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KAMOLTIP NARONGRIT : OPTIMAL DESIGN OF MULTIBEAM-
MIMO SYSTEM FOR LTE TECHNOLOGY. THESIS ADVISOR : ASSOC.

PROF. PEERAPONG UTHANSAKUL, Ph.D., 58 PP.

MULTIBEAM MIMO/LTE TECHNOLOGY/ANTENNA/BEAMFORMING

Currently, the communication via mobile network is necessary for daily life.
The development of mobile network continuously responds to the requirements of
users, both higher data transmission speed and larger number of users. The LTE
technology seems to be the solution for those requirements which has to employ with
MIMO systems. There are many types of applying MIMO systems but the multibeam
MIMO system offers the best efficiency and can be quickly implemented. That is
why this research focuses on the developing of multibeam MIMO system on LTE
technology.

From literatures, there are some researches working on multibeam MIMO
system. Most of them focus on the reduction of minor lobe or investigate into the
impact of signal loss due to fading channel. These works design multiple beams in

any directions which can interfere or overlap each other. Moreover, the constraints in

practical hardware of antennas and base station are different from theoretical work.

Therefore, this research studies on the optimal design of multibeam MIMO system by

focusing on practical parameters such as number of multiple beams, beamwidth and

beam directions in order to apply with the LTE technology in practice.
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Max rank

Description

(TX streams)

g8 Mode 1 Singleanlenna porl ]
Mode 2 Transmil diversity ]
Mode 3 Opendeoo spalial mulliplexing 4
Made 4 @*ﬁosed-loép spatial multiplexing 4
Mode 5 Mu'tiuse MIMC ]
it fr:gﬁt;;::‘egf closeloop spatial :
Mode 7 Singledayer beamforming l
Q + Mode 8 DuaHayer beamforming 2
10 Made @ Mutti layer fransmission 8
I Mode 107 7 = Myllidayer ransmission 8




Opfimum apy Uglink VolTE CoMP
45 HEW Diznse site spacing, high traffic Best Risk Intersite Copacity
i MM
Single<elumn " Al sites, all speeds, (2 and 3 optimal; MREC
SaLLIBYY Best al-oround 4 and & limited) Sood Gaad Infer- and Bath
infro-=site
a5° HEW Rural sites, coverage challenges Foar Eetar Coverage
0.7h column  Correlated/beamfarming; call MIMO, BF MRC, IRC, ; : Inter- and
spacing adge DL threughput (2,3, 4,5 and 8| MIMO o Good infra-site Coverage
Tworzalumn N .
il Decorrelatad fmullilayer; e i MRC, SL- B )
: DL cell pack throughput; (2 and 3 optimal; MIMO UL:Best Dl:Poor Best inra-site Copacity
spacing UL cell edae throughpat 4 and & limited) (it
BF, MIMS
050 column  Correlated/beamforming; (8 optimal; MRC, IRC, ; : Reduced
spacing OL cell edge throughput 3.4,5 6,7 and PIMC gy DL:Best teesd benafit Bolh
& limited)
Fourcalumn
— BF, MIMO
: Rast column patternduplink <sll (3 and 9 optimal; | MRC, IRC, ; s Reduced
;sf:crinn"g edge throughput 3.4,5 6and7 MINMO Yot Digen B benefit Bath

possible)




Model Number of Delay spread Maximum excess

channel taps (r.m.s.) tap delay (span)
Extended Pedestrian A (EPA) 7 45 ns 410 ns
Extended Vehicular A model (EVA) 9 357 ns 2510 ns
Extended Typical Urban model (ETU) 9 991 ns 5000 ns

Excess tap delay

Relative power

[ns] [dB]
0] 0.0
30 -1.0
70 -2.0
S0 -3.0
110 -8.0
190 P E 2

410 -20.8

Excess tap delay

Relative power

[ns] [dB]
) 0.0
30 -1.5

150 -1.4

310 3.6

S} -0.6

#10 -9

1090 -8

1730 A0

2510 =16.9

Excess tap delay Relative power

[ns] [dB]
0 -1.0
50 -1.0
120 -1.0
200 0.0
230 0.0
500 0.0
1600 -3.0
2300 -5.0
5000 -7.0




Smal anglz spread
Selec: onz beam
i Lergs ae garead

Selet wu beama
Bcomindos




SB#1 SB#2 SB#3 SB#N

AntennalBeam #1 [/2777] (7 A |:|
Antenna/Beam #2 | Vs | === 7]
Antenna/Beam #3 W g |:|

Antenna/Beam #4 | | mﬁj T ﬁ:&:‘:ﬂoﬁ
[/ Transport black #1 l:l Not used
PEEE] Transport block #2 SB: sub-band
33,73 7dB, 95.7ns a7, 8L.0dE, £1.1n3
56, 72.8cB, 26.4ns HE Y, B4 fok, 24lns

aL, BdicE, 13 4rs

e o O B

30, 71,648, £8.0ns
B,BC.2dB, 7 Ans
23 78'3dB 108.8ng 150

, i 42 B ddb 47 Ans
a.,."do_:_ﬁ'.'-?DnEE,B?.IdB,EE.an
w08, 74803, 39 205

03, 76.1cB,BB.2rs
1007
£9, 77 7dB. 47 9ns

£3,81.70E, 1032 -~
M

136, 7E.1dB, 2£2.9ns

J _'_-"égnf*
51, ik Hde, a'L.Qns_____. e r
BO, 74 OUB, 34 Bus .. ..o A

£1, 71 6dB, 33 Ong 270°
TE, 74.2dC, 7 2rs B

" 132,77 8d3, 574 D1s
57,74 BB, 37 dne
,7014B, 71273

number of peaks, path loss, v,



330° q’w‘
s

30°

TX: KAU
RX: 18

Measurament 2

00 50" Environment: NLOS
\h‘ ?/‘z T-R Separation: 59 m
My T g, = 140%-157
! Jse'a-?s aBy RX, =20°
IXBW,, = 7%7°
RX BW, ;0 = 7717
a8 126 1% Height: 17 m
RX Height 2 m
210° 150° Max. # of Multipath: 42
180"
Parameter Single-user Two-users
Bandwidth SMIIz SMI1z
Number of subcarricers 300 300
Number of (RBs) 25 25
Frame duration (Tg) 20ms 20ms
Transmitted power (Fp) 1w W
Max.size of transport block | 6144 6144
Control signalling overhead | 9.15% 2537%
TCP-IP header 8 bytes 16 bytes
PDCP header 4 bytes 8 bytes
RLC header 2 bytes 4 hytes
MAC header 2 bytes 4 bytes
CRC 3 bytes 6 bytes
CQI 4 bits / 20ms & bits / 20ms
PMI-beam index - I bit / 20ms / user
PMI-¢nergy saving - 1 bit/ 20ms / user
ACK 1 bit / 4ms 1 bit / 4ms / user




Average Throughput (Mbps)

1= om0 One randomly selected user
+ Two oppartunistically selected users
L] Q = One opporlunistically selecled user

L RE B BN NE NN BN NE W AR RN RN RN W NN W RN N NN NN

10 15
Number of Active Users



UNN 3
) A d' o Y] =
in‘if’lf’]ﬂ!!‘U‘]J"llﬂ\‘ﬁ81]”1“1“!!””1’1@118]@1?\auﬂ!ﬁﬁl1$ﬁﬂﬁ1ﬁ5ﬂ!ﬂﬂiuiﬁﬂ

