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SIRADA SAMOMOB : DEVELOPMENT OF FIXED COORDINATED
BEAMFORMING FOR HETNET. THESIS ADVISOR : ASSOC. PROF.

MONTHIPPA UTHANSAKUL, Ph.D., 72 PP.
COORDINATED BEAMFORMING/HETNETS/FAIENESS/SINR

Currently, mobile phones are increasingly used in daily lives. For example, it
uses for a calling, sending message and entertainment such as online games, music
streaming and video streaming. These applications require a huge data bandwidth. In
some situations, a base station cannot support the sufficient bandwidth. According to
the mentioned problem, the Heterogeneous Networks ( HetNets) which deploy small
cells into a large cell’ s coverage area are considered. This network can provide a
higher data bandwidth in the city and poor signal area. The concept of HetNets is
applying the different base stations for improving the performance of wireless
network. In addition, HetNets are flexible and low cost for installation because small
cells are installed in urban area in which there are many people and limited space so
the large cell cannot be installed. As the benefit of HetNets is mentioned above, an
inequality occurs as-a result of the different level of transmission power leads to a
poor SINR of users in the small base stations.

From literatures, there are lots of solving this problem. The one of these
techniques is coordinated beamforming in which develop from a beamforming. In this
method, a base station requires the knowledge of all user’s location in the networks.
Then, a base station provides the i\u’gher performance of beamforming since each base
station selects a suitable weight for its user. Therefore, this paper uses the predefined

weights method for coordinated beamforming and we call fixed coordinated



beamforming for selects the suitable weights for all users in HetNet. The predefined
threshold of the SINR at macro-user is proposed in this research work to improve the

SINR at pico-user. This is for the fairness of pico-user.
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(3

. . <3 o ' Y L o
(normalization) Iﬂﬂlﬂjuﬂ1§ﬂ11ﬁjﬂ1qqq@Lﬂ1ﬂﬂﬂﬁq ﬂ\iu'l‘lﬁilﬂ'ﬁu'lﬁﬁﬂ']us“f)\?@]')ﬂﬁgﬂallllﬂj

o v A
A1UND
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d

1 sin(
(AF), -~ @.11)
sin( 1//)

Y
F) J 1 P
W%@ﬂ'lw']ﬂﬂ'lel]ﬂ\‘] 174 ﬁ}@ﬂil’]ﬂ dl| ﬁ]gﬁ’]u’lﬁﬂﬂﬁgu’]mﬂ’]ﬁuﬂ’lﬁl‘lﬁ} JU
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>
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(AF) (2.12)

232 e IMALe IR UIUUIFITTHIY
o w a I ~
TYDINIALDIAAVUUUIFITSUIY (planar  antenna  array) Lﬂugﬂuuuw

J o w a A a v {
Uszgnaninngluuuagerimanaididunuisuduin ldesuieluwaiden 2.3.1 Tay

[ (4

1 @ < { ! { 1 o v A
ﬁ18f]1ﬂ’lﬁll§]a$@ni]$ﬂﬂﬂﬂ?’l\‘]@]?!ﬂualﬂaﬂu W%@ﬁliElﬂ')'lﬁ']EJ'E]’]ﬂWﬁLLﬂ'Ja’IﬂUU’]N!L'UTJ?%HTU

Mo IMAL IS UHIFITs Uz inyugUmsuenasungangunuuuFudy Ao
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aunsonugy uazilasundawuugUmsuindsnuldnainats auiuaeeinieun?

v

o a =] 4 1 Y 1 [ A
MAULUDIFIT DN UNTTaIALINN I tazd e IHnUD U MsuRNE UL
R ] Y
anuavgauaziysosia 89 1UnIniuaee I MALD I AUIUDIFIT LUV WTORUYHED
Y
luyuige taznn 9 NATOUAT 360 0 AIUUTIGDINMAUDITIAVUDUFITZUIVIUNRIIZ A
o Y ¢ 2Xa . A v =

3171 115 s msviianeszez 1na (remote sensing) Msdeans 13ae nazsauds

szuumeoImsinaniinisnezildinaudndire i ldesuie 13 lumisdoves (Allen and

Ghavami, 2005)
SIENTOFIUIUTINEINUVO I 8D INAUD IS AU U UFITZ U1 Taeld

aunn 2.12) 14 u@ernuagoInaua e U LFUdY uaazindllsznauunlrdiau

1 o R Y a A ~ Y
LL@ﬂ@”IQﬂu"]fﬂﬁ”l?J”lﬁﬂﬁTlIQ TﬂﬂWﬂTimTHN Y mummmiugﬂm 2.3 ﬁ]gllﬂ
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[WuAsAndn gmisena, 2556]

cosy=4a, -a, =4, -(élX sin @cos¢ + éy sin@sing +4a, cosH)
=sin 6cosg (2.13)

