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ABSTRACT

This paper firstly introduces the mode of transmission in free space. List
the expression of transmission lossin the vacuum environment. The SON
optimization modelings are introduced, and introduces the concrete
optimization goal isthe capacity and energy saving aswell astheir mutual
self optimization. Then through the communication theory of
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el ectromagnetic wave in the private space, analyzed the influence factors
of the network capacity, according them to establish the model of the
network capacity. And analyze energy consumption when thetransmission
power of the base station is allocated to each user. Therefore, establish
energy-saving model. Finally, we introduced the real -time traffic control
variable; to analysis select target optimization under different scenarios,

which established thefinal self-optimization model.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Inrecent years, the rapid devel opment of wireless
communi cation network, wirdessservicedemand dso
increases sharply, so peopleneed to the network aso
more and more, there areincreasingly high require-
ments*3. Tofind out theinfluencefactorsof thequdity
of the self-organi zation network, establish anew opti-
mi zation model to control user transmit power inthe
uplink to achieve energy and capacity optimizationin
the downlink and uplink(*®!. Sothe cyber sourceto ob-
tanthereasonableuse, improvethequdity of network,
to ensurethe needs of users, but aso save maintenance
cost for operators ™.

SON network optimization function refersto the
network equi pment, according to itsown running sta-
tus, adaptive adjust parameters, optimize network per-

formance. Enablethe network to achievethebest run-
ning status. Traditiona network optimization canbedi-
vided into two aspects: oneisthewireless parameter
optimization, such astransmit power, switching thresh-
old, cdl individua offset; the secondismechanical and
physical optimization, such asantennaand declination,
antennaposition, point supplement. Self-optimization
can partly replacethetraditional network optimization,
including coverage and capacity optimization, energy
saving, PCI configuration, mohility robust optimization,
movingload balancing optimization, RACH optimiza
tion, automatic neighbor relation, coordinatetheinter-
cdl interferencd“7.

The problem considered in this paper isto estab-
lishadownlink and uplink optimization model inthe
environment of traffic dynamic change, theobj ective of
theoptimizationistofind anoptima mathematica modd
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on network capacity and energy consumption, which
makesthe model to obtainthe best parformanceof SON
network. Including the network capacity, compromise
between energy consumption and optimization of both,
and study some propertiesof compromise performance.

BASIC PREPARATION

Free spacepropagation characteristics

Free space propagation refersto thedissemination
intheided, homogeneous, isotropic medium, waveno
refraction, diffraction, emission, scattering and absorp-
tion phenomeng; thereisonly theenergy of theeectro-
magneti c wave propagation | oss caused by diffusion.
By dectromagneticfield theory available: if theradia-
tion power of isotropic antennafor PT, electricfield
intensity from theradiation sourced misasfollows.
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If usngthedirectiond antennaof theantennagains
GT toinstead of isotropic antenna, thentheformula(1
to 3) should bewritten as:
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Theéffectiveareaof therecavingantennaismulti-

plied by wave power density of the pointisequa tothe
receiving wave powe, i.e.

PR = SA\? (7)

Intheformula, AR isthe effective areaof there-
ceiving antenng; it hasthefollowing relationshipwith
recelving antennagan GR:
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/%47,) iseffectiveareaof isotropicantenna, 1 is
thewaveength. By formula(6) to (8) available:
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When receiving, transmitting antenna gain
GT=GR=1, power of recelving antennaasfollows:
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By formula(10) shows, thefree space propagation
lossL,, canbedefined as
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Calculated by dB

= (10)
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[Lfs](dB)leIg[ﬁj (dB)=20Ig%(dB) (12)
Or
[Lfs](dB):32.44+20Igd(km)+20lgf(MHZ) (13)

By (13) available, radio wave propagation lossin
free space only hasrelationship with the propagation
distance D and theworking frequency F.

Twodifferent power control algorithm

With the development of science and technology,
thenetwork scaeiscontinualy expanding; people’sde-
mand to the network increases, the current network
performance deterioration, therefore, network optimi-
zation has become the hotspot of current research.
Through theresearch on the performance of network
anadysis, network capacity and energy savingisthekey
of SON network.

