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Abstract—In this paper, a new precoding scheme is proposed
based on the combination of Block Diagonalization (BD) and
SLNR (Signal Leakage Noise Ratio) maximization. Then a new
user selection algorithm is proposed based on the joint
precoding scheme. BD precoding will cause performance loss
in the single antenna terminals when the number of terminal
antenna is inconsistent. The algorithm we proposed can
overcome the drawback by using the maximum SLNR for
single-antenna users and BD precoding for multi-antenna
users respectively. Simulation results show that the proposed
algorithm will enhance the system sum-rate performance
significantly when SNR (Signal Noise Ratio) over 5dB. The
performance improves by 30% when SNR reaches 20dB.
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I. INTRODUCTION

Multiple input multiple output (MIMO) systems can
effectively improve the capacity and transmission rate of
wireless communication systems [1]. In multiuser MIMO-
BC (Multiple-Input Multiple-Output Broadcasting) system,
the interference between users must be considered. Dirty
Paper Coding (DPC) is the best precoding algorithm can
completely eliminate the interference between users and
reach the capacity of the system [4-5]. But it is difficult to
implement in practical systems due to the high computational
burden of successive encodings and decodings, especially
when the number of users is large. Block Diagonalization
(BD) whose basic idea is decomposing the multi-user
downlink channel into several independent and parallel
single-user MIMO downlink channels has greatly reduced
the complexity compared to DPC. In the case that channel
state information is completely known, the signal of each
user is pre-processed at the transmitter using a precoding
matrix that lies in the null space of other users' channel
matrices. In this way the interference that this user represents
for the others is set to zero. There exist some user selection
algorithms using BD precoding [6-7]. However, non of them
take into account the situation that some users have more
than one antennas while some have only one in a system, in
this case, the performance of single antenna users will reduce
the overall system performance by using BD precoding [8].
However, with the development of science and technology,

the case that one terminal configures more than one antenna
will be more and more while the single antenna users still
exist in the system at the same time. So simply using BD
precoding is no longer applicable. The precoding scheme
based on maximum SLNR (Signal Leakage Noise Ratio) can
achieve better performance when the terminal have single
antenna. So a new precoding scheme is proposed based on
combination of BD and SLNR maximization. In multi-user
MIMO system, the number of users a system can support
simultaneously is subjected to the restriction on the number
of base station antennas. So we should choose the best group
from all users to communicate. The optimal user selection
algorithm is to try all the combinations of users to find the
user group that can achieve the multiuser diversity. However,
the calculation amount of the optimal algorithm is too large
to implement. We propose a new user selection algorithm
based on the combination of BD and maximum SLNR to
select user group for communication.

II.  PRECODING TECHNIQUES

A. Block Diagonalization (BD)

BD is a linear precoding scheme that can be applied to
multi-user MIMO downlink system and decomposing the
multi-user downlink channel into several independent and
parallel single-user MIMO downlink channels [9]. The
interference between users can be eliminated by choosing

the jth user’s precoding matrix M i in the null space of all

other users’ channel matrices, satisfy the following formula:

HM, =0( # ) 1)
Where H ; 1s the ith user’s channel matrix.

We define I:I ; as

H =[H'.H H .H{]"

FESRLL

H, is called the complement matrix of H ; - According

to equation (1), we have ﬁ/M/ =0.
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Hj is subjected to Singular Value Decomposition
(SVD) as follows.

0 11 3 [vOyOqH
Hj_szj[Vj Vj ] 3)

We choose the last right singular vectors {7;0) which

form an orthogonal basis for the null space of ﬁj . The
equivalent null space channel matrix of user ; is identified as
H/V;O) . Define the SVD

v (0) _ () 7(0)qH
H V,7=U X [VV7] (4)
Then the precoding matrix for user j is
— v 0y (0
Mj = Vj Vj (5)
And Vj(.l) can be used as receive matrix.

