2. Conference with International Participation
Advanced Technologies in Education and Economy Vrnjacka Banja 30-31. may 2023.

LEVERAGING CHANNEL CAPACITY OF WEIBULL FADING
WITH CO-CHANNEL INTERFERENCE SHAPE AND SCLAE
PARAMETERS FOR CHATGPT-ENABLED QOS
DETERMINATION
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Abstract: This paper evaluates the possibility of channel capacity and outage performance of non-5G
wireless systems in the presence of Weibull fading and co-channel interference. The Weibull distribution
is a probability model for characterizing amplitude fading in a multipath environment, associated with
mobile radio systems operating in the 800/900 MHz frequency band. The multi-branch selection
combiner (SC) receiver is used to reduce the effect of fading and interference on the same channel.In this
paper, an expression for the channel capacity (CC) based on the signal-to-interference ratio (SIR) at the
output of the SC receiver will be derived.The effects of the Weibull shape and scale parameters, as well
as the number of input branches of the SC combiner on the CC will be analyzed based on some graphical
presentations.In the second part, we make use of trending ChatGPT large langugage model (LLM) based
conversational agent for purpose of Quality of Service (QoS) prediction within a simulation environment,
taking into account the previously calculated channel capacity among input variables.
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1. INTRODUCTION

Wireless communications represent one of the fastest growing segments in the
communications industry. The rapid growth of wireless systems in combination with computers
point to a bright future for wireless networks as independent systems of a larger network
infrastructure [1].A wireless communication channel is unpredictable and is subject to various
random fluctuations in time, especially if the transmitter or receiver is moving due to variable
reflection and attenuation. The characteristics of such a channel change over time, making it
difficult to design reliable systems with guaranteed performance [2].

A fundamental cellular system design in Wi-Fi technology is frequency reuse, which
exploits path loss to reuse the same frequency spectrum at spatially separated locations.
Specifically, the mobile network coverage area is divided into non-overlapping cells where each
cell is assigned a set of channels. This same set of channels is used in another cell some distance
away, where fi denotes the set of channels used in a particular cell. Operation within the cell is
controlled by a centralized base station. Interference caused by users in different cells operating
on the same channel set is called inter-cell interference [3]. Cellular base stations that are placed
on tall buildings or mountains and that transmit very high signal strength with cell coverage
areas of several square miles are called macrocells. Signals are propagated from base stations
evenly in all directions, so a mobile moving in a circle around the base station would have
approximately constant received power [4].

The wireless radio channel presents a serious challenge as a medium for reliable high-speed
communication. This channel is subject to noise, interference, and other channel disturbances,
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so the useful signal changes over time in unpredictable ways due to user movement. Since
variations due to path loss and shadowing occur over relatively large distances, this variation is
sometimes called large-scale propagation effects or local mean attenuation. The variation due to
multipath occurs over veryshort distances, of the order of the signal wavelength, so these
variations are sometimes called small-scale propagation effects or multiple fading.

Wireless telecommunication channels are actually “channels with fading", where fading is
one of the dominant ones interference that significantly affects their characteristics it limits
them. So that the error probability in the channel with fading was less than or equal to the
predetermined one values, it is necessary that the power of the transmitter be considerable
higher than the one required under the same other conditions channel without fading. Of course,
that goes against the basics conditions for designing telecommunication channels, so techniques
are then approached that will reduce these deficiencies to a minimum. Diversity combining is
one of practically many, effective and widely used technique in digital communications, for
modeling receivers capable of handling the effects fading caused by different signal propagation
conditions and improve the overall characteristics of the wireless system. [5]

Fast fading refers exclusively to temporal channel changes that are a consequence of the
movement of the mobile unit or surrounding objects.With slow fading, the impulse response of
the channel changes much more slowly than the transmitted signal, so that the channel can be
considered invariant during the duration of several symbols of the transmitted signal.In general,
the speed of movement of the mobile unit (or objects in the channel) and the rate of signaling
determine whether the transmitted signal will be subject to fast or slow fading.It should be noted
that many authors call fast and slow fading small-scale (multipath) and large-scale (log-normal)
fading, respectively.In many propagation links, multiple fading and dimming occur
simultaneously, resulting in a composite fading environment [6]. Depending on the radio
propagation environment, several distributions have been proposed to model multiple fading,
including Rayleigh, Nakagami, and Weibull [6], while shading is modeled by a lognormal
distribution [7].The main feature of 5G networks is the achievement of transmission at the
highest data speeds.

