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Diﬀerent Data Throughput Requirements
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SUMMARY
In the subcarrier and power allocation schemes in MultiInput Multi-Output and Orthogonal Frequency Division Multiple Access
(MIMO-OFDMA) systems, only equal fairness among users has been considered and no scheme for proportional data rate fairness has been considered. In this paper, a subcarrier, bit and power allocation scheme is proposed to maximize the total throughput under the constraints of total power
and proportional data rate fairness among users. In the proposed scheme,
joint subchannel allocation and adaptive bit loading is firstly performed
by using singular value decomposition (SVD) of channel matrix under the
constraint of users’ data throughput requirements, and then adaptive power
loading is applied. Simulation results show that eﬀective performance of
the system has been improved as well as each throughput is proportionally
distributed among users in MIMO-OFDMA systems.
key words: adaptive resource allocation, MIMO, OFDMA, SVD

1.

Introduction

Spatial Multiplexing oﬀers high channel capacity and transmission rate for the same bandwidth without additional
power requirement by employing multiple antennas at the
transmitter and receiver. However, high data transmission is
limited by Inter-Symbol-Interference (ISI). Orthogonal Frequency Division Multiplexing (OFDM) uses the spectrum
eﬃciently by spacing the channels closer together as well as
it gives the ability of reducing ISI. The combination of these
two technologies has been researched for the most promising technique for the next generation wireless systems.
Users of multiuser OFDM system observe multipath
fading but have independent fading parameters due to their
diﬀerent locations. The probability that a subcarrier in deep
fade for one user may also be in deep fade for other users
is quite low. Hence, multiuser system creates channel diversity as the number of user increases. Therefore, in multiuser OFDM environment, the system needs to allocate bits
as well as subcarriers adaptively to the users. There are two
classes of resource allocation schemes; fixed and adaptive
resource allocation schemes. Fixed allocation scheme uses
time division multiple access (TDMA) or frequency division
multiple access (FDMA) to allocate each user an independent time slot of subchannel. On the other hand, fixed allocation scheme does not consider the current channel condition for each user to give better performance in the system.
Therefore, adaptively assigning resources to each user based
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on the channel condition can give better performance compared to fixed scheme, which is called multiuser diversity.
Adaptive subcarrier and modulation for multiuser OFDM
systems with single input single output (SISO) has been
studied extensively. [1], [2]. Because of the various channel
conditions among diﬀerent users, the user with higher average channel gains might use most of the system resources.
Therefore, it is necessary to consider the fairness among different users in the system.
In [3], Rhee and Cioﬃ consider the fairness problem
by maximizing the worst user’s capacity and give the equal
fairness among users in the system. However, diﬀerent data
throughput for diﬀerent users in various services and multimedia applications is required. Thus, it is necessary to
develop the resource allocation scheme for diﬀerent data
throughput requirement in multiuser wireless systems. In
[4], Shen considers an adaptive resource allocation scheme
in multiuser OFDM systems with proportional rate constraints. However, this algorithm only considers the multiuser SISO OFDM case. Research of resource allocation
for multiuser MIMO OFDM environments with diﬀerent
data throughput requirements for each user is still an open
research field, though some researchers studied about rate
fairness among users in the MIMO-OFDMA system [5].
They consider rate fairness by counting the total number of
allocated subcarriers for each user. However they do not
consider for the various channel gains of diﬀerent subcarrier conditions in each user. Some users with equal rate fairness but diﬀerent channel gains might use equal number of
subcarriers in the systems. There has been no consideration for diﬀerent data rate requirement for diﬀerent channel
gains in diﬀerent subcarriers. In the conventional allocation
schemes, equal power and bits are allocated to the selected
subcarriers of the user. These methods cause performance
degradation if the gap of channel gain is high in the MIMO
system because the bad channel has high error probability.
Therefore, most of the system resources might be wasted
without using eﬃciently. If we consider diﬀerent channel
conditions for diﬀerent users with adaptive bits, power and
subcarrier allocation scheme more appropriately, the usage
of system resources will be more eﬃcient.
In this paper, we propose a subcarrier, bit and power allocation scheme for MIMO-OFDMA systems to maximize
the total throughput under the constraints of total power and
proportional data rate fairness among users in the system.
In the proposed scheme, subchannel allocation is performed
based on singular value decomposition (SVD) method. We
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allocate the channel to the user who has the lowest data rate
ratio in the system and the largest singular value in the minimum Eigen mode of that channel. We also apply the rate
calculation method to control the rate ratio for various kinds
of channel conditions among users in the system. To use
the adaptive bit loading in diﬀerent subcarriers with diﬀerent channel condition, it is necessary to know the channel
capacity of each subcarrier in the system. Subcarriers allocation is done under the consideration of diﬀerent channel capacities in each subcarrier in the system. This is the
main idea of our proposed scheme. In the conventional
scheme, flat modulation mode and equal power loading for
all subcarriers are used in the system although subcarrier
allocation is adaptive. If subcarriers with bad channel conditions use equal power and same modulation mode as other
good subcarriers, the bit error rate in the system might be
increased, because of diﬀerent channel condition in space
and frequency domain. That’s why we allocate the subcarriers among users in the system under the consideration of
adaptive bit loading in each subcarrier. And then, we apply
the adaptive power loading to the predetermined subcarriers
for each user in MIMO-OFDMA system. Simulation results show that the system performance is improved as well
as throughput is proportionally distributed among users in
MIMO-OFDMA systems.
This paper is organized as follows. Section 2 introduces MIMO-OFDMA system model under consideration.
Section 3 describes the proposed subcarrier, bits and power
allocation scheme. Section 4 shows simulation results, and
conclusion is shown in Sect. 5.
2.

