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Abstract-The OFDM has many advantages such as high bandwidth efficiency, robustness to the selective fading 

problem, use of small guard interval, and its ability to combat the ISI problem. But in an OFDM system, the 

information is converted to N parallel sub channels and sent at lower rates. The combination of bit-interleaved coded 

modulation (BICM) with orthogonal frequency division multiplexing (OFDM) provides a low-complexity nearly-

optimal performance approach to the broadband transmission in multipath scenarios. Caire, Taricco and Biglieri 

presented a detailed analysis of bit interleaved coded modulation, a simple and popular technique used to improve 

system performance, especially in the context of fading channels. This paper deals with transmission schemes for 

BICM-OFDM system. In the BICM-OFDM scheme, nearly optimal performance can be achieved by bit loading and 

power allocation, i.e. assigning a different constellation (number of bits) and different power to each subcarrier and 

each channel access according to the channel frequency response. 
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I. INTRODUCTION 

The OFDM has many advantages such as high bandwidth efficiency, robustness to the selective fading problem, 

use of small guard interval, and its ability to combat the ISI problem. So, simple channel equalization is needed 

instead of complex adaptive channel equalization. The combination of bit-interleaved coded modulation (BICM) 

with orthogonal frequency division multiplexing (OFDM) provides a low-complexity nearly-optimal 

performance approach to the broadband transmission in multipath scenarios. On the one hand, the paradigm of 

channel code and modulation separation by means of a bit interleaver introduced by BICM has been proved a 

versatile approach to spectrally efficient transmission in fading channels. BICM allows a large flexibility in 

constellation selection and channel coding design at the expense of minor performance losses. On the other 

hand, the use of OFDM allows to get rid of inter-symbol interference converting the frequency selective channel 

into a set of parallel non-interfering channels thanks to the use of multicarrier transmission. The good 

performance vs. complexity trade-off provided by BICM-OFDM has motivated a broad interest in this 

transmission scheme, as well as its introduction in many standards like IEEE802.11a/g, IEEE802.16. This paper 

deals with transmission schemes for BICM-OFDM systems subject to slow-fading. In low-mobility scenarios 

the channel state can be accurately tracked by both the transmitter and the receiver and the performance can be 

improved adapting the signalling to the instantaneous channel spectral shape. In the BICM-OFDM scheme, 

nearly optimal performance can be achieved by bit loading and power allocation, i.e. assigning a different 

constellation (number of bits) and different power to each subcarrier and each channel access according to the 

channel frequency response. Probably the most well-known criterion for power allocation is the maximization of 

the channel capacity under an average power constraint. The solution for the additive white Gaussian noise 

(AWGN) channel is known as waterfilling. Unfortunately, this solution assumes a continuous and Gaussian 

modulation so it is not optimum for practical systems using discrete constellations, since the bit rate assignments 

are constrained to be integer. In this case, if the bit loading has been previously determined, the power allocation 

that maximizes the mutual information is provided by the mercury/ waterfilling policy (MWF). 

Taking into account that state of the art channel codes can achieve performance very close to the Shannon limit, 

the mutual information provides a good criterion for system design without taking into account the specific 
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channel code employed. However, since MWF only optimizes the power allocation, a bit loading algorithm is 

also required. Unfortunately, mutual information cannot be employed as the optimization criterion for bit 

loading design when typical constellations (e.g. m-QAM, m-PSK) and optimum transceivers are considered, 

since for a fixed SNR the largest constellation always provides the largest mutual information. In other words, 

the mutual information is maximized employing the largest constellation available at any SNR. Therefore, other 

methods have been proposed in the literature that introduces practical constraints related to the bit error rate 

(BER) performance, either for the uncoded or coded case. However, this situation may change if we take 

account of the mutual information loss introduced by suboptimum transceivers. In the case of BICM, the 

magnitude of this loss depends on the constellation, its labelling and the SNR. As it is well known, for QAM 

constellations with Gray labelling the MI of small constellations surpasses that one of larger ones at low SNR’s. 

Hence, when BICM schemes are considered, mutual information provides a meaningful criterion for joint 

optimization of bit loading and power allocation that can be applied to design transceivers with nearly optimal 

performance. 

In this paper, we propose a bit loading and power allocation algorithm for BICM-OFDM systems that 

maximizes the mutual information under an average power constraint. We rely on irregular modulation to 

formulate the problem in the framework of a convex optimization. The proposed algorithm does not provide 

significant gains in terms of spectral efficiency increase, but rather provides a new tool for joint bit loading and 

power allocation that maximizes the mutual information while it maintains the computational complexity of 

mercury / waterfilling.     

The rest of the paper is organized as follows. The project architecture is explained in section II, followed by 

result in section IV and detailed explanation of algorithm is provided in section III   

II. SYSTEM ARCHITECTURE 

This section describes the system set-up in which the proposed bit loading and power allocation policy will be 

employed in OFDM system implementation. The system design is based on the application of irregular 

modulation and power allocation to a BICM scheme in scenarios which makes use of multiple parallel sub 

channels. 

