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	SUMMARY

	ICAO NSP presented to FSMP WG18 some modifications to the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation, Volume II, Chapter 6 (Doc 9718) on GBAS/VDB frequency assignment planning.

The proposed modifications had been reviewed and approved by the 11th meeting of the Navigation Systems Panel (NSP) Joint Working Groups (JWGs/11) for submission to FSMP WG18 for review and inclusion in the next edition of Doc 9718, Volume II.
After presentation to the FSMP WG18, some questions from ICAO FSMP participants had been sent to ICAO NSP SWG rapporteur. ICAO NSP JWGs/12 proposed answers to the questions raised.

For July 2024 ICAO FSMP-WG/19, it was agreed that the NSP SWG rapporteur and the NSP Secretary submit a paper to provide FSMP about feedback from the NSP. As NSP JWGs/12 did not see any blocking issue raised by the questions from FSMP WG18, as the questions solely resulted in a typo correction, NSP kindly asks the FSMP to review and approve the final proposed changes to ICAO Spectrum Handbook, Volume II, Chapter 6 on GBAS/VDB frequency assignment planning.
This is the action by the FSMP meeting as in paragraph 3.


1. INTRODUCTION

1.1 ICAO FSMP WG18 WP02 presented modifications from the Navigation Systems Panel (NSP) Joint Working Groups to the ICAO Spectrum Handbook, Volume II, Chapter 6 on Ground-based augmentation system (GBAS)/VHF data broadcast (VDB) frequency assignment planning.

1.2 The proposed modifications included clarifications and corrections of the DOC for the GBAS/VDB, and optional use of the airborne correction factor in frequency assignment planning. The draft of the changes was provided in Appendix to ICAO FSMP WG18 WP02. 

1.3 During the presentation of FSMP WG18 WP02, questions and comments were raised by FSMP WG18 participants. Also, it was agreed that an action (ACTION ITEM 18-08) be created for the FSMP membership to provide comments in a written form by e-mail to the NSP sub working group (SWG) Rapporteur and to the NSP Secretary when nominated on the proposed changes before 30th April 2024. That FSMP-WG18 output, including questions raised by FSMP WG18 participants, together with answers suggested by WP02 co-ordinators, was provided in May 2024 to NSP JWGs/12 by the ICAO NSP SWG rapporteur.

1.4 For July 2024 ICAO FSMP-WG/19, it was agreed that the NSP SWG rapporteur and the NSP Secretary submit a paper to provide FSMP about feedback from the NSP. As NSP JWGs/12 did not see any blocking issue raised by the questions from FSMP WG18, as the questions solely resulted in a typo correction, NSP kindly asks the FSMP to review and approve the final proposed changes to ICAO Spectrum Handbook, Volume II, Chapter 6 on GBAS/VDB frequency assignment planning.
2. DISCUSSION

2.1 Questions from ICAO FSMP WG18 participants and NSP JWGs/12 proposed answers:

2.2 Question from NAVCANADA: Could you please provide us ?

2.3  Q1.
more explanation about the “same airport compatibility “ you propose to be used for the planning and coordination of frequency assignments;

2.4 Q2.
why frequencies below 108.1 MHz may also be precluded for FM immunity?  The reference “section 6.4.3”  is still  not clear for me.

2.5 Answer #1 : More explanation is given in GBAS ICAO SARPs Attachment D section 7.2.3.2 as well as in EUROCAE ED-114B Change 1.

2.6 Answer #2 : the preclusion of assignments below 108.1 MHz as stated in section 6.4.3 is related to the following note of GBAS ICAO SARPs section B. 3.6.8.2.2.8.3 :

2.7 Note.— The FM intermodulation immunity requirements are not applied to a VHF data broadcast channel operating below 108.1 MHz, hence frequencies below 108.1 MHz are not intended for general assignments. Additional information is provided in Attachment D, 7.2.1.2.
2.8 That Q2 addresses the first frequency at which GBAS VDB can be assigned, which is recommended to be 108.1 MHz in the ICAO SARPs and in the RF Handbook. However, assignments starting from 108.0 MHz are not forbidden by ICAO, but regional rules may force the first assignment to be at 108.1 MHz.
2.9 2/ Question from FAA:

2.10 Q3: To follow up on my question from ICAO FSMP. I received the following state letter from ICAO seeking concurrence on this item. The question I asked was related to the receiver immunity criteria or FM immunity criteria.

2.11 It isn’t clear with the proposed changes if the Immunity criteria is being moved into the handbook or being kept in the SARPs. The question is related to some of the proposed new SARPs where immunity criteria is being proposed for other bands (that are non ICAO). To be clear: I don’t have a position on it, but it should be consistent.

2.12 Answer #3 : 

2.13 This is only the guidance material related to Frequency assignment planning and utilization of ILS, VOR, DME and GBAS, contained in Annex 10 vol I Attachement C and D (green pages), that has been moved to ICAO DOC 9718 Vol II. See ICAO State Letter 2023/067 (more precisely Initial Proposals 9 and 10).

2.14 The requirements related to FM immunity for GBAS as well as ILS, VOR and DME are being kept in the ICAO Annex 10, Vol I SARPs (white pages).

2.15 For GBAS, the FM immunity requirements are provided in ICAO Annex 10, Vol I section B.3.6.8.2.2.8.
2.16 That Q3 is understood by NSP to address the changes mentioned in the state letter regarding the ICAO SARPs Volume 1 attachments that are moved into the RF Handbook. These changes are understood as acceptable, as this displacement from the SARPs guidance material is a general move undertaken by ICAO, and also because this information is not strictly speaking a requirement but only guidance information.
2.17 3/ Questions from ICAO FSMP Secretary:

2.18 Q4 : - Are the modifications already implemented in the software for frequency assignment planning ? 

2.19 Answer #4 : 

2.20 This is not implemented yet in the MANIF AFM tool used by the ICAO EUR region as a dedicated work is first needed to update the ICAO EUR DOC 011 (Frequency Management Manual) to reflect the changes related to GBAS frequency planning criteria.

