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Abstract

As a key technology for the next
generation mobile communication
systems  (IMT-2000), wideband
CDMA (W-CDMA) helps to obtain
the  mobility and interactivity
simultaneously. In this paper, an
adaptive transceiver architecture for
uplink W-CDMA systems based on
ETSI UTRA RTT FDD mode with
beamformer which incorporates both

temporal and spatial diversity is
proposed, and simulation results are
presented.

Keywords: transceivers, W-CDMA,
RAKE, beamforming, smart antenna

IMT-2000
(ITU) 1999
IMT-2000 (International
Mobile Telecommunication 2000)

IMT-2000

IMT-2000 CDMA

(adaptive antenna array)
(beamforming)
RAKE
ETSI

UTRA QPSK



ETSI
W-CDMA
W-CDMA

RAKE

()

ESTI W-CDMA

Random Access Request

Physical Random Access Channel
(PRACH) Dedicated Physical
Channel (DPCH)

pilot

(Channel Estimator)

PRACH
Random Access Request
RAQ

DPCH
PRACH message part

DPCH

RAKE

(Carrier Recovery) ( )
RAKE
Finger
() (Channel Estimator)
ETSI
( Spreading Factor
256)
1024 delayline matched filter(
)
(symbol) 4
(peak) 4
( )
RAKE
PRACH preamble part

Random Access

Request Fixed-
point matched filter

2 bit
() (Carrier Recovery)



PRACH preamble

part (acquisition)
(symbol
time) PRACH W-
message part DPCH CDMA
(tracking)
RAKE
Loop
Filter (symbol
rate) NCO fixed-point
Verilog
Emulation (Aptix )
( )RAKE (RAKE Receiver) [1] ETSI SMG2,”Submission of
RAKE Finger Proposed Radio Transmission
Techniques.”
[2] Kaven Pahlavan and Allen H.
Levesque, Wireless Information
Networks, John Willy & Sons. Inc.,
1995.
[3] Sergio Verdu, Multiuser Detection,
() (Beamformer) Cambridge University Press, 1998
[4] Willlam C. Y. Lee, Mobile
Communications Design
Fundamentals, 2" ed., John Willy &
Sons, Inc., 1993
correlator
_pmbk,pml J Message Part J
( weight) " Random-access burst
correlator y | [ buapan
[ITTITIrr oy HHm
Message part of random-access burst
normalized pPoCH | Data (N gy b1t |
pattern

DPCCH ‘ POt (N i1 bits) ‘TPG(NTPCI)its) TFL(N p bits) —-{
| |
0.625 ms, 10°21K bits( k=0..6)

Slot 1 Slot 2 ‘

T=10 ms (frame period)
v

Slot i Slot 16 I




DPCH frame

Signature
(16 bps) . acevas
X
2 Y 2
Preamble
Part 1

Preamble Code
(4.096M cps, SF=256)

Phase Detector

Channel

From -Q*sgn(l)

Beamformer

Estimator

! MSTD (16 bits) -
| Reg.Serv.(3bits) —=
! Optional User Packet ___,| U]
| CRCbits (8 bits) J To 1Q Modulator
! Pilot Symbol _ .
bR NCO Loop Filter
3 Rate Information — T
§ 1X] ‘ 4.096M cps 5:;‘;’;1‘:1’ X
| _MessagePart | B
From phase rotate output
—-{Delay SHCnrrelatnr
BER=10"-6
Service RS Encoder ——[Delay SHCnrrelatnr
(rate - Wiy - I.nlerleave'l - Decisi
_ ] acision
BER=10"-3
Service / —-{Delay SHCnrrelatmj—@——@—/
16 e
o 1 P S S ——[Delay 8. Correlator
e sai o L
CRCbits| | ** | Convolutional |2 | wate [** . o
U Encoder (3,1,9) ‘Matching nierleaver
Tail bts | DPDCH e 1mgo o
oy +) 2 /:T 1Q Modul
o (SF=16.256) T et ¥ o lodulator R AKE
TPC — )
Cscramb
T DPCCH A.096M
Ce (sF=256) It
t»—(Correlator]—»L AVGHNormalize ' - bwi
DPCH = (CorrelatorH AVGHNormalize )
\ bw2
= [Correlator]—»L AVG]—»( Normalize) - bw3
Plhase Hot;” el 2 L Preamble
Beamformer [ ~{XI 7" Coiiarer e Signature |—~= RAQdatect [ [Correlator |—»1 AVG |—»l Normaliza_, bwd
Detector
& = | peak_value o
V3, w, (X
By £ 8 bwi
RAKE : Viterbi
4[ Hoedridi Hue-lmeneaver HDecodar]—' ~(%) “
\F bw2 N

