The blockers are distributed randomly 
within the environment in a way that is depen-
dent on the scenario under simulation. To eval-
uate attenuation due to blockage, there are two 
methods available. The fi rst is a simplifi ed model, 
which remains computationally effi  cient, while the 
second is a more intensive but realistic calculation 
that models each blocker as a screen and then 
follows the KED theory to calculate the attenua-
tion due to blockage.

The METIS initiative [8] also utilizes geome-
try-based blockage modeling with screens similar 
to 3GPP. All the considered screens are vertical 
and oriented perpendicular to the line connect-
ing the TX and the RX. For sparse distributions of 
blockers, METIS proposes to sum the losses due 
to each of the screens, whereas in denser distri-
butions a more sophisticated technique based on 
the Walfi sch-Bertoni model is employed to deter-
mine the eff ects of multiple blockers.

In [9], the authors perform an extensive simula-
tion of mmWave blockage in a vehicle-to-infrastruc-
ture (V2I) scenario. Vehicles are randomly dropped 
into an environment that has base stations locat-
ed at street corners. The eff ects of large blocking 
vehicles such as buses and trucks are considered, 
and important fi gures such as coverage probabili-
ty are derived analytically and verifi ed via numeri-
cal simulations. Using this framework, the authors 
were able to uncover some interesting insights, 
such as the fact that blockage can be considered 
insignifi cant for V2I scenarios with multiple lanes as 
opposed to a single-lane roadway.

coMMon MeAsureMent Methods

One common method to study dynamic block-
age is by employing a combination of physical 
measurements and ray-based simulations. The 
measurement systems typically fall into several 
categories:

Figure 1. Example blockage event obtained from our measurements.
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1. Fixed horn or patch antennas, possibly with 
mechanical steering

2. Quasi-omni antennas
3. MIMO measurement systems with a limited 

number of antennas
Horn antennas provide excellent spatial filtering, 
which makes them well suited for many types of 
channel measurements. However, this spatial fil-
tering is a double-edged sword when it comes 
to studying channel dynamics where one would 
like to simultaneously measure the channel 
across all multipath components that are avail-
able. Because human blockage is a process that 
unfolds over timescales on the order of millisec-
onds, it is impossible to rotate a horn antenna 
quickly enough to perform measurements over all 
of these paths.

This problem is partially resolved by utilizing 
antennas with an omnidirectional pattern, where 
it is indeed possible to simultaneously measure 
blockage of different multipath components. 
However, this capability comes at the cost of spa-
tial information. Multipath components are iden-
tified solely by the different times at which they 
arrive at the receiver. As discussed later, phased 
array systems can bridge the gap between these 
different types of measurement systems. 

Another consideration for a blockage mea-
surement campaign is whether or not the block-
ers should be aware of the experiment and follow 
predefined paths, or whether they should be 
people moving throughout an environment in a 
completely unbiased manner. For measurements 
seeking to verify RF theory, it makes sense to have 
the blockers follow simple paths for repeatabili-
ty [5], whereas for measurements that are being 
used to understand the statistics of blockage, it 
is preferable to have the blockers be unaware of 
the experiment [10]. A potential third option is 
to have blockers follow predefined paths that are 
designed to mimic the motion of ordinary people. 

Blockage Measurement Methodology
Experimental Setup

To address the limitations of common mea-
surement techniques discussed earlier, NYU 
WIRELESS has constructed a setup that utilizes 

SiBeam 60 GHz phased antenna arrays at both 
the TX and RX [11]. Each transceiver array con-
sists of 12 steerable TX elements and 12 steer-
able RX elements. The array has a steerable 
range of approximately ±45° in the azimuth 
plane with a peak directional gain of 23 dBi. 
This system enables directional measurements 
to be performed similar to studies that relied on 
mechanically rotated horn antennas, but is addi-
tionally capable of switching from one angle of 
arrival/departure (AoA/AoD) to another with 
microsecond latency — fast enough to keep 
up with human blockage events. The SiBeam 
phased array can electronically alter its pointing 
angle by applying a weight vector that defines 
the relative phases applied to the elements of 
the antenna array.

A crucial drawback of phased arrays is that the 
radiation patterns which can be achieved are often 
of much poorer quality than those of horn anten-
nas. For example, in [12] the authors present simu-
lated antenna patterns for the same arrays that are 
used in this work. They note that the half-power 
beamwidths are typically around 30°, and in some 
cases the mainlobe and sidelobe are nearly at the 
same level, particularly as the mainlobe gets far-
ther away from the boresight. Luckily, different 
multipath components can still be discriminated 
via the transmission of a wideband sequence 
that separates different arriving multipath compo-
nents in the channel. This system can be thought 
of as a middle ground between horn antennas, 
which provide excellent spatial resolution but can 
only measure a single multipath component, and 
omnidirectional measurements, which provide no 
spatial information and therefore rely entirely on 
delay to distinguish different multipath compo-
nents.

