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Abstract— A new adaptive LCMV solution that avoids DOA estimation Both previously mentioned situations can be seepaaket-

for uplink be?mformi)ng is prgpc;sed. The use of the uhplink che;)nnel Covak:il- like wireless systems since the spatial interference pattern can

ance matrix (UCCM) instead of DOA estimation is shown to be a suitable . e

alternative for constraints selection. The resulting LCMV adaptive solu- Sl.'ldder?ly change: In Slleh SyStemS’ the traCk'”Q capabllltylls a

tions are then based on the LMS and RLS versions with the UCCM esti- highly important issue in the design of good signal detection

mation. The new method is then evaluated for packed-like wireless systems strategies.

through computational simulations. In the present work, the application of the LCMV adaptive
solutions (namely LMS and RLS) is investigated and compared

I. INTRODUCTION with the LCMV batch solution. Also, an alternative strategy

Signal detection is a very interesting field in mobile commoncerning the implementation of the adaptive LCMV algo-
nications due to the importance of correctly recovering the déhm with EV constraint is proposed. It consists in using the
sired signal. This detection can be performed both in the uplifCCM instead of the DOA estimation, for constructing the ma-
and downlink. However, due to some system features, the & Of constraints to be applied in the adaptation process. Sim-
tection in uplink is preferable. ulations are perfc_)rmed for _dlfferent scenarios of user speed in

In the uplink context of a mobile communication systenf packet-like environment, in order to evaluate the performance
where several users share the same resources, an important &4 proposed method. _ o
egy to separate the signals of interest is the use of beamforming he rest of the paper is organized as follows. Section Il is de-
techniques. Some works have proposed the use of such a si@ied to a recall on the batch solutions of the LCMV and SICR
egy with decoupled space-time processing [1]. The approafb(pltlmlzatloq crlteng. Sectlon_lll presents _the novel LCMV
consists in providing interference cancelling by means of sg&€thod, which avoids DOA estimation by using UCCM to con-
tial processing, so that the recovered signal be feed into a tetHUCt the matrix of constraints. Section IV shows the formu-
poral equalizer, since this signal is still subject to intersymbgition of the corresponding adaptive versions of the proposed
interference (ISI). method. Section V presents S|mulat|ons_ result; to illustrate our

In a previous work [2], two different optimization criterig@nalyze. Finally, conclusions are stated in Section VI.
for beamforming have been investigated: the so-cdlledarly
Constrained Minimum Variancde.CMV) and theSummed In-
verse Carrier to interference RatiBICR). SICR demands an Here we present some recalls about the most important char-
a priori knowledge about the uplink channel covariance matrécteristics of the constrained criteria shown in [2], in order to
(UCCM), while LCMV needs a previous estimation of the anglprovide some background about them.
or direction of arrival (DOA) of the desired users. One interest-
ing result of [2] states that when one single eigenvectorial cofp- SICR Solution

straint (EV) is used fqr the LCMV solution, the perfor.mance of The SICR was initially proposed by Zetterberg in [4] and dis-

both criteria are practically the same, but LCMV provides adagyssed by Adtin [5] as a downlink criterion for the maximiza-

tive solutions for performing beamforming. tion of the carrier-to-interference ratio (CIR), for all co-channel
The use of an adaptive approach is particularly interestingopile users. However, the resolution of the downlink prob-

since in a mobile system the users’ characteristics can varyd, also leads to the determination of the uplink beamforming

according to the employed strategy. For instance, frequerwgights [6].

hopping (FH) is a strategy for interference reduction largely ap-|j this work, we will use the SICR solution in uplink, where

plied in practical wireless systems. From one slot to another i, heamforming weights can be independently performed as
spatial interference pattern of the desired user changes, sincgfigws:

Il. RECALLS ONSICRX LCMV BATCH SOLUTIONS

mobile user that shares the same frequency of the desired user wi R wy,
changes every slot. Slotted-packet networks causes the same Wy = argax WAR,, owr 1)
change in the spatial interference pattern since users transmit e fo Tt
over time slots sorted randomly (S-Aloha networks) [3]. whereRy, is the uplink channel covariance matrix (UCCM) of
the kth user andRy ;e = R — Ry, = Y R; + 021 is the
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nications (DSPCOM) laboratory, UNICAMP, Campinas - SP, Brazilkth’s interferers plus noise uplink covariance matrR.is the
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This minimization procedure can be solved by using L¢ * ‘
grange multipliers. The solution is the unit norm generalize |
eigenvector of Ry, Ry i) corresponding to the largest eigen —R
value. Such criterion also corresponds to 08

W) = arg min {wwak} | wkawk =c (2) 7
Wi

o
)
T

wherec is an arbitrary constant.

