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Abstract—In this paper, a wireless system in the presence of a-
p fading and Co-Channel Interference (CCl) is observed. CCI,
a sort of congestion in wireless systems, often has the same
distribution as the fading in the observed environment. The
o—p distribution used here is a common model for small-scale
fading of THz links. We used diversity receiver with Selection
Combining (SC) to mitigate these adverse effects of fading and
CCI. For wireless system configured with SC receiver, we
derived the Average Bit Error Probability (ABEP) based on
the Moment Generating Function (MGF), the level crossing
rate (LCR), the average fade duration (AFD), and the channel
capacity (CC). The analytical results are presented in a greater
number of graphics to highlight the parameters' influence of
fading and CCI. Additionally, we propose a workflow for
convenient network planning leveraging the synergy of Large
Language Models (LLMs) and model-driven engineering
(MDE) approach, making use of the previously derived
expressions within the evaluation scenario.

Keywords- a-p fading; Co-Channel Interference (CCl);
Large Language Model (LLM); Model-driven engineering
(MDE); Selection Combining (SC).

l. INTRODUCTION

Among the most critical disturbances of signal
propagation in wireless channels is fading. Describing and
modeling of wireless channels in the presence of fading is of
particular importance as for designing the transmission
system itself, as well as for the performance analysis. During
the development of wireless communications, a large
number of different channel fading distribution models have
been defined to describe correctly the statistical
characteristics of the amplitude and phase of the propagated
signal. In the last few years, a general fading distributions are
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the most popular because other known distributions can be
obtained from them. Between them are: a-{, k-l M-y, o-k-
U, a-n-K, A-H, etc. [1]-[7].

In this work, the a-p distribution is introduced to model a
small-scale fading. Usage of a—p distribution is a common
model for small-scale fading of THz links. With this
distribution, the nonlinearity of the propagation medium is
included since the premise of homogeneity is unrealistic and
only approximates the actual transmission medium [2]. As
said, o-pg distribution is general distribution. This is
generalized Gamma distribution that includes other
distributions as are: Gamma (with Erlang as its discrete
versions, and also central Chi-squared), Nakagami-m (with
its discrete version- Chi distribution), Rayleigh, exponential,
Weibull, and One-sided Gaussian [3]. That is why it is
suitable for an analysis of the performance of wireless
systems in the presence of the listed types of fading. The
performance obtained for o-p fading can be reduced to
special cases of those fading’s distributions obtained for
specified values of parameters o and p.

There are still not many works in the literature that
consider this fading distribution, although it is very suitable.
Some of them are [8] - [13].

In [8], the Moment Generating Function (MGF) for the
Probability Density Function (PDF) of an o-p wireless
fading channel is evaluated for non-integer values of a. By
dint of the MGF, the Bit Error Rate (BER) for different
modulation techniques is derived. Also, formula for the
outage probability (Pout) in the closed form is obtained. All
obtained expressions can be reduced to the special cases of
Nakagami-m, Rayleigh, and Weibull fading channels. The
same authors in [9] derived expressions for the amount of
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fading and the average channel capacity (CC) for a-u
wireless fading channel.

In [10], the authors proposed a novel MGF for a-p fading
distribution valid for all values of parameter o, as an
improvement of [8]. Then, the BER expressions in closed-
form are derived for different modulation techniques such as
Binary Phase-Shift Keying (BPSK), Binary Frequency Shift
Keying (BFSK), Differential Quadrature PSK (DQPSK),
Binary Differential PSK (BDPSK), and M-ary PSK (MPSK)
over a- fading channels.

An enriched a—p distribution is observed in [11]
because it also can be convenient for fading model. Further,
in [12], the authors analyzed the complex a-p fading channel
with an application in Orthogonal Frequency-Division
Multiplexing (OFDM) systems.

The expressions for the PDF and Cumulative
Distribution Function (CDF) of the square ratio of two
multivariate exponentially correlated variables with -
distribution are determined in [13]. These formulas provide
the basis for analyzing system performance in the presence
of interference, based on the Signal-to-Interference Ratio
(SIR), when using a Selection Combining (SC) receiver to
reduce the effects of fading and interference.

The Co-Channel Interference (CCI) also occurs in
wireless systems beside fading when more than one device is
operating on the same frequency channel. Its influence has to
be studied along with the influence of fading [14].

