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Design of Uplink Initial Ranging Algorithm for
Large-Cell Coverage Fixed Wireless Communication System
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ABSTRACT

In this paper, an enhanced initial ranging algorithm for large-cell coverage fixed wireless communication
system is proposed. In typical wireless communication system such as WiBro, because a round-trip delay
between a transmitter and a receiver is within one OFDM (Orthogonal Frequency Division Multiplexing) symbol
duration, a frequency-domain differential correlation method is generally used. However, the conventional method
cannot be applied due to an increase of a maximum time delay in large-cell system. In case of an accumulative
differential method, estimation errors can occur because of frequent sign transitions. In this paper, therefore, we
propose an algorithm which can estimate a total timing offset in a ranging channel structure for 15 km cell. The
proposed method can improve performance by sign comparison based sign error correction rule between the
estimated values and using a weighting scheme based on channel correlation, the number of accumulations, and
the noise reduction effect in normalization process. Also, it can estimate the integer timing offset of symbol

duration by comparing peak-powers after compensating for the fractional timing offset of symbol duration.

¥ Qe AR 2 RIS, tiEt IT A7AlE S99 Alsde] A EdE Sr3lEols (NIPA-2012-(HO301-12-1005))
o FAAL AEREa A BB BAA A" A7 1yky77 @ece.skku.ac kr, $433]%)
* Ay AREANE BAA 28 74 hms4253 @ece.skku.ac.kr, 534, hjchoi @ece.skku.ac.kr, £413]<]

=S KICS2012-04-168, -zl 1 20129 49 49, FHE=wd<edal 120129 649 259

569

www.dbpia.co.kr



BI85 =4] *12-07 Vol.37A No.07

I.M E

OFDM (Orthogonal Frequency Division Multi-
plexing) 74k Al o] B4l AlxHlolA= A W
o EAfshs TEEe] kgt AAE <lE 7 o
B0 AF = 4 AlZel| AR o E A7 o=
Alo] WbAsl 4= glc}. AFeF |3 Als 7he] A
A 2 7 wRAE Sl AR el B
o] PpH o FE|ofof 3fn, o] Z7] |
Aozt Bele AEH=a w7l IEe F3 o olF
ol 4 glck Al2EE o]’ 27 R’ IS
o AE ke ARE A 2 A AHoR Qs
HEAEH= near/far Aol gk BAJo] 7|z,

342l OFDM 7|4k A8 A o]F §4l
2~®#l9l WiBro (Wireless Broadband) A]Z~8l-2-
kmel A WIS melstl, 4% 93 518 ¢
2771 OFDM Al & 27] dQd Apd=
Fepsha glek o] 4%, WA AR o Alode]
17} OFDM A4 F71% 234 edo} €14 A
Q el Ha g 19 el Aask $49
ok ol2dt 24 slellA A We] SEES A
A F7tell Z7] v} PN (Pseudo Noise) Al
2 AR A AlsE AFsh, 7= 4l
5l 7} whe] #HelA ASE PN A~ AaA
5 o] 83 A S I FRAoR FEske
gt

L)
1
flo

>
(o3
oy
Lo

o)
2
o
8
o
X
)
Lo
e
n
N
o

i
tilo
o

ez A3t w= g, A AR AE ]l
A Aze] Aoy} Fhe] 2 Af T AE A
& WolARE, Hv Al AREA] BE A &
o Wal Al Alset 3z As 2 AR dike
Baof stz Alxglo] wEshs HANETL v
Achs EAEe] giefl ool we}, WiBroE BIE
g dnbHel A8 A BAl AlzRle] Hleld I
dMe Fak 4y 7k Abs AE whAe] Rt
Aoz AEP. g FE WA ARt 99 A
T AR A ] AR A AgEe dx
o), Ao Batwrh grom Abg At 3b
As sl AiEA o 4R S TAdeR
2 AE e el 7hssitks S 7RRIek
o} o], WiBro Al~glE HIEF FA4<l

s

510

OFDM 7|9} 248 A 54l A 2Hlella= 4l
7 A= A= dgk Ho 5 A (round-trip
delay) ©] 17l OFDM Al F7]& Z33sH#] o}
WA A A el @ Aol -
AE= A Az FAlEY, o]F 7Hdste]
A A E dar]Fe] AAE] Sich 2L
W A WeE aEske Alawle] A 8 s
g H A7E #]ede] 17] OFDM A 715 &3
& 4 glem, ofd wel 7|Ee] HdA AHd =
& A s A Alsr) 7A=e] 27] H]l

