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(54) Title: SIGNAL SYNCHRONIZATION METHOD AND APPARATUS
(54 RIAZIR: — M55 FD IR E

e B B3 A IS AGCHE LA A B E 5 0 3t 895 80 R 4
HWCE] 0 13 5 RATIERT BARKALIE, JEIERT S — IRl RE 8310
F%X%kﬂﬁﬁﬁ&ﬁ%%ﬁ%%&ﬁ“ﬁﬁ%ﬁ%ﬂ
FREATROER, HRIESBILEE R T TRHLE]

BB HZARE, AABIERAZ T HAT AN E AR AL,

Y BT M B AR K AL BR 64 4 B AT AR R AnFe ok, ME
WS PR R KL, AR R KR H 2 R
Rl ¥

E 3

S$310  WHEN AN AUTOMATIC GAIN CONTROL (AGC) UNIT LOCKS A RECEIVED SIGNAL, CARRY QUT
DELAY AUTO-CORRELATION PROCESSING ON A SIGNAL RECEIVED BY EACH RECEIVING ANTENNA,
COMPARE EACH PROCESSED RECEIVED SIGNAL WITH A REFERENCE THRESHOLD CORRESPONDING TO
THE RECEIVED SIGNAL AFTER A FIRST TIME LENGTH IS DELAYED, AND DETERMINE, ACCORDING TO
EACH COMPARISON RESULT, WHETHER COARSE SYNCHRONIZATION IS COMPLETED

S$320 AFTER COARSE SYNCHRONIZATION IS COMPLETED, CARRY OUT LOCAL CROSS-CORRELATION
PROCESSING ON EACH RECEIVED SIGNAL, CARRY QUT WEIGHTED ACCUMULATION AND FILTERING ON
EACH LOCAL CROSS-CORRELATION PROCESSING RESULT, SEARCH FOR THE MAXIMUM VALUE IN A
FILTERED SIGNAL, AND DETERMINE THAT FINE SYNCHRONIZATION IS COMPLETED WHEN THE MAXIMUM
VALUE IS FOUND.

(57) Abstract: Disclosed are a signal synchronization method and apparatus. The signal synchronization method comprises: when an
automatic gain control (AGC) unit locks a received signal, carrying out delay auto-correlation processing on a signal received by each
receiving antenna, comparing each processed received signal with a reference threshold corresponding to the received signal after a first
time length is delayed, and determining, according to each comparison result, whether coarse synchronization is completed; and after
coarse synchronization is completed, carrying out local cross-correlation processing on each received signal, carrying out weighted
accumulation and filtering on each local cross-correlation processing result, searching for the maximum value in a filtered signal, and
determining that tine synchronization is completed when the maximum value is found.
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—HEFRA ST A ARE

ARSI
AL AR ERBIEPRARAIR, LEFRGE—FETR T T ERELE.

