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EXECUTIVE SUMMARY

The future digital home will share rich content like HD and HD 3D videos everywhere. Current wireless and wireline technologies do not provide the required reliability and coverage. TC PLT and PLT (powerline telecommunication) researchers believe that future MIMO (Multiple Input Multiple Output) PLT technology could be a key element of the future home network.
Why do we need an STF for this?

Initial research contributed to TC PLT shows that MIMO will significantly improve the performance and coverage of today’s SISO (Single Input Single Output) PLT systems (similar to the wireless transmission systems). There is a unique opportunity to develop a MIMO PLT system specification in ETSI.

Validated channel models are required to develop the next generation of technical specifications for PLT. This STF is basically a measurement campaign to analyse the PLT channel and EMI characteristics of MIMO transmissions over power lines. These activities require a special mix of technical skills that are very rare and difficult to have in the TC. In addition, to have statistical relevance for the market addressed it is necessary to perform the measurements in a large amount of locations in a large amount of countries. The work is of such a size, that no single ETSI PLT Member is capable to assume all the expenses on behalf of the others. Nor could the actual job be split efficiently in the TC PLT among the required number of experts.
What does the STF produce?

The STF will produce technical and scientific material to support the TC developing two TRs. These reports will detail the channel and EMI characteristics of PLT MIMO transmissions taking into account such matters as earthing variation, country variation, operator differences, phasing and distribution topologies, domestic, industrial and housing types along with local network loading.
What is the effect of what is produced?

This initial work will enable the development of specifications of the next PLT technologies using MIMO techniques and potentially new modulation schemes that could outperform current SISO PLT specifications.

What is the voluntary contribution from members and the budget for ETSI?

The TC is expecting that the experts will be willing to provide a significant amount of manpower as voluntary contribution (except for possible experts from universities). Hence, the expected costs that will be budgeted will mainly be material, travelling and logistics. The total amount of man days expected is 172 and the total budget for this STF is 132.200€ (99.200€ for manpower and 23.000€ for travel and other), out of which 51.260€ will be provided as voluntary contribution by experts and 80.940€ by ETSI.
TB approval

These ToR have been approved on the 4th of May of 2010 by TC PLT as PLT(10)0007r4.
The two new PLT Work Items (two Technical Reports, DTR/PLT-00028, and DTR/PLT-00029) to be supported in this STF have been approved at PLT#54.
Conventions used in this document for the base deliverables are:

WI28 PLT work item mentioned in this document is DTR/PLT-00028
http://webapp.etsi.org/WorkProgram/Report_WorkItem.asp?WKI_ID=33399 
Title: PowerLine Telecommunications (PLT); Measurement Methods and Statistical Results of MIMO PLT channels
Scope and Field of Application  MIMO PLT channel transfer measurements and statistical analysis taking into account such matters as earthing variation, country variation, operator differences, phasing and distribution topologies, domestic, industrial and housing types along with local network loading.
WI29 PLT work item mentioned in this document is DTR/PLT-00029
http://webapp.etsi.org/WorkProgram/Report_WorkItem.asp?WKI_ID=33400 
Title: PowerLine Telecommunications (PLT); Measurement Methods and Statistical Results of MIMO PLT EMI. Comparing conducted and radiated EMI properties of SISO and MIMO PLT transmissions.
Scope and Field of Application  PLT EMI review and statistical analysis taking into account such matters as earthing variation, country variation, operator differences, phasing and distribution topologies, domestic, industrial and housing types along with local network loading.
1 Reasons for proposing the Specialist Task Force (STF)

