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	Summary: 

This document describes the ECO’s activity on research projects since the last ECC meeting (June 2011). The research activity page at the CEPT web-site was rearranged as agreed by the ECC meeting: http://www.cept.org/ecc/topics/research-activity. An Annex to this document gives a short summary of the engagement which has been made with a limited number of potentially relevant research contacts. These projects were approached by the Office experts in order to explore whether a more interactive relationship can be developed between them and the ECC. 

An earlier version of the annex was presented for the ECC SG meeting in November 2011. ECC SG decided:

· To endorse the Office’s approach to develop dialogues with research institutions; this is based on using phone calls or web-conferences.

· The procedure described in the ECC's electronic working methods can be applied to enable academia contacts to attend virtually to the ECC's physical meetings as practicable. 
· To endorse the Office’s proposal to add a new area of research activity “smart metering/ grids” to Category 1 (i.e. potential strong relevance to ECC work programme).  
ECC SG also discussed the principles which should apply to the ECO experts participating in the advisory boards of research projects. The meeting agreed with the Office’s advice that a consistent set of principles should apply to participation, although this would not always give the same answer to every applicant.

Observations in the discussion included that advice from ECC/ECO to projects and could help them to orientate their work towards the real (and evolving) regulatory environment into which their work might eventually find a place. Also, advice on the regulatory environment to the project can be given whether or not ECO is formally part of a Steering board. But it is particularly important that participation by ECO should not have constraining consequences on the ECC's work (e.g. through the mis-application of nondisclosure agreements).

More generally, the group believed that outputs of research projects, whenmature enough, can be tabled as inputs to the ECC’s subordinate group meetings. 

ECC SG supported a proposal to organise a second Public Workshop on Cognitive Radio and Software Defined Radio. The ECO was tasked to discuss this subject with the chairmen of ECC SE43 and FM CG CRS.



	

	
Proposal:
The ECC meeting is invited: 

· to note this document;
· to note Section 4 to the document containing a draft proposed format for a second Public Workshop on Cognitive Radio and Software Defined Radio: Policy and Regulations, and to offer advice on this subject  if necessary. 

	

	Background:


	The ECC published its Strategic Plan in March 2010. Within this five year strategy, the ECO’s tasks include to “develop relations with universities and relevant scientific institutes that would be willing to do research in spectrum management and give advice to research institutes on issues to investigate or on specific research” and to “explore relationships with European research programmes”.

The Office is adopting a step-by step approach to developing these relationships, in consultation with the ECC SG and ECC subordinate bodies. 


ECO activity on research projects; November 2011
1 Introduction

At the last ECC meeting (June 2011) the Office’s proposal was endorsed to concentrate more on deepening relationships with the projects most relevant to the ECC’s work programme, rather than widening its scope. The meeting confirmed the priority to be where there is a potential relevance to the ECC’s active strands of work. The proposed approach was also discussed by the ECC SG in May 2011. 

The Office initiated the next step of this activity by inviting relevant contact persons from a small number of Universities/Projects to discuss areas of their work where closer cooperation might be of mutual benefit. A number of web-meetings/phone calls were held as a result.  Section 2 below summarises these discussions. Section 3 of the document contains a description of the framework of the possible new FP7 (Call 8) project (this is given just for background  information). Section 4 contains a draft proposed format for a second Public Workshop on Cognitive Radio and Software Defined Radio, focusing on Policy and Regulations.
Section 5 of the document presents a short description of the new area of research activity to be added under Category 1 (‘most relevant’). 

2 Summaries of discussions    

12.10.2011. Phone call with Project manager of COGEU Mr. Paulo Marques. 

· Noted COGEU deliverables, cooperation with other research institutions including IRT (Germany); time of finalisation of Project (December 2012);

· COGEU representatives are already involved in the ECC activity by presenting their results at STG and SE43 meetings;

· A workshop will be orginised by COGEU including presentation of measurement results (together with IRT in Munich area) and showing databases approach in practice by using WSD (like LTE application) impacting into broadcasting receivers. 

· Results in Munich area indicate that TVWS usage is appropriate for low power systems like WiFi use to solve the problem of overload of ISM bands in dense urban areas and to provide an affordable broadband internet access in rural areas (maximum limits for WSD device could be up to 30 dBm). Results will be publicly available in COGEU website by December 2011 (Deliverable D6.3) [http://www.ict-cogeu.eu/deliverables.html]
· Recently, the COGEU consortium was extended to include the Slovakian Broadcaster TOWERCOM Inc.. TV white spaces characterisation for Bratislava and Banska Bystrica will be publicly available on the COGEU website by July 2012 (Deliverable D4.6).
· COGEU is considering a centralised topology with a spectrum broker trading with players. The spectrum broker controls the amount of bandwidth and power assigned to each user in order to keep the desired QoS and interference below the regulatory limits. In the COGEU reference model, the centralised Broker is an intermediary between the geolocation database (spectrum information supplier) and players that negotiate spectrum on behalf of spectrum users. COGEU exploits the concept of secondary spectrum trading and assignment of temporarly exclusive rigths. A key regulatory issue to allow trading of TV white spaces is the ownership of the vacant TV channles (it is not  universally accepted that they belong to the licensed broacasters).
· For the interference calculation in the framework of the Project SEAMCAT is used and Paulo expressed his view that it should be used in other EC Projects. Paulo suggested to extend the use of SEAMCAT as a ”European tool” among FP7 projects working on Radio Access and Spectrum (10 projects running).

