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Abstract: The paper investigates the outage probability (OP) of a cognitive radio-based 

satellite-ground transmission system. In this configuration, both direct and relay links are 

activated to facilitate transmission from the primary satellite source to terrestrial users. The 

primary metric under scrutiny is the outage probability for both the primary and secondary 

networks. Utilizing the Shadowed-Rician fading model, commonly applied to satellite 

channels, for the satellite segment, and Nakagami-m fading models for terrestrial channels, 

we assess the OP by analyzing the expressions for both primary and secondary users. 

Additionally, we explore the impact of key system parameters on the OP’s performance. 

Indeed, the signal-to-noise ratio (SNR) and target rate are the main factors affecting the 

outage behavior of users on the ground. We identify certain conditions necessary to achieve 

improved performance by controlling key system parameters. Furthermore, this paper 

provides guidelines for designing cognitive radio (CR) systems in satellite configurations to 

meet the quality requirements of received signals on the ground. The analysis results are 

validated through Monte Carlo simulations implemented using MATLAB. 

Keywords: cognitive radio (CR); outage probability (OP); satellite-terrestrial system 

1. Introduction 

In recent times, a novel and promising network paradigm referred to as the 

Hybrid Satellite-Terrestrial Relay Network (HSTRN) system has emerged, as 

elucidated in recent publications [1–4]. This innovative system ingeniously combines 

the capabilities of both satellite and terrestrial networks, presenting a hybridized 

architecture that holds significant potential for transformative advancements in the 

realm of mobile communications. The distinctive feature of HSTRN systems lies in 

their ability to facilitate collaboration between terrestrial relays and satellite mobile 

communications [5]. 

The HSTRN offers a myriad of advantages, particularly benefiting portable and 

mobile users by providing efficient broadcast and multicast services. This proves 

advantageous in scenarios requiring indoor coverage, especially in environments 

with significant obstacles such as shopping malls and tunnels, where non-line-of-

sight (NLOS) communications are crucial for seamless connectivity. HSTRN also 

proves to be beneficial for relaying networks through the integration of amplify-and-

forward (AnF) [6–10] and decode-and-forward (DnF) relaying [11–13]. The 

application of amplify-and-forward (AnF) relaying involves the relay amplifying the 

received signal before forwarding it, enhancing signal strength and overall 

communication efficiency. Similarly, decode-and-forward (DnF) relaying entails the 

relay decoding the received signal, re-encoding it, and then forwarding it to the 
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destination, contributing to improved reliability and data integrity. In an extension of 

prior research, Hemachandra and Beaulieu [14] delved into a multiuser relay 

network case within the HSTRN framework. This configuration allows a relay to 

play a pivotal role in assisting signal transmission between multiple users and a 

source node, showcasing the adaptability and versatility of HSTRN in supporting 

complex communication scenarios. 

The incorporation of functionalities for the HSTRN is facilitated through the 

introduction of IEEE 802.11s and IEEE 802.16j standards [15]. These standards play 

a crucial role in defining and standardizing the operational aspects of HSTRN, 

ensuring seamless integration into existing communication frameworks. 

As the demand for high-throughput services catering to a large number of 

terrestrial users becomes paramount in the development of 5G mobile systems, the 

exploration of various applications within the HSTRN context gains significance 

[16,17]. The HSTRN framework proves to be highly adaptable and conducive to 

addressing the evolving needs of modern communication systems. 

In the pursuit of achieving multiuser diversity, opportunistic user scheduling 

emerges as a proposed solution within the context of a multiuser HSTRN scenario, 

as discussed in An et al.’s [16] study. This scheduling strategy aims to optimize 

communication resources by opportunistically selecting users based on channel 

conditions and other relevant metrics, thereby enhancing overall network efficiency. 

