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ABSTRACT

ABSTRACT

LTE system gets rapid development in recent years because of its higher data rates
and spectral efficiency, lower latency and configurable bandwidth. And synchronization
technology is one of the keys of LTE system. However, current research on
synchronization technology mostly only contains a part of synchronization process, and
only a few of the studies covering the entire LTE system synchronization process. In
addition, most studies are about algorithm and only a few are about the FPGA hardware
implementation.

This paper studies the synchronization algorithms of LTE system downlink
physical layer. Through the simulation and performance analysis of these algorithms, an
improved SC algorithm based on the accumulation of correlation value and a
synchronization algorithm program under the EPA5 channel environment are proposed.
Combined algorithm performance and implementation complexity, the hardware design
of synchronization is put forward, and the FPGA implementation and verification are
completed.

At first, the development of mobile communications and the overview of the LTE
system are introduced. Then the significance and research status of the synchronization
technology in LTE system are analyzed. And the introductions of some basic principles
of the LTE system downlink physical layer are followed by.

Then the synchronization algorithms of LTE system based on multipath fading
channel models are studied, including PSS timing synchronization, CP type detection,
frequency offset estimation and SSS detection. Also, the simulations of synchronization
algorithms are completed respectively in EPA/EVA/ETU channel models based on the
Matlab simulation platform of LTE downlink physical layer. And according to the
analysis and comparison of the performance of these algorithms, a synchronization
algorithm program based on the EPA5 channel environment is proposed and its
performance analysis is completed. Also, an improved SC algorithm based on the
accumulation of the correlation value is put forward, which effectively reduces the
phenomenon of peak platform and the detection error probability is reduced by about
50% at high SNR.

Finally, considering the performance and implementation complexity, the hardware



ABSTRACT

implementation synchronization plan is presented and during the process of the
structural design some skills are used to reduce the amount of calculation or delay. Then,
synchronization module is implemented on XC7K325T and its functional correctness is
verified by comparing the simulation results of Modelsim and Matlab. This module can
meet the LTE downlink peak rates of 100Mbps. The synthesis report indicates that the
resource consumption is within 60% and the maximum frequency is 304.062MHz. At
last, the board-level verification of synchronization module based on MSUC platform is
completed and the results indicate that the implementation of synchronization module
meets the needs of the project.

Keywords: synchronization, LTE, PSS timing, frequency offset estimation, FPGA
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c,(n) =&((n+N?)mod 31)

(2-19)
c,(n) =¢&((n+N? +3)mod 31)
Hep (219 NG AMXID 5, Miel) st (2-200 Fris:
&(i) =1—2x(i),0<i <30 (2-20)

M (2-200 g x@) A x{ +5)=(x(T +3)+x(1))mod2,0<T <25, FJEERA
Sy %x(0)=0,x(1) =0,x(2) =0,x(3) =0,x(4) =1, c,(n) g NP ¥z, Bk 5 PSS 5%,
(3) thBEHLAEF 2™ () RO BENLE 51 Z(n) JEF R A 4351, sk (2-21) Fioks

2™ (n) = Z((n + (m, mod8)) mod 31)

(2-2D)
2™ (n) = Z((n + (m, mod 8)) mod 31)
Hps (2.2 Fm Z(i) ins (2-22) fik:
2(i) =1-2x(i),0<i <30 (2-22)

M (2-22) Hgx) R x@[@ +5)=x@0 +4)+x@{ +2)+x(i +D)+x(i))mod 2,
0<i <25, #IEHIRZAH X(0)=0,x(@1) =0,x(2) =0,x(3) =0,x(4) =1,
PABEHLEF ™ (n) A1 2™ (n) s B my it (2-23) Fom:

m, =m’'mod 31

m, = (M, +| m'/31|+1) mod 31 (2-23)

Nip +9'(Q'+1) /2
30

Heom =N +q(q+1)/2, q{ J q’=LN,%)J/30, BESS

T HUE
it (2-23) W, A M 5/MX ID AN AR, AR (2-23) iS5
fm FIm 5K ID 4N ISR, gk 2-4 R .
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%24 m AIm, 5K 1D 4 N® Fm % A%

