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Abstract— This paper details the current work status of theETSI
Reconfigurable Radio Systems (RRS) Technical Commée (TC)
and gives an outlook on the future evolution. Whileprevious
publications have presented an overview of ETSI RRSmain
working axes related to i) Cognitive Radio System gpects, ii)
Radio Equipment Architecture (including a Cognitive Pilot
Channel (CPC) proposal and a Functional Architectue (FA)
for Management and Control of Reconfigurable RadioSystems),
iiiy Cognitive Management and Control and iv) Publc Safety,
this document focuses on latest progress related tdHF White
Spaces work and the definition of an SDR Handset Ahitecture.
In particular, it is outlined how Cognitive Radio principles can
help to adapt existing and/or evolving Radio Standals, such as
3GPP Long Term Evolution, to a possible operation in HF
White Space bands.

Keywords- Cognitive Radio, Software Defined Radis

l. INTRODUCTION

Cognitive Radio (CR) has first been identified apreferred
technology for high-end applications in the mitand public
safety domain, since the general CR concept hadgeuigl].
Then, a series of research projects investigatednsdor
adapting CR concepts to the needs of civil wide 4cellular)
and short-range communication systems, such asEPR
and Il, ICT-E3 [2], etc. The involved industriaggulatory and
academic partners were attracted to CR by the pobapf a
hugely increased level of spectral efficiency andraproved
overall system capacity exploitation, among oth#ranks to
i) the dual exploitation of spectrum by applyingooptunistic
spectrum usage, i) a Mobile Device (MD) being
(partially/fully) aware of its (heterogeneous) amxit (radio
context, application context, etc.) and dynamicatigpting its
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parameters such that its operational objectiveseaehed in

an optimum way; e.g., a MD is aware of surroundiagio
Access Technologies (RATs) and selects those which
guarantee to fulfill its Quality of Service (QoS3quirements

at the lowest cost. Software Defined Radio (SDR),tbe
other hand, is considered to be an “enabling teclyyd
introducing the required level of flexibility in der to
“enable” a device to adapt to its context.

Federal
CR

Following CR related rulemaking by the
Communications Commission (FCC) [3], several
standards are currently under development, maiitlyirmthe
IEEE and ETSI framework. In particular recent dlaations
on system requirements for exploiting TV White Sgmc
(TVWS) as Secondary User (SU) has triggered a rgigssof
standards activities — to give a few examples: |IEHBEZ.11af
defines modifications to both the 802.11 physicayels
(PHY) and the 802.11 Medium Access Control Laye AQ),

to meet the legal requirements for channel accesd a
coexistence in the TV White Space. IEEE SCC41 atiyre
examines the set-up of a new activity defining ait&/Bpace
(WS) system with possible operation in WS bandslinuted

to TVWS; also, IEEE SCC41 currently extends ava@ab
system approaches dfnabling Network-Device Distributed
Decision Making for Optimized Radio Resource Usage
Heterogeneous Wireless Access NetwtkBVWS [4].

In this context, the ETSI Reconfigurable Radio 8yt (ETSI
RRS) Technical Committee (TC) follows a strateggttis
complementary to other existing activities. Instead
elaborating a solution to a very specific and fecusechnical
problem (e.g., how to operate WiFi in TVWS (IEEE28Laf)

?, etc.), ETSI RRS considers the introduction ofy@itive



Radio Systems (CRS) as a whole based on a top-down
approach. The related main working axes have bablished
previously [5,6] and the overall system vision igtlimed in

[7]. Most recently, ETSI RRS has achieved majorgpess in

the areas of an efficient SDR Mobile Devices Aretiitire and
TVWS usage, in particular with a focus on the adtph of
existing and/or evolving Radio Standards, such@GBR Long
Term Evolution (3GPP LTE), to a possible operafiotJHF
White Space bands. The corresponding work progneskese
selected topics will be detailed by this paper.

iv)

The sequel of the paper is organized as followsti&@e Il
gives a general overview on the ETSI RRS structure
comments on the European Regulatory Framework ames g
a general overview on the ETSI RRS concept andowisi
Section lll details CR aspects focusing in paracun TVWS
usage and Section IV presents most recent requitiseoETSI
RRS Mobile Device (MD) SDR Architecture enabling an
efficient  (simultaneous) operation of Radio
Technologies (RATS). Finally, Section V gives arlook on
future topics based on current progress in acadeesiearch
and a conclusion.

