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Abstract—While the resilience of networks facing disasters or
brutal disturbances has emerged as a priority recently, especially
since the COVID-19 pandemic, network resilience to continuous
phenomena on a larger time scale still receive little attention. Yet,
modeling and assessing the cumulative effect of long-term wear
on a network would represent a key ingredient for understanding
and planning network evolution. This article introduces a mobile
network model allowing multiple technologies and bands (multi-
TB) at a single base station (BS) based on stochastic geometry,
and studies the resilience of such a network in front of shocks,
or of its own aging process. Resilience metrics based on Signal to
Interference plus Noise Ratio (SINR) and user data rate coverage
probabilities are introduced and derived analytically. Numerical
experiments show the influence of parameters such as load, BS
density and the number of TB on network resilience.

Index Terms—Resilience, stochastic geometry, cellular net-
work, multi-techno-band

I. INTRODUCTION

The COVID-19 pandemic and effects of global warming
have recently raised the attention of authorities on our depen-
dency to networks and the urgent need to study and increase
their resilience. The resilience of mobile networks, defined
as the ability of the network to provide and maintain an
acceptable level of service in the face of various faults and
challenges to normal operation [1], has been studied in the
literature in the context of shocks such as natural disasters
[2] or random disturbances [3], [4]. There has been however
no research so far on the potential consequences on the
network performance of possible long term and continuous
disruptions in a changing and uncertain world. Semiconductor
resources may for example become scarce, possibly due to
shortages of raw material or environmental policy constraints.
We thus argue the relevance of studying the resilience of
mobile networks in the face of hardware aging. In this paper,
we approach mobile network resilience using the stochastic
geometry framework, propose a network model including
multiple dependent techno-bands (TB) and derive approximate
closed-form expressions for new resilience metrics.

While stochastic geometry is a wildly used framework for
the study of statistical properties of mobile networks, to the
best of our knowledge it has not been used for assessing the
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resilience of a mobile network facing disruptions. Existing
work generally focuses on ad hoc solutions to face a disaster,
for example deploying unmanned aerial vehicles [2]. Inter-
estingly, metrics measuring the resilience of mobile networks
were introduced in [4] and in [3]. However, in contrast to
the present study they are not based on stochastic geometry.
Work [3] focuses on short term disturbances but does not take
into account the effect of continuous long term degradation of
the network. Reference [4] adopts a deterministic geometric
approach that does not take into account radio propagation
and its influence on the quality of service (QoS). It introduces
and applies resilience metrics on networks with different age
configurations among BS but does not integrate the timing
aspect in the resilience metric itself.

While multi-tier cellular networks are often studied in the
literature, see e.g. [5], [6], multi-techno-bands (multi-TB) net-
works have not been modeled so far using stochastic geometry,
to the best of our knowledge. In today’s real-life mobile net-
works, multiple technologies and bands are indeed deployed
at every BS. Contrary to multi-tier architectures, where small
cells independently underlay a macro-cell network, TB are
deployed at the same BS and are not independent from each
other (for example 5G Non Stand Alone does depend on 4G)
[7]. Deploying multiple TB at a BS also allows for carrier
aggregation, i.e., the possibility for the user to increase its data
rate. This characteristic of today’s networks is thus crucial in
terms of resilience.

The main contributions of this paper are:
• a multi-techno-band network model and its associated

QoS metrics, namely Signal to Interference plus Noise
Ratio (SINR) and user data rate coverage probabilities in
a multi-TB network with carrier aggregation;

• a model for shocks and BS aging respectively based on
the thinning and the continuous thinning of the BS point
process and metrics for quantifying network resilience
with respect to shocks and aging in the context of
stochastic geometry;

• approximate closed-form formulas for coverage probabil-
ities and resilience metrics in multi-TB networks;

• numerical results that validate our analytical results and
show the impact of various parameters on network re-
silience.



II. NETWORK MODEL

A. A multi-techno-band model

We consider the downlink of a cellular network made of
a set of BS and a set of user equipment (UE). Every UE
is served by the nearest BS. BS are likely to use multiple
combinations of technologies (e.g. 4G, 5G) and frequency
bands (e.g. 800 MHz, 3.5 GHz). A TB b is characterized by
a technology, a carrier frequency fb and a bandwidth Wb.
We assume that two TB do not interfere at the UE, as they
use orthogonal spectrum resources. Every UE is supposed
to be able to connect to any TB of its serving BS and to
aggregate the data rates of the different available TB thanks
to the carrier aggregation technique. We assume that there is
a dependence relation between TB deployed at a BS, which
holds whenever a given TB cannot be deployed at a BS unless
another TB is already deployed at this BS. This dependence
can be required (e.g. a 5G Non Stand Alone BS shall be
deployed in conjunction with 4G), or chosen by an operator.

