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Introduction 
 

Joint work with Andrea Munari and Gianluigi Liva. 
 
Random Access (RA) Medium Access (MAC) 
protocols are simple and effective when the nature 
of the traffic is unpredictable and random but 
• collisions hurdle RA protocols. 
Receiver‘s performance can benefit from 
• the capture effect 
allowing the retrieve with non-zero probability 
packets subject to collisions.  
The benefit is even more prominent when the 
capture effect is used in conjunction with  
• multi-packet reception capable receivers. 
 
Diversity has been introduced in RA protocols, both 
in terms of 
• time diversity, DSA, CRDSA and IRSA 
• space diversity, Multi-receiver Aloha [1] 

 

Equal Transmission Power (ETP) 
• Rayleigh fading is considered, with spatial 

effects. 
• The mean of the exponentially distributed r.v. 

depends here on the terminal-receiver distance. 
• SIC is also introduced. 
 

Analytical Comparison 
under OOF and PPC 
 
The analytical framework follows some previous 
work [1], [2], [3]. 

• At a single receiver, being 𝜋𝜋0(𝑢𝑢) the probability 
that none of the 𝑢𝑢 transmitted packets over a 
slot are successfully decoded, the thorughput 𝑇𝑇 
is  

𝑇𝑇 = � Pr {𝑈𝑈 = 𝑢𝑢}(1 − 𝜋𝜋0(𝑢𝑢))
∞

𝑢𝑢=0

 

• For 𝐾𝐾 = 2, the throughput is 

𝑇𝑇2 = 2𝑇𝑇 −� Pr 𝑈𝑈 = 𝑢𝑢 𝑢𝑢𝑝𝑝𝑟𝑟 𝑢𝑢 2 
∞

𝑢𝑢=0

 

• Where 𝑝𝑝𝑟𝑟 𝑢𝑢 = (1 − 𝜋𝜋0(𝑢𝑢))/𝑢𝑢 is the probability 
for a decoder to collect the packet of interest. 

• For a generic number of receivers 𝐾𝐾, the 
throughput follows 

𝑇𝑇𝐾𝐾 = � −1 𝑘𝑘−1 𝐾𝐾
𝑘𝑘

𝐾𝐾

𝑘𝑘=1

� Pr 𝑈𝑈 = 𝑢𝑢 𝑢𝑢𝑝𝑝𝑟𝑟 𝑢𝑢 𝑘𝑘 
∞

𝑢𝑢=0

 

• For the OOF, a packet is correctly received only if 
it reaches the collector unfaded while all the 
concurrent packets are erased, so 

𝑝𝑝𝑟𝑟 𝑢𝑢 = 1 − 𝜀𝜀 𝜀𝜀𝑢𝑢−1. 
• For the PPC model we exploit the work of [2], 

and we adopt on a simple approximation. 
• Assuming a sufficiently large population 𝑢𝑢 of 

users accessing the channel, the aggregate 
power can be approximated as a normal 
distribution 𝜑𝜑𝑢𝑢(𝑥𝑥).  

• The mean and variance of 𝜑𝜑𝑢𝑢(𝑥𝑥) are given by 
the sum of the corresponding moments of 
exponential r.v. conditioned on having values 
lower than 𝑥𝑥�̅�𝛾, where 𝑥𝑥 is here the total 

received power and �̅�𝛾 = 𝛾𝛾∗

1+𝛾𝛾∗
, so 

𝜋𝜋0(𝑢𝑢) ≅ � 𝜑𝜑𝑢𝑢 𝑥𝑥
∞

0
1 − 𝑒𝑒−𝑥𝑥 𝑑𝑑𝑥𝑥 

• And 𝜑𝜑𝑢𝑢(𝑥𝑥) is expressed as [2] 

𝜑𝜑𝑢𝑢 𝑥𝑥 =
1

�̅�𝛾 2𝜋𝜋𝜎𝜎2(𝑥𝑥)
exp −

𝑥𝑥 − �̅�𝛾𝑚𝑚𝑢𝑢 𝑥𝑥 2

2�̅�𝛾𝜎𝜎2 𝑥𝑥
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

System Model 
 

• An infinite population of terminals is spread over 
a disc of radius 𝑅𝑅 and area 𝐴𝐴 = 𝜋𝜋𝑅𝑅2. 