NG | Mg | my | NG | mg | myg | NG | mg | my | NG | mg | myg | NG| mg | my
0 0 1 34 4 6 68 9 12 | 102 | 15 19 | 136 | 22 | 27
1 1 2 35 5 69 10 13 | 103 | 16 20 | 137 | 23 28
2 2 3 36 6 8 70 11 14 | 104 | 17 21 | 138 | 24 29
3 3 4 37 7 9 71 12 15 | 105 | 18 22 | 139 | 25 30
4 4 5 38 8 10 72 13 16 | 106 | 19 23 | 140 0 6
5 5 6 39 9 11 73 14 17 | 107 | 20 24 | 141 1 7
6 6 7 40 10 12 74 15 18 | 108 | 21 25 | 142 2 8
7 7 8 41 11 13 75 16 19 | 109 | 22 26 | 143 3 9
8 8 9 42 12 14 76 17 20 | 110 | 23 27 | 144 4 10
9 9 10 43 13 15 77 18 21 | 111 | 24 28 | 145 5 11
10 10 11 44 14 16 78 19 22 | 112 | 25 29 | 146 6 12
11 11 12 45 15 17 79 20 23 | 113 | 26 30 | 147 7 13
12 12 13 46 16 18 80 21 24 | 114 0 5 148 8 14
13 13 14 47 17 19 81 22 25 | 115 1 6 149 9 15
14 14 15 48 18 20 82 23 26 | 116 2 7 150 | 10 16
15 15 16 49 19 21 83 24 27 | 117 3 8 151 | 11 17
16 16 17 50 20 22 84 25 28 | 118 4 9 152 | 12 18
17 17 18 51 21 23 85 26 29 | 119 5 10 | 153 | 13 19
18 18 19 52 22 24 86 27 30 | 120 6 11 | 154 | 14 20
19 19 20 53 23 25 87 0 4 121 7 12 | 155 15 21
20 20 21 54 24 26 88 1 5 122 8 13 | 156 | 16 22
21 21 22 55 25 27 89 2 6 123 9 14 | 157 | 17 23
22 22 | 23 56 26 | 28 90 3 7 124 | 10 | 15 | 158 | 18 | 24
23 23 | 24 57 27 29 91 4 8 125 | 11 16 | 159 | 19 | 25
24 24 | 25 58 28 | 30 92 5 9 126 | 12 17 | 160 | 20 | 26
25 25 26 59 0 3 93 6 10 | 127 | 13 18 | 161 | 21 27
26 26 27 60 1 4 94 7 11 | 128 | 14 19 | 162 | 22 28
27 27 28 61 2 5 95 8 12 | 129 | 15 20 | 163 | 23 29
28 28 | 29 62 3 6 96 9 13 | 130 | 16 | 21 | 164 | 24 | 30
29 29 30 63 4 7 97 10 14 | 131 | 17 22 | 165 0 7
30 0 2 64 5 8 98 11 15 | 132 | 18 | 23 | 166 1 8
31 1 3 65 6 9 99 12 16 | 133 | 19 24 | 167 2 9
32 2 4 66 7 10 | 100 | 13 17 | 134 | 20 25 - - -
33 3 5 67 8 11 | 101 | 14 18 | 135 | 21 26 - - -

2.3.2.2 HEIZESHIM R
HIRPES H 24 31 M EENLT 53 R ik, DR eI B — i O il
HLUFR AR S, AR B S B, W 2-10 Fios.
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Il 2-10 SSS (1) FH AH A B AH G

2.3.2.3 R ESHIBTSIAL E
FDD i z0 R, SSS {55 AT E R A B 258 0 NAIEE 5 AT i8I 5e —
A~ OFDM 775 &, JEH A (2-15) w41, HANTCLWIEE 0 ASFmiflsE 5 N1
MUY SSS 1552 AE A ZUAIA, IR AT RURR 458 R 58 1 10ms 8 28 i ) 5 i ) 25
SSS 5 MR 5 PSS 55 AH[E, #P MRS 2E /N X 77 56 B RO B

24 LTE AZ kT x5 ERE

ELE&EEY, FoabBEY. k&L &HE, FHEHXBHIE., @RS
sz, AFARERRORICEIR B AR BRAERE S, M T AEES = ETRS
WFE.

TLEAFE IR T LA e RN R RV . KRR & H KR
B 1A B SRS T SR . DR REVR R T 2 R 5o o & 432 1
I RE . FEAASEAFR], TS G G 5 5 R H . AL 22 0T LTE
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F4%;, H R OFDM A1 MIMO oA, R R o/ R et R %
F BRI Z W WAL A Z A2 0N, HorR AN [F] %A 1 22 3 B RN A [F] 2= S EE AL
AR AR, T 22 42 I SE 2 3 R PR RS ] i B AT P2 AR 55 Ta) T4

X 2 G40 H A R A VP 75 2 A BRI ST S AR A S TE A A g AT, B
TR A B R G A B Y L SR BV R S A B N 5 {3 A A B R
RER o WS T8 1 EA R HR 2 DABm A 32 A5 18 9 2L Al ) .

