1511441
- (1) VERE%EMER

P (12)28HRAE NS AR QDEERE  TWISII4LB

Intellectual

Fopery (45248 : PHRE 104 (2015 £ 12 01 B
(1) ¥ 3% %3k 1 102128321 (22)¥3% R - wERE 102(2013) £ 08 § 07 B
(5Dnt. CI. : H03C3/06  (2006.01)

(THFFAN T R—ETFREARNE (FERBE)  (TW)
M THERGEREE =8 62 352 4%

(72)#$ 88 A ¢ Br3h & TENG, CHIH CHUNG (TW) ; #]& s, LIU, YU CHENG (TW)

(THREAN: EHX ¥BF

(56) %% X BK °
Us 5260707
Jian Luo; Kortke, A.; Keusgen, W., "Semi-Blind Iterative Joint
Estimation of Frequency Selective I/Q-Imbalance and Modulator
Offset Error in Direct-Conversion Transmitters," in Vehicular
Technology Conference Fall (VTC 2010-Fall), 2010 IEEE 72nd , vol.,
no., pp.l-5, 6-9 Sept. 2010-
Jonghun Park; Yusung Lee; Hyuncheol Park, "Joint Estimation of
Carrier Frequency Offset and I/Q Imbalance for Direct Conversion
OFDM System with Constrained Preambles,"” in Signals, Systems and
Computers, 2007. ACSSC 2007. Conference Record of the Forty-First
Asilomar Conference on , vol., no., pp.1786-1790, 4-7 Nov. 2007 -
Lanante, L.A.; Imashioya, R.; Kurosaki, M.; Ochi, H., "A low
complexity joint parameter estimation scheme for Carrier Frequency
Offset and I/Q Imbalance," in Advanced Communication Technology,
2009. ICACT 2009. 11lth International Conference on , vol.02, no.,
pp.1365-1369, 15-18 Feb. 2009 -
Jheng-Ru Liang; Chih-Hung Kuo, "LS-based joint estimation of
carrier frequency offset and IQ imbalance in OFDM systems," in
Next-Generation Electronics (ISNE), 2010 International Symposium
on , vol., no., pp.52-55, 18-19 Nov. 2010-
Yuce, M.R.; Wentai Liu, "A low-power multirate differential PSK
receiver for space applications,” in Vehicular Technology, IEEE
Transactions on , vol.54, no.6, pp.2074-2084, Nov. 2005-
Chih-Cheng Fu; To-Ping Wang; Kang-Chuan Chang,; Chung-Hao Liao;
Tzi-Dar Chiueh, "A Real-Time Digital Baseband Channel Emulation
System for OFDM Communications,”" in Circuits and Systems, 2006.
APCCAS 2006. IEEE Asia Pacific Conference on , vol., no., pp.
984-987, 4-7 Dec. 2006 -
Chuang, K.; Yeh, D.; Barale, F.; Perumana, B.; Sarkar, S.; Sen, P.;
Pinel, S.; Laskar, J., "A 17pJ/bit broadband mixed-signal

demodulator in 90nm CMOS," in Microwave Symposium Digest (MTT),



[511441

TW 1511441 B

2010 IEEE MTT-S International , vol., no., pp.9204-907, 23-28 May
2010 -

FEAR *FrILE

PHEMEHAK I 16H  BEA#8 #£36R

54 & #

ERBEUE ERERBR T &

APPARATUS FOR SIGNAL RECEVING AND METHOD FOR SIGNAL RECEIVING
CWEE

AEEBRE — R RWE B o 8 AN w4 4R 45 38 4 (Binary Phase Shift Keying, BPSK)
F A E | A (single carrier) EHAZ R - ERBUWE E R HIA T ~ S/ BB - 548
BAUBRAARIZER - B/ BB SR EERBRERA TR EREHIR A — T IEA
RO FREETRMER FHAEARBELAARTHEBARGR T ERERBMTRT R RALA
1255 - BAEAHTREARGHERAEHEET L SR THARYGRBERME > ERIF GBI
REFAERFIEARGERME > BPT BN EZEERE X HEAXGBEIARME -