Items in ECC Work Programme relevant for COGEU Project and for Instituto de Telecomunicações (see at http://eccwp.cept.org/):

· To see if it is relevant to follow the correspondence activity of CG CRS under WGFM (http://www.cept.org/ecc/groups/ecc/wg-fm/cg-crs );

· To see if it is relevant to follow FM PT50 (L-band) 

Office representatives encouraged COGEU actively to participate in the work of SE43; CG CRS and FM PT50 (if they feel this would be relevant).
Action points agreed by both sides:
For the ECO:

· To raise the question at ECC SG if ECO representatives will be available to join an advisory board in the possible new FP7 (Call 8).;

· To send information about correspondance group FM CG CRS and new FM 50 (L-band) (both groups are led by Benoist Deshamps (France));

· To send a link to the ECC Newsletter. 

For COGEU:

· To send an invitation to the COGEU workshop in Munich (10th November 2011);

· To inform the Office about next concertation meeting of FP7 (February 2012) and opportunity to dissminate ECO activites to the ongoing FP7 projects under the RAS cluster (Radio Access and Spectrum). It was suggested that a representative from the ECO attend the meeting to inform about the ECO’s activities, also a COGEU representative can provide a short tutorial on SEAMCAT to the RAS cluster projects.

For the Office and COGEU project: establish regular exchanges meeting through e-mail exchange, phone calls, web meetings.

14.10.2011. Phone call took place with Dresden University (Prof. Sven Zeisberg)
Items under development in Dresden University relevant for ECC activities
EUWB (Coexisting Short Range Radio by Advanced Ultra-Wideband Radio Technology) project:  this project is closed (this was relating to FM47/SE24 activities).

UWB Fiver: investigate optical / UWB / other radio technologies, exploiting common features.
ITS: compatibility between ITS equipment at 5 GHz, report was presented at JRC in June 2011. Simulations were conducted using SEAMCAT. It was found that SEAMCAT needs further development as it does not include the LDC feature needed to complete the study. 
SRD Devices. The University is involved in the work of TG28; smart grid and smart metering applications are also area of their interest.

Items in ECC Work Programme relevant for Dresden University (see at http://eccwp.cept.org/)

UWB Airborne (SE24_35): WG SE has sent to Public Consultation the draft ECC Report. ETSI ERM was liaised in order to get feedback on the assumptions (2 UWB active per channel).

LDC (SE24_37): The report should take into account existing studies (ECC Report 94,  ECC Report 123 and draft ECC Report 170). Studies in Report 94 address only the impact of LDC on WiMAX. ECC Report 123 deals with ODC. Further studies should address in particular the following services: Radionavigation, RAS, MS… SE24 has identified a list of subjects to be addressed under this work item. In particular, LDC on UWB airborne could be considered to improve compatibility with MSS/FSS stations.

Spectrum efficiency (SE24_23): the work is progressing in SE24. It is expected to conclude before March 2012 so that the work on the linked work items in SE24 work programme could start. A drafting group dedicated to this issue is organised the 26 October (i.e. before the regular meeting).

Additional spectrum for SRD, RFID… in the bands 870-876 MHz/915-921 MHz (SE24_41): WG SE in October 2011 adopted a new work item in order to investigate additional spectrum for SRDs, RFID…

Improvements for SRD in 863-870 MHz (SE24_42): WG SE in October 2011 adopted a new work item in order to further consider compatibility between SRDs. This may be seen as a follow up of SE24_23.
Actions Points:

For the Office: 

· report at the ECC Steering group and ECC on this exchange and on the progress made on this activity.

· Update research web page

For Dresden University: 

· consider clarifying the requirements for LDC to be implemented in SEAMCAT. It may be worth considering providing this in SE24 through work item SE24_37 in order to get the endorsement from SE24. Next meeting is on 27-28 October 2011.

· Provide the Office with updated contents for the research web page

For the Office and Dresden University: establish regular exchanges meeting through e-mail exchange, phone calls, web meeting. 

26.10.2011. Phone call took place with VTT Technical Research Centre of Finland (Marja Matinmikko) 

Items discussed between ECO and VTT Technical Research Centre of Finland: 
· One of the areas of research in VTT is Cognitive Radio Systems. The research centre has studied challenges of spectrum sensing and found out that it is difficult to give reliable protection to primary services in time-variant radio environment; current studies are concentrated on co-operative spectrum sensing and geo-location databases; 


· Ms. Matinmikko presented results of ECC Report 159 to the research institutes in Finland in order to show protection requirements for primary services. This example shows a good feedback from academia.  

· Participation in the development of draft ITU-R Reports within WP 5A on Cognitive radio systems in the land mobile service; 

· Participation in the Finnish research project on cognitive radio. The Office was informed that one of the Finnish companies is currently making a national database trial. 

· Interest was expressed in virtual participation to the physical meetings of ECC groups (for example PT SE43).   

Actions Points:

For the Office: 

· To report at the ECC Steering group and ECC on this exchange and on the progress made on this activity. 

· To discuss at ECC Steering Group the best procedure for research institutions and projects to participate virtually in different physical meetings of ECC subordinate bodies.  

· Update research web page with information about Finnish research project on cognitive radio. 

For VTT Technical Research Centre of Finland: 

· Provide the Office with updated contents for the research web page related to Finnish research project on cognitive radio. 

For the Office and VTT Technical Research Centre of Finland: establish regular exchanges meeting through e-mail exchange, phone calls, web meetings.

11.11.2011. Phone call took place with Swedish Defence Research Agency (FOI) (Peter F. Stenumgaard, Kia Wiklundh) 

Items discussed between ECO and FOI: 
FOI representatives explained about main areas of their research activities. FOI is a government authority under the Ministry of Defence, providing long term research and short term advice. The results of their studies are channeled through PTS where appropriate. Recent investigations were dedicated to interference control in wireless applications and radar impact on other services. 
Actions Points:

For the Office: 

· To provide FOI with useful links to the ECC entities, which can give an overview of the ECC activities: 

· Working Group Spectrum Engineering and its subordinate groups;  

· Working Group Frequency Management (relevance from the point of view of the general ECC policy);

· Conference Preparatory group (Project Team D, Agenda Item 1.17 for the WRC-12). 

