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ABSTRACT

In this paper, we propose a coarse and fine frequency synchronization method which is suitable for the
3GPP(3rd Generation Partnership Project) LTE(Long Term Evolution) FDD(Frequency Division Duplexing) /
TDD(Time Division Duplexing) dual mode system. In general, PSS(Primary Synchronization Signal) correlation
based estimation method and CP(Cyclic Prefix) correlation based tracking loop are applied for coarse and fine
frequency synchronization in 3GPP LTE OFDMA (Orthogonal Frequency Division Multiple Access) system,
respectively. However, the conventional coarse frequency synchronization method has performance degradation
caused by fading channel and squaring loss. Also, the conventional fine frequency synchronization method cannot
guarantee stable operation in TDD mode because of signal power difference between uplink and downlink

subframe. Therefore, in this paper, we propose enhanced coarse and fine frequency synchronization methods
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which can estimate more accurately in multi-path fading channel and high speed channel environments and has

stable operation for TDD frame structure, respectively. By computer simulation, we show that the proposed

methods outperform the conventional methods, and verify that the proposed frequency synchronization method

can guarantee stable operation in 3GPP LTE FDD/TDD dual mode downlink receiver.

I.M E

A AAFeE 24 2 3Ad 74 ols FAl
Anlze] Al AFgStell 3lsle] &l 3540
olg Al AlzHle] g3}t wAZEA] ol=25) g
de vl Yo} 3GPP/3GPP2(3rd  Generation
Partnership Project 2)<ll*{+= IMT-2000(International
Mobile Telecommunication-2000) %3} A]2~elo]
i3t 2F3} 2hglo] ks zlsis| L glom, ZF %
=3} 7)1l A B EEs 44 2 Al
715 P AR vFe] B o ol el 74
Al Alzmgle] AjZp Aol HAA Alow y|diEch
@A) 3GPPolA] 8%l LTE 7]%- 7|& 5MHz
2 = tdES 20MHz7A] FAEA &
HsF Zo] 100Mbps, SHEF 2o 50Mbpse] A%
B XS 2R s 9)om, Release 7 A4 7]
%24 sl = OFDMA % AFFEl= SC-FDMA
(Single Carrier - Frequency Division Multiple Access)
A4 whAle A2 Eolels = Aubdel 7|4
= 231817 el

OFDMA A|=gle] -4 A% el uls)
3 1 ok 7&*‘#’] AiHem Ax, AE A
Zh Falgelse] Aade] fxlEojof e whl
HEal Alzglel] vlsl Fabpr 5Alel Wizteicke ©
o] sich weba FHAl7I7ke] eAlEels A
ol =5 AZER <l Fab FAlo] A
& AT A Aol 2 43 2 ¢ glerme F
g FAl di7t e 34 2 By Il I
Sole?,

oJub o2 3GPP LTE OFDMA AJ2=elellx] F
S5 E7le 2 U T Eolsl via) Fo)
)2 sl Suich w2k Fal 5]
27) Fie A djsle] kg A9 4
Wl ek ghe Fgale] mArstel, wlA 3
sl4 ol wkEsl 1A AR olsle] e &
9e 34 9 wAs AGHoe Deat Fah
GAe] WalE A8 ke A5 fad
2t 7|E d=b ok 3] dae]EE dold
Fellxe] Atk siRle] dste} AR5e] Ao <l
T SNR A2 FH3 AT ol5S & X3t

4

N rlr >

H

2,

104

wg e BUe Bslel o oAl

FDD ®=¢} ©2] TDD REoli= AHk=a 77t
= gRle] ARIE ALEy] Wil
= e]

TDD ZEofx 7]& A a4 F7] s
Ayake] 7.9} 5}-&]:8139,] A% x%e:l_,] 2lo) 2 els oF
A TS AT & vk wepi] B =EelA
58] o)lFA £5F yEE v AR A
o= AEBIA Tl FAle] 4 7l o
2 Fal 57|19 TDD REefx] k=l 54
Aes AT F e A T 5] daEls
< Algkatel