2.21 Regarding the Frequency Finder tool used by other ICAO regional offices, the question was posed to the ICAO NSP Secretary who answered that the changes have been implemented. However, the module still needs more testing and refinement.
2.22 Q5 : - Is there any change to the SARPs induced by this work ?

2.23 Answer #5 : 

2.24 Yes, a work has been done by ICAO NSP to delete the guidance material on frequency assignment planning and utilization material from ICAO Annex 10 Vol I that is now in ICAO DOC 9718 Vol II. 

2.25 See ICAO State Letter 2023/067 (more precisely Initial Proposals 9 and 10) for more details. 

2.26 4/ Questions from ITU:

2.27 Q6 :- ITU-R Recommendation SM.1841 should rather be ITU-R Recommendation M.1841 ?

2.28 Answer #6 : 

2.29 Section 6.4.1 of chapter 6 of ICAO DOC 9718 Vol II mentions the ITU-R Recommendation SM.1841. 

2.30 This reference is indeed wrong and must be replaced by Recommendation ITU-R M.1841- 

3. ACTION BY THE MEETING

3.1 The ICAO FSMP WG19 meeting is invited to review and agree to the inclusion in the next edition of Doc 9718, Volume II, of the proposed modifications to Chapter 6 as shown in the Appendix to this paper, which reproduces JWGs/11-Flimsy/10 except for the correction of a typo as reaction from question Q6.
4. ANNEX
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— END —
(2 pages)
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Chapter 6



GROUND-BASED AUGMENTATION SYSTEM (GBAS)





6.1 INTRODUCTION



6.1.1 A GBAS is an element of the Global Navigation Satellite System (GNSS) and is defined in Annex 10, Volume I, Chapter 3. Guidance material for GBAS is provided in Annex 10, Volume I, Attachment D. A GBAS provides services for precision approach with vertical guidance to the aircraft.



6.1.2 A GBAS includes a ground (broadcast) transmitter (VHF data broadcast (VDB)) and an associated aircraft receiver. The GBAS ground transmitter can support all aircraft, within the coverage, with approach data, GNSS corrections and GNSS integrity information for GNSS satellites within view. GBAS systems also include multiple reference receivers. These receivers process GNSS satellite signals. The GBAS system generates the data messages to augment the GNSS signals. The data messages are transmitted by the VDB transmitter.



Note.— A GBAS VDB system can include multiple transmitters to provide adequate coverage.



6.1.3 A GBAS can provide:



a) approach service to provide guidance to the aircraft within the approach service volume; and



b) positioning service to provide horizontal position information to support area navigation (RNAV) operations.



6.1.4 A more detailed description of GBAS is contained in Annex 10, Volume I, Attachment D. Figure 6-1 illustrates the main components of GBAS operation.
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Figure 6-1.  Main components of GBAS operation







6.2 DESIGNATED OPERATIONAL COVERAGE (DOC)



6.2.1 The minimum DOC required for a GBAS VDB to provide approach services is shown in Figure 6-2.



6.2.1.1 The vertical coverage extends up to 10 000 ft above the runway threshold.



6.2.1.2 States may, as required, specify an extended DOC based on operational requirements. It is recommended to use an omnidirectional coverage that extends to 23 NM from the runway threshold and up to a level of 10 000 ft above the runway threshold. States may specify different (larger) DOC areas. For frequency coordination with GBAS it is recommended to assume a single omnidirectional coverage that encompasses all GBAS DOCs at an airport, if feasible. At a particular airport the set of GBAS DOC that are supported may include one or multiple GBAS DOC at all runways or a subset of runways. Furthermore, each GBAS DOC may be described either by the minimum DOC according to Figure 6-2 or by an extended DOC as specified by the GBAS service provider. When frequency coordination is not feasible assuming single omnidirectional coverage, it may be feasible to protect coverage only in the GBAS DOC’s.
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Figure 6-2.  Minimum required DOC for a GBAS (Annex 10, Volume I, Chapter 3)

Editorial note: Replace the current Figure 6-2 with the new Figure 6-2



6.2.1.2.1 Minimum GBAS DOC. For GBAS approaches supported by the minimum DOC, tThe vertical coverage is limited by a plane that extends from the glide path interception point with an angle of 0.3 times the glide path angle. For a glide path of 3 degrees, this angle is 0.9 degrees. At 20 NM, this plane is 2 260 ft above the earth. The upper limit of coverage is 10 000 ft that follows the earth curvature.The upper limit of the coverage to be used for frequency assignment planning for this case is 10.000 ft above the runway threshold.



6.2.1.2.2	Extended GBAS DOC.GBAS service providers may, as desired, specify an extended DOC based on the operational requirements There is no standard extended GBAS DOC. Therefore, it is recommended that frequency assignment planning is based on the actual deployed or planned GBAS DOC as defined by the GBAS service provider. Extended GBAS DOC may include changes to upper, lower, lateral or maximum distance DOC limits.



Note.— The success rate for GBAS frequency assignments could be improved by using only the actual DOC supported for each runway end, rather than assuming omnidirectional coverage.  GBAS may support both approach and positioning service DOC, which may utilize omnidirectional coverage



6.2.1.3 When GBAS supports multiple approaches, the use of a single omnidirectional VDB may be considered, if geographically feasible. In this case, frequency coordination should include all GBAS coverage areas.



Note.— The success rate for GBAS frequency assignments could be improved by using the minimum required DOC for each runway end.



6.2.2 The DOC for the GBAS VDB when providing the GBAS positioning service is the area as promulgated by States. More information on establishing the DOC is in Annex 10, Volume I, Attachment D.



6.2.3 Typically, the DOC for GBAS VDB facilities is referenced to the location and the elevation of the threshold of the runway. However, in cases where such information is not available, the coverage may be referenced to the location of the VDB transmitter. In this case, considering the offset of the VDB transmitter from the runway threshold, for frequency 

assignment planning purposes, the DOC of the GBAS should be extended by 3 NM from the location of the VDB transmitter or the aerodrome reference point (ARP), in which case a circular coverage may need to be considered or assumed.





