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Abstraci— In this paper, we investigate the performance of adaptive in-
terference canceHation receivers for the wideband code division multiple
access (WCDMA) uplink physical data channel. For the WCDMA up-
link waveform, we derive a blind adaptive receiver (BAR) based on the
constant modulus algorithm (CMA), and an multistage adaptive parallel
interference cancellation (APIC) receiver, In order to improve the perfor-
mante of the APIC receiver, we propose a hybrid APIC (H-APIC) receiver
strueture which uses the CMA based BAR as the first stage of the APIC,
‘We evaluate and compare the performance of the above receivers in a near-
far scenario and show that the proposed H-APIC receiver performs better
than the APIC receiver.

I. INTRODUCTION

Third generation (3G) systems are envisaged to provide a host
of communication services, including voice, data, high quality
images, and video to mobile users. Wideband code division
multiple access (WCDMA), one of the air-interface standards
for the 3G systems, enables high speed radio access up to 2
Mbps, and supports multiple services with different quality of
service requirements [1]. One of the issues with CDMA trans-
missions on the uplink (mobile-to-base station link) is the near-
far effect. Receivers using multiuser detection [2] can alleviate
the near-far effect and improve system capacity significantly, at
the expense of increased receiver complexity. Several studies
have investigated the performance and complexity of various
multiuser detectors in a vartety of scenarios {2]-[5]. Most of
these studies consider generic system models, which are not
specific to any standards-defined air-interface. It is noted that
multiuser detection can be optionally employed at the base sta-
tion on the WCDMA uplink to improve system performance.
Cur contribution in this paper is the derivation and performance
_ evaluation of multiuser receiver structures for the WCDMA up-
fink waveform. Specifically, we consider multistage adaptive
paralle} interference cancellation receivers for the WCDMA
uplink and evaluate their performances in a near-far scenario.

" On the WCDMA uplink, each active user transmits one ot more
" (up to six) dedicated physical data channels (DPDCH) and a
dedicated physical control channel (DPCCH). While DPDCHs
carry the user data traffic, DPCCH carries control information.
The DPDCHs and DPCCH are orthogenal code multiplexed
using orthogonal variable spreading factor (OVSF) codes. The
data iate for each user can be varied by varying the spreading
factor on a DPDCH and/or by using muitiple DPDCHs. The
orthogonal code multiplexed DPDCHs and DPCCH are fur-
ther multiplied by the user-specific complex scrambling codes
[61.[7). A conventional receiver for the above multiuser sys-
tem wiil be a bank of matched filters, each maiched to a user-
specific complex scrambling code and the corresponding ded-
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icated channel specific OVSF code. Here, we are interested in
multiuser receivers for the WCDMA uplink transmission. Par-
ticularly, we develop adaptive multiuser receivers for detect-
ing data on the DPDCH. Since DPDCHs do not carry known
symbols for training, we derive a blind adaptive multiuser re-
ceiver (BAR) based on the constant modulus algorithm (CMA)
[8). We show that this blind adaptive receiver performs better
than the conventional matched filter receiver (CMFR) in near-
far scenarios. We also derive a multistage adaptive parallel
interference canceliation (APIC) receiver, which is similar to
the one proposed in [5], but modified for the WCDMA uplink
waveform. In this APIC receiver, the interference is estimated
at every stage and cancelled from the received signal so as to
provide an almost interference-free signal for data estimation.
Since the performance of the APIC receiver at a given stage
is dependent on the reliability of the data estimates from the
previous stage, we propose a hybrid APIC (H-APIC) receiver
structure which uses the CMA based BAR as the first stage.
Our performance results show that the H-APIC performs bet-
ter than the APIC receiver with a moderate increase in receiver
complexity.