CDF (SNIR)
o
o
T

B. LCMV Solution

The LCMV criterion minimizes the output power of the o3
beamformer, by considering incident signals in all direction
under the constraint of fixed gains in some given values of DO °?
So the array is set to receive from the desired user while mii |
mizing interferers arriving from other directions. This criteriot

I
~
T

is expressed by: %1 22 5
SNIR [dB]
W = arg min {WkHRWk} ’ CkHWk =1, 3)
Wi Fig. 1. Comparison between the SICR dadMVEgy; for AS = 1°,5° and
10°.
whereC;, is the matrix of constraints for thieth user and;, is
the response vector for thgh user.
Such method just takes into account the corresponding DOAs lll. LCMV AVOIDING DOA ESTIMATION
for each user by introducing point constraints for each direction.|n order to compute the eigenvectorial constraint, the matrix
The matrixCy is then formed as follows: of constraints is formed by the directional vectors corresponding
to the estimated DOA of the desired signals, as stated in equa-
Cr = [ d (k1) d(Ok2) -+ d(0kz) } (4)  tion (4). Then, the singular value decomposition (SVD) may

be directly applied to the matrix of constraints so that a more

whered (6, ;) is the steering vector corresponding to thie simple representation & be given by:

considered DOA of uset and L is the number of constraints.

The response vector is given by:
) CH:Uk{%’“ g]v,fj ©6)
fo=[1 w2z - VL | %) h
wi
where~;, ; is the relative power of thé&h path with respect to
the first one, for uset. U=[w w - wu]

Thus, this approach requires the knowledge of both DOA and V= [ Vi Vg o+ Vg ] (7
power for each user multipath, in order to construct the con-
straints. Besides, in order to deal with non-null angular spread,

two types of constraints may be posed: whereU andV are unitary matrices, which contain respectively

« Point constraints: a number of point constraints is insertedis |eft and right singular vectors; arl is a diagonal matrix
the angle bandwidth. This approach is limited due to the ”Umtt‘?fmposed by the singular values @f’ sorted asr, > o5 >
of degrees of freedom, which depends on the number of anten--, op > 0. o o

nasinthe array [2]. _ _ As mentioned before, the best performance is obtained with
« Eigenvectorial constraints (EV): cope with the number of dene yse of only one eigenvectorial constraint [2]. That is, with

grees of freedom by using the most significative singular vegie se of the singular vector associated with the maximum sin-

tors (ass_,ociated With the most significative singular values) é’ﬂ]lar value. Thus, the EV constraint and the corresponding re-
the matrix of constraints. sponse element are:

The resultant criterion for the LCMV with EV, denoted by

Y = diag (01,02,...,0p)

LCMVEgy, is given by the singular value decomposition of the Cp=v,
matrix of constraints used in (3). - . (8)
Previous simulation results [2] have shown that the use of fp = ;rur'fy

only one EV (called EV1) provides better results. Figure 1 o ) ) .
shows the performance in terms of SNIR (Signal to Noise plus!t i important to highlight that, is the eigenvector assoc-
Interference Ratio). The CDF(SNIR) states for the cumulatiféed with the maximum eigenvalue 6f,C,”. So, this matrix
function distribution of SNIR. It means the probability of thesan be written as follows:

SNIR be lower than or equal to a given value (in the horizontal I

axis). So, better performa_nce results are represented by curves Cc,cl = ZdH (0r0) d (6r) 9)
located more to the right side. =1
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TABLE | and the matrix®,, are defined by:
LCMV-LMS
P P
— w e (cre) a
« Initialization 1
wi.(0) = ) P, 21-C,(CIC,) ¢f (14)

« Update the antenna weights

wi(n+1) = Py [wg(n) — py(n)x(n)] + ax (12)
B. LCMV-RLS
The RLS version of the LCMV criterion was proposed by
Resende in [8]. The algorithms is initialized by posing the co-
Itis worth to notice the similarity between this matrix and thgarance matrix as a dlag(_)nal one and th.en obtaining the |n_|t|al
. ) Values for the antenna weights, in according to the LCMV crite-
UCCM matrix of thek — th user: : . o .
rion. Afterwards, the weights are computed as indicated in table
Il for user k. More considerations on the role of each interme-

R, — ig(ek,l)dH (Or.0)d (01 (10) diary variable in such summarized table are found in [8].
=1 TABLE Il
LCMV-RLS
whereg(6y,;) is the mean power of the received signal in direc-
tion 6;; and Ly is the total number of multipaths linking the. Initialization
mobile & and the base station.

