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AMPS
Advance Mobile Phone Service

BB
Broade Band

CDMA
Code Division Multiple Access

EDGE
Enhance Data rate for Global Evolution

ETSI
European Telecommunication Standard Institute

FDMA
Frequency Division Multiple Access

GSM
Global System for Mobile

GPRS
General Packet Radio Service

HSCSD
Kigh Speed Circuit Switched Data

HSPA
High Speed Packet Access

IMT
International Mobile Telecommunication

1P
Internet Protocol

IT
Information Technology

ITU
International Telecommunication Union

LOS
Line Of Side



LTE
Long Term Evolution

MAC
Media Access Control

MIMO
Multiple Input-Multiple Output

NMT
Nordic Mobile Telephone

OFDM
Orthogonal Frequency Division Multiplexing

OPC
Opportunistic Power Control

OSI
Open System Interconnection

SNR
Signal to Noise Ratio

TACS
Total Access Communication System

TCP
Transmission Control Protocol

VOIP
Voice Over Internet Protocol

WCDMA
Wideband Code Division Multiplexing Access

WIMAX
Woridwide Interoperability for Microwave Access

WLAN
Wireless Local Area Network

WPAN
Wireless Personal Area Network

WWAN
Wireless Wide Area Network
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N Item The The Mode Selection The Transmit Power Vector
Number of Vector
Iterations
before
Converging
For cell 23 [T1111111] [V,21e-03 5.19e-03 1.32e-03 2.61e-
network 03 6.57e-03 1.05e-03 1.17¢-03
Y,$Ae-03]
8
For d2d + cell 30 [00001111] [V.ove-02 6.9e-03 2.16e-02 1.15e-
network 02 3.93e-01 7.91e-02 7.037e-01
Y.¥1e-03]
For cell 19 [T111111111111111] | [ 7.2606e-03 3.8456e-03 1.1512e-
network 03 2.5953e-03 5.2424e-03 1.5743¢-
03 3.2054e-03 3.6536e-03 1.5752¢-
03 2.9376e-03 8.3475e-03 4.9944¢-
03 2.3228e-03 1.3254e-03 3.9445¢-
03 1.8847¢-03]

16 | Ford2d + cell 42 [1111111100001000] | [ 1.0931e-03 2.0185¢-02 4.5741e-
network 03 1.3622e-02 2.7517e-02 8.2632¢-
ctwo 03 1.6824e-02 1.9177e-02 8.7780e-

03
2.6046e-02 5.1286¢e-02 8.6010e-02
2.3581e-03 1.3259¢-01 4.6667¢-02
8.9119¢-03]
For cell 158 [111111111111] [ 3.7884e-02 1.5927e-02 1.3426e-
network 02 2.4976e-02 2.2539¢-02 1.7689¢-
02 3.4220e-02 5.2486¢-02 2.2674e-
02 2.3077e-02 3.6196e-03

12 2.8083e-02]

For d2d + cell 100 [111111000000] [5.4519e-02 2.2920e-02 1.9322e-02
network 3.5943e-02 3.2435e-02 2.5456e-02

1.1658e-03 6.4666e-02 4.1739¢03
3.2495e-02 3.8291e-03 4.1490e-02]
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N Item The SINR Vector The System The
Throughput | Aggregate
Transmit
Power
For cell [v£0e-02 2.70e-01 1.76e-02 6.86e-02 | 1,50A-e+00 | 2.2349¢-
o | MO T 430001 1.126:02 1.39¢-02 £10e-02] 02
Ford2d+ | [\,--e-02 1.00e-02 1.00e-02 1.00e-02 | vA3ave+Ol | 1,yrrset00
cell network |} 540103 6256101 4.95¢+03 ar¥e-02]
Forcell |[5.2723e-01 9.9987¢-03 1.3254e-02 1.6516e+00 | 5.5860¢-
etwork | 9:9987¢-03 9.9987¢-03 9.9987¢-03 02
16 9.9987¢-03 9.9987¢-03 9.9987¢-03
9.9987¢-03 6.9687¢-01 9.9987¢-03
5.3959¢-02 1.7569¢-02 9.9987¢-03
9.9987¢-03]
Ford2d + |[9.9999¢-03 9.9999¢-03 9.9999¢-03 2.7732¢+01 | 4.7390e-
coll network | 9-9999203 9.9999¢-03 9.9999¢-03 01
9.9999¢-03  9.9999¢-03 7.7053e-01
6.7839¢+00 2.6303¢+01 7.3979¢+01
9.9999¢-03 1.7581e+02 2.1778e+01
7.9422¢01]
Forcell |[1.0000e-02 1.0000e-02 1.0000e-02 3.3095¢+00 | 2.9660e-
etwork | 1000002 1.0000e-02  1.0000¢-02 01
1 1.0000e-02 1.0000e-02 1.0000e-02
1.0000e-02 1.0000e-02 7.8862e+00]
Ford2d + |[1.0000e-02 1.0000e-02 1.0000e-02 1.3668¢+01 | 3.3842e-
network | 1:0000-021.0000¢-021.0000¢-02 01
el NCIWOTK | 1 0000e-02 4.1816e+01 1.7421e-01
1.0559¢+01 1.4662¢-01 1.7214e+01]
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Linitialize o =0 and T(¢)

