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ABSTRACT

In this paper, a pragmatic resource allocation algorithm for single-cell downlink
multi input-multi-output (MIMO) based orthogonal frequency division multiple
access(OFDMA) systems is proposed. The objective of this method is to maximize
the average system throughput as a function of bit error rate and (BER) spectral
efficiency by allocating the users, transmission power and information bits across
the utilized subchannels. The resulting throughput maximization problem has been
decoupled into two sub-problems to reduce the computational complexity,
however, at the expense of performance a sub-optimal solution is obtained. The
simulation results of the throughput and outage probability, obtained using
MATLAB simulator, show the efficiency and accuracy of the proposed system in
comparison with the other approaches.

Keywords: Multi Input-Multi-Output, Orthogonal Frequency Division Multiple
Access.

MIMO-OFDMA &aliii b Jia) dadi jalaall 355

dadal)

sacinall g sas) gl AN Akl 3 ) gall (apadil dpndl 5 da ) ) 53 7)) candl 13 b
J s sl <l 32 alaial) a5l aaiial (MIMO) <ila el 5 SAL Al 30 xie 3yl e
din s o1y il 5 dasaaal) e sbaall Jgea s Jane ardanisa dua 5l Al o2 (e Cangll 3aniall
5 cOpeaiinall Gariadd M (e duiidall 52Ul 5 (BER) Aiblall cila sheall il 411
Jama 535 S e s 5 Aadiiinaall dge il ol 581 e e slaall o ) 5i 5 A3y 5 8l
o S el Cla e o1y Jall A8S 5 agetl) Julis) JSUe 52c ) dagmaall e slaall
il i) 5 dagnaall e sheall J g 5 Janal 3lSLaal) gmilis < jelal JiaY) 4pzll Jall
AL 40 jlie 7 i)l pldaill 48y 5301 ((MATLAB) slSlaall zals y3 (e Al andl)
s AV

INTRODUCTION
ulti-Input-Multi-Output (MIMO) and Orthogonal Frequency Multiple
Access (OFDMA) technologies represent efficient candidates for
wireless transmission multiuser systems, which are considered by many
modern system standards [1]. Recently, MIMO-OFDMA technologies have been
combined with adaptive modulation and coding (AMC) in addition to resource
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allocation methods in order to achieve an efficient transmission systems that can
exploit the change over the underlying channels, called channel diversity, for
different users. Numerous publications focus on transmission techniques based on
combining AMC and resource allocation methods with MIMO-OFDMA systems.
In [2] and [3], a performance comparison in terms of total capacity for MIMO-
OFDMA and MIMO-multicarrier (MC)-coded division multiple access
(CDMA)systems was presented. In [4], a resource allocation method aimed to
minimize the required transmission power for each user in MIMO-OFDMA
systems was provided. In [5], an adaptive algorithm was proposed constructed to
maximize the spectral efficiency in terms of bit error rate (BER) constraint based
on selected active eigenmodes, power assigning and modulation order, while in [6],
a sub-optimal resource allocation technique for MIMO-OFDMA system was
investigated.

This paper presents a resource allocation (RA) method for a single-cell
downlink spatialmultiplexing MIMO-OFDMA systems. The proposed method
aims tomaximize the systemthroughput by allocating users, information,
represented as bit vectors, and total power overthe considered subcarriers at an
assigned base station (BS). The throughput of the investigatedsystems can be
written as a function of the number of transmitted bits per seconds, calledspectral
efficiency and BER for distinct modulation and coding schemes (MCS)s
involvedwithin the same transmitted OFDMA frame. This is to provide the
underlying system withmore flexibility in terms of MCS selection. The throughput
maximization problem is dividedinto two sub-problems, which are solved using
different algorithms based on a decompositionmethod. The aim was to reduce the
cost complexity and the required long time search amongstthe subcarriers to
allocate the given sources. It is important to note that there are ten MCSselections
used in the AMC technique. These ten options start from the lowest one, whichis
no transmission, while the other nine options include 64-quadrature amplitude
modulation(QAM), 16-QAM and quadrature phase shift keying (QPSK) combined
with the convolutionalcoding rates of 1/2, 2/3 and 3/4.

