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Abstract- OFDM stands for orthogonal frequency division multiplexing. It is a type of digital transmission technique 

and a method of encoding digital data on multiple carrier frequencies. This paper consists the solution for minimizing 

the total transmit power with power control and resource allocation in OFDM networks where mutual interference 

exists among cells. Signal-to-interference-and-noise-ratio (SINR) relation is interpreted by load and power coupling 

model. One low-complexity Distributed Resource Allocation and Power Control algorithm (DRAPC algorithm) is 

developed for solving the power minimization problem. Specially, In the proposed model each base station updates its 

load vector, power vector, rate vector information and broadcasts it to all other base stations. Having collected all the 

information, each base station calculates its own load vector, power vector, rate vector. Performance parameters are 

evaluated in this paper and compared with existing algorithm. 
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1. INTRODUCTION 
The three fundamental optimization problems in wireless communication networks are energy efficiency maximization, 

rate maximization and power minimization. To solve these problems, power control and resource allocation are often 

considered.  

    Global mobile data traffic is increased nearly seven-times between 2013 and 2019. Energy cost is rapidly increasing 

due to the growth in mobile data traffic. The energy consumed by information and communication technology sector is 

more than 4% of the worldwide electric power consumption. Besides, it is also shown that base  stations (BSs) consume 

around 82% energy of the whole network. Thus, the power consumption of BSs should be minimized. Recently, power 

minimization in OFDM networks has been studied within small cell networks. But they neglected the effect of load 

(average utilization level of the time-spectrum resource blocks (RBs). They considered only the signal-to-interference 

noise-ratio (SINR) models of each cell in OFDM networks. In OFDM networks, different RBs are allocated to users in 

the same cell, so the intra-cell interference is ignored. However, the effect of inter-cell interference which causes due 

to frequency reuse among cells, can result in performance degradation. Hence both power and load of each cell gets 

affected by its neighbouring cells. Thus, better performance from the system can be achieved by including the effects 

of load of cells into the SINR model.  
 

2. LITERATURE SURVEY 
Elias Yaacoub and Zaher Dawy discussed various uplink resource allocation algorithms in detail. But the resource 

allocation in pico cells, Self-Organizing Networks, and MIMO are not analysed in this. Sanam Sadr et al., discussed 

various downlink resource allocation algorithms in detail. But resource allocation in MIMO and multi-cell systems are 

not analysed in this. G.Song and Y.Li proposed theoretical framework and implementation of a cross layer solution for 

resource allocation in OFDMA networks. The solution with this approach is non-linear and needs linear approximation 

to improve performance. 4G. Song and Y. Li proposed an adaptive power and sub carrier allocation based on utility 

maximization. Here they use cross layer information to perform optimum resource allocation while maximizing the 

utility at user level. This approach also suffers when rate of change of channel fading statistics increases. 
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3. FADING  
In wireless communications, fading is variation or the attenuation of a signal with various variables. These variables 

include time, geographical position, and radio frequency. Fading is often modelled as a random process. A fading 

channel is a communication channel that experiences fading. In wireless systems, fading may either be due to multipath 

propagation, referred to as multipath induced fading, weather(particularly rain), or shadowing from obstacles affecting 

the wave propagation, sometimes referred to as shadow fading. The presence of reflectors in the environment 

surrounding a transmitter and receiver create multiple paths that a transmitted signal can traverse. As a result, the 

receiver sees the superposition of multiple copies of the transmitted signal, each traversing a different path. Each signal 

copy will experience differences in attenuation, delay and phase shift while travelling from the source to the receiver. 

This can result in either constructive or destructive interference, amplifying or attenuating the signal power seen at the 

receiver. Strong destructive interference is frequently referred to as a deep fade and may result in temporary failure of 

communication due to a severe drop in the channel signal-to-noise ratio. 

FADING MODELS 

3.1. RAYLEIGH FADING  

 
Rayleigh fading is a statistical model for the effect of a propagation environment on a radio signal, such as that used by 

wireless devices. Rayleigh fading models assume that the magnitude of a signal that has passed through such a 

transmission medium (also called a communications channel) will vary randomly, or fade, according to a Rayleigh 

distribution the radial component of the sum of two uncorrelated Gaussian random variables. Rayleigh fading is viewed 

as a reasonable model for tropospheric and ionosphere signal propagation as well as the effect of heavily built-up urban 

environments on radio signals. Rayleigh fading is most applicable when there is no dominant propagation along a line 

of sight between the transmitter and receiver. Rayleigh fading is a special case of two-wave with diffuse power (TWDP) 

fading. 

