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Abstract—Terahertz (THz) communications systems are ex-
pected to become a major enabling technology at the air interface
in sixth generation (6G) cellular systems. However, utilizing
extremely narrow antenna radiation patterns at both base station
(BS) and user equipment (UE) sides, these systems are affected by
not only dynamic blockage but micromobility of UEs. To alleviate
the impact of both factors one may utilize the multiconnectivity
mechanism allowing for UE to remain connected to several
BSs simultaneously and switch between them in case the active
connection is lost. In this work, we develop a mathematical
framework to characterize the outage probability and spectral
efficiency associated with different degrees of multiconnectivity in
dynamic blockage and micromobility environment for different
beamsearching design options. Our results demonstrate that
the presence of UE micromobility may have a positive impact
on system performance. Particularly, multiconnectivity allows
improving outage and spectral efficiency for small and medium
blockers density (up to 0.5 bl./m2) up to that of an ideal
system with zero beamsearching times. Furthermore, higher
gains are observed for higher degrees of multiconnectivity (e.g.,
greater than two) as compared to the system with only blockage
impairments. For higher blockers densities, however, the reverse
effect is observed.

Index Terms—Terahertz communications, micromobility, spec-
tral efficiency, outage, multiconnectivity, dynamic blockage,
beamsteering.

I. INTRODUCTION

Future 6G systems are expected to enable principally new
applications at the air interface such as holographic communi-
cations, augmented/virtual reality and tactile communications
[1], [2]. To satisfy the requirements of these applications
6G needs to drastically enhance the access rates of cellular
technologies [3]. The terahertz band (THz, 300 GHz–3 THz)
having tens of GHz of available bandwidth is nowadays
considered as the major enabler for 6G air interface [4].

In addition to extraordinary promises, THz systems bring
a set of principally new challenges to the system designers.
THz channel properties and link-layer mechanisms have been
relatively well studied so far. Particularly, the use of this band
leads to extreme path losses that are principally higher even
compared to millimeter wave (mmWave) band [5]. On top
of this, atmospheric attenuation by the water vapor [6] adds
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to these losses at specific frequencies forcing the received
power to fade exponentially fast [7]. Finally, similarly to
mmWave systems, THz links are affected by dynamic block-
age [8]. These properties have been accounted for in designs
of various advanced data-link layer techniques improving the
performance of THz links see, e.g., [9]–[11].

To alleviate the severe propagation losses the sub-millimeter
wavelength of THz frequencies promises ultra-large antenna
arrays featuring thousands of elements at both transmitter
and receiver sides. These arrays will be capable of creating
extremely directional steerable antenna radiation patterns with
a beamwidth of just a few degrees or even less. While this
property has been shown to have a positive impact on the level
of interference even in extremely dense deployments [7], [12],
it may also lead to much more frequent losses of connectivity.
Compared to the mmWave band, where the major source of
link drops is due to blockage [13], [14], in THz systems
micromobility of user equipment (UE), i.e., small UE rotations
and displacements in hands of a user, will also significantly
contribute to connection losses.

The impact of micromobility on link-layer characteristics
has been studied in [15], [16]. Particularly, in [16], the authors
utilized empirical measurements and link-level simulations
to reveal that the optimal antenna array size leading to the
highest, on average, link capacity heavily depends on the
micromobility pattern of UE. Further, in [15] they developed a
mathematical framework and determined the optimal number
of antenna elements to be utilized at THz base stations (BS)
and UE sides to simultaneously minimize the fraction of
outage time and maximize the spectral efficiency of a THz
link under different types of beamsearching strategies. These
studies revealed that the use of very narrow THz radiation
patterns in mobile communications challenges the accuracy
and speed of the employed beamsteering procedures to follow
the nodes’ micromobility. However, to the best of the authors’
knowledge, the joint impact of micromobility and the dynamic
blockage has not been studied at the system level yet.

In this study, we address the abovementioned void by
analyzing fundamental UE-centric characteristics – fraction
of outage time and ergodic spectral efficiency in dense THz
BS deployments under micromobility and dynamic blockage.
We consider 3GPP standardized multiconnectivity operation
when UE simultaneously supports links to multiple THz BSs
[17]. In our framework, we explicitly capture THz specific
propagation characteristics and directional antenna radiation
patterns as well as different designs of the beamsearching
mechanisms. Finally, we characterize the gains of supporting
a certain number of links for these strategies and provide a
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comparison between them.
From the technical perspective, in this study, for the first

time, the joint effect of micromobility and blockage on system-
level characteristics of UEs in dense THz deployments with
multiconnectivity support is investigated. From the modeling
viewpoint, we offer a mathematical framework that is capable
of jointly capturing the effects of blockage, micromobility
and multiconnectivity in a single analytically tractable model.
The offered framework is capable of evaluating practical
beamsearching design approaches including on-demand and
periodic ones with any type of underlying search algorithm.
Thus, the main contributions of our study are as follows:
• a unified mathematical framework based on probability

theory and Markov chain theory for assessing the frac-
tion of time in outage and spectral efficiency in THz
BS deployments with multiconnectivity operation under
dynamic micromobility and blockage impairments;

• numerical results showing that the impact of micromobil-
ity on the fraction of time in outage and spectral efficiency
heavily depends on the density of blockers and the latter
metric may even approach spectral efficiency of the ideal
system with zero beamsearching time;

• numerical results showing that the multiconnectivity has
a more profound positive impact on considered metrics as
compared to the system with blockage impairments only.

The rest of the paper is organized as follows. We review
the current state-of-the-art in Section II. Our system model is
introduced in Section III. The performance evaluation frame-
work is presented in Section IV. In Section V we elaborate our
numerical results. Conclusions are drawn in the last section.

II. RELATED WORK

The initial research phase related to THz communications
dates back to the beginning of the last decade and was mainly
focused on various aspects of physical and data link layers
functionalities as well as on propagation models, see, e.g. [5],
[9], [18], [19]. Over the last few years, THz communications
have attracted enormous attention as one of the potential
enablers for 6G radio interface [20]–[23].

Besides the added complexity caused by properties of
THz-band such as significantly higher propagation losses [5],
atmospheric absorption [5], [9], and blockages by dynamic and
static objects [8], THz communications pose new challenges
for system designers. One of these challenges is micromo-
bility manifesting itself in small-scale shakes and rotations
of UE [15], [16], [24], or antennas motion of THz BS due
to environmental effects such as wind, small earthquakes,
traffic, etc [24]. These fast displacements may cause fre-
quent misalignments of the highly-directional THz beams,
consequently leading to degradation of the link capacity and
even outages. Particularly, the authors in [24] developed
an analytical framework for characterizing expected values
for the transmit and receive antenna gains in fronthaul and
backhaul links under stochastic beam misalignment created
by antenna movement coming from the building or antenna
mast swaying. Further, the authors in [15], [16] investigate
the effects of micromobility on cellular system performance.

