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Abstract - I n this paper, we investigate the performance of a semi-blind
spatial-temporal beamforming receiver for an asynchronous high data
rate direct sequence wideband code divison multiple access (DS-
WCDMA) system in a microcellular environment. The presented
receiver uses subspace channel identification to perform joint channel
equalization, multipath energy combination and spatial interference
cancellation. The simulation results show a significant performance
improvement and reduction of required training symbols when
compared against a receiver employing a training-based spatial-
temporal recursive least squares (RLS) beamformer.

I. Introduction

A magjor problem arisng from high data rate DS
WCDMA systems (where the delay spread of the channel
is much greater than the chip duration) is the severe inter-
symbol interference (ISI) due to the multipath nature of
the wireless channels, in addition to the multiple access
interference (MAI), which is inherent to any non-
orthogonal CDMA system and causes the near-far effect.

One promising method to combat these problems is to
employ antenna arrays [1, 2, 3]. In general, the multipath
signals arrive at the receiver with different angles-of-
arrival (AOA), dlowing an antenna array to exploit this
spatial signature and provide increased space diversity to
combat deep fades that occur in the wireless channels. By
using this extra degree of freedom, MAI that are spatialy
separated from the signal-of-interest (SOI) can aso be
suppressed.

However, the use of space-only processing does not alow
for elimination of interference received at the same or
similar direction to the desired user and to combine
multipath energy. One solution to overcome these
limitations is the use of spatial-temporal beamforming. If
the desired signal and interference have different temporal
or spatial signatures, space-time processing can improve
significantly the signal-to-noise ratio (SNR).

In [4], a semi-blind spatial-temporal beamforming
receiver based on the SBCMACI (semi-blind constant
modulus agorithm with channel identification) [5] was
initially presented. The agorithm uses the constant
modulus property of the transmitted signal and performs
semi-blind subspace channel identification as a precursor
to semi-blind equalization. The resulting receiver allows

for coherent combination of the desired signal multipath,
cancellation of the interfering users, removal of phase
ambiguities present in blind algorithms and significant
reduction of the required number of training symbols.

In 3" generation cellular systems, hierarchical microcell-
macrocell architecture has been proposed to offer a wide
range of services in different environments [6].
Macrocells provide continuous umbrella coverage to high
mobility users in a wide area while microcells can offer
high spectrum efficiency and achieve strategic coverage to
low mobility users in areas with high traffic capacity using
low elevation antennas with low transmit power [7].
However, due to the frequency reuse factor equal to one,
the use of the hierarchical architecture brings some
problems as cross-layer interference.

The use of spatial-tempora antenna array receivers in the
microcells can aso mitigate this problem, offering
efficient handover, capacity enhancement, and reduction
of near-far effect between layers of the hierarchical
cellular architectures[8].

Due to these observations, we investigate in this paper the
performance of the semi-blind SBCMACI spatial-
temporal beamforming receiver in a microcell with low
mobility and high data rate users. In section VII,
comparison against a receiver employing the training-
based RLS spatial-temporal beamformer is performed to
verify the advantages of the presented semi-blind receiver.

The paper is organized as follows. system modd is
presented in section Il; channel model is presented in
section I1l; LS optimization and semi-blind subspace
channel identification in section 1V; SBCMACI and RLS
beamspace-time algorithms in sections V and VI,
respectively; simulation results in section VII and
conclusionin section VIII.

II. System Model

We consider the reverse link of an asynchronous DS
CDMA system employing complex spreading [9] and
QPSK data modulation to reduce peak-average ratio and
achieve better bandwidth occupation. There are M usersin



the system and each user may transmit N, data symbols
per packet over assumed stationary conditions. It is aso
assumed that the receiver employs an antenna array
consisting of A identica elements equally-spaced by
A../2,where A, isthe carrier frequency wavelength.

Considering that the inverse signal bandwidth is large
compared to the travel time across the array, the complex
envelopes of the signals received by different antenna
elements from a given path are identical except for phase
and amplitude differences [3]. The AOA of the Ith

multipath signal from the mth user is 6, and a(e'm) is the
array response vector (spatial signature vector) to the
multipath signal arriving from the direction6!, with

a.)=[a6.)..2.6.) -

We can represent the reverse link baseband complex
signal in the following vector form:

z;r—m , -KT )+ v()

Where r [r ] y,, isthe transmitted signal
power of the mth user, Ts is the symbol duration;

b, (k) = (b'm,k + jbﬁvk)/ V2 istheinformation wmbol of the

D

mh user a time k with b, ,bS O{+1,-1;
:[v1 TN ]T isacomplex white Gaussian noise
vector with variance o and h,(t) = [h: @), h2 ()] is

the normalized complex signature Waveform vector of the
mth user, described by:

n.)= 3 e.)p.t-n

Where T,

T), 0<t<T,

is the chip duration; G=T,/T, is the

processing gain; cm(n):(un'm+jun?,n)/\/2G is the
complex signature sequence (or spreading code) of the
mth user a time n with v, 07 D{+1,—]} and