• We consider a slotted system. 
• The overall traffic pattern follows a Poisson point 

process of intensity 𝜌𝜌 [𝑝𝑝𝑘𝑘/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠/𝑚𝑚2], where 𝑈𝑈 
nodes accessing the channel and can be 
modeled as a Posson r.v. with parameter 𝜆𝜆 = 𝜌𝜌𝐴𝐴 

Pr 𝑈𝑈 = 𝑢𝑢 = 𝜆𝜆𝑢𝑢𝑒𝑒−𝜆𝜆

𝑢𝑢!
. 

•  A set ℝ = {ℛ𝑘𝑘} of receivers is available to 
retrieve infromation. 
 

• A packet is said to be collected if it is decoded by 
at least one of the receivers. 

• The system throughput 𝑇𝑇𝐾𝐾, is the average 
number of collected data units per slot. 
 

On-Off Fading Channel (OOF) 
• The wireless links connecting any user-receiver 

pair are i.i.d. packet erasure channels [1]. 

• With probability 𝜀𝜀 a packet is erased. 

• Collisions are destructive. 
 

Perfect Power Control (PPC) 
• Rayleigh fading is considered, although no 

spatial effect is considered. 
• Received power is i.i.d. exponential r.v. with 

mean 1/𝜈𝜈 and p.d.f. 𝑓𝑓𝑃𝑃 𝑎𝑎 = 𝜈𝜈𝑒𝑒−𝜈𝜈𝜈, 𝑎𝑎 ≥ 0. 
• Threshold decoding is assumed, i.e. a packet is 

assumed to be correctly received if 
𝛾𝛾𝑘𝑘 > 𝛾𝛾∗ 

• With 𝛾𝛾𝑘𝑘 = 𝑃𝑃𝑗𝑗/∑ 𝑃𝑃𝑖𝑖𝑖𝑖≠𝑗𝑗 , 𝑃𝑃𝑗𝑗 = max
𝑖𝑖

𝑃𝑃𝑖𝑖 𝑘𝑘 and 𝛾𝛾∗ the 

decoding threshold of the recevier. 
 

 

Numerical Results 
 
We compare the PPC and ETP and evaluate the ETP 
under various scenarios. 
 
The simulation set up is 
• 𝐾𝐾 = 2 
• ℎ = 0.02𝑅𝑅 
• Transmitters uniformly distributed on an area 𝐴𝐴 
• 𝛾𝛾∗ = 4 dB 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Throughput vs. channel load for PPC and 
ETP, for co-located receivers. 

Multi-Receiver Aloha Systems 
 

• Review of latest results on multi-recevier Aloha 
• Introduction of three channel models, where two 

model closely the PHY layer 
• Comparison of the channel models under 

analytical and simulative scenarios 
 

SIC brings gains in the order of 70% or more 
compared to common receivers. 

ETP has a better performance under medium to 
high channel loads due to the additional 

diversity. 
 

Figure 3. Throughput vs. channel load for ETP under 
various 𝜹𝜹/𝑹𝑹 normalized recevier distances. 

Figure 4. Layer 3 throughput simulations for 
𝑓𝑓𝑋𝑋 𝑥𝑥 = 𝑒𝑒−𝑥𝑥, exact and approximated 

Figure 1. Aggregate system throughput vs. Channel 
load. 𝜺𝜺 = 𝟎𝟎.𝟏𝟏𝟏𝟏 𝐚𝐚𝐚𝐚𝐚𝐚 𝜺𝜺 𝟏𝟏 − 𝜺𝜺 = 𝟏𝟏/(𝟏𝟏 + 𝜸𝜸∗) 

Figure 4. Throughput vs. Normalized receiver 
distance for ETP under various channel loads. 

The throuhgput is monotonically increasing with 
the receiver distance. 
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