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ABSTRACT Blockage of propagation paths between the base station (BS) and user equipment (UE), as well
as the micromobility of the UE, are known to be critical phenomena affecting the performance of 6G
subterahertz/terahertz (sub-THz/THz, 0.1–0.3/0.3–3 THz) cellular systems. The development of functions
that target the performance improvement of such systems requires understanding of the dynamics of the
received signal. However, measurements of the signal received power (SRP) reported to date are limited to
the blockage and micromobility phenomena in isolation. In this study, by utilizing individual measurements
of blockage and micromobility processes, we propose a procedure for generating synthetic time series of the
received signal strength simultaneously capturing blockage, micromobility, and beam-tracking procedures.
Our results reveal that out of all the considered applications, only the most dynamic ones, racing game
and VR, are characterized by significant differences between on-demand and regular beam tracking with
4-6.5 bits/Hz/s spectral efficiency degradation in the case of on-demand beam tracking as compared to the
regular one. For applications with high-speed micromobility (VR watching and race gaming), the minimal
beam tracking interval is 80 ms, whereas for low-speed applications, a period of 320 ms and even sometimes
1000 ms is sufficient. Our results show that the availability of information regarding the type of application
allows one to decrease the overhead required for beam tracking by up to 20-30 times. The traces produced
can be further utilized for various tasks, including the development of statistical tests for discriminating
blockage and micromobility events, designing blockage detection algorithms, and improving beam tracking
procedures. We made the data produced available to the research community

INDEX TERMS 6G, subterahertz, signal received power, measurements, blockage, micromobility, outage,
beam tracking.

I. INTRODUCTION
Sixth-generation (6G) and future cellular communications
systems are expected to occupy the subterahertz band (sub-
THz, 100–300 GHz) first, and then go even further to
truly terahertz (THz, 0.3–3 THz) frequencies, providing
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an enormous bandwidth at the air interface. Although the
development of these systems has already been initiated
within 3GPP by forming a special interest group [1],
the accumulated knowledge about propagation effects and
impairments is still fragmented.

Several phenomena affect the performance of sub-
THz/THz channels. Among these, the blockage of propaga-
tion paths between the base station (BS) and user equipment
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(UE) by human bodies [2], [3], and the micromobility of
UEs in the user’s hands are unique to high-frequency bands
utilized in 5G/6G systems. The latter occurs even when the
user is in a stationary position, depends heavily on the type
of utilized application, and is mainly caused by rotations of
the UE over the yaw and pitch axes [4], [5]. Both phenomena
lead to a rapid degradation of the received signal strength and
may eventually cause outage conditions. Note that these two
effects are relevant even when the UE is stationary.

The above-mentioned effects might severely affect the
critical functionality of any communication system with
directional antenna – beam tracking. As expected, both
blockage andmicromobilitymay lead to outage [6]. The latter
refers to the search for an appropriate antenna configuration
on both the UE and the BS sides. The beam-tracking
procedure can be invoked regularly or on-demand and the
search for antenna configurations may occur differently by
utilizing either hierarchical or full-scan algorithms [7], [8].

To design mechanisms that alleviate blockage and micro-
mobility impacts, the statistical characteristics of the signal
received power (SRP) under these impairments are required.
However, owing to the lack of commercial UEs available
for these bands, these phenomena have been investigated
in isolation. Specifically, measurements of the blockage
process conditions over line-of-sight (LoS) and reflected
propagation paths at 156 GHz were recently reported in [2]
and [9]. Micromobility has been investigated using emulation
techniques [5] in the lower millimeter wave (mmWave)
band [10]. However, no measurements have been reported for
the received signal strength dynamics under the joint impact
of both phenomena, and with the beam tracking functionality
enabled.

To enable such measurements that contain micromobility
and blockage impairments, as well as beam tracking func-
tions jointly at this stage of development of sub-THz/THz
equipment, electronic beam tracking capability would be
required. However, the implementation of electronic beam
steering at frequencies above 100 GHz is accompanied by a
number of technological issues. The designs of multi-element
radio-electronic devices, such as large phased antenna arrays,
which are suitable for microwave and millimeter wave
ranges, cannot be easily scaled down and adopted by
sub-THz/THz wireless systems. This is primarily due to
the very small dimensions of their unit cells, resulting
in a significant decrease of the fabrication tolerances for
both antennas and tuning elements, enabling amplitude and
phase controls. Local irregularities in structural elements
eventually lead to distortion of the system characteristics of
the arrays. The miniaturization also leads to the increase
of AC losses in their layered structures, utilizing dielectric,
metallic, and semiconductor elements, due to the skin and
proximity effects, eddy currents, parasitic RLC losses and
current bypassing. Moreover, widely used CMOS technology
becomes less effective at sub-THz/THz frequencies, and
the use of A3B5-based devices is needed in 6G real-time
beam steering systems. This requires further developments

TABLE 1. Abbreviations utilized in the paper.

of industrial cleanroom fabrication processes. The technical
challengesmentioned above, which will eventually be solved,
hamper the design and development of other features of the
6G THz air interface mechanisms, such as statistical tests for
discriminating blockage and micromobility events, designing
blockage detection algorithms, and improving beam tracking
procedures, etc.

The aim of this study is to fill this gap by proposing
a received signal strength time-series generation procedure
under both dynamic blockage and micromobility impair-
ments, and different types of beam tracking procedures.
The ultimate goal of this study was to characterize the
dynamics of the signal as perceived by the receiver. To this
end, we used the statistical characteristics of blockage and
micromobility measurements. The obtained time series can
be utilized for the design of various advanced functionalities,
such as statistical tests that differentiate between the types of
impairments.

The novelty of the work is mainly determined by the
absence of SRP data in the sub-THz/THz band, where both
micromobility and blockage are simultaneously taken into
account. The rationale is the lack of equipment that is capable
of performing electronic beam steering at these frequencies.
We note that one of the critical goals of our study was to
facilitate the development of various mechanisms for 6G
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sub-THz/THz communications that require detailed received-
signal measurements. To this aim, we publicly shared the
data-sets reported in our previous study [11]. These traces
can be utilized not only to develop physical layer mechanisms
but also to confirm complex system models.