The requested STF deals with those factors that ensure improved performance and reliability of PLT communications provided over a low voltage mains electricity network.
Similar to the wireless transmission systems it is expected that MIMO (Multiple Input Multiple Output) will significantly improve the performance and coverage of today’s SISO PLT systems. There is a unique opportunity for ETSI to lead the development of the MIMO PLT system specifications. To address this issue and agree on a common understanding of factors that affect MIMO PLT at MAC & PHY level a measurement campaign is required.
Furthermore, the conducted and radiated EMI characteristics of MIMO PLT should be compared with the properties of SISO PLT transmission channels.
Furthermore, future technical specifications will benefit from the findings of this STF as MIMO techniques will make a more efficient use of the frequency resources than simply improving performance by increasing bandwidth. Power consumption considerations will also be important in analysing the implementation of MIMO techniques. The STF is hence requested to make recommendations for possible MIMO PLT system specifications. Therefore, the conclusions, eventually proposed by the STF will also encourage more efficient and effective methods for producing new standards within ETSI TC PLT.

The work is of such a size, that no single ETSI PLT Member is capable to assume all the expenses on behalf of the others. Nor could the actual job be split efficiently in the TC PLT among the required number of experts.

The activity of the STF will support the initial measurement planning, measurement task, analysis, editing and presentation of the technical material. 

1.1 Overview of the proposal
1.1.1 Purpose of the work

Evaluate the channel and EMI characteristics of MIMO PLT.

The work is expected to be developed in 2010, including preparation of the work, and production of two reports with results and conclusions:

for WI28:

· Develop couplers and probes to feed and receive MIMO PLT signals
· Arrange test setup for MIMO channel and noise measurements
· Organize measurement equipments (Vector Network Analyzer)
· Perform the measurements at various sites, countries

· Statistical analysis of results

· Draft report

and for WI29:
· Couplers developed for WI28 could be reused

· Arrange test setup for conducted and radiated MIMO EMI measurements

· Organize measurement equipments (e.g. antenna, radio receivers, signal generation)

· Perform the measurements at various sites, countries

· Statistical analysis of results

· Draft report
1.1.2 Relation with the ETSI Strategic Objectives

The objective of this STF is to prove the feasibility of new ideas and technologies in the field of MIMO PLT. This STF supports the following Strategic Objectives:

· Develop and promote services that fulfil customers’ demands. Specifically the objective coexistence is very important to achieve customers’ satisfaction.
· There is a unique opportunity for ETSI to lead the development of the MIMO PLT specifications complementing the ongoing SISO activities in ITU-T and IEEE.
The objective of MIMO PLT measurements is to prove the feasibility of a new transmission concept and technologies eventually to be standardized in upcoming work items. The target is to draft the standard in parallel with PLT modem system development and prototyping.
1.1.3 Market impact, benefits to be gained

The future digital home will share rich content like HD and HD 3D videos everywhere. Current wireless and wireline technologies do not provide the required reliability and coverage. TC PLT and PLT researchers believe that future MIMO PLT technology could be a key element of the future home network.

Due to the pre-eminence in performance it is expected that MIMO PLT systems will replace today’s SISO PLT modems (similar as monitored for WiFi systems).
1.1.4 Relation with other activities within ETSI and/or related organizations

There are standardization activities for PLT modems in a number of SDOs including ETSI PLT, ITU-T SG 15 and IEEE P1901. All of them specify SISO PLT systems. MIMO PLT is not in the agenda of any of these committees. Further, all these committees specify PLT systems being close to the market or even on the market already. Here, a new standardization for next PLT modem generation shall be triggered which is ahead of implementation. This enables a unique chance to have one standard for the new technology.
1.1.5 Priority within the TB

Very high. MIMO is a new topic for PLT, today. This STF will place ETSI at the vanguard of PLT standardisation worldwide.
1.1.6 Motivation why the work cannot be performed within the TB

The activities proposed in this STF require a mix of skills, including experiences in field measurements, communications theory and electromagnetic propagation. Such skills are very rare and difficult to have in the TC. In addition, to have statistical relevance for the market addressed it is necessary to perform the measurements in a large amount of locations in a large amount of countries, what represents a load of work and cost not assumable by the TC’s delegates.
1.1.7 Support from ETSI Members

