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Abstract  To improve the spectrum efficiency in 
wireless communication, two techniques are com-
monly used: adaptive digital signal processing and 
resource allocation. The aim of both techniques is to 
reduce the interference level. In this paper we study 
the performance improvement of using jointly these 
techniques for closed loop multiuser MIMO systems.  
We propose a closed loop spatial multiuser schedul-
ing scheme that enables code-reuse without signifi-
cantly degrading the performance of an Adaptive 
Blind Receiver (ABR). 
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I. INTRODUCTION 
Closed loop transmit diversity (CL-TD) technique, ap-
plied on MIMO broadcasting channel, improves the sys-
tem capacity in both, the single user scenario and the 
multiuser case (Caire and Shamai, 2003).  However, in 
order to improve the spectrum efficiency of practical 
schemes while keeping small performance degradation, 
it is necessary a joint signal processing at both side of 
the radio link. 

At the receiver, several algorithms have been pro-
posed with the aim to reduce the interference level effi-
ciently (Wrulich et al., 2008; Mehlfuhrer et al., 2008). 
On MIMO channels, the use of low complexity receiv-
ers that improve the performance of conventional 
scheme (that treats interference as white Gaussian 
noise), is of fundamental importance (Lupas and Verdu, 
1990).  In particular, blind adaptive receiver results at-
tractive for high data rate packet communication be-
cause on such dynamic environment is difficult for a 
mobile user to get precise information about the rest of 
active users.  Closed loop multiuser MIMO is a promis-
ing technique for achieving high spectrum efficiency 
needed for the higher data rate of future wireless sys-
tem.  The standard WCDMA 3GPP (2006); Hottinen et 
al. (2003) allocates a limited feedback channel that can 
be used for sending back to the Base Station infor-
mation about the channel back to the Base Station (BS).  
This information is used to support two closed loop 
transmit diversity modes, and can also enable spatial 
multiplexing techniques that increase the system´s ca-
pacity and potentially simplify the receiver architecture 
(Haikola et al., 2006). 

Due to practical considerations, the most widely 
analyzed scenery for the down link broadcast channel 

considers a BS equipped with two antennas and single- 
antenna mobile users (Love et al., 2008).  Schemes that 
schedule multiple users prefiltering them at the trans-
mission by a matriz with channel information weights 
reported by these users, have been extensively studied 
in terms of capacity gain (Corral-Briones et al., 2005; 
Dowhuszko et al., 2007; Shenoy et al., 2009).  Although 
achievable system capacity is important to study, the 
potential of those schemes does not give practical in-
formation about the type of transceiver that enable high 
spectrum efficiency with affordable complexity.  

In this paper we analyze the performance in terms of 
Bit Error Rate (BER) of different user scheduling meth-
ods that use space signal processing at the BS (to reduce 
interference) and adaptive blind interference cancella-
tion at the mobilw stations.  A new spatial Multiuser 
Scheduler (MS) is proposed based on the observation 
that a blind detector cancels the interference that be-
longs to a subspace orthogonal to the desired signal.  
The proposed scheme enables code-reuse doubling the 
number of users that can coexist without significant per-
formance degradation.  The results presented are for 
WCDMA closed loop transmit diversity mode 1 (Yoo et 
al., 2007). 

The following notation is used in the paper.  , C, 
(.)*, (.)T, (.)H, <.>, ||.||, denote real part, complex number, 
complex conjugate, transpose, hermitian, correlation 
and norm, respectively.  Scalars are written in lower-
case, vectors in bold lowercase and matrices with bold 
uppercase letters.  The system model is presented in 
Section II.  Adaptive blind receiver is analyzed in Sec-
tion III, followed by scheduling schemes presented in 
Section IV.  Simulation results are presented in Section 
V, followed by paper conclusions.  