Moreover, as far as the number of considered DQAs (4) R(0) = 61 (15)
and (9) becomes greater and closeltp, the constraints will Qx(0) = B1(0)Cs (ékHﬁ’l(O)ék)A (16)
better express the spatial channel between the base station and
the mobile. This leads to a better performance for the LCMV wi(0) = Qi(0)f (7
solution. « Compute the adaptation gain

Therefore, we propose to take the UCCM matrix in (10) as _
the best representation ,C. So, the EV constrain€j, gln+1) = R™1(n)x(n +1) (18)
in (8) becomes the eigenvector associated with the maximum A+xH(n+ DR (n)x(n + 1)
eigenvalue of the matriR;, and the response elemdiptcan be R Y (n+1) = % [frl(n) —gn+1)xF(n+ 1)ﬁ*1(n)] (19)

set to an arbitrary value.

Hence, the LCMV without DOA estimation solution, so- Update the matrixQ(n + 1)
called LCMV¢y (LCMV Covariance Matrix), consists of the

following steps for each usér. ug(n+1) = Cfg(n +1) (20)
1. Estimation ofR;, Vil (n+ 1) = x(n +1)Qx(n) (21)
2. Computation ofCy, the eigenvector associated with the max- Q'x(n+1) = [Qk(n) —gn+ v/ (n+ 1)] :
imum eigenvalue oRy. _ o T, e+ v (4 1) o
3. Computation of the beamj?rmlng weight: K T s Dun(n 1 D)
_R-1¢, (CER-1C T A
wir =R Cy (Ck R Ck) , Wheref), was set tal. Quint 1) = Qun+ 1)+ &y [c,’jck] T
I —CHQL(n+1 23
IV. ADAPTIVE LCMV [t - S Qi+ )] (23)

The results of our previous work [2] motivated the investi® Update the antenna weights

gation of the performance of adaptive versions of the LCMV wi(n+1) = Qu(n+ D)f 4)
criterion, since they may be more suitable for tracking changes

in the channel parameters. Furthermore, the LGM\solution

was used in order to derive the adaptive solutions.

A. LCMV-LMS V. SIMULATIONS

In order to access the performance of the LCMV-based al-
The LMS adaptive version of the LCMV criterion was firstlygorithms, a scenario of two users sharing the same resources
proposed by Frostin [7] and uses an instantaneous estimatiogfequency, time and code) in a mobile system was simulated.
the total covariance matriik. Such a model could represent a SCR (Same Cell Reuse) system
This algorithm is shown in table | for usér wherex(n) is where the users are separated by their spatial positions.
the sampled signal at the antenna at instgni(n) is the array =~ Moreover, the simulations are carried in a GSM context
output defined by(n) = x (n)w(n), while the vectorq,, with an uplink carrier frequency/.=2 GHz, a symbol rate
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R,=--=270.833 Mbauds and a rased cosine model, with roll % A

off 0.35, for both transmitter and receiver filters. 20 1
The base station has3aelement antenna array, wit%r inter- T1s|
element distance, used to perform purely spatial processingz
mentioned before. This leads to a higher SNIR in the tempo/® ™[
equalizer input. 5[

The space-time channel between each user and the arra ‘ .
modelled as composed by 4 multipaths as described in table ° . samples 1000 .
where the DOAs are given in degrees. The SNR (Signal to Noi
Ratio) for each antenna element was sei(talB. * User 2

Firstly, we have tested the LCMY; to verify its perfor- 20 ]
mance when compared with the LCMYV solution. These sim- @ s/,
ulations were carried out in a static environment (without faé10
ing) and0° of angular spread. The total covariance malix ~ |
was estimated over000 symbols and the users’ UCCM was ° )
supposed to be known. As expected, the results have shown o s o o0
the use of the UCCM matrix instead of the matrix of constrain.. samples
leads to an equivalent performance. Figure 2 shows the recep-

tion radiation pattern for the previously mentioned channel. Fig. 3. ~ Comparison between LCMM; Batch Solution (solid lines),
LCMV cnm-LMS (dotted lines) and LMC¥q\-RLS (dashed lines) for 15 km/h.

