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1.0
Introduction

1.1
Studies within the International Telecommunication Union Radiocommunication Sector (ITU-R) Working Party 8B (WP 8B) have identified a number of AM(R)S applications for the airport surface. These range from uploads of routing and electronic flight bag information, to de-icing, and surface mapping to preclude runway incursion and aid in obstacle avoidance. In general those applications share the characteristics of short-range (10-20 km maximum) and high bandwidth per airport. Limitation to ground transmission, and geographic separation of airports will likely ease airport‑to-airport channel reuse.

1.2
To accommodate future growth in surface applications, portions of the 5 000-5 150 MHz band have been selected for evaluation as a potential spectrum location for an airport radio local area network (RLAN). The whole band currently has aeronautical radionavigation service (ARNS) and AMS(R)S (reference Radio Regulations Footnote No. 5.367) allocations, the 5 000-5 030 MHz portion has additional radionavigation satellite service (RNSS) allocations, and the 5 091‑5 150 MHz portion is shared with fixed-satellite service (FSS, reference RR No. 5.444A) limited to feeder links of non‑geostationary mobile-satellite systems (non-GSO/MSS). Studies in support of the 2003 World Radiocommunication Conference indicated that the 5 GHz band is well suited for the type of applications envisioned (e.g. see Recommendation ITU-R M.1450 Characteristics of broadband radio local area networks), and further work is being accomplished to determine if IEEE 802.xx technologies – utilized in those adjacent bands (i.e. above 5 150 MHz) for commercial, terrestrial RLANs – can be leveraged for a licensed aviation safety system. Ongoing testing/analysis continues, including channel sounding measurements, sample system parameter definitions, and compatibility studies with potential RNSS, ARNS and existing FSS operations. This paper presents the results of compatibility studies with planned RNSS systems in the 5 000-5 010 MHz and 5 010-5 030 MHz bands, and with radio astronomy (RA) operating in the adjacent 4 990-5 000 MHz band.

2
System characteristics 
2.1
AM(R)S system 
2.1.1
In order to address the mix of aviation applications intended for the airport surface, development of an airport safety service RLAN is envisioned for portions of the 5 000-5 150 MHz band. One candidate architecture is the Airport Network and Location Equipment (ANLE) system. ANLE is visualized as a high-integrity, safety wireless RLAN for the airport area, combined with an interconnected grid of multilateration sensors. Simple transmitters would be added to surface-moving vehicles, allowing for the development of a high-fidelity, complete picture of the airport surface environment. In order to speed development and reduce the cost of the ANLE, the system would be based on existing Institute of Electrical and Electronics Engineers (IEEE) “802-Family” standards
. As noted in a WP 8B study (8B/441[Annex 19] PDN Report ITU-R M.[AMS-FSS]), because of the “mobility” capabilities built into 802.16e, it is expected that it will prove to be the most compliant with aviation requirements. As a result, the remainder of this analysis will reference that protocol. AM(R)S parameters used for the analysis are shown in Table 2.1.1, and Figs 2.1.1 and 2.1.2, and due to the signal modulation utilized, it is expected that the signal will look noise-like to RNSS and RA receivers.

Table 2.1.1

AM(R)S based on IEEE 802.16e parameters

	Parameter
	ANLE

	Receiver sensitivity Rxs (dBm)
	–83.4

	Transmitter antenna gain Gt (dBi)
	8.0

	Receiver antenna gain Gr (dBi) 
	6.0

	Transmitter power required Pt 
	32.2 dBm


[image: image1.emf]
Figure 2.1.1

AM(R)S 802.16e transmitter antenna pattern
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Figure 2.1.2

AM(R)S emission mask

2.2
RNSS systems
2.1
In response to a liaison statement from WP 8B, Working Party 8D provided a preliminary list of RNSS system parameters. Review of those parameters revealed inconsistencies, so engineering judgement was used based on other RNSS systems, existing 5 GHz satellite equipment, and nominal link budgets provided by an RNSS service provider (Working Party 8D/403). Details of the RNSS parameters are provided below.

