MINIWHUNINENIAaUINGTHS LIRS0

o’d'd 3’;
wilasaaaamealueimsviaayu

HINA1INBNT ﬁ?ﬂ/‘n‘l:i

a a o’t: I3 J d! = [y a LY a
IegniinusuuaiunilsvesmsanmnmurangaslsyanIainssumansumuma
MUV IAINTININIANUAN
unMIngnamnaluladgsns

Umsdnm 2561



RADIO RESOURCE PLANNING FOR 4G FEMTOCELL

NETWORKS IN MULTI-FLOOR BUILDINGS

Kotchakorn Phimphahu

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Telecommunication Engineering
Suranaree University of Technology

Academic Year 2018



msnaEunIneasnauIngmmimnienemiulawaaaamelueimsnaieiy

wInndumaTuTadgsuis oydaliiy

umangasUSyaunniuga

QQH.JD_—

(7, a3.0uA wiuf)

soaniniuadednmanazwannnuilumnn

' A

o

1 d
Snuriinutatuiiilud umnilaveansanm

a - o
AMULATIUNTADUINYTIUNUD

(WA, 35.9017 HADNTIN)

Usesmunisums

(37, ATHUATINGNT @MI3eNQ)

ot a a P
N53UMT (019170715 NE1INUTTNUT)

(@5.010 1wNLTE)

NTTUNTI

v ol

3 -
(37, 3.0, A3.nuADT Tillszemmi)

- - - o
AauAdNInINIInTIumand



N¥NT AR : MINaEUnIwensatuingdmiuaionioml Tamadainwlu
v

917151 A0%U (RADIO RESOURCE PLANNING FOR 4G FEMTOCELL

NETWORKS IN MULTI-FLOOR BUILDINGS) 010158M/3nu1 : 5047319138

Ja o
ATUUANNON gmisana, 118 i

cl oo v o 4 v & 4 E1 v = y &

H991UANUABINITBATUTITBYA NIHUNINYY HAZANVANNABINITAILIVID
A uly = ao - X oA v ¥ P P

1A30910v0 1FUFMsneluemsiisuaummnniuedaeiios aAniuma luTadaduean

- ; ° - s

0 (4G-Long Term Evolution :4G-LTE)5»11\?’\’1‘!11?1116?791113WHLNnTﬂlﬂvﬂﬂ (Femtocell Base

= v a :/ y ' 4 o o U )
Station : FBS) 11 naananolummamessuddamluGeavesdnsiialunmisiudadoya

4 4o - - g e o
lla:wuﬂﬁfym]mﬂiﬂuﬂq“ TﬂUﬁﬂ’]uﬁ’]ulﬂuTﬂl“ﬂaﬂ’lﬂuﬂﬂ'luﬂ1U1Ju]ﬂlaﬂ UNINITINN

=

& 4 a P \ w g “ < ¢ a
asounquivui lupInavmnaida et lanmuamitigumy Tasaaiuldym luisesves
o ' & o
FyauunInaeAsEN NUYad (Inter-Cell Interference : ICT) Fuilunmuanamitigunula
9 ¥ o d‘l a ~ o
1ad 19 weInsnauIngiReINY
v ¢k .

AniuImoinusdsahiEuemalams NuUNSNINsATUINYd M TuATov oy

et z < s s a &
Taaaaimolusimsnaroyy 1aeldisn1s TsunsmFadulunisuddymn ¥l
o ¢ 4 ° [ q a i
AnUszaaiion19 U UABNYBIMIWEINGAALINY (Radio Resource Block : RRB) NN
a o 9 Y o ' a < oA v o o '
fganvzannsndaass Idnuuaazaoiigiumulaad Taolitou lvlunsiulsenum
PATIAIUAYYIUAD AYYIUUNTNAOAUINTYYIMTUNIU (Signal to Interference plus Noise
Ratio : SINR) tazm3 sl sgdupummanuussdaana ldasengquituiInuims

Yy g a Ay Yo > v A 4
nnwamsnaassiraalfifiuiunaiaf Ifinaueawisasesfudldauluiun
a a o < & a S o o @ 1 e ' o " e
Tu3nsaaiiu 100 WediFud dnnidiaansnivsenumsnsiaiudyyiunedyy i
o A 4 a A 1 ae

unsareauIndyanasunu e lguluiun¥iusng uazaunsompaideanse

(throughput) vosaraiig vl Tamad ldgagana 86 nledidud

a a .
aMvIIT ArN3 53 INTANUIAY NYUDTOUNANHYT Zﬂ«

: . /Z,
=t L]
Unsdinui 2561 aviodoonstifinm P




KOTCHAKORN PHIMPHAHU : RADIO RESOURCE PLANNING FOR
4G FEMTOCELL NETWORKS IN MULTI-FLOOR BUILDINGS. THESIS
ADVISOR : ASSOC. PROF. MONTHIPPA UTHANSAKUL, Ph.D.,

118 PP.

4G-LTE FEMTOCELL NETWORK/RADIO RESOURCE ASSIGNMENT/
FREQUENCY ALLOCATION/INTER-CELL INTERFERENCE/LINEAR

PROGRAMMING

So far, the requirement of mobile data rate and ubiquitous network access for
indoor environment has been increasing continuously. In order to satisfy the mentioned
requirements, a 4G Long Term Evolution (LTE) offers Femtocell Base Stations (FBSs)
which can improve not only indoor coverage but also the speed of data transmission.
The FBS is a low-power home base station, which covers a small area. However, one
of major challenges is an increase in Inter-Cell Interference (ICI) caused by the
neighboring FBSs which share the same radio resources.

This research proposes a Linear Programming (LP) model to solve radio
resource planning problem for 4G femtocell networks in multi-floor buildings. The
objeetive of this research work is to maximize the number of Radio Resource Blocks
(RRBs) assigned.to each FBS. Moreover, the proposed.technique can guarantee the
quality of services in terms of Signal to Interference plus Noise Ratio (SINR) and signal
coverage.

The experimental results illustrate that the proposed technique can achieve

100% service coverage throughout the service area. Furthermore, the proposed



technique can guarantee the quality of services in terms of the SINR and can improve

maximum downlink throughput at FBS up to 86.11%.
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ae aulsaaauly Menduiaguszasn uazaumsiouly uaasaagy 3.5
.- ! Y 1o v 9 A g
3. uN8LaY 3 (data file editing area) uﬁﬂﬂumwumwmmqmmuﬂaumauﬁawnJu

@ 1 { o a 4 v A I o

ualsanai aaulslugiveuuasnd (matrix) Taedoyamariivzdludoyanisiiudi (inpur)

=

ngnisen1FlumsiuannddaludinvesTuaa Ivd naasdsgili 3.6

G

Y
4. U181 Y 4 (setting file editing area)LLﬁﬂQiUﬁ]Hm@QWﬁW@WQﬁWWﬁUﬂ1§¢N
1 a g d‘ Y o o d’dd‘ 1
AWI3 IR TA19 9 ved Tsunsumelslumsmuramaasunangaveadayni 151 n3
& ! 1 o o %} . . g‘.& 1
1NALIAT (time) AIATHUIYAITINIT (memory) ITUIUNITIUG (iteration) BAZNITAIA
Y af . Aq v o o [ A
9ano3 5y (algorithm) N1FluMsmIvmImAeeY uaaeasgili 3.7
5. ¥u1018% 5 (outline view) uaad ludauvosninasdiudzdInoge (outline) Y03
s s 2 s A ! ' ' a P '
Tuea'Ind ard IWduazisanavd e lidisaemsauniazasnaouAIMIs w03 I
A9 9 Vo9 AT
. 1 Y ° A o U
6. IN8LAY 6 (solution log area) HarAd luaINVDIHTIA9MAD UM 1U5unTuA U 14

18 o { { . . { f
ilufineuNdfiga (optimal solution) ¥odtari1sm ldsnaasdymannluszvanenis

° °
ATUIUNINTINDU

[ fah3.mod 53 | [T] fah3.dat (5 fahdmed (O] fahd.dat = 8
R e —————

Author: User

7 range BS=1..nbBS;

8 dint nbsTP=...;

9 range STP=L..nbSTP;
8

11 J]exesgpieses g
2 float Pr[STP][BS]=...; / /dsdnnraiSTP h #ldnnBS i

13

14 J/*E* asiadadt <+

15 dvar int y[STP][ES] in @..1: //aikinlicBS i #crRB k
6

17 //****0bjectivegfunetion****//

18< maximize

19 sum(h in&TP) sum(i in BS) Pr[h][i]*y[h][i];
28

21 J/****Constrains®* =/ /

222 subject to

23

24 ctel:

25 forall (h in 5STP) sum(i in BS) y[h][i] == 1;

26 ctel:

forall (h in 5TP) forall (i in 85) y[h][1]*(Pr[h][i]+115.45)>=8;

g‘]J‘ﬁ 3.5 model file editing area
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3 1n3.7 setting file editing area

[E fah3.mod [T] fah3.dat &% (G fah3.ops =
1
2 * OPL 12.7.0.8@ Data
3 * Author: User
4 * Creation Date: 29 & 2568 at 18:11:16
5 !
6 nbB5=15; // number of BS
7 nbSTP=287; // number of Signal test point
8Pr=[ [ -74.33639261 -94.87327426 -75.83541658 -138.7362282 -121.373@282 -77.88177654 -83.26883442 -t
9 [ -63.98366878 -183.8964471 -8@.32730441 -144.5452914 -115.798@8689 -76.96934829 -84.81984762 -85.1:
1@ [ -69.98@835795 -128.354674 -78.11388833 -158.6180814 -113.7322569 -77.88969@14 -84.8551419 -85.27861486
11 [ -52.83526364 -93.42929971 -79.8197133 -138.8008462 -93.77241573 -73.74839897 -81.85@91672 -83.83631¢
1z [ -78.21329712 -121.823215 -78.99579677 -145.9182231 -123.2486917 -73.49396659 -82.86913145 -83.81281:
13 [ -61.76297849 -111.4848837 -81.57644708 -155.1749642 -187.6818569 -75.32796172 -83.92984852 -84.81
14 [ -54.86416261 -97.14388597 -72.1479455 -137.4348933 838@1213 -69.68657695 -8@.3123757 -82.3@727735
15 [ -47.46287193 -183.8942999 -66.8836376 -148.7195349 7724999 -p9.@38B876L -81.78827229 -82.27382566
16 [ -58.917988@81 -188.2891998 -88.89386776 -152.3111872 -114.5718931 -72.9547152 -83.84134732 -82.566081
17 [ -58.88287193 -95.49799927 -72.61969679 -142.89114 .88431168 -69.83e88761 -78.74856795 -8@.46781%
18 [ -53.86691994 -183,3455832 -7@8.19646593 -121.6747617 -185.5117496 -68.25638821 -8@.851788481 -8@.41
19 [ -63.84638117 -167.4236376 -78.3335695 -127.1488939 -186.8518599 -72.65778691 -82.27382566 -8@.85791¢
2e [ -59.487988@1 -88.77733454 -62.52680249 -189. 8894861 -9@.34282329 -72.9547152 -77.42317753 -78.17499¢
21 [ -61.47638117 -8@.18333672 -64.88277867 -112.3313034 -lel.55@1285 -72.6577@691 -79.88959844 -78.8¢
22 [ -69.48281116 -87.49357152 -76.1974781 -96.71822459 -187.5318965 -74.79828883 -81.73842611 -78.81567¢
23 [ -183. 28388089 -43.223189 -67.4655832 -182.12224 -74.4F36376 -31.8383445 -67.51977256 -88.61738481 -82.28221:
24 [ -181.4825779 -46.85420499 -65.49790927 -183.3428458 -74.5179455 -79,36@875392 -63.4225422 -78.74856795
25 [ -75.57779629 -59.33563291 -73.98368521 -184.4981933 -85.49845944 -77.78136891 -73.28622996 -76.7%
26 [ -63.94479793 -63.49291526 -66.91546398 -86.18820824 -94.36327426 -76.4388@842 -76.87724726 -75.1¢
27 [ -68.88186859 -74.55198931 -64.34725397 -95.42177251 -95. 13644786 -76.35885222 -79.58288713 -75.81
28 [ -77.62585612 -81.98356266 -81.82@883325 -184. 8858772 -93.35457398 -77.48268346 -81.54421488 -76.38
2a [ -184.3719948 -58.70164648 -66.62333672 -95.6348763 -72.56646593 -82.16581514 -78.85478542 -79.88959¢
38 I -78.989488@3 -51.36213713 -64.83733454 -77.79488723 -72.61969679 -8@.9399837 -71.29786234 -77.423173
< >
1
ﬂd 5 -
JUMN 3.6 data file editing area
[E fah3.mod (3 fah3.dat (g fah3.0ps 33 =
Type parameter description filter
PR £ M tical progr ing / General
4 [= Mathematical programming ~
Advanced start switch Standard advanced start W
{2} Conflicts -
{2} Emphasis Computation time reporting Wall clock time ~
{2} Feasopt | X "
. Algorithm for centinuous problems Automatic W
{2} Preprocessing
{5 Read Algorithm for continuous quadratic optimization Automatic ~
{2} Tune
4 (= Simplex Global default thread count 0
o} General
= e Global time limit 1.0E75
{2} Limits
{5 Toelerances Deterministic time limit 1.0E75
4 [= Mixed Integer Programming i \
{3 General Directery for working files Browse...
{2} Strategy
& Limits Memeory available for working storage 2048.0
{2} Tolerances | o W
& Cuts Parallel mode switch Automatic o w
{g} Solution pool o . - B
. iy Optimality target & Automatic w
{2} Solution polishing - ___ g
4 (& Barrier Solution Type Automatic w
12} General h - n Wy
{2} Limits Linearization of binary variables for QPs ’—Auiomatic W
4 (= Network v
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<

Md9u091151n51 IBM ILOG CPLEX Optimization Studio 1tta@ad1ua1519% 3.1 tag

1 L a @ a <
Glu@niwﬁ 3.2 uulﬂuﬂ'ﬁllﬂ’ddﬁﬂﬂ']iﬂﬂ!ﬂﬁ']ﬁﬂiﬂlf]dﬂ1iiﬂiLlﬂiill“lf\fllﬁg()uslﬁ)ﬂa1ﬂlﬂuﬂ1‘]zl']

9 [

4‘ o d‘dd‘ 7 dl a A ] =)
511@\1I‘]JillﬂﬁJlWﬂﬁWﬂ"l@'l’f)‘]JVIﬂ‘VlfjﬂﬁWﬁi‘]Jﬂ"IS’JNLLN“IJ‘VISWfﬂﬂiﬂﬁuﬁﬂq1umiﬂﬂ]1ﬂﬁ01u;§1u
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4 g/} A A a A Y a A ] =
y Taraanmelueimsvatesu matulszansamms ldusmsveunsovisaniigiumy
Tawrad w91lsznev lMediulszneuamaiu e dutsdaduls Tedtuinguszasd uag

A
aumsouly

~ a 4 Aa 9) ) [ [ P <
M13199 3.1 Mamasaunsadiaenaasveams lsunsuraaudmiviaglssasan 11l

supueaaluTisunsy IBM ILOG CPLEX optimization studio

aumsagiagans | maalulisunsy ILOG OPL IDE

alsanaula decision variable

Vhi dvar int y[STP][BS] in 0..1;

Y 4
WanFUInQUszaan | objective function

aun1s (3.1) maximize sum (hiin STP) sum (i in BS) Pr[h][i] * y[h][i];

ﬁﬁ]ullﬁu subject to {

aun1s (3.2) ctl: forall (h in STP) sum (i in BS) y[h][i] == 1;

aun1s (3.3) ct2: forall (h in STP) forall (i in BS) y[h][i] * (Pr[h][i] — Prt) >= 0;
}

A a J a Y ) [ I <
AT NN 3.2 ﬂ’]i!tﬂaﬁﬁﬂﬂ’]iﬂm@]ﬁ’lﬁ@ﬁﬂ]@ﬂﬂ’lijﬂillﬂilllélf\uﬁua’lﬂiﬂﬂﬁ'@ﬂigﬁ\iﬂﬂ 2 nJu

suuvuddalulasunsy IBM ILOG CPLEX optimization studio

aumsagaaans | miaelulilsunsy ILOG OPL IDE

anlsanauls decision variable
aif dvar int a[BS][RB] in 0.:1;
xﬁc dvar int x[STP][BS][RB] in 0..1;

Jo  w J . . .
Wanduingiszaed | objective function

aun1s (3.4) maximize sum (i in BS) sum (k in RB) a[i][k];
ou'lv subject to {
aun1s (3.5) ctl: forall (i in BS) sum (k in RB) a[i][k] >= 1;

aun1s (3.6) ct2: forall (i in BS) sum (k in RB) a[i][k] <= Ngg;
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- a 4 a 9 o [ A I
M3 1NN 3.2 ﬂ'lﬁ!!f]JﬁNﬁuﬂTﬁﬂﬂ!ﬂﬁWﬁﬂﬁﬂl@\‘]ﬂ151ﬂ3llﬂﬁulﬂf%ﬁuﬁTﬁﬁ‘U'JﬂQ‘]Jﬁ%ﬁQﬂﬂ 213)u

sUuuvmdaluTasunsy IBM ILOG CPLEX optimization studio (#9)

aumsngiagans | maalulisunsy ILOG OPL IDE

auns (3.7) ct3: forall (h in STP) sum (i in BS) sum (k in RB) x[h][i][k] >= 1;

ct4: forall (h in STP) forall (i in BS) forall (k in RB) x[h][i][k] <=
aun1s (3.8)

ylh][il;

ct5: forall (h in STP) forall (i in BS) forall (k in RB) x[h][i][k] <=
qun13 (3.9)

ali][k];

ct6: forall (h in STP) forall (i in BS) forall (k in RB) (Inf * (1-
aun1s (3.10) x[h][i][k])) + (alil[k] * (10~(Pr[h][i][k]/10))) >= (SINR* N * B) +

(SINR* sum (j in BS: j !=1) a[jl[k] * (10~(Pr[h][j][k]/10)));

}

35 aglmeun

a 9

dy dy Ja =3 [ d’ [ A ]
womluunitldnnsandwlymimsnuruninensaauingdrmiunieviomly In
St g’/ A A a A Y a A A ] =
aaa 9018 11U 1ATHAEFY DN TEANTAINMT IHUTNITAMTTOAITUDUAT DU IBADI
4 YA 3 1 a o
gy Taraanielueinsldaosiu Tagldnantawuina msmmuatlyminis Tusunsy
a =3 g’/ Aas a I a ¢ A o
Faudu annaasmantasms TdsunsuFadudluaumsatiamans o llszuranania
s gy A g L\, A dad
Aou RS Taaidonlelisunsn IBM ILOG CPLEX optimization studio iN@HIA A0 UNANGA
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4.1.1 9anUUUNMINAAdN
dy Y o c&’ A o ) v R
Tﬂﬂglumicwﬂamu”lﬂﬂwmimaaﬂuwuwmmimmu 2 gﬂllﬁﬂﬂﬁﬂﬂu KN
H = 9 A 1 @ @ :&I A ¥
ne 2015l laseadenieluuese1msnuana1eny 1A UAINUNDIAITNAADING 2
[ ! % o 1 a o { 1 @
gﬂLLUULLﬁﬂQﬂigﬂﬁ 4.1u10% 4.2 GTN°'l]Zﬂ'n’i1!ﬂﬂ']W']5']11mE]511'1ﬂ']ﬁﬂﬂﬂ@\iﬁll@]ﬂ@nﬂﬂu@]'mﬂ3'13J
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é’ A A < g 1 Y a

NUNOIMITNABBIN 1 1Jue1A15YUIA 2 FU Tﬂﬂiuggﬂax%uuﬂawm
N3 75 WA AW 75 1WA ARG 3 RS Feanuz Taseds nvesimeiinnuuanaig

o 1 2 o [ J a G Y Y o =
ﬂu“lmmawu ’L’f?‘ﬁﬁllﬂTWﬁﬁJmfﬂi‘Vﬂ“HiuﬂWiﬂﬂa’EN°1J§Sﬂﬁl‘Uﬂ’Jﬂ mmuﬁmugmlmﬂm
sda & = o = & A A o = Y A 2
L“Bﬁﬁ‘l’l@]ﬂ@]\iﬂ?ﬂil&’ﬂ?ﬂﬁlﬁnuﬂu 13 A4DIUFIU Iﬂﬂﬂﬂ!'ﬂ 1 UTUAU 7 ADIUTTIU UASTUN 2 U
o = A o T A g’/ =1 s ~ = =\
UIU 6 ADIUITU Tﬂmm1memﬂmmmamugmmTmmaauaﬂﬂumsww 4.1 g3da01U