The abbreviations used in this paper are listed in Table 1.
The main contributions of our work are as follows:

• detailed measurement campaign at the 156 GHz
sub-THz band under micromobility and blockage
impairments;

• the algorithm for producing semi-synthetic received
signal strength traces that accounts for blockage,
micromobility, and beam tracking, and the database of
synthetic traces generated for different types of beam
tracking mechanisms, applications inducing micromo-
bility, and intensities of blockage events;

• observations that: (i) the difference between on-demand
and regular beam tracking amounts to 4-6.5 bits/Hz/s
and is only relevant for a class of high mobility
applications, and (ii) for a large class of applications
characterized by low-speed micromobility, the beam
tracking interval can be significantly increased from the
default 20 ms, allowing the beam tracking overhead to
be decreased by up to 20-30 times.

The remainder of this paper is organized as follows.
We continue in Section II with a review of related work. Then,
in Section III, we report the individual measurements and
statistical characteristics of the blockage and micromobility
phenomena, which are further utilized to generate synthetic
traces. The time-series generation procedure accounting for
blockage, micromobility, and the type of beam-tracking
procedure is proposed and described in Section IV. The
numerical results are presented and discussed in Section V.
Finally, the conclusions are presented in the last section.

II. RELATED WORK
In this section, we begin by describing the recent results
reported for the measurements and analysis of propagation,
blockage, andmicromobility phenomena in the sub-THz/THz
frequency bands. Then, wewill proceed to introduce the types
of beam tracking utilized in modern communication systems.

A. PROPAGATION IN SUB-THZ/THZ BAND
The authors in [12] explored the electromagnetic effects
caused by the human body, particularly focusing on how
it blocks signals in the W-band (75–110 GHz) and G-band
(170–260 GHz) through an indoor laboratory environment
with an approximate size of 4 × 4 m. A vector network
analyzer (VNA) with mmWave extenders and truncated
waveguide antennas was employed, with the transmitter and
receiver spaced 0,92 m apart, and the blocker’s offset varied
0–50 cm from the line-of-sight (LoS). This study analyzes
changes in the channel frequency and impulse response when
the body obstructs the line-of-sight between the transmitter
and receiver during different movements. The results indicate

that the G-band exhibits significantly greater RF attenuation
compared to the W-band and that the presence of a blocker
introduces new multipath components that can help estimate
the target’s distance from the line-of-sight. These findings
suggest promising developments for enhancing passive radio
localization and integrated sensing communication systems.

In [13], a correlation-based time-domain channel sounder
was used to conduct channel measurement campaigns in
an urban microcell scenario at a frequency of 220 GHz.
Measurements were taken at 24 different positions along a
university campus road, with distances varying from 34 to
410 m. The analysis focused on the spatial consistency
of THz waves and their interaction with the environment,
revealing an average additional loss of 16.7 dB due to foliage
blockage. Notably, the results indicated a K-factor of 17.5 dB
in line-of-sight conditions, which is significantly higher than
standard extrapolated values, and showed that an average of
2.5 clusters in the THz band underscores its sparse multipath
characteristics, providing valuable insights for future system
design in THz communication networks.

Reference [15] presented a beam-tracking algorithm
specifically for horn antennas operating at 300GHz, address-
ing the challenges posed by non-static transmission and
reception in wireless communication systems. A measure-
ment campaign utilizing a channel-sounding system was
executed to test the algorithm under varying conditions,
including both line-of-sight and non-line-of-sight scenarios.
The measurements were carried out using a correlation-based
time domain channel sounder at Technische Universität
Braunschweig, which transmitted a pseudo-random noise
sequence with a time resolution of 10.85 ps. In this setup,
the transmitter remained stationary while the receiver was
mounted on a rail system, enabling angular measurements
from 0◦ to 70◦ in 5◦ increments across both line-of-sight
and non-line-of-sight scenarios. The results revealed that
the algorithm can accurately predict angular changes with
a precision of ±1◦ for shifts up to 20◦, and can extend the
tracking range to 70◦ in line-of-sight and 45◦ in non-line-
of-sight scenarios with slightly reduced accuracy. This study
confirmed the effectiveness of the algorithm in real-world
situations, paving the way for future exploration of an optimal
antenna design for enhanced beam tracking.

The study in [16] focused on analyzing multi-frequency
propagation characteristics for mobile services beyond 5G
and into 6G, specifically examining frequencies at 28, 38,
71, 82, and 159 GHz in a cubicle office environment. The
methodology involved conducting wideband measurements
with the transmitter and receiver placed in the same locations,
allowing for a direct comparison of path loss, shadow fading,
and delay spread across different frequency ranges. The
results indicated that while path loss and shadow fading did
not significantly vary between 28 and 159 GHz, the delay
spread showed a decreasing trend with increasing frequency,
suggesting that the existing mmWave propagation models
may be applicable to the sub-THz band for path loss and
shadow fading but require redevelopment for delay spread.
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TABLE 2. Recent studies on sub-THz/THz measurement.

Additionally, the study included angular domain analyses
at 159 GHz, highlighting the influence of narrow beamform-
ing and ceiling reflections on the power distribution, which is
crucial for future sub-THz band applications.

The investigation in [17] focused on sub-THz multi-
path propagation characteristics, specifically at a frequency
of 159 GHz, in an outdoor urban environment. Measurements
were taken in both Line-of-Sight (LoS) and Non-Line-
of-Sight (NLoS) scenarios using a custom-built channel
sounder with a 5-GHz bandwidth and a directional antenna
setup. Data collection involved 32 LoS points and 46 NLoS
points along a typical street in Sejong City, South Korea,
with antennas positioned at varying heights and capable
of extensive rotational scanning. The study found that the
delay spread and angular spread statistics derived from
these 159 GHz measurements deviated from the existing
3GPP model parameters, which are only applicable up
to 100 GHz, indicating the need for updated models in this
frequency range.

The authors in [18] studied sub-terahertz radio propaga-
tion measurements at 142 GHz across four factories in New
York City to investigate wireless channels for smart factory
applications. The methodology involved utilizing a sliding-
correlation-based channel sounder with a 1 GHz bandwidth
and steerable directional horn antennas at 82 transmitter-
receiver locations, analyzing both LoS and NLoS conditions
over distances ranging from 5 to 85 m. The experiments
yielded over 75,000 directional power delay profiles and
established path loss models, revealing that lower receiver
heights resulted in increased path loss of 10.7 dB in LOS and
6.0 dB in NLoS scenarios compared to higher receiver place-
ments. Additionally, the use of passive reflecting surfaces
demonstrated a significant potential for power gain, showing

an average improvement of 6.5 dB in omnidirectional channel
gain, contributing valuable insights for future sub-THz
wireless communications in industrial settings.

