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PRACHYA CHAMNANKA : EFFICIENT PLACEMENT OF FEMTOCELL
BASE STATIONS FOR 4G-LTE NETWORKS IN MULTI-FLOOR
BUILDINGS. THESIS ADVISOR : ASST. PROY. CHUTIMA PROMMAK,

Ph.D., 166 PP.

FEMTOCELL BASE STATIONS PLACEMENT/ NETWORK OPTIMIZATION/

MOBILE NETWORK IN MULTI-FLOOR BUILDING

Currently, the application of the femtocell technology with 4G-Long Term
Evolution technology is getting more attention because it can increase data rate and 1t
also reduces the operational cost. Femtocell Base Stations (FBS) is a small cellular base
station with a low transmitted power, resulting in small coverage area. FBSs can be
easily installed. The FBS installed locations in a multi-floor building affect the quality
of signal strength in the service area in term of the signal coverage and the user access
data rate requirement. Therefore, the location of the FBS is an important point to
consider in order to find a suitable network infrastructure.

This thesis proposes a binary integer linear programming (BILP) model to solve
optimal placement of FBSs for 4G-LTE networks in multi-floor buildings. The proposed
algorithm considers the quality of services in term of the signal coverage guarantees and
the user access data rate guarantees in the service area. In addition, we considers the
capacity of each FBS in the case of the limited number of users. The proposed
mathematical formulations were solved by IBM ILOG CPLEX Optimization Studio.

The proposed mathematical formulations can design a 4G-LTE network that has
high network performance. In particular the resulting network can achieve 100%

coverage area and can accommodate 100% of users in the service area. Furthermore,




the proposed technique can provide an average of high signal strength quality within the

service area compared to the other femtocell base station planning schemes.
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(n+2)
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MsgrdsamiigulyTamaanisluormsnatesuil Ysznoudreaumsitou lyluns
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uiiaSou lveemilu 3 nau fil
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ngui 19eulvdmivmsivisenuammmanuusedyyialinseunguiui
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o Yo

1. 9ANATOUAUNINANNLTITYYIUANUL j 92A09 AT UTy 1M INdD1TigIu

5]

muTagadedaion 1 aortigiuwlyIaad
Svacs Sja = 1 VieT 42)

2. 9ANAAUAVUNINANNLIITYYIUAIWU j 9z1donTudya I nantigiu

P A a g’; Y 1 g’/
i Taaangnidonaaas ludumiiu

Sja < bq VjeT,Va€EB 4.3)

[

3. MANULIITYYIUIINYANATDUAVUNIWANVLUTIT YR IVUAHUI j ATV YR I91n

g9 q

aniigruluIamad o wdosliarganiunasiniinua
Sja(Pig—Pr)=0 Vj€T,Va€B (4.4)

oA A ] o o v o < Y Aa 99 9 dy Hq Y a
naun 2 Ney ,Z"Uﬁ'"l?/fiilﬂ7551]1]55‘5ﬂu@@757!5?ﬂ75?Wﬂiﬂﬁ"’l]@\?tfj?%’\771!?‘LlW‘lJTI?WII?'ﬂ75

9y o ' . 9 Yo d 9 =)
4, ;jflmmml,mm 1 ﬂgﬁ’fNUlﬂi‘ﬂﬁiyiy']ﬂ!ﬂWﬂﬁﬂTLljpuﬂ/‘lMiﬁlcﬁﬁﬁﬂﬂ']\?uﬂﬂ 1 A4DI1UI U

W Tousag

Yvaeg Uig = 1 VieD (4.5)
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Y o ] . A [ ~ I A a ¥ v
5. Izj'“lsmmmlmm I %ma@nmﬁtyq’nm%1ﬂ’da1ugmthTmﬂnaawgmaaﬂmm‘lﬂum

1Y
Uiqg < b, Vie D,Va€EeB (4.6)
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J [ o ] { o J
6. MANULIITYY UG IFud U i Rsudyarunnamiigriuulawad

o 9

I o

vdeslimgeaniunasinmnua
Uiq(Pig — Py) =0 Vie D,Va € B 4.7)

! { 4 ] o o o A ~ 7
ngui 3 Qoulvdmudedinad unnuguesd 1 aunaoriig iy lamadawiso
[ F4
70951 14
7. Snudlsnaunsarh lsauaatigiuslu Tamaa 18 1wdesdiaiooniuseminy

o ) =~ = ~ s o
mu’;u@flﬁmmmﬂ‘wqwm#mugmwxlﬂmmaaﬁmﬁmmmulﬁj
ZViED Uiq < Ca Ya € B (48)

& Ao Al A a 3 = s
8. Nau"lﬁu1/1‘ifu’1J‘5$ﬂu:nmiLaaﬂm@mamugmlﬂﬂmmaa (ba) ANATDUAUNTINAIY
[ A [ @ =\ 4 o [} 9 = [
LLNﬁﬂjuifgnmta’e]ﬂiuﬁmumUWmmﬂﬁmugjml,%lﬂm%aa (Sja) LLazmtmuwmﬁﬁmmmﬂﬂiu

duyanunaaorfigumlawad (1) douiludulsiszanluuis
k, € {0,1} 4.9)

sia € {0,1} (4.10)

