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Abstract. The speed and completeness of the information provided'( the internet is an attraction and a basic need for internet
customers. Internet Service Providers (ISP) must provide a better quality of service or QoS and different to customers at a
minimum cost. This service must be improved by using the variables Fair Network Traffic Management and Selfish
customer. C-RAN is a centralized radio access network connected to a cellular antenna to process signals and transmit them
to the core network. Determining and modeling C-RAN can be done by inserting a schema model for measuring intemnet
network customer satisfaction with optimization of bandwidth consumption. Testing the sensitivity analysis can determine
the optimal parameters that are solved with the help of Lingo 13.0 software. This ady aims to analyze the sensitivity of
the selfish customers and fair network models combined into the C-RAN model to the internet network scheme model on
consumption bandwidth. This research data is secondary data obtained from the server of the Sriwijaya State Polytechnic
building in Palembang. The results obtained from this study in a C-RAN model is then obtained with the optimal solution
using local server data shows better results compared the previous research without dealing with utility function by
determining the initial consumption (O™ y and the maximum dwidth consumption (Py). Then, if the analysis of the model
is explored in depth using sensitivity analysis, it is found that if the variable is infinity, the increase or decrease is not fixed
and can change, while a variable with a value of 0.000 means that the increase or decrease is fixed, then the values cannot be
changed.

INTRODUCTION

Nowadays, technology is developing rapidly. One of them is the internet, the internet is a human need in meeting
information needs. The internet has been used in various circles, from children to adults. Every year internet customers
are growing and every year it creates an internet culture. In optimization problems [1,2], the internet becomes a

nnecting network that connects customers with one another. To connect customers with each other, the internet has
an Internet Service Provider or ISP [3] as a service provider that requires a Transmission Control (TCP) [4] or Internet
Protocol (IP) [5]. The internet network is a combination of two or more networks that exchange data with each other.

In the previous research, we analyzed the network scheme of the Cloud Radio Access Network (C-RAN) [6] and

Jformulated a new model plan that involved Fair Network Traffic Management [7-11] and selfish customers [12,13] that
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could work under the cloud of a wireless network| 14-16] where C-RAN is a centralized radio access [17-19] network,
the equipment used is connected to a cellular antenna to process the signal and transmit it to the core network.

It is a necessity to analyze the selfish customers network scheme focussed on customers” satisfaction toward the
internet usage by formulation new dynamical models that can work in wireless cloud. Selfish customers in traffic
management is aimed to maximize the Quality of Experience (QoE) [20,21] focussed on service, customers’ experience
sourced from telecommunication companies. The International Telecommunication Union (ITU) defines QoE as the
reception§ibf all applications or services as subjective perspectives [16, 22] of the customers.

Then, this study aims to analyze the sensitivity of the selfish customers models combined into the C-RAN [6] model
in an optimized manner as Mixed Integer Nonlinear Program.ing (MINLP) ! involving Path loss of Remote Radio
Heads (RRH) and channel gain of RRH the LINGO application using the internet network scheme model for bandwidth
consumption. It is not quite common step to conduct for examining the post optimality [23-25] of nonlinear programming
[23] due to model’s complexity. But it is urgent to be discussed if involving the validation of the model designed. Itis a
necessity to examine the pattern of model designed after finding the solution to check whether the post optimality still
hold in certain solution range without affecting the objective function value.