4 A A A A s = ] o w i a
Lﬁ@ a, ay a, uag a, ﬁ'ﬁ]mﬂl@]fliﬁuqfﬁ‘l‘ljﬂm@\ulﬂux y z Uagr fuanay LﬁﬂWFﬂ’lim']

Y
[RWISHUANU X L51ﬂ81ﬁ}ﬂ1ﬁ3ﬂi$ﬂﬂﬂllﬂﬂﬁ1ﬂﬂﬂﬁﬁ

= i I e j(m_l)(kdx Siﬂgcos¢+ﬁx)
ml (2.14)

4 1 % a QJ 1 1
e 1, AemdulszaninszuanizquueidieoiniauaazAy d, Av 5282119V INA

U Y A 1 1 L 9 d‘
uaazau lunuany x ag ﬁx ﬂammmmmlammmﬂmmmmazﬁuiugguaggﬂu x o

'
=

NATUURWIZUUILAY y  FUABINUAUANTALNU x 15192 1aadrsenotalddy
N
N

AFy _ Z Ilnej(n—l)(kdysinacos¢+ﬂy) (2.15)
n=1
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o g j(m-1)(kd, sin@ ) j(n-1)(kd, sin@cosg+43, )
AF = Z I, Z | mle’ m-Iikdsinfcosg+fiy) g Y Y (2.16)

Y agq Y a 1 Y o = Y 9
amuwﬂmmuwagﬂsu@qm&mmmmawum“lmmu x lag y lJﬂTWﬂﬂufl]gllﬂ

| (2.17)

mn :Imllln

o Y a S T W % ] 9 o 3’,
uasmwu@1El,mmuwagmmwmmuwﬁwmﬂﬂz"l@ |mn = |0 ﬂ\iuuli1’d1ﬂ1§ﬂﬁﬂ§ﬂﬁﬂﬂ1§

(2.16) a9HABINING

M N
AF =1, Z e j(m-1)(kd,, sin0cos¢+/ﬁ’x)z e j(”—l)(kdy Si”9005¢+/3y) (2.18)

m=1 n=1

wwReanuiudweIMALIdaULULFadu A saiaumsalszneulieglugl

nasgu ldTasldlandu Inimmivaasluaumsi @.11) vaz 2.12) ez Idmn

sin(My/Xj sin(Nyny
AR, (0.9)= b2 LS E

— (2.19)
Sln(l/jxj N sm[l//y]
2 2

v, =kd, sin@cos¢ + S, (2.20)

v, =kd, sin@cosg + 3, (2.21)
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o v o

Y o Y J SO 1w Jd A 9
151909MIM I WaLveY A Nﬂ%‘i’nﬂﬂﬂuﬂlWﬂﬂW‘ﬂﬂﬁﬂJﬂﬂmLlﬂiﬂﬁﬂﬂiﬁ‘Hilﬂulﬂllaz

g g

doamsnatives A, iy A, e l¥dyanaideimsimdunue’ly snfuezld

w, +wel% =0 (2.30)

w, +we'% =1 (2.31)
iethetheaunsi (2.30) 1218

w, =—w,el’ (2.32)
uuENAIA (2.32) Tuaums 2.31) 1214

—wel? +wel% =1 (2.33)

Wl(e 10 _gith )=1 (2.34)
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W, ZW (235)
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w, = T (2.36)
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eJ'Ha
A 1—e7i a1 (2.38)
ejgi _ejed
Yauumdulseansnsonnimiinuessgomadui 2 minu
- ejgi
LR WSTRNT (2.40)

Wounumanms (2.35) uag (2.40) 11 1 luanms (2.29) gahee: lddyanavieennin

Your = Ay (24D
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Pp o 2
— HUpWUp
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SINR, = d .
P 2 P, , 2 Oy
HHMWU 3 H{jwu,‘ 2
o p M < 0_2 p p O_Z
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pp‘HUpWUp
= - - , -
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pM‘HUpWUM +prHUpWUp, +1 G4
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PM Pp =) 1 [ 1 [ 2 2 A v [
Tas —- yay —- Ao Mdy UATYYIUTUNIU o 1Az oy, ABNENILYBId I
oy, oy,

2 2 @ o ' "o
UNIU (noise power) [x,, | 1Az xup‘ Aondenuvesdyna JAumny 1
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asmaIdea 0l 19 Inasaumsi (3.5)
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throughput:Ezlogz(1+ SINR) (3.5)
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AF = i W(n, k)e j2r(n-1)y/2)coso

n=1
N

Z W(n, k)e jz(n-1)cos@

n=1

(3.8)
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ﬁ\‘lhl@g{ I@ﬂiﬁ}ﬁiuﬂ?ﬁﬂﬂgﬂé?ﬂau@EJ'I\N'IEJ‘V]Gl%}Glu'J'WEJ'IH‘W‘L!‘]%{‘L!ﬁ?u?ﬁﬂﬂ?hl@%}inﬂﬁmﬂ'ﬁ 3.9
N .
W(n, 0) _ Ze jz(n-1)cos@ (3.9)
n=1

o ] ] %’ @ d' ] a 4 Y 1 o

1NAUNIT (3.9) Li'lﬁ'lll'liﬂﬂ'lu’)mﬁ']ﬂ'lﬂ'N“LH'ﬁuﬂ‘ﬂf]EQJJGI,‘L!HJ‘VIiﬂcﬁmﬂﬁiﬂﬁGlUﬂ'liﬂ@gﬂﬁW
i1 ' 4 9