6.2.4 GBAS VDB positioning service EIRP



6.2.4.1 The EIRP for the GBAS VDB when providing the approach service is typically 17 dBW (50 W) to provide service down to about 2 000 ft at the lower edge of the DOC.



6.2.4.2 The EIRP values for the GBAS VDB when providing positioning service are provided in Table 6-1. The values are based Annex 10, Volume I, Attachment D, and have been slightly modified.





[bookmark: 6.3_GBAS_VDB_RF_FREQUENCIES_AND_CHARACTE]Table 6-1.	Typical EIRP values for GBAS VDB positioning service



		Range (NM)

		EIRP (dBW)

		EIRP (W)



		50

		14

		25



		100

		20

		100



		150

		23

		200



		200

		26

		400







6.2.4.3 The link budget used for establishing these EIRP values is provided in Annex 10, Volume I, Attachment D. Only the horizontally polarized signals are considered.







6.3 GBAS VDB RF FREQUENCIES AND CHARACTERISTICS



6.3.1 A GBAS operates in the frequency band 108–117.975 MHz. The lowest assignable frequency is 

6.3.2 108.025 MHz, and the highest assignable frequency is 117.950 MHz. The channel spacing is 25 kHz.



6.3.3 For use in civil aviation, the GBAS signal is horizontally polarized. This significantly reduces the minimum separation distances between vertically polarized signals such as those used in VHF communications systems, VDL Mode 2 and VDL Mode 4. In this chapter, consideration is given to the use of horizontally polarized GBAS signals only.



6.3.3.1 In areas where only horizontal polarization is in operation, the consideration of cross-polar isolation between a purely horizontal polarized GBAS system and a vertical polarized system like VHF communications will result in significantly reduced separation requirements. The value for cross-polar isolation between horizontal and vertical polarization is assumed to be 10 dB (see Annex 10, Volume I, Attachment D).



6.3.4 For the purposes of frequency assignment planning, it is assumed that the field strength of the desired GBAS corresponds to the minimum field strength, as defined in Annex 10, Volume I, throughout the DOC. The minimum field strength is 215 µV/m (–99 dBW/m2), which is equivalent to a power level at the aircraft antenna output of –102 dBW with an ideal isotropic antenna (for the horizontal component of the GBAS VDB signal). The maximum field strength (SISmax) is 0.879 V/m (–27 dBW/m2 when converted to power flux density or –29 dBW when converted to power at the output of an isotropic antenna).



The minimum field strength is based on the following (see Annex 10, Volume I, Chapter 3 and Attachment D):





		[bookmark: 6.4_FM_IMMUNITY]Required receiver sensitivity

		–117 dBW



		Maximum aircraft implementation loss

		+15 dB

—————



		Power from isotropic aircraft antenna

		–102 dBW







Note.— Actual aircraft implementation loss (including antenna gain, mismatch loss and cable loss) and actual receiver sensitivity may be balanced to achieve the expected link budget. For example, if the actual aircraft implementation loss for the horizontal component is 19 dB, the receiver sensitivity must exceed the minimum requirement and achieve –121 dBW to satisfy the nominal link budget.





6.4 FM IMMUNITY



6.4.1 [bookmark: 6.5_GBAS_DATA_SELECTOR_ANDTIME_SLOT_PLAN]Once a candidate frequency is identified for which the GBAS and VOR, GBAS and ILS  separationlocalizer separation criteria are satisfied, compatibility of GBAS with FM transmissions must be determinedexamined. This is to be accomplished using the methodology applied when determining FM compatibility with VOR. If FM broadcast violates this criterion, an alternative candidate frequency has to be considered. More information on determining the compatibility with FM broadcast transmissions is in ITU-R Recommendation M.1841



6.4.2 The desensitization is not applied for FM carriers above 107.7 MHz and VDB channels at 108.050 MHz because the off-channel component of such high-level emissions from FM stations above 107.7 MHz will interfere with GBAS VDB operations on 108.025 and 108.050 MHz, hence those assignments will be precluded except for special assignments in geographic areas where the number of FM broadcast stations in operation is small and would unlikely generate interference in the VDB receiver.



6.4.3 The FM intermodulation immunity requirements are not applied to a VDB channel operating below

6.4.4  108.1 MHz, hence, assignments below 108.1 MHz will be precluded except for special assignments in geographic areas where the number of FM broadcast stations in operation is small and would unlikely generate intermodulation products in the VDB receiver.





6.5 GBAS DATA SELECTOR AND TIME SLOT PLANNING CRITERIA



6.5.1 GBAS slot assignments and GBAS five-digit channel numbers require coordination when the same GBAS frequency is used at different airports within the respective DOC areas.



6.5.2 Reference path data selector (RPDS) and reference station data selector (RSDS) assignments are to be controlled to avoid duplicate use of channel numbers within the protection region for the data broadcast frequency. Therefore, the GBAS service provider has to ensure that an RPDS and RSDS are assigned only once on a given frequency within radio range of a particular GBAS ground subsystem. Assignments of RPDS and RSDS are to be managed along with assignments of frequency and time slots for the VHF data broadcast.



6.5.3 Time slot coordination among GBAS VDB systems operating on the same frequency will not be used initially; that is, all eight time slots (A–H) are assigned to a station together with the VDB frequency. If time slot coordination were to be used, up to eight times reuse of the frequency would be possible.



6.5.4 RPDSs and RSDSs must not be duplicated within the protection region of a given frequency. As long as time slot coordination is not used to share frequencies, as indicated above, RPDS and RSDS (zero to 48) compatibility is 

6.5.5 [bookmark: 6.6_PROTECTION_REQUIREMENTS]automatically established via frequency coordination; that is, all 49 data selectors are available together with the assigned VDB frequency.



