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 In this paper, we investigate system performance in term of throughput and 

ergodic capacity of the hybrid time-power switching protocol of energy 
harvesting bidirectional relaying network. In the first stage, the analytical 
expression of the system throughput and ergodic capacity of the model 
system is proposed and derived. In this analysis, both delay-limited and 
delay-tolerant transmission modes are presented and considered. After that, 
the effect of various system parameters on the proposed system is 
investigated and demonstrated by Monte-Carlo simulation. Finally, the 
results show that the analytical mathematical and simulated results match for 

all possible parameter values for both schemes. 
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1. INTRODUCTION  

Energy harvesting (EH) wireless communication has been attracting intense research interests from 

both academia and industry, as it can substantially prolong the network lifetime, especially for wireless 

sensor networks with low power nodes. Energy can be harvested from environment resources, but EH from 

conventional sources, such as solar and wind, may be sporadic or intermittent, which makes it difficult to 

satisfy the data transmission requirements. One particular energy source is the radio frequency (RF) signal, 

which can recharge nodes more controllable. Wireless energy transfer (WET) in the network with a helping 

relay is the most popular technique [1]-[2]. The helping relay with energy harvesting has been proposing and 

studied in many last papers. In more details, [3] presented energy harvesting in the amplify-and-forward (AF) 

relaying. In [4], the total energy harvested from multiple sources was optimally allocated among different 

destinations. In [5], the effect of large-scale network interference on energy harvesting decode-and-forward 
(DF) was considered. Moreover, the effect of the random location of the relay on DF relaying is investigated 

in [6] and [7] maximized the achievable throughput of an AF energy harvesting system. Furthermore, 

a similar problem was studied in [8] for DF and [9] proposed the maximum achievable throughput of an AF 
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energy harvesting system. From this point of view, energy harvesting relaying network is the hot direction in 

the communication network and is necessary to develop more and more. 

In this work, the hybrid time-power switching protocols for the energy harvesting bidirectional 

relaying network is presented. In this relaying network, the outage probability and the ergodic capacity are 

proposed and demonstrated for both delay-limited (DL) and delay-tolerant (DT) transmission modes. The 

main contributions of the paper are summarized as follows: 

a. The system model of the hybrid time-power switching protocols for the energy harvesting bidirectional 

relaying network is proposed for both delay-limited (DL) and delay-tolerant (DT) transmission modes. 

b. The closed-form of the outage probability and ergodic capacity for the system is derived. 

c. The influence of the main parameters on the system performance is demonstrated entirely. 
The structure of this paper is proposed as follows. The system model of the hybrid time-power 

switching protocols for the energy harvesting bidirectional relaying network is proposed and presented in 

section II. Sections III proposed outage probability and ergodic capacity for both delay-limited (DL) and 

delay-tolerant (DT) transmission modes are investigated and derived, respectively. Section IV provides the 

numerical results and some discussions. Finally, some conclusions are proposed in section V. 

 

 

2. SYSTEM MODEL 

In this section, the system model is presented in Figure 1. In this model, the user is intended to send 

information to the access point (AP) with the assistance of a relay R and the AP transfer the energy to the 

user by the helping relay. Moreover, the direct connection between the AP and the user is so weak, hence, the 
only available communication path, as well as power transfer path, is via the relay R. The relay R plays both 

roles of energy relaying from the AP to the user and information forwarding from the user to the  

AP [10], [11]. All nodes are assumed to operate in half-duplex mode, and decode-and-forward (DF) can be 

used at the relay for information transfer. Regarding to the channel model, the perfect channel state 

information (CSI) is available at the relay and the AP. All channels here experience Rayleigh fading and keep 

constant during each transmission block so that they can be considered as slow fading. The Figure 2 

displayed the time-power switching based protocol model. In the first interval time αT, the AP transfer 

energy by RF to the relay R, 0 ≤ α ≤ 1. After that, the energy transfer from the AP to the R and the 

information transmission from the U to the R are performed instantaneously in the second interval βT, 0 ≤ β 

≤1. Finally, the information transmission process from R to AP and the energy transfer process from the R to 

U are made in the remaining interval time (1-α-β)T. In this model, we assume that the circuit power 

consumption is negligible as compared to the radiation power, which is reasonable for low-power devices 
such as sensor nodes. In this system model, 0 ≤ α ≤ 1 and 0 ≤ β ≤1. If α = 0, this scheme becomes a power 

splitting protocol. If β = (1−α)/2 and ρ = 0 then it becomes the time switching protocol [15]-[19]. 

 

 

 
Figure 1. System model 

 

 

 
 

Figure 2. The power splitting protocol 
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3. THE SYSTEM PERFORMANCE 

In this part, the system performance in term of throughput and outage probability of the hybrid time-

power switching protocols for the AF energy harvesting bidirectional relaying network is investigated for 

both delay-limited (DL) and delay-tolerant (DT) transmission modes. Let xu denote the transmitted signal 

from the user during the second phase, and Pu denote the power of this signal. Then, the received signal at the 

relay R can be calculated by:  

 

r ap ap u u ry P hx P gx n            (1) 

 

Where xap and xu denote the transmitted signals from AP and the mobile user, respectively, 

Pu is the power at the user, 

Pr is the power at the relay,  

nr,nd are the additive white Gaussian noise (AWGN) at R with zero mean and variance N0. 

The harvesting energy Er at R in the first and second interval time can be formulated as: 
 

2 2

r ap apE P h T P h T             (2) 

 

The transmission power of the R in the thirst interval is: 

 
2 2

2

(1 ) (1 )
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r ap

P h T P h TE
P kP h

T T

   

   
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      (3) 

 

where we denote 
( )

1
k

  

 




 
. 