. u}

N

[}

KR o

7] e FFT <4t Z3E nleto s sig
71 WellMe] A7t eZAS FAE Fxo|BE,
A 7)o A wllef] sldshe A LEZAls 5
A Fsks Aol ok ol weh 1) A
F7] o] AZE Ade] whHAEl= 3
£ AE A 7S Sl AR AR RS
FAEA| Fgirk o]& JNAdE] Sl AR 4 A
3 uprle] A8 7lgsiA|RE, SbA] 15t wle} 7o)
4 e 2 il BAxe] EAE s A8o]
oS T o AF A A4 7
WA wkete] @Itk

webA], B oA 15 kme] A WHeES v
sled AAE A Ad T2 slellA, A dFE

s AE 7 SAE K] S1d Ak

g v ula Qbe B9 V5 AEe Fues

www.dbpia.co.kr



B

7] #H1A 71 AA

Qg Ao Ao Qlak A% odshkE A b
Salek abd, ARk JPge T 4] s 7

FAe] A AR, A 85 0 S Qi)
FAo| W A 2k ENE el A1EA Ae
Weke B 34 A%ES B BATIE, A

CIES A IR

=
BARE o)F A HEA A ulaE B A
F719) A w) A7 SEAE FAdem 24

ozH RA A LEA

W R PR thest Ark gAAE G
Hog AMEE= WiBro Al4gle] Z7] #9lA A
9 T W Bt Aol dhele] At el
A e A A Ase] 2] A4 A
sefsloh she Az T 9 EAPE] Ha

Agkc} IVAAE mgels]  #48

o Mo

Ael] Sl Aze 27 H94 duelEe A
A, Vel medy Ash #4e Ea A
./r\.

2 2] el daelsel o' e ke
g3lct v VIRex] AR

II. WiBro AJAEIO =x7| g|oIA

2.1. WiBro9| =zQl & =7| 2lold aHd #=

77 1S WiBro A|2Ee] ZH|9] 722 vehd
tf. A = FlE SEE Al Ade 30
OFDM AlH 7ko = Ao] =w o] ZF 27§¢] Al
W e ARF "3 s7I7F A FREA] o
Aol AlmEle Z27]) @dAe fl8 Aok
a8 2. FI 99 2] A Ad R
A F e7le] FAlde] EAEhH, 144709 Fatka)
7} shte] HaAdS AR, wal 7 Rakgs)
PN 4|2~ BPSK (Binary Phase Shift Keying)
wry P 2=l gl a8 2.(b)et 7o)
AZE 4 Z7] HA Alse slake] Bl
EAEHA] =S 2709 9145 OFDM AH=E A%
gl 1 kme] A WPIS w#sH= WiBro A2l
ol #AY 7ssE A7 #1912 3k OFDM Al
T7IE 2 @om, 7IA= Ak Aol
A== 2wA A ks Bl el == A
s S b=l

= A= =4

Q3L
v T o,

2xA AE S

5ms |
Downlink Uplink
Bin TTq Tile Bin\ TG
Band 0 i;.;;"" .
Band1 ] T
Band2 [ —t—| |
Band 3 [ [
Band B-2 E [
Band B-1 [—]| Ll
| I
PUSC subchannel AMC subchannel Uplink control channel AMC subchannel
Diversity subchannel Diversity subchannel
. - [10]
2 1. WiBro Al2®le] Z#H|] 72 w0
ig. 1. A frame structure of WiBro system
Sub- Sub- Sub- Sub - Sub- Sub-
channel || channel || channel || channel || channel || channel
#0 #1 #2 #3 #4 #5
»/
TTTT LA TTPN sequence (BPSK modulation)
144 sub-carriers
Zylls odod
@ T 99 Ad 7=
Copy Copy
+ Pt v
‘cp‘ ‘cp‘cs‘ ‘cs‘
| FFT SIZE N FFT SIZE N

1¥ ranging symbol 2" ranging symbol

(b) A7 4 A 7=
33 2. WiBro Al2=Hle] 27| 1A Ad 73
Fig. 2. An initial ranging channel structure of WiBro
system

Ao s}l FFT ke Saldt ¥, T4

T
3o} ape] Al B AlE YR 9ol9] e
some el oleldt BB thest o]

xd 73l

7j2/mk
Nepr

Nepp-1

Y(k)= Z y[n]e

n=0 (1)

2tk

R,(k):Lk):H(k)e  Nerr
X, (k) (2)
A71M ne AZE 4o AE s ke T o
of FakET} QlElaE vebdiv, = gdele] #HA
FE qlElag vepich w1, re 4l Al
A AZF A Neger= FFT 7], Xih= A%
H HdA Z=, Ho= Ad 795 ¢ (CFR:

Channel Frequency Response) = 2|"|s}hH, y[n]
511

www.dbpia.co.kr



R'(k)-R(k+1)= |H(k)| = 3)

71 ()& FH Bk F dake vtk A
@)ellde A ukest 2k Fs
cha 7Pl A 33 e AR ke wE 9
AA Fee] st FAT F, 2w AF Al
g Ak y 2 27 was F9 Hdd =

y 7t
E—% A& fs}v% o] W AZ%E I AT pE=

a 1 Faer? *
P=—-—— R (k)-R(k+1), i=0,---,N_, -1
(Lcodc _1) ; ( ) ( ) ’ (4)
" P > 7, ith code detection and P = P
i
P <y, no detection %)

0217]/q Lcodet EﬂO]Z] :T_,—E-'/] 710] ]/]'E}'LHD:] Neode
£ Aol mee) S ek

23. ARZb 2TA &3

A @ el AE ke ST Aol
arc-tan AARS Agdto g A7k o4 £ o] 7]
o] 7Vt

|: Li2
Fo | BT - [ R’ k+1)ﬂ
(©6)

Arc-tan 4k B o2 9ldle] A A7t o=
A 7ol B3 7o =7]9} FFT =7]|¢] Aukal
Nepr/2 7Y W2 ZAlol vle} A"} 28 4= 7
el =6l Slal AQEE o) ¥5E Uehich
7 7} Npprf2 ¥} 2he 735 72 i
WH, Neer/2 2ok 2 Z-$oll=

=, 20 AE A4 W N2 AE AL
$35 Aolrh MAskE AA A dwa,

g, 27] WA Sele) A7 e A%
512

Nrpr = 1024

(-) sign part of symbol (+) sign part of symbol

0 “Nyer / 24Ny /2 +0

03 3. 4 A oAl 7 o] Aol mE 7 9] 1R
Fig. 3. DA sign of 7 according to the size of the
estimated timing offset 7

Time domain ‘ ‘ ‘

Y R —
‘ ‘ ‘ ‘ - ‘ ‘ ‘ ‘ ‘ o ‘

:,_EI 4. _,_7@ x}i 74z H]—/ﬂ
Fig. 4. An accumulative dlfferential detection method

Frequency domain

2 nrd

R'(k)-R(k+d)= \H(k)| Mot (7

N, Lygge—(d+1)
fd — | Z1FFT tan ( R*(k)R(k+d)] P} lsdS]vmnge

k=0

T, %= arc-tan 91AF EXd] 93le] Hor} Astw| =
2, kgl 7kE deb FE Aol A w3t
ofhe} 7k AT} 2ol R7EITE

www.dbpia.co.kr



ol
Al
B

7] #H1A 71 AA

A7y PO FER HolH J5E vet
w, ols FE AR 224 g g
FEolA] o] REE wsEE 35E vl
o|% t}eT} zro| A F3lEl A7k =

A FA AgeE /JAg)

A A= 7&%)

Saldh &, whelA olejEe st
Aol Ads T3l =
A7 24 H AY Ao s e AL A AR,

7|#o| 2% 1I§. ._—1

% Xol—o]]/q‘— Lg [e] xﬂ H-LA_E__ :]7_81;5]..4 /H EA]
AlEle sl A Ad U 7] H9l
A dwE|Ee] FARS 24} B =l o
25z A|2®l> WiBro A|2®l# 712431 A|2H]
T27) Sdsl=, 28 MHzo| HHF 2 o A 1k
74 15 kmE =3l ul2l WiBro A2~ tiv] &
A7k Alede] whAY ot wEbA, 178 “ﬂé 771
yel Azt AdE aEe] HdA Ad FEE T
g dgr) Qlch ol B =Folxe 71%— ﬂlvcl
A 2ol Null 77HE ARIRE ejo] zhadst &)
A A F2E mHEd, ad 72 A4S 5l
A o-s] MAEA] o ddA LduElE Ak
FAES A3

(o]
—

O

3.1. Hlo|e ¢k 7Y EHME 12fst =7 el
A 7=

7]129] WiBro A|~Ee o 1 kme] £ A
= w#Jsbe, 8.75 MHze H9ZL 7|Fo g 3
o) 2o 1 kme) Az 2= Q&) wAsks 7] ¥
A Alse] A7k Ade oF 67 Aol sach
o]= OFDM A9 B3F 77} oy $AlEE= A
7F Aoz, e Ad Frlel] Fd S FA] ed=rh
;lﬂiﬂr 28 MHz®] todZ 9 o A ul
ZF= P P T BAl A|2~HS 1A S
75‘%, 15 km A2 A= ls)] vls= A7k %
oo oF 3,200 MZo| &3t} o] OFDM Al
F71] 207k H= 2 A]ﬂ Ao @A olelgt =

fus

=
=
L
i

nitial rangi v Periodic ranging
nitial ranging interval (= 2N, ) | interval (=N,

;
Max. delay in Tkm
radius of cell

Data interval

»‘ Initial ranging signal Interference

I Initial ranging signal Max. delay in 15km
" HRED radius of cell

7 6. e A A Alz=Ee] dleld 2t A Al
Fig. 5. A data interval interference problem of large-cell
wireless communication system