Furthermore, in the study of Upadhyay and Sharma [17], an in-depth 

investigation into HSTRN reveals benefits derived from a scheme incorporating both 

multi-user and multi-relay configurations. This holistic approach acknowledges the 

interconnectedness of multiple users and relays within the HSTRN system, 

emphasizing the potential for synergies that can be harnessed to improve 

communication reliability, coverage, and overall network performance. In summary, 

the standards IEEE 802.11s and IEEE 802.16j provide a solid foundation for the 

implementation of HSTRN functionalities. As the landscape of 5G mobile systems 

unfolds, the exploration of diverse applications within the HSTRN framework 

showcases its versatility and adaptability to meet the demands of modern 

communication scenarios. 

On the other hand, cognitive radio technology (CR) addresses the challenge of 

spectrum utilization in wireless communication systems [18]. In CR networks, 

primary users (PUs) permit secondary users (SUs) universal access to signal 

transmission without compromising the quality of service (QoS) of the main 

network. Two primary techniques explored in CR networks include spectrum sharing 

and background spectrum reuse [19–21]. The spectrum-sharing model, in particular, 

does not impose strict restrictions on the transmission capacity of SUs. The 

integration of these models into satellite communications represents a significant 

improvement in the performance evaluation of next-generation wireless networks, 

offering enhancements in spectral efficiency, reduced error data connectivity, and 

broader coverage. In the research of Guo et al. [22], the performance of a STAR-

RIS-empowered non-terrestrial vehicle network was investigated, where CR and 

non-orthogonal multiple access (NOMA) were utilized to enhance spectral efficiency 

(SE) and connectivity. Specifically, we derived the exact expressions for the outage 

probability (OP) for all secondary vehicle users, considering both imperfect and 
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perfect successive interference cancellation (ipSIC and pSIC) in our proposed 

system. To gain further insights, we also provided the asymptotic outage 

probabilities at high signal-to-noise ratios (SNRs) and the diversity orders for all 

secondary vehicle users. In Liu et al.’s [23] research, a joint resource allocation 

strategy for a NOMA-enabled cognitive satellite-high altitude platform (HAP)-

terrestrial network was investigated. The optimization problem was formulated as a 

mixed-integer nonlinear programming problem, characterized by its non-convexity 

and complexity. To tackle this challenging problem, the researchers decoupled it into 

two subproblems: subchannel allocation (SA) and power allocation (PA). For the SA 

subproblem, they designed a greedy heuristic algorithm to efficiently allocate 

subchannels. For the PA subproblem, they employed a successive convex 

approximation-based algorithm to optimize power distribution. Combining these 

approaches, they developed a joint resource allocation algorithm aimed at enhancing 

the performance of the proposed system. This method effectively balances the 

computational complexity and the optimization performance, providing a practical 

solution to the resource allocation problem in NOMA-enabled cognitive satellite-

HAP-terrestrial networks. In the research of Liu et al. [24], the authors proposed a 

joint subchannel assignment and power allocation algorithm for NOMA-enabled 

cognitive satellite-unmanned aerial vehicle (UAV)-terrestrial networks to enhance 

transmission performance, taking into account imperfect channel state information. 

While most current studies focus on the performance analysis of satellite 

systems [25–28], this paper takes inspiration from recent work in An et al. [25] and 

explores an OHSTCR system. Specifically, we evaluate the performance of the 

downlink communication scenario for ground users. 

The remainder of this paper is organized as follows: Section 2 introduces the 

system model. Following that, section 3 provides an overview of the performance 

analysis of the primary network. In section 4, we present the numerical results and 

discussion. Finally, section 5 concludes the paper. 

2. System model 

Within the depicted system model illustrated in Figure 1, the OHSTCR system 

is intricately designed, incorporating both a primary satellite network and a 

secondary terrestrial network that coexist and share the same spectrum. The primary 

satellite, designated as ‘O’, is strategically positioned with the objective of 

transmitting a signal to a singular primary user (PU). In this configuration, the 

secondary transmitter (ST) node, denoted as ‘U’, engages in communication with its 

designated secondary receiver (SR), represented by ‘V’, leveraging spectrum access 

opportunities. 

