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1. Introduction

1.1 Following review of the results of WRC-2000, the Air Navigation Commission (154- 10) requested AMCP to place high priority in the development ICAO position for WRC-2003 in full coordination with GNSSP and other relevant bodies. GNSSP Working group B at its meeting in Seattle,Wa, US ( 29 May- 9 June 2000) was informed of the outcome of WRC-2000 and developed the work programme for its GNSPP Spectrum Sub-group. The sub-group met in London, UK from 18 to 20 July2000 to start its work and, among on the things, made a number of suggestions for modifications to their work programme. The report of the Spectrum Sub-group meeting is reproduced in Attachment A to this working paper. The Spectrum Sub-group work programme as modified by the London meeting is in Attachment B. 

1.2 Next meeting of the Sub-group will be held in Washington, DC  for the week of 29th January 2000 in parallel with RTCA SC-159. Considering that the spectrum issues associated with the allocations for RNSS are directly related to the development of SARPs for new GNSS elements and signals, subsequent meetings of the Spectrum Sub-group would typically be planned in parallel with GNSSP Working group B meetings.

1.3  A schedule of the meetings will be established at the GNSSP WG B meeting in Yokohama, Japan with the final objective to provide, in early 2002, the results of GNSSP work on GNSS related issues for the ICAO position at 2003. In the interim, the Spectrum Sub-group will attempt to provide its input to ongoing activities in ITU relevant to GNSS.

2. Action by AMCP Working group F:

2.1 Working group F is invited to note the information above and the work in progress in GNSSP as shown in Attachment B to this working paper.

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

                                                                                                                                            Attachment A

REPORT OF GNSSP WGB SPECTRUM SUB- GROUP MEETING

(18th – 20th July 2000, London, England)

1. Introduction

1.1
The meeting of the GNSSP Spectrum Sub-group was held from 18th to 20th July 2000.  The meeting was chaired by Mr. John Owen, the Rapporteur of the sub-group.  A list of participants is provided in Attachment A, and working papers are listed in Attachment B.

1.2
The meeting agenda was as follows:

1. Welcome and introductions

2. Review of GNSSP WG/B spectrum future work programme

3. Review of WRC-2000 outcome

4. RNSS in frequency bands used by GNSS
a)  RNSS allocation in DME band
b)  GPS L5 and Galileo
c)  Other ITU-R study activities

5. GBAS/GRAS operation in the ILS/VOR band, including FM compatibility

6. Future use of the 5GHz band

7. Interference from ultra wideband devices

8. Future work plan

2.
Agenda Item 2 - Review of GNSSP WG/B spectrum future work programme

2.1
The meeting reviewed WP/3 which was provided by the GNSSP Secretary.  The paper contained an extract from the WG B report from the Seattle meeting in June covering the list of tasks to be accomplished, together with some comments from the ICAO Secretariat.  Each item was discussed briefly to ensure that the sub-group had sufficient understanding of the task.  The conclusions of this review are given below.

a)
future use of the 5 GHz band (including MLS).

The Secretariat comments proposed that a role for the GNSSP should be to state to what extent requirements for precision approach and landing (Cat II/III) can be satisfied by GNSS in the foreseeable future.  In addition they proposed that the MLS vertical coverage requirements should be reviewed, taking account of GNSS capabilities.  The objective is to determine if aviation can justify the future use of the MLS expansion band (5091 – 5150 MHz).  Unless use of the band is justified it is likely to be re-allocated by WRC-2003.

b)
radio regulatory provision for navigation datalinks in the band 108-117.975 MHz

The meeting noted that four of the items under this task relate to the development of draft inputs to ITU-R.  These will support an allocation for the GBAS/GRAS service in the ILS/VOR band at WRC-2003.  The final item relates to the compatibility of GBAS/GRAS with ILS in the 108 – 112 MHz band.  Although some work has been done on this topic it is not sufficient to develop sharing criteria.  The meeting considered that this item should be addressed under the development of frequency planning criteria (paragraph 7.3.1.2 of WP/3).

c)
Radio regulatory provisions for a surveillance data link (VDL Mode 4) in the band 108 – 117.9575 MHz.