The multi-TB network model is defined as follows. Let B
be the set of all TB present in the network. Let <B be a total
ordering relation on the TB, related to the chronology of their
deployment. Let D(.) be a function which maps a TB to the
set of TB it requires to be deployed on a BS. We assume that
a TB cannot depend on a TB of higher generation, i.e.:

∀b1, b2 ∈ B b1 ∈ D(b2) ⇒ b1 <B b2 (1)

Let B ⊆ P (B) be the set of all sets of TB that can be present
together at a same BS as they respect the dependency relation
between TB expressed by D. Hence, B is the set of all subsets
B of B such that for any b1 ∈ B, all b2 in D(b1) are also in
B. The set of TB present at BS i is denoted by Bi.

The deployment of the multi-TB network is performed as
follows. For each BS i, each TB b is iteratively considered
for deployment following the total ordering <B. TB b is
associated with a probability pb of being deployed at BS i if all
TB in D(b) are already deployed at i, and with a probability
0 otherwise:

P(b ∈ Bi) =

{
pb if D(b) ⊆ Bi(b)
0 else (2)

where Bi(b) is the partial set of Bi at the time when TB b is
to be deployed. In addition, the constraint pb1 = 1 holds for
the TB of minimal rank b1 = {b | ∀b′ ∈ B \ {b}, b <B b′}.
Thus, all BS have at least one TB.

B. Stochastic geometry model

BS locations are modeled by a homogeneous Poisson Point
Process (PPP) ΦBS of intensity λBS . The set of TB present at
each BS is assigned by applying a marking operation m(·) on
PPP ΦBS . The marking operation m(·) is defined by its set of
marks B and the distribution of each mark. The probability of
a mark B ∈ B corresponds to the probability of B being the
set of TB present on a given BS. It is provided in Sec. V-A.
Thus, every BS of the marked process m(ΦBS ) is associated
with a random mark B which is the set of its TB. For a TB
b ∈ B, mb(ΦBS ) denotes the set of BS of m(ΦBS ) with

TB b in their mark. It is the PPP induced by the union of
marks in B including b. Its intensity is given by λBS ,b =
(pb
∏

b′∈D(b) pb′)λBS .
UE positions are modeled by a homogeneous PPP ΦUE of

intensity λUE . In addition, we note kavg = λUE/λBS .

C. Shocks and aging models

We define a shock with probability p as an event that
suddenly renders a proportion s of BS unusable. A shock
on the network is represented by an independent p-thinning
tp(·) of parameter p applied to PPP ΦBS . Parameter p is the
proportion of BS failing due to this shock.

The aging of the network is modeled by applying a con-
tinuous thinning tp(t)(·) of parameter p(t) on ΦBS . We call
continuous thinning an independent p-thinning of parameter
p applied on a PPP, such that p depends on time t. That
is, at time t, each point of ΦBS has a probability p(t) of
remaining alive. The proportion p(t) represents the cumulative
distribution function (cdf) of the lifetime of any BS starting at
time 0. To model this lifetime cdf, we introduce two random
variables (r.v.): T , the total lifetime of a BS, and T0 the age of
a BS at t = 0, so that: p(t) = P(t+ T0 < T ). Assuming that
T follows a Weibull law of parameters (α, β) and T0 follows
a uniform law on [0, T ]:

p(t) = e−(
t
α )

β

− t

α

∫ +∞

v=( t
α )

β
v−

1
β e−v dv (3)

The use of a Weibull law is motivated by previous work on
failure laws for wireless communication hardware systems [8].

III. QOS METRICS

SINR and user data rate coverage probabilities are used as
QoS metrics. If q(·) designates either SINR or user data rate
and Γ is a threshold, the coverage probability is defined as:
cp(q,Γ) = P(q(u) > Γ). We will focus on small values of Γ
as our objective is to ensure a minimal service in the context of
network degradation. In the following, u is an arbitrary point
of R2 and i(u) (denoted i by abuse of notation) is the point
in ΦBS that is nearest to u .

