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Abstract. Further increase in the volume and speed of data transfer requires the use of the
subterahertz frequency range as the next stage in the evolution of wireless communication
systems. Problems emerge due to large propagation losses of subterahertz signals in the
atmosphere and a drop in the output power and sensitivity of subterahertz transceivers. This
leads to the necessity of highly directional communication channels. Such channels will rely on
the use of antenna arrays in both the base station and the user equipment. Given the inherent
limitation to relatively small coverage areas, the deployment of subterahertz systems in indoor
environments will emerge as a key aspect of their practical implementation. It is expected
that line-of-sight channel blockages by users in crowded premises will significantly affect the
communication stability. Signal scattering effects are to be different from those observed at
microwaves. Moreover, near-field wireless operation becomes possible and probable. In this
paper, we perform a comparative study of near-field blockages in 14 GHz and 140 GHz indoor
wireless channels. Different trajectories of the blocking user are studied. A diffraction model
describing dynamics of the blockage process is parameterized. The results obtained allow one
to enhance the existing cluster models of subterahertz channels and to determine the available
time budget for communication systems with real-time blockage avoidance.
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AnHoranuga. JIns ganpHeillnero yBeJMYeHMUsST OObEeMOB M CKOpPOCTU IMepeJauyu JTaHHbIX
HEOOXOJIMMO OCBOEHHME CyOTepareploBOro jauara3oHa, TpeOyIolIero MCIOJIb30BaHUS
BBICOKOHAITPABJICHHBIX KaHAaJIOB CBSI3M M3-3a 3HAUYMTEJBHBIX IOTEPh Ha pPacIpoCTpaHEHHE.
KimtoueBBIM  CLIEHapyeM CTAHOBSTCS IIOMCIICHUS, TIe Ha YCTOMUYMBOCTh CBS3W BJIUSICT
OJIOKMPOBKA KaHAJOB IMPSIMON BUAMMOCTH, a PACIPOCTPAHEHME CUIHAIA XapaKTePU3yeTCs
ONMVDKHEITONBHBIMU  3(ppeKTaMu, OTINYAIOIIMMUCSI OT MMKPOBOJHOBOTO JMana3oHa. B
9TOM CTaThe MbI IPOBOAMM CPAaBHUTEIbHOE UCCAeAOBaHME OJIOKMPOBOK B OJIMKHEM IIOJIe B
OeCcnpoOBOIHBIX KaHajlaXx BHYTpM ToMelleHuit Ha vacrtore 14 I'Tu m 140 I'Tu. M3ydgarorcs
pa3IMYHble TPAeKTOPUM OJIOKMPYIOIIETO TOJIb30BaTeNIsI, IMapaMeTpU3yeTCsl aHaJIuTh4YecKast
nudpaklMOHHAs MOIEAb, OINMChIBalOIIAs OMHAMUKY IIpoliecca OJIOKUPOBKM CHUTHAJA.
[MonyueHHble pe3yabTaThl MO3BOJSIOT YTOYHUTHh CYILUECTBYIOLIME KJIACTEPHbIE MOIEIU
cyOTeparepLiOBbIX KaHAJI0B U OIPEAeIUTh JOCTYIIHbII BPEeMEHHOI OIOIXKET AJISI CUCTEM CBSI3U
C YIpexXaaloluM METOIO0M IIpeAoTBpallieHUsl OJIOKUPOBKM B peaJlbHOM BPEMEHMU.

Kiiouesbie cioBa: cyoTeparepil, ceTb 6G, pa3BepThiBaHNE BHYTPU ITOMEILEHUIT, 0JJOKMPOBKA
KaHaja, Iudpakuns B OJKHEM I10Jie, BpeMEHHOM PsII CUTHaJa, OCIabieHre CUTHaIa
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Introduction

At the moment the development of wireless communications is widely conduced and ori-
ented to raising data rate and connection reliability. Increasing throughput is a cornerstone of
next-generation wireless networks. Transition to subterahertz (sub-THz) frequencies poses signif-
icant challenges, primarily due to huge atmospheric propagation losses and an essential reduction
in transceiver output power, which require the use of ultra-directional transceiver systems. In
the pursuit of ensuring a stable wireless connection, it is imperative to implement mechanisms
that can proactively detect obstructions that arise when the line-of-sight (LoS) is impeded by
the human body. Information about the characteristic signal oscillations that occur immediately
before blockage and are associated with the diffraction phenomenon near the object can be used
for proactive detection methods [1]. In accordance with the standard approaches to modeling
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communication channels at the system level, deterministic ray tracing methods are selected,
supplemented by emulation of certain stochastic components. Based on them, diffraction models
are presented that describe the effect of the human body on the transmission channel when it is
blocked [2, 3]. This paper provides an addition to existing models using the classical description
of diffraction at the edge of a half-plane using Fresnel integrals [4].

