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Abstract To minimize transmitting power, an adaptive

resource allocation algorithm is proposed for multi-user

multiple input multiple output-orthogonal frequency divi-

sion multiplexing (MIMO-OFDM) downlink with corre-

lated channels, which, based on the user’s grouping

according to their spatial correlations, combines the

shared manner and the exclusive manner to allocate

sub-carriers. Between different groups the shared manner

with a null steering method based on groupmarginal users

is applied, whereas within a group the exclusive manner is

applied. The simulations show that the power efficiency

and spectral efficiency are improved; the base station

transmitting antenna number and the computational

complexity is decreased.

Keywords MIMO-OFDM, multi-user, adaptive

resource allocation, co-channel interference (CCI), null

steering

1 Introduction

Adaptive resource allocation for multi-user multiple input

multiple output-orthogonal frequancy division multiplex-

ing (MIMO-OFDM) system can improve its power effi-

ciency and spectral efficiency [1]. The allocation includes

two classes, i.e., the exclusive manner and the shared man-

ner to sub-carrier. The exclusive manner is easily realized

with low spectral efficiency. While the shared manner has

high spectral efficiency, the co-channel interference (CCI)

is introduced by the spatial multiplexing of different users

on the same sub-carrier. Moreover, its performance is

affected by user spatial correlation, antenna number and

computation complexity [2,3]. Reference [4] proposes a

zero forcing (ZF) algorithm at the base station (BS) to

mitigate CCI, but it does not consider the impact of user

spatial correlation and computation complexity.

This research proposes a resource allocation algorithm

for MIMO-OFDM downlink in correlated channels,

which combines the exclusive manner and the shared

manner based on the grouping of users according to their

spatial correlations. The algorithm improves the system

performance and reduces both the transmitting antenna

number and the computational complexity.

2 System model

In this paper, an outdoor downlink adaptive multi-user

MIMO-OFDM system equipped with Nc sub-carriers, nT
transmitting antennas at the BS and nR receiving antennas

for each of K users is considered. Each sub-carrier can be

considered as a Rayleigh flat fading channel and the fad-

ing is correlated at the transmitter side, but it is uncorre-

lated at the receiver side [5]. In this case, the channel for

user k (k5 1,2,…,K) in the sub-carrier m (m5 1,2,…,Nc)

can be modeled as
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where Gk
m is an nR6Dk matrix with zero-mean unit-vari-

ance i.i.d complex Gaussian entries; Ak
m is the steering

matrix of size Dk6 nT that contains Dk steering vectors

of the transmitting antenna array, i.e., Dk directions of

departure (DOD); hk,mi,j is the channel gain from the jth

transmitting antenna to the ith receiving antenna. We

assume that the perfect channel state information (CSI)

is known to the BS and the receiver. For a uniform linear

array, the steering matrix Ak
m is given by
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where T represents the transpose operation, d is the equi-

distant antenna spacing, l is the carrier wavelength, and h is

the DOD. ĥk denotes the main angle of DOD for the user k,

and Dyk is the angle spread, then hkDk
~ĥk

zrDyk, r [ ½{1,1�. We define dk
m, W

k
m, R

k
m, and Yk

m as

the transmitting complex symbol, the transmitting beam-

forming vector, the weighted combining vector, and the

receiving complex symbol vector for the kth user on the

mth sub-carrier, respectively. Then, Yk
m can be formulated

as follows:

Yk
m~Hk

mW
k
md

k
mz

XK
j~1,j=k

Hk
mW

j
md

j
mznkm

~Gk
mA

k
mW

k
md

k
mz

XK
j~1,j=k

Gk
mA

k
mW

j
md

j
mznkm, ð3Þ

where the first item on the right side of Eq. (3) represents the

received symbols from the desired user, the second repre-

sents the CCI from the interference users, and nkm is a noise

vector.

After weighted combining, the received symbol is given

by
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The key of demodulation is that the CCI is mitigated

and the linear processing is achieved at both the transmit-

ter and the receiver by properly choosing Rk
m and Wk

m.