ﬂﬁu T@ﬂﬂ'l”ﬂl!ﬂlqlll 0 — 180 @3¢ LWM%uﬂﬁﬁﬁz 30 93F !LagGL‘]?ET'IEJ’E]'Iﬂ'IﬁLLfI'Jﬁ'lﬂlll,HJ“lJlf]f\‘l

' 9y

AU 00U 4 du Fauaad laaaaumsas hli
v 1 o A o "o 4
n) MaauivindleMvuayiiny 0

w, (1,00 ): e jm(n-1)cos0 _ e j=(0)cos0

—eld_g0_q (3.10)

w, (2,00 ): ej/r(n—l)coso —e jz(2-1)cos0 _ e jmcos0

=cos(rcos0) + jsin(zcos0)=-1 (3.11)

W, (3’00 ): e jm(n-)cos0 _ e jm(3-1)cos0 _ e j2zcos0

=cos(27z¢cos0) + jsin(2zcos0) =1 (3.12)

w, (4’00 ): ej/r(n—l)coso _ ej;r(4—1)cosO _ ej37rCOSO

=c0s(37cos0) + jsin(3zcos0)=-1 (3.13)
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w, (1,300 ): e jm(n-1)cos(z/6) _ e jz(1-1)cos(z/6) _ e jz(0)cos(z/6)

=el%=¢e’=1

w, (2’300 ): e jz(n-1)cos(x/6) _ e jz(2-1)cos(x/6) _ e jz(1)cos(7/6)
=cos(z cos(7/6))+ jsin(zcos(z/6))=-0.91+ j0.41

W1(3,300 ): ejzr(n—l)cos(zr/G) —e jz(3-1)cos(/6) _ ejzr(Z)cos(zz/G)
= cos(27 cos(z/6))+ jsin(2z cos(/6))=0.67 — j0.75

w, (4,300 ): gir(n-1)cos(z/6) _ o jm(4-1)cos(z/6) _ e j7(3)cos(7/6)
=cos(37 cos(7/6)) + jsin(3z cos(x/6))=—-0.303+ j0.95

1 3 o A o ' v A
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Wl(1,600)= ej;r(n—l) cos(z/3) _ ej;r(l—l)cos(;z/S) _ ejzz(o)cos(zz/a‘)

=elf=¢g’=1

" (2,600 ): g iz(n-Doos(z/3) _ o j(2-1)cos(7/3) _ e jz(1)cos(7/3)
=cos(z cos(z/3)) + jsin(zcos(z/3))= j

w, (3,600 ): e jm(n-1)cos(x/3) _ e jm(3-1)cos(z/3) _ e jz(2)cos(z/3)
=cos(27 cos(r/3)) + jsin(27 cos(7/3))= -1

w, (4,600 ): e jm(n-1)cos(x/3) _ e jz(4-1)cos(%/3) _ e jz(3)cos(z/3)
=cos(37 cos(7/3))+ jsin(3z cos(7/3))=—j

1 3 - ) o R
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w, (1’900 ): e jm(n-1)cos(z/2) _ e im(1-1)cos(z/2) _ e jz(0)cos(z/2)
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(3.14)

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

(3.21)

(3.22)



w, (2,900 )= gl7(n-1) cos(r/2) _ e j(2-1)cos(w/2) _ e jz(1)cos(z/2)
=cos(r cos(z/2)) + jsin(zcos(r/2))=1

w, (3,900 ): gl7(n-1) cos(x/2) _ e jz(3-1)cos(z/2) _ e jz(2)cos(z/2)
=cos(27 cos(7/2)) + jsin(2z cos(z/2))=1

w, (4,900 )= gir(n-1) cos(/2) _ e j(4-1)cos(z/2) _ e j7(3)cos(7/2)
=cos(37cos(7/2)) + jsin(3zcos(r/2))=1
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W, (1,1200 ): @ im(n-1)cos@r/3) _ o jx(1-1)cos(27/3) _ g im(0)cos(27/3)

—el0=¢=1

w, (2’1200 ): ejzr(n—l)cos(er/S) _ ejzr(Z—l)cos(Z;r/a) _ ej;r(l)cos(z;r/a)
= cos( cos(27/3))+ jsin(z cos(27/3)) = - j

W, (3,1200 ): @ln(n-Dcos@r/3) _ g im(3-L)cos(27/3) _ o in(2)cos(27/3)
=cos(27 cos(277/3))+ jsin(2z cos(27z/3))= -1

w, (4,1200 ): e jz(n-1)cos27/3) _ e jm(4-1)cos(27/3) _ e j7(3)cos(27/3)
= cos(37 cos(272/3))+ jsin(3z cos(27/3)) = |

] ] 90} [ d‘ o 1 U o
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W, (1,1500 ): g7 cos(57/6) _ e jm(1-1)cos(57/6) _ e jz(0)cos(57/6)