Our system uses two codebooks of 12 pre-
defined antenna weight vectors that allow for 
the TX and RX array to be scanned over a dozen 
distinct AoAs/AoDs with an approximate range 
of coverage of ±45° in the azimuth plane. Each 
array is supported by a National Instruments PCI 
eXtenstions for Instrumentation (PXIe) chassis. 
Figure 2 displays the TX component of the sys-
tem. The chassis contains several field program-
mable gate arrays (FPGAs) as well as input/output 
(I/O) modules that allow them to interface with 
the array. These FPGAs implement all of the nec-
essary signaling to control the arrays during a 
measurement as they rapidly scan over the azi-
muth plane. Cables connecting the TX and the 
RX chassis ensure that these remain synchronized 
throughout an experiment.

Measurement Procedure

In each measurement, we collect hundreds of thou-
sands of complex-valued channel impulse response 
(CIR) samples over a period of about 5 s. To per-
form a scan over all of the possible combina-
tions of AoA and AoD, the TX will first apply one 
weight vector to the array, and the RX will cycle 
through its 12 weight vectors and acquire a CIR 
for each. The TX will then advance to the next 
weight vector in its codebook, with the RX again 
cycling through its entire codebook. A single scan 
of all 144 AoA/AoD combinations takes less than 
1 ms, and this scan is repeated approximately 
every 3 ms.

Figure 2. Photograph of the transmitter side of our measurement setup, includ-
ing the SiBeam array, which forms the RF portion, and the PXIe chassis for 
baseband processing.
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The duration of a single scan is short relative 
to the speed of a moving blocker; thus, we can 
assume that all CIRs captured during one scan 
experience the same blockage profile. In other 
words, one can conclude that these CIRs are cap-
tured “almost” simultaneously. This is a crucial 
feature of our system, which separates it from 
other similar setups that can only examine block-
age over a single path at a time.

Indoor Blockage Measurements
To evaluate the effects of human body block-
age in a characteristic in-home streaming/gam-
ing scenario, a measurement campaign was 
conducted in a room on the NYU campus with 
furnishings that mimicked a typical living room. 
The TX was located at a height of 1 m beneath 
a wall-mounted TV to model a set-top box or 
similar device located as part of an entertain-
ment center, while the RX was located 4 m away 
in front of a couch to represent a seated user. 
While the measurement system was continuously 
scanning, human blockers moved around the 
room at typical walking speeds following the 
paths indicated in Fig. 3. 

Trials 1, 2, and 3 featured a single human 
blocker walking perpendicular to the LoS path 
between the TX and the RX. This simple blocker 
motion serves as a useful baseline and provides a 
good opportunity to compare with other studies 
such as the one in [13]. Trial 4 comprised multiple 
blockers attempting more “natural” paths as if 
they were entering/exiting the room or moving 
from one seat to another. This trial was repeated 
with the number of blockers varied from 1 to 3 
in order to examine the effects associated with 
the density of blockers. Finally, all trials were per-
formed with the arrays turned ±60° in the azimuth 
plane. This allowed the experiments to better cap-
ture the non-LoS (NLoS) component reflected off 
the walls of the room.

This setup was chosen because it represents 
a scenario of significant interest (wireless virtu-
al reality being one example of short-range, 
high-throughput, and low-latency communica-
tions), but it is certainly not the only situation 
where this measurement system can be useful 
to understand mmWave blockage. For example, 
additional measurement campaigns could focus 
on in-home streaming with relays located through-
out the home, or in a crowded cafe with a very 
high density of blockers that are in almost con-
stant motion.

Empirical Results of Human Blockage

Interpreting Measurement Results

The results of our measurements take the form 
of a very large four-way tensor, which essentially 
represents a 4D array. This tensor is indexed by 
the delay (measured in samples of the CIR), the 
RX antenna weight vector index, the TX antenna 
weight vector index, and the time at which the 
scan was acquired. It is possible to use this mea-
surement data “as is” by taking a measurement 
trace and using it to analyze the performance of 
a beamtracking algorithm or an entire mmWave 
communications system that employs antennas 
similar to those used in these measurements. As 
we will see, however, developing statistical mod-

els from this measurement data can benefit from 
some additional processing of the measurement 
files.

