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Part 1

Working document towards a preliminary draft new Recommendation

"Sharing between stations of the Radionavigation-satellite service (Earth-to-space) and radar of the radiolocation service land the Aeronautical Radionavigation Service] in the frequency band 1300 - 1350 MHz."  (Attachment 4 to ITU-R document 8D/61-E - Report of the tenth meeting of Working Party 8D)

ICAO Secretariat comments

This Attachment to the WP8D Report is based on document 8D/TEMP/4 (Rev.1).This working document towards a preliminary draft new Recommendation provides analyses that should be taken into account when selecting the location of RNSS uplink stations operating in the range 1300 - 1350 MHz, in order to ensure compatibility with terrestrial and airborne radiolocation radars. The analysis is based on the characteristics of radar stations that were considered representative by Working Party 8B. 

Of particular concern to ICAO is the application of a choke-ring for the RNSS uplink station, which provides for a physical isolation of 50 dB (or up to 60 dB) for low elevation angles. No information was made available on how this choke ring would be implemented and for what period of time the effect of this technology would be guaranteed. This technology was not accepted when developing ITU-R Rec. M.1342.

The analysis is concentrating on the avoidance of direct radiation from the RNSS transmitter into the radar (receiving) station. No analysis was provided on the effect of reflection from RNSS signals by an aircraft into the direction of the radar station. This interference mechanism may be negligible but r requires consideration. The effect of this type of interference may be garbling or fruit on the radar screen and result in a less accurate detection of the position of the aircraft.

The study shows that, under the conditions assumed, the separation between radar and RNSS stations (co-frequency sharing) could be in the order of 50 km.  The analysis does not include local topography of the stations (e.g. the relative height difference between the two stations or the lowest elevation angle where the 50 dB choke ring attenuation can be obtained). Also, the propagation model used in the analysis needs to be verified. Preference is given to using free space propagation characteristics.

AMCP WGF Action: Review taking into account GNSSP comments

Attachment 4

(Source: Document 8D/TEMP/4(Rev.1))

working document toward a preliminary draft new recommendation

SHARING BETWEEN stations of the radionavigation-satellite service (earth-TO-SPACE) AND RADAR OF THE RADIOLOCATION 
SERVICE AND THE AERONAUTICAL RADIONAVIGATION SERVICE 
IN THE FREQUENCY BAND 1 300-1 350 MHz
The ITU Radiocommunication Assembly,

considering

a)
that WRC-2000 (Istanbul) has added a primary allocation to the radionavigation-satellite service (Earth-to-space) in the 1 300-1 350 MHz band;

b)
that WRC-2000 has raised the status of the radiolocation service from secondary to primary in the 1 300-1 350 MHz band;

c)
that there is a potential for interference between uplink stations in the radionavigation‑satellite service and radiolocation systems;

d)
that radiolocation systems can be protected with the implementation of adequate separation distances, if necessary;

e)
that a limited number of ground-based beacons in the radionavigation-satellite service are expected to be deployed globally,

recommends

1
that the analysis in Annexes 1 and 2 be taken into account, when selecting the location of RNSS uplink stations in the range 1 300-1 350 MHz, in order to ensure their compatibility with terrestrial and airborne radiolocation radars.

ANNEX 1

(to Attachment 4)

Sharing between stations of the radionavigation-satellite service (Earth-to-space) and terrestrial radar of the radiolocation service and the aeronautical radionavigation service in the frequency band 1 300-1 350 MHz

1
Introduction

New radionavigation satellite systems will use the band 1 300-1 350 MHz for the transmission by uplink stations of information such as navigation, synchronization or integrity data, to a constellation of medium Earth orbiting satellites.

This study provides an analysis of:

•
the interference created by uplink stations into receiving terrestrial radar;

•
the interference created by transmitting terrestrial radar into satellite receivers.

It results from the study that a separation distance permits to avoid excess interference into terrestrial radar, and that the level of interference into satellite receivers is acceptable.

2
Systems characteristics

2.1
Radiolocation radar

The radar parameters that have been used in this document are included in Document 8D/225, 30 March 1999, which is a liaison statement from WP 8B to WP 8D.

Radars in 1 300-1 350 MHz are generally search radar, which may scan in azimuth at rates of 5‑7 rpm, and may have antenna patterns that are relatively constant over a range of low elevation angles. Table 1 gives transmitting parameters for nine types of radar identified by ITU-R WP 8B as representative for analysing the potential of their compatibility with an RNSS uplink in the considered band. They are ranked by decreasing peak e.i.r.p.

Table 1
Radar transmitting parameter

Parameters
Radar 1
Radar 2
Radar 3
Radar 4
Radar 5
Radar 6
Radar 7
Radar 8

Peak transmit power (dBm)
96.5
92.6
82.3
87.8
74.0
78.0
75
60.0

Pulse duration (s)
5
3.6
0.8, 50
1
51.2, 409.6
60, 90
1, 100
0.5, 1

Pulse repetition frequency (Hz)
340
390
719
628
-
291.5, 312.5
560, 628, 760, 816
1 000, 25 000

Duty cycle (%)
0.18
0.14
3.6
0.06
15
4
6.8
–

Antenna gain (dBi)
36.5
34.5
38.9
33
39.1
34
34
33.5

Tuning
–
Dual frequency
Dual frequency
Dual frequency
Frequency agile (1 215-1 400 MHz)
Dual frequency
Dual frequency
Single frequency

Among the collected information on receiving parameters of radar, the typical and worst values for bandwidth, reception antenna gain (0°) and perturbation threshold (referring to minimum discernible signal) are given in Table 2:

Table 2
Radar receiving parameters

Parameter
Bandwidth
Reception antenna gain
Perturbation threshold

Typical value
1 MHz
33 dBi
–120 dBm

Worst value
3 MHz
39 dBi
–125 dBm

The perturbation threshold above are also included in the liaison statement mentioned before: "There are a few types of radars that are more sensitive and have lower thresholds than –120 dBm". This value is quite conservative since, taking into account a radar protection criteria of 6 dB, as given in Recommendation ITU-R M.1020, it assumes a receiver noise figure of 0 dB. Indeed, the lowest noise figure value given in the above recommendation is of 1.5 dB for wind-profile radars.

2.2
RNSS radio uplink stations

–
Transmitted power:
57.1 dBm

–
Antenna type:
omnidirectional with a physical isolation for low elevation (typically [50 dB] attenuation with a shoke-ring, up to 60 dB with improved equipment)

–
Orientation:
zenith

–
Maximum gain:
<3 dB

–
Gain for elevation <10°
<–1 dB

–
Modulation:
spread spectrum (1.023 and 10.23 Mchips/s)

–
Polarization:
LHCP

–
Height:
2 m

–
Network:
less than 20 uplink stations regularly spaced around the world Each uplink station transmits on the same frequency to a constellation of medium Earth orbiting satellites

The total transmitted power is shared between two signals, spread with 1.023 Mchips/s code and 10.23 Mchips/s code. A 53 dBm transmitted power is allocated to the 10.23 Mchips/s code and a 55 dBm transmitted power is allocated to the 1.023 Mchips/s one.

As a worst-case illustration and for the purpose of this study, frequency of the uplink stations is taken as the same as the radar. However, the impact of a frequency shift is studied.

2.3
RNSS satellite receiver

–
Modulation:
spread spectrum (1.023 and 10.23 Mchips/s)

–
Polarization:
LHCP (TBC)

–
Minimal power received:
–126 dBm

–
Receiver antenna gain:
0 dBi

–
RF filter 3 dB bandwidth:
±15 MHz

–
Front end amplifier saturation level:
–40 dBm

3
Interference of RNSS uplink stations into radar

3.1
Compatibility study

In order to assess the separation distance necessary to protect radar reception, the propagation loss is calculated as:



L = Pt + Gt -At- FLt+ Gr - FLr + Rb - Dpol – Pthreshold



= P interfering – Pthreshold
(1)
where:


Pt:
transmitting interfering power (dBm)


Gt:
transmitting interfering gain (dBi) in the radar direction


At:
physical isolation at low elevation (due to choke ring) (dB)


FLt:
transmitting feeder losses (dB)


Pthreshold:
perturbation threshold (dBm)


Gr:
reception gain (dBi)


FLr:
reception feeder losses (dB)


Rb: 
rejection factor


Dpol:
polarization coupling factor (dB)

The rejection factor Rb is due to the frequency offset between the RNSS signal and the radar signal, and to the spread spectrum modulation of the RNSS signal. Given NPSD, the Normalized Power Spectral Density, Rb is given by the integral of NPSD on the reception bandwidth, i.e. for a square BPSK modulation (expected for RNSS):
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where:


Br:
reception bandwidth


Bt:
transmission bandwidth

Following the determination of L, one can evaluate the corresponding separation distance. This is done through the [IEEE EPM 73 propagation model], taking account of the frequency and heights of receiver and transmitter (see Attachment 1).

It is to be noticed that the slow code (code rate =1.023 MHz) is also a short code (1 023 chips). Consequently, the spectrum of the corresponding signal has 1 kHz line components. Some of these line components have a power level greater than the (sinc x)2 values, but the average of lines keeps approximately a (sinc x)2 shape. Taking into account that the reception bandwidth is large with respect to the 1 kHz intervals, a great number of line components are averaged and formula (2) is adequate to compute Rb.

3.2
Calculation of separation distance

Formula (1) is applied for the typical and worst values of radar reception parameters, for both co‑frequency operations and a 3 MHz frequency off-set, and for the 2 codes transmitted by the uplink stations. The results, given in Tables 3 and 4 hereafter, show that a pessimistic required separation distance is less than [50 km]. This value corresponds to radar having the three worst values of reception parameters and operating co-frequency with respect to the RNSS radio uplink station transmitter. A 3 MHz frequency shift is sufficient to reduce the required separation distance to [35 km].

TABLE 3

Separation distance between radar and uplink stations (frequency off-set = 0 MHz)


Radar typical values
Radar worst values


Code 10.23 Mcs
Code 1.023 Mcs
Addition of codes*
Code 10.23 Mcs
Code 1.023 Mcs
Addition of codes*

Pt
53.0
55.0

53.0
55


At
–50.00
–50.00

–50.00
–50.00


Gt
–1.0
–1.0

–1.0
–1.0


Flt
0.0
0.0

0.0
0.0


Gr
33.0
33.0

39.0
39.0


FLr
0.5
0.5

0.5
0.5


Rb
–10.09
–1.16

–5.41
–0.32


Dpol
0.0
0.0

0.0
0.0


P interfering
24.4
35.3
35.6
35.1
42.2
43.0

P threshold
–120.0
–120.0
–120
–125.0
–125.0
–125.0

Required Loss (dB)
144.4
155.3
155.6
160.1
167.2
168

Separation Distance (km)
[24]
[34]
[34.3]
[38]
[45]
[45.8]

*
Interfering power is obtained by linear addition of each code (10.23 and 1.023 Mcs) interfering power.

TABLE 4

Separation distance between radar and uplink stations (frequency off-set = 3 MHz)


Radar typical values
Radar worst values


Code 10.23 Mcs
Code 1.023 Mcs
Addition of codes*
Code 10.23 Mcs
Code 1.023 Mcs
Addition of codes*

Pt
53.0
55.0

53.0
55.0


At
–50.00
–50.00

–50.00
–50.00


Gt
–1.0
–1.0

–1.0
–1.0


Flt
0.0
0.0

0.0
0.0


Gr
33.0
33.0

39.0
39.0


FLr
0.5
0.5

0.5
0.5


Rb
–11.35
–22.07

–6.63
–16.10


Dpol
0.0
0.0

0.0
0.0


P interfering
23.1
14.4
23.6
33.9
26.4
34.6

P threshold
–120.0
–120.0
–120
–125.0
–125.0
–125.0

Required Loss (dB)
143.1
134.4
143.6
158.9
151.4
159.6

Separation Distance (km)
[22]
[16]
[22.5]
[37]
[30]
[37.7]

*
Interfering power is obtained by linear addition of each code (10.23 and 1.023 Mcs) interfering power.

