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Overview

§ Motivation: Current LTE releases lack a robust D2D discovery process. As more 
public safety users adopt LTE, D2D discovery must be optimized for time critical 
situations.

§ Approach: Modeling each discovery round as a random access scheme allows for 
mathematical analysis with complimenting NS-3 simulations.

§ Future Work: 
§ Algorithmic adaptation of transmission probability



Section 1: 
Problem Overview



D2D in LTE

D2D for Coverage 
Extension
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D2D Discovery

§ Discovery is a function that allows UE other UE in their vicinity
§ Discovery occurs in two ways:

§ Mode 1: In network
§ Mode 2: out of network

§ Discovery messages advertise what each UE is capable of

In Coverage Out of 
Coverage



LTE Physical Sidelink Discovery Channel(PSDCH)



Mode 2 Discovery Process

1) Transmit with 
probability 𝜃

2) Select one of 𝑁#
physical resource blocks 
to transmit

3) Resolve multiple 
occupancies

Single Discovery Period

Repeat until discovery is complete

§ In practice discovery never stops
§Practically we end discovery once all UE have 

discovered all other UE



Resolving Multiply Occupied Physical Resource Blocks

MCM PCM

HD

FDD



Section 2:
Mathematical Formulation



Mathematical Model Overview

Split the model into two parts:

Single Round: Model the a discovery period and determine the probability distribution 
for K discoveries

Whole Process: Use a Markov chain model to model the discovery completion time, the 
time it takes for one UE to discover all other UE



Single Round Model

§ Define 𝑃%&'( 𝑘 𝑁*;𝑁,-, 𝑁#, 𝑁/, 𝜃
§ Conditioning on events: 

§ Whether or not a reference UE transmits 
§ If it does: The number of transmitting UE who select either the same PRB(FDD) or the same sub-

frame(HD) as the reference UE
§ The number of other UE that choose to transmit aside from the reference UE

§ Determine the number of discoveries based on only PRB occupancies(MCM) or PRB 
occupancies and physical distribution(PCM)



UE PRB Choices
Resource selected
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Number of users in each PRB

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

𝑋1,/2 0 0 2 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 2 0

𝑋*,/2 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0



Collision and Capture Probabilities



Single Round Results

§ Final results for 𝑃%&'((𝑘|𝑁*;𝑁,-, 𝑁#, 𝑁/, 𝜃):



Multiple Round Model

§ Entire discovery process is an absorbing Markov chain with transition probabilities 
from the single round model

§ In this case entering the absorbing state is the same as completing discovery 



Multiple Round Results

§ Key discovery statistic is rounds until discovery completion 
time 𝑁678

§ We can use the transition matrix 𝑇 to form the fundamental 
matrix 𝑁 which can be used to determine the absorption 
statistics, which double as the discovery statistics



Section 3:
Results



Sim Setup/problem statement

§ Two key questions:
§ How does the choice of modeling assumptions affect the time taken to complete 

discovery?
§ If UE transmit at a fixed probability 𝜃 what is the best resource pool size 𝑁# for a given 𝜃

and number of UE 𝑁,-?
§ Metric used: rounds until discovery completion time, 𝑁678, the number of rounds 

taken for one randomly chosen UE to discover all other UE



Average Rounds Until Discovery Completion Time, 𝐸 𝑁678 , MAC vs 
PHY Collisions, HD UE



Difference Between 𝐸 𝑁678 , MAC vs PHY Collisions, HD UE



Average Rounds until Discovery Completion Time, 𝐸 𝑁678 , HD vs 
FDD UE, MCM



CCDF of 𝑁678, HD vs FDD UE, MCM



Effects of Varying 𝑁# on 𝑁678



𝑁# Recommendations for MCM and FDD UE



Section 4:
Future Work



New Problem

§ If a network provider has set an 𝑁# appropriate for some number of UE, 𝑁,-, make 
use of the off network sidelink how do we mitigate the negative effects?

§ Although the standards contain no mechanism to modify transmission probability 𝜃
during discovery nothing prevents UE from modifying their own transmission 
probability



Single Round Discoveries, Uncongested Channel



Single Round Discoveries, Congested Channel



Effects of Choosing a Suboptimal 𝜃



Showing that there exists only 1 optimal theta



Outline of Solution and Future Work

§ Each round UE transmit with probability 𝜃 and receive 𝑁; discovery messages, new 
and old

§ The “optimal” 𝜃 doesn’t change as a function of 𝑁*
§ 𝑁; is distributed the same as 𝑃%&'((𝑘|0; 𝑁,-, 𝑁#, 𝑁/, 𝜃)

§ Use the 𝜃,𝑁; pair from each round to learn the 𝜃 vs 𝐸[𝑘] curve, stochastic 
gradient descent

§ Determine the “optimal” 𝜃 from the learned curve
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