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SUMMARY
This is the second version of Working Paper 18. This version includes editorial corrections, an additional paragraph in the introductory section, and an attachment A, which were developed at the RTCA SC165 Working Group 1 meeting held between 20 – 22 January 2001 in Phoenix, Arizona, USA.
The latest amendments to Chapter 4 were accepted at AMCP/6 in March 1999. Since that date, other international standards bodies have been progressing work on their own standards that address various aspects of the operation of AES equipment that also complies to the AMSS SARPs. The principle bodies which have been working on their own standards are the European Technical Standards Institute (ETSI) and their standard EN 301 473 - Aircraft Earth Stations (AES) operating under the Aeronautical Mobile Satellite Service (AMSS)/ Mobile Satellite Service (MSS) and/or the Aeronautical Mobile Satellite on Route Service (AMS(R)S)/ Mobile Satellite Service (MSS), and the RTCA whose Special Committee 165 recently passed Change 1 to DO210D. This paper introduces the additional changes that have occurred in these two bodies, so far as they pertain to the AMSS SARPs.

0
1
BACKGROUND

1.1
The changes proposed by this paper reflect necessary incremental changes to chapter 4 SARPs to provide harmony and technical consistency between various standards, as routine evolution of systems and technical understanding of relationships between systems continues to evolve and mature.  The changes to chapter 4 SARPs are those deemed necessary to reflect this changing environment and are consistent with the changes drafted and adopted in ARINC/AEEC and RTCA.  The technical experts in satellite communications in both these bodies have requested Inmarsat to present the consequent changes to AMCP for adoption to maintain harmony between extant internationally circulated standards.  The changes reflect  technical and operational agreement on the development and evolution of standards arrived at between the technical experts serving in these bodies, including ICAO AMCP.    Details regarding the background of development are outlined in attachment A.

1.2
Since the last amendment to the AMSS SARPs were accepted by the AMCP/6 meeting in March 1999, there has been considerable activity within several international standardization bodies which has resulted in the adoption of requirements which are now at variance with the corresponding Requirements or Recommendations in the ICAO AMSS SARPs. The bodies which have been most active, and continue to be most active are:

a) European Technical Standards Institute (ETSI), who have been developing a standard for Aircraft Earth Stations entitled -  EN 301 473 - Aircraft Earth Stations (AES) operating under the Aeronautical Mobile Satellite Service (AMSS)/ Mobile Satellite Service (MSS) and/or the Aeronautical Mobile Satellite on Route Service (AMS(R)S)/ Mobile Satellite Service (MSS). This standard was recently adopted by the ETSI body Satellite Earth Stations (SES) – Technical Committee, at its forty sixth meeting 9th – 12th October 2000.
b) Radio Technical Committee for Aeronautics (RTCA), Special Committee 165, who have been responsible for developing the document DO210, which are the Minimum Operational Performance requirements for Geosynchronous Orbit Aeronautical Mobile Satellite Services (AMSS) Avionics. This Committee recently passed Change 1 to DO210.

c)  Committee European de Post et Telecommunications (CEPT) Spectrum Engineering group (SE) 28. This group has been the working group which is investigating the spurious emission requirements for AES, and specifically into the Radio Astronomy bands 1610.6 to 1613.8 MHz and 1660 to 1670 MHz. This work is still ongoing, and values, particularly in the 1610.6 to 1613.8 MHz band are likely to change in the future. 

2.4 The changes below are derived from the DO210D Change 1 document, as this is the most stable requirements document at this point in time. Although the ETSI EN 301 473 was recently adopted also, there are a number of notes in the Spurious Emission requirements that indicate additional studies need to be completed, and these studies are not expected to be completed until March/April 2002. Much of the material from section 2.4 and 2.5 which flows from DO210D Change 1, was originally derived from the RTCA SC165 Working Group 1 Working Paper 435, and subsequent discussions in Papers 442 and 450.

2 In some of the discussion sections of 2.4 below, reference is made of an AEEC document 741. This document is  a 2 part document published by Aeronautical Radio Incorported, (ARINC) for the Airlines Electronic Engineering Committee (AEEC). The first part specifies standard Aircraft Installation Provisions for the Aviation Satellite Communication System, and Part 2 specifies the System Design and Equipment Functional Description for the Aviation Satellite Communication System. References are also made to the Inmarsat SDM. This is a system Definition Manual, produced and published by one satellite system operator, for which SARPs compliant equipment is produced.  Equipment has been produced, and operates to the requirements of the interface definitions within this document, and successful operation of this equipment is essentially validation and justification of the suggested changes.

2 The changes proposed in section 2.2 is an initial attempt to reduce the emissions from an AES, and to partially align the requirements to what is being drafted by the ITU, Study Group 8 for single channel, handheld or hand transportable terminals. While these terminals operate in more benign environments, and as AESs are mulitchannel transmitters, then full alignment is not technically feasible. No specific satellite systems requirements were considered when determining the revised values in the tables, but comparative assessments were made to  assess potential interference.

