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FEMTOCELL NETWORKS BY PRICING STRATEGY, FAIRNESS AND QOS. ADVISOR: ASSOC.
PROF. WATIT BENJAPOLAKUL, D.Eng., 65 pp.

At present, the demand for user capacity in the cellular network has been increasing
due to having a smart device together with many application programs. The data stream will be
transmitted considerably to the macrocell base station and this affects data speed of user. Thus,
the femtocell base station becomes an alternative for the service provider to help to offload
data from macrocell including to increase capacity and to solve coverage holes for user.
However, the signal interference problem between macrocell and femtocell will occur when
they use the same frequency. This problem can be solved by splitting spectrum between
macrocell and femtocell. Nevertheless, it still faces problem to calculate the optimal spectrum
ratios between macrocell and femtocell including the number of optimal sub-channels for
femtocell. Previous works used fixed spectrum allocation (FSA), which specifies the fixed
spectrum ratio and the fixed number of sub-channels that does not vary according to increased

number of femtocells in the network.

In this thesis, we propose a method to find optimal spectrum ratio between macrocell
and femtocell when the number of femtocells increases in the network including the number of
optimal sub-channels for femtocell and throughput improvement in the network by pricing
strategy for maximum revenue of service provider while considering fairness and QoS for user.
The proposed method gets more total expected capacity in the network than FSA when the
number of femtocells is small, after that the capacity is less than that of FSA. When considering
price of service we found that the proposed method gives cheaper price of femtocell service
than that of macrocell service for all number of femtocells. This is attractive for the service users
to increase their usage. Moreover, the proposed method gives more revenue to service provider
than FSA in all number of femtocells. Finally, we get optimal number of sub-channels to be

applied effective spectrum allocation plan.

Department:  Electrical Engineering Student's Signature

Field of Study: Electrical Engineering Advisor's Signature
Academic Year: 2014
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==
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M = Macrocell use frequency 1(f,)
M, = Macrocell use frequency 2 (f,)
F,, = Femtocell use frequency 1(f,)

F,, = Femtocell use frequency 2 (f,)

2 Ff1
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wankaviulawad lngldnagnssan, AnueRsssy kasAMAINYBIUINIT

3.1 5n15NULEUD

Tuswidenduanlasinisunladgmnisunsnaenvesdyaialulassinsuulas wad
Auuleeas  @eltivatln  Fractional Frequency Reuse iiaiisnuszansaiwlunisld
awnesuliiinuseloviaan uasnanideanisunsnasnuasdaa1aseninegldauuuiugu

A15LISN15INATTAUNASUNILUUBUIALUNATY kazwuuldaiunasusiuny feluns ainsty

[
[V Y]

alnnsusanduaziindymnisuningonvesdygiaseninessaudunulasigadiunule

Wwaang19un aatuludsiazdnaustuazlinisinassaunasunuuusanesugsaslaiiin

[
VY v

Yymnisunsnaenvesdygiuseninessaudusalasiaaanuiulaeag waddidynilunis
dnasvawnasulianrigrunilasiwaanuandgiuulawadludnsidiuiile soudiam
S1urutesdyanges (Sub-channel) dwfuanndsumulneadivinla Jeswunzay Fdly
AT AN NIEsmuesn T dudmunsinassaunasulvandguuslaswadsuan

Fruulagas sudsTutesdygimgeswuunan Tagliidsullasmiudnuiumule

[

wadniudululasstng [9] %@;ﬂﬁu‘%mﬂﬁmmmﬁaLﬂﬂm%’mﬁﬁagjash%?mmiﬁtﬁmﬂiz‘[sﬁuﬂ
geanld esanliannsamerdandudimunzasvesannduimilnead uazuulasivad
annsothluldau Saufdgmlegldnagnslunsdnassaunaduuazsin  [12] ienen
SnraruiimnzauvesaiUnasuiiulnwasuasualaswadaunsathluldauls Feaevili

Anuszlovaantundvassglavesliuinislaseieg nieuiauianelavesglduinig

1 1 o v

DN AU NASUNT D DE19TNAAANAT WALLEIAINIU [12] WIS IUNTIUAIUAANI
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'
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wiswgaans laelulaadsianisdnassduiutesdygngesiininsandniuulawas
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Tugufl 3.3 uay 34

Tumeiiauesmusivssiutusilasead waswulnwadldnsinassaunaduuuy
usaUnmudssui 3.1 Tag W foanmsusionun, W deaiunasudmsuualasiead, W,
Aeaunasudmsuiulagad, 0<a <1 Aesnsidruvesaunnsufiuulasiwadaiuise

Pl way 1-a Aedasiaruvesanasuimulawadaunsatldldeu

(l-a)W =W, aWW =W,

Femtocell Spectrum Macrocell Spectrum

Y

A

W

JUN 3.1 nsdnassanasilulaswisudlaswaduaziiulawad

lngdaszilunsaiineienleswiad kagimvualikuuitassdiaoigiuwilasiwanag

Y

= =

ATINANNTaaIIUIY 1 a0l Fanrelunuisalivesanfigiuiulaswaausenouluiisandl
Frualaaaneun 3.2 Ing R, Aesrilvesaniilgiunilasiead waz R, Aesailvesann

Frululoead
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FoIdYYIUTOINHUIZ AN
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Ysullyaideananlulnssiieso

!