Several ETSI PLT members already drafted research publications in the field of MIMO PLT and expressed their active support to this campaign. The ETSI members supporting this work in the STF are ASCOM, Deutsche Telekom, DS2, France Telecom, Panasonic, SAGEM, Sony, SPiDCOM and Watteco.
1.2 Organization of the work
1.2.1 Identification of tasks, phases, priorities, technical risk

The STF shall be kicked off by a first meeting where all experts participate. It is expected, that each expert already provides a deep knowledge about PLT channel measurements. The STF will use general purpose measurement equipment such as Network- and Spectrum Analyzers as well as special probes manufactured for MIMO PLT signal coupling (it is not expected that all experts or measurement teams manufacture their own probes). In order to improve efficiency it is expected that experts will perform measurements in parallel. It is therefore very important that the measurement set up, instrumentation configuration and calibration are agreed in advance so that the data collected by all measurements can be compiled for statistics.
Measured data of each individual site will be collected and the statistical analysis of all sites will be performed.
Finally the reports will be produced and used by the TC to develop the TRs.

For WI28 and for WI29 following tasks are expected to be performed:

	Task
	Expected manpower needed
	Estimated for 10 experts

	Find common understanding of the measurements to be performed among all experts participating to this STF
	1 man day * number of experts
	10 man days

	1st joint measurement day where all experts meet to agree on the measurement procedure.
	1 man day * number experts
	10 man days

	Investigations about the presence of the protective wire in private premises in different countries
	2 man days
	2 man days

	Specify couplers, probes and calibration tools to feed and receive MIMO PLT signals. Implementation, calibration and draft documentation of the probes.
	11 man days
	11 man days

	Arrange test setup for MIMO channel, noise and EMI measurements
	2 man days * number of experts (each expert leads one measuring team operating in parallel) 
	20 man days

	Arrange measurement equipments (Vector Network Analyzer, antenna, …)
	2 man days
	2 man days

	Software programming to operate measurement equipment (especially for the EMI tests) 
	3 man days
	3 man days

	Draft test specifications
	2 man days
	2 man days

	Perform the measurements at various sites, in various countries
	(5 man days * (1 expert + 1 assistant)) * number of measuring teams
	50 experts man days

50 assistant man days

	Statistical analysis of results
	8 man days
	8 man days

	Produce STF reports, archive the results in a format allowing every ETSI member to use the data for further MIMO PLT system simulations
	14 man days
	14 man days

	Total man days expected with 10 experts:

Total man days expected with 10 assistant:
	132 man days

50 man days


Calculation of man power cost:

Working days (experts)
      132 * 600€/day = 
79 200 EUR
Working days (assistants)
 50 * 400€/day = 
20 000 EUR



---------------------



99 200 EUR
The following figure shows a graphical representation of the phases of the work:
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This work plan is tentative. The precise timeline and milestones may vary depending on the actual availability of experts, allocation of measuring sites (private premises), etc. The ordinate in the work plan represent the estimated working days.
It is expected that the actual number of measuring locations increases by voluntary contribution.

The actual number of measuring teams and experts will be decided having in mind to maximize the number and diversity of locations within the available budget. Offering of voluntary contribution from the candidates will be also considered to this extent. Therefore, depending on the applications of experts to this STF the measurements may be at fewer sites but on more days. So the manpower needed in the table above might be shifted afterwards.
Although the actual amount of measuring locations (dwelling unit), and hence workload, will vary depending on the actual availability of the locations and experts and the amount of voluntary contribution that they finally agree to provide. TC PLT estimates that the minimum required to have valid significant statistical results is to measure at least in 7 countries (TC PLT members have expressed already the possibility of providing locations in Spain, France, Germany, UK, USA and China) and in 5 locations in each country.
It is expected that the measurements will be performed by the experts of the same country than the location whenever possible. However, experts, and maybe some instrumentation, will have to travel to abroad locations when no expert is available in that given country. 
3.7.2 Outcome of the STF
STF shall provide reports to be used for the following two technical reports (ETSI TR).
For WI28 it shall

· Provide statistical analysis about noise properties, channel transfer functions separated for the individual PLT MIMO transmission paths.
· Channel transfer data shall be distributed along participants and uploaded to the ETSI docbox in a documented way to make all individual channel data available for further system simulations.

