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CCPCH
CDMA
CIR

CN
CPICH
EDGE
ETSI
FDMA
GPRS
GSM
HO
ISDN
ITU

KPI

LP

ME

MT
OFDM
P-CPICH
PLMN
PSTN
RAN
RBS

RF
RRM
RSCP
RSSI
S-CPICH
SCH
SHO
TDMA
UE
UMTS
USIM
UTRAN
WCDMA
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3rd Generation Partnership Project
Common Control Physical Channel

Code Division Multiple Access
Carrier-to-Interference Ratio

Core Network

Common Pilot Channel

Enhanced Data rates for GSM Evolution
European Telecommunications Standards Institute
Frequency Division Multiple Access
General Packet Radio Service

Global System for Mobile Communications
Handover

Integrated Services Digital Network
International Telecommunication Union
Key Performance Indicator

Linear Programming

Mobile Equipment

Mobile Terminal

Orthogonal Frequency Division Multiplexing
Primary Common Pilot Channel

Public Land Mobile Network

Public Switched Telephone Network

Radio Access Network

Radio Base Station

Radio Frequency

Radio Resource Management

Received Signal Code Power

Received Signal Strength Indicator
Secondary Common Pilot Channel
Synchronization Channel

Soft Handover
Time Division Multiple Access

User Equipment

Universal Mobile Telecommunications System
UMTS Subscriber Identity Module

UMTS Terrestrial Radio Access Network
Wideband Code Division Multiple Access
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! Common Pilot Channel
2 Wideband Code Division Multiple Access


https://en.wikipedia.org/wiki/Code_Division_Multiple_Access
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! Slow Associated Control Channel
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! Handover
2 public switched telephone network
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! Nippon Telegraph and Telephone
2 Nordic Mobile Telephone
® Advanced Mobile Phone System


https://en.wikipedia.org/wiki/Nippon_Telegraph_and_Telephone
https://en.wikipedia.org/wiki/Nippon_Telegraph_and_Telephone
https://en.wikipedia.org/wiki/Nordic_Mobile_Telephone
https://en.wikipedia.org/wiki/Nordic_Mobile_Telephone
https://en.wikipedia.org/wiki/Advanced_Mobile_Phone_System
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! Total Access Communications System

2 Radio Telefono Mobile Integrato

% Circuit Switching

* European Telecommunications Standards Institute
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! Global System for Mobile communication
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! Value added services

2 \oice mail system

® Short message service center
* Intelligent services
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! General Packet Radio Service
2 SERVING GPRS

® Gateway GPRS

* Domain Name Servers
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Channels

For broadcasting system control information

BCCH
Transfers paging information. Used when the
network does not know the location cell of the UE
Control PCCH or the UE is in sleep mode.
A point-to-point dedicated channel for transmitting
h | dedicated control information between a UE and
Channels DCCH the network.
Supports common procedures required to establish
CCCH a dedicated link with the network.
A point-to-point channel dedicated to one UE for
Traffic DTCH the transfer of user information.
A point-to-multipoint unidirectional channel for
transfer of dedicated user information for all or a
Channels CTCH

group of specified UEs
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Dedicated Transport Channel DCH (UL/DL)
Random Access Channel RACH (UL)
Uplink Common Packet Channel CPCH (UL)
Broadcast Channel BCH (DL)

Forward Access Channel FACH (DL)

Paging Channel PCH (DL)

Downlink Shared Channel DSCH (DL)

Transport

Channels

Primary Common Control Physical Channel PCCPCH (DL)
Secondary Common Control Physical Channel SCCPCH (DL)
Physical Random Access Channel PRACH (UL)

Dedicated Physical Data Channel DPDCH (UL/DL)
Dedicated Physical Control Channel DPCCH (UL/DL)
Physical Downlink Shared Channel PDSCH (DL)

Physical Physical Common Packet Channel PCPCH (UL/DL)
Channels | Synchronisation Channel SCH (UL/DL)

Common Pilot Channel CPICH (DL)

Acquisition Indicator Channel AICH (UL/DL)

Paging Indication Channel PICH (UL/DL)

CPCH Status Indication Channel CSICH (UL/DL)