A noteworthy aspect of this system is the employment of amplify-and-forward 

(AF)-based relay cooperation within the ST. This cooperative relay mechanism is 

deployed to enhance and facilitate the primary transmission from the satellite to the 

primary user. The AF relay operation entails the ST amplifying the received signal 

and then forwarding it to the intended SR, contributing to the overall efficiency and 

reliability of the communication process. 



Computer and Telecommunication Engineering 2024, 2(2), 2524.  

4 

 

Figure 1. The OHSTCR system model. 

In essence, this system architecture embodies a sophisticated interplay between 

satellite and terrestrial components, with the OHSTCR system orchestrating 

seamless communication between the primary satellite, primary user, and the 

secondary transmitter-receiver pair. The utilization of spectrum-sharing opportunities 

and the incorporation of relay cooperation mechanisms underscore the complexity 

and ingenuity embedded in the OHSTCR system, positioning it as a versatile and 

robust solution for efficient cognitive radio-based satellite-terrestrial communication. 

The channel coefficients corresponding to various links 𝑂 → 𝑃, 𝑂 → 𝑈, 𝑂 → 𝑉, 𝑈 →

𝑃, and 𝑈 → 𝑉 are represented by wireless channels 𝑗𝑜𝑝, 𝑗𝑜𝑢, 𝑗𝑜𝑣, 𝑗𝑢𝑝, and 𝑗𝑢𝑣. 

Satellite O transmits an information signal 𝑥𝑜  (obeying 𝐸[|𝑥𝑜|2] = 1 , where 

𝐸[. ] denotes expectation) to many destinations. 

𝑦𝑜𝑖 = √𝑃𝑜𝑗𝑜𝑖𝑥𝑜 + 𝑛𝑜𝑖 (1) 

where 𝑖 ∈ {𝑝, 𝑢, 𝑣}, 𝑃𝑜 represents the transmit power at node O, and the term 𝑛𝑜𝑖 is 

the Additive Gaussian White Noise (AWGN). Node U can split its power to serve 

two directions. 

𝑧𝑢 = √𝜇𝑃𝑢

𝑦𝑜𝑢

√|𝑦𝑜𝑢|2
+ √(1 − 𝜇)𝑃𝑢𝑥𝑢 (2) 

𝜇 ∈ (0,1) stands for the power allocation factor. Therefore, the signals received at 

the respective nodes 𝑃 and 𝑉, represented by 𝑦𝑢𝑝 and 𝑦𝑢𝑣, are given as: 

𝑦𝑢𝑙 = 𝑗𝑢𝑙𝑧𝑢 + 𝑛𝑢𝑙 (3) 

where 𝑙 ∈ {𝑝, 𝑣} and 𝑛𝑢𝑙 is the AWGN. 

Considering the direct link 𝑂 → 𝑃, the end-to-end SNR at 𝑃 is expressed by: 

𝛬𝑜𝑝 = 𝜂𝑜|𝑗𝑜𝑝|
2
 (4) 

where 𝜂𝑜 =
𝑃𝑜

𝜎2. With regard to the relay link, the SNR at 𝑃 and 𝑉 can be computed 

respectively by: 

𝛬𝑜𝑢𝑝 =
𝜇𝛬𝑜𝑢𝛬𝑢𝑝

(1 − 𝜇)𝛬𝑜𝑢𝛬𝑢𝑝 + 𝛬𝑜𝑢 + 𝛬𝑢𝑝 + 1
 (5) 

where 𝛬𝑜𝑢 = 𝜂𝑜|𝑗𝑜𝑢|2, 𝛬𝑢𝑝 = 𝜂𝑢|𝑗𝑢𝑝|
2
, and 𝜂𝑢 =

𝑃𝑢

𝜎2, 

𝛬𝑜𝑢𝑣 =
(1 − 𝜇)𝛬𝑢𝑣(𝛬𝑜𝑢 + 1)

𝜇𝛬𝑢𝑣 + 𝛬𝑜𝑢 + 1
 (6) 

where 𝛬𝑢𝑣 = 𝜂𝑢|𝑗𝑢𝑣|2. 
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3. Performance analysis of the primary network 

3.1. Characterizations of the channels 

By applying Shadowed-Rician fading to the satellite links, the probability 

density function (PDF) of the channel gains |𝑗𝑜𝑖|2 , with 𝑖 ∈ {𝑝, 𝑢, 𝑣} , can be 

formulated as described in the study of An et al. [25]. 