Fading (eng. fading) is the phenomenon of changing the field strength on place of
reception. It can be caused by: Pre-detection combiners phase, measure and combine all signals
received from different branches, before their detection. Well-known pre-detection combiners
are: Selection Combiner (SC), Equal-Gain Combiner (EGC), and Maximal-Ratio Combiner
(MRC ). Macro diversity systems are used to reduce the impact slow fading on wireless
communication performance system. They can be with two or L branches. Micro diversities
systems are used to reduce the impact of fast fading on wireless digital telecommunication
system. Micro diverse systems may also have two or more branches. The outputs from the
micro diversity system are connected to the macro inputs diversities combine, in order to design
modules a variety of receivers capable of handling it all interference and thus enable the same
transmission power transmitter engaged in this case to increase the distance between reception
and delivery. Fast fading occurs due to the propagation of the signal, from the transmitter to the
receiver, according to multiple paths. This fading is modeled using Rayleigh, Rice, Nakagami-
m, Nakagami-q, Weibull and o-r distribution. Fast fading is modeled by the Rayleigh
distribution when there is no dominant component and when only the scattering components
appear to the receiver. [8.]

When scattering components in the form of multiple scattering surfaces appear at the input
to the receiver, Weibull, Nakagami and o-j distributions are used to model fast fading.
Otherwise, Log-normal and Gamma distributions are used to model slow fading. U ovom radu
se raymatra An SC macro diversity system with L input u is considered presence of Weibull
fading. The signal in wireless systems is affected by various interferences such as multiple
fading, shadowing and co-channel interference (CCI). This model is suitable for describing
multipath fading statistics in indoor and outdoor wireless channels [9].
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2. DERIVATION OF THE CC AT THE MULTI-BRANCH SC RECEIVER OUTPUT

The signal envelopes at the inputs of the multi-branch (SC) receiver are xi, xi>0, and i=2, 3,
..., L. The envelopes of co-channel interference appearing at the inputs are yi and the output
signal is y.In this section, the statistics of a second-order 5G wireless communication system
with an L-branch SC receiver is discussed. The received signal is subjected to Weibull fading,
while the interference on the co-channel is subjected to the same Weibull fading. The receiver
model is shown in Figure 1.
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—>

X2, V2, Z2
. > SC X, )z
—>
L .

Receiver

— >
Xn, Vn, Zn

Fig. 1. The model of the SC receiver with L branches

The receiver SC selects the signal from the antenna with the highest SIR and forwards it to
the user. The output signal is marked with an X. Signals at the SC combiner inputs follow the
Weibull distribution [10]:

Py (1) =Zxete @ x>0 ®

as well as co-channel interference envelopes:

Py, (Yi)=ngiaile L,y 20, 2

i
where a > 0 isshape parameter. Q; and s; are the mean values of the signal and co-channel
interference powers. For o=1, exponential distribution will be obtained, and for «=2 and

@, =20, Rayleigh distributionwill be produced.The mean square values, for i=1, 2,..., L, are:

Q(x)=%s =¥ 3)

The ratio of the desired signal envelope and the co-channel interference at the input of it
SC receiver branch is:

2z =5 x =7 y
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The PDF of the SIR z; is obtained based on [11] as:
w 29 (s, ) T(3
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Cumulative distribution function (CDF) of z; is [11]:

F, (z)=] dtp, (t)=s(3)B - (1,2) (6)
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where B,(a, b) is the incomplete Beta function [12; 8.39].
Final expression for outage probability at the SC receiver output is [13]:

F, (2) :(Fz. (z ))L :{Sir(3)8 52 (1'2)] )

Qi +s,z%
At the output of the SC receiver, the ratio signal to interference where i=1,3,...n is equal:
z=max(z,z,..7;) (8)
The probability density function (PDF) of the z at the out-put of the SC receiver with L

branches can be calculated by using expression [13]:

L-1

B (si/%) (l 2) (9)
(1+(s /Q) “)