XFF SISO HIZ A A=k G, RREEA L &8, HAE—Mr o NEER
P 3o e SR S8 AR A S, TS 3 P s s 17 h(7) Oy

h(t) = ZL: aot-1,) (2-24)

Horboy FoREH | FRIIEE AL, 0 R SRR TSR
Xl (2-24) f DFT, AJ4345 & F AUk i i -
. 27Ky

L
Ho=Y ae v k=01..,N-1 (2-25)

1=0

Rl SISO [ 2 A2 38 V6518 AT LA 32V REUSIN I8 B A E « 10T LTE 1)
MIMO {5 AL, AT LAZE SISO (S FEat b, B MY A2, H R
R 358 3 TR 2% [ (140 R R B AR FH P R 2R T 1 A DGR B, R Krronecker Je R A58 2 RII
A3 MIMO {FIEMAERE . X T 2%2 B DL R, AH A B Rpa 00 R BT :

1 a p o
B |1 B 1 a| | & 1 pa p
Repat = Rue @ Ryg = {ﬂ* 1}®{a* 1} = 8 pat 1 o (2-26)

fa B o 1

Hh ® %R Kronecker, o FoRIEuh KRR MK R, B FRom I RE T 1)
KRR REZEBIACHER 730 A8, . m=Fh, 20 00 B AH O¢ R 4
a=0,4=0, =09,,4=03, a=09 4=0987,

3GPP 3T ITU (SRR, 42 0 T3 8 ITU SR AY, DL AR N i) TAE RS,
PR NTU BB R ZAHE =M, e a&: ¥ EDITEERE (EPA). ¥ E
EREHERBA (EVA), ¥RMAN T EESES (ETU. 1 EPA. EVA, ETU X
SFYEEEAR LY ZAEA R EE, LRSS AXNAISECAE, U
AR Z R EAE, R FENSHAEZARNE, 230 PME, %k,

EPA. EVA. ETU {FiB MR (1) & 4200 4E K 594 R 50 T 3% 2-5 FiRtl. EPA,
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— &% LTE ¥ E A

EVA. ETU 518 M) & K2 #h4isg 43 98 SHz. 70Hz 1 300Hz, R 2Ed 375
M54 45ns. 357ns. 991ns.
Z W R S5AX B S E L R W (2-27) Fiks:
fd:i-v-cose (2-27)

c

Horp £ o2 EEHH, T ONEBIIE, c=3x10°Km/s JVRBLMALREEE, 0
R BN & im s 27 1R 5 NS I A o 3 D AR Oy 2.655GHz I, R4 22 3

(2-27) A DLTFE £ X8 40iF% A SHz. 70HZz. 300Hz i X 3 (118 5 2 i A X IE 51
W58 2Km/h, 28.5Km/h. 122Km/h.,
2% 2-5 EPA. EVA. ETU & MBI 4L N 3278 25
EPA {518 EVA {5i& ETU Ei&
it %E/ns VK 2 ¥0/dB i ZE/ns VK 2 ¥0/dB i ZE/ns VK 2 %0/dB

0 0.0 0 0.0 0 -1.0

30 -1.0 30 -15 50 -1.0

70 2.0 150 1.4 120 -1.0

90 -3.0 310 -3.6 200 0.0

110 -8.0 370 -0.6 230 0.0

190 -17.2 710 9.1 500 0.0

410 -20.8 1090 -7.0 1600 -3.0

1730 -12.0 2300 -5.0

2510 -16.9 5000 7.0

EPA5. EVAT70. ETU300 15BN F T A SC 5 = F i B BE X EL 70T

2.5 KE /25

AEFENAT LTE KRG FTWHEN — @i R AR, o5
OFDM HiAR . TEIAREIZE. WiAg AR IR . FBES, UL LTE KRG LLER
FEHEA, NE =% LTE KRG A D EEK R B e T HIS R,
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E=F LTE REGRIFLEZRMR

LTE RSHIIFID 2 UE 1R800 AT 2008 Ao 310 1 2 75 2258 g A% , Jd i )
I FEIRAT IR B [R5 AU [R5 A5 02, T LIRS R R S i 70 28 5040 ot e o ke o7 2
OFDM 55 HEAa A B LA AM FH 5¢ SO St B A2 o b Ak, Jd e e 2
FEIEAT LR N X 4820, HSRAF /N X ID J2& UE 8 A /NX HIRIIE . [R5 S i vk
Re< ELIERN LTE J5 2B S 8.

