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Abstract 
This paper studies the outage probability (OP) performance of power line communication (PLC) system with rate splitting multiple access 

(RSMA). We consider a PLC system equipped with single-antenna source node that transmits information to two user nodes. We specifically 

derive analytical solutions to the OP of the common and private streams of the users and show the impact of power allocation to the OP of the 

common and private streams.          

 

  

Ⅰ. Introduction 

Power line communication (PLC) involves deploying existing 

power lines to support low and high data rate applications. The PLC 

system reduces the cost of implementation since it is deployed over 

existing power lines. PLCs operate in a broadcast manner, making it 

essential to improve the system’s reliability [1]. Rate splitting (RS) 

multiple access (RSMA) on the other hand is a promising technology 

for next generation communication that is robust against interference. 

RS splits original messages intended for both users into common and 

private parts, encodes the common messages into a single stream 

and private messages independently [2]. At the receiver, successive 

interference cancellation (SIC) is applied to cancel the decoded 

common stream before the user decodes the private streams. This 

paper studies the outage probability (OP) of the common and private 

streams in a PLC system to examine the reliability of a RS supported 

PLC system. 

 

 
Fig. 1 System model of RSMA PLC network. 

 

Ⅱ. System model 

The PLC network consist of a source node 𝑆𝑁 , two user nodes, 

near (𝑁𝑁) and far (𝐹𝑁) user nodes. The source node broadcasts a 

superimposed signal encompassing the common and private 

messages with different power allocations. The S-N and S-F links 

are denoted by the ℎ𝑠𝑛  and ℎ𝑠𝑓 , respectively. The PLC links are 

modeled as correlated log-normal random variables with distribution 

ℎ𝑚~ln𝒩 ( 𝜇ℎ𝑚 , 𝜎ℎ𝑚
2 ) where 𝑚 ∈  (𝑠𝑛, 𝑠𝑓)  [1],[3]. The signal 

attenuation is modeled by 𝛼𝑚 = exp (−(𝑏𝑜+𝑏1𝑓𝑘) 𝑑𝑚) where 𝑑𝑚 is 

the link distance, f denotes the transmit frequency in MHz, k, 𝑏𝑜and 

𝑏1  are the attenuation constants. The effect of background and 

impulsive noises are considered by utilizing the Bernoulli-Gaussian 

random process. The total noise at any receiving node 𝑛𝑟, ∀𝑟, ∈, (n, 

f), is given as 𝑛𝑟= 𝑛𝐵  + 𝑛𝑃 𝑛𝐼 , where 𝑛𝑟 , 𝑛𝐵  , and 𝑛𝐼 ,  denote the 

total, background and impulsive noise with variances 𝜎𝑟
2 , 𝜎𝐵

2, and 𝜎𝐼
2 , 

respectively. 𝑛𝑃  occurs with a probability of p indicating the 

probability of occurrence of impulsive noise. 𝑆𝑁  broadcasts a 

superimposed signal, 

       𝑥 = √𝑎𝑐𝑃𝑆𝑠𝑐 + √𝑎𝑛𝑝𝑃𝑆𝑠𝑛 + √𝑎𝑓𝑝𝑃𝑆𝑠𝑓,      (3) 

where 𝑎𝑐 , 𝑎𝑛𝑝 , and 𝑎𝑓𝑝 , represent the fraction of power allocated to 

the common, near and far user private streams, respectively, with 

𝑎𝑐 + 𝑎𝑛𝑝 + 𝑎𝑓𝑝  = 1 and 𝑎𝑝 = 𝑎𝑛𝑝 + 𝑎𝑓𝑝  .  The received signals at the 

near and far users are given by (2) and (3), respectively as 

𝑦𝑛 = (√𝑎𝑐𝑃𝑆𝑠𝑐 + √𝑎𝑛𝑝𝑃𝑆𝑠𝑛 + √𝑎𝑓𝑝𝑃𝑆𝑠𝑓 )𝛼𝑠𝑛ℎ𝑠𝑛 + 𝑛𝑛 ,   (2) 

