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Abstract: This work investigates the outage characteristics of a simultaneous wireless information and power 
transfer (SWIPT) opportunistic amplify-and-forward (OAF) relay network operating over Rayleigh fading 
channels. In the considered setup, each relay adopts a power-splitting (PS) protocol that divides the received 
radio-frequency signal for concurrent energy harvesting and data relaying. By formulating the partial channel 
state information (CSI)-based SWIPT OAF scheme as an equivalent generalized non-SWIPT relay model, 
tractable analytical expressions are derived to approximate the outage probabilities of both the indirect and 
combined transmission links, yielding reliable estimates of the true system behavior. Furthermore, an exact 
closed-form expression for the indirect link outage probability is obtained. Monte Carlo simulations confirm 
that the proposed analytical framework accurately captures the outage performance under a wide range of 
signal-to-noise ratio (SNR) conditions and relay selection scenarios. The developed analysis provides a 
convenient and insightful means for evaluating and optimizing SWIPT-assisted wireless sensor systems, 
thereby supporting their practical realization in energy-limited scenarios such as wireless sensor and Internet 
of Things (IoT) networks. 
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1. Introduction 

The increasing pursuit of sustainable and energy-conscious wireless communication has fueled intensive 
research on simultaneous wireless information and power transfer (SWIPT). In this paradigm, the radio-
frequency (RF) waveform serves a dual purpose of conveying data and replenishing the energy of wireless 
devices [1-3]. SWIPT has become particularly attractive in cooperative relaying networks, where relays with 
limited energy resources harvest RF power and reuse it to forward information, thereby extending both network 
coverage and operational lifetime [4-10]. 

Among various receiver structures, the power-splitting (PS) approach has gained attention as a feasible 
means of dividing the received signal between energy harvesting (EH) and information processing (IP) [5], [9]. 
While PS improves flexibility in resource utilization, it also introduces significant analytical challenges when 
evaluating reliability metrics such as outage probability, which is highly sensitive to the nonlinear trade-off 
between EH and IP.  

Recently, SWIPT systems incorporating simultaneous transmitting and reflecting reconfigurable 
intelligent surfaces (STAR-RIS) have emerged, where coordinated design of transmission, reflection, and 
power-splitting parameters yields notable improvements in both EH efficiency and throughput [11]. 
Concurrently, several studies have explored SWIPT-based amplify-and-forward (AF) relays, focusing on 
aspects such as optimal energy allocation [12], energy-aware relay selection [13], and the influence of hardware 
impairments or nonlinear EH circuits [14]. In addition, researchers have addressed outage behavior under 
various channel models. For instance, the authors in [15] examined SWIPT decode-and-forward (DF) relays 
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operating over correlated Nakagami-m fading, emphasizing how channel correlation deteriorates reliability. 
Similarly, the authors in [16] presented closed-form outage expressions for static fading scenarios, and the 
authors in [17] investigated partial-CSI relay selection in independent but non-identical distributed (INID) 
environments. Despite these efforts, most available analyses depend on restrictive assumptions or idealized 
setups, and only a few have rigorously characterized the outage probability of SWIPT-based opportunistic AF 
(OAF) relaying networks over INID fading channels [15-17].  

Conversely, conventional AF relaying has been comprehensively investigated with respect to outage 
behavior, diversity enhancement, and relay selection mechanisms [18-22]. The opportunistic AF (OAF) 
strategy—where the relay offering the highest instantaneous end-to-end SNR forwards the source message—
has been shown to improve link reliability and spectral efficiency [21-24]. However, when this principle is 
applied to SWIPT OAF relaying, the coupling between harvested energy and transmitted signal power 
introduces substantial analytical difficulty in deriving closed-form outage expressions.  

While recent works such as [25, 26] have incorporated SWIPT into application-oriented frameworks (e.g., 
UAV-assisted or agricultural IoT networks), they primarily emphasize protocol design and empirical 
performance evaluation. A more fundamental outage analysis remains necessary to fully characterize the 
behavior of SWIPT OAF systems operating under partial channel state information (P-CSI).  

