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Abstract

The user demands for wireless communication are increasing but the existing networks are not able to fulfill the high data rate of
future communication services. More bandwidth can support high data rate wireless access. Due to spectral limitations, it is very
expensive to increase. Therefore, the available bandwidth is needed to use efficiently. Orthogonal Frequency Division
Multiplexing (OFDM) has been explored as a promising air interface technology to utilize the bandwidth effectively. OFDM can
be exploited as a multiple access technique, called Orthogonal Frequency Division Multiple Access (OFDMA) that can support
both frequency and multiuser diversity. In order to serve the user population, one of the most sophisticated techniques, resource
allocation technique, can be integrated into the OFDMA system. Multiple Input Multiple Output (MIMO) technology can increase
the spectral efficiency because multiple data streams can be simultaneously transmitted over the channel. The combination of
MIMO technology and OFDMA system can achieve both higher spectral efficiency and better Quality of Service (QoS) such as
capacity, fairness, and Bit Error Rate (BER). In this paper, a MIMO-OFDMA system is developed for downlink transmission
within one single cell. Two optimization methods such as subcarrier allocation and power allocation are used for resource
allocation. To decompose the MIMO channel into parallel single channels, Eigen Value Decomposition (EVD) is used. Subcarrier
selection is based on the priority of the user by using the dominant eigen channels. Water-filling algorithm is adapted for power
distribution among users. The aim is to maximize the system capacity subject to constraints on total power and proportional
fairness. The performance of the system is evaluated by comparing the static allocation method (equal subcarrier allocation with
equal power) and two adaptive allocation methods (adaptive subcarrier allocation with equal power and adaptive subcarrier
allocation with adaptive power).

Keywords: MIMO-OFDMA System, Resource Allocation Algorithm, System Capacity, Water-filling Algorithm.
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The combination of MIMO and OFDMA can handle the
problems caused by multipath channel more efficiently to
achieve a high performance transmission in advanced
wireless networks [2] and [3]. Resources can be considered

1. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDM) is a
promising technique to fulfill the ability to combat multipath

fading, shadowing, Inter Symbol Interference (ISI) and
time-varying injurious effects in wireless environment.
OFDM is often used as multiple access technique such as
Orthogonal Frequency Division Multiple Access (OFDMA)
that can give both the frequency diversity and the multiuser
diversity to improve the system efficiency. The application
of Multiple Input Multiple Output (MIMO) system can
greatly improve the performance of the physical layer in the
wireless communication systems. By employing multiple
antennas at both the transmitter and the receiver, multiple
spatial channels can be created to spatially multiplex the
multiple streams simultaneously. Two popular techniques in
MIMO system are spatial diversity that can support link
reliability and spatial multiplexing that can support the high
data rate. MIMO technology offers the significant
improvement in the data throughput and link reliability
without additional bandwidth or power. Because of these
properties, MIMO system is an essential part of the modern
communication standards such as IEEE 802.11n (Wi-Fi),
Long Term Evolution (LTE), WiMAX and HSPA™ [1].

as a three dimension such as subcarriers, time slots and
spatial layers in frequency, time and space domain
respectively [4]. Resource allocation is allocating the
resources to the users for their various services from the
Base Station (BS). Optimization problems of resource
allocation aim either maximizing the total system capacity
under power constraints, defined as Rate Adaptive (RA) [5-
13] or minimizing the total power under rate constraints
called Margin Adaptive (MA) [14-16]. To solve these
optimization problems, there are two allocation methods:
fixed and adaptive allocation. Time Division Multiple
Access (TDMA) and Frequency Division Multiple Access
(FDMA) are used as multi-access schemes to allocate the
predetermined time slot or frequency for each user. For
fixed allocation, channel condition is neglected. These two
fixed allocation schemes are compared in [17]. These
methods degrade the performance of the system because the
gap of channel gain causes high error probability in the
MIMO system. And the most of the resources might be
wasted.
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On the other hand, adaptive allocation allocates the
resources to the users according to the channel conditions.
Therefore, the usage of resources will be more effective and
full use of the multiuser diversity to achieve higher
performance. In this paper, MIMO-OFDMA system is
firstly modeled by using spatial multiplexing because it is
concentrated on the system capacity. And a resource
allocation algorithm is developed and combined with
MIMO-OFDMA system. In this algorithm, three methods
such as static allocation (equal subcarrier with equal power)
and two adaptive allocation methods (adaptive subcarrier
with equal power and adaptive subcarrier with adaptive
power) are developed and compared. The whole system is
simulated by MATLAB simulation tool.