System Model

Figure 1 shows the block diagram of our system model under consideration. We consider the downlink of a MIMOOFDMA system equipped with M subcarriers and J trans-

mit antennas. There are K users, each of which has R receive
antennas. A frequency selective fading channel is characterized by L significant delayed paths. The channel matrix of
user k on subcarrier m is J-by-R matrix and it is denoted by
⎤
⎡ k,m
⎥⎥⎥
⎢⎢⎢ h1,1 hk,m
... hk,m
1,2
1,J
⎥
⎢⎢⎢⎢ k,m
k,m
k,m ⎥
h
h2,2 ... h2,J ⎥⎥⎥⎥
Hk,m = ⎢⎢⎢⎢⎢ 2,1
(1)
⎥,
... ... ... ⎥⎥⎥⎥⎥
⎢⎢⎢ ...
⎦
⎣ k,m
... hk,m
hR,1 hk,m
R,J
R,2
where hk,m
r, j is the channel gain from the jth transmit antenna
to the rth receive antenna of kth user on mth subcarrier. The
received signal R -by-1 vector Y k,m = [y1k,m , y2k,m , . . . , yRk,m ]T
at the mth subcarrier for kth user is then

(2)
Y k,m = E s Hk,m Sk,m + Nm ,
where Sk,m is the J-by-1 complex transmitted signal vecJ T
] and E s is the average transmit entor [s1k,m , s2k,m , . . . , sk,m
ergy per antenna. N m is the R-by-1 noise vector and its
elements are independent identically distributed (i.i.d) circularly symmetric complex Gaussian variables with zeromean and variance of N0 .
The system model is developed under the following
assumptions: (a) the transmitted signals experience quasi
static frequency selective Rayleigh fading which can be
modeled as a collection of M parallel flat fading channels
due to cyclic prefix (CP) added to each OFDM symbol. As
a result, the channel remains unchanged from the time that
measurements are made until the data packet is transmitted.
(b) the channel state information (CSI) is perfectly known
by the receiver, and each user feedbacks a certain form of
channel information correctly to the base station (BS). Using the CSI feedback from all K users, the BS allocates a set
of subcarriers and transmits power and data bits to each user
based on a given criterion. The subcarrier and bit loading information are sent to the K users via separate control channels. The data stream is divided into multiple sub-streams
and each antenna transmits independent symbol. We introduce the idea of proportional fairness into the system by
adding a set of rate ratio constraints.
The proportional rate fairness is defined as follows:
C1 /ρ1 = . . . =Ck /ρk = . . . = C K /ρK for user k=1 to K,
(3)
where Ck is actual data rate and ρ1 is predetermined proportional rate fairness value of user k, respectively. If user 1’s
predetermined proportional rate fairness value ρ1 is double
compared to all other values of remaining users who have
equal proportional rate fairness values
ρ1
= ρ2 = ρ3 = . . . = ρK ,
2

Fig. 1

MIMO-OFDMA downlink system.

(4)

then actual date rate C1 of user 1 has to be doubled compared
to all other remaining users’ actual date rate (C2 = C3 . . . =
C K ) to satisfy (3). Thus, we can control the data rate fairness
among users in the system according to their predetermined
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proportional data rate fairness values (ρ1 , . . . , ρk , . . . , ρK ) in
the system.
The benefit of introducing proportional fairness into
the system is that we can explicitly control the capacity ratios among users, and ensure that each user is able to receive
a fair amount of data throughput according to his predetermined rate ratio among users.
3.

Adaptive Resource Allocation for the System

We use V-BLAST algorithm implementation based on zero
forcing (ZF) detection combined with symbol cancellation
to improve the performance while maintaining low implemental complexity [6]. When symbol cancellation is used,
the order in which the sub-streams are detected becomes important for the overall performance of the system. Performance of spatial multiplexing with linear receivers depends
on the minimum SNR induced by the particular subset of
transmit antennas. The transmitted symbol with the smallest postdetection SNR dominates the error performance of
the system [7]. That’s why we use the minimum SNR as
a key factor to choose the best subchannel for each user.
The dispread signal Z m can be obtained by correlating the
received signal Y m with pseudo-inverse Um of the channel
matrix Hm .