U, € {0,1) “.11)
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4.3.3 WanFuTngiszasnveanan 2
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Wa3'33J5U@\‘]ﬂWﬂ'J'liJLLﬁ\?ﬁﬂ]uﬂlu1m‘Vlulﬂ3‘1J%1ﬂﬁf]'luf§1uﬂ/‘luiﬂleﬁaaﬂgﬂﬂﬂ@l\‘]ubl!a'luﬂ'm'lﬂﬂq@
(Maximum Summation of Received Signal Strength: MSR) Lﬁaﬁlﬁ’”lﬁ’ﬂmmwmmui adyaun

Yo =\ PP Z‘, A 1 zil A A = = []
ulﬂﬁﬂ‘l]'lﬂﬁﬂ'll!ﬂWuW‘hJIﬂlcﬁaaWﬂﬂﬁﬂiulﬂﬁﬂﬂﬂﬂﬂﬁ@Uﬂauwuﬂﬂﬂq@ mmmmmﬂuagﬁlu

Y v

a 4 dy
sUaumsnundiamans laaail
maximize Yyjer Yvaes Sja Pja (4.12)

4.3.4 aumstoulvvearlan 2
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dsznovlddretoulunsnua 3 nquiSouly Tasidou lumu@ernuah 1 aziiudy
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[

Y
aums ldaail

>vaes ba = Nuneps (4.13)
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4.43 3139011y (Constraints)
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mMsaAzRIuEeu lynseduiudesinavesilyriil Yuegnugdunuves
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M 42 eg1uru dunsh 4.2) Huleulvinansdein yanageuamnInAuus Ty 10
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a 0 A
MTNN 4.2 flﬂ‘L!’J“L!NE]‘L!Ul‘U

aumaitouly Sruuitenly
Yvaep Sja = 1 VieT (4.2) J
Sja < bq VjeT,Va€E€B 4.3) JA
Sja(Piq—Pr) =20 Vj€T,Va€eB (4.4) JA
Yvaep Uig = 1 VieD (4.5) 1
Ujq < by Vie D,Va€B (4.6) 1A
Uijg(Pijg —Py) =20 Vi€eD,Va€eB 4.7) 1A
Dviep Uia < Cq Va € B (4.8) A
Yvaes ba = Nynras (4.13) 1
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= Y < g ° o A A

qAUNIIN (4.16) u,ffﬂﬂmwmuﬂuﬁumimmmmmum@u"lﬂmugﬂuummmi
< ' . (J ' ° o
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4.4.4 apdanududouvesdanasiia
o [ [ a { I a
yuavotymidmsusanes nuinigiuuudums TsunsuFadu Towis lu
Y 9 H

NuIeiszaeu ludesudunlsmsdadula (Decision Variables) i1 NA13AUM (Search
Space) 1AL 31UINIOU 1 (Constraints) FIAUAITATAIUIMNONITIUIUNT DVUIAVDIA

1 dy I A A J @ o & =
wiaiuaumsitosndsznovvedanils 4 7uag Javuuvuiavesdynivziinig

4 . 4 4 2 o . o . 4
asuulasmuiu 4 7 uaz J Masu 'l Fedwaudlsmsdadulanazsimiutonly
~ A 2 . ' K 4 9 ~
msvainyulugduunvesaun Wy U (Polynomial) @IUYUIAYBINUNNITAUNT

4 2 B a . < :

inauyu lugiuunvesaunmsons TnumGea (Exponential) Iaga 1115 aiuaNuuanaI

dmSuvinavestyni 1d luasied 4.3 Welimsunumduynuaazeda
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A I J | Swudamlsaagule Size search space snuitely
3 5 5 33 8589934592 74
4 5 5 44 1.75922E+13 95
5 5 5 55 3.60288E+16 116
6 6 5 72 4.72237E+21 150
7 7 5 91 2.47588E+27 188
3 8 10 57 1.44115E+17 130
3 9 10 60 1.15292E+18 137
3 10 10 63 9.22337E+18 144
4 11 10 88 3.09485E+26 194
4 12 10 92 4.95176E+27 203
4 13 10 96 7.92282E+28 212
5 14 10 125 4.25353E+37 270
6 15 10 156 9.13439E+46 332
7 16 10 189 7.84638E+56 398
8 17 10 224 2.69599E+67 468
9 7 15 207 2.05688E+62 428
10 8 15 240 1.76685E+72 494
11| 10 15 286 1.24331E+86 587
12 | 10 15 312 8.3437E+93 638




a '
M1TNN 4.3 mummmﬂmum (919)

