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Abstract—In this paper, we propose a reduced complexity
resource allocation technique for the downlink of Multiple-Input
Single-Output Orthogonal Frequency Division Multiple-Access
(MISO-OFDMA) system. The proposed algorithm efficiently allocates frequency resources among users per subcarrier such that a
group of users are simultaneously assigned on the same subcarrier
with minimum amount of interference through zero forcing
beamforming (ZFBF). The proposed algorithm considers quality
of service (QoS) in terms of minimum user rate for each user and
preserves fairness among users. QoS plays a key role in fulfillment
of users demand of high bandwidth data services in modern
wireless systems. Simulation results reveals that the proposed
algorithm outperforms other reference algorithms in terms of sum
rate, minimum user rate, QoS and preserves a very good fairness
performance. Complexity of proposed algorithm is measured by
execution time needed and compared to reference algorithms.
Simulation results show a further reduction in complexity.

I.

I NTRODUCTION

Orthogonal
Frequency
Division
Multiple-Access
(OFDMA) is a premier technology in most of modern wireless
standards such as IEEE 802.16e (mobile WiMAX) and Long
Term Evolution-Advanced (LTE-Advanced). OFDMA is
capable of fighting multipath fading and supporting high data
rate services by dividing wideband channel into orthogonal
flat fading narrowband subchannels [1].
The combination of Multi-Input Multi-Output (MIMO)
technology with OFDMA (i.e. MIMO-OFDMA) increases
system capacity [2] at the expense of higher system complexity
due to the hardness of allocating system resources efficiently
among users. The main goal of any efficient resource allocation
technique is either to maximize system capacity or minimize
total transmit power [3].
Simultaneous transmission to multiple users on the same
subcarrier allows efficient exploitation of system resources
and consequently higher system capacity. However, two significant issues should be considered during this kind of
transmission:(1) how to minimize interference encountered by
users on downlink (DL) transmission due to subcarrier sharing
and (2) how to choose users that will be assigned on the
same subcarrier especially when number of users is higher
than number of transmitting antennas.
This combined problem (i.e. minimizing interference and
user selection) has been widely investigated in the literature.
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Many solutions have been proposed to minimize interference
encountered by users due to subcarrier sharing such as Dirty
Paper Coding (DPC) [4], Block Diagonalization (BD) [5] and
beamforming (BF). Zero Forcing beamforming (ZFBF) [6] has
been widely accepted as a suboptimal solution for solving
such complex allocation problems. The user selection problem
based on ZFBF has been investigated in [7], [8] to maximize
system capacity without any further constraints. The problem
has been rather investigated considering fairness in [9]–[12]
and considering quality of service (QoS) in [13].
In this paper, we propose a reduced complexity resource
allocation algorithm for the downlink of MISO-OFDMA system that considers sum rate, minimum rate, QoS and fairness
among users. QoS improvement through a minimum user rate
allows better network access. Unlike [7]–[13], the proposed
algorithm achieves efficient resource allocation among users
with low execution time needed by this algorithm. The proposed algorithm also takes QoS into account by considering
the minimum user rate requirement for each user. The proposed
algorithm does not need subcarrier reallocation to fulfill QoS
requirement which highly increases complexity as in [13]. The
fairness among users is implicitly enhanced by considering
minimum rate for each user. Although the proposed algorithm
does not exaggerate in fairness preservation as in [9], [10], it
provides an acceptable level of fairness compared to fairnessbased algorithm in [9]. In terms of system capacity, the
proposed algorithm is expected to enhance both average sum
rate and average minimum rate compared to the three reference
algorithms discussed in this paper, i.e., the round robin (RR)
and the existing ones in [9], [13].
The remaining part of the paper is divided as follows. System model and problem formulation are explained in Section II
and III respectively. Proposed algorithm is described in Section
IV. Simulation and results are provided in Section V. Finally
the paper is concluded in Section VI.
II.

S YSTEM M ODEL

We consider a single-cell system with one base station (BS)
at the center of the cell equipped with T transmitting antennas.
System bandwidth B is divided equally into Nc subcarriers
and K users are uniformly distributed within the cell such
that K ≥ T . The complex channel gain vector between the
BS and any user k on subcarrier n is defined as the 1 × T

