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Abstract

The evolution of mobile telephone networks is currently stepping into the fourth generation (4G)
era. The most well-known system in this era is LTE system. The rapid growth of new applications for
LTE system is the main reasons to drive the new development for LTE system to support the required
demand. Some works in literature defined such a development as the fifth generation ( 5G) era by
expecting to have much more data transmission than LTE system. However, the limitation of resource is
still so big problem that many techniques have been proposed to utilize the limited resource. Among those
techniques, the space division multiple access is the most efficient technique to share the same resource at
the same time for the different users.

In this research, we proposed a new technique based on open loop orthogonal SDMA called as
GPS-aided OSDMA. The beam can be formed without the channel information fed back but the
perception of the use of GPS to help to increase the capacity of the channel. The test results comparing the
performance with angle of departure aided opportunistic space division multiple access technique which
channel information fed back directly into the beamforming. The proposed technique has been greater

than the capacity of the channel.
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AF = Zej(n—l)(kdcom%ﬂ) (24)
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1
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M N
i(m— i i(n-1)(kd ,sin @ i
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m=l1

n=l

uRINUAUE B IMADIMa UL DI s 1@ nsaidumsmalsznenliegluglinasgiuld

Taeldlansu laniamunuaasluanns 2.12) uaz (2.13) Fg ldmny

sin(Mz// j sin(Nz// )
x y
AE(0.)={ -2 L A2 .19
M (V/J N . (wj
sm| —— Sin| —
2 2
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v, =kd, sinfcosg+p, (2.21)
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y =sinfcos¢x +sin@sin gy + cos & (2.23)
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AF = iei/(kaﬁn‘iwn)

n=l1

_ Ze kasm&cos ¢ @, )+5 ] (226)

n=1

i k Aevueaundu (wave number) k =27/4 &, Aomanuamanavesdigoineinag
v v 2
duuaz lunsainaee MmN uegNEIIENe AIHUAUTLUTIYNVDIT DD INFILA

azau ¢, aunsamuialdan
2z
) n—1 2.27)
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v 9
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5. =—kasind, cos(g, - 4, ) ez ldminlszneuunadduluiiama (6,.4,) Fail

I’l

N

AF — Z efj{ka [sin Hcos(¢f¢,, )fsin 6, cos(¢0 -4, )]}

n=1

(2.28)
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=w (Ad )+ W, (Adeii(kdsme))
=4, (w1 + wze_j(kdsm'g)) (2.32)
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w =e'” (2.33)
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pond Iddyaundoinsgeganail
y =4, (ej(O)+e—j(kdsin&)e/‘(kdsina)):2Ad (2.35)
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1]

a J 1 49!

@ { a ' J a ] @ a { o
Ao was ngresdyaannatuluuaaz oerlsznoy auudlivosdyaiitouanuduazdyara

v o d

[ a 4 2 ~ N o w {
duiusiuwesng o Iy Tas ¢° = E[nf]: 70 uazlmaInan lay

Ra

d A =
JUNIULVUINE UAURAYFU

a

Yo @ o 2 2 A [ [ [ Ao Y [
auudldmasdyymsuniu o2 uag Plo’ = pae sandiudyaransvldredyyimsuniu

azdouilulany
Z?:E[xixi*]z p (2.37)

* LAADIM s dagnIFTou
Tumsaearsuun1iae dyaruigndeeoninazauydln 145 DHaWINNRIUNTZUIUM TV

ﬂﬁllﬁiﬂi%mﬂﬂﬁu é]?ﬂﬂ%‘ﬂigﬂﬁ)ﬂﬁj’lﬂwﬁﬂlﬂﬂﬂﬁﬂigﬁlﬂﬂigmﬂ mmxﬁ'@u MIUNINTDA LAZMIHNLY

H Y H
o =

S A 1 J 4
‘Vllﬂﬂ%u"I]Tﬂ')ﬂfl‘ﬂl]51ﬂ{]511.!Lmﬂ&‘ﬁﬁ]ﬂ"ﬁmﬂlﬂﬂﬂ?iﬁﬂﬁWi HAYINANUNAINNAY LAaZANUEINTUMS

Q

° ' o A o o ' a Y X Y o I3 &' 9 Y
muuumaawmﬁtytywmmﬂmzﬁuﬁmiuﬁmammamuﬂ% imvl,ﬂmmummumammamumh

o

Tumsinszuuiaeeszuy luly Gz Ideuenuuiiassresduananuuaie o luseazidea

]

Tugrdudalal



21

231  wuusaewesdyauuuuiianuddizaonuuazimsmanuauniounu
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' Y 1
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(Rayleigh Distribution) detiluunuiiaesiiugunienas lsnumnndmsuuuuieesresdyana Tae