𝑓|𝑗𝑜𝑖|2(𝑥) = 𝛼𝑖𝑒−𝛽𝑥
1𝐹1(𝑚𝑜𝑖; 1; 𝛿𝑖𝑥), 𝑥 ≥ 0 (7) 

here, 𝛼𝑖 = (2𝑝𝑜𝑖𝑚𝑜𝑖/(2𝑝𝑜𝑖𝑚𝑜𝑖 + 𝛺𝑜𝑖))
𝑚𝑜𝑖

/2𝑝𝑜𝑖 , 𝛽𝑖 = 1/2𝑝𝑜𝑖 , 𝛿𝑖 = 𝛺𝑜𝑖/

(2𝑝𝑜𝑖)(2𝑝𝑜𝑖𝑚𝑜𝑖 + 𝛺𝑜𝑖), where 2𝑝𝑜𝑖  and 𝛺𝑜𝑖 represent the respective average powers 

of the multipath components and LOS, and 𝑚𝑜𝑖  denotes the fading severity 

parameter. 𝛬𝑜𝑖 = 𝜂𝑜|𝑗𝑜𝑖|2 as detailed in the study of An et al. [25]. 

𝑓𝛬𝑜𝑖
(𝑥) = 𝛼𝑖 ∑

𝜁(𝑘)

(𝜂𝑜)𝑘+1
𝑥𝑘𝑒

−(
𝛽𝑖−𝛿𝑖

𝜂𝑜
)𝑥

𝑚𝑜𝑖−1

𝑘=0

 (8) 

It is noted that 𝜁(𝑘) = (−1)𝑘(1 − 𝑚𝑜𝑖)𝑘𝛿𝑖
𝑘/(𝑘!)2 , where (. )𝑘  represents the 

Pochhammer symbol. As such, the cumulative distribution function (CDF) 

𝐹𝛬𝑜𝑖
(𝑥) can be derived by performing the integration of the PDF in Equation (8) as 

follows: 

𝐹𝛬𝑜𝑖
(𝑥) = 1 − 𝛼𝑖 ∑

𝜁(𝑘)

(𝜂𝑜)𝑘+1
∑

𝑘!

ℎ!

𝑘

𝑝=0

(
𝛽𝑖 − 𝛿𝑖

𝜂𝑜
)

𝑚𝑜𝑖−1

𝑘=0

−(𝑘+1−ℎ)

× 𝑥ℎ𝑒
−(

𝛽𝑖−𝛿𝑖
𝜂𝑜

)𝑥
 (9) 

The channel gains |𝑗𝑐𝑙|2 with 𝑙 ∈ {𝑝, 𝑣}  are assumed to follow the Gamma 

distribution with average power 𝛺𝑢𝑙 and fading severity 𝑚𝑢𝑙. Hence, the PDF and 

CDF of 𝛬𝑢𝑙 = 𝜂𝑢|𝑗𝑢𝑙|2 can be determined. 

𝑓𝛬𝑢𝑙
(𝑥) = (

𝑚𝑢𝑙

𝛺𝑢𝑙𝜂𝑢
)

𝑚𝑢𝑙 𝑥𝑚𝑢𝑙−1

𝛤(𝑚𝑢𝑙)
𝑒

−
𝑚𝑢𝑙

𝛺𝑢𝑙𝜂𝑢
𝑥
 (10) 

and 

𝐹𝛬𝑢𝑙
(𝑥) =

1

𝛤(𝑚𝑢𝑙)
ϒ (𝑚𝑢𝑙,

𝑚𝑢𝑙

𝛺𝑢𝑙𝜂𝑢
𝑥) (11) 

here, 𝛤(. ) and ϒ(. , . ) represent, respectively, the complete gamma function and the 

lower incomplete gamma function, as detailed in the study of An et al. [25]: 

Equations (8.350.1) and (8.310.1). 