To address this issue, prior studies [27-29] provide useful foundations. In [27], the authors analyzed error 
performance and derived a semi-analytical lower bound on capacity using a non-SWIPT equivalent model. 
Subsequently, in [28], this framework was generalized to OAF systems with P-CSI, where exact symbol error 
rate (SER) expressions were obtained. In [29], the channel capacity was analyzed. These results demonstrated 
the effectiveness of generalized non-SWIPT interpretations for performance evaluation. 

Motivated by these observations, the present study investigates the outage probability characteristics of 
SWIPT-based OAF relaying networks under P-CSI conditions. By leveraging the generalized OAF framework, 
new analytical expressions are developed that explicitly capture the nonlinear interdependence between 
harvested energy and forwarded information—an aspect often simplified in existing models. 

This paper offers the following main contributions: 

· Derivation of new outage probability formulas using the generalized non-SWIPT interpretation framework. 
· Comprehensive analytical and numerical evaluation of the effects of fading distribution, CSI availability, 

and relay selection threshold on reliability performance. 
· Validation of the analytical results through Monte Carlo simulations, demonstrating their applicability to 

SWIPT-based wireless sensor and IoT networks.  
The organization of the paper is as follows. Section 2 describes the system and channel models. Section 3 

examines the outage probability for the source-to-relay (SR) link under partial CSI. Section 4 extends the 
analysis to the relay-to-destination (RD) link scenario. Section 5 presents simulation results that verify the 
proposed analytical derivations. Finally, Section 6 concludes the paper. 

2. SWIPT OAF Relaying Networks under Partial-CSI  

This section introduces the OAF relaying framework considered for SWIPT operation. We first describe 
the general system and signal models associated with the proposed scheme. Consider a cooperative network 
comprising a source, a destination, and R relays. The complex channel coefficients of the source–destination 
(SD), source–relay (SR), and relay–destination (RD) links are denoted by ℎ , {ℎ} , and {ℎ} , 
respectively. All channels are modeled as statistically independent Rayleigh fading random variables. 

Because each relay operates in half-duplex mode, data transmission occurs over two consecutive time slots. 
During the first slot, the source broadcasts an information-bearing signal  with [] = 0 and [||] = to both the relays and the destination. The corresponding received signals at the rth relay and the destination 
are expressed as   = ℎ +   and   = ℎ + ,       (1) 

where  and  represent independent additive white Gaussian noise (AWGN) terms with zero mean and 
variance . From (1), the instantaneous signal-to-noise ratio (SNR) of the direct link can be written as  =|ℎ|/ , whose average value and channel power expectation are given by  = Ω/  and Ω =[|ℎ|], respectively. The corresponding probability density function (PDF) is () =  exp   (), 

where () denotes the unit step function. 
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At each relay node, the received signal  is divided into two components to enable both EH and IP. Let  
denote the PS ratio satisfying 0 <  < 1 [2]. The portion of the signal dedicated to EH is  =  =(ℎ + ). The harvested energy during the first slot is expressed as  = [||] = |ℎ|, where 0 <  ≤ 1 denotes the energy conversion efficiency and T is the slot duration. Since AF relaying allocates equal 
durations to reception and transmission, the transmit power of the relay becomes  = |ℎ|.  

The baseband signal reserved for information processing can be represented as   = 1 −  ℎ + ,        (2) 

where  = 1 −   +  and  denotes the conversion noise introduced during the radio frequency 
to baseband process. Both  and  are modeled as zero-mean independent Gaussian variables with variance , resulting in  = (2−) .  

During the second slot, each relay amplifies and retransmits the processed signal using its available 
transmit power  . Let the transmitted signal be  =    , where the amplification gain  is defined as  =  ||()||  . Consequently, the destination receives from the rth relay   = ℎ + ,        (3) 

where   is the AWGN at the destination with variance . We can assume that all noise terms are mutually 
independent.  