The GNSSP will address only the protection requirements for GBAS/GRAS from VDL Mode 4 data links used for ADS.  It is assumed that AMCP WG F will address protection of ILS/VOR from VDL Mode 4 transmissions.

d) compatibility of GBAS, GRAS and VDL Mode 4 with FM broadcasting stations operating in the band 87 – 108 MHz

The GNSSP will consider only GBAS/GRAS compatibility with FM broadcasting.  The meeting noted that GBAS compatibility with FM broadcasts had already been addressed by the GNSSP.  This task is related closely to Task b), item 3, which addresses the inclusion of GBAS/GRAS FM immunity requirements into ITU-R IS.1009.  It is assumed that the AMCP will address the compatibility of VDL Mode 4 with FM broadcasting.

e) Interference from ultra wideband systems

The meeting noted that this task only concerns interference from ultra wideband systems into GNSS.

f)
Interference from cable systems

After some discussion the meeting noted that this task relates mainly to direct interference from cable systems to GBAS/GRAS, and any harmonics affecting GNSS.  In addition it was noted that future cable systems may use frequencies up to 3 GHz in some States.  Interference to VHF communications had been reported in one State.  The meeting agreed that any available information on this issue would be collected and documented.  It is considered possible that ILS/VOR may be affected more than GNSS, however this will not be considered by the GNSSP.  On-going co-ordination with AMCP is therefore required; the output from this activity could be a State Letter drawing attention to the problem.  The meeting noted that this issue, along with the use of asynchronous data links, was being considered by CEPT.

Actions:

Monitor CEPT efforts







All

Provide further information on identified problems



All

k)
RNSS in frequency bands used by GNSS

The meeting noted that the first item (the allocation for RNSS in 1164-1215MHz portion of the DME band) had already been addressed at WRC-2000 and that no further action was required.  The second item (study of aggregate interference level to DME) required further work by the sub-group.  The third item related to the development of a draft GPS L5 and Galileo signal characteristics for input to ITU-R.  The meeting noted that this task was dependent on having mature signal definitions for these systems.  The fourth and fifth items refers to outstanding issues on the characterisation and apportionment of the GPS L5 and Galileo receiver aggregate interference tolerance.  The fifth item refers to an ITU study of the IMT 2000.  The meeting agreed with the Secretariat proposal that this task should be undertaken by AMCP rather than the GNSSP.  The remaining items refer to proposals for non-geostationary satellite augmentation systems, and the meeting noted the secretariat view that the objectives for these tasks are not clearly understood.

n) Assist in developing the draft ICAO position for future WRCs

The meeting noted this task.

o) Assist in developing material for submission to ITU and ITU-R

The meeting noted that this task related to tasks a), b), d) k) and r) and that the output from these tasks would be considered by AMCP before submission to ITU.

r) Consider a common method for assessing compatibility between FM broadcasting and aeronautical systems in the band 108 – 137 MHz.

The meeting noted that this task only related to GBAS/GRAS.  It is assumed that the AMCP would be leading the development of a common method, as this is understood to be a common software package.

Para 7.3.1.2
Development  of frequency planning criteria for ILS and GBAS/GRAS compatibility and GBAS/GRAS compatibility with VDL and DSB-AM.

The meeting concluded that these tasks required guidance material (GM) to be developed to extend the existing GM, which covers the GBAS in the VOR band, to cover the ILS band and to deal with compatibility with VDL and DSB-AM in the communications band.

3.
Agenda Item 3 – Review of WRC-2000 outcome

3.1
The meeting reviewed WP/4 which includes relevant extracts from the Final Acts of WRC-2000.  The meeting noted that resolution [COM5/19] invites ITU-R to assess the need for an aggregate power flux-density limit for the RNSS service in the band 1164-1215 MHz, and to revise the provisional pfd limit given in S5.328A.  One member informed the meeting that proposals for the ITU-R Working Group 8D work plan included an item to measure the protection ratio required for the airborne DME receiver.  The meeting expressed concern about this because the receiver performance is specified in RTCA and EUROCAE MOPS.  The meeting therefore considered that there is no requirement for receiver testing to determine this parameter.