B. BLOCKAGE PHENOMENON
Dynamic blockage of the propagation path by human bodies
is a critical factor that affects the performance of THz com-
munication systems. This phenomenon was first observed in
the mmWave domain, where it caused a significant signal
attenuation of 15-25 dB, depending on the environment and
propagation conditions [19]. As a result, the received signal
strength drops drastically, leading to either a downgrade in
the modulation and coding scheme (MCS) or a complete
outage. Given the even shorter wavelengths of THz signals,
the attenuation caused by human-body blockage is expected
to be even more severe, posing a significant challenge to the
reliability and performance of THz communication systems.

Several methods have been proposed to mitigate
human-body blockage in mmWave/THz communication
systems. One approach is to utilize non-line-of-sight
(NLoS) paths, which can provide continued service during
blockages owing to inherent multi-path propagation at these
frequencies. Additionally, bandwidth-reservation techniques
can support active sessions even when no outage is
experienced [20]. However, as noted in the 3GPP TR
38.901 standard, NLoS paths typically generate less than
10% of LoS path power, even at mmWave frequencies.
In the event of an outage, the multi-connectivity functionality
standardized by 3GPP can be employed [21], [22]. This
approach requires the dense deployment of mmWave/THz
base stations, which may not be feasible during the initial
deployment phase. Combining these approaches, including
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multi-connectivity between mmWave and THz radio access
technologies (RAT), can still result in a non-negligible
probability of session loss owing to blockage. An alternative
method is to integrate blockage avoidance techniques into
the physical layer using beam focusing [23] and/or non-
diffractive beams [24]. However, these studies are still in their
early stages of development.

Blockage detection techniques are vital for implementing
effective blockage avoidance strategies in mmWave/THz
communication systems. These techniques can be clas-
sified into two main categories: proactive and reactive
approaches [2]. To successfully employ either approach,
it is essential to understand the duration of both blockage
periods and signal fall and rise times. The signal fall
time is particularly crucial as it serves as a key indicator
of the type of impairment, allowing for the distinction
between blockage and other events, such as fast fading and/or
micromobility. Although it cannot be used as a benchmark for
development testing, the signal fall time provides valuable
insights into the nature of the impairment, enabling the
system to respond accordingly. By accurately detecting and
characterizing blockage events, communication systems can
take proactive measures to mitigate their impact and ensure
reliable connectivity.

A notable limitation of the current research on propagation
phenomena beyond 100 GHz is the scarcity of studies on
the temporal dynamics of the blockage process. For instance,
although [25] provides an overview of propagation loss
measurements at 140 GHz for various building materials,
it does not report the characteristics of the blockage
process. Similarly, the authors of [26] and [27] reported
attenuation values for 300 GHz in the context of vehicular
blockage, but these findings are not directly applicable to
human body blockage owing to differences in materials and
geometries. In contrast, numerous studies have investigated
the transparency characteristics of materials [25], [28]. For
example, [25] examined the attenuation induced by various
materials in the sub-THz range, whereas [28] presented
measurements at four different frequencies, including two in
the sub-THz range. Furthermore, [29] proposed an analytical
model based on the average blockage probability, which was
estimated empirically as a function of the relative positions
of the receiver and transmitter, average heights, antenna
parameters, and room size.

In general, despite the availability of data on sub-THz
signal penetration through various materials and measure-
ment campaigns for vehicular communications, there is a
significant gap in the comprehensive characterization of
the human body attenuation within the sub-THz frequency
spectrum. This knowledge gap is particularly concerningwith
regard to signal fall and rise times, which are crucial for
understanding the dynamics of the blockage process.

C. MICROMOBILITY PHENOMENON
The influence of micromobility is particularly relevant in
systems that employ directional antennas. Although 5G

New Radio (NR) systems currently use directional antenna
patterns, the half-power beam width (HPBW) of these
antenna arrays is relatively broad, which might not imme-
diately suggest a significant impact from micromobility.
However, as reported in [10], experimental evidence has
been presented indicating that micromobility can indeed
cause a decrease in the received signal strength, particularly
within 5GNR networks. As we transition to higher-frequency
bands, such as the THz band, the antenna arrays become
more compact, providing a higher density of elements
and potentially causing a decrease in the HPBW, along
with directional sensitivity. The pioneering research on
the effect of user micromobility on link performance was
detailed in [30], where researchers employed smartphone
sensors, such as gyroscopes and accelerometers to study
the unpredictable movement patterns of the beam’s apparent
direction. This study highlights a fundamental tradeoff
between outage probabilities and spectral efficiency based on
different HPBW values.

The authors of [4] conducted a micromobility emulation
study using a laser pointer attached to a smartphone to
represent the direction of the beam. They analyzed four
types of applications (video watching, VR watching, racing
games, and phone calling) and found that each type has
distinct micromobility characteristics. They also discovered
that some applications, such as video watching and phone
calling, can tolerate longer intervals between beam-tracking
updates. Leveraging statistical insights from [5], researchers
introduced and calibrated three distinctive models: a com-
plex two-dimensional Markov model, and two simpler
one-dimensional models – both projecting behavior over
the Oy and Ox axes. The accuracy of predicting an outage
event following a beam adjustment was the highest with the
two-dimensional Markov model, despite its intricate nature
due to numerous states. Simpler decomposed models acted
as adequate first-order approximations for non-interactive
applications, excluding racing games where user control is
pivotal.

Understanding the nuances of micromobility prompted
further inquiry into its impact on both user experience and
system performance, alongside the development of remote
application detection techniques. A [6] study highlighted
how micromobility influences the outage performance in
advanced 6G THz communications, demonstrating that
reducing the beam search time by one-tenth through faster
antenna transitions could optimize the trade-off between
outages and spectral efficiency. Another investigation in [22]
explored the collaborative deployment of mmWave and 6G
THz systems, concluding that reliable fallback options, such
as 4G LTE, are beneficial in environments with sporadic
connectivity owing to micromobility.

To refine remote application detection and optimize
beam-tracking durations, researchers in [31] advocate using
gyroscopes and accelerometers to curtail the search space
for antenna orientations at both Base Stations (BS) and
User Equipment (UE). Nonetheless, the current limitations in
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sensor precision pose challenges in achieving gains in beam-
searching efficiency. An alternative strategy highlighted
in [32], centered on identifying the boresight of the main
lobes, showed potential for near-perfect application identi-
fication, thus determining optimal beam intervals. However,
reliance on boresight coordinates, which are unavailable to
both the BS and UE, restricts their practical applicability.
Despite significant advancements, a definitive method for
quantifying the influence of micromobility on the signal
strength after beam adjustment remains unrealized.

FIGURE 1. Beam failure management in 5G NR.