MIMO-OFDMA System Model

Singular value decomposition (SVD) based single-cell MIMO downlink
channel is consideredto transmit a wireless OFDMA signal from an assigned BS to
K mobile users [2]. The BSis equipped with Ntransmit antennas, whilst each user
has N,receive antennas, under theassumption of N;>N;. This assumption has been
considered toguarantee the full scatteringMIMO channel. The transmitted OFDMA
frames are divided into B subchannels, which includeequal number of subcarriers.
Additionally, it is assumed that each user has been assigned toa subchannel, thus,
the number of used subchannels is equal to the number of users. Theconsidered
channel between the BS and k-th user for a subcarrier at b-thsubchannel is
denotedH,eC"*N" where b = 1, ...B, k = 1, ....K are the index of utilized
subchannels and usersrespectively. In this paper, it is assumed that the Channel
State Information (CSI) is perfectlyknown at the transceivers of both BS and
mobile users. In addition, different profiles of mobileinternational
telecommunication union (ITU) channels are considered to generate i.i.d
timevaryingMIMO multipath fading channels thatsimulate the physical location of
each user [7].
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Figure (1) Block diagram of the proposed MIMO-OFDMA system.

Figure (1) illustrates the block diagram of the investigated MIMO-OFDMA
system based on theproposed RA strategy. Figure (1a) explains the MIMO-
OFDMA system in general. From Figure (1b), the transmitter groups the data of all
users in B subchannels and these groups are encodedand modulated based on the
selected MCS levels, which satisfy the total transmission power andcorresponding
channel conditions. The ‘Proposed Resource Allocation Strategy’ block
allocatesthe users, power and information bits among the utilized subchannels and
selects the suitableMCS for them by implementing the proposed method. It is
important to note that the resourceallocation information (RAI) is generated by the
‘Proposed Resource Allocation Strategy’ blockand sent to the receiver of each user
using the downlink control signals. A time domain OFDMAsignal is generated via
the Inverse Fast Fourier Transform (IFFT) block and by appending acyclic prefix
(CP).

Zero forcing (ZF) equalization is performed at the receiver prior detection to
cancel residualmultipath channel interference as shown in Figure (1c) [8]. At the
output of equalizers, thedecision variables for user k are demodulated and decoded
according to the known selectedMCS of each subchannel utilizing soft maximum
likelihood demodulator and soft-in-hard-outViterbi decoder [8], [9]. In a rich
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scattering environment based on the eigenmode transmission,the number of spatial
channels, N¢, for each subcarrier in b-thsubchannel, is bounded bymin(Ny,N,), i.e.

N.= min(N,N,) for ke{l, ...K}users and be{1, ..,B} subchannels. Thethroughput
of g-th OFDMA block, which includes different transmitted OFDMA frames
fromN;antennas over N.channels can be formulated as,

Py = Tk TE_ TN, 9k, bID (W) (b) . (1)

N¢

K B
~a’®) ) > > 9k h)DY Gy ®)
1

k=1b=1r=

Where (k,b) €{0,1}is the element value of the user allocation matrix that assigns
the user k tothe subchannelb[2]. Each row in this matrix represents a user ke{1,
.,K} and each columnis a subchannelbe{1, ..,.B}. The term D,ff)(b)denotes the
number of data subcarriers ofthe subchannelb assigned to the user k propagated
over the spatial channel r. It is importantto note that the this paper considers the
subchannels, which include D,ﬁ” (b) subcarriers foreach one. Therefore, the
formulated equation of (1) adopts the total number of subcarriersinvolved in each
subchannel instead of subcarriers and then just subchannel summation isrequired.
Moreover, ykr)(b)denotes the related spectral eff|C|ency that can be evaluated
interms of selected convolutional coding rate, p, )(b), and modulation

order,M,Er)(b), aSy,ET)(b)=p,(f)(b)log2[M,(f)(b)]. Furthermore, w,gr)(b)is the
related bit error rate (BER).