2.1 Received SNR of the Indirect Link 

From (3), the instantaneous SNR of the indirect transmission path associated with the rth relay can be 
approximated for  ≫ 1 as [2], [27]   = ,          (4) 

where   =  ⋅ ||   and   =  ⋅ |ℎ|      (5) 

and their respective averages are ̅ =  ⋅     and  ̅ =  ⋅ Ω      (6) 

with Ω = [|ℎ|] and Ω = [|ℎ|]. 
2.2 Equivalent Modeling of a SWIPT OAF Relay as a General (Non-SWIPT) OAF Relay 

Following the analytical approach in [27], the SWIPT OAF relay model can be approximated by an 
equivalent non-SWIPT OAF representation [28]. Under this approximation, the indirect link SNR    in (4) 
is rewritten as    =  ≈   ≃ min{ ,  } = ,      (7) 

where   denotes a modified RD link SNR with PDF  () =  exp    (). The mean value ̅ , 

which depends on both ̅ and ̅, is given by [27, 28] ̅ =      − .       (8) 

Note that for  ≫ 1, the above expression simplifies to 1/4̅ + 1 ≈ log4̅̅ + 1 /4̅̅ [27]. 

2.3 Relay Selection Strategy for SWIPT OAF Relaying under Partial-CSI 

In the previous work [28], a relay selection protocol optimized for SWIPT OAF relaying was introduced. 
In this scheme, the source selects the optimal relay using partial-CSI of the SR links. Each relay transmits an 
identification signal powered by harvested energy, allowing the source to evaluate instantaneous SR link quality 
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and determine the relay index with the strongest channel. Prior to the power-splitting optimization step, all 
relays adopt an initial ratio  =  = 0.5 to ensure stable SNR estimation during selection.  

After the best relay is identified, it adjusts the power-splitting ratio to minimize the asymptotic bit error 
rate (BER) [27], which can be formulated as , =  min   ,  .       (9) 

The stability and effectiveness of the optimized PS factor have been validated through both numerical 
computation and Monte Carlo simulation [27]. Although initially developed for error-rate analysis [28], this 
selection method also serves as a reliable foundation for outage evaluation in SWIPT-based relaying networks. 

2. Outage Probability Analysis for SWIPT OAF Relaying under SR-Link Partial-CSI 

The reliability of OAF relaying substantially decreases when the optimal relay is not properly chosen. As 
a preliminary analysis, the probability that the ith relay acts as the Nth best relay is first derived. Then, the 
outage characteristics of SWIPT-based OAF schemes are examined. For the indirect transmission path, both an 
exact closed-form and an approximated outage expression (derived from the generalized non-SWIPT AF 
framework) are presented, while for the combined link, only an approximate form is analytically tractable. 

3.1 Selection Probability of the Nth Best SWIPT Relay 

Let  = |  represent the SR-link SNR of the rth relay evaluated at an initial power-splitting ratio . The index corresponding to the Nth best relay can be expressed as [30, 31]  =    max{} ,       (10) 

where    max{⋅} indicates the Nth order statistic among the R candidate relays. The selected relay 
employs the optimized power-splitting ratio ,  derived in (9) [27], and subsequently, the pair { , } is 
utilized for information transmission [28].  

3.1.1 Derivation of the Selection Probability for the ith Relay 

The selection rule in (10) corresponds to the Nth order statistic among R mutually independent random 
variables, implying that each relay possesses a non-zero probability of being identified as the Nth best. The 
PDF of this Nth order statistic associated with  can be expressed as () = ∑ ∑ (−1) ∑ exp−,,  ,      (11) 

where  ,, = ∑ ,, + ∑ , .       (12) 

The full derivations of (11) and (12) are given in Appendix C of (29). 