II.  SYSTEM MODEL  
The system model for the downlink of a wireless commu-
nication system is illustrated in Fig. 1.  The system consist 
of a single BS with 2 Tx antennas j=1, 2 and K 2 active 
user equipments (UEs) with single-elements antennas.  

In case of flat fading and rich scattering, the channel 
gain from a jth 

Tx antenna to a kth User (UE) is described 
by a zero-mean circularly symmetric complex 
Gausssian Random Variable (RV) gjk, for j=1,2 and 
k=1,…,K. For simplicity we assume that all UE’s are 
homogeneous and experience independent fading. We 
also assume that each UE has a low-rate, reliable, and 
delay-free feedback channel to the BS. 
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Figure 1: MIMO-BC system with K users. 

 
Figure 2:  System Model Scheme. 

For convenience, we will assume that the user of in-
terest is k=1.  The signal received by user 1, in a single 
symbol interval [0,T], can be written as  
 )()()()( 11 11 ttsbtr k

K

k kk
T wg , (1) 

where g1=[g11  g12]T is the channel gain vector from the 
BS to the desired user with unit variance entries. 
w1=[w11  w12]T is the Tx weight vector that maximizes 
the received energy for the desired user.  bk {+1,-1} 

 represents the identical and independent distribuited 
(iid) users data stream with zero mean and unit variance.  
sk(t) is the unit-energy signature waveform of the kth 

 
us-

er.  1(t) is Additive White Gaussian Noise (AWGN) 
component with unit variance and σ is a scalar factor 
that affects the variance level of the AWGN component.  

Let { 1(t), …, L(t)} 
 
be a set of L orthonormal sig-

nals defined on ith  [iT,iT+T] time interval.  The re-
ceived signal vector r1 CL 1 

 
of the desired user is the 

L-dimensional representation of r1(t) on the basis { 1(t), 
…, L(t)}, that is, the l component of the column vector 
r1 is  
 Lldtttrir

TiT

iT ll ,...,1)()()( *
11

. (2) 

Furthermore, we define the componens of the signature 
vector sk L 1  as   
 Lldtttsis

TiT

iT lkkl ,...,1)()()( * , (3) 

and the component of the L-dimensional Gaussian vec-
tor n1 CL 1 as  
 Lldtttnin

TiT

iT ll ,...,1)()()( *
11

, (4) 

For convenience, the received signal (2) is expressed in 
vector form:  
 iibhibhi KKK 1111111 ... nssr , (5) 
 iii 11 nSHbr , (6) 
where  

 
Figure 3: Blind Adaptive Receiver Structure 

 KssS 1 , (7) 
 ).( 1111 wgTh , (8) 

 
 ).( 11 K

T
Kh wg , (9) 

 ),,( 111 KhhdiagH , (10) 

 T
K ibibi 1b . (11) 

The autocorrelation matrix of the received signal r1[i] is 
given by  
 ISHSHrrR 2

11 )()( HH
rr iiE , (12) 

 ISAHR 2H
rr , (13) 

where B=HHH=diag(|h11|2, …, |h1K|2) with akk=|h1k|2 
k=1,…, K and I is the L L identity matrix.  The system 
model adopted is illustrated in Fig. 2.  

III. BLIND ADAPTIVE RECEIVER  
The adaptive Minimum Output Energy detector (MOE) 
was first proposed by Honig et al. (1995) and is blind to 
some extent because a training sequence is not required.  
It is therefore commonly known as the adaptive blind 
receiver.  The adaptive MOE algorithm is implemented 
by a transversal FIR filter which converges to the 
MMSE detector to within a scaling factor (Verdu, 
1998).  Figure 3 shows the implementation structure.  

A key property of every linear multiuser receiver is 
that the impulse response can be decomposed as a sum 
of two orthogonal components.  One of those compo-
nents is equal to the signature waveform of the desired 
user which is assumed known and fixed throughout this 
section.  That is, c[i]=s1+ x1[i], where x1

Hs1=0. The cost 
function is the variance of the filter output, known as 
Output Energy (OE), and minimized over the adaptive 
component x1[i] subject to the constraint <c[i], s1>=1 
(Honig et al., 1995). 

