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PHIMCHAN CHAICHANA : GPS-AIDED OPPORTUNISTIC SPACE-
DIVISION MULTIPLE ACCESS FOR LTE SYSTEM. THESIS ADVISOR :

ASSOC. PROF. PEERAPONG UTHANSAKUL, Ph.D., 130 PP.

SDMAJ/LTE/GPS TECHNOLOGY

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 called GPS-aided opportunistic
space-division multiple access. 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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1 9 1T W = a 1w < o w {
Gumﬁwmmmmamummunﬂﬁ}uuazmmnwagﬂmmu G?N?nﬂﬁ]WﬂWﬁLlﬂ?ﬁ?ﬂﬂﬁigﬂllUU
[ J 1 o w ° . X ~ J o w A o
ﬂ\‘]ﬂﬁ’ljﬂ$ﬁﬂﬂ'ﬂ UDINAUFUUANUD (uniform array) GTN%Naﬁﬂﬂizﬂ’a“uLm’mmm/lmﬁ’euﬂu
=) o J 1 v = ' I o v W ll ]
iimstlounszualinunngesddszneuminu wagezlinnuamadmiludaunu legran

9
U ljﬁﬂiﬂiﬂﬂ1ﬂ1LL‘U°]J§’]Jﬂ1§LLW‘Waﬁﬂuﬂl@ﬁ’ﬁWﬂ@1ﬂ1mlﬂ’JﬁWﬂU (V) ) HUIINNITPUNU
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J 1 v [ Y A A Y a oA v o
‘i$’H'JNﬂ1L!,‘]J‘]J§‘]JﬂTiLLNWﬁﬁﬁ1uﬂl@ﬁﬁ1ﬂﬂ1ﬂ1ﬁﬂum‘t’J’JTIi]@‘IE]N@QW%@@ﬂﬂHU@ (Uant) NUA

152noUNDIAAY (Array Factor: AF ) adudasluaums (2.2)

Uarray = Uant x AF (2.2)
o o ' Aa I o A
Tagi luda Tudsang q wtionldaeseinmadusnilugasuiia
doyana vsod1we1nie lo Tanselln (isotropic antenna) NlgaauiauHwaIMTunnAANS
9
FOUAININY AU U DUV UNITHHNEINUYDIA180IMALDIEIA VI AUMNIA VA
Usgnouunidiauiues AlsgneuunidwuresdigeImauIdIauIUIId U TN Ia
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AF =1+ e+j(kd cos@+p3) + e+j2(kd cos6+ ) + o+ e+j(n—1)(kd cos@+p) (2'3)
N .

AF — Zej(n—l)(kd cos6+f3) (24)
n=1
N -

AF =) elmiv (2.5)
n=1

o w=kdcos@+ £ Kk Avvu18tauAaU (wave number) 110U 27/ 4 d A9 5282119
FEHAINEEINIAADTAULAY B AD ANUAUNEVDIF 1D IMALAAZ AL 1NFUMS (2.5) 197
F4
awnsoaagluesaums ldaell
(AF)e =elV +el? 4 e¥ 4 4elviND Lol (2.6)
unuaums (2.5 aelu (2.6) aamnsnanglvosaumsadyiao

(AF)(e" -1)=(-1+e") 2.7)

dothanazingdaumsagla

Nw 1]
AF{—e. 1
e -1

_ pll(N-/2y

W2y _ o-i@/2)y

_eJ(N/Z)u/ _e IN2y }

. (N
_ sin (y/j
— glliN-vr2)y (2.8)
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o a ' 4 o w
isll'lﬂ']ﬁuﬂiﬁ}@ﬂ5}1\16\16@.@]3\1@ﬂf{uﬂﬂa%ﬁlf)\iﬁWfJ’t’J']ﬂ']ﬂL!.ﬂ’Ja']ﬂ‘U

9 9
ANUUMIVDITZESHINVeId 1801019 d =0 az S=0 uaz w=kdcosd+ £ =0 aauu

aums (2.8) szansaanagilasidminy

(57
sin| —y
(2.9)

9
AU %85’0’311%!}’081%1?1 9 ﬂ\‘iuuLﬁWﬁTNTﬁﬂﬂi%NTﬂ!ﬂ?ﬁNﬂﬁllﬁl“l/ﬂﬂﬂ

sin(

J
AE = (2.10)

N | Z

(CERS

ANGIGAUBIAUNIT (2.9) Ay (2.10) vz TaA NNy N ooz

a

o Y1 v o v & =2 9 ) Y 1
m‘mmthimmﬂisﬂmJummmJL‘ﬂummim lj']i]\W]@\1ﬂ’l‘ﬂuﬂslﬂﬂ?qqq@]m@\ulﬁﬁzﬁuﬂﬁi

Y
LY

IMAUNTY @dlu

AUMINATFIUVDIATENOUUDITIAUAD

o 5v)
Sin ?l//
AF =L : 2.11)
snn(zy/j
Sin(Nl//j
2 (2.12)
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2.2.1.2 P IMALDIIALIZIID
o w I A
A189101AUDIGIAV T U (planar array antennas) 1T w3 v 1N
4 o w { a Y] [} {

Uszgndnangluuvaesememardduuundui ldesueluidodesn 2.2.1.1 dwo1md

[ o o v § { § 1 o o w
HAAZAIRNIAINANTUTMAUHTONFTINNA WO IMAUNIG IR UTZUIY 180 INALAIA 1AL
seuuElinuugUnisuAndsuindanguniiuuunuuidy Aeainu1sanlIunuLAg
A 1 [ Y o 3/ o w = 4
wasumlawungmsurnasnula aniuaeeimeanadrdiausznviianueunisedd

] I A A = Ao A R
winuazawse WnuugUnisudndsuilianuduganaziiysesiiar aelnaiu

H v
A1891IMALDIEIAUITUIVE TNV UNHAN TUYNNBUaLND 9] NATOUAD 360° AU

o w =3 @ o Y 4 dy
d1ee1naads s vz ums lU1¥luawsad n1srnieszes Ina (remote
. A ¥ = 1y Ay 9 a o A
sensing) M5aea13 3 meuaysiudeszuumenimmnaale awi laesuie 13 lumisdoues
Allen, B., and Ghavami, M. (2005).

FIEINITOAUIUMINAIIUYBIE 80N Ia 1 UTE UL Tae 1d
auns (2.12) lau@ednuaiee1nisualdidunuudu uaveiaidilseneuuaidiay

' =] 1% 2 A A A 9
HANANAUFIA TN 1A TaeGunininsayy y awiuaaslugdi 2.3 a2ld
cosy=4a,-a, =4a,-(a,sin dcosg+a, sin Osin ¢+a, coso)
=sin #cos¢ (2.13)

4 A N A A s = ] o w § a
Lﬁ@ a, ay a, lag a, ﬁanﬂmaiwuwmwmuﬂu Xy Z uag I auaiay Lﬁ@W%Tﬁm'l

[

Y
RWISHUMNU X m%”lﬁ’mmﬂizﬂ@mmaﬁmu il

M
AF — Z I mlej(mfl)(kdxcosi/i’ﬁx)

X
m=1

j(m-1)(kd, sin@ M
Imlej(m )(kd, sin@cosg+f,) (2.14)
1

M
m=

4 1 U a Q{ 1 1
e 1, Aemidulsz@nsnszuanszduuesansoimeuaazan d, AvszeziNvoIaIeoIN g

1 9 = 1 J 1 9 4'
uaazauluuuany X taz ,BX AomaNuMagvesavomaaazau luuuny X 1o
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517 2.3 sgemsnddnuszusIou NxM du [8395e1 AIUTINa. (2556).]
RNTUURWIZUUAY Y [ WRednupuifinsauny x 15192 1amdllseneuunldidy

SRIasY

N . Y
AF _ Z Ilnej(n—l)(kdy singcosg+p ) (2'15)

y
n=1

4 1 [ a Q‘{ 9 U 9 1
Lﬁf] |1n ﬁ’f]ﬂn’fll’]J‘ig’(,’f‘VI‘ﬁﬂ‘i$L!i’fﬂiZﬂu"ll’f]\i’(?f18’f]1ﬂ1mma$§lu dy ﬁ'f)iZEJZTTN“U'EN?HEJEﬂﬂ1ﬁ

uaazduluuuiuny y uaz B, Aemanudalavesaseimaudazduluuuiunu y

Y
[ Y 1

Y H
AU IENITOYIMAIUTZNOVUDITIAVVDINULNY X LAY Yy i’)llﬂu‘ﬂ%'f)ﬂﬁﬁlﬂ’ﬂ‘i%u1ﬂ

Yy Vo o w e Y ¥ o Y
ulﬂ@')flﬂ1iﬂmﬂ1ﬁ’)ﬂigﬂ@ﬂllﬂ’)ﬁ1@ﬂﬂl’ﬂdﬂdllﬂu X uas 'y Lﬂﬂﬂ’)ﬁlﬂu%gllﬂ

n=1 m=1

N
j(m— i j(n-1)(kd, si
AF zzll{zlmlej(m 1)(kdxsm6’cos¢+,8x)j|el(n 1)(kd, sindcosg+p,) (2.16)