In [16], the trade-off between the antenna array size and the
capacity of the THz link is studied by a combination of field
measurements and link-level simulations. Employing computer
simulations, the authors in [25] evaluated the optimal system
and mobility parameters required for optimal throughput for
mobile THz UEs. Further, in [15], the authors proposed a
mathematical framework to estimate the performance of THz
communications in the presence of both Cartesian and angular
micromobility of the UE. Particularly, they estimated the
optimal beamwidth as a function of micromobility parameters.

In contrast to traditional wireless networks, THz systems
would allow for a substantially reduced size of transmitting
devices. However, the smaller size of antenna elements entails
reducing effective antenna aperture, which decreases the com-
munication range. To target this effect in THz band, antenna
systems with the massive number of elements are expected to
be used allowing to form a directional diagram with narrow
beamwidth of a few degrees [26], [27]. This extremely high
directivity positively affects interference from nearby transmit-
ters. Over the last few years, system-level studies addressing
the performance of THz networks in presence of LoS blockage
by moving obstacles have emerged [7], [28]–[30].

The authors in [28] modeled the multi-user interference
and validated it experimentally for short-range THz commu-
nications. In [29], an analytical model for interference and
signal-to-noise plus interference ratio (SINR) assessment in
dense THz networks has been developed. In [7], the authors
studied interference in mmWave and THz communication
systems with directional antennas and blocking obstacles.
In their work, the authors utilized the Taylor expansion of
SINR function and calculated approximations for mean and
variance of SINR. The analytical framework to investigate the
interference and coverage probability for indoor THz com-
munications with beamforming antennas is presented in [30].
In this work, the authors proposed models of line-of-sight
(LoS) and non-LoS (nLoS) interference from UEs and BSs
with directional beamforming antennas. Further, in [31], [32],
the authors developed an analytical framework using the tools
of stochastic geometry to evaluate the coverage probability
of THz communication systems in a three-dimensional (3D)
environment. Besides this, the study in [32] proposed an
analytical framework to analyze the performance achieved by
multiconnectivity strategies which are used to combat the LoS
blockage effects in THz communication systems. However,
the authors do not take into account practical beamsearching
strategies and the micromobility phenomenon, which may also
lead to additional overheads caused by beamsearching.

The study in [33] consider a multi-layer network, where
there is a microwave technology (e.g., LTE) and THz one.
They first characterized the exact Laplace Transform (LT)
of the aggregate interference and coverage probability of a
user in a THz-only network. Then, for a coexisting LTE/THz
network, they derived the coverage probability of a typical
user considering biased received signal power association. This
is different from our study, where we consider intra-RAT
multiconnectivity within THz network for an active UE, that
is already associated with the network and switches between
THz BSs in attempt to improve spectral efficiency and outage
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metrics. On top, we consider the joint effect of micromobility
and blockage with different beamsearching schemes, antenna
switching times and different beamsearching designs. In [34],
the authors developed a tractable analytical framework that
allowed for studying coverage probability in 3D environment.
The developed framework considers the effect of 3D direc-
tional antennas at both BS and UE sides, and the joint impact
of the blockage caused by the user itself, moving humans,
and wall blockers. The conclusion about predominant positive
impact of high antenna directivity at BSs rather at the UEs
delivered by the study shows agreement with our results
presented in Section V.

Summarizing, the impact of micromobility is characterized
at the link layer only [15], [16]. Furthermore, the authors are
unaware of system-level studies evaluating the THz network
performance in presence of micromobility.

III. SYSTEM MODEL

In this section, we introduce our system model by specifying
its components including propagation and antenna models,
multiconnectivity operation, beamsearching algorithms as well
as potential beamsearching design options. We conclude this
section by introducing the metrics of interest.

A. Deployment Model

The system model is shown in Fig. 1a. We assume that the
locations of THz BSs follow a Poisson point process (PPP)
in ℜ2 with the density of λA. The BS height is set to hA. We
consider a single UE dropped randomly in ℜ2. The target UE
is assumed to remain stationary. The UE height is hU .

The humans in the pedestrian area around the UE act as
potential blockers. Their spatial density in ℜ2 is λB. These
blockers are modeled as cylinders and have the base radius
rB. The height of the humans is assumed constant and set to
hB, hB > hU . To capture the THz LoS blockage dynamics, we
assume that humans move according to the random direction
model (RDM) [35]. According to it, a user first chooses a
direction of movement randomly and uniformly in (0,2π) and
then moves in the chosen direction at constant speed v for
exponentially distributed time with parameter µ.

B. Propagation and Blockage Models

As the effect of human blockage is known to be more
impactful in the THz band [36]–[38], similarly to other studies,
e.g., [32], we assume that no communications are feasible in
LoS blockage state. The value of SINR at the UE in LoS
non-blocked state can be written as [9]

S(x) = PT GT,AGT,U

[ x−ζT

(N0 +MT )LA( f ,x)

]
, (1)

where ζT is path loss exponents in LoS non-blocked state,
MT is the constant capturing the interference margin, N0 is
the density of noise, PT is emitted power, GT,A and GT,U are
the BS and UE gains, LA( f ,x) is the absorption losses. By
following [5], [9], the absorption loss is defined as

LA( f ,x) =
1

τ( f ,x)
, (2)

TABLE I: Notations

Notation Description
λA THz BS density
λB density of blockers
µ−1 mean blocker passage time
rB blocker radius
hB blocker height
hU UE height
hA THz BS height
v blocker speed
LA( f ,r) absorption loss
K( f ) absorption coefficient
PT BS emitted power
GT,A BS antenna array gain
GT,U UE antenna array gain
ζT path loss exponent in LoS non-blocked state
MT shadow fading and interference margin
pB blockage probability
x(t), y(t) random displacements processes over x and y axis
φ(t), θ(t) random rotation processes over these plane
erfc(·) complementary error function
µ(·), σ(·) micromobility parameters
α array HPBW
θm array maximum
θ
±
3dB upper and lower 3-dB points

δ array switching time
N(·) number of antenna array elements
NU ×NU number of UE antenna array elements
NT ×NT number of THz BS antenna array elements
C mean capacity
TA period before beam misalignment
TB beamsearching duration
TL non-blocked state period
TNL blocked state period
TP periodic beam update interval
pN probability of simultaneous LoS blockage at all N THz BSs
pO outage probability
pTi share of time being associated with is BS
N number of THz BSs
E [B] mean beamsearching time within LoS non-blocked timespan
Bi LoS blocked period with i-s BS
E [Ci] mean UE capacity when associated with i-s BS
N0 density of noise
r communication distance

where τ( f ,r) is the transmittance of the medium following the
Beer-Lambert law, τ( f ,r) ≈ e−K( f )x, K( f ) is the overall ab-
sorption coefficient of the medium. The frequency-dependent
absorption coefficient K( f ) can be represented as [5]

K( f ) = ∑
i,g

ki,g( f ), (3)

where ki,g( f ) represents individual absorption coefficient for
the isotopologue i of gas g. We utilized the air in the
office environment having 78.1% of nitrogen and 20.9% of
oxygen, at standard altitude, water vapor fraction of 2%. The
coefficients ki,g are available from the HITRAN database [39].
For practical calculation of the overall absorption coefficient in
the considered band, we utilize the worst-based approximation,
K = max f K( f ) leading to the SNR in the following form

S(x) = PT GT,AGT,U

[x−ζT e−Kx

N0 +MT

]
. (4)

Finally, the absorption phenomena may also lead to the
molecular noise theoretically predicted in [5]. However, recent
measurements [40] did not reveal any noticeable impact of
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Fig. 1: The elements on the considered THz communications system model.

molecular noise phenomenon. Nevertheless, if one would like
to incorporate this effect into the model, the molecular noise
term, NM , has to be included in the denominator of (4). By fol-
lowing [7], [9] NM can be approximated by S′(x)[1− τ( f ,x)],
where where τ( f ,x) is the transmittance of the medium, S′(x)
is the power at the distance x without the thermal noise.