4
Interference of radar into RNSS satellite receivers

4.1
Assumptions concerning the receiver operations

The RNSS radio uplink stations signals at the input of the receiver are well below the noise floor of the equipment. Hence, the signal, which is sampled and coded by the receiver, is essentially noise.

For an optimum coding, the ratio between the noise and the saturation level of the analogue to digital converter (ADC) has to be maintained at a constant level by an automatic gain control loop (AGC). See Figure 1 below.
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Figure 1

AGC setting without radar interference

The A/b ratio is typically fixed to a value between 2 or 3 (a typical value of 2.5 will be used in the formula (3) to (5) below). Thus, the AGC maintains the following relation (3) between the estimated thermal noise b and the saturation threshold of the ADC A:



b2 = A2 / 6.25
(3)

The thermal noise input level is estimated to b² = –98 dBm, with a receiver noise figure of 3 dB and an equivalent input bandwidth of 20 MHz. Thus the equivalent saturation threshold of the ADC is A² = -90 dBm.

The quantification noise is given by the expression:
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With a 3 bits coder, which corresponds to present receivers design, we conclude that the receiver performs the signal+noise coding with a wide band quantification noise which is 14.8 dB below the thermal noise.

The AGC loop time constant is assumed to be large compared to the input pulse repetition period of the radiolocation radar (3.4 ms maximum according to the radar characteristics presented in § 2).

4.2
Interference of radiolocation radar into the receiver due to ADC saturation

The link budgets presented in Attachment 2 show that the radar power transmitted through the mainbeam is less than –55.7 dBm at receiver level for radar 1 (worst case) This level is well below the front end amplifier saturation level (–40 dBm), thus this amplifier will never saturate.

Saturation will only occur in the ADC, since the peak power at receiver level exceeds ADC saturation threshold (–90 dBm).

It is clear that the saturation only occurs if several conditions are simultaneously verified:

1)
The frequency used by the radar is within the receiver bandwidth (±15 MHz around carrier). For example, radar that have the longest duty cycle are frequency agile on 1 215‑1 400 MHz on 17 channels and consequently do not saturate ADC on complete duty‑cycle.

2)
The radar is seen from satellite receiver through its transmitter antenna mainbeam. The link budget presented in Attachment 3 show that radar power transmitted by side lobes is less than –94.2 dBm and consequently does not saturate ADC. The radar in 1 300‑1 350 MHz are generally search radar, which may scan in azimuth at rates of 5‑7 rpm. When the spaceborne receiver is at low elevation angles to radar, the mainbeam illuminates the receiver every 8-12 seconds during 35-50 milliseconds, thus 0.625% of time.

We can assume that the desaturation time of the ADC is negligible with respect to the duration of the ADC saturation cases.

Since the AGC loop time constant is large with respect to the radar pulse period, the AGC loop maintains a constant ratio between the power at ADC input and the ADC range. The expression (3) must then be modified as follows:
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(4)

 being the effective time portion of ADC saturation. The validity of this formula is for 1/6.25 that is, for the AGC loop in stationary regime, for other values the AGC loop will be in a transition mode.

Then solving this equation, one obtains that the ratio between the ADC threshold and the thermal input noise is increased as in equation (5), when saturation event occurs
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In addition, the ratio between quantification noise and thermal noise becomes:
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Figure 2

AGC setting with radar interference

The net effect of this new setting of the AGC loop caused by radar pulses interference is threefold:

1)
The useful incoming signal is reduced in the same proportion. Figure 3 below shows the induced degradation of the C/N0 as a function of  (effective part of time where ADC saturation threshold is exceeded). C/N0 degradation is 1 dB, which is acceptable for the RNSS system, if  value is 4%. Taking into account the azimuth scanning which decreases the saturation time to 0.625% per radar, a total of 6 radar saturating the ADC one after the other (worst case) would be acceptable. Such an event is very unlikely.
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Figure 3

Degradation of the C/N0 due to interfering radar signal

2)
The quantification noise is increased in the same proportion, leading in the case of a 4% duty cycle to a 13.7 dB value between the thermal noise and the quantification noise (see Figure 4), which is still negligible.
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Figure 4

Degradation of quantification noise due to interfering radar signal

3)
The operation of the correlation between the replica code in the receiver will be done on over a shorter period of time since the useful signal will no longer be correctly coded when saturating pulses occur. For small values, the shape of the correlation function will not be affected but only the level at the correlator output will be reduced by a ratio (1-)². In the case of a 4% duty cycle, a 0.4 dB signal loss will be observed, which is acceptable.

5
Conclusions

This analysis has shown that a separation distance of [50 km] is sufficient to avoid excess interference of RNSS uplink stations into terrestrial radiolocation radar. This separation distance is obtained for the worst case when the uplink station transmits exactly at the frequency of the radar. The value of [50 km] can be lowered if the position of the uplink stations is chosen optimally with respect to the location of installed radar.

It is also concluded that with an adequate tuning of the AGC loop in the RNSS receiver, the interference of terrestrial radiolocation radar in the band 1 300-1 350 MHz are compatible with the operation of the RNSS radio uplink stations.

ATTACHMENT 1 

(to Annex 1)

[image: image8.wmf]Propagation loss: EPM-73 model (h1=2m, h2=30m, f=1325 MHz)
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NOTE - The effect of site elevation on propagation loss will need further investigation.

The parameters h1 and h2 need to be verified as whether they are above sea level or ground level.

ATTACHMENT 2 

(to Annex 1)

Computation of the interfering radar power (mainbeam) received at the satellite altitude

Radar 1 (worst case) in 1 300-1 350 MHz band

Frequency
MHz
1 328.0




Radar Antenna max gain
dBi
36.5




Radar Antenna elevation
deg
2.5











Elevation (deg)
deg
5.0
10.0
20.0
30.0

Psi
deg
14.3
14.1
13.5
12.4

Distance
km
24 442.0
23 906.9
22 900.3
21 997.6








Peak Transmitted Power
dBm
96.5
96.5
96.5
96.5

Antenna Gain emission
dBi
30.5
24.5
18.6
15.3

Free Space Loss
dB
182.7
182.5
182.1
181.8

Antenna Gain reception
dBi
0.0
0.0
0.0
0.0








Peak Received Power
dBm
-55.7
-61.5
-67.0
-69.9

ATTACHMENT 3 

(to Annex 1)

Computation of the interfering radar power (side lobes) received at the satellite altitude

Radar 1 (worst case) in 1 300-1 350 MHz band

Frequency
MHz
1 328.0




Radar Antenna max gain
dBi
36.5




Radar Antenna elevation
deg
2.5











Elevation (deg)
deg
5.0
10.0
30.0
90.0

Psi
deg
14.3
14.1
12.4
0.0

Distance
km
24 442.0
23 906.9
21 997.6
19 400.0








Peak Transmitted Power 
dBm
96.5
96.5
96.5
96.5

Antenna Gain emission
dBi
–10.0
–10.0
–10.0
–10.0

Free Space Loss
dB
182.7
182.5
181.8
180.7

Antenna Gain reception
dBi
0.0
0.0
0.0
0.0








Peak Received Power
dBm
–96.2
–96.0
–95.3
–94.2

ANNEX 2

(to Attachment 4)

Sharing between stations of the radionavigation-satellite service (Earth-to-space) and airborne radar of the radiolocation service in the frequency band 1 300-1 350 MHz

To be developed.

Part 2 

Liaison statement to WP8B regarding the protection of radar in the band 1215 -1300 MHz (Section 16 of ITU-R document 8D/61-E - Report of the tenth meeting of Working Party 8D)

ICAO Secretariat comments

This Attachment to the WP8D Report is based on document 8D/TEMP/5.This liaison statement is requesting Working Party 8B to provide information on the protection requirements for radar operating in the band 1215 - 1300 MHz with a view to determine the need for (and its value) of a pfd limit for RNSS operating in the same band in order to protect radar stations from harmful interference from RNSS, operating in the same band in the space-to-Earth direction. The response from Working Party 8B is in Doc. 8B/TEMP/26 [See AMCP WGF/6 WP2, Part 10]

AMCP WGF Action: Review in conjunction with WP8B response taking into account GNSSP comments 

16
Working Party 8B (Source: Document 8D/TEMP/5)

the protection of radar in the band 1 215-1 300 MHz
Status:



For action
Deadline:


The end of the 10th meeting of WP 8D (27 October 2000)
Contact person:
Mr. De Bailliencourt, E-mail: bailliencourt@anfr.fr

During WRC-2000, regarding agenda item 1.15.1, the radionavigation-satellite service (space‑to‑Earth) was allocated in the frequency range 1 260-1 300 MHz on a primary basis. However, RR footnote S5.329 indicates that the use of the radionavigation-satellite service in the band 1 215-1 300 MHz shall be subject to the condition that no harmful interference is caused to, and no protection is claimed from, the radionavigation service authorized under No. S5.331.

ITU-R Resolution 606 invites to conduct, as a matter of urgency and in time for WRC-03, the appropriate technical, operational and regulatory studies, including an assessment of the need for a power flux-density limit concerning the operation of radionavigation-satellite service (space‑to‑Earth) systems in the frequency band 1 215-1 300 MHz in order to ensure that the radionavigation‑satellite service (space-to-Earth) will not cause harmful interference to the radionavigation and the radiolocation services, considering that in the band 1 215-1 260 MHz radionavigation‑satellite service (space-to-Earth) systems have been successfully operated for a considerable time.

In order to expedite these studies, WP 8D kindly requests WP 8B to provide radar characteristic information in particular interference threshold in the band 1 215-1 300 MHz. WP 8D also wishes to refer WP 8B to Recommendations ITU-R M.1317, ITU-R M.1088 and ITU-R M.1477.

WP 8D kindly requests that WP 8B respond before the end of our WP 8D meeting. 

Part 3

Draft CPM text on the result of studies concerning the Radionavigation Satellite Service in accordance with Resolutions 604, 605 and 606 (Attachment 12 to ITU-R document 8D/61-E - Report of the tenth meeting of Working Party 8D)
ICAO Secretariat comments 

This Attachment to the WP8D Report is based on document 8D/TEMP/31. It proposes draft CPM text on the use of the band 1164 - 1215 MHz by systems of the radionavigation satellite service (space-to-Earth) (Resolution 604) and the use of the band 1215 - 1300 MHz by systems of the radionavigation satellite service (space-to-Earth) (Resolution 605). (Resolution 606 does not affect aviation). 

The draft CPM text notes that RNSS receivers used on board aircraft may experience a significant increase in noise level that could lead to harmful interference when exposed to a large number (the number is not specified) of DME/TACAN ground beacons. Several mitigation techniques have been explored and it is expected that the RNSS receiver architecture could be designed to operate on a co-frequency basis with DME.

On the protection of radar operating in the band 1215 - 1300 MHz, work is ongoing.

AMCP WGF Action: Review taking into account GNSSP comments 

Attachment 12

(Source: Document 8D/TEMP/31)

Draft CPM text for CPM report to WRC-03, Chapter 1.1.2

1.1.2
Agenda item 1.15

"to review the results of studies concerning the radionavigation-satellite service in accordance with Resolutions 604, 605 and 606."

