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A_bstract- This paper discu_sses t_he applica_tic_>r_1 of difft_erent transformations that target the algorithm structure of various
algorithm transformation techniques in Code Division Multiple algorithms [2]. By utilizing transformations it is possible to
ﬁlccess recte';’_ers |(ci)[|)M|'(A).t-||’—]hltS IS actqletve?hby(l:(g)l\ljllgg at some ofexplore a number of alternative structures and to choose those

€ computational blocks that constitute the FECEIVETS. that result in a higher throughput, lower power consumption
We focus on the Look-Ahead, Relaxed Look-ahead and Strength - oompination of both. In the following sections, we briefly

Reduction  algorithm  transformation  techniques and d ibe th laorithm & P tion techni
demonstrate how CDMA receivers could benefit when utilizing @€SCIP€ three algorithm transformation techniques.

these techniques during the course of implementation. A. The Look-Ahead and Relaxed Look-Ahead Techniques

Pipelined DSP algorithms allow us to tradeoff speed, power
and area during the course of VLSI implementation.
Currently, enormous research has been carried out into Pgelining is simply accomplished by placing latches at any
application of Wideband Code Division Multiple Accesfeed-forward cutsets of the data flow graph representation of
(WCDMA) scheme as an air interface for Universal Mobildne algorithm. Although applying pipelining to algorithms
Telecommunications Systems (UMTS). One of the mawithout feedback is rather simple, pipelining of DSP
features of the UMTS is to provide a variety of services sualgorithms having a feedback loop is not trivial. Inserting
as multimedia [1]. However, services such as video telephdatches to pipeline the recursive loop of such algorithms is
and multimedia demand higher data rates. only useful, when execution of multiple interleaved

In order to achieve higher processing speed pipelinin E{ngpendent data is of interest. This however, will not
9 P g sp PP 9 rove the iteration bound of such algorithms [2]. As a

ngglelvfggﬁezségﬁnzp%ﬁﬁcﬁﬁz Cﬂ‘pf;ﬂgﬂgﬁga %r; tg}%&%@é}ult, algorithm transformation techniques such as the Look-

systems, the pipeline approach could be more desirable dueﬂ%?d.and fthe Rel_axegSng ol|<-Ahtehad hz;ve been proposed for
its lower hardware cost. pipelining of recursive algorithms [2].

I.  INTRODUCTION

. . In. the LA technique, the algorithm of interest is iterated as
Further more, the need for smaller handsets is evident. : . :
. . . ; . dany times as desired to create the required level of
Batteries play a major role in the weight and size of handsets X
. . . concurrency. In other words, in order to creatdlastage
and these in turn are directly impacted by the power

dissipated by the electronic circuits. Thus, in the course Fipeline, the first_ord_er statgn) is “efated until expressed as
implementation, in order to satisfy the enforced higher da 0-M). The application of LA teghnlque, however, resul'_[s in

: . .~ alarge hardware overhead and in many cases due to this large
rates and lower power consumption constraints of the wireless

- . oyerhead the resulting systems are not practical for the
communication systems such as UMTS, alternative methgds.,. . o .
. . X lication Specific Integrated Circuit (ASIC)
such as algorithm transformation techniques should be ta .
implementations [2].

into considerations.

. On the other hand, the Relaxed Look-Ahead technique
In this paper, we focus on some of these transformation ; . X )

; oo approximates the algorithms that are obtained via the look-
techniques and demonstrate their importance whgn

. . ) . . ; ahead technique. Depending on the approximations, the
implementation of CDMA receivers is of interest. This PapgL \vare ove?head caﬁ be vegry smal hovsgver this maybe in
is organized as follows. Section Il studies the Look-Ahead X

(LA), Relaxed Look-ahead (RLA), and Strength ReductigiPense of some performance_ degradation [2]_. In_ Section_lll,
(SR)’ transformation techniques'. In Section I wie will demonstrate that in many applications, this

demonstrate how CDMA receivers can benefit when utilizirigegr?datlon IS .rather neg!|g|ble. As a resu!t, .the pipelined
. . . . hitectures will operatiel times faster and this increased of
these techniques during the course of implementation. /Y

summary is provided in Section IV. g;]ric;ugrr;p;ut can be exchanged for either reducing power or