)=[px ).+, p2@)]" is the chip waveform vector of

the mth user that has been filtered at the transmitter and
receiver and distorted by the multipath channel. We can
model pm(t) as.
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Where L, isthe number of multipath components for the
mth user; B! and 7. are the complex gain and time delay
of the Ith path of the mth user; and @, (t) is the filtered

chip waveform, which includes the effect of the
transmitter and receiver filter. Finaly, sampling the
received signal at chip rate and assuming T, =1, we
obtain the following discrete-time signal:

A(n=kG)+v(n) @)

AL
We consider that the receiver isin perfect synchronization
with the strongest multipath component, |, of the desired
=0) and that each of the A stacked impulse
responses of p,(n) is FIR with order g, such that
@ /T.[kq, < (L-1)G,, where 1™ is the maximum

delay spread experienced by the mth user and L is some
integer. So, we can write the discrete-time received signal
corresponding to the kth symbol as:

user m (1l

r(k)=[H(L -0 HOJbK-L+D) bk | +v.()
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Where
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b(k) =[b, (k) ++-,b, (k)]
v.)=[kB) vk +)B-1) |

In some cases, depending on the channel length, humber
of users (M), processing Gain (G) and number of antenna
elements (A), it might be necessary to process more than
one received vector at a time in order to estimate the kth
symbol [5]. Stacking p consecutive symbols (u = 2), we

can define the vector that will be processed, r, k), as:

r,(k)=H, b, ) +v,K); @
Where
K=l K)o 1) |
() o).~ (k+u )]
v, ()= [0 v e -1 |
H(L-1) H(0) 0O
H,=0 & = . i E
H o - H(L-1) - HOE

I11. Channel Model

In this paper, we represent the microcellular multipath
propagation channel for each user by the geometrically
based single bounced elliptical model (GBSBEM) [10]. In
the GBSBEM, it is assumed that the scatterers between
the base-station and each user are uniformly distributed
within an ellipse. This model is suitable to microcell and
picocell environments where antenna heights are low and
multipath scattering can occur near the base station or near

the mobile with same probability [10]. We can obtain 8!,



7! and@! of sedion Il, using the procedures presented in
[10]. The resulting joint probability density function of
AOA and TOA (time of arrival) is given by:
2 r'mch)E(dicv ~-2r' c2d, codp) )+ r‘mch)
are b7 (d, codp) )-,c, )
dZ/c, <1, <Tr™

, otherwise

(®)
Where c, isthe spead of light, d,, is the distance of the
mth wser to the basestation, a™ =c77*/2 and

b, =/c2t™* —d? are the major and minor axes of the

dli pse mntaining the scaterersfor the mth user.

In Fig.1l and Fig.2, we present the joint AOA-TOA
probability density function and the AOA and TOA
histograms, respedively, obtained by evaluating 100.000
scatterers for d, =500 and 7. =2d,/c, [10]. The
plots $ow that there is a high concentration of scaterers
nea the line of sight with relatively small delays.
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IV. LS Optimization and Semi-Blind Subspace
Channel Identification

We can obtain an optimum spatial-temporal weight

vedor, W_, in the LS sense that provides appropriate

beam pattern to the desired user (user m) by [13]:
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It is adso passhle to determine I5Nm by performing

channel identificaion. This procedure dlows to work at
chip level, increasing the anount of avail able training data
and the estimation acaracy.

As down in [11], it is possble to perform channel
identification based on eigendecomposition of the
estimated autocorrelation matrix, R v, » asfollows:

1 N, -1
Ru = 2l ()

-[o, on]uéf‘s b o]

Where U, :[ﬁl,---,ﬁs], u, :[ﬂ‘,ﬂ,---,uANu], A.and A,
contains the estimated signal space eégenvedors, the
estimated noise space égenvedors and the wrresponding
eigenvalues for the signal and noise space vedors
respedively. & is the dimensiondity of the signal space
(rank of H ) which can be ettimated using the MDL
criterion [12].

()

In DS-CDMA systems, we can use the spreading code for
the desired user to perform channel classficdion. In[5], it
was presented a semi-blind channel identificaion based
on the foll owing semi-blind regularized LS optimization:
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Whose solution is given by [11]:
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V. Semi-blind Constant Modulus Algorithm with
Channel Estimation

As presented in [5], SBCMACI first computes the
subspace spacetime beanforming weight vedor for the
mth user by:

W,., =0, A0 T, b, =TT, h, (10
and then performs the following semi-blind regularized
L Siterative procedure:

i. Initidize w), =W, . (11

ii. Generate b, asequencethat containsthe N, training
symbols and the N, - N, estimated data symbals:
~ Or g (N
5o :%m(O),-~-,bm(Nl _1)‘”()—()
g wi o, (N)
QL] -
e, (N
wi" m, (N, -1) 5
iii . Compute
%—Zb E re (1)
~m[l
iv. Determine (i) ||w ) —w || /||w (14)

V. Reped ii.toiv urtil e()< £,

Whereg, is me small positive constant.