A o 1 [ A g 1 [ O A a " W =
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LlﬂﬂlLﬂQLﬁﬁﬂuﬁuﬁ]gﬁ"llﬂifllf‘ﬁﬂu‘lﬂﬂﬂu
= N(01/2)+ jN(0,112) (238)

Tagh /1, uUNUAIBATIVOIBTITOUTLHINA1BDINANIAGIAIN n NUA18DIMANATUAIN
' ada { & 7 oA 3
m 99U N(O,l/ﬁ) unumsuanualnaniiamasiiugud vaziidudeununasgnilu 1/42
1 % =

' @ a v I 1 o
Tasgosdyauuuuiinnuddszasnuuazimsuanuaaviiounu aunsoFeniusesdyyimud

v 4 { o [ -
(White channel) unualsdyanual A Tasnauauiiaves H, annsoagydldaeil

E{n,],{=0 (2.39)
E{[HW ], |2 }: 1 (2.39b)
E{[Hw],-,,- [HW]’m,n}z 0, i#muaz j#n (2.39¢)

Taoh E{x} fie Annumaniaves x

[.]t Ao ﬁmauymmmmﬁiwmﬁ?ﬁau (complex conjugate transpose)
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232 wUUTIA0IFRITYY IV “Two-Ring”

HUDFOITYYIUUDY “Two-Ring” 185Un1503 U0 13 1ue 1109 Bakhshi, G., Saadat, R., and
Shatalebi, K. (2008) Tﬂﬂffh‘ﬂ%IULL‘U‘]Jﬁm@ﬂ‘ﬁ%ﬂ%@%u18ﬂ1‘§ﬂ§$‘§ﬂﬂi3%18%®Qﬁmm1miﬂﬂlﬁﬂ%1ﬂmi
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Txantenna | <0,
N A

Tx antenna { S T~ pathl &, f ]
array L K e Sy Rx antenna

= array

Rx antenna | %

a J

31N 2.10 nuvTereIdy VU “Two-Ring” [0AYYY1 DUNTUBN. (2553).]

o g

gl 2.10 namsmadunsuesnauluuaazianie delimssud aomesosdyan Taoll
@ A a é’ 1 a Y 1 Yy [
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Y [ g’; ] o 9
Y ¢ri(Qn. = cos¢”,) auiuvesdyanum ldnn

H=3 ale,(Q,)e (2,)" (2.10)

Tay al =a, MM, exp[#} @2.11)

1 expl[- j(27A,Q, )] (2.12)

expl (1, - 2,2, )]
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1
1 exp|— j(27A Q
er(Q”-):_ [ ( r= =i )] (213)
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U =2 exp(_ﬁﬂfdj k,l=0,,...,M, -1 2.17)
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H* = U'HU, (2.18)
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24 avwyresdgaauszunluTy (MIMO CHANNEL CAPACITY)
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R, = E[WH]= HR H" +1,, (2.20)

I(X:Y)=Blog, defl,, +HR H" | (221)
asiuaresdg I lanin munu dums 2.21 aslu dums 2.19 9z 14

C= max Blogzdet[l +HR HH] (2.22)
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scheduling

Feedback partial CSI (max SINR,, ) !
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GPS Assist & GPS satellites

Location Circulation ’

g

Base station (BS)

Distance
Distance
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Api = iiA'xu + ﬁliAyu + CAtu (323)
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Positioning Method 67% 95%
E-CID 90 - 300 180 — 1000
OTDOA 50— 100 140 — 280
A-GPS 15-60 40 —200

v d 1 ) A J 2 14 1 am
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A5 3.2 waaananlumsaeuauewenazls [Huawei Technologies Co., Ltd. (2014).]

Positioning Method Response Time (Unit: s)
E-CID 0.1-0.5
OTDOA 0.5-2
A-GPS 5-16
E-SMLC
|
er
l
EUTRAN +—S1— MME HSS/HLR
NS I
UE ‘%0 5
“ N
OorAN [—Ali—{ MSCISGSN [—Lg GMLC Lo 1O

JUN 3.7 daonTaenssnlaga1ed 113y LCS [Huawei Technologies Co., Ltd. (2014).]

UTRAN: universal terrestrial radio access network
GMLC: gateway mobile location center

HLR: home location register
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MSC: mobile switching center

GERAN: GSM/EDGE radio access network
HSS: home subscriber server

MME: mobility management entity

SGSN: serving GPRS support node
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UE | [eNodeB | [ MME | [ E-sMLC | [ EPCLCS Ertities
T
1a. Location Service Request

1h. Location Service Request

(1 c. Location Service Reques‘l)
[

2. Location Service Request

@ 3. Capability exchange D)

(4. Position method selection )

(5. Assistance data transfer and location information transfer)

I

6. Location Service Response

7a. Location Service Response

7h. Location Service Response

(7c. Location Service Response )