 

In the similar way, while the AP receives the information signal, the mobile user also receives the 

RF energy sent from the relay. By ignoring the noise energy, which is negligible as compared to the signal 

energy. The received signal at mobile user is yu=gxr. Hence, the energy harvested during this phase can be 

determined by: 

 

 2 2 2 2

u r ap apE g E g P h T P h T              (4) 

 

So the transmit power of the user during the thirst phase is expressed as the below equation: 

 

 2 2 2

2 2

(1 ) 1

ap ap
u

u ap

g P h T P h TE
P k P h g

T

    


   


  

   
    (5) 

 

We select ( ) 1,   because PR , Pu must be positive. 

After precanceling the signal xap, the remaining part of the received signal in transmission phase at 

the relay is written as: 

 

1r u u ry P gx n             (6) 

 
In AF protocol, the signal transmitted by R during the second phase is: 

 
2

2

0(1 )

apr

r u

kP hx

y P g N



 

 
         (7) 

 

Where  : amplify factor. 

The received signal at the user can be calculated as: 
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1u r u u u r u

noisesignal

y h y n h P gx h n n                (8) 

Delay limited transmission node. 

The end to end signal to noise ratio (SNR) at the relay is: 

 
2 2 2 22

2 22 2

0 0 0 0

(1 ) (1 )

/

u u

AF

h P g h P g
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  

 

 
 

 
        (9) 

 

By substituting, we have: 
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Where we denote 
2 2
,X h Y g  , 0

0

apP

N
  . 

At the high SNR regime, we can use the following approximation: 
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Where 22 1R

th   , R istarget rate.  

The signal to noise ratio (SNR) at the relay R can be computed by the following equation: 
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The outage probability of the proposed system can be expressed as: 
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Changing variable 
0

tht x
k




  , we have: 
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We use the Corollary (3.20) of Evans (24) 

(24) Chaudhry MA, Zubair SM. Extended incomplete gamma functions with applications. J Math 

Anal Appl. 2002;274(2):725‐745. 
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where ( )  : is the extended incomplete Gamma function 

 ,

, | ...m n

p qG is the Meijer function (table of integral) . 

Finally, the throughput can be formulated as: 
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Delay-Tolerant transmission 
In this section, we need to evaluate the ergodic capacity. We use the received signal SNR as the 

following: 
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Finally, ther ergodic capacitu can be formulated as: 
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The throughput:  

 

(1 )
(1 )DT

AF

T
C C

T

 
  

 
            (25) 

 

 

4. NUMERICAL RESULTS AND DISCUSSION 

In this paper, Monte Carlo simulation was conducted to verify the analysis developed in the 

previous section. For simplicity, in our simulation model, we assume that the source-relay and relay-

destination distances are both normalized to unit value. For the delay-limited transmission mode, the outage 

probability, and achievable throughput are analyzed in details. On the other hand, the outage probability, and 

the ergodic capacity for the delay-tolerant transmission mode are proposed and demonstrated. Figure 3 and 4 

plot the effect of ρ on the outage probability and system throughput in the DL transmission mode, 

respectively. In this simulation, we set Pap/N0 =10 dB and α, β in the Figure 3 and 4. Moreover, Figure 5 and 

6 present the dependent of the outage probability and system throughput in the DL transmission mode on the 

η of the proposed system. Furthermore, Figure 7 and 8 show the influence of the outage probability and 
system throughput in the DL transmission mode on the ratio Pap/N0. From the results, we can see that the 

analytical and simulation results well agree with each other. 

 

 

  

 

Figure 3. The outage probability versus ρ for DL 

transmission mode 

 

 

 

Figure 4. The throughput versus ρ for DL 

transmission mode 

 

 
 

Figure 5. The outage probability versus η for DL 

transmission mode 

 

Figure 6. The throughput versus η for DL 

transmission mode 
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On another way, Figure 9 and 10 plot the effect of ρ on the outage probability and system 

throughput in the DT transmission mode, respectively. In this simulation, we set Pap/N0 =10 dB and α, β in 

the Figure 9 and 10. Moreover, Figure 11 and 12 present the dependent of the outage probability and system 

throughput in the DT transmission mode on the η of the proposed system. Furthermore, Figure 13 and 14 

show the influence of the outage probability and system throughput in the DT transmission mode on the ratio 

Pap/N0. From the results, we can see that the analytical and simulation results well agree with each other. In 

addition, the Figure 15 presents Comparison of the throughput versus Pap/N0 for DT and DL transmission 

modes for the both analytical and simulation cases. 
 

 

  
 

Figure 7. The outage probability versus Pa/N0 for 

DL transmission mode 

 

Figure 8. The throughput versus Pa/N0 for DL 

transmission mode 

 

 

  
 

Figure 9. The outage probability versus ρ for DT 

transmission mode 

 

Figure 10. The throughput versus ρ for DT 

transmission mode 

 

 

  
 

Figure 11. The ergodic capacity versus η for DT 
 

Figure 12. The throughput versus η for DT 
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transmission mode transmission mode 

 
  

Figure 13. The ergodic capacity versus Pap/N0 for 

DT transmission mode 

Figure 14. The throughput versus Pap/N0 for DT 

transmission mode 

 

 

 
 

Figure 15. Comparison the throughput versus Pap/N0 for DT and DL transmission modes 

 

 

5. CONCLUSION 

In this paper, the hybrid time-power switching protocol of energy harvesting bidirectional relaying 

network is proposed and investigated. In order to analyze the system performance, analytical expressions for 

the outage probability, ergodic capacity and the throughput of the delay-limited and delay-tolerant 

transmission mode are investigated ad derived. The results show that the analytical mathematical and 

simulated results by Monte-Carlo simulation match for all possible parameter values for both schemes. The 

results could be provide the prospective solution for the communication network in the near future. 
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