—el0=¢=1

w, (2,1500 ): gir(n-1) cos(57/6) _ e j=(2-1)cos(57/6) _ e jz(1)cos(57/6)
=cos(r cos(57/6)) + jsin(rz cos(57/6))=—-0.91— j0.41

w, (3’1500 ): e jm(n-1)cos(x/6) _ e jm(3-1)cos(57/6) _ e j(2)cos(57/6)
=cos(27 cos(57/6))+ jsin(2z cos(57/6))=0.67 + j0.75
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(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

(3.28)

(3.29)

(3.30)

(3.31)

(3.32)
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w, (4,1500 ): e jm(n-1)cos(57/6) _ e jm(4-1)cos(57/6) _ e j7(3)cos(57/6)
=cos(37 cos(57/6)) + jsin(37 cos(57/6))=-0.303— j0.95 (3.33)

1 1 g (-7 4 o 1 %
%) maNumumﬁamwuwmmﬂu 180°

w, (1,1800 ): gl7(-D) cos(x) _ e jm(1-1)cos(z) _ e jz(0)cos(r)

w, (2,1800 ): e jm(n-1cos(x) _ e jm(2-L)cos(z) _ e jz(1)cos(r)
=cos(z cos(r)) + jsin(z cos(r))=—1 (3.35)

W, (3180 )= g r(r-Dewsln) _ g ir(a-1)costn) _ g in(2)eosr)
=cos(2z cos(z))+ jsin(27 cos(r))=1 (3.36)

w, (4,1800 ): gir(n-1) cos(z) _ e jm(4-L)cos(z) _ e j7(3)cos(x)
=cos(37 cos(x))+ jsin(37 cos(z))=—1 (3.37)

o 1 1 1 o =2 = a -4 U
sennsahmolainvin luauns (3.10) IUDITUNT (3.37) Lmﬂuiugﬂuummmmﬂm ulﬂ

AIaNNIT (3.38)

1 1 I i 1 1
W _| Y S091+j041 j 1 - -091-j041 -1
|1 067-j075 -1 1 -1 067+j075 1
-1 -0.30+j095 —j 1 j -030-j0.95 -1

(3.38)

=

3‘, = = Y= Y A
NAUNIT (3.38) 32 LWU’Nﬂ”Iﬂ'NHTWuﬂ‘ﬂll AUUNYA8YA ﬁ]ﬂllﬂﬂﬂ1§15]flﬂﬂullsl11Uﬂ1§

Aonagiaimin seaums (3.39)

W =argmaxSINR/* (3.39)
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M157199 3.1 MINDOITYY UV IV VTIA0ITITYAIUNAWIDVOW0aND

Tap EPA Channel EVA Channel ETU Channel
no 7 (ns) SMR (dB) 7 (ns) SMR (dB) 7 (ns) SMR (dB)
1 0 0.0 0 0.0 0 -1.0
2 30 -1.0 30 -1.5 20 -1.0
3 70 -2.0 150 -1.4 150 -1.0
4 90 -3.0 310 -3.6 200 0.0
5 110 -8.0 370 -0.6 230 0.0
6 190 -17.2 710 9.1 500 0.0
7 410 -20.8 1090 -7.0 1600 -3.0
8 1730 -12.0 2300 -5.0
9 2510 -16.9 5000 7.0
Ad =1C (3.42)
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40

SINR (dB)
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SINR (dB)

Threshold (dB)
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SINR (dB)
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Fairness Improvement for Fixed Coordinated Beamforming Scheme
in HetNets

Sirada Samomob . Peerapong Uthansalul ', Monthippa Uthansakul ' ~ and Thossaporn Chanpuek
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School of Telecommunication Engineering, Suranaree University of Technology. NakhonRatchasima.,
Thailand 30000

2 Faculty of Industrial Technology, Nakhonratchasima Rajabhat University, Nakhonratchasima. Thailand,
30000

Abstract. Coordinated beamforming has been considered as one famous method to tackle the problem of
inter-cell interference for NetNets. So far, users occupying macrocell have higher signal-to-interference plus
noise ratio comparing to the picocell users. This paper proposes a weighting scheme for coordinated
beamforming in HetNets to give a fairness to both macrocell and picocell users.

Keywords: coordinated beamforming, HetNets. fairness.

1. Introduction

So far. the number of users for mobile communications has exponentially grown as the demand for real-
time chatting, viewing multimedia and transferring big data has increased year by year. As a result, a large
cell in cellular systems cannot provide a best satisfaction to all users. Then. there have been the installation
of small cells inside a large cell for some areas having problem of weak signal or user congestion. The
networks having both large and small cells inside are called Hetero-geneous Networks (HetNets). However.
these networks are facing the problem of Inter-Cell Interference (ICI) as macrocell base station employs the
same frequency as picocell base station does. According to this problem. users are experiencing a low
Signal-to-Interference plus Noise (SINR).

Coordinated beamforming technology employing an antenna array cooperating with signal processing
units has been considered to be a solution to tackle the problem of ICI. The macro base station needs to know
the position of users within its own cell as well as the position of users in picocell. This is because the macro
base station can perform beamforming avoiding ICI from picocell, vice versa for the picocell.