FEHER
Bl 7 AR GG Ak LI X A BB AEAE A o ft, T ALIRA AR
W H &, AT RIAT R ELH, CRE LT EERmATR. AT
EZXH4E A (Orthogonal Frequency Division Multiplexing, & #& OFDM )
Aok, 2 TR ERRG. BAEFE FiRETIARER TR
( Inter Channel Interference, & #& ICI ). & -5 Ia] -F4£( inter symbol interference,
B ISI) 2RAFERAE & BRI, FFELLE 23K OFDM A 4K &
F B G E M
@ 1 7, — ANl F 49 OFDM & Sy , § 538 3 4= 4]( Automatic
Gain Control, AGC) ¥ (301) AL 4L EMAZ T /5, M EIERL (302)
BB T ENRFFE AL (Modem) (303) F, £ Modem ¥, &L
AFFREHE (304) #ATEALE W, F5 B B TALE Hag 4 R ik F
¥ e+ &4 (Fast Fourier Transformation, 4% FFT) ¥ (305) #4—44
F B, AR EATHET R —Z 5 BME (e, BH) . AT AET R
QRRIA, A5 R T A LR — ST REZA.
5 EALE kA H € OFDM A5 e9AL4642 &, BPHAS FFT & 2 6942
WAL R, B 2 T, FTRAR ST REAWMHEY: 1) FFT g9 1
(Windowl ) & B F3t 8 A G, KA A, AL ROGIELEZ
AIEHE; 2) FFT &9 2 (Window2 ) AT & BHA& it &% £ R5F5 694830
A4 (Cyclic Prefix , ®A&R CP) W, FFRA TRAEZLNE; 3) FFT H 12 3
(Window3 ) &7 M AE i+ &% E T — A5 QAIRTRA, JFive TRME
BTG 4) FFT & 9 4 (Window4 ) &7 &I A&+ 287 — AN 5 e 4038
oW, FARE T AT IR A,
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PRwAAER, FARBEAEA, ROFIRAFTIARE, F oS
M EAETRKGELT, FIAN ALl £ TAB I YH R BT, 122
%%ﬁf&kﬁ*“ Yot B A M AL, A ISR BT R e Ak, B = AP,

WA LA SN ISI A= ICI, &AM Ae IR IE L TiE, Kkt 2
ﬁﬁo

ESREEGEALT, REREAEEEE, BEZHT ALY
FALTLE . BRI E TR 6 B T A AR A, BRI ¢RI
BEHAH 11, BRI IERRGER RS 11 AR A E S, TR
B G IR KA £ R . W AF AT 1E R £ A A

_ T
27Af 11 (1)

12 20MHz AR Z 4G H LT, BHak b #5218 44 8 i) 19 1@ 4 SOns, &
% T 312.5kHz, E M % F 150ns, FFRAALE 6950 F AR b G AT
12,5 3 AN &, AR RA PR M AL R F A

R s, N % #rih 24 ( Multiple-Input Multiple-Output, & #&
MIMO) 81T, BHEREGEE AL, ARSI UELZHE S 2,
EEBH ERENE TR,

B, izuﬁ%’z%ﬂ%fﬂ’iém ‘?% iﬁw‘)\é BB AR R, EXREAE
{EAF BB AT T I IRIT B B, = F B A eh A

P&
VAT S AR S tmdh A 6 ARG AL, A SR AE R A T IRBIAAI R
GOSN
AL EMBIRQBEAFEARE—FETEH T ERELE, RBES W
NZ i 2T RIERIAZ 5 B R e e A R, S BRI A e B R
AL R RBE—FE TR T ik, @
FE A F)3E A5 H] AGC B UAUT ENAT 5 B 3 BBR 3B R RIEN B 0913
EATIER G AR KA T, RN F — AT KA RSB QR EST S
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R BRI MAZ T BT 64 A H T IR AT b A, ARIE B FA LA 4 R 2 R T % A
E ¥,

BHE TG, ST ERBEREFTHT A EAN XL, FEHKAE
KA FE ¢ 4 R AT oA B o Feje ik, MIEREIE 5 PR ER KA, £
& 3| R KL L T ARATE .

AL EHPIRE—FE TR T RE, 045

L) AR, REHE A FE RIS AGC B EHPAE T3 E-3%
FMR BB B Z T HATIER AR KL, R —B ] KB K &%
225 69 NAT 5 BB AE T 3 L 69 5 T FREAT R4, ARIB &4 pbak
4 R TR T TARME T

AFR T AR, R E A AR T RARGE, AR EMAZT T HAT R AL
Ao 22, A& A-TE R I AR K AL IR 4 R AT A B A0k, B G 69155
FRERK, AR E KA AT T RAE .

