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REPort of the fourth meeting

of jrg-1a-1c-8b

November 13 -15, 2007

The fourth meeting of JRG 1A-1C-8B was held November 13-15, 2007 in Mainz Germany.  The meeting was hosted by the Federal Network Agency for Electricity, Gas, Telecommunications, Post and Railway.  The meeting was attended by 27 participants (refer to attached participants list).
The JRG is addressing the task of determining the feasibility of applying the current 40 dB/decade roll-off design objective, presented in section 6.0 of Recommendation ITU-R SM.1541, to radar systems.  Note 3 of ITU-R SM.1541 states the design objective mask is valid until the 2006 Radiocommunications Assembly based on the understanding that studies will lead to revision of SM.1541 to replace the OoB masks with the current design objective; or to include some other appropriate arrangements depending on the type of radar.

Summary of Meeting
The participants of the meeting were welcomed by the Co-Chairmen, Mr. David Franc (Working Party 8B Rapporteur) and Mr. Thomas Hasenpusch (Working Party 1C Rapporteur).  The third Co-Chairman, Mr. Jian Wang (Working Party 1A Rapporteur) was not able to attend the meeting.  Working Party 1A was represented by Mr. Wang’s designated representative, Mr. Karl Loew, on the second and third day of the meeting. 

Mr. Martin Weber, representing the host agency, welcomed the meeting participants and provided information on meeting logistics and facilities, including details for access to the wireless LAN.  The meeting participants were then asked to introduce themselves.  After introductions, the Meeting Agenda was approved (see attached) and the list of input documents were reviewed to ensure all contributions had been made available to the participants.  The contributions to the fourth meeting can be obtained at: http://www.its.bldrdoc.gov/meetings/itu-r/contributions4.php.
After completion of opening remarks and addressing organizational matters, the goals and objectives of the Forth Meeting were discussed.  It has been recognized by the JRG for several meetings that appropriate -40 dB bandwidth formulas must be established for each radar type before a determination can be made on application of the appropriate roll-off slope from the -40 dB bandwidth.  Therefore, the objectives of the fourth meeting were to reach agreement on as many of the -40 dB bandwidth formulas as possible.  In cases where a -40 dB bandwidth can be agreed by the meeting, agreement on the appropriate roll-off will be attempted.

Reports from Drafting Groups

During previous meeting the JRG had established four drafting groups to further the work on various radar types.  Each drafting group was provided the opportunity to present a report of activities and accomplishments achieved since the Third JRG Meeting.
Drafting Group 1 (DG 1)- FMCW Waveforms

Dr. Turley (Australia) reported that Mr. Leith Mudge (Australia) is no longer available to lead the Drafting Group and that he would be willing to take over the lead.  There has been no activity in the group, though Dr. Turley believes some work needs to be completed prior to the next meeting to ensure a satisfactory conclusion can be reached regarding FMCW waveforms.

Drafting Group 2 (DG 2)- FM-Pulse Modulated Waveforms
Mr. Brunson (USA) reported there had been no activity within the DG since the last JRG meeting, though some administrations did submit contributions directly to the current meeting.  Mr. Brunson will no longer be able to lead this DG.  No participants volunteered to take over leadership of DG 2.  Since DG 2 is inactive and without a lead, it was disbanded.
Drafting Group 3 (DG 3)- Magnetron Emission Masks
Mr. Abbas reported that the report on magnetron emission masks had been completed and delivered to the JRG (JRG-67).  Data collected since the last meeting only improved the quality of data available for the report, it did not improve the quantity of data considered.  The report concluded, based on the data available, that magnetrons will most likely be unable to meet the 40 dB/decade roll-off.  Since issuing the DG 3 report, Mr. Abbas had learned of a technical development by one magnetron manufacturer that may make it possible for magnetrons to meet the 40 dB/decade roll-off.  The conclusions of the previously issued report may no longer be accurate.
Drafting Group 4 (DG 4)- Phase Coded Waveforms
DG 4 has no lead and there has been no activity.  No administration plans to contribute work on phase coded pulse waveforms due to the very large number of codes that would require consideration, and the sensitive nature of many of the radars using phase coded pulses.  DG 4 was disbanded.