From literatures, many researchers have paid attention to the problem of ICI [1-3]. The authors of [1]
have investigated into coordinated beamforming which is capable of solving the problem of ICT for cluster
HetNets. They have also utilized sounding reference signal to deal with the channel estimation. In addition,
the works presented in [2] have proposed a technique for coordinated beamforming when dealing the ICI
problem. In that work. the proper base station for individual users can be chosen according to average
channel gain. The concept of coordinated beamforming has been also studied in [3] in order to tackle the ICI

problem. In that work, the cooperation between base stations have been introduced to reduce the ICI problem.

The key success for coordinated beamforming is weighting coefficients.

There are 2 groups of weighting schemes. For the first one [4-6]. weighting coefficients can be real-time
calculated using some efficient algorithms such as zero forcing. The authors of [4] have introduced zero
forcing to coordinated beamforming. For that work. users constantly need to feedback their information to

* Corresponding author. Tel.: +66848355589; fax: +6644224603.
E-mail address: mip@sut.ac.th
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base station. Also. we can the help of zero forcing for coordinated beamforming in HetNets to reduce
downlink co-channel interference in [5]. In addition, the authors of [6] have introduced the cooperation
between zero forcing and block diagonalization for Coordinated MultiPoint (CoMP) transmission to give rise
in users’ sum rate. However, the drawback of this first group is that it hardware realization is limited as the
weighting coefficients have be constantly updated. Also. zero forcing works well only when the
communication is ideally noise free. For the second group. the weighting coefficients are predefined [7-9].
The authors of [7] have proposed the method to reduce the effect of downlink co-channel interference
between macrocell and femtocell using uplink sounding reference signal to create the predefined weighting
coefficients. Also in [8]. (Signal to Leakage and Noise Ratio (SLNR) and Signal to Noise Ratio (SNR) have
been utilized to find the best beamforming vector for the users. Moreover, [9] has presented how to calculate
the predefined weighting coefficients at base station which can be applied to Coordinated Multi-Point Joint

Processing (CoMP-JP). The advantage of this group is that the calculated weighting coefficients are practical.

However, from literatures, users from other base station have not been taken into account for this type of
calculation.

From the motivation mentioned earlier. this paper adopts the HetNet system when weighting coefficients
are predefined. Also. the position of users in other cell coverage has to be taken into account when
performing ICT cancellation. In addition. the faimess of users’” SINR for both macrocell and picocell has to
be considered.

2. System Model

From Fig.1. HetNets consist of 1 macrocell having 4 picocells staying inside its coverage area. Please
note that all cells employ the same frequency and all the assumed scenarios are downlink. The received
signal at the users of macrocell can be express as

A— M T x
Vo, =N B Hu W, Yo, + 2 BHE, Wy Xy, + 11y, (1)

when M and p stand for macro and pico symbol. respectively. Also. U,, and UP represent macrocell
and picocell users, respectively.

Also. the received signal at the users of picocell can be express as
R | M T .
Yy, =Py H{;ﬂ Wy, Xy, ¥ By Hy Wy X, + Z,;’PP H{fp HU;: T, +ny, 2
p=p

M M : 4 . . .
When H;; and H;- are downlink channel matrix from base station to its own users and to picocell.
Also, H, 5\{ .ng and Hrf are downlink channel matrix from picocell base station to its own users, to
A A P
macrocell’s users and to other picocell’s users. The weighting coefficients IV is a predefined beamforming
vector and » stands for additive white Gaussian noise. The SNR for macrocell and picocell users can be
2 2 0 2 . ai \
express as: o, =P, /0, . p, =F, /o where @, is noise power.

Pico base station

Fig. 1: HetNet model.
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3. Proposed Scheme on Coordinated Beamforming

The beamforming scheme proposed in this paper is a selection of weighting coefficients which give the
maximum SINR to users as follows.

2
W = argmax|SINR| (3)
The SINR for users staying in macrocell can be expressed as

M >
Pu ‘H v M,

SINR; = ; C
2‘0 P ‘Hg.\f pVUp +1
The SINR for users staying in picocell can be expressed as
o |HE W, i
SINR, = Prl0, 7 ; ®)
» B 3
pM|H§,‘ m [+ S plEz s | 1
Pt ST,
e

The above expressions can provide the maximum to users for both macrocell and picocell users.
However. users staying in macrocell always get higher SINR comparing with the users in picocell. This is
not fair for users in picocell. Furthermore, this paper proposes a threshold to adjust the SINR for users in
macrocell so we can have more degree of freedom to give rise in SINR value for picocell users. The
following thresholds can give a fairness to users for both coverage areas.

SINR,,, <16dB 10dB or 5dB (6)

Please note that those values can be referred to [10]. According to those thresholds. we can choose a
proper weighting coefficient which give rise to SINR value at picocell users. However, those thresholds can
be changed up to the satisfaction of network providers. The simulation results with and without setting the
mentioned threshold will be discussed in next section.