A. SINR coverage probabilities

1) Mono-TB SINR coverage probability: The (Signal to
Interference plus Noise Ratio) SINR related to a single TB
b is given by:

γb(u) =
Pi→u,b

Iiub + σ2
b

(4)

where Pi→u,b and Iiub are respectively the useful power
received by u from i and the interference received by u from
BS other than i in TB b, and σ2

b is the thermal noise power
in TB b. The useful received power is given by:

Pi→u,b = GbPbhiubκbd(i, u)
−ηb (5)

where Gb is the BS antenna gain, Pb is the BS output power,
hiub is the fast fading coefficient between u and i on b, d(i, u)
is the distance between u and its serving BS and (κb, ηb) are
path-loss parameters. The BS antenna gain is supposed to be



constant which reflects the adaptative directivity of the signal
from the BS to the attached UE. Fast fading coefficients are
modeled with independent and identically distributed exponen-
tial r.v. of parameter µ. The interference Iiub is given by:

Iiub =
∑

j∈mb(ΦBS ), j ̸=i

Pj→u,b (6)

were Pj→u,b is expressed by (5) in which Gb is replaced by
G′

b which is the antenna gain of interfering BS in the direction
of u. Note that only BS with TB b interfere with i at u on
b. Hence the sum in (6) is on the elements of the process
mb(ΦBS ) induced by mark b on ΦBS . The thermal noise
power is given by σ2

b = N0WbNf , where N0 is the thermal
noise power spectral density, Wb is the bandwidth of b and
Nf is a noise factor at the UE.

2) Multi-TB SINR coverage probability: In a multi-TB
network, a user can connect to any of the available TB
deployed at its serving BS. It is said to be covered if at least
one TB provides the required quality. As a consequence, the
coverage probability related to multi-TB SINR γ is defined as
the probability of the SINR γb associated with any TB of the
cell of u being greater than Γγ , that is:

cp(γ,Γγ) = P

( ⋃
b∈Bi

{γb(u) > Γγ}

)
(7)

B. User data rate coverage probabilities

1) Mono-TB user data rate: Considering co-channel in-
terference as noise, the Shannon formula can be applied to
approximate the physical data rate at u on TB b: Cb(u) =
Wb log2(1 + γb(u)). Assuming an equal share of resources
between users, the user data rate is now obtained as C̃b(u) =
1
ki
Cb(u), where ki ≥ 1 is the number of users in cell i.
2) Multi-TB user data rate: In a multi-TB network with

carrier aggregation, the physical data rate C(u) available in the
cell of BS i is the sum of the data rates Cb(u) provided by all
the TB b deployed in this cell. The user data rate C̃(u) is thus
given by C̃(u) = 1

ki

∑
b∈Bi

Cb(u) and associated coverage
probability is given by:

cp(C̃,ΓC) = P

(
1

ki

∑
b∈Bi

Cb(u) > ΓC

)
(8)

IV. RESILIENCE METRICS

A. Resilience to shocks

We introduce a resilience metric for a mobile network facing
shocks, defined as the proportion of the QoS that is maintained
when each BS becomes unusable with probability s, that is
when thinning tp(·) is applied on ΦBS with p = 1− s:

Rs
Γ(s) =

P(q(u) > Γ, p = 1− s)

P(q(u) > Γ, p = 1)
(9)

This metric is inspired by the literature and adapted to the
stochastic geometry framework. In particular, [4] also intro-
duced a resilience metric which is a proportion of network
area remaining covered. Coverage is there measured based on

geometrical computation on cells with fixed maximum radius,
in contrast to our metric taking in account radio propagation
effects and a coverage based on the quality of received signal.

B. Resilience to aging

We now extend the previous metric to a temporal metric
measuring resilience as the proportion of the QoS that is
maintained as BS become unusable over time:

Ra
Γ(∆t) =

P(q(u) > Γ, t = t0 +∆t)

P(q(u) > Γ, t = t0)
(10)

Defining resilience as the ratio between a QoS metric after
and before a disturbance can be found in the literature, see [9].
Note that (10) extends (9) if t0 is the time instant of the shock
and ∆t is small. Note also that the present metric applies on a
long term time scale contrary to the previous ones in literature.