(5)
Z m = U m Y m = E s U m H m Sm + U m N m .
For the ZF receiver, the post-processing SNR of the
worst mth sub-stream is expressed in [8]
2
ΓZF
m,min ≥ λmin (H m )

Es
,
JN0

(6)

where λmin (Hm ) represents the minimum singular value of
channel matrix Hm . ΓZF
m,min is the minimum post-processing
SNR of the mth subchannel for zero forcing receiver. The
expression in (6) confirms the intuition that the performance
of linear receivers should be improved as the smallest singular value of the channel increases.
When the transmitted signal reaches the receiver; it is
correlated by virtue of the geometry at the receiver. If we assume that there is uniform correlation at the receiver in two
by two MIMO channel, then the correlated channel matrix
H can be expressed as
H=

h1,1
h2,1

h1,2
h2,2

= ϑ1/2
R Hω β,

(7)

where
ϑR =

1 α
α 1

(8)

is a receive correlation matrix and α is a correlation coeﬃcient whose value is in the range of 0 (no correlation) and
1 (full correlation). Hω is a spatially full rank orthogonal
channel matrix and in the case of 2 by 2 MIMO channel, it
is expressed as
Hω =

1 −1
1 1

.

(9)

Average channel gain β is defined as the average value of
the absolute channel gain of MIMO channel matrix H and
is calculated by using following equation
β=

1
R×J

R

J

hr, j .

(10)

r=1 j=1

The value of λmin (Hm ) can be obtained by using SVD
method. SVD method decomposes the channel matrix H
into a diagonal matrix S of the same dimension with nonnegative diagonal elements λ(Hm ) in decreasing order, and
unitary matrices U and V so that.
rank(H)

H = US V H =

ui si viH

(11)

i=1

In the above equation, ui and ui are the left and right singular
vectors with si denoting the singular values that are arranged
in descending order.
The results of singular values obtained by singular
value decomposition on channel matrix H with various
channel correlation coeﬃcients and average channel gains
are shown in Fig. 2 and Fig. 3 respectively. We draw Fig. 2
based on the following conditions:
1) The average channel gain β is kept constant to be 1 for
all α values to show the relationship between singular values
and correlation coeﬃcient.
2) The value of correlation coeﬃcient α is changed from
0 to 1 with 0.1 increment in each step.
On the other hand, we draw the Fig. 3 based on the following conditions:
1) The spatial fading correlation coeﬃcient α is kept constant to be 0.5 for all β values to get the relationship between
singular values and average channel gain.
2) The value of average channel gain β is increased from
1 to 11 with 1 increment in each step.
Since we keep one parameter to be constant while the
remaining parameter is incremented step by step in these figures, the maximum and minimum singular values become
deterministic. Note that in real case, since the channel matrix is random, the values of average channel gain and correlation coeﬃcient are also random. Thus, in our simulation
of MIMO-OFDMA system, random variables of α and β are
used to obtain the BER performance.
As shown in these figures, the value of λmin (Hm ) is effected by two factors. One factor is fading correlation of
channel matrix H. As shown in Fig. 2, low correlated channel matrix has higher λmin (Hm ) value than highly correlated
channel matrix. Therefore, fading correlation of channel
matrix H heavily eﬀects on the value of λmin (Hm ) for each
subcarrier among users in the system. Fading correlation
of the channel matrix H may also vary from user to user
according to their location in the system. The more channel
fading is uncorrelated for channel matrix H, the higher value
of λmin (Hm ) is obtained by singular value decomposition.
If the channel matrix H is an orthogonal channel matrix,
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Fig. 2

Relationship between singular values and correlation coeﬃcient.

user may have low channel gain with low correlated channel matrix. In this condition, it is very diﬃcult to consider
the best channel condition by simultaneously comparing the
average channel gain and fading correlation. Fortunately,
these average channel gain and fading correlation are directly related to λmin (Hm ) and we can know the better channel condition by comparing these λmin (Hm ) values. Therefore, λmin (Hm ) can be used as an appropriate performance
indicator to choose the best mth subchannel for kth user.
Our aim is to maximize the total data throughput under the constraints of total transmit power and proportional
data rate fairness among users in the system. The allocation
problem is formulated as:
⎞
⎛ K J M
⎟⎟⎟
⎜⎜⎜
⎜
bk, j,m ⎟⎟⎟⎠ ,
max(Ctotal ) = max ⎜⎜⎝
(12)
k=1 j=1 m=1

K

J

M

subject to



ek, j,m bk, j,m ≤ Ptotal .