Collision Detection/Channel Assignment Indication Channel CD/CA-ICH
(UL/DL)
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Downlink common channel Relative  Activity  Average allocation with 20
to CPICH W maximum power
Primary common pilot channel P-CPICH 0dB 100% 2.0W
Primary synchronization channel SCH -3dB 10% 0.1wW
Secondary synchronization channel SCH -3dB 10% 0.1W
Primary common control control physical channel P-CPICH -5dB 90% 0.6W
secondary common control control physical channel S-CPICH 0dB 10% 0.2W
Paging indicator channel PICH -8dB 100% 0.3W
Acquisition indicator channel AICH -8dB 100% 0.3W
Total amount of common channel power ~3.6W
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site id bin i bin | sector1 | sector2 | sector3 sector1l | sector2 | sector3 sector1 | sector2 sec;cor
height Azimuth tilt

t1713 5 62 115 11.5 11.5 120 245 350 3 2 0
t3723 82 23 23 23 0 120 200 1 3 1
t2740 101 26 26 26 35 130 270 4 4 4
t0658 15 85 28 28 28 5 195 315 0 0 0
t6774 20 83 26 26 26 60 190 300 2 2 2
t1684 22 32 24 24 24 0 120 270 1 1 1
12742 23 62 25 25 25 20 100 220 2 2 2
t1700 31 89 28 28 28 20 160 220 3 2 2
12745 48 34 25 25 24.5 30 120 240 2 1 2
t1685 43 56 22 22 22 40 120 240 1 2 3
t2743 47 76 22 22 22 20 120 240 1 1 1
12744 43 108 29 29 29 120 240 340 2 1 1
t2746 68 35 27 27 27 20 150 230 1 1 2
12747 65 69 22 19 19 25 130 270 2 2 2
t1686 62 92 22 26 22 20 140 270 1 1 1
12750 78 44 20 20 20 10 140 210 1 1 1
t3726 74 83 23 23 23 10 120 265 0 0 0
12748 78 111 26 24 24 10 120 250 1 1 1
12751 85 61 21 21 21 90 240 355 1 3 1
t1689 88 88 25 26 27 20 100 220 1 2 1
t1688 93 31 245 24.5 24.5 110 215 340 4.6 4.7 4.8
t2749 93 52 25 25 24 0 120 240 3 4 11
t1716 98 65 25 25 25 0 140 210 2 2 2
t2752 93 105 23 23 23 25 130 285 1 1 1
t3725 108 42 23 23 23 95 225 345 0 0 0
13403 109 56 24 24 24 120 240 320 2 2 2
13724 102 86 22 22 22 0 120 280 0 0 0
t2754 113 22 26 26 26 90 240 350 1 1 2
t1667 117 43 23 28 28 20 100 270 1 1 1
t2753 113 77 28 28 28 0 100 230 0 1 1
11687 112 94 22 22 24 20 110 240 0 2 3
12801 123 16 24 22 22 0 130 280 2 0 0
t2799 130 35 18 18 18 10 110 240 2 2 2
t2755 127 94 21 21 21 120 240 350 1 1 1
t3714 122 112 25 26 26 0 120 240 2 1 3
t1814 163 59 18 17 18 45 120 140 5 7 4
t1812 184 57 23 23 23 120 250 0.5 4.8 2
t1813 189 105 23 23 23 70 165 2 2 2
12868 208 61 245 24.5 24.5 20 120 240 2

AF




VY ]l 4288 L5 0 < /AYA e /SYY - FYY L ol s ]y @ polio
oS o esle g kathrein quarter-band  Jow aslllas 0,90 Cos a0 ooliswl 8,90 slo o]

el oals ooy las (V-F) S8 po U""] Joae op P

@yé‘) 4.:[) oli».m_v‘ u.u] Slasuin (Y—f) de?'

ol Olasie Slado
RCH % kathrein quarter-band
&S uils 3 2110 MHz
5T 05 18.5 dBi
O%l 72,50 457
0"

0dB

270°
0dB

210°

180°
0dB

1710 - 2170 MHz

(5050 30,8 « a8l : 1) Kathrein quarter-band 5T _aob o651 ol SLos (V-F) U

AY



Sl Lol Y-¥

Slocalss o ol o o o Swdly Lol wh 5 arBAS sla b o 45 sbilen

S wails (oo (Byb 3l 00,8 oo iy o] j0 Sl I el g STl Jled )8
S 59, » SNAPSNOL T 51 Julos (sl gyml 51 ol Snlisls pally o (S35 slolis
Sl Lol polie wabsyye H5ilnl GLus 4 (s pae s a4 Lo gileand )0 oS o0
O V=¥ Jgor ol aid)S Sl o (g0l Gidigy Sh5l Comez 15T lal g (gws Ojg0n