Our group of authors introduce CCI into analysis and
made a few papers with this topic. So, in [15], an analysis of
outage probability for selection combining (SC) receiver
under the influence of a—p fading and a—p CCI is presented.
The derived PDF and Pout are shown graphically. The
fading and CCI parameters impact is highlighted. After, the
simulation software environment for modelling and planning
of wireless MIMO systems with L-branch SC receiver under
the influence of a—p fading and CCI is given in order to
minimize the transmission costs and have the best possible
Quality of Service (QoS) for defined data transfer scenario.

We performed in [16] the channel capacity of such L-
branch SC receiver under the o—p small-scale fading and
CCI with the same distribution. The analytical results for the
CC was derived in the closed form. Then, some graphs are
plotted to highlight the magnitude of the disturbance. In
addition, quantum computing-based machine learning
approach to service consumer number prediction and Quality
of Service (QoS) level estimation leveraging the previously
calculated channel capacity value using Qiskit library in
Python is introduced. In [17], the Level Crossing Rate (LCR)
of MIMO systems with L-branch selection combining (SC)
receiver in the presence of o-u fading and a-p CCI effects
during transmission, is derived. After, an accelerated
graphics processing unit (GPU) simulation is applied to plan
a QosS-efficient 5G mobile network in a smart city. The goal
is to optimize the LCR calculation speed for the observed
communication system type, by providing efficient planning
(reducing costs and maximizing performance) with
combined approach of linear optimization and deep learning.

In this paper, we perform different performance of an a-p
fading and CCI environment when SC diversity receiver was
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used to mitigate the influences of these disturbances. Among
them are: a MGF-based calculation of the Average Bit Error
Probability (ABEP), the level crossing rate (LCR), the
average fade duration (AFD), and the channel capacity.
According to our knowledge, the derivation of these
performance for the scenario defined here has not been
reported in available literature.

Afterwards, an experimental workflow aiming to make
network planning faster, relying on model-driven
engineering (MDE) — for network model representation and
Large Language Models (LLM) — for generating experiment
code based on textual description. In this context, the
expression derived in the first part of the paper is used for
approach evaluation.

This work consists of six sections. After the introduction,
in Section Il, the SIR-based analysis of the performance of
SC receiver in the presence of a-p fading and CCI is
presented, and that: PDF of the output SIR, moment
generating function, ABEP for BFSK modulation and
BDPSK modulation. In Section Ill, the second order system
performance (LCR and AFD) are obtained, and channel
capacity is presented in Section IV. In Section V, LLM-
enabled wireless network planning workflow is done, and
Section VI concludes the paper.

Il.  SIR- BASED PERFORMANCE ANALYSIS

We derive in the next parts of the paper the performance
of a wireless system in the presence of a-p fading and CCI.
To mitigate the effects of fading and CCI, a SC diversity
receiver with L branches is utilized. This receiver is shown in
Figure 1. The SC receiver works so that transmits to the user
the signal from the input with the highest value.

We have labeled the inputs with: x;, i=1, 2, ..., L; L > 2,
and the output signal with x. The CCI input envelopes are y;,
i=1, 2, ..., L with output value y. Considering the presence of
CCl, performance will be determined on the basis of output
SIR, denoted by z. Input SIRs are equal to the ratios of the
useful signals and the CCls at the input antennas (zi.=xi/ i).

Receiver

Transmitter

Figure 1. Model of a selection combining diversity receiver.
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A. The PDF of the Output SIR
The useful signal has the a-p distribution [3]:

a/uiﬂ] Xia/rl #ﬁi
px (Xi)zme @, (1)

The parameters are: a (describes the nonlinearity of the
propagation environment), y; (shows the number of clusters
in that environment and the indices are: j=1 for the signal,
and j=2 for the CClI), and Q;, i=1, 2, ..., L, (the mean values
of the input signals powers). I'(*) denotes the Gamma
function.

