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W-CDMA Systems and Its FPGA Implementation
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Hsinchu, Taiwan 30050

Abstract

In this thesis, we design and implement a fast acquisition and frequency offset
estimation system for W-CDMA:. uplink transmission. In W-CDMA systems,
preambles of the PRACH (physical random access channel) are used for initial
synchronization. Due to the special preamble format, the conventional
matched-filtering acquisition scheme requires high computational complexity. In this
thesis, we employ a fast Hadamard transform (FHT) approach to solve the problem. A
non-coherent acquisition architecture that can resist the frequency offset is developed.
Once the code phase is acquired, we then apply a correlation-based method to
estimate the frequency offset. To reduce the false alarm probability, we also use a
double-threshold detection scheme. Simulations show that our design has high
acquisition probability in presence of frequency offset. Finally, the proposed method
is implemented using the VHDL hardware description language and the Xilinx FPGA

design flow.
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Channel bandwidth 5M Hz

Duplex mode FDD and TDD

Chip rate 3.84 M Hz

Frame length 10 ms

Data modulation QPSK( downlink) BPSK(uplink)

Channel coding Convolutional and turbo codes

Multi-rate Variable spreading and multi-code

Spreading factors 4-256 (uplink)  4-512 (downlink)

Power control Open and fast closed loop(1.5k Hz)

Spreading(downlink) OVSF sequences for channel separation
Gold sequences for cell and user

Spreading(uplink) OVSF sequences for channel separation,
Gold sequences for user separation

Handover Soft handover , inter-frequency handover

# 2.1W-CDMA "1 & % % % #c
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Signaling Channel : FAUSCH) %12

Bofo o e iRL At ’Tﬁﬁﬁj”ﬁiﬁ )=~ es] § 487 (Physical channel) »

W22 @ A AR A I g

2.4.2 3 %4¥#E g (Physical channel)

TR £ 5T K ooEg > ¢ 7 0 #+=(radio frame) 2 pF 4 (time slot) > @ -
BAEtzE R Z10ms B ¢ o 75 I5B Y > “7u - B R &R 5 0.667ms >

B P chie & R fwsjggz;: SR - BAE 532 5 B (chip) 2 B

i
Ji

gl &7&—3\’? 47 3 B 4 F)dc(spreading factor ¢ SF) - F #i if ¥ A HE:
4 Common Control Physical Channels:

Primary Common Control Physical Channel (PCCPCH )

Secondary Common Control Physical Channel (SCCPCH )
€ Physical Random Access Channel (PRACH )

€ Dedicated Physical Channels:



Dedicated Physical Data Channel (DPDCH )

Dedicated Physical Control Channel (DPCCH)

Transport Channels Physical Channels
DCH Dedicated Physical Data Channel (DPDCH)
Dedicated Physical Control Channel (DPCCH)
RACH Physical Random Access Channel (PRACH)
CPCH Physical Common Packet Channel (PCPCH)
Common Pilot Channel (CPICH)
BCH Primary Common Control Physical Channel (P -CCPCH)
FACH / Secondary Common Control Physical Channel (S-CCPCH)
PCH

Synchronisation Channel (SCH)
DSCH Physical Downlink Shared Channel (PDSCH)

Acquisition Indicator Channel (AICH)

Access Preamble Acqu isition Indicator Channel (AP-AICH)
Paging Indicator Channel (PICH)

CPCH Status Indicator Channel (CSICH)
Collision-Detection/Channel-Assignment Indicator

Channel (CD/CA-ICH)
HS-DSCH High Speed Physical Downlink Shared Channel (HS-PDSCH)

HS-DSCH-related Shared Control Channel (HS-SCCH)

B12. 2 Wi A %g?tﬁi‘ﬁ 104t s B

2421 1 4a W

HATMAE R GEME - S ¢ T B R A

® 14E% T PR C
A o4 731 & .35 i Dedicated Physical Control Channel (DPCCH )

Kk idix > HE I % ¥ (spreading factor) #2256 1 3B A oF AL R A d

#< i# Dedicated Physical Data Channels (DPDCHs) % @ 3% » B 47 % ficsrds B i
43]256 - R AE ¢ o P LA T JEY B DPDCH 11 7 b chB AT fhdfcde 11 8
i o DPDCH B¢ 5 e s Lotz (frame) 5 A% > - &6 3 > § B

F 3 ®6pF> ¢ d DPCCH *# «vDPDCH > % £ DPCCH iz 5L A4 T ¥ 348 eh
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o RERBEOT AR LA

b 4ad o F R DT AL frdsd] 54 % 12 DPDCH{rDPCCH & 87 I &
B (o283 ) c ARAFLFAE Y R TABER S S o
o R AR g PR g R AR W i A 5 4e s R 51 OKHZ
ok A R F AN AR S 1 i SR B R HATE A
TR e T T4 Y P WA TR R LQ B 5 1 P

4 %] :DPDCH eDPCCH # #&:€ i b B 1% o

® Ak R WA
F PP (PRACH) 5 L & b 4ok * T - 3 B4 % 4o

24(a) #rom o S AEp Hd - B S BE R 540964 ¥ B g (preambles)fe- B
MAIRGATE A > pla 43R B B 2108420 ms -

W F AR A d 256 B €47 v A & preamble signature )#r e = > @ & - i
AR R 168 0 doR 240) 5 B2 REni KT 4 5 16 wahw B
Z o Hd £ B 5 16 v Walsh-Hadamard code #7. = - 5% 2.2 @ & — 45 i~
~3ag L ek #§ 8 (long code) W B #E A A5 = B G o

FRm 2 B Cpene T 3 VA 4

j(2L Py

prens(k) sr pren(k)Cs|g s( ) 42 ,k=0,1,2 ,4095 (2 1)

Sy pen() =Ciong1n () ,i=0,1,2, -, 4095 (2.2)
Cgys (1) =P, (imodulal6é) ,i=0,1,2, ---, 4095 (2.3)

B¢ Crpgun ZW-CDMA® i § 45 » n 3§54 45 s » 50718191 » s 5 #

Bk bleaimel o ot Z 480315 o

11



Data
DFDCH N 1, bits

T, = 2560 chips, N, = 10%2 bits (k=0..6)

Pilot TFCI FEI TPC
DPCCH N,y bits N g bits Ny bits N rpg bits
T, = 2560 chips, 10 bits
Slot#0 | =lot# Slot # Slot#14
* 1 radio frame: T; = 10 ms >
®]2. 3+ 4 DPDCH/DPCCH 2t ’f#E%_]
preamble preamble | s preamhble Message part
-— -— =
4096 chips 10 ms (one frame)
preamhble preamhble | o preamble Message part
-—
40396 chips 20 ms (two frames)
(a)
\
16 chips

H: The set of length 16 Walsh Hadamard code

Scrambling code

4096 chips
(b)

B 2. 4 (a) Structure of the random access transmission (b) Structure of preamble

12



Preamble Value of n
signature
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Py(n) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
P.(n) 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1
P,(n) 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1
P,(n) 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1
P,(n) 1 1 1 1 -1 -1 -1 -1 1 1 1 1 -1 -1 -1 -1
Pg(n) 1 -1 1 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 1
Py(n) 1 1 -1 -1 -1 -1 1 1 1 1 -1 -1 -1 -1 1 1
P(n) 1 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 1 1 -1
Pg(n) 1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1
Py(n) 1 -1 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1 -1 1
Po(n) 1 1 -1 -1 1 1 -1 -1 -1 -1 1 1 -1 -1 1 1
Py(n) 1 -1 -1 1 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1
P,(n) 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1 1 1 1
P4(n) 1 -1 1 -1 -1 1 -1 1 -1 1 -1 1 1 -1 1 -1
P, (n) 1 1 -1 -1 -1 -1 1 1 -1 -1 1 1 1 1 -1 -1
P5(n) 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1

%+ 2.2 Preamble'signature
PRACH 3t 4 284 engr g i & pdg 4 10 B~ > 4 % 5 47 4= < (8 bits)
2 i T A (TFCI > 2 bitsys B wagdes TFECI 2 3 30 =~ » £ 4050 (s %

S o T T | A 32 T 256 B FIEC(SF) o 2 % e 2.5 S o

Pilot Tl

Tua = 2560 chips, 10°2* bits (k=0..3)

A

v

Slot#0 | Slot#1 Slot # Slot#14

A
v

IMessage part radiio frame Tracy =1018

] 2. 5 Structure of the PRACH message part

13



2422 TR WY

THFHES 7 - BTART FHE - BEIMEL = BRI
AR

€ T 4iagk * F ap i (Downlink dedicated physical channel :downlink DPCH)

€ % 4ax 3473 (Physical downlink shared channel : PDSCH)

A& ek & X % 45 484 3 (Primary and secondary common control
physical channels : CCPCH)

€ |+ 3 #7 3¢ (Synchronization channel : SCH)

W 2.6 “777 3 T 48 DPCH #5122 1> ] 2.3(F 42 DPCH)F - &+ 17 ke »
T4aDPCH eh® * 2 & o fedpdli L % -4 ? 0 G 2 A1 |~ Qg
AR R R A pERF S 1 (time multiplexed)?k % e BERF 28 o o ke T 4B
DPCH » ¥ &7 F rm?;ﬁ;f]si enpRgR s H @ﬁ?%]ii Fd TFCl f= =~ ez o
Primary CCPCH * 374 + A& ﬁi%lﬂiﬁlg eIBCH 24, > 17 & im@ﬁi%lﬁ % (30K bps,
SF=256)%:% » ¥ % Z # F 4] v B = prh i 256 < 3 (chips) €7 @iz g
0 P RBAAMFEFTELE 2 & R AEE (Primary and secondary SCH) i€ # o
Secondary CCPCH # * % 3+ i AR ® c71FACH 2 PCH 2 & » 2 4 Primary
CCPCH L & 17 F 5 secondary CCPCH ic £ 7 F m@@?li F»P-CCPCH H_:#
Fidix > wE S-CCPCH 73 %7 FH& B¥p ¢ Bxtipyy > 32 P-CCPCH

{r S-CCPCH 3 f£4- @] 2.7 #1777 -

14



DPDCH DPCCH DPDCH DPCCH

Data 1 TPC TFCI Data 2 Pilot
N data1 bits N Tpc bits N Trci bits N dataz bits N pilot

T stlot= 2560 chips , 10 x 2k bits (k=0~7)

Slot #0 | Slot #1 Slot #i Slot #14

One frame , Tf=10 ms

B 2. 6 Frame structtrefor.downlink DPCH

(tx OFF) Data 18 bits

T slot 2560 chips, 20 bits

Slot #0 | Slot #1 Slot #1i Slot #14

One frame , Tf=10 ms

v

A

(@
TFCI Data N data bits Pilot
T st 2560 chips, 20x27k bits (k=0~
Slot #0 | Slot #1 Slot #i Slot #14

v

A

One frame , Tf=10 ms

(b)