The multidimensional nature of the mea-
surement data, as well as its large volume, may 
make it cumbersome to analyze and interpret 
the results. A simpler approach is to reduce the 
order of the tensor by performing interleaving 
(commonly referred to as partial unfolding) of the 
RX antenna weight vector and the TX antenna 
weight vector dimensions. This procedure creates 
a single dimension with the size of 144, because 
there were a total of 12 antenna weight vectors, 
each applied at the TX and the RX. The operation 
in question does not yield a loss of data, but it 
makes it more difficult to draw conclusions about 
the measured data, since the effects of TX and RX 
pointing angles are now mixed together. With this 
reduction to a three-way tensor, there is one addi-
tional step needed before the results can be plot-
ted. We consider each CIR and sum together the 
received power from each of the arriving paths 
that are present within the CIR. This reduces the 
delay dimension to only a single value and pro-
duces a matrix (equivalently, a two-way tensor), 
which can be plotted easily.

Figure 4 demonstrates the results of two block-
age measurements:
1. With a single person walking perpendicular 

to the LoS path
2. With three blockers following the paths as 

displayed in Fig. 3
The single blocker measurement has the arrays 
facing toward the wall so that the NLoS com-
ponent is relatively strong. There are two dis-
tinct blockage events visible in the single blocker 
measurement: first, the LoS component and 
then the NLoS component. There is an overlap 
between the two blockage events around the 
3.5 s mark, which has important implications 
for radio system design. If blockage mitigation 
is to be performed by switching between the 
LoS and NLoS paths as each one experiences 
blockage, an overlap similar to the one seen in 
Fig. 4 could mean that there is simply no way 
to steer around this particular blockage event. 
In the three-blocker measurement there is one 
very long blockage event on the LoS path due 
to the blocker who begins near the TX and walks 
toward the RX. This path is “unlucky” due to the 
fact that the blocker spends a large amount of 
time blocking the LoS path but is certainly some-
thing that could occur in a real use case. There is 

Figure 3. Layout of the measurement environment 
and trajectories of moving blockers.
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also an NLoS path that survives for most of the 
duration of the LoS blockage with the exception 
of some brief blockage events that are much 
shorter than the LoS blockage event. We can 
see two brief instances between 3 and 3.75 s 
where the LoS component appears to be com-
ing out of blockage, but then becomes blocked 
again. This was likely caused by small variations 
in the blocker’s path that briefly took him out 
of the way of the LoS between the TX and RX. 
These “false” recoveries might incur additional 
overhead if a radio transceiver switches back to 
the LoS component because it senses that it has 
been restored — only to return to the blocked 
state shortly after. Overall, these measurements 
confirm that there is much to be gained from 
intelligent beam-tracking algorithms, which can 
select non-blocked paths. 

Another way to visualize the results of our 
measurement is to plot the received power as a 
function of only the TX antenna weight vector 
(AoD) or the RX antenna weight vector (AoA), 
while choosing the best pointing angle at the 
opposite end. An example of this plot for the sin-
gle blocker measurement is introduced in Fig. 5. 
The latter is more intuitive than Fig. 4, which con-

tains information from all of the possible combina-
tions of the AoA and AoD. 

By inspecting plots in the style of Fig. 5 or Fig. 
4, it is possible to label blockage events on the 
LoS path and any clearly visible NLoS paths. In 
this study, we seek to understand the temporal 
correlation between LoS and NLoS blockage. 
By examining all of the measured data collected 
during this campaign for the single-blocker and 
multi-blocker measurements, we were able to 
conclude that there was never a moment where 
the LoS path and both NLoS paths reflected off 
the left and right walls would be simultaneously 
blocked. This outcome bodes well for 60 GHz 
applications, but as mentioned earlier more mea-
surements in other environments and with dif-
ferent blocker trajectories are certainly needed 
in order to draw authoritative conclusions. For 
example, this observation may not hold if Blocker 
3 in Fig. 3 moved closer to the array. Further, this 
type of analysis is somewhat difficult to scale. As a 
way of automating the labeling process, we have 
developed a technique that uses a low-rank ten-
sor decomposition to extract blockage profiles of 
the dominant paths in a single measurement.