An apparatus for signal receiving, adapted for receiving a single carrier real signal modulated in BPSK
is provided. The apparatus includes a radio frequency circuit, a analog/digital converter (ADC), a frequency
down converting unit and a baseband processing unit. The ADC receives the single carrier real signal from
the radio frequency circuit, and coverts it to a digital real intermediate frequency signal located at an
intermediate frequency according to a synchronization signal located at a local intermediate frequency. The
frequency down converting unit transforms the digital real intermediate frequency signal to a baseband
signal. The frequency down converting unit estimate a frequency offset value of the intermediate frequency
by executing a carrier frequency offset estimation and compensation algorithm, adjusts the frequency value
of the local intermediate frequency according to the frequency offset value, and dynamically adjusts the

frequency offset value by executing a carrier phase correction algorithm.
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APPARATUS FOR SIGNAL RECEVING AND METHOD FOR

SIGNAL RECEIVING

(3]
KBTI — IS BT R A RS
# ( Binary Phase Shift Keying, BPSK) AR F2ZaYE & (single
carrier) HEE 9% - BN EE LIEHEBR « M8 L /B {8 %
% BEETUREAREER - S/ B SRS EER
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An apparatus for signal receiving, adapted for receiving a

single carrier real signal modulated in BPSK is provided. The
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apparatus includes a radio frequency circuit, a analog/digital
converter (ADC), a frequency down converting unit and a baseband
processing unit. The ADC receives the single carrier real signal from
the radio frequency circuit, and coverts it to a digital real
intermediate frequency signal located at an intermediate frequency
according to a synchronization signal located at a local intermediate
frequency. The frequency down converting unit transforms the
digital real intermediate frequency signal to a baseband signal. The
frequency down converting unit estimate a frequency offset value of
the intermediate frequency by executing a carrier frequency offset
estimation and compensation algorithm, adjusts the frequency value
of the local intermediate frequency according to the frequency offset
value, and dynamically adjusts the frequency offset value by

executing a carrier phase correction algorithm.
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SIGNAL RECEIVING

€Tt
(0001] #ABHEEMN—BERBLEBERERZRSE - @

[ SeriH i ]

[0002] —MTE @ FERABEBRIBIAMIRERIRALS G5
R ER R (carrier frequency offset, CFO) DUK KL=
(phase error) FEFRAE TS - EHATE RIS HEK

( multi-carrier) W BE BHWRHKF » EHRZUERSTESZ T

( Orthogonal Frequency Division Multiplexing, OFDM ) {E % ®
By 22 W v 5 € (R AB B8 8 (In-phase path) DARK IE R B& 1K

( Quadrature path) W THEEE5E - ZBREMILEEH (Fast
Fourier Transform, FFT )i RF 18k {5 5% 88 55 SR I8k 5 5% 75 6 17 HH Bd A% oA

B - RE - BRURTEAMMTERES - FEERNBRERME

fif » E—FHHE LR RARRBURMELAZE -

[0003] #HI b - 7E B &I (single-carrier) By S FW RS

B At R A% ( Binary Phase Shift Keying, BPSK) £
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HEL MURIEEHRAKENENANES  BEEAREMBEILE
#4314 (Fast Fourier Transform, FFT)E i - L H& A INE BE R 1Y
HHER  LEREKRESEREMZEIRANS EEERERK
HIES - R > MEARREOGEAURECEZNHEENRRE
A ERNRZ KT BHFHE -

[ZHAR]

[0004] AZTEARH —FEERBUREBURERERFE AR
B — (7 ARG R T ( Binary Phase Shift Keying, BPSK) £
HEFREHES:  UREEHEERRELURBAZEERKME
=g