B 2. 7 (a) Structure of primary CPCCH (b) Structure of secondary CPCCH

15



B 2.8 5 I #p:E (SCH) 7k 48] - SCH & 7 3 & i+ #f ¢ primary SCH v
secondary SCH » i & p e i 'w¥z 3% (cell search) - Primary SCH % £ & 256 *» %
CAREAE L C AT F BPANE B - o2 ke 47y i@ 5 P-SCH
A - e BE PR R]4F L P-CCPCH & @i Flenpr i - Secondary SCH
LER 15 B ES  C AR izl 2. 64 k=0 1.....» 14 % P B
(B 7 8c)  #rrapt B2l BABI2 B - =0 > % R pumst o e #5178 = (scrambling
code group) o & fv¥ KR-F 3EAE L 5 64 o Arru i 1 F] 64 & gt 64 P - e
St BAETRA T L F BI2 M HRAE o B AP F B A AL R 256+ ¢

H1A %75 > 82 P-SCH £.T (7 ehig i o

Slot #0 . Slot#1 . . Slot #14 |

Primary : :
SCH aCp aCp ' aCp |
Secondary : :
SCH aCs,io aCs,it | mmmmm e ———— aCs,i14 |
<~ |

1 256 chips ;

} | ;

! 2560 chips ;

One SCH frame 10 ms
a :constant value

Cp : Primary Synchronization Code
Cs,i,k : one of i possiable Secondary Codes

B] 2. 8 The structure of SCH

243 BAFE D
WCDMA i & & 2 E#f (Spread Spectrum) i o ?f%ﬁiﬁ‘l@,ﬁﬁ'l‘ Jp S5 il 4

16



& (Spreading) f& 4 ¥ 3| § 48 rm;w%]sil,ﬁ_ o & ¢ 7 & & 2 Channelization 1
% Scrambling - £t # 1% shdata symbol F#L2L %5 d Channelisation # FUEE A TF 5
# £ schip » # B data symbol 2t & chips «r#cp > fz 5 Spreading Factor(SF) »
% Spreading Factor sh#icp 3 4v p* - & i@data symbol#7rat B 11 et B g » A
beo o BAEFE A R en@iE s A - BAEF P B 11&%&%@2 e e
B RS Bt R e o @ Scramblingsh p 0 E ALY K R A F R AR b

(downlink) » & £ % 4 7 I chig * ¥ & (uplink) -
2.4.3.1 i i /& (channelization codes)

d >*WCDMA Ef|* E#4pfm >+ 5 - BREHFEEEN > AL wHER

g Tt BAE AR~ AL % i i A8 (Channelization Code) » #%3GPP s ft ¥ 123k

3

d I 2 ¥ B4 F)#( Orthogonal Variable Spreading Factor; OVSF )code tree ¢

sl %
NV RS

=
N

=
=
-—f‘t

A2 T % B A5 [20] ¢ W2.9 . FOVSF codes i M -

Cs1=(1,1,1,1,1,1,1,1)

Cs1=(1,1,1,1)
C21=(1,1) Cs1=(1,1,1,1,-1,-1,-1,-1)
Cs1=(1,1,-1,-1,1,1,-1,-1)
Ca2=(1,1,-1,-1)
Cri=1 Cs1=(1,1,-1,-1,-1,-1,1,1)

Cs1=(1,-1,1,-1,1,-1,1,-1)
Cs1=(1,-1,1,-1)

Caz=(1-1) Csa1=(1,-1,1,-1,-1,1,-1,1)

Csa1=(1,-1,-1,1,1,-1,-1,1)

Cs1=(1,-1,-1,1)

Csa=(1,-1,-1,1,-1,1,1,-1)

SF=1 SF=2 SF=3 SF=14

B 2. 9 Code tree of OVSF code

OVSF 7 ¥ * Cy, kgt » B¢ SF 5379 MAF #7i¢ * B A T K 5

17



#% #c(code number) > #7172 K j€_1 ¥] SFo & W-CDMA s st¥ [ g 754 % K 2 %

SRR B T U TR AR N A

Cl,o =1 (2.4)

{Cz,o}_ Cl,ocl,o _{l l:| (2.5)
C2,1 Cl,ocl,o 1 .

Coo| |Ca 1111

Cus|_|CooCoo|_ |1 1141 (2.6)
Cir| |CoiCon 1-11-1

C |c, G| 11441

_C2"+1,o ] _Czn,o Cz”,o :

Cpa, C,ro =Gy

Cps C,, €,

Cois || Coa CA (2.7)
Cpizis | |Cpps Cppy

Coizis| |Cpp Cors

.43 T 5 il AE - A R Xon g0 BT T &R % e £ & W-CDMA
Jod® o d st SFenp B s 4 B 5120 ST Rl 118
$5t + 48 DPDCH # DPCCH %3 » #& chA fle 2 Jf % 500 T 4R
- DPCCH - &% C, =Cy 50 kB4 o
- 4o% ¥ @ i% - % DPDCH ¢ > Rl if DPDCH, £.# * C,, =Cy, ¢,

% E4F » # ¢ SF 5 DPDCH, /8 4F Fl#ics k=SF/4 -

18



- %13 % £ - i DPDCH @ #p¥ > 0|5 413§ DPDCH, 59 4 74
4> iie Pl E A5 5 Cy, =Chay k=l F nefl2} k=3 ¥ ne{34} -
k=2 % ne{56} -

& 48 PRACH 41384 RI4R * Cp M =165+15SF % ** 25655 5 0~15
2 16em B g Lend P - ek 220 FTAIMALEHC, , 0 M=SFxs/16 -

T 43R4 ¥ 5 Primary CCPCH 2 @4x * Cose1 > H AReraid 134?%"]5’3 HAd PR AT

AP R RAEME L i o

2.4.3.2 #§" #5 (scrambling code)

W-CDMA i st¥ » R AF KT o A iy sh e B g # Jﬂ" A 3 4
B R K BRI R o b T AR R SR T e > P AR TR A A
fa253¢ > & # g 45 (long scramblingicode) 2 =44 - 45 (short scrambling code) « ™ 4&
ﬁ*u‘—" 7R MRS - TSN S E(order) it 4B i B(25) ket 5 18 o

& sk 3§ A8 (uplink long scrambling code)

JAAR PR AT RS A A BR A B E R & A F AL
4 7% (Gold Code) > ¢ & i = i& = m-& 7|(m-sequence) > X~y & 7|12 i 2 (modulo 2)
A4 o ptd m-A a4 & % 5 58 (generate polynomial)4e :

x-B 7] 0 X®P 4+ X341
y-B7] 0 YP Y 4Y24Y +1

B 2.10 #7 0 L Rp-AB 2 FHEAIR 0 Cpyy o F VA 0 Cyyp # i BFE
A B (S BEREAT BCR WA A G

CIong,n (I) = CIong An (I) *(1+ J(_l)l CIong,z,n (ZLI / ZJ)) (2 8)

Boi=01...2% -2 ~ | |rE L 8T



] 2. 10 Configuration of uplink long scrambling code sequence generator

& T iaf 3§ g8 (downlink long'scrambling code)

TAAE RS ek M Ar ARG R 0 2 AN meR 2
F A 2 rpds o TABL GFER M-S AL 18 end Rt o i b4k
10 o gt m-F 7 ehd & % IE N geT

X-B 7 0 X®4XT+1

y-B A YR YR YT Y5 4+l

B 211 5 0 T AR A end SRR 0 | 3 AT B e BN A QTR R
Bt o

2433 AR ANREY

s G O B B o] 212 5T 0 B R L B S BT
RISE R HE Gl WY 5 d g o F i By 53 LR 3k e
Fihdico - iE DPCCH ™ #3132 5 # % (77 DPDCH %kl pFid iz » 2 7

"\s

%% 1-2-4+6i DPDCH § 1§ & chi##jd % 4% - 7l @3 DPDCH + je4p
$enf 5o W 213 5 1Y ARSI E R L L0 B AR o 5 R

20



‘nﬂ-
- \1.
u[F
¥
i\4
P
Pt
as)
o~
~

MAFE g LR P EM/BAEL R 7 R AT 0 £ (gain) 0 AT
SR TR R SR RS 2 B LA S EE A
» QPSK A %R 214 5 M4AF W EA R > LB A% P& 5 5 3.84Mcps:

H ¢ pulse shaping » & = 3+ 2 &5z m 4 B(SRRC) -

vy

&
T@HI@@@@@I,% II% %%r
B

@‘

o

[k

[l

6

I
[

EIEREIEC

B8] 2. 11 Configuration of downlink long scrambling code generator

Cad,1 Ba
DPDCH, /*\ /*\
1%, 1%
Cd,z3 Ba
DPDCH /*\ /{\ |
: > > 2
Cd,s Ba
DPDCHs /*\ /*\ s
(&Y (a9 dpeh.n
C" 1+jQ /L
+ >
Cun B o X (e s
DPDCH, /i\ /{\
> >
Cd.a Ba
DPDCH, /*\ /&\
> >
Cd Ba 2 Q -
DPDCHg, /*\ /&\ \\f/
O GO _
ce Be !
DPCCH 3y 3
> >

B8] 2. 12 Spreading for uplink DPCCH and DPDCH
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Cq Ba

Sr.
PRACH message | rmsen
data part X

PRACH message
control part

Ce Be j

Bl 2. 13 spreading of PRACH message part

cos(wt)
Re{S} | Pulse- |
Complex-valued Split " | shaping
chip sequence S real &
from spreading imag. Imis
operations parts m{S} | Pulse- |
shaping
-sin(wt)

Bl 2714 Uplink modulation

22



N\~

C4

¥ = % DS-CDMA k stid ¥ogf # B~ H i

A5

PHEZ RERABL AP HATRY T RA A AB S 1
(DS/CDMA) » @ 22 2R 7B 4g 5 5o (DSSS) ¥ » B ifrdiieshd = 2 B ~ 1 f&
PREEL BEH LS - HH LAF LR THBR-BREAHT AL AER &
- P S B P~(code acquisition) @ % = FFE 5 5 i B¥(code tracking) - #5
REP~ 5 Gde 4 e B P e vk pE Y 8L @ cnit f P A Bh o R B chpF T 2k AR

A3 0.5 HEER lﬁiiwajz—lﬁi#ﬁﬁ’né B R E S & IR A5

FEF A Aot R AR RERETEEA B R RF SR B H Y D
TR ABIEE 6 h o E Fs? e A e B SURE BB i o

3.1 b g Hjie

Pt BB RY L ehdb®E vk 3 8 7|3 F (serial search) ~ ¥ 7|3 E
(parallel search) [3][4] -~ ® & # % (hybrid search)[21] ~ T feip ik BH=H
(Matched Filter search)[5]% -

