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 Non-orthogonal multiple access (NOMA) is a crucial technology for 

upcoming radio access networks since it allows several users to use the same 

time and frequency resources. It is positioned as a viable option for next-

generation communication systems because to its capabilities to increase 

system capacity and spectrum efficiency. This essay investigates the effects 

of fair and fixed power allocation (PA) techniques on NOMA systems' 

uplink and downlink performance. It specifically assesses bit error rate 

(BER) and outage probability (OP), two crucial performance parameters. 

The paper provides a thorough comparison of the fixed and fair PA 

approaches, highlighting the advantages, and disadvantages of each. While 

fixed PA is easier to deploy, results show that it performs poorly in dynamic 

situations, increasing BER and OP, particularly for users with less reliable 

channels. Fair PA, on the other hand, improves system dependability, and 

user fairness by dynamically allocating power depending on user situations, 

thus reducing OP and BER. Future wireless networks will benefit greatly 

from its enhanced spectrum efficiency and up to 78% reduction in outage 

likelihood. With fair PA's higher flexibility and effectiveness in real-world, 

varied circumstances, the results underline the significance of selecting 

appropriate PA techniques for NOMA systems. 
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1. INTRODUCTION 

Multiple access (MA) is a fundamental aspect of wireless communication systems, enabling 

multiple users to share radio resources like time, frequency, and code simultaneously. This efficient spectrum 

utilization is crucial for modern communication needs. A recent advancement in MA is non-orthogonal 

multiple access (NOMA), which has attracted attention for its ability to enhance spectral efficiency and 

support a large number of users. Unlike traditional orthogonal multiple access (OMA) schemes, where users 

are assigned exclusive resource blocks, NOMA allows users to share the same resources [1]. It achieves this 

through non-orthogonal superposition of signals, which are separated at the receiver using advanced signal 

processing techniques. NOMA offers several advantages over conventional MA techniques. It optimizes 

performance by allocating more power to weaker users, thereby accommodating diverse channel conditions. 

Additionally, it facilitates simultaneous transmission and reception for multiple users, increasing system 

capacity, and spectral efficiency. NOMA supports a wide range of applications, including voice, data, and 

internet of things (IoT) devices, making it a promising technology for future communication systems. 

However, deploying NOMA introduces challenges such as power allocation (PA), user pairing, interference 

management, and receiver design [2]. NOMA operates in both downlink and uplink scenarios. In downlink 
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(forward link) transmission, a base station (BS) transmits data to multiple users simultaneously using the 

same resources, with signals superimposed via power domain multiplexing. Advanced signal processing 

techniques separate these signals at the receivers [3]. In uplink (reverse link) transmission, users send data to 

the BS, which processes the superimposed signals using similar techniques. NOMA's efficient spectrum 

utilization and ability to handle varying channel conditions make it advantageous, but it requires addressing 

critical challenges like PA, user pairing, and interference management [4], [5]. PA strategies significantly 

influence the efficiency and fairness of NOMA systems. Two commonly studied approaches are fair PA and 

fixed PA. Fair PA aims to allocate power equitably among users, considering factors such as channel 

conditions and quality of service requirements, ensuring balanced performance [6]. Conversely, fixed PA 

assigns predetermined power amounts to users based on priorities or system requirements. While fixed PA 

simplifies system design, it may not adapt well to changing channel conditions, potentially leading to 

suboptimal performance [7]. Both strategies have advantages and limitations, and their impact on key 

performance metrics, such as system capacity, spectral efficiency, outage probability (OP), and bit error rate 

(BER), needs thorough investigation. Another critical aspect of NOMA is the role of successive interference 

cancellation (SIC), a signal processing technique for separating superimposed signals. Ideal SIC would 

perfectly cancel interference from stronger users, enabling accurate decoding of weaker user signals. 