29 olal Oy 4 oal eols flid by 3L o polie cul ol o lid |y eads Gl yolie

el 0035 ,5 SLRUl (5,08 Comez (25 ilsy g5 bl

G A5G 5o (S8l 5 Lol (gly oaband 3 ka5 o Lolie (V-F) oo

a-y v-¥ f-)
bl cloli i

| asg> bl 3hls !
& =9)

Goue s f-f

Sl pelie ol [22]u5)ls ol asids S (g0 oy (sl 00l (w6 p0lie ()lg (slae e
625 oyl o o 5l sl Al (g, 2 Jske s il 5l ead able gleel jlaxil pw) b
s 2l 315 561, mae L] 5 ge slo algs Lo 4138 ploml (giles drsd o ansl 0y8 S

AA



S iy 4 51 Al Fisdh e 1l 5,5 55 53, sl ol Saigd e il o1 (5L
IYA] ol oats Jaw 8AB & lasbiw! jlias &l ouly yio S5k b log-normal o ;5

I, 28,5 )18 (o 090 F-0-Y Lidu ,0 a5 51,5V (g5le ol5T w65 5l soel s & mlis Lo
Al (5l ol 099 duslie eSS g g, 5l ool s s G b g sols S8 ialej] 950
Gibgy gaw wlel 59 alBs V0-0 o BISY g5l ST s 6l Slewle (e ecs
b)) Ot el 435 0 Dliddod (pizmes 9 4D (Syp el p Sl 5l 0 )9a (00
) (o0 S5 4 Jsles

) 25 by Giltee zaln (sl & se] Ces &1 (slo Cls ] acsama 33 0-F 5 F-F Jyur
Jgoz ;0 9 CeSs Sgbl ol Jo ol 51 F-F Jgam 10 sonl Cews 4 sla Olg> ams oo oyl
Jslaz ol 5 Censl 0 dloes 51,5Y (55l 031 o165 45 (o IS0 (gl b, 3l eolial L O-F
sl 00 o0l yieigy oo 5 aliasg 4 BV a5 el ol Cys e Jled gl s 5l yskiie

5 SHeSS Ol gy 99 1 slp Debl Gl ggeme Jlade Dl lade (V-F) S uizren
SR by g il polie olil a1 515V (g3l o3 pn 58Ul slie 2 onds Sl i,

A4



W s o Salil olgs

zolw e

a welas! g [ sl o - o
3l 5 : . ol oaly idigy | (Sligaen

o4l Jus

S b
ok ol S L

\,e e Y- Yvve Y,2O0VA Y#YAQ 7AY,A IA¥
-,44 YYeYaor Y\ 2A YFYY- JARR TA- N
+,9A YYY,YFA V,9-¥ \VARR AR 7YY,4
- AY YIVLYYYA VA-0F YOFYAQ JARIAY JAUNR4
e Y. +,aY0A \RANA} YO+ 7YY,4 7YY,
T VAAFY .Y V1,704 YO VY AR JAARE

Sl oles C eSS arass b,y )0 ole Zalw e polie gl goae s (F-F) Jgoo

W ooy Sigbly Hla
E_f\:l—h—ﬂ.}
'__‘_»l._" L...f._:;}_:_ u13_| t;,._ﬁl___a ) L_,‘i'"'}-"_‘-:-":- JL} e
B Sy £sammo gl elasl | 77 S Loataol | Aigen
) ot gl _
\_,-I_aJ'""' J‘A \_rl_.\l:-"J-h-l
1, aY,4 .Fa TEYA4 LT T AL
.44 a4,47 < FY TEYLY FARTE! FALAR
A OF, -7 - F5 YETH AR AL
<Ay AT FY < FF TAATYE Yo,Y VAT
<48 4,47 - FY TARVF AN o
48 FY,TA . VP TOYFY [ART 1FY,Y