2. SYSTEM MODEL

In the downlink point to multipoint infrastructure, there are
two parts: base station (transmitter) and users (receivers)
with heterogeneous service requirements as shown in Figure
1. The base station (BS) must use base station transmitter
and each user must use user k receiver. In this system, the
channel state information (CSI) from all users is sent to
resource allocation algorithm at the BS. It is supposed that
the perfect CSI is known at both the transmitter and the
receiver. At the BS, the algorithm allocates resources such
as frequency, power and antennas for each user by using this
CSI. It is also assumed that this resource allocation is sent to
each user via a separate channel. The transmitter transmits
the user’s data using this resource allocation to each user via
MIMO channel. At the receiver, the user recovers the data
with the help of resource allocation scheme received from
the transmitter. The resource allocation scheme is updated as
fast as the CSI is changed.
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Fig -1: System model on downlink point to multipoint
(PMP) network platform

The following suppositions are used in this paper:

. It is assumed that time-varying channels between
transmitter and the users as frequency selective
Rayleigh fading.

e  This channel can be held as constant within
allocation period.

. Only one user can use each subcarrier at each time.

e  Each user experiences flat fading on each subcarrier
because ISl is completely removed by OFDM
technique.

e The receiver is known the perfect CSI and feedbacks
to BS correctly.

In this paper, a MIMO-OFDMA system consists of a total of
U users sharing S subcarriers in a single cell. The channel
gain of user ‘v’ on subcarrier‘s’ is defined as g, . The total
power is Py and the power of user ‘u’ on subcarrier ‘s’ is
denoted as pys. The available bandwidth is B. The noise
power spectral density is Ng. The ‘u’ user’s received SNR is

2

@)
SNR = % 1)

Nog
The total data rate of user ‘u’ is
B
R, =S ZiL; log, (1 + SNR) @)

To perform channel adaption in MIMO, the MIMO channel
is decomposed into a number of parallel (non-interfering)
single channels by using Eigen Value Decomposition
(EVD). Each subcarrier has narrowband channel with ‘Tx’
antennas at the base station and ‘Rx’ antennas at the
receiver. It can be modelled by an ‘Rx’x’Tx’ channel matrix
H=[h;j], where hj; is the channel gain at the receive antenna i
from the transmit antenna j as shown in Figure 2.
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Fig -2: Channel decomposition of 4x8 antenna system for
one user

The Hermitian H"H can be decomposed by using EVD as
follows

HPH = vDVH )
Where D = diag{\{, 25, A3,...,Am},  Where

M<min{Ng,N1}.A, are the eigenvalues and me[1, M] is the
spatial index. According to the EVD, V is the unitary
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eigenvector matrix of H"H. Each channel carries a portion
of user’s data. The optimization problem is

By M pu el
maXPu,s §2u=1 ZSEQU Zi=1 lOgZ 1 + N—B (4)

0s

Subject to the following three constraints:
C1: Each subchannel is apportioned to only one user,

Ul Q, €{1,2,...,S} with {Q,}V_; being disjoint sets,

C2: The sum of power allocating for all subcarriers is less
than or equal to the total power,

Yi=1 Yseq, Pus <Ptot with p,s =0, Vu,s and

C3: Proportional  fairness constraints among  users,
Ri:Ryi i iRy =00yt ..ty

where Q, is the set of subcarriers assigned to user ‘u’ and
the predetermined values {o}U_jare used to ensure
proportionality among users. Three constraints are denoted
as C1-C3. To solve this optimization problem, equal or
adaptive subcarrier allocation, bit allocation, and equal or
adaptive power allocation schemes are proposed in this