Initial ranging interval forl Skm wide-cell system (=5N,,)

9

erjodic ranging
WiBro initial ranging interval (=2¥,.,)| Added null interval (=3N,,,) & Data intgrval

N

| Initial ranging signal

Max. delay in 15km
radius of cell

7 6. 39
T=

Fig. 6. An initial ranging channel structure for large-cell
wireless communication system

A Al AlaEE S1’E 2] A Ad

59 35 n}
4157} dlole]

oA, #dA As % dele] A2

st 278 OFDM A= A= =9l AsE
A%3ks] ol F 370¢] OFDM AW & TR4e 5
& dlole] 77keze] 7S WAE 4= qlck

a7 63 e Hele] dd Ad FE e
Al, 570 FFT 7)ol ohsll 22 A5 AES 53
3 o]%F 7 me Qdlx W FHu HFAE A9
oq 24.9_3]&__ ﬁﬂeﬂi e]]o]zl T 742 ) xe_:lj

d
7IRke s AL ‘—iﬂé + ﬂ‘ﬂ%} A 7&% 2 A

"U)
J‘U)

’ I%(max) >y, ith code detection and
/TN
" | Py <7» 1o detection (11.a)

Nege=1
P

code =0

y =Weight x

(ma) (11.b)

3.2. A= Jgﬂ} oAb M Aol B 22 22X

www.dbpia.co.kr



g 5A18t5]=4] *12-07 Vol.37A No.07

T d1(error) Tazerrory  Tga Ty

e l l <~ [
| T
-0 + Nppr /12 +0

T Taz Taz(error) T d1(error)

— R D

v v ‘
-0 +Nppr 2 +0

a7 7. 4 25 49
Fig. 7. Case of sign error

T}, olw), 23 7o viEhd nje} 2
o] =A% A7} $3=A gk T, 7} 25 Ho| AAQ] +0
AE TS N2 AF ZA AT A A

CFR 54 #}0] oJgko 2 7, of 2437 oA} vieht
tle s 0BT} uhAsl 7o) Abgs] =), o]

7,9 R332 vk 24 (9)
o] Aqts} el x] 2 Aaps} peo le &

4 257 A 5 gl
E3), 2 A7F Aodo] Al wel =A=]9
F5 Aok WWaA LR, #3 efR g 34
SF7F AT ThsAde]l A Eolt)h webA, 2
A7F Aede] HHA sPsal e Al 3ol FA
g A M B3-S A7) SleiAE

=

e AARS
olelgt #5 9 A7} Hk=A] AjalElelo} gt

Ool-m

=T
3.3. Al =7|9] AL vl AlZF 2EAl =X

r-lu

s AR daElEe] A9, Aae] A==
shte] FFT 73 9] A5E olgsl] &S 5
352 OFDM Al F7]9] 44 el sidsh=
A17E LA FAJe] 753k wEhbd, OFDM A
W F719] A ul) o)A AIZE Aade] A s

il

>r1

gk sl T Al AlaFlelE ek ARk 2
ZA FAE Sl A F719] A ol ARE e
AL FA3] $13 Wete] e=ck

Abkgh A ) ARE oAl 4] Wiqko A,
A AAZE 714ke] FFT 7154 AAe] " &+
slek o] 7%, 2§ 83 32o] 5709 FFT kel

B QA ol AR F A A A

< J|EHoe R AR 4= gk

= il BT 0] 2
A%, A 4% 0SB 24

W o vEE RSl HEH AT 22
0] AHF 5 olnk

(Real / Estimated FFT point)

CP|  Symbol #1 Symbol#2  |CP| 0 samples delay

FFTinterval #1 | FFTinterval #2 | FFTinterval #3 FFTintervaHMJ FFTlntervaINSJ

=
[N}

Ideal channe I/28MHz

\ M\ Time delay { 0 p
\ A 74

Peak

[N

o
o

Threshold

o
=
}
|

Correlation Output
o
>

o
N
3

0 255 0 255 0 255 0 255 0 255
Code Index

8] 8. 7|E9] FFT 7|54 AA gk
Fig. 8. The conventional FFT point decision method

(Real FFT point)  (Estimated FFT point)