 

𝑦𝑓 = (√𝑎𝑐𝑃𝑆𝑠𝑐 + √𝑎𝑛𝑝𝑃𝑆𝑠𝑛 + √𝑎𝑓𝑝𝑃𝑆𝑠𝑓 )𝛼𝑠𝑓 ℎ𝑠𝑓 + 𝑛𝑓 ,   (3) 

where 𝑛𝑛 and 𝑛𝑓 denote the noises at the near and far users, with 

variances 𝜎𝑛
2 and 𝜎𝑓

2, respectively.  

The SNRs for decoding 𝑠𝑐  , 𝑠𝑓  and 𝑠𝑛  at the near user are, 

respectively, written as 

𝛾𝑐,𝑛𝑗 =
𝑎𝑐𝑃𝑠𝛼𝑠𝑛

2 ℎ𝑠𝑛
2

𝑎𝑝𝑃𝑠𝛼𝑠𝑛
2 ℎ𝑠𝑛

2 + 𝜎𝑛𝑗
2

, 𝛾𝑝𝑛→𝑓,𝑗 =
𝑎𝑓𝑝𝑃𝑠𝛼𝑠𝑛

2 ℎ𝑠𝑛
2

𝑎𝑛𝑝𝑃𝑠𝛼𝑠𝑛
2 ℎ𝑠𝑛

2 + 𝜎𝑛𝑗
2

, 

𝛾𝑝,𝑛𝑗 =
𝑎𝑛𝑝𝑃𝑠𝛼𝑠𝑛

2 ℎ𝑠𝑛
2

𝜎𝑛𝑗
2 . 

The SNRs for decoding 𝑠𝑐 and 𝑠𝑓  at the far user are, respectively, 

written as 

𝛾𝑐,𝑓𝑗 =
𝑎𝑐𝑃𝑠𝛼𝑠𝑓

2 ℎ𝑠𝑓
2

𝑎𝑝𝑃𝑠𝛼𝑠𝑓
2 ℎ𝑠𝑓

2 +𝜎𝑓𝑗
2 , 𝛾𝑝,𝑓𝑗 =

𝑎𝑓𝑝𝑃𝑠𝛼𝑠𝑓
2 ℎ𝑠𝑓

2

𝑎𝑛𝑝𝑃𝑠𝛼𝑠𝑓
2 ℎ𝑠𝑓

2 +𝜎𝑓𝑗
2 . 

 

Ⅲ. Outage Probability Analysis 

In this analysis, 𝜃𝑐 = 2𝑅𝑐 , 𝜃𝑛 = 2𝑅𝑛 , 𝜃𝑓 = 2𝑅𝑓  𝑎1 = 𝑃𝑆𝛼𝑠𝑛
2 ,  𝑎2 =

𝑃𝑆𝛼𝑠𝑓
2 , 𝑋 = ℎ𝑠𝑛

2 , 𝑌 = ℎ𝑠𝑓
2 . The OP of the common stream is written as 

𝑃𝑐
𝑜𝑢𝑡 =  ∑ 𝑝𝑗 

2
𝑗=1 𝑃𝑐𝑗

𝑜𝑢𝑡 ,     (4) 

where 𝑃𝑐𝑗
𝑜𝑢𝑡 = 1 − P r(𝑅𝑐,𝑛𝑗 > 𝑅𝑐) P r(𝑅𝑐,𝑓𝑗 > 𝑅𝑐). Also, 

𝑅𝑐,𝑛𝑗 =  log2(1 + 𝛾𝑐,𝑛𝑗 ) = log2 (1 +
𝑎𝑐𝑃𝑆𝛼𝑠𝑛

2 ℎ𝑠𝑛
2

𝑎𝑝𝑃𝑆𝛼𝑠𝑛
2 ℎ𝑠𝑛

2 +𝜎𝑛𝑗
2 )   (5). 