                         
          Figure1- Example of Rayleigh fading 

 

 

3.2. TWO-WAVE WITH DIFFUSE POWER (TWDP) FADING  
In radio propagation, two-wave with diffuse power (TWDP) fading is a model that explains why a signal is strengthened 

or weakened at certain locations or times. TWDP models fading due to the interference of two strong radio signals and 

numerous smaller, diffuse signals. TWDP is a generalized system using a statistical model to produce results. Other 

statistical methods for predicting fading, including Rayleigh fading and Rician fading, can be considered as special 

cases of the TWDP model. The TWDP calculation produces a number of fading cases that the older models do not, 

especially in areas with crowded spectrums. 

 

3.3 MULTIPLE INPUT AND MULTIPLE-OUTPUT (MIMO)  
Multiple-input and multiple-output, or MIMO is a method for multiplying the capacity of a radio link using multiple 

transmit and receive antennas to exploit multipath propagation. MIMO has become an essential element of wireless 

communication standards including IEEE 802.11n(Wi-Fi), WiMAX (4G), and Long Term Evolution (LTE 4G). At one 

time, in wireless the term "MIMO" referred to the use of multiple antennas at the transmitter and the receiver. In modern 

usage, "MIMO" specifically refers to a practical technique for sending and receiving more than one data signal 

simultaneously over the same radio channel by exploiting multipath propagation. MIMO is fundamentally different 

from smart antenna techniques developed to enhance the performance of a single data signal, such as beam forming and 

diversity. 

 

 

http://www.ijcrt.org/


www.ijcspub.org                                               © 2022 IJCSPUB | Volume 12, Issue 2 May 2022 | ISSN: 2250-1770 

IJCSP22B1110 International Journal of Current Science (IJCSPUB) www.ijcspub.org 34 
 

                            
Figure 2- Multiple Input and Multiple-Output (MIMO)  

 

𝒩 = {1, 2, ⋅⋅⋅ , 𝑁} is the set of base stations (BSs). Each BS 𝑖 ∈ 𝒩 serves one unique group of users, 

denoted by set 𝒥𝑖 = {𝐽𝑖−1 + 1, 𝐽𝑖−1 + 2, ⋅⋅⋅ , 𝐽𝑖}, ∣𝒥𝑖∣ ≥ 1. The main focus is on downlink communication scenarios 

where mutual interference exists among cells. Users in each cell is allocated with different resource blocks 

(RBs), hence the intra-cell interference among the cells is  neglected.  

Assume that BS 𝑖 transmits with power 𝑝𝑖𝑗 for every RB allocated to user 𝑗 ∈ 𝒥𝑖. The total power is 

represented as a vector   𝑝 = (𝑝11, ⋅⋅⋅ , 𝑝1𝐽1 , ⋅⋅⋅ , 𝑝𝑁(𝐽𝑁−1+1), ⋅⋅⋅ , 𝑝𝑁𝐽𝑁 )𝑇 . User 𝑗 ∈ 𝒥𝑖 is served by BS 𝑖 at achievable 

rate 𝑟𝑖𝑗 that has to be greater than a rate demand 𝑑𝑖𝑗 ≥ 0. We collect all the rates as vector 𝑟 = (𝑟11, ⋅⋅⋅, 𝑟1𝐽1, ⋅⋅⋅, 
(𝐽𝑁−1+1), ⋅⋅⋅, 𝑟𝑁𝐽𝑁)𝑇 and the corresponding minimum demands represented as vector 𝑑 = (𝑑11, ⋅⋅⋅, 𝑑1𝐽1 , ⋅⋅⋅, 
𝑑𝑁(𝐽𝑁−1+1), ⋅⋅⋅ , 𝑑𝑁𝐽𝑁 )𝑇 .  If 𝑟 ≥ 𝑑, the rate vector meets the rate demand constraints.  

 

                                                             
                                                
                                                         Figure 3- System model for OFDM network 

 
    We consider the load and power coupling model. Let 𝑚 = (𝑚11, ⋅⋅⋅ , 𝑚1𝐽1 , ⋅⋅⋅ , 𝑚 𝑁(𝐽𝑁−1+1), ⋅⋅⋅ , 𝑚𝑁𝐽𝑁 )𝑇 be the load 

vector, 𝑚𝑖𝑗 is regarded as the fraction of RBs that are allocated to user 𝑗 ∈ 𝒥𝑖 in cell 𝑖.  We calculate the  load of BS 𝑖 by 

the summation of load for serving every user 𝑗 ∈ 𝒥𝑖, which should satisfy ∑ 𝑗∈𝒥𝑖 𝑚𝑖𝑗 ≤ 1. It can be observed that the 

average transmission power of BS 𝑖 is ∑ 𝑗∈𝒥𝑖 𝑚𝑖𝑗𝑝𝑖𝑗 per RB. The power of each BS always has a maximal power limit, 

i.e. ∑ 𝑗∈𝒥𝑖 𝑚𝑖𝑗𝑝𝑖𝑗 ≤ 𝑝max. 