9
auud Iueunagavesaeeimeauaazdunaluuny x wag y Hawmnueela
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Imn = Imllln (2.17)

v 9
nagimualdueunagalisuminuuiloniaeaz 1d 1 =1, asdwsiamisnaaglaunis

(2.16) AUNABININ

M N )
AF = IOZej(m—l)(kdxsinacos¢+ﬁx)zel(nfl)(kdysml‘)COSWﬂy) (2.18)

m=1 n=1

wuReInunuaIee Mg IdsunuUdwsasoidumsaiallsznonldeglugll

nasgu 8 Tasldlandu lnimuiuaasluaums 2.12) uag (2.13) Faez 1dmny

sin[Ma//j sin(Ny/ j
X y
AF,(0,9) = 1 12 1 12 (2.19)
sin (%j \ sin (‘//yj
2 2
v, =kd, sin @cos¢g+ f, (2.20)
w, =kd,sin fcosg+ 3, (2.21)

2.2.1.3 @ IMANSIANALINaN

[ ]
AN W =

lupensainaiwemaunlgsunuuduniiansazvuiailug b
o a ¥ v A Y o w dy A A o a 2 1 A o
auninih naaas ldiosnndesinanmenunoziih lUaaas mu vumwa e uuraIn
39 o w . 2 3 = A &2 A
50 11U eI IfIALNNaN (circular array antenna array) viuonmanenrianag
o 9 o w Ay A 1A o A A
W ld Tagee1meaun1d1a U9 aulvo A UAgIA 180 INIALDIAIAUIZUIY ADAINITON
HUWKAN IUYNNRELAzN ) NATOUA 360° AN 2.4 HAAUUTIADIVDIA18DINA
uoadrdurenaniareeiniasiuay N dAuiieeguuszuiy X—y Taoduniiaveq
1 9 9 = a A s &
A8 IMALAAZANITYNIZTYAIBTAN anazsyy ¢ munuaasluglin 2.4 Tasnnneswile

NUIVDIA YD INALADZAUAD

0D, =C0S¢.X+sin @y (2.22)
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N-1

P F -

AR

N

3UM 2.4 enwermauoddduaanausuau N @u [Frank B. Gross, PhD. (2005).]
° ) S A A A A
waziasamrualinnmesnananinsanluauyszes lnane

7 =sin 6cos¢gX +sin £sin ¢y +cos &2 (2.23)

'y
=

! 4 < 1 4 1w 4 A (4 [
ﬂ’]ﬂqﬁlﬂﬁ 2.4 10035 AUVUIAEBNNININADS 7 INMINUVUIAVDITLNATITUDI o, NENRINNU

9
v v

7 AU

Vo=V =807 (2.24)
A A o 1T A v A 1 9y
WD a ADAHMUUFITANVBIA WD INIALADEAULIAL

0, -7 =Sin 8Cos@cosg, +sin Gsin $sin @,

=sin @cos(p—¢, ) (2.25)
d‘ d’ A A % tﬂ' 9 a (% A A [ d’

91N31UN 2.4 10 O ABNANINVIYHANNDDNBINVLAY Z UAT ¢ ABNANIVDIYHANIND

8BINVUNY X 1Az ¢, ADMUNUUTIUVOIT R INFIAAZAY

[} = @ o W A 9 s = 1
IFURYINUFIYDINIALDIATIAUITS U m@”lm’mmmwuwmﬂu

Y
v v

Aemanauladnzaunsomaumsmailsznounnlisiauaail
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AF — ie_j(kabn';?*'é‘n)

n=1

_ ie—j[kasinacos(qﬁ—% 6,1 (2.26)

n=1

1o K AonINgauAdY (wave number) kK =27/4 &, Asmanumudavesanseimeudas
H v Vv
duuaz lunsallanoe1MAINdI NN LB ET IEUD AAUUAWMUUTIUUDIE 18D 1N ALA

azdu ¢ awnsomunlann

2
—(n-1 .
&, N (n-1) (2.27)

aus Idianaveyraneg fi ,,4,) Fufumnnumalavesmuemausasfusziiy

o0, =—kasin 6, cos(¢0 -9, vz 1§mdalsznevuardidulufiams («90,¢0) Sl

AF = iej{ka[sinecos(wn )-sing, cos(go—¢, )1}

n=1

(2.28)
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= w (A, )+ w, (A, 04n”)
= A, (W, +w,gilesin?)) (2.32)

(4 o w ' o Lﬂ' d‘ v [ a d' Y Y A [
wanmsdingvesmsnegldwauizamnsoruyranldlunanmeidesnsla Aensids
1 v 9 1
mavesdyaransuhunals w, imuzaw wielunsalibsidesmsdsumaine 1% 185y
H 4 " o a £ 1 ’é o
dyanuidesnsgega asiumdulsz@nsnmsoinimin w, Ao

w, =el® (2.33)

w, = gilkdsin?) (2.34)

"o o £ 3 4
Weaunumdulszansnisaraimiinn laonnauns (2.34) waz (2.33) aelu (2.32) 5192 18
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wyanavIeeni la

]

Vo = A, (ej(O) +e—j(kdsin0)ej(kdsin0)): 2Ad (2.35)
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231 wyudiaestesdaanamuuiinnudaszaeumazimsuanuauviouni
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E{[Hw]i,j‘ }:1 (2.39b)
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232 sUUIaeoIFANAMLY “Two-Ring”
HUVFOIF YNV “Two-Ring” 1a5umsosuie13luauues Bakhshi, G.,
9
Saadat, R., and Shatalebi, K. (2008) Tagd msuuuusiasdiiaz1¥esu1801505299032018004
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b

<&

n

.
% /]
Sy Rx antenna

array L / \
p f J array
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51U 2.10 tpUTARIFRIT YYDV “Two-Ring” [AYAY BUNTUDN. (2553).]
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H :Zaiber(grikt (Qti )H (210)
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t

EXp [_ j(Mt ;1)(277AtQti )]
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1
1 exp|— j(27A, Q.
e, (Qri): [ ( r=2ri )] 2.13)
M, :
exp[_ J(Mr _1)(27Z-ArQri )]
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! [‘JZ”“J K1=01..,M, -1 (2.16)
Mt
1 j2nkl
ex k,/1=01...,M, -1 (2.17)
e

TaarosdaauIzlnmaiannIy 2.18
H* =UMHU, (2.18)

24 anugvesdganaduszuululu (MIMO Channel Capacity)
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24.1  vosdayanalilimsnldeumlas (Static channel)
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max[H (Y )—H(Y|X)] (2.19)
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I(X;Y)=Blog, cet]l,, +HRH" | 2.21)

9
[ Y

WuANuYFesdy M1 Iden MIunu aums 2.21 aalu aums 2.19 az'ld

C= max Blog,det|l, +HRH"| (2.22)
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known at transmitter : Water filling)
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[

De

[ [

A 2 2 A o 1 = I
oy, =ofPlo? Aedasidrudyaunsulddeodyyiusy

g o g o

a

4 :
ynnaruluunag

o

[ VN~ 1 4' = 1 [ d‘w
yosdaaaad 1HHuIT e Vi PN ) ANUYFOITAYUIUN ‘1_Ill

g 9 U q g 9

11
I~
dnazaaeu lidreany

1 @

yresdyanaluaums 224 adwiunsdivesdyanaunuiey wiensdinidenanudnisla

L)

A Y @ Y ax Ja a o Y
HJ’E'JGI,“]SﬂTii]ﬂﬁiiﬂ?ﬂﬂ‘ﬁﬂ1iﬁ@!ﬂ@i?\|’3ﬁﬁﬂﬂ$1ﬂ



35

1 1

P —_ - 2

A @29
0 Vi<Yo

HAZANNYFIT YY1

C= ) Blog z(ﬁj (2.26)

i=y;>y, 7/0

2. ms ludanuzrosdygruiands : nisiaassiiaesi @i udue (Channel
unknown at transmitter : uniform power allocation)
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AOA,, =arg max SV;OAHL':AXNSVAHOD (3.15)
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33 msUszanadmyina (Location estimation)

sepumvuadiavedlan wie Noa (Global Positioning System :GPS) 958U
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GPS Assist & GPS satellites

Location Circulation ’

Base station (BS)

A S A Y o 1 o 7 A A~
:.jiﬂ‘ﬂ 3.4 ﬂ155'§3J5$1J'1JﬂWL@ﬁHﬂﬂ“LIIﬂi\iﬂﬂﬂiﬂiﬁWﬂLﬂﬁﬁ]Uﬂ

A o
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A

a ~ )=} A =\ 1 = 9
tynpmmwmmnmﬂu(wiaﬁmugm)mmmm% Cno
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. 4
<3 A o Y 1 ~ = 9
ANUIIEY & AD AYYIUITUNIU UNTNUINITHIAITUNITN (3.19) !ﬁllfJ‘L!llﬂ

T, = (X, Vo.ct, ) (3.20)

Y
Y

{ a 14 o I ¢ o ' 9 { 1 [
Tuaunisf (3.20) 19 3 Windmeiiu Aensii1d Iddwnusgaienuiusuandayy o
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2

T, = (%, Vu.cf, ) (3.21)

woiuoaladla

(3.22)

i=12,....n, n=>4

) = s s o A 1191
Gl‘]f‘l/]i]‘]el;]’t]igﬂill INYLIDINUFAUNITIN (3.19) T LA
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(3.23)

e Ap, = p,— P, AX, =K, — X, Ay, =¥, — ;) Bouaunsi (2.54) Tugimsndg 18

Ap =GAT,

Ap = (ApllApzv""Apn)

AT, = (Ax,,Ay,,Act, ),G =

v
[

msdszanaudiaun 1 asu'la
AT, =(G"G)'G"Ap

= g Y
Lgazlmﬂumumaumiﬂszmm%

A

A A A \T
T, = (xu —AX,, Y, —Ay,.Ct, —Actu)
wimn lasuilesnin la
T =(%,,d,, &, )

Y o A 1 o Y
qwmﬂmiﬂ’iz3J”|mmum1/luuuﬂ”|ulﬂ

(3.24)

(3.25)

(3.26)

(3.27)

(3.28)
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34  SzULMeaN® (LTE system)
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517 3.6 Tnssadwamiagnssuvedneaiid [http:/telecom10.blogspot.com]

34.1 umﬁmﬁmﬁ’umﬁzqv‘iumﬁa (Location service related concepts)
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an

M0 3.1 HAAUIVIAANNUN UMM TULITIUVeLaaz I T srue Tunu

14915 [Huawei Technologies Co., Ltd. (2014).]