Hltt, ARZTFREHR T LTE REFRDEFEN—BIRARE, S8 W e i [R5 A
WPAEF P HE; BT LTE R4 FMTYWEZER Matlab 55T &, 7 53l7E
EPA/EVA/ETU {F 1B 358 T X} [R5 LT T 05 35 30 5 25 SR M Re Xt LL 2 #r
P T —ANET EPAS [BIEMEIM RS EVE TR, JRoir 7 HMRE R H T %
THIOHE RN SC etk 5k, HARIIED TR SC HIEMIEHFEILR, £
{5 M8 LRI A AR 00 T 2 50%

3.1LTE R4RLHRIE

LTE RGuH [FPE R o e i R0 RO [R5, 1 5 B[R] 25 SR 23 R i 7 B
FPRIFE S i FD, AR AP R EERF . 16 LTE R84, Elumn A
TR S 5 S RS IR %, H BT 248 KO 7S (W52 AS 5 B A AR, DR AE
TR AL B R, TR E AL AR WUk, BDREATOE N [F 2P . T 6
W15 5 1IE#ii3E4T OFDM f#if, 7534018 OFDM #F S HIEIAAL &, ENHTR 5 &t
5. BT LTE 4% H 7 MIMO-OFDM 454 A, 1M 2 X 84 A 9 i
Pz A A A 2 PR OFDM F- 2k 1 IEAS M, AN i R 2k 7] T4, Rk
T AN T AT R RS 0 A, BUEAT 2R A [F) 20

LTE RGE[FD IR B T 75 25w R Woe v 22, 75 2t FED . ik
WA [FP SR A E DA R, TR B BN 2R/ 1D ASCR AP LTE &
PR 3-1 fr.

e AT I FP AR, W BE IR EE AR, il kT CP I
BT PSS KIEN RS EEE, (AEHT LTE RS H AWM CP K8, e I 4
He A, JFHET CP MR R Z AR EE PR E. oh, BT
PSS (152 i [R5 A LAFE 5 B Sms i e i) (1) R 3k45/NMX ID %, 13T CP [[F
WA R 5E R OFDM 55 @ i o PRI AS SCR FH 1) 7 58 s B [0 i AR R 2 T
PSS 5 i [F) 25 B
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H=5F LTE RGFEDHIENTIT

H T CP RAUGN, CP RN ZMHA CP MERNE, i CP R M
CP 2y & CP, SEMft T AL, DMEXER CP, 2 IEHIK) OFDM 1§15,
347 OFDM fififd .

1. Sms 2 E B HH )20

N 2. NXIDE
Y
CPRA | 1. M5 CPA
e 2. OFDM#F5 g/} [F]2
Y
wfwfhit | 1. RS
ISFIN e 2. ICFO (BREAMZIR)
B 35§
OFDM/i#i
____________ [T
A, . 7N /HE
SSSK 1. MXIDA 5

2. 10msHMmisE i A 25
3-1 [EPiife

SR AT BB A A2, R S8 R it v R AU AT /M2 o BRI [F] 2P
SR MRS, AT CP ORI T PSS MifRfliih. 2, K 5ERk 5ms
PUE RS [ . OFDM £3F-5 5 I [A) 20 R 4 e [F) 20 1 A%

I R A e B A AT SSS A, fEH/NX ID A5, H5E R 10ms Y
M IS [R5, AT 58 B R 22 DA R /N X8 2R ) 4 BB A

Ak, LTE 2GR EE MRSy PSS SE I [F25 . CP ZRAMKGI . A fwfiti 11
SSS A PUF 4y, HEEAFED /NI RIS Z I T X PSS, CP. SSS X =K1F
5 PRSI T 56 B o

