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ABSTRACT

Due to the advancement of mobile wireless networks, various LBS’s (Location Based Service) with the knowledge of mobile station’s
current position are emerging. Providing LBS is very essential feature in Mobile WiMAX networks such as WiBro networks for their
competitiveness. To this end, WiMAX Forum has established recently the network architecture and protocols for providing LBS and they are
included in the Network working group’s release 1.5 documents. Though there have been many research efforts on location determination in
Wibro networks, none of them addresses the location determination mechanism complying to Forum’s recent LBS standards. This paper
proposes an enhanced TDOA-RTD combined location determination mechanism, which complies to the Forum’s LBS architecture.

Y E
Zupd spolila T, AVIRAE R, 93] B, EAANAR, FEAANT

Key word
Mobile WiMAX networks, LBS, location determination, TDOA, RTD

X} 2009. 12. 09
Atetz AR} 2010, 02. 09

0z o2



s FgREA G wEA A1ud A2

I. 4 8

To] oz whike] #A Y& 7]
wto 2 3hE thYe AHlA (LBS: Location Based
Service)7t &3k glri[l]. H2d du| Al d/EH
7, 89 Bl el A AR AF Fol 1 oot
1199 & 17 A& dde] dA) 944 Are
ek g g i 2 ¥ A yolrk
AVE £5 922 & o) F BAY
THs LBS7F 2415 2 Qlth o1& o, St
T HZ =YY ofE ofolE A, WE
WPS 2 BS 47t& A& Agste] A
A& o, ol & A=Y EAS F& AHlx
2 AEstn Y BHYLBS 4 A28 X Y3l
olT}h. WPS (Wifi Positioning System) 59} <] 9}o s}
o] B W A EE 418 o] o] & B I8} Ao
A HlolEj o] £ & A M) YA & FEY Ly F
ol
sto| B g w3} e wuty sfojdlx e 7
Y 71&2 Fuste], oAl 44l o] F T4
Hatz Yo oM 9 FEL ok vy AR,
ofrlol ot Z g7l 5 FlelE FHoZ FAHR O T
22 g3 Urta gk golB g 71es 29T 8
o] gEbelE ool B2 ARRbE 20009 119 FE] A
A H22 AE &4 e ANt 88 gA
o} Ao AA 47 X o] gpo| B R g 75
82 23 gtk FRAME 2010 HEE FJ819 &
A AR 2E A48 T dAoln, G AR E A E
AYE 27 Qe 5 S ENN A3 3 249
SEE-ZEEE-R DGR S
2uld ool wl x gho] Shojo} v Eof, ofo] W 2 Thof
A% LBS AH| 29 AFe % rlee] A48 L Axns)
7} 918 W Fasi ol & Y, ol T2
HTIBS AU A AEFS ARG T L EEES SR
z3} ghink. 2000, £ vEYA A% 2§
release 1.5 &-41o} LBS 7| & 52 ¥ 83l 473t

oH3l ,
a5 FUE FHLE golBE uPoﬂAM 2949
7} TDOA (Time Difference of Arrival) 2l & 4 o2

TP o] Hri4-7]. kAt & S0 FHH 9?"] LE 2

330

kel

=

Ho|LBS EFS nfsto] HFo AT A 2
Ao B3 AT E ¢};<1 sith

B =RoME dolda L 1B XFS 1
, oo B3ahe 1R 27 B4 & Agwh o] %
3, 7]E2 TDOA B2 9] 3¢ A 7l o] Ze]<d
& 8PS A Y 184 ¥ AR HA éﬂ
& < QL= & RTD 7| ¥ke] whalg 233l 7]& TDOA
A& NGt 2780 M e AA A FHE ol
2 o] 1BS T2 % 91X 24 AE Aty B}, 340
Me goldx Y LBS T2E st &
TDOA 2] R.¢h3k §1 2] 274 w2 & A st aL, 4734
A old] tid AlEd el Ao E adith 52 2
23 %2 A5 7| & 8.