B =l A ot Ak wA ODAelA=
3GPP LTE A|=®le] 313 H= =2 Al s
7¥ks] Agsiolon, MAeME At 714 7]6ke
dubAQl =k ke Fr) daels) EARE
Ak, olE IS5 4 9l WRESE multiple
differential filterS #-88F AF 7|¥Hel| ds] 7]&
slgith IVAel|4i& 3GPP LTE FDD/TDD 4 %
= Al AE A" elAl S 5] WA
of diall 7]Esisdch VAelAe o] AfgSE 53

[}
Fobe B7) duelzel A% $4% Fa Ak
o) e aiFstlon, e VI

II. 3GPP LTE st&2l3 g2H5

3GPP LTEY] sp= EejAlE =i 42+
I3 13 o] FDD REF X|Ysk= type 1 T2
o} TDD REZ A U= type 2 F22 o]Fo]
ol F 72 2R =Egle] 10mse] A|EHAI7HE:
7FA ™ 1mse] $-Z# % (subframe) o2 FAEC) =
gk |2 2719 d4E E5(slot) 22 Aol
w, 77k &32 0.5mse] A& AR ZHEr
FDD Rx=9] 7§ Askezs) slefda Afe]
sl 2 olA] Hi wel=le] ol7] wiEel 10ms =
d 77 sl ARk =) sl AR 47 10
7Re] F=H s AE & 5 3k ol¢} =] TDD
Rro] 79 Az seRaE f3 Al
Sz "R A7E gl AR EE|Ee] A
it

<)

K

www.dbpia.co.kr



=+ /3GPP LTE FDD/TDD % RE 813 g2 $4715 18 /hdE St 57] daels

<’(mms:’
[w0 [T s [ » [ » w | w5 | # | wm | # | m |
f ~ T Ny
SN Sse 4 Zero padding
[ Slot0—m»- So [ =Slot 10— >
31Subcarriers.
DC-
31Subcarriers
—
PSS, last OFDM symbol \'\\\ 4 Zero padding
SSS, N, =2 OFDM symbol
(a) Frame structure type 1
-

frame’

s | w6 | w1 | s | |
\ SN
\ ~o
N -
N\ DWPTS S«
~ N —> S

B [« i [

A RRN

SSS, N, -1 0FDM \)WNW!‘Q\ 3 OFDM s\mth UpPTS

UpPTS

w [ sm [ w | B | @
N Sso
<

\ ~
N DwPTS NS
N O~

RS/Control
(b) Frame structure type 2

T2l 1. LTE A28 =4 72

T Fol|A9] HulvKsubcarrier) 7k 7H4-S-
oAb el 79l 15kHzZ A% tlod el 733 gt
< 74", HH9Ee] =7]:= OFDMA 4k} 7l
ol wa} ZAA=Ie) w3k F $72] CP ZEE A
A8, normal CP Rt 7% 3 &£FL& 77
OFDM Al # FAEv extended CP 2= 7%
olwr} sht #& 671°] OFDM A&z ¥
¥ 12 3GPP LTE TS(Technical Specification)
36.104014 AeJsh= 7[#AQ] AF FeprEES
bl 7ol

¥ 25 TDD REox A|h3k= 7719 uplink-
downlink configurations Wepitk of7]4 “D"&

I 1. OFDMA A~ A4 dlz)v]g

shak= Hzesl, “Une AdERa e, e
3L “S”= DwPTS(Downlink Pilot Timeslot), GP
(Guard Period), UpPTS(Uplink Pilot Timeslot)=
Z3F31= special F-ZH IS onlgich #0, #5
993} DwPTS+= 3 3l =a A4S S8 g
=™, special HF-ZH U A WIS wEsle] &
33} #Fo] uplink, downlink 7}e] 7HdS =sl7] ¢
3] 544l GP(Guard Period)E Zk=t}.