3.2 PSS ERREIH$E X

PSS JENf[F A, 1EA LTE R4 MMrEon PR 2, i #i
55 PSS &, SERK Sms [ CEMD ERTF. OFDM fF5 @i [F5. 155
AXID SN,

PSS &} [F2 YR # 2RI ZC P AR GME, e Rt PSS A5 5 1Al i e
HALE, FERYE PSS 1E LTE RG LG E it i EHEH Ll Ris i &, 58
5ms EFf [F5 .
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1 2.3.1.2 iR PSS M, PSS 155 75 I RIS 34 45 1R 1 (U AH S
It PSS 5 I [F] 25 B AT J3 DA I SSORI RS B[R] P AR, I HLAE I S B AiIs i vl gk
— 243 N E AR RN BAH S Sg . FH R I SR U ) TG 75 i CP 2R A, T ZE AU A
M T TR CP R IERERR CP 54 FFT AR 24, THRENE IR, FbA I %
W T PSS [ 38 i [0 50, B4 3 eS B AH G EAH DX P R AT 72

H 2.3.1 AR PSS AR, R b ) 1.08MHz 458, s
A DARE NSO, DR AE R AT AR DG AT 75 B 0SS S I IR A R R A A 5L
WETH. seoh, T PSS (08 R 5ms, %R 30.72MHz [SRFEZRT, SEAE A4
#7y 153600, 5ms If[A]N K RK KK, JFH OFDM fF54 2 KR AN
2048, EEAHMTHEN SRS IER K, BHEEAKP. o582 T, A
KHARHEBUE 5T 16 £5 K, NERFEZFIFICH 1.92MHz, OFDM £ 54 & IR
FERERE S 128 51, DAJg/D PSS g I R 22 H i AH OC s 25 HL RIS OREE T PSS A K
VERBEREIN . A SC UL R TG T PSS g I [J 45 I K JE 2R 2, 3552 %t
23t 7 UEP M 16 £5 R RS RIS 5 AT B AR B

3.2.1 PSS BHEXERNREIZEE

PSS HAMHRE LR PSS AGHAHIM:, BEEXNERUE F#ATHIS, A
F & Bh At PSS RIAT 58 e [R5 . IZE T PSS HAH G E I R 2B HEA
Z2 #Lf) Schmidl & Cox % (fij#x SC Hik). CSC Hik%, SC Bk xt Lk E s
T (R R S AN PSS 34T A O . 1 CSC B A PSS o BRI (Central
Self-Correlation, CSC) #47 H A PLIE PSS & i [ 2P A2

3.2.1.1SC &%

SC %142 th Schmidl & Cox 7 1997 4E42 Hi (11 T OFDM 2 4t (4 i 5713,
ZEEWM T T LTE 244, KN 10ms Toemirh (i wl J5 4> PSS 2 AHE Y, 8
XX IS PSS HEAT HAHDC, @ B R AR s RMEALE, B E I A28 .

SC BIEI & I FE B AR R T

M(d):|a(—d)|2 (3-1)
(B(d))

Hodrd FoR ERE S & AR IR KA S B, a(d) FKoRET a4 PSS 1 H A%
i, p(d)Frg > PSS HIfEEME.
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A () Bkt A
(@)= T0r (kN (3:2)
i A(d) fFIA RN T
pA="3 et N)f (3-3)

X (3-2) 5K (3-3) F1{JN &y OFDM FF5 FRFE i, N NHTEPIAS PSS
FTAIRE, Bl Sms [ WEREE K.

N T BESE AR e I R R BOHEAT A AL, (R R A0, LN EH N, ASCHE
JRE R, AR (3-3) R AN PSS URERRIA—1L, TR M
A~ PSS RE & H-FBMESREAT H 1L, Bkt BRI RS A A(d) , Hkik
L

d+N-1 9 d+N-1 2

5 I + 3 e+ N,) )
d — _k=d k=d

B(d) 5

BEAt, N TR, AR SCR SR SRR R R RO ek BT AE
A SC s B L SC R A 52 I R 0 -

|v|(o|)=M (3-5)

B(d)
R, FEA SRR E ) SC &k, RHMER EEREI (3-5) Fix,
Hage g () = (3-4) Fin.
2R (3-5) FHEREREH M) S KMER, RITTE2] PSS KItaatr
B, e RS s dg

A

dsc =argmax{M (d)} (3-6)

SC Sk I s I P B R BB AR I F AN — € = Y BLAE IER K E I R P AL B e, DN
CP HIfFAE, EIN R R M () AEBA CP LRI B — Mg E &, AL
BURBLIIE(E . SC BVAMIXH “IEfET 57 BLR, SXEm FP RS M —E
Iz, ik 3-2 frs.
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1 0.999F ©

0.9

0.9985 -
0.8

0.7r 4 0.998 -

0.6 1 0.9975 -

0.5
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0.9965
0.3r

0.2 B 0.996 -

MW i 0.9955 -
At L AL N :