vector hk,n = [h1k,n h2k,n · · · hTk,n ]. System model can then be
formulated as
yn = Hn xn + zn
(1)
where Hn = [ht1,n ht2,n · · · htK,n ]t is the K × T complex
channel gain matrix on subcarrier n, xn = [x1,n x2,n ...xT,n ]t
is the T × 1 transmitted vector on subcarrier n, zn =
[z1,n z2,n · · · zK,n ]t is the K × 1 circular symmetric complex
Gaussian noise vector with zero mean and covariance matrix
σn2 IK and yn = [y1,n y2,n · · · yK,n ]t is the K × 1 received
vector whose components are the received signals by different
users 1, 2, · · · K respectively.
To allow simultaneous transmission to multiple users on the
same subcarrier n, careful transmit beamforming is exploited
at the transmitter such that the new system model is formulated
as
yn = Hn Wn Dn sn + zn
(2)
where Wn = [w1,n w2,n · · · wK,n ] is the T × K transmit beamforming matrix whose each component wk,n =
1
2
T t
[wk,n
wk,n
· · · wk,n
] is the T × 1 corresponding beamforming
vector associated with user k on subcarrier n, Dn is the
K ×K diagonal power allocation matrix and pk,n is the power
allocated to user k on subcarrier n such that
√p
0
···
0 
1,n
√
p2,n · · ·
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 0
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.
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.
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√
pK,n
0
0
···
and sn = [s1,n s2,n · · · sK,n ]t is the K × 1 vector representing
transmitted symbols to different K users. The received signal
by user k on subcarrier n is then given by
√

yk,n = hk,n wk,n pk,n sk,n +

K
X

Zero Forcing beamforming (ZFBF) at the transmitter such that
the beamforming matrix W̃n = [w̃1,n w̃2,n · · · w̃T,n ]; whose
columns are the beamforming precoding vectors associated
with each user (k ∈ Ai ) on subcarrier n; is given by
W̃n = Hn (Ai )H (Hn (Ai )Hn (Ai )H )−1
[ht1,n ht2,n

where Hn (Ai ) =
is the channel matrix of
users group Ai on subcarrier n. For normalized power, each
precoding vector is normalized such that
s
|Ai |
wk,n =
w̃k,n
(6)
tr(W̃n W̃nH )
By using ZFBF, the term hk,n wj,n = 0 for any (j ∈
Ai , j 6= k) and hence the received signal by user k on
subcarrier n is reduced to
√
yk,n = hk,n wk,n pk,n sk,n + zk,n
(7)
By using M-QAM modulation, the data rate achieved by
any user k on subcarrier n is given by
rk,n = log2 (1 + pk,n γk,n )
|h

w

Rk =

|

Nc X
I
X

ρk,n,i log2 (1 + pk,n,i γk,n )

where ρk,n,i ∈ {0, 1} denotes whether subcarrier n is assigned
to user k ∈ Ai (= 1) or not (= 0). The optimization problem
can then be formulated as
maximize

ρk,n,i ,pk,n,i

(3)
where the second term represents the interference encountered
by different users due to simultaneous transmission on the
same subcarrier n and can be eliminated by smart beamforming as will be explained in next section.

subject to

K
X

j∈Ai
j6=k

(4)
where the second term represents the interference caused by
users assigned on the same subcarrier n. Our proposed suboptimal strategy to eliminate such kind of interference is to use
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Rk

k=1

ρk,n,i ∈ {0, 1} ∀k, i, n
pk,n,i ≥ 0 ∀k, i, n
K
X
Ptot
pk,n,i ≤
∀n, i
Nc
k=1
K
X

P ROBLEM F ORMULATION

Assuming that the group of users Ai are assigned to
subcarrier n, then the received signal by any user (k ∈ Ai )
is given by
X
√
√
yk,n = hk,n wk,n pk,n sk,n +
hk,n wj,n pj,n sj,n + zk,n

(9)

n=1 i=1

√
hk,n wj,n pj,n sj,n + zk,n

We assume that perfect channel state information (CSI) is
available at the transmitter. Since the number of transmitting
antennas T ≤ K, so we need to choose l ≤ T users
PTamong
the K users on each subcarrier. Consequently, I = l=1 Kl
possible configurations are available. Each of them is denoted
as Ai where Ai ⊂ {1, 2, · · · K} and 0 < |Ai | ≤ T where |Ai |
is the cardinality of set Ai .

(8)

2

k)
[14] and BERk
where γk,n = k,nσ2 Γk,n , Γ = − ln(5BER
1.5
n
is the target bit error rate for user k. The total achieved rate
by user k is then given by

j=1
j6=k

III.

(5)

· · · htT,n ]t

(10)

ρk,n,i ≤ T ∀n, i

k=1

Rk ≥ mrk ∀k
where Ptot is the total power available and mrk is the
minimum target rate for any user k. This problem is an NPhard optimization problem with complexity of the order I Nc ,
so we need to search for a sub-optimal solution for the problem
based on ZFBF instead of optimal exhaustive search among all
possible solutions.
IV.