Thefollowing werebriefly introduced SON net-
work capacity and energy saving. SON network de-
ployment and planning purposesisto optimizethe net-
work based on coverage and capacity. The network
capacity optimizationismainly reflected inthemore
rational allocation and use of cyber source, improves
the utilization rate of cyber source, reduce congestion
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rate, equilibriumtraffic rate, and enablesthe network
to achievethebest running state. A traditional wireless
network OPEX (operationd expenditure) inenergy con-
sumption is 30%~40%, thisisthe largest overhead
project. According to estimates, the energy consump-
tion occursin the network without datatransmission
date. Energy saving potentid isbig. Inthewirelessnet-
work equipment field, energy-saving can befrom two
aspects. energy-saving, first of al to optimize each user
emission power, adjust the network state, soastore-
duce the unnecessary energy consumption, and then
devel op more energy-efficient wirelessequi pment. En-
ergy-saving SON network ismainly reflectedinthera
tional use and allocation of cyber source, to avoid un-
necessary overhead. Specifically, themainisto control
thewirelessresources according to the change of the
network load of the opening and closing, to meet the
needs of users at the sametime asfar as possibleto
avoididling cyber source.

Thesdf-organizing network optimizationisdesigned
from two aspects to consider. First, from the user’s
perspective, reflect the user satisfaction with the ser-
vicesinthe SON network availability, stability, energy
saving and voice qudity; secondly, fromthe SON net-
work operation point of view, do the system hardware
and software and parameters of reasonable configura-
tion, in order to maximize the use of wireless cyber
source, improvethe SON network economic benefits,
to reducetheoperation cost of SON network. Through
conti nuous observation and monitoring of theentire
SON network, and continuously to control each user
uplink power to the optimized and adjustment down-
link capacity, so asto ensureand improvethequality of
servicein SON networks. Main goa of network opti-
mizationisthe user capacity and energy consumption
of SON networksin this paper.

(1) Thecapacity maximization algorithm

N usersaccesstothenetwork, P, P,,--- P, repre-
sent received power of each user inthedownlink, the
P O rep-
resent background noiseof eschuser, N, (i =12---N)is
theinterference power of user i propagation by other

N-1 usersinfree space, the system bandwidthisB, C
isthenetwork capacity, in multipleusersagorithm, in

maximum transmission power of usersis

————, FyurL PAPER

the premise of usersthe minimum SNR to maximize
network capacity system asthegoal, thisgoa can be
mode ed asaconstrained optimization problem, i.e.:

N N
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0<P <P,
SNR; 2 Q
SNR, 2 Q
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Intheformula, P issent power intheuplink inter-
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N = = (4,;&} Isinterference power
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ferenceof useri;

of other N-1 usersto user | in free space propagation,

. . . P
signa-to-noiseratio NR =+ o A representsthe

sgna waveength, d;; isthedistancsaid of useri touser

J, Qisminimum signal-to-noiseratio that the user ter-
mina recover theuseful sgndl.

(2) Theminimization energy consumption algo-
rithm

N usersaccessto the network, P, - P, repre-
sent received power of each user in the downl ink, the
maximum transmission power of usersisP, . o rep-
resent background noiseof eechuser, N, (i =12---N)is
theinterference power of user i propagation by other
N-1 usersin free space, mathematical model based on

theminimum energy asthegod of thenetwork isshown
asfollows:

N
min E=Zpi
i=1

(15)

s LBioTechnology

An Tudian Yourual



644

The study of SON network model which has the function of self-optimizing

BTAIJ, 10(3) 2014

FULL PAPER o

st.

In the formula, S\R= (i=12--N),

N, +o
P,P,,---P, Represent received power of each user in
thedownlink.

THE SELF-OPTIMIZATIONALGORITHM
DESIGN

Adaptive optimization mathematical model

Beableto design asdlf-optimization mathemetica
model with the dynamic change of network trafficand
changeitsoptimization object. The optimization moddl
should havethefollowing three advantages.

(1) When aparameter isvery important, theoptimiza:
tion of other parameterswill beweakened

(2) it hasadaptivefunction for thebusy degree of net-
work

(3) itasotakeinto account anumber of optimization
parameters

Sdf-optimization algorithm design

Becausethenumber of network usersisunceasing
change, the network trafficisconstantly changing, so
the optimization object will aso dongwith thenetwork
changes, so asto redizetheoptimization. Namely: we
canfromthesizeof thenetwork businessinred timeto
consider our main optimization. Intheformula(15) the
algorithmisto compute the consumption of power of
all usersintheminimizeuplink, wherewe can change
theway to find the maximum saving power valuer,,.,
then:

N
max Psave=[Nmeax—ZRJ
i=1

Inorder to solvethe above problem, putsforward
the self-optimization mathematical mode which hasthe