𝑛𝑖𝑗 =
𝑃𝑖𝑗𝑔𝑖𝑗

∑ ∑ 𝑚𝑘𝑙𝑝𝑘𝑙𝑔𝑘𝑗 +  𝜎2

𝑙∈𝐽𝑘𝑘∈𝑁∖{𝑖}

 

                                                           

    The channel gain from BS 𝑖 to user 𝑗 is given by 𝑔𝑖𝑗, 𝒜∖ℬ = {𝑘∣𝑘 ∈ 𝒜, 𝑘 /∈ ℬ} and noise power is represented by 

𝜎2. The load proportion 𝑚𝑘𝑙 can be interpreted as the probability of receiving interference from BS 𝑘 on the RBs for 

meeting the rate demand of user 𝑙 ∈ 𝒥k . 

    The bitrate for downlink OFDM networks can be given as 𝐵log2(1 + 𝜂𝑖𝑗) per RB, where 𝐵 is the bandwidth of one 

RB. Thus, to achieve the rate 𝑟𝑖𝑗 for user 𝑗 ∈ 𝒥𝑖,  
𝑟𝑖𝑗

𝐵𝑙𝑜𝑔2(1+𝑛𝑖𝑗)
. RBs are required to be allocated to user 𝑗. Let𝑀 denote the 

total number of  f RBs for every BS.  Based on the above equations we represent  m as 

𝑚𝑖𝑗 =
1

𝑀

𝑟𝑖𝑗

𝐵 𝑙𝑜𝑔2(1 + 𝑛𝑖𝑗)
 

                                                              ≜ 𝑓𝑖𝑗 (𝑚, 𝑝, 𝑟), ∀𝑖 ∈ 𝒩 , ∀𝑗 ∈ 𝒥𝑖. 
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    From above nonlinear equation, it is observed that the load of a cell is coupled with the load and power of 

other cells. We aim to solve the minimization of total transmission power of all cell 

                                                         

4.ALGORIHM: 

 Distributed Resource Allocation and Power Control Algorithm is given by 

1. Initialize  𝑞𝑖
(0)

= 𝑞𝑖
max,∀𝑖𝜖𝒩. Set the accuracy 𝜖, the iteration number n=1, and the maximal iteration 

number 𝑁max. 

2. For i = 1,2,….,N do 

3. With power 𝑞−𝑖
(𝑛−1)

 fixed, calculate coefficients 𝑎𝑖𝑗
(𝑛−1)

=
𝛴𝑘∈𝓝 ∖{𝐢}𝑞𝑘            𝑔𝑘𝑗

(𝑛−1)
+𝜎2

𝑔𝑖𝑗
,  ∀𝑗 ∈ 𝒥𝑖; 

4. Use the bisection search method to obtain the 𝜆i
(𝑛)  such that 𝑢ˆ(𝜆i

(𝑛))=1; 

5. Update 𝑚𝑖𝑗
(𝑛) = 

𝑏𝑖𝑗

𝑢−1(
𝜆𝑖(𝑛)

𝑎
𝑖𝑗
(𝑛−1))

 , ∀𝑗 ∈ 𝒥𝑖,𝑞𝑖
(𝑛)

= 𝛴𝑗∈𝒥i
𝑚𝑖𝑗

(𝑛)
ℎ𝑖𝑗(𝑚𝑖𝑗

(𝑛)
, 𝑞−𝑖

(𝑛−1)
, 𝑑𝑖𝑗); 

6. End for 

7. Let𝑞(𝑛) = (𝑞1
(𝑛)

, 𝑞2
(𝑛)

, … , 𝑞𝑁
(𝑛)

) 𝑇. If 𝑛 > 𝑁max or ∣𝛴𝑖𝜖𝒩  (𝑞𝑖
(𝑛)

− 𝑞𝑖
(𝑛−1)

)∣/ 𝛴𝑖𝜖𝒩𝑞𝑖
(𝑛−1)

  < 𝜖, terminate. 

Otherwise, set n=n+1 and go to step 2. 

    From the above algorithm we have minimized the total power consumption in each cell. Thus, the total 

power consumption in each base station is minimized. 

 

5.SIMULATION RESULTS 

 

5.1: Cumulative Distribution Function of Power 
Comparison of Cumulative Distribution Function of Power between the number of users and channel state information 

when Distributed Resource Allocation and Power Control (DRAPC) algorithm. Bit rate increases linearly along with 

the number of users. Initially the bit rate is low for DRAPC algorithm when compared with the CSI. As the users 

increases the bit rate increases for DRAPC.  

 

                                     
 Figure 4- Cumulative Distribution Function of Power 
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5.2: Power allocation on Inter symbol Interference (ISI) 

Comparison of Cumulative Distribution Function of Power between Fixed Power Control with optimization 

and without Optimization and Distributed Resource Allocation and Power Control (DRAPC) algorithm. 