[0005] AFHMW—FEEHRBRERE  BARBER —EEHEK
(single carrier) BEHEH - EFXEH B EEE LA — (LT
(7R % (Binary Phase Shift Keying, BPSK) 752 0% i &% -
g —HHEER - —EHL/BuERE —REETTUR—EE
REER HNAEREBEWERFEERES - BL/HUBRERE
HHEER  BENEHEERER LSRR - A FHEEE R
HPHATRBEBERUN —FHEEAR - BEBET - BEEL/E
ERSE  RE-RPEHRERBUTHEERESTS —EEE
3 HFRZEHRMAN— AP HEEER  BAREEERERRE
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DIFHER - B BUZBEHREERGES AR BHEREE
BERB —BAUTHEHREY  HPBLTREBEFLR —F
AR - FE > REBE-FASEREBREMNTHRABEERE —EH
B9t HFETERMUR —AMFEEE - HE > ST —FHEHE
RERRBLHEHEERE S > GHFHERN —REHEEE
Sl AR 3R B A 3R B R B A b R SRR SR A SRR (B - DA E B 48
BREREEFAGER CHAER - X > T —HEHEMEEE
EEE  HRARRBEARE > UEBEGHEREHHERLSEH5H
Mey—tHAZE - Dk BEEAGHRUGEH —BUELR -
[0007] EEpA bl - ABARU—EERBEREEREHBRS
%o EHBNEARRBAHEHEEREEUREFMEMEZBER
BHERMEEEZRAGR LB EARRBURERAABME -
[0008] REEABUAN Ll BAEEEEEHESE » T FE
Bl > B SATHE X FRFMERBENT -
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[0010) LUTF - HIHs 5840 50 B A< 5% BE 40471 4347 — 8 LA BPSK 3%
ME R EHREY  E— S RN REERE R R
YRR A i

[0011) [E 1 S54RI A 28 B — & M 6 i e 1S B0 B2 IR S B WO Th B
FiE - HRAEAREH S [SHREBIEEE 10 F N B BPSK 57
BEBRBEREE - F2EEH 1 SRBEKEE 10 AEHES
5 110 ~ JEEL/BATEIA SR 120 ~ 4R BT 130 IR AR E B
140 - SFAREERS 110 B2 UK B8 5 BUE 9% R(Y) 38 L /B S0 4 58
120 FE B SR RE 110 » BRIk B0 U B S5 5% R(t) I I BL % I 7T 3K
E% ROBB S TETRE 77 > EP8a P EEBER
r[n] Rz A B 5089 — 48 4E % (intermediate frequency) - K& 485 8 5T
130 #5340 b /B B MR 58 1200 R IR [F 5 15 9 06 B0 48 B U5 5%
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HAEE TR E R 140 BB AETT 130 B EEEY ) R
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FEEHES T ERSER P — M E - LT RIELE S
B [ =X 5 40 50 B b STt #3540 R T o DA R S A o
WHREEENEERE -

[0013) [ 2 £ < 5% 80 — B MG B F7 B 8 #9 We 48 B ST O TH BE 75 58
g - FHSRE | RE 2 BEAET 130 SEMEZHREE 131
B EAEE 2% ( Digital Down Converter, DDC) 132 DI R EHE
76 133 - BUEZEFIIRE R 131 EERPESE SS» HF RIS F R
1A — 7 b o SRS R o B R S B BS 132 AR RSB L /B AT B 4 88 120
R BEE s R RS 131 IRBESS5E SS S hEE 8(/(E
o1 () BB R ) - REEST 133 #8 B B e B4R 2R 132
RS EEIR B 131 2S5 CS EREMHIRESE 131
Hoh RIS 5% CS o4 I T St T 25 10 — K i o 42 48 R 0 4 o 6
— BB AR R (B > B IERM SRR ME) - Ko 5k
TE 35 B 7 b o 4 4 R 0 4 SR (I BV S ANt AR R 0 TR A R 0 TR
BERENSEEREELREEUEBEEEEFEE > HH
ERAREAMEE T EEESERERBESME -

[0014) b - EBEIEEIIREE I 131 BUIEEIESE CS - BEE
HIE B BAERSEY SS LHERMEEEHET CS g RCEER
B (BN > T % T8 3 09— 75 3t o 48 4 R A 9 oK (1 B — B B 4 I 48 K
fEZF) -
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55 U Fi AR B R SRR W ERE A A (EMRRE RS
=)o 1L —2K > BATRESAEEMAEE 132 (E 5 R H F S 555 SS R
BEMMCTEERER T MELAERLERIFWEESEY
rln) o KT HAMERERREEREBENER 10 CHEEAETE
MR > TILZENS F R EERE (B REERETR
ZH0) KIRE -