A
loane

\ o
3.1 NaIH
di’ g Y ! 14 v A ' <3| ' o 9 1 &
e luuntidsenavdie 9 AIUAWYNU AD 111mumﬂ%muﬂanmqum@m
1 A 1 = 1 4 ~ [l ~ v =3 A Y
TIUNTADIVCNANIDINITUUUFAUADTUDITADIUIIU drunawnandsaieemanl¥lussuy
o d‘ 1 d'd' 1 =R o d’ d‘ 9 1 dlil 1 = " o
"luimmuwmﬂmﬂau ﬁﬁuﬂﬁﬂﬁ1363%1u’3uﬂﬁuﬂGlslfﬁlui$‘ﬂﬂ FIUNKINANININITHUIAN
A Jd 1 A < @ Jyq Y a 1 A g ' =
aaumelulsnnes ’L"f’JL!‘VI‘HﬂEﬂgL‘l]uﬂ1§ﬂ§$ﬂ18@l’ﬁl@\1lﬂ1°ﬁﬂiﬂ15 AIUNLIANANIDINIT
1 g} @ d‘ 9 a o 1 d‘ 1 = 1 [ d‘
’fJ’E)ﬂLL‘]J“]J“Ig’ﬂﬂ’NHWﬁHﬂ‘ﬂGl“b'ﬁluﬁu’li]ﬂ ’L"f’JUVILLﬂﬂ%gﬂiﬂ’?lﬂ\‘iﬂ’ﬂiﬁ!“lf’é)\iﬁi}l}ﬂﬁmﬂl@\iig‘ﬂﬂﬂﬁw

° 1 9 A 9
nauatazludrugamenaagmenmn

De

Y

tadelumsesnuuumalfinnarsaniaasil
' P ~ Ay = o o
1) MuLEANes MIveNLUVITNFUIUVNAAIIAAINUTZUIYagaIs lugn
1 £ 1 [ dy ] Y dil A 9/0‘1 = qu [ 1
nouq Fenmsuisluanyazizseliansoasounguiui ldnidesinnsderaean
1Y d’ a N Y
yausumuinaluszunmagais 1a
o d‘i [ % Iy A o a a
2) awormaved lu Tuunuvatednau Tuilagiulafiusinwaaaeeiniarila
dyd? o ] Y yq Y & o o A d? [
HYUNIINIIIHUIEATNAIINADINTT VIR 1HIIY FI1UIUVRIAIAAUIZI DN
[ 1 1 1 d' Y 1 (%
anyuzMWIZYoIAaz JUIRazdRouana1anu 1
o o 4 I ) o o 4 1 Eal
3) uud1nau 32 uA IS M UASIUIUSIAAUVD AARLIFAADT I URUIZ A
=~ A Y 1 Y Jq 9 Aa dy ~ c?xl = a <3 o Y a
ieala e ldweasnudesnisvesdldusmsluiiuiiug minduinnuldfaziildina
@ =) a <3 o ydy 1
wanusuniu windtesnu llfewazi lnnu linseungy
1 o A s A Ao o A A Y 1 o
4) MsuaaInauMeluames Wl UIUAINAUNNVISFTNLAINITULNET
Lﬂ' o’td‘d (Y [ Y] 1 % A ]
aaumelusames niviamnuuas lhimduardanasy lsnuszuuvse l
o vq ¥ o ' v o A o
5) M3nN31ea1ve 19 Hunsgulaglguuniiasaneninisnsza1eaIved

Yq Y a A Y Y o
E‘!GI,G]S‘UﬁfniLWfJGl“rﬂslﬂﬂ‘IJﬂWi’E]’E]ﬂ!L‘U‘UEU?J\ﬁz‘U‘U



22

¢
3.2 ﬂ]i!!ﬁﬁ!“ﬂﬂlﬂﬂiﬂ]ﬂﬁﬁﬂ]ﬁﬁ]ﬂ

v
a o

% s d v 1w @
lunilsaniigiuazlgunsaindudrdesdyara ldddlduinns diudeaivenia
] 9

Mg mAuaaza9z Iasumslszuanannszuy uaziimsnogddnanludiamiaiug

& a 1 4 (K] 4= 1w
FINANNVOWAAZ 1B INAI UGN UUNTUNAD A INA MNANHULIDWNIZVDIA 10D I1NA

o ! Y 1 Lﬂy Hq ¥ A Y =
wimuaa PRedls uazamnsonseunaguiuiliusmialu 360 oem ldvdruiisane vua
1 s v A 9 a a A a I I Y o A

voauAazisAnos NINHen 15z N91301910 3 wFa JuIasduiluuaununieveIdInay
a o A 3 0 av 9
YOIA WO IMALLUNANI 129 TNTognisu 60 09N, 90 oA Ay 120 03 luauiteld

o % J
fualiaeoimemilasnmesanionsounqula 120 oem

2. 2.1 12

§ o ] J
Eﬂﬁ 3.1 an‘Uﬂ’]afNﬂ'ﬁ!lﬂ\‘]lc]fﬂlﬁﬂﬁsll@\?ﬁﬂ']ﬁﬂ’]u

o A
33 ’mﬂmmﬂellmizun"luiu!m‘m*imﬂmﬂau
v A a 4 o A d?} 9/4! o ]
Glufﬂi)fquuumiﬂ‘imygmﬂmmﬁﬂlmiwuVluimmuwmﬁlmﬂaumum% HINIDYIN
@ A <3| A a d? Y a 3 = o
Y‘NE‘]JVI 3.2 Wumeoimeannanyuinlease tazneluagomeadunsisesdivesdrsoinie

o w A ] 1 oy Y I o A A 19 @
UDIAIN1AY LUBWIUNTISUIUNITID NUINUN mﬁlmmﬁﬂ%ﬂﬂgﬂmﬂaumaﬁway’avlﬂﬂﬂ
1 4
éjﬁl%ﬂﬁﬂ1i Gd]ﬁﬁ'lﬁl'ﬁ]’lﬂﬂl?ﬂu53UUﬁﬂgllﬁﬂ@l']\‘]ﬂWﬂﬁ"lfl@1ﬂ1ﬁlL‘UUlﬂ3Jﬁ@ I INAUUUIANIS
1 ° A Y A & = o A ' ° A 2
ﬂ'ﬂgﬂaWﬂauhlﬂLWEl\?ﬂﬁﬂﬁgﬁu\ia']ﬂau meﬂ@1mﬁﬁluizuullﬂuummammﬂauu L

! o A y 9 o o A d?' "o o 4 5’
fﬂiﬂiﬂﬂ@gﬂaWﬂauulﬂW'iﬂiJﬂuﬁﬁ'lfliﬂﬂﬁu "IIUTZ)QﬂUﬁﬂ‘Hﬂ!ZLﬂWW%ﬂlﬂ\‘]Qﬂﬂﬁﬂluuﬂ



23

zﬂﬁ 32 5ﬂ‘]&lﬂl$1/l”l\‘lﬂ1EJﬂTW"]JENﬁMIEJi’J”Iﬂ"Iﬁ]hJINLL‘UUﬁE‘nﬂéﬁ"lﬁu
o o d'
34 HIUAINAU
° o o A v ! s Y o
mimwuﬂmu’mamauiwmammmmazmﬂmai @ﬂﬂﬂﬂ?ﬁJLﬁNW%ﬁN%Tﬂﬂﬂﬁ]ﬂ

9
1 1 a Y o a 4
19 190 AR UYed 1FUT M @ geiuq Tundeeiiioals anyuzmagimdasves

3.

A3

d‘dQ' = A ] U U % = =
uVlﬂJﬁ\‘lﬂﬂ"]J’JNﬁiﬂlliJ ‘Vﬁﬂflﬂ@n’f)fﬂ\iﬂﬁgﬂ 33 LLf’fﬂﬂﬂﬁLﬂiﬂUMﬂUﬂTﬂiui}!ﬂJ 360 04f1 1ng

=)

'
o A

Yo A 8 & 4 A0 o g 1 o o A Aao
" WﬂauﬂS’emﬂaqumuwummzmlmﬂ‘nmqﬂ‘u VLU UIITUIUAIAAUNUITUIUAIAAUUIN

-]