paper.
3. MIMO-OFDMA SYSTEM

In this proposed system, there are one transmitter (BS) and
many receivers (users). Figure 3 shows a transceiver for one
user. Transmitter is the BS. Receiver is for this user. There
is only one BS and there may be more than one user at the
receiver. Figure 4 expresses the process of MIMO-OFDMA
software implementation. Transmitter is composed of user
bit generation, resource allocation algorithm, symbol
mapping, subcarrier and bit allocation, space time coding,
and pilot insertion. According to the number of users,
random bit is generated for each user by taking into account
the space time coding rate. By generating these binary data,
each user’s data is achieved. To assign the subcarrier and
power for each user, the perfect CSI is needed to create. It is
assumed that this CSI is available at both the transmitter and
the receiver.
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Fig -3: Implementation of MIMO-OFDMA system

Depending on the CSI, resource allocation scheme is
developed. This scheme assigns the subcarriers or
frequency, and power to each user. It is also assumed that
this scheme is known at the receiver. In symbol mapping,
each user’s binary data is modulated by using modulation
technique. These mapped data is allocated to the subcarriers
assigned for each user.

Space time coding is used to reduce multipath propagation
effects. There are two techniques: spatial diversity and
spatial multiplexing. In this system, spatial multiplexing
technique is used because system capacity is emphasized. In
spatial multiplexing techniques, Vertical Bell Labs Layered
Space-Time (V-BLAST) coding scheme is used. The
assigned data is allocated to the transmit antennas by using
this coding scheme. And the known pilots are added to the
transmit data to estimate the channel. The different symbols
are simultaneously transmitted over different antennas at the
same time.
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Fig -4: Software implementation of MIMO-OFDMA system

The data transmitted through the created channel is received
by the users. At the receiver, the known pilots are extracted
from the received data to estimate the channel. There are
Zero Forcing (ZF) and Minimum Mean Square Error
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(MMSE) signal detection methods recovering the
transmitted signal in the V-BLAST coding scheme. To get
the transmitted signal, the channel is needed to estimate. In
order to estimate the channel, training-based channel
estimation technique, Least Square (LS) method is used. By
using this estimated channel, the symbols are detected by
using ZF detection method. For multiuser condition, the
users’ symbols are mixed with each other. Therefore, the
user must use the known resource allocation decision to
select the data on the user’s assigned subcarriers. These data
or symbols are de-mapped to get the user bit or binary data
by using the modulation technique that is used by the
mapper at the transmitter. This process is implemented and
simulated by using MATLAB software tool.

4. CHANNEL CREATION BY JAKES MODEL

The performance of wireless communication systems is
mainly governed by the wireless channel environment.
Depending on the mobile speed, time variation of channel
gain is governed by Doppler spectrum, which determines the
time-domain correlation in the channel gain. To model the
time-correlated channel variation as the mobile terminal
moves, Jakes model is used.

It is assumed that all rays of the scattered components
arriving in the uniform directions are approximated by N
plane waves. Let 6, denote an angle of arrival for the nth
plane wave, which is modeled as 60, =2nan/N,n =
1,2,...,Ng. Ngis defined as 16 for N =2 X (2 X Ny + 1). A
sum of N, complex oscillator outputs with the frequencies
of w, = wycosb,, n=1, 2, ..., Ny, each corresponding to
different Doppler shifts, is added to the output of a complex
oscillator with a frequency of wy = 2xf,,. The real h;(t)
and imaginary hq (t) parts in the total sum of the complex
oscillators can be represented respectively as

h,(t) = 2 Z:gl(cos(z)ncoswnt) + V2cos@ycoswyt (5)
And

ho(t) = 2302, (sin @, cosw,t) + V2sin@ycoswgyt (6)
Where @, and @y are the initial phases of the n-th Doppler
shifted sinusoid and the maximum Doppler frequency f,,

respectively. The initial phase can be set to

Q)N =0
@, =nn/(Ny+1),n=1,2,...,N,

The complex output of the Jakes model can be represented
as

h(t) = == {0 + jho (D)} )

Where E, is the average of the fading channel [18].