Figure 1 depicts the system block diagram, including the coding, interleaving, mapping and power allocation 

stages. Following a BICM scheme, the coded bits are bit-interleaved and delivered to the modulation and power 

allocation stages. 

Figure 1 System Architecture 

Consider parallel sub channels with coefficients . is the power allocated to and by  the 

unit-power symbol transmitted through the sub channel in the  channel access. The symbol belongs to 

one of the available constellations,  , with bits per symbol respectively and possibly 

different labeling. Then, the received signal is  
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where  is the additive complex white Gaussian noise term of zero mean and variance , independent 

among sub channels. At the receiver, the suboptimum detector computes the bit log-likelihood ratios (LLR’s) of 

the transmitted bits, de interleaves and delivers them to the decoder. According to the irregular modulation and 

power scheme, we allow the transmission of symbols belonging to different constellations with different 

allocated power within the same sub channel, and we let this configuration to be different for each sub channel. 

If more than one constellation is used within a sub channel, the order in which the bits are mapped to them is 

predefined and, therefore, known at both transmitter and receiver 

III. ALGORITHM

In order to implement the Power allocation we propose implementation using following algorithm which only 

needs the primary assumption of sharing of channel state information (CSI) between the receiver and 

transmitter, leading to maximization of the mutual information being communicated. 

A system with K users and N subcarriers is considered. A subset of N subcarriers is assigned to a user, and the 

number of bits is also determined on downlink transmission.  denotes the channel gains over all N

subcarriers for the user at subcarrier n. The number of bits of the subcarrier assigned to user K is .

The required received power at a particular data error rate is a function of bits per symbol . The power of 

noise is normalized to one. If the nth subcarrier is used by the  user, the required transmit power for the 

specified BER at bits per symbol is equal to 

In multiuser OFDM systems under consideration, we do not allow more than one user to share a 

subcarrier. To formulate the allocation problem, we define 

The constraint is expressed as 

The required transmit power can be expressed as 

Data rates  are predetermined parameters for each user. The bit error rate must be ensured at a 

certain level to meet the service quality. The subcarrier, bit, and power allocation problem for the minimization 

of total transmit power is formulated as 

A. Subcarrier Allocation Algorithm 
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Each single user is initially supposed to be able to use all subcarriers. The optimal bit allocation is obtained by 

the water-filling method. In this algorithm there is no need to be pre-determined number of subcarriers for each 

user. 

1. For each user  

a. Apply the single user subcarrier and bit allocation algorithm to allocate subcarriers and bits to the user.  

b. The transmit power of each user on each subcarrier is computed.  

c. Subcarrier is checked for confliction. 

2. If there  is no conflicting subcarrier, 

a.   Then the optimal allocation solution for 

          multiuser OFDM systems is found.           

b.   Otherwise 

i. The conflict of desired subcarriers needs to be resolved. Suppose a conflicting subcarrier k is in the 

desired list of M users . Define the total transmit power on subcarrier k as the 

sum of each user’s transmit power on this conflicting subcarrier.  

ii. Arrange the conflicting subcarriers in the order of decreasing total transmit power of the subcarrier. 

3. The conflicting subcarrier with the largest power is chosen to start.  

a.The conflicting subcarriers are assigned to users in turn. Once a conflicting subcarrier is assigned to a 

user, other users are required to reallocate the bits which are allocated to this subcarrier currently.  

b.The required total transmits power after re-assigning of bits is re-computed. 

4. The user providing the minimum total transmit power increase of the bit reassignment is selected to use the 

conflicting subcarrier. Then, the subcarriers and the bits are reallocated according the water-filling method. 

New conflicting subcarriers may be generated during the process. The procedure is performed iteratively 

until there is no conflicting subcarrier.  

IV. Simulation Results 

Figure 2BER Plot M=4 

International Journal of Latest Trends in Engineering and Technology (IJLTET)

Vol. 2 Issue 3 May 2013 231 ISSN: 2278-621X



Figure 3 BER Plot M=16 

Figure 4 BER Plot M=32 
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Figure 5 BER Plot M=8 

Figure 6 BER Plot M=64 
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V. CONCLUSION

In this work, the concepts of orthogonal frequency division multiplexing (OFDM) and bit interleaved coded 

modulation (BICM) in digital transmission system are explored. BICM-OFDM scheme, nearly optimal 

performance can be achieved by bit loading and power allocation, i.e. assigning a different constellation 

(number of bits) and different power to each subcarrier and each channel access according to the channel 

frequency response. In particular, we have focussed on BER minimization using bit and power allocation and 

code selection. Although the algorithm is proposed for a BICM-OFDM transmission, it could be employed in 

any other scenario where parallel sub channels arise (e.g. multiple antenna transmission where the MIMO 

channel is diagonalized through the use of linear pre/post-filtering based on its singular value decomposition) 

and where the transmission scheme results in mutual information vs. SNR curves that overlap for different 

configurations. 
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