0 r r r r r
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 810 815 820 825 830 835 840 845

(a) (b)
K 3-2 SC 5k “IBH P& B

W] 3-2, FEMUHE RGP, R e N & @) s, 22 B e g
EMGTHEATIIOR, () s, IR E R R SONEE 833 MRAERIFA R &
PR I KB R, A% (3-6) Fn B K E, MER [P e iR, it
SC BRI A A i B AT i, AN A g 5 A0 38 3 i E B R A B KA R A S I
A2

3.2.1.2 CSC &£

CSC Hi£5 SC Bk 2R PSS M E MK ERCER R . (A - FA7/EH 2
()22 5. SC BIERERH—ANTC& WU HT fE W > PSS 4T HAHG: CSC HikZFH
PSS HyH LR FRIE, XF—A> PSS [RHT G PER 73 #E4T HAH G . CSC B I E I bR %L
=k (3-7) prslen,

)]
B(d)

Hrpa(d) Jy—A> PSS HIRT G &> 80 H AR, A(d) 9 PSS HIHT G # &5 2)
I RE T 2 ME
PSS R Ja W &7 B AR S a(d) =ik s T s -

M(d) = (3-7)

N/2-1

a(d)= " r(d+k)r'(d+N-k) (3-8)
Re P IE A(d) R Fos:
Nflhr(d +k)[ + Nfl|r(o| +N=K)|’ )
() = S (3-9)

2
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HrpN Oy OFDM F5 5 HRAE i, 230 (3-7) PRER FEERHM(d) G
BOAEI, BIATASE] PSS 5 i 175 5 d g -

~

dege =arg mc?x{M (d)} (3-10)
Tz BE AR O R R D, R BN .

3.2.2 PSS BEHXEFMREILSEE

PSS H A E I [R5 Sk S i i B s 5 S A DAY PSS (5 St TS E
MISEERAE, SRR . FUAEAICEVERE 2 BB 3 A PSS #ETHI%, &
E AT DLAE SRS I A5 A IR MR AR SC I (T () A PSS, 40 5E Hi/MX 1D
o WHIET PSS HAEM N R HEA 4550, AHC Hik, M-Part 55
V. ESEEE,

He G R B S 2 AR 3 41 PSS AT HAR:. AHC Bk h
FASEHR A T ZC 0 i ot X BRI AT A 5542 2% B o/ 9 R 14— 2 . M-Part
BER PSS R4 0 M B BIREAT RIS, DR UM RE S . 220 SRR
6 ELAR G LRt LRI T 254 B R

3221 &5 EE

FF PSS HAHRMWESG €N AL HE 2 BEbElE s 5t camn 3 A
PSS {Z 54> BIHEAT W ShAR S8 /E . A 2010 3 4H PSS 15 52 ik ZC 771,
%R 2-6 ATn 73, S EZ G IFFT 855,

ST PSS HAHKHIMEL G e i [R5 ik, Hoe e EE R BT -

|Cu(d)|
M, (d) =" ;
,(d) o.(d) (3-11)

Herre, (d) Fonittafr By d IG5 5 ZC FAIRF 58U A PSS 7
FIIEARRAG, P, (d) FoRIZZ 5 5 A PSS 741 (K BT H .
HASE ¢, (d) F AT
c,(d)= ir*(d +k)s, (k) (3-12)

REE-FIME P, (d) HRIERan (3-13) Pk:
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N N
rd+k)F +>s (k)
p (d)zkz_ljl (d +Kk)| él L (K)| (3-13)
’ 2

Hoh N 4 OFDM 55 [RFE %k, URAR/NX ID S ND , BUEEE N 0. 1.
2, 73N ZC AR5 9 25, 29, 34.

el (3-11) 33 3 HE R R AME, BInT#e e [ DS S Ed, If
LT H A R A 1 B = N R AR 75 i e /N X ID 50

{d,a}=argmax(M, (d)) (3-14)

3.2.2.2 AHC %

AHC 5k 51 G AR 1 B2 R R IERWUE 5 541 PSS HISE R TH5 .
W5 2.3.1.2 WPk, FWHA) ZC Fra BAT L wr ik, JFHI IFFT 5514
IREA LR, R

s,(N)=s,(N-n), n=1..,N/2-1 (3-15)

LI 5 5 A PSS 19 ELAR 4 ¢, (d) kS AT AR Akt 07,

N/2

¢, (d) = (r(d +k) +r(d + N —K))'s, (k) +r"(d +Ds, (@ +r"(d +%+1)su (%4_1)

(3-16)

AHC B E N s . Re T IEN S &G EVEMIR, 70m1an (3-11).
X (313 Frow, JRHEAPEMKENTTHEESEEAR, Wk (3-16) Prn.

