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Abstract—In multiuser MIMO uplink communications, it is
necessary to design linear schemesthat are able to suppress co-
channel interferences(CCls). Block diagonalization(BD), which
can achieve good CCls suppression, has been extensively
studied to solve the issue. However, with the scheme we cannot
obtain extra diversity gain due to the null steering at the base
station. In this paper, we propose a linear block QR
decomposition(BQRD) which transforms the multiuser
channel to a block upper triangular structure based on Gram-
Schmidt orthonormalization and can obtain more diversity
gain than BD. Its error rate performance is evaluated using
computer simulations. The result shows that, the proposed
scheme provides excellent performance with low complexity. A
optimal ordering criterion isproposed at last to do full study of
BQRD scheme. Simulation results show that the BQRD with
the optimal ordering proposed achieves much better
per formance than the non-ordering one.

Keywords- uplink multiuser MIMO system; Co-Channel
I nterferences; multiuser channel matrix decomposition

l. INTRODUCTION

Multiple-input Multiple-output (MIMO) system has been
extensively studied®®*##98R- 1l 55 3 core technology to
achieve high data-rate wireless communications over a
limited frequency resource. Recently, Multiuser
MIMO(MU-MIMO) system based on the concept of space
division multiple access has also attracted much attentionf?.
MU-MIMO systems are impaired with Co-Channel
Interferences(CCls) due to the frequency reuse, multiple
access schemes and multiuser communications. Some
nonlinear agorithms have been proposed to solve the
problem® ®! ## A RE. BIAE - for example Dirty paper
coding(D . But in the future wireless
communi-cation system, the combination of MIMO and
OFDM will bring huge Computation, which makes
nonlinear algorithms with high complexity hardly to be used
in practice. As a result, the study on low complexity linear
detection algorithms has great value.

One of the linear solutions for the CCls suppression is
block diagonalization(BD)¥® *#&/#%- (617l | this scheme,
the multiuser MIMO channel can be decomposed to single-
user MIMO channels without CCls. To achieve such
decomposition, the number of receive antennas of base
station must not be less than the sum of the transmit
antennas for all users. Thus, in the BD system, most of the

PC)%i%!*&fﬂél)NE. (5]

spatial resources (in other words, the number of receive
antennas) are consumed to direct nulls to al antenna
elements of undesired users even if full spatial multiplexing
in each single-user-MIMO(SU-MIMO) channels is never
used. In such a case, it can be said that the BD system loses
the potential for transmit-diversity gain. On the other hand,
BD decomposes the MU-MIMO system into paralel SU-
MIMO systems, so that SU-MIMO based agorithms must
be used in detection, which make it hardly to move forward
to reduce the complexity.

One brightly method named block QR decomposition
(BQRD)™*##2BR- [8] i3 hroposed to suppress CCls. But to
our knowledge, there are at least two issues have not been
answered. Oneis how to apply this algorithm to the uplink
multiuser MIMO System, which is without precoding!?. The
other is BQRD in Ref.[8] should combine with DPC, which
make it hardly to be used in practice. These will be the main
topicsin the following sections.

The rest of this paper is organized as follows. Section Il
describes the uplink multiuser MIMO system handled in our
study. Section 1Il explains the proposed linear algorithm
based on BQRD and analyzes its complexity. Section IV
explains the optimal ordering scheme of the BQRD. Section
V analyzes the performance of these schemes by computer
simulations, and finally conclusions are drawn in Section V1.