METHOD

Data used in this study 1s secondary data obtained from the Sriwijaya State Polytechnic building server in Palembang
within one month with the start point starting in March 2020 and the end point in April 2020.
Variables-variables used in this study are as follows:
a) P, (bandwidth) as a constant and
b) QY (initial usage of bandwidth) as a variable
The data Analysis used in this study in sensitivity analysis using Lingo software with the following stages:
1. Describe hotspot data traffic
2. Process data into two categories, during peak hours (07.00-17.00) and during off-peak hours (19.00-05.00)
3. Define the variables and parameters used in the model of selfish customers for bandwidth consumption on the
network.
4. Apply the summed data into model of selfish customer C-RAN
5. Analyze the sensitivity of the results that have been carried out to model using LINGO 13.0

RESULT AND DISCUSSION

Parameters and variables defined are as presented in Table 1 and Table 2, respectively, as follows.
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TABLE 1. Parameter for Selfish Customers Model

Parameter Definitions

B,y Bandwidth

Qefs Efficiency of power amplifier

Qr Circuit bandwidth

Q- Bandwidth consumption from fronthaul link

MR Upper bound of QoS

NER Lower Bound of QoS
8y Predefined limit

QR . Maximum switching bandwidth

Q. Initial usage of bandwidth
T Time spent in this model
m Phi
B Chemical parameter value

w? =X,  the path loss n of remote radio heads (RRH)

zf i channel gain of RRH
e Logarithmic base
d Energy bandwidth consumption of the device when connected
n Battery consumption per unit distance
n Coefficient of propagation

TABLE 2. Variables for Selfish Customers Model
Variable Definitions
{(T) Battery usage rate
E Device energy
1 The utility function is based on the throughput received and consumed by the battery
Cip and Ej,  Represents the value of throughput and energy consumed by customers
wyand w, Weight value
i Resource Block (RB) allocation indicator having 0 or 1 value.

Data used for Selfish model obtained from local server data is displayed in Table 3 as follows, based on C-RAN

model.
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TABLE 3. Parameter values

Parameter Value Parameter Value Parameter Vale
(kpbs) (kpbs) (kpbs)
wk =X, 9106.064 z8 5457.227 Py 5000
wf =X, 2935.127 zB 1269.256 Peff 500
wl =x, 30.002 2z’ 8315.611 Q¢ 4500
wk =¥, 291.441 2R 5963.413 Qb 4000
wk =7, 241.112 2k, 75180.04 R 128
wl =Y, 19.988 25, 23152.535 TgR 64
z8 6478.525 zR, 6222.305 8o 4500
z8 7640.178 z 1347.486 R .« 500
25 3829.665 R 5763.497 0 150
zgz 5779.399 z§4 3581.486 T 2 hours
zR 11468.578 zE 51418.161 s 3.14
z8, 4778.478 z& 1560.931 B 0.5
z5 10176.931 zR, 23739.706 e 2.71
z5 7179.032 zE 1360.317 d 10,240
zB 5331.473 zE 1518.298 n 6 hours
n 2.71

Then the design of model are stated as follows

Model of Selfish Customers

NPT VLT e

Q
EjCip+ZjEjp

Subject to
2 E,<B,j={2
:

In this model, P, shows the probability value and j shows the users or customers, a and b are limited to the value of

j=12andb=12

2 .
To obtain the value of Ej, , need to find the value of {(T) =3H_|r3’2 e~F*T and E;=C(T) +nd;

2 2
To obtain { (T), then, calculate  (T) =3H_F32 e BT = B4 (2.71)(_0'5)2(2)

=13.14613 (1.64620)

=21.64115

From the value of {'(7) it is obtained 21.64115, then E} can be calculated as follows.

3(0.5)2

E;=C(T) +n d} =21.64115 + 6 (10.240)27! =4.4262 x 10!

In selfish customers model, E; = Ejp,

030011-4

£1140'20 $Z0Z AENUET £




Then the Improved C-RAN for selfish customer will be

Wil w2
Max = 228 2k auibo logy(topuan) o [B1Ciel " + (3]

Qaef;zig:fzim“i,kfh,k"'@g"'@bz chjb +Ej£jb
Subject to
N+M
g anjk - 1, anjk € {U,l},k =2
n=1