Input Contributions. 

There were eight contributions to the fourth meeting of the JRG.  
JRG-67 (DG 3)-  This report concludes, based on the data available, that magnetron-based radars will not be able to meet the 40 dB/decade roll-off.  However, this conclusion relies very heavily on data from marine radars.  Other radar types are not adequately represented due to the inability of the DG to obtain the necessary emission data.  Mr. Abbas indicated the conclusions of this report need to be reconsidered due to the recent release of information on a magnetron product line that may meet the 40 dB/decade roll-off.  Mr. Abbas also pointed out that the report already contains data from radars that use the magnetron designs believed to be capable of meeting the 40 dB/decade roll-off.

JRG-68 (Germany)-  This contribution presents measurement data from several magnetron-based radars and one klystron-based radar.  The document concludes that of the radars measured, there would difficulty meeting the 40 dB/decade roll-off.  Some radars in the report even fail to meet the current 20/dB/decade roll-off as presented in ITU-R SM.1541.

JRG-69 (USA)-  This contribution presents a comparison of FMCW measured spectra, generated with a vector signal generator, to the FFT calculated spectra.  The document contains measurement results that should only be considered preliminary as re-measurement with a smaller resolution bandwidth is needed.  The results show that the FFT closely approximates the measurement data.  The following formula is proposed for calculation of the -40 dB bandwidth:
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where Bc is the total frequency deviation, τ is the time over which the main chirp occurs, k40 is the implementation factor to account for accepted differences between theory and real system output.  Administrations are asked to evaluate the proposed formula with a goal of accepting a -40 dB bandwidth formula at the fifth meeting.  In addition, the appropriate value for the implementation factor (k40) still needs to be proposed and agreed.
JRG-70 (USA)-  This document presents an analysis of the theory for the spectral characteristics of FMCW waveforms.  The document evaluates the effect of fly back time and phase discontinuity on the -40 dB bandwidth and the roll-off from the -40 dB bandwidth.  It is unclear whether phase discontinuities actually exist in FMCW systems, so further consideration of phase discontinuity may not be necessary.   Phase discontinuity widens the 40 dB bandwidth and impacts the ability to achieve a steeper roll-off from the -40 dB bandwidth.
JRG-71 (USA)-  This contribution is similar to document JRG-69 with the exception that it addresses Linear FM signal types.  A comparison is made between FFT-calculated spectra and measured signals generated with a vector signal generator.  In addition, actual measured radar data is presented for some of the signal types, providing insight into the need for an implementation factor in the -40 dB bandwidth formula.  The document proposes the following formula for calculation of the -40 dB bandwidth:
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	To account for the rise time
	EQ-6
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	To account for the fall time
	EQ-7
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	To account for both the rise and fall times combination
	EQ-8

	(
	Pulse length (us) including rise and fall times
	

	tr
	Pulse rise time (us)
	

	tf
	Pulse fall time (us)
	

	B
	LFM bandwidth (MHz)
	

	W
	1 (Constant reserved for possible future use or more refinement)
	

	V
	1 (Constant reserved for possible future use or more refinement)
	


Administrations are requested to evaluate the -40 dB bandwidth formula so a conclusion can be achieved at the fifth meeting of the JRG.  Resolution of the implementation factors in the formula is also needed.
JRG-72 (USA)-  Document 72 presented measurement data for magnetron-based meteorological radars operating in 2700-2900 MHz and 5600-5650 MHz.  The radars were operated for many years in the U.S. and are still operating worldwide.  The data shows the radars operating in 2700-2900 MHz could most likely meet the 40 dB/decade roll-off, but the radars operated in 5600 – 5650 MHz could not meet the 40 dB/decade roll-off.