V. ANALYTICAL RESULTS

A. Marks distribution

The probability of any B ∈ B being the set of TB present
at a given BS is provided by:

∀B ∈ B, P(Bi = B) =
∏
b∈B

pb

 ∏
b̸∈B, D(b)⊆B

(1− pb)

 (11)

B. Mono-TB SINR coverage probability

The expression of coverage probability related to mono-TB-
SINR is given by [10]:

cp(γb,Γγ) =

∫
r>0

fR0,b(r)Nb(r,Γγ)Ib(r,Γγ) dr (12)

where fR0,b(r) is the cdf of the distance between u and its
nearest point i of ΦBS with TB b, Nb is the thermal-noise-
related term and Ib is the interference-related term. Note that
(12) is expressed as a conditioning on distance d(i, u) where
Nb(r,Γγ)Ib(r,Γγ) = cp(γb,Γγ | r) = P(γb(u) > Γγ | r).
The cdf of the distance between u and i is given by:

fR0,b(r) = 2λBS ,bπre
−λBS,bπr

2

(13)

The thermal-noise-related term is given by:

Nb(r,Γγ) = exp

(
− µΓγσ

2
b

GbPbκbr−ηb

)
(14)

With a =
(

ΓγG
′
b

Gb

)
, the interference-related term is given by:

Ib(r,Γ) = exp

(
−πλBS ,br

2a
2
ηb

∫ +∞

a
− 2

ηb

1

z
ηb
2 + 1

dz

)
(15)

C. Multi-TB SINR coverage probability

The multi-TB SINR coverage probability defined in (7) can
be written as follows, by conditioning on distance d(i, u):

cp(γ,Γγ) =

∫
r>0

P

( ⋃
b∈Bi

{γb(u) > Γγ}

∣∣∣∣∣ r
)
fR0

(r) dr

(16)
where fR0

(r) = 2λBSπre
−λBSπr

2

is the cdf of the distance
between u and i its nearest point of ΦBS . Regarding the



conditional probability, by replacing γb(u) by its expression,
applying the De Morgan law and expressing the partial expec-
tation at Bi, (17) is derived. With the approximation that the
Iiub are independent, (18) holds.

P

( ⋃
b∈Bi

{γ(u, b) > Γγ}

∣∣∣∣∣ r
)

=1−E[Bi]

[
P

( ⋂
b∈Bi

{
GbPbhiubκbr

ηb

Iiub + σ2
b

≤ Γγ

}∣∣∣∣∣ r
)]

(17)

∼1−
∑
B∈B

P(Bi =B)
∏
b∈B

P
(
GbPbhiubκbr

ηb

Iiub + σ2
b

≤Γγ

∣∣∣∣ r) (18)

Each term in the product in (18) is the complementary
probability of a mono-TB coverage probability pc(γb,Γγ | r)
conditioned on r, i.e.:

P
(
GbPbhiubκbr

ηb

Iiub + σ2
b

≤ Γγ

∣∣∣∣ r)=1−Nb(r,Γγ)Ib(r,Γγ) (19)

The final expression of the coverage probability is thus
obtained by combining (16), (18), (19), (14), (15) and (13).

D. Mono-TB user data rate coverage probability
The mono-TB user data rate coverage probability can be

easily deduced from the mono-TB SINR coverage probability
as follows:

cp(C̃b,ΓC) = P
(
γb(u) > 2

ki
W ΓC − 1

)
(20)

Note that in this expression, ki is a r.v. The derivation of the
distribution of ki requires the expression of the distribution
of Voronoi cell areas produced by a PPP, which is still an
open problem to the best of our knowledge [11]. Hence, ki
is approximated by its average value: k∗avg = E(ki|ki > 0) =

λUE/λBS

1−e−λUE/λBS
.

E. Multi-TB user data rate coverage probability
Equation (8) expresses the multi-TB user data rate coverage

probability. By replacing C̃b(u) by its expression we obtain:

cp(C̃,ΓC) = P

(
1

ki

∑
b∈Bi

Wb log2(γb(u) + 1) > ΓC

)
(21)

Approximating log2(x+ 1) by x when x is small, we have:

cp(C̃,ΓC) ∼ P

(∑
b∈Bi

Wbγb(u) > kiΓC

)
(22)

With Γ∗
C = kiΓC , by computing partial expectation at Bi:

cp(C̃,ΓC) ∼
∑
B∈B

P(Bi = B)P

(∑
b∈B

Wbγb(u) > Γ∗
C

)
(23)

For a fixed Bi, we note Bi = {b1, . . . , bm} with b1 <B

b2 <B · · · <B bm. We can then introduce successively the
conditional expectation on each of the BS except b1. The
probability density function of the SINR associated to TB b is
denoted by fγb

(v). Assuming here that TB are independent,
(24) holds. The expression of fγb

(v) is obtained by derivation
of (12) and provided by (25).