The rest of this paper is organized as follows. In Section II,
we present the WCDMA uplink system model considered. The
receiver structures for the WCDMA uplink, including CMFR,
BAR, APIC and H-APIC receivers are derived in Section III.
Performance results are presented in Section IV, and conclu-
sions are given in Section V. . -

II. SYSTEM MODEL

We consider the WCDMA uplink transmission from K active
users. Each user is assumed to be transmitting one DPDCH (on
I-branch) and DPCCH (on Q-branch). In WCDMA, the user-
specific complex scrambling codes can be éither short codes
{of length 256) or long codes (of length 38400). Here, we as-
sume that all users use short scrambling codes. The baseband
transmitted signal from the k** user, z, (£}, is given by

oo oy
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where P, is the power of the transmitted signal of the £** user,
di (), dé (r) € {-1,-+1} represent the modulating DPDCH
and DPCCH data streams; respectively, for the k** user, and
B4 and J,, are the gain factors for the DPDCH and the DPCCH,
respectively. The DPDCH and DPCCH data streams are spread
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using the waveforms C[(t) and C,? (¢), respectively, which can
be written as

Ni—1

Gl = 3 chmyp(t —nT), 0<t<Th @)
n=0 -
and
Na~~1
R =3 Fmyut-naL), 0<t<T, ()
n=0

where cl(n), ¢?(n) € {—1,+1} represent the n*P chip of
the k** user’s OVSF spreading codes for the DPDCH and the
. DPCCH, respectively, and 1(t) represents the chip waveform
of duration T, and unit energy. Ny and N, are the spread fac-
tor values for the DPDCH and the DPCCH, respectively, and
Ty and T, are the symbol durations of the DPDCH and the
DPCCH data streams, respect:ve 3 Hence, Ty = NiT, and
Ty = NpT,. Also, S{(t) + jS7{t) represents the complex
scrambling waveform for the k*® user, where

o0 N-1

SHey= 3 Y si(mp(t - iNT, —nT) (4)

i=—o0 n=0
and
' o N-1

SQ W=> > s (n)i}:(z‘——zNTc nT.), (5)

i=—o0 n=0

such that sf (n) + jsg (n) € {£1 £ j} represents the n*P com-
plex chip of the &** user’s scrambling code. NV is the period-
icity of the scrambling code. For the short scramblmg codes
considered here, N' = 256.

Although the uplink is asynchronous, in order to focus mainly
on the relative performance of different multiuser receiver struc-
tures, we assume that all the users’ transmissions arrive at the
base station synchronousty. The received signal at the base sta-
tion due to all the active users is then given by

K
r{t) = Re (Z sk{t) exp{joct + 9;;)) +n{t), &

k=1

where w. is the carrier frequency, 8 is the random carrier phase
of the k* user, which is assumed to be uniformly distributed in
{0, 27), and n{t) is the additive white Gaussian noise with zero
mean and two sided power spectral density, N, /2 W/Hz.

The received signal is down converted and the resulting se-
quence after chip mawched filtering is given by r/ (I} + jr%(1},
where

i = YV V2P {Ba i) ekt oLt e a2y 11 501 )
T

@ = 2\/2‘?:(&,«: (w)ck(c)sfm:racdq(r)cfmsku))
+ nq(l) ) (75

In the above equation, i is the integer part of {/N} and r is the
integer part of I/ N>, and n'{I) + f n9(l) is a complex Gaussian
noise sample of zero mean and variance of N, /2 W/Hz.

III. RECEIVER STRUCTURES

In this section, we derive various receiver structures, including
CMFR, BAR, APIC and H-APIC receivers, for the WCDMA
uplink signal model described in the previous section.

A, Convenrional MF Receiver (CMFR)

The conventional matched filter receiver is essentially a bank

of matched filters with each filter matched to the user-specific

complex scrambling code and the corresponding dedicated chan-
nel specific OVSF code. This is a low complexity receiver

which needs information of onily the scrambling and OVSF

codes and the timing of all the active users.

Using the CMFR, soft estimates of the DPDCH and DPCCH

data symbols, cfi () and (ka(r) for the kt? user are given by

H{Nr+1)—1
Z {rf(iNt +n)ci(n) sL(iNy + n)
n=iN; '
+ 19N + ) ch(n) s§ (i +n) }
r(Nz+1) -1

> {rQ(er +n)ed(n) si(rNy +n)

n=riNz -

r (rNg +n)ey (n) Ehy QrN, + n)} 8)

di (i)

il

d2(r)

The DPDCH and DPCCH bit estimates are obtaired (o be the

sign of the above soft estimates.

