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Abstract—In recent research trends, simultaneous wireless 

information and power transfer (SWIPT) has proved to be an 

innovative technique to deal with limited energy problems in 

energy harvesting (EH) technologies for wireless sensor networks 

(WSNs). In this paper, a method of subcarrier and power 

allocation for both EH and information decoding (ID) operations 

is proposed under orthogonal frequency division multiplexing 

(OFDM) systems, with an improved the quality of service (QoS) 

parameters. This proposed method assigns one group of 

subcarriers for ID and remaining group of subcarriers is 

assigned for EH, despite of applying any splitting schemes. We 

achieved maximum EH under the ID and power constraints with 

an effective algorithm for the first time incorporating the dual 

decomposition technique which deals with power and subcarrier 

allocation problem jointly. The obtained simulation outcomes in 

relation to power allocation ratio, subcarrier allocation ratio and 

energy harvested (EH) at the destination node proved better 

when compared to the schemes that contain water filling, time 

switching (TS) or power splitting (PS) approaches under 

different target transmission rates and transmitter and receiver 

distances. 

Keywords—Simultaneous wireless information & power 

transfer (SWIPT); Energy harvesting (EH); Information decoding 

(ID); power allocation;  subcarrier allocation 

I. INTRODUCTION 

The concept of simultaneous transformation of information 
and energy in the field of wireless communication has recently 
received an upsurge of interest for the researchers. Through 
this simultaneous wireless information and power transfer 
(SWIPT), mobile phone users have access to more than just 
energy but data as well at the same time, which provides huge 
prospects. However, some ultimate strategic variations are 
needed in wireless communication networks to bring SWIPT 
for efficient applications [1]. The rates of transmitting 

information and the reliability of reception are suitably applied 
to estimate the wireless systems performance [2]. 

In [2], an impractical receiver is considered, which 
possesses the capability to achieve energy harvesting (EH) and 
information decoding (ID) concurrently. Furthermore, the 
agreement between harvesting energy and information rate 
level are essential to determine the system pursuance when the 
receiver carryout harvested energy using radio frequency (RF) 
signal [2]. In [3] and [4], however, two constructive SWIPT 
power splitting (PS) and time switching (TS) strategies were 
considered. The PS scheme divides the signal received by 
receiver into two parts with distinct powers, one part is 
assigned for ID operation and the other part is assigned for EH 
operation. Whereas in the TS strategy, the receiver 
automatically switches within one transmission time to EH or 
ID mode. In addition to the receiver circuit, the PS design of 
conventional communication systems [5] does not require any 
further changes.  In [6], the major problem of efficient energy 
optimization in the multi-input-single-output (MISO) downlink 
scheme based on the PS scheme was considered. This method 
used langrangian relaxation in conjunction with the dinkelbach 
method, which maximized the energy efficiency under the 
constraints of EH and signal-to-interference-plus-noise-ratio 
(SINR). 

Preliminary research is based on point-to-point multi-input-
multi-output (MIMO) connections that actually communicate 
with each other via two devices with numerous antennas. 
However, current focus has indeed moved to multiuser MIMO 
systems, where a group of single-antenna users are 
concurrently assisted by the base station equipped with multi-
antennas [7]. In the classic work of [8], SWIPT was 
investigated by using TS and PS schemes in massive MIMO 
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which can allow multi-way relay networks (MWRNs) and 
energy restricting amplify and forward relays. 

Orthogonal frequency division multiplexing (OFDM) is a 
commonly used multi-carrier method in different wireless 
standards. The overall performance of OFDM based SWIPT 
mechanisms has been studied in many existing papers [9]-[10]. 
In order to analyze the performance of SWIPT, [9] selected an 
OFDM based multi user single-antenna system with a PS 
technique at the receiver. The results conclude that the energy 
efficiency of the system can be greatly improved by using RF 
EH in the limited interference regime. 