SIEY sl o1 Gog, 50 Ol zokaw el polie gl (goae s (O-F) Jso

Joaz j0 &Sl sl Jokow Sobl g 4 il jarass peu Sl § pesine Hlode i oo

R PR W 00)5T (’;_\c)



300 i
—S— Uniform Pilot Power
—#— Heuristic Sulotion
250 i
g,: 200 1
g
)
a
ks 150 .
a
I
2 100} .
50— * T

0
095 0955 096 0965 097 0975 0.98 0985 0.99 0995 1
Traffic coverage,

Gl oS0l 5 gy anads by, 99 4 oid delore Dsbly g3 gaerne (Y-F) JSL

G g, 5 ool b ouds arugs a5 4o b Jsho @bl lsi ji5Tus 5 Jdlas (5-F) Jgaor

Obsy ok | parass (g Bl | parass g 2SSl
Sl 2 | b Jobo 4y aisly b Joko 4 assly

Voo : ¥.,04

-,4 . Y.VE

+,4A . AL

-V . Y.

7 . Y,0A

-0 : Y 0A

)



G &ox O-F
Py a2 e mhe Sl iy 0-F 5 Y-F Jglanr 5l a5 6sSilas
ooy o Jle job ar ol Sy Gl e, b avalile )0 (55565 jle Ol Bran ot
a8l Sge g, o ode plaS cul Slg YAAEY L ol cas aSll ST B ran oles < A0 20
Gras ;0 IVF 090> 0 e e Sl @ Cand St e Olg FYLYA @ olpiiny
1 ogsS sl yglnl ol o o a8 ol (555,80 5 A5 (nl S5 005 o0 p5> 480 Ol
30890 e oo olal paled oo oolatnl 055 slo aSCll (gl CS Sy lgy Janass g,

VA 050 ,0 G x 33dOM L ol Jele o 4 a8l aass ole  mitn irancell gl

Dyl Cdillas Lo ol s 4 gl b a8 coul iy

oussl 4o 45 axslal &l sl #-F
soft handover (ol cawal Pl ol Bras g 20 Jidie o asdlas glp aS (6,550,951
gl s 5k (Joke b 50 50 Jilge ably o e SHO jo 5)ls 66 05 SHO jlansl a by
35 & Ologen ok 4 08 Jobo @ (Jobo 5l ol bl @lge 0 b all (oo pativ Sligeen
055 el duabio g loe Jgho o (ool 4 o Cewd 4 Caws Anl)8 5 o0l Jate Jghew six L
3955 (50 45 5 B Bshlh (55 B pan g By S 5l AL lbseen wlaw cul s

ay



&1 g Qe



=

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Goldsmith, A., Wireless communications. 2005: Cambridge university press.
Chen, L., Performance Engineering of Mobile Broadband: Capacity Analysis,
Cellular Network Optimization, and Design of In-Building Solutions. 2013,
Linkdping University Electronic Press.

Mishra, A.R., Fundamentals of cellular network planning and optimisation:
2G/2.5 G/3G... evolution to 4G. 2004: John Wiley & Sons.

Holma, H. and A. Toskala, WCDMA for UMTS: Radio access for third
generation mobile communications. 2005: john Wiley & sons.

Octora, R. Optimization technique and analysis in HSPA+ network. in
Telecommunication Systems Services and Applications (TSSA), 9th International
Conference on. 2015. IEEE.

Charoenlap, S. and P. Uthansakul. Prediction of interference areas for 3G
network based on drive test and throughput data. in Electrical
Engineering/Electronics, Computer, Telecommunications and Information
Technology (ECTI-CON), 13th International Conference on. 2016. IEEE.

Ying, W., et al. Performance of RSCP-triggered and Ec/No-triggered inter-
frequency handover criteria for UTRA. in Vehicular Technology Conference,
VTC Spring 2002. IEEE 55th.

Laiho, J., A. Wacker, and T. Novosad, Radio network planning and optimisation
for UMTS. 2006: John Wiley & Sons.

Lempidinen, J. and M. Manninen, Radio interface system planning for
GSM/GPRS/UMTS. 2007: Springer Science & Business Media.

Lempidinen, J. and M. Manninen, UMTS radio network planning, optimization
and QoS management. Dodrecht Kluwer Academic Publishers, 2003.