3.1.2 Joint Distribution for the Nth Best SWIPT Relay 

Based on (10) and (11), the joint PDF of the Nth selected random variable pair {, } is written as [30] , (, ) = ∑ () ,(, ) = ∑ ⋯ ∑,,, = ,() , exp − ,  exp −  ()(), (13) 

where the compact summation notation is defined as  ∑ ∑ ∑ ∑ =  ∑ ⋯ ∑,,,    and      (14) , =  + ,,.        (15) 

The parameter ̅, is thus directly influenced by ,, in (12). 
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The instantaneous SNR of the indirect path through the Nth best relay is given as  =  .        (16) 

The joint PDF of  ,  then follows as , (, ) = ∑ ⋯ ∑,,, ,() ,, exp − ,,  exp −  ()()   (17) 

with ̅,, = (̅/̅)̅,. 
From (17), the cumulative distribution function (CDF) of  is derived as   () = ∑ ⋯ ∑,,, ,() 1 −  exp − ,, ,,   2 ,,     (18) 

where (⋅) is the first-order modified Bessel function of the second kind [2], [32]. 

3.2 Exact Outage Probability for Direct and Indirect Link 

An outage occurs when the instantaneous mutual information I is below the target transmission rate  . 
For the direct SD link occupying a single orthogonal channel,   = log(1 + ),         (19) 

and thus   =  ≤   =  2 − 1,       (20) 

where  () = 1 − exp −  ().  

For OAF relaying, since two orthogonal channels are used,  =  log1 + ,        (21) 

and the corresponding outage probability from (18) is  =  2 − 1.        (22) 

3.3 Approximation of SWIPT OAF Relaying to a General OAF Model 

Following the approach in [27], the SWIPT OAF relay is approximated by a general OAF configuration 
to achieve comparable asymptotic BER [28], i.e., { , } → { ,  }. 

3.3.1 Approximated PDFs and CDFs 

For the indirect link, the Nth selected SNR is approximately presented as  =  ≃ min ,   = .      (23) 

The corresponding joint PDF is , (, ) = ∑ ⋯ ∑,,, ,() ,, exp − ,,  exp −   ()(),   (24) 

where ̅  is obtained from (8) by substituting ̅ → ̅,, and ̅ → ̅ .  
Using the min-approximation [33], the PDF of  becomes  () = ∑ ⋯ ∑,,, ,()   exp −   (),     (25) 

where ̅  = 1/1/̅,, + 1/̅  [33]. 
Similarly, the combined-link SNR is approximated as  =  + .         (26) 
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and its PDF is  () = ∑ ⋯ ∑,,, ,()    exp −  +   exp −   ().   (27) 

The CDFs are then written as  () = ∑ ⋯ ∑,,, ,() 1 − exp −   ()     (28) 

and   () = ∑ ⋯ ∑,,, ,()    1 − exp −  +    1 − exp −   (). (29) 

3.3.2 Approximated Outage Probabilities 

Using (28), the outage probability of the indirect link can be approximated by  ≈   2 − 1 =  , .        (30) 

Similarly, the outage probability of the combined link is obtained from (29) as  ≈   2 − 1 =  , .        (31) 

4. Outage Probability Analysis for SWIPT OAF Relaying under RD-Link Partial-CSI 

This section investigates the relay selection mechanism utilizing P-CSI derived from the RD links [28]. 

4.1 Selection Probability of the Nth Best SWIPT Relay 

We consider the scenario where relay selection is performed based on P-CSI obtained from the RD links. 
Let the set {}  with  = |  represent the relay metrics; the selected relay index is given by   =    max{} ,       (32) 

where the destination chooses the Nth best relay prior to performing PS optimization [28]. 
Initially, all relays adopt with  = , and after the selection, each relay adjusts its PS ratio independently, 

i.e.,  = , , to minimize the asymptotic BER. The resulting pair { , } is then used for the subsequent 
data transmission. 

4.1.1 Derivation of the Selection Probability for the ith Relay 

The selection procedure in (32) corresponds to the Nth order statistic among R independent random 
variables. Hence, any relay can potentially be selected as the Nth best.   

Similar with (11), the PDF of  is expressed as () = ∑ ∑ (−1) ∑ exp−,,  ,      (33) 

where  ,, = ∑ ,, + ∑ , .       (34) 

4.1.2 Joint Distribution for the Nth Best SWIPT Relay 

Based on (32) and (33), the joint distribution of the Nth best relay’s parameters {, } can be expressed as ,(, ) = ∑ ()  ()() = ∑ ⋯ ∑,,,  ,()  exp −  , exp − , ()(), (35) 

where 1/̅, =1/̅+,,. The indirect link SNR associated with the selected Nth best relay is  =  . 