Access.

i)
II.  ETSIRRSOVERVIEW AND COGNITIVE RADIO SYSTEM

CONCEPT

At the inaugural meeting, the ETSI RRS TC creatsal t
following four Working Groups (WGs), in which thechnical
discussions are organized and reports are proqeeed-ig. 1):

i) WG1 focuses on System Aspects and develops
proposals from a system aspects point of view for a
common framework in TC RRS with the aims to
guarantee coherence among the different TC RRS WGs
and to avoid overlapping and gaps between related
activities.

i) WG2 focuses on SDR technology with a particular
interest in Radio Equipment Architecture” and
proposes common reference architectures for SDR/CR
radio equipments (mobile handset devices, radie bas
stations, etc.), related interfaces, etc.

iii) WG3 focuses on Cognitive Management and
Control"; the group collects and defines the system
functionalities for Reconfigurable Radio Systemsialuh

i)

ii)

Resource Management across heterogeneous acc
technologies.

- within
are related to the Spectrum Management and JoitibRa Telecommunic

Furthermore, the group has developed a Functional
Architecture for the Management and Control for
Reconfigurable Radio Systems as well as a repothen
Cognitive Pilot Channel as an enabler to suppoet th
management of the RRS.

WG4 focuses on Public Safety’ and collects and
defines the related RRS requirements from relevant
stakeholders in the Public Safety and Defense domai
The group defines the system aspects for the atjolits

of RRS in Public Safety and Defense.

Building on this structure, ETSI RRS will complemen
ongoing effort in other bodies, such as IEEE stagidation

bodies, by proposing technological solutions beydhd

existing scope (related to SDR interfaces, CR $ipeci
Management
knowledge management via a Cognitive Pilot Chararel
Security solutions); furthermore, ETSI RRS fulfidskey role

and Control architectures and interfaces

in the framework of European Regulation, with a u®c
among other aspects, on the following:

The R&TTE Directive regime in force in Europe is
based on declaration of conformity and does include
neither type approval nor registration of the eqept

nor equipment identifier (in the US, type approisal
still necessary). This self-declaration is preféyah
reference to a Harmonised Standard to be developed
ESTI RRS;

Protection of TV bands: In Europe, DVB-T does not
show a residual carrier as it is the case in the(td&
possibility for detection of the US ATSC signal el
noise (i.e., at -114 dBm) is made possible thaokhé
residual carrier which is present in the ATSC signa
corresponding adaptation of sensing based standards
needs to be defined for Europe;

Broadcasting, wireless microphones and assignneent t
radio stations are managed in Europe at the nationa
level. Any sharing scheme based on a database will
require some level of integration of the nationatlad

In order to address the above and other Europegnl&ery
aspects, the Electronic Communications CommitteEQE

the European Conference of Postal and

ations Administrations (CEPT) has getthe

&e43 group onTechnical and operational requirements for

the operation of cognitive radio systems in theitevispaces’
of the frequency band 470-790 MHzlhich will form the

ETSITC RRS basis for any future regulation for the potentis¢ wf TVWS.
ETSI RRS is the competence center within ETSI tplément

those regulatory requirements into standards.
WG2: WG3: In today's composite radio environment a cruciainpdo
WGL: Reconfigurable St WG4: enable optimisation of radio resource usage isctignitive

RRS System Radio RRS Public - . . .

Ry st Management Safety capability of the netwc_>rk and terminal allowing tinéo switch
Architecture and Control to the most appropriate technology and frequenay the

required service. This becomes even more imporiana
flexible spectrum management framework, where
spectrum allocated to the different RATSs is foreseechange
dynamically within a range of different frequencies

Figure 1: ETSI RRS Structure. the



The overall cognitive radio system concept developg
ETSI RRS is detailed ifi7]. It covers both centralized and
decentralized solutions for CR systems, where #mgralized,
operator-driven solution is targeted for wide atgidization,
and the decentralized solution is targeted for llacaa ad-
hoc/mesh networking.