However, in practical scenarios, SIC is often imperfect due to factors like noise, channel estimation errors, 

and hardware constraints [8]. Imperfect SIC introduces residual interference, negatively impacting decoding 

accuracy, system capacity, and performance. Addressing these challenges is crucial for realizing the full 

potential of NOMA. Research efforts focus on developing advanced signal processing techniques and 

interference cancellation algorithms to mitigate the effects of imperfect SIC. Enhancing SIC performance 

will improve system reliability, increase capacity, and optimize spectral efficiency, enabling better utilization 

of wireless resources. This paper aims to explore the impact of fair and fixed PA strategies in downlink and 

uplink NOMA scenarios. It evaluates system performance metrics and examines the effects of imperfect SIC. 

The analysis provides insights into the trade-offs between PA techniques and their role in enhancing the 

efficiency and fairness of wireless networks [9]. The findings contribute to designing robust and efficient 

NOMA systems for practical implementations. 

The paper is structured to provide an overview of NOMA and PA strategies, discuss results and 

implications, and conclude with insights for future wireless communication systems [10]. The rest of this 

paper is organized as follows. Section 2 provides an overview about NOMA with fixed and fair PA to 

enhance the efficiency and fairness of wireless networks. In section 3, we present the result and discussion by 

describing fixed and fair PA strategies in NOMA. In addition, we discuss the impact of PA on NOMA and 

OP of uplink NOMA and we give an effect of imperfect SIC in NOMA. In the end, the work is concluded in 

section 4. 

 

 

2. SHORT OVERVIEW 

NOMA with fixed and fair PA is a technique designed to enhance efficiency and fairness in wireless 

networks [11]. NOMA allows multiple users to share the same time and frequency resources, enabling 

simultaneous communication. The PA strategy plays a crucial role in distributing power among users, 

influencing system performance [12]. In fixed PA, power levels are predetermined and assigned to users 

based on factors like priorities, channel conditions, or system requirements. This approach simplifies system 

design by avoiding real-time adjustments but lacks adaptability to dynamic channel conditions, potentially 

leading to suboptimal performance. Conversely, fair PA dynamically allocates power based on real-time 

feedback and optimization algorithms, ensuring equitable distribution and minimizing performance gaps. Fair 

PA is ideal for scenarios where fairness or varying channel conditions are critical. The choice between fixed 

and fair PA depends on system requirements. Fixed PA suits stable environments or when simplicity is 

prioritized, while fair PA excels in systems requiring fairness and adaptability [13]. Studies have evaluated 

these strategies using metrics like system capacity, spectral efficiency, OP, and BER to identify optimal 

trade-offs between efficiency and fairness. 

A significant challenge in NOMA systems is imperfect SIC, a key technique used to decode 

superimposed signals. In practical scenarios, SIC may leave residual interference due to noise, channel 

estimation errors, or hardware limitations, affecting weaker users most. This can degrade system 

performance, increase error rates, and reduce capacity. Mitigating imperfect SIC involves techniques such as 

advanced interference cancellation algorithms, iterative decoding, and adaptive PA strategies. These efforts 

aim to enhance interference cancellation, improving the accuracy and reliability of NOMA systems. Overall, 

NOMA with fixed and fair PA is a vital area of research, offering solutions to optimize capacity, fairness, 

and performance in future wireless networks [14]. 
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3. RESULTS AND DISCUSSION 

In NOMA, PA is crucial. Regardless of the channel circumstances, we fixed the values of, PA 

coefficient for the two users U1 and U2, α1 and α2 utilized fixed PA for U2 (near user) and U1 (far user). 

However, taking into account the channel state information (CSI) values, there are more effective approaches 

to dynamically optimize α1 and α2. Numerous dynamic power distribution techniques exist, everyone striving 

to fulfill distinct goals. Maximizing energy efficiency, and the total rate, might be one of these goals [15]. 

The objective of the PA strategy is to guarantee fairness among users. We call this the fair PA system. 