As the number of blocks increases bit rate increases. Higher bit rates can achieved using DRAPC algorithm 

when compared with FPC with optimization and without optimization. 

 

                            
 
                                                   Figure 5- Power allocation on Inter symbol Interference (ISI) 
 

5.3: Convergence behavior of DRAPC 

Figure-6 shows the convergence behavior of DRAPC algorithm. The power of each cell almost stays the same 

after the first 10 iterations.  As the number of iterations increases, the power consumption of the cell becomes 

uniform.  

 

 

                                    
 

                                                                             Figure 6- Optimal Power Consumption 

 

 

 

6. CONCLUSION 
As the power consumption is increasing day by day we have to minimize the consumption of power. We focused on 

minimizing the power in base stations, hence we have considered a total downlink power minimization problem for 

OFDM networks. In system model, we have applied signal-to-interference-noise-ratio (SINR) model with power 

coupling and load for the cases where different amount of power is allocated for the users in the same cell. To overcome 

the total power minimization problem, we proposed a Distributed Resource Allocation and Power Control (DRAPC) 

algorithm with low complexity.  

 

 

http://www.ijcrt.org/


www.ijcspub.org                                               © 2022 IJCSPUB | Volume 12, Issue 2 May 2022 | ISSN: 2250-1770 

IJCSP22B1110 International Journal of Current Science (IJCSPUB) www.ijcspub.org 37 
 

7.REFERENCES 
[1] J. Joung, C. K. Ho, P. H. Tan, and S. Sun, “Energy minimization in OFDMA downlink systems: A sequential linear 

assignment algorithm for resource allocation,” IEEE Wireless Commun. Lett., vol. 1, no. 4, pp. 300–303, Aug. 2012.  

[2] S. Lakshminarayana, M. Assaad, and M. Debbah, “Transmit power minimization in small cell networks under time 

average QoS constraints,” IEEE J. Sel. Areas Commun., vol. 33, no. 10, pp. 2087–2103, Oct. 2015. [3] H. Zhuang, D. 

Shmelkin, Z. Luo, M. Pikhletsky, and F. Khafizov, “Dynamic spectrum management for intercell interference 

coordination in LTE networks based on traffic patterns,” IEEE Trans. Veh. Techn., vol. 62, no. 5, pp. 1924–1934, Jun. 

2013.  

[4] I. Siomina, A. Furuskar, and G. Fodor, “A mathematical framework for statistical QoS and capacity studies in 

OFDM networks,” in Proc. IEEE Annu. Symp. Personal, Indoor and Mobile Radio Commun. (PIMRC). Tokyo, Japan, 

Sept. 2009, Conference Proceedings, pp. 2772–2776. 

 [5] K. Majewski and M. Koonert, “Conservative cell load approximation for radio networks with shannon channels 

and its application to LTE network planning,” in Proc. Advanced Int. Conf. on Telecomm. (AICT). Barcelona, Spanish, 

May 2010, Conference Proceedings, pp. 219–225.  

[6] A. J. Fehske and G. P. Fettweis, “Aggregation of variables in load models for interference-coupled cellular data 

networks,” in Proc. IEEE Int. Conf. Commun. (ICC). Ottawa, ON, Canada, Jun. 2012, Conference Proceedings, pp. 

5102–5107. [11] I. Siomina and D. Yuan, “On constrained cell load coupling with applications in LTE networks,” IEEE 

Commun. Lett., vol. 18, no. 10, pp. 1771–1774, Oct. 2014. 

[7] C. K. Ho, D. Yuan, and S. Sun, “Data offloading in load coupled networks: A utility maximization framework,” 

IEEE Trans. Wireless Commun., vol. 13, no. 4, pp. 1921–1931, Apr. 2014. 

 

8. BIOGRAPHIES 

1.  Dr.M.V.H. Bhaskara Murthy, Professor, Dept. of ECE-Aditya Institute of Technology and Management-Tekkali, 

Andhra Pradesh. PhD Area: Wireless Communications. 

2. Gandivalasa Praveen Kumar, B.Tech (ECE) student from Aditya Institute of Technology and Management-Tekkali, 

Andhra Pradesh. 

3. Manam Kusuma, B.Tech (ECE) student from Aditya Institute of Technology and Management-Tekkali, Andhra 

Pradesh. 

4. Macharla Uma Mahesh, B. Tech (ECE) student from Aditya Institute of Technology and Management-Tekkali, 

Andhra Pradesh. 

5. Jami Vani, B.Tech (ECE) student from Aditya Institute of Technology and Management-Tekkali, Andhra Pradesh. 

 

 

 

   

  

 

http://www.ijcrt.org/