The OE is given by  
 2

1 iii H rc , (14) 

where i is the time index interval and the MOE may be 
written as  
 1,..min 1

2

1min scrc
c

itsiiE H .(15) 

The decision on b1, for the desired user, is  
 1

*
111 ,sgnˆ rchb , (16) 

where we use the actual adjusted channel coefficient h11.  
In order to apply the gradient descent algorithm to 

the cost function (14), we must take into account that, at 
every iteration, x1[i] must be orthogonal to s1 because 
we are following (on average) the steepest descent line 
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along the subspace orthogonal to s1. The unconstrained 
gradient of (14) is  

 iiii H
1

*
12 rrc , (17) 

where the component orthogonal to s1 results in a scaled 
version of the component of r1 orthogonal to s1, that is  

 
.)1(

,

11111

1111111

11

1

iii

iiii
HH

H

rssrssr

srsrsrsr  (18) 

Therefore, the projected gradient (in the subspace or-
thogonal to s1) is  

 
.12

12

111
*

111
*

11

iiz

iiii
H

HH
s

rss

rssrc  (19) 

where z[i]=c[i]H r1[i] is the filter output. According to 
(19) the stochastic gradient adaptation rule is  
 ,1 1

*
111 11

iiziiii ss rPxxx (20) 

where H
s 111

ssIP  is the matrix that projects vectors, 
pre-multiplies it, onto the space orthogonal to s1 and 
μ 1 1 

 
is the step-size.  

A. Trajectory of the Tap-Weight Vector  
The trajectory of the vector coefficients is analyzed in 
similar way to that given in Honig et al. (1995) but is 
re-stated here fof convenience. Adding s1 to both sides 
of (20) gives 
 iiii H cruIc )(1 11 , (21) 

where u[i]=
1s

P  r1[i].  The MOE vector is  

 1
1

min sRc rropt , (22) 

where 1
1

1
1min sRs rr
H  is the MOE generated with 

copt and Rrr is the autocorrelation matrix (13).  By 
substracting copt to both sides of (21), we have  
 optc ii cce , (23) 
replacing (23) in (21), and taking expectation, we have  
 iEiE curc eRIe 1 , (24) 

where rrsur RPR
1

.  From (24) the equivalent corre-
lation matrix which determines the transient behavior of 
tap is Rur (Gong et al., 2000).  Since Rur can not be 
symmetric, eigenvalues can be complex and the analysis 
becomes quite difficult to carry out.  However, if we 
consider the fact that  
 iiii s

HH
1111 1

rPxrx  (25) 

since x1
H[i] s1=0, for all i,  the filter output can be re-

stated as  
 iiiiz s

HH
1111

*
1

xPrsr  (26) 

where the fact that 
11 s

H
s PP  has been used.  Now, 

replacing (26) in (20) and taking into account (22), we 
have  
 iiiiii ss

HH
1111111 11

1 rPxPrsrxx ,(27) 

then, taking expectation at both sides of (27) and assum-
ing that x1[i] and r1[i] are independent, we have  

 
uruu

srr
H

uu

iE

iEiE

pxRI

PRsxRIx
1111 1  (28) 

where 
11 srrs

H
uu iiE PRPuuR  and 

11 srr
H

ur PRsp .  Upon convergence, we can consider 
E[x1[i+1]]= E[x1[i]] =x1opt, therefore, (28) can be writ-
ten as 
 

1111 srr
H

uu iEiE PRsxRIx , (29) 

 ursrr
H

optuu pPRsxR
111 , (30) 

From (30), x1opt could not be calculated because, as will 
show later, Ruu is singular, but could be calculated from 
copt (22), that is 