Priority is given by our equitable PA to the users U1 and U2. To put it differently, the computation of the PA 

coefficients guarantees U1 desired rate is attained [16]. U2 only receives all available power when the U1 

desired rate is attained. So, we obtain the required PA coefficients to fulfill this requirement. The PA 

coefficients for the dynamic PA technique known as fair PA will be computed. we will additionally model 

and examine the fair PA's total rate performance and outage. The NOMA for both user’s capacity is 

expressed by using in (1) and (2):  

 

𝑅1=log2(1+
|ℎ1|2Pα1

 |ℎ1|2Pα2+σ2 
) (1) 

 

𝑅2=log2(1+
|ℎ2|2Pα2

 σ2 
) (2) 

 

R2 is achieved by employing SIC to eliminate the interference caused by U1 transmission. Rayleigh fading 

channel coefficient for both users are respectively represented by h2 and h1. Also, 𝜎2 represents power of 

noise. Let R* represents U1’s goal rate. Our objective is to determine 𝛼2 and 𝛼1 such that R1≥R*. Now let us 

put R1=R*. 

 

log2(1+
|ℎ1|2Pα1

 |ℎ1|2Pα2+σ2 
)=R* (3) 

 

Let's take 2x on both sides to eliminate the log2 first. 

 

1+
|ℎ1|2Pα1

 |ℎ1|2Pα2+σ2 
 =2R∗ (3a) 

 
|ℎ1|2Pα1

 |ℎ1|2Pα2+σ2 
 =2R∗-1 (3b) 

 

Let's indicate ξ =2𝑅∗−1. 
For U1 with target rate R∗, ξ is the target signal interference to noise ratio (SINR). 

 
|ℎ1|2Pα1

 |ℎ1|2Pα2+σ2 
 =ξ (4) 

 

|ℎ1|2Pα1 =ξ|ℎ1|2Pα2 + ξσ2 

 

Since 𝛼1+𝛼2=1, 𝛼2=1−𝛼1; 

 

|ℎ1|2Pα1 =ξ|ℎ1|2P(1 − α1) + ξσ2 (4a) 

 

 =ξ|ℎ1|2P −  ξ|ℎ1|2Pα1 + ξσ2 (4b) 

 

Gathering every 𝛼1 terms to be sent to the left-hand side, we obtain in (5). 

 

|ℎ1|2Pα1 + ξ|ℎ1|2Pα1 =ξ|ℎ1|2P + ξσ2 

 

|ℎ1|2Pα1(1 + ξ) =ξ(|ℎ1|2P + σ2) 

 

𝛼1= 
ξ(|ℎ1|2P+σ2)

|ℎ1|2P(1+ξ)
 (5) 

 

𝛼1 should not be more than 1. So let us establish a limit as shown by (6): 
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𝛼1=min (1, 
ξ(|ℎ1|2P+σ2)

|ℎ1|2P(1+ξ)
) (6) 

 

After computing 𝛼1 with the equation mentioned above, 𝛼2 may be obtained with ease as mentioned by (7): 

 

𝛼2=1−𝛼1 (7) 

 

3.1.  Fixed and fair power allocation strategies in non-orthogonal multiple access 

Thus, we were able to obtain the PA coefficients for fair PA, our dynamic PA method. Then, let's 

see how our equitable PA does. The outage performance of fair and fixed PA systems is compared. As we 

can see in Figure 1 is what we obtain when we plot the OP indicatively the target rate R* of the U1. The 

overall transmit power in this case has been set at 30 dBm. To obtain the outage likelihood, the same goal 

rate has been set for both users [17]. 

 

 

 
 

Figure 1. Target rate indicatively outage for a fair and fixed PA 

 

 

In all cases, the OP saturates at 1 when R* is greater than 1.5 bps/Hz. Put another way, using a 

constant PA where R* is more than 1.5 bps/Hz guarantees that the receiver is always in an outage condition. 

This is because fixed PA ignores the goal rate requirements and does not take use of the instantaneous CSI. 

Therefore, even if fixed PA is easy to implement, it's not really that great. Nevertheless, with 𝛼2 and 𝛼1 

continuously changing based on the CSI and goal rate need, our fair PA has a decreased probability of an 

outage. We can observe in our fair PA that when the U1's goal rate needs to rise, his OP increases as well. 

This makes sense, as there is a decreasing likelihood that a U1 will reach the target rate as the target rate rises. 

Its outage likelihood would rise as a result. The U2 outage exhibits a rather rapid variation R* values ranging 

from 4 to 7 bps/Hz. Furthermore, the U2 is constantly unavailable. Still, compared to fixed PA, this is better 

[17]. In order to further minimize the U2's outage, we offer an answer to the issues with our fair PA plan. The 

BS and the U1 have a poor channel. Upon performing the limiting procedure. 