B~ I OF MR- A ELA 5 B 0 F {0k (search strategy)
#-75 A 4 ®(code generator) T A 2 4 # (local code) 2 T F| e Bl iadgp
F Rt 3t E p LM E(auto—correlation) B#H P E S R HFEF p LRI E
2EF A 0 FRIP EMEEE ] o R DRIZL PN AR R
1 4ol 3.1 1T e

23



1.2 -
REA
1
0.8
06 i
o4l i
0z i
[u} i3]
| ] /
-2 E3 a = 0 2 a 5

PN code c(n)=[111-1-11-1]

B 3. 1 PN sequence auto-correlation value
3.1.1 ¥ - % H. 8 5|4 F Fas(single dwell serial search technique)

POHOE 6 URGE AMORSERIN R -0 BRSO LM E E
B HREPN G R BN LRBATWE X RTRR Tl o R TS FR
BEPEREL B R X T AR SR A E ¢ Bardy T ok I 4P (coherence)
2 24 e 4p B (non-coherence) )i i A % SuAp 2R 2 BT R 0 &
S S iR Apdg B 3.2 A2k AR SldEHE SHBle P AROETFIL NG
PR - BRAAE fo- E BERPIE 0 T R H 9w 45 2 & (complexity) ¢
e g ¢ i R E feE pFRF (acquisition time) > BK B X W B PR L 128 2
PoBERE 2206 OEY RS A P P E PR L 256x128 7

FRER
3.1.2 % £ % H ¢ 7|3F HiF(multi-level serial search dwell)

FREME - BHP FIOFHGCT L AP K AOF PR ATIF R B
o U HEERET X 2 4% F < FAMAFR 0 Bigl Long[19]4 £
T B0 F Hokr(double dwell search) » g & ¥ 3-8 384 chp ¥ B & (partial
auto-correlation) » fr¢ % &4 chfefh @ (threshold)* > /| *> Tt &R 4§

24



WET - AP BAex WRAERECREFE IR FREOMBE{T -
PR B B Ao 2 0 TRR @ G RID] B R o R - PR

T FRE AT - R AR AT R PR ﬁ*ﬁ@ S g s FR TR
0 BE AR SR 0 0 e LY G ELesut (SNR)RF > BT E - FEEL T 2R B 2R A
BB E o AR RN PR > @RS FEST P FZ RN ET N &k

]
]é]‘, L/’T}

P er?R A4 B B B AT T

:g

o

€E A (miss)PF~ M W33 ZHE®
R R L R

3.1.3 I »|#F (parallel search)

TAHOF LM S e R B P E e R A BAR RIS A AP
o BB BT L 128 @ 8 > 2 & P EF B - =00 Bl JE T ] 128
ER A F o RGUBLE 12800 2 R S T B A S Bt T T
ME s IR A EE > W R A5 4 2 (code phase) 0 FILT FHEEH L A2

= Ap 2 2be Ap il 0 B 3. 4 mgtle b T 2 e R

ro
b

FOHEE TR R WA RAMER o HBR KT AT 0 FR 128 B R4
e Bdgek 120 P B o PIF R 256 kR4 B0 AA AT
FREFHFFEH 2 WFH A TR S & - L LTFTRFFRF T H0F 5
128 = % @%Jﬁi@m] kKo N F 128*7’”]93??‘",1%\7 TRl 2% RE - RHP

FHOE P 256 1 0 4t FEE BB SRR P

AN

o — B E AR E AN R A R

- ¥ (trade off) » & & ¢ ¥ 7| 30F Jjre & - 2282 & (hybrid)## -

3.1.4 2 & % (hybrid search)

v
4
=
5
"
)

FAEE R B IHOFE 0 F AN A EE RV F- 3

> BV =NxS N

Wi

£l EHD S 5 P SIHEE i ¢ ARV 2

&Sk & -

5y
Ny
.

F N7 FAp e BTSN e 7]k B4 B 05
N Bip o DS E R RS "&gyzﬁfg,{@;A%?q’g,;}f_g_),ﬁr;\paﬁ,jag%
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Fx T - e NBpr 23 E S H Lk oN @Ak > E'Jﬁigw‘;@%&fifﬁg%% ’
AR $HEHEE PRI R 6000 Tt g SRR T LA AT SRR e R

FFHiE-B o PP E AT RO B3DATREMEF K> HE -

A J.ONTC ( )2 tracking

. ZQZUH

=

C'(t)

L

1) :threshold value N : code length

Code synchronize

T o Chip duration

B] 3. 2 Non-coherent.serial search structure

/\

Receive signal

>

Z1 verification
TitTy Threshold 4
X . compare <
I
Re-search

C*(t)H Code synchroize |«

'}4 > acquisition
4T, i E—
J' i Threshold 4,

T

compare  —
i <
ZZ

Re-search

i8] 3. 3 Double dwell serial search block diagram
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I ——

C(t-(M-1)Te)

COL IO

cos(wt)

ST

sin(wt)
H®~

C(t)

cos(wt)

AT O]

sin(wt)

C(t-Te)

H§>_,

s(wt)

—CO— 10

sin(wt)

largest

Choose

] 3. 4 Non-coherent parallel acquisition structure

Acquire or
r(t) 7n | Threshold | verification
N parallel correlators
— . » Compare
Find maximum value >
(1)
A
<
N new phases
Code generator [+ | Search logic [*

If Zn> 4 then acquire delay

If Zn < A then re-search

] 3. 5 Hybrid search block diagram
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3.15 T peim it BB B~(matched filter code acquisition)

T ik BHOR AT AL B ehT ik EOOMF) 0 & DMF tap
g £ (weight) 5k sewriE degge(n) > c(n) efl,-1} > Rt B 7 i
foipid B 0 DMF enfig ) % 5 48 «hp 2 B 95 3 dic(autocorrelation function) »
R RAE Sk B R BB RS RRu B RS o BT ek B0
F F1% 4 (pipeline) st & (4efl 3.6(b)) » % - % ie » DNF *v 3+ 4
pOE R TR ARERE R  TE GOR gl LA MATSRR §
Mk B tap B E MM AL o L RIS T 2§ B o T it BALREB BN
R Afrx 7| B0F P AL o A HAFRR P {oRHEFR - R L AA

WR IR BT - F3.6 5 7 Aeihil BAOF A %R -

sample
R(t) X» Y(n delay position
— Match Fiter | — 0y Maxpeak |7,
PN code generator
(a)
r(n) —~| DFF T DFF T DFF | vnenens DFF T DFF
PN code___,| Code weight
’ sum ‘
L RO
(b)

&l 3. 6 (a)Block diagram of MF searching method (b)structure of DMF
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3.2 it etmd B G pEE

e CDMA Jksed - & — @ % & (users)i¢ * Ap P AE T > 4p fe chps FF féﬁ;‘]‘ﬁ“
o oar 3 E 3B+ 4E(multiple access interference ; MAID) ¢ ¥F48 f B~ Hjiv
s B o F MAT i o — @ SLengg P Bt € % R 1% % > Mohamed

G [6]#& PR if@st}—ﬂalﬁt% = 'p/?']'gﬁ%lﬁi‘}i °
3.2.1 % 343 (system Model)

l{'LCDMA f‘ qu‘:‘ E_’\'}f?j’q."]{ %%{,—1 VS ey \Z\ﬂ-:
K
r(t)=ZXk(t—Tk)+n(t) (3 1)
k=1

Ko 480 n(OLs ¢ 320N » 1 L6 Kk Bt * ¥ end s
X () » ¥ kB @ % Fnibfagh 132t &

6= 3 6. m3 e, G 7, ) 3.2
{35 kB Famu i s ahd (m) = tLe,} 5 % KB’ » % B AR 7|
Fic (j)=21 L 2#& A - p(t) > = & pulse shaping filter» T, 5 - B>
GEER T, 5 LT BT o AR AR g R - B P B

4 3.3 7 A 7

o0

r(n)=Z de(m)zck(J)p(n—J—n mT,)+n(n) (3.3

PARAPERE - R FORUEE L YT DR R T =y

7. €{0,1,2,....... ,L-1} -
3.2.2 % X¥i¥y it (system Description)

PR B P e G IR EE Y BORlA B e ¢ (desired user)en
@,@J&ﬂyl ' 1 BLengg 3 B~ vk (serial ~ parallel search ~ DMF) &=t $ if it engji »
Fla ki SERY FhF ik ek {17 i itinid B(AF) 0 FlH Y MMSE
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Wk BT IE D B e i Bp it B F (adaptive filter search) g & 72 5 1%
FIR adaptive filter(AF) =% #icig € » £ (tap weight vector) & iz |2t & i 45 o

SR etk BAREE S AW 3.7 Arm o AF 0 » UEL S Ardfe it
*oE BT AR 0 RO E R R A ] r()(3.3)F 17 AR R st

(reference signal) -

Baseband nte
receive signal

LMS
algorithm
Local code
Training signal FIR/Filter
Cn) ——  (Mt-taps)
W(n)

ar

Store results
Find maximun

] 3. 7 Block diagram for the MMSE adaptive acquisition system

P R IRA BeniiiciE £ v £ (filter tap weight vector).id LMS(least

mean square) i % i 3 o R HERA BH S EGO)EY E(r(n)

S

F Bl LT L(MMSE) - 0 GO IMS ehi AR B iR

2 T e P8 §§$§]:".:
y(n) =w' (n)*c(n) (3.4)
L 4 CRAE R A
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e(n) =r(n)—y(n) (3.5)

S Tk E e
w(n+1) = w(n) + s *e(n) *c(n) (3.6)
'S V_V(n) :[Wo(n) Wl(n) -------- M 1(n)] At /ﬁ&/ﬁ‘» Reniafiee £ &1 35 T i gL

0,1,2----- M, —1 8 7% #crf #ic(tap number) > v F_t it B o9 FF =+t (step size)
Pl Bovjzacid R % f£1k (steady state) LT =2 L (MSE) - § & & i
AR cfg £ % £ 5

w =R'P (3.7

Mopt LR
o /&R=E@(n)gT(n)} » & - AF ﬂ},,?l > L M xM, 3 p £ OB ap L

(auto-correlationmatrix) > P' % AF ﬁia?J rAgn(c(n))® 2 wsa(r(i))s 3

MEie & o (3. D)7 BB ARE - Bk ® > ¢ AF tap weight vector

R Rl ¢ jdes B B genEeic] o - ke 3.8 N &
A k=4

W = 3.8

oLk {0 others (3.8)

AT TR R RE R R Rk B Rl F IS B A & h¥ceh tap 0 2 tap number
5 R Bt Bt AR VL BRI M R g e e 30 B 4 18 32 (V)
A3t AF entap (M, ) 7 -V 340 2 3B E = (celDC % 8 7]355% 5 M,
R EIFEH L FEF T - M B - EFF T OENEFXCRE =
4B AR EHF IR Y 0 PR ERTHF - = o