3.2. Direct satellite transmission (DST) 

Considering DST adopted at P, the outage probability (OP) of the primary 

network for a threshold rate 𝑅ℎ is computed by: 

𝑃𝑜𝑢𝑡
𝐷𝑆𝑇(𝑅ℎ) = 𝑃𝑟[log2(1 + 𝛬𝑜𝑝) < 𝑅ℎ] (12) 

Alternatively, the OP can be further expressed as: 

𝑃𝑜𝑢𝑡
𝐷𝑆𝑇(𝑅ℎ) = 𝐹𝛬𝑜𝑝

(𝛾ℎ
′ ) (13) 

where 𝛾ℎ
′ = 2𝑅ℎ − 1. 

Furthermore, to obtain the asymptotic OP, it can be approximated at high SNR 

as: 

𝑃𝑜𝑢𝑡
𝐷𝑆𝑇(𝑅ℎ) ≈

𝜂𝑜→∞

𝛼𝑝

𝜂𝑜
𝛾ℎ
′  (14) 



Computer and Telecommunication Engineering 2024, 2(2), 2524.  

6 

3.3. Cognitive radio with DST 

In this scenario, the OP for the primary network in such a system is expressed 

as: 

𝑃𝑜𝑢𝑡
𝐷𝑆𝑇(𝑅ℎ) = 𝑃𝑟 [

1

2
log2(𝛬𝑜𝑝 + 𝛬𝑜𝑢𝑝) < 𝑅ℎ] = 𝑃𝑟[𝛬 < 𝛾ℎ] (15) 

where 𝛬 = 𝛬𝑜𝑝 + 𝛬𝑜𝑢𝑝 and 𝛾ℎ = 22𝑅ℎ − 1. 

𝑃𝑜𝑢𝑡
𝐷𝑆𝑇(𝑅ℎ) = ∫ 𝐹𝛬(𝛾ℎ|𝑡)𝑓𝑌𝑜𝑢

(𝑡)d𝑡
∞

0

 (16) 

To solve Equation (16), we need to evaluate the conditional CDF, 𝐹𝛬(𝛾ℎ|𝑡), 

which can be expressed as: 

𝐹𝛬(𝛾ℎ|𝑡) = 𝑃𝑟[𝛬𝑜𝑝 + 𝛬𝑜𝑢𝑝 < 𝛾ℎ|𝑡] = ∫ ∫ 𝑓𝛬𝑜𝑢𝑝
(𝜑|𝑡)𝑓𝛬𝑜𝑝

(𝑦)d𝜑d𝑦
𝛾ℎ−𝑦

0

𝛾ℎ

0

 (17) 

From Equation (17), by computing the CDF, 𝐹𝛬𝑜𝑢𝑝
(𝜑|𝑡), it is given as: 

𝐹𝛬𝑜𝑢𝑝
(𝜑|𝑡) = 𝑃𝑟[𝛬𝑜𝑢𝑝 < 𝜑|𝑡] = 1 − 𝑃𝑟[𝛬𝑜𝑢𝑝 > 𝜑|𝑡] (18) 

Interestingly, the SNR expression for 𝛬𝑜𝑢𝑝 is rewritten as: 

𝛬𝑜𝑢𝑝 =
1

(
1 − 𝜇

𝜇 ) +
1

𝜇𝛬𝑜𝑢𝛬𝑢𝑝
(𝛬𝑜𝑢 + 𝛬𝑢𝑝 + 1)

 
(19) 

Furthermore, in the high SNR regime, Equation (19) can be approximated as: 

𝛬𝑜𝑢𝑝 ≈
1

𝜉 +
1
𝜇 (

1
𝛬𝑜𝑢

+
1

𝛬𝑢𝑝
)
 

(20) 

where 𝜉 =
1−𝜇

𝜇
. To calculate the OP, Equation (20) can be expressed as: 

𝛬𝑜𝑢𝑝 ≈
1

𝜉 +
1
𝜇

1

min(𝛬𝑜𝑢, 𝛬𝑢𝑝)