PSS+ 5ms® 12 FA ZHjS WRE AdH
] FAl]elA] ZEl 5710k A ID ARE T8t
=4 o]g=lth PSSell= 3572 A ID AHRE T+
#3179l Z2b 25, 29, 342 FE 1€ A(root
index) us B¥]|3l= ZC(Zadoff Chu) sequence”}
Sdun, A theat 3ro] AoElch

i+
e © [=0,1,...,30
d"(l) = _mu+2) O
e’ 63 1=31,32,...,61

a9 2+ PSSO ¥k 9 Fx2E vepdch
62 Zo] ZC sequence d, ()¢l PSS A2~ tjd=
yle] 712d| 6RB(Resource Block, 72 FHEEhH
oA AfEe], HE hFe FAle] whde] A
F 2o 95 ¥ 5 YRS Aok ke ¥R
6RB F 10719 F= FHbEg= 34 09 o=
AFsh, 57 AL AT e A Lol

AT ok

Transmission BW 1.4 MHz 3 MHz 5 MHz 10 MHz 15 MHz 20 MHz
Sub-frame duration 1 ms
Sub-carrier spacing 15 kHz
Sampling fi
ampine trequency 1.92 3.84 7.68 15.36 23.04 30.72
(MHz)
FFT size (Nrrr) 128 256 512 1024 1536 2048
Number of occupied
. 72 180 300 600 900 1200
Sub-carriers
Number of OFDM
symbols per sub frame 716
(Normal/Extended CP)
N 1 CP 9 x 6, 18 x 6, 36 x 6, 72 x 6, 108 x 6, 144 x 6,
orma
CP length 10 x 1 20 x 1 40 x 1 80 x 1 120 x 1 160 x 1
(samples)
Extended CP 32 64 128 256 384 512
105

www.dbpia.co.kr



g+ A1813]) =74 °10-01 Vol. 35 No. 1

e FI% 57] 2T

FFT(Fast Fourier Transform) <4k © 3
Aellx] o]Foixlet. Fubg Y FA 7S o
B 71FE Azl A Az ele] ARke Ed o] Fo]
A, IS FHshs W9yt Z1ERE A 9
83 AZke] Boivnz Hd wbY st Tl
A “d9r]°ﬂ w2} Ak F7RE AAsA Aok
b} =tellde vkt ok ‘”“’—3. 4 714
5 hEA fﬂ 3712 wRAlel| el Adwsla zhzhe)
S EM3 F AAAel ‘éta AN 5

[o5

o
=
PI
Hm

3.1 7|2.:_ r_HEl:?H 7<_|_L|._'_ Ej| ok—p |§

1
Ik g A T g FEe 9 S
AV ek 1 Algel T el

Pe (o]
2

:[L
A sk BAoz A s 2wk

Nigr —1 2

¢, = max Z Y(K)X* (k+7)

@

Nigp /21

D Yk+7)Y Ny —k+7)

k=0

E —max

3

3.1.3 F2 &bz 24
W g WA T gele] BE SR AR
T2l el AR e FASHE a4
92 RE AR P NS BEoR b F

106

Ny —1|(m+1)N, ~1
g =max|y | > Y()X(k+7)
T m=0| k=mN, 4)

0<m<Ny—LN, =Ny, /N,

7|1M N ’<‘1 555 sk k) AlE
o Mg 2 3

el BE At Ao AY AHe HEI
v Ay Azl B E=Roxe ZHA A5S 96
Np=42 AAs}r}.

3.2 71E oietsl Fake 57] YmelEel SxE

ol Felx] b AR WAl A7) A
119] A9 PSSE 4 }% z 4@4 A A
S 4] (5), (63 o] 27k el 4 glek

>0
J_

1::

2

R(7) = Z X)X (k+7)
k=0

: ®)
=12 exv{jw(f +2k7-+7-)}
k=0
R(r)= ' ’HX(k+r)X'(NFF,—k+r)A

k=0

- . (6)

Z exp{ﬂm( ,,I(Z(r—k)JrN,“+1)—2k(2r+1))}

2C ARz 79 3014 B 4 ool ol

o

el ek ARt 54 A givk A
s AR dold A A= AEl AR
A} A% dfFoR ]lale] A 54 dsp)
weAgle), wlebd ¢lel 2o Ak WAlS OFDMA
Alzawlel] #-go] B}l