B. Blind Adaptive Receiver (BAR)

Since the DPDCH on the uplink do not carry known symbols
for training, we derive a blind adaptive receiver (BAR). The
BAR consists of a bank of adaptive receivers, ane for each ac-
tive user, which estimate the DPDCH and DPCCH symbols
from the received signal. Like the CMFR, the BAR requires the
knowiedge of scrambling and OV SF codes and the timing of ail
the active users. The adaptive receivers considered here are lin-
ear transversal filters whose coefficients are updated according
to the constant modulus algorithm [8],[9], so as to minimize the
cost function, Jem, given by

T

In the context of the system model considered, y represents
the estimates of DPDCH or DPCCH symbols. The adaptive
receiver for the k** user can be implemented using four linear
transversal filters, the impulse responses of which are given as

(WM} {RZ W} {sk M)} Asf (M n =0, , N = 1. We
define the following vectors:

B 2 (RO, BV - 1)

B2 2 [n20), 68, a2 - 1]

gt 2 [ol@, g, gl -1)"

g 2 [g,?w),g:’(m, W -] . ao
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The elements of the vectors defined above are the coefficients
of the transversal filters. The estimates of the DPDCH and
DPCCH symbols, d’ L (1) and JQ (r) are given, respectively, as

diG) = [T -+ hIET -
) T 9 - gl T M., an

where the vectors [hl];, [h2:, [gh),, &) (P4, [r9), k9],
and [rQ), are defined as

[il;]‘, & [AL{GN) mod N, h{((N: + Ny — ) mod N]T

03], & [h2(M)mod Ny, - 2N + Ny — 1) moa N]©

(8], & [ohltrNa)mod M), al((r Nz + Nz ~ )mod N] "
- (2], & [¢Q(rNy) mod N, -, g2 ((r N2 + N2 — 1) mod Nl

o
-
—
-
e

1M, o (N + Ve - 1))

(9], & (RN, r2Em + M ~1]”
[rl] . a [rf((iNz),. et (rNa o+ Ny — 1)]'1'
[rq]‘_ g [rq((iNz);"-,rQ((rNe-r-Ng - 1)]T (12)

We define cost functions, Ji o and JG,,

and DPCCH symbols respectlvely, as '

1 . 2

Z{((di(t)) ) }
2

: {({d‘f(e))" - 1) } .

The objective is to minimize the above cost functions by adapt-
ing the filter coefficients. The filter coefficients are updated
according to the following relations:
[m] m + 1) [n}] (m) =V JL,
[ k]i(m+1) [hl?]i(m)‘“vh:’ J‘{m
{ell (m+1) (gl], (m)— BVer I3,
1, [&2], (m) - 4V a I,

[gE (m+1)
whcre VeJisthe grad:ent of J w.r.tf. The constant g refers to
the step size and m refers to the iteration index. Subsmutmg the

expressions for Vi JL th Jv L'I and V 9 J9 . in

1
Jam

(13)

1

Jg.

(14)

1

(14), we obtair: the fol‘;:\;mg update equations:
[hE] m+1) = [Bd],(m)—u (d0)* —1) [M],die)
Bl ) = (W] 0m) - (A0 - 1) [, 4
(sl m+1) = [eh],m+u (@02 -1) ], Fw
[@lm+n = [0 -n (@6 ~1) [+, 406)

13)

Itis noted that the cost functions J/, and J, are multi-modal,
as aresult of which there can be more than one achievabie min-
ima [8]. Mence, the initialization of the linear filters is impor-
tant. A natural choice of initialization would be to use

h;(")(n) = ck(nmod Ni)-s(n),
B8Oy = d(nmod M) -s%(n),
yi(o)(ﬂ) = cs(n mod N3) ‘53(")’
WP = PnmodNo)-si(n), a6

where the superscript ‘0 indicates the initial state of the filters.

corresponding to DPDCH where (jl v

C. Adaptive Parallel Interference Canceller {APIC)

The adaptive parallel interference canceller derived by Xue er
al in [5} is an adaptive multistage receiver. The objective is
to minimize the Euclidean distance between the received sig-
nal and the weighted sum of the estimates of each user’s signal
during a bit interval w.r.t the weighting factors. These weight-
ing factors are updated through an adaptive algorithm for each
user.