 
1

1
1

1
1

1 1 sRs
sRPx
rr

H
rr

sopt
, (31) 

i.e., the projection of copt into subspace orthogonal to s1. 
Therefore the expression for the trajectory of the tap as 
a function of the adaptive component is given by 
 iEiE xuux 11

)(1 eRIe , (32) 

where ex1[i+1]=x1[i+1]-x1opt and for convergence stabil-
ity we must have 0<  <1/( )(

max
uu ).  From (32) the matrix 

11 srrsuu PRPR  may be seen as the equivalent correla-
tion matrix for the adaptive part in (24) in performance 
analysis, since is similar to Rur but Hermitian, Gong et 
al. (2001).  Deeping in the eigen-analysis of both matrix 
Rur and Ruu (based on Gong et al., 2001), it can be veri-
fied that s1 is an eigenvector of Ruu with zero eigenvalue 

0)(uu
L , where the superscript denotes the matrix cor-

respondence. Since s1 is a eigenvector, Ruu is singular 
and the corresponding eigenvalue plays no role in the 
convergence of the blind detector because the tap-
weight vector is never adapted in the direction of s1. 

To gain more insight into the convergence of the 
mean tap vector, it is necessary to study the eigenvalues 
of Ruu. It can be done by applying the Minimax theorem 
(Simon, 1996) which state 

 1..max 1

2

11
)(

max prp
p

tsiE H

P

uu , (33) 

where P is the orthonormal vector set with pn, n=1, …, 
L. Similarly, the other eigenvalues in descendent order, 
can be obtained by 

 1..max
2

1
1

)(
n

H
n

n
P

uu
n tsiE prp

p
, (34) 

Descomposing pn as pn=pn
|+pn , where pn

| is the projec-
tion of pn into s1 direction and pn  is the projection of pn 
in the orthogonal subspace of s1, we have 

 

2!2

22!

2!2

1

1

nn

nn

nnn

pp

pp

ppp

, (35) 

Taking into account (35) the argument can be written as 
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nrr

H
n

H
n iE pRprp

2

1
, (36) 

then, using Ruu in place of Rrr, we have 

 K

k
nk

H
nkk

nrr
H

nnuu
H
n

a
1

22
2

psp

pRppRp
, (37) 

with  

 
kn
kn

k
H

n 0
1

sp , (38) 

Maximizing (33) with respect to pn requires to make pn  
as large as possible, while keeping pn

| =1. Consequently 
pn  must be set to 0, that is 
 011

2!2!2

nnn ppp . (39) 

Takin into account (39) and (13), we arrive at the fol-
lowing result 

 

Ln
Ln

Knhnn
uu

n

0
1,,11

,,1
2

22

)( . (40) 

We therefore conclude that x1[i] converges to x1opt  
along L-1 modes, each of which decays exponentially 
with parameter (1- n

(uu)), where n
(uu) is the nth eigen-

value of the Ruu. 

B. Learning Curve of MOE 
The OE at the filter output is given by 

 
,1111

11

2

1

iiii

iici

uu
HH

ur
H
ur

H

rr
HH

opt

xRxxppx

sRsr . (41) 

where the expectation value is taken over the received 
signal. The MOE is 

 

,111

2

1111

2

1min

opt
H
urrr

H

sopt
HH

opt iiEicE

xpsRs

rPxrsr .(42) 

where we use (28). Substracting (42) from (41), we 
have 
 opt

H
uruu

HH
urur

H Ei 11111min xpxRxxppx .  

 iii xuu
H

x 11min eRe . (43) 

Making a similar derivation with (43) as described in 
Farhang-Boroujeny (1999), the expression (43) can be 
written as 

