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Abstract  

 
In a single user communication system, OFDM proves to be a robust technique to mitigate the ISI experienced on 

frequency selective wideband wireless channels. OFDM is suggested as an approach to be used in multiuser systems, 

particularly the downlink section of a cellular system. The users of such a system must share resources such as 

transmit power and subcarriers. In order to increase system performance, it is shown that these resources should be 

allocated adaptively to users based on their channel information. This report studies two adaptive allocation 

approaches that maximize system capacity. During the implementation of these approaches, it was found that 

significant complexity of the algorithms could be reduced by preferring an equal power allocation over the more 

widely studied water-filling power allocation. 

 

I.  Introduction 

Next generation wireless communication systems (e.g. Fourth Generation 4G systems) aim to support 

interactive multimedia service and wireless Internet access at an ambitious date rate of 100Mbps or more. 

High data rate communication over wideband channels is significantly limited by inter-symbol interference 

(ISI) [1], which is a result of multiple copies of the transmitted signal created by the reflection off objects 

(such as building and cars). This phenomenon is commonly known as multipath fading. To combat ISI, 



multicarrier modulation techniques, including Orthogonal Frequency Division Multiplexing (OFDM) are 

among the possible solutions that have been suggested. 

 

OFDM [2] divides a broadband channel into N narrow subcarriers of equal width such that the channel 

frequency response on a particular subcarrier is approximately flat. Appending a guard band or cyclic prefix 

(CP) to the transmitted symbols converts the linear convolution of the symbols with the channel into a 

circular one, provided the length of the CP is greater than or equal to the channel length (delay spread). Thus, 

each subcarrier can be modeled as a gain (time invariant or variant) with additive white Gaussian noise 

(AWGN). This setup allows the received signal to be ISI free and modeled by the following equation 

][][][][ kvkskHky +=                                                             (1) 

where ][ky  is the received symbol, ][kH  is the discrete Fourier transform of the channel response, ][ks  is 

the transmitted symbol and ][kv is AWGN. 

 

II. Background 

OFDM can be incorporated into a multiuser system by sending multiple users’ data on different subcarriers 

since, the subcarriers are orthogonal to each other. An example of such a system could be a cellular system, 

particularly the downlink, where the base station transmits to multiple users. One of the major tasks for such 

a system would be to allocate subcarriers, bits and transmission power to the different users. There are two 

approaches to allocate these resources: fixed and adaptive. Fixed allocation approach uses time division 

multiple access (TDMA) or frequency division multiple access (FDMA) to allocate predetermined time slots 

or subcarriers to users as explained in [4]. Fixed allocation approach is not an optimal approach to share the 

resources since it does not account for the current wireless channel state between the transmitter and user. 

 

A wireless channel is frequency selective if there exists multipath fading between the transmitter and 

receiver. Depending on the surroundings of each user at its location, there are diverse channel patterns 



between the base station and the users that vary with time.  The channel diversity, created by multiple users, 

can be used for adaptive allocation of resources to increase the system performance. The adaptive resource 

allocation approach can be formulated in two different optimization techniques. The first known as margin 

adaptive [5], minimizes the total transmit power while maintaining a fixed bit rate for each user. The second 

also called rate adaptive [6, 7], maximizes the summed bit rate for all users (also known as system capacity,) 

while keeping the transmission power constant. Since power is a restricted and limited quantity in actual 

systems, this report is going to focus on the rate adaptive approach. 

 

For adaptive allocation of resources the channel response for each user needs to be updated frequently at the 

base station. This increases the burden on the base station. It turns out that the complexity of the task is 

further increased by the non-linear nature of these optimization problems. One way to reduce complexity is 

to convert the all variables to integers [9]. Nevertheless, the complexity rises exponentially in the integer 

programming solution as the number of variables and constraints increases. 

 

The rate adaptive techniques mentioned in Jang and Lee in [6] maximizes the system capacity by allocating 

each subcarrier to a user which has the best channel gain for it. This technique is unfair since it neglects users 

which consistently see low channel gains. Such users may never be assigned any subcarrier if their channel 

persists to be deeply faded. On the other hand, [7] maximizes the system rate while maintaining the same 

data rate for all users all the time. Such a technique may not be helpful for a system which requires different 

data rates for users depending on their service level agreement with their system. To solve this issue authors 

in [8] have proposed a system which looks at proportional fairness amongst the users data rates. A set of 

predetermined proportion data rates is maintained between users while maximizing system capacity. This 

method is further modified in [12] to give a low complexity optimization solution and is discussed later in 

the report. 