(13)

k=1 j=1 m=1

C1 /ρ1 = C2 /ρ2 = . . . = C K /ρK ,

Fig. 3

Relationship between singular values and average channel gain.

then we can get the maximum capacity for the system. On
the other hand, highly correlated channel matrix has higher
λmax (Hm ) value than lower correlated channel matrix.
The second factor, which influence on the value of
λmin (Hm ) is average channel gain of the channel matrix H.
Figure 3 shows the relationship between average channel
gain and λmin (Hm ) value. Channel matrix with higher average gain has higher singular value than channel matrix with
lower channel gain under the same fading correlation condition. Because of the various locations of the users in the
system, there may be diﬀerent channel gains among users
in the system. Therefore, their channel gains may be varied
from user to user. Some users may have better channel gain
and higher λmin (Hm ) values than other users who have lower
channel gains. In Fig. 3, we can see that both λmax (Hm ) and
λmin (Hm ) values are increased when channel gains are increased under the same fading correlation condition.
In the MIMO system, good channel condition has low
correlated fading channel matrix and higher channel gains.
We can know the best channel for each user based on these
two factors. But sometimes one user may have good channel gain with highly correlated channel matrix and the other

(14)

where Ck /ρk (k = 1, 2 . . . K) is a predetermined rate ratio of
user k in the system. Ctotal and Ptotal are total data rate and
total available transmit power in the system, respectively.
The convex function ek, j,m (bk, j,m ) represents the amount of
energy necessary to transmit bk, j,m bits from the jth base station transmit antenna to the kth user on the mth subcarrier.
Subcarriers, bits and power should be allocated jointly
to achieve the optimal solution in (12). However this causes
the high computational complexity at the base station in order to reach the optimal allocation. Moreover, base station
has to compute optimal subcarrier, bits and power allocation as the wireless channel changes frequently. Hence, we
separate the resource allocation scheme into two steps by
using joint subcarriers allocation and bit loading algorithm,
and power distribution algorithm, to reduce the complexity, while still delivering the proportional data rate fairness
among users in the systems.
In the first step, subcarrier allocation to each user and
bit loading to the assigned subcarrier are jointly calculated based on the λmin (Hm ) value and minimum SNR for
each transmit antennas under the constraint of date rate ratio among users in the system. We will use the value of
λmin (Hm ) to choose the best subcarrier for each user. After choosing the best subcarrier for each user, it is necessary
to calculate the number of bits for that particular subcarrier
to know the data rate for each user to give the data rate ratio requirements among users in the system. In the MIMO
system, diﬀerent transmit antennas of diﬀerent users might
have diﬀerent channel condition. Therefore, it is possible to
transmit the diﬀerent number of bits with diﬀerent transmit
power according to the particular transmit antenna’s channel conditions. So, diﬀerent power loading can be applied
to each transmit antenna according to the channel condition
of particular transmit antenna’s channel condition. Here we
transmit the same amount of bits from each transmit antennas for particular subcarrier to reduce the complexity of ZF
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VBLAST receiver. Therefore, the number of bits to be transmitted is calculated based on the worst transmit antenna’s
channel gain for predetermined subcarrier assignment. After assigning the subcarrier and number of transmitted bits
for each subcarrier among users in the system, power allocation is done for each subcarrier based on the channel
condition of each transmit antennas for the user.
Sections 3.1 and 3.2 explain the joint subcarrier and bit
allocation algorithm with SVD method and adaptive power
loading, respectively.
3.1 Joint Subcarrier Allocation and Bit Loading Algorithm
In this joint subchannel allocation and adaptive bit loading
algorithm, equal power distribution is assumed among all
subchannels. At first, the best subcarrier is chosen by each
user in the first iteration from user 1 to k according to their
λmin (Hm ) value. After the first time round robin iteration,
it is necessary to know their data rates for the requirement
of proportional data rate ratios among users in the system.
Therefore, the number of bits to be transmitted in the chosen
subcarrier is estimated as
⎞
⎛
⎜⎜⎜
SNRmin
⎟⎟⎟
k,m ⎟
est
⎜
bk, j,m = log2 ⎜⎝1 +
(15)
⎟,
GAP ⎠
where SNRmin
k,m denotes minimum SNR among the base station transmit antennas to the kth user on mth subcarrier.
GAP is SNR gap, which is tuning parameter that characterizes the bit error rate (BER) performance of the system.
Diﬀerent values of GAP yield diﬀerent SNR threshold levels for adaptive number of bit loading. The meaning and
derivation of (15) are described in Appendix A. The adaptive loading equation in our proposed scheme is a low complexity method to achieve power and rate optimization based
on knowledge of the subchannel gains [9]. This adaptive
bit loading algorithm has five possible square MQAM signal constellations modes, which are no transmission, BPSK,
QPSK, 16 QAM and 64 QAM. We use (15) to calculate the
suitable bits for each user’s predetermined subcarrier allocation. To get the simple decoding at the receiver side, we will
use the same number of bits on all of the base station transmit antennas to the kth user on mth subcarrier. Therefore,
we omitted the subscript j in the bk, j,m symbol and used bk,m
symbol to be simplified. The case bk,m = 0 implies no data
transmission for the particular carrier. By using (15), we get
the estimated numbers of bits for kth user on mth subcarrier.
The estimated numbers of bits best
k,m is not integer number.
So, the integer value bk,m is obtained by rounding the value
of best
k,m to the nearest mapped symbol which conveys either
0, 1, 2, 4 or 6. The relationship between bits and required
SNR is non-linear, because of the semi-log relationship between bits and SNR values. It means that much more SNR
is required to use higher QAMs constellation compared with
BPSK and QPSK modes to meet the same BER requirement
[10]. The data rate for each user is necessary to update by