4—|CI" Symbol #1 ‘ Symbol #2 ‘CP‘ 500 samples delay
FFTinterval #1 | FFTinterval #2 | FFTinterval#3 | FFTinterval#4 | FFT interval #5
Ideal channel / 28MHz

7\ Time delay : 500 |

D~ N

I
[N}

-
A

Peak

o
o

Threshold

o
»

Correlation Output
o
B

o
N

0 255 0 255 0 255 0 255 0 255
Code Index

32! 9. 7]E FFT 7154 AR wieke] EAd
Fig. 9. A problem of the conventional FFT point
decision method

A (M =1)Ng =7, if sgn(7)=-1
o MN .y — 12, else (12)

Y, oleldt A AE 7] FFT 7154
AR HlekE Al Alse] Al7E Akl w}a} AHE
2] Aze] A FaEA W= s 4 LAt

A FPsAe] gick T 95} ge] 4l AlETL
3702] FFT T2kl sAlE= 7%, XA FFT 7|5

B30 AR DAke 254 e} 2
ZE FFT 7|&&o] AA=EH, A (12)9 whiew
L Aakgl AA A7 ez Al _,JJO] 2ol A

*vvjs e ARRS B8 HFA AE e
2= A3 FFT 7154 AAel Fe|7} nhack

V. HM2ksk= =7] gIIE gz

b

www.dbpia.co.kr



ol
Al
B

7] #H1A 71 AA

v ¥ Sign comparison

£, £, By eeeee
L2 20 2R ]
| o] c ‘ BI ‘ cI | o]
0 N8 N8 £ Neer/2 3Nyerl8 N8 40

[ Nerr = 1024 "l
28 10. DI9} CI 4%k 7+ -5 vlw

Fig. 10. A sign comparison between the estimated
values DI and CI

O

Rk}, B el XﬂOPSF Z7] |14 dwElE
2 UJ_X% T o] A 2k A4k 71EEke *I
ZA FA A A= 7H*4—°— 93 75kl 35 n)
71':&94 BE o= A 7S welsln, A s
3l
-

}:J 1-0{1

}

A 3 g =A%) A sl A]e] ukE ARe BA
F3E w23 715 973} (weighted normalization)
= 53l A s AT Wk Aljigi o]
2, FFT 7|5 A& $13] OFDM A¥ F7]9] &
o vl sRshs ARE 2AE A MRk ol F A
A AEE FeEhe AR AR LA 2 Fx
= Aljksick

¢

o

41. Y A7t =AM 25 2F MY M
2 AolM= ML2-NA 248 74 25 o4k

AE 71 A8 Al s o Al R i

MY = ke ]Ali}——,'—ﬂ (DI, Distrust
Interval) o2} Xglt) ojuf DI W& FA=+= A
7F oAl FAHA= 5 Aol AIe] A= At
goog olaf AfHor zke xS nlxz (noise
margin) & 7HA|H, wEbA o]E A= HE &
F7} A sPsAde] =) whd Rs Aol A
I ozl vz R = ke AlEE
(CL, Confidence Interval) o2 Wwspr o]& -
Zhell sigshe A7 oAl A= & A v
o2 Q) Y& o5 WA AFse] ul$ Yk
2], B =ro] Aok 7]H401mt c1 Wz 4=
A7y LA A= Bs o5} otz 71A
she, CI = 4% AZF 224l %9} DI W
2 2% A7 omAl 2AF] 7k e nlme

F3ll DI W= 4% A7F exAle] s of W
A AR5 ik

f ¥ Sign comparison

Z'd f’d T‘/ .....
i 4y
RN c | ol oI o |
O N8 3Nwr/8 £ Ngrl2  +3Nur/8 FNerr/8 0
! Nerr = 1024 |
Sign comparison f R ?
""" T Ta Ty
v
[ b1 | cl \ Bl ‘ c1 [ o |
) Nerr/8 3Nerr/8 £ Net/2  +3Ner/8 +Nerr/8 +0
! Neer = 1024 |
(@) |Td| <Ner1/8
¥ ¥ Sign comparison R .
Ty A Ty Ty
v+ b q
L o] cI ol cl | oI
-‘0 -Nerr/8 -3Neer/8 £ Neer/2 +3Nger/8 +Neer/8 :0
r Nerr = 1024 dl
A N Sign comparison ¥ ¥
Toa Tya 7y 7,
¢ v 4
| o | Cl ‘ Bl ‘ c1 [ o ]
0 Nerr/8 3Nerr/8 £ N2 +3Nerr/8 Ner/8 +0
[« N