1.1.2.1
Band 1 164-1 215 MHz (Resolution 605)

Resolution 605: "Use of the frequency band 1 164-1 215 MHz by systems of the radionavigation-satellite service (space-to-Earth)"

1.1.2.1.1
Summary of technical and operational studies, including a list of relevant ITU-R Recommendations

Relevant provisions: No. S5.328A

Relevant ITU‑R Recommendations: Working document toward a preliminary draft new Recommendation: "Methodology for assessing the sharing between the radionavigation-satellite service and the aeronautical radionavigation service (DME/TACAN) in the band 1 164‑1 215 MHz"

Studies have been carried out by ITU‑R in response to Resolution 605 (WRC‑2000). Among the studies conducted are an assessment of the impact of RNSS into ARNS receivers, an assessment of the impact of ARNS into RNSS receivers and the determination of an aggregate pfd limit for one RNSS system to protect ARNS receivers combined with a methodology to derive this aggregate power flux-density from the aggregate power flux-density for all RNSS systems given in No. S5.328A.

1.1.2.1.2
Analysis of the results of studies relating to the possible methods of satisfying the agenda item

ITU-R conducted studies on the overall compatibility between planed RNSS and current ARNS.

1.1.2.1.2.1
Impact of RNSS into ARNS receivers

Regarding the impact of RNSS systems into the ARNS receivers an aggregate power flux-density produced by all the space stations of one RNSS system at the Earth's surface should not exceed the value of [X] dB(W/m2) in any 1 MHz band for all angles of arrival. This value was derived from the aggregate power flux-density produced by all the space stations of all RNSS systems at the Earth's surface of [Y] dB(W/m2) in any 1 MHz band using an agreed methodology (see Annex 1 of working document toward PDNR).

[NOTE - The methodology still needs to be developed.]

1.1.2.1.2.2
Impact of ARNS into RNSS receivers

Regarding the impact of current ARNS systems on RNSS receivers and taking into account RNSS receivers characteristics described in the [working document towards a preliminary draft new Recommendation], it has been demonstrated that the RNSS receivers used on board aircraft may experience a significant increase in the noise level which could lead to harmful interference at high altitude when exposed to a large number of DME/TACAN ground beacons within its receiver pass band.

However, based on current ARNS (DME/TACAN) systems characteristics, several mitigation techniques have been explored to avoid any harmful interference from these ARNS systems to the RNSS systems. Therefore the receiver architecture could be designed to operate in the same band as DME/TACAN while not claiming protection as required in the RR footnote S5.328A adopted during WRC-2000.

1.1.2.1.3
Methods to satisfy the agenda item for consideration by WRC and the advantages and disadvantages of each method

TBD

1.1.2.1.4
Regulatory and procedural considerations

TBD

1.1.2.2
Band 1 215-1 300 MHz (Resolution 606)

Resolution 606: "Use of the frequency band 1 215-1 300 MHz by systems of the radionavigation-satellite service (space-to-Earth)"
1.1.2.2.1
Summary of technical and operational studies, including a list of relevant ITU-R Recommendations

[NOTE - WP 8B has been requested to provide the values of protection for radar systems operating in this band. Based on these values, WP 8D will carry out the technical and operational studies.]

1.1.2.2.2
Analysis of the results of studies relating to the possible methods of satisfying the agenda item

Based upon the results in Report ITU-R 766-2 (1990), current GPS signals in the frequency range 1 215‑1 240 MHz have successfully demonstrated co-equal sharing between this radionavigation-satellite service system and radars in the band. Operational experience with [current] GPS and GLONASS system characteristics in 1 215‑1 260 MHz band, co-sharing with existing radar systems has demonstrated no harmful interference on existing systems and no need for pfd limit on GPS and GLONASS systems based on current systems characteristics.

However, in order to protect radar systems in this band from RNSS systems with different characteristics it is necessary to define a pfd value in order to determine the need for a pfd limit applicable to these RNSS systems (see note in section 1.1.2.2.1).

1.1.2.2.3
Methods to satisfy the agenda item for consideration by WRC and the advantages and disadvantages of each method

TBD

1.1.2.2.4
Regulatory and procedural considerations

TBD

1.1.2.3
Band 5 010-5 030 MHz (Resolution 604)

Resolution 604: "Studies on compatibility between the radionavigation-satellite service (space‑to‑Earth) operating in the frequency band 5 010-5 030 MHz and the radio astronomy service operating in the band 4 990-5 000 MHz"
1.1.2.3.1
Summary of technical and operational studies, including a list of relevant ITU-R Recommendations

Relevant ITU‑R Recommendations:

ITU-R RA.769,

Document 7/58, draft new Recommendation: Levels of data loss to radio astronomy observations and percentage-of-time criteria resulting from degradation by interference for primary radio astronomy bands.

Revision of Doc. 7D/TEMP/5, working document: Methodology for interference calculations between radio astronomy telescopes and non-GSO satellite systems.

[During WRC-2000, the band 5 010‑5 030 MHz was allocated to the radionavigation-satellite service (space-to-Earth) (space-to-space) on a primary basis. Due to the fact that unwanted emissions from space stations of the radionavigation-satellite service (RNSS) in the frequency band 5 010‑5 030 MHz near the radio astronomy service operating in the band 4 990-5 000 MHz may cause interference harmful to the radio astronomy service (RAS), a footnote, S5.444C was added. This footnote specifies that the aggregate power flux-density produced in the 4 990‑5 000 MHz band by all space stations within any RNSS (space-to-Earth) system operating in the 5 010‑5 030 MHz band shall not exceed the provisional value of –171 dB(W/m2) in a 10 MHz band at any radio astronomy observatory site for more than 2% of the time. 

This value of –171 dB(W/m2) in a 10 MHz band has been taken directly from Table 1 of Annex 1 of Recommendation ITU-R RA.769 ("Protection criteria used for radio astronomical measurements"). It is considered to be provisional because this Recommendation had been developed for terrestrial sources of interference and does not provide guidance for non-GSO space stations although the sensitivity considerations of the Annex of this Recommendation apply. Recommendation ITU‑R RA.769, however, does not define explicitly the percentage of time for which this level applies. A draft new Recommendation ("Levels of data loss to radio astronomy observations and percentage-of-time criteria resulting from degradation by interference for primary radio astronomy bands"), recently adopted by SG 7, defines that the percentage of data loss caused by any system should be lower than 2%.
This provisional pfd level needs to be reviewed by using a methodology, which is appropriate to conduct studies between non-GSO systems and radio astronomy sites. Recommendation ITU-R RA.769 had been developed for stationary and slow moving sources of interference and does not provide guidance for non-GSO space stations. However ITU-R has undertaken to develop a methodology based on the epfd concept to study the effect from unwanted emissions of RNSS systems into the band allocated to radio astronomy systems and such methodology will be applicable to the interference from non‑GSO RNSS systems into radio astronomy.

This methodology, based on the "equivalent power flux‑density" (epfd) concept, is intended to calculate epfd levels produced by unwanted emissions of a RNSS system into radio astronomy telescopes taking into account both the radio astronomy telescope and the satellite constellation characteristics.]

1.1.2.3.2
Analysis of the results of studies relating to the possible methods of satisfying the agenda item

TBD

1.1.2.3.3
Methods to satisfy the agenda item for consideration by WRC and the advantages and disadvantages of each method

TBD

1.1.2.3.4
Regulatory and procedural considerations

TDB

Part 4

Working document toward a preliminary draft new recommendation on "Method for determining coordination distances in the 5 GHz band between the international standard microwave landing system stations operating in the Aeronautical Radionavigation Service and stations of the Radionavigation Satellite Service (Earth-to-space)" (Attachment 10 to ITU-R document 8D/61-E - Report of the tenth meeting of Working Party 8D)
ICAO Secretariat comments 

This Attachment to the WP8D Report is based on document 8D/TEMP/25.

This method is essentially the same as the one already used for a number of years when coordinating separation distances with non-GSO feeder link stations operating in the band 5091 - 5150 MHz (Ref. ITU-R Recommendation M.1342).

AMCP WGF Action: Review taking into account GNSSP comments 

ATTachment 10

(Source: Document 8D/TEMP/25)

WORKING DOCUMENT TOWARD A PRELIMINARY DRAFT NEW RECOMMENDATION 

METHOD FOR DETERMINING COORDINATION DISTANCES
, IN THE 5 GHz BAND, BETWEEN THE INTERNATIONAL STANDARD MICROWAVE LANDING SYSTEM STATIONS OPERATING IN THE AERONAUTICAL RADIONAVIGATION SERVICE 
AND STATIONS OF THE RADIONAVIGATION SATELLITE SERVICE 
(EARTH‑TO‑SPACE)

The ITU Radiocommunication Assembly,

considering

a)
that the band 5 000-5 250 MHz is allocated to the aeronautical radionavigation service on a primary basis;

b)
that the band 5 030-5 150 MHz is intended for the operation of the international standard microwave landing system (MLS) for precision approach and landing; the requirements for this system shall take precedence over other uses of this band in accordance with No. S5.444;

c)
that WRC‑2000 added a co‑primary allocation for the radionavigation satellite service (RNSS) (Earth‑to‑space) in the 5 000-5 010 MHz band;

d)
that emissions from RNSS stations may cause interference to aeronautical MLS receivers during approach and landing;

e)
that the MLS can be well protected through the implementation of an adequate separation distance between RNSS (Earth‑to‑space) transmitters and MLS receivers, and other mitigation techniques;

f)
that RR No. S4.10 provides recognition that special measures are required for the protection of radionavigation and safety services;

g)
that WRC‑2000 has adopted Resolution 603 to conduct technical, operational and regulatory studies to ensure that stations of the RNSS (Earth‑to‑space) do not cause harmful interference to the operation of the international standard MLS,

recognizing

that the methods contained herein are based on current specifications for international standard MLS receiving equipment,

recommends

that the method described in Annex 1 should be used for determining the coordination distance between the international standard MLS transmitters and RNSS uplink stations.

ANNEX 

(to Attachment 10)

Method for determining coordination distances

This annex sets forth a method for determining coordination distances relative to current and planned MLS stations that may be used to enable implementation of stations of the radionavigation satellite service (RNSS) (E‑S). Provisionally, coordination will not be required between RNSS (E‑S) and MLS transmitter sites at the same altitude and which are separated by more than 450 km (243 nmi). Beyond 450 km, MLS airborne stations are expected to be sufficiently beyond the radio line‑of‑sight of the RNSS (Earth‑to‑space) earth station to protect the MLS. This coordination distance is subject to further review.

For separation distances provisionally less than 450 km, the need for coordination is identified and dependant on the mitigation factors a) to e), as identified below. Range separation triggers for coordination may be defined as a result of internationally standardized specifications for MLS out‑of‑band and inband interference susceptibility criteria (see NOTE 2). For the purpose of this method, the terms "out‑of‑band" and "inband" are relative to the MLS band 5 030-5 150 MHz (see also item e) below). These triggers may be denoted Roob for the out‑of‑band range separation trigger, and Rin for the inband range separation trigger, as defined below:



Roob (km)
= (4.775 ( 10–6) 10((P1+ [85 or 91]NOTE 3)/20) + 43
(1)

where P1 is the total e.i.r.p. (dBW) of RNSS (Earth‑to‑space) earth station in the band 5 000‑5 010 MHz, based on free space propagation from the RNSS station to an MLS equipped aircraft within the MLS service volume, and an MLS OOB interference threshold of [–85 dBW, plus a 6 dB safety margin].



Rin (km) = (4.775 ( 10–6) 10((P2 + [160 or 166]NOTE 
)/20) + 43
(2)

Where P2 is the peak RNSS (Earth‑to‑space) earth station e.i.r.p. density (dB(W/150 kHz)) in the band 5 030‑5150 MHz, based on free space propagation from the RNSS station to an MLS equipped aircraft within the MLS service volume, and an MLS inband interference threshold of  
[–160 dBW, plus a 6 dB safety margin].