P ROPOSED R ESOURCE A LLOCATION A LGORITHM

We proposed a reduced complexity suboptimal solution for
the optimization problem mentioned in Section III based on
ZFBF. The algorithm in details is described in Algorithm 1.
The proposed algorithm is an enhanced version of the
algorithm in [9]. The algorithm is initialized with zero values

Algorithm 1 Proposed Algorithm
1:
2:
3:
4:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:

Rk = 0, k = 1, 2, ...K
for n ← 1 to Nc do
Set ψ = {1, 2, ...K} and a = 1
Set ψ0 as a subset of ψ with users rates < mrk ∀k ∈ ψ0
if ψ0 = φ then
ψ0 = ψ
end if
Find user k 0 among ψ0 with best channel gain on
subcarrier n
Set Sa = k 0 and H(Sa ) = hk,n
if |ψ0 | ≥ T then
ψa ← ψ0 \ k 0
else
ψa ← ψ \ k 0
end if
Compute the rate achieved R(Sa ) and set it as previous
rate
while a < T do
a=a+1
Pa⊥ = IT − H(Sa−1 )H (H(Sa−1 )H(Sa−1 )H )−1
for k ∈ ψa−1 do
pk = hk,n Pa⊥ hH
k,n
end for
∗
Choose user k with largest value of pk , k ∈ ψa−1
Compute the rate achieved R(Sa−1 ∪ k ∗ )
if R(Sa−1 ∪ k ∗ ) ≥ R(Sa−1 ) then
Sa = Sa−1 ∪ k ∗ , R(Sa ) = R(Sa−1 ∪ k ∗ )
ψa ← ψa−1 \ k ∗ , H(Sa ) = [H(Sa−1 )t htk∗ ,n ]t
else
Set a = T to terminate allocation for subcarrier n
end if
end while
Update Rk ∀k ∈ Sa
end for

for user rates Rk and the allocation process is done per
subcarrier. At each iteration, users pool ψ0 is defined as the
set of users still with rates lower than minimum target rate
mrk . If all users are above rate, the pool ψ0 becomes all users
attached to BS. The parameter a is initialized with 1 and used
as a counter to count for number of users selected on each
subcarrier during user selection step. Once no further gain
is obtained on the cumulative rate of users assigned on any
subcarrier, the parameter a is set to T to terminate the user
selection loop and go to the rate update step. User k 0 with best
channel conditions on subcarrier n is chosen among pool of
users to be assigned on subcarrier n. The remaining users of
the pool (excluding k 0 ) ψa are considered possible candidates
for assignment on the same subcarrier n. To avoid lack of
users and consequently rate decrease, let the set of users of
possible candidates ψa be the set of all users (excluding k 0 )
if the number of users in set ψ0 becomes less than number
of transmitting antennas. The rate achieved by user k 0 alone
on subcarrier n is calculated based on Equation (8) and the
process of assigning more users with maximum T users on
each subcarrier n begins.
We then calculate the projection matrix P ⊥ to get the
projection of channel vector of each candidate user belonging
to ψa−1 on the orthogonal complement of subspace spanned
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by selected user(s) so far. The user k ∗ among all possible
users ψa−1 that maximizes the term pk is chosen as a possible
candidate for allocation on subcarrier n. If the sum rate of
selected users so far on subcarrier n is increasing, user k ∗
is admitted on subcarrier n. Then the process is repeated to
allocate more users on subcarrier n until maximum number T
is reached or the sum rate is no longer increasing. We then
update the rates of all users selected on subcarrier n based
on Equations (8), (9) and the algorithm continues for another
subcarrier until all subcarriers are allocated.
V.