 
(21) 

Then, the asymptotic OP can be expressed as per [25]: 

𝑃𝑜𝑢𝑡
𝑎𝑠𝑦(𝑅𝑧) ≈ [ ∑ {

𝛼𝑝

𝜂𝑜

𝑖 + 1

𝑀
𝛾ℎ −

𝛼𝑝

𝜂𝑜

𝑖

𝑀
𝛾}

𝑀−1

𝑖=0

]
𝛼𝑢

𝜂𝑜𝜍(𝛾ℎ/𝑀)

+ ∑ [ ∑ {
𝛼𝑝

𝜂𝑜

𝑖 + 1

𝑀
𝛾ℎ −

𝛼𝑝

𝜂𝑜

𝑖

𝑀
𝛾ℎ}

𝑀−𝑙−1

𝑖=0

𝑀−1

𝑙=1
𝑀≥2

+ ∑ {
𝛼𝑝

𝜂𝑜

𝑖 + 1

𝑀
𝛾ℎ −

𝛼𝑝

𝜂𝑜

𝑖

𝑀
𝛾ℎ}

1

𝛤(𝑚𝑢𝑝)𝑚𝑢𝑝

(
𝑚𝑢𝑝

𝛺𝑢𝑝𝜂𝑢𝜍 (
𝑀 − 𝑖

𝑀 𝛾ℎ)
)

𝑚𝑢𝑝𝑀−1

𝑖=𝑀−𝑙

] (
𝛼𝑢

𝜂𝑜𝜍 (
𝑙 + 1

𝑀 𝛾ℎ)

−
𝛼𝑢

𝜂𝑜𝜍 (
𝑙

𝑀 𝛾ℎ)
)

+ [ ∑ {
𝛼𝑝

𝜂𝑜

𝑖 + 1

𝑀
𝛾ℎ −

𝛼𝑝

𝜂𝑜

𝑖

𝑀
𝛾ℎ}

1

𝛤(𝑚𝑢𝑝)𝑚𝑢𝑝

(
𝑚𝑢𝑝

𝛺𝑢𝑝𝜂𝑢𝜍 (
𝑀 − 𝑖

𝑀 𝛾ℎ)
)

𝑚𝑢𝑝𝑀−1

𝑖=0

] (1 −
𝛼𝑢

𝜂𝑜𝜍(𝛾ℎ)
) 

(22) 
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4. Numerical results and discussion 

In this section, we set the main parameters as follows: 𝑅ℎ = (0.1,0.5,1)𝑏𝑝𝑠/

𝐻𝑧 , 𝛾ℎ
′ = 0.414 , 𝛾ℎ = 1 , 𝛺𝑢𝑝 = 1 , 𝑚𝑢𝑝 = 1 , 𝜂𝑜 = 𝜂𝑢 = 𝜂 . It is noted that the 

satellite links 𝑂 → 𝑃  and 𝑂 → 𝑈  are subject to heavy shadowing (HS) with 

parameters as (𝑚𝑜𝑝, 𝑏𝑜𝑝, 𝛺𝑜𝑝 = 2, 0.063, 0.0005) and average shadowing (AS) with 

parameters as (𝑚𝑜𝑢, 𝑏𝑜𝑢, 𝛺𝑜𝑢 = 5, 0.251, 0.279). 

We are considering the OP performance of the primary user 𝑃. 

In Figure 2, we observe a graphical representation of the OP in two primary 

network scenarios, portraying its variation with SNR. The discernible trend in the 

graph reveals a notable improvement in OP at elevated SNR levels. As SNR 

experiences an increase, there is a corresponding decrease in OP, indicating an 

enhancement in channel quality. This inverse relationship highlights the direct 

impact of signal strength on the operational performance of the network. 

Furthermore, the intricacies of OP are intricately tied to the target rate, as elucidated 

in the insights presented in Figure 3. The interplay between OP and the target rate 

unveils the nuanced constraints governing the network’s operational efficiency. 