10

the users’ UCCM was supposed to be known for all solutions.
8 Figure 3 shows the SNIR evolution for the two users, each
one with a speed of 15 km/h ang® of angular spread.
The LCMVcn-LMS convergence factor wag = 5 - 1074,
The LCMVe\m-RLS convergence parameters werel0 and
A=0.999999. As it can be seen, the RLS version slightly out-
4 performs the LMS one. Both tracks the channel variations due
to fading, but the LMS version has a poorer tracking capability
and a higher misadjustment.

Figure 4 shows the SNIR evolution for both users, now with
a speed of 100 km/h. The other parameters were the same as in

-10+

Gain [dB]
N
o
T

—a0- M , ” 1 the previous case. Once again, the RLS version sightly outper-
| | forms the LMS one, with a better tracking capability. Due to the
‘ instantaneous estimation of the adaptive algorithms, they have a
B ST R— 0 20 20 %0 w0  better performance than the batch solution in some intervals of
Azimuth Angle [degrees] -
time.

It is worth to mention that the convergence parameters were
chosen in order to provide good performance in both situations,

Two distinct cases were chosen to evaluate the adaptive \Ibéei\"- 15 km/h and 100 km/h. Although, these parameters could

sions of LCMVgy in presence of fading or in a packet-like € adjusted in each case to improve the performance.
transmission.

Fig. 2. Reception radiation pattern for LCM¥; method.

B. Packet-like simulations

A. Fading In this case, a sudden change in the interferer characteristics

The Jakes' model [9] is used in the non-static environmeg,forced in a given time instant. This change concerns the inter-
so that fading is independently inserted in each multipath, fi§"€r's DOAs. As previously mentioned in Section | we call in
which the respective values of delay, DOA and mean power RS papepacket-like systemoth FH or slotted-packet systems.
assumed to be as stated in table IIl. The total covariance matripdimulations were carried out in a static environment but

R was estimated over5000 symbols for the batch solution andwith 3° of angular spread. ~ Atr000 samples the inter-
ferer's multipath DOAs changed frofr-40, —30, —20, —10] to

[—10, —3,40,60], while all other channel parameters remains
the same.

Figure 5 shows the SNIR evolution for the desired user for the
LCMV ¢um batch solution, LCMVéy-LMS and LCMVeum-RLS

TABLE Il
SPACE-TIME CHANNEL PARAMETERS.

Parameter User 1 User 2 i A ) ) .
Delay x75) | 0 | 05 1 2 0 05 1 2 adaptive solutions. The estimation of the total covariance ma-
DOA 0 [10][20] 30 [ 40 [-30| -20 [ -10 trix R for the batch solution was done eald900 samples. The
Mean power | 0.45 ] 0.4 | 0.1 ] 005 045] 04 | 01 ] 005]  (esjred user's UCCM was again assumed to be known. Parame-
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Fig. 4. Comparison between LCMM{; Batch Solution (solid lines),
LCMV cm-LMS (dotted lines) and LMCW¥\-RLS (dashed lines) for 100
km/h.

tersp=10~3 for the LMS version and=10 and\=0.999 for the
RLS one were used.

The batch solution has two sudden changes in the SNIR level,
the first one (at000) is due to the interferer channel change and
the second (at5000) corresponds to the second window use

for estimating total covariance matrix.

VI. CONCLUSIONS

In this paper a novel approach based on the LCMV criterion
that avoids DOA estimation was proposed. Eigenvectorial con-

straints have allowed the use of an alternative matrix of con-
straints formed by the maximum eigenvector of the estimated

uplink channel covariance matrix. The proposed approach pro-
vides a better criterion since the use of the uplink covariance
matrix brings to the method more information about the spa-
tial channel than DOA estimation. Besides, high computational
complexity algorithms for DOA estimation are replaced by low
complexity covariance matrix estimation.

Moreover, both LMS and RLS adaptive versions of this novel
approach were studied and investigation about the performance
evaluation of the proposition was done by means of a packet-like
wireless system. Simulations have shown that adaptive versions
could outperform batch solutions in the situations where the in-
terferers’ characteristics change suddenly, as in FH systems or
slotted-packet systems.
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