B.  Maximum SLNR Precoding

Putting all users as a whole, we always hope the
interference generated by user i to other users can be
minimal while the energy of user i reaches the maximum at

the same time. So there have the maximum SLNR criterion
[10-11]. The SLNR is defined as

2
||h,.w[||

o+ Y [hwf

k=1,k#i

i=12,..K (6)

SLNR, =

K
Where Z ”h W l.||2 is the interference generated by
k=1, ki

2, .
user i to other users, ”hiwi ” is the energy of user .

We can find that each user’s SLNR only relate with its
own precoding matrix. Therefore, we can be relatively easy
to choose the best precoding matrix by maximizing SLNR,
which can be expressed as

o

W, =arg max

. Nx1 K
w,ecV* 5
G, +
=1,

= arg max
W

Where H, =[h,..h_h, ..h.].

According to the literature [12], we know that the
optimal solution of equation (7) is the largest eigenvalue

eigenvector of (Gl.zI +H, H )! hjhi , that is
w? o< eigenvector((c. +ITIjﬁ-)" hh) (8

C. Combination of BD and maximum SLNR

The performance of single antenna users will reduce
the overall system performance by using BD precoding
when the number of terminal antenna is inconsistent. In
order to improve the overall system performance,
especially the performance of single antenna users, we
propose the precoding scheme based on combination of
BD and SLNR maximization. The main idea of this
method is as follows.

1) The precoding matrices for multiple antenna
users are chosen to lie in the null space of the
channel matrices of the other users including
the single antenna users. In this way the
equivalent channel for the single antenna
users looks as if there were no multiple
antenna users.

2) The precoding matrices for single antenna
users are chosen by the maximum SLNR
criterion.

III.  USER SELECTION ALGORITHM

A.  System model

Consider a single-cell MIMO BC with a single base
station and N user terminals. The base station is equipped
with M transmit antennas and the kth user terminal with

N, receive antennas. We assume that

N =M 2 N, .We use a simple channel model where the

channel gain from a transmit antenna to a user is
described by a zero-mean circularly symmetric complex
Gaussian random variable. Suppose the Channel State
Information (CSI) is completely known by the transmitter.
The signal received by user £ may be written as:

K
v=HWx + Y HWx +o:k=12.,k ()

J=Lj#k
Where X, € C s the kth user’s transmitted symbol,
H, C"*™ is the channel gain matrix from base station

to the kth user, W, € C

MXNe is the precoding matrix of the

kth user, ©, € CY! is the additive white Gaussian
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noise(AWGN) at the kth user. And normalized the transmit
power.

B.  Sum Rate Calculation

From (9) we can get the SINR (Signal Interference
Noise Ratio) of user £

EAAN
K
ol+ Y Hkajuz

=%k

SINR, = (10)

We use the precoding scheme based on the combination
of BD and SLNR maximization. When the number of
terminal antenna is not one, use BD precoding algorithm.
Due to BD precoding can completely eliminate the inter-
user interference, the denominator of (10) is only the noise

Gi . The energy of user k in the numerator of (10) should be

multiplied by the receiver equalizer matrix, then (10) will be

VOH W[
SINR, ::U__f____g__Jiﬂ_ (11)
O,
Transmission rate of user & is
C, =log2(1+SINR,) (12)

For the terminal equipped with single antenna, we use
the maximum SLNR precoding scheme and calculate the
precoding matrix according to (8). Then we can calculate
the SINR and transmission rate according to (10) and (12)
respectively.

The sum rate of system can be described as follows.
K

C=>C,
k=1

C. Multi-user selection algorithm

(13)

We increase one more user each time. First, we select the
user whose channel quality is the best. In the following user
selection process, we detect the terminal antenna, using
maximum SLNR and BD precoding for single and multiple
respectively. Then calculate the sum rate after adding the
user, polling all of the users to select which has the largest
sum rate.

However users equipped with multi-antenna will be
dominant than single antenna users in the transmission
rate performance. The probability selected multi-antenna
users will increase when using the above selection method.
At the same time selecting multi-antenna users will
reduce the number a system can access simultaneously

and lower the multi-user diversity. To solve this problem,
we artificially add a value S behind the sum-rate of
single-antenna users, select the user and then calculate the
real sum-rate after adding it. Value of £ determined

through the simulation.

