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ABSTRACT

The work presented within this paper was performétin
the Work Package 1 (WP1) of the End-to-End Efficien
(E3) project [1]. It aims at assessing the valugppsitions
offered by Cognitive Radio Systems, defined in ¢batext
of E3. The paper is organized in two main sections:

The first section of the document presents aiysisaof
the consolidated feedbacks given by mobile
stakeholders to a questionnaire on Cognitive Rloannels
and specific autonomous functionalities.

The second section explores the quantitativesgtiiat
could be expected from specific Cognitive Radiot8ys.
Sensitivity analysis to given parameters are uadtert
thanks to a generic cost model.

1. PERCEPTION OF THE INDUSTRY

E3 project gathered mobile network operators'
equipment vendors' feedbacks on cognitive pilotnoleg
and self planning / self optimization of networkmlents.

an

1.1. Cognitive Pilot Channel: the key enabler

The Cognitive Pilot Channel (CPC), sub-element tha

enables operations in heterogeneous environmemtaag to
be an important element in the implementation afnitive
radio solutions.

For operators and equipment vendors, the CPC allws
terminal to select a network in an environment whsaveral
technologies are available. Key gain compared terminal
centric approach is energy saving at the termaagll Some

operators and equipment vendors recommended tigt tr

potential energy savings are evaluated.

CPC is perceived as a key enabler for future dyoam
spectrum access context: network management shmild
easier and cheaper with dynamic spectrum access.

CPC is also expected to provide updated connectivit

information. Real time information should enableviae

innovation, especially by the mean of location base
services, and should also improve network managemen

Main remarks regarding feasibility revolve arouhé heed
for technology maturity, standardization and reduce
additional costs to drive implementation of CPC.

Operators and equipment suppliers also say tha thi
technology is in competition with several other&eli

industndiscovery by terminal sensing, control by the nekybased

on capabilities sent by UE, with a centralized RRBPC
has to improve significantly Network Management and
Spectrum Efficiency compared to current technigifiésis

to be considered by network operators.

Both vendors and operators consider that CPC dmpdct
negatively economics in CapEx and impact positively
Quality of Service.
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Figure 1: CPC Economic Impact
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Both operators and equipment providers indicatedt th
3GPP might be the appropriate standardization adthis
technique. Contribution to bodies like CEPT or IRJkould
also be relevant in order to mitigate potentialutetpry
bottlenecks.

1.2. Self Optimization and Self Planning: operational
economy can be achieved

As regards autonomous Network Management technique
potential gains for operators are viewed to behigbest in
Self Optimization. Potential OpEx and CapEx gainsld
be achieved in particular for Self Optimization aBélf
Planning functionalities.

Regarding self-x functionalities, OpEx gains arpented to
be higher than CapEx gains. Capital Expendituregjare
generally not expected by interviewees. If theyeamatize,
they would mainly originate from Self Optimizatiand Self
Planning Functionalities. Some even expect thatgiattion
of self-x functionalities in future standards woukhd to
higher equipment costs and higher CapEx.

Potential OpEx gains could be achieved in all Self-
Functionalities, especially from Self Optimization
Functionality.

According to a vendor, on a cost versus revenuessba
benefits of self-X functionalities seem limited ftoday’'s
networks as most planning and optimization openativave
already been carried out. Human operations caniyhael
avoided and replaced. Next generation technologghmi
benefit more from these functionalities. Gains anere
likely to materialize through functionalities intaged from
scratch in the standard. Some interviewees mettianself-
planning and self-optimization functionalities wilbe
integrated in LTE standards.

Some respondents (mainly operators) also highliblat
interfaces between network elements should be atdizd
and vendor independent.

According to a vendor, potential gains from selfweork
management also include "Energy saving, througtdsian
at off-peak hours and reconfiguration".

Potential OpEx gains

Self Network Management
(global)

Self-maintenance Self-planning

D

QOPO

Self-healing Self-optimization

@ very low @ low @ high @ very high
Figure 2: Evaluation of OpEx gains for autonomous
Functionalities (selected MNO and equipment verideesibacks)

Feasibility for full self-healing and self-maintewa is
generally perceived as low on the short term. Thay
require further investigation to develop stableusgohs that
can be adopted by the industry. However self-plag@ind
self-optimization are perceived as more achievabl¢he
short term.