Let #177 (1) and 79 (1) be the estimates of r/{) and r(l) ,
respectively, for the §** stage. These estimates are defined as

K
L (3 ( )
#0 = Z{,\g)kd“ ROLACTHO)
k=1
(i
- AEQ,GJQ’ (r)cE(l}sE(f}}
K
Lo{d) -1)
27 Z {A‘;’]J A GEAOENG)
k=1
{i
+ "g‘;)k o (r)ck (z)s,‘(z;} (7

~ () and 3ij_” (r) are the estimates of d} (i) and
a3 (r), respectively, at the (j ~ 1)¢* stage for the k** user. The
initial estimates, d'( "), dQ (r) are provided by the CMFR,
i. €.,

a1y
)

sgn {dj ()}

= sgn{&f(r)}, (18)

- where di(i) and d2(4) are given by (8). The factors /\u &

AE’},:, z\(’)k and Am,‘ are the weighting ceefficients corre-
sponding to the jtb stage for the k** user. Let &/ and 9"
represent the error between the desired received signal and its

estimate at the 7P stage for the I** chip. Then,

e;(.v) ](J)

= ri{)-

-
We need to find the optimal weighting coefficients so that the
square of the error terms, given in the above equation, is mini-

mized. The optimum weights are derived via a LMS algonthm
as follows: .

@

cQ(J’] Q(:) . Cas

M1 = A+ 2ne 07T G el (m) o)
MWon+1) = a8 (0 - 2me’ (2) 2 (1) ) )
A+ = AN ) + 20697 () YT () o (m) o2 )
MWitn+1) = a8 )+ 206 (207 (@) cFin) sfm),

(20)

where gy is the step size used in the adaptation. The choice
of the initial values of the coefficients is important to achieve
faster convergence of the weighting coefficients to their. opti-
mal values. Generally, if knowledge of all user’s amplitudes
are available, the initial values of the weighting coefficients for
each user are set to its corresponding amplitudes.

The above updation is done for N iterations and the resulting
weights at the end of the N*# jteration are used in the interfer-
ence cancellation. The interference-free estimates for the k"
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user is obtained as - . ST

f{‘j)(l)

K
o- Y {,\ﬁ’j(Nl- DGy el sl @)
q=1, ¢#k

M-8 fwsdn}

X = j—

&0 = - > {,\g';"k(N—l)Jg" MOEAOL 0]
a=1,q#k ’

+ AR -nd M mfodo}, an

where the notation A(NV ~ 1) indicates the value of the weight-

ing coefficient at the N*# iteration. The above interference-
free estimates are used in forming the estimates of DPDCH and
DPCCH symbols to be used by the next stage. Thus, we have

#74)

Il

_ i(N1+1)—1 ] . .
sgn{ Z: {flm(z’N} +n)ci(n) ai(:’Nl +n)

n=il;

+

50(-‘” (iNy +n)cl{n) af(iNl +‘n)} }

’ r(Na+1)}-1
a3(r) syn{ z {EQ(”(er +1)c{n) sl (rVa + )

n=rNg

e Ny +m) c,?(:}) sQrva + n)} } 22)

D. Hybrid-Adaptive Parallel interference Canceller (H-APIC)

In a near-far scenario, the performance of APIC for a weak
user can be good at high near-far ratios’ (NFR) because the
stronger intereferers’ data can be reliably detected in the first
stage by the CMFR, and hence the interference signal can be
reconstructed and removed effectively for the next stage. For
example, in a 2-user scenario with a high NFR value, the per-
formance of the weak user using APIC can approach single-
user performance since the CMFR in the first stage can reliably
detect the strong interferer’s data so that the input to the second
stage can be almost interference-free. However, at low NFR
scenarios, the reliability of the interferers’ data may not be as
-good, and hence the APIC may perform poar because of which
more stages may be required to achieve a desired performance.
To alleviate the performance of APIC in such low NFR scenar-
ios, we propose the following hybrid APIC (H-APIC} which
uses the BAR in the first stage, instead of CMFR. '

