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Adaptive Radio Resource Allocation for
Multiple Traffic OFDMA Broadband
Wireless Access System
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Abstract—In this paper, an adaptive radio resource allocation
(RRA) algorithm applying to multiple traffic OFDMA system is
proposed, which distributes sub-carrier and loading bits among users
according to their different QoS requirements and traffic class. By
classifying and prioritizing the users based on their traffic
characteristic and ensuring resource for higher priority users, the
scheme decreases tremendously the outage probability of the users
requiring a real time transmission without impact on the spectrum
efficiency of system, as well as the outage probability of data users is
not increased compared with the RRA methods published.
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I. INTRODUCTION

EXT generation wireless communication systems (beyond

3G) will be required to provide flexible and easy
deployment solution to high-speed communications and
support a variety of services utilizing advanced multiple access
techniques. This means that the network will have to
accommodate users with different traffic classes and quality of
service (QoS) requirements.

Orthogonal Frequency Division Multiple Access (OFDMA)
has attracted interest as one of the best candidates to achieve
that goal "1, OFDMA is based on OFDM, so it not only
inherits OFDM’s immunity to inter-symbol interference and
frequency selective fading ™, but also increases multi-user
diversity by acting the channel fading as a channel randomizer.
And its performance depends on the ability to provide efficient
and flexible resource allocation, which is limited by the scarce
radio spectrum. A good radio resource allocation scheme
should adapt to wireless fading channel, as well as improve the
spectrum efficiency and satisfy active users with different
traffic class.
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In OFDMA system, the radio resource allocation problem
can be formulated as joint optimization problem in the physical
layer and medium access control (MAC). That is, sub-carrier,
bit and power are allocated adaptively. Currently, two
optimization problems exist in the literature. They are margin
adaptive (MA) and rate adaptive (RA) respectively. The margin
adaptive optimization’s objective is to achieve the minimum
overall transmit power with the constraints on the user data
rates. The rate adaptive optimization’s goal is to maximize the
minimum user’s capacity on the total transmit power constraint.
These  optimization problems are non-linear and
computationally complex. In order to obtain optimal or
sub-optimal results, several dynamic allocation schemes are
proposed in [5-10, 14-15].

In [5] and [10], a Lagrange-based algorithm to achieve a
dramatic gain is proposed independently. However, the
prohibitively high computational complexity renders them
impractical. To reduce the complexity in [5], a heuristic
sub-carrier allocation algorithm is proposed in [7] and [8]. The
two schemes both assume fixed modulation modes. Otherwise,
the QoS requirement is defined as achieving a specified data
transmission in [7], data rate and bit error rate (BER) in [8]. The
schemes addressed in [9] and [6] are low complexity and
sufficiently deal with the fair of every data user in system.

However, none of the aforementioned adaptive algorithms
have taken into account the impact of radio resource allocation
scheme on voice user. It is no doubt that voice service and data
service coexist in both current systems and future mobile
communication system. Voice and data users have quite
different traffic characteristics and QoS requirements. Voice
traffic requires a real time transmission but can tolerate a
moderate bit error rate. Notwithstanding, data traffic can accept
the varied transmission delay but it requires a lower BER.

In this paper, we propose a radio resource allocation scheme
supporting multi-traffic class, whose objective is to reduce
outage probability of voice user and improve the system
performance.

This paper is organized as follows: section II talks about
multi-user OFDM system model and investigates the resource
allocation problems in OFDMA system. In section III, we
briefly review the sub-optimal allocation scheme developed in
[6], and present a resource allocation scheme supporting
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multi-traffic class. In section IV, various simulation results are
discussed, and the system performance is evaluated. Finally, we
conclude this paper in section V.

II. SYSTEM MODEL
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Fig. 1 Downlink System Structure of OFDMA

The structure of a multi-user OFDM system is shown in Fig.
1. The considered downlink OFDMA system consists of a
single cell with one Base Station (BS), communicating
simultaneously with K user using N OFDM sub-carrier. In
order to overcome frequency selective fading causing
inter-symbol interference, the bandwidth of each sub-carrier is
chosen to be sufficiently smaller than the coherence bandwidth
of the channel. Then, each OFDM sub-carrier n, as perceived
by user k, is subject to flat Rayleigh fading, path loss and
shadowing with channel gains ¢, ;. In addition, the signals

suffer from AWGN noise, whose single-sided noise power
spectral density level Ny is considered equal to unity (i.e. No=1),
for all sub-carriers and is the same for all users. We assume that
the BS has a perfect knowledge of the Channel State

Information (CSI) i.e. @, , and the channel is slowly variable

so that the proposed allocation algorithm convergence within
the channel coherence time. Using known CSI, radio resource
allocation module in BS applies the sub-carrier allocation and
bit-loading algorithm to assign different sub-carrier to different
user and the number of bits/OFDM symbol to be transmitted on
every sub-carrier. Corresponding quadrature amplitude
modulation (QAM) scheme is used in each sub-carrier
depending on the number of bits assigned to it.