76

A I J | Swudamlsaagule Size search space snuitely
13 | 13 15 377 3.0783E+113 770
14 | 13 15 406 1.6526E+122 827
15 | 13 15 435 8.8725E+130 884
16 | 15 15 496 2.0459E+149 1007
17 | 15 15 527 4.3935E+158 1068
18 | 20 15 648 1.168E+195 1314
10 | 10 20 310 2.08592E+93 641
10 | 20 20 410 2.6442E+123 851
13 | 20 20 533 2.8118E+160 1094
15 | 20 20 615 1.3597E+185 1256
13 | 25 20 598 1.0374E+180 1229
15 | 25 20 690 5.1369E+207 1411
13 | 30 20 663 3.8273E+199 1364
15 | 30 20 765 1.9406E+230 1566
17 | 30 20 867 9.8403E+260 1768
17 | 35 20 952 3.8068E+286 1943
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§ Proble 53 W=Variable | % Breakpo| = O [ o: float{BS)[USER]
it 7 Decision variables (3
Solution with objective5 3 - :‘: ‘J
Name Value 2 float Ca=32; B u:dvar
oo Data (11 float NMNFBS=5; 4 Objective: sim v
W
A zz ;392 (=1 Properties &2 :=.«' ¢ y=0
Pm (141233 46451 5296.. 2 Propety  Value
o nbBS » It
wobSTP 648 | 2 '
« nbUSER 140 C— = T — s
Mo (1-78.937-79.676 -80.35... | [£. Problems &) Scripting log - Solutions £ F Conflicts | & Relaxations| ¢,: Enginelogl. Statistics| % Profiler xpi =0
o Bt 02935 \ 0000000
o Pu -80935 10000 00 0000009000000000000
«¥ 5P 1.648 000000000000000000000
¥ USER 1140 0000000000000000000000
@ Decision variables 0000000000000000000000000000000
=) [1000000000000.. _ 0000000000000000)
-ttt moooonannoonononnnnnoonnnnnnnonnnnnan
)
00:11:44:87
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J

Tasaau Yszaoulude 3148 Ao Tuaa lid (*.mod) md1 10d (*.dat) azivadaa 1Wg (*.ops)

£y

2. 111818 2 (Model File Editing Area) ttaradludinveantnarsdmsvlousdeae
Y
FA04

= v Y o 1 Aad g o v =t
e lsunsuiglddesmsmnnummnangavesyniy o Tasmduvaiis

o A 4 a X (Y
mmsulasnanaumsagiamanivesms lsunsusadu il Taseadramanilsznen 'l

(J v A LAY Jd y o
ae  dawilsdaaule Wesdutaglszaed vazaumsitouly uaasdagil 4.9

. " ! Y 1o w9 9 A o
3. M1181a% 3 (Data File Editing Area) tiaadluaiuvesnihandimivileuveyainiludd
' { o a 4 1 dy < o {
wilsmnan dawlslugiveunaing (Matrix) Tﬂﬂﬂsfaylammmmﬂu%’ayammu%’w (Input) #

=

gnisenlFlumsdunnnmdaludinvesuaa v naasdsgili 4.10

! 9

. . .. v Y o ¥
4. iylgLtav 4(SettlngFlleEdltmgArea) Llﬁﬂﬁiuﬁﬂuﬂlflﬁﬂu'lﬁ']Qﬁ']?‘iﬁﬂﬂ'lﬁﬁ\i
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w@ 2.proposal5x5_3.dat 1(@2.proposal5x5_3.ops 1 =08
L R R AR AR R AR AR AR KRR AR AR AR AR AR AR AR AR R o
2 * OPL 12.4 Model ]
3 * Buthor: AS5US
4 * Creation Date: & #.N. 2559 at 23:49:58
5 xxx’xxxxxxxxxxxxx'xxxxx’xxxxx'xxxxx’xxxxx’xxxxx’xxxx}f
6int nbSTE=...; //uwnstp fnndac
7 range STP=1..nbSTP; //waus4STPE lnuduanl Taon dumsnfnveada STP
& int nbUSER=...: J/udp Asnadatc
S range USEE=1..nbUSER; //wmuasDE Tanduanl Tos g dumunfinvesuda DB E