Ia A 4 = v o . ~
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qﬁjﬂ“ﬂ 43 W’lﬁ’lllm’E]ﬁff’n’iTUﬂ’]ﬁﬂﬂa@ﬁiuwuﬂﬂ'lﬂ'ﬁﬂ@a@\iﬂ 1
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andigruvlularad F X (1R19) y (|1019) z (1NN3)
1 1 7.5 37.5 2
2 1 18 12.5 2
3 1 20 67.5 2
4 1 37.5 37.5 2
5 1 47.5 12.5 2
6 1 55 67.5 2
7 1 67.5 37.5 2
8 2 7.5 37.5 5
9 2 18 12.5 5
10 2 18 67.5 5
11 2 57 125 5
12 2 57 67.5 5
13 2 67.5 37.5 5

< ' A 7q AL A =
A15199 4.2 MmN lslumsnaassluiiunernisnaasei 1

MN0S

m
o o 1t = d
masavesantig iy Tacrad 5 dBm
szianegoime HUDUNTARYRIATOUNANN
= 4
Anugavesang vy Tarsad 2 193
ANGIVBIYANATOUANULITITY QI 0.8 14A7
ANudYoId YN 2.6 GHz
AU Ve Ire Iy 15 MHz
o < @
TUIUVAONVDINTWEINT 75

o = J
uaaiguTasaa

13 a1t

E v
FUMIUTUMT M TUANATR UT Y™

DUIUYANATOUANINUIIT YY1 392 99
dynusuniuanuiou -174 dBm/Hz
MamsidyIeTusd i uganage IS -115.45 dBm
Aoy

AMOANTINAYYIUADTYYIUUNINFOAVINTYYIN | 6 dB
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o o 1 Aas 1 [

MINN 4.3 ANVAURUTIZHINITNMIVOYIAALAZAIBATIAIUTYR BT YA UUNTNADA

¥
A

UINTYIHTUNIUVUA
o - MenNTINTY IR T Y IMUNINABAVIN
aeun IEmaneqian v 1o
! FUaNIUNIUIUMNAITIATY (dB)

1 QPSK 1/8 -6

2 QPSK 1/ -4

3 QPSK 1/4 2.1

4 QPSK 1/3 0

5 QPSK 1/2 2.1

6 QPSK 2/3 3.8

7 QPSK 4/5 6

8 16QAM 1/2 7.8

9 16QAM 2/3 9.9
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amiigruvlalaerag %u X (1NA13) y (11619) z (INA3)
1 1 18 48 2
2 1 30 32 2
3 1 40 48 2
4 1 475 12 2
5 1 55 32 2
6 2 18 48 5
7 2 30 32 5
8 2 40 48 5
9 2 475 12 5
10 2 55 32 5
11 3 18 48 8
12 3 30 32 8
13 3 40 48 8
14 3 47.5 12 8
15 3 55 32 8
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Maximum downlink throughput = Number of resource block x number of sub-carrier with one
resource block x number of symbols with a sub-frame x [1 - (RS- overhead + PDCCH

overhead)] *modulation symbols efficiency x MIMO xnumber of sub-frame in one second

x coding rate (4.1)
Taeh 1 resource block = 12 sub-carriers
1 sub-frame = 14 symbols
RS overhead =2/21
PDCCH overhead =1/21

QPSK = 2 bits, 16QAM = 4 bits, 64QAM = 6 bits



68
@ ] o s { )
TagenddedramsmuisnnaniigiuvlyTagadan 1 7 lasuiuau
<] 1w <] [ o 1 Ao Ja A
VABNVOITDIUFIUMINY 71 VADNVDINTHYINT ANTOMUINANITIAINITOAIUAINNGY

[ H Y
ngalannaumsh 4.1) lagail

Maximum downlink throughput = 71x12x14x[1- (2/21+1/21)]x6x2x1000x1

=122.69 Mbps

Cumulative probability
© o o o o o o o
N w E-Y ()] (] -~ [e=] [{s] —
T T T T T T T T

<
o
T

i i
-75 -70 -65 -60 -55 -50 -45
Received power (dBm)

&
(=)

' v
[ (4

Jd o 1 o A v A
317 4.6 nsnllandunisuanussazauvesmanusidygimn lasunganaaeudygulu

¥ H [
ﬁu‘ﬂﬁﬂﬂﬁﬂﬂﬁ@ﬁﬂ 1

'
=

Jd v 1 o o A
iﬂﬂﬂiﬁ/\lﬁ\‘iﬂ"]ﬂ!ﬂTiLLi]ﬂLL%\‘i’ﬁ%ﬁllﬂlﬂﬂﬂ1ﬂ31ﬂlliﬁﬁﬂluﬂ11mﬂhl@s]}iﬂﬂi]

[ &' ~ ~ o A @ Y [ @ A
nagovdyaa lununemsneasai 1 Llﬁﬂﬁﬂﬂgﬂﬂ 4.6 ﬁ)%f,’NLﬂ@]nlﬂ?ﬂﬂ”lﬂﬂmtiﬂﬁﬂ]uﬂ]ﬂmﬂ

g 9

>

Yo A [ y = 1o 1 A 1 =
"lﬂi‘1JTli]ﬂ‘1/]ﬂﬁﬂﬂﬁmﬂl"lmﬂﬂﬁuﬂﬂﬂ"lllmmﬂ’n -79 dBm TagdnuInn -115.45 dBm U

1 P 3’, 9 Y I 1 Aaw dy [ o [ j’
ﬂ"llﬂmcﬂ‘l/l@]ﬂllﬁ !,LﬁmGl‘wmu’JNmaﬁ]ﬂummiai‘uﬂizﬂuﬂmﬂ1WﬁﬂJuﬂJu1mﬂiauﬂqﬂqum

D.

< 4

THusmsaadlu 100 Wodidue



69

0.9+

0.7+

0.6

0.4+

Cumulative probability

0.3+

0.2F

i 1 1 1 | 1 1
05 10 15 20 25 30 35 40 45

Average Downlink SINR (dB)

{ Jd o 1w 1 o 1 o
jjﬂﬁ 4.7 f‘liTV\'VQ\fQﬂGIf‘Llﬂ?ﬁlli]ﬂL!,iNﬁzﬁum@iﬂ1@@51ﬁ3uﬁtyty1mG]?Jﬁﬂlilﬂmll,ﬂiﬂﬁﬂﬂﬂlf]

o o
¥ v
= =

o da o A A o A
ﬁmmﬂmiﬂﬂﬁu@TJuaQﬂ!ﬂﬁfJﬁfgﬂ‘VIﬂﬁ'@°Uﬂ’JHJLLi\‘lﬁ'iUumu1m1uwuﬂ®1ﬂ1iﬂﬂa@\1ﬂ 1

o o T [
i]'lﬂﬂﬁTV‘Iﬁ\‘iﬂ"]fuﬂ'li!,!,i]ﬂlli]\ilﬁgﬁﬂellaﬂﬂ'l@@]i'lﬁ'JUﬁﬂluﬂlu'lmﬁﬂ

@ o da & A A o o
mﬂﬁﬂ!uﬂiﬂﬁﬂﬂﬂ’mﬁiyiy?miUﬂ’)u@W’Jua\‘lﬂmaﬁlﬂﬂﬂﬂﬂﬁﬂﬂﬂ’ﬂhLli\‘lﬁ'ﬂ]umﬂm Llﬁﬂ\iﬂ\‘igﬂ

J

o LY v o 1 o o Ia
4.7 Fﬂgﬁ\uﬂﬁhlﬁjﬂ']ﬂ'lﬂﬁi'lﬁﬂu VUVUADFA YV IUUNTNADAUINAYYIUITUNIUANIUAINDY

=).

U [

a 1o 1 A a = o A A @ v 1w ' o
um"lmnmw 6 dB Lummmmmﬂuuﬁumm@u”lw’mmﬁaiuﬂﬁzﬂumammmﬁﬂgmm

g

e

[

v v X Hdq 9 a v A aw
edyaaunsnaeauIndyanasunIuvesdlgneluiunliuinsle Taenluauitedl

ha

[ J

k4 v T
MvuanIeaTaIudy ey IUININEeALINdyaaI UNIUTUA 139 6 dB d Sy

o = g’; A A [} I ~ Y 3 1 d I 4

YANATDUNNINLUITIT YY1 NNUNDNITUIANNUT UN 0.3 LLﬁﬂ\ﬂT‘iL‘l’TU’ﬂ 70 o5 iU
9. ]

ﬂl@ﬁﬂ?ﬂ@]i?ﬁﬂuﬁiyﬂﬂmﬂ@ﬁmmﬂﬂuﬂliﬂﬁ@ﬂﬂﬁﬂﬁﬂgﬂﬁmﬁﬂﬂ’Ju‘ﬂﬂWllﬂﬁﬂTuhlﬁ”lﬂ’ﬂ 10 dB

9

=\

=< [ 9 dy Al A I~ 9
FIAWNTDTOITUMTNOAAAUUY 16QAM 2/3; Iel Lpnanildiofinsanainnsvlaziiuland
AUNAGVDIAIDATIAIUTYAIUADAYYIUUNINADAVINTYYIVUTUNIMMNNY 14.80 dB LAz
AT eUVUNIATFIUVIABATIEIUT YA IUADTYYIUUNTNADAUINT Y IUTUNIU
N 6.82 dB
1 d v 1 Ao da ¢ A A
AN IINFUMTLANUAIAZ AVVOIANITIAINITOATIUAINM AN

@ [

A A a 3 A ¥y g3
@@wﬂﬁaummmmmmm Llﬁﬂ\‘lﬂﬂgﬂﬂ 4.8 Tﬂﬂmawmimmmuuﬂuw 04 Llﬁﬂﬂﬁlﬁlﬁu’ﬂ

99

I I 4 1 Ao g a T o ' dy <3 Y1 A
60 Lﬂ@il“ﬁuﬁ"UﬂQﬂTJﬁﬂﬁ1Mﬁﬂﬂ\1WiJﬂiJﬂ1ul,3JG]1ﬂ’J1 4 bps/Hz u’é)ﬂ*ﬂ1ﬂui]1ﬂﬂi1‘|/\|i]$muhlﬂ’ﬂh

AUNAYVDIAITIAINITONINY 5.01 bps/Hz Hazla UTeuuuUNINT §IUYDIAIToAINIT0



v
=1

70

Y H [
MR 2.20 bps/Hz Tasagimalsedniamveunaiiai ldinaus luiuieinisnaansi 1

HAAIAIAITIN 4.10

iy

Cumulative probability
o o o o o
~ o N ©

o
w
T

o
Ny
T

0 1 1 1

i i
2 4 5} 8 10 12
Average Downlink Throughput (bps/Hz)

14

{ J v 1 Ao da ¢ A A
qﬁjﬂﬁ 4.8 ﬂi'I‘V\Iﬁ\?ﬂslﬁﬂlﬂ'liLH]f‘ILLFﬂ\‘lﬁgﬁll‘U'ﬂ\iﬂ13ﬁﬂﬁ1h'ﬁﬂﬂ'ﬂﬂﬁ\?ﬂlﬂﬁﬂﬂi}ﬂﬂﬂﬁ'ﬂﬂﬂ’ﬂﬂuﬁﬂ

¥ T [
dyanaluiuionminanodd 1

=

d' a A a 1 Y o dy d‘ d‘
AT NN 4.10 ﬁgﬂwaﬂiza‘wﬁmwmmmﬂuw"lmuuauacluwummmimaam 1

szansn

m
mssulsziuiiunaseunqudyaia 100 %
M3sulaznumondIudyyIaAod yYIUUNINTBAVIN
3 100 %
Ay Uy
ANRTOUDIAIOAINAINAYAUTUAD T YIBVLNT N TAUIN
y < | 14.80 dB
AYIVUIVNIUAIUAINNIANATOUA NN ITYQYI9)
AMTBAVUNINTFIUVDINOAIIEIUT YU T Y IULNT N

[ Ja  Ja @ 682 dB
A0AUINAYYIVUIUNIUANMIUAINNIANATOUANUUIIT YY)
1 { 1 Ao a A
A1MAYYDIAIITIAINITOAIIUAINNIANATO VAT
. 5.01 bps/Hz
Ay
J { 1 Ao A A
drudleuuuuaguueInideauisoaiannganadow

2.20 bps/Hz

ANUUIITYYIDL




71

TaglumsmuiumoandiudyyiaaedyIuunInaeauINa Yy Y19l

o

da o Ao P o o o
FUNIUATNIUDIN uazmmﬂmmmmaumﬂﬁﬂqwﬂﬁaummmmmmmuu AIWITDATUIU

Tadaaumsn (4.2) uag (4.3)

SINN=—> (4.2)
N,B+ I

Tagfi S e doyanadiiorsan
| fo dyguunsndon
N, fio dyanusuniunnuion
B

A Ja 4
A9 LUUAIAN (bandwidth)
C
throughput = 1= log,(1+ SINR) 4.3)

Tagh  C flo ANWYTOIdYR IV (capacity)

A Ia 4
B A9 LUUAIAN

A A =
4.1.3.2 WHNUBIIAITNAADIN 2

k4 H H '
ﬁ?ﬂiﬂﬁﬂﬂﬂ?ﬂ?iﬂﬂﬁﬂﬂﬂ 2HanIsnaaoInoziiulseiiuna

7

1 Ao Ia { g
Usznoudle AddeamisaaniainngengavesaniigiuvyTawaduaazaoriigiu Tag

I 1

1% A < Y1 = Ao da o A A
naraeasglin 4.9 nngisgmnlananitigrumly Tamadniaideaninaiiaingeiga fo

=<

=1 P Yo o <3 o A . Y ~ 4
ﬁﬂ?uﬂ’lulﬂlﬂﬁL"“]fﬁaﬂllﬂﬁﬂﬂ']u'JuUﬁ@ﬂﬂl@\i‘ﬂﬁWfl'lﬂﬁll']ﬂ‘Vlﬁﬂ "“]Nllﬂ!,!ﬂﬁﬂ']uiluwhljﬁl%'ﬁﬁ

Q

N 4 uaz 11 Tagliauniny 127.87 Mbps

Jw ' @ AN Yo A
%TﬂﬂSTWﬁQﬂ%uﬂ"ﬁuﬂﬂlﬁNﬁ%ﬁllﬂl@\iﬂTﬂ’JTiJLLi\iﬁﬂJuﬂﬁmVI“lﬂi‘]Jﬂﬁ]ﬂ

2 &l { { U { U 1 1 L
nadoudyyiulununeinsnaase 2 udanagl 4.10 vzdunalanmanuussdygin

A Yo ~ [ g’z a1 1o 1 a0 1 = I
‘Vl]lﬂ umﬂmaauatgig”lmmwmum"lumﬂm -76 dBm IﬂﬂﬂJﬂUﬂﬂﬂ’ﬂ -115.45 dBm B3y
F

e & y &

1 oA < 1 aw o (%
ﬂ"llﬂil!“l/]‘ﬁﬁﬂllf,]) LLﬁﬂQiﬁJLWHQTQT‘H’Jﬁ]ﬂuﬁﬂﬂﬁﬂi 1J5$ﬂuﬂﬂ!ﬂTWﬁﬂJuiUuﬁuﬂiﬂﬂﬂQNWHﬂ

D.

4

THusmsaadlu 100 Wosidue



72

~ ~
130 Q °
< ~ < < < ~ < < <
P — o~ i i - o i i —
Q < — < — — — < < < < — — —
= N N S 3 F N
:: 125 — — — — — —
>
o
=
o
>
e
e
= 120
X
=
E
o 115
)
e
>
E
X 110
= 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Femtocell Base Station (FBS)
A Ao P A 1 =1 4
g‘ﬂﬂ 4.9 ﬂT’Jﬁﬂ?ﬂilﬁﬂ@ﬂ’)uﬁQﬂ‘VlgN°I/IZ:fﬂslli’]\iLL@]ﬁ%ﬁﬂTuﬁTulWNIm“ﬁﬁﬁ
X A .
Tununemsnaasdi 2
;
0.9 4
0.85 .
0.7 .
2
§o6r .
o
o
® 0.5 -
2
204r 4
3
0.3F .
0.2t .
01f 4
% 75 70 85 60 5 50 a5 ~40
Received power (dBm)
dl d o 1 1Y d' Yo d‘ [
31U 4.10 nswllsnFumsmanuasaz auvesmnunsIdgyaan 1dsuhganaaeudya

£ 4 a
Tununemsnaanen 2



73

d @ 1w U [
10T 1IN NIAFUNITUINUINTETUVDIANOATITIUT VU IUAD

D]

@ @ da ¢ A A o o
ﬁmmﬂﬂ!uﬂﬁﬂﬁﬂﬂﬂﬂﬂﬁﬂgﬂ]ﬂﬂ!ﬁ‘Uﬂ'Juﬂ'I'JuaQﬂlﬂaﬂﬁﬁﬂ‘ﬂﬂﬁﬂ‘ﬂﬂQWNL!ﬁﬂﬁﬂJQJUT'CL! !Lﬁ'ﬂ\iﬂ\‘lgﬂ

1 o o

{ 2 Y ' [ a J
W 4.11 wzduna ldnardandudyaudedyaauningeauindyanasuniualasn

£4
A v AA

1 6 dB 1ipdnnNuIsentauns@eu lvnasasulseduaensiaiu

= o
azhA1 lid1na

g9

o "o Y ] X dq 9 a Y =
dygrusedyanaunsnaeauindyausuniuvesd1gnelununlduing1d Tashly

Y "
(% v C4 o

Muameadudyanuaedy g aunsnaeauIndyanusuniuiud 139 6 dB

2]

o

9

o o (3 1Y § -~ 1 < { Y 1

ﬁmiﬂi]m/lﬂﬁmm’nmwﬂ’diyqﬂm aﬂ'ﬂ\uﬁﬂwflﬂiﬂﬂﬂ'ﬂl]””ﬁ]%!ﬂ”'ﬁ 0.3 LLﬁﬂ\jiW!WU?W 70
J 3 14 Y ' @ 1 v o 2 ' 1o

Lﬂ@imuﬁﬂlmmﬂmm’mﬁiyﬂJUWmeﬁﬂJutlJﬂml,miﬂﬁa@‘]J’Jﬂﬁilgﬂjﬂﬂ!iﬂmumwu@ﬁﬂﬂum

v Yy
N1719dB ‘?ﬁ?ﬂlﬂiﬂi@\ﬁ“UﬂWill@@lmml‘U‘U 16QAM 2/3 115]} u@ﬂﬂWﬂulﬁ@WﬂTimﬁ]WﬂﬂiW\li]$

[ 1

< Y1 oA ~ 1w ' @ T o [
mu‘l@’JmﬂWmafJﬂJEJQﬂmGlSWﬁ’mﬁiyimmﬂaﬁiyf,lJumlLmSﬂﬁﬂﬂﬂ’;ﬂﬁmumu1m51Jﬂ’Jum1ﬂu

(2

11.82 dB 1tag NaIUIL eI UNINTFIUVDIAIDAT @ IUTYY 1M d Y IUUNINTDAUIN

g g

Ty s UNIWNINY 3.92 dB

0.9r

0.8

0.5

Cumulative probability

0.1r

1
5 10 15 20 25
Average Downlink SINR (dB)

{ o 1w 1 @ 1 (%
Eﬂﬁ 4.11 ﬂiﬁ/\lﬁﬁﬂ%uﬂ”ﬁlﬁ]ﬂlﬁ]ﬂﬁgﬁuﬂl@Qﬂ1@@]51@'31&5@@1&!@@ﬁiymy’]ﬂlllﬂﬁﬂﬁ@ﬂﬂ?ﬂ

