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ABSTRACT

The allocation of subcarriers and power to users is an important issue for exploiting the advantages of OFDMA systems.
The main objective of the traditional OFDMA uplink resource allocation focuses on two aspects: one is to maximize the
transmission rate of each user, the other is to minimize power. In this paper, we proposed the joint subcarrier and power
allocation in the uplink of an OFDMA system there by increasing the rate sum capacity of the system with low
computational burden. The simulation results shows that the power efficiency of the proposed algorithm increases greatly
over that of the Maximum marginal Rate subcarrier and WaterFilling power allocation, which is the optimal algorithm to
derive the maximum transmission rate and the power utilization can be minimized.

Index Terms: OFDMA

| INTRODUCTION

In recent years, wireless communication systems
must support reliable and high data rate transmission
for various services. To serve this purpose appropriate
allocation of resources like power and subcarriers to
users is required. Orthogonal Frequency Division
Multiple Access (OFDMA) is regarded as one of the
prime multiple schemes for wireless networks.

Allocating subcarriers and power in OFDMA
systems has been widely investigated. Most of the
papers are dealing with the downlink case only. For
downlink, it has been accepted as an optimal solution
that each subcarrier is allocated to the user with the
best channel condition and power is allocated by the
water-filling over subcarrier. However, the optimality in
downlink does not hold for uplink due to the distributive
nature of power constraint. Frequency-power allocation
for uplink case is discussed. The optimal frequency
partition turns out to be a simple two-band partition and
power allocation follows the multi-user water-filling, but
the results are valid only for the case when the
channel-gain-to-noise ratios for the two users are the
same, which is not applicable to the general mobile
communication environments.

A, Aim and Scope

Our ultimate aim is to maximize the rate sum
capacity for increasing number of users in the uplink.
To achieve this, we formulate an optimization problem
with respect to subcarrier and power constraints and

obtain necessary conditions for optimization, from that
we obtain combined subcarrier and power allocation
algorithms.

From the simulation results we can conclude that
proposed scheme enhances the system capacity with
low computational complexity, providing almost near to
optimal solutions.

B. Literature Survey

In the existing work [1] [2], simulation parameters
used are Total power is 1 Watts, Number of users =
16, 10 Number of subcarriers N = 64, bit error rate
BER = 1e - 3, No. of channels = 100, Bandwidth = 1
MHZ. In my proposed work, simulation parameters
used are Total power is 0.75 Watts, Number of users
= 32, Number of subcarriers N = 256, bit error rate
BER = 1e - 4, No. of channels = 200, Bandwidth = 1
MHZ.

I SYSTEM MODEL

The increase in demand for delay sensitive
applications with high rate requirements such as mobile
gaming and video conferencing has mandated the need
for efficient resource allocation schemes in state of the
art OFDMA based wireless communication systems. In
order to provide delay guarantees for real time services
in wireless networks, different resource allocation
schemes have been recently proposed for uplink.
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Fig. 1. Block Diagram of Uplink OFDMA system

A. System Model of Uplink OFDMA System

An uplink OFDMA block diagram is shown in
figure 1. The QAM input symbols are fed into an
inverse discrete Fourier transform (IDFT) block. Using
channel state information feedback, adaptive resource
allocation assigns a set of subcarriers to each user and
adjusts bit constellations for the data mapped in the
assigned subcarriers.

After IDFT, a cyclic prefix (CP) is added to the
front of an OFDMA symbol. As long as the CP length
is grater than the wireless channel delay spread only
1 - tap frequency domain equalization per subcarrier is
required to retrieve the transmission data. The rest of
the receiver blocks essentially invert the operations at
the transmitter.

In our proposed system, subcarrier and power
allocation in uplink OFDMA system can be
implemented by using linear and non linear method in
order to maximize the rate-sum capacity. The aim is
to maximize the throughput of the system. The
approach here is to allocate each subcarrier [7] [8] to
the user which ensures that the normalized channel
gain reaches its maximum. Given that all subcarriers
have been allocated, the remaining goal is then to
maximize the rate of each user by power allocation
[7[8]]

Each mobile user is given a pricing factor, which
is multiplied with the total power used by the mobile.
The overall utility is called pricing term that can be
added with a quadratic term, which is the difference
between the given maximum throughput of the user
and the achieved throughput of the user. Hence, the

system aims to reach the maximum throughput of each
user, while using as little power as possible.

il DESIGN METHODOLOGIES

There are two methods for subchannel
assignment and power allocation in uplink OFDMA
systems.

1. Non Linear method

2. Linear Method

A. Non Linear Method

The non linear method describes the resource
allocation and is used to determine the total power
assigned to the user. This method reduces the
computational complexity of solving variables in
subcarrier and power allocation [5][6] simultaneously.
The proportionality between the number of users and
rate sum capacity is not strictly maintained in this
algorithm due to non linearity principle. Initially a
subchannel is assigned to the user who has the highest
channel gain. After assigning all the subchannels, the
capacity for each user is calculated by assuming equal
power distribution for all the subchannels.

We can write the optimization problem by
mathematically

K N 1
max
X X mI092 1+7pk’" k0
PmPkn k=1 net N No 7
N
Subject to
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K N

z z Pm,nSPtotal
k=1 n=1 (2)

Pk n=0 for all k, n

Pk n=1{0,1} for all k n

Where

K — Total number of users

N — Total number of subchannels

No - Power spectral density of additive
white Gaussian noise

B — Bandwidth

Piotal - Total power

Pk n - Power allocated for user k in the
subchannel n

hin — Channel gain for user k in the
subchannel n

Pkn - Value of either 1 or 0

|-|k’n=th,n/<;2 Sub-channel-to-noise ratio

o°=Ny BIN Additive white Gaussian noise

(AWGN)

Ri:Ro:...R¢ = &;. . ... & - Proportional rate
constraints

B. Linear Method

Linear method is a low complexity subcarrier and
power allocation algorithm. The equations used in the
power allocation can be easily solved by linearity and
symmetric principle.