10int nbBS=...; //AwmBS fsnndatc
11 range B5=1..nbES5; / famnesBS Tanduainl Tan 5 dumsninvsadna B3
1z
13
14 S/ *xeempafivsss//
15 float m[BS5] [STE]=...: f/Total power?MB5-5TP
16 float o[BS] [USER]=...; //Total powerdmMBES-DP —
17 flopat Pt=-92.9348; J/8ignal threshold of TP
18 flopat Pu=-80.9348; J/8ignal threshold of DP
13 float Ca=32; J/Max Capacity of DP
20 f/float NMNFES=5; J/nunber B5 from phase 1
21
22 [/ wxxfadinfular v ==/ 7
Z23dvar int b[B5] in 0..1; //B[BS]=1 uiﬂBSm”'l!mmﬁjqnﬁmm"ﬁ
24 dvar int s[B5][STF] in 0..1; //a[BS] [TP]=1 if STPfinh is assigned to BSHj
25 dvar int u[B5] [USER] in 0..1; J//x[BS] [TP]=1 if DPflg is assigned to BS#j
2a
27
28 f/****Cbjective function*#**=//
2minimize
30 sum{a in BES)b[a]; //minimize number of installed BS
31 -
< Al [ 2w o= | r
= . ..
gﬂ‘ﬂ 4.9 Model File Editing Area
=
2.proposal5x5_3.mod (@WW%K@ 2.proposaldx5_3.ops \I |
1J,-"xxxxxxxxxxxxxxxxkkxxxxx'kxkkkkkkx’xxk*kkxxxkkk* -~
2 * OPL 12.4 Data El
3 * Author: ASUS
4 * Creation Date: & #.A. 2559 at 23:49:58
5 x:-(xx:-(xx:-(x:-(:-(x#xt;{l’kl’l’l’l’kt#x’x#x’x#x’x#x’x#x’x#x’x#x’x’f
& nbB5=392; // nmumber of candidate BS
7T nbUSER=140;_  // number of Demand point
2 nbhSTP=648; // number of Te=st point
g
10 //Total Power B5-5TE
1im =[
12 [ —-41.235278443 -46.45146024 —-52.98020%8a —-56.T81T5913 —55.43586847
13 [ —-51.71503379 —-43.9560584a7 —-43.59560584a7 —-51.71503379 —55.9718%957
14 [ —-5&6.78175913 —-52.98020%a -46.45146024 -41.232T78443 —-50.25104107
15[ —-59.99079732 -57.5237T972 -54.0914%624 -48.52480917 —-39.7410%9&82¢6
16 [ —67.33554866 —-65.51269158 -63.20832158 —-60.08094295 —55.25104107
17 [ —-69.18231445 —-&87.T7374928 -66.00523369 —-63.54349218 —-60.9718957
18 [ -70.70544673 -69.50898707 -68.1217423%9 -66.47152724 —64.43586847
13 [ -72.00141886 -70.98053568 -69.82385585 -68.48978317 —-66.9142114
20 [ -78.12917642 -77.238%96812 -76.2471%866 -75.12774194 —-73.84292202
21 [ -79.12736l68 -T78.33818891 =-77.4T020423 -T&.50593545 —75.42138337
22 [ —-80.02287573 -79.31395161 -T78.54229642 -77.69545354 -T8.75720272
23 [ -80.8343383 -80.15118404 -79.4%9662161 -T8.7417T2363 =77.91501777
24 [ -81.5766436 -80.98795744 -80.3564882 -T9.68T7553285 —-78.93668011
25 [ -82.26051072 -81.717T78962 -81.13890878 -80.518T0769 —79.85083673
2a [ —-51.71503379 -52.53612211 —-55.23434758 -57.865584834 —-60.0575002%9
27 [ —-54.52652668 -52.04139747 —-52.04139747 —-54.52652668 —57.24833146
28 [ —-D7.86584E834 -55.2343475¢8 -D2.538l2z21l —-51.71503379 —D3.821E82894
23 [ —-60.54239314 —-58.45453037 —-55.92529241 —-53.14586449 —51.6005584
30 [ —-67.6654T482 —-66.00523369 —-64.0151385 -6l.60218399 —58.82182894
310 —-69.40077455 -68.03824343 -66.44756214 —-64.54885275 —-62.24833146 -
™

51/7 4.10 Data File Editing Area
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2.proposalixd_3.mod

Type parameter description filter

[T 2.proposals:S_3.dat

{2t General

&t Conflicts

{&t Emphasis

{c} Feasopt

{o} Preprocessing

{c} Read

&t Tune

4 [ Simplex

{2} General
{2} Limits
{2} Tolerances

{2} General
{o} Strategy
{2} Limits
{2} Tolerances
{o} Cuts
{2} Solution pool
{2} Solution polishing
4 (= Barrier
{2} General
{2} Limits
4 = Metwork
{2} General
{2} Tolerances
4 [= Sifting

4 | 1

4 [= Mathematical pregramming

4 = Mixed Integer Programming

-

m

) 2.proposalsxs_3.ops 0

Mathematical programming / General

Advanced start switch
Computation time reperting

Algarithm for continuous problems

Algaorithm for continuous gquadratic
optimization

Global default thread count

Glebal time limit

Directory for werking files

Memaory available for working sterage
Parallel rmode switch

Selution target

’Standard advanced start

’Wall clock time

’Autom atic

’Autom atic

0

1.0E75

128.0

|Aut0matic

|Aut0matic
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- A 4 a 9 A o [ ] 4
AT NN 4.4 ﬂﬁLL‘IJEN’mJﬂ1iﬂﬂmﬁ?ﬁﬂﬁﬂl@ﬂﬂﬁiﬂiuﬂﬁm%ﬂLﬁuﬂfUuﬁﬁWﬂﬁU’mqﬂigﬁﬂﬂ

MNFBS Wlugtuuufdalulsunsy IBM ILOG CPLEX Optimization Studio

]
o o

aumsadiaenaas | aidaluTsunsy ILOG OPL IDE

aulsaaduly Decision Variable

b, dvar int b[BS] in 0..1;

Sja dvar int s[BS][STP] in 0..1;
Ui dvar int u[BS][USER] in 0..1;

Jo o J
WanduIngiszaen | Objective function

aunsé4.1) Minimize sum(a in BS)b[a];