The researchers in [14] investigated the impact of
micromobility on beam tracking for 5G/6G systems operating
in the sub-THz frequency band at 156 GHz. A multistage
measurement campaign was conducted to collect the received
signal strength traces from four popular smartphone appli-
cations (voice calling, video watching, VR, and gaming).
The methodology involved a multi-stage measurement setup
to emulate the user equipment beam center micromobility,
beginning with a laser pointer attached to the UE to track
motion on a screen. In the second stage, field measure-
ments were conducted at 156 GHz using a testbed, where
goniometers were parameterized with transmitter antennas
to replicate the movement of the UE’s beam center, while
a fixed receiver acted as the base station. The received
signal patterns were analyzed using statistical Mann-Whitney
tests and machine learning techniques, such as random
forests, to classify applications based on their micromobility
characteristics (fast vs. slow). The results show that the
Mann-Whitney test can classify application types with 95%
confidence within 1 second, while random forests achieved
80% accuracy in distinguishing fast and slow micromobility
behaviors over 5 seconds. This approach provides a way to
estimate optimal beam tracking intervals without additional
signaling, improving the efficiency of mmWave and sub-THz
systems.

A summary of recent sub-THz/THz propagation, blockage,
and micromobility measurements and modeling efforts is
provided in Table 2.

D. BEAM TRACKING
Generally, beam-tracking procedures utilized in modern
systems with directional antennas differ in two aspects: (i)
when the search for an optimal antenna configuration is
initiated and (ii) how the search is performed. The former
property leads to two instances of beam tracking: regular
and on-demand. Regular beam tracking, which is currently

utilized for 5G NR systems, scans for optimal antenna
configurations over regular time intervals (set at the BS side
to 10-320 ms via the frequency of Synchronization Signal
Blocks (SSB), as defined in TS 38.211 [33]). According
to the on-demand beam-tracking approach, the BS and UE
initiate beam searching only when outage conditions occur,
that is, the received signal strength falls below the sensitivity
of the UE.

Once a beam search is initiated, either a hierarchical or full
scan can be performed [7]. In the first case, the time taken to
determine the alignment is TH = (NB +NU ) δ, where δ is the
array switching time (2-10µs for modern antenna arrays),NB
andNU are the number of antenna elements at the BS and UE,
respectively. In the case of a full scan, the time complexity is
significantly longer, and is given by TF = (NB NU ) δ. Note
that the hierarchical search procedure limits the coverage of
the BS, as during the beam searching, one of the sides, the BS
and UE, is successively placed in an omnidirectional regime,
thus reducing the antenna gain.

Both blockage and micromobility may lead to the degrada-
tion of the received signal strength. Once the effective SNR
falls below the threshold defined by the lowest MCS, the
UE begins receiving beam failure instance indicators from
the physical layer via the SSB or Channel State Information
(CSI) reference signals. As the number of indicators reaches
a pre-configured threshold, beam failure is detected [34],
as shown in Fig. 1. Having detected the failure, it initiates
beam failure recovery attempting to fetch the beam with
the highest SNR. In the case of micromobility, the UE
typically switches to another available beam and restores its
connection. However, in the case of blockage, there might
be no beams available with a sufficient SNR. The UE then
starts a Radio Link Recovery (RLC) procedure [35]. Upon
receiving n310 consecutive ‘‘out-of-sync’’ indications from
the lower layers the UE starts timer t310 [36]. As the
t310 timer expires, the UE moves to the RRC-Idle state and
begins the network selection procedure until a suitable cell is
found.

III. MEASUREMENTS AND CHARACTERISTICS
In this section, we outline the experiments utilized to
obtain traces of the received signal strength under blockage
and micromobility in isolation, and report their statistical
characteristics utilized in the proposed trace generation
procedure. The notation used in this study is listed in Table 3.

A. BLOCKAGE
1) MEASUREMENTS SETUP
We used the measurements presented in [2]. To collect
empirical data on human body blockage attenuation, the
authors conducted a large-scale measurement campaign,
as shown in Fig. 2. They utilized a sub-THz transmitter (BS)
operating at a carrier frequency of 156 GHz with an emitted
power of 90 mW. Both the BS and receiver (that is, UE)
were equipped with pyramidal horn antennas. The BS andUE
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TABLE 3. Notations.

half-power beamwidths were 8-10◦ with gains of 25-28.4 dB.
The BS and UE antennas were aligned at all times during the
experiment. The time constant of the UE signal amplification
stage was set to 30 µs. The channel-sampling resolution was
1 = 50µs.

FIGURE 2. Illustrations of equipment for blockage measurements [2].

The measurement campaign was carried out in an empty
hall with length 7.5 m, width 4.5 m, and height 3 m. The
BS-to-UE distances were set to 3, 5, and 7 m. The authors
considered a blocker crossing the LoS at a standard walking
speed of 3.5 km/h. They utilized multiple BS-to-blocker
distances, denoted by d , for each BS-to-UE distance, denoted
by x: (i) x = 7 m: d = 1.5, 3.5, 5.5 m, (ii) x = 5 m:
d = 1.5, 2.5, 3.5 m, and (iii) x = 3 m: d = 1.5 m. Finally,
two BS and UE heights were considered: h = 1.35 m,
corresponding to the LoS blockage by a chest, and h = 1.65
m, corresponding to the head blockage.

2) STATISTICAL CHARACTERISTICS
An illustration of the typical received signal strength for two
BS-UE heights (1.33 m and 1.65 m) is provided in Fig. 3.
Here, we observe that the signal does not drop immediately,

FIGURE 3. Received signal power under blockage.

allowing the system to detect and react to the blockage event.
In addition, the profile at the head BS-UE level is slightly
different from that at the chest level with attenuation being
2-4 dB less. However, these differences are not related to the
signal fall periods, which primarily affect the system under
blockage conditions. This means that in terms of blockage
avoidance techniques, similar algorithms can be utilized for
different heights where the LoS is crossed by the human body.

The statistical characteristics utilized further in the pro-
posed algorithm are shown in Table 4 for the BS and UE
heights of 1.65 m. As one may observe, these time-dependent
characteristics, including the signal fall, rise, and blockage
time (note that the blockage time here includes fall and
rise times), vary slightly for different BS-UE distances.
However, as can be observed, BS-UE height has significant
impact. The rationale is that a height of 1.65 m roughly
corresponds to the head while 1.33 m – to the chest. Thus, one
may see significantly higher variability in the time-related
characteristics and attenuation for 1.65 m height.

TABLE 4. Basic statistics on blockage characteristics.