N
ZC,LR >np ke

Crk = NMER) k€ 1,
n=N+1

N+M

ROM 1, ROM
Z niPnidi” " hi™" = 8y, k € Qy

n=nN

N+M K

yid
Z Z an,kpn,k = max ! pn,k = 0

n=1 k=1
EJ‘: EU S P} ] I'= {1121---13}

with

Cok = aniBo logz(l + Jn,kpn,k)

RiR
dnhn,k
L
P ByN,
nk — RpR
dnhn i

(PMAM Y, + BoNo)'

k€,

k€,

In LINGO code, it is can be stated as follows.
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max = ((a;q *p* @logh((1+ (((w{ * z11)/(p * D)) * q11)),2)) + (a1 *p* @logb((1 + (((wy * zi3) /(p * 1))
* (12)),2)) + (agq *p * @logb((1 + (W3 * z3;) /(@ * D)) * 421)).2)) + (azz * p * @logb((1
+ (w3 * 23)/(p * 1)) * G32)),2)) + (azq *p * @logb((1 + (w3 * z51)/(p * 1)) *q31)).2))
+ (azz *p * @logb((1 + (((ws * 232)/(p *1)) *q32)).2)) (as1 * p * @logh((1 + (((wi
* 2p ) (P * 1)) * 441)),2)) + (@ *p * @logh((1 + (((wy * 232) /(P * 1)) * q42)).2)) + (as; *p
* @logb((1+ (((ws *2z51) /(P * 1)) * 4s1)),2)) + (asz *p* @logb((1 + (((ws * 255)/(p * 1))
* G52)):2)) + (ags *p * @logb((1 + (((we * 25:)/ (0 * 1)) * 461)),2)) + (ag *p * @logb((1
+ (((Wé * 282)/(p * D)) * Gs2)).2)) + (X1 + 13 + x3)%)

(phi* (((a11 * q11) + (ge + qp2)) + (@12 * q12) + (Ge + q52)) + ((A21 * G21) + (e + qpz)) +
((azz * g22) + (@c + Guz) + ((@31* G31) + (4 +Gp2)) + (@32 * G32) + (G + Gpz)) + ((Q4q *
Ge1) + (Ge + Qb)) + (a2 * Ga2) + (@c + Go2)) + (@51 % Gs1) + (G + Gp2)) + ((Asz * Gs2) +
(e + ap2)) + (a1 *qe1) + (e + Gbs)) + (@62 * G62) + (@e + 962)) )+ 3+ ((x2) + (35%) +

(%))
xy = cb;
X; = cb;
X3 = cb;
Ay + Qyy F a3y + Qyq + a5y + A5y = 1;
A+ @p +az; + ayy tas; +oag; =1

(@y, *p * @logh((1 + (((wy * z1) /(P * D)) * q11)),2)) + (@1z * p + @logh((1 + ((Wy * 212)/ (P * 1)) * ¢12)).2
+ (a3 * p* @logb((1 + (w1 *213)/(p * 1)) * 413)),2 = 1y

(azy *p* @logh((1 + (w2 * 221)/(P * 1)) * 421)),2)) + (g *p * @logb((1 + (((wz * 222)/(p * 1)) * qz2)).2
+ (@ *p* @logh((1 + ((wz * 223) /(P * D)) *q23)),2 = g

(@3 * p* @logh((1 + (((w3 * 2z3,)/(p * D) * 431)).2)) + (azz *p * @logh((1 + (((w3 * 232)/(p * 1)) * 432)),2
+ (@3 *p + @logb((1 + (w3 * 233) /(P + D) *q33)),2 2 1y

(@yq *p+ @logh((1 + ((Wa * z5a)/ (P * D)) * 444))2)) + (Gys *p * @logh((1 + ((wi * 245)/(p * 1)) * Gas)),2
+ (@as * p+ @Logb((1 + (((wa * zae) /(P * D)) * qa6) )2 = Ny