Observe, that in our study we capture interference by a
constant – so-called interference margin. The rationale is that
following recent studies of THz communications systems [7],
[41], utilizing extremely directional antenna radiation patterns
at BSs the impact of interference is expected to be negligible.
If one wants to explicitly include the effect of interference
it can be done by, e.g., applying the Campbell theorem as
shown in [12], [42] or by utilizing LT to get probability density
function (pdf) of interference according to [43] for the further
use in the framework proposed in our paper. This will not
drastically affect our methodology.

C. Micromobility Model

The micro-mobility refers to small shakes and rotations of
UE in hands of a user when he/she perceives a certain service.
These impairments may affect communications even when a
user is stationary. Observe that the system enters the outage
state when the center of the UE beam leaves the circularly
shaped area corresponding to half-power beamwidth (HPBW)
of THz BS. It could happen due to small displacements of
UE over Ox- and Oy-axes as well as due to yaw (vertical
axis) and pitch (transverse axis) motions of UE in the user’s
hands. Observe that small displacements over Oz-axis as
well as roll (longitudinal axis) motion do not severely affect
the communications. The rationale is that these small-scale
displacements are limited to just a few tens of centimeters
while the roll does not change antenna alignment.

To represent the micromobility process at UE we utilize the
model introduced in [15]. According to it, the micromobility is
modeled as a combination of random displacement processes
over Cartesian y(t) and x(t) axes, together with the random
rotation processes in these planes, φ(t) and θ(t), see Fig. 1b.
Assuming the Brownian motion nature of these movements
the authors in [15] revealed that the pdf of time to outage due
to beam misalignment fTA(t) follows (5), where erfc(·) is the
complementary error function, µ(·) and σ(·) are the parameters

of the corresponding displacement and rotation components
that can be estimated from the empirical data as shown in [15].
Note that instead of the Brownian motion model proposed in
[15] more comprehensive UE micromobility models can be
utilized, e.g. Markov models, as long as they allow for explicit
characterization of FPT time.

D. Antenna Models and Beamsearching Algorithms

We assume planar antenna arrays at both the BS and the
UE. Similarly to [44], [45], we utilize a cone model with the
beamwidths corresponding to HPBW of the antenna radiation
pattern illustrated in Fig. 1c. Using [46] the mean antenna gain
over HPBW is given by

G =
1

θ
+
3db−θ

−
3db

∫
θ
+
3db

θ
−
3db

sin(N(·)πcos(θ)/2)
sin(πcos(θ)/2)

dθ, (6)

where N(·) is the number of antenna elements in the appro-
priate plane. The HPBW of the array, α, can be determined
as α = 2|θm−θ

±
3db|, where θm is the array maximum that can

be computed as θm = arccos(−1/π), θ
±
3db are the upper and

lower 3dB points estimated as θ
±
3db = arccos[±2.782/(N(·)π)].

The antenna is 3D one with conical representation of the
main lobe similar to the one utilized in [12], [42] when
studying interference in 3D mmWave deployments. However,
contrarily to [7], where the antenna gain has been obtained
as a function of HPBW angle, here, we utilize the results
of [46] providing both HPBW angles and associated gains
as a function of antenna elements in the appropriate plane.
For each plane, we utilize (6) to determine these parameters.
For practical calculations we employ HPBW approximation
given by 102◦/N· [46], [47]. Similarly, the linear gain can be
approximated by the number of elements [46].

In the considered scenario the decision on how to efficiently
utilize THz BSs heavily depends on the interplay between
beamsearching time and time to outage caused by micromo-
bility. Thus, we consider two beamsearching procedures:
• Exhaustive search. In this case, all the available antenna

configurations at both the BS and the UE are successively
attempted. The beamsearching time of this approach is
TB = NU NT δ, where NU and NT are the numbers of UE
and THz BS antenna array configurations and δ is the
array switching time.
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fTA (t) =

e
− (log(t)−µx)2

2σ2x
σx

[
2− erfc

(
µy−log(t)√

2σy

)]
+ e

− (log(t)−µy)2

2σ2y

σy

[
2− erfc

(
µx−log(t)√

2σx

)]
4
√

2πt
[

1− 1
2 erfc

(
µφ−log(t)√

2σφ

)
+ 1

2 erfc
(

µθ−log(t)√
2σθ

)]−1 +

e
−

(log(t)−µφ)
2

2σ2
φ

σφ

[
2− erfc

(
µθ−log(t)√

2σθ

)]
+ e

− (log(t)−µθ)
2

2σ2
θ

σθ

[
2− erfc

(
µφ−log(t)√

2σφ

)]
4
√

2πt
[
1− 1

2 erfc
(

µx−log(t)√
2σx

)
+ 1

2 erfc
(

µy−log(t)√
2σy

)]−1 (5)

• Iterative search. As an alternative approach, we consider
an iterative beamsearching algorithm realized with sector
level sweep and beam refinement procedures, as utilized
in, e.g., IEEE 802.11ad/ay [48]. The beamsearching time
of this scheme is TB = (NU +NT )δ.

E. Connectivity Schemes and System Design Options
To evaluate the effect of multiconnectivity on UE per-

formance, we assume that the tagged UE can maintain N,
N = 1,2, . . . links to neighboring THz BSs. The choice of BSs
is based on the time-averaged SINR metric [49]. Since the
latter is a monotonously decreasing function of the distance,
N nearest BSs are selected by the UE at the session initiation
time. However, at a given time instant UE utilizes only a single
link with the highest SINR for communications.

In presence of micromobility, the outage might happen
much more frequently compared to mmWave systems that are
mainly affected by the blockage. Thus, in addition to different
types of beamsearching procedures, we consider the following
connectivity design schemes:
• Ideal design. In this case, we assume that no overhead is

induced by the beamsearching procedure. In other words,
the change of the active BS is performed instantaneously
with no delay caused by the search procedure. This
scheme is utilized to serve as an upper bound for the
rest of the design options.

• Periodic design. In this case, the instant of time when
the beamalignment procedure is invoked is determined
by two events, expiration of the beam update timer, TP,
or outage event, whichever happens first.

• On-demand design. In this case, the beamalignment
procedure is invoked only when outage is experienced.
Correspondingly, the THz BS, UE is associated with, is
changed every time the UE experiences an outage as a
result of blockage or micromobility.