The MLS service volume is 43 km in radius with the MLS transmitter at the centre. If both Roob and Rin are less than the planned range based on the candidate RNSS (Earth‑to‑space) earth station location and current or planned MLS transmitter location(s), MLS operations will be unaffected and further analysis and coordination is not required. If either Roob or Rin exceeds the planned range based on the candidate RNSS (Earth‑to‑space) earth station location and current or planned MLS transmitter location(s), further analysis and coordination is required. Some factors identified below may be considered in a more detailed analysis:

a)
site‑specific signal attenuation factors such as terrain blocking and radio horizon;

b)
increased filtering of the transmitted RNSS earth station uplink signal;

c)
antenna orientation and directive gain characteristics of RNSS (Earth‑to‑space) earth station transmit antenna;

d)
alternative locations for the RNSS (Earth‑to‑space) earth station;

e)
in regions where current and projected MLS deployments are expected to be limited, consideration may optionally be given to the additional frequency separation afforded by MLS operation in the upper channels of the MLS channel plan extending from 5 030 MHz to 5 150 MHz. This option should be at the discretion of the affected national authorities.

Items a) through d) may affect the power level of RNSS (Earth‑to‑space) earth station emissions in the direction of MLS service volumes. Item e) may affect the operating frequency(ies) of MLS. This, in turn, may reduce the level of relevant RNSS spurious emissions in the 2.4 MHz band centred on the MLS frequency assignment, which affects Rin. Additional factors may be considered on an individual basis; however, the need to maintain the reliability and integrity requirements of MLS, consistent with the safety of flight service it provides, needs to be addressed.

Part 5

Chairman’s report of drafting group DG 8D2A and working document towards a preliminary draft revision of Recommendation ITU-R M.1089 (Section 2.4.1 and Attachment 9 of ITU-R document 8D/61-E - Report of the tenth meeting of Working Party 8D)

ICAO Secretariat comments

Section 2.4.1 of the WP8D Report is based on document 8D/TEMP/22. The report requires further consideration with regard to the coordination process for frequencies in the AMS(R)S service. The secrecy around this process requires further attention in the light of adequate availability of aeronautical satellite spectrum.

Attachment 9 of the WP8D Report is based on document 8D/TEMP/24, .The proposed working document towards a preliminary draft revision of Recommendation ITU-R M.1089 requires further consideration. It seems to be a positive way in improving access of the AMS(R)S to spectrum when coordinating frequencies.

AMCP WGF Action: Review and produce input WP8D paper outlining aviation problems with current coordination process.

2.4.1
AMS(R)S sharing with MSS (DG 8D2A)

Input documents:
8D/24, 8D25

Output documents:
Att. 9 (WD toward PDRR ITU-R M.1089), Doc. 8D/TEMP/22 (meeting report)

Drafting Group 8D2A held four meetings and considered two input documents relating to accommodation of required spectrum for the AMS(R)S in the generic MSS allocation.

(1)
New Question

In consideration of Document 8D/24, the issue of coordination of frequency band relating to AMS(R)S was discussed and the following conclusions were derived.

Drafting Group 8D2A agreed that it is necessary, under RR S5.357A and Resolution 222 (WRC‑2000), to ensure accommodation of the spectrum requirements of distress and safety services including communications under priority 1 to 6 of AMS(R)S, in particular for AMS(R)S for the future.  A new question was proposed to study appropriate measures to ensure spectrum for AMS(R)S when the bands are saturated.  However, some delegations expressed their concern about the necessity of further study on this issue because it was noted that RR provisions adopted by WRC-2000 unambiguously provide priority for these spectrum requirements during ITU frequency co-ordination under Article S9.  Administrations will therefore be required to accommodate these spectrum requirements, if necessary by transferring spectrum from MSS systems not providing safety services.  It was also agreed that the MSS community would be best served by maintaining the flexibility provided by the current frequency coordination procedures and hence that it would be counter-productive to further regulate the frequency coordination procedures.  Administrations shared the concern that a situation may arise in the future when the spectrum requirements for GMDSS and AMS(R)S will be difficult to meet, and they considered that, should this situation arise, it would be due to the general shortage of spectrum for MSS and not due to any fault in the frequency coordination procedures.

Drafting Group 8D2A discussed a draft new Question for the study to provide methods of ensuring accommodation of required spectrum for AMS(R)S proposed in Doc. 8D/24.  Drafting Group 8D2A concluded that, after a substantial debate, it is premature to develop a new Question and therefore contributions are invited for the next WP 8D meeting to determine items to be studied if a new Question is necessary.

(2)
Modification of Recommendation ITU-R M.1089

Drafting Group 8D2A considered the revision of Recommendation ITU-R M.1089 proposed by Doc. 8D/25 relating to coordination among AMS(R)S and MSS networks.

It was agreed that Recommendation ITU-R M.1089 needs to be updated for the consistency with the current framework of the RR and especially Resolution 222 (WRC-2000), because bands allocated to AMS(R)S have been opened to generic MSS since WRC-97, and therefore Recommendation ITU-R M.1089 has to be applicable not only between AMS(R)S but also in all cases among AMS(R)S and MSS.

Although a lot of discussions were made in the group, it was considered that further improvements to the text are required.  Therefore, contributions are invited to the next WP 8D meeting for better updating of this Recommendation.

A working document towards preliminary draft revision of Recommendation ITU-R M.1089 was produced for the discussion at the next WP 8D meeting as shown in Attachment 9.

ATTACHMENT 9

(Source: Document 8D/TEMP/24(Rev.1))

WORKING DOCUMENT TOWARDS PRELIMINARY DRAFT REVISION 
OF RECOMMENDATION ITU-R M.1089

WP 8D considered the draft revision of Recommendation M.1089 proposed in Document 8D/25 relating to coordination among AMS(R)S and MSS networks.

It was agreed that Recommendation ITU-R M.1089 needed to be updated for consistency with the current framework of the RR and especially Resolution 222 (WRC-2000), because bands allocated to AMS(R)S have been opened to generic MSS since WRC-97, and therefore Recommendation ITU-R M.1089 needs to apply not only between AMS(R)S but also to all cases between AMS(R)S and MSS.

Although a lot of discussion took place in the group, it was considered that further improvements to the text are required. Therefore, contributions are invited to the next WP 8D meeting for better updating of this Recommendation.

A working document towards the preliminary draft revision of Recommendation ITU-R M.1089 is provided for discussion at the next WP 8D meeting as shown in the Annex.

Annex

(to Attachment 9)

WORKING DOCUMENT TOWARDS PRELIMINARY DRAFT REVISION OF 
RECOMMENDATION ITU-R M.1089*
TECHNICAL CONSIDERATIONS FOR THE CO-ORDINATION OF 
MOBILE-SATELLITE SYSTEMS SUPPORTING THE AERONAUTICAL 
MOBILE-SATELLITE (R) SERVICE (AMS(R)S)

(Question ITU-R 111/8)

(1994)

The ITU Radiocommunication Assembly,

considering

a)
that, in accordance with Article S43 of the Radio Regulations (RR), the aeronautical mobile-satellite (R) service (AMS(R)S) is reserved for communications relating to safety and regularity of flight;

b)
that there is concern over the availability of adequate spectrum for mobile-satellite services, e.g., AMS(R)S use in certain service areas served by different satellite networks;

c)
that there is concern regarding the availability of adequate power and spectrum for AMS(R)S messages on individual satellites designed to provide mobile-satellite services;

d)
that coordination of mobile-satellite networks is complex, e.g., because radiation patterns for some mobile station antennas do not provide much discrimination towards other mobile-satellite networks;

e)
that the spectrum allocated to the AMS(R)S will be used by multiple AMS(R)S systems;

f)
that the need for coordination between geostationary-satellite networks is determined using the methods set forth in RR Appendix S5;

g)
that the Standards and Recommended Practices (SARPs) in the International Civil Aviation Organization (ICAO) Annex 10 define the technical parameters for AMS(R)S;

h)
that AMS(R)S requires special measures to ensure freedom from harmful interference to provide protection for safety and distress communications (see RR No. 953S4.10);

j)
that WRC-2000 modified RR No. 357A by applying Resolution 222 to ensure spectrum availability to AMS(R)S in the bands 1 545 to 1 555 MHz, and 1 646.5 to 1 656.5 MHz in a flexible and efficient manner,

recommends

1
that the following guidelines be used during the detailed coordination of satellite networks and for frequency assignments in bands used by AMS(R)S to ensure appropriate spectrum availability for AMS(R)S use:

–
the satisfying of AMS(R)S requirements by each system should be taken account of in the coordination process. The coordination process should provide the flexibility to accommodate future requirements including peak AMS(R)S traffic within each system;

–
administrations responsible for mobile-satellite system coordination should consider latest ICAO global and regional plans, as they become available, (e.g., North Atlantic Systems Planning Group Implementation Plan/Strategy) to ensure AMS(R)S communication requirements are accommodated;

–
for systems with global and spot beams, operational measures should be taken to minimize the amount of global bandwidth used and maximize the use of spot beams implement the latest technical advances in order to maximize spectrum efficiency to the extent that it is operationally, technically, and economically feasible;

–
the three-phase process in Annex 1 should be used during detailed coordination among AMS(R)S operators and other operators wherever possible;

[–
AMS(R)S system providers should explore technical and operational means to share the AMS(R)S spectrum efficiently to the extent that the performance standards for AMS(R)S as established by ICAO are not degraded, including the considerations listed in Annex 2].

NOTE 1 – The use of techniques and technology that improve spectrum efficiency is the basis for these guidelines. It is recognized that not all of these guidelines will be relevant to all parties of a coordination process since their respective systems may be in different stages of development or implementation. Continual assessment and, where possible, the application of improved techniques and new technology may be required if the available spectrum is to be capable of meeting the growth of the AMS(R)S. However, any resulting applications will need to be compatible with ICAO Standards and Recommended Practices (SARPs).

ANNEX 1

Phases of detailed coordination among AMS(R)S and non-AMS(R)S system providers

Phase 1 – Assessment of the interactions of the transmissions of the involved systems against predetermined interference criteria.  If unacceptable levels of interference are anticipated, it will be necessary to move to Phase 2; otherwise, the administrations can agree that no adjustments to the system design parameters are needed.

Phase 2 – Adjustment of technical and operational system parameters which could facilitate a completion or partial resolution of the interference problems identified in Phase 1.  However, any adjustments made during this phase should not require either system to constrain its current or planned mode of operation, nor its type, distribution, or quality of services. If such adjustment is not possible, it will be necessary to move to Phase 3.
Phase 3 – Consideration and negotiation of further adjustments and constraints of system parameters to either or both systems in accordance with Resolution 222 if interference problems have not been resolved during Phase 2, to the extent that this does not unacceptably degrade AMS(R)S performance standards as established by ICAO. Such changes could affect the operating flexibility and future growth options of either or both systems.

[]

NOTE – The text in Annex 2 is duplicated in Recommendation ITU-R M.1038.

Part 6

Chairman’s report of subworking group SWG 8D5 (Radionavigation satellite service and Working document towards a preliminary draft new recommendation "Methodology for assessing the sharing between the radio navigation-satellite service and the aeronautical radionavigation service (DME/TACAN) in the band 1164 -1215 MHz” (Section 2.7 and Attachment 8 of ITU-R document 8D/61-E - Report of the tenth meeting of Working Party 8D)

ICAO Secretariat comments

Section 2.7 of the WP8D Report is based on document 8D/TEMP/43. Attachment 8 of the WP8D Report is based on document 8D/TEMP/17 (Rev.1).

Proposals are being developed on the methodology to determine an aggregate pfd limit required to protect the ARNS in the band 1164 - 1215 MHz. In principle, this methodology follows the methodology presented by ICAO to the WRC-2000.