Low-Rank Tensor Decomposition

A well-known method for reducing large data-
sets with multiple redundant or correlated 
entries is principal component analysis (PCA). 
PCA is suitable for a variety of problems and has 
been shown to be effective for interpreting the 
results of multiple-input multiple-output (MIMO) 
channel measurements at 6 GHz [14]. PCA can 
be applied easily by performing the singular 
value decomposition (SVD) of the data matrix; 
the SVD is available in most standard linear alge-
bra software packages, which makes PCA a very 
accessible form of analysis. Because the SVD is 
only defined for matrices and not tensors, there 
are two ways to conduct the intended anal-
ysis. One way is to perform another unfolding 
of the data tensor as discussed earlier, but this 
time also interleaving the pointing angle com-
bination along with the delay dimensions. The 
resulting matrix can then be used for standard 
PCA. However, as shown in [11], this method 
is not as effective as other techniques, such as 
parallel factor analysis (PARAFAC), which gener-
alizes PCA to tensors. Intuitively, the PARAFAC 
model has fewer degrees of freedom than the 
equivalent PCA model that uses this interleaving 
process. If the PARAFAC model is sufficient to 
model the data, these additional degrees of free-
dom can result in modeling noise or modeling 
system components in a redundant way [15]. 
The PARAFAC model expresses the data tensor 
as a sum of contributions from L components, 
with each component defined as the outer prod-
uct of its delay signature d, its spatial signature s, 
and its gain over time g. In this way, PARAFAC 
provides a very elegant way of representing the 
results of a single measurement. The delay signa-
ture dil tells us how strongly correlated multipath 
component l is with delay i in the power delay 
profile and therefore at what delay this multipath 
component is arriving. The spatial signature tells 
us how strongly correlated the lth component 
is with pointing angle combination j and can 
therefore be used to determine where in the 

Figure 4. Received power for different numbers of human blockers. The single 
blocker measurement has a lower received power because the arrays were 
both pointing toward a wall, and therefore fewer pointing angle combina-
tions directed a substantial amount of energy to the LoS path.
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environment this path was located. Lastly, the 
gain trajectory gkl tells us how strong a particular 
component is at time k. Because all variation in 
the gain of each path in this experiment should 
be due to blockage, we can use this to obtain a 
blockage trace for each path in the channel.

Figure 6 displays the two gain trajectories gk1
and gk2 obtained from a PARAFAC model (L = 
2) that was produced for the single blocker mea-
surement shown in Fig. 4. These two curves have 
a straightforward physical interpretation as the 
time-varying received power of the two multipath 
components visible in the measurement. This very 
simple and usable form can be directly employed 
for the construction of statistical models. For 
instance, by fitting a piecewise linear model to 
the two blockage trajectories and then assigning 
states of “Blocked” or “Unblocked” to each path 
in every time slot, the Markov model demonstrat-
ed in [13] can be developed jointly for multiple 
paths instead of one path. 

conclusIons And future work
Characterizing fast channel dynamics due to 
blockage is vital for virtually every aspect of 
mmWave radio system design. At the link layer, 
these models are needed for beam tracking, 
channel measurement and reporting, and link 
adaptation. At the upper layers, they impact 
cell selection, handover, and congestion con-
trol. Models based on ray tracing, diffraction 
theory, or single directional measurements are 
difficult to generalize to more complex sce-
narios. In this work, we discuss the need for 
empirical studies of human body blockage in 
mmWave communications. To address it, we 
develop and present a novel methodology that 
can capture the spatial dynamics of mmWave 
channels using phased arrays. The system was 
demonstrated in a living room type situation 
with multiple blockers. 

The development of this tool can be regarded 
as a first step toward the ultimate goal, which is 
constructing an accurate statistical framework that 
captures the dynamic spatial and temporal nature 
of mmWave channels. Beyond the work present-
ed here, we anticipate that two further steps will 
be needed. First, raw data collected from our sys-
tem is enormous, and some form of dimension-
ality reduction is required. We have considered 
one possibility based on low-rank tensor decom-
positions, which can automatically extract the 
dominant paths and their trajectories. Second, we 
also need to fi t a time-series type model to these 
trajectories. In this case, we have multiple gains 
from diff erent directional paths. It is possible that 
the four-state models such as those used in IEEE 
802.11 may apply, but these would have to be 
extended to handle the joint dynamics across mul-
tiple paths. This modeling challenge is an open 
and interesting one.

In addition to the statistical modeling of the 
existing data, our proposed methodology can 
also be applied to other scenarios of interest. For 
example, one can easily perform similar measure-
ments in larger venues or public spaces, such 
as cafes and typical hotspots where 5G systems 
are likely to be deployed. The PARAFAC meth-
od in this work requires that the only change in 
the channel over time is due to blockage, but it 

is possible to explore other formulations of this 
method or pre-processing techniques that make it 
suitable for other types of channel dynamics.
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Figure 6. Blockage trajectories obtained from 
PARAFAC decomposition. 
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Figure 5. Received power for each AoD index (choosing the AoA with the 
largest received power) from a measurement with a single human blocker. 
Only one NLoS path is clearly visible.
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