By applying the transformation  → , the joint PDF of  ,  is obtained as  
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, (, ) = ∑ ⋯ ∑,,, ,()  exp −  ,, exp − ,, ()(),    (36) 

where ̅,, = ̅/̅̅,. 
4.2 Exact Outage Probability for Indirect Link 

For the chosen Nth best relay, the CDF of the indirect link SNR, , can be computed as  () = ∑ ⋯ ∑,,, ,() 1 − ,, exp −  ,,   2  ,,     (37) 

where (⋅) is the first-order modified Bessel function of the second kind [2], [31]. 
The exact outage probability follows directly from (37) as  =  2 − 1.        (38) 

4.3 Approximation of SWIPT OAF Relaying to a General OAF Model 

Following the approach in [27], the SWIPT OAF relay system can be represented approximately by a 
general OAF relay model. 

4.3.1 Approximated PDFs and CDFs 

Assuming the same conditions as in Section 3.3, the joint PDF becomes , (, ) = ∑ ⋯ ∑,,, ,()  exp −    exp −   ()(),   (39) 

where ̅  is derived from (8) by substituting ̅ → ̅ and ̅ → ̅,,.  
Using the min-approximation [33], the PDF of the indirect kink SNR  is expressed as   () = ∑ ⋯ ∑,,, , () ,  exp −   (),    (40) 

where ̅  = 1/1/̅ + 1/̅  [32]. 
Using  and , the PDF of the combined link SNR  is  () = ∑ ⋯ ∑,,, , ()    exp −  +   exp −   ().   (41) 

The corresponding CDFs are   () = ∑ ⋯ ∑,,, ,() 1 − exp −   ()     (42) 

and   () = ∑ ⋯ ∑,,, ,()    1 − exp −  +    1 − exp −   (). (43) 

4.3.2 Approximated Outage Probabilities 

From (42), the indirect link outage probability can be approximated as  ≈   2 − 1 =  , .        (44) 

Similarly, from (43), the combined link outage probability is approximated using  ≈   2 − 1 =  , .        (45)  
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5. Evaluation and Simulation Results 

This section presents numerical evaluations of the proposed analytical expressions and validates them 
through Monte Carlo simulations. The simulations are carried out for the multi-relay SWIPT configuration 
shown in Section 2.  

All simulations are implemented in MATLAB R2024a under the following setup. Binary phase-shift 
keying (BPSK, i.e.,  = 2) is adopted, and all channels {ℎ}  are modeled as independent Rayleigh fading 
links. Each channel gain ℎ  has an average power Ω = [|ℎ|] , corresponding to different channel 
environments. For statistical reliability, {ℎ}  the AWGN samples are independently generated 10 times. 
The noise at all receivers follows a complex Gaussian distribution with variance . The average SNR is 
defined as SNR = γ with  = 1 and  = 0.8. 

In all plots, the blue and red lines denote the numerically derived results for the indirect link and the 
combined link, respectively. Simulation data labeled as ‘Simulation’ are obtained using the amplification gain  =  ||()||  . For performance evaluation, two representative channel configurations are 

considered for the SWIPT OAF relay network with  = 4. In the first configuration, expressed as ‘Ch. Model =[1, , 1]’, the source–destination and relay–destination links are normalized to Ω = 1 and Ω| = 1, 
respectively, while the source–relay link power levels vary as Ω ∈ {0.5,1,2,4}. In the second configuration, 
denoted as ‘Ch. Model = [1,1, ]’, both the source–destination and source–relay links are set to unity, and the 
relay–destination link power levels change as Ω ∈ {0.5,1,2,4}. These two settings respectively emphasize 
the effect of channel variations on the SR and RD links while maintaining balanced power conditions for the 
other links.  

