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A Study on relative distance estimation for asynchronous FDD using Two-way ToA
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ABSTRACT

The relative distance estimation technique is important to Location-Based Service(: LBS) in a wireless communication environment. In this paper, we
propose a scheme for measuring the relative distance by utilizing a frame structure of a physical layer in asynchronous Frequency Division Duplexing(:
FDD) when the Internal and external infrastructure for position measurement cannot be used. The proposed method is suitable for continuous distance
measurement. The test results showed that the proposed method has the accuracy of less than 10 meters on average.

7|19 =
Relative Distance Estimation, Time of Arrival, Asychronous FDD
2l 718 574, ToA, Hl&714 FDD

.M 2 A oA gtEA] Q3 V5o Aol 2
AX7E AL Aul 2, dEERINE, JE AN T
A 7]8F 8] A(LBS, Location Based Service)& €] Au]2o] A&t}
AT EE B4 A 5 olgaied Ao} AR AuAY 4L QA NS A AN %
o A% okala, olF BESE $EAAY L A = BE AxeE Baw ar F9704e AL 42
H 25 B3 o]yt 94| 7|8k AHae 74 & 7] HjEo® =2 HYLE 1T § 3e GPS W
o SESFA|AE + Received : Oct. 17, 2016, Revised : Dec. 13, 2016, Accepted : Dec. 24, 2016
(52007 park@hanwha.com, changbae.yoon@hanwha.com) - Corresponding Author : Young-Hwan Song
oo = EIESHI T A2 (yjoon88@add.re.kr) Hanwha Thales Co., Ltd.
* WA K} SHepA| AR Email : yh81.song@hanwha.com
<™ = 2016 10, 17
FYA=Z 2016, 12. 13
AMEEY 2016, 12. 24

1175



JKIECS, vol. 11, no. 12, 1175-1186, 2016

215 Abgsta 9o Non GPS el M e =9]7]
| &85 olx girh
thek GPS 9 Non GPS W29 £97]%2 -9
5 Azt el WA e ko] At
H]57]4  FDD(:  Frequency
Division Duplexing) W2loll A Z# ) +z25 &-83t
Two-way ToA AgZ74 W& Altgch &5
xHog Q3 o d=ZgE AEE i, W
=5

Axebrt weiEA g AW

iy J
22
>,
N

[STAS
o

WHAo] AF2 AU == 3 Two- way ToA %
AT SALEE Aolg

B =T Oy 2ol FAHTh olojXE olA
= AASA V1] WA dis 71sgt 3FedAE
ToAd tla] 7)€t} 4o s B =T A<t
sk ARSAY BAE 7Esta, 53 E S9AE
3 A aEid, 63 E AgE S HE5d
ol gl A= Aok o] ow]El= wlel] digk &
okl e} AR disl 7]&g)

I, HHZEX[A]

A BANEANA =2 Alole] Al ARE
SA%E 715 AAAAE e 3 S8 F
[ITHI-3L AW oR, 7 7 E= L o] kE
= AuAE SAE Y8 74 Ase] B4 9 S
Al 2ze A FAE o] gdth oE B0, AR
Zo O3] FalslE mEoAE FAE AVE
SAFOZH, T N wEE Alo]9 MYE I& &
ATH4] = o2 oz AZEAE di F ==
b A AFAIREE o] &she o] AME-HT o]
28 WS Time of Arrival: ToA) =+ Time of
Flight(: ToF)

AR E S S olth olgd Ve 289 A
ol ARHE7Io 71Nk v]EoltEl 2 V]Eo]
FASANRAG AN FhiAY F4 FE=TE A7)
M|z Abgo] THed FEel B o] F 9AF
9 712 Y, GPS 5 o# AA7|NA 2E= A

gt webd 2o
ALe}E ARgR

BRI EAE
A g 7t g she A
A9l AAAA F71E SRk GPsel 714
wEAE AAAA
P odzes

RCECEE

T rir
@,
rlo
2

>
oo
of
ol
rlr
ol

o ¥ K

lo |o
f o
rir
Z.
o
5
Q
w
riot
oM,
©

5!

=]

£3 A9 =o AR Fudt
Al
1 tH11-15].
#%7)4 FDD %41
wo-way ToA 7

o s o <l

30
g
3o
~ o |H
o ok

I b
ol
ol
i)
2

_|_
oo
fa)

= Ry ool

)

i
M
2
>
fr
o

2NN O [ R (.2

=2
R

4 e
BN
il
et
Of
o %
,%
)
w B ol
il oz
22> o (K

2

roh
zo I

o
r

o ot 2 O
M
T - o

I g0

b
it

o N O oo Mo

o
2

gl St o] Fdte AlTHE AT £EE 0|83
y ToA 542 319 &
5ol AR ToAe A=
A Elold #e B Xtk Az FEE 1
% = 7%, RSSI ¢ ToAE A
of 83 Z971&0] 2= ol3ltH16-18].
wIkel Aupatele] &£k Zpol7h itk o] & o] &g
AAAZE AelE S A AE3 TDoA 4%
Hol &uA AtH19-21]. o] WL S AHS] 10cm
olgte] Aget F97}t JbssAR Sk WY A
o] AGow Qe AT Aol FAgEH, SAA]
Zrol AojA ATt &gl o7t

=

o



H]%57]24] FDDoIA Two-way ToAZ £33+ AthAz Ao #st A

ToA =
= kel FAMEAS E3 ASAHLS RTTC
Round-Trip Time)& Z43te] o|& A= #4lks
o} 7] AxE EE},] Tgs s F e Axd