However, it must be observed that this methodology only concentrates on the compatibility between DME/TACAN and RNSS. In this regard it should be noted that it might be expected that, as long as RNSS provides essential aids to navigation to aviation, aviation will protect this systems against interference within the conditions of the compatibility assessment. The draft new Recommendation notes that "If future ARNS systems, using system characteristics significantly different from those of DME/TACAN are introduced later in the band 1164 - 1215 MHz, the interference from those ARNS systems may prevent RNSS operation". It is observed that the allocation has been made to the -generic- Radionavigation satellite service, which includes non-safety of life applications as well. It is not the intention of the aviation community to protect these services in the future from interference from ARNS systems by restricting the future development of ARNS systems that may operate in this band.

However, when the RNSS systems cannot be used for air navigation purposes or when in the future other navigation systems may be implemented in this band, the interference scenario may be changed. At this point in time it is not recommended to limit the use of the band 1164 - 1215 MHz to DME/TACAN only.

Furthermore, a detailed assessment is required with regard to the on-board interference to which the DME receivers are susceptible. This will assist in determining the amount of interference from RNSS that can be allowed. (Ref. Table 2, row 2).

Also, the DME antenna gain (reduction) with respect to RNSS signals in the space-toEarth direction needs to be established. This is dependant upon the location of the DME antenna on board an aircraft and the worst-case scenario needs to be considered here (e.g. when the DME antenna is located on a small aircraft).

The draft new recommendation also contains a methodology of assessing the impact of emissions of the DME/TACAN operating in the band 1164 - 1215 MHz on the (onboard) receivers of the Radionavigation satellite service. This methodology needs to be assessed by the GNSSP with respect to its applicability in the Aeronautical Radionavigation Satellite Service. In particular, it has been noted that the analysis assumes that the DME pulses are set at 2700 pulse pairs per second, where Annex 10 specifies a maximum of 5400 pulse pairs. (It seems that TACAN station use a typical value of 3600 pulse pairs per second). An indication on the criticality of the PRF when assessing interference into RNSS receivers is necessary.

One Administration (France) is questioning the use of the value of-129 dBW (which was specified as the CW interference limit) as the DME RNSS interference threshold and believes that when the DME is being interfered with a Direct Sequence Spread Spectrum signal, another value may be used in the methodology. This Administration intends to conduct experimental measurements. In this regard it must be noted that the results of measurements on a limited set of DME equipment may not be representative to protect all DME receivers. A number of Administrations however expressed the opinion that this value of -129 dBW accounted for all sources of interference. Furthermore, any such activity needs to be reviewed in ICAO before the ITU recommend these to be applied in the methodology. It is the prerogative of ICAO to set standards for the interference threshold of aeronautical equipment, taking into consideration all aspects that relate to the safety of aviation.

Check: pulse pair separation of 12 microseconds

AMCP WGF Action: Review taking into account GNSSP comments 

[Attach ICAO input paper to WRC-2000]

2.7
Radionavigation satellite service (SWG 8D5)

SWG 8D5 met four times during the meeting to discuss various study items in the areas of RNSS.  Two drafting groups were established.

2.7.1
Resolutions 604, 605, and 606 (DG 8D5A)

Input documents: 
8D/5, 18, 19, 22, 29, 31

Output documents:
Att.8 (WD), Att. 12 (CPM Text), Att. 22, §§9, 16 (LSs)

(1)
Resolution 604:  Studies on compatibility between stations of the radionavigation-satellite service (space-to-Earth) operating in the frequency band 5 010-5 030 MHz and the radio astronomy service operating in the band 4 990-5 000 MHz.

SWG 8D5 considered Document 8D/5, a liaison statement from WP 7D, which addressed the issue of sharing between the RNSS and RAS.  SWG 8D5 agreed with proposal from WP 7D that the methodology proposed by WP 7D could be appropriate to sharing studies requested in Resolution 604.  SWG 8D5 produced a liaison statement to WP 7D (Att. 22) to confirm this point and to confirm WP 8D will conduct these studies in collaboration with WP 7D.

(2)
Resolution 605: Use of the frequency band 1 164-1 215 MHz by systems of the radionavigation-satellite service (space-to-Earth). 

WP 8D considered Documents 8D/19, 8D/22 and 8D/31which addressed two issues.

The first issue addresses the methodology for the derivation of the pfd threshold of RNSS (s-E) systems for the protection to the ARNS. There was considerable discussion on the value of the figure for the DME interference threshold required when related to interference from the RNSS.  ICAO noted that the current value of –129 dBW was a regulatory figure for current and future DME services.  A number of administrations expressed the opinion that this value accounted for all sources of interference. One Administration expressed the view that the current ICAO figure related to a C/W signal and questioned whether the value would be the same for interference from an RNSS signal.  It was agreed that WP 8D would require further contributions on this specific issue for the next WP 8D meeting.  ICAO stated that ICAO would also re-evaluate this figure if requested by the ITU-R.

The second issue relates to the methodology for sharing between RNSS receivers and emissions of the DME and TACAN equipment used in the ARNS.  There was debate concerning the future development of ARNS systems with different characteristic to DME/TACAN equipment and the effect on RNSS operation on board an aircraft. It was noted that the issue of future on board aircraft navigation system requirements for international civil aviation was a concern for ICAO. 

SWG 8D5 produced a document (Att. 8), which will be carried forward to the next meeting of WP 8D in order that Administrations can contribute further on this matter.  For both interference scenarios described above, WP 8D made a particular note on the need for coordination with ICAO.

(3)
Resolution 606: Use of the frequency band 1 215-1 300 MHz by systems of the radionavigation-satellite service (space-to-Earth). 

SWG 8D5 discussed Documents 8D/18 and 8D/29 which addressed the protection of radars from RNSS.  A general concern raised during the meeting was the development of RNSS systems with different characteristics to those of current systems and the effect this would have on the need for a pfd protection threshold.  WP 8D noted that a study and operational experience with current GPS and GLONASS system characteristics concluded that a threshold pfd limit for these systems was not required.  One administration stated that WP 8B should be included in studies in order to address the issue of the development of future radars.  However several administrations felt that WP 8D should request radar characteristics from WP 8B and present the conclusion of studies to WP 8B at a future date.

SWG 8D5 produced a liaison statement to WP 8B requesting radar characteristics (Att. 22).

(4)
Draft text for CPM Report to WRC-03 Chapter 1.2

SWG 8D5 in considering input Documents 8D/5, 18, 19, 20, 22, 29 and 31 produced draft CPM Report Chapter 1.2 text which addresses Agenda item 1.15 for the WRC-03.  This text is contained in Attachment 12.

2.7.2
Resolutions 603 and 607 (DG 8D5B)

Input documents: 
8D/16, 17, 37

Output documents: 
Atts. 4 and 10 (WDs), Att. 22, §15  (LS)

(1)
Resolution 607: Use of the frequency band 1 300-1 350 MHz by the RNSS (Earth–space).

SWG 8D5 considered Document 8D/16 which dealt with sharing with stations of the RNSS (Earth‑space) and radar of the radiolocation service.  WP 8D noted that studies were required concerning airborne radars and characteristics of this equipment.

SWG 8D5 produced a liaison statement (Att. 22) to WP 8B requesting the characteristics of these systems.

SWG 8D5 produced a working document towards a PDNR (Att. 4) to be carried forward to the next meeting of WP 8D.

(2)
Resolution 603: Compatibility of the RNSS (Earth-space) and the international standard MLS service in the 5 GHz band.

SWG 8D5 considered Documents 8D/17 and 8D/37 which dealt with the methodology in determining protection to the MLS.  It was noted that one contribution contains reference to Recommendation ITU-R S.1342.

SWG 8D5 produced a working document to a PDNR to be carried forward to the next meeting of WP 8D (Attachment 10).
2.7.3
Other issues

(1)
Other input documents

SWG 8D5 also considered Documents 8D/318 and 8D/328.  WP 8D noted that these documents were for information and noted their respective contents.

(2)
Questions ITU-R 91, 217 and 219

SWG 8D5 considered these Questions.  No comment was made on these Questions, including assessment of AAP, at this meeting except revision of the dates for completion of the work required.

Attachment 8

(Source : Document 8D/TEMP/17(Rev.1))

WORKING DOCUMENT TOWARD A PRELIMINARY DRAFT NEW
RECOMMENDATION ITU-R M.[RNSS.ARNS]
Methodology for assessing the SHARING BETWEEN THE Radionavigation-Satellite Service and the Aeronautical Radionavigation Service (DME/TACAN) in the band 1 164-1 215 MHz
The ITU Radiocommunication Assembly,

considering

a)
that in accordance with the Radio Regulations, the band 960-1 215 MHz is allocated on a primary basis to the aeronautical-radionavigation service in all the ITU Regions;
b)
that WRC-2000 decided to introduce a new allocation for the radionavigation-satellite service (space-to-Earth) in the frequency band 1 164-1 215 MHz, with a provisional limit on the aggregate power flux-density produced by all the space stations within all radionavigation-satellite systems at the Earth's surface of (115 dB(W/m2) in any 1 MHz band for all angles of arrival;
c)
that Resolution 605 (WRC-2000) calls for conducting, as a matter of urgency and in time for WRC-03, the appropriate technical, operational and regulatory studies on the overall compatibility between the radionavigation-satellite service and the aeronautical radionavigation service in the band 960-1 215 MHz, including an assessment of the need for an aggregate power flux-density limit, and revision, if necessary, of the provisional pfd limit given in No. S5.328A concerning the operation of radionavigation-satellite service (space-to-Earth) systems in the frequency band 1 164-1 215 MHz;
d)
that the aeronautical radionavigation service is a safety service in accordance with provision S1.59 and special measures need to be taken by administrations to protect these services in accordance with provision S4.10,

recommends

1
that the methodology in Annex 1 should be taken to assess the sharing between the ARNS receivers and RNSS emissions1;

2
that the methodology in Annex 2 should be taken to assess the sharing between RNSS receivers and emissions of the Distance Measuring System (DME) and tactical air navigation system (TACAN) operating in the Aeronautical Radionavigation Service in the band 1 164‑1 215 MHz1.

ANNEX 1

(to Attachment 8)

1
Methodology to assess the aggregate pfd from the emission levels of individual RNSS satellites

Received signal powers are typically calculated by link analysis equations, considering the average power (other cases - maximum power) that is emitted by the transmitter to the received signal power that is received at the antenna and is dependant on the received antenna characteristics. However, the power flux-density is independent of carrier frequency and is a function of spreading loss over the slant range d. This is sometimes called path loss. For single RNSS system the pfd equation is:



pfd = (e.i.r.p.)/(4(d2)
(W/m2)
(1)

Where e.i.r.p. is the effective radiated power with respect to an isotropic radiator, and is the product of the transmitted power, Pt and the gain of the transmitting antenna, Gt. Translating equation (1) into dB's:



pfd = 10log (e.i.r.p.) ( 10log (4(d2)
(dBW/m2)
(2)

S5.328A indicates that the pfd limit is –115 dBW/m2 over a 1 MHz bandwidth, and is to represent an aggregate of all RNSS systems operating between 1 164-1 215 MHz2. 