Niemeld, J., Aspects of radio network topology planning in cellular WCDMA.
2006: Tampere University of Technology.

Chen, Y.H., C.L. Chu, and W.J. Lyu. KPI signal analysis of the custom behavior
in Kenting Spring Scream festival hot zone. in Digital Information and
Communication Technology and it's Applications (DICTAP), 2014 Fourth
International Conference.

Siomina, I. and D. Yuan. Optimization of pilot power for load balancing in
WCDMA networks. in Global Telecommunications Conference, 2004.
GLOBECOM'04. IEEE.

Mfula, H., T. Isotalo, and J.K. Nurminen. Self-optimization of power parameters
in WCDMA networks. in High Performance Computing & Simulation (HPCS),
2015 International Conference.

Eisenblatter, A., et al., Optimisation Methods for UMTS Radio Network
Planning, in Operations Research Proceedings . 2004, Springer. p. 31-38.
Holma, H. and A. Toskala, HSDPA/HSUPA for UMTS: high speed radio access
for mobile communications. 2007: John Wiley & Sons.

Parsons, J.D. and P.J.D. Parsons, The mobile radio propagation channel. 1992.
Erceg, V., et al., An empirically based path loss model for wireless channels in
suburban environments. IEEE Journal on selected areas in communications,
1999. 17(7): p. 1205-1211.

Ghassemzadeh, S., et al. UWB indoor path loss model for residential and
commercial buildings. in Vehicular Technology Conference, VTC 2003-Fall.
Siomina, I. and D. Yuan. Pilot power management in WCDMA networks:
coverage control with respect to traffic distribution. in Proceedings of the 7th

af



21.

22.

23.
24,
25.
26.
27.

28.

ACM international symposium on Modeling, analysis and simulation of wireless
and mobile systems. 2004. ACM.

Chitrapu, P., Wideband TDD: WCDMA for the Unpaired Spectrum. 2005: John
Wiley & Sons.

Siomina, I. and D. Yuan, Optimization of pilot power for service coverage and
smooth handover in WCDMA networks, in Mobile and Wireless Communication
Networks. 2005, Springer. p. 191-202.

Kiremire, A.R., The application of the Pareto principle in software engineering.
Consulted January, 2011. 13: p. 2016.

Eisenbléatter, A., et al., Modelling feasible network configurations for UMTS, in
Telecommunications Network Design and Management. 2003, Springer. p. 1-23.
Korte, B., et al., Combinatorial optimization. Vol. 2. 2012: Springer.

Wolsey, L.A., Integer programming. Vol. 42. 1998: Wiley New York.

Ahuja, R.K., T.L. Magnanti, and J.B. Orlin, Network flows: theory, algorithms,
and applications. 1993.

Winter, T., et al., Advanced simulation approach for integrated static and short-
term dynamic UMTS performance evaluation. Project report D2. 7, 2003: p.
2000-2008.

0



Abstract:
In this thesis, our aim was to investigate the methods of pilot power optimization in

communication cellular networks. The result is reducing in power consumption,that is
one of the most important parameters of a radio system. We consider the problem of
minimizing the total amount of pilot power subject to coverage constraint. This trade off
apply in every cells and reduces total amount of pilot power consumption.

Our goal is to design iterative algorithm for pilot power optimization subject to various
coverage constraint levels, which allows us to generate a near optimal solution.
Furthermore, to evaluate proposed methods, we used a test network originating from a
planning scenario. Hence, we use an alghorithm based on two main parts, one of which
is aimed to solve a relaxed problem. In the second part, we adjust the current solution of
the relaxed problem to a feasible solution that satisfies all the constraints of the
enhanced model. The first part, which gives us a lower bound, is to be solved iteratively,
within a chosen number of steps, independently on the second part, using a standard
sungradient method. In every iteration, we solved a binary knapsack problem that
indicates the areas that must be covered to guarantee a given degree of traffic coverage.
We also compute a step size which specifies how far we move in a subgradient direction
and then update the Lagrange multipliers.

The numerical results demonstrate that the proposed method can give a reduction of up
to 76% in the optimal pilot power levels compared to common pilot power assignment
methods.

Keyword: Cellular network, network coverage, network capacity, traffic demand,
pilot power control, Lagrange relaxation optimization algorithm
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