The optimal problem of minimizing the overall transmit-

ting power is formulated as follows:

argmin
Pk
m,b

k
m

PK
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The transmitting power of the shared user can be

described as

Pk
m~g BERtarget,b
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We can see that the transmitting power of different
users is interrelated owing to the CCI. This makes the

optimal problem very complex. The CCI can be removed

by the exclusive manner or the ZF shared manner. The

transmitting power of the shared user turns into

Pk
m~g BERtarget,b

k
m, Hk0
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: ð7Þ

Thus, the complexity of multi-user resource allocation

is reduced. However, the two manners have different per-
formances for different user spatial correlations.

3 System performance and user spatial
correlation

As the angle spread of DOD is usually slight, the spatial

correlation coefficient between the users can be denoted

by ĥ as follows:
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Thus, it can be adjusted by varying ĥ of the users. Two

users are highly correlated when the angle between them is
less than 5u.

Two allocation manners are simulated for a two-user

system with d5 l/2, nT5 4, nR5 2, ĥk1~00, BER5 1023,

64 sub-carrier, on average 3 bits per sub-carrier for each

user. Figure 1 plots Eb/N0 versus ĥk2 curves. It demon-

strates that the power required of the exclusive manner is

not affected by ĥk2, but the performance is not optimal with
low user spatial correlation. The power of the ZF shared

Fig. 1 Performance versus user spatial correlation for two
manners
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manner decreases with an increase of ĥk2, but the perform-

ance is the worst with high user spatial correlation.

4 Proposed resource allocation algorithm

4.1 User grouping and resource allocation principle

The highly correlated users whose difference of ĥ is less

than 5u are put in the same group. Thus, there are no

highly correlated users between the user groups. Assume

that there are in total G groups and the gth group has Kg

users (K1 +K2 + ??? +KG5K). We allocate a sub-carrier to

each user group for only one user. Thus, there are G

shared users in each sub-carrier. As there are no highly

correlated shared users in each sub-carrier, the perform-

ance of the ZF shared method can be improved. At the

same time, the exclusive manner, such as Greedy algo-

rithm, is applied to the users in the same group.

4.2 Group ZF method based on group marginal users

Xg,k denotes the kth user of the gth user group.

ĥg,1 and ĥg,Kg
are two main angles of two marginal users

in the gth group (ĥg,1fĥg,kfĥg,Kg
).

By Eq. (3), applying the ZF method to the shared users’

Ak
m, we can absolutely mitigate the CCI. Furthermore, for

the small angle spread of ĥ, we can only apply the ZF
method to the shared users’ a(ĥ) to mitigate the CCI for

reducing both the antenna number and the computation

complexity. For the small angle difference between two

marginal users, we can only apply the ZF method to the

interference group marginal users’ a(ĥ) to mitigate the

CCI caused by any user of the interference user group.

Thus, to whomever in the interference user group one

sub-carrier is allocated, the desired user’s ZF matrix in
the sub-carrier is invariant. Moreover, each user of the

desired user group has the equal ZF matrix in the sub-

carrier. Therefore, the computation complexity decreases.

To sum up, for any sub-carrier, the improved group ZF

method based on the group marginal users is described as

follows:
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The process is described as follows:

1) Let

Wg,k~W1
gW

2
g,k: ð10Þ

W1
g is used to mitigate the CCI caused by the interference

user groups for the gth desired user group, andW2
g,k is used

to maximize the received signal to noise ratio (SNR).

2) Let
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a ĥ(gz1),Kgz1

� �H

::: a ĥG,KG
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where �V (0)
g is an nT6[nT2 (G2 1)6 2] matrix, the col-

umns of which are singular vectors corresponding to null

singular values. Let

W1
g~

�V (0)
g : ð12Þ

3) Apply SVD to the following matrix:
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1
g~Ug,kLg,kV
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Let {lg,k}1 denote the maximum singular value, and

{Vg,k}1 denote the corresponding singular vector. Let

W2
g,k~ Vg,k

n o
1
.

