LTE 417|494 CFI A< o

=

b gk, of

# 205 0T 4 BA
£, 7

%ol Aty st

pswan0103@sookmyung.ac.kr, jykim@sookmyung.ac.kr

Analysis on the Effect of Frequency Offset to CFI Detection in LTE
Systems

Seuwan Park, Yujin Yeo and Juyeop Kim

Sookmyung Women’

s Univ.

Q ok
LTE #2171 A3 24 7]1We] Control Format Indicator %2 Carrier Frequency Offset?] %S
ol g aro] dojd = 9tk ¥ =8-S SK Telecom? 879MHz the A5 E oz MATLAB XA
315 %3}o] CFI Correlation®l] w3t Carrier Frequency Offset (CFO) 2] C’h*ﬂr g o HYE AEE
glom A A5 A ofelA AFA SR CFIE AEshs LTE 7417|198 5485 w4330t
I. A& £ AE3h CRS+ 048k 44 OFDM symbol
g =g 3 r:]— S e
Carrier Frequency Offset (CFO) & 44wk 719 j]]_/\ ZE])T EH tﬂ(;foDMﬂsynEl}boL]U ;{E;} L;ﬁ
Zol4 oA <late] MAST. OFDM systemS T 5 AEE A#S AW olF © =
e e - ses SYsStem— zero—forcings &3] Ad S FH3
%’H” t)odZ3 vl Z} subcarriers¢] F2 F
g A SR IA|sF] offsete] WsHAl WE-S-SF H(f) =R(f)-T(f) €Y)
22 ICT AlA Awde FAE A ddst 5 0%7],\1 oy o .
H A ZHL ﬂ—’ R g], T = 1—71—
& A a7 A, @9, LTEAM 718 A58 A CRS gr)nbor 540 CRS S(sfgnboljfll hﬂﬁ;.
o] 3]d3sl= Control Format Indicator (CFI) & 2~ JO_A ‘jr«l CRS symbol® CRS o] A WZo] mf
ﬂ]za Zﬂ]"‘VéEﬂ ;ﬂ% LC‘ QFDN‘[ _symbol 5[:%‘ _‘r—:_r ]%koﬂ 016}_ gold sequence 7]H}‘Oi éﬂ@
Gl 2bit FHE, FAAL HZ5} oo < o]kl Attt o]F SK Telecom 71A=
Al A AP R 4l Ao o] = A fr, Lq'?]'/ﬂ Ex A 2 TX ¢ 4 EXS w8 sto] ofg 9t
CFIe| W3t A= J’]’ﬂoﬂf\i CFO7} mlA]= ks e equalization—% A&t AY Sho| t)sk B
TAEte] olE HEE F Qe WAUEES A3 S A& st
of Tl # =Ro|HiE CFO #7338k CFI A% e
A3=Z unlgow oplgL Offset] ur;_ﬂg} 217} Teomb(K) = Hpo (k)1 (k) + Hpq (2077 (210)
B4 1% CF1 42 7149 Adws ddehd 2 Teomp(20) = Hio (207 (k) — (k)r* (21
P& A sampling® LTE N5 % Eajol 24 R
olwl Hpy, Hpii= 247t port 08 AE &4, port 1
H. ‘E‘% 94 ZHH 01;1-0 9] ]0]2]_‘ T‘(k)l_ E]_/\]_ o]x-]v/l A/\]
1.CFI 4% 3% ANEE 4 ]?B“/‘r. OlNA rpmp 2Bl data bitE 3
E3}3l descramblings #1383t}
obite] CFI= 32bite] w49 codewordz g
mapping®tt. ©] codeword®E HE  AHEQA dyx(t) = c(t) D brx(t) (3)

Physical CFI Channel (PCFICH) ol &&) A& =,
o] &2 A¥2 Downlink(DL) subframe®]#] A ®
A OFDM symbolel @4#r}t. PCFICHE QPSK
Wz BAS Fa A=A, 16718 Resource
element (RE) ol &%}

Al x84 Cell-specific Reference
Signal (CRS) & o]&3st Ad F3 A4S st
o] equalizatione v}zl PCFICH a1 CFI

=
s FF

olu d.(t) & b(t) = Z+Z} descrambled bit2}
F21 pitE: 9wty o] oA scrambling
sequence c(t)= A HIE o] &3l gold sequence
ZIdko 2 AgAsith HF CFIL 111+ codeword®l
ot 4w BAS Jmow Es)

Cmax = arg, max Zb(k) (k) )

1973



20254 st=Salst

ol b(k) = A CFI bit, ¢(k) = CFI code
wordZ 2|"|3tt}. correlation GAF o]& 71 =&
S 2= codeword® CFIE # =3t}

2. CFO9] W& CFI A& A% &4

OFDM %41 415 rey(t) & the st o] e
F 9k

Tre () = (1(t) + jrp(t)) (cos(2mf,t) — j sin(2mf,t))
= (1(t) + jro()) - e /2™t (5)

714 1 ()9} ro(6)+ 1-Channel?} Q—Channel
o] £l AT E on| gt} OFDM symbole] Al7F &
oA SRR HEEHDR, A EFe wEt
Offsetel]l 23t 914 3]xo] A ¥ o] redundant
term®Z @& ZS FAT 5 gk CFI AFS
CFI data A% symbolZFE EHIH bite} 73+
CFI codeword?+?] correlations %3}o] o] Fojzl
t}. w2bA CFI symbolel tiste] #ds CFO H
A7t FHEA & A bit o] g