HARRBEAA, KA FEARGRM—FETRS T EHALE, £HF
¥ 3354 AGC AT HEMAZT 5 0 2 B I R R B 6915 5 dhAT3E 0
AR XA TR, AT 5 — i1 KB SR A 69355 5 iz e
B B 6 A TR AT LA, BB S FA LIS R A R T T AME F; M
Bl RARJE, M EBBEMAZ T HAT AL EAR R A3, W BH AR B AR K 4L 22
6945 RAAT I R oA fil, WIREB 0155 PR ERKME, EH R RK
BB IR R AR F . AL N TGRS L 5 NS ik AP IRIESR IS
R e AT, ST BRI e R AL

SRR T B mSRE, TG H G E.

W B Btk
B 1 A IA HA T FEBAIENAZ T BTN T ER,;
B 2 AHIA AR F T AL 6h 2L b T EE;
B 3 A KLP LG 1 6—FE TR FFERGARER;
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B 4 2 R F ARG 1 —FPALR] AL e AR

B 5 ALK A A 1 AL Bt Ak R ) F A 69 B P T &

Bl 6 A AR I EAS 1 F—FPAFE B AL 4G 1E R+ A

B 7 A AL B4 1 & AR AGC 452 B 18] 38 B ik 4L IB) 4 A0 o7 & B
B 8 h ALK T 2 F A TR ARG ALF F AR Ak K 697 & B

B 9 A RKPFEHRG 29— TSR FELEGFEA,

H#iR

HAEREPHB G, BRFERREEFERAEG, TXLPHELEHE
st AL BR 6 eS| B AT IR v, BB R, EXRFRHFILT, A¥
W 4G SF B R FE S F GAFAETT AR EAEZ AL

.45 1

ol 3 BT, RRAERBIBEMT —MHETR & F %, @i

FH S310, £ B3 A4 AGC $ AU BAZ 5 0 3 &K R &
BB E 5 BATIERY B AR RALTE, fE AL 5 — o ) R B3 44 A 2 U 1
BMAZ 5 5 Z S BMAT 5 3 B 09 S TT IR AT VLB, ARAE & 54 4R 25 RoAH 32
AT R ARHE

FH $320, EARF R ARG, AHEIBMATFHAT RN AN KA,
J R PA KW B AR K AL TR G 45 R AT A B e Fa B ok, AR IR G IS5 P&
FRAE, AHE I RAMAEHET AR T

A Ty R, FHAAHE F — Al R R 3] 615 5 ATIE R A
A, @i

HABAZ )| R 5 7) 649 B B N 332005 5 o(n) BAT2E BT N 4869455 A A KB
B, FAFE 125 Am);

Hd, AR NI HFSAMAEETABE TEANK (2-1) £F:
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A(m) = mfr*(n) *sign[r(n+ N)] (2-1)

HF, NEZZELEWL% A7) (Shorting Training Field, {84k STF) 44 /]
B, deRRAEREL 20MHz, U N EF 16, r)HEMKAES, © 0 hii
125609350, sign()A R T R,

o, PRI %5 A TSN, AGC HEAT . #EHF, STF
BT K MDA BN 84 64— 51, SRR B 5] 845 ) B 1L B 6 2
2455, FEEB A B EATRE F R ERE— T EFTURLZ T,

BE—AERT XY, PG — 1 REREN %57 6 F a1 T1
% AGC % AR HMAZ 5 09 R0 18] L 2 55 0 0 18] K

b, —HAT, AGC EAHRBMA T QIR 2 TR 2m;

F—AF F T N F, F—BMAT 52 B 49 5 F TTIRAARYE 7 Bz
5 fe— AN 55 5] R R 6 IERT A AR K 4 RIRE (G BRI 05 135
4.

f—Fb a6 Kb, 455050 TR B W) B 5 5 RIS 5 AT 6 A
FITRMATILER, BIBEBILRLERATRT TAME T, €

Yo R — oL PG 49 MAE T A B L IR AE ST A A TR B S
— AT R A B R ITIR, W FUE BT B AR T 2R,

FEZE VB E—FIENAT 5% AR 52K H T RALE

Hdr, PR SRR A FRAEL, e 5 ASRARE;