4. Simulation Results and Discussions

This section shows some computer simulation of SINR for users at macrocell and picocell with and
without giving the proposed thresholds as mentioned in last section. In the simulation, 1 macrocell and 4
picocells are assumed. Fig. 2 shows SINR for users staying in macrocell (MUE) and picocells (PUEL, PUE2,
PUE3 and PUE4). As expected. macrocell user gets a higher SINR. Furthermore. picocell users get very low

SINR in some points. This can cause a user dropped-call.

£l T T T

TT—s—nue

SINR (d8)

Iterations
Fig.2: SINR for users in macrocell and picocell without setting threshold.
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Figs. 3 a) b) and ¢) show SINR values at users in macrocell and picocell when giving thresholds as
the maximum SINR at macrocell user is 16 dB, 10 dB and 5 dB. respectively, as mentioned in last section.
As we can see, overall SINR values at picocell users increase. This can decrease a dropped-call rate to
picocell users. The reason behind this success is that we can choose some appropriate weighting coefficients
which limit the SINR at macrocell users while allowing higher SINR at picocell users. However, level of
SINR at macrocell users drops comparing the ones without giving threshold. As we can see, the lower
threshold we set, the higher SINR at picocell users we can get. However. the final SINR may not be the best
value for macrocell users but it can give fairness to picocell users. This is a tradeoff that network providers

have to concern.

J—

SINR (dB)
SINR (dB)

]
p———

SINR (dB)

n i} an [ [l

| i |
0 [] m 5@

]
[terations
<)
Fig.3: SINR for users in macrocell and picocell when setting threshold as SINR of macrocell users a)
<16 dBb)<10dBandc) <5 dB.

5. Conclusion

This paper has investigated into the ICT problem in HetNets consisting of macrocell and picocell users,
which can be solved using coordinated beamforming. So far, macrocell users always get higher SINR. So. a
threshold has been introduced to give fairness to picocell users. This threshold allows us to choose some
proper weighting coefficients which give rise to SINR at picocell users.

6. References
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Abstract

Heterogeneous networks consist of different base stations and levels of transmission power.
Thus, beamforming interference is caused to the users in other base stations. Currently,
a base station considers the weights by evaluating the maximum value of SINR at each
user. However, the pico users still receive a weak signal. Therefore, we propose a technique
to select the weighting which introduces a similar SINR between the user in a pico base
station and the user in the macro base station. The SINR threshold of the macro user is
defined as a condition to select the optimum weights. Moreover, we compare the proposed
method with normal fixed coordinated beamforming. The simulation results show that the
pico users receive the higher SINR and throughput.

Keywords: Coordinated beamforming, HetNets, fairness, SINR

Introduction

Currently, mobile phones are increasingly
used in daily lives. For example, they are
used for calling, sending messages, and
entertainment such as online games, music
streaming, and video streaming. These
applications require a huge data bandwidth.
In some situations, a base station cannot
support a sufficient bandwidth. To solve the

problem, heterogeneous networks (HetNets)
which deploy small cells into a large cell’s
coverage area are considered. These networks
can provide higher data bandwidths in the city
and in poor signal areas.

The concept of HetNets consists of
applying different base stations to improve the
performance of a wireless network (Khandekar
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et al., 2010). In addition, HetNets are flexible
and have low installation costs because small
cells are installed in urban areas in which there
are many people but the limited space means
that a large cell cannot be installed. As to the
benefit of HetNets, inter-cell interference
occurs as a result of the same frequency being
utilized in the large base station and a small
base station. This problem affects users in
terms of low received signal-to-interference-
plus-noise (SINR).

Recently, many solutions for the inter-
cell interference problem have been proposed.
One of these techniques is the fractional
frequency reuse technique which mitigates the
inter-cell interference by dividing and reusing
the frequency resources. Another popular
technique is adaptive beamforming which
adapts the radiation pattern by depending on
the interference levels (Hamza er al., 2013).
The concept of adaptive beamforming is to
form a main beam to the desired direction and
form a null to the interference direction.
However, when using adaptive beamforming
in HetNets, a base station requires knowledge
of all the users’ locations in the network. Then,
a base station provides a higher performance
of beamforming since each base station selects
a suitable weight for its users. Moreover, a base
station reduces the inter-cell interference by
pointing its null to users in other base stations.

From the literature, there are many ways
for solving inter-cell interference by using
coordinated  beamforming.  Coordinated
beamforming solves inter-cell interference in
cluster HetNets which are considered for
different environments such as a stadium or an
urban area. Besides, a bottleneck problem of
coordinated beamforming is improved by
utilizing a reference signal (Nagaraj et al., 2014).

Coordinated beamforming solves inter-
cell interference by adopting the average
channel gain in order to consider a suitable
base station for each user (Oguejiofor and
Zhang, 2016). This paper studies an effect of
inter-cell interference from other clusters
which  cannot exchange the channel
information. The results show that coordination
leads to higher effectiveness than no coordination
(Belschner ef al., 2015).