]
A

] Y v '
fusaudmaudes TaguSnaiuiaseuaguininemudesns uad uudnaunuIng

B
e =)
—

g}

v o A 9 "o QY1 Y v ! o o
mmﬂ’mﬂjaqmﬂauuaammﬂwmmauﬁa"l‘ﬂllﬂ"lﬂa FIUITUIUAAAUUDYIY

4
[ Av AN

A vy Y Y Y o o o A A
mmmnamaumml,mawauua"lmzﬂziﬂa “lmm’;i]ﬂum"lﬂmﬂﬁmmmuammm

A
AU

)]
e 2D

d' o 9 o 4‘
munzaunaziunlsluszuy Ty Tusuuvaiedinau
0 o

90 ° 270 °

270 °

180° 180 °

‘:‘ o o o d‘
z'ﬂﬂ 3.3 1099 UUIUIUAINAU



24

o 4 p
3.5  msuvssnaumelisames

/ 120°
/
/
\
\
N g
\
N N
\
\
\
\ 00
E]‘

= o 1 o A J
ETJ“V] 34 ﬂWﬁ@QLLUUﬂ'ﬁLL‘U\‘]a'lﬂﬁuﬂﬁJGlULG])'ﬂm’t’Jﬁ

Aa o Y o o 4 4 < o 4
Tuanuidaiio ldnavessiuauainaunmuizay o laninsesnuuutienaadoy
YszAnFnmuesszuy Tastiwavyeayy 120 83w alToumMeuNInTn1THLa
o o A A 1o [ Y] A A ) A = 1 ] 1
udmaaumTutag lumiiy Wenanwvesdinaunasuulasszdawanuszuueeals
=~ o 99 Y Aa 9 1 =) a a dg’ 9 =
Tagazlimsihdlgusnig (User) nilsznoudie Tmniimsaanaianadu lluinioaiissla

DL AINANTENUNDUTLANTMINUDITLU

Y Y
3.6 MINIZLAIVIRY
Tuaruddelddimsseufeuuyuiiaesn15nsLe1ed7 2 LYY Ao Uniform
Distribution 18 Gaussian Distribution aauaaalugil 3.5 werianlsz@ninmuesszuy 9
o . . . . I % o 1 % 1 1 [ o
V4§18 Uniform Distribution (#10) 1flumsnszatedvesdulsguisnuaazmuesda
1A ] I a a ' o ° . . . . S|
wlsguianuiazitlunazinam  fu 1aziUu31a99 Gaussian Distribution (1) 1H1n13
] I ' @ VoA g 1 1 A A [ 1A
wanuaenNuivztuvesnvesdnlsquiniunmuudoiiies Tasnarveaduilsgull
1 1 ] 1Y 1 % U % ]
ur Tunaeziiareglndqduarmin nsuaasmiladduaunuiuiu (probability density

g % °
function) az1flugiladreszaienty



25

/ 120 ° |I
l'\
/ \
/
N
N\
\IE
\
N «
\
\ x/
\ /
\ 00 I
A ° o Yq ¥ a
?Jﬂ‘i/] 3.5 LL‘].I‘]Ji]”Ia’ENﬂ"Iiﬂigi]”IEJG]’JGU’rNEﬂﬂﬁﬁﬂ”ﬁ
ammuzmmmmwu@mnmu
Y ' Y Y
1) msoenuuuaaInimiin lumsnegidnauinganiaimiindeseenuuy

A Y v o A v o A v a Ay A A ada
Lwalwmmmﬂagﬂmﬂauuazﬁuamau'lﬂmmmqmmﬂmwaﬂizammmmawu

] (2

1 I v 1 a A aw dy
2) AINNUIFDITYYIU wiuariamyseansvesssuuluauivel lag

a

[

=) = 1 1 J a o d‘
L']JiEJ‘]JL‘VIEJ‘]JﬂW‘I’J"IlIﬂﬂfﬂﬂﬁﬂlmimi‘éﬁﬂ’J”I\ﬁ%‘]J']JlliJImm‘UﬂﬂmlagigﬂﬁllilIiJLLiJiJ‘Via"IEJa1ﬂaLl

g o

/1 L] |
3.7 N1999NUUVYADITUIVIUN (Weight)
J g} o A 1 o A IS A a o
MyaiminnIenisneldnaniunszuIunsMnanmININUYeITEUY
amwemensaananalugl 3.6 Mlsznou lidreassdrunan 9 Ao drwomeaunrdiaunas
nuuﬂizmawaﬁtyigm (signal processing systems) «?ﬂuizuuﬂazmawaﬁ’aﬂmpmﬂzm

9 A a o A g o A o A
wumGlumswmﬁmwmaiytywmmmm (DOA) uazmsmmmmaﬂ@gﬂmﬂau



26

dyanaunsnden

dyauunIndon

(11

seyulseunanaduy

'

Ty 100N

317 3.6 szvvMBOIMIAINT

2
Aav A

d1msulasemsidei anuaulaneinsiauidanesiu (algorithm) V09
' 1 ) A v o X dy o F2
MweImenneszuunogildnanunulsudl sszuuiaunsoaadyguunindon 1a lag
@ [ v a [ Ay 4 Y o v A Y A
mywuynan hldenanevesdygrandesnsla TasldaerimauaidrvuFaduiioanin
iimssrnaidudeutiesninaigenauaIs NI ULz 9NaY ToaAlszneuves
A001MAMMINY 4 AU uaglisrorriNsyINaeoImMamIng d taziivualiiaiumig
[ o ~ a g o Ao A a FY

iy | /2 daaeslugidn 3.7 asuadluaise1nianasunuaauauNIuINNNIE N
10919 1AL q NORNANNITZNUVBITYY UM IMIANNTEND@eoIMALAazdY D Ao
ANMUANYDITLILN NUDITYLIUNAUNNUIANNTENUTIODIMIALABZAY  FIhA UMY

dsing nngddyanuiameemauaazdusyldne

kd 1
y 1Aje J qu " 1Aj (3.1)

—j(kdsing)(n-1) —j(kdsing)

Y, = WaAde—j(kd sing)(n-1) _ W3Ade—j2(kd sing) (3.3)



Y, = 4Ade*1(kdsin(1)(nfl) - W4Ade—js(kdsinq)

You = Y1+ Yo+ Ys+ VY,

= Wl(Ad )+ Wz(Ade—J(kdgnq))+ WS(Ade—jZ(kds'nq )+ W4(Ade—j3(kds'nq))

&
HIAGY

]
=

»
Aamnunaesnis ’4.'}

WU ¥V

out

= Ad (Wl + er*jkd sing + Wse*jZ(kdsinq) + W4efj3(kdsinq))
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_ Lilkdsing)

W, =¢€ (3.7)
_ ni2lkdsing)

W, =¢€ (3.8)
_ Aj3(kdsing)

W, =¢€ (3.9)
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Vou = Ad(ej(o)_+_e—j(kdsinq)ej(kdsinq) +e—jz(kdsinq)ejz(kdsjnq)+e—j3(kdsjnq)ej3(kdsjnq))

=474 (3.10)
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Y
1 — [ Wl W2 ] rlll rllz Xl + nl
Y2 hy hy %] |, (3.16)
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C.s = Blog,det[l + Nit (WH)(WH)*] (3.17)

A A Ja o
e B ADUUUAINT
A a J [ I 1w
I ApunInaenanyailvainy N, x N,
A v 1 @ Ao Y1 o
r Ao oand udyanunsu ldaedyausuniu
H  Aewningresdamnm
Y
a d ' o o
W ApumIngaaniaimiin

ad A o tﬂ' d‘ o (% o d‘ A d’
Tﬁﬂ']il’df)ﬂﬁ1ﬂau‘m°ﬁ1ﬂ$ﬁllﬁTﬂi‘Ui%‘U‘UubJIiJLL‘U“]JW’deJﬁWﬂﬁu WLABNIINNITIN

v H
% A A

Fyanamamade ladinsadsdyans lldsnasy emasu lasudyaunangansanuygea

19

o A c?/‘ I o Y o 9 1 Y (=] o
aWﬂQUUUﬂﬂgﬂ']ﬂ'ﬁﬁ\?sU@ll"aﬂﬂuﬂaﬂhlﬂﬂ\‘]ﬂ']ﬂﬁ\i lla’Jﬂ’lﬂﬁ\iﬂﬂ$ﬁ'\3“ll@ﬂﬁ@'ﬂﬂllﬂ§nmclgﬂa1