F. Metric of Interest
We concentrate on two fundamental metrics for cellular THz

deployments – ergodic outage probability and ergodic spec-
tral efficiency. Here, the term ergodic means time-averaging,
implying that the former metric coincides with the fraction
of time UE does not have network connectivity and can
be referred to as “non-connection” or “non-communication”
probability. Ergodic spectral efficiency also implies averaging
over time characterizing time-averaged spectral efficiency.
From now on, we refer to these metrics as outage and spectral
efficiency silently assuming the abovementioned definitions.

IV. PERFORMANCE EVALUATION FRAMEWORK

In this section, we develop our performance evaluation
framework. We successively consider the ideal, on-demand,

BS 1

BS 2

UE

Data transmission LoS blockage OutageBS switching

,  st

1T

2T

1T 1T

2T

Fig. 2: Time diagram of the ideal design scheme.

and periodic design schemes and capture the details of the
considered multiconnectivity and beamsearching operations.

A. Ideal Beamsearching

Consider first the scheme, where the beamsearching proce-
dure is instantaneous. In this scheme, the UE first selects its
nearest BS. The UE changes its association point whenever it
enters the outage state with the current BS. The outage can
be caused by micromobility or by blockage of the LoS path
by human bodies. At both session initiation and re-association
time instants, the closest non-blocked BS out of the nearest
N is chosen. The scheme with instantaneous beamalignment
is illustrated in Fig. 2, where the UE is associated with the
two closest BSs and experiences outage conditions only when
both of them are in blocked conditions.

The pdf of distance to i-s neighbor in the Poisson field of
THz BSs is available from [50]

fi(x) =
2(πλA)

i

(i−1)!
x2i−1e−πλAx2

, x > 0, i = 1, . . . ,N. (7)

Thus, the UE capacity when associated with i-s BS is

E [Ci] =
∫

∞

0
log2 (1+S (x)) fi (x)dx. (8)

while the blockage probability to i-s THz BS is given by

pN,i = 1−
∫

∞

0

2(πλA)
i

(i−1)!
x2i−1e−πλAx2

e−2xrBλB
hB−hU
hA−hU dx. (9)

Assuming that the LoS blockage processes at THz BSs
are independent of each other, the probability pN that all N
selected BSs are simultaneously blocked can be written as

pN =
N

∏
i=1

pN,i, (10)

and coincides with the outage probability, i.e., the fraction of
time when data transmission is impossible, pO = pN .

The fraction of time UE is associated with i-s BS is then

pTi = (1− pN,i)
i−1

∏
k=1

pN,k. (11)
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Fig. 3: On-demand design scheme without micromobility.

leading to the following spectral efficiency

E[C] =
N

∑
i=1

pTiE [Ci]. (12)

B. On-Demand Beamsearching Without Micromobility

We now proceed considering the on-demand scheme reflect-
ing WLAN design style of THz communications system. We
start with the system, where outage events may only be caused
by blockage. From the practical perspective, the beamalign-
ment is invoked when an outage happens while, technically,
we now need to extend the ideal beamsearching approach
by taking into account non-zero time to switch to another
BS by introducing an additional component, TB. Note that in
practice, TB depends on many factors, including the employed
beamsearching algorithms, the size of the antenna arrays, and
the time it takes to assess a single beam configuration.

When the UE may only associate with its nearest N BSs,
the connectivity pattern comprises two periods, connectivity
interval TL and outage interval TNL. Note that TNL is interpreted
as the time duration when there are no BSs in non-blocked
state. In its turn, TL starts when the UE associates with its
closest non-blocked BS for the first time after TNL and ends
when there are no BSs in non-blocked state. Note that since
TL� TB, we also assume that the beamsearching procedure
cannot be interrupted by LoS blockage.

The time diagram in Fig. 3 illustrates the considered scheme
for the case of N = 2 BSs outlining the possible events and
states defined by the model. LoS blockage triggers outage
periods that end with a beamsearching procedure. Thus, an
outage period consists of the period when all N BSs are in
blocked state, TNL, and the time needed for beamsearching,
TB. Alternatively, it may comprise of just beamsearching
procedure in case there is at least one BS in non-blocked
state. BS switching occurs only as a result of beamsearching
procedure that establishes a new active connection with the
nearest BS in the LoS non-blocked state.

Following [47], [51] the time between successive blockage
events under RDM mobility pattern is approximately exponen-
tially distributed. Thus, the process of blockage events with i-s
BS is homogeneous Poisson with the mean intensity of µB,i
provided by [51]

µB,i =

∞∫
0

fi (x)
2rBλBv(x [hB−hU ]+ rB [hA−hU ])

(hA−hU )
dx, (13)

implying that pdf and cumulative distribution function (CDF)
of LoS non-blocked period when associated with i-s BS are
provided by fTL,i (t) = µB,ie−µB,it and FTL,i (t) = 1− e−µB,it .

Let FB,i(t) be CDF of the blocked period with i-s BS. As
demonstrated in [52] the distribution of the blocked interval
coincides with the busy period in M/GI/inf system

FB,i (t) = 1−

( t∫
0

[1−FB,i (t− z)]
∣∣∣de−µB,iFT (z)

∣∣∣+ (14)

+[1−FT (t)]

1−
t∫

0

[1−FB,i (t− z)]e−µB,iFT (z)µB,idz

),
where FT (t) is the CDF of time required for a single blocker
to cross the LoS blockage zone. Since the length of the LoS
blockage zone associated with UE is much greater than its
width [53], it is safe to assume that the blockers enter the
blockage zone at the right angle to the long side. Thus, they
spend 2rB/v amount of time to cross it. In this case, FT has
the form of the Heaviside step function FT (t) = H (t−2rB/v).

Assuming independence of blockage processes at the BSs,
the CDF of the blocked period, TNL,i, conditioned on the event
that the index of the previous BS, UE was associated with, is
i, is delivered by

FTNL,i (t) = 1− [1−FB,i (t)]
N

∏
j=1, j 6=i

[
1−FB∗j (t)

]
, (15)

where Bi and B∗j are the random variables (RVs) denoting
blockage and residual blockage periods when associated with
i-s and j-s BSs, respectively, while FB,i(x) and FB∗, j(x) are the
corresponding CDFs. The latter unknown term is provided by

FB∗, j (t) =
∞∫

0

FB,i (t + τ)−FB,i (τ)

τ [1−FB,i (τ)]
dτ, j = 1, . . . ,N, j 6= i. (16)

Finally, we arrive at the mean length of the LoS blocked
period followed by beamsearching in the following form

E [TNL] = TB +
N

∑
i=1

pTi

∞∫
0

t fTNL,i(t)dt, (17)

where pTi is obtained in (11), fTNL,i(t) is obtained in (15).
Consider now a connectivity interval, TL, defined as the

time interval when there is always a BS in non-blocked
state out of all N available BS, that UE may associate
with. We are now in the position to introduce the model of
the switching process between BS by utilizing an absorbing
Markov chain demonstrated in Fig. 4, where the state number
i represents i-s nearest BS, while the j = N +1, . . . ,2N states
denote the beamsearching procedure after LoS blockage with
j-s BS. Particularly, the states i = 1, . . . ,N represent active
communication periods with i-s BS, while the states N + i,
i = 1, . . . ,N correspond to beamsearching procedure caused
by LoS blockage when associated with i-s BS. The absorbing
state ”0” designates the end of the connectivity period and the
beginning of outage interval when all BS are blocked.