B. MICROMOBILITY
1) MEASUREMENTS SETUP
As miniaturized equipment operating in the sub-THz fre-
quency band is still missing, we utilized a multi-step
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methodology to measure the realistic behavior of the received
signal strength under micromobility impairments.

We begin with the emulated behavior of the main lobe
boresight of the antenna radiation pattern reported in [5],
where the authors considered four types of applications:
(i) video watching, (ii) phone calls, (iii) VR watching, and
(iv) racing game. Note that the latter two are characterized
by a fast micromobility speed, whereas the former is an
example of an application with a low micromobility. Phone
calling falls in between these two extremes. By utilizing the
available statistical data, we produced two-dimensional (2D)
Markov models as described in [4] for each application by
dividing the entire area of the screen into multiple rectangles
of equal size and considering each of them as the states
of the model. The transition probabilities between states
were then computed. These models were further utilized to
generate traces corresponding to the micromobility of each
application.

FIGURE 4. Schematic diagram of the measurement setup.

To obtain empirical traces of the received signal strength,
laboratory equipment operating at 156 GHz was used.
The measurements were conducted in conventional office
premises 5.5 m in length, 5.2 m in width, and 3 m in
height. The office was filled with tables, shelves, and chairs
located along the perimeter. They did not significantly
impact the LoS (and close to that) communications compared
to the unfurnished case, since the antennas of wireless
modules had a gain of 25-28.4 dB. We also eliminated the
impact of standing waves due to multiple signal reflections
and scattering off measurement setup elements by using a
radio-absorbing material. To exclude notable variations in
atmospheric absorptance and thermal drifts in electronics,
a constant temperature and humidity were maintained in the
office during the measurements. The human impact on mea-
surement reproducibility was eliminated by implementing
software-driven hardware emulation of user biomechanics.
Dozens of independent measurements were conducted to
ensure high statistical relevance of empirical data.

The frequency choice is justified by the existence of
the atmospheric transparency window with pronounced
absorption peaks at 119 GHz and 184 GHz. It ensures
efficient distribution of radio signals in the beyond-100-GHz
channels of the International Mobile Telecommunications of
2030 and beyond (IMT-2030) [37] in both low and high
humidity air environments [38]. Moreover, the study does
not benefit noticeably from changing the operating frequency
within the chosen atmospheric transparency window, since
the propagation and scattering of radio waves in this
frequency range are qualitatively consistent. Going to even
higher frequencies is rather impractical because of a gradual
decrease in the output power and sensitivity of sub-THz/THz
solid-state transmitters and receivers.

The employed sub-THz transmitter (Tx) and receiver (Rx)
were placed 4 m apart at the same height. A schematic
diagram of the measurement setup is shown in Fig. 4.
The Tx offers a modulated continuous waveform (CW)
with an output power of 44 mW. An arbitrary waveform
generator (AWG) was employed for modulation control.
A diode detector with responsivity of 100 V/W was used on
the Rx side with the system noise equivalent power about
1 nW/

√
Hz. To dynamically change the orientation of the

Rx (i.e., UE) antenna on the yaw (vertical) and pitch (trans-
verse) axes, a 2D goniometer driven by a data acquisition
system (DAQ) was utilized. The DAQ also synchronizes
the movement of the goniometer with the generation and
processing of the sub-THz signal. The nominal scan speed of
the goniometer was sG = 6.67 ◦/s per axis. To parameterize
the goniometer system, we utilized the beam center emulation
data provided in [5] for the four considered applications
obtained as discussed above. As some of the applications
were characterized by speeds higher than sG, the original time
of compression/decompression was utilized.

2) STATISTICAL CHARACTERISTICS
A total of 30 individual time series were obtained for each
application. The typical behavior of the received signal
strength for the first 30 s and the first 1 s is shown in Fig. 5.
Observe that, under regular beam tracking, the beginning of
the trace indicates behavior that occurs immediately after
beam alignment. As one may observe, watching video and
phone calling applications are indeed characterized by slow
micromobility because the received signal strength remains
intact for a few seconds after the beam tracking time instant.
On the other hand, VR watching and racing game lead to
dramatic degradation of the received signal strength by more
than 15 dB in just a few hundred milliseconds. However,
even this time span is much longer than the maximum beam
tracking interval in the 5G NR standard, which is set to
320 ms. Thus, for both classes of applications significant
resource and UE energy savings could be achieved.

One critical parameter for various outage avoidance
techniques, such as the multi-connectivity option [39], is time
signal fading to a given level. This metric is illustrated
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FIGURE 5. Received signal power under micromobility impairments of different applications.

in Table 5 for different types of applications and two
considered beam-tracking options, where N/A indicates that
no outage was detected. The minimum signal-to-interference
ratio (SINR) threshold was set to that of 5G NR standards
at 8.7 dB. For on-demand beam tracking, these data were
obtained directly by averaging the time to fall for all the
measured time series. For regular beam tracking, these
metrics were calculated for the maximum beam-tracking
interval of 320 ms. Thus, in this case, only the first 320 ms in
each time series was considered.

TABLE 5. Mean signal fall time to a given threshold (in seconds).

From the data presented in Fig. 5 and Table 5, we see that
micromobility alone rarely leads to a loss of connectivity.
For regular beam tracking with a 320 ms interval, this never
occurs for any considered application. For on-demand beam
tracking outage is observed for only ‘‘fast’’ micromobility
applications such as racing game and VRwatching. However,
even for these applications, the time until the outage is
rather large. However, note that these conclusions depend
heavily on the received signal strength immediately after the
beam tracking time instant, which is dictated by the distance
between the UE and BS, as well as the emitted power and

antenna gains on both sides of the communications link.
Thus, for larger separation distances, micromobility may lead
to outages.

IV. SYNTHETIC TRACES GENERATION
In this section, based on the statistical characteristics of
the individual blockage and micromobility measurements
reported in the previous section, we describe the time-series
generation procedure that simultaneously accounts for the
blockage, micromobility, and type of beam tracking utilized
by the system. We note that blockage and micromobility
processes are widely assumed to be independent [40], [41]
as small rotations and shifts of device in user’s hand are
generally guided by the user behavior [42] rather than being
affected by external objects.

The overall methodology utilized in our paper to generate
traces and evaluate the metrics of interest is illustrated in
Fig. 6. We specifically note that different from other studies,
our approach allows one to produce combined traces with
blockage, micromobility, and beamsearching effects which is
provided by ‘‘trace-generation’’ and ‘‘outage identification’’
stages of our methodology.