U
] 9 E4
A o

1 a P Yo Aav A A 1 1 @ . 3
AAUUY Iﬂﬂﬂ'lW’liﬁJL@l@iWLﬁ’lﬂg1%3@11&\111!'35]8 ADAIAITNYVOITYYIU (Capacity) a1t

o

4
o =<

Mfruas s wauivinzay Taog lanniienigegavesainnuyrosdyaia 1zTuog

E4
=1

@ o o Jq 9 Aa = A Y v
mJmmumﬂmmﬂuazmmu;ﬂ%mmﬁ mmmmaumau'lm'lﬂm

Min B (3.18)
Subject to Cus > C

target

N €{2,4,8}

U €{2,4,6,810}



32

Tash N = PUIUFIMA

U = $Sudlusms

|
)]
o
—
b
)
-
@
Lo
2
2
]
e
=9}
SBe
@
Lo
)}
]
N

Ctarget - a
b4
39  ayUmeun
o A4 o o 4

mseenuuuvesszuy T Tunuuvaednau memswauimunz auvesdinau Tag
) A A 9 a va 1 9 a v o =S
Wageimaluszuuueananlsanulusalfiausulsluanide uvaziimgugns

v 1

nizneamlFlszneumsiiasan saudseenuuumsaamoluiminieiinisnegl
drndunaziia1veIn v sdya IR u NN nIA1lszAnsn1nvesszu Tae

A o A A Ao o A
’EJ’EJﬂLL‘]J‘UL‘WE’Jmﬂi’NNﬁL‘]JiEJ‘]JmfJ']Jﬁ]SS‘]J‘]JlliJTllLL‘]J‘]J‘]JﬂG]ﬂ']Ji%‘U‘]J]liJTNLL‘]J‘]J“I’T@TEJE]”IﬂaL!



UNN 4

o a d a d
ﬂTi‘i]1ﬂf’)\‘]!!‘l.lTﬂ‘i—!ﬂﬂNW?!ﬂ@i!!ﬁ%’;?!ﬂﬁ1$?‘iNﬁ

1 o

4.1 NA1INI

A g I o ° A s A a =

o1 luunieziumsiuauenisitaeswnylunounuaes o119
dszansnmanuyyosdyauvesszuulyTuuunvatedinduy  iemidwaudinaui
migay TaeRiinisdiaeslunaiunuy 91May #an1591a0DUIINMITNTZIIBAIVOIR 19
HANI$1A0 IV VVBIYUNANNAY HANITTIA0UVINFULUVNITUNINTEIY HANIT91ADI
pppnmamniauly uazwamstaswuunnmsulSeuiioumAanainvesdwmiag 14

Fawan lavznanluiadeda ll

% )
42  Yeanadlumsdiasiwa
) 9 o 9 o w a 9 3
lunissnaesaz s ldsunsvuynuanlunissiaes 1sa1e01nALD IR 1A VIFUT U
MAFAZAMASUTIUIN 2 A1, 4 du Az 8 AU TrezvITerImeemeny d=I /2

{ 1 a a 4 a a y @
anualueu 2.1 Inzgsad !Lagﬂﬂﬂ'ﬁLﬂu“VIN"Uf]\iﬂauﬁlullu’ﬁgﬂﬂﬁ1ﬂﬂ'] (line of sight)

43 WANMIDIADWVLDINNIINIZIVAIVOIN Y
Tunmsdaedldimssiaesmalasdenldgilununisnszaieda 2 un fie Uniform

b I [ t; [ . . . . 3
Distribution BT UFUVUNITNIZN8AITOUN AN UANONY 1182 Gaussian Distribution 111

1 k4
IS) 4

v A Y Y o o Y o = ~ qe:
gﬂLL‘U‘Uﬂﬁﬂi$“’1]WEJ@]’JTINﬁllﬂﬁ‘l/]ﬂﬁ@x‘]ﬂlﬁﬂa”lﬂizmﬂﬂ’ﬂ LlazhlmmﬂﬁL']JiEJ‘UmEJ‘LINaTNZ‘TE’N

a

Y H H
siunw vaz lademinnldnnsanluauiveil wadt lduaadlugii 4.1

o o gdau g
MINN 4.1 MNUwesnlslumsnaasnaluglin 4.1

a 4 1
NWITTUIANDT 1

‘DOWH'Juﬁ']EJfﬂﬂ']ﬁﬂWﬂg‘U 4 ﬁ/u
‘ﬂ°1u3uﬁ1891ﬂ1ﬁﬂ1ﬂd\1 2 ﬁ/u

Saudgldy 2 AU

d' EY 1 . . . . .

g‘]JLL‘]J‘]JVﬂ“ﬂ‘L!ﬂTi qu Uniform/Gaussian Distribution
o d‘ 9 1 091’

vy lumsgu 100 A3




SHR{E)

- -y [&]

(2hsminz) Anzedes

SHR{B)




35

E o gdaw d
M3 4.2 Wndmesnlylumsnaasanalugin 4.2

a J J
W93 i

TUIUAYDINIANIATL 4 Au
TIUIUAYINANIAG 2 du
Saudld 2 au

o Aq Y 1 oszl
vy lumsgu 100 A3

A
msnlagualasyuy 5-30 937N

i
£ 3

Cepac

Capacity (bitisHz)
(3]

1] 5 0 15 20 25 0
Czqree of Beam

Degree of Deam

(M) MINTLI8AIVY Uniform v) N1INILVIOAIUY Gaussian

i o o A C g - - o 4
71U 4.2 Wlssumenilszansmmanuyresdyananieiman/asunlasnanisvesdnau
A < Y o qe: S a = @ Qs:
nnglii 42 zmiuldmavesmsdras syl lunamudsriuiegduuvves
o B 4 E 3 o D
MINTzaeAl (n) uaz () Woosenlasuudai 15 eemyull szliannuyvesdyin
g 1 { 1 a A 1
aaasyuiluld1dmniianualasuntasiosndt 15 eem Uszaninimvesainniug

[ [

Fosdanaazd hidinadoszuy

4.5 wamii‘hamzm‘umngﬂsmummw%nizmﬂ

Ty Idhgduuumsunsnszaeaivesszunueaiom I lumsingan e

1¥lumsdvwaldlndinesnumslFanlunilfiannigea



KA XX
KK KK
o
> XK XK
/R
KX XX
‘oo
winilnes i
SumeeInenIniy 4 Au
SudweInenInga 2 Au
S e 2-10 AY
sUnuuilFlunsdu Uniform Distribution
[ F4
srunldlumsdu 100 A5

2.7

2.6

ity (kit's/Hz)

Capa




4 o gdau d
M3 4.4 Wndmesnlglunminaaowaluzili 4.5

37

a J J
WR03 f

U YINIANATL 4 du
TUIUF G INANATN 4 du
Saugld 2-10 AY
s umsdu Uniform Distribution
o ~q Y 1 OBJ}
uunlslumagy 100 A5

Capacity (bit/s/Hz)

; ,,,,,,, ,,,,,,, = EUsers

— 2Users

4Users

BUsers

Number of Beam

10Users

517 4.5 HAMITIADIVOIADINFILUY 4x4

A a S I A
M3 4.5 Windmesnlslunisnaaeanaluziin 4.6

W15 0T Gh
SumeoImanniy g A
SaumeeImaAnnda 2 &u
Saugld 2-10 AY
A1 s Uniform Distribution

o Aq Y 1
unlslumaguy

100 A9




2%

Canacity b tis/Hz)

| 2Users
4Users
| &Users
: : : BUsers
L . . 10Users -
B f g 12
Number uf Beaim

517 4.6 HANTI1009VDIT WO INALUY 8x2

u

~ a S Y ~
M3190 4.6 Mamesnlglunmsnaaswalugili 4.7

TRERITELH i
$umeeIMANINgY g AU
SumeeImannda 4 Au
fud 1 2-10 AU
sunuuR 1 lumsdu Uniform Distribution
o Aq Y 1 oszl
vy lumsgu 100 AT

2 T T T T

N
i
.
2
£
i
o
(==
m
L e il S SO - N SN S - - - -
— 2Users
/ 4Users
' S A L AR SR S ——— BUsers
: : : : : 8Users
' ' ' ' ' 10Users pr
0.8t | | | | | T T
2