2
Methodology to determination an aggregate pfd limit required to protect the ARNS in the band 1 164-1 215 MHz
TABLE 1

Aggregate interference pfd limit to protect DME interrogator/receiver


Parameter
Value
Reference

1
[DME RNSS interference threshold (at antenna port) in the DME receiver bandwidth]
[R=(129 dBW]
[MOPS DO- 189 2.2.16]

2
Maximum antenna gain towards interference
2 dB
MOPS

3
Interference threshold, free space 
R(2 dBW
Combine 1 and 2

4
Effective area of 0 dBi antenna at 1 176 MHz
(22.8 dB/m2


5
Aggregate interference in DME BW
R(2+22.8 dBW/m2
Combine 3 and 4

6
Conversion to MHz
(assumes a 650 kHz bandwidth)
1.8 dB
10 log (1 MHz/DME BW) 
Industry reference

7
Aggregate interference in 1 MHz
R(2+22.8+1.8 dBW/m2
Combine 5 and 6

8
Safety margin
6 dB
ITU

9
Maximum allowed pfd
R(2+22.8+1.8(6 =
(112.4 dBW/m2/MHz
Combine 7 and 8

Table 2

Aggregate interference pfd limit for RNSS (s-E) interference


Item
Value
Reference

1
Maximum allowed pfd
R(2+22.8+1.8(6 dBW/m2/MHz
Table 1

2
Apportionment of RNSS interference to all the interference sources
X dB


3
Max allowable RNSS interference at antenna surface 
(R(2+22.8+1.8(6(X)
dBW/m2/MHz
Combine 1 and 2

4
Antenna gain reduction for RNSS
(s-E) including polarization mismatch 
Y dB


5
Aggregate RNSS (s-E) interference limit at antenna surface
R(2+22.8+1.8(6(X+Y
dBW/m2/MHz
Combine 3 and 4

Some parameters need some investigation to be confirm:

–
R: the DME interference threshold against RNSS-type signals in the DME receiving bandwidth; The value of –129 dBW refers to a CW interference type of signal3;

–
X: the Single/Multiple entry factor;

–
Y: antenna gain reduction for RNSS (s-E) including polarization mismatch.

Annex 2

(to Attachment 8)

Methodology for assessing the impact of emissions of the Distance Measuring Equipment and Tactical Air Navigation system (DME/TACAN) operating in the Aeronautical Radionavigation Service in the band 1 164-1 215 MHz on the Radionavigation-Satellite Service onboard receivers

1
Description of the methodology

1.1
Interference scenario
In this annex, we consider only the interference from ground‑based DME/TACAN, indicated in [1] as the main source of interference.

1.1.1
Ground‑based DME/TACAN characteristics

The region of the world having the densest DME concentration is Europe. An ICAO DME/TACAN database which have the radiated power, frequency, latitude and longitude is used for the simulation. All present and planned DME/TACAN over Europe are taken into account. 

The DME/TACAN pulses coming from different emitters arrive randomly at the receiver. For simulation purposes, all DME/TACAN are set at 2 700 pulse pairs per second. This value is a maximum for almost every DME, except for a few DME in one European country which maximum will be 5 400 pulse pairs, and for TACAN where it should rather be 3 600 pulse pairs.
In first approximation, the instantaneous received power of a perfectly Gaussian shaped DME/TACAN pulse pair separated by 12 microseconds can be written as:
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where: 


p =
is the received radiated power of the undesired signal from one DME/TACAN pulse;


( =
4.5 x1011;


p(t) =
is set at 0 W when the receiver is blanked, taking into account 1 (s of blanking recovery time (after the blanking period the signal is kept zeroed during 1 (s).

Typical DME/TACAN antenna gain pattern is shown in Figure 1 and most (around 87.5%) of radiated power is contained within a 0.5 MHz bandwidth centred on the 1 MHz channels. The envelope used in the simulation is also shown in Figure 1.
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O corresponds to the horizontal direction

 


FIGURE 1

Typical DME/TACAN antenna gain vs. elevation angle

1.1.2
RNSS receivers characteristics assumptions

–
The receiver filter response is given in Figures 2 (Wide band receiver) and 3 (Narrow-band receiver).


For the wide band filter (5.5 dB/MHz):





figure 2

Assumed RNSS wide band receiver filter response


For the narrow-band filter with less complexity (lower order, same temperature than L1 receiver) (5.5 dB/MHz):




figure 3

Assumed RNSS narrow-band receiver filter response

(
The RNSS receiver antenna gain in satellite direction is in worst case (4.5 dB. For simulation purposes, only that value is considered.

(
The RNSS receiver antenna gain in the direction of DME/TACAN is taken into consideration as follows:

•
The assumption used when the aircraft is flying in a horizontal position is (10 dB for both LCP and RCP (antenna gain in lower hemisphere [2]) (Figure 3). The assumption of a same gain for RCP and LCP has not been assessed by previous studies and must be considered with great caution.








Figure 4

RNSS receiver gain assumption (aircraft flying in a horizontal position)

•
The RNSS receiver antenna radiated pattern used for simulations with an aircraft having a roll angle of 33° is taken from Document 8D/142 (equation 8):



G() = 7 ( 1.957x10(3 2.01 
for 0 < < 80°



G() = 21.59 ( 0.3882 + 5.455x10(4 2
for > 80°

(
The gaseous attenuation and the diffraction attenuation are taken into account.

(
All DME/TACAN ground transmitters are considered, up to the electromagnetic horizon (4 130(h with h in m).

1.1.3
RNSS receiver blanking threshold

The maximum tolerable interference power spectral density Io (blanking threshold/filter bandwidth –9.2 dB) can be determined using:

–
no (noise floor (200 dBW/Hz);

–
minimum S/N (32.8 dB-Hz);

–
minimum wanted received power signal S in 20 MHz = (163.5 dBW 


((157 dBW (received power) (2 dB (implementation losses) (4.5 dBic (antenna gain)).
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The Blanking Threshold (Io in 20 MHz + 9.2 dB = Io + 73 dB + 9.2 dB) is therefore:
= (116.5 dBW.

The threshold of (126.5 dBW is considered for the simulation with a narrow-band RNSS signal.

1.2
Methodology to evaluate interference from ground-based DME/TACAN to RNSS receivers

1.2.1
Simulation

In order to evaluate the interference from ground-based DME/TACAN to RNSS receivers, a simulation tool was created, taking into account the characteristics mentioned above. A simulation round consists in:

–
simulating the S/N and blanking percentage of an airborne receiver at a specified altitude, in each position over Europe sampled every 0.5 degrees of latitude and 0.5 degrees of longitude. The airborne is place at the horizontal position. The tool provides the worst figure found: worst position for the aircraft and the corresponding S/N degradation;

–
the aircraft is placed at the worst position and the simulation at this position is made 10 000 times in order to obtain a good statistic of the events;

–
the cumulative distribution function (CDF) which gives the probability to have an S/N degradation below a certain value is calculated at the worst aircraft position over Europe.

1.2.2
Criteria of interference

The maximum S/N degradation: the maximum S/N degradation depend on the wanted signal power:

–
a wide band at (157 dBW and a narrow-band at (154 dBW (for a total power of (152 dBW) which gives the correspondent maximum S/N degradation of 3.7 dB for the wide band and 6.7 for the narrow-band.

1.2.3
Determination of S/N degradation in acquisition mode (the worst case)

The S/N degradation margin is defined as the comparison between two values (RTCA meeting):

–
The first one is the margin, using N=Io+No where Io (in dBW/Hz) is the maximum tolerable external interference power spectral density for the narrow-band receiver:
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(For wide band: 3.7 dB see Appendix.)

–
The second one is related to Io (in W) which is the simulated average received external interference power taking into account the blanking and the received filter: 
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where:


n =
is the number of DME/TACAN in visibility (distance between DME/TACAN and RNSS receiver < horizon);


i =
is one of the DME among the n in visibility;


To =
is the Gaussian pulse pair period;


PDCB =
is the percentage of time when the RNSS receiver is blocked;


Bd =
The receiver bandwidth: 20 MHz for wide band RNSS signal and 2 MHz for narrow-band signal;


p(t) =
has been defined above, with p as follows:


p =
DME/TACAN radiated power + DME/TACAN antenna gain (() + RNSS antenna gain () - free space loss (f,d) + RNSS filter (f) - gaseous attenuation and the diffraction attenuation.

2
Results

2.1
Altitude impact

The altitude impacts the S/N degradation, and the worst case found corresponds to the highest altitude (40 000 feet) due to the high number of DME/TACAN in visibility. Therefore all the simulations presented in this paper are with an altitude of 40 000 Feet. 

2.2
Aircraft inclination

When an aircraft evolves from a horizontal flight, the RNSS antenna attenuation for DME signal varies. An incline up to 33° has been considered here.

The simulation has been performed with an aircraft at 40 000 feet having a roll angle of 33° towards eight different directions (N, NE, E, SE, S, SW, W, NW). The simulation showed an increase of 0.5 dB of the worst case S/N degradation and an increase of 11% of the worst case percentage of blanking time for all locations and azimuth.

2.3
First scenario (a wide band at (157 dBW and a narrow-band at (154 dBW with a frequency centre at 1 202.025 MHz)

The following figures show the cumulative distributions functions CDF for an aircraft at the horizontal position, at 40 000 Ft and at the worst case position over Europe. This is also valid for Section 3.4.

The probability to have a S/N degradation above the maximum tolerable S/N degradation in acquisition mode and with the worst condition in term of position (altitude, longitude and latitude), is 100% with the wide band receiver and 0% with the narrow-band receiver. 
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FIGURE 5

CDF for the wide band receiver
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FIGURE 6

CDF for the narrow-band receiver

2.4
Second scenario (a wide band at (157 dBW and a narrow-band at (154 dBW with a frequency centre at 1 176.46 MHz)

The probability to have a S/N degradation above the maximum tolerable S/N degradation in acquisition mode and with the worst condition in term of position (altitude, longitude and latitude), is as the preview case 100% with the wide band receiver and 0% with the narrow-band receiver.

2.5
Possible solutions to enhance the wide band receiver performance

Figures 5 and 6 show that wide band receiver will have difficulty at high altitude and over region with a large number of DME/TACAN to have the acquisition of an RNSS satellite. 

[Some mitigation techniques could be investigated:

–
The use of frequency adaptive filters in order to minimize the impact of DME in addition to time blanking technique.

(
A method on the possible simultaneous use of both the wide and narrow-band RNSS signals.

(
Re-assign where possible DME/TACAN in those regions where interference is experienced to a frequency outside receiver pass-band.]

2.6
Consideration on the impact of the introduction of potential new ARNS system in the band 1 164-1 215 MHz on RNSS systems

Concerning the RNSS receiver interfering environment, current ARNS systems characteristics were used (DME/TACAN) in the studies4.

Conclusion

The results of this simulation with the assumptions presented in this annex, show that we can be optimistic regarding the use of RNSS narrow-band receivers until the altitude of 40 000 Ft without harmful interference from DME/TACAN. Regarding wide band receiver in certain geographical areas of the world, due to a higher number of DME/TACAN emitting in the receiver band and the lower wanted wide band signal power, the acquisition of an RNSS satellite could be more difficult. However, some solutions as presented in Section 2.5 can improve the wide band receiver satellite acquisition and then to ensure their use at altitudes up to 40 000 Ft.
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appendix 1

(to Attachment 8)

S/N computations



L1 WAAS
narrow-band (2 MHz)
(154 dBW
wide band (20 MHz)
(157 dBW


Received signal power

(161.00

(154.00
(157
dBW

Implementation losses

(2.00

(2.00
(2
dB

Minimum antenna gain

(4.50

(4.50
(4.5
dB







Sky temperature

100.00

100.00
100.00
K

Receiver excess temp
(Need to be confirm) 

412.90

626.00 
626.00
K

Noise floor

(201.50

(199.99
(199.99
dBW/Hz

Minimum S/N

34.00

39.49
36.49
dB/Hz







Track mode





S/N no margin

30.50

30.50
30.5
dB/Hz

Io max tolerable

(200.57

(191.59
(195.26
dBW/Hz



(110.57

(101.59
(105.26
dBm/MHz

Maximum S/N degradation

3.5

8.99
5.99








Acquisition mode





S/N no margin

32.80

32.80
32.80
dB/Hz

Io max tolerable

(206.47

(194.35
(198.72
dBW/Hz



(116.47

(104.35
(108.72
dBm/MHz

Maximum S/N degradation

1.2

6.7
3.7


Part 7

Liaison statement from Working Party 8D to Working Party 8B on the development of draft CPM text on operating experience with non-geostationary mobile satellite service feeder link stations in the 5091 - 5250 GHz band. (Section 21 of ITU-R document 8D/61-E - Report of the tenth meeting of Working Party 8D)
ICAO Secretariat comments 

This section of  the WP8D Report is based on document 8D/TEMP/12 (Rev.1) .