TBA

a2l 1. One-way ToA
Fig. 1 One-way ToA

ToA = Ty, & oW, T, AXtst7] siA =

Z2AAAY] AZFSE A =27 HFEA] Yofok BhH] F
LE F AE7E 7o w 3t} webd RTTVH
obd witek 7|FEo® AgitEoe] 7sskA T, GPSSH
2o A olzghZ Abgo] st}
% 2% Two-way ToA ¢ AZAE IAHS
[Sani=
A .I.EI
The |
To Tee

a2l 2. Two-way ToA
Fig. 2 Two-way ToA

Slo] A ==
o] 7b
sith, & 4/td A 7 vlE7]4 FDD WAle ARS

19 Aol
d esls /g
1T}, e

7wl Hid 2YErlE frAsoF s, ol

AFC(: Auto Frequency Contro)$} #2& == 7+ &
71 Az="o] HQshH o]E g Alx" Qlag)

7} ykejsiofo} i(22-23],
29 38 Tpprh ARZAG WAL 9% uo

a3 3. =E7H H|S7|ol 2t 23 At
Fig. 3 Efficiency of clock deference by asychronous

295718 wAdA 22 3%, x5 4 29 4
gro] me 27t ARl AYSY B ol
%ol itk

N& S0k swl], elacel B84 B82S 99 0
4, u57] :
A gkl A
bse el

2Rt 299 off 4

X
o
=2
o
3

& Tpp® QA SA3] e, Zed velz
WY AEE Gl Agshe WEe Age

a9 4 ZAQ Pxel Y JEe GPst W
Hel i@ ol E melze

uU-Juudu-Jurirduiyuuyy

LPreamb\e

[0 [ [ [ [ e |

LTrafﬂc

LPadd\ng

I-Total

a8 4 = =
Fig. 4 Frame structure

1177



JKIECS, vol. 11, no. 12, 1175-1186, 2016

w

AIZHUL ToF)el i

o]
y=!
o

=

B

=]

)

ol
10®
Bo

ok T

b ok Y el =7 0
o}

°ojth.

oH
=
B
~

o
o

o
oy

)

ToH

B

eli

<n

T
w

)

e

A8 oF

o
i

A=

ﬂo

H

Algro] 19 59 oo} 2o

to] =

woll Tppe tHe@a A ARE )3

171 o

9

| 1.0 msec

UL

DL

| 0.5 msec
| 0.25 msec
| 0.2 msec

DL

DL

DL DL
I

DL

DL
DL

[ oL

DL

DL | DL

o
Z

e

I

w

£
e
o4
b
(=]
—
[a]
—
[a]
—
(]
—
[a)
—
[a)
—
[a)
—
[a]
—
(]

S
@
w»
£
—
o
]
]
|
]
|
[m]
|
O
—
O
—
]
—
]
|
]
|
[a]
—
(]

Uplink Alive

3
o0 o
ol s
~ L
<G
ol 2
o=
H
()
M=
w0 O
0H @
- Q
CR=
m
mo W
i)
=)
L

=

ABS(Timing

Difference) =
1symbol

GPS 1 2% A

9%

AR A7)

[e)
Eis

9§78

=2
]

X 5
223
TES
3F £
0§
oW
Ne) ﬂm_l
-
RS
o K
To o]
oy B’
o o
X
oy
do ®F
& Re
A
N B
%
3 o
~ogr
il
Jo
o
NS
TN

Tm

Fig. 7 Flow Diagram of the clock cumulative error

ABS(Timing

Difference)
< lsymbg

UL

JUUUUuuiUyriuuuuu
0L

w

Yes

Uy

RN
DL

Uy
DL

3

correction for relative distance measurement

EZFH|ST|of o8t 2
Fig. 6 Efficiency of clock deference by asychronous

ERCES

i

ol

o
h
‘mmo
o
|
o

TR

Aol7t wag W sy

Ao

7} 1msec ©]

2t

o 9
A= 300km ©]

=
=

=
=

o}, ojebA

]

Jo

<0

of

3

A8} 2f

2 =
=

et el

74

=
-

S

Alrksi,

=
=

= RTT

% Az

I

o

g

K

5

™
H

1178



H]%5714] FDDolA Two-way ToAZ £3F A7y 2

B¢
o
=
=
o
re
-1

UUyyiuviyyyuvyyyuiuyL
| [ U |

UL L

Tq
Uy yuryryiuyue
|IIIDIL|IPaé
I - ilsymbol -

t

a7 8 2 £ 2kt 23 Eo|d ctolofa#( 1)
Fig. 8 Timing Diagram of cumulatve clock error
correction (1)

uuyyirvryiyuuyyuuuyt
[ |

UL UL

s

Ty

uuyriuiryyiyiiririute

[ DL

[T T T T T T T Padod

P

s

1symbol
| DL | DL |

t

a7 9 2 £ 22Xt 23 Eto|d ctolof 2 (1)
Fig. 9 Timing Diagram of cumulatve clock error
correction (I1)

V. &27E| 2A

>
=
=,
bt
il
ich
N
ol

oM FAl Aol g A
/A ko] B AE A A
17

r o2 fﬂ
=
o
i,
N
=
o,
N
=)
=
f
o2

o
tlo
2
o
]
oy
3o
o

o, ™Y
o> iy
T 1%

lo
>~
==
oo
ol
o
2
f
2 g
ofr
Qo
o

ox Mu
£
iy
JE o
1o
o
>, ok
nE H
Hy Lo
=
=
o,

—

Flo{é

5 x W

S
_11'—|—‘

%oﬁi

& to

)

i

EU

18

il

E 1 AY A A2 SHRR
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