£
o2l
o

o m, _1>

> o o o

. 2ol ofo||Ael LBS
X =

2 1& go]da TH IBS AU Y5 ES
3 F#olth3]. LBS Y& % A 7152 LS, LC,
LA,LRo]®h

Ancther ASN

I8 1, BHlel fojsiA giel RS XHE B
HEYA 7=
Fig. 1 Network architecture for LBS in Mobile
WIMAX networks

LS (Location Server)©= 2% 9] % 4-& 112 3ho] Wi
YEYAY & UE Y CSNo| 2F EA4 %t LS
YA AR 23 & wol 91X 24 HAE sk,
Adojzl 9x] ABE Q7% LR (Location Requester) ]| 7]



Ertd spoluf o] §14]

7k Mulz A4 A8 A 2

2

T}, LS+ LC = MS (Mobile Station) &} =&
X 24& 433} LC (Location Controller)&
H gx 24 /A 232 wrel o2 LA A Y
Z LCE ASN GW $ixj&th LA
(Location Agent):' Sofl A5t dua g2t 9
A AR A3 AT SR E FYITL LIRS HX AR
£ 943} 27 Abo| M MS B+ PSAPY 1A gk LR
218 13 BRE 2780
AA AR A= dL NG EYA 7|ute R A
A FEArch

i S ol
H o

b
e

t)
-ﬂmﬂ s

A
. o

4 4%

F

V_Or

=9 2%& ¥A "i’%‘-‘jr &, 1% 19 =z 7=
EANE AR AF 71EY E5S 2R GETh B2l
VIES =k FR3HA 7\}"‘«] AANE 2R A Al

2 AT S 02 2 privacy TAIVF A7IA e
"4’. o] WAL Aeiatetolm, AAg 24 W& F A
AR YA FTEgHY Ho2 7| EH dA gk o
& Fo A AgE Halo] g o 2 AMEE 5 UTh

22U EHZ 7 A2 24 43}

HEY 2 $22 e 91X Aol APt &
2 T2 YA AT V58] 45 FHE Lsvt &
2 X iASP (Internet Application Service Provider)/
PSAP (Public Safety Answering Point)$] LREX-E] ¢
AL FAEH LSE AAA A dd A LRY b8 93
AT HAE 24T AAAZRE U Z 8 Fo)
HHLSE X 23 FAE 7S 93] 249 ’\]
A& 83 L8 <& 7EEh

& B, LS7VLCY B84 - control-plane $
A AA Axok, MS9) B4 1 user-plane 9134 23
2L LCMS9] =88 25 ¥ mixed-plane 93] 2
A AAE FEH

7}, control-plane 93] 274 Az}
LS7FLC 2 1A8 =802 ¢xE 4 éﬁ&u} Ls=
LCAA X F R ZA & 93t} o] |, R3 ¢1E] 9]

2 239 A IETF$] RADIUS & Diameter TEE Z 9]
Abgo] AETh BS-ID 716t 91X 24 & 9 2%
7%, LSE ASNOZHE] S BS ARS SRdET
Z o 44T A Bt 275 BF, LCE serving
BS 9} reference BSE A&l dto] 2} BSol| 9] X3 LAY 9
A NE EAE AN LAE 9B gFohe A%
274G )Xt ool e FAA WAL EE S H S
srolw] 7] &5 o) 1A vt B =82 thE FolA o7
ol AF&E 4 ol W& Aeret

L}, user-plane ¥ x| 274 42}

LSS MS7H §Estel 32 HRE T e, AT
SR A2 LS EE MSAlA s E o Lse MSE R2
EH o]~ A4 IETF HELD 7]¥t Z2EZQ
WLP(Witeless Location Proocol) 2+ OMA EF ZRE
9] SUPL(Secure User Plane Location) 2.08 ]88
& AFA A o] A= FE Assited-GPS ¥
A 9] T o] o] &-HT},

t}. mixed-plane 9 X] 24 @3}

conirol-plane 2 7 user-plane W& AE3t 9
a2l AR ME2a FFE Fo|7] 93 AHEE T LSE
MS $1&] AA 7% & H Est A A g control-plane
H}2] 3} user-plane #H4]-& A et 314 02 F 43}
I, ¢HE 2478 g8t F ol ES AR ARE
Atgke

of FolME ¢ FelA 1€ 2t ol 7
LBS A9 72 & A4T F & 94X 24 ¥4
718k 2 Y E9 A 7]

Alorsie}, o Ao A A E v v uk g
A A7 Ao A BF AM-E 5 ol W ol

3.1RD A

TDOAE Yo T35 o2 BSY 7| A5 E
9] 4] X S(RD: Relative Delay) 2t-& o] &3tk 2
BSE GPSE A|Zto] 57]3} o] 22 A zhof 7 %AL
£ #53ch BSS wdo] HojRl Aele) wt An
ZE4 & Azt o] 23"t RDE F A9