Nirr = 1024

) 7] >3Ners8
a8 11, 39 A% ez A6 HE HE oF 4
Fig. 11. A sign error correction according to the
position of the estimated timing offset

N
of

& 3t A e 2 wolxl yulst 7kl

Axke B3 FAE A7F 2324 7, 0] DI W]
7%, Ak 7S s gkl e 2R TRk 918t
o] @l e} 7bA2] A4 w2 k) 2AS
A7) A)ZE L ZA S A7) ol2ld FA
& B3 A5 w2 2El Puken) A6 o5 34
= A7 o =AM 3k 7 HxE Cl WE A==
A7F 2ZA FE 1, 2 AR 5 glek 1, = CI o]
el grelmz, 7,, 9 35 Bl 7,9 HE o
Hhy o2 Tk 7hssich

a8 11 7, 9] §1Ael i T, 9] 5 WA

2 el Zoltk 23 119k %ol T, 7} N8

ur} e 28 AR A% FE SF7 A

A ogke u 7,

Al Rk wb, a8 1L0)el ekl wls} 7o)

7} 3Nprr/8H} 2 Z7)E 7= A, nol 54
Al whate] B9k T,y 7k BAR FEE A,
el pell hale] F ghe ok $EE A H
. oleldt 7,9} 7, 9] HFol 3t FH A 2

slod, vheel 4] (13 B 2L WEah A

T o 3 FAT ¥5E 2

575

www.dbpia.co.kr



07, it |

d

3
>§Nm (13)

g, 7,9 7, 7F A (13)9] 2718 W=k o

S A 7,0 5 oFUF AR R wlsla

N

Feks) 7,0 He s Aslsle] 35 9HE A,

o2 hguv, 7lEA] A iqlel met ookt 71
Eo] Algk=Ele] gk £ w=tellA= A AAelA F
g @] A AR, FAA e A8 T Sl
At Adepell 2@ AME 43} 239 58 Esk= 7t
A AR weke Aokt

of)

w1, 9] AR s gl ZPAes Wojxl - yal

Gt 7re) Foke 3o Apd Ao wleakh

L-1
R d — 2 —j27dr;/Ngpp
(D=2 e (14)

A7 L vhE AR F ot i e A2,
= A AR AZ 23S vJepic)

theeg 7,0 AlFmi FAgk FA 38
(Leoserd) 1l BIEIEICE 374 3157} 571308 Ah50]
sl Gt vepea, g 7, gk Al
4 Slepol] wlEste] Bt =1k, A (93 2
A3 A olA Ahe Fato] 1/d vHE Al =
o, ZbaE= 3RS Bake] 3715 wElsle] 79 715
A& 283kt

AfAow Ad Adtee) 73 Sl At 24
odlxe] Afst s SAlel arElste] okt 2
7VFeAE A4 Best IS FAdeEN AT

oy F4 e A TPsele

rr

rlo

(Lo —d)d* R, ()2

(Lioge —d)d” R, (d) (15)

576

4.3. AlZh @=AMIo| ARH Halkg S8t FFT 71&E
M MY dlot

B Ao A= MM1L3-A AAE 71& 71He] A

A AL 95 A2 FFT 7154 AA weks Algk

g} Aok WpAlS F o 377} i AS= FFT 74

2 o]-g3le] OFDM Al¥ Zole] 44 wl] A|7F &=

J8 FA3L, o] AIZF A Al A%l ds)ed

A 02 WAk ol FFT 71548 A el

& A7 2709 FFT 77ke2 ofgstnz, <A

e AAE A A A 2709 Hd AFAE AT

T 9t 5, A’k 712 MAA FFT
A7 AEE A9, 25l AR 2
ZAHo] BAF o]F MM FFT 77k FHF]e}
M+1¥A] FFT 77k] A5 v gt o2 A5l
A7y 93 Al AL 9% FFT 71538 AA3c)

a9 12.(a)= Hd HFA7F AEE= 3HA FFT
TR 71Fo 7 541 A5} 2R FFT 7kl B}
A FA1E 7dfolm, o] Zd%olli= 2¥A| FFT
F7ke] AAF A Ao Z FFT 7|5Ale] AA4dE e}
sict olefdk AellA & vl AIZE SEANS B
B 7% 2AF o]F Al AlaE 2wiA 4 3uiA
FFT 77keR o] g3lm, 24 FFT 77ke] 73]}
49A] FFT 77| 7] v|aL A] 2914 FFT 7712
A7) Fels] =4 el R FFT 7] 29
A FFT 17e] A12F A4 918 kst 5= 9lo). gk,
28] 12.(b)= EU3HA 3 A FFT 77tellx] o) 3
FA7} AEE = 7R 3] FFT 72k Bob 24
gk A7F e ZAlo] ARk 73924, o] gl kA
2gh oo} ge] 34 FFT 73] ARRH o=
FFT 7|5=de] AAE Far} gk olfdt 22delA
2wl AlZE S ZAS AR 739, oWl 3
A 2 4HF) FFT 72k 2 BAbe =41 A1E7) o] %
ste, 284 FFT 77ke] A-7*¢} 494 FFT 7%F
o] A5 vl A 4HA FFT 77k HF7A7}F gk
5] ZA JehdS E8l HA3 FFT 7153 0] 49A|
FFT 77k A12F A )S =& 4= ok