JRG-73 (Australia)-  This document presents measurement data from FMCW signals produced by a waveform generator and discusses the theory of analysis of FMCW signals.  The document concludes that the measurement observation time can have a significant impact on emission measurement results.  The document proposes a measurement over a period of at least 5 waveform periods should be used.  The document also concludes that a single chirp FMCW waveforms ca only achieve the 20 dB/decade roll-off and the current -40 dB bandwidth is difficult to meet in real systems.
JRG-74 (ESA)-  This document presents a comparison between simulated and measured spectra produced by linear beam output devices.  The document considers trapezoidal unmodulated pulses and trapezoidal linear FM pulses.  The document concludes that in most cases, the 40 dB/decade roll-off can not be achieved.

Summary of Discussions.
Magnetron Radars:  The tentative conclusion of the JRG in past meetings is that magnetron-based radars would probably be unable to meet the proposed 40 dB/decade roll-off.  This conclusion was reflected in the report from DG 3.  However, data presented during the fourth meeting indicated that new technology may make future magnetron-based radars capable of meeting the 40 dB/decade roll-off.  However, insufficient data was available at the meeting to support concluding that the 40 dB/decade roll-off can be applied without placing unachievable restrictions on some radar applications, such as airborne radars.  Airborne applications are under design constraints on size, weight, power consumption and heat dissipation, constraints that are not applicable to other radar platforms.  At least one administration will attempt to obtain data on airborne radars for the fifth meeting of the JRG with the goal of concluding on whether magnetron-based radars should be excluded from the 40 dB/decade roll-off.  It is the opinion of the JRG that unmodulated pulse (PON) radars may meet the 40 dB/decade roll-off.  The JRG also has concluded the current -40 dB bandwidth for unmodulated pulse radars is correct.  A final decision on the applicability of the 40 dB per decade roll off to all unmodulated pulse radars is dependent on a determination that airborne applications can meet the objective.
Linear FM (LFM) Waveforms: A formula has been presented for calculation of the -40 dB bandwidth of LFM waveforms (refer to discussion of JRG-71 above).  Administrations are requested to consider the proposed formula and provide input to the fifth meeting of the JRG on the applicability of the proposed formula.  The formula is based on theory, thus implementation factors (W and V) are required to take into account practical implementation of a radar system.  Input from administrations is also required on the appropriate values for the implementation factors.  No agreement could be reached on the ability of LFM signals to meet the 40 dB/decade roll-off.  Review of input documents shows that there is disagreement over the ability of LFM signals to meet the 40 dB/decade roll-off.  It was the view of some JRG members that some tentative conclusions should be reached at the fourth meeting even though the 40 dB bandwidth formulas had not been agreed.  Other members argued the long-standing approach of agreeing on the appropriate -40 dB bandwidth formulas before an appropriate roll-off can be agreed.  Some members also expressed concern over the possibility that Working Parties 1A and 1C have already concluded that the JRG must agree to a 40 dB/decade roll-off for the conclusions of the JRG to be acceptable to Working parties 1A and 1C.  