𝑃𝑟(𝑅𝑐,𝑛𝑗 > 𝑅𝑐) = 𝑃𝑟 [log 2 (1 +
𝑎𝑐𝑎1𝑋

𝑎𝑝𝑎1𝑋+𝜎𝑛𝑗
2 ) > 𝑅𝑐], 

= 𝑃𝑟 [
𝑎𝑐𝑎1𝑋

𝑎𝑝𝑎1𝑋+𝜎𝑛𝑗
2 > 𝜃𝑐 − 1] = 𝑃𝑟 [𝑋 >

𝜎𝑛𝑗
2 (𝜃𝑐−1)

𝑎1(1−𝑎𝑝𝜃𝑐)
]    (6). 

𝑅𝑐,𝑓𝑗 = log2(1 + 𝛾𝑐,𝑓𝑗 ) = log2 (1 +
𝑎𝑐𝑃𝛼𝑠𝑓

2 ℎ𝑠𝑓
2

𝑎𝑝𝑃𝛼𝑠𝑓
2 ℎ𝑠𝑓

2 +𝜎𝑓𝑗
2 )       (7). 
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Fig. 2. OP of common streams versus SNR for different power 

allocations (𝑅𝑛 = 𝑅𝑓 = 0.1  bps/Hz, p=0.001).  

𝑃𝑟(𝑅𝑐,𝑓𝑗 > 𝑅𝑐) = 𝑃𝑟 [𝑙𝑜𝑔 2 (1 +
𝑎𝑐𝑎2𝑌

𝑎𝑝𝑎2𝑌+𝜎𝑓𝑗
2 ) > 𝑅𝑐], 

= 𝑃𝑟 [
𝑎𝑐𝑎2𝑌

𝑎𝑝𝑎2𝑌+𝜎𝑓𝑗
2 > 𝜃𝑐 − 1] = 𝑃𝑟 [𝑌 >

𝜎𝑓𝑗
2 (𝜃𝑐−1)

𝑎2(1−𝑎𝑝𝜃𝑐)
]     (8). 

We stick to a similar approach to obtain the outage probability of 

the private streams as follows.  The OP of the near user’s private 

stream 𝑠𝑛 is 

𝑃𝑛
𝑜𝑢𝑡(1)

= ∑ 𝑝𝑗
2
𝑗=1 𝑃𝑛𝑗

𝑜𝑢𝑡 ,  (9) 

where 𝑃𝑛𝑗
𝑜𝑢𝑡 = 1 − 𝑃𝑟(𝑅𝑝,𝑛𝑗 > 𝑅𝑛). Also, 

𝑃𝑟(𝑅𝑝,𝑛𝑗 > 𝑅𝑛) = 𝑃𝑟 [𝑋 >
𝜎𝑛𝑗

2 (𝜃𝑛−1)

𝑎𝑛𝑝𝑎1
].     (10) 

The OP of the far user’s private stream 𝑠𝑓 is 

𝑃𝑓
𝑜𝑢𝑡(1)

= ∑ 𝑝𝑗
2
𝑗=1 𝑃𝑓𝑗

𝑜𝑢𝑡 ,  (11) 

where 𝑃𝑓𝑗
𝑜𝑢𝑡 = 1 − 𝑃𝑟(𝑅𝑝,𝑓𝑗 > 𝑅𝑓)𝑃𝑟(𝑅𝑝𝑛→𝑓𝑗 > 𝑅𝑓). Also, 

𝑃𝑟(𝑅𝑝,𝑓𝑗 > 𝑅𝑓) = 𝑃𝑟 [𝑌 >
𝜎𝑓𝑗

2 (𝜃𝑓−1)

𝑎2(𝑎𝑝−𝑎𝑛𝑝𝜃𝑓)
],     (12) 

𝑃𝑟(𝑅𝑝𝑛→𝑓𝑗 > 𝑅𝑓) = 𝑃𝑟 [𝑋 >
𝜎𝑛𝑗

2 (𝜃𝑓−1)

𝑎1(𝑎𝑝−𝑎𝑛𝑝𝜃𝑓)
].    (13) 

The analytical solutions to all the probabilities are computed based 

on log-normal distribution. Details are however omitted due to space 

limitations. 