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

4

4 o { s
Glumauu “67%” ﬁaum3gmﬂuamsusnmmLmuﬂfluumamﬁ 67 !ﬂﬂﬁl“ﬁu@]

1 A, 1 [ % 4 1 o {
YouAaLID RN U luaeau “95%” AouasguveuuanNuuNud Tuiuisudn 95

4

s 3 =] < Y1 ax A 1o S o ¥ s I
lﬂail“ﬂu@]m@\ulﬂﬁgjﬁ Gﬁqfﬂglﬁullﬂj’]’gcﬁ A-GPS Nﬂj'llllluuﬂ']qqqg’]ﬁ']ﬁﬁﬂﬂq 67 lﬂﬂil“ﬂu@

/g o v
18295 1o31TUA MUNIAIE OTDOA tiay E-CID

A1519N 3.2 UEANNA IUNTADUAUBIUBIARZ D [Huawei Technologies Co., Ltd. (2014).]

Positioning Method Response Time (Unit: s)
E-CID 0.1-0.5
OTDOA 05-2
A-GPS 5-16
E-SMLC
b
|
EUTRAN |—S1—  MME HSS/HLR
UE ‘2’9 =
“ N
%Eﬁi:’ L Alu—] Msc/sasN |—1g GMLE  |-Lo] Cﬁ‘:’l

717 3.7 aonfaenssnlnsev a1y LCS [Huawei Technologies Co., Ltd. (2014).]

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

HLR: home location register



MSC: mobile switching center
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GERAN: GSM/EDGE radio access network

HSS: home subscriber server
MME: mobility management entity

SGSN: serving GPRS support node

3.4.1.1 aoifagnssnlnAsangdm3uUINTIZYMTLL (Location service)
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(Location service : LCS)
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UE ]| [ eMNoded |

MME | [ E-SMLC | [ EPCLCS Entities

1a. Location Service Request

-

1h. Location Service Request

-t

(1 ¢. Location Service Requesi:j

2. Location Service Request

( 3. Capabhility exchange 31

(:_4. Pasition methad selectiun)

(5. Assistance data transfer and location information transfer)

Ta Location Service Response

6. Location Service Response

Th. Location Service Response

"

(7e. Location Service Response )

Y
%
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maumaazuﬁumﬁqﬁ’ﬂﬂ[Huawei Technologies Co., Ltd. (2014).]

5)

6)

7)

C4 9 o o ]
gunsaivesdlFamnsomuimdumis
81 E-SMLC #ad 131 eNodeB fdausanlunisszy
o ] 9 = d' g’/ &Y [
duvusrzdeatinsuandsudruaou Tamnyuny
eNodeB N 17 1S n1sTadnianss 1asuai1y
Y

PUIATITHTOYADIUUL U AT E-SMLC AAdun
Yq Y 1 ' Y A
Allaausan vgaeslimsnanasunisdszuim
Tawndunug 19

Y o ~ =y &Y 1 d‘
E-SMLC 833 suanouauaaninms lamnsudslun

= =} = % 1 o 0o < A
MME 5949931882080 8200191015515 915 0
Y Y a A A 9
dumaduazdoyaRanaIaitne 1o
AINTADVAUDILITNIT TN U

Y o a d‘ 3’, d' Y g‘; d‘

7a 18 UHUNTNIUADY 1a HAN LA IUTUABUN 6

MME vz a4 Tgad 14

v Y '
A o =

v '
7b g uduUNIINTUaoU 1b Han ldluvuaoun 6

MME azaanav 1163 EPC dueq



55

9 i

Y o a ) =4 Y 2’, ~
® TcO1AUUUNITNUUADU Ic waw'lﬂiumuﬁaum 6

) 1
MME vz danay lidigunsailuduaoud 1c

/ g ,
GPS satellite system UE gé//
\,\ ) eNlodéB
J A @"
UE 3
eNodeB MME E-SMLC

gﬂﬁ 3.9 HanN15U84 A-GPS [Huawei Technologies Co., Ltd. (2014).]
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1a. Location Service Request

1h. Location Service Reguest

1. Location Service Reguest

2 Location
Service Request

( 3. Capahility exchange

% 4. Position method selection

|
5. DEDICATED MEASUREMENT
INITIATION REQUEST
J

|
6. DEDICATED MEASUREMENT
INITIATION REFORT

7. Location
Service Response

Sa. Location Service
Response

8h. Location Service Response

( e, Location Service Response

31U 3.10 VUABUNTIZYA UK UIVBIIT A-GPS[Huawei Technologies Co., Ltd.

(2014).]

3.4.1.2.3 TUABUMIFZTYAMHUIYDIIT A-GPS
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TUADUNITTLYA N UIVIIT A-GPS Uumiloununlu
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342 MsIAaIINSHENNINAUANNDIUITUUIEAND
o [ 3/ 1 dy A ~ [ [ Y 4
dmsumsasmiug i luszuuteandalsnizsessudndeyalunisai
@ o v I
Tvianldgaga 100 Mbps (5 bps/Hz) nielumsdaassalnaiy 20 MHz nag luvmgi@eanun
awsnsessudasidoyalunisonivanldgaga 50 Mbps (2.5 bps/Hz) n1elunisiaass

o d v 1 @ @ A I [ [ A B~
alnasy 20 MHz HUAIYHBUNU ﬂ\ulaﬂ\'igﬂ‘ﬂ 3.11 WumMsIndssnsneInsnauAIuD

DC

Af=15 KHz Subcarrier DL UL
Resource Block 1 N lor N | N

F

| M8KHZ_ Cannel Bandwidth recl”'E"q’//' :

] 1
Guard Band

51 3.11 LTE DL/UL M399a33AauA1WAd M1 AAUNMZE08 (subcarriers) 1Hd 115

[

a9 Yy Aa . Y .
nswndoya doygrud19vense lnaea (pilot) Hagdoyaniuaw [Ericsson.

u

(2010).]

Af = Subcarrier spacing

DC = Subcarrier: Direct Current subcarrier at center of frequency band
NBY /NBRs = Number of DL or UL Resource Blocks (groups of subcarriers)
NBS® = Number of subcarriers within a Resource Block

I~ Y1 o 1 A [l = [ = 1 1 A
%glﬁullﬂ’ﬂilﬂ?i%ﬂﬁiil!@]ﬁ%ﬂﬁuW”mgfJ’E)fJ‘JJGULl”Iﬂm”Iﬂ”]J 180 kHz UagNANUNWITHINAAU

Ia 1 A Yo a 9 A A
WINe 15 kHz memumﬂmm‘n"lmumswmsmﬂmmiuszummam waasluasiah 3.3
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A Ja 1 A Yo a 9 A .
AT NN 3.3 LLﬁﬂQLL‘U‘Hﬂ’JﬂﬁN‘]1’1ulﬂ5‘1JﬂﬁWﬂﬁﬂ!ﬂ%ﬂuiuiﬁﬂﬂuﬂaﬂEJ [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 15.36 | 23.04 | 30.72
N. of Resource Blocks (NRB) 6 15 25 50 75 100
137971 3.4 Lmuﬁmmﬁﬁgﬂmmuﬁfﬂu%’aﬁmumm 3GPP [Ericsson. (2010).]
Operating 3GPP name Total Uplink Downlink
band spectrum [MHZz] [MHz]
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 US700 2x18 MHz 698-716 728-746
Band 13 US700 2x10 MHz 777-787 746-756
Band 14 US700 2x10 MHz 788-798 758-768
Band 17 US700 2x10 MHz 704-716 734-746
Band 18 Japan800 2x30 MHz 815-830 860-875
Band 19 Japan800 2x30 MHz 830-845 875-890
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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
Band 39 UMTS TDD 1x40 MHz 1880-1920
Band 40 2300 1x50 MHz 2300-2400
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About This Document

1.1 Scope

This document describes LOFD-001047 LoCation Services (LCS), including its technical
principles, related features, network impact, and engineering guidelines.