· Test setup shall be documented to enable 3rd parties to reproduce MIMO PLT measurements

For WI29 it shall
· Provide statistical analysis about conducted and radiated EMI properties.

· Data and test setup shall be documented to enable 3rd parties to reproduce EMI measurements.
1 Risk involved
The risk involved is low based on the existing experience with previous PLT STF measurement campaigns performed in the past (STF222 + STF332).
2 Consequences if not agreed
There is the risk that no MIMO-PLT system standardization will take place in ETSI. Next generation MIMO PLT specifications would be developed in other SDOs.
3 Detailed description
3.1 Test description
MIMO PLT systems do not use one transmission path only. Various research publications to conferences describe that up to 8 transmission paths might be used:

· Sartenaer, T. & Delogne, P., “Powerline Cables Modelling for Broadband Communications”, ISPLC 2001, pp. 331-337
· R. Hashmat (1), P. Pagani (1), T. Chonavel (2), ( 1: Orange Labs, France), (2: Telecom Bretagne, France), “MIMO Capacity of Inhome PLC Links up to 100 MHz”, Workshop on PLC 2009 - Udine - Italy, 

· D. Schneider, J. Speidel, L. Stadelmeier, D. Schill, A. Schwager, “Potential of MIMO for Inhome Power Line Communications”, 13th ITG Symposium on Electronic Media "Systems, Technologies, Applications", 2009
Channel measurements as described in these publications shall be verified. MIMO PLT utilizes the protective earth wire. In Europe, the US and many other parts of the world (with Japan being a notable exception) new electricity installations use 3 wires for connecting a single plug. All flats protected with RCD (residual current devices) must have a separate protective earth wire installed. For example, the protective earth is mandatory for all new installations in Germany since the early 1970’s. Today’s PLT modems are connected to the mains via the phase and the neutral wire. This provides one communication channel when signals are fed symmetrically between these wires. The 3rd wire - the protective earth - is available in most power outlets, but today’s PLT modems don’t use it. MIMO PLT modems also utilize the protective earth. This enables them to feed differentially between phase and neutral (P – N), phase and protective earth (P – PE) and neutral and protective earth (N – PE). The protective earth is grounded inside (e.g. at the foundations) or outside (at the transformer station) the building. The grounding has to provide low impedance for the 50 Hz AC power. However, high frequency signal measurements show the PE wire to be a rather excellent communication path that by no means represents a ground. This is due to the inductivity of the grounding wires. If the differentially fed signals are converted to common mode, they propagate over the network, as well. For each pair of outlets, the DM and the Transverse Transfer Loss (TTL, see ETSI TR 102 175) attenuation shall be measured and compared.
Test setup and measurement results shall be documented and described similar as done in for the SISO measurements in the following Technical Reports
· TR 102 175 V1.1.1 (2003-03); Channel characterization and measurement methods
· TR 102 269 V1.1.1 (2003-12); Hidden Node review and statistical analysis
· TR 102 270 V1.1.1 (2003-12); Basic Low Voltage Distribution Network (LVDN) measurement data
· TR 102 370 V1.1.1 (2004-11); Basic data relating to LVDN measurements in the 3 MHz to 100 MHz frequency range
· TR 102 616 V1.1.1 (2008-03) Report from Plugtests™ 2007 on coexistence between PLT and short wave radio broadcast; Test cases and results
3 Reference Technical Body
ETSI TC PLT will be responsible for approval of the deliverables (report and published measurement data) of this STF.