U ) d’ { 1 U j‘ { 1
dyanasunuaniasimasiganageuanuusidyanaluiiuiieinsmaaesi 2

1 v Ao da o A A
ﬁ')uﬂi’]wﬁﬂﬂﬂf‘l.lﬂ']illﬂﬂll%\?ﬁ%ﬁll"lJ’f]\iﬂ']')ﬁﬂﬁ']ﬂ'liﬂﬂ'nuﬂ\?ﬂlﬂﬁﬂ“l/l

o [V ~ A A T3 ~ Y3
ﬂqﬂﬂﬂﬁ@ﬂﬂ?TN!LiﬂﬁﬂJﬂlﬁﬂm Llﬁﬂ\‘]ﬂ\igﬂ‘ﬂ 4.12 Tmlmawaﬁmmamuuﬂum 0.5 !Lﬁﬂ\?ﬁlﬂl‘ﬁu
' sd 2 " aw [ ATyt 2 < Y
7150 HJ’f]il“]ﬂ!ﬁ"ll'ENFI'I'Jﬁ'flﬁ'lll'liﬂﬂ\?ﬂllﬂllﬂ'lulllﬁ'lﬂﬂ'l 4 bps/Hz uf]ﬂﬂ’lﬂuﬂ’]ﬂﬂﬁ’lﬂﬂglﬁuhlﬂ

NUAURABVOIANITIAINITDNINY 4.05 bps/Hz taz a1 g UuUNIATFIUYDIANITY



74

=1

v 4 H
TN 122 bps/Hz Taeaiwalsz@niamasunaiind ldduauslunuieins

NAADIN 2 LAAIAIAITIN 4.11

0.9-

0.7r

0.6-

0.5+

Cumulative probability

0.3+

0.2+

| I I | |
% 3 4 5 6 7 8

Average Downlink Throughput (bps/Hz)

v
=

Jd v 1 Ao da ¢ A A
qﬁjﬂ‘ﬂ 4.12 ﬂi'l”l/‘h/q\f\‘iﬂslﬁﬂlﬂ'15Llﬂﬂllﬂﬂﬁgﬁﬂﬂl@Qﬂ'l?]ﬁﬁlﬁnﬂiﬂﬂ'lﬁ]uaﬂﬂlﬂﬁﬂﬂﬂﬂﬂﬂﬁﬁlﬂﬂ’ﬂﬂlﬁﬂ

o L A A
ﬁmﬂﬁﬂ!iuWMﬂ@Wﬂ'ﬁV]ﬂﬁ@ﬂﬂ 2

[
=1

d' a A a Y o dy d' dl
M1319N 4.11 ﬁ;ﬂNaﬂizﬁmmwmmmﬂuﬂm"lﬂmmueﬂluwummmwmam 2

Uszansamn M
¥ [l

Mssulsziununasoungudy o 100 %
M35ulsgnunonsdIudyyIuAodYYIUUNINTOAVIN
3 100 %
dyanasuniu
ANNAYYDIAIDAITIAIUTYYIUADTYYIUUNTNA DAL
3 78 ¥ 11.82 dB
Ay IVTUNIUANIUAINTNIANATOUANINUIIT Y10
AUTIUUUNIATFIUVOIABAT AT YR IUADT YR IULNTD

[ Ja  Ja [ 392 dB
A0AUINTYAIUIVNIUAIUAINNANATDUANLIIT YY1
A1NAT0IAIATIAINITOAIIUAIANIANATOVAIUUT
. 4.05 bps/Hz
dyaw
druilsuuumnagiuuesnideauisoaniianiganadou

o 1.22 bps/Hz
AT YR




75

3 a d a A Y
4.2 ﬂ]ﬁﬂﬂﬁi’)\‘l!ﬁ@'J!ﬂi"l$‘I’i!!ﬁ$!‘].|%ﬂ‘u!ﬁﬂﬂﬂigﬁ'ﬂﬁﬂn"lﬂ"ﬁ’ﬂﬂ!!N‘M‘ﬂﬁ“l/‘lﬂ1ﬂ5

4 A o (Y d o a ° (v}
aawdIngdmdvamigruminlamadmelueimsnaerudramatiaiinaue iy

=)
IMAUALUY Graph Coloring Assignment (GCA)
9 o v 9 dal o A =\ a A
drisumsnaaosluiveiisziinsnaaeunefSeunevdseansainveans
[ A a o [ A 1 4 ?,’, 9 A A
ﬂNl,LNu“VIiWEJ'Iﬂiﬂau’JVIfgﬁ'l‘l’iiULﬂi@élﬂfJW‘hJIﬁlcﬁaaﬂ'lfJﬁlu?ﬂﬂTiWa'lfJ‘b'uﬂ’JﬂWlﬂuﬂ‘l’l
o [ a . . % I a
duguenumatauuumsseueansiw (Graph Coloring Assignment : GCA) Faduuuifnen

[

AMUITYVR Liu, J., W, J., Chen, J., Wang, P., and Zhang, J (2012) N 1$35dana1niiednass

o A Y v =} 4 dy a = v a
SIRN] mumuwmmma“lwﬂ‘UﬁmugmM‘Jﬂmcﬁaa u@ﬂ%TﬂULV]ﬂuﬂﬂTﬁﬁgiJWEJﬁﬂiWT‘lﬂﬂlﬂulﬂﬂuﬂ
A Y o 1 U 9 Av A A 9 [ [ A % 1 1 Aa o
ﬂi%ﬂu'ﬂﬂNL!‘WﬁﬁaWﬂ 611!?111‘!‘11@\3\‘111!’3 YNNYIVDINUNITIANTTIAITIND INAIDYINUFU 3T1UIVY
U903 Uygungelen, S., Auer, G., and Bharucha, Z. (2011) tag MUIVEVD I Zeng, M., Chen, X.,

o a o 4 [
Zhang, X., Sang, L., and Yang, D. (2013) ldiunaiiamsszueansiliiszgnaldinedaass
] [ d' o [ A 1 1 79 Y a = d’
‘If'ﬂ\iﬁﬂ]uﬂJu']ﬂ!ﬂ'ﬂiJﬂﬁWﬁﬁﬂLﬂﬁ@ﬂﬂﬂ@nﬁﬂ Iﬂﬂiuﬂ'ﬁﬂi%f&lﬂ@GlsﬁlﬂﬂuﬂﬂTﬁﬁZ‘]JWﬂﬁﬂﬁ'W\hW@
[ 4 a o [ =\ o"g}J [

NuHUNsNINIAaUIMgd s uaaiig iy Tamaaiy azdesadunswldyaaunsnaon

3 4 1 ~ L =Y ]
(interference graph) YU BRIV UNAD LT 1N Tarad lalidya uunsnaeasz g

s

o 9 A A @ J =) J S v [~ 1 =
NU Iﬂﬂlﬁuﬂi'w\l‘ﬂL%@Nﬂu331’i’ﬂﬁﬁﬂ1uﬁ']uw\lﬂI@L“Mﬁﬁ 2 740TUUN anﬂﬂwmmmmugm

a o

73 o ¥ A gy o ]

i Taaduunadyainumsndoaszvieny anvwde lansdyanaunsnaeanda 39
o o aAy 9 o 1 = A Y A
nmanandesszugluna Taslvenvuanaaug iy Tasadnudunsiyeon

1 [Y] 1 s A % Y dz!' =< % d‘ a d'
senany vz liasasznemfennuld Tasanszanelunsmluaasdaninensaduingn
@ v T = J o @ 1 § 1 a A
vaass Inuuaazamtig iy Tamad awaasaiodielugiln 413 Tasarmsiimesnldly

d A ? o v Y A
fﬂi‘ﬂﬂﬁ@\161]ﬂﬁﬁu%@1ﬂ1iﬂﬂﬁ@ﬂﬂﬂﬁ@ﬂuﬂﬂ %mﬁauﬂﬁluw’ma‘w 4.1.1.1ua% 4.1.1.2

Femtocell 2

Femtocell 1 Femtocell 3

= A 2
517 4.13 matiansszueans

Y



76

=

a d
4.2.1 ﬂ1§!1ﬁﬂ‘l]!°ﬂﬂ‘]]!!t’l$ﬂ1§3!ﬂ51$‘ﬁwﬁ

9
A YA v

lurdetigade 1dvinmsdsziiuilszaninnnavoaaiaoun 1aa1nn1s

Y

a 9

o 4 % 1 o a o
NuHuNSneInInauIngdmsunsevieaniigiumluTaad laeldinaiin GCA naziinig
= a A o AN Yo A Ay Yo X v Y A
nSeuiieulszanimuravesmaoui lanumaiiad ldiuaueIumuiidon 4.2.1.1 uay
£ A g 2y v o ) <
42.1.2 ¥93NuNoIMInaaeIng 2 unu Taewai ladnauelsznoulidle S1uiuvdenves
o A ' = Yo 1 ao Ja oA A 1 =
ninensnudazanrfigiuniylaad 145y Addeansaaniasnngaigavesuaazanil
4 1 I [ A o 1 VoA [ Y [ 1
gy Tawad anwiziluvesguamndyaraidinnmneensyldnenionsidiu
o ' (%% @ g o Jd o J
dyuaodyIBUNINTDAVINTYYIUTUNIUTUAT ATIUTIATUMTHINUI AL ANYDIA
o i @ T W @ a J¢ : {
dasdudyanuaedy aunInaoAUINFY L IUTUNIUATNAINNAsRYANATO LA
[ I o 1 Ao Jda o : {
usadgyaa taznslanFuUNITHINUAIE LA NYRIAITEAIIT0AINAINRAINgANAd D
ANULIITY YD
% 4 o
4.2.1.1 WuNIMINALM 1
A o < @ A 1 =
3UN 414 yaaadauudonveInInensnuaasaa gy Ia
N Yo A Ay Yo a < Y1 ~ J
waa lasvveunaian ldduausnazmatin GCA vzwiuldnaorfigruduTawaduns
a Yo o [ o 1 a o I @
mata GCA lasuiauudonueaninens luuaazaonihilusiuiu 10 udenvesnsnens
1 o A a Y = o < o Y o
M1 9] AU IINMALA GCA 1975msszaneans v lunmsdaassuaonvoanineInslvnuy
~ s 2 ~ 7% A ¥ A _ a
aoiguvlyTawad Taslunmsnaasstigorigiululamaasun 1 1azsun 2 Namsunsn
v 3 o o q YN Y A ' =~ I3 o = o
doanuiluininumnn hldiguniliFeuseniadoig iy Tamaailusuwn v

'
a2y

YA o 2 é! o ¥ ) < o 2 A 122
Gl’l’iiﬁ]'lﬂ'luﬁ”]/lﬁﬂﬂﬁgﬂ'lﬂsluﬂi'l‘V\I‘JJ'IﬂENGUH PNUHITUIUVADNUVBINITNIINIVTNHNANNDYING N
' < 1 ° oA =2 o q Y 1 = s a
Llﬂﬁﬂﬂﬂlﬂuﬂi:lll 9 gl?l]%”ll!'ll!ﬁ‘l’lﬁ%ﬂ?fﬂl!ﬂﬁ?ﬂ WﬂﬂmmazﬁmugwmﬂuTm%aammmﬂuﬂ
Yo o <3 [ 9 J = J A Ay Yo
GCAllﬂﬁ‘U"l]"lu'J“L!lla@ﬂﬂlﬂﬂﬂﬁWﬂTﬂﬁu@ﬂﬂﬁTﬁﬂTHQTUW\IMI@L“Hﬁﬂﬂl@ﬁlﬂﬂuﬂﬂulﬂHTLﬁu@

dy A A Y o @ < o Y v ~ 4
‘Ll@ﬂfl]1ﬂ‘LlWIﬂ‘LlﬂVIulﬂln!,ﬁu'ﬂﬁ?lﬂiﬂﬁ]ﬂﬁﬁ3‘1.]ﬁ'E)ﬂﬂl@\ﬁ/]ﬁwEﬂﬂﬁiﬁﬂﬂﬁﬂ']ui”lulﬂﬂiﬂl“ﬁﬁﬁﬂlﬂ
=3 < [ a g s 3 J o < @ A 1 Y
UINDY 72 VANUBINTNYINT A 96 Lﬂ@iwummmmuua@ﬂf’ummwmmwmgmwm
[ a 2 o, < ) Y v [ =1 L
aIunnUn GCA uui’ﬁllTiﬂfl]ﬂﬁ'ﬁi1.!ﬁ@ﬂﬂl@ﬁﬂiWﬂTﬂﬁiﬂﬂﬂLl@ﬁgﬁﬂTU§THLWNT@LGBGGL‘]JH

o ' < o v ¥ & a g s 3 o o o
IUIULA 10 VADNUDINTWHINTINIUY FaaaLilu 13.33 1o IFUAVDIVIUIUVADNVDY

Y
4

v dld ]
NINYIMNITNUDYNINTUA



77

80

70

60

@

50

40

<
MUIUVADNUDINTWYIING

30
20

°

10

aotigruniyTaead

m proposed technique =EGCA

A o < @ A 1 ~ ) Yo A A o
gﬂ‘ﬂ 4.14 mu’;uua’aﬂﬂjmm‘wmﬂimmazﬁmugwmwyimLclfaa"lmummmﬂuﬂmmmua

a A A =
Hagmnaua GCA “luwummmmﬂaam 1

140

122.69
122.69
122.69
122.69
122.69
122.69
122.69

120

100

80

60

40

20

1 2 3 4 5 6 7 8 9 10 11 12 13
Femtocell Base Station (FBS)

Maximum Downlink Throughput (Mbps)

m proposed technique EGCA

~ A o fa I A 1 = 4 A A o
gﬂ“ﬂ 4.15 ﬂTJﬂ’EI?HiJﬁﬂﬂTJuﬁQﬂ“I/IE;N‘VIijﬂiullﬁﬁ%ﬁﬂWUﬁﬂ!!WMiﬁllcﬁﬁﬁﬂlﬂﬂmﬂuﬂ‘ﬂu%ﬁuﬂ

a A A a
HazmAla GCA Tununemsnaaoein 1



78

A 1 Ao P ~ 1 =
5UN 4.15 L!.’c’fﬂxiﬂTJﬁEJ?HﬁJﬁﬂf’ﬂ’llmQﬂﬂ@ﬂﬂ@ﬂiullﬁﬁ$ﬁ01u§1u

U

=

o a { Y o a I~ Il =\ 4
W\lllIﬂL“]iaa‘llENL‘Vlﬂl!ﬂ“lflulﬂuuﬁu’ﬂlmglﬂﬂuﬂ GCA fﬂ3mu'lmmmugmxﬂaﬂmmaam’eN
a An Yo A1 Aaw da o 1 ~ < a
L‘ﬂﬂuﬂﬂhlﬂu'llﬁuﬂllﬂ13?1’8]’6711115’0@131!?1\1ﬂﬂﬂﬂﬂ]?ﬁﬂ?ﬂﬁ1uw\lllI@L‘ﬂfaaﬂl@ﬂl‘ﬂﬂuﬂ GCA

A = J A A Yo £ Yo o < o
L‘L!'ENﬁ]1ﬂ'ﬁﬂ'luﬁ'luﬁ/‘lllTG]L"Ifaa"l]@QW]ﬂuﬂ‘ﬂhlﬂu1L'ﬁu@uuhlﬂiﬂﬁl'luﬁuﬂa@ﬂellﬂﬂ‘ﬂﬁwEl'lﬂﬁ

=

1 J a [ A = J
wnnnamtig iy Taaaveanaila GCA dwaalugin 4.14 TagaarngrumlyTasad

9

1 J

vounaiinh ldiuaueamisaliaideansna1iaengegang 124.42 Mbps daudn1iigiu

< a A Aav 1A = = d
Muimcﬁaammmﬂuﬂ GCA UANMITYTINITDLUALNYY 17.28 Mbps “]5\1@'6111;@114&‘1/1111@!,%66161]6\1

=

a o Al A v Ia o 1 a a S 2 4
NAUAN ﬁunﬁ'uﬂllﬂ'l’Jﬁ'fJ’(?ﬂll15@@']'Juaﬂﬂll'lﬂﬂ'ﬂlﬂﬂuﬂ GCA Aailu 86.11 !ﬂ@il“ﬁu@

—_

o
©
T

i
o
T

=
\I
T

b
[}
T

Cumulative probability
(=]
w
T

0.4 B
0.3 =
02 R — —
01F == proposed technique |
===GCA
| | | | | |
080 -75 70 -65 -60 -55 -50 -45

Received power (dBm)

{ Jd o 1 o A oA
gﬂﬁ 4.16 f‘liTV\l‘ﬂ\‘lﬂGIf‘L!fﬂillﬁ]ﬂLlﬂﬁﬁgﬁhﬂlﬂ\?ﬂ?ﬂ’ﬂhllﬁ\‘iﬁﬂlﬂﬂm%qﬁ/ﬁﬂﬂi}ﬂﬂﬂﬁﬁ]ﬂﬂﬂ?ﬂ!tiﬂ

]

v
=

dyaiaeunatantinaustazimailn GCA TunungImMINaandi 1

Do

D.

Jd 1 (%
E‘IJ‘VI 4.16 LLE‘W’Nﬂi"lWﬁQﬂ%uﬂﬁlﬁ]ﬂllﬁ]\iﬁ'ZﬁMW’Nﬂ1ﬂ’J"IJJLLﬁxiﬁ'ileJ,ﬂJ"lm

g

o

{ ] { @ a { o a < [
n1d5uNganagounnuussdyanuveunaiininauonazinaiin GCA swiuldnanam
uId ey

A Yo A o g A AN Yo A A '
"Iil!‘l/lllﬂ5‘]J‘Vli]ﬂﬂﬂﬁﬂﬂﬁmﬂlﬂmﬂﬂﬁﬂﬂﬂl@ﬁlﬂﬂUﬂ‘iflllﬂu"llﬁumlaglﬂﬂi‘lﬂ GCA NﬂTUhJ
° 1 = 1 1 & g}/ 9 & Y I 1 A A Y o
#1131 -79 dBm IﬂﬂﬂJﬂ"lﬁJ"lﬂﬂ'Nﬂ"lLﬂﬂ!“VW]@\‘lll'J clsmﬁm114mu’nmﬂuﬂﬂﬂmmummz

a [ @ o j’ Aq ¥ a a g J 3 o
maun GCA ﬁ13J13ﬂ31J1J5$ﬂLlﬂiLlﬂ"l'WfTil'JJ‘EUU”Imﬂi@ﬂﬂ’sjﬂwuﬂiﬂﬂiﬂ"ﬁﬂﬂlﬂu 100 11/o51Fua



79

=»—proposed technique
-®:GCA

[0 )7 1 O SO [E ST RO e O SO |

e
2}

o
I~

Outage Probability

0.2+

SINR threshold (dB)

o

{ ] I i o T A o 1 Y 1 [ 1
ﬂﬁ 4.17 ﬂ’Nllu1i]giHJu51]’E'Nﬂmﬂ'l‘W’ﬁiUﬂl'lﬂ‘lﬁ9’]'lﬂ')'lﬂ'ﬁ/lEJ'E)?Jiﬂwlig{ﬁ@ﬂ'l@ﬁi'lﬁﬂu’ﬁmﬂﬂmﬁ@

o9 g9

ot

9 v 1
YUININAOAVINTYYIUTUNIUVUMIvRINA AN IdLaazmATia GCA Tu
¥

NUNDINITNAADIN 1

~ 1 I [ A o oA [
Qijﬂ‘ﬂ 4.17 Llﬁﬂ\iﬂ’NllLl1i]$L“lJu"lJfNﬂmﬂWWﬁmﬂﬂﬂmﬂ@Wﬂ’ﬂﬂ1ﬂﬂ@lﬁﬂ

o

9o

) f
1daeardasidrudyaudedynuunsndeauIndya s unIuTus TagaznlSeuiioy
o

] I [ { o 1 1 { [ 1 1 1w 1 [ [ Y]
anueziuvesguamdygruisinianeensy ladedndandiudyaudodyg o

v 9
o '

v [
UNINARAVINTYAYIUTUNIUTUAIAIA -6 dB D9 15 dB Tasliszoz11952902 3 dB Taoiiie
a "o J o 1 o o ! < '
HNsaNMenIdIudyaIude Ay INUNINdoAUINFy 1T UNIUA 6 dB azviu 1

A A 9 o = 1 < [ A o 1 a0 1 W A
matiad lainduelanuiiazituvesgunmdyaiaiaina 6dB iauminy 0 1910
matiad s nauoiniifudszdumsas @ mdynreaedyniauninaeauIndyyial