BioTechnology —
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self-adaptive network, supposethat control variables
IS « €(01), we can tradeoff capacity and energy con-
sumption of optimization network, therefore, we can
regain aeffect functiony formformula(14), (16) and
traffic control variables, we can pursuetheir maximum
vauesto achieveoptimization. That is:
R J+
N +o

N
mex y=aC+(1-a)R,.=a) Blog, (1+
i=1

+(1- (NXP ZPJ
. .
=a) Blog, R
i-1 A

0< P, < Pra
0< Py <Py

0<Py <P,
SNR, >Q
SNR, 2 Q

St

SNRy 2 Q

Intheformula, P issent power intheuplink inter-

N A
:;R(Mde isinterference power

=i

ferenceof useri; N
of other N-1 usersto user | in free space propagation,

: N P
signdl-to-noiseratio SNR == —,

nal wavelength, d;; isthedistancsaid of user i to user j,

Qisminimum signal-to-noiseratio that the user termi-
nal recover theuseful signal.

Thecongraintscondition s\r > Q(i=1.2,--,N) tosolve
the effect function ismore complex, so it can be con-
verted into an unconstrained problem. Transformitinto
unconstrained problemsto solve, anintuitiveideais.
wheninthedownlink user received SNR doesnot sat-
isfy therestriction condition, we can reduce the corre-
sponding objectivefunction vaue, the point can not be
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theoptima solution of corresponding optimum uncon-
strained problem. From the aboveidea, formula(17)
can be converted into the objectivefunction:

N
ozZ:Blog2

i=1

mex y=aC+(1-

@) F;,e—+<ge<<a—9\la)=

Z[1+I\lipio_]+(l—a)[Nx P —iej—Kig(Q—mR) (18)

0<P, <P
o) 0% P2 < Py

0<Py < Prax

Intheformula, Kﬁ)s(Q— S\R)isconverted fromthe

constraint conditionsnr, > Q(i=12;--N), thestep func-

o t<o» Kisalargenumber of previously
selected. If snRr, <Q(i=12;-N), thentheeffect function
vaueyissmal, sotheywill not bethelargest, theuser
transmit power valueis not the optimal value of the
power alocation.

tioniss(t)= {1 >

THEMATHEMATICAL MODEL OFMULTI-
OBJECTIVE PROGRAMMING PROBLEM

General multi-objectiveprogramming problem
Similar to singleobjective programming, “maximi-
zation problem” can be convertedinto “minimization”.
max f(x) = min(—f(x)) (19)
Sothegenerd form of multiobjective programming
problemsis.

min f,(x, X,
min f,(x, Xy,

min £, (%, %, -+,

g
St.{h

(X%,
j(X1'X21"'l

/-\
X
\_/
(Q
= —
X
—
N
—
x
—

f (x), g(x), h(x) arethevector valued function; the
multi-objective programming problem can besmpli-
fiedas
min (x)

o(x)<0

{h(x) 0

Denote the feasible regionthe of formula (20):

(x)<0. i=12.-..
D:HQI(X)Q’ mhee M R

h(x)=0, =12l

(20)

Also known asthe multiobjective goal program-
ming problem (17) asthevector mathematical program-
ming. If all functionsof formula(16) arelinear function
programming, soitisknown asthemultiple objective
linear programming, i.e.

min C, =(ch,ch,~~~,ch)T (21)
{Axsb
si.
x>0
Ch G - G A, &, - oQ,
C= Cx C.22 Czn, A= 3, a.22 Ay,
Cpl Cp2 Cpn An &y 0 @y
-
G Z(Cil’CiZ’”"Cin)’ (bl b2’ T n)

Formula(21) aso known asthevector linear pro-
gramming.
(1) Sratified multiobjectiveprogramming

Stratified multiobjective programmingisthevaue
under theconstraint condition; theobjectivefunctionis
not the samefor optimization, but accordingto thein-
tention of policy makers, different priority levels, suc-
cessively layer optimization. According to theimpor-
tance, Pobjectivefunctionsaredividedinto Q priority
levels, thenthe P objective functionsisexpressed as.