The CCI also follows a-p distribution:

_aluz,u2 yi(zpz—l *ﬂzg (2)
PO Gy

where s; marks the average powers of the CCI.
The PDFs of the SIRs z; are given as [18]:

pZi(Zi):'[:yipxi(Ziyi)pyi(yi)dyi' 3)

If we substitute (1) and (2) into (3), the PDFs for SIRs
are obtained as:

_ o™ 1, Zi%_lgi#2 siﬂlr(/‘ﬁ + ﬂz)
pz. (Zi ) - o\t
F(ﬂz)r(ﬂl)(giﬂffﬂlsizi )

From the next formula [18], it is possible to derive the
expression for CDF of z:

in (Zi):J.()ZI pZi (t)dt (5)
After substitution (4) into (5), the CDF of the SIR z; is:

2= a(/ﬁsi )”1 (10, )ﬂz .F(/Ul"'/uz) y
in( )= () ()

4)
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The integral from (6) is solved by using Beta function
[19]:
m+1
m -p o
J.Ol X : X:a_(gj Bz(m+1’p_m+1j
(a+bx") n \b n n

z= b2 ,a>0,b>0,n>0,0<m+1<p- (7
a+ba"

Finally, the CDF of z; is in the form:

F(:Ul +xuz)
T(4)T(pa) g

Qi+ 1482

F, (z)= (1) - (8

The incomplete Beta function from (6) can be
represented by [19; Eqg. 8.391]:

X po1 q-1 xP
Bx(p,q):_[ot (1-1) dt:?ZFl(p,l—q;p+l;x):
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with 2F; beeing the hyper geometric function of the second
order.

After a few substitutions, the CDF can be written in the
form:

—_ IR

F, (Zi): HhSi g J
‘ Qi + 14827
(10)

SC receiver choses the strongest signal from L received
signals and processes it (Figure 1). So, the output SIR z is
the maximum SIR of all the received SIRs:

F(,ul+,uz) f:(/“t]_)j(l_ﬂZ)j [
J

wl ()T (1) 15 34 +1),

z=max(z;,2,,...,2, ). (11)

The PDF of the SIR z at the SC receiver output is [20]:

p.(2)=Lp, (z)(F, () . (12)

By replacing (4) and (10) into (12), the PDF of the output
SIR z becomes:
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B. Moment Generating Function

The MGF is an important statistical function for each
distribution. MGF has many advantages, among which is its
usefulness in analysis of sums of Random Variables (RVs).
Namely, the MGF of RV gives all moments of this RV,
which fact gives the name to the moment generating
function. Then, if exists, the MGF determines the
distribution uniquely. Therefore, if two RVs have the same
MGF, they have the same distribution. Thus, if we find the
MGF of a RV, its distribution is determined.

The MGF was introduced for easier determination of the
system performance of fading channels in the case of
complicated PDF.

In reality, the conditional BEP is a nonlinear function of
the SNR or SIR. The nonlinearity is a consequence of the
modulation/detection scheme. That is why we consider the
MGF-based approach to determine ABEP. So, in the theory
of probability and statistics, the MGF of a real RV is an
alternate feature of its PDF.

The MGF is defined by formula [21; Eq. (6)]:

{ s

i=0 (/ul +1)j J!
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M, (h)=e” = [e™p, (2)dz. (14)

By putting (4) into (14), the MGF for our scenario will
be:

L
M. (h) = Lagy Q" [ T (s + 1)
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By using the shape [19; Eq. 3.389]:
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into (15), where G[-] represents the Meijer’s G-function [19;
Eg. 9.301], the MGF for output SIR z becomes:
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C. Average Bit Error Probability

The ABEP is among the system performance of the first
order. It describes the system's behavior on the best way.
For that reason, simply determining ABEP is of prime
importance.

We determine here the MGF-based approach to determine
the ABEP for two types of modulations on an efficient way,
without numerical integrations.

Based on (17), the ABEP for non-coherent BFSK and
BDPSK modulations are [22]:

P..(Q,)=0.5M,(0.5), for BFSK, (18)

P, (©,)=0.5M,(1),  for BDPSK. (19)

Follows, we illustrate the influence of fading and CCI
severity on the ABEP based on numerically obtained results.
For this purpose, we use the programs Origin and

Mathematica to plot some figures.

D. ABEP for Binary Frequency Shift Keying Modulation

Firstly, the case of BFSK modulation is observed. The
curves for ABEP versus SIR, w= /s, at the output of the
multi-branch SC receiver, when BFSK modulation was used,
are shown in Figures 2 and 3. The values for one group of
parameters are changed, and the values for the other
parameters are kept.