Yq Y 2 ¥ 1o = Y3 1 a Ay o
sUNIUYeId 15T sn1elueIn1saed lid1n1 6 dB Fanaalimuliunaiian ldinaue
U % 1 v 1 U 1 U U j’ 1
aInsulsgnuamsandiudygranodyyiaunInaeauIndyaIvsunIu Ui un

a a I J 3 Jd 1 a 1 I o { o '
Idusmsaadlu 100 wefidud arumaiin GCA lanuinziluvesgunndyanaidini

! ' o X <3 1 a [ [ 1w 1 [ 1
6 dB AN 0.23 Fwaaslimuiunaia GCA awnsasulsznuamdanaiudyauae

o o X dq v a Y A P
doygraunsndeauindyanusuniuluiuilduios 1diies 77 nosigud



80

-

Cumulative probability
o o o o o o o
[#%] E-N o (23] ~l oo w
T T T T T T T

o
N
T

...|=——proposed technique|....o
=="GCA

o
—_
T

i i |
—q 0 0 10 20 30 40 50 60 70
Average Downlink SINR (dB)

{ Jd @ 1w 1 o 1 o
31N 4.18 A lilanFunmsuanuId duUeIn 19 I INd Y IUde d YA IUENITNABALIN
@ da & A { [ a { o
ﬁiyﬂuﬂmiumummmﬂmafjﬁfgﬂ‘n@ﬁaummgmﬁiymmmmmﬂuﬂﬁmmueuaz

A A A a
maia GCA Tunufiomsnaaedn 1

A Jd o 1 o 1
ETJ‘VI 4.18 AN 1NN FUNITUINUIITL ANVOIAIOATITIU

Tyaaaed NI naoalINFYRNATUAIUANT AR M asiIANaTo UA NN sd QA

g g

YOUNAUANUUTUDLALINALA GCA IAIANURABYDINITATITIUTYYIUADTYY NN
Y] Ia 4 a { o N\ 7 a
doauandy s unuadasnveanaian Iduinaueminy 14.80 dB nazmaiin GCA
1w < 1 a 1 : 1w 1 [ 1 o
A 29,64 dB i Id1umatin GCA TanndenonsdIudyn Iuae TaIuuNInEaAuIN
o Ia 1 A AW Yo A a ) 1 3
dyusunIumaniasnunnIunatiai ladiudue iosninmaiin GCA laulisudonved
[ Aa v I ' Ao Y o ~ EA =]
NSNININUoYNIHUALINITNYA I8 o nguNodna 35 M n Uy 1Ly Tasaauaazdd 39
o 4 = 9 Y I 1 = @ Y I Y o
mldaotmuTawaalduaenvesninensmernuiesad itluwalvdygraunindon
' = s a Y o = o 9 =R o q Y1
sgraamiguu lamadninannns ldudenveansnensmernuaatiosas 399 1dan
Y ]
sasdIudygiuaedyuunsndeauIndygIusuniulagaiu ualdoideluiFos
o <} Y Ao Y v 1 = J Ao Y =
NuIUVABNYRINTHEININIAdTT Inuuaazam gy TamaaszliiuauiosnNduney

numatian ldduaue Tasninnslilieiasanissandiudyg usodynuunindon

o 9 9

[ 1 [ o

1w : I ' W v o
VINTAYYIUITUNIUNIND 6 dB G?\iL‘]JLlﬂ16@]3Wﬁﬁuﬁq‘lq‘ﬂmﬂ@ﬁmﬂl1mlmiﬂﬁ’€]ﬂﬂ’Jﬂﬁ'ﬂlﬂjﬂﬂ‘l

g 9 9
v v
o

o o av dy <3 Y Y Aa A Ay Yo = Y 1
TJUNIUVUAVDINTUIIYU %mu”lmwjfl%mmi6lumﬂuﬂm'l@uwgauanﬂwamiwaauamumuwm



81

aunsalimeanaiudyyIuaedyaIuuNINaoAUINTYYIUTUNIUFIDG 70 dB 1A Tu

NuItelidesmsadadudyanuaeda g aUNINAEALINTYANUTUNIUNNINNT 6 dB
Y =
v

ISP v 1

My Jeazd1diunaiia GCA fadaaudyaunedyauunindeaulindyy il

sumunganuANUReINsvesdlFusmanelueias

Y

-

o ©
®  ©

o
2

Cumulative probability

| =—=—proposed technique |- -
=="GCA

20 25

0 15
Average Downlink Throughput (bps/Hz)

A Jd o 1 Ao da o A A
3‘1_1‘1’1 4.19 f‘liﬁ/\lﬂ\?ﬂGIfuﬂ”lﬁll%ﬂl!,%\‘iﬁ%ﬁhm@ﬂﬂT}ﬁﬂﬁ”m”liﬂﬂTJUﬂQﬂmaﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂ'ﬂlﬂlﬁﬁ

' k3 1 1
dynnuveunnilai ldinausuazimaiin GCA Tuiuieinisnaassi 1

= Jd o 1 Aaw 4
qij‘lJ‘I/l 4.19- 4@ NI FUM I LI LA NVDIANITIAINITOAT1IU

J

snmasganadeuaNuusidyaaveunatan Idiiauonazinaiin GCA TaoAundouns

DD

[ 4

1A A 4 a { o [ a [ Y
Adeasoaiasnveunaia ldiuaueminy 5.01 bps/Hz wazinaia GCA 1111
[~ Y a = ~ " Ao Ja o 1 A A Y
10.10 bps/Hz azwiu Id1unaiia GCA aundsvesaideaisnaniasnuinniunaiini 1
wiane 1eennmalla GCA ImoandiudynIunedyaIuunsndoalINTyaIuIUNIY
= ' a Ay go 1A A oA = Y3 1 sl o
nnnnaumaiad ladnaue uadiennsananuuuilui 0.2 Fwaadliiiun 20 Woedidud
9 v
YoIAIdoasananuaveunaian Idiuauelini lumu 3.2 bps/Hz nazimaiin GCA 1A

laiAv 2 bps/Hz Faunatian Inivaueli Tomanumelimideannsaiganiunaiia GCA Tag



=1

82

= a A a Y o (% a zg d' d‘
ﬁ';:‘lJWal'lrﬁfJ‘UL‘VIEJ‘U‘]Jﬁ%ﬁVI‘ﬁﬂWW‘UfNWIﬂuﬂVI avnauonumaia GCA Tuiiunemsnaaesn

1 aauanaluaisian 4.12

-d' = a a a
13190 4.12 madSeuneudszaninmvsunaila

21A1INARDIN 1

=

] F ]
aldinausuazmaila GCA lunun

Graph Coloring
- - proposed
szansnw Assignment
technique
(GCA)
Pl ]
Mssulsziunuinseungudya I 100 % 100 %
MIsulsenumendIudyyIuaody I
) 100 % 77%
UNINTDAVINTYYIUTUNIU
ANDAYUYDIAOATIAIUT Y IUADT Y IVULN T
[ a I
A0AUINAYYIAUTUNIUANINAINNIANAT O 14.80 dB 29.64 dB
ANUUIITYYID
AU UVUNINTTIUYIADAT 1A IUFY YD
1 [ [ 4
Ao YA IUUNINTDAVINT YN INUTVNIUATIN 6.82 dB 22.20 dB
asnfranagouANUT Iy
ANNAIUBIAIIABAINITAAIT AN IANAT D
o 5.01 bps/Hz 10.10 bps/Hz
ANUTIT YYD
d1udeuUnINATTINYIAITea1MI50A10Y
2.20 bps/Hz 7.04 bps/Hz

a Ja o
ANNANATDUANNLTIT YD




83

5 4 4
4.2.1.2 WUNBININAADIN 2
A o < @ A 1 =
31U 420 yaaadIuudenVBINTNEININUAas a1 g1 Ta
N Yo a AY Yo a < Y ~ <
waa lasuveunaian ldiuduouazimaiia GCA azwuldNnamiigriuuTawaduos
a ) [ o ' I o [ @
maila GCA lasuiwiuvaesnveninens luudazaniiiludiuiu 12 vdenvoansnens
1 o A a YA = ] < [ Y o
M1 9 AU edINmAtia GCA 195msszineansiilumsiaassvdenveanineins lnuy
= J dy ~ & A 2 A ¥ A a
aortguuiyTasaa Teslunmsnaasstiamig iy Taadsun 1 5uN 2 wazsuin 3 10a
v 3 o o y 9 A 1 = J 3 o
mMsunsnaeaniiudiuun mlviauns iseuszrnsaortiguy Tamaddusiuau
2K o YA o aa Y A da! [ 2’/ o <3 o g}/ ~
10 3 IHIuENA sz u1eTUATININNEIY ATUUTIUIUDABNVBINTNEINITNIHUATN
=\ (=3 1 I 1 o oA =< o Y [ =\ 4
Vegaagnuiiseaniungy q amduanszmeluns vl vam uaazaorignuuTamad
a Yo o < o Y} ' ~ s A Ay
younailn GCAlasusmuuaenveaninensiiosnnanitigiuiy lasadvounaiiai 14
o gll A A Y o @ < 1Y) Y v =\
wiaue wenanimaiai lainauedunsoiadssuasnveansnens Inuamiigunula
Y = < o a 73 ° < o =
iad launne 74 vaenveaninens aadlu 98.67 nlesidudussiuiuudonveanineinsi
9 9
IR 1 a o/ [ <] @ @ 1
Nognanua aaumaiin GCA AT aIAassuenvoInIwens Iinuudazanigiumy

2 o ' < o A s 2 o o <
Tm«mmﬂummmm 12 UAaanNUDINITWITNTENTIUU ‘ﬁNﬂﬂLﬂu 16!,‘1Jasmummmmuuaeﬂ

v
]

YOINININTNNOYNINUA

80
70

60

@

50

40

<
MUIUVADNUDINTWYIING

30
20

°

10

aodiguniyTaead

m proposed technique EGCA

A o < ] ~ 1 =\ ) Yo A A o
gﬂ‘ﬂ 4.20 mmuuaaﬂﬁummwEnﬂimmammugmW\Iﬂmmaa"lmummmﬂuﬂwmmua

A L4 =
tazmaia GCA Tununensnaassi 2



84

140

(o] (o] (o] o
< < < <
< < < <
~N ~N o~ o~
i i i —l

120

100

80

60

40

20

Maximum Downlink Throughput (Mbps)

Femtocell Base Station (FBS)

H proposed technique [ GCA

~ Ao PN ~ J = o A a o
qﬁj‘]J‘Vl 4.21 ﬂnﬁﬂfﬁllﬁﬂﬂTJuﬁQﬂ‘VlQ’Q‘ﬂﬁq’ﬂiutmﬁ$ﬁE]TL!:ﬂ;WuLWMI%L%ﬁﬁm@ﬂLﬂﬂuﬂﬂuTlﬁu@

A L A <
HazmnAia GCA TuiuNe1nsnaaosi 2

1J‘1:/‘l 4.21 Ll’dﬂﬂﬂ1’3?(8?1’1%13’51@131&?1Qﬂﬂﬁ\i‘ﬂﬁﬂiulma ﬁmumu

s a d'

w\luimmaammmﬂuﬂm“lﬂﬁuﬁummzmﬂuﬂ GCA ﬂzmu‘lmmmuymwuimmaamm

v
=

a ) 1 Ao Jda o 1 J a
lﬂﬂuﬂﬂul@%}u'llﬁu@ﬁﬂ1’3@78@11%153@1’)“@1\3ﬂll'lﬂﬂ’ﬂﬁﬂWﬁi'lulwﬂjﬁlcﬁaagllﬂﬁlﬂﬂuﬂ GCA

A = J A An Yo 4 Yo o = o
mmmﬂﬁmu@uw«uimmaaBuaQmﬂuﬂ‘1/1hlﬂu1Lﬁuauu“lmumu’muaaﬂmmﬂiwfnﬂ‘i

' s A o { ~ s
wmnnNaaitig iy Tamadveunaia GCA awaadlugin 4.20 Tagan gy Tawad

EX]

a1 Aav 4

GU’ENmﬂﬁﬂ‘ﬂUlﬂun’ﬁu@ﬁﬁJTﬁﬂiJﬂTJﬁﬂﬁHﬂiﬂﬂ'l’Juﬁ\‘lﬂ’ﬁ\iﬁ'@i‘lx‘l 127.87 Mbps muﬁmumu

J o
lwﬂjﬁlcﬁaaﬂl@%ﬂﬂuﬂ GCA uﬂnﬁﬂﬁmﬁmmmm 20.74 Mbps G]f\iﬁﬂ'luﬂ']ulwlliﬁ!%aagll@\?

v
=

a Y o A1 AW sa o 1 a a 4 S 2 4
mﬂuﬂ‘ﬂUl@u%ﬁuﬂhﬂ'l')ﬁ'ﬂﬁnﬂiﬂﬂ'nuaQﬂll']ﬂﬂ']'ll,‘ﬂﬂuﬂ GCA ‘ﬂﬂlﬂu 83.78 Lﬂ'ﬁ]‘ilcﬁu@

{ Jd v 1 @
qﬁjﬂ‘ﬁ 4.22 ll’dﬂ\?ﬂiﬁ/\l1/1\1ﬂ%uﬂ1illfﬂﬂllfﬂ\1ﬁ$ﬁll"llE]\‘]ﬂ'lﬂ’ﬂiJLli\iﬁﬂluﬂﬂm

g

1 Y] 1 [ a 1 o a [~ [
n1d5uNganageuanuussdyanuveunaiiaiuauonazimaiin GCA szmiuldnanm

' ' ] '
usedgarun IdsuNganagoudyguniiuaveunaiinh Idinauenazmatia GCA a1l

:, 1 1 1 [ ) <3

#1071 76 dBm TaeTamnniaunasinas1d daaadldifiuiinaiaf 1§ iauenas
oy -

!

a o @ o = a g J 3 4
maun GCA ﬁ]u]ﬁﬂﬁUﬂigﬂUQmﬂTW 2! ']mﬂjf’]UﬂQijuﬂ(lWUiﬂ']iﬂﬂlﬂu 100 tlosiua



p]

U

ot

85

o o o o < o
™~ 3] o ~ ™ ] -
T T T T T T

Cumulative probability

o
w
T

<
[
T

——proposed technique ||
= =GCA

L=l
-
T

. { i I i I i
-75 -70 -65 -60 -55 -50 -45
Received power (dBm)

[

{ Jd v 1 o A o A
“]Jﬁ 4.22 f‘liTV\Iﬂ\‘lﬂﬂfuf‘ﬂillﬁ]ﬂLLi]\?ﬁZ’ﬁlI"UENﬂ']ﬂ’ﬂiJLl,ﬁ\‘iﬁﬂlﬂﬂm‘ﬂllﬁglji‘U‘ﬂﬂﬂﬂﬂﬁ’i)ﬂﬂ?WN!ﬁ\i

g 9

H Y H
A A

dyauveunataninauouazmaiin GCA lunuinein1snaaon 2

=b—proposed technique
-®:GCA

0.8

e
o

o
I

Outage Probability

0.2

SINR threshold (dB)

3 [ 1

H [ I { :, v 1 { [ v " W 1
U7 4.23 aninzidluvesgunmdygrauisinnmisenivlaremoanaiudyaua

o9

v '
pALNINFdoAINTYRIUIUNIUVUIIVBUNATANI I UBLaZINATIA GCA Tu
Y

A A A
NUNDIAITNAQADIN 2



86

A ] I @ A o VoA @
gﬂ‘l’l 4.23 Llﬁ'ﬂ\iﬂ’NiJLﬂ%8LTJMSUENﬂﬂ!ﬂ?WﬁﬂJﬂﬂﬂlﬂ@ﬂﬂﬂﬂWﬂﬂ@NiU

o

o 9

P l
ldaeaidasidrudygiusodynuunsndoauIndyaIusunIuTus TagaznfSouiioy
B!

1 < o { o oA [ 1 Y ' o 1w
anuinziluvesquamdyanaidinimneeuiy lddemadandudyaanodynu

Y Y
C% (%

UNINEADAVINTYQYIUTUNIUTUAIAILA -6 dB D4 15 dB Taeliszoz19r9as 3 dB Taoiilo

a Y U o 1w o { < 1
HnsanmsasdudyaadedyauunIngeauIndyIasunIui 6 dB agmiulan

o o 9

'
3 =

a y o 1 < :, 1 1 LY 4
madiaf ldiuauelinnuungiluvesaunndygraid1nil 6 dB Jauniny 0 1iiesan

matiad Iainauelinisfulszrumsnsidiudyanadedyanauninadeauindyyial

=

sumuvesdlFusmanelueimsdeslidind 6 dB Fauaasldiiudunaiad 1diuaue
mmm%’uﬂizﬁ’umﬁmwdauﬁmmwm@iaﬁmmmLmiﬂaaﬂmﬂﬁmmumiumusl,uﬁyuﬁ
Tusmisaailu 100 WesiSud daumaiia Goa Tanuminzduvesnanmdyaiadisnn
6 dB Ty 0.18 Fawaaslfifuiunaiia Goa aunsadulssfumsandudyyiude

o o dy ~ Y Aa Y J I 4
dyanaunsnaeauindyasuniuluiuildusms Iaiios 82 wesigud

o e o ©
o~ . ©

o
=

Cumulative probability
(]
(8]

bt
w

0.2 8
L B R T I IR —proposed technique |- 4
=~ :GCA
| | | 1
-10 30 40 50 50 70

Average Downlink SINR (dB)

{ Jd v 1w 1 o J o
gﬂﬁ 4.24 ﬂiﬂ/\lﬁ\‘]ﬂ“b'uﬂ1illﬁ]ﬂllﬂﬂﬁ'zﬁiﬁj@\‘]ﬂ1®ﬁi1ﬁ3uﬁﬂluﬂ101mﬁ®ﬁﬂluﬂ101mLl“l/liﬂﬁf]ﬂﬂ’)ﬂ
o da ¢ o A o a Ao
fmuJaUJmﬁumu@numﬂmﬁEn'?lfgmn@ﬂ@mamu,maﬂgﬂymmmmﬂuﬂﬁmmu@uaz

A A A =
maia GCA Tunuiomsnaansi 2



87

dl J o 1 @ 1
UM 424 naaans M landumsuInUIIAEANUYBIAIOATIAIY

dyanusedyaunIngoauIndyanasunIuANTaIRmasiganagouaNuLT I

'
A o a

younAlANUuTULAZINALA GCA TAsANRAIVDIAITATITIUTYY IUADTYY 1NN

[ A 4 a 1 o [ Y a
ﬁ@ﬂ'ﬂ’]ﬂﬁillill'lﬂ!ﬁJﬂ’Juﬂ'l'J‘lIﬁQﬂﬂl@ﬂlﬂﬂuﬂﬁhlﬁ!u'llﬁu@lm1ﬂﬂ 11.82 dB ttagimaun GCA

o o

1T W <3 1 a 1 { 1T o 1 @ 1 o
A 23.39 dB wiu Idunaiin GCA lnundenidasiaiudyauaedyaisunIngeaun
o ia o [ A AY Yo A a 9 1 <
dygusuniuaniasnunniunatiai laiudue essinmaiin GCA lautisudonues
o A A Ig}J I 1 A o Y o = 4 1 =1
ningININVegniruaeenunais o nquimedadss lvnuamug 1y Tawaduaazdd 39
o Y = L <3 @ = @ I @
i ldaoiivlyTawad lduasnveansnernsiaernuiosas lunalidygiuunsnaon
J ~ s a Y @ = v 9 =2 o Y
sgrIamug Iy Tamadninenns lguaenveansnensmenuaniiosas 393 lian
9 ]
sasaudynuaedygraunsnaeauIndyausuniuliaigeiu ualvordeluses

o < @ A o [ 1 =\ 4 A o 9 " 9
i]1u'3u'1.|ﬁE]ﬂsllE]\‘lVIi‘WEJ'lﬂﬁ‘Vli]ﬁﬁiﬁiﬁﬂ’ﬂlma3ﬁ'ﬂ'lug'lumlﬂiﬁlcﬁﬁﬁi]gﬂﬁ]'lu’Juu'i)fJﬂ'J'lﬂu‘ﬁﬂ‘]J

]
a A !