9
U

51U 3.8 Gumeumsszydrinana li[Huawei Technologies Co., Ltd. (2014).]
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gﬂ‘ﬁ 3.9 HanNIsYed A-GPS [Huawei Technologies Co., Ltd. (2014).]
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UE | [eNodes | [ mmE | [ E-sLMC | [ EPC LCS Ertities

1a. Location Service Request

1h. Location Service Request

1c. Location Service Request b

2. Location
Service Request

C 3. Capability exchange b

{__4. Position method selection

|
5. DEDICATED MEASUREMENT
INITIATION REQUEST
L

|
6. DEDICATED MEASUREMENT
INITIATION REPORT

7. Location
Service Response

8a. Location Service
Response

8h. Location Service Response

( 8c. Location Service Response |

I

v v
5UN 3.10 YUADUNMITTLUMUNUIVD9IT A-GPS[Huawei Technologies Co., Ltd.

U El

(2014).]
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Tuduaoui 5 E-SMLC 9zaed 0903 s2dumianyy A-GPS Yo 19iazanueyns 1z idoya
v H '
Tuduaoui 6 S1oglulvuadly flyezsrenudoya avsigauazuaniya 1 E-SMLC uatioglu
Tvina E-SMLC f 1992411113330 GPS 1182 Doppler agi1gaunan1sia 1 E-SMLC #i E-SMLC 92
o o a a 9 9 Ay Yo Y
MmsmInaeddgaLazLanagavedd iFeanuazdoyan lasuang 14
3226  MItadsInswensnauaudluszuuneaind
9 o Y . X as A [ 9 £4 Y
disumsasmiugmluszuuneaiidaisnezsesiusasiteyalumsariivan ldgega

q

100 Mbps (5 bps/Hz) melumssaassantlnasu 20 MHz waz luvaz@ernuiausasessusaiiteya
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Tun1sonTvanlagega 50 Mbps (2.5 bps/Hz) n1elumsiadssailnasu 20 MHz HuR 2015 UnU f13
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Af=15 KHz Suhcarrler DL LL
Resource Block 1 Nig ‘or Nig

Do

M Channel Bandwidth Frequency

Guard Band

ATRE
Ner

—_———

517 3.11 LTE DL/UL m3daassaaunnudd vy aaunImeeaes (subcarriers) 198 1m5

o

niwlindoya dyanusedwse lnasa (pilot) azdoyanIuaw [Ericsson.

U

(2010).]

Af = Subcarrier spacing
DC = Subcarrier: Direct Current subcarrier at center of frequency band
NBY: / NB.: = Number of DL or UL Resource Blocks (groups of subcarriers)

NB = Number of subcarriers within a Resource Block

sziu ldnTmstaassuaasAauN KL ge VMM 180 kHz 1Az NAMNHNIEHINAAUNINE 15

A 1 { [ a {
kHz tazuuuaiaag i ldsumsinsanldauluszuuneand uanaluasiem 3.3

.d' A 1 d' Yo a 9 == .
M319N 3.3 uaauuualIan1gn lasumsnasanlsauluszuuueaid [Ericsson. (2010).]

Channel Bandwidth [MHz] 1.4 3 5 10 15 20
N. of Occupied Subcarriers including | 73 181 301 601 901 1201
DC (NSC)

FFT Size (N) 128 256 512 1024 1536 2048
Sampling Rate [MHz] 1.92 3.84 7.68 1536 | 23.04 | 30.72
N. of Resource Blocks (NRB) 6 15 25 50 75 100
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d' 4 d’d’ I Ll Y o .
M3 3.4 nuuannudndusuuag ludeiuaves 3GPP [Ericsson. (2010).]

Operating 3GPP name Total Uplink Downlink
band spectrum [MHZz] [MHZz]
Band 1 2100 2x60 MHz 1920 -1980 2110-2170
Band 2 1900 2x60 MHz 1850-1910 1930-1990
Band 3 1800 2x75 MHz 1710-1785 1805-1880
Band 4 1700/2100 2x45 MHz 710-1755 2110-2155
Band 5 850 2x25 MHz 824-849 869-894
Band 6 800 2x10 MHz 830-840 875-885
Band 7 2600 2x70 MHz 2500-2570 2620-2690
Band 8 900 2x35 MHz 880-915 925-960
Band 9 1700 2x35 MHz 1750-1785 1845-1880
Band 10 1700/2100 2x60 MHz 1710-1770 2110-2170
Band 11 1500 2x25 MHz 1427.9-1452.9 1475.9-1500.9
Band 12 uUS700 2x18 MHz 698-716 728-746
Band 13 uUS700 2x10 MHz 777-787 746-756
Band 14 Us700 2x10 MHz 788-798 758-768
Band 17 uUS700 2x10 MHz 704-716 734-746
Band 18 Japan800 2x30 MHz 815-830 860-875
Band 19 Japan800 2x30 MHz 830-845 875-890
m3aft 3.5 nuusauin idluuuudgludesmuaves 3GPP [Eriesson. (2010).]
Operating 3GPP name Total Uplink and
band spectrum downlink [MHz]
Band 33 UMTS TDD1 1x20 MHz 1900-1920
Band 34 UMTS TDD2 1x15 MHz 2010-2025
Band 35 US1900 UL 1x60 MHz 1850-1910
Band 36 US1900 DL 1x60 MHz 1930-1990
Band 37 US1900 1x20 MHz 1910-1930
Band 38 2600 1x50 MHz 2570-2620
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Band 39 UMTS TDD 1x40 MHz 1880-1920