The states of absorbing Markov chain are divided into two
non-overlapping subsets: transient and absorbing states. In
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our model, we have 2N transient and one absorbing state.
Markov chain is characterized by initial vector ~π and matrix
of transition probabilities Q = [qi j], i, j = 0, ...,2N. Since we
assume that session is always initiated in the non-blocked
state, the initial vector for the considered chain is ~π, where
πi = pTi(1− pN)

−1, when i = 1, . . . ,N, and πi = 0, when
i = 0,N + 1, . . . ,2N. Finally, transition probability matrix Q
is a square reducible matrix, and, whereas the states of the
chain are non-recurrent, the diagonal elements of the matrix
are all zeros. Recall that the probability of jumping from i to
j in exactly k steps is the (i, j)-entry of Qk.

Observe that the period when UE is associated with i-s
BS can only be interrupted by LoS blockage event. Thus,
the probability of entering the state N + i when associated
with i-s BS equals to 1−∏

N
k=1 pN,k, i.e., qi,N+i = ∏

N
k=1 pN,k,

i = 1, . . . ,N, while the probability of simultaneous blockage at
all N BSs was found in (10). The need for having N states
j = N +1, ...,2N, representing beamsearching procedure after
LoS blockage stems from the fact that once UE enters the LoS
blocked conditions with the i-s BS, it cannot resume associ-
ation with this BS after beamsearching unless the blockage
finishes within the beamsearching duration. This is in contrast
with beamsearching after beam misalignment as in the latter
case the choice of BS does not depend on the BS, UE was
previously associated with, see Subsection IV-C. Therefore,
the probability of associating with i-s BS after LoS blockage
at the same BS is conditioned on blockage duration leading
to the following probability

qN+i,i =FTNL,i (TB)(1− pN,i)
i−1

∏
k=1,k 6=i

pN,k, i = 1, . . . ,N. (18)

Summarizing the abovementioned expositions, the transition
probabilities Q = [qi j], i, j = 0, . . . ,2N, of the considered
Markov model chain are given by

qi,N+i = 1− pN , i = 1, . . . ,N,

qN+i,i = FTNL,i (TB)(1− pN,i)
i−1

∏
k=1,k 6=i

pN,k, i = 1, . . . ,N,

qN+ j,i = (1− pN,i)
i−1

∏
k=1,k 6=i

pN,k, i, j = 1, . . . ,N, i 6= j,

qi,0 =
N

∏
k=1

pN,k, i = 1, . . . ,N,

q0,0 = 1,
qi, j = 0, otherwise. (19)

Recall that the mean number of times the absorbing Markov
chain visits a transient state is determined by the elements of
fundamental matrix D= (I−U)−1 [54], where U = [ui j = qi j],
i, j = 1, ...,2N is the submatrix describing the process before
leaving the set of transient states. The (i, j) entry of the matrix
D is the expected number of times the chain is in the state
j, given that the chain started in state i. By utilizing the
fundamental matrix, the mean number of steps from the state

N+1

N+2 0

2N

1

2

N

1, 1Nq +

1,1Nq +

1,2Nq +

1,N Nq +

2, 2Nq +

,2N Nq
2 ,2Nq

2 ,1Nq
2,N Nq +

2,2Nq +

2,1Nq +

2 ,N Nq

1,0q

2,0q

,0Nq

Fig. 4: Model for on-demand scheme without micromobility.

i before absorption is given by the corresponding elements of
vector~τ with the following components

τi =
2N

∑
j=1

π jd ji, i = 1, . . . ,2N. (20)

By utilizing this result, the mean beamsearching duration in
LoS non-blocked state can be written as

E [B] = TB

2N

∑
j=N+1

τN+ j. (21)

leading to the mean duration of connectivity interval

E [TL] = E [B]+
N

∑
i=1

τiTL,i, (22)

where TL,i is the mean duration of continuous association with
i-s BS that can be found as

TL,i =
∫

∞

0
t fTL,i (t)dt. (23)

The latter provides us the opportunity to define the fraction
of time UE is associated with i-s BS as the ratio between the
mean time in this state to the whole time before absorption. By
utilizing this observation the mean spectral efficiency during
TL is provided by

E [CTL ] =
1

E [TL]

N

∑
i=1

τiTL,iE [Ci]. (24)

Finally, writing the outage probability as

pO =
E [TNL]+E [B]
E [TNL]+E [TL]

, (25)

we arrive at the spectral efficiency in the following form

E[C] =
E [TL]

E [TNL]+E [TL]
E [CTL ] . (26)

Note that by construction, (25) represents “non-connection”
or “non-communication” probability, while (26) evaluates
spectral efficiency averaged over time.
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Fig. 5: Model for the on-demand design with micromobility.

C. On-Demand Beamsearching with Micromobility

We now proceed to integrate the effect of micromobility
into the model. Observe that this can be done by adding
”beamforming” states 2N + i, i = 1, . . . ,N, to the previously
introduced Markov chain as shown in Fig. 5. Particularly,
i = N + 1, . . . ,2N states correspond to beamsearching due to
blockage, while i = 2N + 1, . . . ,3N states represent beam-
searching due to beam misalignment. The time diagram for
the communication pattern shown in see Fig. 6 now includes
beam misalignment that triggers beamsearching procedures
independently from LoS blockage events. Recall that beam
misalignment may only occur in LoS non-blocked conditions
and its duration is characterized by (5).

The transition probabilities q2N+i,i, i = 1, . . . ,N, represent
probabilities of being associated with i-s BS as the result
of beamsearching procedure caused by beam misalignment.
Since the probability to associate with BS in LoS non-blocked
conditions does not depend on the micromobility, the transition
probabilities are determined similarly to (19). However, these
probabilities should be conditioned on the event that the last
associated BS is still in non-blocked state, i.e.,

q2N+i,i =
i−1

∏
k=1

pN,k, i = 1, . . . ,N, (27)

when the association is resumed with the current BS, and

q2N+i, j =(1− pN,i)
j−1

∏
k=1,k 6=i

pN,k, i, j = 1, . . . ,N, i 6= j, (28)

when UE is switched to another BS in non-blocked conditions.
The time interval when UE is associated with i-s BS can

be interrupted by either beam misalignment or LoS blockage
event. In the case of beam misalignment, the probability of
entering the state 2N + i when associated with i-s BS can
be found as the probability of beam misalignment occurring
sooner than LoS blockage at i-s BS, i.e.,

qi,2N+i = (1− pN)

∞∫
0

∞∫
y

fTA (y) fTL,i (x)dxdy, i = 1, . . . ,N. (29)

BS 1

BS 2

UE

Beam search Data transmission LoS blockage

Outage BS switching

LT
NLT LT

AT

AT

BT

BT

AT

BT

AT

BT BTAT

AT

,  st

,1LT ,1LT ,1LT ,1LT

,2LT ,2LT

Fig. 6: On-demand design scheme with micromobility.