The BAR would give reliable estimates of the data symbols -

of the other users in the initial stage itself, thus aiding better

estimation of the interference for the weaker user. This also

reduces the number of stages required to obtain reliable esti-
" . 3 . G}

mates. The initial estimates, dim {z) and 3? (r), are then

given by .

&6 = son{de)}
£ = s {Ro)}, 23)

1Near-Far ratio is defined as the ratio of the received power of interfering
user to the received power of the desired user, i.c., NFR = %—,t‘ # 1, where
* user-1 is taken as the desired user. When P; = P, NFR =0 dB.

where d (i) and 49 (i) are given by (11).

IV. RESULTS AND DISCUSSION

We evaluated the performance of the various multiuser receivers
described above in a near-far scenario through simulations. A
system with four active users (i = 4) is considered and user-1
is taken to be the user-of-interest. The near-far ratio, P /Py, k #
1 of all interfering users is assumed to be equal. The spread fac-
tor for the DPDCH and the DPCCH symbols for all the users is
set to 256, i.e., N1 = Ny = 256. The bit error performance of
the user-of-interest (user-1) as a function of Ey/Ng and NFR is
evaluated.

Fig. 1 shows the bit error performance as a function of Ej /Ny
for the various receivers including CMFR, BAR and APIC ata
NFR value of 15 dB. The performance of APIC is plotted for
different number of stages (I-stage APIC, 2-stage APIC and
4-stage APIC) without and with perfect knowledge of the am-
plitudes. The single user performance is also plotted for com-
parison. The following observations can be made from Fig. 1.
As expected, the BAR and the APIC perform much better than
the CMFR. Also, when perfect knowledge of the amplitudes is
not available at the receiver, increasing the number stages in
the APIC improves performance, In the unknown amplitades
case, more than four stages are required to perform close to the
single user performance. However, with perfect knowledge of
the amplitudes at the receiver, even a 1-stage APIC is shown to
achieve close to single user performance. :

Fig, 2 shows the bit error performance as a function of NFR for
CMFR, BAR and APIC ata E; /N, value of 8 dB. The range of
NFR values considered is 0 to 15 dB. The CMFR performance
degrades with increasing NFR indicating its poor near-far re-
sistance. The near-far resistance of BAR and APIC are shown*
to be much better. In the unknown amplitudes case, the near-
far resistance of APIC improves as the number of stages is in-
creased. Two key observations can be made in Fig. 2. Firstly,
in the high NFR region (NFR > 10 dB), the APIC with known.
amplitudes performs better than BAR and achieves close to sin-
gle user performance because of the high reliability of the inter-
fering users’ data estimates. Secoridly, in the low NFR region
(NFR < 8 dB), howeveT, even in the known amplitudes case,
the APIC performs poorer than BAR. This implies that at low
NFRs, the number of stages in the APIC has to be increased to
achieve a given performance, even though perfect knowledge
of the users’ amplitudes is available at the receiver. This is
mainly because the reliability of the data estimates of the inter-
fering users-in the initial CMFR stage is poor at low NFRs.

Fig. 3 shows the bit error performance of the APIC and the’
proposed H-APIC as a function of Ey /N, at a low NFR value
of 5 dB. It is noted that, even with no knowledge of the users’
amplitudes, a single stage H-APIC performs better than a single
stage APIC with perfect knowledge of all the users’ amplitiudes:
A single stage H-APIC with perfect knowledge of the users’
amplitudes is shown to perform the best and its performance
is close to the single user bound. Fig. 4 shows the bit error.
performance of the APIC and H-APIC as a function of NFR
at a £y /N, value of 8 dB. It is observed that at iow near-far
ratios, in the range 0 to 7 dB, the near-far resistance of a single
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