B 3.8 & - Hitihig % » § stepsize 2 P d 7 g WELEFRA S
Grdce RAEL <[ 2o d BT AP R 0 S HRT G RINER RS
* Mohamed G .[6] M > £ * i Ritigik BHEF 27 < < MAI T 48 > 4

PR A IMAL T o R F B i -
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step size=0.001 ,real delay=80 train 3500 chips

fiterweight

o 10 20 =0 40 Ei=] [==) =) =0 El=) 100
filter weight number

(a) Step size =0.001

step size=0.01 ,real delay=64 train 3500 chips

=] Q Q
kS ol [u1]

filtr weight
Q
[m] 1)

0.2
0.4
0.6
(u} 10 20 20 40 s0 &0 o =20 Q0 100
filter weight number

(b)step size=0.01

i 3. 8 Adaptive filter weight vector for different step size

B 3.8+ ¥ %D > § stepsize fefrrg §MRAF hiE R 0 FlE e

v

FPERT o mid B oy R fi(variance)dill) 0 Koz 8 R B+ o t“%};éh# 3

34

TRk BHAEL E(w ,izdd=realdelay)***E F £ BEE B (W)
ﬁ$%W%§J%@§ﬁﬁwﬁm%+’ﬁéﬂ%@%ﬁﬁﬁﬁg%%»@ﬁm
FBPEF R L 5 9700 step size (B~ FB BBy 2 BB T B gL o

B OAF 2 HORAE @R B A o T F S A SRR AR ST D tap #A o
4ok i@ g ien tap Ho(Mo) o - B AR SR HARSER Je § BRI T SRR JIA
Bt AR S > g SR PR R L 0 ST 0t TR TR AT SRR e B

T ABE
3.3 DFT £ #5~ # #+[11]

pALBERET RTFRINFME U MU0 L 34 5



Bl Y RTRAAARPIE S BAEMEURAR T B T A e - R T E
€F — BREEAS IR % > — 4% 3ppm 3| 12ppm 0 14 3G & serié ¥ X 2G Hz AF A 3

B ma B 6k 1) 24k Hz o o ¥h- AU T RRB AT G i S %

o

BREE  F 4 A F BB ERT o fIr NP B FE2 kAo NP
mﬁﬁj & e (auto—correlation value) § ¥ — #f F e dic » Bk @ * 2hle 4p kSt

e E A o T MF s 0 B 4o T RS 4T [20]

E[z"] = iﬁ*@{cos[Z*z*(Af t+ 61} o, (3.9)
L
E[Z 9= JE, *®{sin[2* 7 * (AF )t + O} _,r (3.10)

L E[ZW] S E[ZQ] 5 MF #3082 At enTioE s E s P ad o Of: N

:‘

B e AF SRS - B0 O apkddp B L SRR BK M R FOUE
B (time-limited) % 3 *L#g F(band-limited) gt B> HiF 8 Sl A E B

fr BEERE T

E[z"]= fzj cos[2;rAf)t+®]dt/T

= JE. [ " cosf2z(af )+ ©]dt/T, (3.11)
_ {sm 27 (AF)T,] S@_l—cos[ZﬂL(Af )TC]sin(a}
27AfT, 27AfT,

4 e

(Q)]:JEJLT°sin[2ﬂ (Af )t +@]dt/T,

i 3.12
_JE 1 cos(27L(Af )T, c0sE 4 S|n(27zLAfTC)Sin® (3.12)
27AST, 27AST,

48 24 4p (non-coherent) ™ e jg ik F 5 1 & Z
=z +[z@F (3.13)

33



SQA BT S (i pde o ¢ A T S T

L _g J[sin@aafT,) 2+ 1- cos(22LAFT,) |
T 27AfT, 27AFT,
| 2-2c0s(27LAfT,)
i (ZﬂAch )2
[ 2xsin? (7LAFT, )
(272AfT, )?

_E L{sin(ﬂLAch )T

ALAT,

(3.14)

R AR E BRI RS HET Rk % iy 1 e F (frequency response of
MF) » # w2 % 7 & 41 B 55 @3 £ G(normalized correlation gain) » & 2§ #7 &

BAERT O MEES 1 FHFEAT G ETE

_ {sin(ﬂLAch)T

3.15
ALAFT, (3.15)

Bk 12 3G W-CDMA s 5 4R 38 4 s 255 &3¢ % 3.84 M chip/s (T, = 0.26 15) »

7 £ 256 +» * (N=256) » ] 3.9 % g 7 i MF 8t & o0 & B ) -

frequency response of complex MMF

—ry

o o o
-~ m W

o
m

normalized correlation gain (5]
o o o
[¥1] i h

o
(]

[}
-

[}

frequency offset

i 3. 9 Normalized G for W-CDMA chip rate
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B 3.9 #777 » F I FRA A 25K Hz > P A ML T o R gk § 4
~ % 0 #7140 RUA. Stirling-Gallacher[9]4% 41 4] * 3% 4 MF(partial MF) £ fe &
DFT Hojis » i & A4 FBA BB T Poid S35 > kA S El4e B 3.10 #r7 o
gk 2T NBEREXHEEME 28 L=Nxx >N MF mﬁiﬂu P%@%J
> & NEgLenDFT 2 6 £ iE# N2 DFTﬁis?Jﬂ',ﬁEf%”%"ii‘—* B E prEA N Am
© R FAFARA E o PlE R R KT @ﬁﬁjiﬁ@ ol R E R M E T -
AR e

B BERIrRATRRA G AT FLT 0 RN B MF @ ER G - e
= Tt DFT mﬁiﬂ;.ﬁxﬂ B 5 DFT % — 19%riz > &7 0 HZ g F i 4 > %

FAcusifod s RE B LA o RIART MRS EFAp £ 485

Complex MF with length=x
f

> > > P oresann s >

Z1 Z> Zs yANE] ZN

A, A,

Complex N-point DFT

A, A, A,

Max. Signal Selector

Code acquire

> or verification
Threshold compare >

A,

®) 3. 10 FFT system
S H BT HOF PER L B 0 G BRDE S A 0 0 DFT R4

EPFEEFEGR L D AT BE > R A GEFEAEIEE > 1 N=8 % &+
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FL28 BB L 6l 74 5 1024 BE =(cell) > ©F - BE =5 L
LEVE AR A 0 4o @) 311 AT o j DFT fi#17 & (resolution)z434 » Af = f. /N -
f % it DFT cnB~fi4g 5 BB E A 5 2560 4 & 8 #.(N=8) > p| x=256/8=32 >
2 W-CDMA i Se2te @ 2> 7 %1 5 5 3.84 M cps/s » A& » DFT ih% »cP
#F % f.=3.84/32=120000 - F]p

Af = f_/N =120000/8 =15000 Hz (3.16)
Rl DFT #r @ pE 5 A 2 F B2 S B @ >0~ 16k ~ 30k & » fof s 2 B3R
£ 0Tig R 5 A5 B (6k~24k Hz) € F 1% LB AT - LR R € * AT A FaE

ﬁ%ﬁT@@aﬁﬁwo

Al L e

3

AT
() I FEPPE At Y 2 DO Ap K

Bl 3. 11 Acquisition cells for DFT structure
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Frd BEAERZESGRMEY

BT EIR AN B SR 0 BT feip it F (matched filter) s B 7 & 1%
BOARFEA AR 0 2 A KR ¥ Pk s i 5 3% (fast Hadamard-Walsh transform)

‘5\

T oL g F AEBRER T > DWW DFT R Bme Rl T RS T2 AL
Lo RN AR MAM AT S & BIFFE &% ok 2 B HARD AR

*oAv o B Tl A 48 E BB B #ic(gate count) T 4 G 2R 4 o

4.1 *5:2 8 4%

F_*

- g ¢ AP SR SE £ RS 16 90 Walsh-Hadamard code #7 %
=0 ATV A BB FEB-PE T L R ek i B4R k2 8 4p A i (correlation) o i@ *
SR RE Y G R auR AT R o LR A

(FHT) o i * fid vh £ § B ™ 1 = W5 o8 PAp M 35 B P i@ B A f ko

411 v & B aprdau 2

i Baprdad s b H a2 fj.%z‘if‘é * square Sylvester construction. %

& = Bk A eaE

Hl{l 1} 4. 1)
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Bdr#- b 580 giHy b - B2xlae B (X=[Xoxd]') 0 2B oz k@ xend
B~k hinfedr £ LE"I%‘%%IT‘%{? EXed Bea s S > 2 y = Hixo» 7 12

@I T S

X, +
[%}[o‘} (4.2)
Y1 X0 =%
Sylvesterirz& 42 ic * ifit 72 LA 2 P Fevp L EL B H Rk &
A3 Ax4 B EFEL Hyo £ &% Hijgen® - 153 H,*7

H, =[+Hl +Hl}

+H, -H,

+ + 4+ + (4.3)
— + - -
e o+ - -

4= — +

20 &3 & - BAeh T RELHLehE, A E - B YT P
F-1eniE o B & EA4F b o ket f’r,i_;?_,‘l NP E 4 RE PR o Gldr R
A4 - B8x8 i » AP T REHEOE —F ]l i AH TV EEHs o H

B % Ars 4.4 955 o

Wi E - PR S0 e 5L SH e A S NxN - aN=2"
AP AT U Hy g REH, @ iR i@ E Hy = HiyeHp 0 @ 8Hpg s - B

+-~% % # A+ Hyy o 2 ¢ Y5 Kronecker product e

A_s;
“3
2
A
W
>_L
[
T
>
b2
=
&
Ny
R
E{+
[

4 PRIE S R g 0
ST I RPAS A PR H B9 -

&
2§ T 2 8 e fcae L (binary counting matrix) By k f2 43 B B 4T o BenE
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[+H, +H, +H, +H,

_|+H, -H; +H; -H,

S| 4H, +H, -H, -H,
+H, —H, -H, +H,
[+ + + + + + + +]
+ - + - + - + -
+ + -+ + - -
+ - — + + - - +

o+ o+ o+ - - = -

4.4)
+ - + - - + - +
+ + - - - - + +
+ - -+ = 4 -

MBy#-€ €3 2"5 2 ni7 el e 38 4.5 719 3w = 38 «hcounting matrices
[0 0 0]
0 01
0 0 010
B:HB=013=011 (.5
1 Pt o (100 '
11 1 01
1 10
11 1

BEF Snanpd St AP T o E R FH, = BB, AR #E -

BORH+L F- BLERHN-1IFTT o blde
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H,=B, B/

0

= 10 1

HiCE

[0 0 .

