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Abstract(Keyword cdma2000, spread
spectrum communication TI DSPC6x) Two TI
TMS320C6201 fixed-point processing chips are
used to implement a cdma2000 receiver. One
chip is used for code acquisition, and the other is
used for code tracking, channel estimation,
complex de-spreading, demodulation, RAKE
combining and data decision. The parallelism
achieved by the DSP multi-processing units
through the use of loop unrolling by the
compiler is analyzed.
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In the reverse link, the transmitted baseband
signal can be expressed as

¥

) =a (d, + jdS) (6, + je gq(¢- nT)

g n=0
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n=0
Where g, (f) isthe SRRC pulse shaping filter
with roll-off factor & =0.22, n is the chip
sampleindex, d} and dY arethe datafor the
in-phase and quadrature-phase component,
respectively. c

n
sequences of the in-phase and quadrature-phase
component, respectively. The signa will be
transmitted from a mobile station through a
Rayleigh fading channel with Doppler frequency
spread and additive white Gaussian noise
(AWGN) The received signal can be expressed
as

and C,? are the scrambling

r(1) :éL. a (Ogt-IT-t,)+ A1)

Where T=2T.=1.6276 N5, L=6,[, is the

propagation delay, and fc is the carrier

frequency. z(t) is the band-limited additive
Gaussian noise (AWGN) which can be
represented as

A1) = n.(f) cosw,t- n(f)sinw,t

=Re{n(0)e ")
Where n(t)=n,()+ jn(f) s the equivalent
lowpass form of AWGN with

Hr®y=Hm@®=N, ., ad N, is
one-sided PSD of AWGN. The functional block
diagram is shown in Figure 1.The received
complex signal passed through the chip matched
filter to remove the out-of-band noise can be
described as

o (0 =18 a,(0(0- £+ A0]A Go(0) =

8 Ala(0dca(t- nTi- £)]+ 2(0)

/=1 n=0
Where A denotes convolution operation, and

g(t) = gr(t)A gr(?)
Z(0) = A1) A gu(1).
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The functional block of MRC RAKE combiner
is shown in Figure 2. Each finger consists of a
code tracking system and a complex channel
amplitude estimator, respectively. The data flow
is illustrated in Figure 3, with |_SRRC and
Q_SRRC: waveform chip matched filter output

samples for | and Q branches.- [ the
pseudo-random (PN) code delay estimates for
RAKE fingers.- i_M_I_P, i_M_Q P, i_M_I_F,
and i_M_Q F: the interpolation (middle) output
of I and Q branches for R-PICH and R-FCH,
respectively. i EL | P and i EL Q P: the
interpolation (early minus late) output of | and Q
branches for R-PICH. Track_est: the output of
the code tracking system, indicates the estimated
chip timing error and is feedback for
interpolation.- ch_est: the output of the channel



estimation.- output: the result of the data
decision. The block diagram of the complex
multiply matched filter isillustrated in Figure 4.
To reduce the interference noise, when the
length of the matched filter is short, average with
the preceding correlation output is done.

The received signal is first digitaized by
PMC-2MAI ADC at 40MHz sampling rate and
the digita signals are passed to PEM-4WDC
wideband down-converter through the LVDS
interface. PEM-4WDC down-converter then
demodulates the signals and the base band | and
Q are stored in FIFO in the order as shown in
Figure 5. The Synchronization Between
PEM-4WDC Wideband Down-Converter and
the processing CPUs is done using a check bit
stored in MPRAM. For real time implementation,
the first step istheinitial search. The acquisition
includes complex multiply matched filtering,
energy detector, and path selector. For maximum
paralelism, loop unrolling with a factor 4, is
used. This requires 32 loops for a 128-tap filter
(128 loops). Each loop uses 10 clocks. The
execution pattern is shown in Table 3. The total
clock cycles for one correlation is thus 8 +
32*10 =328, where8is prolog and epilog.
However the actual measured cycle is 392. An

Table 1: The simulation parameters of the

improved version that can save haf the
computation time called Differential Delay
Mach Filter that utilizing the PN code run
properties is now being considered. The MRC
RAKE functions include interpolation, channel
estimation, tracking, demodulation.

The scheduling policy is illustrated in Figure 6.
Node A and Node B continue polling the check
bit and will start block processing until the check
bit changes to ‘0O’. When Node A begins to
operate, it changes the check bit back to ‘1’ first,
and then move the data in the FIFO buffer into
its internal memory via DMA. After Node A
finishes processing, it moves data to MPRAM
for Node B to access. The total clock time is
shownin Table 4. .
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The simulation parameters of the channel and
the system are listed in Table 1 and Table 2,
respectively.. The computation load of cdma
system is primarily in the code acquisition and
channel estimation. Thus in the next steps, we
will examine more efficient algorithms for these
two functions.

Table 2: The simulation parameters of the
system

ng?mnel Attenuation (dB) | Relative Del Crip Rate (%) S
enuation e
uation (dB) (I \,/ns) ¥ Spreading Factor (SF) 16
Bit Rate 76.8 Kbps/code
1 -4 0 () channel
2 -6 1.6276 Spreading Codes | Walsh and Scrambling
3 -8.24 3.2552 codes
4 -10 4.8828 Oversamples 4 samples/chip
5 1155 6.5104 Roll-off Factor (@ ) 0.22
6 -15.23 8.1380 Relative Gain for All 0dB
Code Channels
Carrier Frequency ( f,) 2GHz
Chip SNR (SNR,) -20~0dB
Vehicular Speed (V) 60 Km/hr
Rake Fingers 4
DSPB
Waveform | r, t
r(t Demodulator —» ADC = Chip Matched G i Rgcjze%er D]e)c?;on 74>To
5 Filter T—‘ Interleaver
Carrier 1 7
Reference
Complex Delay
>  Multiply > ..
Matched Filter Estimator
Code Acquisition
DSPA

Figure 1. Thefunctional block of the receiver architecture used in cdma2000 base station system.
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Figure 3: Data flow of cdma2000 receiver over two CPUs
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Figure 4: Modified complex multiply matched filter for acquisition
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Figure5: | and Q signalsare stored in the PEM-4WDC FIFO buffer in order.
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Figure 6: Scheduling
Unit/Cycle 0 1 2 3 4 5 6 7 8 9
.D1 LDB | LDH | LDH | LDH | LDB | LDB | LDB | LDH | SUB
.D2 SUB LDB | LDB | LDH | LDH | LDB | LDH | LDH | LDB
M1 MPY | MPY MPY | MPY | MPY MPY | MPY | MPY
M2 MPY MPY | MPY | MPY | MPY | MPY MPY | MPY
L1
L2 SUB | ADD | ADD | ADD | ADD
.S1 SUB | ADD | SUB B SUB | SUB | ADD
.S2 ADD MV | ADD | MV | ADD | ADD | ADD | ADD | MV

Table 3 the kernel after loop unrolling of the correlation operation for code acquisition

Table 4: Thetotal clocks spent of each Node

Node A Node B
PN Code Generation 17781
Read Data 3000 I nterpolation 8986
Code Tracking 12767
PN Code Generation 17781
Channel Estimation ~70000
RAKE Combining &
Code Acquisition | 95000~99000 Despreading & 6370
Data Decision
Move Data ~1000
Total ~114781 Total ~117000
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