Any managed objects (MOs), parameters, alarms, or counters described herein correspond to
the software release delivered with this document. Any future updates will be described in the
product documentation delivered with future software releases.

This document applies only to LTE FDD. Any "LTE" in this document refers to LTEFDD, and
"eNodeB" refers to LTE FDD eNodeB.

This document applies to the following types of eNodeBs.

eNodeB Type | Model

Macro 3900 series eNodeB

Micro BTS3202E and BTS3203E
LampSite DBS3900

1.2 Intended Audience

This document is intended for personnel who:
® Need to understand the features described herein
® Work with Huawei products

1.3 Change History

This section provides information about the changes in different document versions. There are
two types of changes:

Issue 01 (2014-04-26) Huawei Proprietary and Confidential 1
Copyright © Huawei Technologies Co., Ltd.
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® Feature change
Changes in features and parameters of a specified version as well as the affected entities
® Editorial change

Changes in wording or addition of information and any related parameters aftected by
editorial changes. Editorial change does not specify the affected entities

eRAN7.0 01 (2014-04-26)

Thus 1ssue does not include any changes.

eRAN7.0 Draft C (2014-03-31)

This issue includes the following changes.

Change Type | Change Description Parameter Affected Entity
Change

Feature change | None None N/A

Editorial change | Modified the description None N/A

about the network planning
and data praparation. For
details, see 8.3 Planning and
8.4.2 Data Preparation.

eRAN?7.0 Draft B(2014-03-07)

This issue includes the following changes.

Change Type | Change Description Parameter Affected Entity
Change

Feature change | None None N/A

Editorial change | Added 1.4 Differences None N/A

Between eNodeB Types,
which describes differences
in feature support between
eNodeB types.

eRAN7.0 Draft A(2014-01-20)

Compared with Issue 03 (2013-08-30) of eRANG.0, Draft A (2014-01-20) of eRAN7.0 includes
the following changes.

Issue 01 (2014-04-26) Huawei Proprietary and Confidential 2
Copyright © Huawei Technologies Co., Ltd.
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Change Change Description Parameter Change
Type
Feature Changed the name of Huawei mobile None
change element management system from M2000
to U2000.
Editorial Modified the description about the None
change network planning. For details, see 8.3
Planning,

1.4 Differences Between eNodeB Types

The features described in this document are implemented in the same way on macro, micro, and
LampSite eNodeBs.

Issue 01 (2014-04-26)

Huawei Proprietary and Confidential 3
Copyright © Huawei Technologies Co., Ltd.
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Overview

2.1 Introduction

LCS is a technology that determines the geographic location and velocity of user equipment
(UE) by measuring radio signals. With this location information, the Evolved Packet Core (EPC)
can provide value-added services, and the UE can provide upper-layer applications such as
navigation software. LCS can meet the mandatory service requirements of third parties (such as
the E911 regulations stipulated by the United States)

AnLTE system supports both CP-LCS and UP-LCS. CP and UP are short for control plane and
user plane, respectively. UP-LCS operations are transparent to the Evolved UMTS Terrestrial
Radio Access Network (E-UTRAN), which serves as only a channel for information exchange
in the operations. In this document, the positioning methods are all CP-LCS.

Huawei LCS conforms to the E911 regulations stipulated by the United States and supports three
positioning methods: Enhanced Cell ID (E-CID), Observed Time Difference of Arrival
(OTDOA), and Assisted GPS (A-GPS). To implement LCS, the E-UTRAN needs to support
one of these methods.

If LCS is not implemented in an operator's E-UTRAN, the geographic locations of UEs are
obtained by means of CSFB to a UTRAN, GSM/EDGE radio access network (GERAN), or
CDMA?2000 1xRTT network supporting LCS in the case of emergency calls. For details about
the CSFB procedure for emergency calls, see 3GPP TS 23.272 and CS Fallback Feature
Parameter Description.

2.2 Benefits

LCS can be used to:

® Provide emergency services

In an emergency situation, subscribers may not be able to locate themselves. Under such
circumstances, LCS can be used to obtain specific locations and facilitate rescuing.

® Provide mobile yellow page services

LCS can be used to provide mobile yellow pages and city navigation services, which help
subscribers obtain information such as traffic conditions and optimal routes.

Issue 01 (2014-04-26) Huawei Proprietary and Confidential 4
Copyright © Huawei Technologies Co., Ltd.
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® Manage assets

LCS can help schedule and monitor the assets of a company.

Provide security service

LCS can be used to quickly trace the location of a lost child or elderly citizen.
Optimize mobile network design

LCS enables the Evolved Packet System (EPS) to obtain geographic locations of UEs.
Based on this information, network resources can be dynamically and intelligently
monttored and allocated. This enhances the network performance.

When providing the preceding functions, LCS requires the geographie locations of UEs,
Therefore, you are obligated to take considerable measures, in compliance with the laws of the

countries concerned and the user privacy policies of your company, to ensure that the personal
data of users 1s fully protected.

Issue 01 (2014-04-26)

Huawei Proprietary and Confidential 3
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LCS-related Concepts

3.1 Positioning Methods

E-CID

LCS supports three positioning methods: E-CID, OTDOA, and A-GPS. The three methods
provide different levels of positioning accuracy and apply to different scenarios. Each method
can be used independently or used with one or both of the other methods. When used together,
these methods can provide a higher level of positioning accuracy. The evolved serving mobile
location center (E-SMLC) chooses a positioning method based on the UE positioning capability
and quality requirements for LCS.

When a UE performs registration, location update, or call setup, 1t reports an RRC Connection
Request message with the serving cell ID included. The LTE system can determine the
geographic location of the UE based on the cell ID reported by the UE. This positioning method
1s called the cell-center method. It does not require major adjustments to the network or UEs
and therefore can be easily implemented. The positiomng accuracy of this method depends on
cell coverage. The positioning accuracy 1s high in areas where cells are densely deployed. This
1s because the cell coverage 1s small in such areas. The cell-center method cannot satisfy the
QoS requirements of most location services.

To obtain higher positioning accuracy, you can use the E-CID method, which is an enhancement
of the cell-center method. In E-CID positioning, an eNodeB calculates the timing advance
(T4py) between its radio frequency (RF) antennas and a UE to be located to estimate the distance
between the UE and the RF antenna. The eNodeB also measures the Angle of Arrival (AcA).
Based on the estimated distance and measured AoA, the E-SMLC determines the geographic
location of the UE.

The principles of the LTE E-CID method are similar to those of the UMTS CELLID+RTT
method. The difference 1s that the E-CID method provides AoA information to obtain more
accurate geographic information of UEs.

For details about the E-CID method, see section "E-CID-based Positioning.”
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OTDOA

A-GPS

InOTDOA-based positioning, a UE listens to multiple eNodeBs and measures the difference in
arrival time of the positioning reference signals (PR Ss) transmitted to every two eNodeBs, Based
on the measurement result and the positions of two eNodeBs, a hyperbola positioning area is
formed. If three eNodeBs are involved, two hyperbola positioning areas are formed. The E-
SMLC calculates the cross point of the two hyperbola branches and then determines the precise
location of the UE based on additional information such as the geographic locations of the
eNodeBs.

The OTDOA positioning accuracy depends on the environment. OTDOA provides high
positioning accuracy in suburban and rural areas. In urban areas, the positioning accuracy
decreases if there are many high-rises, which refract and reflect radio waves.

The principles of the LTE OTDOA method are the same as those of the UMTS OTDOA method.

For details about the OTDOA method, see section "OTDOA-based Positioning."

A-GPS is a network-assisted positioning method. In A-GPS positioning, the network provides
positioning assistance information for a UE. This information helps the UE search for satellite
signals and therefore shortens the GPS positioning time.

Compared with E-CID and OTDOA. A-GPS provides the highest positioning accuracy under
the same conditions. However, A-GPS may not be used for positioning UEs indoors because of
difficulty m receiving satellite signals.

The principles of the LTE A-GPS method are the same as those of the UMTS A-GPS method.

For details about the A-GPS method, see section "A-GPS-based Positioning."

3.2 Positioning Modes

There are two LCS positioning modes: UE-based and UE-assisted. These two modes use
different network elements (NEs) to calculate the UE location. If the NE is a UE, the mode is
UE-based. If the NE 18 an E-SMLC, the mode 1s UE-assisted. UE-assisted mode 1s also called
network-based mode.

E-CID and OTDOA positioning methods can work only in UE-assisted mode. A-GPS can work
n both modes, with UE-assisted mode used by default.

Table 3-1 shows the mapping between positioning methods and positioning modes.

Table 3-1 Mapping between positioning methods and positioning modes

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

3.3.1 Horizontal Positioning Accuracy

The horizontal positioning accuracy of LCS depends on the following factors:

®  Positioning method
®  Positioning measurement accuracy

®  Geometric Dilution of Precision (GDOP)

Impact of Positioning Methods

In the same environment, different positioning methods provide 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. For
example, A-GPS may fail or provide low positioning accuracy in an environment where many
obstacles prevent the UE from searching for satellite signals. In such an environment, E-CID
may provide relatively high positioning accuracy.

E-CID, OTDOA, or A-GPS alone cannot always provide high positioning accuracy in all radio
environments, In some scenarios, hybrid methods can be used to achieve high accuracy.