 

𝛼1=min (1, 
ξ(|ℎ1|2P+σ2)

|ℎ1|2P(1+ξ)
) (8) 

 

In actuality, we set a restriction on 𝛼1 such that it would always equal one whenever it was found to 

be larger than one. For instance, suppose we receive 
ξ(|ℎ1|2P+σ2)

|ℎ1|2P(1+ξ)
= 50. We decide to 𝛼1=min (1,50)=1. This 

calculation indicates that we can only meet the target rate R*, of the U1 if we suggest 𝛼1=50. Under such 

users, setting 𝛼1 to 1 is ineffective. Since any value of 𝛼1<50 may cause the U1 to lose connectivity. 

Alternatively, put 
ξ(|ℎ1|2P+σ2)

|ℎ1|2P(1+ξ)
>1. The U1 (i.e., 𝛼1=1) will remain in outage even if we assign all of the power 

to him. An additional effect of setting 𝛼1=1 is that we also automatically set 𝛼2=0. This is problematic since it 
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means that the U2 is now also without power as we are not giving him any power at all. To solve this issue, 

let's apply a small adjustment to our fair PA. Every time 
ξ(|ℎ1|2P+σ2)

|ℎ1|2P(1+ξ)
 exceeds 1, as an alternative, let's put 

𝛼1=0 instead of limiting it to 1. This immediately sets 𝛼2=1. We are unable to recover U1 from outage, not 

even with 𝛼1=1 (giving him all power). This small adjustment has resulted in an amazing outage trend for our 

fair PA as we show in this Figure 2 [17]. 

 

 

 
 

Figure 2. Failure compared to the desired rate for both fixed and enhanced fair PA 

 

 

The pattern shown in Figure 1 is followed by the U1 outage. This suggests that the adjustment we 

made to set 𝛼1=0 when necessary did not affect whatever the U1 outage. Allow us to examine the U2 outage 

graph now. After increasing and peaking, the chance of an outage begins to decline. 𝑅∗ appears to be 

increasing the power provided to the U1 at the price of the 𝑈2's performance when it is between 0 and  

6.5 bps/Hz. However, if 𝛼1 is more than 6.5 bps/Hz, it might not completely fulfill R*. Instead of focusing all 

of our energy on the U1 when this occurs, we give preference to U2. Advantages result from this: U2 outage is 

minimized, especially when R* is more than 6.5 bps/Hz, while the U1 outage is never impacted. So, we 

compare our improved fair PA to the fixed PA and examine its overall rate, which has been our traditional 

approach up to this point. R1+R2 is what we mean when we talk about the sum rate. We will obtain Figure 3 

when we plot the total rate indicatively transmit power [17]. In terms of possible capacity, it is clear that our 

fair PA outperforms fixed PA. 

 

 

 
 

Figure 3. Fixed and equitable PA's sum rate indicatively transmit power 
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3.1.  Impact of power allocation on non-orthogonal multiple access 

Through the use of the fixed PA approach, we were able to replicate several performance metrics, 

BER, capacity, and NOMA outage likelihood, among others [18]. Through continuous power distribution, we 

imply that α1=0.75 for U1 and α2=0.25 for U2 are always set, independent of the channel state. This is one 

method for PA. Additionally, this fixed PA strategy has the following advantages, including no calculation is 

necessary and there is no familiarity with CSI is needed [19]. However, this distribution is not optimal of 

power. When PA are used, we can see how the BER changes, as we can see in Figure 4. 

 

 

 
 

Figure 4. PA in NOMA 

 

 

U1 is the far user while U2 is the near user [20]. The fixed PA approach has also been utilized. In 

other words, the coefficients were not changed in response to the channel conditions. Also, plotting the BERs 

at various PA coefficient values is what we have just done 40 dBm of transmit power is shown by the solid 

lines, while 20 dBm is indicated by the dotted lines [21]. By transforming the figure above into α2=1−α1, it 

may be understood in terms of α2 (because α1>α2 and α1+α2=1 is known to exist). 