3.2.2.3 M-Part %

M-Part 5%, B _EHEBEE S S5AM 50 3 4H PSS Figshtix, Ha¥
G K N—A> OFDM 75K & N ) PSS FRAIMSE, 4T M B, HEL
KENL=N/M,

Hoen EERBSEaEEME, ml (3-1D Frx, FzUh i EHCEA
[, M B A M B, 0 R prosto

M-1| L
c,(d)=>_D r'(d+k+mL)s,(k+mL) (3-17)
m=0 | k=1

0
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M-Part S3EIE IR PSS Fral 7o M B, - RilAE R 200, 285 BR LLREEREAT
H—4k, RERRBIFUIRIER, oA Gk gt 5

3224 EEL

ZE o RV R T B S A PSS 55 AR SSAE MRS KRR A, S5 LARAT
RIRAE S AN, a4 3N, 2270 S e I L R ek 5

M, (d) =§a(k)-a(k +1)° (3-18)

X (3-18) il a(K) Fomildah sy d BIFEIP ) 5 A PSS 81 HAH SR
FIFRIEE K AR, R PR

a(k)=r"(d +k)s, (k) (3-19)

3.3 CP X B ME X

1E5E UE I 2D JE i e T OFDM 75 iia i E, T el i/ B
CP 1T OFDM f#i, 1fi LTE RGP AAAEPIFHKFER CP, RILAEREAT FFT 284l
SR BT, 75 B CP AR, HEAT CP 2RAL A % OFDM 5 2 .
) CP RSy . 2T SSS ) CP R EMIM &L, 2T CP HAHKM
CP ARG B, 13T CP AR CP 2R ALK M By X Al 73 3L T AB P 73
AR, AR EMICHE L. M B EMIE. 2555 M AIBEI E A
G S
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S 09 - maxfie ()
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AR B CP IR S8k — 2, WISRHUK) SSS AL/, Mter™ A AR
RIE(E, PHIUL, PERCAF CP SRR MIRE R AE Mo AT My, FER AR KA AR Xh 2 4 B
IERA) CP KA

I =max(M,) (3-21)

HILL B RE R R0, 2T SSS i) CP SRR B AR Sk TH SR B R K, I AE & iifF
LI, PRI ASCA R Z B EBEAT 7 T 5T

3.3.2 EF CP BtHXH CP R FKME X
T CP A CP KBk I BvE AT 4 =Ff: T AB W 3048 14 [ ARG
Bk, HEAEMEEE. M ARSI EEE. 2HS M SRS A A,

3.3.2.1 £F AB AR BHEXE X

ML TAEG ) CP RAVE RS E, T CP HAHRH) CP 8RS yL1E i
Bk T, IFHEREAR T RKMEL. EREAHE M CP Y CP %R, il
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FESER T PSS EM FIZE fa, WTLASEEUH & PSS [ OFDM £f5, H#H CP Al
P& CP KI5 5L R FTH2 L PSS 2 5 4l 3-3 fiow
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CP, PSS
SSS A A
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B A B[ A
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ZHILIEE R R E M 0 F pRt:

M=—E _
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A (3-22)
N.—N,
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M, == (3-23)
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2 )]
k=1

NE
> rR)rik+N)
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Hrb N T e CP YK, N WL CP K, N O OFDM RF5 KA M4

4 CPRAUNY & CP, MIFEE(E M Bk 45 CPEAUYH M CP, ¥ B &%
FRAEARAG, WIEZEMEM BN Al E TR, ERAED TRy H ) CP,
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GEAFER L AR AR A PRI T 17T BRAEL XA A 2 BRI A

3322 EXRMBHEXEX
ZHEEARYE N R A5 5, 2 B B CP Ay fE CP (K FEHREUH CP 41,
BEATI AR DS, BB —4k, BRFAEERE, mx (3-25) FrRl.
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|0‘i|
M, =1 (3-25)
B
i (3-25) Wi Fon & PSS (K] OFDM 75 1 CP A S, BRREH
PSS ) OFDM %75 1) CP [ ae &= F31E .
FHRAE o M FRIE X T

Li
o=y r(d-L+n)-rd-L+n+N) (3-26)

n=1

REETEIME 4 R

L L
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_ n=l n=1
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pi= 2

Hori=0RoRH M CP KA, i =13R/Ry & CP KA, Lo AR CP KA, L
99 e CP K2, Ny OFDM fF5KJE,
R4 M BN AE CP IR, 25 Mo > M DA E L CP, [ Z W4 i CP.