The overall procedure for producing traces with both
blockage and micromobility impairments is deterministic
for the both on-demand and regular beam tracking options.
The former is always (i) beam tracking, (ii) micromobility
affecting the received signal power continuously and (iii)
blockage affecting the received signal strength abruptly.
If micromobility or blockage leads to an outage prior
to the next beam tracking time instant, beam tracking is
immediately invoked. Otherwise, beam tracking is invoked
at a preplanned time instant. For on-demand beam tracking,
an outage always invokes beam alignment. Thus, there is
no need for more advanced data processing when producing
traces containing both types of impairment.

The overall state-generation procedure is illustrated in
Fig. 7. The procedure is basically a superposition of block-
age and micromobility processes based on their statistical
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FIGURE 6. Trace-generation methodology.

characteristics with appropriate adaptation of the received
signal strength interrupted by beam-tracking procedures.
In the first stage, we calculated the statistical characteristics
of blockage and micromobility traces. The pre-calculated
values of these characteristics are listed in Tables 4 and 5,
respectively. The actual trace generation is then initiated
at time t = 0 in the non-blocked state, assuming that
beam searching has just occurred. In this step, we addi-
tionally initialize the variable responsible for the time to
blockage, which can be approximated using an exponential
distribution [6], [43].

In the proposed approach, we considered the signal
strength obtained from the blockage process as the reference
signal power. To model the process, we generated expo-
nentially distributed intervals between subsequent blockages.
Within these LoS intervals, we imposed synthetic fluctuations
that followed a normal distribution with the mean and
standard deviation parameter values previously estimated
during the measurement campaign. To properly collect the
data, we first applied the moving average with parameter ϵ =

0.01 to remove the noise caused by receiver hypersensitivity.
This allowed us to fetch the fluctuations extrema and compute
the time intervals between them. The blockage phenomenon
was considered as a 5-phase sub-process comprised of (i)
ingress fluctuations, (ii) fall period, (iii) stabilization period,
(iv) rise period, and (v) egress fluctuations. All phases
similarly followed a normal distribution with parameters
obtained within the measurement campaign.

In addition to the signal power produced by the blockage
process modeling by selecting the application type, we spec-
ify the slope of the signal fall caused by the micromobility
process. This was performed assuming independence of
the micromobility and blockage processes by applying
least mean squares fitting (LMS) to the slope of the
micromobility pattern, as shown in Fig. 5. The obtained
averaged slope was then superimposed with the received
signal strength processes modeled by the normal distribution
with the standard deviation presented in the last row of
Table 4. If regular beam tracking is used, the process is
restarted after a certain beam-tracking time interval, and the
procedure is repeated. Note that the process is delayed by the
beamsearching time provided in Section II, depending on the
type of searching procedure utilized, hierarchical or full scan.
During this procedure, the received signal strength is set to the
outage level. The procedure is restarted if an outage occurs
prior to the expiration of the beam-tracking interval. When
on-demand beam tracking is used, the process continues until
the outage condition is reached, and then restarted.

Note that blockage may occur during divergence from
the initial received signal values at time t = 0 as a result
of micromobility. Once the non-blockage time expires, the
characteristics of the blockage fall time and mean attenuation
are utilized to calculate: (i) the additional slope induced by the
signal fall as a result of blockage and (ii) the level it reaches in
the blocked state. During the signal fall time, both slopes were
added and utilized to calculate the mean value of the received
signal. The non-blocked standard deviation is still utilized
to account for the fast signal deviations around the mean.
Once the blockage state was reached, the standard deviation
corresponding to the blockage state was used. A similar
procedure was used to determine the signal rise time.

We also note that when on-demand beam tracking is
utilized, the link is lost and no connection is available, that
is, signal received power is not defined during the beam
searching time. Alternatively, when regular beam tracking is
used, the connection is still up during the beam searching
time. However, since we create traces for further research
activities, to clearly indicate the time intervals, when beam
searching is performed, we utilize the constant value of the
signal received power, −100 dB.

It should also be noted that the traces produced do not
account for many properties of the real-world environment,
such as interference, simultaneous blockage by multiple
objects, possible reflections, non-linear motion, and device
power management techniques. The proposed procedure
results in approximate (e.g. qualitative) signal strength
behavior, as observed at the UE or BS side. Nevertheless,
it retains the principal properties measured in practice and can
thus be utilized for the development of different performance
improvements for future 6G sub-THz/THz systems.

Fig. 8 illustrates the differences between traces with
micromobility impairments only, blockage impairments only,
and joint impairments. Here, we utilize VR watching
as the application of interest. As one may observe for
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FIGURE 7. Synthetic trace generation algorithm.

FIGURE 8. Comparison of different types of traces.

considered distances, blockage alone does not lead to the
loss of connectivity. The impact of micromobility may
however be more profound. The time series representing joint
impairments have higher variability.

V. NUMERICAL RESULTS
In this section, we present the results of the proposed trace
synthesis procedure and characterize the statistical properties
of the generated traces. The default system parameters used
in this study are listed in Table 6. Recall that we also utilized
the statistical parameters of the blockage and micromobility
processes from Tables 4 and 5, respectively, as described
in Section IV. We also assumed a fixed-value threshold for
outage conditions. As such parameters are usually vendor-
specific, we fetched the difference in SNR between the
highest and the lowest MCS (29 dBm) proposed in [44].
Then, we transposed this difference onto the reference SNR
of the available blockage process measurements (-11 dBm)
and finally obtained the threshold of -40 dBm.

A. SYNTHETIC TIME SERIES
We began by observing the behavior of the generated
synthetic time series illustrated for on-demand and regular

TABLE 6. Default system parameters.

beam tracking, as shown in Fig. 9, where we considered
three beam-tracking intervals: 80 ms, 320 ms, and 1000 ms.
By analyzing the presented illustrations, onemay observe that
setting the beam-tracking interval to a rather small value of
20 or 80 ms almost fully avoids drastic signal drops as only
a few are visible in Fig. 9. In general, the received signal
strength in this case was maintained at a very good level
and barely deviated from the time instant immediately after
beam alignment. Extending this interval first to 320 ms and
then even further to 1000 ms, we observe that deviations
become more impactful, especially for high speed mobility
applications, such as VRwatching and race gaming. The joint
effect of blockage and micromobility impairments can be
more than 30 dB, even at the short distances considered in our
study. As expected, for on-demand beam tracking, we have
much larger variations since the procedure is performed only
when the connection is lost. Remarkably, even high-speed
mobility applications rarely experience outage conditions.
Note that this is primarily due to the considered short
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FIGURE 9. Received signal power under blockage and micromobility impairments for different applications and beam tracking procedures.