2.2.1
5 000-5 010 MHz band
2.2.1.1
This band is allocated to RNSS (E-s), and as such would be used for RNSS feeder links. System parameters used for the analysis are shown in Table 2.2.1.

2.2.2
5010-5030 MHz BAND
2.2.2.1
This band is allocated to RNSS (s-E). Material provided by WP 8D [8D/353 Annex 7; 8D/353 Annex 11] indicated the possibility of using this band for RNSS feeder links, and RNSS service links. As a result, separate compatibility studies were accomplished for each of those uses. RNSS parameters used for the analyses are shown in Table 2.2.1 for both applications.

Table 2.2.1

RNSS parameters for compatibility analysis

	Parameter
	Service link satellite
	Service link earth station
	Feeder link satellite
	Feeder link earth station

	Tx Power (dBW)
	21*
	N/A
	14.36**
NOTE: Provided value 0 will not close link
	6.6**

	Tx antenna gain (dBi)
	17.6*
NOTE: Based on dish with given 12 deg half-angle … implies 0.17 m diameter
	N/A
	30.92**
NOTE: Same as Rx
	39.42**
NOTE: Same as Rx

	Tx antenna pattern
	0.17 m dish*
(ITU-R S.1528)*
	N/A
	0.75 m** dish
(ITU-R S.1528)*
	2 m** dish
(ITU-R S.465)*

	Tx bandwidth (MHz)
	20*
NOTE: ES Rx BW
	N/A
	8*
NOTE: Same as ES Rx
	5 max

	Rx noise temperature (K)
	N/A
	450
	300*
	300*

	Rx bandwidth (MHz)
	N/A
	20
	5*
NOTE: Same as ES Tx
	8

	Rx antenna gain (dBi)
	N/A
	Upper hemisphere: 3 Max, –4.5 min
Lower: –10 max
	30.92**
NOTE: based on given 0.75 m dish; provided value 26.2 has efficiency too small
	39.44**
NOTE: based on given 2 m dish; provided value 44 has efficiency too small

	Rx antenna pattern
	N/A
	Constructed from provided values
	0.75 m dish
(ITU-R S.1528)*
	2 m dish
(ITU-R S.465)*

	Earth station rx antenna min el (deg)
	N/A
	5*
	N/A
	5* 

	C/N0 interference threshold (dB-Hz)
	N/A
	35.5
	79
NOTE: Max of provided 45 and 79
	86.78**


*
shows the values that were used, as no value was provided in Ref 1/Ref 2.
**
shows values that were modified from what was provided in Ref 1/Ref 2.
Reference 1: Document 8D/353 Annex 7; Reference 2: Document 8D/353 Annex 11

2.3
Radio astronomy

2.3.1
Details, parameters and approach for compatibility analyses with RA are contained in a number of ITU-R Recommendations (e.g. RA.769, SA.509, etc.). 

3
Analysis methodology 
3.1
Analysis parameters
3.1.1
General approach

3.1.1.1
The basic approach is to determine the AM(R)S-to-RNSS line-of-sight (LOS) separation required to ensure the RNSS carrier to noise-plus-interference ratio is met
. This is accomplished by first calculating the desired RNSS signal at the RNSS receiver taking into account the transmitter power and antenna gain, receiver antenna gain, path loss, and atmospheric/rain attenuations. Next the RNSS receiver noise is calculated, and from those two values the amount of interference that can be added, while still satisfying the required C/(N+I) threshold, is determined. Finally the LOS path loss required to reduce the transmitted AM(R)S signal below that interference threshold is calculated.

3.1.1.2
In order to worst-case the analysis, rain loss and atmospheric loss are applied to the RNSS signals, but not to the AM(R)S signal. In addition, to maximize required separations, it is assumed that the peak AM(R)S gain is directed at the RNSS receiver.