=0 1}:weplace [0,1] with [+1,-1]
[+ n

-1

412 v & 5 B ehgd i

WAL B B RS P e T R A Y R & e

1 23 $HEH 1 s 5 E cnSImME)E S0 hEm = o

2. B3 & A s e (dot product) B 5 R 0 B E A (T e

(4.6)

3. BArAPHRHE P A T EI KOV virg s N2 B 2 pk > § R

€37 N2 By > E 7 k> F@b v @ & o Hamming distance 5 N/2 o b

Y

T o L R i I Y S St U

L R(-1,41) 0 A F - XL (+1,-1) -
4, ¥4 :E §ErL s - F(% - 7| )W d N2 B+l N2 -1

5. & Bes it 8 aEtenk B L Hyt = (U2MH, -

413 P-ivsiE 5

o BeExamk i N=2"pFo Hep 2 BV 457 5 y=Hxe F15i+

EHELE L1 SR GRS 2 R B o B GE - B
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'%‘Frsﬂr\ffﬁi"/‘ %ﬁ%ﬁms\ﬁﬁ*ﬁ ZREPAFEEY om ¥ kS 2D

Bt pfh i AT RS 5 8T 8@ NP =2 B 4o 2 B o

Bohrie 5938 * 2 A3t iR AL R MAE R i e R o AigAR AP
& % f-ig ¢4 iE B g 3k (fast Hadamard transform) sy & 72 o @ # gt 2 2 {41 2 &

N - logoN=n - 2V 4ejp s B o posg v i 5 4k i B 02 AR 40T
1.7 iifﬁ_n+1fﬁ,‘r'|§-4—r?’}N 2”]0

2. #-% - f'f}l*‘é‘:}‘ﬁﬂ)‘rﬁ'ix

() ¥ — fFent L3R O aNHEES &2 BT R e e

(b) #5355 BB A5 [ S E L L
4. A 6T E - £ L R H S -
N T C A U S PR T RS S U LR

% 41 % - 1 8-point Pz vp i B e e b o & fiht X3R5 8-point
FHT &2+ 8 2 2 > @ © L2 § - xﬁ%]%ra» X=[14-23014-1]#* » % -
Fr e R Ak pipiBy - BF RAR ’”q*wif»&rﬁs«] » g X BEFE

it ST H S Ml R By #g 5 00 R A RS e
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X a b y

X, Ay =X, + X b, =a,+a, Yo =D, +b;
X, a =X, + X, b=a,+a, y,=b, +b,
X, a, =X, + X b,=a, +a; y, =b, +b;
X, a3 = Xg + X, b, =a5+a, Y, =bs +b,
X, a, =X%X,— X b,=a,—-a y,=Db,—b
Xs ag =X, — X, b.=a,-a, ys=h, - Db,
Xs Ag =X, — Xg b, =a, —as Ys =b, —bs
X, a; =Xg — X, b, =a,—-a, Y, =bs—b,
X a b y

1 5=1+4 6 =8%"1 10=6+4
4 1=-2+3 4=1+3 -4=-8+4
-2 1=0+1 -8=-3-5 2=4-2
3 3=4-1 4=-1+5 -4=2-6
0 -3=1-4 4=5-1 2=6-4
1 -5=-2-3 -2=1-3 -12=-8-4
4 -1=0-1 2=-3+5 6=4+2
-1 5=4+1 -6=-1-5 8=2+6

# 4.1 Calculation example for an 8-point FHT
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4.2 J&* FHT ehp-id 75 H15~2 H

o3 gachE Bag R R 5 4096 B2 R oo @ h T il B OB T
& tap #ic s 4096 xn ek B o n i oversampling ratio o ik TR & Al HAF SRR
§APE ht o d NHANT ABEHE T A RN IB 4L 2 B LY

B BT WA DR o BT PRI S R R o

Length 256
despreader

Length 256 |

Length 256
despreader

Length 256
despreader

despreader

Length 16 Walsh Hadamard transform

VYYYYYYYYYTVYYYY

Correlation outputs with respect to the 16 preamble codes

B8] 4.1 the matched filter arehitecture acquisition
£33 & i g BB HST MF R > AR 0 & L MF
s tap #ie(L)Ax~ pF o ERICHEE G 7.%3 AR FEREES & ot ﬁéﬁf“& » F G
AR AT AL A E A0 e B MF ih tap SR B & e ¢
B BB BEci S F A M0 £ 42 S| 38AMHZ S i K0 2

HEF A 0 2 A MF tap #c¥rig 2 h G & o

G
L Af =1kHz| Af =5kHz | Af =10kHz | Af =15kHz |Af =20kHz | Af =25kHz
16 0.9999 0.9986 0.9943 0.9873 0.9774 0.9649
32 0.9998 0.9943 0.9774 0.9497 0.912 0.8652
64 0.9991 0.9774 0.9119 0.8106 0.684 0.5446
128 0.9964 0.9119 0.6839 0.4053 0.171 0.0365
256 0.9855 0.6839 0.171 0 0.0427 0.0274

% 4. 2 Normalized correlation gain due to frequency offset and L
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BAA42F g g R RS T 6@ S RBRE PR L Ade R B L B
PIGERFIT T2 PE &L EHR] P MF@:':#@«' R R @@?]bi@ ,
A HrE o BA22Z BHFEALEE RAZ P EM IS X PRS-
FHLLEMP 2 2 > F AR AR S 14 2 PH o 1% DMF B 535 5“4 5

ALk B AE RN B BT T

L*k

X ()= > r(n-i)*c(i) 4.7)
i=L*(k-1)
Pk ={1,2,....,P}on ZAriEFE =% o r(n) TS n BEREEE
Ci)s$ k¥enhsw gy 5 ixd o L3 PRE(X, ~X,) 12k
(non-coherent)i 4p 4e (1 W] B~ 3+ {8 4p 4e) » 14 SRR 5 A3 rid S MR I h %
il
P P )
R'(n) = D Zin)=> R () (4.8)
i=1 =l

B R M R(N) B B ) M EF- RRFEFHIEL Bchinl o 5

3

<l

s

BEF AT o R e Bl @ﬁ%‘w@ °

Base-band nTe Sampling

receive signal "
. X pree)- e S e I pref-
rin rin-31) A
—a Code weightl Codeweight2 |... ... —a| Code weight P
l Xi(n) lX:l:n]I er{n}
hi [ | [
h 3 le:n:l h i Zg(n} h i Z'P(n:l
SUMm
Bl

Threshold compare or Pealk detection

lChec k acguisition

] 4. 2 Non-coherent combine of partial correlation
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R & - B HTE S R AE A AP o L Jf - B Hk code weight £ £ 47
HF b v Flpt P ARG FPERE o Qb RO AR S (S o @ ¥
PR RIS E D - AT R MIE R e R > X
e & M&MI[14]i2 R dHE % o o k5L é 5 5 16-point e FHT » & B4R T 7
16 B AR LRSI Bk EERERE - 7R E(threshold) b fienn & > 12 2
W Rl ek o Bk e o) 4.3

B R s o PR AU R R Y o RE TaEER > & 16

PTG T PR 0 AR 1S ik FHT ¢ AU 0 E - T

S

TR K LB SRR EEET S BRUEE N R B o § R ekl
EFAPIERNEZ (S TT 16 1/Q £ R B W 4p 4 18 IF'"JZK va k=1---16
Bfs 45 d Z g x B B2 AR R iR AUt ik o BArk < BAZE RS B

ple Hip @%thﬁ TR e f'ﬂ‘if"’—‘— B AR ez P o

BADALA PR T FE AR T e % - ISP B0 W A
AR B PR HIETEE < IR, B e TR BRI E T - B4
o BArx TR B aERRE 2 IR R REE P E L E R R BB AP
B fE o AFEIuenIF A Bt Medp M E A NI R { A iR B Rl
WwEe RN EREE . MA3Y o SAF - R SRE B A 50 A
P E TR B o

g@ﬁ&@%Wﬂ%u@’ﬁW#ﬁ?uﬂ%%?ﬁ%%?ﬁmﬁﬁéé
RELEFERF BB OGP SHRT R RE L e R - tt@@?]ﬁi@ ERANEEN
R R AR 2048 27 7 o @ FleReDt R BIE S BB DE R o § A

FHT #7591 P i 6 X, X, X, £ 345 f & M5 58 R(0) ~RQ) ~ -R(P2- 1)
P
R(z)= X, X", (4.9

Wit 2 b e 2 4R 4o e R(0)E_% »keir s 910 @ i * g2k B 42 R(0) K R x@ﬁﬂ
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1r(t): I-channel

—>

SRRC

-

1(t): Q-channel

—>

SRRC

9

Ram
Array

FHT
> 1 square [ moocBEmSaq
y z1 % >
I branch scrambling / £
X(n)
OOQ.m mmdmwmﬁoﬂ A Compute correlation M&M frequency
MUX 2 roRe-)  [®] esimaion [
Sel enable
FHT . .
AMV > ol square [~®{accumulator m%sm to tracking
. . Y Y
Q branch scrambling : m maximum > € | verification [#> ¢, >
code generator : : selection
FHT
> square [~#{accumulator
Q16 q 14 N N
716
) 4
A
: search controller [«
FHT
> 116 square [®{accumulator

i 4.3 An acquisition and frequency offset estimation system based on the FHT
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A

Wk oY f AL ARFRARY B iEd > 2 FFRBE 4ok R(O)

frR@)= 2l pac il £ A4TTRA B0 € F LH DB E RPN 2§ B

o & & HRRERT o 2 he T RE B FHT g gt be - B R F 0 &
¥ A3t MF dhtap #oo WU AR R A B B 0 i B Apitihe g 4

ﬁﬁg"m@ﬁvﬁ—f °
4.3 M&M 7 5 &z P 7E H#

- BT BRIETARL L ZBAHFZED ¥ - 5 F i (maximum
likelihood)iw & i# » o E fc d it g 5 BplE » @ A0 EhAfe > A HMFRR &k
B - JEIFE 2 0 %2 5] T (LeastSquare)iw B2 o 0t A i H o £ R
it 2 F AR S R ) SR R 2 0 & = % 4 B S dic(correlation function) i &
F o N AR AR MO A A T B Bk Bk BT TR B B o T e
Feaper e 20 ZE R T AR Ml B A AR KRG R BT AR M S i 5 A AD
#7 5 Rl A & 37 Luise and “Reggiannini-(L&R)[26] - Fitz[27] 4= Mengali and
Morelli(M&M)[14] » H ¢ 12 M&M F 94 iz R pxic % fu~ iz Rl [ -

TR BT R BESEHEA R > B REEA T N T
x(k) = ¢, e/ @+ 4 n(k) (4.10)
PRC, R BEBAE S T ABRER o f AL 05 L o {nk)}:

4 #c AWGN » F] % . C, =1 e » “T e 7 B gra i 2 o f A
MELehE fEAg dice, T z(K) = x(K)c, 0 AP E T

z(k) = ') 1 n(k)c; (4.1D)
W RRIF B E R AR BBl M B

R(m):ZZ(k)z*(k—m), 1<m<N (4.12)
k=m
S EHEjTmEEHE N SR ohgk BENZ2F A2 8/20 57wz
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| z(k) =e!# T L RK)]
(k) = n(k)cee 7T ety i 412 38w E

