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Abstract

Multiuser detection (MUD) is one of
the techniques increasing the capacity of a
DS-CDMA system. Many MUD algorithms
have been proposed. Taking performance
and implementation complexity into account,
we propose a two-stage partial pardle
interference cancellation (PIC) scheme in
this project. We use the MM SE criterion to
find the optimal partial cancellation factors
(PCFs) for the two-stage partiad PIC
receiver. It is shown that the detection
performance can be greatly enhanced using
the derived optima PCFs. The other
advantage of the partial PIC approach is that
the computational complexity is low. Then
we propose an efficient hardware

architecture and implement it using the
FPGA design flow.

. 33 %d &pen
Directly-sequence code-division
multiple access (DS-CDMA) [1]-[2] has

been considered as the standard
transmission technique for the next
generation mobile radio systems. In

DS-CDMA systems, the code orthogonality
property cannot always hold at the receiver
due to the channel impairment. As a result,
the multi-access interference (MAI) arises
and this limits the capacity of the CDMA
system. Thus, much research has been
directed to solve this problem. Multiuser
detector has been considered as the most
promising technique. The optimal multiuser
detector, which uses the maximum
likelihood criterion, is difficult to
implement due to its high computational
complexity. Among the many suboptimal
solutions, the PIC is considered as a good
candidate for practica  applications.
However, the interference cancellation is
not always reliable for the PIC. Thus the
partial PIC scheme was proposed [20]-[22].
In the partid PIC approach, partia
cancellation factors (PCFs) are introduced
to control the interference cancellation level.
However, the optimal PCE, which greatly
influence the detection performance, cannot
easily found. This project is aimed to solve
the problem. We design a two-stage partial
PIC receiver using the minimum mean
square error (MMSE) criterion. The optimal
PCFs can then theoretically derived. Using
the optimal PCFs, we can significantly



improve the detection performance. We
aso propose an efficient hardware
architecture and this leads to an al-digital
multiuser W-CDMA receiver. Findly, we
use the FPGA design flow to implement the
proposed receiver.

1L S

Figure 1 is the structure of atwo-stage
partial PIC. Consider a K-user synchronous
DS/ICDMA system the received signal is
expressed as

K
=§\/Fk(d/,k(t' Ee)+ % dy(t- tk))
=1

(@ (t- 1)+ j* a, (t-t,))+n(t-t,).
At the first stage the /th bit complex-valued
decision metric of the Ath user is given by

Z (i) = JPeb (i)
1 9 . h . (i)
P IR + k=7
N <. m m() m k 2N
m?t k

where by(/) is the ith bit of user k, Py isthe
signal power, R is the correlation function
between user m and user k, and A, (/) is

the noise term. At the second stage, the
regenerated signal of user kis produced by

L0 =r- CA 50,

where Ciis the PCF, and @j(t) denotes the

estimate of the jth interference and can be
expressed as

()= a.(oé d (0|22 (0|p(t- iT,)

Then the second stage complex-valued
decision metric Z?(/) can be obtained.
The error signd a<(/) is defined as the
difference between the user signal and
Z? (). Assume that the | and Q channel
data sequence can be modeled as a sequence
of independent and identically distributed
random variables with equal probability.
Then we form the mean square error (M SE)
term as MSE=E{ e.(/) e.(/)*}. The optimal
C« can be determined by letting
IMSE/C, =0. The MMSE PCF derived
above requires knowledge of user powers,
cross-correlations of signature sequences,
and the noise variance. If a new user is

added or dropped, the correlation matrix
will change accordingly. Besides, the long
scrambling codes of W-CDMA systems
may make the correlation matrix to vary
symbol by symbol. One way to reduce the
computational complexity is to consider the
signature sequence (including real and
image part, i.e. aif), az«f)) as a random
vector of length. Let the components of
these vectors be independent and identically
distributed random variables with equa
probability. The correlation products can
then be substituted by their expectation
counterparts. The same procedures can be
repeated to calculate ¢ (/) and MSE.
Differentiating MSE, with respect to
Cy and setting the result to zero, we can
obtain the MM SE PCF for long codes as

U
N}aP[N+K 2]+ (K-

ffﬁk

P[(K 1)(KN- 1)]+apgv?+(/< AEN+K- 39H+a N’[K 2+N]

mk mk

The partiad PIC detector which uses the
above PCF is cdled the random MMSE
(RMMSE ) PIC detector. If al users have
equal power (under perfect power control),
I.e, PL=P,=...=Px, then we have a simple
result as

M3k 2+ W

G=
R (K- (KIV- ] +(K- DN +(K- IBMK- 3H+M(K NK-2+N

Figures 3 and 4 show the performance
comparison for the conventional and
proposed detector. We can see that that the
proposed algorithm performs much better
than the matched filter.

The second part of this project is
concerned about the FPGA implementation.
The received consists of several functional
blocks, i.e.,, (1) complex-valued multiplier,
(2) pulse shaping filter, (3) chip matched
filter, (4) interpolation filter, (5) the
noncoherent DLL, and (6) the adder. We
have proposed many efficient architectures
to decrease the implementation complexity.
Figure 2 is the detailed structure for the
proposed receiver. Figure 4 is the RTL
architecture for the proposed receiver.

V. iﬂ%ﬁ“ﬁ%

In this project, we have developed a
two-stage MM SE partial PIC detector. The



PCF is derived based on the MMSE
criterion. Using simulation results, we show
that the proposed agorithm performs
significantly better than the conventiona
matched filter and the two-stage full PIC
receiver. We also propose a hardware
architecture for the detector and implement
it using the FPGA design flow.
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Figure 1. The partial PIC structure
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Figure 5. The RTL structure
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