A

N1 2

R(r)=>"

m=0

(m+1)N, ~1

> X)X (k+7)

k=mN

NG

Ny —1|(m+)N, -1

S exp{%(‘rz +2kT + 7')}

k=mN,

m=0

www.dbpia.co.kr



=3 /3GPP LTE FDD/TDD 4 RE= 318 g3 $Al715 $13 AdE 59 5] daes
—=— |deal environment I 0:]7]/H’ X(k)% Xd%\—% PSSP% kﬁdﬂﬂ —’f—b“}}g—j—]- }‘\l

1.0 i i
—o— Fading environment Foln, Afg,]_ W(k)= Z¥zb Sl 22k} AWGN

0.8 4

0.6

0.4

0.2

Normalized Correlation Value

Delay(z)

J8 4. FF A3 A(INB=4)°] At A=

AR B 76l o8 Al AT gre] veht
Al ek oleidh R AR Al ok At WA
= ok

A5} ez A7) dhiel Ao e e
Aha F3he AR el ik

3.3 JHME oi=Hy Fob S7| LuelE

3.3.1 Differential filter

71E U= T 5] daElEe] wAReR
sl = st As g3k ddsh] Sl 2
A= a8 59} 7S differential filter T-%2
4 g5)edk

Fu A3 AWGNS 133 415 oA
kst A5t ofele} o] viehd 4 glek

Y(k) = X (k)e/*™ s 4w (k) ®)

|
Delay Re[Y(k-d)] !
with d=1 !
)
+
1> ReD(b]
4
Delay Im[Y(k-d)]
with d=1

Delay
with d=1

Re[Y(k)]

Im[Y (k)]

Im[D(k)]

Delay Im[Y (k-d)]

2! 5. Differential filter -

olct.

Differential filter®] &% Ald= 41 A3 Y(k)
o AR A gig AdE A3 complex
conjugate ¥ AlZ2A Al (99} Zeo] vehd 5 9l
om), AF Al AL8-EE differential PSS AlEE 2]
(10)3} 2t

D,(k)=Y(k)Y"(k—d)
= X ()X (k — d)el 2T AL g=j2mAf (k=d)T,
Xk — dyW (kye /2T (k=T
+ X (W (k—d)e’>™ T Lw (oW (k—d)  (9)
= X(K)X"(k — d)e/2™MATs 437 (k)
(k) = X (k— dYW (k) /38 U= DT,
+X (KW (k —d)-e?*™ s L w (W™ (k —d)

D,(k)y=X(k)X (k—d) (10)

Al 9)°llA complex conjugate ol 2J3 A2
o] o] 7HEEe] AE Aol dsbt odlAtE
9k A1 4137} differential filters S2ls}3A]
H Alse] Fale FAle] odgke] Azhel] wlEt W
stalA] ool Abs A 7HAQl dell oEshe Ak
ez wslghs geldt 4 glck eldl uwe)
differential filterS 41 3 el #-83re=x
TIG FAS] odEs A 4 9ok gk b
%3} 7} CFR(Channel Frequency Response)e] -f-Af
3}7] wfjitel] differential filtersS i3t o2x] o]
9 Adel gk ks AR ¢ 3 o= <l
3 71 Ldaelsd G A AY s o483
23 inphase 347 quadruture A5 27 HE]
3l AFS #3F I-channel correlator®] &4

N

e

=
E AR g ooda A AlFeE 9dg SNR
Al o3 A5 A3 e gkt

3GPP LTE°IX+= 314 7Fst 2 o 23t
< Sppm(13kHz) 22 A3} Qlct o= Fukss}
7FA(15kHz) Bt =4 ¢87] wisiol] o A=t gho
vehbs AHE 7EeRE A FHkesl AR
sl Fa FAS HES F ke s 9
vkl weba] 28] eellA] EAIGE W F7E <kl
A differential filterS 2-83}93S 73 o At