THE PROPOSED RA METHOD

As mentioned earlier, the presented resource allocation method is aimed to
maximize thethroughput of the investigated system with number of restrictions
includes power and userallocation. The arithmetical representation of the proposed
method is formulated following theoptimization methods of [12] as,

ﬁ(k“i,‘;’;‘&’:;ﬁf;wg YK SE_ SV 9k, b)DT (b)y " (b), O
B N¢
@ (b) Z > Z 9(k, DD By ),
=1b=1r=
subject to:
K1 Zho1 20 90 D) (DAL, (0) = Ar - (3)
Ik{zlﬁ(k’b)zll b=1,..,B, - (4)
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Zg:lﬁ(k' b) =1 k=1,..,K, (5)

where (3) is the power constraints, while (4) and (5) denote the fairness user
allocation constraints,which guarantee the allocation of one user per

subchannel.Additionally, Agg(b) —D(T)A(r)(b)ls the power value of the b-
thsubchannel that is assigned to k-th user and transmissionover r-th channel as a
function of the average coded and modulated symbol power, A(” (b).Moreover,
u,(:) (b)adjusts the required power value for each subcarrier within the b-
thsubchannel.lts initial value is determined in terms of uniform power distribution

asu,(:)(b)=WFinally, AT is the total transmission power of
c Sk

thecorresponding BS. In contrast, w,gr)(b)can beobtained utilizing the general
approximated BER formula [10],

@ (b) =< (b) exp [~ (1) (b)), ++(6)

Wheref,gr)(b) is the minimum SNR value of the subcarriers within the b-
thsubchannel, whileocgc) (b)andocgg are fitting constants. The minimum SNR
value has been chosen to guaranteethe safe selection of the MCS and then
increasing the efficiency of the proposed system.Furthermore, w,ET) (b)is evaluated
as described in[11]. Furthermore, (m (b) can be evaluated as[11],

¢ (b) = u (1) (b),
(b d)

_,, @ () Cher
= 5 O minl 47 (0) (D)
kr

Wherea;/ . iS the variance value of the related complex AWGN coefficients.
k

In the otherwords, it is evaluated from the AWGN complex coefficients

represented mathematically as avector. The term [Q(b d)] { }denotes the r-th
ref{l,..,.Nc

eigenvalue of [Hl((b’d)Hl((b‘d) ] for the d-thdata subcarrier within b-thsubchannel,
where ()"is the Hermitian transpose operation. Inorder to achieve a practical
solution to the investigated complex problem expressed in (2)-(5),the problem is
divided into two sub-problems. Each sub-problem is solved by proposing
twoalgorithms based on the decomposition method [12]. These algorithms are low
complex andobtain a sub-optimal solution due to the decoupling.

THE ASSIGNMENT OF USER

As highlighted above, the resource allocation problem has been divided into
two sub-problems. This is to reduce the computational complexity. The
computational complexity is the resultof the huge searching operations amongst the
transmitted subcarriers to obtain the optimalallocation for users, information bits
and power. The search operations look at the user allocationand at the same time
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find out if this allocation can be satisfied in terms of power andinformation bits.
Therefore, these operations run many times to achieve the optimal allocation.On
the other hand, the proposed method separates the allocation of users on the power
andbits distribution, which indeed reduces the search operations to almost half and
then reduce thecomputational complexity. The user allocation assignment sub-
problem is considered here based on assuming that thedata, represented in binary
bits, are allocated to the top level of the MCS options. Additionally,the
transmission power of the base station is divided equally over the underlying B

subchannelsas /122c (b) = 1\11\_71;' where u(r) (b) = 1. Theu(r) (b) = 1is assumed to
distribute the power equallyover the subchannels. As a result, the power constraint
of (3) is removed. Furthermore, theobjective function of (2) is rewritten to be a

concave function that satisfies the Hessian matrixconditions [12] by rewriting (6)
as,

@, (b) = (b) expl . (8)

—9 (b)) (D)3 (b)
9(k,b) ’

The user allocation sub-problem can be solved using the Lagrange optimization
method. TheLagrange function is written as [12],

K K N¢
=[9(k, b)] 2 2 Z 9(k, b)DS (b)y (b)),
k=1b=1r=1
—zk K 12 90, b)DT (b)Y (b) @i (b), .. 9)

an(b) Z ol b) - 1],
K M

= > m®L ) b -1,
k=1 m=1

wheren(b) and #,(k) denote the Lagrange multipliers, that are used for
achieving the optimalsolution. After applying the Lagrange multiplier method to
solve the expressed Lagrangefunction, the optimal value of the Lagrange multiplier
np(K) is evaluated as,