Aumaiind laduaue Tasnnnsmlilednsaniasaidiudyasdedysunsnaon

[ )
1

[ " W : I 1w 1 o @ @
UINTYVIUTUNIUNINY 6 dB ‘%\‘1L‘]Juﬂ16@]31ﬁ3uﬁﬂ1i‘gWilmﬂﬁiymﬁmlmﬁﬂﬁ@ﬂﬂ’)ﬂﬁfgq)ﬂm
9

[ o g

Y '
t% o = o

Fl
aw < J a a 1w 1 o
sunuIuMYesnuITeil azmu ldnglgusns lumaiinh Idiuauelisdasdudygo

1 o <

) ' Pl = J < Jd 1 a
AodQ LN NEPALINTY AT UNIUATUNMANAT 1 3aailu 100 Wefidud arumaiia
==t 1 s 3 P S = 4‘ @ 1 9 a a
GCA UINgLLn 82 WoSIFUANHIUN BN “If\illl@ﬁ\?!,ﬂﬂ’lﬂﬂﬂﬁWWWUUTEﬂ%UﬁﬂT§1HLVIﬂuﬂ GCA

AN50NA0ATIAIUTYYIUADTYYIUUNTNTOAVINTYYIUTUNIUGIDI 70 dB 1A lu
Y 1

NUITBUADINTAIBAT AT YANUADT Y MUNTNEADAVINTYQYIVUTUNIUNUINA 6 dB

g =

9

= 2 1

My Jeag) 1dadunaiia GCA finvasidiudygiuaodygInuninaoauIndyyio
A a 9y Y a
sUMUAGURUANURBINIVOIH IFUTMInelue1ns

A Jd v T Ao J
Eﬂ‘ﬂ 4.25 HaRInNTINNINFUNITLINL T L TUVDIAITIAINITOAIN

[
=

a J { A o a o a U {
ﬁ\‘]ﬂlﬂaﬂ%ﬂﬂﬂﬂﬁ@ﬂﬂ??huﬁﬁﬁiyiy'}mm@\‘ll‘ﬂﬂuﬂ‘ﬂ ﬁ}uuﬁuauazmﬂuﬂ GCA Tﬂﬂﬂ'l!ﬂ?’lﬂ"llﬂﬂ
1T Ao Ja o a d' o 1w a [ Y
ﬂ1’J’(?fflﬁ'lll'lii‘lﬂ']’)‘uﬁﬂﬂ"ll@\iﬁ/lﬂ‘lv!ﬂ‘ﬂUl@ﬁfu'uﬁu’ﬂl‘ﬂ']ﬂﬂ 4.05 bps/Hz ttazinaua GCA 1Ny 8.00
< Y = =R = A v Ia o 1 A A Y
bps/Hz ﬁ]%LWHlIQ'HWIﬂUﬂ GCA llﬂuﬂﬂﬂell’f]\iﬂ'I’J’df]fﬂlﬂiﬂﬂ']’luﬁﬁﬂlﬂﬂﬂ’)']ﬁlﬂuﬂ“ﬂulﬂ

wiaue 1eennmaila GCA ImoandiudyaIunedyaIuunIndoalINTyaIusuNIU

= 4

A ' A Y o T A A Vo A = ¥y s
NUINNIUNAUAN LAUUTUD ummwmimmmuuﬂmﬂ 0.2 Gﬁﬁllﬁﬂﬁﬂlﬂlﬂu’ﬂ 20 !‘l]f]il“]iuﬂ

v v
=

oA dIdeaINTaNIruaveunaian laiuaueiialliunu 3.2 bps/Hz uazimnatin GCA

=

T 2.4 bps/Hz Faunatadn laiuaueli Tomeawuweliaideauisanganiunaila GCA
= a A A A Y o [ a dy ~
TavagiwanSoudiovlsz@nsamveunaiian laiuduenmaiia GCA Tuiuneoins

NAa09N 2 aaandluaisnan 4.13



-

o
©

o
oo

o
~

I
o)}

o
~

Cumulative probability
o
%))

o
w

o
)

=
~

o

—propbsed technigue|.. 4

-="GCA

| |
8 10 12

| 1
14 16 18 20 22

Average Downlink Throughput (bps/Hz)

88

{ Jd o 1 a o da ¢ A A
gﬂﬁ 4.25 f‘IiW‘Iﬁ\iﬂ%uf‘lﬁlli]ﬂlli]\ifﬁﬁhmﬂiﬂ13ﬁ8ﬁ1u1ﬁﬂﬂ13uﬁﬂﬂmﬁﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂ’ﬂhuiﬂ

]
=1

k3 1 v
dyanuveunaiinit ldinausuazmaiin GCA Tuiufioinsnaaesdi 2

=

d' = a A a Y o a dy d'
M1319N 4.13 ﬂTiL‘]J‘%EJTJL‘VIEJ‘]JI]ixﬁ‘lfl‘ﬁﬂWWﬂl’meﬂUﬂVlylﬂu%ﬁumm%mﬂuﬂ GCA Tunun

21A15NARDIN 2

a o Graph Coloring
Uszansamn proposed technique
Assignment (GCA)
9 o & 4 -
Masvlsgnununasoungudy I 100 % 100 %
M3sulsenumonaIudy R IMA Ty YIMLNTD
¢ 100 % 82 %
AOAUINTYAINUITVUNIY
ANUNAYVDIAIBAT TEIUT Y Y IUADT YA IUUNITNTDA
o Ia | ga
VINFYYIUTUNIUAIITAINTNJANAAOUAIINILTA 11.82dB 23.39 dB
Aoy
AT UUUNIATFIUVDIAITATIAIUTYY1UAD
o o da oA
Ay uunIn@eauING Y IUTUNIUANIUAINTYA 3.92dB 21.02 dB
NATOUANNUIITYY I
J = 1 Aa o Ja oA
ANRAGVDIANIAIAINITDAIUTINTNIANAAD VA
. 4.05 bps/Hz 8.00 bps/Hz
TERLGILTRLY
J A Ao ’a oA
AUV UNINTFIUVDIAIFEAINITOA1INAINN
. 1.22 bps/Hz 6.75 bps/Hz
ANATOUANNUIITY YD




&9

43  asdmeun

&Qn

Y i1
Luwﬂuumﬁ"lﬁﬁuﬁuewamﬁ‘vmaeweqmﬂuﬂmmmmumwmmﬂﬁqu

A ]

o @ = 4 g AN Y o 49{
dmiunsevreamiigrudy Tamaanisluoimsvatesun lawanau tazudasnanis
= A A A A o o A A o <3
ieumeulssanimmusunaiinninauenumaia GCA Tui399U9331UIUVABNVD
[ A v Y o 1 =1 4 [ [ I Y
NSNeNINIAa s Inuuaazam U1y Tatsaa Mssvlsenuganmanuussdyaali

Y v
asounguiun1nuIms nazmssudsznuadadiudygudedyIuunInaoanIN
v Vg ¥ L dq 9 a & DI, a dyy
dygrasunivvesdldaulununlduing swwanmsnaaswaadlimuiunaianla

o g‘J [ o < [ % 1 =\ 9 ¥
uuﬁu'ﬁ]uuﬁ"lll'liﬂi]@ﬁiii]'lu?uﬂﬁ@ﬂﬂ]@ﬂ%iw81ﬂ51ﬁﬂﬂll@ﬁ$ﬁﬂ1ﬂ§1ﬂlwuIiﬂmﬂﬁﬁllﬂ

¥ [
A A

Y
' a = v [ [ o Y
UINNIUNAUA GCA ’E]ﬂ'Vl\3ﬂﬂﬁ’lu’lﬁﬂTUTJ53ﬂUﬂmﬂ'IWﬂ’J'llll,lj\Tﬁﬂluﬂlu'lﬂ!clﬂﬂﬁﬂﬂﬂfjuw

o 1

Y a @ [ 1w ' (3 4
TWusms LLEIS?’(?(HI150TU“]Jigﬂuﬂ1ﬂ@]5']’(,’(’314’(,7%1]”’&1&']1‘@1!@]f]ﬁ'ﬂJuﬂJﬂmLWliﬂﬁ'f]WU'JﬂﬁﬂJuﬂlu'lmiﬂﬂ'Ju

Y a

¥ H
voug I luiunliuins 1dondae



=
Unn s

asimsIdeuazveravenus

X a a J

51  agiienminentinug

o Y A = [] 19 s A Aa A dy ] ] A 1 Y a =y

%11!’31!Eﬁ‘lﬂﬂiﬂTﬁLﬂi@5111‘(’111/]iﬂW“I/ILﬂﬁfJ“LJ‘VIﬁJL“WiJMWﬂGUL!fJEJNﬂE)L‘L!EN nelvinalsua
9 2 2 f ' a 9 ' 1 a 9q Y A Y
VOYAUWUVUDY WU UIUUNY TﬂﬂﬂﬁNWﬂﬁlﬂy‘aﬁ’Juiﬁi‘gLﬂﬂ%WﬂstﬁﬂﬁﬂWﬁﬂWﬂiu@Wﬂﬁ LU

v A ¥ @ v X o 9 v S o q ¥
WY TNETTNAUA D UAY FInNVFUFoUVDL laTeas1enmelueinisiuervaziinlv

111
Y a ] v W ~ s ' 9
%l,ﬁlﬁJiﬂ153181u61ﬂ1ih1hﬁ1h15ﬂ5Uﬁmumu1m%1ﬂﬁ01u11uh11ﬂil%ﬁﬁﬂﬂgﬂ18u6ﬂ61ﬂ1i]’l@

Y

1 Y a a v W @ 3’, A AR Y o
dawaldinausnagesudyaruniolueins auiulumaluladdiueandseladnauomy

J Y a g A 1 Y dy = Z Jo 1 kY Y
IﬁlcﬂaaHﬂlﬂ@]@@\Tﬂ']ﬂclu’E—]']ﬂ']ilwe"]fjﬂuﬂﬁmuw’lu ﬂﬂ%iw\luim%aaENGH’JEJL!,ﬂﬂﬂJuWﬂuﬂ1u

o @ @ < @ vy < 3
AuAMdY Y AT IvesFaana wazeas s lunisudatoya Taou Taadiilu

U

'
[ o

~ S Ao dy A a < 1 <3 =
ADIUTIUVUIALAN UNIAITIA ﬂi@‘]JﬂQiJWlWIGlu‘]Jﬂ’Jﬂ!"UUWQmﬂ 681\‘1113ﬂ£5]13Jﬁﬂ1‘L!§TL!!‘V\|3J

[ 1

Y A Y sx g o
Iﬁl“ﬁﬁﬁ‘L!‘L!llﬂillu‘Vi1114!%?]\161]’0\‘lﬁillﬂﬂﬂ\luﬂiﬂﬁ'@ﬂi%ﬂ’ﬂﬂl“ﬁafl ﬁilﬂuﬁdﬁllﬁ]'lﬂﬂ'lii]@ﬁii

g 9

=~

' o HAq Yo % A A v 23 A ~
%@Qt’fﬂ]uﬂﬁmﬂ’ﬂhﬂGL‘HﬂUﬁﬂWUﬁTL!W\llIImclfaaiutﬂi@ﬂﬂﬁmﬂWii‘]ﬂﬂ’ﬂNﬂ%ﬂ LHBDIIINUAINY

]

o w @ A a A o 9 Yo Aaa A
%1ﬂﬂ"ll'é]\ﬁ/l‘§‘wEﬂﬂ‘iﬂﬁlﬂ‘ﬂq%ﬁ1h1‘iﬂu11ﬂi‘b’ﬁ'lullﬂﬂﬂlﬂﬂIuiﬁﬂﬁml@ﬁ‘ﬂfl

9 Y 1]
muu‘lm‘wmuwuﬁaunﬁ%a"lﬁ'ﬁwLﬁuemﬂuﬂmsammumwmﬂiﬂﬁmmﬁmsu

q

1 4 g‘/ a a
wsevrwantigumu lamadnielueinisvateru laolsmatams lUsunsudaduiioniig

i
1 =2

A S AQ I A a Ao v o o <
ﬁi]ﬂTiﬂmﬁﬁTﬁﬁﬁﬂi“ﬁiuﬂ’]i@'ﬂﬂllﬂlllﬂﬁ'ﬂslnﬂ ‘ﬂfﬂlﬂﬂuﬂﬂuuﬁu@uqﬂuﬂqﬂ’]ﬁ'ﬂ’]\ﬂu@ﬂﬂ!ﬂu

[
A v

~ I ) s A o A = P o
2 e Taawlerd 1 Ilunszuaumamauniiaglssaameaamondn gy Tasaanii

q

o Y

U a 1 1 1 { I
Tdmasauanusssdy uvesd lsusnsntelueiaisiinwaniiga daumleahn 213u

o A o s A o < @ A a A A ~
ﬂﬁzU'JUﬂ1§1’l”I\ﬂuV]3J']@fl]ﬂizﬁﬂﬂLW61’7”I%']H'Ju‘llaﬂﬂ"U'(’]Q‘VI'iinJ']ﬂﬁﬂau'JTlfJTliﬂﬂﬂﬁ;ﬂﬂfﬂg

@ Y o 1 = 4 A [ [
mmsaﬂﬂasﬂwﬂmmammugmmlﬂmmaa IﬂfJ?JNi’]Llhl"llﬂTﬁﬁUﬂigﬂuﬂmﬂTWﬂflﬂJuiﬂ

o tg { a @ v 1w 1 @ o
doyanuldasouaguiuiliusms uagSulsziumsanaiudyaudedya aunsndoa
v Y g Aq Y a dya a 4 @ dyw Y o
mﬂﬁigigwmiumummQ’“lsmmcluwuﬂwmﬂ”ls Lli’]ﬂfl]"lﬂLl'JVlEﬂl!Wu‘ﬁﬂ‘UﬁJLlholﬂ‘ﬂ"lﬂ1§

dy td' 1 o d‘ = a a
w@aaﬂuwuwmmmmigﬂmm@m 9 tazinmsnaaeunofSouneulszansainns

a 9 4

[ 4 ] J g
'JWQLLWH“VWWEl'lﬂiﬂ'auﬂ“l/lEJﬁ'TWi‘ULﬂ%’E]"U'IElﬁﬂ1'1?!@11!!1/\]MIG]LWﬁﬁﬂ'IEIiH@WﬂWiWﬁTEJGb’u9%}'351

E]
a (<] v

manan laiausfumatia GCA F310aU0UNANANITIUHUNTNOINTAAUINGT 1S

Q

A 1 =\ I Y o dyd o A '
miaﬁmmmugmMﬂmc}saaw”lﬂmmu@uﬂa ﬁmﬁﬂm”lﬂaammmw,mumimnaslu



91

b4 9 1
’61?’]1'5‘1)’1!!,?1fJ?LLﬁng'IﬂWiﬁa'lfJ‘lfuﬁIﬂﬁ\‘lﬁ%}NﬂNﬂWﬂﬂWWfJﬁﬂHﬂlglmﬂﬁNﬂu‘lﬁ} a0

v 9
v W

4 v
Sudseznugaunmanuusedgaruldasouaguninaiui14usms uazaunsoiulszium

4 [
sasdiudyusedaaunsnaeauIndyanasunIuvesd lsauluinundusag

[T U

¥ Iy 9 2 & A =1 o a A A o A o <]
T]Q‘ﬂllﬂvlﬂﬂﬂﬂilﬂ ’t’)ﬂVIx’iLZJ’E]LlﬁfJTJWIEJTJﬂ‘]JL‘V]ﬂUﬂ GCA MAUANUUFTUDUITUIUUADNUDN

[

o { v ' d 1 a
nimenshannsotadss IinunaazamfigriulyTamaduinniunain GCA gane 82.67

1 Ao o

I 3 4 = a 1 ~ < 1 a
SIGHEA uazum’mﬂmmmmmamimmazﬁmugmMuTmcﬁaamﬂﬂ’nmﬂuﬂ GCA g

J 2 Jd 1 1 { 1o ' o o o
04 86.11 osidFua druaunfeveAoaIdIUd Y IUADTYYIULNTNTOAUINT Y1)
A (3’; [ Y a ::' o = d' Y 1 a ] 9 a
TUNIUATIUANNUU ﬁ]zﬁ'\‘iLﬂG]]lﬂ’J'IWIﬂUﬂWU'ILETu@Mﬂ']Lﬂﬁﬂu@ﬂﬂﬂ'll'i/lﬂuﬂ GCA !Lﬁfiﬂ“b'lliﬂ'li
[ s g & A Ao A o : o "o
A 100 LIJﬂﬁlcﬁu@SU’E]QL'VIﬂ‘L!ﬂ'VIu’llﬁu@llﬂ'l’f]@']5']’€T'Ju’ﬁﬂluﬂlu']m@@ﬁ'miy’lmllﬂiﬂﬁﬁ]ﬂﬂﬁﬂ

Ja  J 1 v o a =~ = 1 s 3 4
WIUTUNIUATIUAINUINNIT 6 dB GI,UVI'NﬂQUﬂUWIﬂUﬂ GCA Nﬁﬁ%}ﬂﬁﬂ’lﬁllﬂ 77 L‘]J@i!“lﬂ!@

o
[
[l [

W
1w 1 [ o da I 1
?Jﬂ'l ATTIUTUVIUADTUUIUUNITNTDAVINTYUUIUITUNIUATIUAINNINNTT 6 dB Tﬂﬂ

a o g 1w J %% 1 o [ A oA

NUITEldeamsmsanaIudya A d YA UNTNAEALINTYYIUTUAIUAIINAINN
9

11NN 6 dB iy 13l ldiumatia GCA fadasdiudyguaedynIsunInaeauIn

[ Jsa oA a 9 Y A [} o 1Y 1

ﬁﬂ]uﬂlﬂﬂ‘!ﬁ‘llﬂ?lu@n?luafiﬂﬂgﬁlﬂuﬂ’)WﬁJ@]ﬂﬂﬂWﬁﬂlﬂﬁEﬁﬂfﬂﬁﬂWﬁ !,LagthﬁnJ"liﬂﬁ‘iJ‘lIi%ﬂL!ﬂW

o U o 1w o Ja I f ! a
dasdudnanuredyasunInaeaandy s UnIuAuan luiua 1dusms 1a

52 tynmazdeaueuiz

a A '

lumseonuuumalANITINLHUNTNeINIAALINGT T uIAT o e Tig 1L Ta

Aa o =2

s g Y o~ 9 & A Y =
L"“Ifﬁﬁﬂ'lﬂ{luﬂ']ﬂ']i‘ﬁﬂ']ﬂ"]fu1!u’l]3G]ﬂ\‘]llﬂ’JanﬁjWUﬂ’]uiuxﬂu'JﬂﬂVlﬁﬂEW I@Ifﬁ]gﬁﬂx‘]ﬂﬁ']llﬂﬁ

o v 1

a o {0 1 [ v
6lglj’t’)fl]Tf‘lﬂ LAZATNITIUIABD TN 9 ﬁﬁ'\iWaﬂ§$ﬂﬂ@]@ﬂﬂ!ﬂ”lWﬂ’NiJLlﬁﬁﬁiyﬂJﬂﬂ!ﬂTﬂﬂlu’ﬂ”lﬂﬁ ‘;I:N

Y

ety dunumsuddynidiedims TlsunsuBuduiiomsidaeunanga Taoly

T1l51n53 IBM ILOG CPLEX optimization studio 34@131505 U152 /un15vidaeunafiga

]
[B= 3

wintymninsaniliesedevinaluaifd ssunaiiudivauann Tusunsuerveela

o Ao Y A ) A o o &
fT”IﬂJﬁﬂﬁ"lﬂW]@‘]ﬂﬂﬂﬂﬁﬂulﬂ mamﬂ%izﬂxnmmuiumsﬂizmawawam@mmmu ANUU

q

v P2 v

o w Aav A A A ' = Y ° o
Glj’t]ﬁﬂﬂﬂcl,uﬂu’mflu ﬂ@ﬂlu1ﬂﬂ1@ﬁlﬂi@‘1ﬂﬁmﬂ§$ﬂf]‘]Jll‘]Jﬂ’JEl UIUIANATDUAITNLTITAY YU
v

o =\ 4 o < o Aav Aq Y
SnuanigiulyTamad uagtiuauvasnveninens lagluanuideulsnarlunism
o I < =< A 1 A A oo Av AN Yo
Maouilunal 40 52109 Fannnaaeslwaievienivuialugniiauisen ldiuaue
9 o I ] 9y 9 <
o199z 1¥a lumsridiaouduszeznaiuiy ez ausnse 1d 819 ldanilu