01 =

= e

—

1E-3 E

ABEP (w

1E-5 |

1E-6 f—V——"+—"F———
w[dB] 10 15 20

0 5

Figure 2. BEP versus SIR for BFSK modulation: parameters o and p; are

changing.
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Figure 3. BEP versus SIR for BFSK modulation with variable parameters
Mz and L.
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So, in Figure 2, the ABEP is presented for BFSK
modulation and dual branch SC receiver (L=2), with p,=1,
while parameters a and pi are changing. One can see from
Figure 2 that the ABEP increases with an increasing in
parameter o. Then, the system performance becomes worse.
When the parameter W increases, the ABEP decreases and
the system has better performance.

In Figure 3, the ABEP is presented versus SIR for BFSK
modulation when the parameters > and L are variable. In
this figure, the parameters: a=1, and p1=1 have maintained
the same values. We can conclude that the increase in the
parameter [ has no effect on the ABEP. On the other side,
with an increase of the number of branches L, the ABEP
decreases significantly and the system performance is
improved.

E. Binary Differential Phase-Shift Keying Modulation

Now, the case of BDPSK modulation is shown. In
Figures 4 and 5, for ABEP for BDPSK modulation is shown
versus SIR at the output of SC receiver with L branches.
Figure 4 shows graphs for dual branch SC receiver (L=2) for
Mo=1, where parameters o and pi took different values. We
can remark that the ABEP grows with the increasing of
parameter o, Spoils the system performance. When the
parameter . increases, the ABEP is decreasing, improving
the system performance.

In Figure 5, the ABEP is presented versus SIR for the
BDPSK modulation. Here, the values of parameters i, and L
are changeable. The parameters that keep their values all the
time are: a=1 and p;=1. One can see that the increasing of L1,
is without significant impact on the ABEP. When L (the
number of branches) is increasing, the ABEP decreases
significantly, and the system performance are improved,
which is in accordance with the theory.

When we compare the last two pairs of graphs, we can
conclude that the system has smaller ABEP and better
performance when BDPSK modulation is used.

T
0.1

0,01k

1E-5

1E-6 | ===
0 5

wdB] 10 15 20

Figure 4. ABEP versus SIR for BDPSK modulation when parameters o and
M are changing.
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Figure 5. ABEP versus SIR for BDPSK modulation and variable
parameters i, and L.

IIl.  SECOND ORDER SYSTEM PERFORMANCE

The LCR is very important the second order performance
measure of wireless communication system. It presents the
number of crossing the specified level in positive or negative
direction. The LCR is being calculated as average value of
the first derivative of random process (RP). The AFD is also
second order performance measure and is defined as average
time that signal envelope is below that specified threshold
level. It can be evaluated as the ratio of the Pout and the
LCR.

A. Level Crossing Rate
Let now calculate the first derivative of zj, which we
need to calculate the LCR:

e
7
The derivative of the a-y RP is a Gaussian RP, and a

linear combination of Gaussian processes is also a Gaussian

RP. Then, the conditional Gaussian distributed z;, with zero

mean, has the variance:

2
21 X
2
I

2, Vi (20)

ol ==o’ +—'40"f, . (21)

Z i i
Yi
The variances relating to the signal and interference are

[17]:
) 2rf, 2 Qixiz_a ) 2rf, 2 S, in—a
o, = _—, o'y = —— —_—
I a H I a H,

(22)

where fy, denotes the Doppler frequency. Unlike [17], we
will show here the LCR in the case of different p values for
the signal and CCI: p for the signal, and p. for the CCI.

After replacing expressions from (22) into (21), the
variance z; becomes:

2024, © Copyright by authors, Published under agreement with IARIA - www.iaria.org

~

o}

0



International Journal on Advances in Systems and Measurements, vol 17 no 1 & 2, year 2024, http://www.iariajournals.org/systems_and_measurements/

2
o) = a—]; a (2” h J [%+ z* S—'j (23)
LY, a H H,

The conditional probability density functions (CPDF) of
z;and z, are [18]:

p; (Z'i|2iy)= ! 6720—12' ,
' \/ﬁﬁzi
dx,
P (Zilyi)=‘5 P, (%) =vip,, (%) (24)

The conditional joint probability density function
(CJPDF) of zj, Z;andy;is [18]:

oy (22%) =P, (2]2v) p, (2]¥i) Py (%)=
=p, (&lzy:) Py (V)i (z%) (25)
The joint PDF of z; and zi becomes finally [18]:
P2z (2i7) =O§ Pazy; (ZiziYi)dy; - (26)
The LCR of the SIR at the output of multi-branch SC
receiver is actually the mean value of the first derivative of

the SIR at the receiver output. So, it is necessary to average
the first derivative by an integration [20]:

N, (z)=[ 2D, (22) 0, @)
0
Substituting the corresponding expressions in (27), we
get:
T T 1 72222
N, (z )= |dy )Y z.y. )| dzz e i =
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(ﬂzQi + 148 Zia )sz_l r(ﬂl)r(ﬂz )

The LCR of the SIR at the output of the multi-branch SC
receiver is defined as [23; Eq. (8)]:

N, (z)= L(in ( ))L_lNZi (z) (29)

By using equations (10) and (28) in (29), for i=1, 2, ...,
L, LCR of SIR z at the SC receiver output becomes:
201 -0

1 1
N(Z)_L\/ﬁfmzi 2 (o) 2 (s ) 2 T (o —112)
B o \fath2—L

(o2 +rssz® ™ () (1)

L-1

| _Tlutre) (1) (-r2), wsize |
wl(u2)T () 55 30 ()5 { Qi +ysiz®

(30)

To explore the influence of fading and CCI severity on
the concerned LCR, numerically obtained results in (30) are
drawn in a few graphs. Figures 6 and 7 show normalized
LCR depending on receiver output SIR z.

From Figure 6 is visible that when the parameter o
increases, the curves of LRC narrow and the maximum of
LCR curves increase.

Also, it is notable that LCR decreases for bigger values
of parameter a. Further, an increasing of the parameter 1, for
z<0 leads to decreasing of LCR what provides better
performance for wireless system. For z>0, the parameter p
slightly affects the LCR value.

The next figure, Figure 7 shows that at positive values of
z [dB], the LCR increases as the number of branches L at the
receiver input increases, and decreases for negative values of
z, when the system has better performance.

When the parameter [, increases for positive values of z,
the LCR decreases and the system is improved. The
influence of the parameter [ is negligible for negative
values of z.

0.1k
E —— =1, a=1 : e ]
r, +— =15, o=1 : k * e
0.01 __ et o [ SR * ...... NI
ot ? / —— 1, =3, u=1 ) i -
EN . ;"‘ +— p.=4, a=1 x
Z ealld eenEtesty 0 8
E _'_1151-&:2 i *
f‘.c' J —e—u,=1, 0=3 1,=1,1=2, 0-1, =1
/ | i = ,=1, u=4 :
L o e I S S B D S S
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Figure 6. Normalized LCR versus SIR for variable parameters |; and a.

p1=1,u.=1,n:1,s:1 .

e ————————————
0 zdB] 5 10 15 20

Figure 7. Normalized LCR of defined SC receiver versus SIR for variable
parameter L, and number of brunches L.
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B. Average Fade Duration

For a fading signal, the AFD is defined as the average
time over which the signal envelope, or SIR, remains below
a certain level. As mentioned above, AFD is equal to the
ratio of the Pout and the LCR [24; Eq. 2.106]:

arp= (3 (31)
NZ(Z)

Mathematically, Pout is equal to the CDF of SIR z at the
output of SC receiver [25]:

L
Pout = Fz (Z) :<Fz, (Zi )) (32)
Since the CDF of z;, i=1,2, ..., L, is given by (10), Pout
becomes after replacing:

= r(/.ll+ﬂz) - (fu‘l)j (1 ;uz) [ 15,2, ]Hm
MF(M)F(#Z) I=0 J'('ul +1)j Qip, + 1482
(33)

The graphics for Pout for the system model described
here are presented in [15; Fig. 3] for pu=p2=.

Now, by replacing the corresponding expressions for
F(z) from (32) and N,(z) from (29), we get AFD:

out

L
F, (z
AFD = ( Z'(')) =
LN, (z,)(F, (2))
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Figure 8. Normalized AFD of L-branch SC receiver depending on SIR
considering different values of fading parameters p; and a.
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Figure 9. Normalized AFD depending on SIR for variable parameters 1,
and L.

Because of fluctuation of wireless channel, signal
amplitude, or SIR, also fluctuates, and the receiver will
experience periods during which the signal cannot be reliably
detected. The normalized AFDs are presented for various
system parameters in Figures 8 and 9.