FIGURE 10. Received signal power under blockage and micromobility impairments separately for on-demand beam tracking.

distances, which allow the maintenance of the received signal
strength at high values.

We also observe that either micromobility or blockage
alone rarely leads to outage, and it is always the joint
effect of blockage and micromobility which cause the loss
of connectivity. To support this observation in Fig. 10
and 11, we demonstrate the attenuation caused by blockage

and micromobility impairments occurring separately for
on-demand and regular beam-tracking algorithms, respec-
tively. Here, we see that depending on the application type
eithermicromobility or blockage can be the dominating factor
responsible for outage. Recall, that as different actions need
to be performed to alleviate the impact of these impairments
(e.g., use of multi-connectivity [39] in the case of blockage or
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FIGURE 11. Received signal power under blockage and micromobility impairments separately for regular beam tracking with 320 ms interval.

initiating beam-alignment procedure) differentiating between
the reason for outage is critically important. Second important
thing is that both proactive and reactive blockage-detection
techniques developed in the past [2], [3], [45], [46] do not
account for presence of micromobility impairments in traces.
Thus, another critical task is to adapt those algorithms to
the realistic conditions where both types of impairment are
present.

B. STATISTICAL CHARACTERISTICS
We now analyze the statistical characteristics of the generated
traces. To this end, Table 7 demonstrates the mean signal fall
time to a given threshold of {3, 7, 10, 15} dB for different
applications, and identifies the associated favorable and
unfavorable beam tracking periods. Specifically, the columns
marked with ‘‘Per.’’ show the best (in case of favorable)
and worst (unfavorable) periods, while columns to the left
of ‘‘Per.’’ shows the fall time for the applications. Here,
we considered the following standardized beam-tracking
intervals {20, 80, 160, 320, 1000, 2000}ms. The results show
that for applications with high-speed micromobility, such as
VR watching and race gaming, the best options are 320 and
80 ms, respectively, whereas for low-speed applications,
a period of 1000 ms is sufficient. However, video watching
is only slightly affected by beam tracking resulting in
a less than 15% difference between the best and worst
periods. In addition, one may observe that regular beam
tracking generally allows for extended fall times compared to
on-demand beam tracking throughout all considered periods.
Observe that if the information about the type of application
is available to the UE and BS sides, this would allow a

decrease in the overhead required for beam tracking by up to
20-30 times.

TABLE 7. Mean signal fall time in seconds for different applications and
different periods of regular beam tracking.

Furthermore, Table 8 demonstrates the mean attenuation
measured in dB with respect to time t = 0 for different
applications and beam-tracking settings, including the type
of beam-tracking procedure and time interval between
beam-tracking time instants for regular beam tracking.
We observe that the principal difference between the average
channel quality degradation is observed only for the most
dynamic racing game and VR applications under long
beam-tracking periods (1000 and 2000 ms). Here, the
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difference between on-demand beam tracking and regular
beam tracking with a 20 ms time interval is more than 6 and
4 dB, respectively. For the currently utilized MCSs in 5G
NR [33], this may result in a 4-6.5 bits/Hz/s degradation
in spectral efficiency. As the time interval increased to
2000 ms, a difference of up to 15 dB was observed. For
slow micromobility applications such as phone calling and
video watching, there is no difference between on-demand
and regular beam tracking, as well as between regular beam
tracking with different time intervals, as the average signal
attenuation for all the considered cases is between 2-3.5 dB.

Note that in 5G NR, regular beam tracking is exclusively
utilized to keep the connection up all the time. However, the
authors in [8] demonstrated that under specific conditions
for systems with extremely directional radiation patterns
(specifically, for HPBW less than 0.1◦) in the presence of
micromobility, on-demand beam tracking is characterized
by higher spectral efficiency. However, by analyzing the
reported results demonstrated in Table 8, we see that
this is not the case for applications characterized by
high micromobility speeds (e.g., racing game and VR
watching). The rationale is that between blockage time
instants, micromobility is the dominant factor responsible
for the received signal strength attenuation, and it results
in a much higher mean attenuation for these applications
when on-demand beam tracking is used compared to regular
beam tracking. However, for some applications when the
UE is not severely affected by micromobility, on-demand
beam tracking can be a preferred option due to the similar
mean attenuation and lower overhead involved in supporting
continuous connectivity.

TABLE 8. Mean attenuation in dB for different applications and beam
tracking settings.

Utilizing the discussed statistical characteristics, specifics
of individual experiments for blockage and micromobility,
and the type of beam tracking considered, there are several
important takeaways from the discussed behavior. First,
unless the density of the blockers is extremely high, it is
not a primary factor affecting the drop in the received
signal strength below a given level, eventually resulting in
decreased spectral efficiency. The micromobility resulting
in degradation of the received signal strength was the most
dominant factor between blockage events. The only feasible
way to improve the behavior of the received signal strength is
to increase the frequency of the beam-tracking time instants.

However, blockage occurs at much larger time scales even for
high blocker densities in the environment.

When link distances are not large, such that blockage
in the considered indoor environment may not always lead
to outage events, and additional methods concealing its
effects, such as 3GPP multiconnectivity option, may not be
needed. As demonstrated in [9], the use of reflected paths at
these short distances may provide reliable communications.
However, this may change in different types of propagation
environments characterized by larger propagation distances.
As noted in [2], the mean received signal strength attenuation
depends on the link distance and generally increases with
it. Thus, the reported traces can only be utilized to analyze
indoor deployments.

Finally, we would like to emphasize that in our study we
considered the same heights for both Tx and Rx. In practical
indoor deployments, the BS is expected to be mounted on
a wall or ceiling at slightly higher heights. While this does
not principally change the reported behavior of the traces as
the principal point of body blockage is still either the head
or chest, the impact of the blocker density is expected to be
smaller as considered in the reported traces.

It is also worth noting that the equivalent isotropically radi-
ated power (EIRP) is key parameter in designing a practical
wireless system. The Tx and Rx used in the studies have an
antenna gain of up to approximately 30 dB, making them
potentially compliant with the EIRP of short-range systems
in IMT-2030. This again demonstrates the importance of
the obtained results for the further development of sub-THz
wireless communications. Although this study primarily
focuses on collecting data to enhance the sub-THz system
analysis, our findings pave the way for the development of
sub-THz systems with blockage avoidance and user mobility
support.