After the sub-carrier allocation and bit loading of users’ data,
Inverse Fast Fourier Transform (IFFT) transforms the complex
symbols into the time domain samples. Cyclic extension of the
time domain samples, known as the guard interval, is then
added to ensure orthogonal between the sub-carriers. Provided
that the maximum time dispersion is less than the guard
interval, the signals are then transmitted via downlink channels.

We assume that the sub-carrier and bit allocation information
is sent to the receivers via a separate control channel. At the

receiver, removing the cyclic prefix and performing FFT, then
the data of user k are extracted according to the sub-carrier and
bit allocation information.

Let ¢y denote the number of bits of the kth user that are
assigned on the nth sub-carrier, so C, must be integer in the set
D={0,1,2,...,M}. As no more than one user is allowed in a
sub-carrier in OFDMA system, it follows that for each n, if
Con %0, G =0 for all K=k’ . We define p,, as the

indicator of allocating the nth sub-carrier to the kth user. That
is, o, = 1 when the nth sub-carrier is assigned to the kth user,

while p, , =0, otherwise. The required QoS of the kth user is

described by its minimum data rate requirement equal to I bits
per OFDM symbol and target bit error rate BER,.
The transmission power allocated to the nth sub-carrier of
the kth user is expressed as
¢, .»BER
P = gk( K, k) )

n 2
ak,n
Where gk(ck,n, BERk) is the required received power with

unity channel gain for reliable reception of ¢y, bits per symbol,
and it depends on the target BER of the kth user.

The goal of the margin adaptive (MA) sub-carrier, bit and
power allocation algorithm is to find the best assignment of Cy,
so that the overall transmit power, the sum of Py, over all
sub-carriers and all user, is minimized for given transmission
rates of the users and given QoS requirements. In order to make

the problem tractable, we further require ¢, () is a convex and

increasing function with g, (0, BER, ) =0. This condition

essentially means that no power is needed when no bit is
transmitted and that the required additional power to transmit
an additional bit increases. Almost all popular coding and
modulation scheme satisfy this condition.

Mathematically, we can formulate the MA problem as:

minZN:ZK: gk(ck,naBERk) @)

Cen ol k=1 alf,n
Subject to
N
o= Cyp vk e{l,2,...K} 3)
n=1
Con #0,6, =0 Vk=K,Vne{l2..,N} 4

RA problem whose objective is maximize the total system
throughput on the total transmit power constraint is slightly
different from MA. It can be formulated as:

K N
max Zzpk,nck,n (5)
CenPin 4 ol
Subject to
K N
zz Pk,n < max (6)
k=1 n=1

Pen=Lp, =0 Vkzk,¥ne{l,2,..,N} (7
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Where Ppaxis the total power constraint. Cy,, is the function of
the target BERy, the transmit power Py, and channel gains & -

That is
¢, = f(BER.P,,a,,) 8)

Both MA problem and RA problem are nonlinear and very
hard to solve. Although the optimal solution exists, from an
implementation point of view, it is not preferred since in a time
varying channel, the allocation algorithm should be fast enough
to allocate the sub-carriers within the coherence time. Several
practical sub-optimal schemes that are close to the optimal
solution are developed. One of them is the method proposed by
Y.J. Zhang et.al in [6]. It is low complexity and the QoS
requirements of users are fulfilled.

III. SUBCARRIER ALLOCATION AND BIT LOADING FOR
MULTIPLE TRAFFIC

Before presenting the sub-carrier and bit allocation scheme
for multi-traffic class, we briefly restate the algorithm
addressed by Y.J. Zhang et.al, which is the basis of it.