ﬁ;au”léu subject to {

aunN1s(4.2) ctl: forall (j in STP) sum(a in BS)s[a][j] >=1;

aun1s(4.3) ct2: forall (j in STP) forall (a in BS) s[a][j]<=b[a];
aunNs4.4) ct3: forall (j in STP) forall (a in BS) s[a][j]*(m[a][j]-Pt)>=0;
auN15(4.5) ct4: forall (i in USER) sum(a in BS) u[a][i] >=1;

auN15(4.6) ct5: forall (i in USER) forall (a in BS) u[a][i]<=bl[a];
auni1s4.7) ct6: forall (a in BS) forall (i in USER) u[a][i]*(o[a][i]-Pu)>=0;

aunN13(4.8) ct7: forall(a in BS) sum(i in USER) u[a][i] <= Ca;
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- A 4 a 9 A o [ [ 4
M1 1NN 4.5 ﬂﬁ!lfﬂﬁﬂ’e’mﬂ13ﬂﬂlﬂﬁ?ﬁﬂiﬂl@ﬂﬂﬁi‘ﬂiuﬂﬁm%ﬂLﬁuVl‘ULlﬁﬁﬂ”iiU’)@]Q‘lJi%ﬁ\iﬂ

MR HugdnuusidsluTisunsy IBM ILOG CPLEX Optimization Studio

]
o o

aumsadiaenaas | aidaluTsunsy ILOG OPL IDE

aulsaaduly Decision Variable

b, dvar int b[BS] in 0..1;

Sja dvar int s[BS][STP] in 0..1;
Ui dvar int u[BS][USER] in 0..1;

Jo o J
WanduIngiszaen | Objective function

aunN15(4.12) Maximize sum (j in STP,a in BS) s[a][j]*m[a][j];

ﬁ;au”léu subject to {

aunN1s(4.2) ctl: forall (j in STP) sum(a in BS)s[a][j] >=1;

aun1s(4.3) ct2: forall (j in STP) forall (a in BS) s[a][j]<=b[a];
aunNs4.4) ct3: forall (j in STP) forall (a in BS) s[a][j]*(m[a][j]-Pt)>=0;
auN15(4.5) ct4: forall (i in USER) sum(a in BS) u[a][i] >=1;

auN15(4.6) ct5: forall (i in USER) forall (a in BS) u[a][i]<=bl[a];
auni1s4.7) ct6: forall (a in BS) forall (i in USER) u[a][i]*(o[a][i]-Pu)>=0;
aunN13(4.8) ct7: forall(a in BS) sum(i in USER) u[a][i] <= Ca;

auNI(4.13) ct8: sum(a in BS)b[a] == N, \spss
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Abstract

In this paper, we propose frequency allocation for femtocell or
small basc station using intcger lincar programming to solve this
problem. In the experiment, we allocated the frequency for femtocell in
office and building, when interference occurs between cells. Hence we
have frequency planning with frequency reuse method in order to
conserve frequency resources, save cost and maximize bandwidth
utilization. As a result, the proposed techniques can minimize the

number of frequencies allocated to the femtocell effectively.

Keywords: Femtocell Networks, Frequency Allocation Techniques,

Integer Lincar Programming
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Abstract

Tn this paper, we propose a performance analysis of femtocell base
stations (FBS) placement for 4G-Long Term Evolution (4G-LTE)
networks in multi-floor buildings. In the experiment. we studied
parameters required for placement of femtocell base stations and
evaluated different network structures of femtocell base station
placement in which the number and the location of base stations were
different. We analyzed the quality of signal strength with in the service
arcas to evaluate the network performance in term of the signal coverage
and the user access dala rate requirement. The results show that different
network structures, i.e. different number of femtocell base stations and
their installed locations. affect the quality of the signal coverage and the

capacity to accommodate users at the required data rate.

Keywords: [emtocell networks, base station placement, 4G-LTE
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ABSTRACT

In this paper, we propose an efficient placement of
femtocell base stations (FBSs) for 4G-Long Term
Evolution (4G-LTE) network in multi-floor building
using integer linear programming (ILP). To solve this FBS
placement problem, we define a mathematical model
considering the quality of services in term of the signal
coverage guarantees and the user access data rate
guarantees in the service area. In addition, our model
considers the capacity of each FBS in the case of user’s
number limitation. In our experiment, the problem
formulation is divided into two phases. The first phase
aims to determine the minimum number of FBSs to be
installed in the multi-floor building. Then, the distribution
of installed FBSs is observed. Using the optimal number
of FBSs defined in the first phase, the second phase aims
to determine the optimal locations for FBSs placement
under the same conditions as the first phase for improving
users” received signal strength in the service area. The
experimental results show that our proposed technique can
effectively minimize the number of installed FBSs and
optimize their placement location. Our proposed
technique can achieve 100% service coverage throughout
the service area.