3.3.23 M SiEEhBHEXE X

LSRR 3.3.3 i) CP R AR &y i mb 3R . 5 3.3.2.2 Wk
J& ELERE [R5 SAT BARBUH AR RN CP, i FE AUE N AR R, %S 3.3.2.2 7
PR B e 2 32 B AR KA R2 )

LT M S sh AR CP 2RIk &k, RAEFD SaTEIEsI M &,
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R T

|ai(k)|
M. (k) === k=[-M,M (3-28)
(k) () [ ]

Hordr o (K) o~ PSS FifE OFDM 55 1) 2 I [F] 20 i F% k A KL S CP AR
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FH AR o (K) B RIE T

|_i
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REETIYME £ FRE 0T
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1

fik) =22 =
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Mi(k):M,k:[—M,M] (3-31)
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I, B(K) FoRgeREFIME, kONERFED s E, BUETEE Y -M ~M .
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4 Notan 1> OFDM FIAHAE R N5, i CP 2R R 245 5 2M + 1R AH,
TP R KR, AR max(M; (K)) iR /hFlsE CP2RAE, 25 max(M) > max(M,)
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a(d)=>r(d-L+k)-r'(d-L+k+N)
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B 00 T30, B e 7 B YUY BE a8 i k4T 16 5 N R, R BRI PSS
P50 RIATT BT 48 1 PSS R 21 N4 it Dk & 16 1% T K5 K41

TG C s N R A, WSRBCE 2480 PSS 814 r(d +k), F—
A PSS FEFIAr(d +k+N,), Hrrk=0,.,N-1, 7EyE) 5 HAEE b il 1.08MHz 1)
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~ Nil ~ ~
a(d) =Y r(d+k)r(d+k+N,)
k=0

N-1 . R A ) R
:Zs(d +k)'e12”(d+k)TsAf .S (d +k+NS)'e_J2”(d+k+NS)TsAf (3_37)

k=0

N-1
_ @ ZNTAT Z
k=0

AT AE 75 38 P A i 12 AF

N 2
s(d + k)‘

Za(d) (3-38)

o NG 2 A~ PSS [ERFEAIRR , B 5ms 8B, T, ARAERIRE, N 25 14~ OFDM
RE [RRATE s H

3422 EF PSS BEHxE .

ZEEE N e I A0 R B0 PSS P41, R 4G4 PSS P41, flitt
R . 555 3.4.1 FARIR AR AT Sk th 7 ZAEE I R0 s (R Atk L S B e
PSS FirfE[¥) OFDM 455 J3°41], HiZ 5 8i@ i s B I 2E4T 16 15 N K5 iU PSS
Fr3 o At PSS Fra1 55 3.2.2 1 AHTR], ATk 62 ki ZC Jr41]4%  2-6 ) OFDM
AR AR RRER] S PSS Fra T KA 0 80, Haid IFFT 2242843 21

D I R SRR PSS 781 r(d + k) S5 A A PSS 78 s(K) % R A 3 EHTAR
Fe, AR UN BEE A

y(K) =s"(k)-r(d +K) =|s(n)|" -2 ) —0,.., N -1 (3-39)

R (3-39) drd KonEWFEL SARIAAIE, T, 9RFERE, Af N8R mE, N
A 14 OFDM #5543t 16 15 T K J5 R RE 53
Xt y(K) T e SR R A Ao, 153

N/2
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N/2

_ s(k 2 _e—jzn(&+k)Ts-Af )
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N 2
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2

_ A JaNTAf & 2
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N
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KR (3-40) KA, BRI H A AR IE AF -

Za
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S

Af =

(3-41)

Hrp Zo FoR o (i FEAE, BUETEEZ [-7, 7], IOzt o )3 —fe s
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FETER T A RO AG T I RME S, T EL5E R LTE R4 5ms [ Wi i 7]
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Hi gy, BUER 08 5; ] N/NX ID 415, BUEEHE Y 0~167; N
N OFDM 45 (11414
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F LRI SE MR AR AL, S8 B I [R5 O SAE C TR T, B/

39



LR OR 22 2 A S

ID 45,
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3.5.2 —fi%AY SSS M E %
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k=0

me[0,30]
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