In [6], considering the minimum transmission rates
requirement of users, a reduced-complexity joint sub-carrier
and bit allocation algorithm is developed based on distributing
the total transmit power to each sub-carrier equally. So the
problem is mathematically formulated as follows:

K N
max "> p, ., )

CnoPion W21 =l

Subject to

ipk,nck,n 2 rk vk e {1,2,..., K} (1())
n=l1

Pen=Lp,=0 Vkzk,Vne{l2,.,N} (1

Since the transmit power Py, is fixed and known, C, can be
pre-calculated based on formula (8) given that the channel gain

a, , is available at the BS. By doing so, the problem in formula

(9)~(11) is converted into a linear optimization problem with
Py as the only variables. In order to reduce the computational

complexity, the problem is decomposed into two procedures.
First, the sub-carriers are allocated to maximize the throughput
defined by formula (9) without considering the rate constraints
in formula (10). That is, the maximum throughput is achieved
by allocating a sub-carrier to the user who can transmit the
largest number of bits on it. This yields an optimum solution
corresponding to the unconstrained problem (In the following
of the paper, we denoted the method providing optimum
solution as MAX THROUGHPUT.). Afterwards, the
sub-carrier allocation is adjusted step by step to satisfy the rate
constraints in (10) one by one, until all constrains are satisfied.
Consequently, the sub-carrier reallocation will inevitably cause
a decrease in the overall throughput.

Although the scheme in [6] exhibits tremendous gain
compared to the adaptive systems with fixed multiple-access, it
is not the best favor when multi-traffic class users exist in
system, especially voice user requiring a real time transmission.

As we see, the method presented in [6] always rejects the user

without the best channel conditions in every sub-carrier in each

steps, despite that it is enough to transmit a bit or more bits.

Consequently, the probability with insufficient data rate

increases.

To solve this problem, we propose an adaptive sub-carrier
and bit allocation scheme for OFDMA system with
multi-traffic class (MTC), where the users are classified and
prioritized according to their traffic characteristic. To simply
the analysis, only two class users are considered in the paper.
The users requiring a real time transmission are denoted as
class one, and they are firstly assigned sub-carrier and bits one
by one. Then, the algorithm given by Y.J. Zhang et.al in [6] is
applied to other users denoted as class two. In every step of
MTC, the objective of maximizing the total throughput is
guaranteed.

In the following, the algorithm is described in detail.

1) Work out the cy, according to the current channel
information and target BER requirements in given OFDM
symbol assuming the assigned power to each sub-carrier is
equal. Cy, can be calculated by formula (8).

2) Allocate the sub-carriers and bits for class-one users one by
one. That is selecting the sub-carrier n” in the set {1,...,N}
to transmit data for each class-one user sub-carrier by
sub-carrier, until its target rate is achieved. In OFDMA
system, a sub-carriers is permitted to transmit data of one

user, so p, , =1 if the n™ sub-carrier is assigned to the k™

user; otherwise p, , =0 . Note that all p, , have been

initialized to zero.

n :argner{nl“a%}ck,n (12)

3) Allocate residual sub-carriers with p, , equal to zero
according to formula (13) by selecting the user k™ to
transmit data in each sub-carrier.

k"= c 13
arg, max  Cn (13)
p k,n :1

When the n sub-carrier is assigned to the K user, s

otherwise P _0. Note that k belongs to {1,...,k},
including voice users and data users.

4) Reallocate the sub-carrier to guarantee the data users’
minimum rate requirements. Sub-carrier reallocation is
carried out on a user-by-user basis for all users whose
minimum rate constrains have not been satisfied yet, which

!
are denoted as k . Furthermore, we denoted the sub-carriers
N
Zpk,nck,n 2 I ,
assigned to the users whose N=! as . For
!
each K , the reallocation can be realized by minimizing the

cost function:

ek', , :4 (14)
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r*

That is selecting sub-carrier N to transmit the data of

’
user k .

!

n'" =argmine, (15)
K

To achieve an optimum feasible solution in the end, a

’
sub-carrier ' that has been assigned to user k can not be
reallocated to other users if the reallocation will cause the
violation of user k ’s data rate requirement.

IV. PERFORMANCE COMPARISON

In this section, the performance of the MTC scheme is
obtained and compared with other sub-carrier and bit allocation
method, mainly the one proposed by Y.J. Zhang in [6].

We consider a system that employs M-ary quadrature
amplitude modulation. The required transmission power for ¢
bits/sub-carrier at a given BER with unity channel gain is"'?

%[Q] (#H(zc ) (16)

Where Q'I(X) is the inverse function of

1 e U
Q(X):ﬁj‘x € Zdt (17)

To evaluate the performance of our scheme, we have
conducted simulations using system and channel model
described in section II, and the path loss is considered as a
zero-mean Gaussian variable in the logarithmic scale
responsible for shadowing with a standard deviation. We
consider a circular cell with eight users, independently and
uniformly distributed within the cell. The simulation
parameters are shown in Table I.