3.1.2
Airport propagation
3.1.2.1
The propagation path loss is a function of the path distance d. For the AM(R)S system the propagation path loss is evaluated on the airport surface where, based on measurements, the propagation path loss characteristics are different from the free-space path loss. The path loss exponent n, is used to characterize the environment
. The propagation path loss is defined by the following equation: 
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where:



Lfree = free-space propagation path loss (dB)



d0 = distance up to which propagation path loss can be modelled using the free-space equation



n = path loss exponent

and
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with



fMHz = operating frequency (in MHz), and



d0km = propagation distance (in kilometres) up to which propagation path loss can be described by free-space loss.

Note that if n = 2, equation 3-1 reduces to the case where the entire path distance is treated as a free-space path. Based on measured data collected by Ohio University at several airports in the United States, the values of 2.3 for n and 462 meters for d0 were used for surface-to-surface analyses. It should be noted that for Earth-to-space paths standard free space propagation was assumed. Total path loss is then the propagation path loss plus any polarization and cable losses.

3.2
Interference to AM(R)S 

3.2.1
While sharing studies must take into account both directions, the RNSS-to-AM(R)S compatibility was relatively simple. In the 5 000-5 010 MHz band the RNSS transmissions come from a high-gain, well- focused dish antenna geographically separated from major airports. In the 5 010-5 030 MHz band, satellite power limitations result in a received RNSS signal level at the earth’s surface that is well below the expected AM(R)S sensitivity (approximately –84 dBm). In both cases then, the RNSS transmissions would not cause unacceptable levels of interference to a ground-based airport AM(R)S receiver.
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3.3
Interference to RNSS

3.3.1
5 000-5 010 MHz band

3.3.1.1
Compatibility of AM(R)S with RNSS feeder links in the 5 000-5 010 MHz band was addressed using the same methodology as was used for compatibility studies of AM(R)S with Fixed Satellite Service feeder links in the 5 091-5 150 MHz band (see 8B/441[Annex 19] (PDN Report ITU-R M.[AMS-FSS]). In particular, a computer model was developed in which a grid of satellite positions was assumed, and for each position the aggregate interference was calculated. Key to that calculation was the number of transmitters in view, transmitter power, and for each transmitter the transmitter antenna gain toward the satellite, transmitter-to-satellite path loss, and satellite antenna gain toward that transmitter. This methodology is depicted in Fig. 3.3.1. One additional complication over the FSS study is that the WP 8D-provided interference criterion for the RNSS is given in terms of C/N0 rather than the change in equivalent noise temperature used for the FSS analysis. This makes the calculations more involved, since one now must determine not only the received interference power but also the power of the desired carrier at the input of the victim satellite's receiver. At each relevant satellite position, this desired carrier power depends on the specific location assumed for the earth station transmitter. To be conservative, a “many-to-one” approach (many AM(R)S transmitters vs. one satellite receiver) was used, for an example RNSS satellite constellation and interference scenarios with an earth station located at Colorado Springs, Colorado. In addition, to further “worst case” the results, the desired signal was assumed attenuated by the worst-case rain loss (up to 5 dB), while the co-frequency ANLE interference was not attenuated at all.

3.3.2
5 010-5 030 MHz band

3.3.2.1
 For the AM(R)S compatibility assessment versus RNSS (s-E) in the 5 010-5 030 MHz band, the required distance separation between a single AM(R)S transmitter and the RNSS earth station receiver to satisfy the WP 8D-provided RNSS C/N0 protection criteria was determined. For this part of the analysis, a one-on-one interference scenario was assumed, (one AM(R)S transmitter and one RNSS receiver) and no particular location was assumed for the RNSS receiver. This methodology is depicted in Fig. 3.3.2.