 



The rest of this report is divided into the following sections. Section III describes the system model for a rate 

adaptive scheme and Section IV mentions how [6,7, 12] solve the optimization problem. Section V gives a 

description of the implementation and Section VI outlines the complexity issues in each of the optimization 

problems. Section VII discusses the simulation results for two of the optimization problems and Section VIII 

concludes this report.  

 

III. System Model 

Since [6, 7] both maximize the system capacity with total power as a constraint, they share the same general 

system model for the optimization problem. Following is the mathematical representation of the system  

��
= = �

�
�
�

�

�

�
�
�
�

�

�

+=
K

k

N

n

nknk
nkp

N
B

N

hp
R

nknk 1 1
0

,
2

,
2,,

1logmax
,,

ρ
ρ

                                              (2) 

    Subject to: 
 

 

 

 

IV. Algorithms  

The algorithms for Jang and Lee [6], and Shen et al. [7] are discussed in this section. To make the 

optimization problem tractable, Jang and Lee divide the problem into two stages: subcarrier allocation and 

power allocation. They derived a theorem, which states that in order to maximize the data rate on a 

subcarrier, that subcarrier should be assigned to only one user who has the best channel gain for it. Following 

the theorem the model further simplifies into the following equation 

�
= �

�
�
�

�

�

�
�
�
�

�

�

+=
N

n

kk

N
B

N

hp

N
R

n
n

1
0

2

2

*
*

1log
1

                                                      (3) 

{ }

nkallfor

nkallfor

nkallforp

Pp

K

k
nk

nk

nk

K

k

N

n
totalnk

,1

,1,0

,0

1
,

,

,

1 1
,

�

��

=

= =

=

=
≥

≤

ρ

ρ

Where, 
• K is total number of users 
• N is total number of Subcarriers 
• No is power spectral density of AWGN 
• B is total bandwidth, Ptotal is total power 
• Pk,n is the power for kth user and nth subcarrier 
• Pk,n indicates if nth subcarrier is used by kth 

user 
• each subcarrier can be used by one user 
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The system in (3) can be treated as single user OFDM system and power is allocated either using water-

filling algorithm or authors propose equal power allocation strategy to reduce complexity. Following are the 

summarized steps for the algorithm 

 

 

 

 

 

On the other hand, Shen et al. in [7] introduces the proportionality fairness among users by adding a non-

linear constraints given by, 

KKRRR γγγ :...:::...:: 2121 =                                                        (4) 

where kR is the kth user’s data rate, and { }K
ii 1=γ  are the predetermined data rate ratio specified by the system. 

In order to reduce complexity in the binary and integer optimization problem (3) with nonlinear constraint 

(4) and in finding the global solution for the system capacity over all  possible subcarrier allocation 

NK (where K is total users and N is total subcarriers), the authors propose the suboptimal method; subcarrier 

allocation followed by power allocation. For subcarrier allocation, the authors discuss the following 

algorithm, which they base on [8] 

 



For the power allocation, the authors use the Lagrangian optimization technique to generate a set of K non-

linear equations that require iterative methods such as Newton-Raphson or Quasi-Newton to obtain a 

solution. To reduce this complexity, the authors mention cases where the equations can solved in one 

iteration by taking some assumption. For the linear case, the assumption is  

KKNNN γγγ :...:::...:: 2121 =                                                      (5) 

where iN is the number of subcarriers allocated to ith  user. Wong et al. in [12] combines this linear approach 

with an approach in [10] to reduce complexity significantly in the subcarrier and power allocation scheme.   

 

V. Implementation and new findings 

Wong et al in [12] have further modified [7] to reduce the number of operations and make the concept of 

proportional rates more feasible for real-time systems. This method will be further addressed as LINEAR. 

The implementation of [12] is at this address: http://www.ece.utexas.edu/~iwong/OFDMAResAllocSim.htm. 