E—H R XV, FFEsEE —SERE S HIT AN EMALE, &
F&:

ARAE KD %4 /7] (Long Training Field, 4k LTF) &8 & N st 0412
5 ()BT R EA REH, HF3E 155 Tm);

Ad, TAAREMAXZEFTABEL FEAKX (2-2) &F:

[(m) = (2-2)

gr*(m+n)*c(n)
Hb, o) AIRIE B IR R R, IR R IR R RORIE RV %577 69
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AL AT, O AT TG LR,
Je—HP e KB, B &% KA T A0 #4782 04 45 R 34T AR B Ao Fa ik
2

v

Y

455 A AR K AL HE 04 45 RIATE I E R A0 RIFH =155

B AT F ZAF T RN AR A a 69 IR IR 3 P BEATIR K

Hob, PRk B ddki a 5BRETRERNRYERRKTFRFTL
HRK GG R KIER; a Mk AH T HF — K ERKLEE 53 egFk
FHABIEKR T HALEAFhk 2 B0 R F — L ZE R AN oG b fE T —
A ER KA RS —HEREREE T,

A, WEREGETFHERRME, RAMEENGILERLZ LTF 4
KL E, LR TF—H T4, b THENFT I @AH R E R, BiR
P& LTF 45 R 4945 B vA BARY 18] 18 09 R T A Z B — AT 5 AL &,
B, A ZINRKAFPEZRAFRF.

F—F LT XA, w4, R F 2T G T H 3k

1) 2 AGC BAH T HEIETE, BEAMELIETFAR (401) 74 F
— R R AT 5

2) ARAB T B — Ak L AT 53t B S5 BIR & (402) Bk B e943 5 shATAL
.

3) SEPRAEF BB AATRLE, LF—RAIFFENRFE T L AT
FTEH, BRI 5 AN—ARE K NN A STF 69 B 4, b4, N=16)
¢ % — SN (First Input First Output, &4k FIFO) £ 4% (404) ¥,
B —BAT T EAIREI LA (405) FHATRESIEF; 55— FIFO
ZAEBOMBETERELLE TN BETHAMRES,

4) FRrEMREFLOETORAIE, LF—RBETHANANRESD N
(N Z STF &9 B 8, tedw, N=16) #5% = A2 (First Input First Output,
B4k FIFO) 4423 (406) ¥, A4 5 —#4dE 5% = FIFO £ A4 £ eiin &
125 HATANRE F, MG 4915 T EAN R BRI LT (407) AT R IR
BEH, IHRTAR—ANFTIREA N (N=16) 493E8 A48 KEH;
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5) A AGC 2 UAl AT T 48, MAIES ZA % (401) Eat 5 —
BT B T1 B h 5 Ak K A5 5 HE F 20 (408) , PRk (i H %
AR —Z 0 KR A A 4 RIRF T2 2 1T IRME, Bl i AR A
SEZEE

6 ) FF—I5IEIM R &XT LG bAR BT (409 ) 45 R BRAE L L bk ¢4 A48
% ¢k R 5 ¥ EE F B U 69 A TTIREEAT AT R | iR e e R,

7) B FEABILR KT R GG AT (409) frdh a9 1 shaF b gE Rt
REBBHLET (410) , T4 1 wFeHE T4 R, e, SHREFLER
1 ES, FUEAE TR

£, w5 R, tde, AIB AGC 47455 AT AL, RIR—
BF O KGR §AR K 4 RIRFIF R TRAA, BT AL AR T4, s
B B AR % 645 R AR R G 1T IRAE S AT IR AR, B B I —A B KT T FRAE T R A
fk KA ALR) F, RAIER AABXRGGLEREL 5 RIKT ITIRAE A 2 AL ALR .
B A B M R R AGC 412 b TF 4469, A8 A# I TRIF4444, X
BT AGC 412 3 IR = A BT ] 9L ) A, AE% A Uk ViR R &
R A

LA F 6 B 69 A T RRARAE R Bt B, IR AAE R R AN EE
e KA.