£ Fif o Tt

B

331



I3 FHARFANGH =E 2] 148 A2E

EBSYUIEANE E 4 Az} zpo] gt Ttk

BSE YA 3 A7+ Ao} (TDD 4 9 Sol B8 395
ms)e] Taldg 7 2%’ o2 gFer) gL g
OFDM A E2 FA =, A A 8L E8 459 =2
B AFH.BS 7S A Y B T &2
S U)EoR gt ZE|d B 2Ag dolyr] Y18 =
fUEY 4L dity oz AMgEE o dag
(correlation) A2+ B2 [8]& & T

FAANE r& AR BSY 1F 2 PE A

O 43} gol FdAt

i_,

fotr

S

T

N1

Py(n) = Y r(n+k)z; (k)

k=0

A A e HYR e nd FHLEN A BS
ZEPE 2 XIANE T F vk dE B 4
AZroli(=12,3) A BSE Feo Zej B & £
‘f?}\:}‘?*; s ﬂal%‘iv‘é—% ZlEo 2 v F o ZedE
& 7 E 5 glom, o2 RH F /]S RD
a T )J\D}'
T ZEHES A Ede B 79 BS tE 4
T3 AE Tt ok Sk £ = A o] At}
= £0)7] Y3 A9 o]% BSS AHE AL§3T). ¢
AR 719 9] 24 EAbe] -9 serving BSO| A
445 LBS-ADV WiAl%] ¢tol, M E9= 79 ¢4
27 AR} 7%= SCN-RSP | 4] A] ¢hof] ©]-2-BSS A
B 28y

o

o,
nz Po

=3

32RTD =3

ooy s $E A4 A9 (RTD: Round Trip
Delay)$ ¢ W Qo245 dol A&
o B =RdAE o8 g8 dui syt #4914
(ranging) 71’5 ¢ 45 I
& B3 BsTe) B4 9
9 715 S AT B R E,

Aech 922 BSZ RNGREQE $41¢ ¥, BSE

B RNG-RSP $5+& 413} RTDE A4H3ht.

31393 24 g8 E
ek o] RD = RTDE S I 9L o8 o] &

332

3 @ 7IN fX AR A ASw, 222 A7) Y
A g Atk YEYZR 7N 93] 244 Ay 44,
B2 o] HE-S CSN2 LSE Agated LS7 9 A Al
§ 3l E 3}, o] 2 98] SCN-REP H| AR & ] &5t
FA LAY Bigt) o] Zoj & gJojula ¥YH FFES
oWt LCE A A,

3t 25 LS SARE %
A AlkehE, ©Ee) 9] 24 ¢
S A AR8-H .

gFolth o ¢nYFL L £E

7k Zelgee] 37 o]l HEE A

27H o] 49 RD ol A33 °§/‘5‘%—‘]23—1%—R§ A
e A¢2H, B44 TDOAE 3 88t &, 9o
AA (m,y) g Ao dg 2 g 4l
C+ RD,,

= (@—2,)* +(y~p)*— (@—2,)* + (y~,)°
C+ RD,,

= (@—2,)" +(y—9)* = (z—2,)* + (y~y,)°

= A BSS 914, RD,& i, jA
= 3E& g nigid. 7—}*‘ e g4
A9 mye] gk

0:17] A:t:« (wé’y,j
BS 7+ RDE,
Agete, A 5 4

vz gEol o WEH B F
AEd ol ZEJEERH Y RD TS A& A

Solth U] Au e T2 PE-S £ BS F shitol
thstd RTD £4& ¥ <vrh &, RNG-REQ%}
RNG-RSP " A]#] & &-& F3) RIDE A4rdi. o] 3
T, 22 9A (zy) EHE A AH A2 AL 5 3
.
C « RD,,

= le—2)?+(y—9)*— /(z~2,) +(y~p,)°
C+ RTD/2

= \/(x_%)z'*'(y—?h)?