1.3. Development and adoption roadmaps

As regards roadmaps of Cognitive Radio Systems/aord
elements, there are significant differences betwbentwo
propositions that were investigated. Vendors stidtadCPC
techniqgue might take time to implement from
standardization starting at best in 2011 to comiakrc
deployments not before 2016. The roadmap for this
technique is subject to the interest recognized thuy
industry.

Self Network Management might be deployed faster as
standardization may be finalized by 2010 with conuiad
deployments from 2011. This technique will be pdrt TE

Rel. 8 and further releases [2].
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Figure 3: Roadmap forecast for Cognitive Radio &yst

2. QUANTITATIVE ASSESSMENT OF CPC
AND SELF PLANNING / SELF
OPTIMIZATION OF NETWORK
ELEMENTS

Different quantitative simulations of CPC and S¢lf-
adoption scenarios bring precisions to the stakisnsl
feedbacks regarding possible costs impact.

2.1 CPC smulation

2.1.1. OpEx gains

The CPC scenario that has been simulated in theeimod
presents the following characteristics:

e Inband / downlink only

e CPC operated in the operator’'s domain

 Reuse of existing GSM infrastructure; no specific
hardware needed (200 kHz GSM channel)

e 200 kHz needed (With spectrum efficiency of 1
bit/Hz/s)

« Existing data base with networks information
(Coverage of different RATs: GSM, UMTS, LTE, WiFi
WLAN and PAN network provided by femtocells).

Main costs considered are the CPC software and
equipment cost per Radio Site in particular coslisted to
software updates in GSM base stations; the co&S¥¥
spectrum used; the cost of building and operatidd R
database.

The results of the simulation show that a 10% churn
reduction is sufficient to cover all the additionabst
related to CPC implementation which are:

« 100 EUR of annual costs per radio site

2015 2016

Timescale

e 10% increase of SAC per subscriber acquisition
related to higher CPC enabled device cost.

2.1.2. Traffic offloads. a clear gain for integrated
operators

Another impact of CPC is the possibility to offlopdrt of
the traffic to available networks (wireless or fiyewith
reduced cost of transport.

Applications requiring low bandwidth usage suclvaise
can be offloaded to lower spectral efficiency RAICIs as
GSM leaving capacity in UMTS/HSPA or LTE networks
for more bandwidth consuming applications. The aller
capacity optimization translates into more QoS asahjes
for subscribers.

Part of mobile network traffic can also be offlodd®
alternative network such as WAN (WiFi).

Traffic offloading to fixed network might be intesting in
terms of cost savings and revenue growth for 3fact

e Indoor Coverage.

» Capacity Increase

 Equipment, Power and Backhaul related costs
reduction: The cost per transported Gigabyte on iWiF
network is lower than on any other mobile network.

In the case of an inband CPC operated in the apésat
domain, traffic offloading to fixed network is paularly
interesting for integrated operators that leverdgeir
presence in the fixed business to lower mobile agtw
OpEx and CapEx. Therefore the business case, ordsss
cases, for CPC can be neatly divided into techracal
marketing-based propositions.

From a technical perspective, the case for CPCGaged
primarily on cost savings and reflects the factt ttree
technology addresses the two single biggest mobile
operator costs: backhaul and power. In a CPC sicgnar
the backhaul is provided by the subscriber’s fixed
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Figure 4: Total OpEx savings with different hypatiseof churn reduction among CPC users _ CPC aaditiOpEx of 100 EUR per radio

site

connection while at home, while the power is paid dy
the user. In addition, with the offloading of datathe
public internet, the mobile operator's core network
benefits from lower capacity levels.