Fig. 4

Results of subcarrier allocation in the proposed scheme.

using (15) to get the resultant data rate for each user. The
algorithm can be described as follows:
Step 1: Initialization (first time round robin)
a) Set Ck = 0, Ωk = φ for k = 1, 2, . . . K
b) Set A = {1, 2, . . . M}.
Step 2: For k =1 to K,
a) Find m satisfying λmin(k,m) ≥ λmin(k,i)
for all i ∈ A
b) Let Ωk = Ωk ∪ {m}, A = A − {m} and update Ck by using
(15).
Step 3: While A is not equal φ, (after first time round robin)
a) Find k satisfying Ck /ρk ≤ Ci /ρi , for all i, 1 ≤ i ≤ K
b) For the found k, find m satisfying
λmin(k,m) ≥ λmin(k,i) for all i ∈ A
c) For the found k and m, let Ωk = Ωk ∪ {m}, A = A − {m}
and update Ck by using (15).
Step 4: The step 3 is repeated until all M subchannels have
been allocated.
Here, we assume that the total number of available subcarriers is much greater than the total number of users in
the MIMO-OFDM system. The principal of the subchannel algorithm is for each user to use the subchannels with
the largest value of minimum eigenvalue in channel matrix
as much as possible. In the first time round robin, every
user has a chance to choose the best subcarrier for him and
his data rate is also calculated by using (15) and updated
according to his subcarrier assignment. After completing
the first time round robin, the user with the lowest proportional capacity has the option to pick which subchannel to
use and also update his data rate. This process is repeated
until all available subchannels are allocated to the users in
the MIMO-OFDMA system. This joint subchannel allocation and adaptive bit loading algorithm gives the proportional rate fairness among users in the system.
The result of joint subcarrier allocation and adaptive bit
loading algorithm is also shown in Fig. 4 and Fig. 5 based
on two users (user A and user B) with diﬀerent channel
conditions. In these figures, we consider 2 by 2 MIMOOFDMA system with 3:1 proportional data rate ratio be-
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Fig. 5

Results of adaptive bit loading in the proposed scheme.
Fig. 6

tween two users in the system. That is, in the joint subcarrier and bit allocation algorithm, it is the required to assign
subcarriers and bits to satisfy that the data rate of user A will
be three times higher than that of user B’s data rate. Note
that, in order to show the results of our proposed algorithm
clearly, only 16 subcarriers among 64 subcarriers whose extracted subcarrier numbers are 1, 5, 9, . . . , 61 are illustrated.
At the first time round robin both users will have a chance
to choose the best subcarrier for them based on the corresponding minimum singular values. Each user will select
the subcarrier which has the largest minimum singular values from the available subcarriers. The selected subcarriers
in the first iteration for user A and user B are shown in Fig. 4
as A(First Iteration) on subcarrier 21 and B(First Iteration)
on subcarrier 37, respectively. Then, the estimated numbers
of transmitted bits are calculated based on the equal power
distribution and using (15). Their estimated numbers of bit
are mapped to the nearest constellation mode for the actual
transmission as shown in Fig. 5. After the first time round
robin allocation, we have to check the remaining subcarriers
for the next iteration process. In this case, 14 subcarriers are
remaining to be allocated in the system. This step is called
‘while loop’ step, where user with less data rate ratio which
is the ratio of allocated data rate and required one. If user A
has less data rate ratio than user B, then, in the second iteration, user A will have a chance to choose the best subcarrier
among available subcarrier, that is, A(2) on subcarrier 17 as
shown in Fig. 4. Similarly, if user B will have a chance to
choose the best subcarrier for him, this iteration number will
be noted as B(iteration No) on the selected subcarrier. After assigning the best subcarrier in each iteration, their data
rates are updated by using (15) and mapping the result to
the nearest constellation mode for the actual transmission.
This ‘while loop’ step is repeated until all subcarriers are
allocated among users in the system.
In the next section, we describe the adaptive power
loading algorithm for each user under predetermined subcarrier and bit assignment in the system.

Result of power distribution in the proposed scheme.