(@sq * p * @logh((1 + (W5 * 25,)/( * ) * 45)).2)) + (ass *p * @Logb((1 + (W5 * 25:)/( * 1)) * 455)).2
+ (ass * p+ @logb((1 + (W * Z6) /@ * D) * 56)).2 = Ny

(ags * p * @logh((1 + (((Wg * 25) /(P * 1)) * G64)),2)) + (@gs * p * @logb((1 + ((wg * 255)/ (P * 1)) * ges)),2
+ (age *p * @logh((1+ ((We * zg6)/ (P * 1)) * o) )2 2 Ny

Q31 % Qzp * Wi % 21" + Qgq * Qag W] 2] + Qsq % Qs * W % 2] + Ogq * Qe * Wi * 27" < 6
Qg2 * Qaz * W3 * 23" + Ggp * Qup *W3" * 23" + Qg * Qs * W3 * 23" + Qgp * ez * Wy * 23" < §;
(33 % (33 ¥ W3 % Z3" + (Qgz * Qa3 *W3" *Z5" + Qg3 ¥ sz * W3 *Z3" + Qg3 * gz * W3 % 23" <&
Ogq * Qga * Wy * 23" + Qg * Qag ¥ Wi *Z5" + Ggq * Qa * Wy * 25" + Qga * Qea* Wy * 23" < 6;
G35 * 35 * W3 * Zg" + + dgs*Qes ¥ Wit xZi" < 6
36 * Q36 * Wg ' * 25" + + Qge * Qo * Wg * 25" = 0;

™m ™m ™m ™m
(s * Qa5 ¥ W5 *Z5" + Qgg * 55 * W™ * Zg

™m ™m ™m ™m
Qgg * (o * Wg *Zg T Og6* (56 * Wg' * Zg

@11 % G11 + Q12 * Gz + Q21 * a1 + Aoz * Gap +A31* Ga1 + A3z * Gaz + Qa1 ¥Gur + Az * qap + A1 % (51
+ asz * qgsz + Qg1 * e1 + Asz * Qo2 < Gmax;
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G = 278512.528;
wi = 9106.064;
wl = 2935.127;
wi = 30.002;
wl = 291.441;
wi = 241.112;
wg = 19.988;
z], = 6478525;
2], = 7640.178;
zJ, = 3829.665;
Zy, = 5779.399;
zI, = 11468.578;
73, = 4778.478;
zy; = 1176.931;
Zy, = 7179.032;
zl, = 5331.473;
z:, = 5457.227;
z¢, = 1269.256;
z}, = 8315.611;
zi; = 5963.413;
Zy3 = 75180.04;
2, = 23152.535;
zy, = 6222.305;
Zy= = 1347.486;
zls = 5753.497;
2, = 3581.486;
zI. = 51418.161;
zl. = 1560.931;
28y = 23739.706;
z¢. = 1360.317;
zls = 1518,.98;
phi = 500;

q. = 4500;

qp; = 4000;

p = 5000;

§ = 7000;

qmux - 500J

n. = 128;

Ny 68;

Gi1 = 0;

G12 = 0;

Gz = 0;

21 = 0;

Gz, = 0;

Gz3 = 0;

gz, = 0;

q3z = 0;

iz = 0;
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34
qss
Ui

VIV IV
e

a1
a2
Qa3
ag
Q45
a6

VIV IV IV IV IV
SRl

qs1
sz
qs3
{54
gss
56

PreReR

NIV IV IVIVIV

1
62
63
64
qes
966

SRR

NV IVIVIVIVIV

Then the solution is stated as follows.
Local Optimal Solution Found

Objective Value : 1.000000
Infeasibilities : 0.000000
Total Solver Iterations 34
Model Class : NLP

The objective value reached is IDR 1/kbps solved in 34 iterations which class of model is nonlinear
programming (NLP). For example, from Table 4 , it is stated that the application of q; ; can be summarized as bandwidth
transfer from the 1st Resource Block (RB) on the 2th Remote User Equipment (RUE) is 500. Path loss from RRH to RB
for wi™ = wiM = fM=yy UM =\ JIM — ) RIM =1 234568,
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TABLE 4. Decision Variables Values