When the crossing threshold z is below the average
signal level, the AFD is low, and this is generally the regime
in which the system operates normally. It is obvious from
Figure 8 that the AFD gets smaller for bigger o when z<0.
The AFD increases with increasing the parameter o for z>0,
and the performance is worse. This figure shows that the size
of the parameter 1 slightly changes AFD.

From Figure 9 one can conclude that with the growth of
L the AFD decreases and system performance is improved.
The performance improvement in less severe environments
is expected as the number of branches L increases and
consequently AFD decreases. On the other side, when the
parameter |1, increases, in the case of the CCI, the AFD also
increases slightly, which is bad for system performance.

IV. CHANNEL CAPACITY

Channel capacity is of great importance between
performance metrics of wireless system. CC is defined as
[26]:

CcC 1 %
== In(2)E[In(1+z)pz(z)dz, (35)

where CC is Shannon capacity (in bits/s), and B is
transmission bandwidth (in Hz).

Deriving an expression for CC is shown in [16]. Unlike
the paper [16], here we have introduced different values of
parameters 1 and po. We give new expression obtained by
the procedure in [16].

Final form of CC is:
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Then, in Figures 10 and 11, we show new graphics for
the case of changing these different parameters i and Wz, as
well as parameter o and number of branches at the receiver
input, L.

Figure 10 shows the normalized channel capacity for
different values of fading parameters pi and a. From this
figure, it can be seen that the change of the parameter |, has
an insignificant effect on the CC, while when the parameter
a increases, the CC decreases and the system has worse
performance.

)

w,)

o Capacity(

]

wdg] 1 15 20

0 5

Figure 10. The normalized capacity for the use of SC receiver when the
parameters p; and a are changing.

o Capacity(w)
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Figure 11. Normalized channel capacity for different values of CCI
parameter pl, and number of branches L.
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Figure 11 shows the normalized CC for some values of
the CCI parameter W2 and variable number of input branches
L. Other parameters have constant values gy = a = 1. From
this figure it can be seen that when i increases, the channel
capacity decreases and the system performs worse. When the
number L increases, then the channel capacity increases and
the system has better performance, which is realistic to
expect for a larger number of input branches of the SC
receiver.

V. LLM-ENABLED WIRELESS NETWORK PLANNING
WORKFLOW

Since the rise of ChatGPT [27] in late 2022, LLMs have
drawn large attention, resulting in various innovative usage
scenarios beside human-alike question answering — from
poetry writing to playing board games. Based on
experiments of many enthusiasts and researchers, it was
concluded that LLMs show high potential for many use
cases in area of software and computer applications [28].
One of them refers to synergy with model-driven
engineering, which comes from the summarization power of
LLMs [29]. This way, many novel use cases can be
achieved [28]-[30]: 1) metamodel creation - domain
conceptualization based on free-form text as input, resulting
with metamodel as output; 2) model instance creation -
using metamodel and text as input, resulting with model
instance as outcome; 3) constraint rule extraction -
identifying formal logic rules that should hold within the
model instances, based on text and metamodel as inputs as
well 4) code generation — parametrized model instances and
code templates as input are leveraged to generate the target
platform executable code.

Taking into account the previously mentioned scenarios,
our aim in this paper is to make use of LLM and MDE
synergy in order to reduce the cognitive load when it comes
to experimentation in area of mobile and wireless networks.
Considering the increasing infrastructure complexity,
together with large number of devices involved and their
heterogeneity, experimentation aiming prototyping and
development of next-generation wireless and mobile
networks becomes quite challenging [28], [31]. Therefore,
we propose an approach based on MDE technologies for
domain  concept representation  (Eclipse  Modeling
Framework’s Ecore [32]) and ChatGPT, - LLM-based
service that enables automated creation of model instances
and code generation.

The proposed workflow is illustrated in Figure 12. In the
first step, user provides free-form text describing the
experiment  configuration, together with experiment
constraints — both related to network design and performance
aspects.

After that, considering user input and meta-model on the
other side, the prompt for LLM is constructed in the
following form:
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Figure 12. LLM-enabled experimental workflow for next-generation network planning: 1-Experiment definition in free-form text 2-Forwarding user-defined
experiment to Prompt constructor 3-Ecore representation of metamodel 4-Promptl 5-Generated XMI model instance 6-Experiment script Docker template 7-
Taking model instance as input for code generation 8-Prompt2 9-Parametrized experiment 11-Performance estimations, such as ABEP.