R(m) =e!®™ D [14y(m)] (4.13)
[(m)} 5 s s o 4755

y(m)=Sz_i[ﬁ(k)+ﬁ*(k—m)+ﬁ(k)ﬁ*(k—m)] (4.14)

k=m

S0 AR B S BB & BT (R 5

arg{R(m)} = [2zmf,T + y(m)],_ (4.15)
Polx], 2% x BRI 2R -z B 249 = 1 f, frarg{R(m)} Rk 2] *
unwrap & 7| F R Aarg{R(m)} » ¥ ¥ A F L & e AP F 2 E D

p(m) ={arg| R(M)R"(m-1) p=farg[R(m)]-arg[R(m-DJ."  (4.16)

w(m)g(m) (4.17)

3[(S—m)(S-m+1)-N(S-N)]

N(4N2—6NS+332—Q

w(m) = (4.18)

# M&M #F & 5 gl »2it 7 11 E 3% Modified Cramer-Rao bound > 2 v & i 4 ]
2 0.2/T -

VRS R E Fe 6 L A ME B S AP ATIR NBERE 2 S

Rl AR SRR - A e ATRUBLITIRTT o AT A A R AR By B

R EFHIP A (M g B 8 R0) = ERR ) 0 A Mg i S

Eo S BRI BT g LR S #(4.6) 0 AP fI* Bussgang %

TL[15] % "% PUBE B 2 - B R BB~ LB X() 38 » - 2Rl ks (memoryless

system) & @ y(t)=g[xt)] - Bl E x®) 2 y®) 2 3 B W & ¥k
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(cross-correlation) R,  (z) € o x(t)shp £ B B 38R, (7) = & v

R,,(7) = KR, (7) &K =E{g[x(t) [} (4.19)

Bk & g[x(t)] = sign[R(x(t))]+ j*sign[I(x(t))] » R~ 1 % 5 #3n A 2 & #e3vA - @
1 fora>0

4. 20
-1 fora<0 ( )

sign(a)z{
PR, () SRR Plhei2 B2 B xR frR, S EL- ¥ K>

S0k B U BB e AT gt b Bussgang €320 € 6 AT L & ) (R

2 B ASIC 3t F vt 4oz Baggse » 1 7 gatecount =< 3% %) o

%

A SUHHE

iR ] o BT i P A HED 2 4 DRk SRR A 5 o W en
joxeh 3G ¢ e W-CDMA i s 2 i fydieds 3GPP # FDD H25¢ ¢t 483l 3f % i
B 0 T M i BB Rk & S 3.84Mceps (FAE S 5 2GHz - ] 4.4
PR B LE AT RS R B S R R B L E 5 %4 MF htap
oo BV HORATR Y HUBE R Y 5 2048%2°% 5 > 8 SNR :-12dB - 4 BY ¥ 4
MAMEF BB TRRT AL B G R R L 33 & erinED

M EREME  CEAFHEIFI BB IR AT AR DL Fa g RL

=
o«

o REF S L EAR] o RIE B MF B 0 ehp £ RE O O e i G RO R TN

.
«\,

o EORRRA o W e AE B AT E S RS Tigd RO)EA ] k2E
Lo dod i S AR BTk R K M Sl B4R M B 0 B R(O)~R(P2 - 1)

E g AT XA A PR o B 45 5 - RO)fr R(L) 1 2bk 33 4R 4e b
TR L ERR RS RS mERT- S Gl T 0 d Bl 4445 )
FHERIERY AN L B BEMPAEFIY T o P EERRT R

A K U # orh PB4 I Pl (R o
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acquisition error rate
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] 4. 4 Acquisition error rate v.s frequency. offset for different L value

acquisition error rate
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B8] 4.5 Acquisition error rate vs. frequency offset using method R(0)+R(1)
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FEA D Aen Epir RO)GE )i §#i* 2L > 22~ »i2Q)4 -
B Lk Q) frix () e jr L P ARORERL T KT ZQER
TR TR CEBAZE R R BT 0 BRI RT A RO)

Lt S R
10” : :
: —+- @) R() ]
(2 RO)~R() |4
-8~ B)RO)~R(2) |7
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i8] 4. 6 Acquisition error rate v.s frequency offset for using four kinds

of different architecture(method (1)~(4)) , L =16
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(4) RO)~RE) ||
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B8] 4. 7 Acquisition error rate v.s:chip SNR. for using four kinds of different

architecture(method (1)~(4)) , L =16 ,.frequency offset = 15 kHz
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N=4> &2 e GRpldBHmuElET PR RS RRE - a[ldErE . 5’
L EARS o & E N B4R L o Pl € F AR R R 0 d B 48 F (P A E
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B 4. 8 Performance of frequency estimation for different P value
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frequency offset = 15 kHz
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[ -+~ 1024 samples
1536 samples
-E- 2048 samples
() T
S R
s N
c N
= | S
B B
=} I =
g Ttee L
g R o
g ] .
10" \\\\B\\ \\\;
g )
| | | | | ) \Ej
-18 -17 -16 -15 -14 -13 -12
SNR (dB)

BB 4. 9 Acquisition error rate v.s'’chip SNR for using different number of samples
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i8] 4. 10 Matched peak values of different number of samples
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acquisition error rate

normalize variance of frequency estimation
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BBl 4. 11 Acquisition error rate v.s frequency offset for using

different number of samples;.SNR = -12dB
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%] 4. 12 Normalized variance v.s frequency offset for using different

number of samples
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frequency offset = 15kHz
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] 4. 13 Acquisition error rate v.s chip SNR for using different number

of samples (.take absolute value method )
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%17 % FPGA %3

e R P 0 E A4 D & W-CDMA i 5t enboid Z5 35 2 4 5 Rl 2 HE
R ﬂ:ﬁhtb R R 2 B FPGA A ReF A A=A P
FPGA » E &k A 4o #-914k 2 T#l;&ﬁi R F I o

FPGA #§ 4

FPGA(Field Programmable Gate Array) £ - &+ 3| B4EL 7 IC> £ 5 11T

)

S

® @AV LAY T LBETE

® 7j FPGA A EFLPBIFE 77 § FAMEEK S FHMiRer -
® i i EDAHRMTAERLEY o

v+ i BLE_ASIC #74 % ¢h o 2 i FPGA fid B F 7 4e ASIC % capeid o
®oory pBER P 4 RASICKk S > A BB WFPGAL i 5 T L BARE R
A o4 F R E P ASICHMES o @ F1F B % BB AT & 2 (Commercial
DSP IC) k¥ X 2 R AH M » B FRHBHE OB E A BTG » sl

FHEROHMTET RN RT FREFR- AR R LE

1o f A L P QIR A FHT 16 B #1135 ¢ (i » BE R4 2% » 7
PR ABIRAE RIS E R P P AJEI28 B bk 1 2 320k B e E 0 A

EAR LRI LA m#f xF&i;l_, EY B’»#‘,E&i;l CEnE B AT R i? ibi’f r'E s eDSP & 5 %

PP R T Mg A o FIR AP FPGAR K 3L M A A o
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- ¥ L FPGA & 7 2 & 5 Xilinx &2 Altera d 57> 73k f 2 p 5 &
AR o e A Bk £ Xilink #7d FPGA & % F 0 &t i = 4 5 Xilinx
2P 4T B FPGA f o FPGA P3R4 H14 & it B & 2l B 7 2384w
#z (Configurable Logic Blocks : CLB) » & B {8 w2 3o 4% 1 o PREF » P
B ® 2§ ®iDF 74 H < (Switching Element) %[5 B igghdaid & 47 3%
oo P CLB & P R 2 3 ~env 4 ﬁi}u'a L #- FPGA ~ it 3.3
R K& RN

FPGA it 42 4cFl 5.1 “77 » § % MK+ 4 chT B diy » FPGA ¥ i3 » ¢

3O F A = B]A 1 S A (Schematic Flow) - & #84 i 3% 7 $%iE(HDL Editor) o #-3
ﬁ%,%j i T KT fafT % fiEst(Beaver simulation) 2 & & {4 ¢S B fickt (Function
simulation) » ¥ 1 P 607 fEETR TR IS E 0 TR { & B Sk
o I FE(S o e WP B ot (Timing simulation). > #0#€ #73K 35 T 8. 2% ~ FPGA
do 7 180 i A iR B 2 MR T B EET T 0 (S BT RBE
FPGA ~ 2 - FPGA #77 QL IT@ARPFT LB AT M 2+ » TR F- 303 &

i A T E fH T R ,T%u?u&;ngz;{)Lw;ro

Design Detailed Function
ideas Design Simulation
Device Timing Synthesis &

Programming Simulation implementation

&l 5. 1 FPGA design flow
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52 F WP B X F

AR AR - B E S W-CDMA i 2o i chi X ot B
EEEFTRAARA E QRN BATORA 1 T AL ABEAL A
A o B 5.2()F Bl 5.2(b) & 2t B A = BBl o @ PR INA LML R0 B
TS E A iz B(SRRC) » 2816 £ 45 QPSK 33 % 3] R A B o ot A 30 A
17 BLl4cB] 5.3 7T o

Cq Ba

Sr.
PRACH message | r-msg,n
data part X

PRACH message
control part

Ce Be j

B 5.2(a) Spreading of PRACH message part

preamble

signature <§ i) S

long code exp(F(pi/4+k*pi/2))

%] 5.2(b) Spreading of PRACH preamble part

cos(wt)
Re{S} | Pulse- (%
Complex-valued Split "| shaping T\
chip sequence S ,lreal&
from spreading imag.
operations parts Im{S} | Pulse- (%)
shaping \TJ
-sin(wt)

%] 5.3 Uplink modulation
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521 EMFHAL

EWP B 0 A BF A ELA 2 A FEAEFISLT £
(Gold Code) > ¢ & i = &> m-5 7|(m-sequence) > X ~ Y & 712 4= 2 (modulo 2) 2
4 o AT U - A w44 s E(linear shift feedback register :LSFR)
Bk A EWFAS o Bl 54 50t LSFR G 4EM o LSFR cnfF B 247 5 &

* 3] D 4] & B(D Flip-Flops) % 7 & £ (exclusive OR) R fi%‘u'v" LRI e

long,1,n

Joububuoouuuuo DD{DEDD ’

MSB

NRNRNNNRInUEL N EE&J :

long,2,n

%] 5.4 Linear shift feedback register
5.22 A #kcFiz %

LAY FRITAEBLFE L EWFE TN R R Pl Bk
EERAHEFZETS e BRELE TR S B Bore S o Af IR B
4o 5.5 o o R iE s EFABE S+ -1 2t | 55 ¢ ar R r engkiE
BEoUd - B 51 BRER S 4oB] 5.6 AT o pt § 1 Bands I A i dl (41
F D) Rk R e ekl R 5 4L PR S E R el s S
Lo RGBS o B e 0 2 i e o R R AT A0 R 5