S IMULATION AND R ESULTS

We simulate an MISO-OFDMA system with one BS of radius 1 Km equipped by 4 transmitting antennas. Total transmit
power Ptot is 43 dBm and system bandwidth is divided into
64 subcarriers. Rayleigh fading channel model with 6 taps and
power decay profile (PDP) with exponential decay is assumed
and M-QAM is used as modulation type. The target BERk is
set to 10−3 and minimum user rate mrk = 1.5 bit/sec/Hz.
Number of channel realizations is 200. We evaluate system
performance in terms of sum rate, fairness, outage probability
and finally the execution time for different algorithms as a
measure of the required complexity.
We compare our proposed algorithm with two reference
algorithms in [9] (referred in results as Alg [1]) and [13]
(referred in results as Alg [2]), and with the round robin (RR)
algorithm. The algorithm in [9] is a fairness based allocation
algorithm that always starts with user with minimum rate so
far. The user selection step is done among users that maximizes
proportional fairness and provides lowest interference when
assigned on the same subcarrier with that user. This algorithm
highly exaggerates in fairness preservation at the expense
of efficient resource allocation. The algorithm in [13] only
considers system capacity during its first allocation step. After
that, QoS is considered through minimum user rate for each
user by a second reallocation step which is performed for users
that fail to reach minimum rate during the first allocation. This
algorithm requires significant increase in complexity to fulfil
QoS requirement. In RR algorithm, each user is allowed for a
fair amount of resources regardless of its channel conditions.
Figures 1 and 2 show the average sum rate of users
per subcarrier and average minimum user rate per subcarrier
against number of users respectively at SN R = 20dB. In
Fig. 1, the proposed algorithm shows the best performance
in terms of average sum rate among all techniques and even
outperforms the greedy algorithm in [13] as it does not
exaggerate in fairness guarantee as algorithm in [9] or waste
resources as RR technique. In Fig. 2, the proposed algorithm
shows a good performance in terms of average minimum user
rate (measurement of both QoS and fairness) with slight drop
below algorithm in [9] and outperforms all other techniques.
Figures 3 and 4 show the average users sum rate and
minimum rate per subcarrier respectively for (K = 10 users)
against SNR that varies from 5 dB to 40 dB with 5 dB step.
The proposed algorithm shows the best performance in terms
of average sum rate among the compared techniques as shown
in Fig. 3 and shows a good performance (just below reference
algorithm in [9]) in terms of minimum user rate for a wide
range of SNR values up to 20 dB as shown in Fig. 4 while
RR can outperform it at high SNR values.

Fig. 1: Average sum rate vs. number of users (SNR = 20 dB)

Fig. 3: Average sum rate vs. SNR (K = 10)

Fig. 2: Average minimum rate vs. number of users (SNR = 20
dB)

Fig. 4: Average minimum rate vs. SNR (K = 10)

We compare the different algorithms in terms of
fairness.P Fig. 5 shows fairness index (FI) defined as
K
(
R )2
k=1 k
FI = P
[15] as a function of number of users at
K
2

through measuring the execution time needed by each of them.
Table I represents the average execution time needed by each
algorithm against number of users at SN R = 20 dB. Results
in Table I reveals that our proposed algorithm has lower
complexity (measured through execution time) compared to
the very complex algorithm in [13]. The proposed algorithm
almost halved the execution time needed compared to reference
algorithm in [9] and provided better performance based on
performance metrics mentioned above. Intuitively, RR has the
lowest complexity as it does not require any intelligence during
allocation process as users are queued and allocated equally.

K

k=1

Rk

SN R = 20 dB. Although proposed algorithm has the lowest
performance among different techniques, it still provides good
values of FI above 0.93 which is considered an acceptable
level of fairness.
We also compare QoS of different algorithms through outage probability. Outage probability is defined as the percentage
of users failed to fulfill the minimum target rate requirement
mrk . Figures 6 and 7 show outage probability against number
of users (at SN R = 20 dB) and SNR (with K = 10)
respectively. The proposed algorithm and reference algorithm
in [13] consider minimum user rate during allocation process in
contrast with the other two algorithms. Our proposed algorithm
shows the best performance in terms of outage probability for
any number of users as shown in Fig. 6 and all values of SNR
as shown in Fig. 7 as the subcarriers are allocated efficiently
without neither aggrieving users with poor channel conditions
nor wasting resources on exaggerated fairness as in the case
of RR and reference algorithm in [9].
We finally compare the complexity of different algorithms
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TABLE I: Average execution time (msec) under different
number of users (SN R = 20 dB)
Number of users

Algorithm in [9]

Algorithm in [13]

Proposed

RR

K=6

157.4

185.7

101.2

9.5

K=8

176.1

503.5

110.3

9.3

K = 10

187.2

1289.9

118.4

9.3

K = 12

197.5

2517.8

125.3

9.3

K = 14

208

3744

131.1

9.3

K = 16

218.5

5425.9

136.6

9.3

Fig. 5: Fairness index vs. number of users (SNR = 20 dB)

Fig. 7: Outage probability vs. SNR (K = 10)

[2]

[3]

[4]
[5]

[6]

Fig. 6: Outage probability vs. number of users (SNR = 20 dB)
[7]

VI.

[8]

C ONCLUSION

We proposed a resource allocation algorithm for the downlink of MISO-OFDMA system based on ZFBF. The proposed
algorithm has better performance compared to reference algorithms in terms of average users sum rate. Our proposed
algorithm also considers QoS (measured by outage probability)
by preserving minimum user rate for each user that allows
better network access and higher data services for users. The
algorithm has a good performance for wide range of SNR values without degrading fairness among users. The complexity
of proposed algorithm has been measured through execution
time needed and proved to have reduced complexity compared
to reference algorithms except the round robin algorithm which
is the simplest but has the worst QoS.

[9]

[10]

[11]
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[13]
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