_{

www.dbpia.co.kr



%
41
oft
r>«
2
r-{n

2] *10-01 Vol. 35 No. 1

—=— Conventional method(Cross correlation)
—e— Conventional method(Auto correlation)
—— C (Parti /;=4))

—*— Proosed melhod Dlﬂ‘erennal de(ecllon L=1)

08
06
04
02

20.2 -\

\

\\\\\\ \\\
x\\\\\\\\\\\\\\\\u
= -

Delay(7)

0.4

/
4%24%%
E———

Normalized Correlation Value
o
o

-0.6

-0.8

-1.0

2l 6. A% 'l 8] [Proposed method vs. Conventional
method]

T A 9= Akt 3k 7ke] wlge] 7|E= wkAl)
nlaste] A ER A W] A s 71
& 5 olck

3.3.2 Multiple differential filter 7[gte] 74
El detection ¢12|&

B =ddAMe B =T e Ades A
7] $J3le] 23 74 HEo| multiple differential
filter% g3tk 17 olAke] differential filterol]
A EE8EE 7 goll e A gs rEEAl =Y,
Ao Adel A g L elsle] g A4 A
3k Ael7t AAAl =, olol| wEt AE Ass ¥
A2 4= Qe T =) 7 multiple differential
filter2} I-channel correlator® A% 7WxE o2k
A Fag 7] daegd] E5Eelck

Multiple differential filterE %-8%F I-channel
correlator?] -2 A1 (11), (12)2} #o] jehd
ik

¢1714 Re¢} Im 27t AgHel 5555 oA

sl L& #$% differential filterd] 2 o]n|gkc}

' [Re[D, (k)] Re[D, (k +7)]
R,(T)= kz 1+Im[Dg(k)]'lm{D,-(k+T)} (11)
g, —m?.X{ : Rd(T)} (12)

O 8 tiE AEZ dold FEqx] AsHl
differential filter®] i W T4 A HE &
2} #-E{(Detection Error Rate)2 et} o7]4]
HAE 2) ol 7t daE|EEe] AF qu] —zr
E‘L],.{[: .Q_/H].Q_ 2] fﬂ-‘&‘] %@]J:.Z] oﬂ 1:]-]‘8]— 0:] B

3}7] 93] AR Aow, =A% Flf _Q_xq]J,]. A
A S 4 Ae] eigte] 1o]4leld A 2

S 1, 23} 10]8leld o4 55 002 AA

sle] FiAel EE 3k HF&‘:]'

7 gollA] BXo] Aok uka

D3] 943t =7 A58 HS F9lg 4 glo
A o]

= = 1= A
o, w3 71 WA T 7P Al Rt e A
T wpAlFe] wlascl Aljkgl WhAle] DER=10"¢l4]
Hd| oF 4dB 958 A5s BYE FQlg 4 o)
o} R vAlEL ol AddE seld Ade]
g Ak B4 W As d3le] 79 8gle=
zrggte), gl AlgkE HRAS] differential filter 5=

&~

o Z7lel wEh Ao A g A $IA A
o Zke] wlgo] AXA =HER AFe] sHAEL
differential filter g== 271 o|dellx & A5 7IA
o] 7] wiEel 5'—7{“:5 a1 3}e] differential filter
T VIR dHsks Zlo] AlgkEl wialel =z
Z2 gk

Re[Y(K)]

—»{ Splitter

Im{¥(b)]

33 7. Ak g el 34 3 daels B

108

www.dbpia.co.kr



=i/ 3GPP LTE FDD/TDD -

—® Conventional method(Auto correlation)
—&— Conventional method(Cross correlation)

1 —Ac =
—%— Proposed method(Multiple differential detection(L=1))
—c— Proposed method(Multiple differential detection(L=2))
[ —3%— Proposed method(Multiple differential detection(L=3))
o
0.1
i, s
ll\| e
001 4B —
b —
ﬁ \\4‘ .
a \
183 \:\ \
Extended COST 207 TU \
Carrier Frequency : 2.6GHz \
1E-4 | Normalized Freq. Offset : 1.0 B onind
P-SCH Bandwidth : 1.4MHz \ 4dB gain
Mobile Speed : 350km/h
Root index : 25
TDD mode L
1E-5 T T
0 3 6 9 12
SNR(dB)