IV. Simulation Results 

Results are obtained using the parameters: 𝑏𝑜 = 9.4𝑥10−3 ,  𝑏1 =

4.2𝑥10−7, 𝑑𝑠𝑛 = 70 m, 𝑑𝑠𝑓 = 100 m, 𝑓 = 30 𝑀𝐻𝑧, 𝜎𝐼
2 = −15dB, 𝑎𝑐 =

0.15, 𝑎𝑛𝑝 = 0.2, 𝑎𝑓𝑝 = 0.65, 𝜇ℎ𝑚 = 3 𝑑𝐵 , and 𝜎ℎ𝑚
2 = 2 𝑑𝐵 . The 

transmit power is given by 𝑃𝑠 = −50 + 10 𝑙𝑜𝑔10(𝑓)  𝑑𝐵𝑚.  

Fig. 2 shows the OP versus the SNR for the common stream of the 

system and OP of the common stream at the user nodes separately. It 

is observed that the theoretical results are tight relative to the 

simulation results. Generally, the OP decreases with increasing SNR. 

The OP of 𝑠𝑐 at 𝑁𝑁 reveals better performance compared to that at 

𝐹𝑁 .The OP performance improves when a larger proportion of the 

power is allocated to the common streams even in the low SNR 

region. The outage of the common streams can be reduced by 

increasing the 𝑎𝑐 and/or the SNR. The common OP is limited by OP 

of 𝑠𝑐 at 𝐹𝑁 in the low to medium SNR region. 

 

 

Fig. 3 OP of private streams versus SNR for different power 

allocations (𝑅𝑛 = 𝑅𝑓 = 0.1  bps/Hz, p=0.001). 

Fig. 3 compares OP over SNR for different power allocation 

scenarios. It is seen that the theoretical results are consistent with 

the simulation results. The OP is very high initially at low SNR but 

begins to fall from medium SNR as the SNR rises. The possibility that 

outage of 𝑠𝑛  occurs is lower than 𝑠𝑓 . This is possible due to high 

power allocation to the near user node and relative lower channel 

attenuation at 𝑁𝑁  due to shorter 𝑑𝑠𝑛. It is observed that the outage of 

the private streams can be significantly reduced by increasing the 

SNR and/or the power allocation to the private streams. 

V. Conclusion 

This paper has analyzed the OP of the PLC system with RSMA to 

explore the reliability of transmission of the common and private 

streams. The accuracy of our analysis is shown by comparing 

theoretical and simulation results which is shown to be exact. The OP 

of the common stream improves by allocating higher power to the 

common stream. Similarly, assigning high 𝑎𝑛𝑝  enhances outage 

performance of the private streams. 

ACKNOWLEDGMENT 

This research was supported in part by Korea Electric Power 

Corporation (Grant number: R22XO02-29), and in part by the 

Institute of Information & Communications Technology Planning & 

Evaluation (IITP) grant through Korea Government (MSIT) under 

Grant 2021-0-00841 (Rate-splitting multiple access based cell-free 

extremely massive MIMO full-duplex transmission systems). 

 

REFERENCES 

[1] R. K. Ahiadormey, P. Anokye, H. -S. Jo, C. Song and K. -J. Lee, 

"Secrecy Outage Analysis in NOMA Power Line Communications," 

in IEEE Commun. Lets., vol. 25, no. 5, pp. 1448-1452, May 2021. 

[2] J. Park et al., "Rate-Splitting Multiple Access for 6G Networks: 

Ten Promising Scenarios and Applications," in IEEE Network, 2023. 

[3] A. Salem, K. A. Hamdi and E. Alsusa, "Physical Layer Security 

Over Correlated Log-Normal Cooperative Power Line 

Communication Channels," in IEEE Access, vol. 5, pp. 13909-

13921, 2017.  