Y
AUFANITINNIU

JUT 3.4 urunwIsidnaue (2)

3.2 N15%19ATIEUVINSETNDdUNASUSEN Il AadNULULASIYAA LAY

YasdgyygasimanzauamsualawaaluIsn1sndausludnginaans
3.2.1 NAENSIIA

Tunddenaveladnisiansannagnslusessatlunmsdnassanasy  elnia
Useleviagalundvassielavedliuinislasedie wieuannudianelavegldusnig

suwdimsldannnsunilegedadinalviaua

3.2.1.1 WntuessaUseleviveslyusnig (Utility function of user)

Aldusmsanansadenlduimsuulasiwadvseuiulawadls mngldusnisiinaiy
Wanela ImEJ@%U‘%mi%LIJ%EJULﬁwmmwmé’mmmmﬁ%LLasﬁw%miﬁéfaﬁiwlﬂ
nanAeglduinsaziienlduulasigad mnflaiduessaysleviveswulasiwaduinninmle
wad viegldusnisagidentdinulawad winfladdusssausslovivesnulawaduinnis

wilAsad Fasnaglenanduassauselevy [12] auaun1si 3.1

U, =7c—p ; U>0 (3.1)

g i=m, f %3 m Ao wilaswas, f As wulawaa
y e Aenuiiesnalavesyldusnisdmiuanuvesdyaunlasu

C,, A9 ANNYRIF Y IvRIwas TS UINLLLATIEAE
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¢, o mnuggesdyyavssazdldnuiilssunmulawad

p,, e Arudmsileluulasiead

p, fia Arudmadleldalaisad
uazglivinmsszdsululiulassadviemulaad meludeulvegsiosiigaiile

U,> 0 tufedlduinisazidninlauselesiainanudesdyaranlasuivsmamnsesdngly

3.2.1.2 Melagegnvesliuinis

seldvesgiiusnisainmisiuimsuilaswaduaziiulawad [12] A

M=p EC )+ pEC,) (3.2)
g M fe Meldvesliuinisannisliuimsuulasieaduaziviulaad
p, Ao Arusnmslleldunlasiwad

p, A9 Ausnsdlsldiulawas

(%
1 Y

E(C,) fie AladuANtesdyaunmunvaansidusnisulasead

E(C,) Ao Aaduanutosdygiaiamuavanisiduinsnalawad

ivuali E(c,),E(c,) Ao eAnaduauqvesdyaavesiduinisuulasivad

s a ' o | v % & a v oa
LL@ZLW%JIG]L‘?J@@ I@EJ C,,C; mmmwm mmwmmaqL,mawﬁﬁm’mml,ﬂuaaizmﬂﬂu HUNTTLLIAN

o v ¥ a

LS UULATTMaImIeNITdmes A uazd, & probability density function (pdf) #ie

lle_l'c' Ci 20

gle; )= 0 e <0 (3.3)

Wefinsandadesingg wu anunveldusnis, nsagdedad (Path loss) way

[ ]

MAsdeeanignu Bellnansenuneniuydosdyanveltenu lngaziianaaeninug

o

o

Yasdaavasliuinmsuilasigaduaziilawad Wessuulidwumlulawad n 63 [12]

o

=

0]
E(cm)=i= Chals (3.4)
Ao P
n(l-a)W
E(cf):izu (3.5)
A rp
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g B, fie UszAnsammsldanasuvedliuinsualasivas (bits/s/Hz)
B, Ao Usgansnmnisldanasuvesldusnisuiulawad (bits/s/Hz)
a fie dnsdmvaamsiinfsaunesuseninanilawadiuiulasiead
W fle awlnasuviavian (Hz)