Similarly, the probability of entering state N+ i when asso-
ciated with i-s BS can be found by utilizing the complementary
probability, that is,

qi,N+i = (1− pN)

∞∫
0

∞∫
y

fTL,i (y) fTA (x)dxdy, i = 1, . . . ,N. (30)

The elements of Q = [qi j], i, j = 0, ...,3N can be written as

qi,N+i = (1− pN)

∞∫
0

∞∫
y

fTL,i (y) fTA (x)dxdy, i = 1, . . . ,N,

qi,2N+i = (1− pN)

∞∫
0

∞∫
y

fTA (y) fTL,i (x)dxdy, i = 1, . . . ,N,

qN+i,i =
i−1

∏
k=1

pN,k, i = 1, . . . ,N,

qN+i, j = (1− pN, j)
j−1

∏
k=1,k 6=i

pN,k, i, j = 1, . . . ,N, i 6= j,

q2N+i,i =
i−1

∏
k=1

pN,k, i = 1, . . . ,N,

q2N+i, j = (1− pN, j)
j−1

∏
k=1,k 6=i

pN,k, i, j = 1, . . . ,N, i 6= j,

qi,0 = pN , i = 1, . . . ,N,

q0,0 = 1,
qi, j = 0,otherwise. (31)

Now, the mean duration of continuous association with i-s
BS can be similarly found from the minimum of two RVs as

TL,i =
∫

∞

0
t
(

fTL,i (t) [1−FA (t)]+ fTA (t)
[
1−FTL,i (t)

])
dt.

(32)
The rest of the metrics for this scheme can be found

similarly to the on-demand scheme without micromobility
derived in Subsection IV-B by changing the upper limit in
sums from ”2N” to ”3N” in (20)-(21).

D. Periodic Beamsearching with Micromobility

Finally, we consider the periodic design scheme. The prin-
ciple difference of this scheme from the on-demand one
addressed in Subsection IV-C is that the active communication
can be interrupted not only by beam misalignment and LoS
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Fig. 7: Periodic design scheme with micromobility.

blockage but also by periodic beamalignment that is launched
every TP s. One may immediately observe that in this case the
CDF of the time to next periodic alignment procedure can be
described by a step function FTP (t) = H (t−TP).

Since the choice of the next BS does not depend on the
current BS, the beamalignment procedure is similar to the
one that is caused by beam misalignment. Thus, we can
capture both procedures by utilizing the i = 2N + 1, . . . ,3N
states of the Markov chain as proposed in Section IV-C.
Recall, that in the on-demand scheme with micromobility we
defined the transition probabilities as the minimum of two
RVs: (i) time to beam misalignment TA, and (ii) time to LoS
blockage when associated with i-s BS. Now, to capture the
behavior of periodic beamalignment we have to complement
these RVs with the time to periodic alignment TP and consider
the minimum of two RVs and constant time TP.

Consider the probability of beamsearching due to beam
misalignment or periodic alignment occurring sooner than LoS
blockage at i-s BS, pM,i. For this probability we have

pM,i =

∞∫
0

∞∫
y

fTA (y) [1−FTP (y)] fTL,i (x)dxdy+

+

∞∫
0

fTA (x)FTP (x)dx
∞∫

0

fTL,i (x)FTP (x)dx, i,= 1, . . . ,N. (33)

The latter implies that the elements of Q are provided by

qi,N+i = (1− pN)(1− pM,i) , i = 1, . . . ,N,

qi,2N+i = (1− pN)(pM,i) , i = 1, . . . ,N,

qN+i,i =
i−1

∏
k=1

pN,k, i = 1, . . . ,N,

qN+i, j = (1− pN, j)
j−1

∏
k=1,k 6=i

pN,k, i, j = 1, . . . ,N, i 6= j,

q2N+i,i =
i−1

∏
k=1

pN,k, i = 1, . . . ,N,

q2N+i, j = (1− pN, j)
j−1

∏
k=1,k 6=i

qN,k, i, j = 1, . . . ,N, i 6= j,

qi,0 = pN , i = 1, . . . ,N,

q0,0 = 1,
qi, j = 0, otherwise. (34)

TABLE II: The default system parameters

Notation Description Values
λA THz BS density 0.001 units/m2

λB density of blockers 0.3 units/m2

rB blocker radius 0.4 m
hB blocker height 1.7 m
hU UE height 1.5 m
hA THz BS height 4 m
v blocker speed 1 m/s
PT BS emitted power 2 W
ζT path loss exponent in non-blocked state 2.1
MT shadow fading margin 3 dBi
MI interference margin 3 dBi
K absorption coefficient 0.2
δ array switching time 2 µs
TP periodic beam update interval 10 ms
NT BS antenna array configurations 64x64
NU UE antenna array configurations 4x4
N number of THz BSs 1-10
N0 density of noise -84 dBi
∆θ mean displacement around Ox 0.1◦

∆φ mean displacement around Oy 0.1◦

The time diagram of the communication pattern for pe-
riodic design scheme is shown in Fig. 7. Observe that it
also includes beam misalignment that triggers beamsearching
procedures independently from LoS blockage events. The
transition probability matrix can be found using (34), while the
performance metrics for this scheme can be found similarly
to the on-demand scheme with micromobility derived in
Subsection IV-C.

V. NUMERICAL ANALYSIS

In this section, we elaborate our numerical results. As the
periodic design scheme has a free parameter – periodic beam
update interval, TP, we start by comparing on-demand and
periodic schemes for different values of TP. Then, we proceed
to evaluate the effect of dynamic blockage and micromobil-
ity on two considered metrics, mean spectral efficiency and
fraction of time in outage for different system parameters.
Finally, we evaluate the impact of multiconnectivity on these
metrics by explicitly assessing the gains of different number
of simultaneously supported THz BSs.

As shown in [15], the effect of Cartesian displacements,
∆x and ∆y, is negligible compared to yaw and pitch mobility.
Thus, in the rest of this section, we concentrate on the effect
of the latter parameters and keep ∆x and ∆y constant at 3 cm/s.

The default system parameters are provided in Table II,
while the antenna array parameters are given in Section III.

TABLE III: Antenna parameters

Array Gain, HPBW,o Config. Iterative Exhaustive
dBi search, ms search, ms

BS
256x256 41.59 0.39 65536 131.1 2097.15
128x128 35.58 0.79 16384 32.8 524.28
64x64 29.58 1.59 4096 8.22 131.07
32x32 23.58 3.18 1024 2.08 32.76
UE
16x16 17.58 6.37 256 8.7 2097.15
8x8 11.57 12.25 64 8.32 524.28
4x4 5.57 25.5 16 8.22 131.07
2x2 0.43 51 4 8.2 32.76
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Fig. 8: Comparison of model and simulations results.