IV IMPLEMENTATION OF THE PAPER

The implementation of proposed algorithms for
both the methods is usually a tradeoff between how
close they come to the optimum allocation [4] and how
quickly they reach their final allocation.

A.  Proposed Non Linear Algorithm

The rate sum capacity for user k is denoted as
Rk and is defined as

N Py o'
A= = PEliog,| 14-K0k"
" "o ®

The total power for each user is calculated by
using the equation

Py tota1 = Sk (P1, total) Gk (4)
where
1 for k=1
i N M|y orke2a K
. orKk=¢,9,...
Ho+ DWW+ | N+ [ F

(4 (@)
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W, - Sum of the total power allocated to every
user cannot exceed the total power in the system

Hk,1 - Lowest SNR allocated to user k
1

N, N

H, k

Wy=| T~
=11+ (4 ()
N,

Vv, Ek Hig n— My 1

:n:Q(HKﬂ+1)(Hk,1+05) (4 (g))

The algorithm for the Non linear Method as
follows.
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1. Initialize the number of subchannels (N,) and
data rate (Ry) allocated to user k.

2. Check the availability of all the subchannels.

3. Assign the power equally among all the
availability of subchannels.

4. Let the largest and unallocated subchannel pick
up by the user k.

5. Allocate subchannel n to user k and make it no
longer available.

6. Increment the number of subchannels Nk
assigned to user k by 1.

7 Recalculate data rate for user k.

8 Find the user k with the lowest data rate.
9.  Repeat the same in 5, 6, 7 and 8.
B

Proposed Linear Algorithm

By using substitution method, the power for
individual user is given by the equation

(P g i
k total k=2 (akk+ 05))

Koy
(o5 1
\ k:g(akk+0-5)}

for k=1

()

(bx—Py)

P a— fork=2,3,... K
(Agxt+ 0.5) or

Thefinal power allocation across sub carriers per
user can be given by

P —p o= e
K=K (Hy p+ 1) (Hy 1 +0.5) 6)
Where
Pi— Vi
P =n
(Ne+1) (6 (a)

The algorithm for the Linear Method as follows

1. Calculate the number of subcarriers to be initially
assigned.

2. Assigns the subcarriers to each user with highest
Channel-to-noise ratio.

3.  Picks the user with lowest data rate to allocate
Subchannel at the same time.

4.  Assigns the remaining subcarriers to the best
users. This policy balances achieving Proportional
faimess while increasing overall capacity.

5. Initialize the number of subchannels (N,) and
data rate (Ry) allocated to user k.

6.  Check the availability of all the subchannels.

7. Assign the power equally among all the
availability of subchannels.

8.  Allocate subchannel n to user k and make it no
longer available.

9. Increment the number of subchannels Nk
assigned to user k by 1.

10. Recalculate data rate for user k.
11. Find the user k with the lowest data rate.

12.  Repeat the same in 8, 9, 10, and 11.

V. RESULTS AND DISCUSSION

The graph plotted against capacity versus
number of users we can conclude that more capacity
is achieved as the number of user's increases. Also
the power allocated for each user is reduced without
affecting the capacity.

The performance of proposed algorithm can be
shown in the simulation results by using MATLAB 7.9.
The simulation parameters are Total power is 0.75
Watts, Number of users K = 32, Number of subcarriers
N = 256, bit error rate BER = 1¢™, Bandwidth = 1
MHZ.

Adaptive Modulation [9] is necessary to handle
the time-varying nature of wireless channels which
yields very high speed data rates. Channel state
Information [3] for each user must be generated before
allocation of subchannel and power [10] [12] which
constitute an accurate wireless channel model.

A. Simulation Results

A simulation result shows the relationship
between capacity versus number of users we can
conclude that more capacity is achieved as the number
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of users increases [11] [13]. Also the power allocated
for each user is reduced without affecting the capacity.

Rate sum capacity as a function of number of users

s
™,
i

Rate sum capacity (bit/s/Hz)
o L) (]
@ b - e o
[, - v o o
S Y
4 e :
+ i i
i & :
i i :
P P
: £ @
T
EEREE.
: i &
: N :
5 -+ :
i + :
i i i

[}
@

T T o neaR

i — +— - NON LINEAR
0 5 10 15 20 25 30 35
number of users

brod
tn
o

Fig. 2. Number of users verses Rate sum capacity
in uplink OFDMA system

Figure 2 shows the simulation result of Rate sum
capacity as a function of number of users
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Fig. 3. Number of users verses Average Rate time
in uplink OFDMA system

Figure 3 shows the simulation result of average
CPU time comparision for number of users.

Figure 4 gives the Normalized rate proportion for
each user up to 32 users averaged over 200 channels,
with the required Gamma for each user. The LINEAR
method has minimal deviation from the required

proportions, but proposed scheme is much better for
large number of users
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Fig. 4. User number verses normalized rate
proportions in uplink OFDMA system

VI. CONCLUSION

The rate sum capacity achieved by the proposed
LINEAR method is consistently higher than for the
NONLINEAR method for a system up to 32 users.

From the simulation results we can conclude that
the proposed method improves on the previous work
with respect to subcarrier and power allocation
constraints with necessary conditions for optimization
which enhances the system capacity with low
computational complexity, providing almost near to
optimal solutions.

In future work we can extend the same work for
by increasing Number of users, Number of subcarriers
and decreasing Total power used with necessary
conditions for optimization which enhances the system
capacity with low computational complexity.
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