For operators wishing to expand their mobile cogera
there will be a choice between deploying additionatro
base stations and encouraging subscribers to es€RIC
feature. The relative cost levels seen with macro
equipment and Wifi equipment are massively differen
both in terms of CapEx and OpEx. It is also strédbat
CPC could be even more beneficial at exactly travsas
where coverage and capacity need to be improvetheln
case of the macro option, good quality indoor nebil
broadband coverage necessitates high levels ofi@ali
expenditure, with an increase in the number of @oitd
cells (depending on the levels of capacity appleab the
operator) required to provide the same level ofiseras
Wifi access would provide thanks to the CPC feature

2.2 Self-planning and self-optimisation

2.2.1. Base case scenario

The self-planning and self-optimisation scenariat thas
been simulated in the model presents the following
characteristics:

The scenario is based on self planning and self
optimization functionalities developed within Edbject

e Adoption of self planning and self optimization
functionalities for future standard (functionalgi@are not
deployed in GSM and UMTS networks)

* Functionalities integrated in the standard framagh

* Vendor independent standardized interfaces

It is based on the definition of self-planning aself-
optimisation as described in E3 white paper titi8élf-x

in Radio Access Networks" [3]:

Self-planning might be considered as a particuteecof
the self-configuration situation. It comprises frecesses
were radio planning parameters are assigned tomy ne
deployed network node. Parameters in scope of self-
planning [4]:

* Neighbour cell relations

e Max TX power values of UE and eNodeB.

e Handover parameters, Hysteresis, trigger lewdts,

Self-optimisation process is defined as the proedsre
user equipment (UE) and base station measuremedts a
performance measurements are used to auto-tune the
network. The tuning actions could mean changing
parameters, thresholds, neighbourhood relationsleifgs
The main benefits of self-optimisation will be:

*  Operational effort minimisation

e Quality and performance increase

» Planning effort and failure reduction

This process is accomplished in the operation&t stehe
operational state is defined as the state whereRfhe
interface is commercially active.
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Increased CapEx are expected because of the Self-X
functionalities related software and equipment qosi
radio site.

Taking as a reference the different use cases of E3
Deliverable D2.1 "System Scenarios, Use Cases,
Assessment” [5] and the various interviews of ofesa
and equipment manufacturers previously undertaten,
centred our sensitivity analysis on possible vemet of
CapEx and OpEx gains for specific costs items edldb
LTE network roll-out and maintenance:

e 20 to 40% gains in LTE network planning related
costs (CapEx) which are achieved through faster sit
selection and faster insertion/configuration of new
network elements while deploying.

e 20 to 40% gains in LTE network optimisation retat
costs(OpEXx) notably thanks to reduced manual ojp@sat

of network technicians (both in quantity and averag
duration)

We then compared CapEx and OpEx levels of theXself-
scenario with the scenario "Business as usual" hichv
self-X functionalities would not have been activhte

2.2.2. Results and sensitivity analysis

One observes that results from the modelling egerci
show a greater impact on CapEx than OpEx for self-
planning and self-optimisation functionalities atop.

The results are to be considered in a situatiorreveelf-
planning and self-optimisation functionalities have
independent standardized interfaces. Generally, ilenob
operators have multi-vendor equipment within their
networks. Standardized interfaces for self-X woalldw
them to get the full benefit of such functionalkti@ terms

of OpEx and CapEx savings.

The results in terms of CapEx savings are presenttte
following figure.

As it presented in the figure below, relative Cagxings
range from 3.3% to 6.6 % depending on the hypothafsi
RAN planning and optimisation costs reduction (2%
40%). These values are observed for the period 2013
2015 when LTE network is deployed at high pace.
Putting results into perspective, savings levelge ar
significant since the CapEx perimeter also include
backhaul, core network and IT investments as well a
GSM and UMTS RAN equipment replacements.
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Figure 5: Total CapEx savings with different hypasis of RAN planning and optimisation costs reductnduced by self-

planning and self-optimisation functionalities atiop.
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Figure 5: RAN annual OpEx savings with differenpbthesis of RAN maintenance & optimisation costtugion induced
by self-planning and self-optimisation functioniakt adoption.

In the same manner, the results in terms of Opkinga
are presented in the figure above.

Self-planning and self-optimisation impact on RANEX
seem lower but it is important to underline thddeing
facts:

¢ RAN OpEx also include GSM and UMTS networks
for which no gains are achieved

e« A great portion of RAN OpEx is composed of cell
site location rental, cell site power supply andsina
maintenance cost.

« OpEx savings are repeated every year unlike CapEx
Their accumulations over the entire equipment difen
represent a substantial gain for the operator.
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