FMCW Waveforms:  A -40 dB bandwidth formula has been presented (refer to discussion of JRG-69 above) to the JRG for FMCW waveforms, but its use had not been agreed as of the close of the fourth meeting.  Administrations are requested to consider the proposed formula and provide input to the fifth meeting of the JRG on the applicability of the proposed formula.  The formula contains an implementation factor ( k40) to account for implementation of real systems in comparison to theory on which the formula is based.  Input from administrations is needed at the fifth meeting on the value(s) to be used for k40.  No agreement was reached on the ability of FMCW systems to meet the 40 dB/decade roll-off.  Some input contributions conclude a 40 dB/decade roll-off is not achievable whereas other contributions conclude a 40 dB/decade roll-off may be achievable.  One difference noted in the conflicting conclusions is the use of zero padding in performing the FFT analysis.  Further complicating the matter, the appropriate test approach to measure the emission spectrum of a FMCW radar impacts the results.  The correct test procedure for FMCW must also be resolved.  DG1 will continue work prior to the fifth meeting of the JRG in an attempt to resolve the issues relating to testing and zero padding.
Approach to applying the 40dB/decade roll-off:  Throughout discussion of the various radar and signal types the issue of the inability of the JRG to address all possible radar and signal types was raised several times.  The work of the JRG could not be completed if the JRG were to attempt to evaluate every conceivable radar type/technology and every possible signal type.  A representative from one of the radar manufacturing companies indicated that radar systems integrated into the avionic platforms may not be able to meet the -40 dB/decade roll-off.  Additionally, another JRG participant indicated that during a meeting with radar designers in 2005 it was pointed out that a -40 dB/decade roll-off may not be a realistic goal since some radars may not be able to meet such criteria.  Some administrations as well as the Working Party 1A and 1C representatives were of the opinion that the 40 dB/decade roll-off should apply to radars by default.  The only radars where it would not apply would be those that are specifically shown to have difficulty meeting the mask.  Other administrations and representatives of the maritime community were of the opinion that a more cautious approach must be taken where the 40 dB/decade roll-off would only apply, by exception, to radars shown to be capable of meeting it.  
Two facts should be considered when debating the approach of applying the roll-off.  First, ITU-R SM.1541 is a recommendation, having no regulatory power.  Therefore the -40 dB bandwidth formulas and applicable roll-off curves are recommended criteria for administrations to use as they see appropriate.  The action of a World Radiocommunication Conference (WRC) is required for the content of SM.1541 to have international regulatory status.  There are no WRC-2007 or WRC-2010 agenda items indicating this would occur.  In comparison, at least one other international organization has procedures in place that automatically incorporate the in-force version of SM.1541 in their regulations.  In addition, one administration has indicated that the regulators of their administration have indicated that they plan to adopt the outcome of the JRG as the national rules.  Therefore, criteria recommended by the ITU-R will be made mandatory for the maritime community and possibly within some administrations.  The issue of whether the 40 dB/decade roll-off is applied by default, or by exception, remains unresolved.  
Other Issues:  A significant amount of time of the fourth meeting was dedicated to discussion of the JRG tasking, goals and objectives, as well as the procedures for completing the work.  The work of the JRG has expanded over the period of its existence.  The original task of the JRG was to consider the application of the 40 dB/decade roll-off design objective contained in ITU-R SM.1541 to radar systems as the recommended emission mask, replacing the current 20 dB/decade roll-off mask.  The JRG was tasked with no other work.  During past meetings the JRG concluded there were problems with the existing -40 dB bandwidth formulas and those formulas must be reviewed and updated.  The need for this action was reconfirmed at the fourth meeting.  Work to revise ITU-R SM.853 and SM.1539 as well as a report on Primary Radar Unwanted Emissions in the Out-of-Band Domain had also been undertaken by the JRG at previous meetings.  The fourth meeting concluded the JRG was at a very high risk of not completing the single task it was originally assigned, as well as the supporting work on -40 dB bandwidth formulas, and that the JRG should not be undertaking the revisions to SM.853 or SM.1539 or developing another report.  The only deliverable from the JRG is a proposed revision of ITU-R SM.1541.
Past meeting reports have addressed the work plan, deadlines and priorities of action items in detail.  The April 2007 meeting of the JRG will be the last meeting.  Therefore, members should consider the April meeting to be the deadline to complete all action necessary to make a decision on the agreed revisions to ITU-R SM.1541.  Annex 1 contains a list of specific action items identified at the fourth meeting.  No addition work plan or deadlines will be discussed in this meeting report since they are not required to continue the work beyond the fifth meeting.
Output Documents.
The meeting output documents are posted on the JRG website (http://www.its.bldrdoc.gov/meetings/itu-r/) under November 2006 4th Meeting Output Papers.
JRG-75:  Report of Fourth Meeting of the JRG
JRG-76:  Working Document on proposed revisions to Annex 8 of ITU-R SM.1541.
Concluding Remarks.
Due to the few conclusions drawn so far in the JRG and the fact that only one meeting remains, completion of the revisions of ITU-R SM.1541, Annex 8 will be challenging.  The work needs to be completed at  the fifth and final meeting.  It appears that Working parties 1A and 1C fully support implementation of the 40 dB/decade roll-off for all radars, with only a few radars excepted due to their inability to do so without degraded performance.  The radar community appears to be much more hesitant to implement sweeping changes without validating the 40 dB/decade roll-off for each and every radar type/signal type to which it is applied.    While application of the 40 dB/decade roll-off to most radars may drive manufacturers to employ more spectrum efficient techniques, the effort may also stall introduction of new radar systems for users such as the maritime community since systems currently in production are already certified for sale and use.  Therefore, a balanced solution to problem is needed to encourage greater spectrum efficiency where possible, without imposing restrictions that will limit development of new systems.