My () = 206, D (0)y” (6) = 2, D (0)r” () {@f) (0) x exp [ ()¢ (0)]} -
M (b), ..(10)

additionally, n, (k), referred to as user allocation value, has been set to zero when
the userk has not been assigned to the subchannelb at this point. It is setted with the
maximum valueto avoid the choosing of the same channel for two or more users.
On the other hand, the userallocation sub-problem is tackled in the fixed domain,
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i.e.9(k,b)e{0,1}. In this domain, theb-thsubchannel is allocated to the k-th user

with maximum 7, (b) value, kg,)t (b). The 9(k,b)values are evaluated as [12],

I(k,b) = f(x) =
1, itk=ky,(b) = k
{ ! opt(b) = argmax {n (k) } vme {1, ..M} (11)
0, otherwise

user allocation algorithm is illustrated in Figure (2). All the subchannels of the
available users selectthe top level of the MCS options with modulation type of 64-
QAM andconvolutional codingrate of 3/4. Then, a zero value is given for n, (b) for
all users. After obtaining the performanceof all users among the subchannels using
(10), the 9(k, b) value for the k-th user is evaluatedfollowing (11). In addition, the
1y (b) value for the selected user is maximized.

THE ASSIGNMENT OF POWER AND BIT

The bit and power assignment sub-problem, which is the second division of the
investigatedproblem, is solved here. After obtaining the optimal user allocation as
mentioned in the previoussection, the optimal power allocation is achieved by
solving the underlying problem usingLagrange multiplier as [12],

_ [9kp)D” (B ®)al) B)al) )6 ()] -In(@-1n[9 (k)% ()]
)5 ()

.. (12)

Where Q denotes the Lagrange multiplier that can help to obtain the desired
power values forthe subchannels.In order to find In(Q), (12) is substituted in (3) to
obtain,

In(Q)
K owb wNe |M[PRD) T, (k)ar) 0)ag) )8 0|8 kAT ) In[9Gem)AL 0|8 GmIAl )]
Zk=1zb=1zr=1

) (0)¢” () ) (B)5” ()

Sk wh_ g 8k mIAL) (b)
k=14&b=14ir=1 ag()(b){,ir)(b)

T

.. (13)

Figure (3) explains the proposed bit and power allocation algorithm. In this
algorithm, all the underlyingsubchannels are valued with the highest MCS option.

The next step is the evaluationof the SNR values for the subchannels over distinct
spatial channels. Subsequently, the,u,(:) (b)values for the subchannels based on (12)
are computed and the power constraints expressed in(3) is verified. Based on the
satisfactory of this constraint, the system checks the serving statusof all
subchannels. Otherwise, the selected MCS option of the subchannels with low
SNR valuesis reduced sequentially until either the lowest MCS option is reached
(no transmission) or the constraint of (3) is satisfied. The subcarriers of the
subchannels that select no transmission option are distributed over other
subchannels.
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Figure (2) Flow chart of the proposed user allocation algorithm.
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Figure (3) Flow chart of the proposed bit and power allocation algorithm.

SIMULATION RESULTS

In this section, the performance results of the investigated MIMO-OFDMA
system based on theproposed RA method and conventional strategies are
presented. The proposed MIMO-OFDMAsystem considers the following
parameters based on WiMAX technology [1]. The number ofsubcarriers for each
transmitted OFDMA frame is the same number of FFT points, which isNg==2048.
These subcarriers are divided into D;=1440 data subcarriers, Pl1;=240
pilotsubcarriers and G+=368 guard subcarriers. Furthermore, mobile ITU channels
are adopted togenerate the MIMO multiuser environment with distinct mobility
speed and channel conditionsfor each user. The number of users, k=15, transmit
antennas of N,e{1,2,3,4}and receiveantennas of N,e{1,2,3,4,5}are considered.
The presented results are plotted against theaverage SNR values of all users, {4,

and versus the average SNR of g-th transmitted OFDMADblock, {4 =
E{ﬁ(k,b)(’,gt)(b)}with(m,=NLZZ£B_1{M,1, where Ny, = 1000is the number
g