1o#75 nl %5 00381 e 1P ® o ¥ oAb AP w L g JM3mﬁiaa Ak -1
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AL PR R RS S O Benfp gl R Ape it EAE G R B3R

> Image

(a, + ja,)(b, + jb,)
= (ab, —a,b, )+ j(ab, +a,b)

] 5.5 Complex-valued multiplier

Code (Control bit)

Code
. input
Input output wout
) outpu
MUX —
Control bit Output
+1 Input
-1 Inverse input + ’1’

i8] 5.6 Multiplier implemented by multiplexer
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5.2.3 "% e Ui Jg & B (Pulse Shaping Filter)

YU Rl BEA Y KPR B R, £ - B A SFIRp A
® o — i#pulse shaping ¥ i’fﬁffu#g # 3T R 24 4 (convolution)— # 0 BN i en
%am b A kpiE (SRRC)A A5k 8) 5 Tld »m A % 7 20 BE4E % & 7R
e A o ] 5.7 5 it 1 RCiLA538 SE 4 & i Az o Wik b pl S A chif 8 7 &
* 20 A FFEL IS FEE RE S o R EHF LT T g d o L E it
g r»); 5 2LR chik /28 o F ol ApEe e § ,gg\/z bha4;[;4c,;¢$j¢
d AR A 8 B oo B~ tin_datad 20 BRCP R AL A S
5 f# #% & : RC1~RC5 [RC1=RC(1)~RC(4), RC2=RC(5)~RC(8), RC3=RC(9)~RC(12),
RC4=RC(13)~RC(16), RC5=RC(L7)~RC(20)] - #; 1 & ¥4 ™ st % 7 &

Output =in_data(i+5)RC1(cnt) +in _ data(i + 4)RC 2(cnt)
+in_data(i + 3)RC3(cnt) +iny.data(i + 2)RC4(cnt)
+in_ data(i +1)RC5(ct) (5.1
[(ie-4~x) in_data(j)=0if j<0]
FVeoont Al e AAk ki E R 2 0 BAR A RC 43 B o gL U

AL 44 fets i &R 5.8 2 F1 59 -

cnt

01230123012301230123

S N O N B
—geenr, 11T ]
P RN DR DU N
ORI NN B N B
SO S DU U B B

B8] 5.7 Convolution process
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cnt

0123012301230123i0123

t = kT,

t=(kK+DT,
t=(k+2)T,
t=(k+3)T,

t=(k+4)T,

] 5.8 Modified eonvolution process

RC(1)~RC(4)

RC(5)~RC(8)

RC(9)~RC(12)

RC(13)~RC(16)

RC(17)~RC(20)

Control | I | | I I
cnt
A Mux4 Mux4 Mux4 Mux4 Mux4
In_data DFF DFF DFF DFF
fan ar Nar T output
N N N AN

B8l 5.9 Low complexity pulse shaping filter
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5.3 A5 H#EB-% 4 & A 2 iR

B15.10 5 2 #7411 & W-CDMA & 527 chieid 75 #1524 5 &5 RI % 457 4
g] ﬁ-» jz—’i— B’Jﬁ 1‘]‘ i’ﬁal_’ﬁ]]\ 2: °

1(t): I-channel

— SRRC }—> 4%?7* HI_IIT H square Haccumulator%

) 4 =

1 Y

Ram I'branch scrambling | g fast | N ‘ ¥
3 code generator X1 Compute correlation Lyl M&M frequency

Array A RO-R(P-1) estimation

1(t): Q-channel
SRRC % H square Ha@aumuldtor%

t
Q branch scrambling| _ | i maximum| ¥ & | verification [
code generator ' selection

=

oing to tracking

accumulator

4
Z,

search controller

4" 16 square H accumulator

B8] 5.10 a non-coherent QPSK acquisition system based on the FHT
5.3.1 *» % 7 gz g 4t B (Chip Matched Filter)

T A B AT it BT 0 AipAE A P 20 BB~ gk
#9242 b A A5z (SRRC) Rk Berjh ) 0 3B A P47 & 20 B3z B2 19
Bz BRESw g dugy o e B % fEhcritical path #-¢ ~ & - #7112
AT B2 E AT KR critical path chk & 0 e i D et T R afk g K
4e @] 5.11 #771 o

B 501 ¢ o gt g vt B stenie e 4 48 3 af B BT, - e Ecritical path ¢ 45
fen 15 o BEAeA i & R aEcritical pathie E_2ray EF { Bondk (TpF% o APV

g * 4og) b. 12(a)fr§] S. 12(b)m? i g *#
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DD | - Db
B 5.11 Modified chip matched filter
. D . D outp:t
D . | - D | - - mput
] 5.12 (a) Reduce critical path structure of CMF cell
FIR Cell 1 | FIR Cell 2 | FIR Cell 3 | FIR Cell 4 | FIR Cell 5

B8] 5.12 (b) The combination of CMF cells
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532 zRE &4l

P g e BT e B0l s Tle R E A (RAM) Y o i A TERR R
Bl (F o AP R gHKR-16 B AST AR RAM ¢ o kK RS
B~ FHT @ > 2vip i % & 7 B k4] RAM e B~22 8~ & 1% - §] 5.13 &

A TR B i A

[ 16 bits I: 16 bits
> >
» RAM Armay 1
Q: 16 bits
> I: 256 bits
» RAM Array 2 >
write data to read data
RAM > Q: 256 bits| from RAM
> RAM Array 3 >
Q: 16 bits ™ RAM Array 4
> >
A A A A
clockfor write . clock for read
frequency divider
] 5.13 Data flow of on chip block ram
Xilinx = # 7 Virtex FPGA Series #& &7 7 & * (hif £ B Rk H 2B

otk HheRilas - BARET VEPHIL- BHFP B> S LFH%

TRNT RS FUBKE - B 5.14

— ADDRA[N:0]
e DINA[M:0]
— WEA
—_— ENA DOUTA[N:0] [—
—_— SINITA RFDA e
—  NDA ROYA je
——I> CLKA
— ADDRB[n:0] -
S DINB[m:0]
—_— WEB

ENB DOUTE[N:0] j—
—_— SINITB RFOB [——
= NDB FDYE [r—

> CLKB

%9180

224 EE e A2 B B -

%] 5.14 The dual port block RAM
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Bk bk G RER D 256 PR Y RRLAPRS Lo Y F AR o
THREBPRFED AT 2 R A ezig it B MF 9 1/Q # F %5
(4096 +256) x 4x2=34816 - @ = — e lat % H.5 4096 @ ramcells > v i &5
256 £ FR > EEFHT UG 16 A 0w A F & 34816/(256) =136 B lh
LR M RE R S K S

d LSSR #TA 4 gt/ L& ey kigm A PEFH R Y Hipah
TR A R GRS - B/ E R L 40960 AT ARRE G T - B H e
P % H(256%16)7 » Flo g | g Qg s » FI &5 BEHRE

s T Bl o B] 5.15 0t H B R R Bl endRurip Bl o

ADDR[m:0]

DIN[N:0]

WE DOUT[n:0]
EN RFD
SINIT RDY
ND

D CLK

X9179

] 5.15 The single port block RAM

R
SR

R G AP » R R BT R AR ALY

o A - B S(RAMarray) - B 5.16 5 & B e R H i 5] py K 5
Wizl o & - B RAM cell R R3] 5 256 7 & & 5 16 =~ - [ 5.17 & *

gaﬁ%};“ﬁ;uj—r m?\;fi‘i‘% B e
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RAM | RAM | RAM | RAM | }éﬁﬁq
Cell1|Cell2|Cell3]| Cell 4 16
\ /
RAM Array |
RAM Array Q
\\

RAM Array 1 RAM Array 2 RAM Array 3 RAM Array 4

i 5.16 The hierarchy structure of RAM array

select RAM array number
Sample Counter (0~3) > Decoder -

Y

select RAM block in array

RAM Array Counter (0~15) Decoder >

\

\ 4

select address of RAM
Address Counter (0~255) > Decoder >

B] 5.17 RAM write control

B 5.18(a) ()& i 2 & # i 5 3nHlse R T A R B BB P il
A4 e

1 KeehMese 7 Foabfhend FHEP 2 - o

2. #eas AR f3A8 X7 K o A sl (address) s i 8 (position) -

3. i ptedcp 4 1o
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path delay number RAM —» address 1
—> ot riad ——» address 2
controller | position

B 5.18 (a) RAM read control

Block

position

\ 4

i
address 2

detay =39 chip times

] 5.18 (b) RAM read control

5.3.3 Pigrb it 5 ik

FHT 7844 k3t H & - B8 5 Walsh-Hadamard code #hip i & %
oo P APRE B GRET * kTR 5L ¢ Fren Walsh-Hadamard code =4p i
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Design Summary

Humber of errors: a
Humber of warnings: a
Humber of Slices: 14,392 out of 19,288 75%
Humber of 3lices containing
unrelated logic: 8 out of 14,392 a%
Humber of 4 input LUTs: 24.354 out of 38,488 63%
Humber of bonded I0Bs: 174 out of Loh 43z
I0B Flip Flops: 14
Humber of GCLKs: 2 out of 4 La%
Humber of GCLKIDBS: 1 out of h 25%

Total equivalent gate count for design: 423,834
Additional JTAG gate count for IOBs: 8,168

i8] 5.35 Mapping report for overall architecture

Design statistics:

Hinimum period:  15.338ns (Maximum frequency: 65.231MHz)
Haximum combinational path delay: 17.282ns
Haximum net delay: 8.326ns

i8] 5.36 Timing report for overall-architecture
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# o0 BIER P

gkt )

2R TR Rk F 11,427 2.7%
eRE ~ 2 TR 178,674 42.1%
Poid b i A 37,513 8.9%
EiECE AR 14,386 3.4%

A R H ~ 91,173 21.5%
v 90,661 21.4%

# 5.1 The equivalent gate count for each module

Fivorid ® 2 x ik 3 B{ER B p
4 = 423,834
5= 467,153
6 >~ 558,746

# 5.2 The equivalent gate count of overall system for using different number of

bits to quantize the received baseband signal

4ok A w ATaT AT B S % R FE ;I.Lm L R-ATIE 2 e

FPGA & % ¥ # v cip|2> 20 o pl2g e j2 2.0 matlab #0488 & 4 248 g e i3
S gk Pattern Generator(PG)sh+ F v £ #h(PGV) » £ #-4 » £ 8% PG i »
FPGA ¢ » @ #5114 Logic Analyzer % #75~ 5 50 » BLEH )3 & 2 3 45

matlab %t iy % o B 5.37 Z FBEE Y & 4 A LEEGE N PGS e
55 SNR ehRBE 48] o B 5.38 4 4 A % BLBGE 8 2 L EEHCE B A0 R U S i

e % o B 5.37 2§ 5.38 ¢ gL #iF Y S @ % matlab ik eS0T B

WY A5 FPGA RgZinit % o

84




fixed point
-@- floating point

10°

ael loils uonisinboe

107

-12

-13

-15
SNR ( dB)