Band 40 2300 1x50 MHz 2300-2400

d’ o A S a A
uuaanudneldveiuaves 3GPP awinaadluaisie 3.4 duil 17 upuaidunoudg
A =~ /A 13 J
uazlumseh 3.5 3 8 nuuan ludluuuudy
) [ aA Y Y A4y Yo dd%’ = } v = ' A 1 Y
dmSuma TuTasneIiamnsoldnnudn lasuayudegnateaiu Feludiunsninazasel
a a cs'csg ~ A T 9 v IA =
Yszansnmmanudavunazinnusangulunislsannasunaema lulas OFDM (Orthogonal
% g
frequency-division multiplexing) 118 OFDMA (Orthogonal Frequency Division Multiple Access) Failu
= = [l [ (3K [l 3 o 9 A Yo dg
maTulaganudgalmilugulniaig o wu Toungminnldau Taemaweaiis Idiuna TuTadtimn
a ¢ o . X R .
1¥ud1ua1iasnuaziin SC-FDMA (Single Carrier Frequency Division Multiple Access) 1w
Y v a J é 9 a A d’dd%‘ d' Y a Bld' <
NIAIUENAN Fauenanee ladlsz@niainnavy awnsanez1vuIms 14nn1u57 100 Mbps Tu

v Ja o Y] o o oa ¢ Y oA A ' & Y}
ATHUANIUAIN AL 50 Mbps NNATUDNWANINLLAD fNilﬂ’NﬂJfJﬂ‘HQMGINJLL‘]JUGUf’N OFDMA ‘;If\?‘]f'JEJG],W

v
o w A

A o a ) Ay v da o o & = = 3w
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ashlan lanmsiuna TuTagves luTudunlgauaies si e wsonezmusas us1deyagaudn
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OFDM

Sub-Carrieny

Time

3‘]]17] 3.12 malu1ad OFDM tiag OFDMA [http://telecom10.blogspot.com]
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AULALAYU 130 OFDMA (Orthogonal Frequency Division Multiple Access) #41910tn7 11 1a8 OFDM

(Orthogonal frequency-division multiplexing) nxWu 31UUD3 FDM (frequency-division multiplexing) a4
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@]@ﬂuuulll’ﬂw'luﬂ'ﬁillﬂmGIquWI']Glﬂlﬂﬂﬁﬂlﬂl']muﬂﬂﬂj']ﬂﬂslﬂ\i (Sideband) ‘J’E]Usll']\‘lslluuuiﬂgulillmﬂﬂ@

15}

YOITYIM

€

Y =2

H v 1
119 9 Farzdauna lavnanudnansvesresdygianiue lilidyausuniula esngesdyg o

2]

Y g ! A '

vuiludaszdenu aagali 3.13 Fah i lisuiludeslFunuaudquungieies

q

' v Y
uazyh IfgadoalnaTunud luraiuledralanlss Teasd i ldmssudedyaraniuail

Y
Fullegadilszansaminnau

o

' 1 [ v a < o [l (A $
3.2.2.8 mssawlsresdynauuumsiadmand laemsulnnudndynannzife)

o v Aa @

1 1 < L4 1 { A
maluTagmimsiaulgsesdyanauuumsiaamand laonsutiennudndya s

[ Y
WINZIAYI N30 SC-FDMA (Single Carrier - Frequency Division Multiple Access) ladsuaunian

) H F v Y
maluTlad OFDMA el Talsz@nsamnavuainiali 3.14 (a) 1y

QU

v
Y

31]‘171 3.13 MINFY ”aulmm‘ﬁmmﬂ (Orthogonal) ABNUY [http://www.wirelessdesignmag.com]
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OFDMA

SC-FDMA

= k15K L—12x15K=1BOKHz: Frequency
i A |
12x15K=180KHz
Multiple Subcarriers Single Carrier
Resource Block Resource Block