· Finally the link to the ECC WPDB, giving an overview of all ECC entities. 

Swedish Defence Research Agency: 
· To provide a brief summary of the FOI research activities concerning interference control in wireless applications (see document attached). 
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3 Summary of possible new FP7 (Call 8) project 

C-SHIFT is a new project proposal in the FP7 (Call 8) dealing with two new application scenarios, i.e. Machine-to-Machine applications over white spaces and White spaces for future iterative broadcast (feedback channel). At technical level, the new project will address new interference studies (DVB-T2, LTE-A, dense M2M deployments), multiple antennas to enhance coexistence, technology neutrality in the white spaces database and how to provide security and trust in spectrum sharing. C-SHIFT will generalise beyond UHF TV bands and investigate also the L-band (1452-1492 MHz) as a potential candidate for future spectrum sharing technologies in Europe. The project intends to actively contribute to CEPT ECC coexistence studies (presumably within FM PT50) and to SEAMCAT development.

The main objective of the project would be to accelerate spectrum sharing developments in Europe, seeking to progress cognitive radio technology from an exploratory phase to a mature phase, closer to commercial applications  C-SHIFT is based on the ideas and results from the FP7 COGEU project (www.ict-cogeu.eu)“.
4 ECO/COST-TERRA proposal for a 2nd Public Workshop on Cognitive Radio and Software Defined Radio: Policy and Regulations Organised jointly by CEPT/ECC and COST-TERRA. 

[image: image3.emf]Proposal for 2nd  20CR-SDR workshop.doc


5 Description of a new area of research activity 

ECC WG FM/SRD MG and WGSE/ PT SE24 have started to investigate the future spectrum needs for Smart Metering and Smart Grids in the VHF (169 MHz, EU mandated work to the CEPT) and UHF (863-876 MHz, but also other frequency options up to 3 000 MHz) frequency ranges. This is reflected in the UHF Roadmap adopted by WG FM for SRD, Smart Metering, Smart Grids, Alarms and Social Alarms. 
In its turn, ETSI has contributed 3 ETSI System Reference Documents to the process which shows that there is a demand and it is also providing information from an ETSI Special Task Force STF 411 dealing with Low Duty Cycle (LDC) spectrum access. Demonstration of spectrum access concepts may also be shown by practical measurements (such as ISPRA, BNetzA Lab). 
WG SE has recently adopted two new work items for studies in PT SE24 related to smart grids and smart metering. Smart grids applications may also be regarded as a network application and this aspect is also further studied in the SRD/MG (e.g. to consider wireless smart grids as FS networks). The studies in the ECC are planned according to the UHF Roadmap over timeframe 2011 until 2014. The EC has also released in this context 3 standardisation mandates M/441 (smart metering), M/490 (smart grids) and M/468 (electric charging) that mandate standardisation activities in relation to the activities in the ECC in this field. 
A strong link to research centers and university activities is therefore a feature of the project plan and it is this that leads to the ECO’s proposal to follow up closer relationships with the project.

Annex
	Area of research
	Name/e-mail of contact person
	University/Project

	UWB area


	Giennadij Czawka ggc@pb.edu.pl
	Bialystok University of Technology

	
	Jerzy Kołakowski j.kolakowski@ire.pw.edu.pl
	Institute of Radioelectronics, Warsaw University of Technology

	
	Sven Zeisberg zeisberg@htw-dresden.de
Axel schmidt axel.schmidt@htw-dresden.de ;

Burggraf burggraf@htw-dresden.de
	University of Applied Sciences, Dresden

	
	Harri Viittala hviittal@ee.oulu.fi

	Centre for Wireless Communications (University of Oulu, Finland)

	M2M area


	Peter Stenumgaard peter.stenumgaard@foi.se
	Project ”Reliable Wireless Machine-to-Machine Communications in Electromagnetic Disturbed Industrial Environments”

	Cognitive radio


	Arturas Medeisis arturas.medeisis@vgtu.lt
	COST-TERRA project

	
	Matinmikko Marja Marja.Matinmikko@vtt.fi
	Research activity on cognitive radio systems (VTT Technical Research Centre of Finland)

	
	Paulo Marques pmarques@av.it.pt
Rogério Pais Dionisio rdionisio@av.it.pt
	COGEU

	
	Birger Andersen birger.andersen@gmail.com

	Centre for Wireless Systems (Copenhagen University College of Engineering)

	
	Timo Braysy braysy@ee.oulu.fi

	University of Oulu (Centre for wireless communications)

	
	Timo Braysy braysy@ee.oulu.fi
	Euler-project

	
	Andrea Fabio Cattoni afc@es.aau.dk
Preben Mogensen pm@es.aau.dk ;

Troels B. Sorensen tbs@es.aau.dk
	Aalborg University (Radio Access Technology Section (RATE))

	
	Sabita Maharjan sabita@simula.no
	Simula Research Laboratory and University of Oslo

	
	Hanwen Cao hanwen.cao@ikt.uni-hannover.de

	Leibniz Universität Hannover

	
	Liljana Gavrilovska liljana@feit.ukim.edu.mk

	Cyril and Methodius University in Skopje (UKIM)

	
	Ana Katalinić Ana.Katalinic@hakom.hr
Krunoslav Bejuk Krunoslav.Bejuk@hakom.hr

	University of Zagreb Faculty of Electrical Engineering and Computing Department for Wireless Communications



	IMT


	Matinmikko Marja Marja.Matinmikko@vtt.fi
	VTT Technical Research Centre of Finland