5. RADIO RESOURCE ALLOCATION SCHEME

In this scheme, resources such as sub carriers or frequency
and power are allocated to the best users based on the
subchannel gains. To reduce complexity, this scheme is
separated into two sections such as subcarrier allocation and
power allocation. Static allocation is allocating the equal
number of data subcarriers and equal power to each user.
Therefore, adaptive subcarrier allocation and power
distribution among users are described as follows:

5.1 Adaptive Subcarrier Allocation

Firstly, the parameters for this allocation are initialized. By
using EVD, lamda (X) is calculated from all channels of
each subcarrier. For each user, dominant eigen channels are
achieved for all subcarriers by using eigen function. From
channels of all subcarriers, the maximum eigen value is
chosen as a subcarrier allocated for this user. This step 2 is
allocating a subcarrier which is the most dominant eigen
channel (the best channel) to each user. In step 3, the user
with the least ratio of instantaneously achieved rate to its
required proportion is firstly determined to assign the
subcarriers. This is called priority-based policy. The
remaining subcarriers are apportioned to the user with the
best channel gain in which each user can get at most one
unassigned subcarrier. Figure 5 demonstrates the process of
adaptive subcarrier allocation with equal power distribution
such that py is the power allocated to user ‘u’ on subcarrier

[}
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p 0
Pus = ¢ 8)

Where Py is the total transmitting power by the BS
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Fig -5: Flowchart of adaptive subcarrier allocation
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By allocating the subcarriers for each user adaptively, each
user achieves the set of subcarriers which can be adjacent or
non-adjacent according to the channel gains.

5.1 Adaptive Power Allocation

Power allocation is another technique to maximize the
throughput of wireless communication systems. The process
allocates different amounts of transmit power to each
transmit antenna. The optimization problem in Equation 4 is
formulated as

i) |2
S

1 Pu,s|8u,
Yi-1 Ysea, Elogz (1 + N|0 B | ) 9)
S

It is equivalent to finding the maximum of the following
cost function

L =u=1 + Al s€eQuUseQ log2 1 + pusHus
uPtotu=2UAus€Q11Slog21+pl,sH1,s—alaus€eQulSlog21
+pu,sHu,s (10)

where {);}%, are the Lagrangian multipliers. This cost
function is differentiated with respect to p,, and set each
derivative to 0. The optimal power distribution for a single
user can be obtained as

Hu,m — Hyn (11)
1"'Hu,mpu,m 1"'Hu,npu,n

form, n € Q, and uv=1, 2,..., U. It is assumed that H,; <
Hy, < < Hyy, foru=l,2,..., Uand N, is the number of
subchannels in Q, without the loss of generality. Thus,

Equation 11 can be amended as

Hu,n_Hu,l

Pun = Pua + 5= (12)

for n=1, 2,..., N, and u=1, 2,..., U. This Equation 12
displays that the power distribution for a single user u on
subchannel n. By using Equation 12, P, defined as the
total power allocated for user ‘u’ can be illustrated as

Ny Ny HU.H_HU.
Pu,tot = anl Pun = Nupu,l + anzHu—l (13)

,nHu,l

for u=1, 2, ..., U. The water-filling algorithm will put more
power into the subchannels with larger SNR in the
frequency domain. The total power constraint and the

. . . U
capacity ratio constraint are used to take {P, o }u: g

Adaptive Subcarrier
allocation

Optimal power
distribution
Eqns. (14) and (17)

kot = Vk
for all users?

For the users Pyyor << Vi
update (0, and Ny, Vi, Wi
Eqns. (15) and (16)

Water-filling algorithm
for each user
Eqns. (12) and (13)

Fig -6: Adaptive power allocation based on allocated sub
carriers

By means of Equation 11 and 13, the capacity ratio
constraints can be stated as

i% (1082 (1 +H; L'txl—‘/l) + log, W1) =
1 Ny

EF(IOgZ (1 + Hys %) + log; Wu) (14)

where V, and W, are said as

Hun_Hu
Vi = foizm (15)
And
1
Ny Hu,n Ny
w, = (e, ) (16)
foru=1, 2, ..., U.

The total power can be achieved by adding the total power
constraints

Pt = 23:1 Pu,tot (17)

Solving the set of functions offers the optimal power
allocation scheme. These equations are nonlinear. Optimal
power distribution algorithm is shown in Figure 6.

6. SIMULATION PARAMETERS AND RESULTS

Simulation parameters and test results are described in
Section 6. Table 1 shows the simulation parameters.