[0016] 7Eit » HIEEHEFM TR (1)

r [n)=m[n]xcos(27f 5, I.n+ 6,4, ), where |m[n]|=| Acos(2rfgpsx ;1) | (1) ®
Hoh mnERSEHACEHAERBUERES  WREE2ERE
BHEARRBOBRBAR  HEEE 1 EGENERES
m[n] - A & RHE 5% m{n]H & AIRIE - T /e B HEHE SR m(n]
PGB RER - g2 BPSK MBRHAE - 752 (1) shag gl
BHEERREURBMEFMERYBEE [, BRBER T
.o IR B ME A1 2 « EH A ZRHE 5% m(n]f0 7 K148 3R Jorse () S SR
BEARR AR (o M - E3 (1) FimZ EEEY wiE @
ZRHME SR mn]i 8 2o Do 0ome) g 4 (envelope) » ¥
ZHRHE 5 mnIRIE R E 2B RBEE £, WL ANTE -
HERAAEE AR R SRR - EENER - BB REHE
S8 0 T R B 140 76 I TR SE AR B 0% oy BF 0 8 DUTE RE B9 2 17 RHE 5%
mn]EERAE -

[0017] WiZEA BB - 57 EWK Lol #58 RRB LR A6
PP R BRI T HR i SE R (R R £ B 0 s
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BH®FRER 2 EBERIBRRE [ (BT Z PHRBARN R
BE) BREARE .FERER BERHEMEMLEELHE
BEHEMEERCE  MERAGHR mUEHEE - b - B
TEZEAES mhFHEREEANATERTIENEZE - UL
TEYE A2 DR RS SRR R BE () IZRETTEE - MAEBREE
fos IR REERNRRREIAR £, WARE (B> REEARE) B9
HitE T EAGEHRAEBEE I TR AREREI (Taylor
expansion) BB\ (1) ZIF -

|7 U] =[5 coSA Ty + 2B 1| 1, ) (2)
m=0

H A |r, ]| BIR TR /NRERHEER fpu L FTH RFHERI M -
[0018] #HFARBBEAEHBEMEEEERBPUNT - HERBREE
T I RE-ABMEARERSELCERNFTHAAREEEBHEE
foc ZA0D 0 M ER B BFHEARENZEFER CS EEEZEFIIR
ey 131 - RIR > EBEEFRES 131 FRIZEFER CSK > IR
BEMHEAREELEGBHERISEH 0SS LERAFHERDE
5t OSS EHA AT RE 132 - BUBEAEZES 132 RBCARE
A5 {5 5% OSS I » BAIMFHA T RS 132 RBEBHEERDTEF5H 0SS
CF‘ﬁ’Ji@%ﬁfé’ﬂE%ﬂEEii@%ﬁé%?ﬁ%%ro[n] ° LAK c REETT 133
REBARHEEARBI o/ S ERBEAROERE -

[0019] @& {E 15 3% ro/n/ FOBEBSTE Y - MBI BSRETRRVBEHE| r/w |
RISERE - BHEERFERNBEE ILMBEE T SEBRL
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AIEEEEERR  MEREET B KEASEEBMEEARSRY
BB |, o] | SEEE RO B 3R 0 TR & DR B8 O o D ) B B R /N T
BB -
[0020] @ 3A SS9 —HHEHI AT =< HHEE SN B EE
| rfn] | SE T - T BB 3B SRR A S — EHEH T8 R 2 B
$E 5 9% 09 48 BT |, (o] \ WO SR B B - (RIS 22 PR B 3A R[] 3B A 3%3R
3B T 7% 3 7 18 5 4 15 5% 60 48 M o B T T 7 o T G B e
W BB S M0 RSB R £, MRS RO BE B ®
[0021] pEEEELT 133 BISH L —RE—EERER - &
B SRIEEAERESA > SRR ERED S - 8
T35 i I B i B SR R S BR RS SE R M £, (BN HE B IR
RIEREERE) - BIAAIE 3B Fon B MAIH - BREET 133 4
w5 — 2 HS1 % TEEER] > M 3B FonsAst £ > H—3%
W HS1 A48 5 B B 53 5B 1 1E foo I EARBSSER £, OTR S © 7638
HEE L DAIBR T EEEE — 3% HS1 WERERETE @
Fiss—2k % HS1 MAEREE A A RBEARME L., ©
[0022) SEBREMEME fo MARK » DEEE— SR EE —BHE
BEMAES - ERERGEE [ ORKRED f0 > THEEHHE
MR BT EHE RN GRS
4 foc = Fruur) 2 2foc * Frux) (3)
A (3) EUESIHBEBEME I BDARREN 3 EHR
FESETR B AN S o 1T 45 1 325 05 9 2 00 2 P B 5
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1, =[2m(foc = frux ) 2m(foc + foux )] (4)
(0023) Ga > [ 4A FHRIERA 500 — B HEBIAT 4G R 5 — BE ML B 15
HE MBI RE - 2R 44 BB S — 5 HS1 8050 E 1
1L BIA I 2foc = fuux ) BR 2foc + fruw )2 B - TEAR T MBI o > B BT 133
B £ 08 o 1, £ 0 4 B A 5 — Bk WIS MOSESR A > MRE LR
RBEE £, -