First, we see that there are better and worse values for the PA coefficients. That is, for some values 

of α1, the BER is low, whereas for other values, it is large. Two areas of this plot have low BER (<10−4) for 

U2, that is, approximately α1<0.9) and approximately α1≈0.8 (that is, α2≈0.2). When α1<0.1 (α2>0.9) rather 

than α1≈0.8 (α2≈0.2), the BER for U2 is less. Thus, selecting α1<0.1 and α2 >0.9 is not possible. In this 

regime, the U1 has an extremely high BER. Since U2 data is dominant and α1≈0 and α2≈1, it would take time 

for U1 to decode his signal. His high BER can be explained by this. At the plot's right end, α1≈1 and α2≈0. 

This indicates that the U1 is allotted a significant amount of power. He therefore exhibits a declining BER 

trend. The U2 experiences high BER as α1≈1, due to the high-power U1 data interference [22], [23]. 

 

3.2.  Outage probability for uplink non-orthogonal multiple access 

As we can see in Figure 5, 𝑈1 is considered the far user, whereas 𝑈2 is considered the nearby user. 

Denote the distances between them and the BS by d1 and d2. Their respective Rayleigh fading coefficients are 

represented by the symbols h1 and h2. As well as (ℎ12<ℎ22 and 𝑑1>𝑑2) [24]. 
 
 

 
 

Figure 5. Uplink NOMA system with two users 
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Uplink NOMA systems enable 2 users to send data to the BS concurrently over the same spectrum, 

as shown in Figure 5. In order to decipher the signals from various users, the BS uses SIC. Once more, we 

suppose that U2 has a higher channel gain than U1, i.e., 
 |ℎ2|2

σ2
2 ≥

 |ℎ1|2

σ1
2 . The signal that the receiver has received 

is (9): 

 

𝑦=ℎ1𝑥1+ℎ2𝑥2+𝑛𝐵 (9) 

 

where nB is the receiver-side AWGN with zero mean and σ2
2 variance. When the received signal is decoded 

by the BS in a decreasing sequence, the data rate for both users is (10) and (11): 

 

𝑅1=log2(1+
𝑝1|ℎ1|2

σ𝐵
2 ) (10) 

 

𝑅2=log2(1+
𝑝2|ℎ2|2

𝑝1|ℎ1|2+σ𝐵
2) (11) 

 

However, if the BS decodes the signal it has received in ascending order, the data rate for both users become 

expression of (12) and (13): 

 

𝑅1=log2(1+
𝑝1|ℎ1|2

𝑝2|ℎ2|2+σ𝐵
2) (12) 

 

𝑅2=log2(1+
𝑝2|ℎ2|2

σ𝐵
2 ) (13) 

 

It is important to note that the users' total rate in each scenario is the same as what is stated in (14): 

 

𝑅1+𝑅2=log2(1+
𝑝2ℎ2

2+𝑝1ℎ1
2+σ𝐵

2

σ𝐵
2 ) (14) 

 

Stated otherwise, if there is no error propagation throughout the SIC process, the total rate in the 

uplink NOMA is independent of the SIC order. On the other hand, carrying out SIC in the decreasing 

sequence of channel quality levels is more realistic [25], [26]. In uplink communication, users send data to 

the BS. Let's look at the network below, it has two users who wish to send information to the BS. For uplink 

NOMA, a little different method is used for the power domain multiplexing section. We understand that 

superposition coding (SC) is used by the BS for power domain multiplexing in the downlink NOMA scheme. 

In contrast, users transmit power in uplink is solely constrained by the capacity of their batteries. In other 

words, each user can transmit data at full power. The variations in the users' channel gains cause the 

distinction in the power domain at the receiver side BS. Let's say that x1 and x2 stand for the messages that U1 

and U2 will send, respectively. Assuming equal signal transmission power from both users [27]. The signal 

that U1 is transmitting is √𝑝𝑥1. In the same way, √𝑝𝑥1 is the signal that U2 transmits. At the BS the signal 

received is given by (15). 