FHATHERE A2 F, AR KV %5 7) ( Long Training Field, 4% LTF)
FE—A B BN S EAL K DRk ECh 64 B FIELE, BRETE
HIZEKE, TR ERSERBENI A ARMEMRZE, TR A REHR
TR FRAK (2-2) #HATERT:

[(m) = (2-2)

gr*(m +n)*c(n)

A, NAFTEZHXFTEGRE, NFT 64, t(m)HBEAZF, e A
TEIR B ay Ak R

o, BT RV %5 5] LTF ¢9 B H2Z STF 5 442, 55—/~ OFDM &) |
AR, 469 R R ATAE R F . IR, 125, KL £
H B IRR GG A A AT, AR AR — AL 223449 LTF (BPiR ik 8494dk &
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), HEBERETEARAMLTIFAXE (HIVEE) , shiIAARF LT,

HEHATAER ey d, s7F MIMO 2%, & THhEHE—HRRLN, £
o, R 25,4038 i B I AE IRAS AL B ATAR AT AL 2 (R K AR AT 4 200ns, *F-F 20MHz
REEER 4 ME), XFH MIMO % % FAE L8 B A\ £ b
( single-input single-Output, & #k SISO ) % A4 A 5t I AR & M {E AR 3L
TUAFFEE 4R T MIMO, Bl 6945 RN A F — B I & .
AT RGBT AL E, KA ERepEdat 240X 69H 4
REE— AR h 6 698K E, REAE—TLENERERZ M ELRY
RKAE, BPARLAFRE F a9k,

Hor, MWE 2 The, R FALERTREIG ZAFF I, I e Eit
EEET NS OB ERA, FFHE TRAETH &, Aol g afmtb
WETUREZABR T HHETRE, o, BRIV EQITAE3) 6 /544
RIRAA OFDM 4%, A#AT FFT X387, i85 69T~/ 5 ey 584 5
A5 REHALE, IHETUAFTALE TR TALE A EIES), XM
BRARAET FALRE) BT AL RAZ AL E A AT, XL T| AT T,
RET AR T HHETHE.

Bt £ ¥, AT LEAFE, w6 v, MEAFILRTUECHE
Tk R

1) B ZRAREAET AL (601), FEAMAES AR ASE =
£S5 (A% T4 AGC 82 i 2 & & aF T2 &F1E] ) ;

2) AR FT L F = REAT T AR R KL D) 6915 5 £ AT B 69 &
B — K B 602 )F HATIE KA T, KRG FiEANE A 5T e BRALE (603 )
I B ATIARAL 22

HoF, R Rk R BORARAE K| G T 64 RS S AT AR A AL 2
89, B AT RN GT 7] 69 B 3RAE 5 BAT 5 5 A0 R R B Ak A BG5S, AR
JEARIE R %57 69 B AT TR i eg Ko, HIEEKBAFBERENSO0. 1. 2,
AW ERILRE AR, BEAG, AL T ARG E., XAFER
Regdhk 24 2 0. 1. 2R84 % (e, 142i) ;
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3) BERABAEEOEFTEN—AE MR (604) FHATKFEF, 48
LG FHEANARKEMREELEREFRE B,

4) BB BHE B GETHAR —AF IR E (605) PutiTRE, BT
HAL TR TR E RATR AR S 2670,

b, & IRRRARE T A ARG R, sF A 6 — BT T AoA,

BRBIERRAARF AR S ZeGF R, MRS G H R K EREK
CPEAEIRE, AT RALE|HE —ARRKROPEE, REGEALLERGEA K,
5) ¥ H ZIEEBMERE TN T KMERLEEA (606) FHATRK
A%, FEHEHLEXR,