Thefirstlayer: £,(x), £,2(x),---, f£(x);
Thesecondlayer £2(x), 12(x),--, 2 (x);
Theqth layer: £9(x), £,7(x),---, £ (x);

Amongthemp, + p, +---+p,=p
Denoted by

F00=(62(0, L2 12(0) |
0= (6200, 1200, 126
F ()= (F900, 196, 19
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Thehierarchica multiobjective programming prob-
lemcanbesmplifiedas
min F,(x)
min Fz(x)

: (22)
min Fq(x)

st. xeD

IfE(x)=f(x) (i=12---,p),0itiscdledthecomplete
dratified multiobjective programming.
(2) Thegoal programming

Characteristic of goal programming is: under the
constraint conditionitisnot directly to minimizeeach
objectivefunction, but asfar aspossible so that each

objectivefunction gpproximationtoagiventarget vaue.
Givenpobjectivefunctions

f(%)=(f,(x), f,(x), -,

hope they can reach their respective target val-

f, (x))T , decision makers

uesf =(f, f,-, ), policymakers hope that they can

achieve their respective objectives:

filk)»f  i=12-p (23)
|| @sanorm of avector spacerr, thenthetarget

programming problem can be expressed as

min f(x)-1].

Solution of themulti-objective problem

Multiobjective programmingin generd form:
minf(x):(fl(x),fz(x),m,fp(x))T
st. xeD

Among them, the feasible region D:

o {Xg<x>= (0,6 8,(x) 9, () <0
h(x)= (h(x), h,(x),-- h (x))" =0
(1) Concept of solution
1 Definitions 1: absoluteoptima solution
Setx e D, if there aref,(x )< f,(x), i=12--,p
forvxe b, S0 " issaidto batheabsolute optima solu-
tion of formula (21), f(x')=(f,(x) f,(x ), f,(x') isthe
absoluteoptima vaueof formula(24). All theabsolute
optima solutioninformula(24) consisting of acollec-
tion called the absolute optimal solutionz (f,p), as

showninFigurel(a), 1 (b), 1 (c) shows.
Inthe multi-objective programming problem, the

BioTechnology

(24)

xe R"

optimal solutionisthe best solution, but the absol ute

optimal solution doesnot exist for the multi-objective

programming problemmost, in order tointroduce other
solution concepts, wefirst introduce the vector order.

Definition 2: sequence of vector. Withtwo vectors:
a=(a,a,,3,] ,b=(o,b,.b,]

e ifa=b(i=12,p),cdledvectoraisequa tothe
vector b, denoted as a=b; if a =h (=12, p),
called vector aisequal to thevector b, denoted as
a=b;

e ifa<h(i=12--,p),caledvectoraislessthan
or equal to thevector b, denotedas g < b;

e ifa<h(i=12-, p)andatleastthereisastrictin-
equality establishment, called thevector aisless
than thevector b, denoted asa < b;

e ifa<h(i=12-,p),caledvectoraisdrictlyless
than thevector b, denoted asa<b, obvioudy a<b
must have a<bp,.

Definitions3: efficient solution
Sety e D, ifthereisno xe D for f(x)< f(x),

fi(x)
&

\ / Jflx)
\“w/ Fa(x)

o
Alx)

-

x
Figurela

filx)

| v ‘ /hr‘l
\ \: /A

'y

JAlx)
2\

¥

Z"IJ‘ D)=a"

Figurelb
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Figurelc

X" istheefficient solution of formula(24), also known
asthePareto efficient solution. All efficient solution set
of formula(24)iscalled the efficient solution set, de-
noted asP(f,D), asshowninFigure2 (a).

According tothedefinition of absoluteoptimal so-
lutions, efficient solutionsin generd arenot “optima”,
but we can say that itis“not bad”, so often called ef-
fectivesolutionfor thenoninferior solution, acceptable
solution.

Definitions4: week efficient solution

Sety <D, ifthereisno xe D for f(x)< f(x), X’
istheefficient solution of formula(24), d so known as
the Pareto efficient solution. All thewesk efficient solu-
tion consisting of acollection caled weekly efficient so-

lutionsets, asP, (f, D), asshowninFigure2 (b) shows.
(2) Limitations
In the general multi-objective programming prob-

F 3

P(f.D)

P(f.D)
Figure2a
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P
A I"I rd

5

!\I 5( l f J

— -
P(f.D]
Z'(f.D)
Figure2b

lem, when we build themodd, wewill optimizetarget
level, namely: thetarget according to theimportanceis
turnedinto thefirst order, thesecond order. Inthemuilti-
obj ective programming problem, sometimesin solving
their processwill givedifferent weightsto each target,
but intheactud problem, our optimizationgod islikey
to changeover timeand present adifferent importance,
namely: with the change of time, established amath-
ematical mode for theimportance of the optimization
objectisnotimmutable and frozen. In generd, because
thenetwork trafficisan uncertain value, resultingin our
optimizationwill constantly changefollow the changes
of network traffic, so the above multi-objective pro-
gramming in solving this problem showsamechanicd,
thismechanical decided had theinevitablelimitationsin
some sense.