4) Calculate the beamforming vector and the combining

vector as follows:
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The CCI mitigation performance of the improved

group ZF method is simulated. A desired user lies in 0u,
and the marginal users of three interference groups lie in

230u,235u; 15u, 18u; 35u, 39u; respectively. Figure 2 plots

the desired user’s transmitting beam gain versus the dir-

ection curve for one sub-carrier. We can see that the trans-

mitting beam gains in the marginal user directions of the

three interference groups are nearly null. At the same

time, the transmitting beam gains between two marginal

user directions of each interference user group are also

very low. Thus, the improved group ZF method is effi-

cient to mitigate CCI caused by the interference user

groups.
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4.3 Resource allocation in same group

With the above user grouping, CCI mitigating by the

group ZF method, the complex multi-user resource

allocation turns into the simple exclusive manner resource

allocation to the users of the same group. To guarantee

the user’s QoS, the exclusive manner proposed in Ref. [6]

is applied in each group. The sum of all K users’ power is

the suboptimal solution.

5 Simulation results

The performance of the proposed resource allocation

algorithm is simulated with the Monte-Carlo method.

The simulation parameters are shown in Table 1.

In all simulations, without special description, twelve

users are divided into four groups and each group has

three highly correlated users. ĥ is 5u, 7u, 9u; 20u, 22u, 24u;
35u, 37u, 39u; 220u, 222u, 224u; respectively. Eb/N0 is

defined as the average ratio of energy per bit to the spec-

tral noise density for all users. It corresponds to the effi-

ciency of the BS transmitter.

We simulate three schemes, namely, the exclusive man-

ner (nT5 2), the classic ZF shared manner (nT5 24), and

the proposed algorithm (nT5 9) for a twelve-user system

with BER5 1023. The curves are plotted for average bits

per sub-carrier per user versus Eb/N0 in Fig. 3. From the

curves, we can see that the spectral efficiency is very low in

the exclusive manner; the power required in classic ZF

manner is extremely high for existing highly correlated

shared users; the power required in the proposed algo-

rithm is lower as there are no highly correlated shared

users by user grouping. Furthermore, it also proves that

the proposed algorithm reduces the number of the

required BS transmitting antennas.

The spectral efficiency of each user in the proposed

algorithm (nT5 6) is simulated for a five-user system with

BER5 1023. ĥ is 5u, 7u, 9u, 20u, 35u, respectively. Figure 4

plots the average bits per sub-carrier versus Eb/N0 curves

for each user. It can be observed that only the highly

correlated users’ spectral efficiency decreases, and in each

user’s spectrum range, the required power is low.Table 1 Simulation parameters

items parameter

simulation channel Rayleigh fading channel

number of steering vectors(Dk) 3

angle spread of DOD (u) 3

receiving antennas(nR) 2

sub-carrier(Nc) 64

guard interval(Gi) 16

bit number of MQAM 0, 1, 2, 4, 6, 8

Fig. 2 Transmitting beam gain with group ZF method

Fig. 3 Performance of different algorithms with different
data rates

Fig. 4 Performance of proposed algorithm with different
data rate for each user
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Figure 5 illustrates the BS transmitting antenna number

versus Eb/N0 plot for a twelve-user system. The data rate of

each user is the average 2 bits per sub-carrier and BER is

limited to 1023. It demonstrates that with the increase of the

BS antenna number, the Eb/N0 of the proposed algorithm

decreases. Thus, the performance and the BS transmitting

antenna number can be a flexible tradeoff.

6 Conclusions

An adaptive resource allocation algorithm for multi-user
MIMO-OFDM downlink in correlated channels is

proposed to minimize the overall transmitting power while

maintaining a constant data rate and target BER. The algo-

rithm allocates sub-carriers combining the exclusivemanner

and the shared manner based on the user grouping accord-

ing to their spatial correlations. An improved null steering

method based on the group marginal users is used to mit-

igate the CCI caused by the shared interference user groups.

The algorithm improves the power efficiency and the spec-

tral efficiency when the system has highly correlated users,

and reduces the BS transmitting antenna number as well as

computation complexity.
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