	
	Albena Mihovska albena@es.aau.dk
	Center for TeleInfrastruktur (CTIF) at Aalborg University, Denmark

	
	Birger Andersen birger.andersen@gmail.com

	Centre for Wireless Systems (Copenhagen University College of Engineering,  Copenhagen

	
	Andrea Fabio Cattoni afc@es.aau.dk
Preben Mogensen pm@es.aau.dk ;

Troels B. Sorensen tbs@es.aau.dk
	Aalborg University (Radio Access Technology Section (RATE))

	
	Ana Katalinić Ana.Katalinic@hakom.hr
Krunoslav Bejuk Krunoslav.Bejuk@hakom.hr

	University of Zagreb Faculty of Electrical engineering and Computing Department for Wireless Communications
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1
Background


Recent years, the interest of opening certain frequency bands for dynamic spectrum access (DSA) has increased. The reason is that measurements have shown [1][2][3] that frequency bands allocated in the traditional way show an average occupancy in the order of a few percent. Even in the most dense population centers and busy hours less than typically 1/3 of the frequency spectrum seems to be used. This insight has spawned intense activity in this research arena during the last 5 – 7 years, exploring new ways to efficiently manage the spectrum. The main thrust has been in the methods for “Real-Time” or DSA. In particular distributed schemes, where individual or groups of transmitters are attempting to identify “pieces” of instantaneously un-used spectrum, so-called “Spectrum Holes” or “White Space” that could be used temporarily by secondary users is usually referred to as overlay spectrum sharing [6]. The development within Software Defined Radio (SDR) and Cognitive Radio (CR) as enablers for DSA concepts has further increased the interest of taking initiatives within the area. Examples of such initiatives are Wireless Access Policy for Electronic Communications Services (WAPECS) [4] and White Space Coalition [5].


In order to use frequency bands dynamically, methods to sense the actual occupancy and general interference level in a certain frequency band must be available, both on higher system level and in some cases in single receivers. A key issue in future dynamic wireless applications is therefore the ability to sense and consider the total electromagnetic interference within the receiver band of the wireless communication system. Such methods must be fast and of low complexity to be useful in on-line applications and in distributed solutions. In several real cases, the interference within a frequency band consists of a mix of primary and secondary users and other unknown interference of various origins. For optimal use of this frequency band, methods considering the total interference are necessary. Such methods must be fast, accurate enough and of low complexity to be useful in on-line applications. The traditional way to handle unknown interference is to use pure energy detection. This is a common approach since the well known Gaussian approximation (GA) to determine the bit error probability (BEP) is based on this underlying assumption of average power. Under this approach, new devices would be permitted to operate in a band if their operation does not cause overall emissions in the band to exceed a pre-set limit. One difficulty with such approach is that the waveform, not only the power, of an interfering signal can significantly affect the performance of a disturbed system. In practical applications when the GA is used, pulsed interference signals cause the largest errors in BEP. These errors can be in the order of several magnitudes. An impulsiveness correction factor (ICF) to adjust for these errors has been proposed in [8] and further developed in [9]. The ICF can be used as a rough adjustment for the interference-waveform properties so that the measured total interference average power in a frequency band can be used as a metric even for the interference impact in terms of BEP.

Existing state-of-the-art analysis methods for intersystem interference in wireless services are often based on algorithms for analogue systems, modified with simplified algorithms to analyse the impact on digital communication receivers. These tools have to be further developed to cope with the new needs of fast and accurate intersystem interference detection and analyses.

2
Specific needs in interference detection and control


In a dynamic communication scenario, the intersystem-interference analyses cannot always be performed in advance for a limited number of static cases. This is because the number of potential intersystem-interference cases will be too large, almost infinite. Furthermore, the necessary intersystem-interference analyses must include the total actual interference environment, i.e. not only the known intentional/unintentional transmitters. The intersystem-interference analyses must be done on line for each case. This means that all kinds of background interference will affect the result of these analyses for a certain system. Since the analyses must be done on line, no detailed information, such as system specification parameters, of the actual interference signal will be available. The analyses will be based on some kind of more or less simple measured value of the total interference at the moment. Thus, reliable analysis methods based on a reduced number of interference-signal parameters must be available. Consequently, several major evolutions of present analysis methods for intersystem interference are needed:


· Intersystem interference analysis methods for on-line (on-demand) use must be developed to handle dynamic changes both in space (physical location) and time.


· Analysis methods for a reduced number of in-going system parameters must be developed.


· Analysis methods that can aid the prediction of consequences on a higher system level are needed. An example of what kinds of analyses are needed is presented in [10].


· Current spectrum policies are based on “interference-limited” rather than “ambient noise-limited” environments. “Interference limited” means that only other users are considered in the intersystem-interference analysis. In a dynamic network scenario the total environment must be considered which requires new methods that are “ambient-noise limited”.

3
Research activities for dynamic intersystem-interference control


A key technical area that is strongly needed to be developed in order to make the coming dynamic and flexible communication systems applicable is the area of dynamic interference control. Within this area the following research are addressed at FOI:


· Investigation of convenient decision metrics for intersystem interference control online. What kind of interference measurements (metrics) is convenient for instant decision making online when for instance a decision to permit/not permit a certain system to use a certain frequency band is to be made? Convenience includes both parameters that give relevant information of the interference impact and parameters that are convenient for practical implementation in systems. 