Design of control parametersg

Accordingtotheaboveanalysis, whenthe number
of network usersislarger, we should | et the capacity
becamethemain optimizationin theobjectivefunction,
thusthe control parameters ¢ should becloseto1in
thiscase. Similarly, when the network number of users
issmall, should | et the energy consumption becomes
themain optimizationinthe objectivefunction, there-
forethe control parameters ¢ should beclosetoOin
this case. Through the number changesof network us-
ersto control thesize, so asto redize the adaptive con-
trol of theobjectivefunction. When thenumber of us-
ersisrdativelylarge, if thetraffic demand of userscon-
tinuetoincrease, thedemand for network capacity will

s BioTechnology
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be greater, but now the network capacity increaseis
not smply alinear increase, becausethistimethe con-
gestionratewill increase very fast, so the control pa-
rameter ¢ isproportional totheincrease of inconsis-
tent withtheactud, so a thistimethe optimization prob-
lem of network capacity will becomethe most impor-
tant solution to the problemsin communications net-
works. When thenumber of usersisrdatively smal, if
thetraffic demand of users continueto decrease, be-
causethenetwork capacity sufficient to meet the needs
of these users, so we need not consider the network
capacity issues, but considering the energy problem,
thistimeclearly, then the energy consumption will de-
crease with thereduction of the number of users, but
the energy consumption of the network. Reduce and
increaseisnot Ssmply linear, so the control parameter
o 1sproportional to theincrease of inconsistent with
the actual, so the energy consumption of the network
optimization problemwill becomethefirst to solvethe
problemsin communicationsnetworks. Whenthenum-
ber of usersisneither too much nor toollittlecase, the
capacity optimization and energy consumptionisnec-
essary, so according to theanalysis, therelationship
function between control parameters ¢ and thenum-
ber of usersN asfollows:

ool

The graph of the control parameters ¢ isshown
asfollows:

(25)

the picture of control coefficient
1 T T T

0.9} J
#
0.8} /o

0Tt / .

|JB L - -

0.5¢ — -
04t ra

control coeffizient

0 2 4 6 g 10 12 14 16 12 20
the number of users

Figure3: Relationship between number of user sand control
coefficient

From the abovefigure, we can seethe control co-
efficentincreaseswiththe number of users, but thecon-
trol coefficient increased isnot linear, because when
thenumber of usersrardly, if the user number continues
to reduce, the network are considered in the optimiza-
tion of energy problem, so thistime control coefficient
drops quickly, so that energy consumption to obtain
rapid optimization. Similarly, when the number of users
islarger, if theuser number continuestoincrease, then
the capacity of the network has becomethe main fac-
tor of restricting network, soweneed to make the con-
trol coefficient fast rise, the network capacity canrapid
optimization.

CONCLUSIONS

With the continuous devel opment of scienceand
technology, aswell asthe continuousevol ution of the
network technol ogy, the network number of param-
etersmore and more, different network need between
theinteroperability, and rapid configuration management
increasing number of base station, the emergence of
these problems, it needsto operators using better net-
work management to reduce the operation and mainte-
nance cost, so as to realize the intelligent network.
Therefore, thelong-term evolution of the 3 GPP has
put forward the new operation and maintenance strat-
egy, namely salf-organizing network.

Through thewirelessmobile network of research
and anaysisto know, inwirelessmobilenetwork field
power control algorithm research has made alot of
achievements. But, thesed gorithmsaredl thesame, it
isthe network of aparameter or severd parametersas
target optimization. Andinfact, different network envi-
ronment restrict network performance parametersisnot
thesame, thisneeds power control technol ogy accord-
ingtothechangeof network state hasthe adaptivefunc-
tion. According to thisproblem, weusedifferent power
control algorithm hasthe same characteristicsand of
thefeadblesol ution of themulti-objective programming
mathematical foundation model, design apower con-
trol model. In the modd, first of all, we to network
state and optimize parameters between objectsfunc-
tionrelation analysisand design, secondly, throughthe
change of network state influence each power control
agorithm of weight. Finally achievethegod function

BioTechnology —
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state changeswith the network adaptive optimization.

Finaly, thesimulation results show that when the

user usage, can optimizethe network capacity, make
itscapacity to maximize; Onthecontrary, when theuser
usesmall, to optimizethe energy consumption, make
itsconsumptionto minimizethe power, soastoredize
the self organization (SON) from thefunction of net-
work optimization.
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