Moreover, Figure 3 sheds light on the influence of the spectrum-sharing factor on 

OP, showcasing an observable correlation within the same visual representation. 

This comprehensive analysis not only deepens our understanding of the intricate 

dynamics of OP but also emphasizes the multifaceted factors influencing its 

performance within diverse network scenarios. 

 

Figure 2. Outage performance versus SNR curves for primary network 𝑃 under HS 

(𝜇 = 0.5, 𝜇 = 0.8, 𝑅ℎ = 0.1, 𝑅ℎ = 0.5, 𝑅ℎ = 1). 

Figures 4 and 5 provide insightful visual representations that elucidate the 

profound influence of SNR and the optimal values of the spectrum-sharing factor on 

the outage behavior within the examined network, specifically under HS and AS 

scenarios. The graphical depictions unveil compelling patterns and correlations, 

offering a deeper understanding of network dynamics. 

Upon closer examination of Figure 4, it becomes apparent that higher SNR 

levels contribute substantially to a marked enhancement in OP. This implies that as 

the signal strength relative to the background noise increases, there is a 

consequential improvement in the network’s ability to maintain operational 



Computer and Telecommunication Engineering 2024, 2(2), 2524.  

8 

reliability, thereby reducing the occurrence of outages. The graph serves as a visual 

testament to the pivotal role played by SNR in shaping the outage behavior of the 

network. 

 

Figure 3. Outage performance versus 𝜇 curves for primary network 𝑃 under HS 

(𝜂 = 18 dB, 𝜂 = 20 dB). 

 

Figure 4. Outage performance versus SNR curves for primary network 𝑃 under AS 

(𝜇 = 0.5, 𝜇 = 0.8). 

Simultaneously, Figure 5 sheds light on the nuanced impact of the spectrum-

sharing factor on OP. It becomes evident that while a high spectrum-sharing factor is 

at play, there is a discernibly modest alteration in OP. This indicates that the 

variability in the spectrum-sharing factor, while influential, does not induce drastic 

changes in the network’s outage behavior. The figure underscores the importance of 

balancing considerations related to spectrum sharing, suggesting that its influence on 

OP is comparatively subtle in contrast to the more pronounced effects of SNR. 

In summary, Figures 4 and 5 collectively offer a comprehensive visual 

narrative that deepens our comprehension of the intricate interplay between SNR, 

spectrum-sharing factors, and outage behavior in the examined network scenarios. 

This nuanced analysis enhances our ability to make informed decisions and 

optimizations within the network architecture, considering both the impact of signal 

strength and spectrum-sharing parameters. 
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Figure 5. Outage performance versus SNR curves for primary network 𝑃 under AS 

(𝜂 = 7 dB, 𝜂 = 10 dB). 

5. Conclusion 

This paper systematically investigates the outage performance of an OHSTCR 

system, with the primary objective of guaranteeing optimal performance for users 

operating within a satellite network scenario. Within the realm of satellite 

communication, SNR and target rate have been identified as the predominant factors 

influencing the outage behavior experienced by ground users. The research goes a 

step further by delineating specific conditions that contribute to enhanced 

performance of the OHSTCR system. This involves meticulous control of key 

system parameters, illustrating how strategic adjustments can positively impact 

outage behavior and the overall reliability of the system. By presenting these 

conditions, the paper provides valuable insights for practitioners and researchers 

engaged in the design and implementation of CR systems tailored for satellite 

networks. The guidelines outlined in this paper serve as a practical roadmap for 

assisting in the design phase of CR systems within satellite network contexts. By 

placing particular emphasis on the manipulation of SNR and target rate, the paper 

not only contributes to a nuanced understanding of the factors influencing outage 

behavior but also offers actionable recommendations for optimizing system 

performance. In essence, these guidelines are crafted to aid in the development of 

CR systems that meet the stringent quality requirements for received signals on the 

ground, thereby elevating the overall efficacy and dependability of satellite 

communication networks. This research, therefore, stands as a valuable contribution 

to the field, offering actionable insights for the advancement of satellite-based 

cognitive radio systems. 
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