3 19 3.15 malulad OFDMA ttaz SC-FDMA [https://www.exploregate.com]
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— j(kd sin 0)(n-1)

yi=wde =wd, (3.30)
V, = sza,efj(kdSin )n-1) = w2Adefj(dei"g) (3.31)
v, = WSAde—j(kdsin 0)n-1) _ wSAde’fz(k‘“i" 0) (3.32)
V= W4Ade'j(’“‘!Sin 0)n-1) W4Ade_j3(k‘lSin 9) (3.33)
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(3.35)
W, :ej(kdsina) (3.36)
W, = ejZ(kdsinQ) (3.37)
w, = ej3(kdsint9) (3.38)
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ABSTRACT

The recent communication technology has evolved
dramatically due to its convenience and flexibility. This
means that the demand for data access increases rapidly.
However, since the frequency resources in LTE systems are
limited, lots of researchers have developed techniques to
maximize the benefits of existing frequency resources.
Among those, Opportumistic Space-Division Multiple
Access (OSDMA) is one of the most promising techniques
that can be implemented in practice. This technique
provides a higher data rate for multiple User Equipments
(UEs) and requires a less feedback information than
conventional SDMA. However, the feedback requirement is
still a big drawback for this technique. Although some
works in literatures try to reduce the feedback information,
unfortunately the high throughput relies on the feedback bit
of Channel State Information (CSI) for each UE at the
transmitter. Such a system has limited a full CSI by large
feedback overhead and it causes performance degradation
due to channel estimation errors. In this paper, a novel
OSDMA technique based on the use of location update
information has been proposed. In fact, the knowledge of
location for each UE is always updated at Base Station
(BS). Hence, the proposed method does not require any
extra procedures for achieving the location information.
The simulation results confirm the success of using the
proposed technique for LTE systems in which it is also
simple to implement in practice.

Keywords—Location Update Information; Opportunistic
Space Division Multiple Access (OSDMA); LTE systens.

1. INTRODUCTION

It 1s the fact that the wireless communication technology
allows everyday life with ease and flexibility. Mobile
devices such as laptop, personal radio, cell phone, tablet and
digital camera become one part of daily complementary.
Customers can check in a personal account to use various
mobile services such as check on the service, abreast of
news, entertainment news, travel information and others. In
addition, the growth of new applications that run on the
network is developing very fast [1]. Therefore, the mobile
communication market drives the new technology to serve

its demand. This is the reason why the first generation (1G)
1s drven into the fifth generation (5G).

Currently, the LTE system is popularly employed for
4G operators and it is the ground base of 5G development.
The advancement of LTE technology has been recently
presented through lots of publications. However, no matter
which techniques were proposed for LTE systems, they
have to face the problem of limited frequency resources.
Hence, the trend of future improvement is to further
maximize the utilization of frequency as described in [2],
[3], and [4]. Among techniques in the area of efficient
allocation, Beam Division Multiple Access (BDMA) [2]
becomes an interesting technique to increase the system
capacity without any cost of frequency resources. The
mechanism of BDMA is just like the other multiple
accesses except that each UE is distinguished from each
other by allocating the orthogonal beam. Hence, each UE
will not get the inference effect from the other UEs which
is able to receive data at full capacity for each user.

In the past decade, there has been enormous research and
developments regarding BDMA technique. The most
common technique is called as Multiple-Input Multiple-
Qutput (MIMO) technique or Space Division Multiple
Access (SDMA) which provide a high system throughput
However, to achieve the hopeful high throughput, BS
requires CSI [5]. In practice, for full CSI systems, it has a
limitation if large feedback affects both performance
degradation and channel estimation errors. An alternative
methoed 15 Opportunistic Space Division Multiple Access
(OSDMA) technique [6] which is able to reduce a feedback
bit. The mechanism of this technique is that BS sends a
random beam with training sequence to each UE. Then each
UE feedback evaluates the best Signal-to-Interference-plus-
Noise Ratio (SINR) according with index beam. The BS will
schedule beam according to the information from UE with
the highest SINR for transmission. In addition, Angle-of-
Departure-Aided OSDMA (AOD-OSDMA) technique [7]
has been proposed to use the knowledge of angle-of-
departure (AODs) at BS for finding the strongest signal
received at each UE to form beams. However, OSDMA
techniques in literatures can partially reduce the feedback
information but they still require the knowledge feedback
CSL

This paper proposes novel transmission technique that
can realize the knowledge of UE locations indirectly by
using UE’s location update. For LTE systems and future
mobile network generation, every UE has GPS technology
along with other hardware platform [2]. Therefore, based on
the knowledge of updated location information of UE at BS
serving cell [8], the feedback information from UE is not
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necessary anymore. When UE requests the data
transmission, the serving BS is able to calculate angle of UE
to form beams and data transmission instantly set up without
any known feedback CSI from UE.
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Fig.1. Block diagram of OSDMA systems.