Note.— More information on the use and coordination of RPDSs and RSDSs is in Annex 10, Volume I, Appendix B.



6.5.6 GBAS reference path identifier



6.5.6.1 Between GBAS installations within radio range of a particular GBAS ground subsystem, the reference path identifier is assigned to be unique. The requirement is found in Annex 10, Volume I, Appendix B.



6.5.7 GBAS identifier



6.5.7.1 The GBAS identifier (ID) is the four-character GBAS identification to differentiate between GBAS ground subsystems. The GBAS ID is normally identical to the location indicator at the nearest aerodrome. The requirement is found in Annex 10, Volume I, Appendix B.



6.5.8 Slot assignments



6.5.8.1 The relative assignment of slots to a GBAS ground subsystem can impact performance in instances where messages in multiple slots need to be received by the airborne subsystem prior to processing. This will occur when using linked messages and/or for a GAST D ground subsystem where correction data are contained in both the Type 1 and Type 11 messages. In these cases, slot assignments for all MT 1 and 11 should be adjacent to avoid unnecessary latency and complexity of design. Non-adjacent assignments may, depending on the design of the ground subsystem, result in a lack of time for the ground subsystem to process fault detections, render some slot combinations unusable and thus result in lower efficiency of spectrum use.







6.6 PROTECTION REQUIREMENTS



Note 1.— The guidance in this section is based on Annex 10, Volume I, Appendix B.

Note 2: Compatibility criteria to protect ILS localizer and VOR signals from potential interference from GBAS VDB signals are provided in Chapters 3 and 4, respectively



6.6.1 Protection requirements for GBAS VDB receivers



6.6.1.1 GBAS VDB receivers must be capable of achieving a message failure rate of not more than one failed message per 1 000 data messages. The D/U ratios in Table 6-2 are necessary to meet this requirement.





Table 6-2.  Co- and adjacent channel protection requirements for GBAS VDB receivers



		

Frequency offset

		

VDB/VDB

		

VDB/VOR

		

VDB/ILS

		VDB/

VHF communications



		Co-frequency

		26 dB

		26 dB

		26 dB

		n/a



		+/–25 kHz

		–18 dB

		0 dB

		0 dB

		n/a



		+/–50 kHz

		–43 dB

		–34 dB

		–34 dB

		–32 dB



		+/–58.33 kHz

		n/a

		n/a

		n/a

		–387 dB









		

Frequency offset

		

VDB/VDB

		

VDB/VOR

		

VDB/ILS

		VDB/

VHF communications



		+/–66.66 kHz

		n/a

		n/a

		n/a

		–41 dB



		+/–75 kHz – +/–975

kHz

		–46 dB

		–46 dB

		–46 dB

		–454 dB



		+/–83.33 kHz

		n/a

		n/a

		n/a

		–47 dB



		+/–91.66 kHz

		n/a

		n/a

		n/a

		–49 dB



		+/–100 kHz

		–46 dB

		–46 dB

		–46 dB

		-51 dB



		+/–975 kHz

		–46 dB

		–46 dB

		–46 dB

		-51 dB



		≥ 1000 kHz

		–46 dB

		–60 dB

		–60 dB

		=77 dB







Editorial note: the D/U ratios for interference from VHF communication systems has been brought in line with the material presented in NSP WGW 12 WP08 (SESAR 15.3.6 report on “Measurement results of the compatibility between GBAS VDB with ILS and VHF COM”. It should also be noted that in the same report, the adjacent channel interference from (undesired) localizer facilities operating on adjacent channel frequencies is much better than presented in Table 6.3.





Editorial Note: the original paragraph 6.6.2 incorporating the ACF has been moved to the end of this Chapter

6.6.2 Airborne contribution factor



6.6.2.1 With the view to protect the desired VDB signals in space, an airborne contribution factor has been added. This airborne contribution factor compensates for antenna gain variations in the horizontal plane (between the direction of the desired versus the undesired transmitter) and on-board transmission line loss variation (between the frequency of the desired and undesired signal). The airborne contribution factor can be calculated with 15 + Min (6, 6 x frequency offset (in kHz) /1 000) with a maximum frequency offset of 1 000 kHz.



6.6.2.2 Table 6-3 contains the protection ratios that must be observed in frequency assignment planning to protect a desired GBAS VDB from interference that can be caused by an undesired GBAS VDB, VOR, ILS or VHF communications facility. The protection requirements for GBAS VDB receivers are presented in Figure 6-3.





Table 6-3.  Co- and adjacent channel protection requirements for GBAS VDB, signal-in-space



		

Frequency offset

		

VDB/VDB

		

VDB/VOR

		

VDB/ILS

		VDB/VHF

communications



		Co-frequency

		41 dB

		41 dB

		41 dB

		n/a



		25 kHz

		–3 dB

		15 dB

		15 dB

		n/a



		50 kHz

		–27 dB

		–18 dB

		–18 dB

		



		+/–58.33 kHz

		n/a

		n/a

		n/a

		



		+/–66.66 kHz

		n/a

		n/a

		n/a

		



		75 kHz

		–30 dB

		–30 dB

		–30 dB

		



		+/–83.33 kHz

		n/a

		n/a

		n/a

		



		+/–91.66 kHz

		n/a

		n/a

		n/a

		



		+/–100 kHz

		

		

		

		



		975 kHz

		–25 dB

		–25 dB

		–25 dB

		



		≥ 1 000 kHz

		–25 dB

		–39 dB

		–39 dB
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Figure 6-3.	Protection requirements for GBAS VDB systems (see Tables 6-2 and 6-3)























Figure 6-3.	Protection requirements for GBAS VDB systems (see Tables 6-2 and 6-3)





6.6.2.2.1 The blue curves in Figure 6-3 indicate the D/U ratios between desired and undesired VDB signals. The solid line is for the D/U ratios at the receiver input, and the dotted line is for the D/U ratios at the aircraft antenna (signal-in- space).