Table 3-2 lists the horizontal positioning accuracy ranges of each positioning method.

Table 3-2 Horizontal positioning accuracy ranges of each positioning method (unit: m)

Positioning Method 67% 95%
E-CID 90 to 300 180 to 1000
OTDOA 50to 100 140 to 280
A-GPS 15t0 60 40 to 200
Hybrid methods 1510 50 4010 150

® The "67%" column lists the statistical horizontal positioning accuracy range that can be
achieved by more than 67% of all the positioning results of each method.

® The "95%" column lists the statistical horizontal positioning accuracy range that can be
achieved by more than 95% of all the positioning results of each method.

The preceding table shows that hybrid positioning methods provide the highest positioning
accuracy and can meet the requirements of the Federal Commumnications Commission (FCC).
The FCC requires that the positioning accuracy be 50 meters for 67% and 150 meters for 95%
of all positioning results, respectively.

Impact of Positioning Measurement Accuracy

Positioning measurement accuracy is the major factor that affects positioning accuracy. The
positioning measurement accuracy is determined by the radio environment and the measurement
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capabilities of related NEs such as UEs and eNodeBs. For example, a UE can provide more
accurate measurements in an open environment than in an indoor environment or an environment
full of obstacles, where the non-line-of-sight and multi-path transmission has a great impact on
the measurement accuracy.

Impact of GDOP

GDOP is determined by the relative position between a UE and GPS satellites or eNodeBs. The
relative position between a UE and GPS satellites is used in the A-GPS-based positioning
method, and that between a UE and eNodeBs is used in OTDOA- and E-CID-based positioning
methods. Generally, the positioning accuracy is high if the eNodeBs involved in the positioning
are evenly spaced or distributed in such a way that they form an equilateral triangle.

3.3.2 Positioning Response Time

Table 3-3 lists the positioning response time of each positioning method on the E-UTRAN side.

Table 3-3 Response time

Positioning Method Response Time (Unit: s)
E-CID 0.11t00.5

OTDOA 05to02

A-GPS 5to16

Hybrid methods 5to16

As shown in Table 3-3, the response time in A-GPS-based and hybrid positioning methods is
longer than that in OTDOA - and E-CID-based positioning methods. This 1s because positioning
assistance information needs to be obtained in A-GPS-based and hybrid positioning methods.

3.3.3 Relationship Between Horizontal Positioning Accuracy and
Response Time
As described in the preceding sections, a longer positioning response time results in higher

horizontal positioning accuracy. You are advised to make a tradeoff between horizontal
positioning accuracy and response time when choosing a positioning method.
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Network Architecture for LCS

Figure 4-1 shows the network architecture for LCS in the EPS.

Figure 4-1 Network architecture for LCS
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UTRAN: universal terrestrial radio access GERAN: GSM/EDGE radio access network

network

GMLC: gateway mobile location center HSS: home subscriber server

HLR: home location register

MSC: mobile switching center

MME: mobility management entity

SGSN: serving GPRS support node

When the MME receives a UE location request from another entity such as a UE or GMLC, or
the MME itself decides to initiate such a location request, the MME sends the location service
request to an E-SMLC over the SLs interface. Then, the E-SMLC sends assistance data to the

target UE over the SLs, S1, and Uu interfaces, requests measurement reports from the target UE
and associated eNodeBs, calculates the UE location, and sends the location information to the

MME over the SLs interface. If the UE location request is initiated by an entity other than the

MME, the MME returns the location information to this entity (the UE or GMLC).

The following sections describe the functions of each NE in the network architecture for LCS.
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4.1 eNodeB Functions

An A-GPS-capable GPS satellite card 1s configured on eNodeBs of eRAN3.0. When requested
by a Huawei-deployed E-SMLC, an eNodeB performs LCS-related measurements and reports
the measurement results to the E-SMLC. The eNodeB also reports raw data collected from the
GPS satellites to the E-SMLC.

The eNodeB performs the following major functions:

® Recewves or sends LPPa-related positioning messages over the S1 interface using the LTE
Positioning Protocol Annex (LPPa) protocol.

®  Transmits the PRSs required by the OTDOA method to the UE.

Reports assistance data required by the OTDOA method to the E-SMLC, including the
PCIs, GCIs, frame timing information, and geographic information of cells under this
eNodeB and other related eNodeBs.

®  Reports GPS-assisted measurements required by the A-GPS method to the E-SMLC,
ncluding the T g prrancgnss and reference positions.

®  Reports measurements required by the E-CID method, including the T4 py-and AoA.

®  Supports UE fallback to a UTRAN, GERAN, or CDMA2000 1xRTT network if the LTE
networl does not support required location services.

4.2 UE Functions

UEs perform positioning measurements specific to positioning methods upon receiving an LCS
request from the E-SMLC. If UE-based mode is used, UEs also perform positioning calculation.

UEs perform the following major functions:

®  Exchange positioning-related messages with the E-SMLC using the LTE Positioning
Protocol (LPP).

Report their positioning capability to the E-SMLC.

Measure E-UTRAN PRSs in the downlink if OTDOA is used.

Measure the GPS pseudo-range and Doppler shuft.

Receive GPS raw data from the network.

Report positioning measurement results to the E-SMLC in UE-assisted mode; report
positioning calculation results to the E-SMLC in UE-based mode.

4.3 MME Functions

The MME supports the LPPa protocol, allowing positioning-related interaction between the
MME and the eNodeB. The MME also transparently transmits positioning-related messages
between the E-SMLC and other NEs such as eNodeBs and UEs,

The MME performs the following major functions:
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® Recewves and manages location service requests from UEs or the GMLC, or imtiates
location service requests.

Selects an E-SMLC.
®  Authenticates UEs for LCS.

4.4 E-SMLC Functions

The E-SMLC is the center that controls UE positioning. Tt coordinates eNodeB and UE resources
to implement measurements. In addition, the E-SMLC determines a positioning method based
on the positioning requirements, UE category, and capabilities of NEs involved (including the
E-SMLC, UE, and eNodeB). It also calculates the UE location and returns the location
information to the MME.

The E-SMLC performs the following major functions:

®  Receives and processes location service requests or positioning-related data requests from
the MME

®  Selects a single positioning method or a hybrid positioning method.

® Controls positioning-related measurements based on the selected positioning method.
Calculates positioning assistance data and sends the data to the UE

To enable the UE to effectively search for signals from neighboring cells m OTDOA-based
positioning or receive satellite signals in A-GPS-based positioning, the E-SMLC calculates
and sends the UE assistance data required by the positioning method:

- In E-CID-based posihioning, no assistance data is required.

- InOTDOA-based positioning, the assistance data required includes the round-trip delay
(RTD) of multiple neighboring cells and search windows.

- In A-GPS-based positioning, the assistance data required includes pseudo-range search
windows of multiple GPS satellites and Doppler windows.

® Calculates location data and estimates positioning accuracy.

®  Sends positioning results or related positioning data to the MME.

4.5 GMLC Functions

The GMLC processes UE location requests from LCS clients by obtaining UE latitude and
longitude information and sending this information to LCS clients. As the operation platform of
the LCS system, the GMLC also manages user data, service data, service subscription
information, and service provider (SP) data, performs accounting, and verifies value-added
services.

4.6 HSS Functions

The HSS stores LCS subscription information and route information.

4,7 LCS Client Functions

The LCS client requests location information about one or multiple UEs by initiating a location
service request that contains QoS parameters. An LCS client may be a functional entity ina
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PLMN, for example, an operation and maintenance (O&M) tool. It can also be an entity outside
the PLMN, for example, a thuird-party location server that 1s not deployed by an operator.
[TnoTe
An E-SMLC and a UE exchange non-access stratum (NAS) messages in compliance with the LPP protocol.
The eNodeB transparently transmits the NAS messages between the E-SMLC and the UE.
An E-SMLC and an eNodeB exchange location information in compliance with the LPPa protocol.
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Positioning Principles and Procedures

5.1 Typical Positioning Procedure

Figure 5-1 shows a typical positioning procedure.

Figure 5-1 Typical positioning procedure
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The positioning procedure is described as follows:
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An NE mitiates an LCS request.

This step varies according to the NE type, which may be a UE, an MME, or another entity
in the EPC:

@® (la) MO-LR (Mobile Originated Location Request): A UE sends a Location Service
Request message to the serving MME at the NAS to request location services, such as
UE positioning or assistance data delivery.

@® (1b) MT-LR (Mobile Terminated Location Request): An entity similar to the GMLC
in the EPC sends a Location Service Request message to the serving MME to request
location services, such as UE positioning.

® (lc) NI-LR (Network Induced Location Request): The PLMN serving a UE sends a
location request to this UE. For example, the MME 1nitiates an emergency call for a UE
served by this MME.

The MME sends the request to an E-SMLC.
The UE reports its positioning capability to the E-SMLC
The E-SMLC selects a positioning method based on the following factors:

® Positioning requirements, mcluding requirements for the horizontal positiomng
accuracy and latency

® Positioning methods configured on the E-SMLC
@® [.CS license purchased by the operator

@ Whether the positioning function is activated in the serving cell of the UE. For example,
a cell supports OTDOA-based positioning if the OtdoaSwitch(OTDOA switch) check
box under the ENodeBAlgoSwitch.LesSwitch parameter is selected.

