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This Talk: To Analyze Is Good, To Optimize Is Better…
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This Talk: To Analyze Is Good, To Optimize Is Better…
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 Part I: Recap and Motivation Based on Yesterday’s Talk
 Stochastic Geometry - A powerful tool to model cellular networks

 The modeling assumptions matter and we need to be careful

 Are current analytical frameworks suitable for optimization ?

 Part II: A New Definition of Coverage Probability
 Rationale, motivation, and usefulness

 Application to optimize the energy efficiency of cellular networks

 Application to optimize cellular networks with network slicing

 … and more …



Recap on Yesterday's Talk: A New Model Is Needed
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Regular
deployment

Random
deployment

(PPP)



Recap on Yesterday's Talk: SG Is The Only Option
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WITH
Stochastic  
Geometry

WITHOUT
Stochastic 
Geometry

Modeling WITHOUT Stochastic Geometry is just “Point-Less”



Recap on Yesterday's Talk: SG Is A Rich Math. Toolbox
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Y. J. Chun, M. O. Hasna, A. Ghrayeb, and M. Di Renzo, “On modeling heterogeneous wireless networks
using non-Poisson point processes”, IEEE Commun. Mag., submitted. [Online]. Available:
http://arxiv.org/pdf/1506.06296.pdf.

Matern Hard-Core PP
Take a homogeneous PPP and remove any 
pairs of  points that are closer to each other 

than a predefined minimum distance R



Recap on Yesterday's Talk: How SG Works

7

0rir
0BS

 covP Pr SINR T 

 

2

2
0

SINR o o

agg

P h r

I r










 
0

2

0
\

agg i i
i BS

I r P h r 



 

 

2

cov 2
0

P Pr ...o o

agg

P h r
T

I r





       

 is a PP

i
BS



Recap on Yesterday's Talk: How SG Works
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Stochastic Geometry 
provides us with the mathematical tools for
computing the MGF and the PDF above
- PDF Void Probability (contact distance distribution)
- MGF PGFL (reduced Palm distribution)
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Recap on Yesterday's Talk: The JFR’s Magic Formula
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Recap on Yesterday's Talk: The JFR’s Magic Formula
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The Opinion of  the “Typical” Performance Analysis Guy:

AMAZING !!!
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Recap on Yesterday's Talk: The JFR’s Magic Formula
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The Opinion of  the “Typical” Optimization Guy:

Where is my beloved transmit power ?
Where is my beloved density of  base stations ?

Where is my beloved convex function ?
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Recap on Yesterday's Talk: JFR’s Magic Formula “++”
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Recap on Yesterday's Talk: JFR’s Magic Formula “++”
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The Opinion of  the “Typical” Optimization Guy:

Where is my beloved closed-form convex function ?
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Recap on Yesterday's Talk: With non-Poisson Is Worse
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Recap on Yesterday's Talk: With LOS/NLOS Is Worse

15
M. Di Renzo, W. Lu, and P. Guan, “The Intensity Matching Approach: A Tractable Stochastic Geometry
Approximation to System-Level Analysis of Cellular Networks”, IEEE Trans. Wireless Commun., Sep. 2016.
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Recap on Yesterday's Talk: With LOS/NLOS Is Worse
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Recap on Yesterday's Talk: The Path-Loss Model…
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… determines the mathematical complexity …



Recap on Yesterday's Talk: Is The Path-Loss The Issue ?
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… Power vs. Path-Loss in the interference-limited regime …



…Can We Develop a Meaningful
Analytical Framework that is 

Accurate & Tractable 
for System-Level Optimization ?
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Today’s Main Question…



Cellular Networks: First Detecting, Then Transmitting
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Probe mobile terminal

PP-distributed macro base station

Intended link



Cellular Networks: First Detecting, Then Transmitting
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… and if  I cannot detect any base stations … ?

