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ABSTRACT

This paper investigates joint subcarrier and power al-
location in multiuser Orthogonal Frequency Division
Multiplexing (OFDM). Existing algorithms allocate
power uniformly across all subcarriers belonging to a
particular user. Optimal power allocation algorithms
that use water-filling for users have been suggested.
But these algorithms are optimal only from the point
of view of power allocation. We propose an algorithm
that combines subcarrier and power allocation while
using water-filling for users. Simulation results have
shown that substantial gains can be achieved over ex-
isting algorithms.

1. INTRODUCTION

OFDM is one of the most promising techniques for
high data rate mobile communications. In OFDM, a
multipath channel is split into several lower bandwidth
channels to eliminate the problem of Inter-Symbol In-
terference (ISI) . In the absence of ISI, subcarriers can
be thought of as independent additive white Gaussian
noise (AWGN) channels. In a multiuser scenario, sub-
carrier independence can be exploited by allowing mul-
tiple users to share an OFDM symbol.

Two classes of resource allocation algorithms exist:
fixed resource allocation [7] and dynamic resource al-
location [1] [4] [2] [3]. In fixed resource allocation, a
resource, subcarrier or time slot, is allocated to a user
regardless of the user’s current channel conditions. In
dynamic resource allocation, subcarriers and time slots
are allocated to users adaptively taking into account
the users’ current channel conditions. Dynamic re-
source allocation can be margin adaptive [2] or rate
adaptive [4] [1] [3]. The margin adaptive technique fo-
cuses on minimizing the overall transmit power while
achieving individual users’ rate constraint. On the
other hand, the rate adaptive technique attempts to
maximize the overall rate under a total power con-
straint.

In the subsequent sections, we consider the rate
adaptive technique. We attempt to maximize the min-
imum user’s capacity thereby achieving proportional
fairness amongst users . Though proportional fairness
amongst users is achieved in [4], spectral diversity (by
spectral diversity, we refer to different gains on subcar-
riers for a particular user) is not exploited fully. In-
stead, power is allocated uniformly over all subcarri-
ers belonging to a particular user. Though [3] exploits
spectral diversity of users during power allocation, it
is computationally intensive. Our algorithm, on the
other hand, performs joint subcarrier and power allo-
cation while exploiting spectral diversity of users.

The organization of this paper is as follows. In
section 2, we introduce the multiuser OFDM system
model and state the objective. In section 3, we look
at existing solutions to the problem and suggest an al-
ternate solution. Simulation results are presented in
section 4. Finally, we conclude in section 5.

2. MULTIUSER OFDM SYSTEM MODEL

Base station
User 1 data )l N
User 2 deta OFDM Transmitter
User 3 data >
. Tx data MobileK receiver
User K data : >
User1cCsl > Subcari t 5
User2CSl o 3 cc;r_ner;] P&We’
User3CSI ocation agorithm
.
.
. User K data
User K CSI N
CSl feedback to
transmitter

Figure 1: Multiuser OFDM system model

Figure 1 shows the block diagram of a multiuser
OFDM system. It is assumed that the base station
has channel knowledge of all the users in the system.



Since channel conditions vary over a period of time,
this information is updated periodically with the help
of feedback channels.

In the rate adaptive technique under consideration,
subcarrier and power allocation has to be carried out
jointly to achieve the optimal solution. For the sake of
simplicity, each subcarrier is allocated to only one user
at any instant of time. The optimization problem can
be formulated as,
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where Hy, , = is the channel gain to noise power

N B
ratio for the k" user in the n*" subcarrier; K is the
total number of users; N is the total number of subcar-
riers; Ny is the power spectral density of additive white
Gaussian noise; B and Pjq are the overall available
bandwidth and power, respectively; Py , is the power
allocated to the k' user in the n'* subcarrier; hy,, is
the channel gain for the k' user in the n'* subcar-
rier; Ni is the number of subcarriers allocated to the
k" user; Ay is the set of all subcarriers allocated to the
kth user. {v1,72,...., 7k } is a set of predetermined con-
stants to ensure proportional fairness amongst users.
Ry, is the k' user’s rate defined as,

Ry, = Z logy (1 + Py, He,n) (2)
neAg

3. PROPOSED SOLUTION

In this section, we propose a sub-optimal solution
to the optimization problem in (1). [4] proposes an
iterative sub-optimal subcarrier-power allocation algo-
rithm in which the total available power Pitq; is al-
located uniformly over all the subcarriers. Subcarriers
allocated to a particular user provide sufficient spectral
diversity to warrant the use of water-filling [5] for each
user. It is this diversity that [3] exploits during optimal
power allocation. The optimal power allocation algo-
rithm is optimal only from the point of view of power

allocation. The extent to which [3] achieves the opti-
mal solution in (1) depends largely on the subcarrier
allocation algorithm. Furthermore, [3] involves solving
a non linear equation resulting in a huge computational
overhead.