olglgt IAIE dukstsi, MHA| FFT F-4kelA
o HFA7F AEEE 735 Asks FFT 7153

g o

www.dbpia.co.kr



R A

M

oft

Al AlEE AF AR " 2] QA 7 AA

Symbol #1 Symbol £2 [cp]

!

FFT interval #2

FFT interval #1 FFTinterval #3 | FFTinterval #4 | FFTinterval #5

-
N

-

[
o

1
Ideal channel / 28MHz
Time delay : 1500 sample

Peak

—| comparison

Correlation Output
o o
» o

©)

o
N

o
I

o 255 0 255 0 255 0 255 0 255

Code Index

Compensate

l timing offset

476 samples

(€stimated FFT point)

cp[  symbol #1 symbol#2 [cp|
FFTinterval #1 | FFTinterval #2 | FFTinterval #3 | FFTinterval #a | FFTinterval #5
a2 ideal channél / 28MHz
F— 7 o Y Time delay {1500 sample
5 A Zane——
2 -
308 =
s T Peak
Los R P2
=
o4 .
S \
) \
02 o

o
I

o 255 0 255 0 255 0

Code Index

(a) A FFT AT ‘1>—‘FFPTZ4

18 12. AjksH= FFT 7|54 A4 wikl

Fig. 12. The proposed FFT point decision method
A7 Wil A gol] B A A 2l 23 o
S5} o] vhepd 4 glek

1fP <P

M+l

. {(M ~2)Nyr — 2,
total
else

M -DN,, -1, (16)

A

<

4714 Py &
WA FFT 7-7+2] #1A

N R EEL D

f

SE
F= PFAE ofnlgi)

HXlc HAM

= Py |

4.4. x<||o|- 7||:Ho|

12 7122 74 Abs 71 Aljkeke e 2
F 84 7] rA Abs 71 3] BAkeE AR
ik 2 3 w|a QARE 710 wlagk o)
ok Ak 712 CI el EA8h= Al A7 2

AT =2z

f0 9 F4E 918 37143 AHE ke Sl
S IS A 3 315 N3] 5 5
o Aoz, A e A A7 e
e 18 371420 A% qdate] L%, of

W) A7k eszgle] CI VR S wrhA] b ﬂi
A7k 234 ool we} WAkl 2 F7he olAs
olef. e, €191 o] whA o el o}
o 2} sute] 541 Aol AR OE <a) W b
A LEAe AR ZolEA HEE, 2 AL S
o] Mh b5k B2 94 kel ARk 7HE

A gahs g, Ak glo] e olah fedel

]

_°|L

] O
=

;-1>
N et

o

T

3%

rlr

&

¢

I'l

FIF_
At

2550 255

o
o
/

14
b

"

Correlation Output
(=]

o

Correlation Output
o
o

o
N

o

o

Symbol #1 [ [cr]

]

FFT interval #2

Symbol #2

FFT interval #1 FFTinterval #3 | FFTinterval #4 | FFTinterval #5

)
Ideal channel / 28MHz
Time delay : 1800 sample

3

-

Peak

T

o

"o 255 0 255 0 255 0 255 0 255
Code Index
Compensate
l 248 samples
timing offset
(Estimated FFT point)
cp symbol#1 | symbor#z  |cP|
FFTinterval #1 | FFTinterval #2 | FFTinterval #3 | FFTinterval #4 | FFT interval #5
= Ideal channél / 28MHz
1 delay : 1800 sample
Peak —
8 T
|
.6
|
|
4 T
Il
2
|
05 255 0 7 255 0 255 0 255 0 255
Code Index
5 =
(b) A FFT A2 < F FFT 3734 73

V. #ETEH ZoAH
B AollM = HTE] RS Fal B =rellA
Aokt dueE|Fol ek Ads 48 sl Alst
gk 7199 A i ATE Hrsisick 7F meojaldd
< WiBro A28 3738 7[Mke =z A vbg 15 km,
% 28 MHzE 328d3}e] %18)=|gick & 2+ 29