6) HR KA & LI b o9 RIMANB AR5 2T (607) F, 4R
FI1L B @A 6 AN EFERREA OFDM 45, £i#4T FFT X371, i
T~ EGREBDIFTRENILE, A hBEAE R FFT
TR AL E, K, FALMAS 6 BRI IR S AR AT 64 B B4
BT R

f%

T & i — 2k R IR AR Aetd B AR f e AL B AT — 8

@A,

4 1

4ol 7 B, AGC 4125, #EIMEF 3 modem, SLBf A& BPotfT
HLE AW, TR IE R — 2 6 B IE oF AT AERTeg AT (T) Rt A
FUATHLE 7 69429 %45 ) 45 ey atia) (702) R AGC RBLAUE 49 AT 1)
(701) 132|49,

fEEFIAEY, AGC 417 (703) &, idsEnrati (T) 1F3)171%
(704), EAZALE] H4m (705 ) KA ETTRFAZ G, 48 AGC 4% (703)
J&, MBI TR (705) ARAZ AT R HATHE TN, XA RV IRF
W ag R &
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= 2

ol 8 Frw, #HMETEEEN AL EIFR MR (801) , A
F XA 45 R (801) b AGC 4 3L B fik & FF %43 B 1TFRAE (802) , 17
FEAR 693+ AN B T 46 32 Bt sk 45 R (801) 69 16 MER B R-F39433], 17
RAL ARG, TTRAAF AR, HE TN FLEHT, REemb4g R
(801) HITMPRAAB L LA E (803) HATHLE S 1 tbAFagtbER 4 R, b
RERZIT—AFhk R4 H 169 5 KBRS (804) , JEIKB a4 b
BEEFHERPOM (805) ATkER, £, FHEFHMEEXES 5, i
2 RARS IR Z R RALR) TN 2], ATid 5 JhK RS (804) e94EA A
Fo Zik 4 SA BRI RAG A A A RME T ARA .

BT A R 4R 64 L) 4G i 45 Rl i 38 4835 K (806) #tATRE, BPREZ
H—F REME T AN E], HEF)FTA23% 7K.

LR F AN R AAE it AR,

T~ 3

Yo 6 BT, ARIERDN G/ 7] 6 0 BALB F —IE K & (602) a9ddk
BEG AR ) B BAE 8 K305 R A0 AR B ME, R AR
2 4%E|1 FE’JE iw)'l YT ) AT IRAR 0 2 B0 5 R B0 o A IR oA xR 6 T IR,

RIg st Fod RATO & ANTRE (LBxTEARIL 2 ¢8R 2) FR|RAIERE
a8k & %zkic ).
c(n) =round| ——; X(n) (3-1)
(Z X(m)/(2*N)
¢ (m) = {c(n), |c(n)| <2 (32)
2 * sign(c(n)), |c(n)| >2
B AR (3-1) F, o)t BR4 LTF 98815 5 84T E %, B A

ﬁ$%%%ﬁ?ﬂﬁ%ﬁﬁﬁ?%%é,ﬂ@ﬁﬂTﬁﬁﬁ?JﬁMﬁﬁ
LTF & & &, round()-Z B & H

10
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B EEAK (3-2) F, Ak 28 (P AMAEHGKRINGF 7)) ;

SEF 8 ZJRKE (605) , % JEKB—2£H 6 Mk, Kk RHHh:
{(1,1,1,1,2, 1}, AR H =K BB S ZREAR T R &KX 638
B, R AR S F — R R R AR EMR, R TSR ESE %
R RLE L.

4ol 9 BT, REEHRBIBET —MHEFTEFELE, a5

FLE) AL 901, X EAHE AL HEES AGC £ 4T HBAZ T it
BB R RAEL ) 0915 5 AT AAR R, AR F — B8 KRB I
BB AL TR G BT 5 B R 5 3 L6 A TR AT RLAR, ARIE &%
LAk 2 R AT TR
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