In the proposed iterative solution that follows, we
have combined subcarrier and power allocation. The
gain from water-filling, resulting from the spectral di-
versity of each user, is taken into account during sub-
carrier allocation. The subcarrier and power allocation
strategy is as follows.

1. Initialize A = {1,2,3,....N}
2.Vk=1to K, A, = ¢.

3.Vk=1to K,
a. Hp = max, Hy , fornec A
b. N, =N, +1

c. Ay = A, U {n}
d. Ry, =log, (1 + Lt Hy,)
e. A=A—{n}
4. While A # ¢,
a. find ¢ such that ';IR < lekaf 1to K
b. for the found 7, find n such that
H;, < H;,, where n,m € A

e. A=A—{n}

f. Rz = ZnGAq' lOQQ(]. + PnHz,n)
' +
where P, = (fy S )

Hi
and Z’HGAi Pn = %Ptotal
The f(z) = (z)T operator indicates that f(z) = 0
when z < 0 and f(z) = = when z > 0.

The subcarrier and power allocation strategy de-
scribed above follows the strategy used in [4] except
for the rate update equation 4(f). The rate update
equation used in [4] is,

P,
= Z log, <1 + t;;al Him>

neA;

It must be noted that the power budget in both
algorithms is the same ) . A, %Ptotal- While
[4] uses uniform power allocatlon across all subcarri-
ers, our algorithm uses water-filling. In doing so, gains
resulting from water-filling for a particular user is used
to the advantage of all users in the system.

4. SIMULATION RESULTS

Simulations were carried out for an N = 128 sub-
carrier multiuser OFDM system. Each user in the sys-
tem is assumed to have a 6-tap sample spaced multi-
path channel with each tap experiencing independent
Rayleigh fading. The energy of the first tap for each



user is taken to be one unit. The tap energies of each
of the remaining taps is assumed to decay exponen-
tially as in [3]. Noise power is assumed to be one unit
in each subcarrier for every user in the system. Let
Y1t Y2 Y3 . tyg = 1:1:1:..:1so that the
overall rate is maximized while trying to achieve equal
rate for all users.
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Figure 2: Minimum user’s capacity vs. number of users
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Figure 3: Gain over RC algorithm vs. number of users

The proposed algorithm is compared against the al-
gorithm in [4]. The total power available at the trans-
mitter Piotq is taken to be 300 units. Throughout our
simulations, the algorithm in [4] will be referred to as
the RC algorithm. Figure 2 shows the minimum user’s
capacity being plotted against the number of users in
the multiuser system. Our algorithm achieves larger
gains over the RC algorithm when the number of users
is low. Figure 3 shows that as the number of users in
the system increases, the gain achieved over the RC

algorithm reduces. This is because an increase in the
number of users results in users being allocated lesser
number of subcarriers. These subcarriers have similar
channel gains as a result of which, allocating power uni-
formly across all the subcarriers belonging to a partic-
ular user will not affect the user’s rate adversely. This
accounts for the reduced gain of our algorithm over the
RC algorithm when the number of users is high.
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Figure 4: Gain over RC algorithm vs. power

In figure 4, the gain achieved over the RC algorithm
for a fixed number of users (K = 10) for different values
of power is shown. For low values of the total available
power Pioiq1, our algorithm achieves a larger gain over
the RC algorithm. This is because spectral diversity is
better exploited when the power available is low. For
larger values of power, use of water-filling for a partic-
ular user will not yield significant gains over uniform
power allocation [6].

5. CONCLUSION

In this paper, we have introduced an algorithm
that performs joint subcarrier and power allocation
while also exploiting spectral diversity of users in the
system. Simulation results have shown that signifi-
cant gains can be achieved over existing algorithms
[4]. Since the spectral diversity of each user is fully
exploited through water-filling, the use of computation-
ally intensive algorithms such as [3] can be avoided.
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