$1eF 22 CFOS Yggref tiste] AA AMEwd
LTE 435 ol&s 4= sl A
USRPE o]g3] SK Telecom-J 879MHZ EHOj Al
FE A8t AE dolEE AFE 3 F 4057
°] AZ dHolEHE MATLABO® geisz} cell
search @ CFI #&& 19 }oﬂﬁ} ] g oll A
of @Al HAS AXA 42 A E hder -
3000Hz~3000Hz W49 F3<= i:iﬁg o] )
W CFI detectione 33} 5’\] o, FU3 25
o t& &ul2 CFI detectione 7 ’“5“ ko] 7}
Aol nuE 8 CFOY s A3t

CFOE ®A3I7] #e CFI correlation¥} X7
0]3-9] CFI correlatione W3t Ay, 1% 13
ol s exAel wWSlelA  CFO7F -
1000Hz~1000Hz Afole] gtow Ag=  wjof
Correlation Loss7} —0.2dB °|W¢] #kS e
s AsE A &> As gl k. I
29} 32 offset X #ZE CFI correlation peak
v U= 5 ko] P 1o oish Loss, 22
*)l A8t HE CFI A= A& &5 e
=74 ijé‘l\ TZFA A Correlation Loss”} 2A13}
% FHF2 QA CFI detections AFA O =2 9]
—% glgk 4 Qlrh

1=

it 32
O

2 dlo

iﬁé

o

Correlation Lass by GFO{dB)
——————

\

& &
B & N
N\

&

Gomsiatin Loss(B)
\\

L Bk
N
AN
\
/
/
/

o5

L L
2000 1000 o 1000 2000 3000
CFO offset (HZ)

I3 1 correlation loss(dB) by CFO

CFI Detection Success Rate(%)

Corredt Correlation p2a VS. Obsarved Correlation pZa(%) 04
160 .

§ 0 -//-\ ®2 \\/—\\
{w 7N £w
5 / 5
£ / ~ -
2 / AN e \
§ @ e \ G 98.6 \
g / N & \
5 s ~ 98.4
T wm ew o wa mw o %3 -
- 3000 2000 1000 O 1000 2000 3000
CFO offset (HZ) CFO offset (HZ)

219 2 CFO B4 AF p2a H (%) 1% 3CFI A& HTE®

3.CFI AZ #4¢ CFO°l g ZA48 &4

CRSw= Ad &% 4l A== 7IE ASE,
FAIREe CRSZHES 4 g 3 =g dA
of #&3to] Ad SHS a4 st symbole] $1%
7} W3shd CFO9 Al7F termO &2 Qlslo] 1 9
A 9A wsgkstr R, AE X7 CRS
symbol¥} Hlojgd4E Ad F4o =7 7t
3ttl. CFIi= CRS9F FYU3t symbolel $1A|8+= =
g LS Soto] AEE7]) wiLel 9 FHol A}
&gt Azt FHAAE A LT Ul REZF sYst
AlZES] symbolel 91x gt webA, Ad ol

o2 XN,

By ot

FAA AeHrR Ad =4 JFe SH] 9
58 9t
Al 3 F CFIE 32bit codewordel

mapping® o] & AdS Sl AFdoh 71EY
2bit data® error bitel]l tj3t 3% 44 vde 2
Z2] B}, 32bitE 0]?%01 datat= %JDJOM
bit £24o] #AsIE = &3 3719 code word
Z AL} 2o A2 s 2= Qo] error bit
of thst oF Aol 7testtt. 7 code wordi+e
Hamming distance”’} 16°|=%, o 8bit error
bit7} WA e W A Bsslt s,

m 2

CFO°l ]33 bit gl=fo 2 CFI #H& #4g9 A4
=7} 7FAasiek JL]- CRS”} CFI symbol#]— ze
Al ZEgel 9] 8t "Hé FA Hgel g g
T =19 olEo] &A%}, 2bit dataE 32bitE

Repetitiond}o] ﬂﬁ‘—O}E hannel Coding Gain<
A7) diZel, CFI #F A& CFOel sl Aelsh
Al o] F-o Xt}

acknowledgement

20259 % AHE(FHNEHRFAT) Y Ao
27189719 A9 No.2021-0-00874, Al &7+ A
o 71N A4 BA 1S Ve )& el alw A
(e}

B

T EH

[1] P. H. Moose, "A Technique for Orthogonal Frequency

Division Multiplexing Frequency Offset Correction”, IEEE

Transactions on Communication, vol. 42, no.10, pp, 2908 —
2914, Oct. 1994.

[2] Wang Dan, Jia Haifeng, "“Research of calculating CFI

value used in LTE System”, IEEE 2012 9th International

Conference on Fuzzy Systems and Knowledge Discovery
(FSKD 2012)

[3] ETSI TS 136 211 V8.5.0 (2009-02) Technical
Specification LTE; Evolved Universal Terrestrial Radio
Access (E—UTRA); Physical channels and modulation
(3GPP TS 36.211 version 8.5.0 Release 8)

1974