P AB AUNUILUUYRIE LT
r fe auvnwasnisiianudnaduunlgdludveanulneas

n fie SuanlgIumlulawad

NNENNISA 3.1 1519z laAedsanuresd I unmLnueInsIdusnsuLlasiwas

9
waztnulawadlagg198991naunisn 8 lunuidde [12] wiluaunisnesdanuligndesmianun

v
Va o K % (%

AidedelduTunilulvigneies Faazlarnadsniugdesdyginrimuaveinislidusnisuulas

WaaLaL U IAWARNIANNITN 3.6 WAy 3.7

E(Cm) = j g(Cf ;ﬂf )[ I Cmg(cm;lm)dcm]dcf (36)
U;>0 U, >Uq

E(Cf): I g(Cm;ﬂ’m)[ J. Cfg(cf;ﬂ’f)dcf ]de (37)
U,>0 U;>U,

Inggldusnisazidenldunlasigadiiie U, >U, aelddaulen u, >0 uay
dliusnmisasidenldiviulawadile U, >u,, Melaeulan U, >0
Weunua U, Ailganaunisn 3.1 waza g(c;;4) laanaunisi 3.3 asluaunis

71 3.6 way 3.7 sudsuayle
+00 ; +00
EC)= [ 4™ [ ce™de,Hdc, (3.8)
pily Ct +(Pm—Ps )y
+00 +00 1
EC)= [ 4e™ [ [ cae’de I, (3.9)
pm/}/ Cm+(pf_pm)/7

NUUTIIUTHUS (Integrate) AMNAUNITA 3.8 waz 3.9 WeMIANRGEA1UT

Posdyeruiniaussnsigusnsullassadiaznlawad agle

*(ﬂf pf+ﬂmpm) p 2/1m +/1f
E(C, ) =41.¢e 4 m + >
(lf +ﬂ‘m)}/ /lm (ﬁ“f +/1m)

(3.10)
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—(A¢ Pt +m Pr) pf 2/1f +im
E(Cf) =18 g + 2
(ﬂ‘f +ﬂ‘m)7 ﬂ‘f (ﬂ‘f +ﬂ‘m)

(3.11)

deldradsarugresdugaimunvesnmslivinsualansadiasvlnvadudi
FornTagimammaimngauiowumaduaunsi 3.2 lnefgauszasdiemeld
geaavesflsuinig lasisunuaunisdl 3.10 waz 3.11 adluaunsi 3.2 wdmeyitusees
Susuwils (First order partial derivative) was M igufiu p, uazieuiu p, wa?
Avunandugud Wevdn p, waz p, Ml M Tergsgadsannsaidoulddsannisi
3.12 uag 3.13

—(A¢ ps + m
M e T A A AR QA+AER RhtAdh
op,, A+ A, y*? 74 +4,) y? 7 (¢ +An) A (A¢ +4u) 4,
(3.12)
—(4¢ Pt + 2 Pr)
oM _e " o AP AP _i?pé_(ZﬂmeM?pM(Mf+ﬂm)ﬂm]zo
ooy A+, At A) v A A (A A4
(3.13)

P wiaunMslagnsuendUszneununiaaeaglinsm i au v

Wiglvuinislaseliasan fe

. -B+\BT-4AC,

pm W pm N i 2A1
(3.14)
o —BZ+4/B§—4A2C2
Pi =Ps = 27

1ng

[ 2047 Ay + 2 A2) (AT A+ A3 2320 A+ 225 23)’ |

+[ 277 (A + Ag) Ao (A A+ A3 A3N2A1 Ay + 223 22)’ ]

[ 2 A + 23 2322 A+ 223 23)7 |+

B, = 1[87° (A + A AT Am + AL AN AL A + A3 A )24 Ay = 24, A + Af = A |
+[ 2722 2%+ A (A A + A A2) A, A + 223 A3)’ ]
[ 20222 2 + A AT A3 + 22N @A A+ 225 20)° |

Cy = S+ 27 (A + A Af A + A ARN2AT A = 22 2 + A A0 = A3)’ ]
[ 72 @A A%+ AN @A Ay = 24, Ay + Af = Am)(2A A+ 22223’ |



22

(20024 + A A (A2AL + AN R4 AL + 222 43) ]

+[ 277 (A + 2 A7 (R2AL + AN @A + 203 47) ]

[ 27 (A Af + A0 A)2 2, A0 + 222 47)7 |+

B, = [8° (A + A, )AL + A3AT YA A3 + A3 AN RAA = 22,27 + A= A7) ]
+[ 27 (22,47 + A3 + A0 AD) (22 AL + 22223 ) |

[ 272224 + RNAAT + 432D 2AnAL +22277) ]

C, = S+ 27" (A + A )(R2A! + AADNRANAT = 24,27 + At = 27)’ ]