Number of Beam

51N 4.7 HaN5312099U0IE189INALLY Sx4

u



39

1ngUh 4.4 89 47 sgiuldwanldounlasldamduaumeemanly sl

o [ 4 o o 4 A g a a [ o ]
SnudlFaudaruiu Wesmaudwawmuniulseaninimuesnnuresdaanan

De &

A 9 1 I Y 1 1 o A A = = Y o o
VSINUVUNIY Lm%xghlﬂf)fﬂﬂVliﬂ@?ﬂﬁl&‘ﬂlﬁﬂ%ﬁhﬂ’)i%%E)Qﬂlﬂ1Vli %Qllﬂﬂ1ﬂ1‘iﬂ1u’3mﬂ1

fudnauimunzan Tanhmgegavesnnuyresdyang 1 nudasiedunis

95 % V94ANgIgA < JATHINZ A

Q

and10819 aalugil 4.8 9agegavesnuFeIdyal Ao 2.68 TaneIuriinoidsad

A ]

) 1 Y ~ = a 1T A a1 a 4 < 9
DU UINYIAT 95 % i]gllﬂﬂ”l"lli’)\ii]‘ﬂ%!,ﬁ3ﬂ$ﬁll D 2.55 UAADIUINADLITAY %mullﬂ

' v o o A o o o A A A o 9 <A o A
NMANOVIIUIU 5 anau muummuamau‘mmmzaumzm”lﬂ“lﬂmuﬂﬂa Sainau

= :
e o S SN LY . SRR, TR SR R =
& :
3 :
= 224 i TSl Y, L7 A 4 i - K bl P —
o :
=5 ) P i Smgienih | - N - iy - —_ _
1] 1
O : ]
2Users |1
4Users
1.9 H
| < BUsers
" SRS RN SO SISt O S o W B T |
‘ 10Users
17 I I I I I I T T
2 3 4 5 6 7 g 9 10 ik 12

MNumber of Beam

717 4.8 udasgad U AR AU 4x2

gaa A [ o

A an o < Y Yo o A A
Llagsl,uu'lluf)uc']3‘ﬁﬂ15ﬂ1u3mﬂicﬁ3ﬁﬂﬂ!ﬂﬂjﬂu ﬂgﬂ11141@%11!31!@11?]@141’”“”’]3@7%

aaaslugiaeliil



Capacity (bit/s/Hz)

Capacity (bit/s/Hz)

2Users
4Users
6Users
BUsers
10Users

%]
=
w
[=2]

7 8 9 10 11 12
MNumber of Beam

3111 4.9 uaagES UM ATURIN T 4x4

2Users
4Users
——— BUsers
8Users
: : ! ! 10Users
| | | | T T
6 7 8 9 10 11 12
MNumber of Beam

.....................................................

3191 4.10 naasgad U RANIMIN AU 8x2

40



41

Capacity (bit/s/Hz)

2Users

4Users
1 - 7oA ity T P TR b 6Users H
: : : : : : : 8Users
: : / : ; ; : 10Users
05t | [ | | | |
3 4 5 6 [l g 9 10 1" 12

Number of Beam

317 4.11 naaagadnudnauiminz auuu 8x4

{ <3 ' 4 o 1 o { J qg.:
10310 4.8-4.11 naasldviuindohimsmaasaumsimamanummnzauiv oy

A

Yo o A A VA o = 9 1 YA ' o A gy
"lﬂmuaumﬂauﬂmmxﬁnagw 5 ainau mummm%ﬂ%wnmﬂm 5 amauﬂmmm%z

1 1 Ay J 1 Y Y ' o A A [
garaneMIlszuianaveszuuUNaIFINI l,mmﬂ%uaﬂﬂm SA1AAUNITNILIDITUIIUIU
< % o 1 o 1 o 1 o 1
Aldnazanasan lUde sednuvesaisoimeaaanuazANAN T T YR IMAIAY 1A

Tudamagedudinaunmmnz ey

4.6  wanmsdiavauuuINMIfSeumaumAana AV IR KUY
NMINAABINUANNZITA U IUIUSIAAUNHLNZANAD 5 SIAAU LAAIIIAIAAY
HANUNIU0IRIAAUAD 24 031 tHPARYUIAVOIAIADS 111 120 9961 110111AN

a o " Yq ¥ A sa (A A o
WWWﬁWﬂﬂlfJQﬁHlﬁH\‘]@i‘b’NWﬂﬁZﬂﬂU WﬁnJLﬁ’é)i“VlUJﬁﬂullﬂﬁﬂﬂﬂ@@@]ﬁ']sllﬂ'lElﬂl’t)\iﬁWﬂ’é)']ﬂWﬁ 1u

=

Qv Y o o o 1 a = A = =
ﬁm%ﬂ'lﬂmmimamwaiﬂammmmwﬂwmﬂummmmmaaumz 2 93 ﬁ]ull‘ﬂﬂﬂi]ﬂ

A = Y Y dy
ANIAUAADUDT 12 BIAN ﬂgllﬁﬂﬂﬁlﬁlﬁuwaﬂﬂﬁﬂqﬂu



4 o gdau d
M3 4.7 Wndmesnlrlunsnaaeanalugili 4.12

a J J

W5 no3 i
$umeeIMANINY 4 Au
fumeeIMAnIngs 2 du
Saugld 2-10 AY
s umsdu Uniform Distribution
o ~q Y 1 OBJ}
uunlslumagy 100 A5
funisAanaInve e 19 0-12 99A1

BT T T T T T T T T T

Capacity (bit/s/Hz)

| ———2Users
{ =———4Users
15 GUsers
: BUsers

R R 10Users
T2 Ve b 4, 2 0 2 5 8§ 10 12
User ErroriDegree)

517 4.12 uaasnmyvesdyanauilomad i 1FHanain oMU 4x2

4 o gdau d
M3°199 4.8 Winlmesnlylunsnaaeanalugli 4.13

a J J

W93 i
PIUIUTEIMANIATY 4 Au
PO IMANIAG 4 Au
Saugld 2-10 AY
sl umsdu Uniform Distribution
o Aq Y 1 oszl
vy lumsqu 100 A3
) 1A 9Jq 9
fMuraranaInveaf 19 0-12 93N




Capacity (bit/s/Hz)

4Users
6Users
BUsers |
10Users

|-
-
-

A2 0 8 6 4200 2
User ErroriDegree)

517 4.13 uaasnnuyvesdyanaulomad ] 1dAanain a1ee1MALDY 4x4

~ a S G Y a
M3 4.9 Madmesnlglumanaaenalugilin 4.14

43

a J J

TRERIVIEL:E: o
v Imanniy g AU
Saumeeman g 2 éu
fud 1 2-10 AU
s umsdqu Uniform Distribution
o Aq Y 1 oszl
vy lumsqu 100 A3
Auisdanaavoe 14 0-12 83N




Capacity (bit's’Hz)

2Users |
; ! ! ! ! : : : 4Users
s ] [——eusens

: : : : : : ] : 8Users
10Users |

14 L R i i L L (A ] 1
42 10 -8 5 4 2 1 2 4 £ 8 10 12
User Emcr{Degree)

517 4.14 uaasanuyvesdyanauiomad i 1dHanain aeemauu 8x2

d' a e’d’ EY d'
M3190 4.10 Madmesnlglumsnaaeiwalugiin 4.15

TRERITELH i
SuaeeIMANIAY g A
SumeeIMannda 4 Au
fud 1 2-10 AU
s umsdu Uniform Distribution
o Aq Y 1 os/l
vy lumsqu 100 A3
Ausdanaavae] 14 0-12 8AN




45

Capacity (bit's/Hz)

2Users [
4Users
- 6Users
BUsers ||
10Users

|
-12 10 -8 & 4 -2 ] 2 £ E i} 10 12
User Emrcr{Degree)

517 4.15 uaasnnuyvesdyanaulomaduiisd 1dAanain a1ee1MALDY 8x4

~ I A ¥ 3 . o A a
fﬂ’]ﬂ?jﬂ‘lfl 4.12-4.15 LﬂUﬂWiLLﬁﬂ\‘lNﬁLWf]clﬂlﬂuﬂ1ﬂ’ﬂiJi!°If’fNﬁﬂJuflﬁﬂ!ﬂlﬂﬂﬁ]'lﬂﬂ'lﬁ

a o 1 a I~ 1 1 1 [ 1A o 1
AaNaIAUeId MU 1F TS 92U NAINNUY T d YA N FITAIZogNA WU 0 BIA