® UE positiomng capability

If the E-SMLC decides that the eNodeB must be involved in this positioning procedure, it
exchanges location procedures with the serving eNodeB to obtain positioning
measurements or assistance data. If the E-SMLC decides that the UE must be involved, it
exchanges location procedures with the UE to obtain a location estimate, to obtain
positioning measurements, or to transfer assistance data to the UE.

The E-SMLC provides a location service response to the MME, including detailed
information such as a success or failure indication and error-related information.

Transmitting the location service response

(7a) If step 1a is performed, the MME transparently transmits the location service response
received in step 6 to the UE with the required information included.

(7b) If step 1b is performed, the MME returns the location service response received in
step 6 to the EPC entity with the required information included.

(7¢) If step 1¢ 1s performed, the MME returns the location service response received in step
6 to assist the service that triggers the positiomng procedure mn step lc.

The following sections describe the positioning principles and procedures of each positioning

method.

5.2 E-CID-based Positioning
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5.2.1 Principles

can only determine whether a UE is located within this area. With 74 ppand AoA information,
however, E-CID can determine the spot that the UE is in:

®  With 7 pyinformation, E-CID can determine the distance (S) of the UE from the eNodeB,
as shown in Figure 5-2. S = Tpj/2 x C, where C represents the speed of light.

®  With AoA information, E-CID can determine the angle between the eNodeB and the UE,
and further locate the spot that the UE is in.

Figure 5-2 Principles of E-CID-based positioning

5.2.2 Positioning Procedure

Figure 5-3 shows the E-CID-based positioning procedure.
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Figure 5-3 E-CID-based positioning procedure
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The E-CTD-based positioning procedure is similar to the typical positioning procedure. Steps 5
and 6 shown in Figure 5-3 are specific to E-CID-based positioning:

Instep 5, the E-SMLC sends an E-CID-based positioning request to the eNodeB, requesting
the eNodeB to measure the Typp, RSRP, RSRQ, and AoA.

In step 6, the eNodeB performs measurements as required, and reports the measurement

([ ]
L ]
results to the E-SMLC.
5.2.3 Obtaining TADV

There are two types of T pp2 type 1 and type 2. The UE capability determines the type of
T.4py to be used. The following describes how to obtain the two types of T py

Type 1 Tapr

Obtaining this type of 4 py-does not require UEs to initiate random access. A UE complying
with 3GPP Release 9 can report the difference between the UE RX time and TX time using

RRC signaling messages. The eNodeB measures the difference between the eNodeB

receive (RX) time and transmit (TX) time. Then, the eNodeB adds the two difference values
to obtain a high-precision Ty pyp-.
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Tapy = (eNodeB RX time — eNodeB TX time) + (UE RX time — UE TX time)
®  Type2Typr

Obtaming this type of T4 pp requires UEs to initiate random access. The eNodeB allocates
dedicated preambles to a UE, and the UE sends uplink dedicated preambles based on the
TX time for downlink frames. The eNodeB then measures the difference between the
eNodeB RX time and TX time.

Tpy = eNodeB RX time-eNodeB TX time

5.3 OTDOA-based Positioning

5.3.1 Principles

OTDOA 15 a positioning method based on the measured difference m the arrival time between
signals transmitted from multiple eNodeBs. Because OTDOA does not use absolute time, it can
ensure high location precision and accuracy.

The UE hstens to multiple eNodeBs, measures the time 1t takes for PRSs to travel from the
eNodeBs to the UE, and calculates the OTDOA between the candidate cells and reference cells.
Based on the Relative Time Difference (RTD) information sent form the E-SMLC about frame
timing for signal transmission from multiple cells, the UE obtams the actual TDOA between the
candidate cells and reference cells.

The following formula expresses the relationship between OTDOA and TDOA:
TDOA = OTDOA —RTD

The UE thenreports the TDOA to the E-SMLC. Based on this TDOA and the geographic location
of the eNodeB, the E-SMLC calculates the geographic location of the UE. A larger number of
eNodeBs involved in positioning ensures higher location precision and accuracy.

The following are the mathematical principles of OTDOA:

Ifthe difference in distances between amovable pointand two fixed points (two cells) is constant,
the trajectory of the movable point forms a hyperbola branch. Let the movable point be a UE,
and two fixed points be two cells ontwo different eNodeBs. Ifthe difference in distances between
the UE and two cells is obtained, the location of the UE must correspond to one point on the
resulted branch. If the E-SMLC obtains two or more hyperbola branches, it can determine the
location of the UE as the cross point of these branches. For OTDOA to work, at least two
hyperbola branches must be obtained. Equivalently, at least three eNodeBs must be involved in
the positioning process.

As shown in Figure 5-4, two hyperbola branches are derived when the difference in distances
from the UE to eNodeB O and eNodeB 1 is a constant (d1 — d0) and that from the UE to eNodeB
1 and eNodeB 2 is a constant (d2 — d1). The UE location is determined as the cross point of the
two hyperbola branches.
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OtdoaSwitch(OTDOA switch) under the ENodeBAlgoSwitch.LesSwitch parameter specifies

whether to enable OTDOA-based positiomng. If OTDOA-based positioning 1s enabled, set the
CellChPwrCtg.PrsPwr parameter to specify the offset of the PRS TX power relative to the cell-
specific reference signal.

5.3.2 Positioning Procedure

Figure 5-5 shows the OTDOA-based positioning procedure.
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Figure 5-5 OTDOA-based positioning procedure
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The procedure for OTDOA-based positioning is similar to the typical positioning procedure.
Steps 5, 6, 7, and & in Figure 5-5 are specific to OTDOA-based positioning:

® Insiep 5, the E-SMLC sends a request for OTDOA assistance data to the eNodeB.

® [nstep6, the eNodeB reports PRS configuration information and positioning measurement

information to the E-SMLC.

® Instep 7, the E-SMLC sends a location request, PRS configuration information, and
assistance data such as frame timing information to the UE.

In step 8, the UE receives PRSs from reference cells and candidate cells to obtain propagation
time between the reference cells and candidate cells and then reports the time values to the E-

SMLC.
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5.4 A-GPS-based Positioning

5.4.1 Principles

GPS 1s a global navigation satellite system implemented by the U.S. Department of Defense. It
is capable of precisely locating any object on Earth by always providing a sufficient number of
satellites within the line of sight of the object. In an E-UTRAN, the basic principles of A-GPS-
based positioning are the same as the principles of common pseudo-range-based GPS
positioning.

As shown in Figure 5-6, a total of 24 GPS satellites are deployed around the earth, with 4
satellites uniformly distributed on each of the 6 orbital planes. Each pair of adjacent orbital
planes has an mnclmation difference of 55°. A UE searches for GPS signals and measures the
GPS pseudo-ranges. Based on the measurements, the pseudo-range equations are solved and the
UE location 1s determined.

Figure 5-6 Principles of the A-GPS-based positioning

eNodeB
eNodeB MME E-SMLC

The primary difference between A-GPS-based positioning and common GPS positiomng 1s that
m A-GPS-based positioning the E-SMLC collects the information about GPS satellites and then
delivers the assistance data to the target UE. The assistance data can be the reference location,
reference time, and ionosphere model. The assistance data helps the UE toreceive GPS satellite
signals more efficiently. For the UE, the time taken to measure the pseudo-ranges 1s shortened,
the power consumption 1s reduced, and the receiving sensitivity is increased.

Inaddition, 1f the UE has less than four satellites within the line of sight, the mformation obtained
by A-GPS is insufficient to determine the location of the UE. In this case, other measurements
n the E-SMLC can also be used to help calculate the location of the UE.

The following conditions must be met to ensure the normal implementation of A-GPS:

® The UE has a GPS receiver.
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®  The UE 1s not located where it cannot receive any satellite signals. For example, the UE
signals cannot be blocked by a large building.

5.4.2 Positioning Procedure

Figure 5-7 shows the procedure for A-GPS-based positioning.

Figure 5-7 Procedure for A-GPS-based positioning
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The procedure for A-GPS-based positioning is similar to the typical positioning procedure. Steps
5and 6 in Figure 5-7 are specific to A-GPS-based positioning:

® Instep S, the E-SMLC sends the UE an A-GPS-based positioning request and assistance
data.

® Instep 6, if UE-based mode 1s used, the UE reports its longitude and latitude mformation
to the E-SMLC. If UE-assisted mode 1s used, the UE performs GPS pseudo-range
measurements and Doppler shift measurements, and reports the measurement results to the
E-SMLC. The E-SMLC then calculates the longitude and latitude of the UE based on the
assistance data reported by the UE.
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Abstract—Mobile network is moving in the era of 5G (fifth
generation) communications as a research and development
from 3G and 4G. Due to the growth of new applications
available on network development, the demand for access to
the internet increases enormously which makes the data rate
grow beyond expectation. This is an important reason to
accelerate the development of more progressive 5G technology
to allocate radio frequencies which is limited for demand.
Among candidate for 5G technology, Opportunistic Space-
Division Multiple Access (OSDMA) is one of the most
promising techniques that can be implemented in practice.
This technique provides a high data rate for multiple users
and requires less feedback information than conventional
SDMA. However, the feedback requirement is still a big
drawback for this technique. Although Angle-of-Departure-
Aided OSDMA (AOD-OSDMA) technique is proposed to
reduce the feedback information, unfortunately the high
throughput relies on the feedback bit channel state
information (CSI) for each user at the transmitter. System has
limited a full CSI by large feedback overhead and affect by
performance degradation due to channel estimation errors.
This paper proposes a novel OSDMA technique called as
Global-Positioning-System-Aided OSDMA (GPS-OSDMA).
The knowledge of location estimation for each user is updated
at base station (BS) via GPS technology. The simulation
results show that the proposed technique overcomes the AOD-
OSDMA for all scenarios.