T2l 8. DER A5 B]3¥[Proposed method vs. Conventional
method]

V. O Fi 37|

vl FSe E)e ded e E71E
sp7] ollel kgt 7o) Ak olsh =71 7
A T gAe Fek w71 S
ok wa, 2] WAk olF WA AFse AR T3
S #4E Faacking sk AEHOZ Bl
dele Bz shgeld S LR AF A% 25

2 U ogae s T g4 24e 5

al 0Z olgs
ulgk) & RETIRS 0<n < Ny—10l3 f&
A FE Ny < n < Ngpt+ N2 2 3850

4.2 JWME olM| Fa A =3

£ =redAs A 7ss A VA ke
AL 3] 8l 23l 99F o] AAE 1
PLL &% Algksioich AAAQ] vA] T &
7] &= T+ 74719 72 e, 291
=, a8z A Ale]  ®E=7)(VCO:Voltage
Controlled Oscillator)2 TAEITE Fuke A =
A7l BeF7HE o]83le] 3hte] OFDM Al&ell
& sk = s Z=th

TDD =x=2] 79 FDD X=9} ties Ask=
T2 sk a ko] AREER AHEE7] whie
A= 7k stk m Pk Alse] AR Aoz
olsll =& 1037} #o] time slot ©$]9] tracking =}
HellA] A AHE s3] e A sk
ol webd A (14)9) o] &5 Rre} dgr
=8 vPre] A Fabe FAE A S5
Eolis 29A RE AF a=05 HE3le] A
7b EA A % AR =E F2bellA9]  tracking
e WFA, HEE RedXs a=15 83}
slakda el A Tk S SR

a 1
-

(

fott {2 fo

Ng -1

q > Im':y(n)y*(NFFT +n)]
é=a Z—tan'l yom— (14)
T a .
z Re[y(n)y (Nppr + n):l
n=0
(ax =0:Sleepmode, o =1: Activemode)

w3k &5 Rrel dEH mEol A9 A7k
gt Are 2] A 2 Ao 2R A Sms
9} 10msell gt o] AHHE 0|83}

1% 102 Extended CP 2t % SNR=10dBY
739 v AZ Fo|d el 71E vkl Agk

[ T o

Received
signal Frequency Offset | p~
— > Estimator ] >{

Switching time information
from initial cell searching process

|
[
{
|
|
|
a

109

www.dbpia.co.kr



54183 =4 *10-01 Vol. 35 No. 1

7 frai 2 frame 3fr =1 4 frame =1 5frame Q‘
me frame

—=— Conventional method(FDD mode)
—0— Proposed method(FDD mode)
§ —a— Conventional method(TDD mode)

—— 3roeosed method(TDD mode!

s

0.1+

Compensated Residual Frequency Offset

0.01
| Extended COST 207 TU
J carrier Frequency : 2.6GHz
7| Initial Freq. Offset : 0.25
|| Mobile speed : 350km/h
Extended CP mode
| Up-down cofiguration : 1
SNR =10dB
1E-3 T T
0 120 240 360 480 600
Number of OFDM Symbol

12! 10. Tracking 3 ¥]2Proposed method vs. Conventional
method]

ol
o
3
5

119] tracking A% WIALE vpehiir) =
b el Faae g4 2 A dlaE 9
o] 7AEL 71 AldoA R8sl 7|&
nlrle]l A9 Akeke] 79} 3}k m A5 A xjo]

& 2ele) @ AR PO ol ok
4 o] o) Folx)7] wel AR Fuke g4l
Sl A Al A Sk A, oA
o914 wEE 4ed Al WAle 3GPP