3 Other interested TBs (if any)
None.
3 Steering Committee
A Steering Committee shall be created during the TC PLT Plenary meeting following the STF’s preparatory meeting. It shall consist of the TC PLT Chairman and Technical Officer and delegates from TC PLT to be determined. The Steering Committee shall provide guidance to the STF and allow ETSI members who could not provide experts for the STF to monitor and contribute to the progress of the work.

3 Target date for the start of work
August or early September. There will be a proposal in the call of experts for a meeting date.

3 Duration and target date for the conclusion of the work (TB approval)
March 2011 (see clause 3.14).

3 Resources required

Although the actual number of experts will be decided having in mind to maximize the number and diversity of locations within the available budget and that offering of voluntary contribution from the candidates will be also considered to this extent. In looking for diversity of locations special attention will be given to cover as much different wiring alternatives as possible (earthing options, ring topology, multi-phase wiring, presence of RCD, etc.).
TC PLT is expecting that an average of 51.7% of voluntary contribution to manpower cost is offered by the experts, what then provides a total of 10 experts for an estimated manpower budget of 99.200€ (51.260€ of which provided as voluntary contribution).
	
	Costs incl. voluntary contribution
	ETSI funding
	ETSI share

	Total manpower cost
	99 200 EUR
	47 940 EUR
	48.3%

	Travels
	23 000 EUR
	23 000 EUR
	100%

	Other cost
	10 000 EUR
	10 000 EUR
	100%

	Total
	132 200 EUR
	80 940 EUR
	61%


Total resources required from the ETSI budget: 80.940 EUR. (max total of 1.2.1, 3.7.2 and 3.7.3).
3.7.1 Experts manpower
Total manpower resources will depend on the actual voluntary contribution offered by experts and assistants but it is expected to be in average of 51.7% of manpower cost, what leads to an estimation of 172 working days (99.200 EUR * 51.7% = 51.286 EUR provided as in-kind contribution) (max total of 1.2.1).
3.7.2 Travel cost
Total travel cost 23 000 EUR, to attend the following meetings:

According to the ETSI rules, travel cost required to perform the STF tasks is included in the flat-rate sum of 600 €/day. In this particularly case ETSI will pay additionally the travel costs to measurement places.
	Type of travel
	Cost per expert (EURO)
	Estimation for 10 experts (EURO)

	1st joint measurement day where all experts meet to agree on the measurement procedure.
	 (included in man-power costs)
	

	Travelling to PLT, Steering Group meetings (4 travels for STF leader)
	2.000 
	2.000

	Travelling to the measurement location within the experts’ countries (short trip for each team)
	1.000 per travel (500 for expert and 500 for assistant)
	10.000

	Travelling to the measurement location abroad the experts’ countries (long trip for each team, estimated 2)
	5.500 per travel (5.000 for expert and 500 for local assistant)
	11.000


3.7.3 Other cost
· Potential fee for rental of test equipment:


3.000 EUR
· Material for the MIMO PLT couplers (10 identical pairs)

2.000 EUR

· Reports and publications on private electrical wiring practices.

5.000 EUR

(Standardisation bodies or engineering institutes (e.g. VDE, IHK, IET, IEEE,  …) sell reports about electrical wiring practices in their country. With the support of such reports statistics on the presence of earthing wires are more detailed and meaningful than monitoring the situation at some measurement locations, only.)
3 Experts qualification required, mix of skills
The following experts are required to perform the work. The actual number of experts and mix of skills may depend on the received applications and will be decided when setting up the STF.

· All experts must have knowledge about PLT channel measurements and operation of scopes, network analyzers and spectrum analyzers.

· STF experts require detailed knowledge of PLT technology; especially the ETSI TR 102269, ETSI TR 102270, ETSI TR 102 370.

· For WI 29 experts require knowledge and experience of EMI and HF radio signal measurements such as ETSI TR 102 616 or the measurements performed in STF222.
· Experts must be available full time during the field tests, part time or on request during preparation or after test for editing work.

· Number of experts required: depending on the applications, 10 as a maximum

The allocation of the work defined in clause 1.2.1 must be fulfilled and shared between the individual experts.