(a) 
 

(d) 

(b) 
 

(e) 

(c) 
 

 
(f) 

Figure 1. Outage probability performance of SWIPT OAF relaying systems versus SNR and Nth for SR-link CIS-
based relay selection (BPSK modulation,  =  , th = {1,2,3,4}, Ch. Model = [1, , 1]): (a) th = 1; (b) th = 2; (c) th = {1,2,3,4}, both links; (d) th = 3; (e) th = 4; (f) th = {1,2,3,4}, individual links. 

5.1 SWIPT OAF Relaying with SR-Link-Based Partial-CSI 

For the SR link under partial CSI, the exact outage probability  , labeled as ‘Theory, Exact’, is obtained 
from (22) with (18). Its OAF-based counterparts,  ,  and  , , labeled as ‘Theory, OAF’, are evaluated 
using (30) with (28), and (31) with (29), respectively. Figures 1-2 illustrate the outage probability versus the 
direct link SNR for various Nth, under ‘Ch. Model = [1, , 1]’ and ‘Ch. Model = [1,1, ]’, respectively.  

From Figures 1(a), 1(b), 1(d), and 1(e) (and Figures 2(a), 2(b), 2(d), and 2(e)), the indirect link performance 
is generally inferior to that of the direct link due to the relay’s lack of a dedicated energy source. However, 



International Journal of Contents Vol.21, No.4, Dec. 2025 28  

when both links are combined, the SWIPT relaying scheme surpasses the direct link performance beyond a 
certain SNR level, which increases with Nth. The results marked ‘Theory, OAF’ match the simulated results 
well at medium and high SNR regions, while ‘Theory, Exact’ exhibits excellent accuracy across the entire range. 

Figures 1(c) and 1(f) (and Figures 2(c) and 2(f)) highlight the effect of Nth on the SNR performance. As Nth 
increases, weaker relays with poorer link quality are more likely to be selected, thereby widening the gap between 
the direct and indirect links. This confirms that in OAF relaying, the selection diversity benefit mainly appears as 
an SNR enhancement rather than a diversity order improvement, unlike the case of full-CSI-based OAF systems.  

Because relay selection here is based on SR-link CSI, the ‘Ch. Model = [1, , 1]’ setup enables the system 
to select a relay with stronger SR conditions, leading to more efficient energy harvesting and improved RD 
performance. Hence, as seen in Figures 1(c) and 1(f), the outage curves under ‘Ch. Model = [1, , 1]’ exhibit 
better performance than those under ‘Ch. Model = [1,1, ]’. 

(a) 
 

(d) 

(b) 
 

(e) 

(c) 
 

 
(f) 

Figure 2. Outage probability performance of SWIPT OAF relaying systems versus SNR and Nth for SR-link CIS-
based relay selection (BPSK modulation,  =  , th = {1,2,3,4}, Ch. Model = [1,1, ]): (a) th = 1; (b) th = 2; (c) th = {1,2,3,4}, both links; (d) th = 3; (e) th = 4; (f) th = {1,2,3,4}, individual links. 

5.2 SWIPT OAF Relaying with SR-Link-Based Partial-CSI 

For the RD link under partial CSI, the exact outage probability  , labeled as ‘Theory, Exact’, is 
obtained from (38) with (37). Its OAF-based counterparts,  ,  and  , , labeled as ‘Theory, OAF’, are 
evaluated using (44) with (42), and (42) with (43), respectively. 

Figures 3 and 4 present the outage probability versus the direct link SNR for different Nth values, under 
‘Ch. Model = [1, , 1]’ and ‘Ch. Model = [1,1, ]’, respectively. The theoretical plots labeled as ‘Theory, Exact’ 
and ‘Theory, OAF’ show strong agreement with the simulated outcomes, especially in the moderate-to-high SNR 
regimes. Small deviations arise from the OAF approximation relying on asymptotic BER formulations. 