 

y=√𝑝𝑥1ℎ1+√𝑝𝑥2ℎ2+𝜔 (15) 

 

Compared to U1, U2 is located closer to the BS based on our prior estimates, indicating a stronger 

channel gain. i.e., |ℎ2|2>|ℎ1|2. The strength of the U2's expression (√𝑝𝑥2ℎ2) will as a result dominate the 

signal that is received. Put otherwise, the BS might interpret the x2 phrase straight and regard the U1's term as 

interference. The x1 can then be recovered by performing SIC. The power domain distinction is already 

becoming apparent. This is the area in which uplink and downlink NOMA diverge [28], [29]. There would be 

different channel advantages if the users were far enough apart from one another. Therefore, even in the 

absence of power control, also known as SC, the BS can correctly separate their signals. To put it another 

way, unlike downlink NOMA, where power control is achieved by purposeful SC, here it is caused by natural 

variances in the channel gains. Notably, in order for uplink NOMA to achieve success, it is essential for the 

user's channel gains to exhibit significant variability. In the power domain, the BS cannot identify the signals 

of the two users if their channel gains are equivalent. Power regulation is therefore required. In other words, 

the users' transmission powers must differ. In uplink NOMA, we see that the SIC order is inverted, first to be 

deciphered is the signal from U2 [30]. In the downlink NOMA, on the other hand, starts with the U1's signal 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 14, No. 5, October 2025: 3509-3519 

3516 

decoding. By classifying the U1's signal as interference, the U2's signal is decoded first [31]. As a result, the 

BS's achievable rate to decode U2 data is given by (16): 

 

𝑅2=log2(1+
𝑝|ℎ2|2

𝑝|ℎ2|2+σ2) (16) 

 

The achievable rate for U1 after SIC is provided by (17): 

 

𝑅1=log2(1+
𝑝|ℎ1|2

σ2 ) (17) 

 

To examine our uplink NOMA network's outage performance [32], we will simulate it. Power 

control is not used in this scenario. In order to facilitate power domain multiplexing, the intrinsic variations 

in the channel gains are utilized. Two distinct U1 and U2 distance pairs— (800, 200), (800, 300), (800, 400), 

and (800, 500) meters—are used in the simulation. The following graph, given by the Figure 6, is produced 

when the outage is plotted. From this Figure 6, we can observe that both users have a higher OP compared to 

the other distance pairings, for the distance pair (800, 200) m, where they have less outages. This supports the 

previous argument that we had. In other words, NOMA performs better when user-to-user channel conditions 

become increasingly unique [33], [34]. 

 

 

 
 

Figure 6. Uplink NOMA outage likelihood 

 

 

4. CONCLUSION 

In NOMA systems, the particular performance needs and trade-offs of the network determine which 

of the fixed and fair PA algorithms to use. Fixed PA makes system design simpler, but because it is static and 

does not adjust to users' real-time channel conditions, it may produce less-than-ideal outcomes in dynamic 

channel settings. Fair PA, on the other hand, dynamically modifies the PA coefficients (α₁ and α₂) to satisfy 

performance requirements, improving its resilience to channel fluctuations and providing superior results in 

terms of OP and cumulative rate. In some target data rate settings, for example, fair PA can lower the chance 

of interference by 78% when compared to fixed PA. Nevertheless, imperfect SIC, which produces residual 

interference, and reduces performance, can affect both solutions. To mitigate this and increase the efficacy of 

SIC, sophisticated signal processing and optimization methods are needed. In order to maximize NOMA 

systems' effectiveness, equity, and interference control, these problems must be fixed. In particular, for 5G, 

and upcoming 6G networks, where fairness, spectral efficiency, and system capacity are crucial, our findings 

can help with the design of next-generation wireless communication systems. Enhanced PA systems that use 

adaptive power regulation and instantaneous CSI will be investigated in future studies to further increase 

system robustness. Together with testing our models in a variety of more intricate and varied settings, such as 

multi-user and multi-cell environments, we also want to include other performance measures like energy 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Fixed and fair power allocation in downlink and uplink NOMA: outage probability … (Abdelbari Falloun) 

3517 

efficiency, latency, and fairness index. A comparison of these methods with other PA systems will provide 

further light on their scalability and practical implementation. 
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