· Interference measurements coping with the errors introduced by pure average-power detection. One example of interference measurement parameter is the so called “interference temperature” which has been proposed by the Federal Communications Commission (FCC) [1]. The interference temperature is simply a measurement of the total RF power generated by undesired emitters plus noise sources that are present in a receiver system per unit bandwidth. One difficulty with such approach is that the wave form, not only the power, of an interfering signal can significantly affect the performance of a disturbed system. This is a well-known result in intersystem-interference research. Thus, this metric could be too blunt and has been further investigated to determine the risks of under/overestimation the interference impact if used. A simple method to make the interference-temperature measure useful by a slightly modification has been published by FOI [8][9][11][12][13]. The modification is done by a so called Impulsiveness Correction Factor (ICF)



· An alternative approach is to use the amplitude probability distribution (APD) of the interference signal since the APD captures the statistical properties of the interference and has shown to be useful for performance estimation [15-22]. An APD detector function is available on some spectrum analyzers today and the measurement procedure has been standardized by C.I.S.P.R. [12]. 

In [14] and [23] the most important results from this work can be found. See Appendix 1 and 2.

4
GENESIS – a new philosophy in intersystem interference analyses


Existing state-of-the-art analysis methods for intersystem interference in wireless services are often based on algorithms for analogue systems, modified with simplified algorithms to analyse the impact on digital communication receivers. The underlying algorithms for analogue systems require detailed information of the systems analysed. System parameters not specified in the system specification are assumed to be determined by additional measurements. These kinds of measurements are normally very expensive to perform and therefore the needs for new analysis methods that do not need such detailed information have been recognized. 


Furthermore, existing methods are focused on the single transmission/receiver link level. In existing algorithms, the intersystem-interference analyses of digital systems are based upon the simplification that all interference signals are treated as if they were additive white Gaussian noise (AWGN). One drawback with this simplified approach is that the waveform of an interference signal dramatically affects the impact on a digital system. Unfortunately, for some interference signals, this approach significantly underestimates the impact on a digital communication system. 


The rapid development within the area of digital communications has given an increased variety of system parameters that an analysis tool must be able to handle.

[image: image23.wmf]

Figure 1. A schematic view showing that the capacity to handle the increasing amount of system parameters is to low in existing analysis tools for intersystem interference


The development of analysis tools for intersystem-interference analysis has not been fast enough to handle all new digital systems in another way than with simplified models. This phenomenon is schematically illustrated in Figure 1. Furthermore, existing analysis methods are designed to analyse static scenarios both in space and time, i.e. the analyses are performed for a limited amount of interference-victim combinations.

To address the needs described above, new algorithms for intersystem-interference anlyses have been developed and implemented in a software called GENESIS. GENESIS stands for General Software Demonstrator for Intersystem-Interference Analysis. It is the first software tool that uses parameter-reduced models for intersystem-interference analyses and the ICF to adjust for errors introduced by the use of the Gaussian Approximation.

GENESIS can be very briefly summarized as follows [14]:


· GENESIS is a Software demonstrator for knowledge transfer of research results to the industry. 


· GENESIS is developed by the Swedish Defence Research Agency (FOI) and is financed by the Swedish Defence Materiel Administration (FMV).


· Analysis methods for modern digital telecommunication systems to prevent intersystem-interference problems in military and Homeland-Security applications.


· Parameter-reduced calculation models for fast analysis. Such models are used both for electromagnetic modeling and modeling of interference impact on digital radio receivers.


· Interaction with OPNET Modeler to analyze the intersystem-interference impact on communication networks.


· Different user interface for different user groups (e.g. scientist, engineer, officer).


· The working environment in GENESIS is supported by advanced 3D graphics, see Figure 2.
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Figure 2. The working environment in GENESIS is supported by advanced 3D graphics
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ABSTRACT


On military camps, the intersystem-interference situations can be highly unpredictable and scenario changes can occur very fast. For such situations it is desirable to have intersystem-interference analysis tools that are easy to use even for personnel that are not specialized in electromagnetic calculations. GENESIS is a software-demonstrator tool with that purpose where the operator works in an advanced 3D graphical environment and where every analyses can be done in very short time. GENESIS is a Software demonstrator for knowledge transfer of research results to the industry. GENESIS is developed by the Swedish Defence Research Agency (FOI) and is financed by the Swedish Defence Materiel Administration (FMV).

Keywords: Intersystem Interference, Wireless communications, electromagnetic interference. bit error probability, camp

INTRODUCTION


Existing state-of-the-art analysis methods for intersystem interference in wireless services are often based on algorithms for analogue systems, modified with simplified algorithms to analyse the impact on digital communication receivers. The underlying algorithms for analogue systems require detailed information of the systems analysed. System parameters not specified in the system specification are assumed to be determined by additional measurements. These kinds of measurements are normally very expensive to perform and therefore the needs for new analysis methods that do not need such detailed information have been recognized [1]. 


Furthermore, existing methods are focused on the single transmission/receiver link level. In existing algorithms, the intersystem-interference analyses of digital systems are based upon the simplification that all interference signals are treated as if they were additive white Gaussian noise (AWGN). One drawback with this simplified approach is that the waveform of an interference signal dramatically affects the impact on a digital system. Unfortunately, for some interference signals, this approach significantly underestimates the impact on a digital communication system [2]. 