Multi-antenna receivers are useful for improving the system 
potential capacity rather than improving the energy efficiency 
of the system [9]. Authors in [11] focused on SWIPT for 
broadband wireless systems (BWSs) involving OFDM and 
beamforming transition. This can develop a number of parallel 
sub channels to simply the mechanism of the resource 
allocation. Carriers in [11] are used for EH proposed for that 
specific user by employing a fixed subcarrier allocation. 
However, when it comes to multi-user wireless systems with 
OFDM, authors in [12] researched on the phenomenon of multi 
distributed users receiving a broadcasted message from a single 
fixed access point. The authors in [12] considers two multiple 
access schemes in their analysis, notably time division multiple 
access (TDMA) and multiple orthogonal frequency division 
access (OFDMA). TDMA employs TS approach where 
information receiver for a user works for scheduled period 
whereas its energy receiver operates for all the periods. 
However, OFDMA assumes that available subcarriers share the 
same PS ratio at the receiver. Author in [10] presents the 
analysis of SWIPT receivers with a single OFDM user channel 
with an upper limit for the rate of energy tradeoff system under 
consideration. Simulation results conclude the trade-off 
between the achievable rate and the harvested energy which 
serves to be a well-known trade-off between the rate and 
energy of the system. 

In WSNs, small nodes are jot usual near to each other 
which may adversely affect each other due to urban, climatic or 
geographical obstacles. As a result, Line of sight (LOS) 
communication becomes impracticable, therefore [13] and [14] 
suggests to use idle nodes for creating intermediate hops. 
Relaying consumes some extra energy to serve the purpose of 
cooperative transmission. Relaying protocols work in two 
fashions i.e. a) Decode then forward or regenerate and 
b) Amplify then forward or transparent relaying as reported in 
[15] and [16]. [17] analyzes a three-node scheme and comes up 
with an efficient resource allocation in terms of throughput and 
energy usage.  The same is repeated for multiple access relay 
arrangement, as found in [18] and [19]. [20] extends it with 
multi antenna use and utilizes harvested energy not for storing 
in batteries but for the operational needs. Furthermore, [20] 
presents a tradeoff for the EH time and the time period relay 
node is communicating. Author in [21] introduces the methods 
to reduce interference in RF-EH operation for such mentioned 
relaying systems. 

Lot of research had been focused on SWIPT in an OFDM 
comprised of PS or TS schemes, where destination node 
requires a time or power divider to distinguish the signal for ID 
operation and EH operation. In our work, we have considered 
SWIPT in joint power and subcarrier allocation-based 
architecture in an OFDM system, where have not considered 
any separate splitter/divider at the receiving end. Particularly, 
the OFDM based subcarriers are partitioned in two portions. 
One portion is allocated for one group that is used for EH and 
the other potion is allocated for another group that is used for 
ID of the received signal. Hence, the only job of receiving node 
is to consider which group is assigned for the operation of EH, 
at that time other group will be assigned for the operation of 
ID. Thus, at the receiving node no splitter/divider is needed 
anymore. The key contributions of this work can be labelled as: 

 EH is maximized under the allocation of joint power 
and subcarrier criteria, ensuring the achievable target 
transmission rates. 

 The complexity of receiver is minimized in proposed 
work and no splitter is used as compared to the previous 
work of SWIPT in OFDM schemes. 

 Simulation results validate the dominance of our 
proposed joint power and subcarrier allocation scheme 
when compared to the schemes that contain water 
filling or PS/TS approaches. 

The remaining organization of this paper is given as 
follows. Section 2 presents the system model of our proposed 
work. Section 3 explains the problem formulation of EH 
optimization and joint optimal power and subcarrier allocation 
problems. Section 4 provides the solution of the optimization 
problems. Section 5 presents the performance of our proposed 
work. Finally, Section 6 concludes the overall research work 
and contains future work as well. 

II. SYSTEM MODEL 

A wireless link based on OFDM, consists of a single 
antenna transmitter (Tx) and a single antenna receiver (Rx), as 
revealed in Fig. 1. We represented all the subcarriers as 
  {       } and the total bandwidth of the system is divided 
equally into   subcarriers. 