Il. TRANSFORMATIONTECHNIQUES B. The Strength Reduction Technique

Transformations can be divided into two main categorigg:this section, we briefly describe the SR transformation. The

architectural transformations that can be used to desigR technique reduces the hardware complexity by exploiting
families of architectures for a given algorithm, and algorithm



Cr

substructure sharing. This is done by reducing the number of Br— i (+)
more complex operations such as multiplications at the A,
expense of increasing the number of simpler operations such

as additions. Thus, by utilizing the SR the power consumption X @
or the silicon area can be reduced [2]. As an example, 5 Ar ™ C
consider the problem of computing the product of two '
complex numberé andB:
C=AB=(A,+ A )(Bs +B,) (1a)
(b)

C=(ABr-AB)+(AB, +ABg) (1b)

The direct implementation of (1) requires a total of four real
multiplications and two real additions. However, by applying
the SR transformation we can reformulate Equation (1) as:

CR:(AR_A1)BI +AR(BR_BI) (Za)
C =(A.—A)B +A(B,+B) (2b) [Il. TRANSFORMATIONTECHNIQUES INCDMA
i In this section, we demonstrate how CDMA receivers can
As can be seen from (2a) and (2b), by using the $Bhefit when utilizing these techniques during the course of
transformation total number of real multiplications is reduc plementation.
to only three. This however is at the expense of having three
additional adders (see Fig. 1). It is important to note that By Application of Relaxed Look-Ahead Technique in
means of linear transformation it can be proved that for theAdaptive CDMA Receivers
realization of (2) the structure of Fig. 1b is not unique and|n the Direct Sequence CDMA (DS-CDMA) receivers, in
other structures exist. In fact in [3], sixteen differemrder to suppress the Multiple Access Interference (MAI)
realizations of (2) and their noise properties were reported. different multiuser detectors such as the Minimum-Mean-
The switching or the dynamic power dissipation of §qu§1re-Error. (MMSE) receiyer can be utilized [5,6]. In suph
CMOS circuit mainly depends on the number of Iogf ceivers, different .e}d.aptlve sc.hemes can be ap_phed.
&nsequently, by utilizing adaptive algorithms, receivers

transitions per unit time. Now, let us assume that on aver . : .
come less sensitive to the interfering powers. As a result,

the number of logic transitions required for one multiplicati i
is N, times that of one addition. Thus, the power reductid ere will be room for more users as compared to the matched

(PR due to the SR transformation can then be estimate TAg" solution.
follows: In this section, we investigate the implementation of
PR P orma — Psr 3 adaptive receivers by utilizing the RLA technique. As an
_m ©) example, consider an adaptive Multiple-Antenna CDMA
receiver. In Fig. 2, the structure of a typical linear adaptive
By inserting P, = (4N, +2) and P, = (3N, +5)into receiver equipped wittN antennas is illustrated. In this
(3) we have: receiver, each of th&l antenna branches contains a linear
N -3 filter whose coefficients are to be optimized. The filtered
PR=—2 (4) signals from each antenna are then added together to form a
4N, +2 decision variable. In Fig. 2, denotes the received signal after
hip-matched filtering at antennah; contains the complex
liter coefficients for thath antenna. The decision varialae
can be written as follows:
Furthermore, as an example consider a 16-bit multiplier. Y
Based on the required number of gates, one 16-bit multiplier z=h"r ®)

requires at least 10 times the area of one 16-bit adder fAle goal is to find filteh such that the outputis minimized

Thus, as a result of the SR transformation in addition {§{ader the constraints that the desired user's code sequence in
power savings, more than 16% of area reductions canel@ry antenna can pass undistorted [7,8]

achieved. By observing Fig. 1, it is easily seen that the ] } o
application of the SR transformation increases tHé@" the ease of |_mplementat|on, by ut|I|Z|r_19 the structure of
computation time of the critical path. This may be undesiraiift® generalized sidelobe canceler, the weight véctan be
in some applications. However, by utilizing the pipelininfécomposed into two parts as:
schemes such as the LA and the RLA this problem can be —h

.. h - h Caha (6)
eliminated. q

Fig. 1. Realization of a) direct structure of (1)
b) using the SR transformation of (2) [3]