3 Scope of Terms of Reference
The STF shall provide reports as input to the ETSI TC PLT:

· DTR/PLT-00028: Measurement Methods and Statistical Results of MIMO PLT channels 

· DTR/PLT-00029: Measurement Methods and Statistical Results of MIMO PLT EMI. Comparing conducted and radiated EMI properties of SISO and MIMO PLT transmissions.
3 Organization of the work in tasks and/or phases:
Phase 1 preparation:

· Describe and identify tests to be done. Study reports from previous measurements and identify potential synergies. Propose test cases detailed and in such a granularity, that every proponent may prepare himself in advance for the test. Further, all required measurement equipment must be described.

· Evaluate the wiring practices in different countries and decide in which countries to conduct the measurements.

· Identify test location with respect to place and type, i.e. office buildings or private dwellings. Organize access to measurement locations.

· Rent and/or organize test equipment. Check availability of equipment already available at STF experts and verify if results are comparable. Potentially allocate remaining equipment from supporting companies and/or professional rental services.

· Develop and implement MIMO-PLT couplers and/or signal probes. Distribute them among all measurement teams.

· Draft a test specification and distribute among all STF experts and to TC PLT.
There will be a report about conclusion of preparation phase to TC PLT.
Phase 2 will be started after approval of the Phase 1 report by TC PLT.

Phase 2 measurements:

· Perform the channel, noise and EMI measurements. Execute the measurements as described in advance at each measurement location. The final allocation of number of locations and experts depend on availability of experts, private flats and measurement locations.

· Log and document results. Make the results available to all participants and to TC PLT.

There will be a report about conclusion of measurement phase to TC PLT.

Phase 3 will be started after approval of the Phase 1 report by TC PLT.

Phase 3 Statistical Analysis and production of technical reports:

· Evaluate the measurement results collected by all measurement teams. Perform the statistical analysis of the results and provide graphical visualization of the results. Draft report and provide to TC PLT.
The outcome of Phase 3 will be a final STF report and DTR/PLT-00028, DTR/PLT-00029 with the measurement results for PLT approval and publication.
3 Related activity in other bodies and co-ordination of schedules
None.
3 Base documents and their availability
The STF work will be based upon the following documents:

	Document
	Title
	Current

Status

	ETSI TR 102 175
	Power Line Telecommunications (PLT); Channel characterization and measurement methods
	Published

	ETSI TR 102 269
	PowerLine Telecommunications (PLT); Hidden Node review and statistical analysis
	Published

	ETSI TR 102 270
	PowerLine Telecommunication (PLT); Basic Low Voltage Distribution Network (LVDN) measurement data
	Published

	ETSI TR 102 370
	PowerLine Telecommunications (PLT); Basic data relating to LVDN measurements in the 3 MHz to 100 MHz frequency range
	Published

	ETSI TR 102 616
	PowerLine Telecommunications (PLT); Report from Plugtests™ 2007 on coexistence between PLT and short wave radio broadcast
	Published


3 Work Items from the ETSI Work Programme (EWP) for which the STF is required
The STF is required for the following TC PLT work items:
· DTR/PLT-00028 (approved by PLT#54)

Title:
Report PowerLine Telecommunications (PLT); Measurement Methods and Statistical Results of MIMO PLT channels
Scope:
MIMO PLT channel transfer measurements and statistical analysis taking into account such matters as earthing variation, country variation, operator differences, phasing and distribution topologies, domestic, industrial and housing types along with local network loading.
· DTR/PLT-00029 (approved by PLT#54)
Title:
Measurement Methods and Statistical Results of MIMO PLT EMI. Comparing conducted and radiated EMI properties of SISO and MIMO PLT transmissions
Scope:
PLT EMI review and statistical analysis taking into account such matters as earthing variation, country variation, operator differences, phasing and distribution topologies, domestic, industrial and housing types along with local network loading.  Coexistence between MIMO PLT Modems and fixed SW Radio broadcasting services.
3 Planned output schedule
The STF will produce the deliverables according to the following time scale:

	Deliverable
	Date

	Start of the work. Kick-off meeting report
	T + 2 months

	Report about progress of preparation phase
	T + 4 months

	Report about progress of measurement phase
	T + 6 months

	Final draft of DTR/PLT-00028 and DTR/PLT-00029 for TB approval
	T + 8 months



Note: T is the kick-off meeting’s date

Although not strictly part of the STF, the following are the dates expected for final processing of the TRs in the TC:

· TB approval 

31 March 2011
· Publication

01 May 2011
4 Performance indicators

An indication of the performance of measurement results is the readability of documentations and the recyclability of the recorded data. The measurement results shall be suited to be used to build a channel model for further standardization activities in ETSI PLT. All participants shall be able to compare their algorithms on identical channels.
Timely provision of results, respect of time scale in §3.14.
Number of companies participating to the measurements.
Publications in research articles about the topic.
Articles making reference to the STF output.
E.g. STF332 was performed by TC PLT in 2008. Please find below a list of publications referring to the outcome of STF332:

· ETSI TR 102 616
· ETSI TS 102 578

· IEC, CISPR/I/257/CD, CISPR22 - Limits and method of measurement of broadband telecommunication equipment over power lines, February 2008

· IEC, CISPR/I/258, Report on Mitigation Factors and Methods for Power Line Telecommunications, February 2008

· IEC, CISPR/I/269/DC, Proposed Approach on EMC emission requirements for PLT, June 2008

· IEC, CIS/I/301/CD, Amendment 1 to CISPR 22 Ed. 6.0: Addition of limits and methods of measurement for conformance testing of power line telecommunication ports intended for the connection to the mains, July 2009

· IEC, CIS/I/302/DC, Comparison of the RF disturbance potential between Type 1 and Type 2 PLT devices compliant with the provisions of CISPR/I/301/CD and EUTs compliant with the limits in CISPR 22 Ed. 6.0. July 2009
· IEEE P1901 Draft Standard for Broadband over Power Line Networks: Medium Access Control and Physical Layer Specifications, http://grouper.ieee.org/groups/1901/
· ITU-R, Contribution to the Correspondence Group on High Data Rate Power Line Telecommunication, Mitigation Factors and Methods for Power Line Communications, Annex 6 to Document 1A/163, from United States Department of Commerce/NTIA, February 2008

· Contribution to ITU-R: Impact of power line telecommunication systems on radio communication systems operating in the LF, MF, HF and VHF bands below 80 MHz Question ITU-R 221-1/1, Annex 2 to Working Party 1A Chairman’s Report, Document 1A/TEMP/47 (Edited), March 2009

· ECANB TGN17 V2.0 Technical Guidance Note TGN on Assessment of Powerline Telecommunications (PLT) Equipment, July 2009 

http://circa.europa.eu/Public/irc/enterprise/emccbnb/library?l=/public_tgns/version_2009pdf/_EN_2.0_&a=d
· http://openpdf.com/ebook/sony-icf-sw77-pdf.html
· http://www.compliance-club.com/PLT/TGN17_version%202.pdf
· http://www.ets.uni-duisburg-essen.de/download/public/EMV_2008_vortrag_hirsch.pdf
· http://www.ieee.org.uk/docs/emc0308b.pdf
· http://ieeexplore.ieee.org/iel5/5224097/5235542/05235609.pdf?arnumber=5235609
· http://www.mds975.co.uk/Content/amateur_radio_BPL_interference_04.html
· http://www.ist-opera.org/drupal2/files/OP2_D30_v1%206.pdf
· http://www.nextinnovation.it/mediaObject/Notiziario-Tecnico/pof_2_2009/original/pof_2_2009.pdf
· http://www.vde-verlag.de/data/prcd.php?action=gs_proceeding&docid=563075090
… and more.
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