A71N, RTDE @2# 94 (z,,y,) o = BS7HY
A5 8 A Aotk 8l st AT M Yo w
Hol gk 779 wH o] dojx= A4, o] TBSY A



2k shols s wo] 91K /)% HHl2 A 9e AR AR 2

ol

34

B9} A X3t w0l gut2 F7t gk AE 7kx] 5 E 1. AlAE majog
S ALE T HHY AL G 7 ZAA 7. Table 1. System Parameters
SR Eh, o] 8§k B %= & oA =T Jaz : YA
p EXp 23GHz
o 2egEel 1 43 44 b v
o] A% ZgdEo] #EEBSS UUAA AAAE —~ 5 :
4 g o]o al, 3
T315ho] RIDE A AT o] = Bito] BSE 2408 mﬂ H]m} = ng:;go msecm
= w0
st 45 Aol AT o ulolth o] 7]dl thA] A Bs el A ey
AHEE | EH 1 YA BHE B3 YIR 2T S BS Tx Power 26 dBm
‘il‘:}._%“a‘f’% AAE o] 13 459 7t e Ao F o Tx Power p—
=AHE 2% Noise Figure 7dB
Thermal Noise Density -174 dBm/Hz
Scenario LOS
Iv. Bo|als Anf
2R sl Yo Los BAE gy TE2ENEEe s uL R T ABHAA
5—.]?-)_]_0:] H]E‘E‘}-?ﬁl’i} @ o ,ga_g_ _?%5- }\]/\E—ﬂ y—_}_}—_ﬂrula 0'];8 ‘?"j]“\:__.‘ 7]%TDOA Ho]-/}_}jl} X‘ﬁ?_% %&12}:0“ Tor/‘l'
=3 . e =2 = h5S —_— - —
= %19 20 FAHEZE Al 2 A A ol de ZejdE g
- - Zo) Anjats Aol AE AohE B who] 93 27

1500 T T T T T
. 88 +
real position g
TDOA ®
1000 1 = = Proposed & ]
500 1
% 5
©
fid
H 0 + ]
=
* e
500
;\')E‘J -
1000 T ) R
-1500
-1500 -1000 500 g 500 1600 1500
Msters

a2 2 7|Z2] TDOA wa{n} uin st M otEl 2x| ZHE dalo] AlZeo|lM HB
Fig. 2 Simulation results comparing proposed mechanism with conventional TDOA

333



FEAFH BN =EX A 147 A28

o AFsAth 4% 298 2t B o, 2F45%
23l HX A F A olete T FEANZHERE
g 9loith o1 3 YA A& 71E TDOA H4l 9
A 94X AR Ashs b, Aokd By o] A
o, RIDE A3 93] 2AHL Bedste] 459
AN HE g F Yok AZ, FF (190075008 FZ 35
H, T dEo] £ ¢ AEHE YAIME At
B e 93 QR uk BALE 24 X E AT
o 5= 9t

2 eEe mehd shol s gol o] 47 24 34
SEEEE EEREESTER

FE3E LBS A g &0l e, ol vk ol
gulEda e AX 2A AR ELE 5 gk
w3 AEE Za g FU3 M HA G 4 45%
o £ YA RTD ¥4 & B35t S04

ol AEFo N 18R £ 71E9 TDOA ¥4 S 7l

£ egolq Aokd 914 24 94 L ol F3
= GPSS AF3 o he FAY AR AR AU 2

AEE S & Aolrh oo 3 A2 NLOS Ad &
7o} & g A7FAA7L 3F A 2 dop o

S22

i)
T

i)

==
nEd

[1] “53: LBS-$ X794 8] 2", Telecommunications
Review, 183,22, 2008.4

[2] www.wimaxforum.org

[3] WIMAX Forum, “WiMAX Forum Network
Architecture: Protocols and Procedures for Location
Based Services”, draft-T33-110-R015v01-B, May.
2009.

(4] FroT 9, “sfolBR 7wt BAH &9 7heA 24,
Telecommunications Review, 183 23, pp. 224-238,
2008 4.

334

[51 S.H.Yoo et. al,, “A novel scheme for positioning error
mitigation schem in OFDM-based on wireless location
systems,” Proc. IEEE ICACT, Pyeongchang, Korea,
Jan. 2007.

[6] 284 9, “spolEz gy] X HEL AT
LMU 4 A,” JCCI 2009.

[71 $58 9], “shol B2 g o] &8 F 9] A 27 9]
& B4 hitp://fiviab.couw.ac k.

(8] A4kl &, “WiBro A4 71¥ke] TDOA F4159]
%% % 3187, ICCI12009. 2009.8.

oX

R |

o|H & (Kye Sang Lee)

1981 A& ol 8k A A& 8w} M A}

1997 KAIST A 7} A A& 8} WhA}

1982 ~ 1997 ETRI A A 74

1997 ~ QA T st R FA
st A3