A

d A S K 9 @ @ AR A o A Y A [ o A
et iwou vsod WDNVITADNNINAUIDANDITUDU GlUﬂ'lﬁﬂ'lﬂ'W]f]ll‘ﬂslﬂalﬂﬂﬁﬂﬂﬂ'lﬁﬂlwl

De

o

ANga 1TU N150UBOUTIADY (Simulated Annealing: SA) 6aNdINUWUFNTTN (Genetic

q



92

Y [l
Algorithm: GA) 42 N3ABaN83NY (greedy algorithm) 1o 1 au1saviaiaen ldnielu

{ o = o 1 4 1
52U2NMAUA uaﬂmﬂﬁmmnmgmuwmﬁa1ﬁ§mmuiﬁmaammzmwaﬁﬁ@mmw

Y
aAav A o ' IS

o Ay Yo dy Hq ¥ a = Yo <
dauanad lasumeluiiuiliuias Flunuiseillammuadumisvesaariiguiiuuuy

Y
a o o Y o w

1 Y )
MInszareanuuatuaueniglueins onnaluaulseddidedinaluisoiuninis
o 1 [ 9 d' Yo ~ L= é ] ]
MruanInNULIITyaIuUeId1Funaas 1asuiissnufer Fse199z luasounquainau

o A ) v A o 9 a =2 Y A o Y
Ll,iﬂZ‘Tiyﬂﬁm%m%ﬂuﬁﬁlﬂﬂﬁLil@uflﬂglﬂﬁ'lu"ﬂiﬂ i’JlliNﬂ1ﬂ’f]1mliﬂﬁﬂgjiyﬂm‘1/]1.!13J161"]561,1‘lﬂ15

o a o dy I oA ) ' oAy Y o a = =
mmm“lmm:; EJ‘L!L‘]JUﬂTVIiIﬁHﬂﬂWﬁ]'IaEN 11%1%?11‘1/]1@%1'?1?115’3@%5\1 FID1AUATININY

P
v v 9

1 Y 1 1
AmAAADUINATY AINURDENIUDEINITDIEEN 19/ 191NN15 195 ulpann AR IANAD LAY

L

53 HHIMaINM Il ueuInn

a 9

Y T
el Iaduauemalians e un SnensnauIngd s unsoveaotigiumy

E]

o g’/ Y a 4 = as a 9
Tm%aamﬂiummwmwu I@Elllﬂﬁl%}’dllﬂ'liﬂﬂ!@]ﬁ'lﬁ@]iﬁlﬂﬂiglﬂﬂﬂﬂ‘ﬁ ﬂ?ijﬂiuﬂihﬁﬂlﬁu

9
a v W ) [ g

lumsesnuvuilymdmiumsnumunsnensaauang asiudimsumsiann lueuing

Q

' v
AL Y (2

aunsannsantaltedundinanuqunInueId N 15U durisvesdntigriuiula
o v o o 1 = s 9 tdy a o <A

5aa 33ﬂllﬂ’]ﬁQﬁ\‘]%@\‘]ﬁﬂ’]“ﬂ’]“&ﬂﬂiﬂlc}faa 1Wuau uf’)ﬂﬂ’]ﬂu'ﬂ’]ﬁ]ﬁ]$Wﬁnﬁm']'N]f‘]ﬂ§$ﬁQﬂ@u
A A A a A T ~ S @ s A 1w ]

9 lW’l’]lWﬂJﬂﬁgﬁ"ﬂTiﬂ’]WGIJ@QLﬂﬁﬂm’]flﬁﬂ’]uﬂ’]ulwmjﬁlcﬁaa IHU QWQﬂﬁgﬁQﬂLWQWTﬂWﬁﬂJUﬂJ']mﬁﬂ

(%% o ! ! ) @ =) o J

dyanaunsnaeauIndyanusunauimnnigadimsuglauimanielueins Taguszass

A Ao ~ = o @ Y a I £y
LW@W']ﬂTJﬁEJﬁ']JJ']iﬂ‘V]JJ']ﬂVIq@ﬁ?ﬁﬁﬂm%ﬂﬁﬂ?ﬁﬂWﬂiu@TﬂTi Lﬂu@u



51811591994

Usenou 3304 (2535). M31UsUNITUTH (Linear Programming). 1AIN15aa3NONATS
Ams aaniutiudaiaulsmsmnans.

anBun $1e (2552). MIVeAUTHUIU (Operation Research). INgWanl. nFaunm .

ﬁmﬂmj’mi3i]ﬁ@‘uuazu’%mammﬂa@ﬂﬁ’ﬂmﬂ13 (2543). NYNILNII affufi 55 (W.f. 2543)
20NMNANNUNIZIVUYUANIVANSIAS WA, 2522,

Abdelhay, E. H., Zaki, F. W, Kishk, S. S. and Moustafa, H. S. (2015). LTE-A multi-hop network
with zero link overflow utilizing OTFWC scheduling. Int. Trans. Electr. Comput. Eng.
Syst. 3 (1): 19-29.

Ahmed, A. U, Islam, M. T., and Ismail, M. (2014). A review on femtocell and its diverse
interference mitigation techniques in heterogeneous network. Wireless Personal
Communications. 78 (1): 85-106.

Barbieri, A., Damnjanovic, A., Ji, T.,;Montojo, J., Wei, Y., Malladi, D., ... and Horn, G. (2012).
LTE femtocells: System design and performance analysis. IEEE Journal on Selected
Areas in Communications. 30 (3): 586-594.

CISCO. (2015). Cisco Visual Networking Index, Global Mobile Data Traffic Forecast Update.
2014 — 2019 (white paper).

Ebrahim, A., Alsusa, E. and Baidas, M. W. (2016). An uncoordinated frequency allocation scheme
for future femtocell networks. In Proceedings of the 2016 International on Wireless
Communications and Mobile Computing Conference (IWCMC); 5 Sept-9 Sept, 2016;
Paphos, Cyprus, p. 239-243.

Ericsson. (2010). LTE: Overview and Deployment Considerations80-W2691-1 Rev A.
Copyright © 2010 QUALCOMM Incorporated. 102 pp.

Estrada, R., Otrok, H., Dziong, Z. and Barada, H. (2013). Joint BS selection and resource allocation
model for OFDMA macro-femtocell networks incorporating mobility. In Proceedings of
the 2013 International Conference on Selected Topics in Mobile and Wireless

Networking (MoWNeT); 19 Aug-21 Aug, 2013; Montre;al, QC, Canada, p. 42-47.



94

ETSI, L. Evolved Universal Terrestrial Radio Access (E-UTRA). (2011). User Equipment (UE)
radio transmission and reception. ETSI TS, 136 (101).

Holma, H. and Toskala, A. (2011). LTE for UMTS: Evolution to LTE-advanced. John Wiley &
Sons, 576p.

Liu, J., Wu, J., Chen, J., Wang, P. and Zhang, J. (2012). Radio resource allocation in buildings with
dense femtocell deployment. In Proceedings of the 21" International Conference on
Computer Communications and Networks (ICCCN); 30 July-2 Aug, 2012; Munich,
Germany, p. 1-5.

Liang, Y. S., Chung, W. H., Yu, C. M., Zhang, H., Chung, C. H., Ho, C. H. and Kuo, S. Y. (2012).
Resource block assignment for interference avoidance in femtocell networks. In
Proceedings of the 2012 IEEE on Vehicular Technology Conference (VTC Fall); 3
Sept-6 Sept, 2012; Quebec City, QC, Canada, p. 1-5.

Mahmud, S. A., Khan, G. M., Zafar, H., Ahmad, K. and Behttani, N. (2013). A survey on
femtocells: Benefits deployment models and proposed solutions. Journal of Applied
Research and Technology. 11 (5): 733-754.

Nagashree, N., Rao, V., and Shanavas, [.LH. (2013). Femto Cells-a new generation cellular stations.
Universal Journal of Communications and Network, p. 9-15.

Orthogonal Frequency Division Multiple Access (OFDMA). 7111114844/ yard1dalaan
http://www.revolutionwifi.net/revolutionwifi/2015/3/how-ofdm-subcarriers-work

Saeed, A., Katranaras, E., Dianati, M. and Imran, M. A. (2015). Control and data channel resource
allocation in macro-femto Heterogeneous Networks. In Proceedings of the 2015
International on Wireless Communications and Mobile: Computing Conference
(AWCMO); 24 Aug-28 Aug, 2015; Dubrovnik, Croatia, p. 1272-1276.

Selim, M. M., ElI-Khamy, M., and El-Sharkawy, M. (2012). Enhanced frequency reuse schemes for
interference management in LTE femtocell networks. In Proceedings of the 2012
International Symposium on Wireless Communication Systems (ISWCS); 28 Aug-31
Aug, 2012; Paris, France, p. 407-412.

Uygungelen, S., Auer, G., and Bharucha, Z. (2011). Graph-based dynamic frequency reuse in
femtocell networks. In Proceedings of the 2011 IEEE 73" Vehicular Technology

Conference (VTC Spring); 15-18 May; Yokohama, Japan, p. 1-6



95

Vardhan, C. S., Ratnam, D. V., Bhagyasree, N. and Dattu, A. H. (2014). Analysis of path loss
models of 4G femtocells. In Proceedings of the 2014 11" International Conference on
Wireless and Optical Communications Networks (WOCN); 11 Sept-13 Sept, 2014;
Vijayawada, India, p. 1-6.

Varghese, A. and Sudha, T. (2015). A resource allocation scheme for throughput maximization in
OFDMA femtocell networks. In Proceedings of the 2015 International Conference on
Control Communication & Computing India (ICCC); 19 Nov-21 Nov, 2015;
Trivandrum, India, p. 407-412.

Zeng, M., Chen, X., Zhang, X., Sang, L., and Yang, D. (2013). A Novel Dynamic Interference
Coordination Scheme in Macrocell-Picocell Heterogeneous Networks. In Proceedings of
the 2013 IEEE 77" Vehicular Technology Conference (VITC Spring); 2-5 June;
Dresden, Germany, p. 1-5

Zhang, J., and De la Roche, G. (2011). Femtocells: technologies and deployment. John Wiley &
Sons.

Zulkefly, N. R., Rahman, T. A., Al-Samman, A. M., Mataria, A. M. and Leow, C. Y. (2015). Indoor
path loss model for 4G wireless network at 2.6 GHz. In Proceedings of the 2015 1"
International Conference on Telematics and Future Generation Networks

(TAFGEN); 26 May-28 May, 2015; Kuala Lumpur, Malaysia, p. 117-120.



MANUIN

a d' Y A A d Y Y =X
‘u‘nmmmmﬁﬂ"lm‘ummwuwmmmﬂmzmmmmnm



A a d' Yo a A [ ] L=
s1amanna31uammsﬂ"lﬂ‘mmmwuwmmm{lmzmnmm

n¥NT MWy, Aszdud n3m3la uaz 4RI NI1UINA (2016). Joint Frequency Channel and
Transmitted Power Assignment for WiMAX Networks by Using Binary Integer
Linear Programming, n15152yu331n15m193an535u lalvh A%37 39 (EECON-39)
2 — 4 WRAIMOU 2559 9WNAINTAINMINGIAD

Kotchakorn Phimphahu, Chitapong Wechtaisong, Monthippa Uthansakul and Chutima Prommak
(2017). Effects of Radio Resource Block Assignment for 4G-LTE Femtocell Networks
in Multi-Floor Buildings, in 11th South East Asian Technical University Consortium
(SEATUC) Symposium, 13 - 14 March 2017, Vietnam

Kotchakorn Phimphahu, Chitapong Wechtaisong, Monthippa Uthansakul and Chutima Prommak
(2018). Radio Resource Block Assignment for 4G-LTE Femtocell Networks in Multi-

Floor Buildings, Suranaree Journal of Science and Technology (SJST). 25 (4): 395-404.



98

9 v L a i o W V1 o [ A v & v a
ﬂ'lSﬂﬂﬁii”ﬂﬂﬂﬂmumu'lmﬂ'J'IilE'Il!ﬁzi%ﬂﬂ“llﬂﬁﬂ'lﬁﬁﬁ\‘lﬁ]ﬂilllﬂSﬁ)ﬁl1EluhL!}lﬂ‘]ﬁﬂﬂ‘lﬁlﬂ151‘]]5!“]531!’]5»31%1‘!

o o G
d1oudalun

Joint Frequency Channel and Transmitted Power Assignment for WiMAX Networks by Using Binary

Integer Linear Programming

- 2 o d o Py
NYNS WIHH, Wzaua nimilavaz TFAIN WIHIIND

= o 5 o wa o e = < T
I sy Insmnnay dniniyImassumaai unaneamna lu lﬁ?]f[iul?

A

M58407462@g.sut.ac.th, M5840755@g.sut.ac.th and cprommak@sut.ac.th

o
Unnage
ANANLINIAUOITMTIAATIANURNAT M HUATEANUD
masdifamii pusdazeaniiluaione hundlaol$3ims
TalsunsmFudusrun@u'liund (Binary  Integer  Linear
Programming)  Tumsuddaynt iosninminanifiginlFanud
@mnuaziiszaumdadan imnzew wn hinadyaaumin
. T & 2 °
a0 ( Interference) Fectana lidoyanadigaunmd Tnsluunaan
3 ;
erueil G ldiannmunsadiamanidimTumsmvuannud
nazszAvvesmidsdainzaniigal idvudasderiigi Tasi

andszmeamoandinumsldnunnudluadonoliifesiiga

Tifuims Tasfinsanqanmdina 1n9na 19as 1 dIuve i Iuno
Ty IUNINTOAUINTYYIMIUNIY (Signal (o Tnterference plus
Noise Ratio : SINR) Hiyananoudaaa (Signal Test Point : STP)
4 yany o wuw 4o
ol lduins Iasudayanigunm
o o o - [ ¢ aa - o 2
mMon: 1INy hlﬂ}ﬂf& ’J‘ﬁﬂﬁiIlillﬂﬁ‘lll’lﬂlﬁuﬂTU'Julﬂll, s
< 4
dnaTinud
Abstract

In this paper, we propose a novel technique to jointly assign the

f v channels and the

1 power levels for the base

stations in networks to improve the signal quality in the service areas of

the WiMAX networks. The proposed Lechnique is based on the Binary

Integer Linear Prog ing (BILP) opti ion model. P:

the proposed optimization model aims to minimize the number of
frequency channels ‘wsed in the WiMAX networks and takes into
account the quality of signal coverage in the service area by evaluating
a Signal to Interference plus Noise Ratio (STNR) at the specified Signal

Test Points (STPs).

Keywords:  WIMAX networks, Frequency channel assignment,
Transmitted power level assignment, Binary Integer Lincar

programming.

L wni
WIiMAX (Wireless Interoperability for Microwave Access) fo
4 P R T B T
szuuAemsusoauuud 1imednyiianiduipiuiiisasiialu
4 ad by 9w o
nsderguaziiiuidyganourqunin Tasimshauawi
mnualunasgiu IEEE 802.16
= o 4 a0 | Ya o ~w
namsanmIiimhssansuidinn ldin aimuenuiie
dis xR 5 ’ . o
Whmsinsunsnumsesnuuunsevisszuy uundlas nuise
[l aandms 1AM Tdsunsdudusmmdylvuiaii
& ) doocod
Aumisnaamaasiiomd unisiasan g iz auhige laedl
o o A 4o o o 19,2
miTmlszauiundyananionaquuazoas i lumalinims
Qudde 21 ndndamsaamimasdaiinnigavosdliinsiu
Ao w v ] V=
vazafimsimlszausasiamsTinims
- p o s v .
anragilszaedvssanaisituaueil AemslFausiuou
ey G .. s 0 ra ; -
i iifosiiganionnuhimuaszavvoamaidaveuaazeonil
¥ 51 q Yoo - " D 2y aa
grubinnnzmy Tasld3smsnumnniovis huundgdaeiing
- 9 2 -
TsunsuFaduineow@nluud  (Binary  Tnteger  Linear
Programming) 31 §ii0 Idadamunsadinmani dledmuanid
uazszavyoandsdaiinnnzauigalidundazaoiigiuiae

JmlszAumdas idauvesdan vdodua auninaoaundyay i

o

5UNIU (SINR) NynYAnadotdya
Xo 2 ol N 4 o &
unnnuii A umniaueati 1ot 2 msdadassnnud
uazizayveasmdsdadimsnan g lund siavoh 3 msnaas
HAZWITIA0T 0114 Han 1T naa0 wazmso Mlsioea uaziaio

s agwansnaaoa




99

2. msdaassmamidnasmdsaedmuaaiignduund
A o v 4 = Ay ]
iiomluiideiinilumseuisniseeanumnieis uund

Tao 19355 TalsunsuFadus i@l Binary  Tnteger

Linear Programming) lauiavo 2.1 eFwnuiiomilan wade 2.2

- = o 3
omng aums Llsunsudaduinmudnlines

o
21 matinadym
oy 2 £ 3 o

manarniaione husngiinsanlumaanuit dumsia
assanuduazmdsdIiiuao g lhund diofiuadasidou
VoI ATy IMNTANOALINAYIVTUNIY (Signal Lo
Interference plus Noise Ratio : SINR) 414 aumsmsndinmansuuy
Fems TsunsuFuduiiuamdn luui Tumiseennuy e a

- w o w 1 & A Vo, - U 495
mwdnasszauhidsainonzanigaliduaniiglund Tas
5 UszAumdnndiuvesdy emodyaaumsnaoauIn doyy s
sumuliaudlisms

v

TuunawitIdsudszAuqanmuosdayga Tasiinisanms
daniduvoady vdodya ammsnToaIAdyaIn uAIY Tay
A nuagANAAD YT 19 (Signal Test Point : STP) tiug wrafiog
ssiiiuganmdania dion1siulssdugammdyanalin

Myaa sy p
g¥ismislunsevislunsg

2.2 WannsuBudud nowdaluuii

A Idhiiuemsiagsanunass saureIAa
dwmFuaaiigiuudind Tal#3ns Tlsuasudadusaudly
wid Tums ufluilym TaoiSagus vaadiiionasiuammansan
sacasliuday aoriiguditooiige dweaaluammsi (1) dau
fq"nu'hjﬁuﬁnmumlsnsnunmmmﬁiyiy]m“luvfumﬁ'ﬁﬂ17 M
uetaaluann1si 2)= (7) Fadlumslizdivim SINR fyananoulao
azdounanidiiaunia (Theeshold)  m15190 1 lufiiimung

wlsi ¥ luaumindinmnans

Minimize Y3 F (1)

Subjcet to:

N T
Z z al, =1 VieB @
k=1 =1

,VieB,VkeN (3)
,VIeL

B N L ‘
Z z z X > 1 Vhes @
=1 k=1 =1

;YheS,YieB.  (5)
,VkeN, VieL
,YheS, VieB
,VkeN, VieL

aly <Fy

hi {
X S @y

xf (PD+18— P(hik)— Py) 20 (6)

((P,(u)us—?,_(n,m)))
Inf + (1—xit) + x4 10 L

B Z; ((I’r(u,nl)+l8— P,_(n,,,u))) )
> pNoB+ Ve, D 10 w
4zt tm=1
,VheS,VieB,VkeN,VIeL
mand Lol lfluamandinmeand
wavaIAl
N AT IIUAINA
B wAvoIT AN
S ALt INANATO U
L wavosdumddmiiomy

dnlsdaiule

Fy dnnlshiuii (0,13 &1 F =108 kgminn 19

uadh Fi, 0 aand k higminnly

@iy danlsTuuts 0.3 & ady = tinsmndviualE satign
donldnad k uazlddidseAui 1l uad ek, -0 mneany

A1l Weafiz i donlamond k na1fihdideszdnm |

X A3 lonis 0,13 &1 x = 1 mnsnawinmualign naou
o b Wdyy ey i Aead kuogldida
seAutuad xpy 0 wneanw i hidmun IR anereudygna
b s udyap ety i f ad kuos19hdudesed 1

wisimasmnai

Py seaudya A I Mo (Recved

power threshold)

PG | dse i danld

AU 1 el

Py(h i, k) | sivdagupiion sz oz meigpmaaeudyyioh 8 unneni

§1i Ao wa k

Ye oaEY IMAD Y RN AOR TRy
LA1ANa3 1751 (SINR threshold)
Ny iy smuAIuion (Thermal noise)
B AILNT IR
Inf o