3.2
During discussions, it was noted that changes made to Footnote S5.328, i.e., the addition of the phrase “by the aeronautical radionavigation service”, had resulted in adverse consequences in at least one State.  Though it was assumed that the intent of the change was to allow utilisation of the new RNSS by all users, it is being used to preclude the introduction of aeronautical data links (e.g., ADS-B) in the 960-1215 MHz band which do not meet the ITU definition of ARNS (i.e., using a “property of the wave” to facilitate navigation).  Further note was made of the fact that the new Footnote S5.329A, putting additional constraints on space-space use of the RNSS, did not include RNSS in the 1164-1215 MHz band.  Both of these issues should be noted by AMCP in their preparations for WRC-03.

4.
Agenda Item 4 – RNSS in Frequency bands used by GNSS

4.1
Agenda item 4a)  RNSS allocation in DME band


4.1.1
Several issues were discussed concerning the respective merits of Galileo sharing the GPS L5 frequency (1176.45 MHz).  The issues were that sharing would take time to co-ordinate while use of another frequency for example 1202 MHz would provide independent operation and diversity against interference.  However the group recognised that co-frequency operation may have significant benefits for receiver manufacture and antenna design.  The US have designed L5 to permit sharing for up to two additional systems, with the proviso that the ranging code have adequate cross correlation rejection.

4.1.2
Galileo is investigating the use of a narrow band (~2MHz) signal in conjunction with the wide band 20 MHz signal to enable operation in the DME interference environment.  It is proving difficult to reallocate the frequencies of DME’s in Europe to avoid the large number operating in the proposed L5 and Galileo E5 bands that cause interference above the level that the pulse blanking techniques can remove.  It was noted that WP/6 indicates initial estimates of DME impact on L5 may be pessimistic, primarily due to an assumption that DME pulses do not overlap.  Further refinement is suggested when examining affected areas.  A narrow band signal will have a significantly reduced number of DME’s in band and although the processing gain is also reduced some studies indicate a interference free environment.  The sub-group noted that none of the Galileo study results have been presented to the GNSSP.

4.1.3
However the FAA intend to reduce the number of DMEs operating in the L5 in the CONUS therefore reducing the interference environment to that tolerable by the pulse blanking techniques.  The compatibility of L5 and a narrow band signal on a co-frequency system had yet to be investigated.

4.1.4
The meeting recognised that an opinion from ICAO on the advantages and disadvantages of frequency sharing would be desirable.  However the sub-group considered that it would not be possible to provide an informed opinion without further information and study results from the Galileo system design.

4.1.5
The Sub group noted from WP/4 the allocations for RNSS made by the ITU in the ARNS bands and the invitation to ITU-R to conduct in time for WRC-2003 appropriate studies into the compatibility of the systems.  The Sub-group had previously considered the topic at the Washington meeting (see WP/3) and noted the issues raised by the ITU.  In the sub group’s opinion there were four issues:

· The use of single/multiple entry factors in the determination of the PFD limit.  It was noted that there is evidence that 6 dB and 10 dB have both been used in the ITU.

· The gain and polarisation rejection of the DME aircraft antenna to GNSS signals.

· The background noise environment.

· There is no methodology that enables the split of total aggregated power between individual RNSS systems.

4.1.6 The group noted that these issues would take some time to resolve if accurate figures are required.  DERA has a work item for Eurocontrol to investigate DME antenna gains. The antenna data would not be available until 2001 and the group postponed further discussion until such data was available.  DERA has data on the background noise level over Europe that will be provided to the sub-group.

4.1.7
The meeting concluded that it did not understand the requirement in the work programme to apportion the aggregate interference per RNSS system.  The view of the sub-group was that there did not appear to be an ITU-R study required on this issue and it would be addressed by co-ordination between administrations.  It was also noted that it would be a very difficult task to accomplish.  The sub-group will therefore do no further work on this item.

Actions:
To provide data on background noise at L5/E5 by September 2000
UK (DERA)

To provide data on DME antenna gains and polarisation rejection
Eurocontrol
when available.