The selection algorithm is as follows.

step 1) Initialization: T={L,..,.N} , §,=0 ,
Cimp =0,i=1.
step2) When i=1 , VkeT , calculate the

Frobenius norm of the channel matrix ”H v ”i .Then
2
n(1) = argmax ”H i ”F , calculate the rate of
keT
Ctemp :Cl 4 Soz{n(l)} ’
T=T-{n(1)}, i=i+1.

first user C, ,

step3)  When i22,VkeT, let S=S, Uik} .

keT
Then detect the number of each user’s antenna:

a) If the antenna is only one, according to
(8), (10) and (12) calculate the precoding
matrix, SINR, and transmission rate

respectively;

b) If the antenna is not one, according to

(5), (11) and (12) calculate the precoding
matrix, SINR, and transmission rate
respectively.

©)

Then from (13) we can calculate the
sum-rate C, after adding user k.

‘We should detect the antenna of the kth user:
a)

step 4)

If the Ath user has single antenna,

letC,=C, +f.
b) mw(i)=arg max C, ., if the antenna of
€T
user i is single, C,=C, - 3.

tomp and the antennas of all users

step5)  If C,>C

are not greater than the number of base station side,

thmp _C SO =SO % {TC(Z)}

T=T-{n(i)} , i=i+1, back to Step 3 to
continue. Else end.

update: s s

i
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IV. SIMULATION RESULTS
In Fig. 1, we plot the sum rate of users under the
proposed user selection scheme, as a function of ,B
for M =8 , the user randomly generates one or two

antennas, N = 50, normalized the transmit power, and SNR
in the range of 0-20dB. We can see that the sum-rate
performance will be the best while S =1.4. So in the next

simulation we let f =1.4 .
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Fig 1. Sum rate of proposed user selection scheme with A/ =8, the

user randomly generates one or two antennas, N =50 ,
normalized the transmit power, and SNR in the range of 0-20dB

as a function of ﬂ .Optimal choice of ﬂ is 1.4.

In Fig.2, we compare the sum-rate performance of the
proposed strategy and BD strategy. The plot is obtained by
averaging over 1000 independent times using the optimal
B values. M =8, the user randomly generates one or two

antennas, N =50 , normalized the transmit power. And
SNR= [0:2:20]. Fig.2 shows that the performance of the
proposed scheme is improved significantly when SNR over
5dB. There has 30% performance improvement when SNR
reaches 20dB. In the low SNR case, the performance is as
well as the BD scheme. Because in the case of low SNR, the
impact caused by additive white noise is primary. The
performance loss caused by using BD algorithm to eliminate
the interference in the terminal of the single antenna is
relatively small. The interference between users is the main
impact of the system in the case of high SNR. The
disadvantage of BD precoding in the single antenna is
obviously. Therefore, the proposed algorithm performance is
much better than BD precoding in the high SNR case.

4 T T T T T T T T T
—+—— BDonly | | |
- — 4 ——— Combined BD with SLNR ! !

25

sum rate(bps/Hz)

Fig 2. Sum-rate performance comparison of BD and combination of
BD and SLNR. M =8, the user randomly generates one or

two antennas, N = 50, normalized the transmit power. And

SNR=[0:2:20], using the optimal ﬁ .

V. CONCLUSION

With the development of science and technology, the
scenario that one terminal configures more than one
antennas will be increasingly popularity, while the single
antenna users will exist in the system at the same time.
There will be inconsistency of terminal antennas for quite a
long period. The former user selection algorithm does not
take this into account. The proposed algorithm combines the
single-antenna users and multi-antenna users to precode
separately and overcome the performance loss in the single
antenna in case of BD precoding. In order to compensate the
single-antenna users, we add value [ in the selection

process. And ultimately the proposed algorithm has made
great performance improvements.
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