LTE #|2=¥le] TDD ®=olx] b5
Aoz FAgroan A Al =
< el & % girk

Foe g
01 7]7—61—

F71E A3t ﬁ%ﬂ «l Ags 53 A5 vl
RS psielck me] A FAevlE= % 4
ol AAE o] glem] 3GPP LTE 4ol w3o] A4
sl v A= sold Ad 2Ele Extended
COST 207 TU(Typical Urban)E &3}, =3I
Falge) = o]5A &% 79 3GPPeA] xﬂ

A8t 0~350km/h WS F wA T 5719 A
A3l AReR =A BRERe 3% %75}
350km/h5t weighc)

23 113} 2% o AR do|d 64 o=k
A Fae w19 v S FE Asst
tracking “35¥ *HAF Al RMSE(Root Mean
Square Error) Ade-& viepdch 7|E& wpAle] oj=k
A Fule 5] daElEeRs P el st
AR AR A8sieltt 29 1164 B v}
9} zro] FDD E=9| 79 TDD Ere} T F3}

Bl o1r

110

4 - 7 frame 2frame 3 frame 4 frame 5 frame

\ Coarse offset

N

\Fine frequeny

Extended COST 207 TU
Carier Frequency : 2.6GHz
Initial Freq, Offset : 1.25
1E-3 -f P-SCH Bandwidth : 1.4MHz
Mobile speed : 350km/h
Root index : 25

Extended CP mode
Up-down cofiguration : 1

0.1

0.01

cy offset tracking

—#— Conventional method(FDD mode)
—O— Proposed method(FDD mode)

—A— Conventional method(TDD mode)
—s/— Proposed method(TDD mode

SNR = 10dB
1E-4 ——————
0 120 240 360 480 600

Number of OFDM Symbol

Compensated Residual Frequency Offset

T2 11. % tracking
method

A¥& B]aProposed method vs. Conventional

0.1

0.01

RMSE

Extended COST 207 TU
Carrier Frequency : 2.6GHz
Initial Freq, Offset : 1.25

P-SCH Bandwidth : 1.4MHz

—#— Conventional method(FDD mode)
Root index 25 —O— Proposed method(FDD mode)
Extended CP mode —A— Conventional method(TDD mode)
Up-down cofiguration : 1 —v— Proposed method(TDD mode’
1E-3 a ; q| T
0 5 10 15 20

SNR(dB)

Mobile speed : 350km/h

T2 12. %35 RMSE A% H][Proposed method vs. Conventional
method]

AlEdeld etrlE

Parameters Value
Center frequency 2.6 GHz

Bandwidth 1.4 MHz

FFT size 128

CP type Extended CP

Primary synchronization
signal (root index)

ZC sequence with
length 62 (25)

Normalized frequency

1.25
offset
Uplink-downlink !
Configuration

Extended COST 207
TU

350km/h

Channel model

Mobile speed

G aUe Eolel Aagac) QA A5
Gl el 2908 ASE A4 o
]

4 4 e Agele sl s

15
o

-

N

.
T

>

|

L -

A

N
12

www.dbpia.co.kr



e HeMIAT TDD Zxeo| A Al =e)
slafga ko] AREEEe] FAlEw A-skE=A
configuration®l] whe} 77+ v]go] zkzt th2 7| wji
of Ak whAlS Ag3ielet = Fle]

2 configuration®] 7-%- 7| WAl Aloksl wbAlY
RMSE A%o] 2 Aol wola] 2t 4)
A= F7ko] W configuration 1 7]& Wb
Aok s A% Yo v Fo 44
F4& 5 97l wiEel RMSE A5e] 23} =
Zlom vepdr s Aok Hol’l}% Z—qu—-u
o724 vl FIk S AR S +
olck weba] Aekst WAl EDD E_E%f—“& 0}‘43}
TDD REojie A or digfs Fa FAS
A=t A T A FA40] Jheds #al
& olrk EE?‘& RMSE A5 Hlals o] At
gk vhrlo] TDD REolA] 7| whAef] ulste] A}
ZdeellA] eH e F2t e o 4 sl

mlo

rlr tlo 1>

o

V. &

rh

%

#oll4li= 3GPP LTE FDD/TDD % R=
sk ®= Al71E 913 A i el
71 2 wA| ol 5] darelsE Alskeisiv Al
okl o=y Sl 5] WA PSSE PAIShs
ZC Ao A SRl Aste} Ao Ao <l
g SNR &Alo] o3k A% odske Ajalgh ubalo]u,
Aok wlAl Fuk 57] W42 3GPP LTE TDD
Rrelxe] e ast shgas] A A A=
3k A A3kE /MR WA oR ekl 2l
o] A M= EE Ak Fak 5] WAl
3GPP LTE FDD/TDD % Rt 313 &)= 5417
o] sbdHela Al ole Tk 5] s