KEYWORDS: Base Station Placement, 4G-LTE,
Femtocell Networks, Integer Linear Programming

1.INTRODUCTION

In recent decades, mobile cellular communication
becomes a part of human life. The 4G-Long Term
Evolution (4G-LTE) is the modern technology which
serves mobile cellular communication to users. Its
advantages in terms of high-speed data rate and
high-efficiency wireless connection can reduce many
limitations of existing mobile technologies and effectively
support the modern lifestyle of users. The usage of
AG-LTE is rapidly increasing especially in the indoor area.
In the crowded buildings (e.g. enterprise buildings and
shopping malls), the usage of mobile phones is very high
which require high traffic from the network. The network

operators have to design some solutions to support this
enormous requirement. So, femtocell base station (FBS)
is one from many options which can increase system
capacity and data rates for the indoor 4G-LTE network
(Kojima, et al. (2014)).

Currently, FBSs are popularly used and highly
increase every year (Nagashree, et al. (2013)). The
application of the FBS with 4G-LTE technology is getting
more attention because it can increase data rate and it also
reduces the operational cost. Femtocell technology is a
small cellular base station using low power transmitter
whose signal coverage in service areas is not too wide
(30-50 meter). Its operating frequency is determined by
National ~ Broadcasting and  Telecommunication
Commission (NBTC). The femtocell connects to the
carrier's core network via broadband (such as DSL or
cable) and can support up to 32 terminals. FBSs can be
easily installed. Their installation is uncomplicated
compared to other small cells. They are usually installed
in office buildings, indoor location or other service areas
which have low signal coverage (Baseshankar & Khapre
(2012)).

Many existing works studied on optimal placement
of FBS in both single-floor and multi-floor buildings
based on integer linear programming (ILP) (Sathya, et al.
(2014), Sathya, et al. (2015), Tahalani, et al. (2014),
Ramamurthy, et al. (2015)). They considered the quality
of signal strength to cover service area and the quality of
signal fo interference plus noise ratio (SINR) in the service
areas. However, these existing research works have not
yet considered user access data rate requirement
guarantees and its capacity in case of users” number
belonged to one FBS.

In this paper, we develop an optimization model for
FBS placement in a multi-floor building based on integer
linear programming. To cover several perspectives of this
FBS placement problem, we consider the quality of signal
strength in the service areas in term of the signal coverage
and the user access data rate requirement. Moreover,
the capacity of users” number belonged to each FBS is also
considered.
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The rest of the paper is organized as followed.
Section 2 presents related works. Section 3 provides the
problem definition and describes the problem formulation.
Section 4 presents numerical results and discussion which
focus on the efficiency in terms of signal strength quality
from the proposed network planning models. Finally,
Section 5 concludes the paper.

2. RELATED WOEK

Several research works devoted to the study of FBS
placement inside the building. Their design problems
based on Integer linear programming. (Sathya, et al.
(2014)) The authors considered FBS networks planning in
multi-floor building and interested in the quality of signal
to interference plus noise ratio (SINR) within the service
area. The work in (Sathya, et al. (2015)) interested in the
joint placement and power control of FBS. This research
work adjusted the optimal transmission power of each
FBS within the service area. (Sathya, et al. (2014),
Sathya, et al. (2015)) proposed an Integer Programming
formulation for the base station placement problem which
deployed to the femtocell networks under the quality of
SINR guarantee. However, they did not consider the
capacity of number users belong to each FBS. In
(Tahalani, et al. (2014)), it proposed mathematical models
for counting the number of walls and floors in the building
which was the main idea in this FBS network design
problem. (Ramamurthy, et al. (2015)) Considered SINR
between femtocell and macrocell (outdoor base station)
and focused on reducing uplink transmit power while
guaranteed SINR threshold. Advantages of (Tahalani,
et al. (2014), Ramamurthy, et al. (2015)) are the quality
of signal coverage guarantee and quality of SINR
guarantee within the service area. However, these research
works do not consider user access data rate requirement
guarantee.

In this paper, we propose a novel femtocell network
design approach. The proposed technique aims to solve
the FBS placement problem for the 4G-LTE networks that
can guarantee -the network signal coverage and the
physical bit rate to the target users. Furthermore, this
technique guarantees a number of users which FBS can

support.

3.METHODOLOGY

We proposed Integer Linear Programming (ILP)
model to solve optimal placement of FBSs for 4G-LTE
networks in multi-floor buildings. This work is divided
into two phases. The first phase aims to determine the
minimum number of FBS to be installed in the target
service area.

We considered the quality of signal strength in the
service area in term of the signal coverage and the user
access data rate requirement. In addition, the capacity of
FBS was considered. In the second phase, we aimed to
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determine optimal FBS placement in multi-floor building
using the minimum number of FBSs from the first phase’s
solution.