Coordinated beamforming can point
amain beam to the desired user and point nulls
to the interference signal by adjusting the
weighting coefficients at an individual antenna.
Weight selection can be divided into 2 groups.
The first group is a method to select the weights
without predefining the weight coefficients.
For instance, the authors have improved the
zero-forcing method by limited feedback for
decreasing information exchange between
base stations, as presented in Li ef al. (2010).
Coordinated beamforming reduces downlink
co-channel interference from a macro base station
to a pico user using zero-forcing in order to
define the weight coefficients (Li ez al., 2013).
The authors have presented beamforming
using the zero-forcing method and block
diagonalization for coordinated multi-point
(CoMP) transmission which can improve the
sum rate of the users (Khan and Lee, 2012).
However, this method does not work in some
situations due to the limitations of the existing
hardware. The zero-forcing method is suitable
for a perfect channel, but it is not practical.

The second group is the method to select
the weights from predefined weighting
coefficients using a suitable algorithm. For
instance, coordinated beamforming has been
presented to mitigate the downlink co-channel
interference from a macro base station to
a femto user (Kim ef al., 2013). From that work,
the uplink sounding reference signal is used to
decrease the feedback signal from the base
station. The weighting coefficients are selected
by estimation of a signal to leakage and noise
ratio (SLNR) and signal to noise ratio (SNR)
in order to find the optimum beamforming
vector from the codebook (Huang et al., 2011).
In this paper, the weighting coefficients are
selected from the codebook at the base station
(Baracca et al., 2012). Thus, the base station
can select the optimum weights which provide
the best transmitted data. Moreover, this can be
applied to coordinated multi-point joint
processing (CoMP-JP). Sometimes, the weighting
coefficients obtained from this method are not
the optimum weights. Nonetheless, the
advantage of this method is that the weighting
coefficients are practical. Therefore, this paper
uses the predefined weights method and then
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selects the suitable weights for all users in the
HetNet.

As the different levels of transmission
power lead to a poor SINR for users in the
small base stations, there has been much
research attempting to solve the unfair SINR
for each user. For example, the authors have
presented an algorithm to solve the SINR by
balancing and improving the worst user-rate
for the coordinated multi-cell system as
proposed by Park ef al. (2013). The SINR
balancing can be adapted to be used in
cognitive radio networks for improving the
SINR of the secondary user and ensures the
interference leakage to the primary user is less
than the required criteria (Cumanan et al.,
2010). The authors have proposed a low
complicated algorithm for finding the optimal
beamforming in which the users obtain
a balanced SINR. This algorithm is based on
zero-forcing and leakage (Tang ef al., 2017).
Therefore, the predefined threshold of the
SINR at the macro user is proposed in this
research work to improve the SINR at the pico
user. This is for fairness for the pico user.

The System Model

Figure 1 illustrates the model of the HetNets
and consists of 1 macro base station and 4 pico
base stations in the coverage area of the macro
base station. We assume that each base station

M

oo \,’ \
( \ﬁA Macro base station
e
N é\ﬁ )

)
@/ N of

Pico base station /"'T_ ==

—

Pico base station

has 1 user and all base stations use the same
frequency considered in the case of the
downlink. Note that herein the symbol M is the
short term for the macro base station and the
symbol p is the short term for the pico base
stations. In addition, the symbols Uy and Up
are the macro user and the pico user,
respectively. The received signal of the macro
user can be expressed as follows:

"‘L'u = P"f Hil'lw \V"'u xl'u
+Z\/P7H{’”WL’_XLI +ny, (1)

Likewise, the received signal of the pico
user is obtained:

| » : [ M
Y P, H; ,,“’1',‘-‘1',, +y Py HL'"W/'.,-Y(,’|,

+ Z\/FI,H,"IVV,” Xy +ny @

p*p

where g and g are the downlink channel

matrices from the macro base station to

their own user and the pico user, respectively;

H/ . H/, ,and H[’,' are the downlink channel
7] w »

matrices from the pico base station to their
own user, the macro user, and from the
other pico base stations, respectively; W is
the beamforming vector which is the weight
that has been defined; and » is the additive
white Gaussian noise. The signal to noise

Pico base station

Figure 1. Macro base station and pico base stations for downlink transmission of HetNets
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ratio can be express as follows p =P, /o? ,
2 2 ; :
p, = PI) / o, where g is the noise power.

The equation used for selecting the
weighting coefficients can be expressed as
follows:

W =arg max|S1NR|2 (3)

The SINR of the macro user can be
calculated from

Pu |HL‘I\, WL‘\, ‘3 (4)

SINR,, = !
> o, HE, W, [ +1

Uy

Likewise, the SINR of the pico user can
be calculated from

The SINR of cach user is

calculated

The SINR©f macro-user
less than the threshold

The total SINR of every

pico-user 1s calculated

YES

The weighting

coefficients are selected

l

Stop

Figure 2. Flowchart of the system’s operation
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From Equation (3), the users receive the
maximum SINR, but the SINR of the macro
user is higher than that of the pico users. This
is not fair for the pico users who receive a poor
SINR. Therefore, the threshold is defined to
constrain the SINR of the macro user which is
higher than that of the pico users.