3.2 Power Loading Algorithm
In the previous step, we assigned the number of bits on mth
subcarrier dependent on the minimum SNR of jth base station transmit antennas to the kth user. At first, we assume
the same modulation level on mth subcarrier to transmit the
data from all of the base station transmit antennas to the kth
user. Then, we use (15) to determine the modulation level
on mth subcarrier for kth user in the MIMO-OFDMA system. But each mth subcarrier has diﬀerent level of channel
gains for each base station transmit antennas. Therefore, it
is necessary to calculate each antenna’s transmit energy for
the same number of bk,m on mth subcarrier. Thus, after processing this joint subcarrier and bit allocation step, we can
distribute the power by using the following equation to calculate the ek, j,m (bk,m ) transmit energy for bk,m bits from the
jth base station transmit antenna to the kth user on mth subcarrier with SNRk, j.m level.
ek, j,m (bk,m ) = (2bk,m − 1)

GAP
.
SNRk, j,m

(16)

The derivation of (16) is described in Appendix B.
The available total transmit power is distributed to the
space and frequency according to the result of ek, j,m . The
results of power distribution on each transmit antenna and
subcarrier between two users in 2 by 2 MIMO system in the
proposed system are also shown in Fig. 6. It is shown that in
each subcarrier the appropriate transmit power is assigned
to each transmit antenna according to the average channel
gain.
Figure 7 shows the results of subcarrier allocation by
using scheme in [5] to compare the subcarrier allocation in
our proposed scheme. The number of users is 2 and the
proportional data rate ratio among users in the system is
3:1. The conventional scheme in [5] uses ineﬃcient proportional rate fairness resources allocation methods for the
system. That just divides the 16 subcarriers into 12:4 to give
the 3:1 proportional rate fairness among users in the system.
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Fig. 7

Simulation parameters.

Results of subcarrier allocation in the conventional scheme [5].

That does not consider about diﬀerent channel condition in
the space and frequency domains among users in the system. On the other hand, our proposed scheme uses the eﬃcient proportional rate fairness resources allocation method
for the system. We assign the subcarriers to the users under
the consideration of diﬀerent channel condition in space and
frequency domain. That’s why we can use the diﬀerent numbers of adaptive bit and diﬀerent amount of power loading in
each subcarrier for the eﬃcient usages of system resources
in the system to give the better system performance under
the constraint of proportional rate fairness among users and
total transmit power in the system.
4.

Simulated Results

In our simulations, we use a channel model with frequency
selective Rayleigh fading. We assume that all users have
independent fading channel characteristics. Simulation parameters are shown in Table 1. To obtain the frequency
selective Rayleigh fading properties of the wireless channel with multipath environment, we used the fading channel
model expressed in [11]. The channel condition generated
by this channel model will vary from one channel instant to
another according to the random parameters in the various
channel condition among users in the simulation.
To give the fair comparison between our proposed
scheme and other bit loading and resource allocation
schemes, we have to consider the followings. Our proposed
scheme is the combination of MIMO and OFDM technologies. However, most of them considered only in MIMO or
OFDMA systems. Also, equal fairness as well as proportional fairness should be considered for the fair comparison. Therefore, we pick up some papers which consider
proportional data rate fairness among users in the MIMOOFDMA system. Among these MIMO-OFDMA and proportional data rate fairness related papers, we choose [5] to
compare our proposed scheme, which has some weak points
to use the system resources eﬃciently. It does not consider
the various channel condition in the wireless system since

Fig. 8 BER Performance comparison among the proposed and
conventional schemes with 2 users and data rate ratio of 1:3.