 

Fig. 1. Wireless SWIPT Architecture. 
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We have assumed that channel power gain is perfectly 
known at the transmitter and is indicated as   . Let    denotes 

the total transmitted power to all   subcarriers and    indicates 

the power allocated to subcarrier  . We have assumed a slow 
fading situation where all the constant channels coefficients are 
considered. A bandpass filter is assumed at the receiving node. 
On each   subcarrier, the received signal corrupted by the noise 
   is designed as an additive-white-Gaussian-noise (AWGN) 

having 0 mean with a variance of   
  and is given as 

       (    
 ). 

III. ENERGY HARVESTING OPTIMIZATION PROBLEM 

Based on the SWIPT framework, the signal received at Rx 
is partitioned into two groups, one group is for the process of 
ID and the other is for the process of EH operation over all the 
subcarriers, as given below. 

  =                         (1) 

where        and        denote the subcarriers used for 
ID and EH respectively. The EH at the Rx node is given as 

   ∑           
    

               (2) 

where     represents the conversion efficiency of energy at 
Rx, it is assumed that    , for convenience. For the OFDM 
link, transmission rate can be achieved as 

   ∑              
      

 ⁄               (3) 

In order to satisfy the constraints of power and target date 
rate requirement, we aim to maximize the EH under joint 
subcarrier and power allocation. Thus, the optimization 
problem can be formulated as 

             

s.t                               (4) 

∑    

     

   ∑    

     

     

where  denotes the minimum target transmission rate 
requirement. 

IV. OPTIMIZATION SOLUTION 

The EH optimization problem mentioned above is a 
nonconvex mixed integer problem; hence it is infeasible to find 
the direct solution of such problems because of high 
complexity. However, considering large number of subcarriers, 
the timing sharing condition can be applied [22]-[23], which 
makes the duality gap to zero. Thus, the optimization problem 
can be solved using dual decomposition method. The Lagrange 
dual function is given as 

         {   }                     (5) 

where 

                       

      ∑         
 ∑         

             (6) 

  {   }  and   = {        }  denote the power and 

subcarrier allocation set respectively and           denotes 
the dual variable vector having positive value subject to rate 
and power constraints. The dual optimization problem can be 
obtained as 

                          (7) 

s.t          

As the dual function is a convex as proved in [11], so in 

order to minimize the lagrange dual function      , we 

employ sub-gradient based method that will assure the 
convergence. The sub-gradient method is given as 

                         (8) 

         ∑         
 ∑         

             (9) 

     cannot be obtained without optimal   and   at given 
values of  . We define a two-step process in order to obtain 
optimal   and  . In the first step we achieve the optimal   
while fixing, in the later step we find the optimal  . 

A. Optimal   while fixing   

For a fixed  , partially derivate (6) with respect to 
variables of optimization problem   , can be expressed as 

follow 

         

   
                              (10) 

         

   
   

    

        
                        (11) 

After applying the Kuhn-Karush-Tucker (KKT) conditions, 
the partial derivatives of the Lagrange tend to zero, hence the 
optimal    (       for a given  , can be expressed as 

  
                            (12) 

  
                            (13) 

The optimal    (       for a given  , can be expressed as 

  
   ( 

  

  
  

  
 

  
)
 

           (14) 

where, maxP  and minP  are maximum and minimum 

constraints of power respectively on each subcarrier. 

B. Optimal   

After achieving optimal P, optimal K can be obtained by 
substituting the optimal (12), (13) and (14) in (6), after 
rearranging, the Lagrange can be rewritten as 

       ∑  (      (    
     

 ⁄ )   (  
      

 ))       

∑ ( (  
      

 )      
 ) 

        

                                                                       (15) 

From (15), we can be seen that only right-side portion of 
the equation contains the subcarriers for ID, hence separating 
(15) as, 

  
         (    

     
 ⁄ )   (  

      
 )          (16) 
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The resultant set of optimum subcarriers     that will 
maximize the Lagrange dual function. Consequently, the 
optimum     can be obtained as 

   
           

∑   
 

     
            (17) 

From the set subcarriers, the remaining optimal     can be 
obtained as 

   
        

              (18) 

Hence, the primal optimization variables   and   are 
successfully achieved with the help of specified dual variables. 
Therefore, the mentioned optimum problem in (4) can now be 
completely solved by the process of updating the values of 
primal dual variables. 