(0024] (B 4B 75 18 18 A< 52 9 — B 6 61 48 2 (5 0 W o o 25 —
S REEE S BMRE - EAEME T REET 133 5
B PR S EEF (single tone) (558 4, - HoF o BERH LT
95515 50 B T, o A O OO 10 B ER fL 2r, o B S4B
S, B R B 0 0 5 AL S (B M B - K (LA R O
) K- BIBEEERANRSIE K ENHERETEY 0K
B - Ll EEEET 133 BECERMEEABY oK BES
T 133 B EERE R L AU H B - BE - BEERT 133 5
S AR W KB 1o ] | BEE L EEE (R % 7, 2 PO S (BT
BAfE (correlation) -

(0025] i BE(EH L AHEESLTER I URERT
(B9 ain k] - T BEBESE — B HIS1 BBSE OO B H B9 £, 2R3 E AR
EPLE S

k=argmax(|J; ! +]Jf [') ~ argmax (| Jy | +] 77 | (5)

o AR EEER BT AR s — R 1S s
BE - AR
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J,f=ii[n,k]|r0[n]| where i[n, k] = cos(2nf,T,n) (6)
= 6

N mEEEg iER e dnFes — 2y HS1 AE R
B THERS

J2 = iq[n,k] |ro[n]| where q[n,k]=sin(2#f,T,n) (7)
o 7

[0026] #h N SEEEMEE - ESEZNE 0 ERMEEY
SHENEACAARGEHESHAYFESERNTIEE - 4
o EREAEGAARHER (5) WAAR  BEEHET 133EE @
2¥N* (K+1) A/NREFEDREE  MEASALARTER (5) K
PSR AIMEE 2¢ (K+1) AN EIBMEN T -
[0027] pREEEISE 133 KHISK (5) HASAMBMENET EL (K
oo k=argmax [J] | +[J21) T EFTE EM E S EHEAER f, - REE
5T 133 AR R E A AR (E v B R - B AR N T
ERE |

f; = 2foc = fouwx) + 2y (8) @

BB EEERE M EURERBEES

fottser =
[0028) BERBERL,, EEET 133 EUBRBEERL, B
458 5% {18 S T 4 72 % 1 o 4 SR A 1T 15 B4 IF 4 9 7K b o S 48 5
> SR1% 55 BEEIE 5 CS ER I A s AR 8 B BUELHIIR S
22 131 - (EEFEENE > HE 4B AL ES o i B ERE
H % BRI AT B R R S, B — B HS1 MR (E

fyy + (9)