 
L

n

iuu
nx

H
nni

1

2)(2
min 10

1
eq , (44) 

where qn is the normalize eigenvector of Ruu with corre-
sponding eigenvalue n

(uu) . Since s1 is an eigenvector of 
Ruu, we can assign q1, q2, …, qK-1, qK= s1 to the eigen-
vectors associated with the K-1 largest eigenvalues; and 
qL+1, qL+2, …, qL to the eigenvectors spanning the noise 
subspace. It can be shown that qn, n=1, …, K-1 span the 
same subspace as 

ks sP
1

, k=2, …, K, and all these sub-

space are orthogonal to s1. Parallel to this, copt is known 
to belongs to the subspace generated by sk, k=1, …, K. It 
is clear to see that x1opt=copt-s1, also lies in the same sub-
space, but it is orthogonal to s1. Then, x1opt must lie in 
span 

ks sP
1

, k=2, …, K.  Consequently this implies that 

x1opt  (q1, …, qK-1). From this property of x1opt, it may 
be seen that when x1[0]=0, (44) can be simplified to 

 
1

1

2)(2
1min 1

K

n

iuu
nopt

H
nni xq , (45) 

where is clear that only the K-1 largest eigenvalues of 
Ruu affect the transient behavior of the algorithm when 
the adaptive component is initialized in x1[0]=0. 

C. Probability of Error 
To analyze the bit error-rate of the blind adaptive re-
ceiver P1

b( ), we can consider K-users case. In first 
place we treat the channel coefficient as a constant val-
ue (block fading) to derive a first expression. Then, the 
result is averaged over the pdf of the adjusted channel 
gain. 

The probability of error is 

 

1,1
111

1,1
1111111

1

1

ˆ
2
1

ˆˆ)(

b

b

bbbP

bPbbbPbbPP
. (46) 

with  

 
12

1
1111111 ,ˆ

2
1ˆ

K

j
jK bbbPbbbP , (47) 

where j
(K-1) 1 belong to a set of 2(K-1) vectors that 

contains all the data combination of the interferent us-
ers. 

With focus on one term of the (47) and taking into 
account that if b1=-1 in (16), the filter output is 
 1

*
11

2
111

*
11 MAI, mhhh ccr , (48) 

where m1 is another zero-mean circularly symmetric 
complex Gausssian random variable and  

K

k jkkk khh
2 11

*
11 )1(,MAI sr .  

Considering (48), one term of (47) is given by 

 
11

*
11

2
11 {MAI}{

2
1 mhhP c . (49) 

Proceeding in similar way with the other terms of (47) 
and replacing in (46), we have P1( ) in (50). Then we 
must take expectation value over the pdf of h11 and h1k 
in order to get P1

b( ). 
In (50) the phase term h*

11/|h11| just affect the phase 
distribution of the random variable h1k inside of the Q(.) 
function, which statistic is uniform over [0, 2 ], so can 
be dropped. The expression of P1

b( ) can be re-written 
as in (51) where the expectation value is taken over each 
h1k. 
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h
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x
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IV. SCHEDULING SCHEMES 
From (51) we can observe that error probability depends 
of the two term of MAI. One of them is function of the 
blind adaptive algorithm and the other one depends di-
rectly of the beam weights. In order to minimize the in-
terference level experienced by the receiver, the first 
idea is to schedule users with orthogonal beam weights 
Haikola et al. (2006). That is 
 0* 2111 wgwg TTE , (52) 
where only two users can be used because the number 
of transmit antennas defines the number of orthogonal 
users that can be served simultaneously. Equation (52) 
can be interpreted in a different way, noting that the two 
scheduled users should be collinear and opposite in 
phase at the receiver 

Another scheduling strategy follows from the obser-
vation that the impact of interference on the perfor-
mance of blind adaptive receivers is through the real 
term of the argument of Q(.) function. Due to the fact 
that the blind adaptive algorithm decodes the desired 
user in a direction orthogonal to interference and noise, 
we can project some part of the interference in a sub-
space orthogonal to the desired data by selecting users 
with proper beamforming weights that result in a /2 
relative rotation. In the case of K=2 the scheduler selects 
two user that report orthogonal beam weights, in the 
same fashion as Scheduler A, but instead of prefiltering 
the transmit signal with those reported weights, one 
weight is rotated by /2 before used it in the prefiltering 
matrix. That is, if w’1 and w2 are the orthogonal weights 
reported by the scheduled users, then a rotation is ap-
plied to w’1. That is 
 2/