3.4
Interference to radio astronomy

3.4.1
As noted above, the AM(R)S system planned for the 5 000-5 030 MHz band is an airport RLAN. The RLAN will be used for a number of applications, limited to surface applications at or near major airports. Those characteristics will serve to help ensure protection of Radio Astronomy (RA) operating in the adjacent 4 990-5 000 MHz band since, in general, RA observatories are not located in close proximity to airports due to the myriad of other radio frequency signals present at those sites. As a result, in most cases geographic separation will suffice to ensure the compatibility of the planned AM(R)S systems with radio astronomy stations. In the few instances where radio astronomy observatories are in relative proximity of major airports (e.g. Arecibo observatory in the United States or Jodrell Bank in the United Kingdom) it is expected that local coordination can be employed to solve any remaining issues.
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4.0
Compatibility study results and discussion

4.1
RNSS

4.1.1
The study results regarding RNSS are as follows:

•
For the 5 000-5 010 MHz band, as shown in Fig. 4.1.1, even in the presence of AM(R)S interference the required C/N0 at the satellite receiver can be met for virtually every possible satellite location above 5 degrees with respect to the earth station. Results where potential satellite earth stations were added for this analysis in order to provide continuous earth coverage were equally successful. Figure 4.1.2 provides an example for a postulated site in the Ascension Islands under conditions of worst-case rain attenuation (rain attenuation is only applied, as noted above, on the desired signal).

•
For feeder links in the 5 010-5 030 MHz band, a line-of-sight separation distance of approximately 100 km is computed under the analysis worst-case assumptions (for regions with very high rain attenuation the distances may be up to 300 km; see Table 4.1.1 for example calculation). For the example of a control station in Colorado Springs, such distance would only impact three of the 497 airports where the AM(R)S system is potentially planned for implementation.
Table 4.1.1
Sample feeder link separation distance calculation 

	Parameter
	Value

	a. RNSS signal level (dBW)
	–114.05

	b. RNSS antenna gain toward AM(R)S (dBi)
	14

	c. RNSS receiver noise level (dBW/Hz)
	–203.83

	d. Required C/(N0+I0) (dB-Hz)
	86.78

	e. Allowed I0
	–203.85

	f. AM(R)S EIRP density (32.2 dBm + 8 dBi; 20 MHz BW) (dBW/Hz)
	–62.8

	g. Polarization loss (dB)
	1

	h. Cable loss (dB)
	1

	i. Required path loss (dB)
	155.04

	j. Required distance separation (km)
	96.27


•
For RNSS service links in the 5 010-5 030 MHz band, a line-of-sight separation distance of approximately 5-12 km is computed under the analysis worst-case assumptions (see Table 4.1.2 for an example calculation). 
Table 4.1.2
Sample service link separation distance calculation 

	Parameter
	Value

	a. RNSS signal level (dBW)
	–161

	b. RNSS antenna gain (dBi)
	3

	c. RNSS receiver noise level (dBW/Hz)
	–202.1

	d. Required C/(N0+I0) (dB-Hz)
	35.5

	e. Allowed I0
	–194.1

	f. AM(R)S EIRP density (32.2 dBm + 8 dBi; 20 MHz BW) (dBW/Hz)
	–62.8

	g. Polarization loss (dB)
	1

	h. Cable loss (dB)
	1

	i. Required path loss (dB)
	134.3

	j. Required distance separation (km)
	12.1


4.1.2
Discussion of RNSS/AM(R)S compatibility assessment results:

•
If an RNSS feeder link earth station receiver is to be sited within the calculated separation distance of an airport implementing AM(R)S RLAN, further studies should be accomplished to determine if specific terrain/siting will preclude interference to RNSS. In the Colorado Springs example cited above, if specific local conditions or radio-horizons would not result in protection of that GPS station, it might be required to restrict the AM(R)S RLAN at those three airports to using other channels. 
•
The analyses were structured to be conservative. For the service links, for example, the peak RNSS antenna gain was assumed pointed directly at the airport RLAN. This represents a worst-case condition. Using instead the RNSS gain at 5 degrees would reduce required separations by more than one half. Furthermore, the analysis assumed that the AM(R)S and RNSS were within radio line of sight (RLOS) of each other. With two ground-based terrestrial services RLOS can be small (for example with AM(R)S height of 100 ft and RNSS height of 10 feet, RLOS is on the order of 30 km).