To provide further information on the use of 6 and 10 dB                       UK(NATS) 
single/multiple entry factors in the ITU.                                           

4.2
Agenda Item 4b)  GPS L5 and Galileo

4.2.1
The group reviewed WP/6 reporting results of work in the US using blanking techniques to reduce the effect of pulse interference.  Although draft data defining GPS L5 signal characteristics was available from RTCA it had yet to be formally approved and published by the US.  RTCA were currently considering the receiver characteristics particularly the interference immunity criteria.  This data is not expected to be available until 2001.  Further information on rejection of high power pulse signals was requested.

4.2.2
Galileo is in its definition phase with a formal decision to commence development scheduled for December 2000.  Some data on the E5 signal that is proposed for the ARNS band is becoming available in papers from the European Commission’s and European Space Agency’s work.

Actions:

To request release of provisional data defining the Galileo E5 signal,
             UK (DERA)
interference immunity analysis and receiver characteristics.

To publish L5 signal characteristics and interference immunity analysis.
US

4.3
Agenda item 4.c)  Other ITU-R study activities

4.3.1
No other ITU R studies were identified that were applicable to GNSS frequencies, other than those related to proposed non-geostationary satellite augmentation systems.  It was concluded that further information on these proposals was required to determine any further actions required.

Action:

To provide further information on proposed NGSO augmentation systems

US

5.
Agenda Item 5 – GBAS/GRAS operation in the ILS/VOR band

5.1
The meeting reviewed the work programme items related to GBAS and GRAS operation in the band 108 – 117.975 MHz.  The conclusions of this review are as follows:

5.2
Task b), items 1&2 – ITU-R characterisation of GBAS and GRAS to support an allocation for the protection of GBAS/GRAS in the 112-117.975 MHz band, and characterisation of GBAS/GRAS receiver aggregate interference tolerance.  The data for this task is already available for GBAS and only needs to put into the necessary format.  However the meeting questioned the need for an additional ITU document since the system is defined in SARPs.  It was agreed that the main output from this work should be proposed wording for the new footnote, together with a supporting information package.  Any further activities on all tasks, for GRAS is dependent on receiving the necessary inputs from the experts working on the system definition and SARPs.  A number of actions were agreed as a result of the discussion:


Actions:

Supply the group with the text of the US FCC wording



US

Review the UK proposal to WRC-2000





US

Advise on the appropriate format for the ITU document



UK

Provide data package on GBAS signal characterisation and
interference immunity based on SARPs/MOPS




US

Request GRAS data from WG/B






Rapporteur

5.3
Task b), item 3 – FM immunity.  The meeting reviewed WP/8 which provides a preliminary analysis of the changes to ITU-R IS.1009.  It was agreed that to support the new footnote it was essential to make it clear that the use of the band by GBAS does not place any additional constraints on FM broadcasters than those required by ILS/VOR, and that GBAS would operate in the current FM broadcast environment.  It was agreed that further work is necessary to determine if all the information is available to complete this task.

Action:
To review ITU-R IS.1009 and develop requirements for appropriate

UK
technical material.

5.4
Task b), item 4 – Spurious emissions.  The meeting questioned the need to modify ITU-R SM-329-7 to include GBAS/GRAS.  This will be reviewed at the next meeting.

Action:

To document the SARPs spurious emission requirements, explain how this
US
meets the ITU requirements, and review the ITU document

5.5
Task c) – GBAS/GRAS and VDL Mode 4 compatibility.  The meeting was very concerned about this proposal to use the VHF navigation band for a surveillance datalink, although it was recognised that the ICAO Spectrum Handbook stated that surveillance systems should use navigation spectrum.  The GNSSP had undertaken a significant amount of work on the criteria for GBAS to share the ILS/VOR band and on the spectrum capacity available for GBAS in this band.  It was not clear to the meeting how the proposal to use this band for mobile transmitters is intended to operate.  The meeting therefore concluded that it could do no further work on this item without further information from the AMCP.  This needs to cover the proposed concept and the results of any studies carried out to determine sharing criteria and spectrum availability.

Action:

To request further information from the AMCP on the use of VDL Mode 4
Rapporteur
for ADS

5.6
Task d) – compatibility of GBAS/GRAS and VDL mode 4 with FM broadcasting.  GBAS FM compatibility has already been addressed in the SARPs and further actions are defined under Task b).  It is assumed that this will also cover GRAS since the same VDB receiver will be used but this requires confirmation from WG/B.  The meeting concluded that VDL Mode 4 compatibility with FM broadcasting was not within the scope of the GNSSP.