This draft CPM text indicates that coordination of FSS gateway stations was achieved with using the methodology contained in Recommendation ITU-R S.1342. Work on re-considering the spectrum requirements for MLS are underway in ICAO and concentrated in AMCP and the Frequency Management Group, a group of the European Air Navigation Planning Group. The liaison statement seems to confirm that with Recommendation ITU-R S.1342 workable criteria for coordinating gateway stations while protecting MLS are available.

AMCP WGF Action: Review taking into account GNSSP comments 

21
Working Party 8B (Source: Document 8D/TEMP/12(Rev.1))

DEVELOPMENT OF DRAFT CPM TEXT on wrc-03 agenda item 1.4 ON OPERATING EXPERIENCE WITH NON‑GEOSTATIONARY MOBILE SATELLITE SERVICE FEEDER LINK STATIONS IN THE 5 091-5 250 GHz BAND

Status:

For action

Deadline:
May 2001

Contact: 
David Weinreich (USA), E-mail: weinreich@lan2wan.com

At its most recent meeting, Working Party 8D considered a contribution dealing with the operation of gateway earth stations providing feeder uplinks for non-geostationary (non-GSO) mobile‑satellite service (MSS) systems in the 5 091-5 250 MHz band. Careful coordination of these gateway stations with international standard microwave landing system (MLS) stations has prevented interference between these installations. Given the total planned number of these MSS gateway stations, it is very unlikely that interference between MSS feeder link stations and MLS stations will occur.

As a result of WRC-95, the fixed-satellite service (FSS) was granted co-primary status along with the aeronautical radionavigation service (ARNS) in the band 5 150-5 250 MHz for the use of feeder uplinks for non-geostationary mobile-satellite service systems (RR S5.447A). In addition, the band 5 091‑5 150 MHz was allocated, on a co-primary basis, to the FSS for non-GSO MSS feeder uplinks under S5.444A and Resolution 114 (WRC-95). This allocation (5 091-5 150 MHz) was made on the condition that the development of the FSS would be evaluated over a six to eight-year period in accordance with Resolution 114. This review, to be conducted in time for WRC-03, would provide guidance to WRC-03 on the continuing status of the allocations in this band after 2010. 

In fulfilment of this allocation, four non-GSO MSS systems announced plans to operate feeder uplinks in this band. Thus far, two systems have implemented spacecraft tracking and control operations and one system has begun commercial service using the 5 091-5 250 MHz band for transmitting communications traffic from Gateway earth stations to the non-GSO spacecraft.

Several administrations have accomplished coordination of gateway stations with MLS stations using the methodology contained in Recommendation ITU-R S.1342. Spacecraft tracking and control operations began in the 5 091-5 250 MHz with the launch of the first LEO-D satellite on 14 February 1998. Four gateway stations in Argentina, Australia, France and Korea also participated in these tracking and control operations. The current LEO-F system uses the 5 150‑5 250 MHz band to support launch and commercial operations.

Revenue communications service for the LEO-D began on 6 January 2000. In addition to the gateway earth stations mentioned for tracking and control operations 14 other gateway stations have been added to the network as of the current date.

As of writing this document, no interference has been encountered by MLS stations.

It is expected that if the two MSS systems currently operating gateway stations develop as planned then the number of gateway stations implemented worldwide will be approximately 65.

Working Party 8D requests that Working Party 8B keep Working Party 8D apprised of the work taking place within Working Party 8B with regard to WRC-03 Agenda item 1.4. Working Party 8D invites Working Party 8B to review the information contained in this liaison statement and reflect this information in its deliberations on WRC-03 Agenda item 1.4.

Part 8

"Working document towards revision of questions on technical and operational characteristics for packet data services in MSS" (Attachment 3 to ITU-R document 8D/61-E - Report of the tenth meeting of Working Party 8D)
ICAO Secretariat comments 

This Attachment to the WP8D Report is based on document 8D/TEMP/11 . It contains proposals to revise Questions ITU-R 85, ITU-R 87 and ITU-R 112 addressing the availability of circuits in the mobile satellite service and the transmission characteristics for a mobile satellite communication system respectively with a view to include MSS packet data service including the Internet Protocol (IP).

It seems that this activity needs to be considered in ICAO with respect to the effect this inclusion can have on the AMSS SARPs specified in Annex 10. 

This matter requires further attention by AMCP Working Group M. In this work, Doc. 8D/TEMP/13(Rev.1) is also relevant.

ATTACHMENT 3

(Source: Document 8D/TEMP/11(Rev.1))

WORKING DOCUMENT TOWARDS revision of Questions on TECHNICAL AND OPERATIONAL CHARACTERISTICS FOR PACKET DATA SERVICES IN mss

1
Possible updating of Questions

It would be necessary to consider which ITU‑R Questions are appropriate for the study of the technical and operational characteristics for packet data services in MSS, because such services are being newly developed. Since the relevant Questions for this study do not exist at present, the revision of the existing Questions might be needed.

The Questions described below are considered to be relevant to this study: 

(
Question ITU-R 84-3/8:
This Question encourages the study of the use of non-GSO MSS, and decides 4 describes the needs to consider the operational standards that should be provided.
(
Question ITU-R 85-1/8:
This Question encourages the study of the circuit availability of MSS. This encompasses the requirement for the different types of transmission, although packet-typed transmission is not clearly indicated. 

(
Question ITU-R 87-3/8:
This Question encourages the study of transmission characteristics for MSS systems, and considering c) seems to indicate the inclusion of packet data systems, although the word is not clearly stated.

(
Question ITU-R 112/8:
This Question encourages the study of performance objectives for digital MSS. In considering h), it is stated that store-and-forward services might have less stringent characteristics than real-time services. This fact could be applied to the packet-based transmission systems.
2
Proposal of draft revision of Questions

It is proposed to revise Questions ITU-R 85, 87 and 112 to explicitly indicate the study objectives for packet data services in MSS as presented in Annexes 1, 2, and 3, respectively. It should be noted that packet data services include Internet Protocol (IP) and other packet data applications. The transmission schemes of such applications are parts of the study. This will contribute to sharing studies when packet data services are implemented.

Annexes: 3
Annex 1
(to Attachment 3)

Proposed Draft revision of QUESTION ITU-R 85-2/8

AVAILABILITY OF CIRCUITS IN MOBILE-SATELLITE SERVICES


(1988-1990)

The ITU Radiocommunication Assembly,

considering

a)
that service interruptions may be caused by natural and man-made phenomena, e.g. solar interference, interference from other systems, ignition noise, attenuation due to multipath or atmospheric effects, which adversely affect the wanted signal and in the case of digital transmission systems, result in bursts of errors;

b)
that use of appropriate techniques and inclusion of equipment redundancy, etc., can improve service availability;

c)
that system parameters such as receive signal margins affect the link, and therefore system availability;

d)
that circuit availability requirements may not be the same for different types and directions of transmission (telephone, telegraphy, data transmission (including packet data service));

e)
that since the link between the land earth station and the mobile earth station comprises two sections, the fixed (feeder) link and the service link (satellite to mobile), they need to be considered independently;

f)
that the performance of mobile earth stations will be subject to environmental conditions that vary not only with time but also with the location of the stations within the satellite coverage area,

decides that the following Question should be studied
1
What is the definition of availability in a hypothetical reference circuit of the mobile-satellite services for the different types of transmissions?

2
What are the realistically achievable system/link availabilities of each element of a mobile-satellite system and of the complete system bearing in mind economic considerations?

3
What is the technical relationship between availability and propagation characteristics?
4
What are the preferred technical characteristics (e.g. switching time) for the arrangement of service protection?
5
What is an appropriate way to specify availability requirements and sharing criteria for MSS packet data services including Internet Protocol (IP) and other packet data applications?

Annex 2
(to Attachment 3)

Proposed draft revision of QUESTION ITU-R 87-4/8

TRANSMISSION CHARACTERISTICS FOR A MOBILE-SATELLITE
COMMUNICATION SYSTEM


(1988-1990-1992-1993)

The ITU Radiocommunication Assembly,

considering

a)
Resolution No. 44 (Mob-87) of the World Administrative Radio Conference for the Mobile Services (Geneva, 1987) (WARC MOB-87);

b)
that the International Mobile Satellite Organization (IMSO) provides international mobile-satellite communications and other organizations plan to offer international or domestic mobile-satellite services;

c)
that digital communication techniques are being proposed for the mobile-satellite service and can provide efficient use of limited bandwidth and powers, and would support a wide variety of voice, data and message communication services;

d)
that modulation techniques and systems should be robust under fading and shadowing conditions;

e)
that the efficiency of orbit-spectrum utilization in mobile-satellite systems will be determined in part by the technical characteristics employed, such as modulation methods and parameters, impact of frequency reuse techniques or the arrangement of radio frequency carriers;
f)
that studies are made by the ITU‑T from the viewpoints of interconnection of radio systems with public telecommunication networks;

g)
that packet data transmission techniques often attain high quality and reliability, by taking advantage of unique characteristics compared to others,

decides that the following Question should be studied
1
What are the preferred transmission characteristics for the following systems:

1.1
land mobile-satellite systems;

1.2
maritime mobile-satellite systems;

1.3
aeronautical mobile-satellite systems;

1.4
mobile-satellite systems incorporating a combination of two or more of the above systems;

1.5
packet data transmission systems utilized by one or more of the above systems?
2
What are the technically preferred multiple access, modulation and coding methods for such systems?

3
What are the preferred performance characteristics of earth stations and space stations for such systems?
4
What transmission characteristics could be common to facilitate compatibility between the land, maritime, and aeronautical mobile-satellite services?
5
What is an appropriate transmission model (or hypothetical reference circuit) to define technical and operational characteristics of packet data services for "MSS satellite segments"?
6
What are typical transmission schemes of packet data services including Internet Protocol (IP) in MSS?

7
What are technical parameters which are suitable to characterize packet data services in MSS?
8
What are operational requirements specific to packet data services in MSS?
9
What are suitable transmission characteristics for MSS packet data services?