-16

-17

-18

(zH) uoirewnsa Aosuanbaly Jo abelany

c
S
+—
L
m
%)
= * T T T T “
m I A I I I I
o I N I I I I
I I I I I
W r‘lb@‘, ““““ R Lo N
i | i i i
m | //,,/, | | | N
] I N I I I
© I W | | |
(@] L | N (T o S Lmm oo R [ o~
— I 1< [ | | |
- | = O | // | | |
=] I m ol 1 I I I
S B2l e S— o
N =] I m I I I i
T I L ®© N
L X &2 8 : :
m fo'e) I L | ///: | | ©
- e - - ----- [l ;
o I JT m”v I W I I A
o |l I I NN | |
- 5 I | N | | <
(<5} I | N | |
x 3 P i e iy -
Z u“ I | | N | |
) @) | | | // | |
I I I \ I I
o > L ____ o __ [ S R o] N
c 9 I | | me | | -
o= I I I S I
© o
o 3 I I I /, I
- | | | Y |
> w F-——-—---- |- ——— == F-————- - ----- - - - = —
L £ | ” ” LY ”
m I | | AN |
I I I I \ I ©
— - |- oo > e g
m I | | | AN ©
I I I I W
_n[.v I I I I - ©
I | | I |
= T T T [ [ @ \\\\\\\\ o
o “ | | | | AN
— I I I I I
D — | | | N
o — X | ! | - <
w| [T} o~ 0 — Te} oo
N — o
(]
N~
(qp]
o
b

x 10

frequency offset ( Hz )

B 5. 38 frequency offset estimation for fixed and floating point simulation

SNR =12 dB

85



Y Y -2‘;_ ’/\
* R B

AH2 PR AHEAR L R AR ARER RS 2T TR
W22 o F A 3CPP AR I THBEST RN AR 2 BT R
W L SRR e > R LT fihik BB E & 4 o AT R
Bood 3w B PRS2 ARG A/ A RS B RDE
B A FEY PR E B BT E R BAEBRA ARV P I RS R
JORRATAD B R REAF SRR o I S ATEZEHEA P A 470 D e S RCH S HEB 2 4E
BRI 0 B A S RS TART SRR 2 M G RPTa o
FPGA & - f& ¥ f2:" RA[BHEL A IC, RF L R AP E L OBET R L

TV EREALFPCA & PP RENRGRESR ZLEERY AREAE 2 KR

-l

FORER B HY P APHEPFPGA R IR RA MR R Ak Y
E AR OW-COMA S S BB n 4 R d 7~ AT Borg S F it
TP R LREA YR I LR EFRMANSDRE . R kT s g
BT PR S 2 MAL ST e » £ 7] { R R %

W LR A R R R HE g 4R e o

86



35 2t

[1] R. L. Peterson, R. E. Ziemer, and D. E. Borth, “Introduction to spread spectrum
communication,” Prentice-Hall, 1995.

[2] R. L. Pickholtz, D. L. Schilling, and L. B. Milstein, “Theory of Spread-Spectrum
Communications-A Tutorial,” IEEE Trans. Commun., vol. COM-30, no. 5, pp.
855~883, May. 1982.

[3] RAYMOND L. PICKHOLTZ DONALD L. SCHILING “Theory of Spread-Spectrum
Communications — A Tutorial” IEEE transactions on communications, no.5, 1982

[4] Rick, R.R.; Milstein, L.B. ”Noncoherent parallel acquisition in CDMA spread
spectrum systems” ICC '94, SUPERCOMMY/ICC '94, IEEE International Conference
on, pp: 1422 -1426 vol.3 1994

[5] Briima B.Ibrahim and A. Hamid Aghami “Direct sequence spread spectrum matched
filter acquisition in frequency selective Rayleigh fading channels” IEEE Journal on
selected areas in communications vol.12 no.5, 1994

[6] Mohamed G. El-Tarhuni, and ,Asrar U. Sheikh, “An adaptive filtering PN code
acquisition acquisition scheme rwith: tmproved. acquisition based capacity in
DS/CDMA”Personal, Indoor and Mobile-Radio Communications, 1998. The Ninth
IEEEInternational Symposium on, pp.1486-1490,1998

[7] Hichan Moon, "Performance of double dwell acquisition with continuous integration
detector in a Rician fading channel” 'Spread Spectrum Techniques and Applications,
1998 IEEE 5th International Symposium on, Vol. 1, 1998

[8] Bensley, S.E.; Aazhang, B.” Subspace-based channel estimation for code division
multiple access communication systems” Communications, IEEE Transactions,
Volume: 44 Issue: 8,1996

[9] Stirling-Gallacher, R.A.; Hulbert, A.P.; Povey, G.J.R A fast acquisition technique for
a direct sequence spread spectrum signal in the presence of a large Doppler shift”
IEEE 4th International Symposium on, Vol. 1, 1996

[10] Okuda, S.; Katayama, M.; Yamazato, T ”A new block demodulator for DS/SS signal
with carrier frequency offset”, Sixth IEEE International Symposium on,

Vol. 1, 1995

[11] Eric, M.; Obradovic, M. “Subspace-based joint time -delay and frequency-shift
estimation in asynchronous DS-CDMA systems” Electronics Letters , Vol. 33 Issue:
14, 3 July 1997

[12] Wongyi Fu; Abed-Meraim, K. ”Joint channel and frequency offset estimation in
CDMA systems” The 11th IEEE International Symposium on, Volume: 2 , 2000

[13] A. Amira, A. Bouridane, P. Milligan, M. Roula “Novel FPGA implementations of

87



Walsh-Hadamard transforms for signal processing” Vision, Image and Signal
Processing, IEE Proceedings- , Volume: 148 Issue: 6 , Dec. 2001 Page(s): 377 -383
[14] Umberto Mengali and M.Morelli, ”Data-Aided Frequency Estimation for Burst
Digital Transmission” IEEE transactions on communication vol. 45 1997

[15] Athanasios Papoulis, ”Probability, Random Variables, and Stochastic Process” Third
Edition McGraw-Hill 1991

[16] The Web site for 3GPP: http://www.3gpp.org

[17] Harri Holma and Antti Toskala, "WCDMA for UMTS”, wiley 2000

[18] F.Adachi,M.Sawahashi and K. Okawa, “Tree-structured generation of orthogonal
spreading codes with different lengths for forward link of DS-CDMA mobile radio”
Electronics Letters, Vol. 33 Issue: 1, 2 Jan. 1997

[19] Bigi Long; Hichan Moon “Detection and false alarm probability of PN code
acquisition in DS-CDMA system” Electronics Letters , Vol. 33 Issue: 11, 22 May
1997

[20] Andrew J. Viterbi., "CDMA Principles of Spread Spectrum Communication.”
Reading, Massachusetts: Addison-Wesley, March 1995

[21] P. Chaudhury, W. Mohr, and S. Onee; “The 3GPP Proposal for IMT-2000,” IEEE
Commun. Mag. , vol. 37, pp. 72281, Dec.,1999.

[22] Technical Specification 3Gpp TS 25.211'V4.1.0 (2001-06)

[23] Ray Andraka, ”A survey:of CORDIC algorithms for FPGA based computes”,
Andraka Consulting Group 1998

[24] Tero Ojanpera, Nokia Research Center and Ramjee Prasad, Delft University of
Technology, “An Overview of Air Interface Multiple Access for IMT-2000/UMTS,”
IEEE Commun. pp. 82~95, Sept. 1998.

[25] # F24 /% < ¥4 “Fast Code Acquisition for W-CDMA systems and Its FPGA
Implementation” & = #id ~ & § % 1 427,2002

[26] Wang, Y. -P.E.; Ottosson, T., "Cell search in W-CDMA” Selected Areas in
Communications, IEEE Journal on, Volume: 18 Issue: 8, Aug. 2000

[27] Ray Andraka, ”A survey of CORDIC algorithms for FPGA based computes”,
Andraka Consulting Group 1998

88



	Index.pdf
	3.2.1 系統模型(system Model)………………………………………………..29
	3.2.2 系統描述(system Description)…………………………………………..29
	4.1 哈達馬轉換…………………………………………………………………...37
	4.2 應用FHT的快速碼擷取架構………………………………………………..43
	4.4 系統模擬……………………………………………………………………...49
	5.1 FPGA簡介…………………………………………………………………….57
	5.3.2 記憶單元與控制信號……………………………………………………66
	5.3.3 快速哈達馬轉換…………………………………………………………69
	5.3.4 最大值選擇器……………………………………………………………70
	5.3.7 頻率估測器………………………………………………………………74


	Thesis2.pdf
	第一章 緒論
	第二章 W-CDMA系統簡介
	2.1前言
	2.3 W-CDMA系統特色
	2.4.2 實體頻道(Physical channel)
	2.4.2.2 下鏈實體頻道

	2.4.3 展頻與調變
	2.4.3.1 通道碼(channelization codes)
	2.4.3.2 攪亂碼(scrambling code)


	第三章 DS-CDMA系統傳統碼擷取技術
	3.1 傳統碼擷取技術
	3.1.1單一區塊串列搜尋技術(single dwell serial search technique)
	3.1.2 多重區塊串列搜尋技術(multi-level serial search dwell)
	3.1.3 並列搜尋 (parallel search)
	3.1.4 混合搜尋(hybrid search)
	3.1.5 匹配濾波器碼擷取(matched filter code acquisition)

	3.2 適應性濾波器估測搜尋
	3.2.1 系統模型(system Model)
	3.2.2 系統描述(system Description)

	3.3 DFT碼擷取技術[11]

	第四章 結合碼擷取及頻率估測新架構
	4.1 哈達馬轉換
	4.1.2 哈達馬矩陣的特性
	4.1.3 快速哈達馬轉換

	4.2 應用FHT的快速碼擷取架構
	4.3 M&M頻率估測架構
	4.4 系統模擬

	第五章FPGA設計
	5.1 FPGA簡介
	5.2實體隨機擷取頻道傳送器
	5.2.1 長攪亂碼產生器
	5.2.2 複數乘法器
	5.2.3 脈衝限頻濾波器(Pulse Shaping Filter)

	5.3 碼擷取及頻率偏移估測
	5.3.1 切片匹配濾波器(Chip Matched Filter)
	5.3.2 記憶單元與控制信號
	5.3.3 快速哈達馬轉換
	5.3.4 最大值選擇器
	5.3.5 搜尋控制器
	5.3.6 利用Bussgang’s定理計算自身關聯函數元件
	5.3.7 頻率估測器
	5.3.7.1 CORDIC技術[23]


	5.4 FPGA 實現

	第六章 結論
	參考文獻