Channel capacity is one of the most important performancemeasures of the system. The
Shannon capacity of a channel definesits theoretical upper bound for the maximum rate of data
transmis-sion at an arbitrarily small bit error probability, without any delayor complexity
constraints [14]:

Loz s T (3)(s; /)
(1+(s /)" )

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

%:ﬁzln(H r)pri (r)dr (10)

where C represents Shannon capacity given in bits/s, B denotes denotes transmission
bandwidth given inHz. Using the expression for the logarithmic function [15]:

i+1
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the normalized channel capacity becomes:
L-1
Lzal L+11—~3 L 2= _ I1oo 'i1+1

€. (r@) e Z j A 1B, (12)] d& (1

B In(2) a0 (i + )IO(ZiaSi+Qi) 79_5';'_1_“

Incomplete Beta function in the previous equation may be presented in the following form
[12, eq.8.39]:
= p P j
Bx(p,q)zj'oxt”’l(l—t)q 1dtzx—zFl(p,l—q; p+1;x)=x—2Fl(a,b;c;z)=X—Z _J, (13)
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Putting (13) and into (12), the CC of z; can be given as:
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Using form[12; 3.251]:
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We get that the normalized CC can be expressed as:
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Graphical analysis of the normalized CC, i.e., C/B, at the output of the SC combiner with L
branches is shown in Fig. 1 versus w=Qi/si. The graphs are obtained and plotted by Mathematica
and Origin, for L inputs in SC combiner, and L bigger or equal to 2. Fig. 1 shows the CC
normalized by B, depending on SIR w=Qi/s; [dB].

3. GRAPHICAL REPRESENTATION OF NUMERICAL RESULTS

Graphical analysis of Poy at SC receiver output versus SIR, from Eq. (9), is shown in Fig. 1.
In this figure powers are: Q:=Q,=...=Q and $;=S,=...s.; and parameters a and L are variable.
An assumption is made that the correlation between the input branches in the SC receiver is
minimal.
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Fig.1 - The normalized capacity, CC, at the SC combiner output when the parameters a, u and L are changing.

From Figure 1, we can see that the capacity of the CC channel increases with the increase
in the number of branches of the L SC combine and the a parameter on the receiving side. The
system obviously has better performance when the receiver has a larger number of branches at
the input, because then the combiner can select the branch with the highest SIR, which leads to
an improvement in system performance.

4. CHATGPT-BASED QOS ESTIMATION

Leveraging machine learning-based predictive models is identified as factor of utmost
importance when it comes to innovation and improvement within the both state-of-art and for
development of next generation wireless and mobile networks [16]. Thanks to their ability to
predict values or extract usefuul knowledge from the available data, many previously
impossible usage scenarios are becoming reality, such as prediction of network failures and
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anomalies, adaptive tunnig of infrastructure parameters for QoS improvement and predicting the
count of service users [16].

In this paper, we explore how the trending ChatGPT? conversational agent can be used to
perform labelling of network state records exported from our simulation environment [16, 17] in
order to predict QoS-related aspects.The problem is treated in classification-alike manner, as
outcome is categorical. Previously calculated value of CC is taken as one of the inputs, together
with several other conditions observed:service user count within the area of interest covered by
particular base station; base station identifier; area of interest identifier. The outcome of
prediction is categorical and could taken one of the values: 0 — failure or anomalies occur; 1 —
low; 2 — satisfiable; 3 — high. Table 1 illustrates the experiment dataset layout.

Table 1 —Experiment dataset layout

‘ CC ‘ User count Base station ‘ Area QoS

In order to tackle the problem of classification, we leverage currently trending Chat Generative
Pre-trained Transformer, widely known as ChatGPT. It is an Al-driven tool acting as chatbot which
is capable of handling human-alike dialogue-form conversations. During the dialogue, users pose
question and also provide context (specific information or additional facts). Context acts as ,,hint* to
ChatGPT, as the underlying large language model (LLM) was trained on large amount of textual
information, capturing the state of World Wide Web in 2021 making use of customized transfer
learning relying on synergy of supervised and unsupervised methods. ChatGPT was launched
publicly by OpenAl organization in November 2022, attracting huge attention considering the power
of question answerign across various domains and for many innovative purposes, such as wirting
essays, generating program code to playing simple board games [18].Excerpt of Python code used
for classification-based QoS estimation in our experiment is given Fig. 2. In this case, context is
provided (maximum of 3000 words per request) in the following form, representing the labelled data
instances following the structure from Table 1:

Label QoSi = (CCi Users; BS; Area;) @an
On the other side,  question is defined as:
Classify (CCi Users; BS; Area;) (18)

API_KEY = "YOUR KEY"

API_ENDPOINT = "https://api.openai.cem/vl/chat/completions™

def predict_gos (context, record, moedel="gpt-4", temperature=0.1, max_tokens=None) :

headers = {
"Content-Type": "application/json",

"Authorization": f"Bearer {API_KEY}"
}

messages = [
{"role™: "system", "content™: f£"{context}™},
{"role™: "user", "content": f"Classify {record}"}

]

data = {
"model": model,
"messages": messages,
"temperature": temperature,

}

if max tokens is not None:
data[“max_tokens"] = max_tokens

response = requests.post (ARPI_ENDPOINT, headers=headers, data=json.dumps(data))

if response.status_code == 200:
return response.json() ["choices"][0] ["message"] ["content™]
else:
raise Exception (f"Error [response.status_code}: {response.text}")

Fig.2—Python API code for ChatGPT invocation in case of QoS prediction.

Shttps://openai.com/blog/chatgpt

386


https://openai.com/blog/chatgpt

2. Conference with International Participation
Advanced Technologies in Education and Economy Vrnjacka Banja 30-31. may 2023.

At the moment of paper writing, the latest version is GPT-4. Despite that ChatGPT is
accessible for free using interactive, grpahically rich web page, usage of Application
Programming Interface (API) is charged for usage (1000 request tokens cost $0.02 for the most
powerful Davinici LLM variant). Using API requires OpenAl token which is obtained after
registration process involving payment information. In this paper, we make use of Python API
for ChatGPT in order to tackle classification problem. The solution is inspired by run-time
DevSecOps approach based on log analysis relying on ChatGPT [18].

Finally, Fig. 3 depicts te overall underlying workflow behind the proposed approach
enabling dynamic QoS tuning based on predictive model outcomes. First, user creates network
model representation within our tool for mobile network planning and simulation [16, 17].
Moreover, this model isprocessed and CCcalculated for the the selected scenario of Weibull
fading and co-channel interference relying on GPU hardware and NVIDIA CUDA. This way,
significant acceleration is achieved [17] by loop parallelization. Afterwards, record for QoS
estimation is created by taking other factors from model into account (users count, base station,
area) and forwarded to ChatGPT for classification using the previously shown Python script.
Based on the acheived outcome for QoS estimation, corresponding action can be taken, such as
turning additional modules on in case of overload or turning off and performing migration of
services in case of failures.

(o))
(to)
— I.og history
i » &>
@ = &
----
Users Network planning CC calculation New record Pvthon SCl’llJt ChatGPT Adapt

and simulation infrastructure

Fig. 3-QoS prediction-based adaptivity workflow overview.

Finally, evaluation results are given in Table 2. The following aspects were considered: 1)
execution time — duration of classifying a single record for 10 ; 2) minimal context size — least
amount of records in context for successfull classification; 3) accuracy — percentage of corectly
classified records per 10 requests for minial context size.

Table2—Results overview

Aspect Value

Execution time 2.56s
Minimal context 5

Accuracy 80%

According to the achieved results, the proposed approach seems promising when it comes
to classificaiton-based QoS estimation. Even for the smallest context size.

5. CONCLUSION

In this paper, we analyzed the L-branch SC receiver in the presence of Weibull fading and
co-channel interference. For such a scenario, in this paper, an expression for the capacity of the
channel for a signal that is subject to the influence of fading and interference is mathematically
derived and graphically presented. Based on the graphic display, we determined that the system
has the best performance when the number of system branches is greater than 2.Using the
obtained expressions, the probability of the SIR output of the SC receiver for the system with L
branches is efficiently estimated.Also, we showed in the second part of our work that the
optimal base station selection minimizes the overall cost and provides the best possible Quality

387



2. Conference with International Participation
Advanced Technologies in Education and Economy Vrnjacka Banja 30-31. may 2023.

of Service (QoS). According to the obtained results, it is evident that cost reduction obtained in
this way is significant, and depends on the concrete example of smart city model.
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