6.6.2.2.2 The red curves in Figure 6-3 indicate the D/U ratios between the desired VDB signal and the undesired VOR or ILS localizer signals. The solid line is for the D/U ratios at the receiver input, and the dotted line is for the D/U ratios at the aircraft antenna (signal-in-space).



6.6.2.2.3 The green curve in Figure 6-3 indicates the D/U ratios between the desired VDB signal and the undesired VHF communications signal. The solid line is for the D/U ratios at the receiver input.



6.6.2.3 Compatibility criteria to protect ILS localizer and VOR signals from potential interference from GBAS VDB signals are provided in Chapters 3 and 4, respectively.



6.6.3 Interference from VHF communications signals



6.6.3.1 On-board compatibility



6.6.3.1.1 No frequency assignment planning constraints have been identified to ensure the compatibility between the on-board transmission of VHF communications signals and the reception of GBAS VDB signals on the same aircraft.



6.6.3.2 Air-to-air interference can be expected, as indicated in Table 6-4.





Table 6-4.  Minimum separation distances between aircraft



		ΔF (kHz)

		D/U

		10 dBW1

		14 dBW1

		17 dBW1

		20 dBW1



		

		

		L (dB)

		D (NM)

		L (dB)

		D (NM)

		L (dB)

		D (NM)

		L (dB)

		D (NM)



		50

		–34 dB

		78

		< 1

		82

		1.5

		85

		3

		88

		4.5



		58.3

		–37 dB

		75

		< 1

		79

		< 1

		82

		1

		85

		3



		66.6

		–40 dB

		72

		< 1

		76

		< 1

		79

		< 1

		82

		1.5



		75

		–39 dB

		73

		< 1

		77

		< 1

		80

		< 1

		83

		2



		83.3

		–42 dB

		70

		< 1

		76

		< 1

		77

		< 1

		80

		1



		91.5

		–42 dB

		70

		< 1

		76

		< 1

		77

		< 1

		80

		1



		100

		–42 dB

		70

		< 1

		76

		< 1

		77

		< 1

		80

		1



		125

		–46 dB

		66

		< 1

		70

		< 1

		79

		< 1

		76

		< 1











The minimum required transmission loss (L) is calculated using formula (16):



𝐿 = 𝑇𝑥 − 𝑃𝑑 + 𝐷/𝑈

where:

Tx:	the EIRP of the undesired aircraft transmitter;

Pd:	the minimum GBAS VDB signal at the (desired) aircraft (–102 dBW); and

D/U:	the D/U indicated in Table 6-4.





6.6.3.2.1 The minimum separation distances in Table 6-4 are calculated assuming that isotropic antennas are on- board the desired and undesired aircraft. Taking into account the effect of the actual antenna diagram of the VHF communications and GBAS VDB antenna as well as the transient effect of air-to-air interference, at a frequency separation greater than 100 kHz, no air-to-air interference is expected.



Note.— An aircraft EIRP of 20 dBW (100 W) is not normally used. For an aircraft EIRP of 17 dBW (50 W) or less, a minimum frequency separation between the aircraft VHF communications and GBAS VDB receiver of 50 kHz may be recommended.

6.6.3.3 [bookmark: 6.7_PROPAGATION_MODEL][bookmark: 6.8_GEOGRAPHICAL_SEPARATION_DISTANCES_BE]Ground-to-air interference



6.6.3.3.1 At short distances, as shown in Table 6-4, interference from a VHF ground facility can be expected when the EIRP of the ground station is between 14 dBW (25 W) and 20 dBW (100 W). Maintaining a minimum frequency separation of 100 kHz between the assigned GBAS VDB and VHF communications frequency would avoid such interference. One option is to ensure that, in the frequency assignment planning process, a guard band of 100 kHz is introduced to prevent frequencies between 117.900 and 117.975 MHz from being used for GBAS VDB.



Note.— Using a guard band of 100 kHz as described above is quite conservative. Taking into account the actual antenna diagram and the geography of short distances to the (interfering) VHF communications station, it may be sufficient to prevent only the frequency 117.950 MHz from being assigned to a GBAS VDB station.



6.7 PROPAGATION MODEL



The propagation model that can be used to assess compatibility between GBAS VDB stations and ILS or VOR stations is described in Chapter 1. Details on this propagation model can be found in ITU Recommendation ITU-R P.528-5.







6.8 GEOGRAPHICAL SEPARATION DISTANCES BETWEEN CO- AND ADJACENT FREQUENCY FACILITIES



6.8.1 For the calculation of the minimum geographical separation distance between a desired GBAS VDB facility and an undesired GBAS VDB (or localizer, VOR or VDL Mode 4) facility, the generic model described in Chapter 1, section 1.4, must be applied.



6.8.2 The generic model establishes the minimum separation distance between a desired and undesired facility on the basis of the minimum required GBAS VDB signal of the desired GBAS VDB facility. The undesired facility should be separated by a distance that, taking into account the EIRP of the undesired facility, protects the minimum desired VDB signal as per 6.3.3.



6.8.3 For the calculation of the minimum separation distance, the required transmission loss, taking into account the minimum required field (signal) strength at the aircraft antenna of the desired facility, the D/U ratios as per Table 6-2 and the EIRP of the undesired facility are used. The minimum separation distance between the desired and the undesired facility is established using the relevant ITU-R propagation curves as per Recommendation ITU-R P.528-5. The required transmission loss (L) between the location of the undesired transmitter and the edge of coverage of the desired facility is calculated using formula (16):



𝐿 = 𝑇𝑥 − 𝑃𝑑 + 𝐷/𝑈



where:



L:	the required transmission loss;



Tx:	the EIRP of the undesired facility (as specified by States, typically 17 dBW);



Pd:	the minimum required field strength as per Annex 10. For a VDB facility, this is –102 dBW; and



D/U:	the D/U ratio (signal-in-space) as per Table 6-2.

