5.7
Development of frequency planning criteria.  The development of frequency planning criteria for the use of the ILS band will require additional testing and analysis.  This will require the participation of the industry representatives and the meeting did not have information on any planned test activities.  The following actions were therefore agreed to support the development of guidance material.

In regard to the second item, GBAS/GRAS compatibility with VDL and DSB-AM, the meeting noted the work being carried out by the AMCP (see WP/9).  This establishes interference criteria, scenarios and test methods for compatibility between VDL 2, 3, 4 and DSB-AM communications.  This work will be a useful input to the spectrum sub-group as the VDL Mode 3 physical layer is similar to that of VDB.  It was noted that the AMCP work does not address protection of adjacent bands.

Actions:

To provide information on GBAS/ILS compatibility testing


All
already carried out and any future test plans.
To monitor AMCP WG/B work






All

To identify additional specific parameters to be used to define GBAS
compatibility with VDL and DSB-AM communications



France

6.
Agenda Item 6 – Future use of the 5 GHz band

The meeting reviewed the definition of this task provided by the Secretariat.  The meeting noted that if aviation wished to retain the allocation for the MLS expansion band a strategy to justify it’s retention needs to be developed.  It was also noted that within the European Region this issue was being addressed by AWOG/EANPG.  In addition Eurocontrol are studying European MLS requirements including military requirements.  The results of this review will be reported to AWOG.  The meeting observed that no RNSS requirements for the 5 GHz band had been identified other than for MLS (Reference GNSSP/3 Report and ICAO input to WRC-2000).  The meeting concluded that the issues raised by the Secretariat did not concern radio spectrum and that they should be referred to GNSSP Working Groups A and B.

7.
Agenda Item 7 – Interference from ultra wideband devices

The meeting was informed that this issue is mainly being addressed in the US, however there was concern that global proliferation of the technology is likely.  There are many potential applications for this technology which is not covered by existing radio regulations.  The US agreed to provide further information.

Actions:

1.
Provide Stanford/University of Texas test plans



US

2.
Provide FCC Notice of Provisional Rule Making



US

8.
Agenda Item 8 – Future work plan

8.1
The meeting reviewed the future work plan and actions.  The group noted that it was currently difficult to agree a long term work plan in preparation for WRC-2003.  It was also noted that the work on GRAS and VDL Mode 4 is totally dependent on inputs from the appropriate groups.  The meeting noted that many of the tasks required the participation of industry members and advisors who do not normally attend the Spectrum sub-group.  It was therefore considered that it would be beneficial to hold future meetings in parallel with either WG/B meetings, or RTCA SC-159 meetings, where industry members could be expected to attend.  The next meeting is therefore planned for the week of 29th January 2001, in Washington.  This will coincide with a meeting of SC-159 and there should also be much more information on Galileo available.  A long term work plan will be developed at this meeting.

8.2
The actions were reviewed, and a consolidated list is given below.  It was agreed that in order to progress the work the preliminary results of some actions would be distributed to the sub-group members by e-mail at the end of September.  These are identified in the action list ( * ).

Action List

GBAS/GRAS

SG1/1
Supply the group with the text of the US FCC wording
US *

SG1/2
Review the UK proposal to WRC-2000
US *

SG1/3

Advise on the appropriate format for the ITU document
UK *

SG1/4
Provide data package on GBAS signal characterisation and
US
interference immunity based on SARPs/MOPS

SG1/5

Request GRAS data from WG/B                                                                             Rapporteur*

SG1/6
To review ITU-R IS.1009 and develop requirements for
UK *
appropriate technical material.

SG1/7
To document the SARPs GBAS spurious emission requirements,
US *
explain how this meets the ITU requirements, and review the 
ITU document

SG1/8
To request further information from the AMCP on the use of                                Rapporteur*
VDL Mode 4 for ADS

SG1/9
To provide information on GBAS/ILS compatibility testing
All
already carried out and any future test plans

SG1/10
To monitor AMCP WG/B work
All

SG1/11
To identify additional specific parameters to be used to define 
France
GBAS compatibility with VDL and DSB-AM communications

Future RNSS

SG1/12
To provide data on background noise at L5/E5                                                      UK(DERA)*

SG1/13
To provide data on DME antenna gains and polarisation
Eurocontrol
rejection when available.