As the RD-based selection uses only the RD-link SNRs, the ‘Ch. Model = [1,1, ]’ scenario favors the 
choice of stronger RD channels, thus providing an indirect-link SNR gain over ‘Ch. Model = [1, , 1] ’. 
Accordingly, ‘Ch. Model = [1,1, ]’ represents a more favorable propagation setting for RD-link-based relay 
selection, consistent with the results observed in Section 5.1. 

5.3 Comparative Analysis of SR- and RD-Link Relay Selection 

By comparing Figures 1 and 3, and likewise Figures 2 and 4, the relative performance of SR- and RD-
based selection strategies can be evaluated under different channel configurations. For both ‘Ch. Model =[1, , 1]’ and ‘Ch. Model = [1,1, ]’ models, SR-based selection achieves comparable or superior outage 
results when th = {1,2,3}.  
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Figures 5 and 6 compare the outage probabilities between SR- and RD-based relay selections for 
‘Ch. Model = [1, , 1]’ and ‘Ch. Model = [1,1, ]’, respectively. In these plots, the blue and red curves denote 
the indirect and combined links, respectively. It is evident that the SR-based method consistently outperforms 
the RD-based approach for th = {1,2,3}. 

This result implies that selecting a relay with a strong SR channel contributes more effectively to end-to-end 
reliability. Since SWIPT relays operate without an external power supply, choosing the optimal relay solely based on 
the RD link cannot fully utilize selection diversity, as energy harvesting fundamentally depends on the SR link quality. 
As a result, RD-based selection tends to yield higher outage probabilities, indicating that a stronger RD link does not 
necessarily ensure better performance for either the indirect link or the combined link when th ≤ 3.  

6. Conclusions 

This study presented an outage probability analysis for SWIPT OAF relaying systems operating over 
Rayleigh fading channels, where relay selection was performed based on partial-CSI. Building upon the previously 
established analytical framework for generalized AF relay systems, approximate closed-form presentations were 
derived for the outage probabilities of both indirect and combined links, and the exact expression was obtained for 
the indirect link case. Monte Carlo simulation results confirmed that the proposed analytical approximations 
accurately capture the true outage probability under various SNR and channel conditions. 

The analysis revealed that SR-link-based relay selection consistently provides superior performance 
compared to RD-link-based selection, primarily because of its direct influence on the relay’s energy harvesting 
efficiency. The observed selection diversity benefits mainly translate into SNR improvements rather than gains 
in diversity order, which aligns with earlier findings in SWIPT error performance analyses. These outcomes 
offer valuable design insights for optimizing relay selection and power-splitting parameters in cooperative 
SWIPT relaying networks. 

 
(a) 

 

 
(b) 

Figure 3. Outage probability performance of SWIPT OAF relaying systems versus SNR for RD-link CIS-based 
relay selection with power-splitting optimization (BPSK modulation,  =  , th = {1,2,3,4} , Ch. Model = [1, , 1]): (a) both links; (b) individual links.  
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(a) 

 

 
(b) 

Figure 4. Outage probability performance of SWIPT OAF relaying systems versus SNR for RD-link CIS-based 
relay selection with power-splitting optimization (BPSK modulation,  =  , th = {1,2,3,4} , Ch. Model = [1,1, ]): (a) both links; (b) individual links.  

 
(a) 

 

 
(d) 

 
(b) 

 

 
(e) 

 
(c) 
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Figure 5. Outage probability performance of SWIPT OAF relaying systems versus SNR and Nth for different 
relay selection strategies (BPSK modulation,  ∈ 0.5,   , th = {1,3,4} , Ch. Model = [1, , 1] ): (a) th = 1, both links; (b) th = 3, both links; (c) th = 4, both links; (d) th = 1, individual links; (e) th =3, individual links; (f) th = 4, individual links. 
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Figure 6. Outage probability performance of SWIPT OAF relaying systems versus SNR and Nth for different 
relay selection strategies (BPSK modulation,  ∈ 0.5,   , th = {1,3,4} , Ch. Model = [1,1, ] ): (a) th = 1, both links; (b) th = 3, both links; (c) th = 4, both links; (d) th = 1, individual links; (e) th =3, individual links; (f) th = 4, individual links. 
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