6.9 [bookmark: 6.9_CALCULATION_OF_MINIMUM_SEPARATION_DI]CALCULATION OF MINIMUM SEPARATION DISTANCES





6.9.1 Calculation of the minimum separation distance between a desired VDB and an undesired VDB



6.9.1.1 Desired VDB and undesired VDB (co-frequency)



Figure 6-34 provides an interference scenario for co-frequency GBAS stations. This example assumes that the GBAS VDB is within 3 miles of all runway ends supported by the GBAS and that all runway ends are supported by the minimum approach DOC illustrated in Figure 6-2.  In practice the actual GBAS DOCs should be considered, including any extended DOC or positioning service DOC that are supported by the GBAS..













Pd = –102 dBW












Desired GBAS VDB station Range: 23 NM

Height: 10 000 ft








Rlos

Rllos= 1.23 h = 123 NM




Interfering GBAS VDB station EIRP: 17 dBW

Beyond line of sight



Figure 6-34.	Interference scenario for co-frequency GBAS stations





The parameters used in this example are:



Tx:	17 dBW (paragraph 6.2.4);



Pd:	–102 dBW (paragraph 6.3.3); and



D/U:	4126 dB (co-frequency; signal-in-space, see paragraph 6.6.12 and Table 6-23).



The ITU-R aeronautical propagation curve for 112 MHz, antenna heights of 45 ft of the GBAS transmitter (h1) and 10 000 ft of the GBAS receiver (h2), and 5 per cent of the time for the undesired GBAS signal is used.



6.9.1.2 The required transmission loss (L) between the undesired GBAS VDB station and the edge of coverage of the desired GBAS VDB station is calculated using formula (16):



17 (dBW) + 102 (dBW) + 2641 (dB) = 145160 dB



6.9.1.3 With the ITU-R aeronautical propagation curve for 112 MHz and 5 per cent of the time, the height of the undesired VDB is 45 ft and the height of the desired aircraft receiver is 10 000 ft. The minimum required transmission loss of 160145 dB is obtained with a separation distance of 149213 NM. This is the minimum separation distance between an undesired VDB transmitter and an aircraft at the edge of coverage of the desired VDB facility. The station-to-station separation distance is calculated as follows:



213149 + 23 = 172236 NM



Note.— At this distance, propagation is by troposcatter.









6.9.1.4 Using the method described above, the separation distances between desired and undesired GBAS stations in Table 6-35 were calculated for desired GBAS facilities providing approach services.



6.9.1.4.1 These separation criteria do not allow for the use of a second VDB frequency within the DOC of the desired VDB, even for a frequency separation of greater than 1 MHz. For the use of a second VDB frequency, a more detailed analysis is necessary. Guidelines for such analysis are currently being developed.



Table 6-35.  Minimum separation distances between desired and undesired GBAS stations

		

Frequency offset

		

D/U (dB)

		

L (dB)

		Distance from the DOC of the desired station to the undesired station

		Distance between the GBAS stations



		∆f = 0 (co-frequency)

		41

		160

		213 NM

		236 NM



		∆f = 25 kHz

		–3

		116

		81 NM

		104 NM



		∆f = 50 kHz

		–27

		92

		9 NM

		32 NM



		∆f = 75 kHz – 975 kHz

		–30 to –25

		89 to 94

		6 to 11 NM

		29 to 33 NM



		∆f ≥ 1 000 kHz

		–25

		94

		11 NM

		33 NM







		

Frequency offset

		

D/U (dB)

		

L (dB)

		Distance from the DOC of the desired station to the undesired station

		Distance between the GBAS stations



		∆f = 0 (co-frequency)

		26

		145

		149 NM

		172 NM



		∆f = 25 kHz

		–18

		101

		24 NM

		47 NM



		∆f = 50 kHz

		–43

		76

		                         0 NM

		0 NM 



		∆f ≥ 75 kHz

		–46

		73

		0 NM

		0 NM











6.9.2 CALCULATION OF THE MINIMUM SEPARATION DISTANCE BETWEEN A DESIRED VDB AND AN UNDESIRED VOR OR LOCALIZER FACILITY (VOR OR LOCALIZER IS THE INTERFERER)



6.9.2.1 The calculation of the minimum separation distances between the edge of coverage (DOC) of a desired GBAS VDB facility and the location of an undesired VOR in Tables 6-4-6, 6-57 and 6-68 follows the same principles as described in 6.9.1.1.



The parameters used in this example are:



Pd:	–102 dBW (paragraph 6.3.3);



D/U:	as in Table 6-2; and



Tx:	17 dBW, 27 dBW and 30 dBW, respectively (EIRP of the undesired VOR or localizer).



The height of the antenna of the undesired VOR is 20 ft above local terrain, and the height of the antenna of the undesired localizer is 6 ft above local terrain.



Note.— For the purpose of specifying the curve to be used in a compatibility assessment, the local terrain is assumed at mean sea level. Information is provided in Chapter 1 to address differences in site elevation between desired and undesired facilities.

6.9.2.2 The frequency is 112 MHz, and the height of the desired VDB aircraft is 10 000 ft. The ITU-R aeronautical propagation curves (Recommendation ITU-R P.528-5) for 112 MHz and 5 per cent of the time are used. The above calculation is applied in sections 6.9.2.3.1 4 to 6.9.2.3.32.6, which provide typical combinations of EIRP values for desired and undesired stations. 