SG1/14
To provide further information on the use of 6 and 10 dB                                   UK (NATS) *
single/multiple entry factors in the ITU.

SG1/15
GPS L5 signal characterisation and interference immunity
US

SG1/15
To request release of provisional data defining the Galileo
UK (DERA)
E5 signal, interference immunity analysis and receiver
characteristics.

SG1/16
To provide further information on proposed NGSO 
US *
augmentation systems

Ultra wideband Devices

SG1/17
Provide Stanford/University of Texas test plans
US *

SG1/18
Provide FCC Notice of Provisional Rule Making
US *

Interference from cable systems

SG1/19
Monitor CEPT efforts
All

SG1/20
Provide further information on identified problems
All
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Work programme of GNSSP Spectrum Sub-group

Note. – This work programme was developed by the GNSSP WG B meeting (Seattle, 29 May -9 June 2000) based on task assignments contained in the AMCP/7 Report, Section 7.3.3 .The work programme was reviewed by the Spectrum Sub-group meeting in London (18-20 July 2000) and finalized taking account of comments made by the Sub-group.

1.  Proposals for future use of the 5 GHz band (including MLS) 

 GNSSP should determine to what extent requirements for precision approach and landing (Cat II/III) can be satisfied by GNSS in the foreseeable future. This determination will influence planning of MLS implementation in the areas where ILS service cannot be sustained. In addition, some requirements in MLS SARPs (e.g. vertical coverage, DME/P) may be reviewed taking account of GNSS capabilities.  It should be reconfirmed that there are no any plans for future use of this band by GNSS elements. The final objective is to determine by WRC-2003 if aviation can justify the future use of the MLS expansion band (5091 – 5150 MHz).

2. Radio regulatory provision for navigation data links in the band 108 ‑ 117.975 MHz

· ITU-R characterization of Ground Based Augmentation System and Ground based Regional Augmentation System to support an allocation for the protection of GBAS/GRAS Service in the 112-117.975 MHz band

· ITU-R characterization of GBAS/GRAS receiver aggregate interference tolerance

· inclusion of GBAS/GRAS in  Specification ITU-R IS.1009 concerning compatibility with FM broadcasting stations operating in the band 87 – 108 MHz

· inclusion of GBAS/GRAS in Spurious Emissions standard ITU-R SM-329-7
3. Radio regulatory provisions for a surveillance data link (VDL Mode 4) in the band 108 ‑ 117.975 MHz

· concerning GBAS/GRAS and VDL Mode 4 compatibility
4.   Interference from ultra wideband systems 

· operating in RNSS bands used by GNSS
5.  Interference from cable systems

· operating in RNSS bands used by GNSS
6.  RNSS in frequency bands used by GNSS

· input to ITU-R study of aggregate interference level to DME

· input to ITU-R characterization of GPS L5 and Galileo signal

· input to ITU-R characterization of GPS L5 and Galileo receiver aggregate interference tolerance

· input to ITU-R study of apportioning aggregate interference per RNSS system

5. Frequency planning criteria for :

· ILS,VOR and GBAS/GRAS compatibility

· GBAS/GRAS compatibility with VDL and DSB-AM

6. Common method for assessing compatibility between FM broadcasting and aeronautical systems in the band 108 ‑ 137 MHz

· concerning GBAS and GRAS (combined effort with ILS, VOR and aeronautical communications experts)
7. Other issues (to be addressed as required)
· consideration of proposed non-geostationary (NGEO) satellite system augmentation service in the 1565.42-1585.42 MHz portion of the GNSS L1 band

· study of aggregate interference level to GPS L1 and GLONASS

· ITU-R characterization of NGSO augmentation service signal

· ITU-R characterization of NGSO augmentation service receiver aggregate interference tolerance

· RNSS allocations in other bands (if used by standardized elements of GNSS).

                                                               - end -
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