It is hoped that Working Parties 1A, 1C and 8B all recognize the complexity of the tasking provided to the JRG.  Due to the complexity of the problem, the JRG may not, in fact, complete its work by the close of the fifth meeting.  The effort of deriving the correct -40 dB bandwidth formulas proved to be a significant task, originally not planned in the work of the JRG.  Without the proper -40 dB bandwidth on which the out-of-band roll-off is referenced, the application of a roll-off curve would certainly be inaccurate. An agreement on the appropriate bandwidths can probably be achieved at the fifth meeting of the JRG.  Agreement on application of the 40 dB/decade roll-off may be much more problematic.          
Details of fifth (final) JRG meeting.

The final meeting of the JRG is planned to be held in the U.K.  

24-27 April, 2007


British Standards Institute



Chiswick London



POC:  Mr. Peter Griffiths

In addition to the main meeting room, a second smaller room is available for smaller discussions and work on completing the revisions to ITU-R SM.1541.

ANNEX 1-
Action Items from Fourth Meeting 

The following action items need to be completed in time for or prior to the fifth meeting of the JRG so that the JRG may complete its work:

1) Submit measurement data for magnetron and non-magnetron airborne radars. (U.S., Japan and Germany)
2)  Submit measurement data for FMCW radars. (U.S.)
3)  Input on waveform design, bandwidth and roll-off. (ESA-tentative)
4)  Review U.S. proposed 40 dB bandwidth formulas for LFM and FMCW, recognizing the need to still decide on implementation factors.  Feedback to the JRG prior to final meeting will be very helpful.  (all administrations)

5)  DG 1 (FMCW) to review whether phase discontinuity should be considered in the 40 dB bandwidth formula.  (DG 1 FMCW)

6) Review whether formula is needed for each type of FMCW waveform (eg flyback).  (DG 1 FMCW)

7) Determine whether FMCW can meet the 40 dB roll-off, and review the implications of various measurement approaches and analysis techniques. (DG 1 FMCW)
ANNEX 2-

Drafting Groups

 Drafting Group 1 (DG 1)-  FMCW Waveforms 
Status: Active     

Lead: Dr. Mike Turley (Australia)  

Email:  mike.turley@dtso.defence.gov.au
Terms of Reference

1) Review the current necessary bandwidth (-20 dB) and -40 dB bandwidth formulas for FMCW modulated waveforms; and, if appropriate, recommend more representative formulas.

2) Clarify the definition of frequency deviation (Bd) for FMCW waveforms.

3) Review the feasibility of the application of a 40 dB/decade roll-off from the -40 dB bandwidth for practical combinations of waveform parameters.

Drafting Group 2 (DG 2)-  FM Pulse Modulated Waveforms

Status:  Disbanded


Reason: No individual identified to assume lead role in place of Mr. Brunson (USA).