QU

1 [

winlianuaatamaoundwmue -2 1183 -12 0en Arnugvesdyanaszanaioo uay
Yg 9 a > o o A A 2 o qIYgY a o
TﬂﬂZ‘!“lcb"llﬁﬂ'liﬁ'lil'liﬂﬂUﬂ']ﬂ'ﬂlllljQell'f]\‘]ﬁmuﬂej’lmellﬂqa']ﬂau@u ﬂ%gﬂflq}’iﬂﬁlsﬁﬂiﬂ'ﬁﬁ’]ﬂuu
o A o 1 1 ~ o A o ] = I
Wq@@@ﬂ%1ﬂa’]ﬂauﬂ\3ﬂa13 LlaglsﬁulﬂfJ'Jﬂ‘U‘ﬂ'J']ilﬂa’]ﬂlﬂa'ﬂuﬁlu@nlﬂuq +2 Vlﬂﬂ\i +12 NI

o 1 d’a
aﬂawmmzmuwmwmﬂ"lﬂ

Y
47  agmeun

o a J z 9 o =

lumssrasswuuluneuiiyeesiulsldsunsuuynuaulunisinasana In1snaAaea
~ ° & ' v & 9 o o A T Y
Tagnlasusnnumesimanamadaaznnsy daldmeoiniaunldiduiiosnn lisudou
AMst1aodna ldnlSsuMeudnyaEn15NTZ186UY Uniform  Distribution 118 Gaussian
. . . a o @ . I [ <3 [
Distribution 114911338 18180nM13n052 9186 111Y Uniform w1 1ddlundnuag 1dduauuinig
3 a o ] 1 o '
yoanshiullluiamaderiumazdeaonsldan ddldhgduuumsunsnszaneluszoy
==t [ 9Jq ¥ Y o a o d‘ o o tﬂ' d' d! o d‘ YA o

uoanoulsulslfidduaudTamems g naunmzay Fas1uunldae 5 81

A A s & ' Y o o o A vq ¥
ﬂauiﬂﬂﬂﬂmﬂ 95 L‘]J’E)il“]ﬂ!@]"lli’)ﬂﬂ”lfjﬂfiﬂ uaz"lﬂmmsmmmmgmmwﬂwmﬂmawﬂﬂmu



46

v
1 o 1

A lannuyresdygiuuinigaazedidumis 0 o ileAatandauAIAINY

%

DI YIUIZAADINNA WU

P4
= L]

YuegY

U
9

AUDATIVIIYDIYAT



a
Unn s

asladdanazdeiauonns

A a a J
5.1 agﬂmammmuwuﬁ

Y @

= A Y 3 A d? 1 = 1 ]
maluladueaiid lagniannldiinnusMuniuniign 33 Tasawisodesiu

U

v Aad

~ a a 1A A o Y A 1 I <
pUALASHAANIAYTIYA 1 9NZUAADIUIMN %ﬂwmsaaﬁﬁizwmﬁ’qﬂﬂimummsamimm
9

e

P S | ) Yq ¥ a a A 2 ¥ o . v
YU LW@ﬁﬂUﬁu@\‘]ﬂ'}ﬂN@l@\‘]ﬂﬂlieua\‘][ﬂisb"]_liﬂTi'ﬂLWlJlJ1ﬂ611ulLagﬁ@Qﬂ1§5Um@Ham13ﬁ15iw

U 1 =
NUNNN
' ' 1< v o 4 o
e InImnUIeendu 2 uuy ﬁf’) ﬁ”lflf’]”lﬂ”lﬁllﬂﬂﬂﬁﬂﬁ?ﬂﬁu NUTIYBINIALUY

v k4 = :/l = 1 1Y v o A =
']Jiﬂ@nulﬂ FIF10DINIANIADUVVUANVUANANNY Tagaigemauuulsuainauazinag

@ @ T W < 1o o W o o
Fugoutioouararmisniuasdyaralasiaiuaddidediiavesnsansuiudyas

v @ 1

unsnaeatazonianuAanaalums@endyyiaioninnisgnuatadyy s diu

'
1K

[ [ Y =1 [ 9 1 1 9 a a d’d
ﬁWEJ’E)Tﬂ"IﬁLLiJ'U']JT]JGI”Jllﬂ %ummcﬁ‘uwuummw!,milz"1@ﬂizammwmmwwzmmm
@ o A o o Ay o J [ A
udnau lddyarundesmsuaziugagud oul) liddyarununingon

) A [ a & I A A
iz‘U‘UthTllLL‘U‘U“Viﬁ?ﬂﬁWﬂﬁuQﬂW@llﬂiﬂiﬂﬂig’U‘UllithLL‘U‘U‘iJﬂ@I gzt umatunaneg
] @ a A o 91::4? d! d‘ 1 o
“ﬁﬁﬁlﬂiﬂﬂé\iﬂigﬁ‘ﬂ“ﬁﬂ1Wﬂ']3‘1’n\ﬂu“U’t)\’1§$°U°U6l‘ﬁﬂellu F392UAOUIINNTUOINIUNITINNG )

o w I~ 1 I~ @ £ 9 =1 [ v 9
q1YDINIALDIAIAY Lﬂumiumwmm‘iﬂﬁzmawammymﬂuwaﬂ PFIUDUAN 8?(\'11“]JENQ

U
P4

TrusmsiuvatsdnaulunatfoanuaziInlianuyresdygramuuniu

P4
Aav A

o a 4 )
Tumssraounluasunumes nuidedlla 1yl sunsuuunuanlumssiasana tay
a o ° Aq Y ] ' o Y A 9
1Jmiﬂm‘umm’;umﬂmmﬁﬂ‘ﬂmzuUﬂﬁmﬂmuazmﬂi‘u 1%lﬂu33UUﬁWﬂ@1ﬂ1ﬁ!%ﬂlﬁu
A =\ [ 9 4 =\ o A Y
Lummﬂumm"lwnwmu @QﬂﬂﬁgﬂﬂﬂﬂlﬂQﬁTﬂ@Wﬂ'lﬂﬁ]g?J 2, 4, 8 @Qﬂﬂi%ﬂ@‘ﬂ LW’EJGI,W
=\ =~ 1 Y o =S d? = 1 Y
nJ'iEJ‘iJmEmWamﬂﬂ%ﬂmuuazazmﬁlmu UANUKNINVIa1eoInN I d=1 /2 !,Laﬂ%mu
d‘ a a 4 o ~ =1 1 ] [ a
AUD 2.1 INTLTITAY TﬂﬂﬂTﬂﬂQWﬁ!ﬂﬁﬂﬂlﬂEJTJﬂTﬂ'TI?Ji]GIf'ENﬁﬂluﬂJUTmmﬂﬂigﬂﬂllﬂJINL!UUﬂﬂ@]
1Y o 4 o a o 4 [ ] § o o
ﬂmzuullaﬂmmuwmﬂmﬂﬁu mﬂmimi’mﬂiﬂﬂu’gﬁmﬂﬁuEJQ"liJﬁ‘U“V]ﬂ’Jmﬁmﬂmaum
di a di ) 9 A A a v dyd Y o A
AUNINUIZTHY LW@HTNTi%iHi%UULL@a‘Wﬂ \111!3i]fluﬂﬂqﬂﬂ1ﬂ15@ﬂﬂllﬂﬂlﬂw‘|@ﬂ
a a 1 9 Ao o di Y a 1 Y dil A
']Jigfﬁfl‘ﬁﬂ”lwsllﬂQi3°lJ°]J'}nﬂTﬂJﬂTuﬁuaTﬂauuﬂﬂlﬂuqﬂﬂgﬁﬂWaiﬁﬂ1iﬂﬁﬂﬁﬂfj‘ﬂwuﬂuﬂ$ﬂ15
v o Jqg ¥ a (=1 o o A a o Y
im’iumuuuqhu*imi‘lmwENW@ LLaz‘mﬂmu’ma”|ﬂau3J1ﬂLﬂuUhJiJ$1mthiL’mﬂumi

a o o 4 4 ) 4 1 < o [
UszuraradaunamssunIuiureIdnay uazie ldsaaunmuizauudln lasiasanai