Promptl: Based on description {Experiment text}
generate Ecore model instance with respect to metamodel
{Ecore metamodel}

Prompting engine is written in Python programming
language, making use of OpenAl Application Programming
Interface (API) for ChatGPT. The outcome of this prompt is
model instance representing experiment configuration with
respect to the given metamodel.

Moreover, based on the provided model parameters,
performance estimation is done with respect to performance
calculation formulas taking into account the specified fading
environment, such as the ABEP expression derived in this
paper. For purpose of calculation acceleration, we make use
of GPU-enabled approach which introduces high degree of
loop-based calculation parallelization, built upon our works
from [33]. In order to achieve this, we construct the prompt

whose goal is to parametrize experiment script run inside
Docker container (by assigning values to environment
variables), taking into account the model instance
parameters:

Prompt2: Parametrize template {experiment template}
based on model instance {model instance}

Based on performance estimation results, model instance
is augmented with performance-related aspects, so it can be
checked from perspective of the desired goals as well. The
underlying metamodel used for experiments is depicted in
Figure 13.

The highest-level concept is network deployment. It
consists of service provider infrastructure elements, such as
base stations and service consumers, on the other side,
leveraging different receiver types.

Performance goal

+estimatedvalue: float

+targetValue: float

Network deployment
Operator infrastructure Service ¢ = Environment
+numConsumers: int / \
< Fading
Receiver

Co-Channel Interference

+equation: String

+equation: String

+numBranches: int

A

Base station
x’v’fg%oﬁat Selection Diversity| | +a: fioat
+frequencyRange: String +u: float
+networkGeneration: int

N

ABEP Capadty

$ Pout

a-pCa

Figure 13. Network experimentation metamodel.
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TABLE I. LLM-ENBLED WORKFLOW EVALUATIONAPPROACH
EVALUATION
Aspect Manual Execution Experiment
efforts time [s] description
Text to model | 50s — Typing 7.5 a-p fading,
instance the sentence 12.1 a-p CCl,
Model Entirely 33 ABEP
instance  to tomatic 872 1 receiver/
experiment au ' 2 receivers
Performance Entirely 15
estimation automatic 24

For telco infrastructure, we take into account their power
consumption, frequency range, capacity in terms of user
number and targeted network generation (2G-5G).
Additionally, environmental aspects are taken into account as
well in form of fading and co-channel interference type,
where each specific type has distinct parameters. Finally, the
model takes also into account performance-related goals
which are taken into account, such as boundary values for
ABEP, channel capacity or outage probability. The estimated
performance value is compared to these goals in the end, so
user will be notified whether the proposed deployment
satisfies the requirements.

Table | gives summary of the achieved results for
different experiment configurations. Execution time required
for various relevant steps is given.

Taking into account that in our previous works
knowledge of domain modeling tools was required, the
experimental workflow required much more effort and time,
up to 10 minutes for a single experiment, speed up is
significant.

On the other side, LLM-aided approach significantly
reduces the time required for creation of a single experiment
and overall cognitive overload, as only freeform text has to
be provided by end.

VI. CONCLUSION

In our work, a wireless system in fading and CCI
environment was observed. The both disturbances are
described by o-p distribution. SC diversity technique was
used to mitigate the effects of fading and CCI and improve
the system performance. To highlight the influence of fading
and CCI parameters, all derived analytical results are plotted
on some figures. The MGF-based ABEP is obtained for
BFSK and BDPSK modulation types. We concluded from
presented graphs that, in a-J environments, more
advantageous is using of BDPSK than BFSK modulation.
Then, we derived and presented LCR, AFD and CC for
defined system model.

The performance derived in this paper can be used for the
systems in the presence of known fading and CCI with
Rayleigh, Nakagami-m, Weibull, and One-sided Gaussian
distributions, by setting special values of parameters a and p
in a-p general distribution.

The proposed approach leveraging LLMs and MDE
significantly reduces time and effort needed for wireless
network experimentation, requiring only free-from natural
language text as input from the end user.
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In the future we will consider correlated a-p channels, as
well as other types of fading environments. The correlation
between the faded channels affects badly on the PDF of SIR
at the output of the receiver. Finally, we would also take into
account the adoption of LLMs for purpose of automated
model constraint extraction in form of Object Constraint
Rules (OCL), so automated model instance consistency
checking can be performed in order to verify if it complies to
some reference requirements.
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