V, :Rake finger derotate phase
8, :RAKE finger delay
w, : RAKE finger weight

+

o ,
*’QP—/ /f Beamformer Output
bw3

bw4

PreFilter ——[ Tap Delay Line (1024 taps) ] gt
Input | os \X !
[ e

{258 complex multipller) 0
OVSF Code wl

sgrtl*1+Q* Q)

S S T
0 2000 4000 6000 8000 L0V

No Fieg




Matched Filter

I L L L L L L L n n
0 2000 4000 6000 000 10000 (2000 L4000 L6000 L2000 20000 2000 4000 6000 8000 (0000 (2000 (4000 L6000 15000 20000

S Ts,
Preamble Matched Filter Output Output from Preamble Sequence Detector
| — L ——— T

Phase Error

sl
o 1 B T e T U o s e o wwloee o sl o o el sl oo -
sl )
sk J .
0z f L e R R T . Y Ty |
. . . . . PR .
0 2000 4000 6000 5000 10000 L2000 L4000 L6000 18000 20000 0 200 4000 6000 000 10000 (2000 L4000 L6000 18000 20000 :
Ts A L S S S |
-3 i i 3 t i i i i

s
(Differential Sign value detected by Peak Detector)

20000 40000 60000 80000 100000 120000 140000 160000 130000 200001

PRACH RAQ Ts

[£.14] T T T T T T T T T
120 - - . .
( 7y
Lo =
or el i “
5 il i ’ a
&0 4 iy — . . . . . . . . . . . .
- . e I -
40 i L >
( o # / /
EL ol )
4] 20000 40000 S0000 80000 100000 120000 140000 160000 130000 200000 )
Ts il -
e 00 dogree oo o0 degree o

Matched Filter (fixed-

pOIﬂt ) s T T T s T T s T
. 1
os
o
as
. . . . . . . " . . .
s PR PE s a0 o o . [P . B o os . .

ETSI  W-WDMA



Multiple-Access

DS-CDMA

scheme
Duplex scheme FDD
Chip rate 4.096 Mcps (expandable to 8.192 Mcps and 16.384

Mcps)

Carrier spacing (4.096
Mcps)

Flexible in the range 4.4-5.2 MHz (200 kHz carrier
raster)

Frame length

10 ms

Number of slots per
frame

16 (time slot = power control period for FDD)

Inter-BS
synchronization

No accurate synchronization needed in FDD mode

Multi-rate/Variable-rate
scheme

Variable-spreading factor + Multi-code

User information bit
rate for each time slot

Variable

Channel bit rate (after
channel coding and
rate matching)

U/L:16/32/64/128/256 kbps (Per 1Q branch)
D/L:32/64/128/256/512 kbps

Channel symbol rate
(after modulation)

16/32/64/128/256 ksps

Channel coding
scheme

Convolutional coding (rate 1/3 and K=9)

Packet access

Dual mode (common and dedicated channel)

Channelization Code
(U/L,DIL)

Orthogonal Variable Spreading Factor codes of
length 2* (for a 4.096Mcps carrier)

Short Scrambling
Codes (U/L)

Complex MS-specific code of length 256 chips
(based on S(2) Code set)

Long Scrambling Code
(U/L)

Complex MS-specific code of length 10ms (40960
chips for a 4.096 Mcps carrier). Segment of different
long Gold Codes)

Scrambling Codes
(DIL)

Real cell-specific code of length 10ms (40960 chips
for a 4.096 Mcps carrier). Segment of different long
Gold codes.

Data modultaion

Dual-channel QPSK(U/L), QPSK (D/L)

Spreading modulation

QPSK(U/L), BPSK(DIL)
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