Drafting Group 3 (DG 3)-  Magnetron Emission Masks

Status: Active


Lead: Mr. Adil Abbas (U.K.)


Email:  adil.abbas@raymarine.com

Terms of Reference

1)  review the measured magnetron emission spectrum data to determine whether there is sufficient data to reach a conclusion on whether more stringent masks are achievable.
Drafting Group 4 (DG 4)- Phase Coded Waveforms
Status: Disbanded

Reason:  No individual identified for lead role and no administration indicating an interest in conducting work to produce contributions to final JRG meeting.

ANNEX 3- 

JRG 1A-1C-8B Participants

For Meeting in Mainz, Germany,

13-15 November 2006
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ANNEX 4-
Meeting Agenda

Draft Agenda for Fourth Meeting

of ITU-R JRG 1A/1C/8B

November 13-15, 2006

Mainz, Germany

Meeting Goals/Objective:  Reach agreement on as many 40 dB bandwidth formulas as feasible, and document those conclusions.  For those cases where formulas can be agreed, try to reach conclusions on the appropriate roll-off.  For those cases, where the 40 dB bandwidth formulas cannot be agreed, attempt to further the work so a conclusion to the work can be achieved in the foreseeable future.
Meeting Agenda

1)  Opening Remarks, Meeting Logistics, and Introductions

2)  Approval of Agenda

3)  Agreement on goals and objectives of Fourth Meeting

4)  Reports from Drafting Groups

· DG 1:  FMCW Modulated Waveforms

· DG 2:  FM-Pulse Modulated Waveforms

· DG 3:  Magnetron Emission Masks

· DG 4:  Phase Coded Waveforms

5)  Review of report of last meeting (January 2006)

6)  Introduction of Contributions

7)  Status of 40 dB bandwidth formulas for various radar types (see attached matrix)

8)  Roll-off from 40 dB bandwidth

· Cases where 40 dB bandwidth formula is  known

· Cases where 40 dB bandwidth formula is not yet determined

9) Incorporate agreed information into revisions of ITU-R SM 1541, SM.853 and SM.1539.

10)  Future of JRG-1A/1C/8B, including future meetings


Proposed Future Meeting (confirmed by the U.K.)



24-26 April, 2007



British Standards Institute



Chiswick London



POC:  Mr. Peter Griffiths

ANNEX 5- 

Summary of JRG Conclusions
	
	Radar Type

	Issues
	
	Unmodulated Pulse

Non-magnetron
	Unmodulated Pulse Magnetron Airborne 
	Unmodulated Pulse Magnetron All Others
	FM Pulse
	FMCW
	

	20 dB Bandwidth


	Status
	C
	C
	C
	I
	I
	

	
	Support Docs.
	N/A
	N/A
	N/A
	
	
	

	
	Concluding Doc.
	SM.1541 (in force version)
	SM.1541 (in force version)
	SM.1541 (in force version)
	
	
	

	40 dB Bandwidth
	Status
	C
	C
	C
	I
	I
	

	
	Support Docs.
	N/A
	N/A
	N/A
	
	
	

	
	Concluding Doc.
	SM.1541 (in force version)
	SM.1541 (in force version)
	SM.1541 (in force version)
	
	
	

	Implementation Factor
	Status
	C
	C
	C
	I
	I
	

	
	Support Docs.
	N/A
	N/A
	N/A
	
	
	

	
	Concluding Doc.
	SM.1541 (in force version)
	SM.1541 (in force version)
	SM.1541 (in force version)
	
	
	

	Roll-off from 40 dB BW
	Status
	C
	I
	C
	I
	I
	

	
	Support Docs.
	
	
	
	
	
	

	
	Concluding Doc.
	
	
	
	
	
	


Status categories:
NA = No action needed




NS = Work not started




I = Work incomplete




C = Work complete (should have a reference to a document containing conclusions under “Concluding Doc.”
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