The remainder of paper is organized as follows. Section
II presents the overview of OSDMA technique. In Section
1L, the proposed technique is descmbed. The simulation
results and discussions are given in Section IV. Finally, the
conclusion of this paper is presented in Section V.

2. OVERVIEW OF OPPORTUNISTIC SPACE-
DIVISION MULTIPLE ACCESS (OSDMA)

21 OSDMA System Model

The OSDMA system is modeled by considering MIMO
broadcast channel with Nt transmitting antennas and K
users with one receiving antenna [6]. Fig.1 shows the block
diagram of a typical OSDMA systems. The transmitter
having B (= Nt) randoms orthonormal beams and sends B
pilot symbols forward each user. Each user will feedback
the best pilot symbol indexing to the transmitter. Then the
transmitter provides subset users selected for data
transmission according with scheduling criterion SNR
feedback information. In practice, it is assumed that every
time-slot has a length L with training period of M mini-
slot having length of each 7. The maximum value of M is
[L/z] in which tM is used for training sequence and L-tM
is used for data transmission in every time-slot, In this
case, we define M = 1, in every mini-slot, B random
orthonormal vector {wbm € CNt x1, m=1, ..., M}. The
signal receiver at each user in mth mini-slot is given by

Vi :hfwbmsb +n, fork=1, .., K 6}

where hk € CNt x1 is channel vector for kth user, wb,m
€ CNtxl is bth random beamforming vector at mth mini-
slot, sb is bth transmission pilot symbal and nk is Gaussian
noise vector at kth user.

In every time-slot, the kth user calculates value of
signal interference plus noise (SINR) following B as given
by

AT
W, m
SINR, ,, = —-—

Vo Sw,|
Izb

@

where p=P/NO is input SNR received by givg,, —at
eachk=1,..K,b=1_..Band m= 1. M Each user
feeds back maximum SINR according with index b and
compute throughput R, of mth given by

5
R, ZEIOBZ(IJrEgWRk.b,m)fM m=1,...,M (3)

When transmitter received feedback information, it
provides data transmission forward to B at each selected
beam. Finally, value of current time-slot with B selected
beam can be utilized to compute throughput as given by

R=(L - )maxR,

1k<K

@
where ™ is total overhead due to training sequence.

22 Typical OSDMA technique

As mentioned earlier, there are many techmques in
literatures developed for OSDMA. There is one technique
that requires the least feedback information and still
provides the best performance, so called Angle-of-
Departure-Aided OSDMA (AOD-OSDMA) |7]. In this
paper, this technique is considered in order to be our
benchmark for the proposed systems. The concept of
AQOD-OSDMA is that it is one of typical OSDMA systems
utilizing the knowledge of angles-of-departure (AODs) and
angles-of arrival (AOAs) at the BS for the strongest signal
received by each user to opportunistic beamforming. Fig.2
shows the block diagram of AOD-OSDMA systems
comprising U user equipments and a BS equipped with an
N-element. Each UE’s terminal is equipped with M

antennas. A MIMO block-fading channel H“mhetween
the BS and each UE (u) is considered. The AOD
estimation and the joint Tx-Rx beamforming is done as
follows

AQD estimation is started if each Tx antenna at the BS
sends a pilot symbol, then the signal received by the u-th
UE is given by

MxN MxN I Ml
Vo =Hy [Slsz ”'SN] + 1, )
[ }7 P
where U'**J  1s the transpose, #  is the AWGN and

s1 is the pilot signal transmitted from the nth Tx antenna at
S

the BS. The  * is the matrix representing of the radio
channel between the BS and the uth UE and it can be
written as:

lu
MxN _ M QT
H™ _Zame SV yon, SVien,,
P
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where S;;Amuis the BS element-space steering vector in

the AOD,,, direction, SV is the element space steering

vector at the /" UE stationin the AOA,, direction, @s, BS is
the angular position of the #® element in the BS array. The
Lu is the total number of MPCs associated with the
channel between the BS and #/* user; and @y Pru, AOD
and ADA;, are the amplitade, phase, AOD, and AOA of
the 1-th such MPC. The AOD of strongest beam to the /"
user (A0Dst) can be found by a simple beam scan as:

M
40D, , =arg max ¥,

02AOD<27 m=1

SV po m

where |..| denotes the absolute value, (.)"is the
Hermitian transpose, and A, is the nr” row of FI™™

If M >1, each uvser estimates the AOA of the strongest
beam, in addition to its AOD, and performs a joint Tx-Rx
beamforming towards the strongest cluster at both BS and
user terminals simultaneously. The AOA of the strongest
beam received by the ™ user can be found as:

AOA::J; =ag max SV;onwﬁfm\:SV:éuw

034CAS2x

®

where [+/is the complex conjugate, and *“.is the BS
element-space steering vector of the strongest beam
associated with the 1 UE. The SNR from the joint Tx-Rx
beamforming can be written as:

" 2
SVAO,,MH;"’”"SV“QD“

SNR{4OD, ,, 404, )= | 1/
Fel

©)

where O1s input SNR at each UE’s terminal and the
achieved sum capacity is calculated by:

= (T—t)§:10g7(1+ SINR,)

n=l

(10)

where T is length of every time slot, 7 is length of training
minislots, 7" Tx at BS, 1is Identity matrix has dimension
equal MxM, and SINRn is the total signal-to-interference-
plus-noise ratio of the nth selected UE.
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3. PROPOSED OSDMA BASED LOCATION
UPDATE INFPRMATION

3.1. Location update in LTE system
Location services (LCS) [8] is a technology that
determines the geographic location and velocity of UE by
measuring radio signal.

Table 1. Mapping between pasitioning methods and positioning
modes

Positioning UE-based UE-assisted
Method
E-CID No Yes
OTDOA No Yes
A-GPS Yes Yes

Table2. Horizontal positioning accuracy ranges of each positioning
method (unit: m).

Positioning 67% 95%
Method
E-CID 90 to 300 180 to 1000
OTDOA 50 to 100 140 to 280
A-GPS 15 to 60 40to 200

Table3. Response time.

Positioning Method Response Time (Unit: s)
E-CID 0.1to0.5
OTDOA 05t02
A-GPS S5to 16

The LTE systems support three positioning methods
mcluding Enhanced Cell ID (E-CID), Observed Time
Difference of Arrival (OTDOA), and Assisted GPS (A-
GPS). All three methods have different levels of accuracy
and been applied to a different place. The LCS have two
positioning modes which are UE-based and UE-assisted
as shown in Table I. Both modes utilize different network
elements (NEs) to calculate the UE location. If the NE is
aUE, the mode is UE-based. If the NE is an E-SMLC, the
mode is UE-assisted. The UE-assisted mode is also call
network-based mode. As seen in Table I, E-CID and
OTDOA positioning methods work only for UE-assisted
mode while A-GPS works in both modes.

In the same environment, each positioning method
has different levels of positioning accuracy. Generally, A-
GPS-based positioning has the highest positioning
accuracy, followed by OTDOA-based and then E-CID-
based positioning. However, there are exceptions such as
A-GPS, which may fail or provide low positioning
accuracy in an environment where many obstacles
prevent the UE from searching for satellife signals. In
such an environment, E-CID may provide relatively high
positioning accuracy.  Table II lists the horizontal
positioning accuracy ranges of each positioning method.
The 67% or 95% column lists the statistical horizontal
positioning accuracy range that can achieve by higher
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than 67% or 95% of all the positioning results of each
method. The results in Table III are the response time for
calculating location of each method. Althongh E-CID
method uses minimal time following by OTDOA method
and then A-GPS method, but A-GPS method provides the
highest positioning accuracy.

Fig. 3 shows the principles of E-CID method
which can determine UE location from timing advance
(TADV) and angle of arrive (AoA) information. Fig.4
illustrates the principles of OTDOA method, which
measures difference in the arrival time between signals
transmitted from multiple eNodeBs. The UE tracks
multiple eNodeBs by measuring the time that it takes for
positioning reference signals (PRSs) to travel from the
eNodeBs to the UE, and calculates the OTDOA between
the competitor cells and reference cells.
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Fig 4. Network architecture for LCS. Principles of OTDOA-based.
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Fig5. Principles of the A-GPS-based positioning.

The two hyperbola branches formed a difference of
distances from the UE to eNodeB 0 and eNodeB 1 is a
constant (d1 — d0) and from the UE to eNodeB 1 and
eNodeB 2 1s a constant (d2 - dl). The UE location is
determined as the cross point of the two hyperbola
branches.

Fig. 5 presents the principles of A-GPS based
positioning which is a network-assisted positioning
method. The A-GPS positioning have provided
positioning assistance information from satellite navigation
systems in the world conducted by the U.S. Department of
Defense. Also, it can calculate the precise location of
objects around the world. There will be a total of 24
satellites orbiting the earth which is divided into six planes,
each of 4angles of 55 degrees, UEs will find GPS satellites

and measure the extent to calculate the UE position.
3.2 Proposed OSDMA model

‘When the location information is organized in the UE's
server if requested by a UE into the system, BS calculates
all directions to form beams to each UE, without random
beam to the received feedback CSL The direction to form
beams is given by

TMx \L"w‘

M User2
W —er

scheduling

non-feedbzck

locaticn information

Fig.6. Block diagram of OSDMA(proposed) systems.
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The proposed OSDMA system model is described in
Fig. 6. It consists of 1 BS with the element Nt antennas to
u = 1,.,U users for each element Mt antennas. The
recelved signal at user is given by

an

¥=HWX +n, for w=1,.,U (12)

where H is the channel matrix at BS forward each user
with dimension MtxNt , W=[wl,w2,.wU] is matrix set
weight data transmission to each user, X=[x1,x2,...,xU] is
set data forward each user and how to find the set weight

is given by

_ pJ(M-1kdsin 6,
w,=¢ {13

where k is the wave number and d is distance space
between element antenna and nu is Gaussian noise vector
at u® user, the sum of capacity is given by

C=Blog, {aa{nNﬂ(M! *(WH)”)]] n
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where B is the bandwidth, I is the identity matrix, # is
power at BS and “H means Hermitian matrix.