The rapid development within the area of digital communications has given an increased variety of system parameters that an analysis tool must be able to handle.
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Figure 1. A schematic view showing that the capacity to handle the increasing amount of system parameters is to low in existing analysis tools for intersystem interference


The development of analysis tools for intersystem-interference analysis has not been fast enough to handle all new digital systems in another way than with simplified models. This phenomenon is schematically illustrated in Figure 1. Furthermore, existing analysis methods are designed to analyse static scenarios both in space and time, i.e. the analyses are performed for a limited amount of interference-victim combinations. Typically the final result is obtained by worst-case assumptions where the simultaneous impact from different interference sources is considered. This means a situation that is statistically unlikely to occur. In summary, the current situation of traditional intersystem-interference analysis tools is that present methods/tools for intersystem-interference analyses are based on algorithms for analogue systems, modified with simplified algorithms to analyse the impact on digital communication receivers. These simplified methods that not consider the interference waveform properties are widely used, the analyses are done for static scenarios in space for a limited number of transmitters and receivers. The focus is on the transmission/receiver link levels and the final result is obtained by worst-case assumptions where the simultaneous impact from different interference sources is considered. In present methods the underlying models for analogue systems require detailed knowledge of system parameters. In a dynamic network scenario, the intersystem-interference analyses cannot be performed in advance for a limited number of static cases. This is because the number of potential intersystem-interference cases will be too large, almost infinite. Furthermore, the necessary intersystem-interference analyses must include the total actual interference environment, i.e. not only the known intentional/unintentional transmitters. The intersystem-interference analyses must be done on line for each case. This means that all kinds of background interference will affect the result of these analyses for a certain system. Since the analyses must be done on line, no detailed information, such as system specification parameters, of the actual interference signal will be available. The analyses will be based on some kind of more or less simple measured value of the total interference at the moment. Thus, reliable analysis methods based on a reduced number of interference-signal parameters must be available.

GENESIS stands for General Software Demonstrator for Intersystem-Interference Analysis. It is the first software tool that uses parameter-reduced models for intersystem-interference analyses on military camps. In this paper, a brief review of GENESIS is presented.


overview of genesis


GENESIS is very briefly summarized in the bullets below.


· GENESIS is a Software demonstrator for knowledge transfer of research results to the industry. 


· GENESIS is developed by the Swedish Defence Research Agency (FOI) and is financed by the Swedish Defence Materiel Administration (FMV).


· Analysis methods for modern digital telecommunication systems to prevent intersystem-interference problems in military and Homeland-Security applications.


· Parameter-reduced calculation models for fast analysis. Such models are used both for electromagnetic modeling [1] and modeling of interference impact on digital radio receivers [2].


· Interaction with OPNET Modeler to analyze the intersystem-interference impact on communication networks.


· Different user interface for different user groups (e.g. scientist, engineer, officer).


· The working environment in GENESIS is supported by advanced 3D graphics, see Figure 2.
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Figure 2. The working environment in GENESIS is supported by advanced 3D graphics


In GENESIS, the operator works in an advanced 3D graphic environment, see Figure 2. All objects of a camp are stored in a data base with all relevant parameters connected to every object. If one wish to alter any parameters that can be done directly in the object. The objects consist of radio systems, antennas, vehicles, containers etc and with all relevant parameters specified. Depending on the skills of the operator different functionality can be used. For example, a scientist, or advance calculation engineer can access a lot of detailed results from the analyses. A user that is only interested if a certain scenario will work can order a red, yellow or green lamp from the analysis. The dominant interference source is automatically identified band shown to the operator, see Figure 3. 
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Figure 3. The dominant interference source is automatically identified
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Figure 4. The architecture of GENESIS


The demonstration scenario in GENESIS is a generic military camp for Swedish international operations. Therefore, standard objects for these camps are loaded in the tool. The architecture of GENESIS is shown in Figure 4. The graphical interface until is separated with the calculation unit. To make it possible to analyze the impact of interference if a radio is a part of a larger network, the results can be transferred to the network analyzing tool OPNET Modeler for further analyses.


conclusions


For certain applications, a new generation of calculation tools is needed where the basis is parameter-reduced models and the possibility to have different user categories. GENESIS is a demonstrator for how such a tool could be designed. With GENESIS the intersystem interference can be analyzed for a scenario and the results can be transferred to the network analyses tool OPNET Modeler for further analyses of interference impact on higher system levels such as the network level or the application level.
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Abstract


The radiated interference environment can significantly degrade a radio communication system. Since this degradation can give serious consequences, the interference environment needs to be controlled. To foresee the degradation, the interference needs to be quantified and the performance of radio communication systems needs to be analyzed. When estimating the impact from radio frequency interference on digital radio systems, a statistical approach is to prefer. By using the amplitude probability distribution (APD) of an interference source, its impact can be determined. Another successful approach is to use the ordinary Gaussian Approximation (GA) with a correction of the interference power. This concept is based on the impulsiveness correction factor (ICF), which adjust the interference power due to the waveform properies, to avoid serious underestimations of the bit error probability (BEP). These two approaches are suitable methods to achieving accurate performance estimates of a digital radio receiver.


1. Introduction



The rapid technological evolution paves the way for many new wireless applications. A household today consists of many more electrical appliances and more wireless solutions than it did 20 years ago. Cars are equipped with electrical equipment to utilize new facilities. The trend seems to be an ever growing amount of electrical equipment. Electrical equipment generates electromagnetic emission, which can degrade the quality of desired radio signals when received in a communication system receiver. Especially when the interfering sources are located in the vicinity of the radio receiver, the resulting effect can be severe. This disturbance phenomenon is called intersystem interference and is an inevitable problem in reality. As a consequence, the interference will affect the communication system’s capacity, robustness, reliability and availability. 

Since this degradation can give serious consequences for the user of the communication system, the interference environment needs to be controlled. However, the measurement methods used to quantify the interfering signals today are not suitable as a measure to relate to the degradation of a digital radio communication system. This is a troublesome fact, which for example the C.I.S.P.R. (The International Special Committee on Radio Interference) is aware of in their work with suitable emission requirements [1-3]. 