Since there are no cellular or WLANs systems operating in
THz band yet, the chosen set of systems parameters attempts
to provide the “best guess” of what first generation of THz
communications systems might come with. Particularly, we
selected the carrier frequency that is least affected by at-
mospheric absorption and utilized in the only THz standard
available to date, IEEE 802.15.3d [55]. The emitted power is
chosen as a trade-off between the typical power utilized in
cellular systems and potential restrictions of THz electronics
in first generation THz communications systems. In spite
the future THz system may have slightly different system
parameters we believe that the analysis below sheds some light
on the qualitative trade-offs involved in the system design.

A. Accuracy Assessment

We start with assessing the accuracy of the developed
model. To this aim, we have implemented the developed
framework in our custom system level simulation (SLS) frame-
work WinterSim utilized in the past for performance assess-
ment of mmWave systems. The results of the comparison are
provided in Fig. 8, where we illustrate outage probability for
on-demand design scheme with micromobility as a function of
blockers density for two values of yaw and pitch mobilities,
∆φ = ∆θ = 0.2◦/s and ∆φ = ∆θ = 0.5◦/s, and the degree of
multi-connectivity N = 3. Here, as one may observe, the model
results approximate simulation data well. Similar conclusions
have been obtained for other system parameters and for this
reason, in the rest of the numerical results section we solely
rely upon the developed model.

B. Periodic Design Scheme

Consider first the periodic design scheme that is charac-
terized by the free parameter – the time interval between
regular beamsearching procedures, TP. Recall, that according
to the periodic design scheme the beamsearching procedure is
initiated when either beam update interval expires or outage as
a result of blockage or micromobility is experienced. To this
aim, Fig. 9 and Fig. 10 shows outage probability and spectral
efficiency for periodic and on-demand design schemes as a
function of TP, blockers density, λB, and coinciding yaw and
pitch mobility, array switching time of δ= 2µs, and the degree
of multiconnectivity N = 3.

Analyzing the presented results, one may observe that for
considered ranges of system parameters the periodic scheme
performs worse in terms of both outage probability and
spectral efficiency as compared to the on-demand scheme. We
specifically recall that this scheme presumes that no additional
external set of resources are dedicated for beamsearching pro-
cedure, i.e., the system needs to spend time for beamsearching
it would otherwise utilize for information transmission. From
this point of view, the provided results are logical and one may
deduce that under TP→∞ the periodic scheme reduces to on-
demand one. Similar conclusions have been observed for other
input parameters including other degrees of multiconnectivity.

As one may observe, for considered THz system configu-
rations the periodic system design always leads to worse per-
formance compared to on-demand design. Thus, we exclude
this scheme from consideration in what follows.

C. Effect of System Parameters

We proceed with our numerical assessment campaign by
observing the impact of blockage on the performance of the
considered design schemes in Fig. 11. Particularly, it shows
the outage probability and spectral efficiency as a function
of blockers density for constant and coinciding yaw and pitch
mobility of ∆θ = ∆φ = 0.3 deg/s, and two values of the degree
of multiconnectivity, N = 1 and N = 3. As one may observe
analyzing the presented results, for both N = 1 and N = 3 the

(a) Outage probability, ∆φ = 0.1 degrees/s

(b) Outage probability, λB = 0.1 units/m2

Fig. 9: Outage probability: periodic and on-demand schemes.
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best performance in terms of outage probability and spectral
efficiency is observed for the ideal design scheme, where the
beamsearching time is assumed to be zero. Furthermore, for
N = 1 the on-demand scheme without micromobility performs
only slightly worse than the ideal scheme. However, the per-
formance of on-demand scheme in presence of micromobility
drastically differs for N = 1 and for N = 3. First of all, one
may notice that by increasing the degree of multiconnectivity
from one to three the gap between the on-demand scheme
without micromobility and the ideal scheme increases. The
rationale is that the UE starts to spend more time being
connected to farther BSs having worse spectral efficiency even
when closer ones already return from the blocked state. Thus,
the gain of utilizing multiconnectivity for mitigating blockage
impairments decreases with the number of simultaneously
supported links.

Observing the results of on-demand scheme with micromo-
bility one may notice that its outage and spectral efficiency per-
formance for N = 1 is drastically worse compared to the other
two schemes. However, for the case of N = 3 both metrics
significantly improve, especially, for small blockers densities,
i.e., up to 0.5 bl./m2. In this interval, this scheme stays close to
the ideal scheme with N = 3 and even outperforms the ideal
scheme and on-demand scheme without micromobility with
N = 1. The latter is explained by the fact that micromobility
forces UE to re-select BSs more frequently increasing the
time spent on BSs having better spectral efficiency. Thus, we

(a) Spectral efficiency, ∆φ = 0.1 degrees/s

(b) Spectral efficiency, λB = 0.1 units/m2

Fig. 10: Spectral efficiency: periodic and on-demand schemes.
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Fig. 11: Considered metrics as function of blocker intensity.

conclude that the positive effect of multiconnectivity increases
in presence of UE micromobility.

Having revealed the effect of micromobility we now proceed
to characterize its impact quantitatively. To this end, Fig.
12 shows the outage probability and spectral efficiency as a
function of yaw and pitch mobility, ∆θ and ∆φ, for considered
design options, two degrees of multiconnectivity, N = 1,3, and
constant blockers density of λB = 0.3 units/m2.

Analyzing the results presented in Fig. 12, we observe that
the ideal and on-demand schemes without micromobility are
characterized by constant outage probabilities and spectral
efficiencies. The difference between them is attributed to the
effect of blockage. On the other hand, the on-demand scheme
with the micromobility effect is drastically affected by yaw
and pitch movements. In prat ice, it implies that this scheme
is heavily affected by the type of applications utilized by the
user. Specifically, analyzing the case of N = 3 one may observe
that depending on the yaw and pitch mobility velocity the
system may change its operational regime from acceptable
having outage probability of slightly less than 5% and spectral
efficiency of around 25 bits/Hz/s to incredibly poor spending
more than 40% of time in outage conditions and having much
reduced spectral efficiency of around 15 bits/Hz/s.