4 4 ) o 9 '
aumsionvii ) dunsdimalfudazaniiigiudosldau

Mwd 1 pawduazl¥hdsde 1 ssAuminiu aumsdoului )
2 ° . A o Y o - v o
Alumsiinuahianuingadaass lidusmiigiudeaiiuanudi
o ay .1 & 4 4 2 o o o -
gmibun i anmadon vl (@) Humisfulszaunaaiig
Tidanamsonnquianagondyanaman mumsdoului 5)

= ° L o v o
Aumsmimuaiiganageudanimnzdodldiudya g’

a4 e

; " 3 ;
pudignanassanuRuazmddaigainn i aumsGou'ly
4 2 Y @ o A Y da
# (6 dhuimsfinlszdudganamondayana szdoa 1d5udaanaiil

' o o oA oo . .
midunnnTszaudyaaiudiaed ivualaoniBauniy 2, aunis
A i E! o : o )
Aou'lvir (7) dlumsasmaeudensidauodyaadodyaa
-

iminden uIndam I unI Uy nanoudya e Tavvzdeiing

i B ' o ny
WINANANVALIN y, NNIVUA 13




100

3. m‘mmnmlmsm‘nﬁma‘i

Sagilszasavoanisnaan lofnn s aun wanarszan
Midadsfiusazaniighudndiden1dasdanaodialsdoganim
dyana Tasvziinsansinmidudyn adedya 1aunsndoniin
deyey 1sunauRgAnadey Tayay 164 (Signal Test Point : STP ) Ex
unudranalunmisnaaesi 2 3o Tupiliui 1 figananou
dayanasiuu 36 3 uaazyanademienwiluszes 600 WAS x
600 wasdaaaalugili 1 uazlugalii 2 fyanadoudyana

o ' e
VUTY 49 A IAAZIANATOUH 1AwAlusZoz 500 1UAT X 500 AT

am} + + + + 4+ +
00 .
2} + ' '
.
o
s
o+ + + + + +
2 is0 .
mi+ + +
- .
a
anf+ ¥ + + + -
a
+ + + + 4+ +
v se @ B 20 0 2w W

311 1 uupdnaasii 1 nedliiganaaeudtunn 36 90

SN TEST
0w -
0 "
200
a
10 o ¥
A B
0 :
E ol + - . - + +
o0 .
a
e
a
£
. N
0 W0 80 B @0 o a0 200 240 2 w0

)

U1 2 nuudnaash 2 nenliisanaaeudninnn 19 4n

Fauaaslugilii 2 i umsnanesiivuandia 3 Alawas 1
3 Alawns isnoudaiguhuding 7 aori oomaihusiiaii
MIEHINTZNONATNUNNITOUNAN (omnidirectional pattern) LAz
Ao udgyTain1snsneduuudinan  (Uniform
Distribution) #i2 jﬂ;luu%qﬁmﬁ innidaien #1¥lun1snaany
Finaaneuias g WiMAX TEEE 502.16 Aquanalumaai 2 41

Tumisannammsaanoumawoidan s i enoligu

mads @niighund) duaefigiumaiu ganadeudayaia)

51 181Funusiaoamsgadoniusza2ma (Path Loss Model) 1099
umInedoauauroia (Standford University Interim model : SUI
model) Fuiluunnsiao it 1dsiasuuzihnn IEEE 802.16 o ld

o . o o 9 Ay 2
ﬂﬂl’lmﬂlﬂlifjﬂglﬂﬂﬂ1ﬁiﬂ1lliﬂwﬂNhﬂﬂﬁﬂHU laund Is]

M3 2 msiimoin1Flunsman

LAEAITL DN M
AR 60m
17 il)i:!‘»l ‘\Oh]vl'ﬂ’ﬂi“]'l!ﬁi e 2m
T 3.5GHz
MBI 31-39 dBm
Anuntavasraadyn o 3.5 MIz
dszandnuasvoagiidsema B
SNIIVBVRITIIINIAN AT 16 dBi
SATIVOIBTOINTN AN INTY 2dBi
sz Tusitn s WA A mReedy -91 dBm
sudaTTILI Ty AT RN T oM Ny I 164 dB
JunauRIAI3 1A
dyapuniunnuion (N) -174 dBr/Hz

4. Nﬁﬂ]ﬁ'ﬂﬂﬁﬂi!iﬁ%ﬂ]ﬁﬂﬁﬂﬂﬂﬂﬂ
domludauiinauonanisnaass Fdufinnsda

Talsuns1als2gnd 1BM ILOG CPLEX Optimization Studio V12.4 T

o

RERY m’mau'ﬂmmn]unlifimunmmﬁ'ua:izﬁ'uﬁlﬁ'adﬁ
ninzaigalisuduaaiighund swddamadoya
uasuaasran AR 180 nanes 3R 3 wazgUR 4iu
A uanamdandudyaanodyaiaunindeauindania
i’l.lﬂ')‘ll,ilIil'lff’fvfuﬁﬁi‘ﬁ}ﬂﬂﬂﬁﬂuﬁm‘muIEU 36 YAz 49 PAWAIAY
Fmngilidasmnduashidsdaiisans s fudazamniigm daugl
# 5 uanen sl Fun e ezl (Probability
Density Function) v03dasidaudaa adodyg amuninaoauin
daanasuniu Taslun 1ﬂmﬁmﬁﬁﬁ”ﬂqﬂnmﬁ!ﬁ'naﬂﬂ 151
Sununwdlifoeiigandeouduaivs sduvosiidd o ey
aniigliinngan Fouiiu g udunsvosgduuui 2
wnhiymidandiudaa edodyaiaunsadonuindyyia
sumui’;i]mmﬁﬂuﬁag:ylcu‘ﬁmnnim’(unﬂvhlmgﬂuwﬁ 1

4 d_a o o = v3 ' a4
U3 Iﬂjﬂl!lﬂ!*ﬂ 2 immihanwddmnldanioons I]’IJ!!’IJIJV] i}

Tauagiliamsnaaomfoudioyszuiatuusiaoai 2 i Fa
Usznoudemdauitiouutinasgi tazauaasvossasidau
rTmuaJmvioﬁtyqnmumnnammnﬁﬂ;agwsumui‘ﬁﬂmﬁan
Fayanadmaaalinimed o naznmilFlumsmdasuues

gUnwud 1 uazgluuui 2 A 30 A vaz 1 ¥ 10 Mud 1Ay




101

SNRE) wih 3 gt st ot SmR(E;

20 150 0 20 24K 20 X0

310 3 SINR nadlilganaroudys o 36 98

SR it € Bttt omts sweid)

1l 4 SINR ndifigamame o 49 g

SR of clh g

e

= o ' " o v
N ns ‘ﬂiﬁ!uﬂ'l TUHUILHYOIN MUY Hlifl‘lI'Il’li]ﬂi]ﬂi'lif‘luiﬁyﬁu‘lm

ADARNUININADALINGY DM UNIUDINI 2 Filuny

M3 6 vam3nanaamaaoisuieussyNauTIAeaN 2 jliuy

gy | medesg | daudssumnasgin SnounIndi 1§
1 234480 dB 10,6653 3
2 29.9073 4B 126481 4

5. aylwaminaaes
v ;

Tuynanui IdhauodinsTadssasuduazhidadaliny
amiigundazanilunion ol dlagl§5m s 1lsuasmis
E 2 = ' 4 PR |
dudinudnlings namsmaaomudh ammbuazszaumaidi

gadaass Iidumigundazamil vazs nnuganadendaanai

Sa 4

T lumsnaruiaassnwd finadon SINR vounioiio Taoiio
g oy 5
fisuyanaaoudaananiiniy gunmvesdayanansoungnlu

¥y
A

dq v o P T AR S S | "o B
i hhiEmsinTiudiuiiy fudeamasveamdanaiuing

=

o .y A '
YN TUADAYY IVUNTNADAUINAYY IUTUAIUILIHUVY LADY

A F L M o @,

daralinarilylumsmmaouiinin TufofiaamdFudouves
Gl B cou B g o iz
Paymminiuiues dniuluewnadidseianmaliniannsonm
G AR S R ; v
maouldediailsz@niamdiniumioinsvnalug Tavez'ld
o & & o & P ' o ¥ |
Miladailhiodug idwmadonanmdyanamoadldau mu anug

- 5 . . <
voosdya e uazszaun suegEaiuvewaazd ¥ iudu

18Nm1581984

[1] Prommak, Chutima, and Chitapong Wechtaison. "WiMAX
network design for cost minimization and access data rate
guarantee using multi-hop relay stations." Intcrnational Journal of
communications 4.2 (2010): pp. 39-46.

121 D. Yang, X. Fang and G. Xue, "Near-Optimal Relay Station

Pl for Power Mini

in WiMAX Networks," Global
Tel icati Conference (GLOBECOM 2011), 2011

IEEE, ouston, TX, USA, 2011, pp. 1-5.

3] Winston, Wayne L., and Jeffrey B. Goldberg. Operations
rescarch: applications and algorithms. Vol. 3. Belmont, CA:
Duxbury press, 2004.

[4] Ahson, Syed A., and Mohammad Ilyas, eds. WiMAX:

technologies, performance analysis, and QoS. CRC press, 2007.

IS5 Erceg, Vinko, et al. "Channel models for fixed wireless
applications." In Technical report, TEEE 802.16 Broadband
Wireless Access Working Group. January 2001.

MIAININT MY uaz o sedud

mna'la dudansdnmszdnRaan
a3 luavidmiimnssuInsauuiny
dAiindnimassuman uninndo
maluladgiuid degiumdsinmlu
sedmliga Tvfninndo
maTuTadgsuiylumimis3mn s
Tnsmnay uddeiiouladhuaud
AundinioheAunaii

HAAS AR winuinn agiiudiag
duiad¥omansinsiaanin
3T INTANNALN UMNINNAY

maluTatgiuis




102

The 11th SEATUC Symposium

EFFECTS OF RADIO RESOURCE BLOCK ASSIGNMENT FOR
4G-LTE FEMTOCELL NETWORKS IN MULTI-FLOOR
BUILDINGS

Kotchakorn Phimphahu Y, Chitapong Wechtaison , Monthippa Uthansakul )
and Chutima Prommak
() Suranaree University of Technology, Thailand
(2 Nakhon Ratchasima Rajabhat University, Thailand
Email: M5840762@g.sut.ac.th

ABSTRACT

The requirement of the indoor user data rate has been
increasing continuously. As a promising solution, the
Long Term Evolution (LTE) offers the indoor femtocell
networks that can improve not only indoor coverage but
also system throughput. However, the concern is the rising
of the inter-cell interference (ICI) caused by the
neighboring Femtocell Base Stations (FBSs) which use
the same Radio Resource Blocks (RRBs). In this paper,
we study the effects of the radio resource block
assignment for the femtocell networks in multi-floor
buildings. The experimental results show that different
assignments of the radio resource blocks greatly affect the
network performance of which we evaluate in terms of the
signal to interference plus noise ratio (SINR) and the user
network throughput.

KEYWORDS: 4G-LTE femtocell network, radio
resource assignment, network throughput

1. INTRODUCTION

The requirement of data rate and ubiquitous wireless
coverage have been increasing continuously. The survey
shows that voice calls and data traffic occur mainly in the
indoor environments (Zhang, et al. (2010)) such as home,
enterprise and department store. Due to complexity of the
building structure, the signal from the macro base stations
is hard to reach the indoor users. As a promising solution,
the 4G Long Term Evolution (LTE) offers the Femtocell
Basc Stations (FBSs) that can improve not the only indoor
coverage but also the system throughput. The femtocell is
a low-power home base station (Mahmud, et al. (2013)),
which brings-advantages to mobile operators due to its low
infrastructure. cost."To achieve high data rate, FBSs apply
the frequency reuse approach in.order to optimize the
radio resource utilization. However, if the radio resource
is assigned to FBSs in the building without carefully

planning, it could cause high inter-cell interference (ICI)
and reduce the system throughput (Ahmed, et al. (2014)).

ICI is one of the important problems of the femtocell
networks deployed in the multi-floor buildings. Some
existing works in literature have considered this issue. For
instance, (Pateromichelakis, et al. (2011)) analyzed the co-
tier interference in femtocell base stations without
interference mitigation techniques by considering some
parameters such as the path loss model, the shadowing,
and the wall penetration loss. (Kim, et al. (2010))
conducted the performance analysis of two-tier femtocells
networks with co-channel femtocell deployment with the
outage probability constraints. (Choi, et al. (2010))
presented the power control scheme for femtocell base
stations to mitigate interference in terms of the capacity of
the macrocell base station and the femtocell base station
in both downlink and uplink. However, the previous
works have not analyzed the effects of the Radio Resource
Block (RRB) assignment for the 4G-LTE femtocell
networks in the multi-floor buildings.

Consequently, this paper aim to investigate such
effects on the ICI level in the service area. Specifically,
we evaluate different assignments of RRBs in terms of the
signal to interference plus noise ratio (SINR) and the
network throughput.

The rest of the paper is organized as follows. Section
2 presents the detail for the experimental setup and the
radio propagation model adopted in our study. Section 3
analyzes and evaluates the network performance. Finally,
section 4 concludes the paper and discuss our future
works.

2. EXPERIMENTAL SETUP

We conducted extensive experiments to analyze the
network performance “of the radio resource block
assignment for the FBSs in a multi-floor building.
Specifically, our experiments were setup in the two-story
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building with each floor dimension 75mx75m. Fig 1. and
Fig 2. show the service area of the first and the second
floor where seven and six FBSs are installed, respectively.
The Signal Test Point (STPs) granularity of 5 meters is
considered in the service areas to evaluate the received
signal quality (represented by a plus symbol in Fig 1. and
Fig 2.). There are 256 STPs on each floor.

Our experiment considered the femtocell network
operating at the 15 MHz bandwidth in which there are 75
RRBs. We evaluate three cases of the radio resource
planning in which 75 RRBs are divided into one, three and
five RRB groups as shown in Table 1. Specially, we study
five cases of the RRB assignment as described in Table 2.
Each case deploys different number of RRB groups and
different RRB assignment. The case 1 utilizes one RRB
group where all FBSs are assigned with all 75 RRBs. In
the case 2 and 4, the network bandwidth is divided into
three RRB groups whereas in the case 3 and 5, five RRB
groups are considered. In each case, cach FBS in the
network is assigned with RRB group as specified in Table
2. Table 3 presents the parameters of the FBSs used in our
experiments (ETSI, L. Evolved Universal Terrestrial
Radio Access (E-UTRA) (2011)).

Table 1. RRB utilization in our experiment

The number of | The number of the RRBs in each
RRB Groups group

1 RRBI=1-75

3 RRBI=1 - 25, RRB2=26-50,
RRB3=51-75

5 RRBI=1 - 15, RRB2=16-30,

RRB3=31-45, RRB4=46-60),
RRB5=61-75

Table 2. RRB assignment in each experiment case

Experiment RRB group assigned for cach FBS
Case 1 2 3 4 5 6 7 8 9 10 11 12 13
1 O 5 3 T 5 ol | 5 T T 1 1 1
2 2 1 3 2 1 3 2 2 1 3 1 3 2
3 2 1 4 1 5 2 1 3 4 5 5
4 z{ijajs a1t |32 |S]|1]3
5 1 3 2 1 I 5 5|4 3 5 2 | 3

Table 3. Parameters of the FBSs used in our experiments

Par ters Values
4 [ [ress | | [ [rese| [T ° Carrier frequency 2.6 GHz
es—1 L — Y . . Height of FBSs 2m
80— ¢ . . Height of STPs 0.8 m
Sr—1 = + S 1 Transmitted Power 5 dBm
R Y A Bandwidth 15 MHz
€ Y b P . Number of resource block 5
Eululy SCOBEPFF I . cived shonal stremth
3 n order to compute the received signal strength at
< DT A l : : J_i : B [E STPs, we use the path loss model which recommended by
‘s—ri B the 3GPP (The 3rd Generation Partnership Project). The
oL 3 @ ._ ‘[ e - b path loss model is given in Eq. (1) (Vardhan, et al. (2014)).
sb + = ¥ g <+ T+
0 5 10 16 20 25 Jo 35 40 415 50 85 60 65 70 75 PL = 40.7412+20l0g10o(R)+0.7d2uindoor+ 18.3((+2Vn+1)-0.46)
distance (m) +qLiu )]
Fig 1. 1*'floor of the building
where R is distance between STP and FBS. daaindoor is @
7St M1t 1sadt. ¢t + * oLt t d e ayide .
70—,LLLEE 10 [ ! 1 ebb1z | = wall thickness. n is number of building floors. g is number
650 | ‘:I L1 |- l:‘ L of wall separation of STP and FBS. L;. is building wall
L — P 1_— e —— penetration 1oss.
sst [ il L P
= jg_jH a L e i L 3. RESULTS AND ANALYSIS
75740 FSY V] [ 1 ] [P For the evaluation of the radio resource planning in
Rl I L S + [ . our study, we compare the network performance of five
%3"_‘ [ 0 & R | - [ 1 different RRB assignments in térms of the signal to
f;—;[—,[—: Sl—j T S BT interference plus noise ratio (SINR) and the user network
15T i S A A A KA i throughput. Specially, the.Shannon formula (Mogensen,
0 b _—_‘ O T ]E j:F: et al. (2007))-is adopled to estimate the user network
Ds—fl g 7 e e e o o O lhroughpu( inour study. ) ) )
5 10 15 20 25 30 35 40 4550085 B0 65 70 75 Fig 3 -7 show the contour plot of SINR in the service

45
distance (m)
Fig 2. 2" floor of the building

area of five different RRB assignments. We can observe
that the value of SINR is lowest in the case 1 (Fig 3) due
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to high co-channel interference caused by the neighboring
FBSs that operate at the same RRBs. For the case 2-5 in
which the radio bandwidth is divided into groups of RRBs,
the SINR quality is better than that of the case 1. Consider
the case 2 and 4 in which the radio bandwidth is divided
into three groups of RRBs. We can see that SINR of the
case 4 (Fig 6) is better than that of the case 2 (Fig 4). The
reason is that the RRB assignment of the case 4 is more
suitable than that of the case 2 in the way that the same
RRB group is assigned to non-adjacent FBSs. This results
in lower the co-channel interference in the service area and
in higher SINR quality. Next consider the case 3 and 5 in
which the radio bandwidth is divided into five groups of
RRBs. Similar to the case 2 and 4, SINR of the case 5 (Fig
7) is better than that of the case 3 (Fig 5) because in the
case 5 the adjacent FBSs are assigned with different
groups of RRBs. Additionally, we can observe that SINR
of the case 5 is higher than that of the case 4 because the
radio resource planning of the case 5 utilizes more number
of the RRB groups than that of the case 4.

Last but not least, Fig 8 and Fig 9 show the CDF of
SINR in the service area and the CDF of the user network
throughput, respectively. We can observe that different
radio resource planning and different RRB assignments
greatly affect the network performances. In Fig 8.
considering the cumulative probability 0.8, the case 2, 3,
4 and 5 can improve SINR up to 24.0 %, 51.28 %, 56.82
% and 65.46 % compared to the case 1, respectively. In
Fig 9, considering the cumulative probability (.8, the case
2, 3,4 and 5 can increase the user network throughput up
t0 21.95 %, 50.77 %, 54.93 %, and 64.45 % compare to
the case 1, respectively. Obviously, we can see that the
SINR and the user throughput of the case 5 are higher than
those of the other cases because the case 5 utilizes five
groups of RRBs and the same RRB groups arc carefully
assigned to non-adjacent FBSs.
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4. CONCLUSIONS

In this paper, we present an analysis of the effects of
the Radio Resource Block (RRB) assignment for the 4G-
LTE femtocell-networks in multi-floor buildings. The
results from extensive numerical experiments show that
co-channel interference between adjacent FBSs could
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highly affect the network performance in terms of the
signal to interference plus noise ratio (SINR) and the user
network throughput. Specifically, the suitable radio
resource planning and the careful RRB assignment could
reduce the co-channel interference and increase the user
network throughput up to 64.45 % compare to the case
without the radio resource planning.