3.1 Problem Formulation

Phase one: Minimize the number of FBS

In the networks design model, we need to explore the
minimum number of FBS to be installed in building.
Table 1 defines notation used in our mathematical
formulation. The proposed optimization formulation
consists of the objective function, see Eq. (1) and
constraints, see Eq. (2) - Eq. (11). Therefore, the objective
of the first phase is minimizing the total number installed
FBSs. This can be written as the objective function, see

Eq. ().

minimize Yyqep b, (1)

Table 1 Notation

Sets:

B A set of candidate sites to install FBSs

D A set of signal test points (STPs)

i A set of User (Users)

Decision variables:

b, | Abinary {0, 1} variable that equals 1 if the
FBS is installed at site a, a€B; () otherwise
Sia | Abinary {0, 1} variable that equals 1 if the
STP j is assigned to BS a, jED and a€B;

0 otherwise

o | Abinary {0, 1} variable that equals 1 if the
User i is assigned to BS a, i€T and «€B;

0 otherwise

Constraint parameters:

Pj, | The signal strength that a STP j receives from
FBS a, jED and ¢€B

Pi, | The signal strength that a user i receives from
FBS a, i€T and a€B

Pr | The received signal strength threshold for STPs
Py | The received signal strength threshold for users
C. | Maximum capacity of FBS
None | Sufficient number of FBSs

Equational conditions can be divided into three group
of constraints, denoted Group 1, Group 2 and Group 3.
Group | consists of constraints that ensure the signal
coverage in the service area, see Eq. (2) - Eq. (4). Group 2
consists of constraints that ensure the user access data rate
requirement in the service area, see Eq. (5) - Eq. (7).
Moreover, Group 3 consists of constraint that guarantees
the capacity of FBS, see Eq. (8).




162

Constraints:

Group 1: Signal coverage
ZVaEB Sju 21 .Vj €T (2)
Sia S by VjeT,Ya€eB (3)

Sia(Pe—Pr) 20 L,VjET,Va€B (4)

Equation (2) ensures that each STP connect to at least
one FBS. Equation (3) specifies that STPs j can connect to
FBS a if an FBS a is installed. Equation (4) ensure that the
signal strength received at STP j from FBS @ must be
greater than the threshold Py.

Group 2: User access data rate requirement guarantees
Yvaeplia 2 1 VieD )
Ujg < by Yi€D,YaeB (6)
Ujg(Pg = Py) 20 ,VieD,Va€B (7)

Equation (5) ensures that each user connect to at least
one FBS. Equation (6) specifies that users i can connect to
FBS a if an FBS a is installed. Equation (7) ensure that the
signal strength received at user i from FBS a must be
greater than the threshold Py

Group 3: Capacity of FBS guarantees
TviepWia < Gy Va€B (8)

Equation (8) guarantees that number of users can
connected to FBS must lower than or equal to maximum
capacity of FBS.

ko € {01} ©)
$qj E{0,1} (10)
Uy €{0,1} (11)

Finally, whereas the bounds on the binary decision
variable are given in Equation (9) - (11).

Phase two: Maximize the level of the received signal
strength

The goal of this phase is to find optimal placement of
FBS. So, the objective of the second phase is to maximize
the summation of the signal strength received at all STPs
from all FBS to be installed. This can be written as the
objective function, see Eq. (12).

maximize ZvjeT Yvaen Sja P[a (12)

Constraints:

The development of mathematical equations to
achieve the desired objectives function consists of three
group of constraints same as the phase one (Constraint
(2) - (11)). Moreover, the additional condition defined the
number of FBS which can be installed in the building must
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not over than minimized number of FBS from phase one.
This can be written as (13).

Yvaesba < None (13)

4. EXPERIMENTS SETUP

In this section, we first explain the numerical study
and parameters used in a numerical experiment. Path loss
model used in this work will be discussed Section 4.2.
Section 4.3 show results of experimental results and
analysis.

4.1 Description

In the experiment of optimal FBS placement, we have
simulated in a two-story building of 7S mx 7S mx 3 m
dimension. Each floor has the same wall structure as
depicted in Figure 1. The number of candidate site to
install FBS is 392 (grid size of 5 m x 5 m) as depicted by
the blue hollow triangle symbol in Figure 1. There are total
648 STPs, with 324 STPs on each floor (grid size of
4 m x 4 m) as depicted by the plus sign symbol and total
users 140 USERs, with 70 USERs distribution density of
users on each floor as depicted by the green filled circle
symbol in Figure 1. Table 2 shows parameters used in the
numerical studies. Table 3 shows the relationship between
modulation, physical access rate and received signal
strength to define of modulation techniques for achieving
a certain physical access rate (Thiagarajah, et al. (2013)).
Thus, access data rate and signal coverage can be defined
refer to Table 3.

P BN TS RO S S ) B
ala 2 & ld 4 &4 &4 A o 2
Flr oo o+ o+ bt 2|+
A ¢ L’
F -‘\-g+i‘% 28 +“"+ T Eat
L] k) L B ) L]
41 ~0+ &[4 B +A+ & & o+
* o 00
Blmcatat|s porarts g oot
+1+ - +l+ + + + F o+ =
T N B R S A
— +Hl+ T Al ]+
E 218 1Al R +A'+“+ 3 N
8 sl Brals wrar o o fios
o L]
g Alda SRt A1 4 tot 4F X ‘Q*
i P I T T T I o
= A 6 A hedb A A A A4
(] %+t 4 4 e ]
.
CRECSL S Tor e FUR  BF BT
PN S VY 4
LR J . :
1y + i i ®at s .
eio iy tat-a-4 B dat st L gty
+ o+ - + o+ 4+ + 4 =]+
A A Hebere b Aeb A A A A 3
FT4 +H W+ H #[+ +1 4
e L]
L 4 +°’-"+ e ol A BN
0 ! )
0 10 20 30 40 50 60 70

