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Wireless networks of the future will be 
characterised by heterogeneity 
of spectrum usage regimes 
of ownership models 
of radio access technologies 

where resources are shared and 
orchestrated to create bespoke, virtual 
networks designed for specific services

Inter-operator RAN and spectrum 
sharing is a key step towards that 

future 
cost efficiencies, tempered by 
competitive advantage 
considerations 
regulatory constraints 

Motivation





Future wireless networks will rely on sharing and virtualisation 
!

… and this requires the ability to slice and trade resources

Doyle, Forde, Kibilda, DaSilva, Proc. of IEEE, 2014



Optimisation and game theory!
Variations of (capacitated) set covering problem 
Accounting for 

Competitive advantage considerations: 
operators may want to share only a subset of 
their resources, reserving some for exclusive 
use  
Regulatory considerations: regulators may 
mandate some level of duplicated coverage 
+ capacity

Approaches

Stochastic geometry!
Modelling combined 
deployment 
Quantification of tradeoffs 
between RAN infrastructure and 
spectrum sharing



Network planning taking into account 
infrastructure sharing 

effect of rate at which BSs can be 
decommissioned and new generation 
services deployed 
effect of Herfindahl index - mandated idle 
capacity for new entrants such as MVNOs 

Based on real deployment and demand 
(CDR) data for two operators in Ireland

Optimisation problem 1

Evolution of networks with 
infrastructure sharing migrates 
unused capacity from rural to 
urban areas 
Tight competition regulation limits 
gains achievable through sharing 
but does not entirely jeopardise 
potential cost savings

Di Francesco, Malandrino, Forde, DaSilva, TCCN, 2015 (under review)



Effects of RAN sharing on different traffic 
classes 

GBR, best effort  
Operators control the amount of their demand 
they are willing to serve over shared 
infrastructure

Optimisation problem 2

Even a limited amount of sharing results in 
significant cost savings, as measured by 
the number of BSs to serve a given capacity 
Sharing is key to trading unused capacity 
for improved coverage in under-served 
areas 
Sharing decreases the cost per MB at the 
expense of trimming the performance of 
bandwidth-intensive best effort traffic 



Tradeoffs between Spectrum and Infrastructure Sharing

No sharing Infrastructure only

Spectrum only Infrastructure + Spectrum



Closed-form expressions for 
coverage probability (hPPP)

Independently deployed 
infrastructure Clustered infrastructure Co-located 

infrastructure



Kibilda, Di Francesco, Malandrino, DaSilva, IEEE DySPAN 2015 (submitted)

Expressions for data rate (hPPP)



Premise: multi-operator RAN deployments exhibit significantly 
more clustering than single-operator 
Investigate goodness of fit of log-Gaussian Cox process (LGCP), 
Matern cluster process (MCP) and Thomas process (TP) 
Deployment data from Ireland, Poland, and the UK

Clustered point processes to model multi-operator 
deployments

Hexagonal PPP LGCP Dublin (real data)



Empty space function (F function), fitted with a second-order statistic 
(pair-correlation function) 
Fit shown for UMTS deployments in Dublin (Three, Vodafone, Meteor) 
Envelope of 99 realisations of the fitted point process model shown in 
grey 
Similar results for other urban areas investigated



Coverage probability: again LGCP provides the closest match to real 
data 
Combined multi-operator deployments seem to cluster at shorter 
distances (high demand areas) and repulse at longer 
LGCP and cluster point processes provide a reasonable fit to such multi-
operator deployments 
Results are robust to various countries tested for in Europe

Kibilda, Galkin, DaSilva, TMC (under review)



• Sharing (of infrastructure, spectrum, processing, …) 
will be increasingly important as wireless networks 
evolve 

• Optimisation, game theory, stochastic geometry are 
complementary approaches to better understand 
the effects and limitations of sharing 

• Significant cost savings are in play, even when 
competitive concerns and regulatory constraints are 
present 

• LGCP and cluster processes are a good fit when 
modelling multi-operator deployments 

• Tradeoffs between spectrum and infrastructure 
sharing exist 

• Next: mathematical extensions of infrastructure and 
spectrum sharing analysis to account for clustering, 
management of shared resources (a call for 
collaborations)