The spectrum awareness becomes a basic challengécin
generic scenario, where a number of transceivees evith
flexible time-varying assignment of operating freqay
and/or RAT are deployed. In this context, collalbiora
between network and terminals is very importantoider to
provide such collaboration, the concept of a CagmiPilot
Channel (CPC) has been developed for the centdalZe
system solutions [8-10]. As detailed in the seqEdISI RRS
is further refining the CPC concept and presetigysresults
related to a Functional Architecture (FA) for Maeatent and
Control of Reconfigurable Radio Systems, includihygnamic
Self-Organising Planning and Management,
Spectrum Management, Joint Radio Resource Manadeen
complementary mechanism for decentralized CR system
called Cognitive Control Radio, is describedh

Ill.  CoGNITIVE RADIO IN TV WHITE SPACES

ETSI RRS currently considers the usage of TVWS for

adapting existing and/or evolving Radio Standasigsh as
3GPP Long Term Evolution, to a possible operatioJHF
White Space bands. The following Use Case is gagran
example:

Multimode user terminals (i.e. terminals that suppaulti-
RAT in licensed spectrums for instance HSPA and )Lafe
also provided with the capability of accessing TV@ffectrum
bands in order to provide wireless broadband adgegs TD-
LTE) for instance in rural areas where high datae ra
connections are commonly not available. This use d¢akes
the benefit of the excellent propagation perforneaota radio
network operating in TV White Space frequency bands
470-790 MHz in Europe/Region 1. TDD can be consider
suitable for a secondary/overlay spectrum accesspared
with FDD.

Central control point

Figure 2: Database driven Access to TVWS.

A network centric solution is considered in regardb
allocating available TVWS for the user terminal et
connectivity. In this scenario, available TVWS fuegcy band
is considered based on location rather than in,tifhdés
assumed that TVWS would be largely available iralrarea

Dynamic

and in time. However, a dynamic change in the atdity of
the bands can not be excluded and thus shall ten takto
account by the system. In the case of a Networktricen
solution, the terminal can get the required infafarafrom its
currehnt connectivity and its current RAT ie. TDHE
operating in TVWS, or from another RAT e.g. HSPA3G
bands. The general principles are illustratedigy &

The optimization of Radio Resource usage in prapdeebe
performed as follows:

i) eNodeB operating on the TD-LTE frequency sends
TVWS Allocation Request to the central control goin
periodically;

The central control point inquires the databasthéfe

are any available TVWS frequency bands at the
location of the eNodeB;

If available TVWS frequency existing at the locatiof
eNodeB, the central control point sends TVWS
Allocation Response which includes the informatidn
allocated TVWS to the eNodeB. Other configuration
parameters may be sent to eNodeB as well. Otherwise
the central control point will notify eNodeB thab n
TVWS is available at its location;

eNodeB decides to switch the operating frequency to
allocated TVWS frequency band and notify UE(S)
about the change of the frequency;

eNodeB buffers the downlink transmitting packets of
the connected mode UE(s) and then switches to the
allocated TVWS frequency after all the UE(s) have
been informed,;

The related UE(s) will switch to the frequency
accordingly at the occasion indicated by the eNodeB
The buffered downlink packets in eNodeB are sent to
UE(s) in order to ensure the service continuity;

eNodeB sends eNB Configuration Update message
including the updated configuration parametershi® t
central control point. The central control poinspends
with eNB Configuration Update Ack message to
acknowledge that it successfully updated the
configuration data;

i)

iv)

Vi)

vii)

viii) The central control point sends Database Update
Request message including the updated configuration
parameters to the database. The database respihds w
Database Update Ack message to acknowledge that it

successfully updated the configuration data.

IV. MoOBILE DEVICE SDRARCHITECTURE

ETSI RRS considers SDR related standardizationbfuth,

Base Stations (BS) and MDs. The BS related woduisently

in an early stage and available results are resumgd]. The

current focus in ETSI RRS WG2 relies mainly on MDR5Sas
the underlying implementation technology and enafoleCR,

as well as related interface standardization betwdistinct
stakeholder domains, such as SDR chipset vendat<vin

manufacturers. In this framework, a reference &&chire has
been derived, which outlines the relevant intesa@nd
concerned building blocks — this architecture, heaveis not
meant to be normative [12].



a) Use Cases and capabilities for Mobile Device SDR extension of MD functionality, etc.). To enable épendent

Architecture development of these functions, the MD SDR archirec

assumes all cross-technology decision making resicethe

The main use cases which require the availabilittadMD  layers above the SDR subsystem, which in turn pessithe

SDR architecture as defined by ETSI RRS are asvisl| necessary services to base the decisions on. ®efiEDR

implementation are exposed only when needed tizecaluse

case, and even then in a generic form to presesvewch
portability across platforms as possible.

i) Terminal-centric configuration in a heterogeneous
radio context Being in a heterogeneous environment,

a given Mobile Device is camping on a single RATaor
set of multiple RATs simultaneously in order to An example information flow between the user egditand the

optimize the operational conditions — typically, SDR subsystem is shown in Fig. 3 in the networkedriMD
optimality is defined in the sense of overall powerconfiguration use case.
consumption, service reachability, aggregate Qualit o SR