it chooses the best carriers for each user and then applies
the fixed allocation of power and bits to all of the allocated
subcarrier. To use the system resources eﬃciently, it is necessary to use the adaptive bit and power loading. In that
case, it might not give the guarantee for proportional data
rate fairness among users in the system, since it assigns the
resources without considering various channel condition in
frequency and space domain of the system. On the other
hand, in our proposed scheme, we can use not only the system resources eﬃciently but also give the guarantee for proportional data rate fairness among users in the system.
We also use the opportunistic scheduling (OPP)
scheme in [12] to compare with our proposed scheme. OPP
allocates each subcarrier to the user with highest value of
minimum singular values without considering proportional
data rate fairness among user in the system to achieve maximum total system capacity. After allocating subcarriers
among users in the system, adaptive bit and power loading
techniques are applied. This maximization of throughput
comes at the cost of ignoring proportional data rate fairness
in the system.
Figure 8 shows comparison of BER performance of the
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OFDMA fixed allocation scheme, the scheme in [5], OPP
scheme in [12] and the proposed scheme, where the number of users is 2 and data rate ratio is 1:3. In the OFDMA
allocation schemes and scheme in [5], the modulation methods are 64 QAM and the proposed scheme uses the adaptive
modulation respectively. In the lower SNR level the BER
performance of the proposed scheme is better than fixed allocation scheme and the scheme in [5] because of robust
modulation mode as well as better channel allocation for the
users in each subcarrier. OPP scheme gives the best BER
performance, since the best user is being selected for every
subcarrier allocation step, whereas data rate fairness is not
achieved. We can see that at 15 dB SNR there is a turning
point in our scheme. This is because of the starting point
of the highest modulation mode. This condition depends on
the value of GAP in (15) and (16). When the average SNR is
15 dB, the maximum modulation mode (64 QAM) can used,
since 15 dB is good enough to use it. When SNR level is
much larger than 15 dB, we still have to use 64 QAM due to
the limited constellation mode in the system, and thus, we
can not increase the modulation level anymore. Of course,
due to higher SNR values with the same modulation mode,
the BER performance becomes better. In the lower SNR
region (less than 15 dB case), the proposed system can use
the lower robust modulation mode for the transmitting in
the allocated subcarrier (such as BPSK, QPSK or 16 QAM).
Because of lower modulation mode, the BER performance
is better than 15 dB point, whereas the throughput is smaller
than that of 15 dB point. That is the tradeoﬀ between BER
and throughput performance.
However, BER performance of the proposed scheme
is still better than fixed allocation schemes not only in low
SNR region but also in high SNR region with equal modulation mode of 64 QAM. That is because not only better
subcarrier allocation but also adaptive bit and power distribution on space and frequency of the system are eﬃciently
utilized.
However, BER performance of the proposed scheme
is still better than fixed allocation schemes not only in low
SNR range but also in high SNR range with equal modulation mode of 64 QAM. That is because not only better subcarrier allocation but also adaptive bit and power distribution
on space and frequency of the system are eﬃciently utilized.
The simulated results are shown in Fig. 9 for the
throughput distribution of user-1 and user-2 in the proposed
scheme with proportional data rate ratio of 1:3, and 1:1. System uses robust modulation modes in the low SNR range and
high modulation modes in the high SNR range to give the
better performance. We can see that the proposed scheme
can give the exact proportional data rate fairness among
users in the system.
Figure 10 shows comparison of BER performance
of the OFDMA scheme, scheme in [5] and the proposed
scheme with diﬀerent number of users, where the number
of users is 2 and 8, respectively. We also apply the equal
fairness among users in the system. We can see that the
BER performance of the proposed scheme is better than the

Fig. 9 Throughput distributions between user-1 and user-2 in adaptive
systems with data rate ratio of 1:1 and 1:3, respectively.

Fig. 10 Performance comparison between proposed and fixed allocation scheme with 2-users and 8-users case and data rate ratio of 1:1 and
1:1:1:1:1:1:1:1, respectively.

scheme in [5] for not only fewer users but also larger users
in the system. It is also shown that the BER performance
is better when the number of users is increased. This is because of the increase in degree of freedom to choose the
better subcarriers from each user in the system. If the number of users is increased, there has more chance to apply the
eﬃcient bit and power loading to the best subcarrier in the
system.
The throughput distribution of user 1 and user 2 with
data rate ratio of 1:3 of our scheme and OPP scheme is
shown in Table 2, when the number of transmitted packets is
100 and 10000, respectively. We can see that our proposed
scheme can give the exact proportional data rate fairness of
1:3 case not only in the smaller number of transmitted packets but also in the larger number of transmitted packets in
the system. Thus, the system performance as well as the
proportional data rate fairness among users in the system
can be improved whether the number of users in the system
is increased or not. On the other hand, in OPP scheme the
proportional data rate ratio requirement of 1:3 can not be
satisfied. When the number of transmitted packet is small,
the average channel condition changes more among users
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Table 2 Throughput distributions between user11and user 2 in the proposed scheme with data rate
ratio of 1:3 and OPP scheme in [12].

and the user with higher channel condition might use most
of the system resource to maximize total system capacity
throughput. Therefore, in OPP scheme, there has no guarantee for any proportional data rate fairness. When the number
of transmitted packets becomes large, the diﬀerence in the
average channel condition among users decreases, since the
random channel model is used in our simulation, and therefore, the data rate ratio among users in the system will be
1:1 in OPP scheme.
5.

Conclusion

We have proposed a dynamic resource allocation scheme for
MIMO-OFDMA system to improve the BER and throughput performance with considering users’ data rate requirement in the system. Computer simulated results show that
the proposed scheme achieves better performance than fixed
allocation scheme for diﬀerent data rate ratios and diﬀerent
number of users in the system. Also it is shown that the proposed scheme can give the proportional data rate fairness
among users in the system. In general, we can see that there
must be an optimal subcarrier and power allocation scheme
that satisfies the proportional fairness among users and total power constraint. This optimal scheme will use power
more eﬃciently than our suboptimal scheme. The reason is
as follows. First, to a certain user, the capacity of the user is
maximized if the water filling algorithm is adopted for both
frequency and space domains. Second, the capacity function
is continuous with respect to the total available power to that
user. In other words, Ck is continuous with transmit power
of k user. Therefore, if the optimal allocation scheme does
not use all available transmit power, there is always a way
to redistribute the unused power among users while maintaining the capacity ratio constraints, since Ck is continuous
with the transmit power for all k users. Thus, the sum capacity might further increase if the optimal scheme is used
with higher computational complexity.
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Appendix A: Derivation of Eq. (15)

Appendix B: Derivation of Eq. (16)

Here, the meaning and derivation of (15) are described.
⎞
⎛
⎜⎜⎜
SNRmin
⎟⎟⎟
k,m ⎟
est
bk, j,m = log2 ⎜⎜⎝1 +
(15)
⎟
GAP ⎠

Here, the derivation of (16) is described.