Therefore, for a single complex multiplication of (1) pow
reduction of up to 25% can be achieved.
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Fig. 2. Structure of an adaptive multiple-antenna receiver
wherehy is a fixed vector satisfying the constraint equations, o————+——; : S et

4 5 6
Relative power PKIP1

andh, is an adaptive filter. For a more detailed derivation of

this system the interested reader may refer to [7,8]. Fig. 3. SIR versus the relative powers of the interfering users

For the implementation of the adaptive filtey; different using one antenna (LMS case) [8]
algorithms such as the Least Mean Squares (LMS) or the
Recursive Least Squares (RLS) can be utilized [9]. Despite ‘
the simplicity of the LMS algorithm, its convergence speed is
rather slow as compared to the RLS algorithm. This can not
be tolerated in many applications and mobile communications # o o o |
is of no exception. T .
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In [7,8], pipelined implementation of the multiple-antennas
adaptive mobile receivers were investigated. For the pipelined
implementation of these receivers, the RLA technique was
utilized. Table | provides a comparison between two
implementation techniques.

SIR (dB)

TABLE |
COMPARISONBETWEEN TWO IMPLEMENTATION TECHNIQUES

Adders | Latches| Convergence rat¢ Misadjustment % 1 2 B

RLA-LMS M1 2(M-1) fixed M dependent
RLA-RLS - 2(M-1) M dependent No Fig. 4. SIR versus the relative powers of the interfering users
using two antennas ahd300 (RLS case) [7]

. . .
4 5 6 7 8 9 10
P, /P, (dB)

As can be seen from Figures 3, 4 and 5, as the number of
pipelining staged increases, the signal-to-interference ratio :
(SIR) will decrease. In the LMS case, this is due to the higher
misadjustment as a result of the RLA approximations (see
Fig. 3). In the RLS case, the convergence spedd ignes 1. N - : -
slower. However, one can stop the updating process after a .| e g g ]
certain number of iterations. This however, will cause the e
decrease of SIR in the RLS case. As an example, in Figures 4 @°|
and 5, the updating of the coefficient vectors were stopped
after 300 and 500 iterations),( respectively. The numerical
results in [7,8] illustrated that for a moderaM the
performance loss is rather small. . 1
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As a result, by applying these techniques the pipelined .} 1
architectures will operat®l times faster. Thus, in the cases ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
where the original throughput is sufficient, this increased of =+« =« _ s e oo o
throughput can be exchanged for either reducing power [(_) "
chip area.

|rg. 5. SIR versus the relative powers of the interfering users
using two antennas ahd500 (RLS case) [7]



B. Application of Strength Reduction Technique in RAKE
Receivers

The conventional CDMA receiver in the case of a
multipath fading channel consists of a bank of RAKE

receivers, one for each active user at the base station. SOM&.cpang
form of RAKE structure at the receiver front-end can be used Signal

in both single-user and multi-user CDMA receivers [10]. A
RAKE receiver collects the signal energy from different
multipath components. The optimal RAKE receiver actually

Finger 1

S(t)

a1

Correlator 1
Received to
Decision
. Device
— Finger 2
L Finger L

implements a channel matched filter which maximizes the
received signal-to-noise ratio [11]. Although direct
implementation of RAKE receivers seems to be trivial and
straightforward, the following issues should be considered.
Consider a tapped delayed line channel model Wwittaps
[11]. This will correspond to having fingers in the RAKE
receiver of Figure 6. Thus, for the implementation of thfs)
receiverL complex multipliers are needed. In the multiuser
CDMA systems, for every active user one RAKE receiver is
needed. Considering users for every base station ahd [2]
paths, a minimum oKL complex multipliers or KL real
multipliers are needed. The situation will be even more severe
when dealing with Multiple-Antenna CDMA systems. By3]
taking into account some typical values for 30-50 and. =

3-5, one can see that up to 90-250 fingers or complex
multipliers are needed. In [12], a typical block diagram of a
RAKE finger is given. This structure is very similar to th
ones reported in other publications. The core of the above
mentioned finger is actually the complex multiplier of Fig. 1a.
From the implementation point of view, the complex
multipliers of the RAKE fingers are the dominant part of t
power consumption in the RAKE receiver. Therefore, by
applying the SR technique to the fingers of RAKE receiver
Fig. 2b, remarkable savings in consumed power and silicon

Fig. 6. Typical structure of a RAKE receiver
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