11 ' jeww , (53) 
and then prefiltering with w1 and w2 is used at BS.  The 
condition imposed by (53) doesn't change the correla-
tion between the beam weights and the purpose of 
beamforming, which is the energy maximization at the 
receiver side of each user. In the case of an even number 
of users, K 2, the BS can schedule 2N users distributed 
in N groups of two users with orthogonal beam weights, 
where N represents the total set number of spreading 
code available. The received signal in the time interval 
or user one can be written as 

 
K

i
kkk

T
kk

T sbb
1

1221121211 nwgwgr ,(54) 

with wH
2kw2k-1=0. The condition imposed by (53) mini-

mizes the interference caused by user 2 because its real 
component is almost cancelled. 

V. SIMULATION RESULT 
In this section we investigate the system performance 
under scheduling schemes (52) and (53), using two type 
of detection: matched filtering and adaptive blind inter-
ference cancelation. Three scenarios are considered: one 
with two users with different signature codes, other with 
twelve users with six signature sequence (code-reuse), 
and the other one similar to the previous scenery except 
that a pair of them, the ones whose performance is ana-
lyzed, does not share the same signature code. A Gold 
sequence of length 7 and quantized weights for HSDPA 
mode 1 are used for all the cases 3GPP (2006). 

Figure 4 shows that signature code-reuse lead to a 
full performance degradation for both detection schemes 
when scheduling (52) is used. This behavior can be ex-
plained taking into account that both interference and 
desired signals are collinear with this scheduling strate-
gy. In this case, the use of different signature sequences 
is essential to recover performance degradation. For 
comparison, the two user scenary are plotted in the fig-
ure in order to evaluate the performance degradation 
with higher multiuser interference.  

Figure 5 shows the performance of the adaptive 
blind receiver in the same three scenarios, mentioned 
earlier, but now the scheduling scheme uses /2 rota-
tion. In the 10 interference users scenario, a perfor-
mance improvement of about 3 dB in the high SNR 
zone can be achieved with Scheduler B. This scheduler 
enable the code-reuse. It is easy to note that in the case 
of 12 users the BER of the blind adaptive schemes is 
almost the same as that of the blind scheme with Sched-
uler A and different signature codes. On the other hand, 
the matched filter does not show any performances 
change due to the particular interference treatment given 
by Scheduler B. 

The different behavior of the ABR is due to fact that 
Scheduler A force data user 1 and user 2 to travel col-
linear and with opposite phase, so the ABR algorithm 
cannot separate efficiently the users because they are 
collinear. On the other hand, Scheduler B adjusts the da-
ta of the scheduled users to arrive with /2 rotation, so 
the ABR algorithm can work properly. 
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Figure 4: Blind Adaptive Receiver performance with Sched-
uler A.  Cross-correlation  of  the  Gold  spreading  code  is  -
0.1429 

 
Figure 5: Blind Adaptive Receiver performance with Sched-
uler B. 

VI. CONCLUSIONS 
We have studied the performance of the adaptive blind 
MOE receiver in a 2x1 MIMO scenario with practical 
MS schemes for taking advantage of multiuser diversity 
in a multiple antenna broadcasting channel with limited 
feedback. 

A new scheduling scheme that tried to reduce inter-
ference while keeping the not cancelled interference in a 
subspace orthogonal to the desired signal at the receiver 
is proposed in this paper for closed loop MIMO system. 
The combination of the proposed scheduler with an 
adaptive blind receiver enables code reuse making pos-
sible to achieve higher spectrum efficiency with low 
complexity receivers. The proposed scheduler is ana-
lyzed for the practical case when the amount of feed-
back channel is compatible with mode 1 of the HSDPA 
technology. 
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