6.9.2.3 

6.9.2.4 Separation distances between a desired VDB and an undesired VOR or Localizer



6.9.2.3.1 The EIRP for the undesired VOR or Localizer is 17 dBW.



Table 6-46.  Minimum separation distances between the DOC

of the desired GBAS station and the location of the undesired VOR or localizer (17 dBW)

		

D/U (dB)

		

L (dB), 5 per cent

		VOR (17 dBW)

Distance (NM)

		Localizer (17 dBW) Distance (NM)



		41 26

		(Δf = 0)

		160 145

		160 149

		146 149



		15 0

		(Δf = 25)

		134 119

		118 68

		36 38



		–18 -34

		(Δf = 50)

		101 85

		21 4

		14 4



		–30 -46

		(Δf = 75)

		89 73

		6 0

		6 0



		–25

		(Δf = 975)

		94

		11

		8



		–39

		(Δf ≥ 1 000)

		80

		1

		1







6.9.2.5      Separation distances between a desired VDB and an undesired VOR or localizer



6.9.2.3.2 The EIRP for the undesired VOR or Llocalizer is 27 dBW.





Table 6-57.  Minimum separation distances between the DOC

of the desired GBAS station and the location of the undesired VOR or localizer (27 dBW)

		

D/U (dB)

		

L (dB), 5 per cent

		VOR (17 dBW)

Distance (NM)

		Localizer (17 dBW) Distance (NM)



		41

		(Δf = 0)

		160

		160

		146



		15

		(Δf = 25)

		134

		118

		36



		–18

		(Δf = 50)

		101

		21

		14



		–30

		(Δf = 75)

		89

		6

		6



		–25

		(Δf = 975)

		94

		11

		8



		–39

		(Δf ≥ 1 000)

		80

		1

		1









		D/U (dB)

		L(dB); 5%

		VOR (27 dBW)

Distance (NM) 

		Localizer (27 dBW) 

Distance (NM)



		  26          (Δf = 0 kHz)     

		155

		163

		163



		  0        (Δf = 25)

		129

		101

		67



		-34        (Δf = 50 kHz)

		95

		13

		9



		-46        (Δf = 75 kHz)

		83

		3

		3



		-46      (Δf = 100 kHz)

		83

		3

		3



		-60    (Δf ≥ 1000 kHz)

		69

		0

		0







6.9.2.6 Separation distances between a desired VDB and an undesired VOR or localizer



6.9.2.3.3	The EIRP for the undesired VOR or localizer is 30 dBW. Pd is –102 dBW and the propagation is as per ITU propagation curves.



[bookmark: 6.10_FREQUENCY_ASSIGNMENT_PLANNING_METHO]Table 6-68.  Minimum separation distances between the DOC

of the desired GBAS station and the location of the undesired VOR or localizer (30 dBW)

		

D/U (dB)

		

L (dB), 5 per cent

		VOR (30 dBW)

Distance (NM)

		Localizer (30 dBW) Distance (NM)



		41 26

		(Δf = 0)

		173 156

		260 201

		209 201



		15 0

		(Δf = 25)

		147 132

		143 111

		129 77



		–18 -34

		(Δf = 50)

		114 98

		51 17

		29 11



		–30 -46

		(Δf = 75)

		103 86

		24 4

		16 4



		–25

		(Δf = 975)

		107 86

		314

		20 4



		–39 =60

		(Δf ≥ 1 000)

		93 72

		010

		7 0





Note.— The separation distances in Tables 6-64, 6-75 and 6-68 are measured from the location of the undesired VOR or localizer facility to the edge of the coverage of the desired GBAS VDB facility. The protection height of the GBAS VDB facility is 10 000 ft.



6.9.3 CALCULATION OF THE MINIMUM SEPARATION DISTANCE BETWEEN A DESIRED VDB AND AN UNDESIRED VHF COMMUNICATIONS SIGNALS



6.9.3.1 On-board compatibility



6.9.3.1.1 No frequency assignment planning constraints have been identified to ensure the compatibility between the on-board transmission of VHF communications signals and the reception of GBAS VDB signals on the same aircraft.



6.9.3.2 Air-to-air interference can be expected, as indicated in Table 6-7.





Table 6-7.  Minimum separation distances between aircraft



		ΔF (kHz)

		D/U

		10 dBW[footnoteRef:2] [2:  EIRP of the aircraft VHF-COM transmitter] 


		14 dBW1

		17 dBW1

		20 dBW1



		

		

		L (dB)

		D (NM)

		L (dB)

		D (NM)

		L (dB)

		D (NM)

		L (dB)

		D (NM)



		50

		–32 dB

		80

		1.5

		84

		2

		87

		3

		91

		4.5



		58.3

		–38 dB

		74

		0.6

		78

		1

		81

		1

		84

		2



		66.6

		–41 dB

		71

		0.4

		75

		0.7

		78

		1

		81

		3



		75

		–45 dB

		67

		0.3

		71

		0.4

		74

		0.6

		77

		0.9



		83.3

		–47 dB

		65

		0.2

		69

		0.3

		72

		0.5

		75

		0.7



		91.6

		–49 dB

		63

		0.1

		67

		0.3

		70

		0.4

		73

		0.5



		100

		–51 dB

		61

		0.1

		65

		0.2

		68

		0.3

		71

		0.4



		125

		–465dB

		47

		0

		61

		0.1

		64

		0.2

		67

		0.2







Editorial note: The D/U ratio in table 6.7 is brought in line with Table 6.2



The minimum required transmission loss (L) is calculated using formula (16):



𝐿 = 𝑇𝑥 − 𝑃𝑑 + 𝐷/𝑈

where:

Tx:	the EIRP of the undesired aircraft transmitter;

Pd:	the minimum GBAS VDB signal at the (desired) aircraft (–102 dBW); and

D/U:	the D/U indicated in Table 6-7.





6.9.3.2.1 The minimum separation distances in Table 6-7 are calculated assuming that isotropic antennas are on- board the desired and undesired aircraft. Taking into account the effect of the actual antenna diagram of the VHF communications and GBAS VDB antenna as well as the transient effect of air-to-air interference, at a frequency separation greater than 100 kHz, no air-to-air harmful interference is expected.



Note.— An aircraft EIRP of 20 dBW (100 W) is not normally used. For an aircraft EIRP of 17 dBW (50 W) or less, a minimum frequency separation between the aircraft VHF communications and GBAS VDB receiver of 50 kHz may be recommended.

