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Improving the Throughput of Slotted ALOHA Networks Employing 

Channel State Information (CSI)  
 

  

  

 

 

Abstract— Aloha systems have drawn much 

attention for satellite-based mobile and personal 

communications because of the capability of 

simultaneous access and low peak power in the 

transmitter. Many investigations have been 

performed so far in order to improve the system 

performance in terms of throughput. This paper 

proposes a channel sensing technique for Slotted 

ALOHA so that the channel is sensed and colliding 

or collision conditions are investigated. The 

performance of the system has been evaluated 

based on the arrival rate and throughput of the 

proposed system. It has been shown that the 

throughput with colliding packets is lesser 

compared to that of non-colliding packets. 

Keywords— ALOHA, Slotted ALOHA, 

Throughput, Arrival Rate, Cooperative Sensing. 

 

I. INTRODUCTION 

The use of slotted ALOHA has remained as one of the 

most simple to implement yet effective techniques for 

packet data communication. A technique called 

channel load sensing protocol CLSP, a hub station 

senses the channel load, which is the number of 

ongoing transmissions. If the channel load is less than a 

certain threshold, then packet accesses are allowed. 

Otherwise, packet accesses are rejected until the 

ongoing transmissions fall below the threshold. 

Without the access timing delay, which means the time 

difference between channel load sensing and timing of 

packet access, the throughput of a spread unslotted 

Aloha system with CLSP is satisfactory. When the 

access timing delay is no longer negligible, a wrong 

channel 

load information may be given as the channel load 

changes moment by moment. The packet access  

control based on this wrong information results in  

 

degradation of the system performance. Therefore, a 

spread unslotted Aloha system with CLSP is not 

practical with the access timing delay. There has been 

no mention of the effect of the access timing delay in 

any of the papers. The object of this paper is to propose 

a novel spread slotted Aloha system with CLSP and 

show a significant improvement of the throughput 

performance even in the presence of access timing 

delay. The channel is to be continuously sensed or 

monitored for the collision or colliding conditions prior 

to packet data transmission.  

 

II. CHANNEL SENSING FOR ALOHA 

There are several techniques for the sensing purpose of 

the cognitive channel which are being discussed here. 

Only the frontlines are being discussed here which 

show the maximum promise in the accurate spectrum 

sensing. This technique is used for the energy detection 

mechanism and senses the energy of the channel at any 

given point of time. The hypothesis that governs this 

technique is the following: 

𝒉(𝒕) = 𝒌(𝒕); 𝒊𝒅𝒆𝒂𝒍 𝒏𝒐 𝒑𝒂𝒄𝒌𝒆𝒕 𝒄𝒐𝒍𝒍𝒊𝒔𝒊𝒐𝒏    (1)                  

𝒉(𝒕) = 𝒌(𝒕) + 𝒋(𝒕);  𝒄𝒐𝒍𝒍𝒊𝒔𝒊𝒐𝒏 𝒑𝒓𝒆𝒔𝒆𝒏𝒕     (2)                          

The chances for a false alarm occur when there is 

collision present but the CSI suggest that collision is 

absent or vice versa. The chances of false alarm 

increase when there is actual addition of noise in the 

desired spectrum. It is noteworthy that such noise 

effects may lead to a false interpretation that there is 

collision noise being injected in the signal spectrum 

and it is the act of eavesdropping by the adversary. 

This however is not true and leads to misleading and 

inaccurate results. The effect can be summarized as 

follows: 

Let the threshold for collision to be present by ‘T’ 
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If  𝒉(𝒕) > 𝑻; 𝑪𝒐𝒍𝒍𝒊𝒔𝒊𝒐𝒏  𝒑𝒓𝒆𝒔𝒏𝒆𝒕                    (3) 

However,  

If 𝒉(𝒕) + 𝒏(𝒕) > 𝑻 holds true;                         (4) 

Then there is a clear chance of false alarm often 

computed as the probability of false alarm of security 

threat. 

 

III. MATHEMATICAL MODELLING OF 

CHANNEL SENSING AND THROUGHPUT 

 

The channel is to be sensed based on the collision 

activity and can be done using energy sensing. The 

proposed technique can be explained using the 

following algorithm: 

• Step1. Generate a random serial data set that is 

to be transmitted in the form of 0s and 1s.  

 Let it be given by: 

 x(n)=random (n); where n is the number of bits 

are completely random 

 

• Step2. Design a typical channel response of an 

ALOHA system. 

Let the channel response in time domain  h(t) 

in the frequency domain, let the channel 

response be H(f) 

 H(f)=F.T. {h(n)} 

 F.T. denotes the Fourier Transform 

 

• Step3. Design frequency dependent collision 

or collision mechanism. 

 Let the collision or collision power be: 

 Pjam=f(frequency or subcarrier) 

Here, 

different frequencies are used for different    

users in the network, which are also called sub-

carriers  

 

• Step4. Design and add spectral noise 

 Design a time domain noise signal n(t) 

 Add it to the signal in the channel to get 

 X=S+N 

• Step5.  Detect low, moderate and high 

collision action 

 The decision is to be based on: 

Low Channel Collision Activity: if sub-

carrier gain<1.5*Ideal Subcarrier Gain 

Moderate Channel Collision Activity: if sub-

carrier gain>1.5*Ideal Subcarrier 

Gain>2*Ideal Subcarrier  

High Channel Collision Activity: if sub-

carrier gain>2*Ideal Subcarrier Gain 

 

• Step6.  Generate signaling points for the 

system and obtain the scatter plot for: 

• No Collision Action 

• Low Collision Action 

• Moderate Collision Action 

• High Collision Action 

 The scatter plots can be plotted for  

 Re{x(n)} 

 Img{x(n)}  

 

 

• Step7. Compute Throughput for 2 cases: 

 1) Throughput w.r.t. arrival rate 

 2) System throughput w.r.t. SNR 
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3) Also compute signal fading with and 

without colliding packets 

 

IV RESULTS 

The results obtained are depicted in the form of graphs 

below. The parameters evaluated are: 

1) Arrival rate at receiving end w.r.t. throughput 

2) Fading analysis w.r.t. distance considering collision 

3) ALOHA throughput w.r.t. SNR 

 

 

           Fig.1 Throughput versus Packet arrival rate 

at receiving station 

 

Fig.2 Fading in signal strength with respect to 

distance without colliding packets 

 

 

Fig.3 Fading in signal strength with respect to 

distance with colliding packets 
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Figure.4 System Throughput w.r.t. SNR 

 

 

Figure.5 Comparative Throughput Analysis 

 

It has been shown that the proposed system attains 

batter ALOHA throughput compared to previous work 

i.e. Ana Paula Teles Ribeiro da Silva, José 

Marcos Câmara Brito “Analysis of Adaptive 

Modulation Performance in Networks with Multiple 

Access Slotted Aloha”, IEEE 2017, [1]. 

 

V CONCLUSION 

It can be concluded from the previous discussions 

that the proposed system uses channel sensing for 

ALOHA throughput enhancement. The proposed 

system senses the channel for high, low or moderate 

collision (colliding packet) activity based on energy 

detection. The sensed channel is then used for data 

packet transmission. The resulting aspect is the 

enhanced throughput of the proposed system. It has 

been shown that the proposed system attains better 

throughput compared to previous work. 
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