Distance (m)
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Table 2 Parameters Used in Numerical Experiments

Parameters Value

Transmitted Power 5dBm

Height of FBSs 2m

Height of STPs 0.8 m

Height of USERs 0.8 m

Building dimension 75mx75m
x3m

wall loss 5dB

Frequency 2.6 GHz

Bandwidth 20 MHz

Total Users 140 User

capacity of FBSs 32 User/ FBS

Data rate requirement for STPs 25.20 Mbps

(Powertec Telecommunications Pty

(2014))

Data rate requirement for USERs 75.60 Mbps

(Powertec Telecommunications Pty

(2014))

Table 3 Receiver Sensitivity Threshold
for Physical Bit Rate Requirement

index | Modulation | Physical Receiver
techniques | Data rate sensitivity

(Mbps) threshold

LTE (dBm)
(20MHz)

1 QPSK 1/8 4.20 -103.535

2 QPSK 1/4 8.40 -100.135

3 QPSK 172 16.80 -96.4348
4 QPSK 3/4 25.20 -92.9348

5 16 QAM 1/8 33.60 -90.5348

6 | 16QAM 34 50.40 -86.2348

7 |64QAM 2/3 67.20 -83.1348

8 |64QAM3/4 75.60 -80.9348

4.2 Path loss model

The planned network is intended to provide the
service more efficiently. Received signal strength from the
FBS is one of the key parameters indicative of the
performance of network services. Therefore, the purpose
of using the path loss model is calculate attenuation of the
signal. This work using path loss model by 3GPP standard
(The 3rd Generation Partnership Project) (Vardhan, et al.
(2014)), which is expressed by Eq. (14).

PL = 40.7412+20l0g 1 R)+0.7d> intoor+ 18, 32/ +1)-0:46)
+qLiv (14)
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Where n denotes number of building floor. R is
distance between STPs and FBSs. dagingoor is wall
thickness (0.18 m). n is number of floors. L, is wall loss
and ¢ is number of wall between FBS and STP.

4.3 Results and Analysis

Our experiment is divided into two phases, as
mentioned in Section 3. The objective function of the first
phase is defining an optimal number of installed FBSs to
sufficiently serve overall study area. Subsequently, this
optimal FBSs number is used as the constraint to develop
a new objective function in the second phase for finding
the optimal placement of FBSs.

We input the set of FBS candidate sites and other
parameters to our mathematical model and solved by IBM
ILOG CPLEX Optimization Studio V12.4 solver. Then,
we use MATLAB for analyzing and presenting
experimental results, for easier understand.
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The results of phase | illustrate that FBSs are placed
near each other. As a result, some of STPs are far from
a group of FBS. Although the faraway STPs receive
enough receive signal Strength, the received signal is
weaker than STPs placed near FBS. Phase 2 developed the
mathematical equation for the optimal placement of FBSs.
It can ensure the quality of the received signal strength to
cover most of the services area.

Figure 2 shows the selected positions to install FBS
site in building as depicted by the red filled triangle
symbol. Results of phase 2 are obtained from CPLEX
optimization solver. There are two FBS sites installed on
the 1* floor and three FBS sites installed on the 2 floor.
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Fig 3. Signal coverage of service areas

Figure 3 shows maximum received signal strength of
STPs each floor. It presents an overview of signal cover in
the service area. The mean of received signal strength of
STPs for 1" floor and 2™ floor are -63.27 dBm and
-61.03 dBm respectively. The signal strength result can
achieve 100% service coverage throughout the service
area.

Figure 4 illustrates the comparison between phase 1
and phase 2 in terms of the cumulative distribution
function (CDF) of maximum received signal strength at
STPs. The result shows that received signal strength of
STPs from phase 2 (-62.15 dBm) better than phase |
(-65.22 dBm) because installed FBSs are more distributed.
In contrast, installed FBS of phase I are placed in cluster
form which leads poor signal quality in some area and
makes the high variance of the received signal strength.
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Fig 4. CDF of signal strength of phase 1 and phase 2.

5. CONCLUSION

This paper presented a novel mathematical model for
optimal FBSs placement of 4G-LTE network in
a multi-floor building. We simulated two-floor building
for being our study area. The optimization problem was
formulated using Integer Linear Programming and
calculated by ILOG CPLEX Program. From numerical
results, our proposed mathematical model can minimize
the number of FBSs and optimize locations of installed
FBSs effectively. The proposed techniques can be
effectively applied for placing 4G-LTE FBSs on the real
network topology. The 4G-LTE network planner only
selects suitable parameters considering  structural
characteristics of each building and density of users inside
the building. Our future works will consider other material
wall loss parameters of the indoor environment. We aim
to improve FBS placement in multi-floor building by
effectively finding more optimal locations of FBSs.
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