The general expression of (15) can be written as
⎞
⎛


⎜⎜⎜ pk, j,m hk, j,m 2 ⎟⎟⎟
SNRk, j,m
est
⎟
⎜
⎟
⎜
bk, j,m = log2 ⎝⎜1+
⎟ = log2 1+
N0GAP ⎠
GAP
where
SNRk, j,m

⎞
⎛
⎜⎜⎜ pk, j,m hk, j,m 2 ⎟⎟⎟
⎟⎟⎟ ,
= ⎜⎜⎜⎝
⎠
N0

(A· 1)

(A· 2)

pk, j,m = transmit power for jth transmit antenna of kth user
on mth subcarrier,
hk, j,m = channel gain for jth transmit antenna of kth user on
mth subcarrier,
N0 = average noise power,
best
k, j,m = numbers of estimated bits to be transmitted from
jth transmit antenna of kth user on mth subcarrier.
(A· 1) is a simplified form of water-pouring energy allocation [9]. Although water-pouring energy allocation will
yield the optimal solution, it is often diﬃcult to compute,
and it tacitly assumes infinite granularity in constellation
size, which is not realizable. By using (A· 1), we can obtain
the estimated number of bits to be transmitted from antenna
j of user k on subcarrier m.
In the subcarrier allocation step, we assume that equal
power distribution (pk, j,m = 1) is carried out for each user’s
transmitting antenna on the allocated subcarrier. Moreover,
the same number of bits are transmitted from all transmit anest
tennas of user k on subcarrier m. (i.e., best
k,1,m = . . . bk, j,m . . . =
best
k,J,m ). Moreover, we know that minimum SNR dominates
the error performance of the system [7]. That’s why we use
the minimum SNRk, j,m to calculate the number estimated bits
to be transmitted from all transmit antennas of user k on subcarrier m. For the clear expression, we use the following notation for the minimum SNR among all transmits antennas
of user k on subcarrier m.
SNRmin
k,m = min(SNRk,1,m , . . . SNRk, j,m , . . . SNRk,J,m )


1
2
2
2
=
× min hk,1,m , . . . , hk, j,m . . . , hk,J,m
N0
(A· 3)
Then, (15) is obtained by substituting the minimum SNR
among all transmits antennas of user k on subcarrier m in
(A· 2) with SNRmin
k,m in (A· 3). We use (15) to give fast processing and simplification for the estimation of number of
transmission bits for our proposed scheme.

ek, j,m (bk,m ) = (2bk,m − 1)

GAP
.
SNRk, j,m

(16)

We transmit equal number of bits from all of transmit antennas of user k on subcarrier m. Therefore, we use SNRmin
k,m
value to calculate the estimated number of bits to be transmitted from all transmit antennas of user k on subcarrier m
by using (15). However, this estimated number of bits might
be non-integer value and is not suitable for the available constellation modes (no transmitting, BPSK, QPSK, 16 QAM
or 64 QAM). Thus, the integer value bk,m is obtained by
rounding the value of best
k,m to the nearest mapped symbol
which conveys either 0, 1, 2, 4 or 6. Moreover, the integer
value bk,m to obtain the transmit power of antennas j of user
k on subcarrier m, should be expressed as.
⎛
2⎞
⎜⎜⎜
pk, j,m hk, j,m ⎟⎟⎟
⎜
⎟⎟⎟ ,
bk,m = log2 ⎜⎜⎝1 +
(A· 4)
N0GAP ⎠
where bk,m = bk,1,m = . . . bk, j,m . . . = bk,J,m .
In the next step, we have to re-adjust the transmit power
according to the rounded number of bits and related channel
conditions for user k on subcarrier m of transmit antenna
j. Therefore, we take antilog on both side of (A· 4) and by
shifting the variables from left side and right side, we can
obtain the following equation
pk, j,m = (2bk,m − 1)

N0GAP
hk, j,m

2

.

(A· 5)

(A· 5) expresses the required transmit power for antenna
j of user k on subcarrier m. By substituting pk, j,m with
ek, j,m (bk,m ), and N0 2 with SNR1k, j,m , respectively in (A· 5), we
|hk, j,m |
can obtain (16).
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