Service, subscription cost of links, etc.
i) Network-driven terminal configuration in a

Reqﬁesl radio measurements from RATs | RAT specific channel
: d 1ts, found
Report radio measurements (RAT1..n) | peers, context info from
L

heterogeneous radio contextThe network is assumed ] =t | GPC o other MDs, etc.
to have knowledge of the heterogeneous radio cbntex Camp on selected network using RAT1

and of the configuration capabilities of the Mobile Send context information over RAT1

Device. The network decides a single RAT for the MD Dath from RAT (VD configuration o)

to camp on, or a set of multiple RATs simultanegpusl| P —

Finally, the MD is configured correspondingly. The canjqponse.ededne.workusing@n

general principle is outlined in Fig. 4. ‘ ‘

iii) Addition of new features, such as support for novel  gigyre 3: Information flow between SDR subsystem ah
radio systems, to Mobile Devices An MD is its user in example case.

introduced to the market and the corresponding owne
wishes to add new features, in particular the stdpo  The components of the MD SDR architecture framewake

new standards, to the device. different responsibilities as follows:
iv) Provision of a new cognitive feature (e.g. cross- . ) . i )
technology spectrum measurement)Novel systems 1) Configuration ~ Manager:  (de)installation — and
are constantly under definition and deployment. In (un)loading of radio applications into radio congruas
order to acquire knowledge about the radio context, well as management of and access to the radio
Mobile Devices need to adapt their sensing and _ Parameters of those radio applications. _
spectrum measurements correspondingly. i) Radio Connection Manager (de)activation of radio
) ) » applications according to user requests and overall
For the SDR equipment ETSI RRS has identified a set management of user data flows, which can also be
capability requirements as they are highlightedwel switched from one radio application to another.
i) Multiradio configuration capability : SDR equipment iii) Flow Controller: sending and receiving of user data
in mobile device is expected to install, load antivate packets and controlling the flow.
a radio app”cation while running a set of radistsyns |V) Multiradio Controller : SChedU”ng the requests on
already. spectrum resources issued by concurrently executing
i) Multiradio operation capability : SDR equipment in radio applications in order to detect in advance th
mobile device is expected to execute a numberdibra interoperability problems between them.
systems simultaneously by taking into account temipo V) Resource Manager management of radio computer
coexistence rules designed for their common operati resources in order to share them among simultaheous
i) Multiradio resource sharing capability: SDR active radio applications, while guaranteeing theal-
equipment in mobile device is expected to execute a time requirements.

number of radio systems simultaneously by sharing
computation, memory, communications and RF ¢) SDR Standardization related to Interfaces

circuitry resources available on the radio computer _
p|atf0rm by using appropriate resource a||ocation,The ETSI RRS WG2 MD SDR reference architecture nepo

binding and scheduling mechanisms. [12] identifies four candidate interfaces for stardization:
_ ] _ i) Multiradio Interface (MURI) as the uniform interfac
b) A SDR Architecture Approach for Mobile Devices as for network protocol stacks and other user domain
a basis for future SDR Standards entities to access services of the radio computer;

i) Unified Radio Application Interface at the boundary
between the common radio computer platform and the
specific radio applications;

The use cases and capability requirements conceroethavior
of mobile devices both on a general level (commatioo of
cognitive functions between devices, radio tranispelection,
etc.) as well as deep in the implementation (ressharing,
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Figure 4:

iii) Radio Programming Interface including software

development-time concepts and run-time interfaces
between radio software entities and radio computer

platform.

iv) Interface to the Reconfigurable RF Transceiver to

support multiple radio applications, even concuityen

Among these interfaces, the Multiradio Interfaces hmaost
potential for standardization in ETSI RRS, and isrently
under further studies. It is expected to enable easier
integration of radio platforms into handsets thandfits both
chipset vendors and device manufacturers; moredveffers
significant functionality on top of SDR. Common imeds of
accessing the SDR services ease the definitiodapbyment
of cognitive radio, providing capability to implente the
functionality independently on both sides of thieiiface.