Experiment Methodology

In order to assess the received signal level during the dynamic blockage, two experimen-
tal setups were employed, operating at carrier frequencies of 14 GHz and 140 GHz. The setups
are similar to those detailed by us in [5]. The difference is that the 14 GHz setup does not have
final frequency multiplication stage as compared to the 140 GHz setup. The antennas terminat-
ing transmitters (Tx) and receivers (Rx) are physically different but have similar beamwidths of
8—10°. The trajectories of the blocking user under study are a straight line and a circle (both are
1.8 m long), while the height and the length of the Tx-Rx LoS are 1.5 m and 1.1 m, respectively.
The blocking user intersects the LoS at the midpoint with an average speed of u_= 0.63 m/s.

BS

Blocking
Stationary pedestrian Tx beam

user UE < K\\\\‘
Jw\\\\\\ : \K r.

Rx beam

Trajectory, r Trajectory, ¢

Fig. 1. Geometries of the experiments

Geometry of the experiments is detailed in Fig. 1. And analytical geometry-dependent diffrac-
tion models of the dynamic blockage process are shown in Fig. 2, a, b. Illustrated knife-edge dif-
fraction models are parameterized and compared against the Rx signals, Pexp1 ,and Pexp1 4> Obtained
in the experiments at f = 14 GHz, 140 GHz. Approximation curves, P”)l, are determined directly
using Fresnel integrals (1)—(4) described below, treating the human body as an infinite vertical
opaque strip 0.2 m wide, Av, in a horizontal plane and the experiment geometry as measured, i.c.,

Tx/Rx coordinates relative to the LoS and user trajectory intersection point y = y, = 0.55 m (5):

C(v):jovcos(tz)dt, S(v):jovsin(tz)dt, (1)

2 2
mv):1{[1_0(%&)%@_&)} fies(vt)es{v-2)] } o
2 2 2 2 2
VvV, +V
v(t):%,Av(t):vl—vz, (3)
where
v, (f)= /ﬂ[iJrij[”X—tyf—Axmj, m=1,2, )
c yt yr yt+yr
Py (1) =101g1(v,AV) =L |y, = 3. (5)
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Here c is the speed of light. In contrast, P, , are determined using the LoS lengths, y and
y,, and shift factor, [, as fitting coefficients. ”I[h’e fitting is successful in the initial phase of the
blockage of interest with the LoS lengths of 0.2 m and 0.36 m for rectilinear (r) and curvilinear
(¢) trajectories, respectively.

Results and discussion

An assessment of the time signatures in the signal dynamics is made, since for the develop-
ment of next-generation stable wireless links it is important to determine the actually available
time budget that allows avoiding connection loss when routing a radio signal under blockage
conditions. In the experiments at 14 GHz, the pre-blocked state is not expressed, it lasts 400 ms
and is followed by a slow signal drop by 1.5 dB. Even though, we observe a bit error rate of 8%
in the quadrature amplitude modulation (QAM) scheme with 64 states. At 140 GHz, the signal
attenuations are significantly higher and reach 13—17 dB. Fig. 2, ¢, d provides statistics on the
signal temporal metrics.
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Fig. 2. Parameterized blockage model for rectilinear trajectory (a), curvilinear trajectory;
cumulative distribution function (CDF) (b) for pre-blockage time (c), signal fall time (d)

Based on the results of a series of 60 independent measurements, it was found that the average
time of the pre-blocked state, Az,,, is 51 and 54 ms for rectilinear and curvilinear trajectories,
respectively, and the fall time, A7y, is 52 and 57 ms, respectively. The parameterized analytical
diffraction blockage model fits experimental data Pexp1 . Well, providing a normalized root-mean-
square error of only 2.6—4.4% for both studied trajectories. As an analytical model, it requires
minimal computational resources while maintaining high accuracy, enabling integration into
high-fidelity cluster models of sub-THz communication channels.

Conclusion

This study presents a comparative analysis of near-field blockage effects in indoor wireless
channels at 14 GHz and 140 GHz. Despite the modest 1.5 dB attenuation at 14 GHz causing an
8% bit error rate for 64 QAM, blockage at 140 GHz leads to severe signal degradation with 13—17
dB attenuation. To characterize the behavior of the near-field signal, a parameterized diffraction
model based on Fresnel integrals was developed. At the same time, the analytical model agrees
well with the experimental data, demonstrating a root-mean-square error of only 2.6—4.4%.
Key time characteristics, such as the pre-blocked state time (51—54 ms) and the signal fall time
(52—57 ms), were determined for different trajectories of the blocking user. These results enable
accurate time budget estimation for proactive blockage detection in next-generation communica-
tion systems. The obtained results can be integrated into cluster models of subterahertz channels,
which helps to enhance the design procedure and performance analysis of stable wireless networks
with directive data links.
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