Annex 3
(to Attachment 3)

Proposed Draft revision of QUESTION ITU-R 112-1/8

PERFORMANCE OBJECTIVES FOR DIGITAL MOBILE-SATELLITE SERVICES


(1992)

The ITU Radiocommunication Assembly,

considering
a)
that the total bit error ratio in the hypothetical reference circuit should not be such as would appreciably affect the transmission of information;

b)
that the bit error ratio will vary with time due to the effects of varying propagation conditions, including the effects of multipath fading;

c)
that the extent to which fading can affect various types of mobile terminals cannot be determined fully until more experimental data are available;

d)
that fade margins in the bands typically used for service links (forward/return) to mobile terminals can be substantially different from those in bands typically used for feeder links and this may result in different performance objectives for these two types of links;

e)
that the use of error correction coding techniques in mobile‑satellite service (MSS) transmissions can result in satisfactory operation at reduced levels of carrier‑to‑noise plus interference ratio (C/(N+I));

f)
that the treatment of performance objectives for safety related services in bands allocated to the MSS could be different than for non-safety related services in those bands;

g)
that for safety related services, performance objectives will be developed in close liaison with other appropriate international organizations (i.e. the International Civil Aviation Organization (ICAO) and the International Maritime Organization (IMO));

h)
that with respect to message transfer time (end‑to‑end), performance objectives for store‑and‑forward services may be less stringent than those for real‑time services;

j)
that, where appropriate, the performance objectives of the fixed‑satellite services (FSS) e.g. CCIR Recommendation ITU‑R S.614, should be taken into account, but that less stringent end‑to‑end objectives than those required for the fixed‑satellite services may be acceptable for mobile‑satellite services due to the severe environmental conditions under which these latter services operate;
k)
that performance objectives for mobile‑satellite services may be influenced by those of the terrestrial mobile service where the satellite service is used to complement such services;

l)
that with respect to packet data transmission, performance objectives may be less stringent if it ensures the high quality and reliability with its error control and retransmission by higher level protocols,

decides that the following Question should be studied
For each of the various digital mobile-satellite services:

1
What are the bit error performance objectives and preferable bit error performance distributions in the appropriate hypothetical reference digital path?

2
What is the preferred method for correlation of bit error performance with propagation characteristics?

3
What performance parameters, if any, should be defined in order to take account of existing fixed‑satellite service performance objectives, bearing in mind that interference levels in MSS systems are significantly different than for FSS systems?
4
How should the performance objective of § 1 be allocated amongst feeder links and service links?
5
How can performance objective and QoS for MSS packet data services be defined and what are appropriate methodologies to derive them?

further decides
1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed before 2003.

Part 9

Liaison statement to Task Group 1/5 responding to unwanted emission issues applicable to the mobile satellite service (Attachment 22 of ITU-R document 8D/61-E - Report of the tenth meeting of Working Party 8D)
ICAO Secretariat comments 

This section of  the WP8D Report is based on document 8D/TEMP/6 .

This liaison statement responds to TG 1/5 on the following issues:

a. Boundary between spurious and out-of-band emissions (813/320). No comments.

b. Out-of-band regions of multi-carrier systems (813/321). No comments.

c. Protection of safety services from unwanted emissions. WP 8D concluded that traffic loading management of the potential interference source for the purpose of protecting a safety service is not thought to be workable due to the high level of integrity required for such protection.

d. Protection of passive services from unwanted emissions (813/325). No comments.


Task Group 1/5 (Source: Doc. 8D/TEMP/6)

RESPONDING TO UNWANTED EMISSION ISSUES
APPLICABLE TO THE MOBILE SATELLITE SERVICE

Status: 



For action
Contact Point:

Mr. P. Locke, E-mail: plocke@fcc.gov

1
Introduction

At its tenth Meeting in October 2000, Working Party 8D considered the liaisons statements listed below from Task Group 1/5 and provide the following comments.

2
Boundary between spurious and out-of-band emissions (Document 8D/320)

This liaison statement comprised of two annexes, the first provided for information and containing a summary of the considerations within TG 1/5 on the boundary (250% concept) between out-of-band (OOB) emissions and spurious emissions, and the second, a new Annex 8 which is proposed to be included in a revision to Recommendation ITU-R SM.329-7.

Regarding the new Annex 8, WP 8D has carefully examined the reasoning behind separating the necessary bandwidth considerations into an upper and lower threshold bandwidth and views that this is has been proposed to cater for some special cases falling outside the normal considerations for emission types.

It is the understanding of WP 8D that the modification for the narrow-band emissions has been proposed to provide relief for case such as beacon transmissions which can have carrier and transponder/amplifier bands widths lower than BNL. For such cases, it is noted the intention of the modification is to apply the start of the spurious emissions boundary at frequencies slightly further away from the carrier centre frequency than would have otherwise been the case if the necessary bandwidth was not increased.  Similarly, for the wideband modification, it is viewed that this has been proposed to limit the upper bound circumstances as indicated in Example 2 of Annex 8.

With this understanding of the proposals, and in the light of Note 3 calling for further studies to confirm the values of the upper and lower threshold bandwidth, Working Party 8D views the modification proposed in the new Annex 8 as reasonable.

3
Out-of-band regions of multi-carrier systems (Document 8D/321)

This liaison statement requests the relevant Working Parties to propose OOB masks which are applicable to both single and multi-carrier technology. 

WP 8D has spent a considerable amount of time examining this important issue. The group debated the definition on the calculation of the necessary bandwidth referred to for information in the liaison statement and considered this concept would not be usefully appropriate for mobile-satellite service transmissions.  It should be noted that some MSS networks operate in a multi-carrier environment on different frequencies within a transponder and where the telecommunication service provided is subject to change and evolution throughout the lifetime of the satellite network. When considering the placement of carriers by MSS networks, which will vary considerably depending on many factors, WP 8D does not consider it appropriate to specify a necessary bandwidth as a portion of a transponder/amplifier bandwidth.

Further to the previous liaison statement by WP 8D to TG 1/5 on this topic (Document 1-5/173), WP 8D is still in the process of finalising general emission masks, applicable for both satellite and mobile earth station terminals, encompassing single and multi-carrier transmissions, and reflective and active antennas. Unfortunately, due to the complex nature of the task, WP 8D has not been able to complete the studies at this stage.

However, WP 8D notes further work has been undertaken in other ITU-R Working Parties on the practical levels of unwanted emissions from satellites (including multi-carrier and active antenna examinations) which have provided some further insight on this topic within WP 8D. In particular, WP 8D has considered a mask proposed by WP 4A as there are similarities between FSS systems and a number of MSS systems, particularly considering both services are likely to use multi-carrier, transponding satellites.

In view of the need to provide an input to the final scheduled meeting of TG 1/5, WP 8D, as an interim measure, considers the mask proposed by WP 4A could also be applicable for the MSS. Furthermore, it should be noted that the WP 8D band-by-band OOB emission study might result in one or more masks for the different types of MSS systems. It is expected, at this stage, that the mask developed by WP 4A could be considered as an "upper bound" for MSS systems. Noting this comment, WP 8D proposes the following mask for OOB emissions in bands allocated to the MSS: 

Attenuation of OOB emissions in reference bandwidth of 4 kHz for MSS systems below 15 GHz (otherwise in reference bandwidth of 1 MHz for MSS systems above 15 GHz), as a function of frequency is:



40 * log ((F/50) + 1)
(dBsd)

Where F is the frequency offset from the edge of the total assigned band, expressed as a percentage of necessary bandwidth, which will range from 0% to 200%, and the attenuation defined in terms of a reduction relative to the maximum in-band power spectral densities. A definition of the total assigned band is detailed in the WP 4A liaison to TG 1/5, as a sum of contiguous assigned frequency bands of a system consistent with the Appendix S4 publication data provided to the BR and authorized by an administration. Also, it should be noted WP 8D views the above-proposed mask may not be applicable in detailed examination of adjacent band compatibility.

For the required attenuation in the spurious emissions range, i.e., for frequency offsets greater than 200%, WP 8D proposes a level of 28 dBsd attenuation be adopted.

It is the intention of WP 8D to continue to work on this topic confirming the OOB emissions levels which are applicable to the MSS (for both space stations and mobile earth stations) and will update TG 1/5, or its successor, in the future. 

4
Protection of safety services from unwanted emissions (Document 8D/326)

This liaison statement requests comments on a preliminary draft new Recommendation being developed within TG 1/5 on the protection of safety services. 

WP 8D notes the importance of this draft new Recommendation for the protection of safety service systems, a subset of which are provided in both the mobile satellite service and the radionavigation satellite service.

WP 8D provides the following comments for consideration by TG 1/5.

(
Inclusion of a new noting "that information on past history of compatibility between safety services and other services may be useful".

WP 8D views this text will facilitate the consultation indicated in recommends 1 a) to include account of any adjacent band compatibility experience existing in developing possible measures to avoid the potential for harmful interference to safety services.

(
Replacement of missing text in Annex 2 on Traffic loading management with:


"Traffic loading management is the modification or reduction of potential interference source emissions during situations (time or scenarios) where harmful interference could result if no such reduction occurred. It is felt, in many cases, that the likely traffic considerations to determine whether the potential for interference could occur would need to be included in the overall compatibility assessment. Also felt, as a general comment, traffic loading management of the potential interference source for the purpose of protecting a safety service is not thought to be workable due to the high level of integrity required for such protection."

5
Protection of passive services from unwanted emissions (Document 8D/325)

This liaison statement requests comments on a preliminary draft new Recommendation being developed within TG 1/5 on the protection of passive services. In particular, comments are sought on the contents of Annex 4 on the Band-by-Band studies being conducted with TG 1/5 on this issue.

Unfortunately, WP 8D has been unable to progress this issue sufficiently from the time of the previous meeting in order to provide measured levels of the maximum attenuation that can be practicably achievable by MSS (space-to-Earth) transmissions.

WP 8D hopes to be able to progress the studies sufficiently at its future meetings so as to contribute meaningful figures in future on the band-by-band studies.

It was noted that a complete analysis of the interference involves more than just an assessment of the MSS unwanted emission levels into the band allocated to the passive service. A more useful evaluation should also consider the impact of MSS in-band emissions into the passive service receive filter rejection band. In certain cases, it is possible that this second interference mode provides a greater impact on the passive service than that of unwanted emission levels though the insertion, if feasible, of an expensive spacecraft transmit filter would provide little benefit for the additional cost involved.

An accurate assessment of these situations requires a calculation of the integral of the product of both filter frequency response curves. As a result, the current dialogue in TG 1/5 between active and passive services along with the supporting activities in WP 8D, necessitates knowledge of the filter characteristics of both systems. These characteristics, along with those of the MSS, would serve as a technical basis for meaningful analysis of interference from MSS into passive services.
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� 	All along this Recommendation, coordination distances must not be understood in the ITU Radio Regulations sense, but as the minimum required separation distance beyond which uplink stations from the RNSS will not cause harmful interference into MLS receivers. However, these protection distances could be decreased in a case�by�case basis, as the result of an agreement between the administrations concerned.


� - Current internationally standardized specifications are based on spectrum allocations in existence prior to WRC�2000. Current and future MLS hardware may offer additional rejection of out�of�band emissions with respect to existing specifications. Additional rejection, if present and standardized in all MLS avionics, may affect Roob.


� - Recommendation ITU�R M.1342 uses an inband interference threshold level for the MLS receiver of –160 dBW and an out�of�band interference threshold of –91 dBW.


The application of a safety margin factor as per ITU�R M.1477 for this Recommendation needs further study.


Administrations are invited to take into account the above�mentioned considerations and adopt a final value.


* 	The Director, Radiocommunication Bureau, should bring this Recommendation to the attention of the International Civil Aviation Organization (ICAO).


1 	This work needs to be coordinated with ICAO.


2	This study will to address two questions:


	1)	How many RNSS systems intend to operate between 1 164-1 215 MHz?


	2)	What is the proper methodology to determine aggregate pfd?


	In order to accomplish this, an agreed upon methodology would have to be established. Flexibility in the parameters may be necessary, since there are many users in these bands. An agreed upon methodology and through review is needed to ensure the existing ARNS systems are protected from harmful interference under all circumstances.


3 	One administration has a concern on the applicability of such value for the interference threshold for an RNSS interference type of signal (e.g. Direct Sequence Spread Spectrum DS.SS) which is completely different than CW type of signal. This administration intends to conduct experimental measurement on this matter for the next meeting.


4 	If future ARNS systems, using characteristics significantly different from those of DME/TACAN, are introduced later in the band 1 164-1 215 MHz, the interference from those ARNS systems into RNSS may prevent RNSS operation.
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