VI. CONCLUSION
Motivated by the lack of received signal strength time
series in sub-THz/THz bands under dynamic human body
blockage and micromobility impairments, as well as different
types of beam tracking procedures, we propose a trace
generation procedure, as seen on the UE side. The procedure
is based on realistic measurements of the blockage and
measurement processes. The traces produced [11] can be
further utilized for various tasks, including the assessment
of the energy efficiency of sub-THz/THz communications
and the development of statistical tests for discriminating
blockage and micromobility events.

A. MAIN RESULTS
The analysis of the generated traces for different types of
applications and beam-tracking procedures revealed that a
maximum beam-tracking interval of 80 ms was sufficient to
provide almost outage-free conditions for fast micromobility
applications, whereas 320 ms was sufficient for slow
micromobility applications. There are applications, such as
video watching, for which even 320 ms is too short and
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can be drastically increased to reduce the overhead. Out
of all the considered applications, only the most dynamic
ones, racing game, and VR, are characterized by significant
differences between on-demand and regular beam tracking
with 4-6.5 bits/Hz/s spectral efficiency degradation in the
case of on-demand beam tracking compared to the regular
one. For slow micromobility applications, no noticeable
difference between the types of beam-tracking design was
detected.

Finally, we highlight that the presence of micromobility
impairments forces the reconsideration of various algorithms
designed for mmWave and sub-THz systems. Blockage
detection algorithms must be redesigned by accounting for
the significant noise created by micromobility. Second, a new
problem of determining the reason for an outage becomes
important, as different actions need to be taken in the case of
blockage and micromobility. Therefore, we created a library
of traces that are available to the community.

We note that themethodology reported in this study is asso-
ciated with several limitations and can therefore be enhanced
in multiple ways. Specifically, in addition to focusing on
a single frequency, 156 GHz, we also did not consider the
impact of multiple blockers blocking the LoS path. Thus,
a special question of interest is extending the traces to the
case of multiple blockers simultaneously crossing the LoS
path. As suggested by the recent studies [47], dynamics of
signal attenuation in directive mmWave/sub-THz channels
can be accurately predicted if blocking human is modeled
as a dual-stage cylinder with two coaxial hexagons as
bases of its top and bottom parts. Appearance of such an
obstacle in the LoS path can result in a notable diffractive
disruption with minimized back-scattering of the transmitted
wavefront in small- and medium-sized premises. But the
signal variations are relatively slow with the signal fall
and recovery times equaling tens of milliseconds [2] for
systems with Gaussian beams of a few degrees wide. In our
studies, we employ antennas with a beamwidth of 8-10◦

compatible with the forecasts on the directivity of practical
sub-THzwireless channels. It means that fast signal dynamics
can be essentially determined by the human-induced beam
misalignment between transmitting and receiving antennas
in applications with moderate user activity. It is also
worth noting that modern building materials, such as glass,
whiteboard, concrete, exhibit 2-5 dB peak reflection losses
[9]. But the contribution of undesirable secondary reflections
to the increase in the signal to interference plus noise ratio
is rather limited indoors since one way path loss can exceed
30 dB already at a link length of 3.5-4 m [9]. It has to be
kept inmind, however, that for a far-field coverage in crowded
areas the transmitted beam scatters off several obstacles. And
the diffractive intensity distributions can further superimpose
resulting in smoothing of the signal strength variations. Thus,
a joint LoS blockage and micromobility scenario becomes
a cornerstone in the assessment of the ultimate air interface
properties for sub-THz systems. Due to the limitations of the
modern sub-THz/THz equipment we emulated the process of

bream searching. For the same reason, we had to perform
blockage and micromobility measurements separately and
then utilize the algorithm to join them together producing
a joint time series. Finally, we also did not consider the
case when the blockage itself might alter the optimal beam
direction (e.g., by making a previously weaker non-LoS
path temporarily more viable), thereby necessitating a beam
searching procedure. This type of event may occur in
practice. In our future work, we plan to relax some of these
assumptions.

B. POTENTIAL APPLICATIONS AND FUTURE WORK
There are several critical functions of future 6G sub-THz/THz
cellular systems that require the use of traces containing both
micromobility and blockage jointly. One glaring example is
to detect the reason for outage conditions when outages have
already occurred. Specifically, dynamic human body block-
age and UEmicromobility are two impairments that may lead
to loss of connectivity. However, the efficient handling of
these events calls for fundamentally different actions from the
system, with the former requiring a search for a BS, whereas
the latter involves a beam-tracking procedure. Failure to
differentiate the reason for an outage may lead to a prolonged
time in outage conditions when blockage is misinterpreted
as micromobility and/or a waste of system resources when
micromobility is mistaken for blockage. The solution of
this task requires an extension of the algorithms proposed
so far for blockage-only conditions (see e.g. [3], [48]) that
detect blockage events in noisy environments produced by
micromobility.

It is also beneficial to distinguish between these micro-
mobility and blockage events proactively such that there is
sufficient time to preserve continuous service by utilizing,
e.g., 3GPP multiconnectivity function. In principle, the same
features can be utilized to distinguish outages caused by
micromobility and blockage. However, instead of simple
techniques utilized in, e.g. [3], [48], more comprehensive
approaches are needed such as those capable of detecting
specific patterns in noisy environments.

Of similar importance is the challenge of remote appli-
cation detection using SRP statistics as it would allow to
fine-tune the duration of the time between beam searching
time instants. Similarly to blockage detection, both studies
apply machine learning techniques to discriminate between
‘‘fast’’ and ‘‘slow’’ micromobility applications when micro-
mobility is the only impairment in the SRP time series.
In the presence of blockage, this might be problematic but
still doable using more comprehensive ML-based approaches
such as time-based convolutional neural networks (TB-CNN)
or recurrent neural networks (TB-RNN) that could detect
hidden patterns in limited data. Still these algorithms have to
be learned using micromobility-only traces and then adapted
to the noisy environment when blockage obscures (e.g.,
interrupts) micromobility-specific signatures.
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Finally, the use of extremely large phased antenna arrays
that are required to extend the coverage of prospective
sub-THz/THz BS requires reconsidering the way beam
searching is performed in systems with directional antennas.
As compared to 5G NR, where the number of antenna
configurations is limited to a few tens, sub-TH/THz systems
require hundreds of configurations to be swept to restore the
beam alignment. Accounting for the current configuration
changing time that is on the order of a few microseconds
and recalling that the slot duration in the future 6G sub-
THz/THz system will likely be smaller than that of 5G
NR to support ultra-reliable low latency service (URLLC),
new advanced methods are required. By utilizing the
reported traces with a sampling interval of just 50 µs one
may be designed and tested the proposed solutions in a
close-to-reality environment.
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