TABLE 1
SIMULATION PARAMETES

Parameter Value
Number of subcarrier 128
Number of users 8
Target BER of voice user 1.0e-2
Target BER of data user 1.0e-4

Target rate of voice user 8bits/OFDM symbol
Data user’s minimum rate requirement 64bits/OFDM symbol
Path Loss Exponent 4

Standard Deviation of Lognormal Shadowing 8dB

For comparison purposes, the fixed sub-carrier and bit
allocation method is also considered, which is denoted as
FIXED in the following. The method work as follows: each
user is assigned a predetermined band of sub-carrier and
transmits data according to the number of bits pre-calculated
using formula (8). In this paper, the numbers of sub-carriers
assigning to every user is 16, despite it is voice user and data
user.

Fig. 2~Fig. 7 show the performance of the proposed adaptive
sub-carrier and bit allocation algorithm for multi-traffic class

(MTC) compared with other adaptive radio resource allocation
scheme.

The system performance is evaluated by spectrum efficiency
and outage probability. The spectrum efficiency is denoted as
the average number of bits transmitted by a sub-carrier, and the
outage probability indicates the number of the OFDM symbols
terminated due to insufficient data rate versus the total numbers
of OFDM symbols simulated by the method.

Fig. 2 shows the spectrum efficiency versus transmit
SNR/OFDM symbol of an eight-user OFDM system, where
there is a voice user, for different sub-carrier and bit allocation
schemes.

Fig. 3 is the spectrum efficiency of every sub-carrier and bit
allocation schemes when the number of voice users is changed
from one to eight, and the transmit SNR/OFDM symbol is
equal to 12dB.

T T
—&- MAX THROUGHPUT
—#— ZHANG

120 = MTC
- FIXED

Spectrurn Efficiency(hits/subcarrier)

0 i ; ; i ;
] ) 10 15 20 25 30
SNR/OFDM Symbol

Fig. 2 Spectrum efficiency versus average received SNR/OFDM
symbol for sub-carrier and bit allocation

—&- MAX THROUGHPUT
—— IHANG

—— MTC

—&- FI=ED 4

Spectrurn Efficiency(bits/subcarrier)

1 2 &) 4 5] B 7 g
number of voice users

Fig. 3 Spectrum efficiency versus the number of voice users when
SNR/OFDM symbol =12dB

From Fig. 2 and Fig. 3, we find that the spectrum efficiency
of the method proposed for MTC is much closed the method
addressed by Y.J.Zhang, which is denoted as ZHANG in the
figures, and it is obvious that they are superior to FIXTED and
inferior to MAX THROUGHPUT. From Fig. 3, we observe
that the spectrum efficiency of each allocation algorithm
increases slightly with the number of voice users. That is
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because the target BER of voice user 1.0e-2 is quite larger than
that of data user 1.0e-4. It is well known that the ck,n increases
as the BER with same received SNR[12] or same transmitted
power and channel condition, therefore leading to higher
spectrum efficiency.

Fig. 4 shows the outage probability of voice user versus
transmit SNR/OFDM symbol of an eight-user OFDM system,
where there is a voice user, for different sub-carrier and bit
allocation schemes. Fig. 5 is the outage probability of voice
users when the number of voice users is changed from one to
eight, and the transmit SNR/OFDM symbol is equal to 12dB. In
Fig. 4 and Fig. 5, we observed that the outage probability of the
method proposed for MTC is smallest in the four schemes.
Moreover, we find it not only outperforms fixed and max
throughput methods, but also decrease about 10% with
ZHANG in despite of the number of the voice users when the
transmit SNR/OFDM symbol is equal to 12dB.
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Fig. 4 Outage probability of voice user versus average received
SNR/OFDM symbol
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Fig. 5 Outage probability of voice users versus the number of voice
users when SNR/OFDM symbol =12dB

Fig. 6 and Fig. 7 give out the outage probability of data users
obtained by different sub-carrier and bit allocation versus SNR
and the number of voice users, respectively. They demonstrate

that the outage probability of data users is not impacted by
MTC scheme when the outage probability of voice users is
improved, compared with other there methods. In Fig. 7, when
the number of voice users is equal to 8, the number of data users
is zero, so the outage probably of data users is set to zero.
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Fig. 6 Outage probability of data user versus average received

SNR/OFDM symbol
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Fig. 7 Outage probability of data users versus the number of voice
users when SNR/OFDM symbol =12dB

V. CONCLUSION

In this paper, we have proposed a utility algorithm, which
allows for an efficient allocation of radio resource (sub-carrier
and bit) supporting for the users with different traffic class in
the OFDMA system. The performance of the proposed
algorithm, expressed as spectrum efficiency and outage
probability, is significantly better than the performance of the
method addressed by Y.J.Zhang in [6].
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