Antenna & signal parameters
Default urban (UMa) Rural (RMa)

Notation Value
Pb 46 dBm

Gb, G
′
b 17 dBi

µ 1
N0 -174 dBm/Hz
Nf 8 dB

(η1, κ1) (3.91, 0.0692) (3.86, 0.677)
(η2, κ2) (3.91 0.00655) (3.86, 0.0641)
(η3, κ3) (3.91 0.0903) (3.86, 0.884)
davg 700 m 2500 m
kavg 5

Techno-bands
Rank (<B) Generation fb (MHz) W (MHz) D(.)
1 (Default) 4G 800 23.74 /
2 (Default) 4G 1800 51.25 {1}

3 5G 900 23.74 {1}

TABLE I: Parameters.

F. Shock and aging influence on probabilities
Shocks and aging only influence the BS density. All previ-

ous equations remain valid after a shock s or after a duration
∆t if λBS is replaced by its thinned equivalent. In case of a
shock s, λBS is replaced by pλBS with p = 1− s. In case of
aging, it is replaced by λBS (t) with λBS (t) = p(t)λBS . The
thinning parameter expression p(t) was provided by (3).

VI. NUMERICAL RESULTS

A. Simulation settings
Simulation parameters are shown in Tab. I. TB are identified

by their rank. Unless specified, default parameters are for a
urban environment, two TB with probabilities [p1 = 1, p2 =
0.7], a SINR threshold of Γγ = −2 dB and a data rate
threshold of ΓC = 0.5 Mbps. Path-loss parameters (κb, ηb)
are derived from the 3GPP UMa (PL′

UMa−NLOS ) and RMa
(PL′

RMa−NLOS ) models [12] and are given for every TB. In
addition, for 3.5 GHz, κb = 0.00361 and ηb = 3.91 in a urban
environment. The BS density λBS is derived from the average
inter-BS distance davg . Weibull parameters are α = 8.3606
and β = 3.3035, which translate to an expected lifetime of
7.5 years at birth [4], and 3.75 years in our experiments.

B. Validity of approximations
Fig. 1 allows comparison of the user data rate coverage

probability approximated with our analytical results and esti-
mated with Monte-Carlo simulations (10.000 iterations). The
most impacting approximation is on log(1 + x) when ΓC

is increasing but recall that we are targeting low data rates
allowing to access basic services. This approximation causes
the proposed formulas to be less precise when k∗avg is higher,
as the number of users multiplies ΓC in the user data rate
coverage probability. The TB’s independence assumption is
less impacting when p2 is close to 0.5. The approximation
on the distribution of ki is less impacting when k∗avg is
higher because of the law of large numbers. Despite these
approximations, we see that analytical results match pretty
well the simulations as long as parameters ΓC and k∗avg are
not too high. We now present only analytical results.



P

(∑
b∈B

Wbγb(u)>Γ∗
C

)
=

∫ +∞

v2=0

· · ·
∫ +∞

vm=0

P

γb1(u)>
1

Wb1

Γ∗
C −

∑
l∈J2,mK

Wlvl


×

∏
l∈J2,mK

fγbl
(vl) dv2 . . . dvm (24)

fγb
(v)=

∫
r>0

fR0
(r)Nb(r, v)Ib(r, v)

 µσ2
b

GbPbκbr−ηb
+
2πλBS ,br

2

ηb

 G′
b

Gb +G′
bv

+
1

v

(
G′

bv

Gb

) 2
ηb
∫ +∞(

G′
b
v

Gb

)− 2
ηb

1

z
ηb
2 + 1

dz

dr (25)
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Fig. 1: Simulation vs. analysis for the user data rate coverage
probability.
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Fig. 2: User data rate resilience to shocks (a) and to aging (b).