4. SIMULATION RESULTS

This section presents the comparison between the
proposed OSDMA system and typical OSDMA [7]
technique. MATLAB programming is used for simulation,

=12
considering a case in 4x4 mulliple—zmtennas,d N A, the
noise is neglected and the direction of wave travelling is in
Line of Sight (LOS) only.

Fig.7 shows the performance comparison when using
OSDMA (proposed), OSDMA [7] and SDMA (full)
techniques, where SDMA (full) is an ideal technique that
the transmitter has the full knowledge of channel.

Fig.7. Peformance comparison of SDMA(full) ., OSDMA[7] and
OSDMA(proposed) schemes, the number of users=4, 8, 12 and 16 with
SNR=10dB.

Fig.8. Peformance comparison of SDMA(full) , OSDMA[7] and
OSDMA(proposed) schemes, the space of users = 20,30, 40 |50, 60, 70,
80 and 90 degrees, around BS 360 degree

We focus on the first 2 techniques and the third
technique SDMA (full) is given as reference. The number
of users is increased by 4, 8, 12, and 16 respectively. It can
be seen that when the number of users increases the sum
capacity also increases, The SDMA (full) technique has
maximum sum capacity because it is ideal. For OSDMA
techniques, the OSDMA (proposed) has higher capacity
than OSDMA[7].

Fig.9. Peformance comparison of SDMA(full) , OSDMA[7] and
OSDMA(proposed) schemes, the space of users = 20,30 and 40 degree,
around BS 180 degrees,

OSDMA[T] | DONAmopes

NS

Fig10. Peformance comparison of SDMA(full) , OSDMA[7] and
OSDMA(proposed) schemes, the number of users= 16, for case 1.

GDMA[T)

Pt

Fig.11. Peformance comparison of SDMA(full) , OSDMA[7] and
OSDMA(proposed) schemes, the number of users= 16, for case 2.

Fig. 8 shows the performance comparison when using
OSDMA  (proposed), OSDMA[7] and SDMA (full)
techniques, which compares the space of 4 users locating
around BS, 360 degrees. Each user has a space from 20,
30, 40, 50, 60, 70, 80, and 90 degrees. It can be seen that
when the number of users increases the sum capacity
increases for all techniques. This simulation is repeated by
reducing the range of user spread from 360 to 180 degrees
as seen in Fig. 9. Similarly, the results shown in Fig. 9
reveal the same conclusion as Fig. 8.
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Figs.10 and 11 show the performance comparison when
using OSDMA (proposed), OSDMA[7] and SDMA (full)
techniques when the number of users is 16. Two random
cases are simulated, named as case 1 and case 2. The small
images on the top-left illustrate the experimental scenarios,
in which the locations of users are taken into account. Each
UE requests access to BS and is able to form beam to the
direction of each available angle. In contrast, the OSDMA
|7] techmque has to be selected by a random beam
delivered to the user feedback on the maximum SNR
beam. It will send data to that beam in which the direction
of the beam is not the same for all users. When considering
sum capacity, OSDMA (proposed) technique outperforms
OSDMA [7] technique.

OSDMA[T]  ODMAGpropozs) A

Cxh e

=
-
-~ //

Fig.12. Peformance comparison of SDMA(full) , OSDMA[7] and
OSDM A(proposed) schemes, the number of users = 4 for case 1.

Fig.13. Peformance comparison of SDMA(full) , OSDMA[7] and
OSDM A(proposed) schemes, the number of users= 4, for case 2

Figs.12 and 13 show the performance comparison
when using OSDMA (proposed), OSDMA [7] and SDMA
(full) techniques with the number of users of 4. Two
random cases are simulated, named as case 1 and case 2. In
similar to the results shown in Figs, 10 and 11, they
confirm the benefit of using the proposed OSDMA
systems.

CONCLUSION

This paper has proposed a new technique transmission
for mobile communication networks such as LTE systems.

The advantage of this technique is to perform OSDMA
without the feedback knowledge from all UEs. The
proposed concept uses the knowledge of location update
information for forming beams to the direction of UE
position. This technique can eliminate the feedback
information and does not require a random beam to each
user for channel estimation. The simulation results show
that the proposed technique overcomes the typical
OSDMA systems for all scenarios.
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