11 S



[511441

BERELMELEMY —SZE  BEREHAEL,.. HIELHFITE
e DAt AFHASTERSKEEUEE EEEERRME /N Lt
RZR » RMEMAEFRERNEE -

[0029] SEREBAZH-FHOIFEREEHTHYEDINEE
GE - F2RE S EAERAIF REEIT 133 G5 EAER
BIC 1331 - MEXSAGETIBRETT 1331 (428 1332 DIk
B f4 28 1332 BOE SR BT 1333 - |
[0030) ZEARZLEAF > HWFEHEMEZEEEEENEERSHEMOR
#4163 p% ( Phase Lock Loop, PLL) H:E/F[R B » BHELLTHIEN(E -
B SEEEEIT 1331 AR AREAELES 132 BKEFEE
g% rln) o IR EEE R P — B R S B TR 8 (R AR (S 5%
RD - 823 - o028 1332 W SEABBEIT 1331 R BEREHE K
RD > Wi 43 Z4H1E5 RD ME R RESR Z - 8B Z B
RRBEREHAE S RD HETH IR BRI R WA ZIB E TR
ER{ESAE 5T RD RNIEIE B RIAIANTE - Rk BHEEET
1333 B RE5E Z > WLIRBIETRE I Z EE BB HEER
Sompes * RS RE BT 133 I IRBENREH AR £, FIHERER
&t fl S R 1E -

[0031] 6 RIRBAZH BRI G RSHEBETHIIEE
GEE - REE S IR BRSPS EERET 131 W —EEHS
N HB2RE 6 SHEMBEEET 1331 GEEHESTES 610 &
BIEH 2 (low pass filter, LPF) 620 LR E4E (down sample)

e
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BT 630 - BUHEEEE 610 B EIASTE 1 - SHESEEER
B 0SB /] | » T FATE AR B M 491 o 8 B 48 A5 9% ) BXUAB BB 1)
HBERERHES min SHERE L ETREESAER -
[0032] {3% I 55 620 £3 i A BHEET B 28 610 B SRS SR
KB /]| » I A 15 B0 B 48 S | |BO S SELRRD  BERE R
(2) FHIESAE r,n]| - BIL - B HPMEBRE B 3 620 LM T
# (10) MER

LPF{ry(n1l} (10)
LPF{|rln] |~ 7, (211}

[0033] REEUEREETT 630 FEBEEE B 620 - BIEHE R
@ytE i o R AR B SR R e E ) 15 B B e (R AR (S 5T
RD - BRI E RER T LA B (KA EF 5 RD FTRORUERES
FEEHRREFEIT 1333 TEHAKALITE » BEKAE - 554
IR EIERE T RBIRERITHEE -

[0034] [E 7 BIRBABH -—BHOIFTEREFEZZETHIIEE
SHHRE - FF2RE 7 FFEFETT 1333 AT (relay) BT
710 ~ BH KM (NXOR gate) 720 FEEEITC 730 DI K EES
740 - R BT 710 BMIKIEREHE Z 0 WEBEIETRES Z RBLLE
5 X o GISCHTIREIRY » FEREHR Z CERRE THRGREEEH
RD 7 235 48 Bk 2 B TR RO RE » h i BEOT 710 Al — 25 By 4 3 38 B¢
EREGREEBELI AT AR TR 0 P REET 710 /98 A
E (FERES Z) BB ES (BAEH X WBERN TRAR -
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Z<0 0
F 1

[0035] WEEZER > ERRERZZMEEE > E1-E THEREIE
SA{E 5t RD BEIRGRIEARRE - FHEET 7108 1 - MEETREN Z
® ZERE RME THRERESAEI RD EBRERANRE  F#ET
710 #H 0 -
[0036] HEFERE 720 EEE -8 AW - F_@ ARUREH
> HPE @B AGMEFEET 710 M BKREMAES X £
Wy A U MR B AEE BT 730 0 i im i R EER Y - MEET
730 R > MRS AR B 720 BB T Al B E s 2 T 0 AT
REGER Y REEEZREHR Yoo UHERTEERERFT Yo 2R
o BB 720 B9EE 8 Al e
[0037] MHEERYER - & B /FERE 720 IRBEALE T X UK AT— B
FRERZFES > LR EEERERES Y. KBHEEER Y -
BEHFE 720 WEERI TR 2 Fiow -
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[0038) sEEimE% 740 BT E AR 720 WL - RiBEE(E
Y DU B RE AR R (E Moo c FEREHEGI D EREBER Y
A 1B EIREE 740 BIHRB AR f, EEEREE o IES
B BE i ] 4 S o ARG AE K fp, B R B /oo B ZEE 1Y

£ Bl FE i Y S SR A T eomens o 7E 15 B Bl RE i W H R AH S eoreens 1% > BRI
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