The deployment of the Multiradio Interface is exgelcto

proceed in phases with platform capability advanseating
from legacy RATS, gradually moving towards full SDR

i)

radios are implemented with non-SDR technology,

with dedicated ASICs, and are

Legacy RAT implementations. At least some of the

Selected links, operated
simultaneously by
considered Mobile

Device

(«‘& «‘A"@

" Considered MD

Use case for network driven terminal corifjuration in heterogeneous radio environment.

iii) Radio applications have fixed resource requirements
Instead of fixed resources, a worst-case resource
consumption budget is attached to each radio. DR S
platform does admission check and resource allmtati
for concurrently running radios, enabling higher
resource utilization at the cost of less determinis

Radio applications have dynamic resource requirésnen
In addition to phase 2 capabilities, the resoummahd
of radios varies based on their type of activityr (f
instance power-save vs. active data link). Admissio
control and resource allocation is done whenevadi
changes its behavior classification;

iv)

Radio applications come from third-party vendorsisT
stage mostly affects the security requirements hen t
platform, as well as the tools to create radios.

v)

The Multiradio Interface is described with a statiformation
model and signaling diagrams for dynamic behavidnis is
organized in an UML model to allow formal definiti® on a
rather abstract level, and extension and spedializaf the

€.94esired elements later on.
resource-wise

independent of each other. The Multiradio InterfaceFig. 5 shows an example class diagram which isrigfahe

collects the control and user plane functionalibéshe

information model. This information is passed thyluthe

diverse radios in a uniform manner, allowing easieMURI using the service requests and responses; hare
development of architecturally coherent connegtivit illustration of the measurement information is givén order

and mobility management features.

Radio applications come from a single source, alist a
of concurrently supported radios is provided. Aiddial

to be compatible with the MD SDR architecture, RATs
must be able to present their discovered devideg tise given

Radio applications use pre-defined fixed resourcesmodel — specific parameters like network names dexice

identifiers may naturally have their RAT specifarmat. Note
that in the initial deployment phases the MURI niagy a

CR functionality is introduced by means of parameteWrapper around specific legacy interfaces to theT®Af no

management of individual radio applications;

Unified Radio Application Interface is in place.
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Figure 5: Static information model in MURI — example of
measurement information available from RATSs.

The information model and service definition for
standardization pre-study is ongoing in ETSI RRBe hext
step after that is to gather feedback from relegsaiteholders
such as chipset and mobile device manufacturedetErmine

if there is sufficient interest to begin actualrstardization of
the Multiradio Interface.

V. OUTLOOK ON FUTURE TOPICS& CONCLUSION

Considering the options along standardization Eath
further topics have to be addressed in order tbleradditional
functionalities and features.

Decisions and monitoring of band occupation should

additionally be accompanied by distributed spectaansing
techniques in order to cope with hidden terminal arar-far
effects. Distributed sensing should ideally ingt and
coordinated by the eNodeB and supported by MDsrdoup
to their capability class especially for multi-RAT
measurements. Keeping unnecessary signaling owkrhrea
mind, mechanisms of automatic MD neighborhood déalec
fuzzy logic based classification of observed signadelf
learning on location specific radio environmentstgras and
distributed consensus building are very importaretduce the
regular information flow towards the network low.DVaided
location and measurement time awareness may &eilidata
fusion at the network side significantly, espegiallhen TDD
operation is considered and several eNodeBs supgartany
MDs distributed over a larger area are involved ahibdeB
synchronization, timing advance control etc becaméssue.

A further important issue might be coordination bafnd
allocation or utilization in the case of TVWS. Opjmistic
TVWS usage involving additional eNodeBs in ordeotbload
traffic from congested licenced cellular bands mums
accompanied by smart TVWS band allocation/sharin
strategies. Since the activation and utilizatiosafhe or many
bands in TVWS may change locally over time, this
correspondes to a kind of changing infrastructureadive
network elements in a particular band.

€]

Furthermore, emerging aspects regardilogy power
architectures is highly relevant to the SDR aspects of ETSI
RRS. In this sense, future topics are expectedetaldfined
related to the overall SDR architecture design wikie
objective to optimise the system wide power congionpthe
design and definition of interfaces which will allcaccess to
SDR processing parameters and facilitate a rea-tim
adaptation of power saving mechanisms to the cuwerking
state of reconfigurable devices [13]. Moreover, ithovative
paradigm ofself-growing and related mechanisms [13] could
impact ETSI RRS and in particular the Cognitive iRadlated
working groups.

As a conclusion it can be stated that ETSI RRSairigg
broad support in the area of Next Generation CagnRadio
Networks. An industry consensus is elaboratedifatiiig the
fast implementation of new concepts for more edfiti and
flexible use of scarce spectrum resources.
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