C. Resilience to shock VS resilience to aging

Fig. 2 compares the network resilience in terms of shocks
(a) and in terms of aging (b). Recall that the resilience to
shocks expresses the loss of QoS for a given proportion of
randomly failing BS, while the resilience to aging expresses
the cumulative effect of BS failing at the end of their life. In
our scenario, the network is resilient to shocks of very high
amplitude, e.g., resilience is above 0.8 for shocks involving
the destruction of less than 75% of BS. On the other hand,
resilience to aging falls below 0.8 after 5.25 years. While the
literature has up to now focused on shocks metrics, resilience
to aging captures a cumulative effect and a temporal dynamics.
This allows for a predictive tool for planning.

D. Impact of various parameters on resilience to aging

We study here the influence of some network parameters
and design choices on resilience to aging. We focus on the

user data rate resilience, but conclusions are similar for the
SINR resilience in this section. A lower coverage threshold Γ
significantly increases resilience, see Fig. 3a, as the network
is able to serve a higher number of users with the required
quality. In the same way, fewer UE per BS, see Fig. 3b,
allows the network to dedicate more resources per user and
can thus better absorb BS losses. When the inter-BS distance
is smaller, resilience increases, see Fig. 3c, because of a higher
overlapping in terms of radio coverage. To study the influence
of the carrier frequency, we focus on a single-TB scenario and
consider the SINR resilience to get rid of the influence of the
bandwidth, see Fig. 3d. The lower the carrier frequency is, the
better the radio propagation, which in turn implies a higher
overlapping of radio coverage between cells. When BS are
failing, momentarily disconnected users can hence be more
easily served by neighboring cells. Lower frequencies thus
lead to a higher resilience. The comparison between urban
and rural environment shows the conflicting effects of several
network parameters, see Fig. 4. Rural environments benefit
from favorable radio propagation conditions, which tends to
increase the resilience. However, this also comes usually with
higher inter-BS distances because of a lower load. This effect
tends to decrease resilience. On the contrary, urban networks
are designed to sustain a high capacity and cells are thus
smaller. In our scenario, this effect is predominant and leads
to a better resilience of the urban network. The conclusion
cannot be generalized but illustrates the importance of defining
various resilience metrics.

E. Multi-TB network and resilience

The influence of the number of TB on resilience to aging
is illustrated in Fig. 5. A remarkable result is that the effect
of the number of TB on SINR and user data rate resilience is
different. Regarding SINR resilience to aging, the dominant
effect can be explained by the conjunction of frequency
diversity and the lack of resilience of high carrier frequency.
Indeed, at time t0, the 2-TB network offers a much better QoS
than the 1-TB network because of its two frequency bands that
bring users diversity in frequency. The 3-TB network offers an
even higher QoS. The denominator of (10) is thus higher when
the number of TB is higher. Over time, however, degradation
is steeper for TB 2, which is a high-frequency TB. Then, the
2-TB network loses the benefit of frequency diversity because
only a small part of it is now covered by the high frequency
TB (TB 2). This explains a lower SINR resilience. TB 3’s low
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Fig. 3: Influence of the coverage threshold Γ (a), the average number of UE per cell kavg (b), the average inter-BS distance
davg (c), the carrier frequency fb (d) on resilience.
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Fig. 4: Urban and rural networks resilience to aging.
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Fig. 5: SINR (a) and user data rate (b) resilience to aging in
function of the number of TB.

frequency allows partially keeping initial frequency diversity
in the 3-TB network. When considering now the user data
rate resilience, this effect is compensated by the gain that
carrier aggregation brings by allowing the data rate of all TB
to be used simultaneously, making the network with more TB
the most resilient. This result illustrates the need to take into
account the multiple TB of a network and different resilience
metrics if recovery strategies should be deployed.

VII. CONCLUSION

We study the resilience of multi-techno-band cellular net-
works to shocks and BS aging using the stochastic geome-
try framework. We first propose a model for multi-techno-
band networks that accounts for the dependencies between
technologies and bands and derive SINR and user data rate
coverage probabilities approximate closed-form formulas for

these networks. We then propose resilience metrics related to
SINR and user data rate that take into account both sudden
disturbances, called shocks, and the temporal dynamics of
a continuous degradation of the network due to BS aging.
These resilience metrics are derived by modeling shocks as a
thinning, and aging as a continuous thinning of the BS point
process. Numerical experiments show the determining influ-
ence of the carrier frequency, the network load, the BS density,
the coverage threshold and the number of techno-bands on
resilience. With typical parameters, urban networks are shown
to be more resilient than rural networks. The proposed model
and analytical study pave the way for resilience estimations
of real deployments and for adaptation strategies.
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