48

= [ A o 1 1 J ] o Iy 1 9 A

1Jmﬁﬂimﬂazmmmumﬂmmﬁfwmwaﬂiwmammmwmﬁq;aymimmuaamma
dg’ = 1 o A A ~ a 1 =S 3 @ o

UINUU iau"thmﬁumummmﬂaumﬂaﬂuuﬂaﬂﬂmwﬁmamm onNedednona lag

Iidumisvesdldusmanannuranain

Y
5.2 ValaHaLlUe
Aav dy 9 A Aa & = a o Ao 1
GIJLNTL!’J%EJuulﬂ’ﬁ)’é)ﬂLL'U‘UllWLW’E]‘igiJ‘ULL’E]ﬁVI@ cm%zuwmmmai“lmzuumwmﬂmq
A ) Y A Y = o a a s A Y 9 o
JMNITUUDU ‘VHﬂ%ziﬂhlﬂﬁl‘lfﬁluigﬂﬂﬂuﬂgﬂﬂﬂllﬂﬁﬂiﬂL“lJaEJL!WT)'W?JLﬂﬂil‘l"l’ﬂiﬁﬁﬂﬂﬂa’ﬂ\‘lﬂﬂ

v Y
FLUY U ANVAVBITEVUUS HDUIAT 99

53 uwImamsiaanlueinaa
dy Y o o = =~ ~ qaj 9 J
szuuil Idimsesnuuuiiaesninaaiigiudios 1 @ao1timiniy luauiaidesen
Tusunae1vaziiaesnuszninaoigiu e liinadszaninmgeganuszuuniodie 13

meae i



318N1591999

A. Gohil, H. Modi and S. K. Patel, "5G technology of mobile communication: A survey,"
Intelligent Systems and Signal Processing (ISSP), 2013 International Conference on,
Gujarat, 2013, pp. 288-292.

Tran Cao Quyen and Trinh Anh Vu, "The application of a multibeam antenna for 4G,"
Advanced Technologies for Communications (ATC), 2012 International Conference on,
Hanoi, 2012, pp. 227-230.

P. Chen et al., "A Multibeam Antenna Based on Substrate Integrated Waveguide
Technology for MIMO Wireless Communications," in IEEE Transactions on
Antennas and Propagation, vol. 57, no. 6, pp. 1813-1821, June 2009.

H. Seki and M. Tsutsui, "Throughput Performance of Pre-coding MIMO Transmission with
Multi-Beam Selection," 2007 IEEE International Conference on Communications,
Glasgow, 2007, pp. 2785-2790.

Shu Sun and T. S. Rappaport, "Multi-beam antenna combining for 28 GHz cellular link
improvement in urban environments,” 2013 IEEE Global Communications
Conference (GLOBECOM), Atlanta, GA, 2013, pp. 3754-3759.

S. Sun, G. R. MacCartney, M. K. Samimi, S. Nie and T. S. Rappaport, "Millimeter wave multi-
beam antenna combining for 5G cellular link improvement in New York City,"
2014 IEEE International Conference on Communications (ICC), Sydney, NSW, 2014,
pp- 5468-5473.

R. Imran, M. Shukair, N. Zorba, O. Kubbar and C. Verikoukis, ""A novel energy saving MIMO
mechanism in LTE systems," 2013 [EEE International Conference on Communications
(ICC), Budapest, 2013, pp. 2449-2453.

Technical Specification 3GPP LTE; Evolved Universal Terrestrial Radio Access (E-UTRA);
User Equipment (UE) radio transmission and reception (3GPP TS 36.101 version
10.3.0 Release 10)

4G Americas MIMO and Smart Antennas for Mobile Systems - July 2013



50

Tan Poole LTE MIMO: Multiple Input Multiple Output Tutorial LHa3NN U109 1A
http://www.radio-electronics.com/info/cellulartelecomms/lIte-long-term-evolution/lte-

mimo.php

Gimme 4G LTE Technology urasiuudneldn ; http://droidsans.com/4g-thailand-future-

present-frequencies

Qichen Deng Antenna Optimization in Long-Term Evolution Networks Master of Science

Thesis Stockholm, Sweden 2013

COBHAM New multibeam antenna for Ultra-Fast MIMO (14@94 TR WISJ} ”Iﬁ Qllgl} 1N

http://www.european-antennas.co.uk/news/2012/



MANHIN D

a d' Yo A A J =]
‘u‘nmm’nnm'sﬂ"lmummwuwmmmﬂmzmnanm



52

d' a d' Yo S A J =]
5”IEJ‘U@Uﬂﬂ?13»1‘1]NTli”Iﬂ”li‘ﬂ"lﬂi‘uﬂ‘l‘iﬂ‘l"mW!Nﬂ!!W‘i‘lui$T‘i3Nﬂﬂ‘isl1

K. Narongrit, P. Uthansakul and M. Uthansakul, "Performance analysis of MB-MIMO under
120 degree sector consideration for 5G communications," The 20th Asia-Pacific

Conference on Communication (APCC2014) , 1-3 October 2014, Pattaya, Thailand



Performance Analysis of MB-MIMO under 120
Degree Sector Consideration for 5G Communications

Kamoltip Narongrit, Peerapong Uthansakul and Monthippa Uthansakul
School of Telecommunication Engineering
Suranaree University of Technology
Muang, Nakhon Ratchasima, Thailand 30000
Email: M5640256(@g sut.ac.th, uthansakul{@sut ac th, mtpi@sut.ac.th

Abstract—The use of multiple antennas is another major
element of any 5G cellular system because it will be possible to
alter the beam direction to enable more direct communications
and limit interference and increase overall cell capacity. Among
techniques in the area of multiple antennas, MB-MIMO (Multi
beam-Muliiple Input Multiple Output) technique gains a lot of
attention due to the performance improvement with the
possibility of real implementation. However, in literature, the
consideration of MB-MIMO technique does not concern the 120
degree sector. Even in 5G cellular, the practical installation of
base station might still be 120 degree sector., Hence, this paper
presents the performance amalysis of MB-MIMO under 120
degree sector considerations. The simulation results indicate the
interesting issue on number of optimum beams for MB-MIMO
that the 120 degree seclor considerations requires less beams
than conventional cell. This can lead to the real implementation
for 5G technology in the near future.

Keywords—MB-MIMO; 3G:Sectorization; Optimum beam

I INTRODUCTION

As the different generations of cellular telecommunications
have evolved, sach one has brought its own improvements. ln
the first generation, 16, these phones were analogue and were
the first mobile or cellular phones to be used Although
revolutionary in their time they offered very low levels of
spectrum efficiency and security. In the second generation
24, these were based around digital technology and offered
much better spectrum efficiency, security and new features
such as text messages and low data rate communications. For
the third generation, 3G, the aim of this technology was to
provide high speed data. The original technology was
enhanced fo allow data up to 14 Mbps and more, The fourth
generation, 4G, was an all-IP based technology capable of
providing data gates up to 1 Ghps. Any new 5th genaration, 5G
cellular technology needs to provide significant gains over
previous systems to provide an adequate business case for
mobile operators to nvest in any new system.

Facilities that might be seen with 5G technology include
far better levels of cormeetivity and coverags. The termm World
Wide Wireless Web, or WWWW 1s being comned for this
[1].Fer 5G technology to be able to achieve this, new methods
of connecting will be required as one of the main drawbacks
with previous generations is lack of coverage, dropped calls
and low performance at cell edges. 5G technology will need to
address this. There are many new concepts that are being
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investigated and developed for the new 5th generation mobile
system. Some of these include pervasive networks, group
cooperative relay, cognitive radic technology, wireless
mesh network, vandermonde-subspace frequency division
multiplexing for modulation and multiple antennas.