Keywords—S5G technology; Space Division Multiple Access
(SDMA); GPS technology

1. INTRODUCTION

5G 1s the name referred to some academic articles or
research in the mobile network next generation of 4G/IMT-
Advance (International Mobile Telecommunication-
Advance) which 4G in some country available to services in
last few years. However, 5G have no official announcement
both in part of the standard specification and any documents
are related to the telecommunications standard such as 3GPP
(Third Generation Partnership Project), WiMax Forum or
even ITU-R. Current 5G is not considered as new mobile
generation but some notions may provide under the standard
of 4G. There are several articles studying and surveying
relation with 5G such as [1], [2] and [3]. Those articles
mentioned the allocation of resources is frequency limited to
support increasing of large number users. New applications

978-1-4799-6435-2/14/$31.00 ©2014 |EEE
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are developed according to the network resources such as
watching TV or videos with high image resolution and
confrast [3]. The technique in the efficient allocation is
BDMA (beam division multiple access) [1]. When BS
communicates with MS, an orthogonal beam is allocated to
each MS so that it is able to receive at full capacity for each
user

In the past ten years there has been enormous research
and development of BDMA technique. The most common
technique is called as multiple-input multiple-output
(MIMO) technique or Space Division Multiple Access
(SDMA) which it can increase high throughputs. However,
to achieve the promising high throughput must require CSI
known at BS [4-8]. In practice, for full CSI system it have
limited if large feedback affect to performance degradation
and channel estimation errors. Alternative solution is
Opportunistic Space Division Multiple Access (OSDMA)
technique [9] which helps to reduce feedback bit. The
principle of this technique is at BS operative random beam
sent with training sequence to each MS. Then each MS
feedback evaluate the best signal-to-noise ratio (SNR)
coincide with index beam. The BS will schedule beam
according to the information from MS with the highest SNR
for ftransmission. In addition, Angle-of-Departure-Aided
OSDMA (AOD-OSDMA) technique [10] is proposed to use
the knowledge of angle-of-departure (AODs) at BS for
finding the strongest signal received at each MS to form
beams. However, OSDMA techniques in literature can
partially reduce the feedback information but they still
require the knowledge feedback CSI.

This paper proposes novel transmission technique that
can realize the knowledge of MS locations indirectly by
using GPS technology. For 5G technology, every MS
device has GPS technology along with other hardware
platform [1]. Therefore, based on the knowledge of updated
location information of MS at BS serving cell [11], the
feedback information from MS is not necessary anymore.
When MS requests the data transmission, then the serving
BS is able calculate angle of MS to form beams and data
transmission instantly set up without any known feedback
CSI from MS.

The remainder of paper is organized as follows. Section
1T presents the overview of OSDMA technique. In Section
III, the proposed technique named as Global Positioning
System-Aided OSDMA (GPS-OSDMA) is described. The
simulation results and discussions is given in Section [V.
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[1. OVERVIEW OF OPPORTUNISTIC SPACE-DIVISION
MULTIPLE ACCESS (OSDMA)

A. System Model

Consider for MIMO broadcast channel with N, transmit
antennas and K users with one receive antenna. We focus on
OSDMA [9] scheme. Fig.1 shows the block diagram of a
typical OSDMA system. The transmitter having B (> Ny
random orthonormal beams sends B pilot symbols forward
to each user. Each user will feed back the best pilot symbol
indexing to transmutter. 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 . The
maximum value of M is H . That is, T™ is used for training

T
sequence and L-tM is used for data transmission in every
time-slot. In this cease we define M = 1, in every mini-slot,
B random orthonormal vector {w; ,, € M om=l, L, ML
The signal receiver at each user in mth mini-slot 1s given by

Vi =hfwbﬂsb+nk for k=1, ..., K (1)
where hy, € C™* is channel vector for Ath user, Wi € G
is bth random baemforming vector at mth mini-slot, &, is
bth transmission pilot symbol and n, is Gaussian noise
vector at kth user.

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

2

hlw
SINR,,, = i

Vp+y
I#b

(2)
.o
I Wi

where p =P/Nj is input SNR that is received by SINR, ,
ateach k=1,....K , b=1,....B and m=1,... .M. Each user feeds
back maximum SINR according with index 4 and compute

throughput R, of mth given by

B
R, =Z]og2(1+{gg>éSNlRmm) for m=1,..,M (3)

b=l

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

R=(L-24)maxR_ )

1<k<k

where ZM is total overhead due to training sequence.
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Fig.1. Block diagram of OSDMA system

11 PROPOSED G PS-AIDED OPPORTUNISTIC SPACE-
DIVISION MULTIPLE ACCESS (GPS-OSDMA)

A. Location astimation

Global Positioning System (GPS) is the method to
estimate a position on the Earth by calculating the clock
frequency sent from the satellite orbiting the Earth, which is
knowledge for positions. At this point, the system 1s able to
locate the satellite around the world. It does not help
anything because the GPS navigation to pinpoint the
location is just numbers. The empty space at the most can
tell that you are heading in any direction such as north or
south (etc others). Thus, the GPS will be able to navigate to
the desired destination, need a map on the device itself. We
can know that as of now is somewhere on the map and to go
on the road, where it can reach the desired destination. The
main application of the GPS is to find where we are or who
we want. At present, the application of the GPS to use a
variety such as navigator system, vehicle tracking system,
space exploration, mapping, PC navigator And is prevalent
in today is GPS in mobile, which almost all brands have
been designed to link with the online map, an even more
convenient to locate the mobile phone.

But since, to get an accurate position information
required confirmed by satellite coordinates from at least 4
satellites [12]. In addition, GPS will pinpoint the exact
location is outside the building or outdoor but within a
building or indoor will be reduced or lost satellite signal.
And another, the orbit of the satellite data was used to
calculate the position 1t takes about 30-40 seconds, thus
resulted in the orbit direct download many times will take
longer than that. Therefore, the GPS system has been used
through the server, the mobile phone's download servers
through the base station to serve it. Combining wireless
networks [11] and satellite systems together to support both
issues mentioned above as shown in Fig. 2. Which has
developed continuously until the 3G [12] and continue to
develop in the future as appear in [1], the concept of the
mobile in the 5G position must be able to optimize the
signal to the user.
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Fig.2. Hybrid location between GPS and wireless network.

To locate the center of the Earth or other reference range,
U520, defined as a 2-dimensional coordinates of the user

and ¢/ (v y,) (1=12,...nu24) is the distance from the satellite

(Cr base station) to the user given by

d=flx,~xF +{p,-p) +et, +¢ (5)

i u i

where (=13, nn24) b is the satellite clock (or base station)
sent to the user, C is the speed of light, £, is noise signal at
received user, bill comes to finding the equation (s) can be

written
T, =(x,.y,.ct, ) (6).

In equation (6), the third parameter is to make certain that
the final position of a satellite is at least 4 of them. But if the
signal satellite is less than « satellites, it can be calculated for

a signal from the base station given by

T,= (el )

* N
Considering the normalized value as,

ix = (5&“ =X )’/ F

r;zi=(nu_ "])/;} (8)

Where FeJi - Y+, -p ) i=12,.nn24

by taking series of theories of Taylor scorers to equation (5),
yields

Ad =1 Ax, + Ay, +cAt, )
where Ad, =d, 72,,Axu =%, —x,Av, =y,

then, modify equation (8)in term of matrix given by
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TFig.3. GPS-Aided OSDMA model.

Ad = GAT, (10)
Ad =(Ad,Ad .., Ad,)

Lom 1
AT =(Ax,Ap Aef L G=| 0 © 1

1 om 1

the estimated number 1 receiver is given by
AT, =(GTGT 6T Ad (11
and the process of writing estimated is given by

f!l = (’jeu _Aij}u —AJ/’“,CIL —ACIM)T

(12)
To fine values by
T =(d,.0,.01,f (13)
The final estimated position is accurately given by
Tu :('xuﬂyzc’("fm) (14)

where
X :% 7% 75&’;17)7;; :/"‘)quyu 7@)u=6fu :E(f;fAtvf&u)_

In the case of mobile satellite, it is a technique to estimate
the position of the smart antenna in received angle then for
adaptation, which is the difference of amrival time (TDOA)
measured from a link pilot signal then measure the angle of
arrival [13].