Probe mobile terminal

PP-distributed macro base station

Intended link
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Cellular Networks: First Detecting, Then Transmitting
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Cellular Networks: First Detecting, Then Transmitting

What does it happen if  1/L0

is too weak to be detected ?
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The Tight Interplay Between Tx Power & BSs Density

Macro base station



25

The Tight Interplay Between Tx Power & BSs Density

Macro base station
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The Tight Interplay Between Tx Power & BSs Density

Macro base station

The cell size depends on the density of  BSs
Rcell α 1/
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The Tight Interplay Between Tx Power & BSs Density

Macro base station
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The Tight Interplay Between Tx Power & BSs Density

Macro base station
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The Tight Interplay Between Tx Power & BSs Density

Macro base station

The cell coverage depends on the Tx power
Prx α Ptx/l(r) > γmin
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The Tight Interplay Between Tx Power & BSs Density

Macro base station

Ptx vs. 
Some users in the cell may NOT be in coverage

Probe mobile terminal
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The Tight Interplay Between Tx Power & BSs Density



A New Definition of  Coverage Probability
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On User Selection…
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How Many Users In A Cell ?
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How To Schedule Users And Allocate P & B ?
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How To Schedule Users And Allocate P & B ?
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The randomly selected 
user gets P and B



How To Schedule Users And Allocate P & B ?
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Each user 
gets P/U and B/U



Definition of  Potential Spectral Efficiency (PSE)
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New Closed-Form Mathematical Expression of  PSE
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New Closed-Form Mathematical Expression of  PSE
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New Closed-Form Mathematical Expression of  PSE
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Example 1
System-Level Energy Efficiency Optimization
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System-Level Energy Efficiency Optimization
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Optimal Transmit Power Given The BSs’ Density
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Optimal BSs’ Density Given The Transmit Power
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Joint Optimal Tx Power and BSs’ Density
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… alternating optimization …



The EE is Unimodal and Pseudo-Concave in Ptx
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The EE is Unimodal and Pseudo-Concave in Ptx (???!!!)
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The EE is Unimodal and Pseudo-Concave in BS
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Intrigued Enough ? – Our Submitted Paper to TWC
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Example 2
System-Level Network Slicing Optimization
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On Slicing the Radio Access Network
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On Slicing the End-To-End Network
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… How a Telecom Operator Should
Optimally Allocate its Spectrum and
Power to Different Slices ?

… Is Network Slicing Just a Business
Need or Does it Lead to a Better
Network Design ?
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Two Network Slicing Questions…



A New Definition of  PSE 
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Network Slicing System-Level Optimization
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STORNS: Proposed Stochastic RAN Slicer
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STORNS: Performance Close to the Optimum
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STORNS: Lower Computational Complexity than OPT

59



STORNS: Slicing is Better than Not-to-Slicing
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Intrigued Enough ? Our Submitted Paper to INFOCOM

61

Vincenzo Sciancalepore, Marco Di Renzo, Xavier Costa-Perez
NEC Europe Labs (Germany) & CNRS / Paris-Saclay University (France)



Example 4
Energy-Neutral Cellular Networks
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What Is The Density of  BSs Powered By Renewables ?
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Example 3
From 2D to 3D Cellular Networks
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What Is The Optimal Elevation of  the Base Stations ?
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Example 4
From WiFi to LiFi: That Light Be !
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What Is The Optimal Elevation and Density of  LEDs ?
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The Bottom Line of  SG Modeling According to “ME”
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The Bottom Line of  SG Modeling According to “ME”
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2 EU-Funded Ph.D. Scholarships Available
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 Ph.D. Scholarship CNRS-1:
“Modeling mmWave cellular communications via hyper dense small

cell deployments”
 This research project is concerned with assessing fundamental trade-offs

between spectrum and infrastructure sharing, by combining SDN and NFV
principles and to quantify the resulting network performance gains

 Ph.D. Scholarship CNRS-2:
“Device- or user-centric wireless access and multi-connectivity design

at mmWave frequencies”
 This research project is concerned with rethinking the cell-centric cellular

architecture by developing user-centric concepts that maximizes throughput
and minimizes power consumption, to enable multiple per-user connections
with several access points for infinite capacity and zero latency perception

… best way to apply …
email me: marco.di.renzo@gmail.com



Many Thanks to Our 5Gwireless & 5Gaura Students !!!
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Thank You for Your Attention
 ETN-5Gwireless (H2020-MCSA, grant 641985)

 ETN-5Gaura (H2020-MCSA, grant 675806)

Two European Training Networks on 5G Wireless Networks

Marco Di Renzo, Ph.D., H.D.R.
Chargé de Recherche CNRS (Associate Professor)
Associate EiC, IEEE Communications Letters
Editor, IEEE Transactions on Communications
Editor, IEEE Transactions on Wireless Communications
Distinguished Lecturer, IEEE Communications Society
Distinguished Lecturer, IEEE Vehicular Technol. Society
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Laboratory of  Signals and Systems (L2S) – UMR-8506
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