•
Other WP 8B studies (see ACP WGF16-WP04) have discussed potential difficulties of aviation using RNSS service links in this band. With AM(R)S restricted to surface use at airports, this may reduce instances of AM(R)S interference to RNSS.

•
Contributions to WP 8D (Working Party 8D/403) indicate that shorter radio frequency wavelengths may allow smaller directive/scanning user antennas in this band to increase link margins and/or reduce interference effects. This could reduce any required separation by increasing directivity toward the satellite and reducing gain toward terrestrial interference sources.

•
The C/N0 levels postulated in Table 2.2.1 are conservative. Recent contributions to WP 8D (Working Party 8D/403) support feeder link requirements that are at least 3 dB weaker, and service link levels that are 5-8 dB weaker. In addition, those same contributions have indicated that feeder link data rates may be reduced, perhaps further reducing the required C/N0.

4.2
Radio astronomy results

4.2.1
Due to the operational characteristics of the planned AM(R)S (surface transmitters at airports), in most cases geographic separation will suffice to ensure the compatibility of that system with radio astronomy stations. In the few instances where radio astronomy observatories are in relative proximity of major airports local coordination can be employed to solve any remaining issues.

5.0
Conclusions

5.1
Initial analyses have shown that compatibility between aeronautical 802.16e-based RLANs (operating in the AM(R)S) in the bands 5 000-5 010 MHz and 5 010-5 030 MHz and Radio Astronomy operating in the 4 990-5 000 MHz band, is feasible. 
5.2
Initial analyses have shown that compatibility between aeronautical 802.16e-based RLANs (operating in the AM(R)S) and RNSS feeder links in the 5 000-5 010 MHz band is feasible under worst case conditions. For RNSS feeder links in the 5 010-5 030 MHz bands separation distances are required. If that separation distance cannot be maintained, site-specific analysis and follow-on coordination will be required.

5.3
Initial analyses have shown that compatibility between aeronautical 802.16e-based RLANs (operating in the AM(R)S) and RNSS service links in the 5 010-5 030 MHz band will also require separation distances. The acceptability and implementation of such distances will require further study when the operational parameters for the AM(R)S implementation and RNSS service links are better defined.

5.4
To reduce the risk of possible future conflicts between RNSS and AM(R)S in the 5 000-5 010 MHz and/or 5 010-5 030 MHz bands, any modification to the Radio Regulations allowing AM(R)S in those bands should provide precedence to RNSS. 
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Figure 4.1.1

C/N0eff at Satellite points visible above 5 degrees elevation from Colorado Springs
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Figure 4.1.2

C/N0eff at satellite points visible above 5 degrees elevation from possible RNSS feeder link earth station in the Ascension Islands
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Figure 3.3.1


Earth-to-space link methodology
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Figure 3.3.2


Space-to-Earth link methodology
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�	While the system would be based on the IEEE standards, it is expected that system elements would be tailored for the aviation application. Such tailoring might include bandpass filtering to facilitate sharing with adjacent band MLS, improved receiver sensitivities, and sectorized antennas.


�	The assumption is made that the AM(R)S transmitter is within radio line-of-sight of the RNSS receiver. For surface-based stations this assumption may result in overly-pessimistic distance separations.


�	Recommendation ITU-R P.1411-3 Propagation data and prediction methods for the planning of short-range outdoor radiocommunication systems and radio local area networks in the frequency range 300 MHz to 100 GHz and Rappaport, Theodore S., 1996, Wireless Communications: Principles and Practice, Prentice-Hall PTR, Upper Saddle River, NJ.
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