oftransmitted OFDMA blocks. In the paper, a MATLAB software simulator has
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been consideredto design the simulation model. In addition, the adopted numbers
of the above variables havebeen chosen to exam the proposed system over different
conditions.In the results, three systems are adopted. Firstly, a MIMO-OFDMA-
conventional bit andpower allocation (CBPA) system that adopts the conventional
bit and power allocation algorithmof [13], where this algorithm has been developed
to work with MIMO systems based oncombining coding rate of 3/4 with QPSK,
16-QAM and 64-QAM modulation types. Secondly, MIMO-OFDMA-bit and
power allocation (BPA) system, which adopts the proposed powerand bit allocation
algorithms of the RA method. Finally, a MIMO-OFDMA-bit, power anduser
allocation (BPUA) system, considers the whole RA method.

The average throughput performance of the MIMO-OFDMA-CBPA, MIMO-
OFDMA-BPAand MIMO-OFDMA-BPUA systems for different number of N;=
N.is compared in Fig. 4.The achieved average system throughputs for
N¢transmitted OFDMA frame are computedin terms of the data subcarriers

: _BWp 1 Ny =p,Z
bandwidth, BWo, as g, == 2N, ¥y whereBWp = Drop--"  and

BW,,s=20MHz is the total channel bandwidth. From Figure (4), it is evident thatthe
MIMO-OFDMA-BPUA system outperforms the other investigated MIMO
schemes for allconsidered number of equal transmit and receive antennas. In
addition, the MIMO-OFDMA-BPAsystem throughput is improved in comparison
with the MIMO-OFDMA-CBPA scheme.

The upper-bound throughput shown in the Figure represents the maximum
expected value thatour proposed method aimed to reach. This value can be
evaluated as wus=NyymaxBWp, Whereymax=pmaxl092[Mmax]=(3/4)x(6) is the

6
maximum spectral efficiency of each subcarrier andBW,, = 1440 x Z(Z)Zig . It can

be noted that our proposed method performance over mediumand high SNR values
approaches the upper throughput bound closer than other comparedapproaches.
The improvement in the performance of the MIMO-OFDMA-BPUA scheme
overother systems isachieved by exploiting the user and multiplexing diversity of
the MIMO channel.Additionally, the employed user allocation algorithm assigns
each subchannel to a user thatachieves the maximum performance among other
users rather than utilizing a sequential userallocation.The outage probability as a
function of the average system throughput and the upperthroughput bound for the
investigated MIMO-OFDMA-BPUA system based on different N.=N,is compared
in Figure (5). The throughput outage probability is evaluated as P,,; =1 —

;}pﬂ.This figure demonstrates that the proposed RA method of the MIMO-

UB

OFDMA-BPUA systemachieves the lowest outage probability for N=N,=4 in
comparison with the otherschemes. The highest outage probability is recorded for
the proposed MIMO-OFDMA-BPUAwith N;=N,=1 or in other name Single-Input-
Single-Output (SISO). As expected, the system performance in terms of throughput
is enhanced with the increasing in the number of antennas. It is also evident that the
throughput outage probability of the considered systems converges to the same
value at high SNR.

Wsys
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Figure (6) Throughput of the N;=N,=2 based MIMO-OFDMA-BPUA system
for different user numbers.

Figure (6) illustrates the effect of increasing the number of users on the
throughput performanceof the proposedMIMO-OFDMA-BPUA system. It is
clearly shown that the throughput performanceis increased with the increasing in
the number of users and for high SNR levels. This isdue to the high channel
diversity provided by the users, which allow the system to select higher MCS
levels. In addition, the enhancement in the performance with the SNR values
hasbeen explained well in the discussion of Figure (2).

CONCLUSIONS

In order to maximize the average throughput of the investigated MIMO-
OFDMA system asa function of BER and spectral efficiency, a new resource
allocation method has been proposed.This method includes two algorithms that
tackle the user and bit, as well as thepower allocation sub-problems, respectively.
In order to reduce the mathematical complexity,the throughput maximization
problem is divided into two sub-problems to obtain a practicalsolution. The
proposed resource allocation method assigns the resources across the
consideredsubchannels based on the related SNR value of the adopted spatial
channels, in which the relevantpower constraints and channel conditions are
satisfied. The simulation results show thatthe proposed RA method outperforms the
other investigated approaches.
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1, ifk = kope(b) = argmax {n, (k)
0, otherwise
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