For digital receivers, where the bit error probability (BEP) is a quality measure, we need information of the statistical properties of the interference amplitude after the intermediate frequency (IF) filter in the radio receiver. Therefore, the information provided by solely the quasi-peak, peak or root mean square (RMS) detector is not sufficient. For example, the quasi-peak detector is developed to emulate how a human being perceives the interference an analog radio receiver. The peak detector alone is not suitable either, as it only captures the maximum level of the interference signal, which is not of interest when estimating the BEP. Furthermore, the RMS detector, which is commonly used, measures the average interference power and does not capture the waveform properties of the interference signal. With information only from a RMS detector, the additive white gaussian noise (AWGN) approximation (GA) of the interference signal is commonly used when estimating the BEP. However, the GA has shown to result in large underestimations of the BEP, several magnitudes lower that expected [4]. On the contrary, the amplitude probability distribution (APD) of the interference signal captures the statistical properties of the interference and has shown to be useful for performance estimation [5-12]. An APD detector function is available on some spectrum analyzers today and the measurement procedure has been standardized by C.I.S.P.R. [13]. 


Another way is to use the GA, but correct the interference power, in such a way that no underestimation is introduced. Such correction factor is proposed in [4, 14-16]. It is denoted the impulsiveness correction factor (ICF) and is a rough adjustment for the waveform properties of the interference so that the GA still can be used.



In this paper we will discuss these two approaches. They are both statistical in the sense that the interference signal is treated statistically in the analysis of the radio system. In section 2, the BEP and the GA are discussed. In section 3, the relation between the APD and the BEP is briefly described. In section 4, the concept of the ICF is presented. Finally the paper is concluded in section 5.

2. Performance measures of digital radio receivers



The conventional performance measure of a digital radio receiver is the BEP. The BEP indicates the probability that a transmitted bit is erroneously detected. In a highly disturbing environment, the BEP will become high. For an error probability of one half, it is equally likely to detect a bit as correct as incorrect. An incorrect decision is generated when the contribution from an interfering signal adds to the desired signal such that the decision variable falls into an incorrect decision region in the detector. The key issue when determining the impact of an interfering signal is to have information about its envelope and phase in the decision device in the detector. As the interference signal can be regarded as uncorrelated to the desired signal, it is reasonable to believe that the phase of the interference signal at the decision instant is uniformly distributed in the interval [0,2π]. As we will discuss later the APD is catching the envelope properties after the IF filter in a receiver, for example in a spectrum analyzer. This is the main reason for why the APD is very suitable as a measurement function of interference signals.



Traditionally, when estimating impact on digital radio receivers, interference sources have often been modelled as AWGN, for which there exist simple mathematical expressions. On the contrary, performance expressions for receivers in non-Gaussian interference based on a mathematical description of the interference often get very complicated depending on the interference source. The GA of interfering signals is widely used in communication theory problems. It is performed by approximating the interference signal as a zero-mean Gaussian process with equal average power. The rationale for using of this approximation is that the Gaussian distribution is mathematically convenient in performance analysis and that for some signals it leads to good performance estimates. Furthermore, for some applications the central limit theorem also motivates its use. However, in practical applications Gaussian-like interference is not the most common type. For pulse modulated signals and impulsive signals, the approximation have been shown not to be valid. For larger signal-to-interference ratios (SIR), the degradation in terms of BEP can be several orders of magnitude larger that the GA suggests, which for example can be seen in Fig. 1. 


3. Amplitude probability distribution


One way to describe an interference signal is to show its statistical properties of the signal envelope. The APD is defined as the part of time the measured envelope of an interfering signal exceeds a certain level [11]. It has earlier been shown that there is a relation between the APD of an interfering signal and the maximum BEP it causes on a coherent radio receiver. In Table I, the relation between the APD and the maximum BEP are shown for several common modulation schemes, M-phase shift keying (PSK), M-pulse amplitude modulation (M-PAM), M-quadrature amplitude modulation (QAM) and M-frequency shift keying (M-FSK) [5].


TABLE I


Relation between the maximum BEP and the APD


		Modulation

		Relation between Pb,max and APD
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In the left part of Fig. 1, the average BEPs are shown for several different interference signals. To the right in the same figure, the corresponding APDs are shown. The APD and the BEP are derived from simulations. The interference signals are modelled as Middleton class A with different parameter settings [17] for a binary phase shift keying (BPSK) receiver. As can be seen there is a very good correspondence between the BEP and the APD.
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Figure 1: Comparison between the BEP of a BPSK system and the APD of the interference signal


4. Impulsive correction factor



In general, the bit error probability Pb for AWGN can be derived as
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where Eb is the signal energy per bit [W/Hz], N0 is the power spectral density [W/Hz] for the receiver noise and  NI is the power spectral density for the interference signal approximated as AWGN within the receiving bandwidth of the radio receiver of interest. The BEP according to (1) can result in estimation errors in the order of several magnitudes for pulsed interference. This is evident in Fig. 1, where we can see that impulsive interference signals and AWGN results in very different BEP for a certain SIR. By using the ICF, the error that can occur in the energy-based method can be significantly reduced but in the same time maintain the usefulness of the AWGN approximation. By use of the ICF, the corrected BEP  Pb,corr can be obtained as [4]
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In Fig. 2, a graphic interpretation of the ICF is shown for two of the interference signals. The figure shows the BEP as a function of the SIR, defined as 
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. Thus, the ICF is simply the horizontal shift of the BEP curve as a function of SIR from the AWGN-approximated curve. In this figure, the interference signals are modelled as Middleton class A with different parameter settings for a BPSK receiver. The parameter setting A=1 and Γ=0.1 is an interference signal which is quite similar to a Gaussian distributed signal. It is slightly more impulsive. However, the interference signal with A=0.01 and Γ=0.001 is very impulsive. Notice, that the necessary correction may be quite large. For the interference signal with the parameters A=0.01 and T=0.001, the interference power needs to be increased with approximately 23 dB.
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Fig. 2: Example of simulated BEP curves as a function of SIR for a class A interference with the parameter sets (A, Г)=(1, 0.1) and (A, Г)=(0.001, 0.001). For these signals the ICFdB is estimated to 2.5 and 22.7 dB, respectively.