6.9.3.3 Ground-to-air interference



6.9.3.3.1 At short distances, as shown in Table 6-7, interference from a VHF ground facility can be expected when the EIRP of the ground station is between 14 dBW (25 W) and 20 dBW (100 W). Maintaining a minimum frequency separation of 100 kHz between the assigned GBAS VDB and VHF communications frequency would avoid such interference. One option is to ensure that, in the frequency assignment planning process, a guard band of 100 kHz is introduced to prevent frequencies between 117.900 and 117.975 MHz from being used for GBAS VDB.



Note.— Using a guard band of 100 kHz as described above is quite conservative. Taking into account the actual antenna diagram and the geography of short distances to the (interfering) VHF communications station, it may be sufficient to prevent only the frequencies 117.950 MHz and 117.975 MHz from being assigned to a GBAS VDB station.





6.10 FREQUENCY ASSIGNMENT PLANNING METHODOLOGY FOR A GBAS VDB



6.10.1		The frequency assignment planning criteria in this chapter are based on the experience with a number of GBAS facilities operating satisfactory around the world. These planning criteria assume

a. The aircraft is operating towards the airport from where the GBAS/VDB is located

b. The actual field strength of the desired signal is higher than the minimum required

c. Small areas (<1NM) where in extreme cases interference may be foreseen may not be operational significant)





6.10.2	For the planning and coordination of frequency assignments, the following methodology can be used:



Note.— Alternative methods may be developed on the basis of a regional agreement.



Step 1: For frequency coordination for a GBAS facility, all frequencies assigned to ILS localizer, VOR or VDB facilities within the DOC of +10 NM of the (desired) GBAS VDB facility and within the range of +/–75975 kHz of the assigned localizer, VOR or VDB frequency should initially be excluded for consideration as a candidate frequency for the (desired) GBAS VDB facility. Using frequencies below 108.1 MHz may also be precluded for FM immunity reasons (see section 6.4.3) as well as frequencies at 117.950 and higher to avoid interactions with the frequency assignment plan for VHF COM systems (see chapter 2, paragraph 2.11.2.3).



Step 2:	For the undesired stations (ILS, VOR, VDB) that are outside the DOC of the desired GBAS VDB facility, the frequency assignment planning criteria in 6.9.1 (GBAS VDB) and 6.9.2 (localizer and VOR) apply. These are based on the protection requirements in paragraph 6.6.2.1 to protect the signal-in-space. The undesired stations can operate throughout the band 108–117.975 MHz.



Step 3:	Check if the required D/U ratio is always met with respect to the relative separation distance between the GBAS VDB receiver and ILS localizer or VOR stations located in the vicinity. This may include a detailed analysis taking into account the exact characteristics of the localizer and VOR facilities, and ground and flight measurements of the actual signal strength (of the desired and the undesired signal). It is the State’s responsibility to ensure that this step is performed prior to putting a GBAS VDB facility into operation.







Step 4:	A “same airport compatibility” analysis may be required to secure that in all cases the maximum signal strength of the undesired signal at the aircraft are not exceeded. Additional information on the “same airport compatibility” is in RTCA/EUROCAE ED-114B Change 1.







6.11	Airborne contribution factor



6.11.1	In extreme cases where the assumptions as in paragraph 6.10.1 cannot be applied or are not offering the GBAS/VDB compatibility calculations for GBAS versus GBAS, Localizer and VOR facilities may include the use of the Airborne Contribution Factor (ACF) . This will require larger protection distances between the desired GBAS/VDB and the undesired GBAS/VDB, Localizer and VOR and, in the case of adjacent channel interference, over a range of plus/minus 1 MHz. In this case it may be difficult if not impossible to find a proper GBAS/VDB frequency that can be assigned and, in return, such a frequency assignment will prohibit in a large area the addition of new VOR or Localizer facilities.



6.11.2 The airborne contribution factor compensates for antenna gain variations in the horizontal plane (between the direction of the desired versus the undesired transmitter) and on-board transmission line loss variation (between the frequency of the desired and undesired signal). The airborne contribution factor can be calculated with 15 + Min (6, 6 x frequency offset (in kHz) /1 000) with a maximum frequency offset of 1 000 kHz.



6.11.3 The protection requirements for GBAS VDB receivers accounting for ACF are presented in Table 6-8 and Figure 6.4.





Table 6-8.  Co- and adjacent channel protection requirements for GBAS VDB, signal-in-space



		

Frequency offset

		

VDB/VDB

		

VDB/VOR

		

VDB/ILS

		VDB/VHF

communications



		Co-frequency

		41 dB

		41 dB

		41 dB

		n/a



		25 kHz

		–3 dB

		15 dB

		15 dB

		n/a



		50 kHz

		–27 dB

		–18 dB

		–18 dB

		



		+/–58.33 kHz

		n/a

		n/a

		n/a

		



		+/–66.66 kHz

		n/a

		n/a

		n/a

		



		75 kHz

		–30 dB

		–30 dB

		–30 dB

		



		+/–83.33 kHz

		n/a

		n/a

		n/a

		



		+/–91.66 kHz

		n/a

		n/a

		n/a

		



		+/–100 kHz

		

		

		

		



		975 kHz

		–25 dB

		–25 dB

		–25 dB

		



		≥ 1 000 kHz

		–25 dB

		–39 dB

		–39 dB
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Figure 6-4.	Protection requirements for GBAS VDB systems (see Tables 6-2 and 6-8)





6.11.3.1 The blue curves in Figure 6-4 indicate the D/U ratios between desired and undesired VDB signals. The solid line is for the D/U ratios at the receiver input, and the dotted line is for the D/U ratios at the aircraft antenna (signal-in- space).



6.11.3.2 The red curves in Figure 6-4 indicate the D/U ratios between the desired VDB signal and the undesired VOR or ILS localizer signals. The solid line is for the D/U ratios at the receiver input, and the dotted line is for the D/U ratios at the aircraft antenna (signal-in-space).



6.11.3.4 The green curve in Figure 6-4 indicates the D/U ratios between the desired VDB signal and the undesired VHF communications signal. The solid line is for the D/U ratios at the receiver input.



6.7.1.1 
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