For comparison purpose, the High Channel-to-Noise Ratio Case suggested by Shen et al. in [7] is included in 

the implementation and will be further addressed as ROOTFINDING. To compare Jang and Lee method 

with LINEAR and ROOTFINDNG approach, I have developed a module in MATLAB which implements 

the basic idea proposed by Jang and Lee. My module uses the same channel fading parameters, bandwidth, 

total transmit power and various other variables used by Wong et al. in [12]. The module first assigns 

subcarriers according to Step 1 defined in Section IV. In the next stage power is allocated based on the two 

methods in the Step 2. The first method assumes the system is a single user OFDM system after the 

allocation of subcarriers and water-filling algorithm is used to allocate power. For the second method, I 

assume equal power on all subcarriers. After running the simulation for my module (Jang and Lee approach) 

and observing the results, it appears that there may be marginal performance difference between water-filling 

and equal power allocation as seen in Fig.1 in the simulation Section VII.  This result can be used to save 

valuable computation time which the water-filling algorithm requires to iterate to the best solution. I propose 

that this iterative procedure can be replaced by the equal power allocation scheme in [12] to reduce iterative 



computations and processing cost and will be further addressed in the simulation as LINEAR-WF for water-

filling and LINEAR-EQ for equal power. 

 

VI. Complexity Comparison 

The computational complexity of the Jang and Lee algorithm in [6] need to be studied. Please note that K 

refers to the total number of users in the system and N refers to the number of subcarriers. Step 1a of the 

algorithm by Jang and Lee requires constant time for initialization. Step 1b involves sorting nth subcarrier 

gain for all users for every subcarrier, requiring ( )KNKO 2log  operations. Step 2 involves the choice 

between two methods. Water-filling method requires finite number of operations and the equal power 

method requires lesser number of operations. The complexity for [7,12] is listed in the following table. 

Table 1: Complexity Comparision Table 
Steps LINEAR ROOTFINDING Jang and Lee 
Subcarrier Allocation ( )NKNO 2log  ( )NKNO 2log  ( )KNKO 2log  
Power Allocation ( )nKO , 9≈n  ( )KO   

 

VII. Simulation Results 

Simulation parameters: Simulation parameters for this paper were the same ones used in [12] and listed 

Bandwidth Total Subcarriers BER Maximum delay spread SNR Gap Total Power 
1 MHz 64 10^-3 5usecs 3.3 0.5 W 

 
10 different channel realizations were used during 

simulation and each realization was sampled 100 

times for each user. Proportionality ratios were 

assigned to users at each channel realization and are 

the same as described in [12].  

Overall Capacity: Fig.1 displays the capacity 

achieved by methods proposed by Jang and Lee [6, 7 
Fig. 0: System Capacity versus number of users. 
The capacity for Jang and Lee is much higher 
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and 12]. The capacity achieved for the modified 

LINEAR, using equal power allocation (LINEAR-

EQ) instead of water-filling algorithm is also plotted. 

From the figure, there is negligible performance loss 

for using equal power allocation. Jang and Lee 

outperforms in achieving a much greater system 

capacity. System capacity Vs SNR is given in Fig5. 

SNR is defined as Ptotal/B*No  

Proportionality: Fig.2 shows the normalized capacity 

proportions for the users. The extra bars for LINEAR-

WF and LINEAR-EQ bars emphasize that there is 

negligible performance loss when using equal power 

allocation scheme and considerable reduction in 

complexity. The figure also shows how users of Jang 

and Lee get unfair share of the system capacity. This 

point can be further noted in Fig.3 where only user 2, 

3 and 6 are given share of the capacity for a random 

channel realization because they had the best channel 

gain for that realization. 

Complexity: Fig4. shows the reduction in complexity 

when equal power allocation is used for the LINEAR 

method.  

 

 
 Table 2: Performance comparision  

Methods QoS 
LINEAR-EQ Good  
ROOTFINDING Very Good 
Jang and Lee Not Good 
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VIII. Conclusion 

OFDM represents a successful approach to 

mitigation of ISI in wireless communication. 

Multiuser OFDM systems create channel 

diversity that can be exploited to increase 

system performance. Due to the varying 

conditions of the channel between the transmitter and 

receiver, it is essential to adaptively allocate the recourse based on instantaneous channel knowledge. 

This paper compared two rate adaptive approaches that allocate resources. The approach taken by Shen 

et al. [7] (modified later by Wong et al. to reduce complexity) provides proportional fairness to users 

by giving a fair share of the system capacity depending on their predetermined capacity ratios. On the 

other hand, the Jang and Lee [6] approach is shown to provide a much higher system capacity by 

allowing only those users to transmit on subcarriers which had better gains for them. During 

implementation, it was seen that Wong et al. in [12] could further reduce the complexity by using 

equal power distribution instead of the water-filling method without significant loss in performance 
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