V. SIMULATION RESULTS AND DISCUSSIONS 

This section presents the simulation results and 
improvements achieved for joint resource allocation in an 
OFDM based SWIPT architecture as compared to previous 
research works. We consider power allocation ratio, subcarrier 
allocation ratio and energy harvested (EH) at the destination 
node as the evaluation matrices. For the fading channel of 
frequency selection, we have used 6 taps and kept central 
frequency at 1.9 GHz. This research in this paper is limited to 
small scale fading scenarios. The primary role is the LOS 
signal then the Rician fading channel is designed. Particularly, 
for all the subcarriers the channel modeling is given as 

     √
 

   
  ̃    √

 

   
  ̂             (19) 

The channel power-gain is represented as     |    | . The 

limitations and complete list of parameters used during our 
simulations are presented in the Table I. 

Fig. 2 shows the harvested energy (EH) vs. power 
transmitted (  ) at different target transmission rates (  . We 
can observe that as the requirements of   increases in result 
less energy is harvested. The reason is that with high target rate 
more power is needed for decoding the ID process wherever 
the transmitted power is fixed. Consequently, less power will 
remain for EH operation. 

TABLE I. VARIABLES AND VALUES OF THE PARAMETERS USED 

LOS deterministic component  ̃   

Rayleigh fading component  ̂    

Rician fading channel      

No. of subcarriers (I) 32 

Rician factor (N) 3 

Noise spectrum density -45dBm 

Energy Conversion Efficiency (ξ) 100% ( =1) 

Tx & Rx distance, d 4 m 

Target transmission rate (Ψ) 5 bps/Hz 

 

Fig. 2. EH vs.    at different  . 

 

Fig. 3. Subcarrier/Power Allocation Ratio vs. Tx and Rx Distance. 

Fig. 3 shows the variations in allocation of power ratios and 
allocation of subcarrier ratios in relation to separation distance 
between Tx and Rx, where the value of transmitted power is 
fixed to 0.5 W. We can observe from Fig. 3 that as the distance 
between the Tx and Rx increase, the more subcarriers and 
powers are allocated for decoding the information process and 
less subcarriers and powers are allocated for harvesting the 
energy process at the same time. This is because, 
when the distance increases, the channel between the Tx and 
Rx deteriorates, consequently more resources are assigned for 
ID operation to meet with the fixed target rate. Thus, few 
subcarriers and less powers are left for EH operation. 
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Fig. 4. Subcarrier and Power Allocation at  =5bps/Hz. 

Fig. 4 display the joint resource (power/subcarrier) 
allocations at target transmission rate           when 
    .5 W and d=0.6m. We can conclude that most portion of 
the resources are assigned for the operation of EH. The reason 
is that low target rate values require very low portions of 
resource allocation in order to take part for the ID process. 

VI. CONCLUSION AND FUTURE WORK 

We have proposed a joint power and subcarrier allocation 
method based on SWIPT framework under OFDM architecture, 
where a separate splitter is not considered at the receiving node. 
Particularly, the OFDM subcarriers are partitioned in two 
portions. One portion is allocated for one group that is used for 
EH and the other potion is allocated for another group that is 
used for ID of the received signal. The receiving node only 
needs to consider which group is allocated for EH, then the 
other group will be allocated for ID. EH is maximized under 
the allocation of joint power and subcarrier criteria, though 
ensuring the achievable target transmission rate. Simulation 
results show that advantages of our proposed SWIPT OFDM 
strategy and reveal the dominance of our proposed joint power 
and subcarrier allocation scheme compared to the schemes that 
contain water filling or PS/TS approaches. 

Furthermore, for future work, researchers can investigate 
some appropriate techniques to permit the operation of vacant 
subcarriers for EH and ID. In this situation, multiple frequency 
bands would be needed so that SWIPT receiver can be able to 
perform the suitable operations. 
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