5. Conclusion



For digital radio systems, the probability of bit errors is an essential quality measure. Furthermore with several performance enhancing functionality often inherent in the system, such as error correction and interleaving, the average performance is of main interest. For these issues, it is convenient to have a statistical approach when analyzing the performance. Hence, the receiver performance may preferably be statistically determined in terms of eg average probability of bit errors and the interference can be treated in a statistical manner.


The APD, which describes the statistical distribution of the interference envelope, has shown to be a suitable measurement function to be used in performance estimations. Another method, where waveform properties are considered, is with the correction factor ICF. The ICF is adjusting the interference power to avoid the risk for large underestimations of the BEP. Both approaches treat the interference as in a statistical manner, which yields an average performance of the digital radio receiver
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2nd Public Workshop on Cognitive Radio and Software Defined Radio: Policy and Regulations

Organised jointly by CEPT/ECC and COST-TERRA


Updated: 30 November 2011


Background


The 1st public CEPT workshop on the issue of CR/SDR took place on 12-13 January 2009 in Mainz. It was very well attended and judged to be a huge success, by showcasing state-of-the-art in the field and providing a fertile ground for discussions of future progress by different stakeholders and players, from regulators to industry and academia.


The ECC has been actively working since then to establish some common understanding as a step towards practical regulatory initiatives. The current activity is the following: 



· Project team SE43 is seeking to define technical and operational requirements for cognitive radio systems in the ’white spaces’ of the UHF TV band. 


· WG FM maintains a Correspondence Group looking at the strategic issues raised; it reports to the ECC itself. 


Among other ideas of the workshop was a call for some additional platform of coordinated research with focus on CR/SDR regulatory policies as enabler of developing and implementing these technologies. As a result of this call, the COST Action IC0905 TERRA (COST-TERRA) was established that today unites researchers from academia, industry and regulators from 21 countries. The mandate of COST-TERRA is coordinating research towards development of a Techno-Economic Regulatory framework for Radio Spectrum Access for CR/SDR.


Since the time of the Mainz workshop a lot of developments took place related to CR/SDR which are important to comprehend and discuss in order to make a well judged decision as to the necessity or not of any future developments in the field of CR/SDR policies and regulations. Among examples of such important developments:


· As one of the outcome of the Conference preparatory meeting CPM-2011 (AI 1.19) it is foreseen that there is a need to provide a framework in order to facilitate studies on technical and operational considerations related to the implementation of CRS technologies in the radiocommunication services; 


· Development of EU RSPG Opinion on Cognitive Technologies;


· Preparations of the EC standardisation mandate focusing on the geo-location database standardisation;  

· Developments in ETSI TC RRS in relation to new industrial standards for CR/SDR technologies, such as IEEE 802.22, 802.11af or industry-driven “Weightless” initiative;


· Advancement to the stage of practical testing of wireless devices in the TV “White Spaces”; 


· Completion or nearing completion of several major EU funded CR/SDR-related research projects, such as E3, ARAGORN, COGEU, QUASAR, CREW.

All together, these developments appear to constitute a critical mass of new knowledge and understanding that call for taking another instance to jointly review the developments, assess the situation and decide on the need for any further action. 

Aims of the 2nd workshop

The 2nd Public Workshop on CR/SDR Policy and Regulation would be dedicated to reviewing the results of the WRC-2012 related to the subject of CR/SDR as well as state of other developments in the field in order to achieve a common understanding on the status and short-to-medium-term future prospects of CR/SDR technologies. This understanding could then form a basis for formulating a roadmap for further European policy and further regulatory developments in the field, if found necessary. In addition, in expectation of a standardisation mandate from the EC to ETSI and in absence of any official request from industry (e.g. ETSI SRDoc), the 2nd Workshop aims at facilitating the precise work split and cooperation between ETSI and the ECC as is needed for achieving a European harmonisation measure.

Proposed format/composition of the 2nd workshop


It is proposed to have one or two days workshop (two days workshop would allow people to fly in on the morning, back in the afternoon, and give an opportunity for relaxed evening deliberations). 

The initial proposal for program outline:


· Initial welcomes and introductions.

· Session on WRC-12 results as related to CR/SDR (possible speakers from BR, CEPT Coordinator on AI 1.19, etc.).

· Review of CR/SDR regulation efforts (SE43, FM Correspondence group on CRS).

· Review of CR/SDR standardisation efforts (ETSI TC RRS, IEEE DySPAN/802.22, 802.11af, Weightless consortia, etc.).

· Review of CR/SDR testing and practical implementation pilots (UK Ofcom, Wireless Innovation Forum, Cambridge Wireless, CREW consortia, US pilots, etc).

· Review of state-of-the-art in research (COST-TERRA, COGEU, QUASAR, outside Europe?).

· Wrap-up, presenting new directions, new policy/research ideas (shall we distribute questionnaire among participants of the Workshop?).

Dates, venue, organisational team


As regards dates, it is proposed to find a slot within one-two month after conclusion of the WRC-2012, i.e. around April – May 2012 (financial year for COST-TERRA ending in June and they are proposing to share costs).


Given the anticipated large number of participants (70-100 people), there is a need to find a suitable large and easily accessible venue. The organisational team will be led by the ECO expert. COST-TERRA would be happy to contribute man-power to help with organising the workshop. Also some funds may be provided from COST-TERRA budget towards the practical costs of holding the workshop, such as travel re-imbursement for invited speakers, room/equipment rental costs, contribution towards social event and similar.