Pervasive petworks being comsidered for 5G cellular
systems is where a user can concurrently be commected to
several wireless access technologies and seamlessly move
between them. Group cooperative relay is a technique that is
being considered to make the high data rates available over a
wider area of the cell. Currently data rates fall towards the cell
edge where interference levels are higher and signal levels
lowerIf cognitive radio technology was used for 5th
generation. 5G cellular systems, then it would enable the user
equipment | handset to look at the radio landscape in which it
18 located and choose the optimum radio aceess network,
modulation scheme and other parameters to configure itself to
gain the best comnection and optmum performance.
Wireless mesh networking and dynamic ad-hoc networking
with the variety of different access schemes it will be possible
to link to others nearby to provide ad-hoc wireless networks
for much speedier data flows. Vandenmonde-subspace
frequency division multiplexang for modulationwill be
necessary to provids much more flexible and efficient forms
of modulation for 5G cellular systems. This is one format
being considered. Another major element of any 5G cellular
system will be that of multiple antennas. Using these it will be
possible to alter the beam direction to enable more direct
commumications and limit interference and increase overall
cell capacity [2-4].

Ameong techmaques in the area of multiple antermas, MB-
MIMO  (Multi  beam-Multiple Tnput Multiple Output)
technique gains a lot of attention due to the performance
improvement with the possibility of real implementation [5).
The concept of MB-MIMO is the transformation of array to
angle domain processing. “ The parallel data can be sent
through multiple beams from transmutter to receiver which is
basigally better than conventional MIMO system due to the
multiple ¢hoices of transmitting charmels. Based on the best
case scenario, the MB-MIMO offers more capacity than
MIMO system.

In general, the performance of MB-MIMO depends on the
beam direction which the works in literature assumed the
range of 360 degres or 180 degree sector. This condition
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camnot be true in practice even in the cellular system of 5G
technology. The concept of 120 degree sector still provides
morz benefits in term of reducing co-channel interference.
Hence, this paper presents the performance analysis of
MB-MIMO under 120 degree sector considerations. The
simulation results indicate the inferesting issue on rumber of
optimum beams for MB-MIMO that the 120 degree sector
considerations requires less beams than conventional cell. This
can lead to the real implementation for 3G technology in the
near fiture.

This remainder of this paper is organized as follows. In
Section 11, the overview of MB-MIMO system is presented. In
Section 11, the discussion on 120 degree sector considerations
is given The simulation results are presented in Section [V
and the conelusion is found in Section V.

Fig. 1. Concept of MB-MIMO System

II.  OveErRvEW oF MB-MIMO

A, Cellular System

Cellular system is a system of mobile phones which uses
wireless communication as a key success. Frequencies are
allocated to the various service areas such areas are called cell.
The size of cells depends on the density of wsers. Cell
provided by the base station which can be connected to the
mobile station using MB-MIMO is illustrated in Figure 1. In
practice, cell is divided into three sectors equally by using the
directional antennas at base station. The division of sectors
within the cell to divide 360 degree by the majority of the
three sectors, each sector having an angle is 120 degree. From
2G to 5G cellular systems, the use of 120 depree sector is
necessary in practice because it can reduce the significant co-
channel interference. Hence, this paper focuses on the
consideration of 120 degree sector for MB-MIMO.

B. Transmitter and receiver siviciure

The proposed structure is. illustrated in Figure 2.
Multibeam 15 used to send signals to transmit multipls streams
and UE employed to receive the transmitted data [6].
Each functional part in the transmitter includes User selection
{Select user data to transmif), Channgl encoder and modulator
{Channel encoding, mapping and modulation), Beam selection

(Select beam for the date transmission), Mulibeam former
{Produce signal to form fived multibeam) and Scheduler
feedback from UE, amount of data and QoS.

The functional part in the receiver inchudes MIMO or
SIMO detector (MMSE, MLD), Tx beam measwrement (CO7
are measured every TTI for ranking according fo the
measurement results), Tx beam and stream decision which
the best beam 1s selected and generate feedback signal involve
number of selected beam and finally channel dacoding.

MB-MIMO system is a closed-loop MIMO scheme that
uses a simple combining transmission of multiple data stream
and adaptive beam selection is based UE. The weight used at
the transmitter are got to know the receiver which selected by
UE and feadback of specifying index [7].

I ]
User Channel >
Data —p|  User » Encoder Beam » Multi-
(Single Selection & P Selection Beam
MMubii—» t—pt Modulation |—pp{ Formeer
—p| » il ;
Schedualer 2
{Inchide Beam) — Fran B
[>—— wmio
or Channel s
SIMO p] Decoder REEIVE
Dietectar Data
[ ——
h l
TX Beam TX Beam & Stream Feedback
Measureme Decizion Information

Fig. 2. BS Transmitter & TE Receiver
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Fig. 3. 120 degree sectorization,

M. 120 DEGREE SECTOR CONSIDERATIONS

A. Structure of Cell

Figure 3. illustrates the model of the cell which is similar
to a honeyeomb with 360 degree. In practice, it 1s divided into
cell sectors. Each sector is angle coverage of 120 degree [5].
Base station will cover sector cell from 1 sector to 3 sectors by
using directional antennas. This system inevitably deploys
since 3G, 4G until 5G.

B. To change 150 degree to 120 degree sector

If we replace angle covering from 180 degres to 120
degree sector, it will result in effective change of beam
consideration of MB-MIMO. This is because the cholees of
beams allocating over region are changed, The difference of
angle boundary involves into the capacity ‘performance
indirectly. Henece, it 1s interesting to investigate the
performance in the next section.

C. Direction of beams

We divide angle by the direction of each angle depending
on the number of beam to be determined which divided to
cover degrees in boundary, For 120 degree sector, it has the
narrow beam angle but result in far more coverage. On the
other hand, in case of 180 degree sector, it may not cover
more distance but it covers a wider angle.

IV.  SmquLaTION RESULT
In this work, we deterotine a number of antennas for result
analysis of simulation and comparison capacity between
conventional 180 degree and 120 degrée in the practice. The
measured capacity at SNR 10-dB of each antenna i3
investigated
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Fig. 4. Direction companzon of four beamswith m 180 degree and 120
degree sectors.

The performance of the proposed beam design is analyzed
by using simulated capacity of MIMO system as given by

C = log, det [I + (Ni) HH®|  bpsiz (1)
T

Where T is identity matrix, p is SNR (Signal-fo-Noise
Ratio). Nt 15 number of transmitted antennas, H is the channel
miatrix and (,)* is hermitian operation,

A 180 degree sector

Figure 5. shows the capacity of conventional 180 depree
sector for 2 beams and Figure 6. shows the capacity of
conventional 180 degree sector for 4 beams. The capacity is a
function of the number of beams as well as the number of
receiving anfermas. Mote that the notation of ¢- means the
capacity of MIMO system with perfect chanmel knowledge,
the notation of esvd means the capacity of MB-MIMO with
perfect feedback channel, and the notation of cobf means the
capacity of MB-MIMO with finite munber of beams, It is
clearly seen that the capacity performance of MB-MIMO is
limited by the finite mumber of beams.

The capacity versus mumber of beams for 180 degree
seetor 1s also examined as shown in Figure 7. It can be noticed
that the optimum beams can be achieved at 7 beams regardless
ol number of antennas,

B. 120 degree sector

Figure 8. shows the capacity of conventional 120 degree
sector for 2 beams and Figure 9. shows the capacity of
conventional |20 degree sector for 4 beams. The capacity isa
function of the number of beams as well as the number of
receiving antennas. The capacity versus number of beams for
120 degree sector 1s also examuined as shown in Figure 10. It
can be noticed that the optimum beams can be achieved at 4
beams regardless of nuumber of antennas.
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From all results, the capacity in the case 180 degree sector
has better performance because of angle wide coverage.
Moreover, it can'be noticed that the optimum beams between
180 degree sector 15 larger than 120 degree sector. This
investigation 1s very useful because the practical design for
MB-MIMO can be limited by 4 beams instead of 7 beams. It
can save a lot of processing time and some! hardware
requirements.
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Fig. 8. Capacity of conventional 120 degree sector for 2 beams.

V.  CoNCLUSION

In this paper the MB-MIMO system which is the candidate
for 5G technology 1s discussed. Py comparison, between the
comventional 180 degree seetor and 120 degree sector in
practice, the results revealed that the appropriate number of
beams for 180 degree sector is 7 beams while for 120 degres
sector is only 4 beams, This cutcome is very helpful to design
both software and hardware for MB-MIMO. It can save a lot
of processing time if 4 beams used instead of 7 beams,
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