A dzalslch

N} o rf
o,

mk

|

Ho
rok

(1) 3GPP WGI, “TS 36.211 V8.7.0: Evolved
universal terrestrial radio access (E-UTRA);
Physical channel and modulation,”
www.3gpp.org, 2009.

(2] 1. Armstrong, “Analysis of New and Existing
Methods of Reducing Intercarrier Interference
Due to Carrier Frequency Offset in OFDM,”
IEEE Trans. Comm., Vol.42, pp.2908-2914,
1994.

(3]

3GPP WGI1, “TS 36.104 V8.6.0: Evolved
universal terrestrial radio access (E-UTRA);
Base Station (BS) radio transmission and
reception,” www.3gpp.org, 2009.

H. Nogami, T. Nagashima, “A Frequency and
Timing Period Acquisition Technique for
OFDM Systems,” Proc. PIMRC’95, pp.
1010-1015, 1995.

Y.H You, J.H Paik, C.H Park, M.C Ju, KW
Kwon, and J.W Cho, “Low-complexity Coarse
Frequency-offset Synchronization for OFDM
Applications,” [EEE ICC 2001, Vol.8, pp.
2494-2498, 2001.

D. Makrakis and P.T Mathiopoulos, “Optimal
Decoding in Fading Channels: A Combined
Envelope, Multiple Differential and Coherent
Detection Approach”, in Proc. GLOBECOM’89,
Dallas, TX, pp.1551-1557, Nov. 1989.

D. Makrakis, P. T Mathiopoulos, and D. P
Bouras, “Optimal decoding of coded PSK and
QAM signals in correlated fast fading channels
and AWGN: A combined envelope, multiple

differential and coherent approach,” IEEE
Trans. Commun., Vol.42, pp.63-75, Jan. 1994.
J.J van de Beek, M. Sandell and P.O Borjesson,
“On Synchronization in OFDM Systems Using
the Cyclic Prefix,” Proc. of RVK, pp.663-667,
1996.

(Myung-Jun Shim) 31
2008 29 At AHx
A

2008 34~&A At
o FofEs) A A
Atol FAEAlL olEE

J MODEM %713} 7|&

111

www.dbpia.co.kr



241813 =] °10-01 Vol. 35 No. 1

A & 3| (Jun-Hee Jang) 314
20071 29 A Hn

FAlTEHE
2009'd 249 ANl Fol

<ol FAEA, olEE

-0 1o

A, MODEM %713} 71&

<ol YAE Al FAEAL, olsEAl, X
15

&z}

19761d 249 =HEblesd A
71 xSt At

197611 39~1979d 74 (D
AL FekATA A

1979 94 ~19824d 124 Pl
University of Southern Cali-
fornia x47] _,,]. —J-zﬂ-tﬂ—/\]—

19821 109 ~198911 24 *»|=- Lincorn Corp. 4
:IL%J.

1989 34 ~&lA) Adtbistal AR gAlgsht

o

[e5

24 2 5713 71+& g3t MODEM 7|

www.dbpia.co.kr



	3GPP LTE FDD/TDD 듀얼 모드 하향 링크 수신기를 위한 개선된 주파수 동기 알고리즘
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 3GPP LTE 하향링크 물리계층
	Ⅲ. 대략적 주파수 동기 알고리즘
	Ⅳ. 미세 주파수 동기
	Ⅴ. 컴퓨터 모의 실험 결과
	Ⅵ. 결론
	참고문헌