Il.  SYSTEm MODEL

Let us consider the uplink multiuser MIMO system where
the base station has M antennas, each mobile station (user)
has N, antennas®®'*##9/%- 19 The number of existing

mobile stationsis K .Note that we assumeM > Kx N, . Itis

also assumed that the transmission frequency bandwidth is
so narrow that the fading is frequency-flat. A M xN,

channel matrix of the kth user is defined as H,, which is

the Rayleigh block fading channel. Each entry in the
channel matrix is modeled as a statistically independent and
identically distributed zero-mean complex Gaussian variable
with unit varian-ce. The signals sent over N, transmit

antennas by the k th user is represented as
.
X = |:Xk1 X2 X, ] (1)
wherex,;, -+, Xy, have unit energy. signal samples on those
M receive antennas are expressed as
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K
Y=>Hx+Z 2
k=1
furthermore, the additive noise Z vector is assumed to have
independent complex Gaussian elements with variance

o’ and is spatially white, i.e.,

E[2Z"]=07, )
wherel ,, is the M XM identity matrix. Since the random
quantities H, , X, , Z are assumed independent, we shall

plot al the BER curves in this paper versus ]/ o%. The

quantity ]/ o represents the SNR per receive antenna for
uplink multiuser MIMO systems without precoding.

I11.  BLocK QR DECOMPOSITION

In this section, we generalise the Gram - Schmidt method
to implement Block QR Decompasition in uplink MU-
MIMO. The channel matrix of a single user is projection to
the orthogonal space of processed channel matrices through
the Gram - Schmidt method. Then uplink multiuser channel
matrix is decomposed into an orthogona matrix and a block
upper triangular matrix. And multiuser CCls is migrated
trough cancellation. The linear BQRD agorithm is imple-
mented using the following steps.

Firstly, we introduce the way to generaise the Gram -
Schmidt method. The multiuser channel matrix is given as
H=[H, H, H.]. Then, to k th user, we use H,,

for k=1,---,K , to compute Hxas

_lUiUiH)Hk 4

Mz—

ﬁk=(|—.

1
5N

where U, isobtained from the SVD of H;, that is,

— D

Hi = (U, W.)[ OleiH =U,D V" ©)
the columns of U, areleft singular vectors corresponding to
the non-zero singular values of Hi. And D, only contains
the non-zero singular values of H; as diagonal elements.

Using the SVD of Hx, we can obtain
k1
H =H+> UU'H,

i=1

=(U; - U U Uy - Uy) (6)
«(U'H, uf,H, DV 0 - 0)f
As aresult, we obtain the BQRD structure as
DlVlH U:I'.-‘HZ U::._'HK
D,V U'H
H:[Ul u, - UK] 2z 2
D V¢!

(7
the left singular matrix U, is used to construct the unitary
matrix Qas Q=[U, U, -+ U,].

Then, we will discuss how to migrate multiuser CCls
through cancellation with BQRD results. From (2), the
signals received in the base station can be trandlated into

Y =HX+Z ®
where X =[x, X, X ]", X, represent the signals sent
over N, transmit antennas by the K th user.

So, we deal with received signals Y, using the result of
BQRD asfollows,

Y =Q"Y=Q"HX+Q"Z

D1V1H ulH H2 : U1H HK X
_ D,V U;"HK %7 ©)
DKVI? XK

whereY =[y, v, y 1", y, correspond to X, .
Thus, thefollowing processis described as follows:
First for the K th user
Xk =G, Yy
whereG, =V, D,
for i= K —1:descend:1

9i = 3_/i

forj=i+1: K

9i :9i _UiHHj;j

end

Xi = G; 9i

whereG, =V, D;*
end
output ;1, ;2, ,;K

From discussions above, we can see the Equivalent chan-

nel matrix Hxis consumed to direct nulls to Equivalent
channel matrices Hi,i =1,---,k—1of the users, which have

aready been processed. Thus, the signals of kth user loses
more transmit-diversity gain than the users processed in
front.

The Complexity of linear BQRD will be discussed in
compared with BD. The complexity of computing the
inverse or the eigenvalues of an gxqg Hermitian matrix is

0(q"),2<w< 3. The complexity of computing SVD de-
composition of agx p matrix is O(mex(pa?, p°a,q’)) . So, the
main complexity of linear BQRD is about KO(M?) .