Variable Value Variable Value Variable Value
a4 1.000000 z5, 5779.399 a5 0.8257 x 10°
P 5000.000 Gz 2462319 78y 0.8257 x 10°
wit 5000.000 s, 0.000000 G13 0.8257 x 10°
2% 6478.525 w 30.00200 a3 1.234568
I 0.000000 2§, 11468.58 28, 75180.04
11 049 x 1077 a1 1.234568 23 1.234568
412 500.0000 as, 0.000000 as3 1.234568
€z 0.000000 25, 4778478 z8¥, 23152.53
wi 2935.127 3. 1.234568 33 1.234568
25 3829.665 ay, 0.000000 ay, 1.234568
21 2.415436 wi 291.4410 78, 6222.305
ay, 0.000000 78 10176.93 s, 1.234568
z¥, 7179.032 a1 1.234568 2%, 3581.486
Qa2 1.234568 Az 0.000000 we 1234568
ds 0.000000 o2 1.234568 72, 1.234568
wi 241.1120 wy 1.234568 G54 1.234568
28 5331.473 7y 1.234568 ass 1.234568
gs 1 1.234568 aa 1.234568 7R 51418.16
sz 0.000000 Qs 1.234568 7l 1.234568
2%, 5457.227 735 1347.486 qss 1.234568
gs 2 1.234568 7l 1.234568 s g 1.234568
Qg1 0.000000 a5 1.234568 z8 1.234568
whk 19.98800 Ayg 1.234568 2l 1.234568
z® 1269.256 zRs 5753.497 s 1.234568
Q61 1.234568 74 1.234568 s 1.234568
g2 0.000000 a6 1.234568 g3 1.234568
zk, 8315.611 z8 1518298 Ge3 1.234568
[P 1.234568 206 1.234568 Az, 1.234568
zk, 23739.71 o 1.234568 G4 1.234568
w) 1.234568 wieY 1.234568 wiN 1.234568
zY, 1.234568 RN 1.234568 Z RN 1.234568
G4 1.234568 8o 7000.000 ass 1.234568
Qg5 1.234568 wiN 1.234568 G35 1.234568
z¥ 1360.317 RN 1.234568 whaN 1.234568
zbs 1.234568 Wi 1.234568 BN 1.234568
e s 1.234568 Z%N 1234568 Aze 1.234568
Qo 1.234568 ys 1.234568 I35 1.234568
whiN 1.234568 (a3 1.234568 ¢ 278512.5
ZRN 1.234568 ds s 1.234568

The decision variables are represented in Table 4. Change a coefficient in the objective function without changing
any of the optimal values of choice variables is shown in this range which the basis is unchanged is stated as follows.
l. @y, @, ... Agy are allowed to increase into o without affecting the objective function value.
2. Nis allowed to decease into oo without affecting the objective function value

030011-9

€100 ¥Z0T MenuEr £0




If a variable in the objective is nonlinear, its value in the Current Coefficient column will be NONLINEAR. In the
same way, if a row is nonlinear, the Current RHS column value will be NONLINEAR. This sensitivity analysis shows
that the optimality holds for the objective function and within certain range of some decision variables.

CONCLUSION

From this research, non-linear optimization of the sensitivity analysis is more complex than linear optimization,
the analyzing the sensitivity of the fair network model and selfish customers using the LINGO software, allowable
increase is infinite, while the allowable decrease is 0.000 (fixed). It means that the increment of the models are allowed,
while the decrement aren’t. This sensitivity analysis shows that the model is validated especially for its decision
variables.

Further discussion should be addressed to show how good the model designed compared to previous model stated
regarding with selfish model to prove the ideal model for dealing with traffic management in C-RAN network.
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