B, GPS-Aided OSDMA model

When the location information is organized in the user's
server 1f requested by a user into the system, BS calculated
all directions to form beams to each user, without random
beam to the received feedback CSI. The direction to
beamforming is given by
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Fig.4. Peformance comparison of SDMA(full), AOD-OSDMA and GPS-
OSDMA schemnes, the number of users=4, position= 10, 73, 108 and 140
degree,
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Fig.5. Peformance comparison of SDMA(full), AOD-OSDMA and GPS-
0OSDMA schemes, the number of users=4, position= 12, 90, 120 and 170
degree,

é

u

tan’{—“} — sattellite
xu

(15)

o

7 =tan'{{—“} — base siation

U

GPS-OSDMA system model is described in Fig. 3. It
consists of 1 BS with the element N, antennas to u=1,.,U
users, each element M, antennas. The received signal at user
is given by

Y=HWX +n, for wvu=1,...,U (16)
where H is the channel matrix at BS forward to each user
with dimension MxN; , W=[wl,w2,.wU] is matrix set
weight data transmission to each user, X=[x1x2,... xU] 1s
set data forward to each user and how fo find the set weight
is given by

_ = J(M-1)kd sin 6,
w, =1

an

where k is the wave number and 4 is distance space between
element antenna and #, is Gaussian noise vector at uth user,
the sum of capacity is given by
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Fig.6. Peformance comparison of SDMA(full), AOD-OSDMA and GPS-
OSDMA schemes, the number of users=2, position= 135 and 180 degree.
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Fig.7. Peformance comparison of SDMA(full) , AOD-OSDMA and GPS-
OSDMA schemes, the number of users=2 position= 18, and 160 degree.

R:Blog][dc{HNﬂ(WH*(W)H]B (1m

where B is the bandwidth, [ is the identity matrix, 7 is
power at BS and “H means Hermitian matrix.

IV. SIMMULATION RESULT

This section presents the comparison between the
proposed transmission technique call as GPS-OSDMA and
AOD-OSDMA technique. MATLAB programming is used
for simulation, considering a case in 4x4 multiple-

=2
antelmas,d A, the noise is neglect and the direction of
wave travelling is in Line of Sight (LOS) only.

Fig.4 and 5 show the performance comparison when
using GPS-OSDMA, AOD-OSDMA and SDMA (full)
techniques, where SDMA (full) is a technique with full
knowledge of channel. We focus on the first 2 techniques
and the third technique is given as reference. The small
images on the top-left in both images show the clear
scenarios, which location of users are taken into accounts.
Each user requests access to the BS and is able to form beam
to the direction of each available angle. In confrast, the
AOD-OSDMA technique has to be selected by a random
beam delivered to the user feedback on the maximum SNR
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Fig.8. Peformance comparison of SDMA(full), AOD-OSDMA and GPS-
OSDMA schemes, the number of users=1, position= 50 degree.

beam. It will send data to that beam which the direction of
the beam 13 not the same for all users. When considering
sum capacity, GPS-OSDMA technique outperforms AOD-
OSDMA technique as seen in Fig.4 and 5. But in the case of
Fig.5, the random positions in the beam of AOD-OSDMA
technique result on more sum capacity than the case of
Fig.4. However, GPS-OSDMA technique still provides a
better performance. Similarly, the results in Fig.6, 7 and 8, 9
for user u=2 and u=1 respectively confirm the benefit of
using GPS-OSDMA. The results are similar fo in Fig.4 and
5, but for u=2 the sum capacity of GPS-OSDMA technique
is as efficient as SDMA (full). For u=1 in Fig.9, the position
of user is matched with beam’s direction which makes all
three techniques coincide.

V. CONCLUSION

This paper proposes a new technique called as GPS-
Aided OSDMA technique for mobile communication which
aims for 5G. The advantage of this technique is to eliminate
the feedback information. No random beam to each user for
channel estimation is required. The proposed techmique can
form beams to the direction of the user’s position based on
the information from GPS technology which is updated on
the server already. It means that the feedback bit is equal to
zero. The simulation results show that the proposed
technique overcomes the conventional AOD-OSDMA for
all scenarios.
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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 fo
maximize the benefits of existing frequency resources.
Among those, Opportunistic 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 (CST) 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 stmulation results confirm the success of using the
proposed technique for LTE systems in which it is also
simple to implement in practice.

Keywords—Locaion Update Information; Opportunistic
Space Division Multiple Access (OSDMA); LTE systems.

1. INTRODUCTION

It is 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)
is driven 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 recenfly
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 techmiques 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 techmque 1s called as Multiple-Input Multiple-
Output (MIMO) technique or Space Division Multiple
Access (SDMA) which provide a high system throughput.
However, to achieve the hopeful high thronghput, 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
method is 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
1T presents the overview of OSDMA technique. In Section
IIL, the proposed technique is described. The simulation
results and discussions are given in Section IV. Finally, the
conclusion of this paper 1s 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, itis assumed that every
time-slot has a length L with traiming period of M mim-
slot having length of each . The maximum value of M is
[L/z] in which t™ 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 (0

where hk € CNt x1 is channel vector for kth user, wh.m
€ CNtx1 is bth random beamforming vector at mth mini-
slot, sb is bth transmission pilot symbol 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

h&T Wom 2 i
SINR,,, = B AW @

1/p+z‘hfwivm|2
Izb

where (2=P/NO is input SNR received by svg,, =~ at
each k=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 =%1 (1 SNIR )f =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, )

1<k<k

where T is fotal overhead due to training sequence.

2.2 Typical OSDMA technique

As mentioned earlier, there are many techmiques 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
AOD-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
MXN

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

AOD 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

yuM = H:mN[Slsz ”'SN]T + ”im &)

T MV

where [] is the transpose, n, is the AWGN and

si 18 the pilot signal transmitted from the nth Tx antenna at
HMxN

the BS. The  # is the matrix representing of the radio

channel between the BS and the uth UE and it can be

written as:

"u
B =% a0 SV, SV, ©
=1
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T Feedback partial CSI (A0Ds, AOAs)

Fig.2. Block diagram of AOD-OSDMA systems [7].

where g7 - is the BS element-space steering vector in
the AOD,,, direction, SV, 18 the element space steering

vector at the " UE station in the AQ4,,, direction, @, BS 18
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 Prus AODy
and AQA;, are the amplitude, phase, AOD, and AOA of
the I-th such MPC. The AOD of strongest beam to the "
user (AQDst) can be found by a simple beam scan as:

M.
AOD,, =arg max X, b5V ioo @
0ADDER 1t
where |..| denotes the absolute value, {.)"is the

Hermitian transpose, and };w.u is the " row of l:I:hN

If M =1, each user 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&i‘u =arg max SV;@,.J{}:{WSVA‘ZD‘,#
0SACAS2x 8)

where [/is the complex conjugate, and ion.is the BS
element-space steering vector of the strongest beam
associated with the #® UE. The SNR from the joint Tx-Rx
beamforming can be written as:
s, HsvE, [
SM?(AODM,AOAMJ:WH—%
S e )

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

C=(T- r)i log,(1+ SINR, )
= {10)

where T s length of every time slot,  is length of training
minislots, A Tx at BS, 11is Identity matrix has dimension
equal MxM, and SINRn 1s the total signal-to-interference-
plus-noise ratio of'the nth selected UE.

3. PROPOSED OSDMA BASED LOCATION
UPDATE INFPRMATION

3.1. Location update in LTE system

Location services (LCS) [8] 1s a technology that
determines the geographic location and velocity of UE by
measuring radio signal.

Table 1. Mapping between positioning methods and positioning
modes.

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

Table 2. Honzontal posttioning acouracy ranges of each posiioning
method (unit : m).

Positioning 67% 95%
Method
E-CID S0 to 300 180 to 1000
OTDOA 50 to 100 140 to 280
A-GPS 15 to 60 40 to 200

Table 3. Response time.

Positioning Method Response Time (Unit: s)

E-CID 0.1to0.5
OTDOA 05to2
A-GPS 5to 16

The LTE systems support three positioning methods
including 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 . Both modes utilize different network
elements (NEs) to calculate the UE location. If the NE is
a UE, 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 satellite 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




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. Although 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 calcnlates the OTDOA between
the competitor cells and reference cells.

hioded 2

Fig.4. Network architecture for LCS, Principles of OTDOA -based.
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Fig.5. 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 1s a
constant (dl — d0) and from the UE to eNodeB 1 and
eNodeB 2 is 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 dangles of 55 degrees. UEs will find GPS satellites
and measure the extent to calculate the UE position.

3.2 Proposed OSDMA madel

‘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

TﬂEumz
e

scheduling

non-feedback

locatien information

Fig.6. Block diagram of OSDMA (proposed) systems.

6, = tan '("—J (an
N X‘J

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
received signal at user is given by

Y=HWX +n, for u=L.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

_ p-J(Nr-Dkdsin g,
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=Blug;{det{f+N£(WH*[nﬂ)HJN (17
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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,

)
considering a case in 4x4 multiple—m]tennas,d - /rl, 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.

- ey
[— =

1 . osomsnes

[ ——

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
OSDM A(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].
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Fig9. Peformance comparison of SDMA(full) , OSDMA[7] and
OSDMA(proposed) schemes, the space of users = 20,30 and 40 degree,
around BS 180 degrees.
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Fig.10. Peformance comparison of SDMA(full) , OSDMA[7] and
OSDMA(proposed) schemes, the number of users= 16, for case 1.
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Figll. 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.

Crnels dged

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

Fig.13. Peformance comparison of SDMA(full) , OSDMA[7] and
OSDMA(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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