+ 72 @A AT + A0V @ASA, = 22025 + Ay = A )22 A7 +22227)? |

3.2.2 ANNYRATITULALAUNINYDIUING

dednassainasulagldnagnssaiuad Inausnisinassiiinnugis ssunsou

(%
Y

TAMNINYBIUINT WengnsduraImsiinieanasuseninanulawadiuuilasieady

'
1 I

WA (a*) wasduiutesdgygugesiiuunzan (Subs,) dmsumalawadlulaseae

wlulaaagedeiilaymlu [9]

3.2.2.1 1Y T

e wNnIIUNTIIUINSvReluINT wlaslwulawadlussuuiinandu 131

£ £

FainflafienugRsTIHTesANYod R lIUS N suUlAswaduasalaadlasu oy

ANNYAsTIUALlURvves Jain (Jain’s faimess index) dmsunnaeinnugfossy [14] Ao
(3.15)

108 N fia I1uIugldusnsiavan

X; Al ArAuRTesdygauvesliuInsaaun

'
1o

Fa J(x) e[1/N,1], vx tfumneds J(x)%ﬁmmqﬂﬁ 1/N LLazqqqmﬁ 1

Tien J(x) wihiu 0.8 WuAtnasianugisssuivousuld [11]

WiaisUssendaunsnviinugfsssuved Jain 910 [14] agle
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. ([E(Cm)n + E(Cf )n])2
" 2E(C,)E +E(c,)] 216

g J, fie wnaeiauefsssulielassieidnunuandgnunalawad n aondl

E(C,),fe Atadunnuvesdyaavesltusmsuulaseadidessuuimalagad
n @il
E(c;), fo Atafsnnuydesdyanvesgliuinmsmulawadilossuuiiviulawad

=
n @1y

3.2.2.2 RN INYBIYINIT

lunuddeilnmualiguainueausnis  (QoS) AeARAYAINYYeIFYNIUT
Aluinslasuanmsldusnmswalaswad (E(c,)) wasinalawad (E(c,)) Wneimunli

Aldusniswlulaaddeslasuanadeninugdesdyyruiuinniidldviniswulasieads

[

Wengldaundenlduinismulagaiiannuaaniainagauisaiiuaiutedyyi

A7}

| A v Y a & A g Y] v Y a a Y a
wnnhnlesuanmsldusnisualasiead (1] wasivedunistngedvdlduinisdenlduing
walpwadiiudy dagvihlinisldnululasawneswadgarsiivssaviamundudannanlily
uni 2

'
I =

3.2.3 MsnassalUnasutaztesdygadoslngaud s uulagad

'
1 a

lurAdeilisdnassanaduivevosdyagosinunzandmsumalagagsain
BMINEAIUVBINITN DA UNASUSEU Ll swad nUkLlASwaawmIzal (o) TneLsiny

aunsi 3.10, 3.11, 3.14 Tu 3.2 lagrvuali y =1 S?iaLiﬂ%lé’aumiiwsﬂé’suaat;:ﬂﬁu%mi

[

nmstrvsnsulasaaduaziulawaaluneonves A, A, il

M2 .2 ) Z(pm (2 .2 )E (2 .2 ))+(pf (2.2 )E (4 2 )) (3.17)

(%
1 Y

g E_ A9 Aleduaugdesdygianmunvoinisiduinisulassad

9

E, fio Anaduanuqvesdyaiaivianvesnisiduinmsiulawad
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P A, A, 9naunsi 3.4, 3.5 lnaimuaal o Wu 0.01 s 0.99
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_(1-a®)S

Subg,, = (3.18)

f

g S fAe PuuvssaUnasuiualuszuu (Hz)
S, fio Inuvesanudmiudesdyanndosudasiliuinmanulawad (Hz)

* A LY ! Y = U ! & ¢
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a 3 ° aaa o Yo PN
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4.1.1 NaNSENUVRIUIULTAWARRBINUIUEUNASY

Ratio of alpha

L r L r r r r r L
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The number of femtocell base stations
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U3N15LUN1SINTAN LngAuNIMYBIUINISABAIAINYYasdy MR lEuI N Ty

Y
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3. PFQ, (Price, Fairness and QoS ) nueds losen, AYNEATTTU LAZANINTBY

U3N15LUN1STTAN lngAuNIMYaIUINISABAIAINYYasd MR lguIn sy

Y
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1 1Y 1
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Sub-channel difference between PFQ1 and P

U 3 L 3 L U L U 3
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4.1.2 nansenuvesdnuIuitlagasdenIutosdy s

2.5 .

By pricing, fairness and QoS

— FemtoPFQ

N Maz:roF,FQl
N MacroPFQz

— FemtoPFQl

2

Expected capacity of users
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By pricing, fairness and QoS
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By pricing, fairness and QoS
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By pricing, fairness and QoS
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By pricing, fairness and QoS
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