Table -1: Simulation parameters for the proposed system

Number of Users 4,16
Antenna Pair 2x4, 4x8
Number of Frame 10
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Number of Subcarriers | 64, 512

Carrier Frequency (fc) | 3.5 GHz

Bandwidth (BW) 10 MHz

Total Power 1W

Eb/NO (dB) 0,2,4,6,8,10
Multipath 6

Channel Estimation Pilot-assisted

Figure 7 expresses the comparison of the sum capacity for
three methods using 64 subcarriers and four users. When the
methods are compared, adaptive resource allocation is better
than static allocation.
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Fig -7: Comparison of sum capacity for three methods with
64 sub carries and four users
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In adaptive allocation methods, allocating both the resources
such as subcarriers and power adaptively can provide more
capacity than allocating only subcarriers adaptively with
equal power.
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Fig -8: Comparison of fairness for three methods with 64
sub carries and four users
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Fig -9: Comparison of normalized rate proportionality for
three methods with 64 sub carries and four users

Comparing the antenna pairs, the increasing the number of
antennas improves the capacity but increases the BER
shown in Figure 13.
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Fig -10: Comparison of sum capacity for three methods with
512 sub carries and sixteen users

Figure 8 shows the relation between the fairness and the
users. The fairness range is between 0 and 1. The most
fairness is 1.
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Fig -11: Comparison of fairness for three methods with 512
sub carries and sixteen users
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In this comparison, adaptive allocation can give more
fairness than static allocation. The values of two adaptive
allocation methods are not too different. Increasing the
number of antennas can get more fairness.
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Fig -12: Comparison of normalized rate proportinality for
three methods with 512 sub carries and sixteen users
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Figure 9 shows that the rate is proportionality assigned to
the users by using R,/YY_; R, where U is the number of
users. In these figures, the three methods are compared with
512 subcarriers and 16 users. It can be seen that increasing
the number of subcarriers can give the most fairness than 64
subcarriers. In this system, it is assumed that the
predetermined rate proportions are equal (1:1:1:1) for four
users. Adaptive allocation gets nearly rate proportions with
the desired proportion (Gamma). Therefore, the adaptive
allocation can give more fairness. It can be found that 4x8
antenna configuration achieves the nearest rate proportion
than 2x4 antenna configuration. Figure 10 to 12 shows the
sum rate, fairness, and rate proportionality to the users
respectively. Figure 13 compares the BER of 64 and 512
subcarriers for 2x4 and 4x8 antenna configurations.

o BER Comparison of 64 and 512 Subcarriers for 2x4 and 4x8 MIMO-OFDMA System
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Fig -13: Comparison of BER for 64 and 512 subcarriers

It can be seen that the more subcarriers and the number of
antennas increase the BER. Increasing the number of
antennas improves not only the capacity but also the BER
because the spatial multiplexing technique is used.

7. CONCLUSIONS

The proposed system aims to improve the spectrum
efficiency. The spectrum efficiency can be expressed in
terms of the system capacity. On the increasing capacity, it
is considered to get the desired rate for each user. The
fairness is also an important parameter. To consider a
tradeoff between these two parameters (capacity and
fairness), three methods are developed to compare the
performance of the system. BER is the essential parameter
to evaluate the system performance. To evaluate the
performance of this system, 2x4 and 4x8 MIMO-OFDMA
are chosen. In this system, the three methods such as static
allocation (equal subcarrier allocation with equal power),
adaptive subcarrier allocation with equal power, and
adaptive subcarrier allocation with adaptive power
distribution are compared. Adaptive allocation is better than
static allocation for both capacity and fairness. Adaptive
subcarrier allocation with adaptive power distribution
increases the sum capacity than adaptive subcarrier
allocation with equal power distribution shown in Figure 7
and 10. For these two methods, fairness is not too different.
Therefore, adaptive subcarrier allocation with adaptive
power distribution method is more efficient than adaptive
subcarrier allocation with equal power distribution for the
system capacity. Increasing the number of subcarriers can
support the multiuser diversity and more fairness. Increasing
the number of antennas improves the capacity and increases
the BER. It can also be found that more antennas can give
more fairness.
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