Aol Ae5 T8 d=pleES el Zloluk
a9 13 2 28 14% 300 A2 sl A7
Sz Alo] HhAgl 73-9-2] 71E 71} Al 71HAE A

ZF 224 34 RMSE (Root Mean Square Error) /3
& HlaE vERieh A)ZE 2z Ale] vlad 2k 300
Azl AL A AE Aak Ag A ZF =]

1. 71 71 Ak 71 A B mla
Table. 1. Computational complexity comparison
between the conventional method and the proposed
method

Calculation Conventional Proposed

N
Diffe ial mngc range [ 1
correlation Z ( code ; (;(Lcode _kd)j
Sign
comparison ) Nowgs

511

www.dbpia.co.kr



HEAEFS) = 5] *12-07 Vol.37A No.07

—=— conventional, w/o accum.
] O conventional, Nrange=10

10% o -/ conventional, Nr.
E —®— proposed, N
—&A— proposed, Nrange=20

RMSE

1o ‘\ e -
3 \‘ \\g\_ C
E B iJ;
10° D~ =
3 Channel model : 7km SUI-1 \A

]/ Delay : 300 samples

5 ' 0 ' 5 ' 10 ' 15
SNRI[dB]

% 13. 7 km SULI-1 Adolxe] A7k e=Al 34

RMSE 4J5 H|aL (7=300)

Fig. 13. RMSE performance comparison of timing
offset estimation in 7km SUI-1 channel (7=300)

s
10 _§ —=— conventional, w/o accum.
] -O-- conventional, Nrange=10
-x-- conventional =20
10° 3 —@— proposed, N
10" 4
&% 10°
=
[i4
10" e
107 o
J Channel mode] : 7km SUI-2
s ] Delay : 300 samples
10° T T T T
-5 0 5 10 15
SNR[dB]

T2 14. 7 km SUI2 Adelde] A7k oAl 54
RMSE 45 H|3L (=300)

Fig. 14. RMSE performance comparison of timing
offset estimation in 7km SUI-2 channel (7=300)

]_
e T A QU AR el mE A 7%
oﬂ/ﬂ AQks] B
22 9l FA /l]

Eﬂ,
aﬁ
2,
o
5
32 0
vy
o
i =
FFE
Hn

o]
=
zh= 7452l AZF 224l 4 RMSE A% ¥|aE v
=
=
=
e

f r
Y
mE
0:1:‘
)
_TL
o,
o
=
-10
m}r
0 rlo

2o O]a‘]- EXSIRE
Traﬂow o1l v, s 1

—®— conventional, w/o accum.
O conventional, Nrange=10
10° -+ conventional, Nrange=20
—@— proposed, Nrange=10
—&— proposed, Nrange=20

10°
10° e R
W, . P
wn 10
4] \‘n\\\ 5
4 , ~
10°

\x\\
\ \“! _
\‘ \\\‘ :

Channel model : 7km SUI-1 T
Delay : 500 samples

-5 0 ' 5 ' 10 ' 15
SNRI[dB]
32 15. 7 km SULL AdelMe] A7k oA 3
RMSE A% B3l (7=500)
Fig. 15. RMSE performance comparison of timing
offset estimation in 7km SUI-1 channel (7=500)
10 3

o,

—=— conventional, w/o accum.
1 --O-- conventional,
10° -/ conventional,
+proposed, Nran
—&A— proposed, Nran

RMSE
o
{ ]
/
/
/
/
/
/
/
/
/
/

, T
10 iy,
R

107

jChannel mode| : 7km SUI-2

4Delay : 500 samples
10°

-5 0 5 10 15

SNR[dB]

21 16. 7 km SUL2 Adelxe] A7t =4 34
RMSE A% M]3 (2=500)

Fig. 16. RMSE performance comparison of timing
offset estimation in 7km SUI-2 channel (7=500)

AR Sl %‘PP. ‘ﬂf’d, Ak 7]‘[”% s A
3|

3]

o
X
fru
rO
)
¢
2L
rO
Y
oty
—1>
N
ofN ¢
N
f:
;34“:

£ 2. %8 Azd Sl
Table. 2. Key system parameter

Parameter Value

Carrier frequency 235 GHz
Bandwidth 28 MHz
Sampling frequency 32 MHz

FFT size (Nerr) 1024

The number of used subcarriers 864 subcarriers
The number of data subcarriers 768 subcarriers

The number of ranging codes (Neoie) | 256 codes

The length of ranging code (Leod) 144 bits

The number of subchannels 6 subchannels

Cell radius 15 km

Channel model 7 km SUI-1, SUI-2™
Timing offset value (7) 300, 500 samples
Max. subcarrier spacing (Mang) 10, 20 subcarriers
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