2:loop

3: At time ¢, D2D link j is randomly selected to make a decision to leave S(o) and join any coalition §'(g).

4: D2D link j randomly selects 8'(¢), one of two other modes (i.e., coalitions).

5. D2D link j sends its request to the central coordinator to join 8'(¢) and required information is exchanged for
solving the minimization problem.

6: All D2D links j' € §'(¢) compute and send their transmission costs uj/(S’(o) U {j}) to the central coordinator.
7: D2D link j computes its transmission cost u;(S'(0) U {/}).

8: if y(S'(0) U {j}) < uy(S(0) i true

9: if up(S' () U {J}) < up(S'(0)),7) € 8'(¢) is true

10.  D2D link j joins 8'(¢)

I T(o+1)=((T(0)\ IS\ (SN UHSTO) Ui} U{S(9)\ 1)

12:  else

133 T(e+1)=T(9)
14: end

15: else

16: T(o+1)="T(9)
17: end

18: o=0+1

19:end loop when a stable coalition structure T is obtained (i.., no D2D link prefers to move to another coalition).
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D2D link | Average cost | Average transmission power in mW
1 6.84 9.6
2 17.53 162.0
3 10.77 18.1
4 9.39 106.7
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D2D link | Average cost | Average transmission power in mW
1 11.27 26.7
2 10.32 95.3
3 13.43 22.5
4 8.58 97.4
5 9.47 14.1
6 14.35 46.9
7 17.20 158.9
8 6.39 20.4
1 13.1 84.8
2 6.32 45.6
3 11.17 62.5
4 8.58 80.2
5 4.39 18.1
6 10.76 79.3
7 22.38 206.0
8 15.22 68.1
9 9.25 59.9
10 7.43 53.6
11 12.21 114.1
12 17.44 72.2

oo 445 05 a Loy T3 ol (55 (5aSiim 518 Gial331 L 5 m oaalie 45 slailes

23,5 (o0 plgs AalEl s jgmme S Ol it SIS

AF



2 sk anie pb)Sed e sl e Slhe anye g S VP S A IS e Jll g 1SSl

Ll oals o O-F Jaax> yo ‘.\N)GAJQMQL;)LAS&L?)Q (Gl ST &S 5550

SC NV Ul ol 5eSke 5 4z b -0-F Jsur

D2D link | Average cost | Average transmission power in mW
1 12.27 165.5
2 9.56 69.5
3 18.3 125.7
4 7.27 67.2
5 25.22 307.6
6 16.07 203.2
7 8.35 20.8
8 18.99 60.9
9 21.34 48.4
10 6.78 112.5
11 25.96 449
12 30.02 102.0
13 22.11 289.6
14 14.71 102.2
15 23.90 101.5
16 21.13 36.9
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Abstract:

Device to Device communications in cellular networks have an important advantages, such
as reduced power consumption, reduced interference and increased data transmission rates.
In this thesis, we will use the theory of games in cellular networks to communicate with the
device by trying to reduce interference and increase efficiency. Due to the fact that the
interference problem and its control depends on the control of power and the choice of
optimal mode in such networks, in order to achieve a reduction of interference, simply control
the power and select the communication mode of the user (by the base station and cellular or
D2D direct connection) To be well examined. In this thesis, using repeat methods (DTPC
algorithm, distributed power control in cellular networks) and expanding the DTPC
algorithm for cellular networks with device-to-device communication (EDTPC), superior
data transfer rate and higher efficiency in D2D networks to the pure cellular networks. Then,
with the aim of optimizing the network, the use of device to device communication in cellular
networks, the use of game theory to reduce interference, increase spectral efficiency and data
transmission rates in these networks are discussed. In the theory of games, communication
links are considered as players, and these players choose their connection and the power of
each frequency substrate, which in total is the ultimate goal, with higher spectral efficiency
and lower total power consumption (for the secondary objective and In the fourth chapter, it
can be seen that selecting the communication links of the device by using game theory
reduces the power consumption of the network and reduces the interference between the users
in the targeted telecommunication networks.

Keywords: cellular network, device-to-device communication, interference, increase in
efficiency, power control
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