Having characterized the effect of micromobility we now
proceed considering the system response to different types of
beamsearching procedure. Fig. 13 shows the outage proba-
bility and spectral efficiency as a function of yaw and pitch
mobility, ∆θ and ∆φ, for on-demand design options, degrees



12

Ideal design, N=1

On-demand, no MM, N=1

On-demand, MM, N=1

Ideal design, N=3

On-demand, no MM, N=3

On-demand, MM, N=3

0.2 0.4 0.6 0.8 1.0
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Yaw and pitch mobility, Δθ and Δϕ, degrees/s

O
ut
ag
e
pr
ob
ab
ili
ty
,
p
O

(a) Outage probability

Ideal design, N=1

On-demand, no MM, N=1

On-demand, MM, N=1

Ideal design, N=3

On-demand, no MM, N=3

On-demand, MM, N=3

0.2 0.4 0.6 0.8 1.0
10

15

20

25

Yaw and pitch mobility, Δθ and Δϕ, degrees/s

S
pe
ct
ra
le
ffi
ci
en
cy
,
C
,
bi
t/
H
z/
s

(b) Spectral efficiency

Fig. 12: Considered metrics as function of yaw/pitch mobility.

of multiconnectivity of N = 3, and constant blockers density
λB = 0.3 bl./m2. Recall, that the exhaustive and hierarchical
are characterized by TBNU NT δ and TB(NU +NT )δ beamsearch
time, where NU and NT are the number of UE and THz BS
antenna array configurations and δ is the array switching time
set to 2 µs. Note that the performance of the ideal scheme
with hierarchical and exhaustive beamsearching coincides with
each other as no beamsearching delays are taken into account.
The constant gap between the ideal and on-demand scheme
without micromobility reflects the performance degradation
induced by the blockage. In its turn, the performance of the
on-demand scheme with micromobility impairments heavily
depends on the type of beamsearching procedure. For ex-
haustive search, the performance of this scheme is signifi-
cantly worse compared to the other two schemes with the
same search procedure. However, for smaller beamsearching
time associated with the hierarchical algorithm, the outage
probability of this scheme is comparable to the ideal scheme
and on-demand scheme without micromobility impairments.
Moreover, the spectral efficiency has a clear maximum attained
for considered system parameters at ∆φ = ∆θ ≈ 0.5 deg/s.
At this point, the spectral efficiency approaches that of the
ideal scheme. Thus, we may conclude that in future THz
deployments the choice of the system parameters should
account for the micromobility properties of the applications
utilizing the wireless channel.

The usage of massive antenna arrays at BS is critical for
THz communications to overcome severe path losses. To this
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Fig. 13: Considered metrics as function of yaw/pitch mobility.

end, in Fig. 14 and Fig. 15 we illustrate the outage and
spectral efficiency as a function of the number of BS configu-
rations, i.e., NT ×NT and NU ×NU , respectively, fixed degree
of multiconnectivity, N = 3, and constant blockers intensity
λB = 0.3 units/m2, yaw and pitch mobility of ∆θ = ∆φ = 0.1
deg/s. Analyzing the results presented in Fig. 14 and Fig. 15
one may observe, that the increase in the number of antenna
elements at either BS or UE sides has a similar qualitative
impact. For the ideal scheme and on-demand scheme without
micromobility the response of the system is straightforward,
i.e., the increase in the number of antenna elements results
in a linear increase in spectral efficiency, while the outage
probability remains constant. The on-demand scheme with
micromobility impairments is characterized by more complex
behavior. Particularly, for considered system parameters, there
is a clear maximum attained for 128×128 and 4×4 BS and
UE sides antenna configurations, respectively. Furthermore,
the impact of UE antenna array is more profound. Thus, we
may conclude that antenna arrays size is another parameter
that can be varied adaptively to achieve the optimal spectral
efficiency in prospective THz access systems deployments.

D. Effect of Multiconnectivity

Having studied the effects of system parameters on per-
formance of the THz deployments for considered design
options, we are now in the position to investigate the number
of simultaneously supported THz BSs, i.e., the degree of
multiconnectivity. To this end, Fig. 16 shows the effect of
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Fig. 14: Metrics as function of BS antenna elements.
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Fig. 15: Metrics as function of UE antenna elements.

degree of multiconnectivity on considered metrics for blockers
intensity λB = 0.3, yaw and pitch mobility of 0.3 deg/s.

Analyzing the presented data one may conclude, that ir-
respective of the design scheme most of the gain comes
from the nearest few THz BS for both outage probability
and spectral efficiency. Particularly, for the on-demand scheme
with the effect of micromobility the use of just three THz
BS allows improving outage probability by 46 % and spectral
efficiency by 21 %. Notice that the spectral efficiency gains
achieved by other considered schemes for the same increase
in the degree of multiconnectivity are smaller supporting our
observation that micromobility impairments allow amplifying
the multiconnectivity gains. Another critical observation is that
in presence of micromobility high degrees of multiconnectivity
(i.e., greater than three) also lead to higher gains with respect
to the other two schemes even outperforming the on-demand
scheme with only blockage impairments taken into account.

VI. CONCLUSION

The prospective THz cellular communications systems are
expected to utilize massive antenna arrays at THz BS sides
to compensate for extreme path losses. In addition to the
dynamic blockage, these systems are expected to be affected
by UE micromobility. In this paper, we developed a system-
level mathematical framework for assessing the joint effect of
micromobility and dynamic human body blockage on outage
and spectral efficiency in future dense THz BS deployments.
The framework is utilized to derive the metrics of interest
for several typical system design schemes and different beam-
searching algorithms with and without multiconnectivity.

Our results demonstrate that the impact of UE micromo-
bility is not strictly negative and strongly depends on the
system parameters. Particularly, the multiconnectivity func-
tionality improves outages and spectral efficiency for small

Ideal design

On-demand, no MM

On-demand, MM

46% 63% 71% 76%

64%

84%

92
98

59%

82%

91% 97%

1 2 3 4 5 6 7
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

Degree of multi-connectivity, N

O
ut
ag
e
pr
ob
ab
ili
ty
,
p
O

(a) Outage probability

Ideal design

On-demand, no MM

On-demand, MM

18%

24%

26%
27%

15%
19%

21%

21%

21% 30% 32% 35%

1 2 3 4 5 6 7
18

20

22

24

26

Degree of multi-connectivity, N

S
pe
ct
ra
le
ffi
ci
en
cy
,
C
,
bi
t/
H
z/
s

(b) Spectral efficiency

Fig. 16: Metrics as function of degree of multiconnectivity.

and medium blockers density (up to 0.5 bl./m2) under both
blockage and micromobility impairments leading to spectral
efficiency comparable to that of the ideal system with zero
beamsearching times. There is also an optimal point for the on-
demand beamsearching scheme, where spectral efficiency is
maximized. In general, the gains of utilizing multiconnectivity
for mitigating micromobility impairments increase with the
number of simultaneously supported links and eventually lead
to better performance compared to the system affected by
blockage only. We also note that micromobility may happen
much more frequently compared to the blockage events, as
even small angular velocity at UE leads to the extreme
linear velocity of the center of the beam. Given the current
antenna array switching time, which is on the order of few
microseconds, UE is forced to spend significant time in outage.
As a result, for efficient utilization of THz resources, a
significant improvement in the array switching time is needed.
Thus, in future THz deployments, the choice of the system
parameters should account for the micromobility properties of
the applications utilizing the wireless channel.

Finally, we stress that although the absorption is an inherent
phenomenon of THz band and may vary depending on the
band of interest reducing the coverage of BSs, the qualitative
results presented in the paper remain qualitatively intact for
all values of K. This is critically important as the bands
for both commercial 6G cellular systems and unlicensed Wi-
Fi/WiGig-like solutions are not standardized yet. Thus, the
qualitative results reported in our study are valid across the
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whole considered range of THz frequencies.
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