However, the main complexity of BD combined with simp-
lest SU-MIMO detection algorithm Zero Forcing(ZF) is

about KO(M?)+KO(N") 2<w<3. So we can say linear
BQRD has an advantage over BD in complexity.
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IV. ORDERING SCHEME WITH WATER FILLING

For linear BQRD a gorithm, the processing sequence of
user bring differences in performance. Therefore, to find the
optimal sequence of processing is a problem worthy of
study.To our knowledge, K will not be a large number in
the future LTE-Advanced wirdless communication system.
So we just consider the exhaustive method with best per-
formance regardless of fast methods.

From the discussion in section |11, the last user processed
in BQRD suffer the maximum loss of transmit-diversity gain
which is decided by its nature. The user of ill-condition
cannot be put to the last position of BQRD, otherwise it will
not achieve acceptable results of detection. With the Water-
filling method and sigular value decomposition of channel
meatrices, we can achieve maximum data rate of each user.
Then, the linear BQRD will be done according to increasing
sequence of maximum datarate of each user.

V. SIMULATIONS

Computer simulations are conducted to verify the
proposed criterion and algorithm. System performance is
measured in terms of Bit Error Rate(BER)with a flame of
128 QPSK symbols and averaged over 5000 MIMO channel
realizations. The channel is assumed to be Rayleigh block
fading which is independent from one frame to the other and
unchanged during one frame. we set the number of trans-
mit antennas of each user to N, = 2and the number of users

to K =3. The number of receive antennas in base station is
M=6.

Figure 1 presents the performance comparisons between
BD algorithm and BQRD algorithm in the same fading
environment. Comparing with the BD+ZF scheme, the
BQRD obtains about 3 dB gains. Thisis because that in the
BD system, most of the spatial resources are consumed to
direct nulls to all antenna elements of undesired users. The
figure also shows that the BQRD-based scheme has the
similar performance with BD +MM SE scheme, which needs
to know the variance of the noise in base station.

10°
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Figure1l. BER performance comparisons between BD and BQRD

Figure 2 shows the performance of different users using
BQRD algorithm. From the discussion in section Ill, we
know Equivalent channel matrix of the user is consumed to
direct nulls to Equivalent channel matrices of the users,
which have already been processed. Thus, the signals of
the3rd user loses more transmit-diversity gain than the
users processed in front. And the 2 nd user loses more
transmit-diversity gain than thel st one. The simulating
result is consistent well with the theoretical estimate.

—E=g=—F =
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—o— BQRD(User 2) [l
—H— BQRD(User 3) |

o= =+ I H
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Figure2. BER performance of different usersin BQRD scheme

The comparison of time consumption for detection
between BQRD and BD scheme is shown in figure 3, for
which a computer with an Intel(R) Core(TM) i5-3210M
CPU and the Matlab7.10.0 software were used in our
simulations. The simulation results show that BOQRD save
much time as times of simulation increases. In the future
wireless communication system, the OFDM tecnology will
bring huge Computation burden. As running time of system
increases, it will save much computing resources with
BQRD scheme.
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Figure3. Monte Carlo Times for the three schemes

Figure 4 presents the performance comparisons between
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the exhaustive ordering and the non-ordering one. From
the figure, we can observe that the system with user
selection outperforms the system without ordering obvious-
ly. The simulating result is consistent well with the theore-
tical estimate in section IV.

———————
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—©6— Without selection [|
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Figure4. BER performance comparisons between exhaustive ordering
and non-ordering

VI.

In this paper, we have proposed linear block QR
decomposition for multiuser MIMO uplink system and
evaluated its performance by computer simulations. The
results showed that the proposed scheme outperforms the
conventional block diagonalization especialy in its low
computational complexity. We have also take the ordering
of BQRD into consideration, which achieves much better
performance than the non-ordering one. Our future work

CONCLUSIONS

involves studies on multiuser system combined with the
Space-Time Coding, performance evaluation using system
capacity and theoretical analysis of the proposed BQRD
system.
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