The Proposed System

As mentioned above, the SINR of the macro
user is higher than the SINR of the pico users.
Since the macro base station has transmission
power higher than the pico base stations, it is
possible that nearby users receive an interference
signal when the beams are formed to the
desired users. Therefore, this paper proposes
the defined threshold of the SINR of the macro
user. The expectation is an increase of the
SINR of the pico users when compared to
a case in which the threshold is not defined.

Figure 2 illustrates the operating system
that can be described as follows. The weighting
coefficients of each base station are defined
and the information is exchanged. In this
paper, the weighting coefficients are defined
as the angle spread from 0 to 180 degrees
by increments of 30 degrees. Then, the base
stations calculate the expected SINR using the
different weights. The base station will check
the weights which can make the SINR of the
macro user less than the defined threshold.
As there are a lot of weights which can make
the SINR of macro user less than the threshold,
the SINR of the pico users in the 4 pico base
stations will be combined. Therefore, the weights
are selected from 2 conditions. First, the SINR
of the macro user is not higher than the
threshold. Second, the total SINR of all the
pico users is the maximum value.

Simulation Result

This section illustrates and compares the results
between the cases of a defined threshold and
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an undefined threshold. The SINR and throughput
of the system are considered.

Figure 3 shows the SINR of the macro
user when varying the threshold from 5 to 20
dB. The SINR of the macro user is consistent
with the defined threshold. Figure 4 shows the
results when varying the threshold from 5 to 20
dB and focuses on the SINR of the pico users.
The results show that the SINR of the pico
users increases when the threshold decreases.
Additionally, the SINR of the pico users is
higher than in the case of the undefined
threshold. From the results, it can be seen that
the threshold affects the SINR of the pico
users.

Figure 5 shows the results when varying
the threshold from 5 to 20 dB to focus on the
throughput of the macro user and the total
throughput. Figure 6 shows the results when
varying the threshold from 5 to 20 dB to focus
on the throughput of the pico users. The results

SINR (dB)

Threshold (dB)

show that the throughput of the macro user and
the total throughput are consistent with the
defined threshold, whereas the throughput of
the pico users increases when the defined
threshold decreases. From the results, it can be
seen that the threshold affects the throughput
of the pico users because the SINR value is
calculated from the desired signal divided
by the interference from other base stations
and the noise. From Equations (4) and (5), the
weights are taken into account for the desired
signal and the interference signal. Therefore,
the defined threshold becomes the condition
for selecting the weights. The SINR of the
macro user from this method may not be the
best signal, but it can provide a communication.
In the case of the SINR of the macro user being
higher than that of the pico users, this possibly
occurs when the pico users directly receive the
interference from the macro base station.
However, these conditions can make the

Throughput (bivsHz)

—e—total throughput
—a—MuU
1€ |

5 10 15 20
Threshold {68)

Figure 3. SINR of the macro user when varying Figure 5. Throughput of the macro user when

the defined threshold
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Figure 4. SINR of the pico users when varying Figure 6. Throughput of the pico users when

the defined threshold

varying the defined threshold
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interference from the macro base station
decrease. As a result, the SINR and throughput
of the pico users are higher than in the case of
the undefined threshold.

We also studied the SINR and throughput
of users at the macro and pico base stations
when varying the number of beams. The number
of beams varies from 4 to 13 beams. Figures 7
and 8 show the SINR and the throughput of
users, respectively, when the threshold is not
defined. The SINR and throughput of the pico
users are lower than those of the macro user,
even if the number of beams increases. However,
the increasing number of beams slightly affects
the SINR and throughput of the pico users.

Likewise, Figures 9-14 show the SINR
and throughput of users when the threshold is

SINR (dB)
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Figure 7. SINR of users when varying the
number of beams. No defined

threshold
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Figure 8. Throughput of users when varying
the number of beams. No defined
threshold

defined as 4.3, 10.3, and 22.7 dB. From the
results, the SINR and throughput are slightly
increased when the number of beams increases,
since increasing the number of beams can
increase the probability of the interference
signal. It can be seen that the number of beams
is 7 and 13 in which the SINR and throughput
are similar.

The proposed technique can improve the
SINR and throughput of the pico users. It
means that the defined threshold of the macro
user affects the SINR and throughput of the
pico users but the increasing number of beams
slightly affects the SINR and throughput of the
pico users.
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Figure 9. SINR of users when varying the
number of beams. Threshold = 4.3
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Figure 10. SINR of users when varying the
number of beams. Threshold = 10.3
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Figure 11. SINR of users when varying the
number of beams. Threshold = 22.7
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Figure 12. Throughput of users when varying
the number of beams. Threshold =
4.3dB

Conclusions

HetNets consist of different transmitting powers
of base stations. That introduces an unfairness
to pico users. This paper presents the weight
selection which provides a fairness for the pico
users. The fixed coordinated beamforming and
the defined threshold are adapted to this paper.
As a result, the pico users achieve the SINR
and throughput higher than in the case of the
undefined threshold.
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