Our future work will investigate the radio resource
planning techniques for the 4G-LTE femtocell networks
in multi-floor buildings. We will incorporate the RRB
assignment and the co-channel interference effects in the
radio resource planning process.
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Abstract

The requirement of a mobile data rate and ubiquitous network access for an indoor
environment has been increasing continuously. A long term evolution allows femtocell base
stations as a potential solution which can improve not only indoor coverage but also data
rates. However, one of major challenges is the increase of inter-cell interference caused by
the neighboring femtocell base stations that share the same radio resource blocks. In this
paper, we formulate the optimization problem as a linear programming on radio resource
block assignment for 4G-long term evolution femtocell networks in multi-floor buildings.
We separate the problem formulation into 2 phases. The first phase aims to assign a user
to the optimal femtocell base station in order to maximize a received signal strength for
a user in the service area. Then, in the second phase, the objective is to maximize the number
of the radio resource blocks that is assigned to each femtocell base station from the first
phase’s solution. Moreover, the proposed technique can guarantee the quality of services
in terms of signal to interference plus noise ratio and signal coverage. The experimental
results illustrate that the proposed techmique can achieve 100% service coverage
throughout the service area. Furthermore, the proposed technique can reduce the inter-cell
interference and improve maximum downlink throughput by up to 86.11%.

Keywords: 4G-LTE femtocell network, radio resource assignment, inter-cell interference, linear
programming
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Introduction

The popularity of smartphones and tablets has
increased widely in recent years due to the
availability of mobile data rates and ubiquitous
network access that has been increasing
continuously. A survey has demonstrated that
voice calls and data traffic mainly occur in the
indoor environment (Zhang and de la Roche,
2011), such as the home, office. and department
store. Due to severe wall penetration losses.
the signal from the macro base stations has
difficulty in reaching the indoor users. In order
to satisfy the requirements of the indoor users,
the 4G Long Term Evolution (LTE) offers the
femtocell basc stations (FBSs) that can improve
not only indoor coverage but also data rates.
The femtocell is a low-power home base station,
which brings advantages to both mobile operators
and mobile users. such as infrastructure costs,
indoor coverage, and system throughput
(Mahmud ef al., 2013).

In order to optimize the radio resource
utilization, FBSs apply the frequency reusc
approach to accomplish high data rates
(Ahmed et al., 2014). However,if the FBSs
share the same radio resource in the building
without careful planning, the FBS user will
suffer severe inter-cell interference (ICI). A good
approach to mitigate ICI in the femtocell network
that uses orthogonal frequency division multiple
access (OFDMA) (Holma and Toskala, 2011)
as a multiple-access technique is the assignment
of a resource block. In addition, a resource
block, which consists of several subcarriers, is
the smallest radio resource unit of information
for OFDMA transmission.

ICI is one of the important problems of
femtocell networks. Some works in the literature
have considered this issue. In Selim et al. (2012),
the authors proposed soft and partial frequency
reuse schemes for interference management in
LTE femtocell networks comsidering some
metrics such as throughput, quality of service;
and fairness. InLiu ef al. (2012). the authors
presented a semi-static resource allocation scheme
based on fractional frequency rcusc using a
heuristic algorithm which avoids interference
on cell edge users for dense indoor femtocell
deployments.

In order to improve the resource utilization
in OFDMA networks, resource allocation schemes
have been introduced. Saced ef al. (2015)
presented a technique to solve control and the
data channel resource allocation problem for
OFDMA heterogencous networks by using a
lincar binary intcger programming heuristic
algorithm in order to provide a high data rate
for femtocell users while ensuring the certain
level of quality of service for macrocell users.
Estrada ef al. (2013) proposed a joint base station
selection and resource allocation model for
macro- femtocell networks with interference
mitigation that aims to maximize the network
throughput by using linear programming. In
Ebrahim ef a/. (2016), the authors presented the
technique of a resource allocation for distributed
and uncoordinated femtocell networks that
maximizes cell capacity while avoiding inter-
cell interference to neighboring cells. Varghese
and Sudha (2015) conducted a joint subchannel
and power allocation algorithm with throughput
maximization for downlink of an OFDMA-
based femtocell network by considering some
constraints such as quality of scrvice, data rate,
and optimum power. In Liang ef a/. (2012), the
authors presented a resource block assignment
algorithm which avoids co- channel intercell
interference and cnsurcs scrvice quality for
femtocell networks by using a heuristic
algorithm.

In a femtocell network, the signal to
interference plus noise ratio (SINR) is important
in defining the modulation technique for the
user. However. the previous works have not
considered the SINR requirement guarantee in
an indoor scenario. Conscquently, this paper aims
to propose a radio resource block assignment
for femtocell networks in multi-floor buildings.
We formulate the optimization problem as the
linear programming (LP) on radio resource
block assignment. Our objective is to maximize
the mumber of the radio resource blocks (RRBs)
that is assigned to cach FBS. To improve
network performance, we consider the quality
of services in terms of the signal coverage and
the SINR requirement. Additionally, the user
network throughput is also considered.
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Method

We propose the LP (Winston and Goldberg,
2004) model to solve the radio resource block
assignment problem (RRBAP) for 4G-LTE
femtocell networks in multi- floor buildings.
This work is divided into 2 phases. The first
phase aims to assign a user to the optimal FBS
in order to maximize the received signal strength
for the user in the service area. Then, in the
second phase, we aim to assign the total available
RRB for all FBSs with an objective to maximize
the number of the RRBs that is assigned to
each FBS under the signal coverage and the
SINR constraints. For the network performance
analysis, we comparc our technique with the
graph coloring problem (GCP) technique presented
in Liu et al. (2012).

RRBAP Technique

Phase 1: The Maximization of the Received
Signal Strength Level

To improve the network performance, we
need to find the optimal FBS that can provide

Table 1. Notations

the maximum received signal strength for a
signal test point (STP). Therefore, the objective
of the first phase is to maximize the summation
of the reccived signal strength at all STPs. This
canbe written as the objective function, as shown
in Equation (1). Equations (2) and (3) are the
model constraints. In addition, Table 1 shows
the notation used in the model.

Maximize Yi_, %2, P.(h D)y (1)
Constraints:
Il =1 ,VheS 2)

Yo (Be(h,i) — P,) 20 ,VheS,VieB 3)

Constraint (2) ensures that cach 2* STP
can have only 1 serving i” FBS, but each i
FBS can support multiple #” STPs. Constraint
(3) ensures that the received signal strength
received at the A STP from the i” FBS must
be greater than the received signal strength
threshold P,.;.

Sets:

B A set of femtocell base stations (FBSs)

S A set of signal test points (STPs)

R A set of radio resource blocks (RRBs)

Decision variables:

Vhi A binary {0.1} variable that equals 1 if the STP / is assigned to FBS i, heS and i€B: 0
otherwise

g A binary {01} variable that equals 1 if the RRB k is assigned to FBS 7, KER . and i€B; 0
otherwise

x{‘k A binary {0,1} variable that equals 1 if RRB k is assigned to STP 4 in FBS i, KER: h€S . and
L€B: 0 otherwise

= par ters:

Pr(/‘l, i) The signal strength that a STP / receives from FBS i, heS . and i€B

Pr (h, i k) The signal strength that a STP 4 receives from FBS i at RRB & heS i€B . and keR

Prt The received signal strength threshold

Ve The SINR threshold

Nr ‘The number of RRBs

NO Thermal noise density

B Bandwidth

In f Infinity
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Phase 2: The Maximization of the Assigned
RRBs

In order to mitigate ICIL, the RRB may not
be assigned to adjacent FBSs. Therefore, the
goal of this phase is to explore the optimal
assignment of the RRB for the FBSs from the
first phasc’s solution. The objective of the second
phase is to maximize the number of the RRBs
that is assigned to each FBS. This can be
wrilten as the objective function, as shown in
Equation (4).

Maximize Y8_, 2 a;. “4)

Equational conditions can be divided into
3 sets of constraints, denoted as S1, S2, and S3.
The S1 consists of the constraint that
guarantees the wupper bound of RRB
assignment, as shown in Equation (5) while the
S2 consists of constraints that ensure the signal
coverage in the service area, as shown in
Equations (6) to (8). In addition, the S3
consists of a constraint that cnsurcs the SINR
requirement in the service area, as shown in
Equation (9).
Constraints:

S1: Upper Bound of RRB Assignment

1<¥R ,au<N, ,VieB (5)

The constraint in Equation (5) ensures
that the number of assigned k" RRBs per i
FBS must be at least 1 but no more than the
maximum capacity of the RRB.

S2: Signal Coverage
e N X 2 1 VheS ()

h

Xl <oy ,VheS, VieB, VkeR 7

h
Xik = A

,VhesS, VieB,YkeR (8)
The constraint in Equation (6) ensures
that each 2% STP connects to at least 1 i FBS
and receives at least 1 £ RRB. The constraint
in Equation (7) specifies that the 4" STP can
connect to the i” FBS if the i FBS is selected

in the first phase. The constraint in Equation
(8) specifies that the h™ STP can connect to the
i" FBS if the i FBS is selected in the RRB
assignment.

S3: SINR Requirement Guarantee

Pr (k)
Inf * (l —X,['k) + @ 10( o )
B

)
(l’, (h,n‘k))
> yNyB + y(Zaﬂklo 10

a=1
a®i

,VheS,VieB,VkeR

The constraint in Equation (9) ensures
that the SINR at the 4 STP from the i FBS at
the & RRB must be greater than the SINR
threshold y,.

GCP Technique

The graph coloring algorithm is a simple
algorithm that finds the number of sub-bands
for a femtocell in the in-building scenario. First,
we construct the interference graph that can
indicate the interference between 2 FBSs. In
the interference graph, each node relates to a
FBS and the edge connects 2 nodes representing
the interference between 2 FBSs. Then, the
graph coloring algorithm colors the nodes of
the interference graph with the number of
colors. Each node must choose a different color
if there is an cdge between them. As a result, it
is expected that 2 FBSs that have an edge
between them are not permitted to use the same
sub-band in order to mitigatc the ICI. However,
the drawback of this technique is ineffective
resource utilization.

Experimental Setup

In this scction; we first explain the modcl of the
building-and paramelers used in a numerical
experiment. The path loss model used in this
work will be discussed in Section B. Section C
will introduce the SINR calculation used for
the experimental results discussed in this work.
Finally. the user throughput calculation will be
discussed in Section C.
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Description

Our experiments were set up in a 2- story
building with each floor having dimensions of
75x75 m. Each floor has a different wall
structure, as illustrated in Figures 1 and 2. The
number of FBSs on the first and the second
floor is 7 and 6. respectively. The STPs’ granularity
of 5 meters is considered in the service area to
evaluate the received signal quality such as
received signal strength, SINR, and user network
throughput. There arc a total of 392 STPs, with
196 STPs on each floor as represented by a
plus symbol in Figures 1 and 2. Table 2 shows
the parameters used in the numerical studics
(European Telecommunications Standards Institute,
2011). Moreover, Table 3 presents the relationship
between modulation techniques and the SINR
threshold (Abdelhay et al., 2015).

Path Loss Model

In order to compute the accurate received
signal strength at STPs for the aforementioned
building settings where the FBSs are deployed,
we use the path loss model to calculate the
attenuation of the signal. Therefore, this work
uses the path loss model that has been
recommended by the 3GPP (The 3" Generation

5 + l s l + l . + 1 b I—l -

ol— - " — as ol (BN
0 5 10 15 20 25 30 35 40 45 S50 55 60 65 70 75
distance (m)

Figure 1. 1% floor of the building

Partnership Project) (Vardhan ef al., 2014). The
path loss model is given in Equation (10).

PL= 40.7412 + 20log,o(R) + 0. 7d>qindoor
+ 1830009 gy

(10)

where R is the distance between the STP and
FBS. dsgindoor 15 @ wall thickness, n is the
number of the building” s floors. ¢ is the
number of wall separations of STP and FBS,
and L;, is the building wall penctration loss.
Table 4 illustrates the typical value of wall loss
(L) (Zulkefly et al., 2015).

SINR Calculation

Our goal is to ensure the SINR requirement
while mitigating ICI in the service area.
Furthermore, each STP is interfered by the
neighboring FBSs which usc the same RRBs.
The downlink SINR of a STP from the i FBS
at the " RRB is given by

Py (hik)
SINRgpp = ——g———
L NoB+ Yo 2, Pr(hak)
azi

an

where P. (%, 1, k) is the received signal strength
of the 2" STP from the i FBS at the ¥ RRB,
Ny is the thermal noise density, B is the
bandwidth of each RRB, Ny is the number of

W

LLLEELT

1] LA

3

e

LI

T
PN} 0
4 LY, TP T T T I T
0 5 10 15 20 25 30 35 40 45 50 55 60 65
distance (m)

70 75

Figure 2. 2" floor of the building
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FBSs, and P.(4,a, k) is the received signal
strength of the 4" STP from interfering the a”
FBS using the same k" RRB. The received
signal strength P. is calculated from the
formula as follows:

P, (dBm) = P, (dBm) — PL (dB) (12)

where P, is the FBS transmission power in
dBm and PL is the path loss in dB.

Table 2. Parameters used in numerical experiments

User Throughput Calculation

In our study, we evaluate the network
performance in terms of the SINR and the user
throughput. Therefore, the Shannon formula
(Mogensen et al., 2007) is adopted to estimate
the user throughput in our study. as shown in
Equation (13).

Parameters Value
Height of FBSs 2m
Height of STPs 0.8 m

Transmitted power 5 dBm
Carrier frequency 2.6 GHz
Antenna pattern omnidirectional
Bandwidth 15 MHz
Number of RRBs 75
Thermal noise density -174 dBm/I1z
SINR threshold 6 dB

Table 3. The relation between modulation techniques and SINR threshold

CQI Modulation Code rate SINR threshold (dB)
1 QPSK 178 -6
2 QPSK 1/5 -+
3 QPSK 1/4 2.1
4 QPSK 1/3 0
5 QPSK 172 2:1
6 QPSK 2/3 3.8
q QPSK 4/5 6
8 16QAM 12 7.8
9 16QAM 2/3 9.9
10 16QAM 4/5 12.6
11 16QAM 2/3 15

Table 4. Relative permittivity of materials
Description Value (dB)
Wood 1.99
Plasterboard 2.94
Brick 3:75
Concrete 5:31
Glass 6.27
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Csrp = Blog,(1 + SINRspp) (13)

where B is the bandwidth of each RRB and
SINRgrp is the signal to interference plus noise
ratio.

Results and Analysis

For the evaluation of the radio resource block
assignment in our study. we compare our
proposcd technique with the existing technique
in terms of the number of assigned RRBs for
each FBS, a maximum downlink throughput,
an outage probability. an average downlink
SINR, and an average downlink throughput.
Simulation results were conducted using: (1)
MATLAB R2015b and (2) IBM ILOG CPLEX
12.7. Computations arc performed on an Intel
Core i5-6600 3.30 GHz 64-bit Operating System
and 16 GB of RAM.

Table 5 shows the number of assigned
RRBs for each FBS. The results of the RRBAP
technique are achieved from the CPLEX
optimization solver. In the RRBAP technique,
FBS 1,2.3.4.5,6.7, and 12 obtain 71 RRBs:
Besides. FBS 8.9, 10, 11, and 13 obtain 72 RRBs.
The GCP technique provides 10 assigned RRBs

Maximum Downlink Throughput (Mbps)

JE T 0 1 12z 1

et . 1
Femtocell Base Station (FBS)

Figure 3. Maximum downlink throughput
(Mbps) at FBS

Table 5. The number of assigned RRBs per FBS

foreach FBS. We can observe that the RRBAP
technique can improve the number of assigned
RRBs for each FBS by up to 81.34% compared
to the GCP technique utilized at FBS 1, 2. 3. 4,
5, 6, 7, and 12. Moreover, this technique can
improve the number of assigned RRBs for each
FBS by up to 82.67% compared to the GCP
technique utilized at FBS 8, 9. 10, 11, and 13.

Figure 3 presents the maximum downlink
throughput of each FBS. The RRBAP technique
provides the maximum downlink throughput
up to 33.18 Mbps. but the GCP technique provides
the maximum downlink throughput only up to
4.61 Mbps. Furthermore, we can see that the
RRBAP technique can increase the maximum
downlink throughput by up to 86.11% compared
to the GCP technique due to the FBSs of the
RRBAP technique obtaining the number of the
RRBs higher than the GCP technique.

Figure 4 shows the outage probability of
STPs against the SINR threshold. The SINR
threshold is varied from -6 dB to 15 dB with
steps of 3 dB. The outage probability of the
RRBAP technique is zero until the SINR is 6
dB because the SINR threshold of our proposed
technique is 6 dB. Obviously. we can observe
that the RRBAP technique can achieve 100%
service coverage throughout the service area

- RRBAP
- ~=-ace
z
%os
<
e
go4
3
é
02
- K) ° 3 3 ) 12 15

SINR threshold (dB)

Figure 4. Outage probability vs. SINR threshold

Femtocell Base Station (FBS)

z = 1 2 3 4 5 7 8 9 10 11 12 13
RRBAP 71 71 71 71 71 71 72 72 72 72 71 72
GCp 10 10 10 10 10 10 10 10 10 10 10 10
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and can guarantee the value of the SINR for all
STPs that is greater than or equal to 6 dB.
Moreover, the RRBAP technique can improve
the service coverage by up to 19.14% compared
to the GCP technique.

Figures 5 and 6 illustrate the cumulative
distribution function ( CDF) of the average
downlink SINR and the CDF of the average
downlink throughput at the STP. respectively.
In Figure 5, considering the average downlink
SINR 6 dB. the RRBAP technique canincrease
the average downlink SINR by up to 19.14%
compared (o the GCP technique. In order to
achieve a 16-quadrature amplitude modulation
(16QAM) modulation with a code ratc of 2/3
that is the maximum modulation technique in
Table 3, the SINR of the STP must be higher
than or equal to 15 dB. We can observe that the
number of STPs that can achieve 16QAM
modulation witha code rate of 2/3 in the RRBAP
technique and the GCP technique is 45% and
60% of all STPs, respectively. Although the
GCP technique can obtain more numbers of
STPs than the RRBAP technique by up to 15%,
in this work the higher SINR may not be necessary

Cumulative probability
e o o 8 ®

~#— RRBAP
oGP

40 ° 0 20 30 40 50 60

Average Downlink SINR (dB)

Figure 5. CDF of average downlink SINR at STP

Table 6. Performance comparison of 2 techniques

as we need the SINR of just 6 dB for a quadrature
phase-shift keying (QPSK) modulation with
a code rate of 4/5. In Figure 6, considering the
cumulative probability 0.1, the average downlink
throughput of the RRBAP (echnique (2. 65
bps/Hz) is better than the GCP technique (1.25
bps/Hz).

Table 6 shows an average, a standard
deviation (SD). and the guarantee service coverage
of each technique. It can obviously be seen that
the average of the average downlink SINR and
the average downlink throughput from the
GCP technique is greater than the RRBAP
technique. Conversely, the standard deviation
of the average downlink SINR and the average
downlink throughput from the RRBAP technique
is lower than the GCP technique. However, the
GCP technique has the higher variance of the
average downlink SINR and the average
downlink throughput compared to our RRBAP
technique. So, this leads (o poor signal quality
in some service areas. Furthermore, the
RRBAP technique can provide 100% service
coverage, which is higher than the GCP
technique by up to 19.14%.

o

Cumulative probability
® ®
e o

15 20

s 10
Average Downiink Throughput (bpsiHz)

Figure 6. CDF of average downlinkthroughput
at STP

Technique Average downlink SINR Average downlink throughput Guarantee
(dB) (Mbps) service coverage
Average SD Average SD
RRBAP 14.80 6.82 5.01 2.19 100%
GCP 27.61 21.44 9.40 6.84 80.86%
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Conclusions

In this paper, we have manipulated the ICI
issue caused by the FBSs sharing the same
RRBs. Furthermore, this issue degenerates the
performance of mobile femtocell networks in
an indoor environment. Therefore, we have
proposed the radio resource block assignment
for 4G-LTE femtocell networks in multi-floor
buildings. We have formulated the problem as
aLP problem. The objective is to maximize the
number of the RRBs that is assigned to cach
FBS. In addition, our proposed technique can
guarantee the quality of services in terms of the
SINR and the signal coverage, and it can
improve the user nctwork throughput. Our
experimental results have demonstrated that
our proposed technique can solve the problem
with constraints better than the GCP technique.
Specifically, the proposed technique can achieve
100% service coverage throughout the service
area. Moreover, this proposed technique can
reduce the ICI and increase the maximum
downlink throughput at FBS by up to 86.11%
compared to the GCP technique.
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