VI. Recursive Least SquaresAlgorithm

RLS can also be used to olkain the spatial-temporal
beanforming weight vedor, W_. In the following, we

describe briefly the dgorithm, for additional information
see[13].

i. Initidize w, =0 and R;! =(02)" 0, (15)
ii. Compute Kgmn(k) 1+}\1AE: Eg(;i gg(lk; (k)D (16)
H N,
iii.Determinee(k) = b, (k)-r, (k)" OV 5 17
iv. Computew =w¥* +K . (k) Z(k) (19

K, (), (k) R} (19
WhereA isthe forgetting factor.

v. Update Ii;ﬁ =A" [{Ii,’j -

VII.

In this fdion, we investigate the performance of the
presented semi-blind beamspacetime recever in a
microcel scenario using the GBSBEM model for different
training segquence lengths, different number of antennas
and in a nea-far scenario (NF =y, /vy, ), and we

compare the results with the training-based beanspace
time RLSrecaver.

Simulation Results
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Figure 3 Circular Antenna Array

For the simulations, we @nsider an asynchronous DS-
CDMA system with complex spreading operating at
2GHz. There ae 8 QPSK modulated users (M=8) per cdl,
ead one transmitti ng frames with 200 symbadls (N,=200).
The dhip rate is 3.84 Mcps, the symbad rate is 256 Kbps
and the processng @in is 15 (G=15). The sprealing
sequences are Gold-like and are normalized to unit
energy. It is considered that the frame duration is dort
compared with the wherencetime of the channel. The cdl
ratio is 500 m, and the users are randomly positioned
around the cell between 50 mand 500m (50< d,_, < 500)

and with angles between —180° and 18C. We aume for
al the users that the propagation delay is 3.33 us (~13
chip) and L,=4. The AOA of the strongest path of the



desired signal is kept 150° (6 =150°) for all the
simulations. The base station employs a circular array
antenna (see Fig.3) with equally spaced elements (A, /2)

and the SNR at bit level for each antenna element is 6dB
(Fig.4-6 and Fig.8-9). The signal space is estimated by
usng MDL method [12]. The results are obtained
computing 500 frames per evaluated parameter (SNR, N;
etc). For al simulations, we consider p=1, L=2, a=0.01
and £, =107°.

In Fig.4 and Fig.5, the bit error rate (BER) and the mean
square error (MSE) of the proposed receiver for different
number of antenna elements are presented. The results
show that it is possible to reduce MAI and ICl and explore
multipath diversity with few training symbols. It aso
shows the performance degradation in overload scenarios
(A<M) [1].

Bit Error Rate (BER)
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Figure 4 BER of Beamspace-time SBCMACI varying number
of training symbols and antennas elements for SNR= 6dB (M=8
and NF=0dB)
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Figure 6 BER of Beamspace-time SBCMACI and RLS
varying number of training symbols and Near-Far factor for
SNR=6dB (M=8 and A=9)

In Fig.6, we compare the performance of the beamspace-
time SBCMACI against the beamspace-time RLS varying
the length of the training sequence. The result shows that
the proposed receiver outperforms the beamspace-time
RLS and that it can improve the near-far resistance
increasing the number of training symbols.

Comparison between SBCMACI and RLS beamspace-
time receivers varying the SNR in different near-far
scenarios (NF=0/5dB) using different training lengths
(N=4-6) is presented in Fig.7. Again, the performance of
the proposed receiver outperforms the beamspace-time
RLSreceiver.

Finally, in Fig.8 and Fig.9, we show the radiation patterns
and constellation diagrams of the last evaluated frame for
a 9 element circular antenna array (A=9) with NF=0dB,
SNR=6dB and two different training lengths (N:=2/6).
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Figure 5 MSE of Beamspace-time SBCMACI varying number
of training symbols and antennas elements for SNR= 6dB (M=8
and NF=0dB)
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Figure 7 BER of Beamspace-time SBCMACI and RLS
varying SNR (M=8, A= 9, N=4-6 & NF=0dB/5dB)
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Figure 8 Radiation Pattern and Constell ation Diagram for
RLS with SNR=6dB (M=8, N;= 2/6, A=9 & NF=0dB)

VIII.

The 3 generation of celular systems will suppart awide
range of services in different environments, being
necessry different type of cdls to attend such
requirement. The microcdl-maaocdl hierarchicd cdlular
architedure is a promising technique to provide an
efficient way to integrate different cdl sites and attend the
requirements of next cdlular generation. In this
architedure, microcdls will be responsible to provide
high spedrum efficiency and high traffic cgadty to low
mohility users. However, due to the frequency reuse fador
equal to one, the use of the hierarchicd architedure brings
some problems as crosslayer interference

Conclusion

The use of spatial-temporal antenna aray recevers in the
microcdls can mitigate this problem, offering efficient
handover, cagpadty enhancement, and reduction of nea-
far effed between layers of the hierarchicd cdlular
architecures.

In this paper, we have investigated the performance of a
semi-blind SBCMACI spatial-temporal  beamforming
recaver in a microcdl with low mobility and high data
rate users. We have performed simulations considering an
asynchronous high data rate WCDMA system employing
complex spreading and a drcular antenna aray in a nea-
far scenario. The results $ow a significant performance
improvement and a reduction of required training symbols
(even in a nea-far scenario) when compared against a
recaver employing training-based spatial-tempora RLS
beanforming.
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