2
PROPOSED CHANGES TO CHAPTER 4

2.1
Add a new section 4.2.3.4.6. which will address the receiver’s interference susceptibility:

2.1.1
New Text:


Receiver Interference Susceptibility. Receivers meeting the requirements of these SARPs shall operate satisfactorily in the presence of interference at RF levels at the receivers input port not exceeding the following tabulated levels.



Frequency Range

Maximum Interference Level



470 to 1450 MHz

+3 dBm



1450 to 1529 MHz

Decreases linearly in decibels from







+3 dBm at 1450 MHz to -72 dBm







at 1529 MHz



1529 to 1560 MHz

-163.3 dBm



1560 to 1626.5 MHz

Increases linearly in decibels from 







-72 dBm at 1560 MHz to +3 dBm 







at 1626.5 MHz.



1626.5 to 1660.5 MHz

+47.8 dBm



1660.5 to 18000 MHz

+3 dBm

 2.1.2.
Discussion: Modern aircraft are now operating with many different transmitting equipment onboard, and in environments where there are many external transmitters. Determining the whether a piece of equipment can be certified to operate in the environment it is being placed in will be made easier if the receiver interference susceptibility is known by the certifying agency. To facilitate this, all SARPs should state this parameter.   

2.2
Modify Table 4-3. Maximum harmonics, discrete spurious and noise density levels.

2.2.1
New table.

Table 4-3. Maximum harmonic, discrete spurious and noise density levels.

Frequency (MHz)

Power Density

0.01 to 15251
-135
dBc/4 kHz

1525 to 1559
-203
dBc/ 4kHz

1559 to 1585
-155
dBc/MHz

1585 to 1605
-143
dBc/MHz

1605 to 1610
-117
dBc/MHz

1610 to 1610.6
  -95
dBc/MHz

1610.6 to 1613.8
  -80
dBW/MHz5,7
1613.8 to 1614
  -95
dBc/MHz

1614 to 1626.5
  -70
dBc/4 kHz

1626.5 to 1660
  -70
dBc/4 kHz2,3,4,5,6
1660 to 1660.5
-49.5
dBW/20 kHz2,3,4,5,6,7
1660.5 to 1670
-49.5
dBW/20 kHz4,5,7
1670 to 1735
  -60
dBc/4 kHz

1735 to 12000
-105
dBc/4 kHz

12000 to 18000
  -70
dBc/4 kHz

1.
AMSS operations are permitted in the MMS (maritime) band which has been extended to include 1525-1530 MHz.

2.
Within the transmit band, excluding the frequency band within (35 kHz of the carrier.

3.
The –55 dBc/4kHz spectrum level in this table is equivalent to –55 – 10 log10(4000/SR) dBe (relative to the maximum envelope) under the definitions in Section 2.2.4.2.16.

4.
For wide band spurious the limit is –39.5 dBW/MHz.

5.
This level is not applicable for intermodulation products

6.
The upper limit for the excess power for any narrow-band spurious emission (excluding intermodulation products) within a 30 kHz measurement bandwidth shall be 10 dB above the power limit in this table.

7.
Note that the power density is expressed in terms of absolute power (dBW) in some instances, and in terms relative to carrier power (dBc) in other instances.
2.2.2
Discussion. In the months since AMCP/6, interference issues have been discussed in detail, and the table in section 2.2.1 reflects the latest values that have been adopted by the RTCA. However, discussions are still ongoing, particularly for the 1610.6 to 1613.8 MHz Radio Astronomy band. It would be expected that some if these values will change again in the future.

2.3
Insert a new section of text to introduce an intermodulation requirement for the transmitter.

2.3.1
New section:


4.2.3.5.7.4
For multicarrier AES, when transmitting two equal carriers with a total power equal to the maximum allowable operating EIRP of the AES, the power level of each of the intermodulation products shall not exceed the levels specified in table 4-3 bis.

2.4.1 New table 4-3 bis Maximum Intermodulation Product levels.



Frequency MHz



IM Level



Below 1610



<-70 dBc



1610 to 1614



-64 dBc



1614 to 1671.25


-24 dBc



1671.25 to 1711


-29 dBc



1711 to 1735



-34 dBc



1735 to 18000



<-70 dBc

2.3.3
Discussion: A Class 4 AES is capable of transmitting at least 1 C-channel through a common High Power Amplifier. This will result in intermodulation products being produced at the output of the HPA due to non-linearities within the HPA. These intermodulation products are a spurious emission, but need to be treated differently from other types of spurious emission. The level of the intermodulation product, when they fall outside the transmit pass band of the terminal, will be affected by the filtering employed in the diplexer. The values above can be met by appropriate HPA design, and diplexer filter rejection.

2.4
Add corrections to Table 4-30. DTE effect on DCE restart states.

2.4.1 In Table 4-30, Note 3 should be modified to read as follows:

3.
The received packet is not forwarded to the IWF.

2.4.1.1
Discussion: For most ERROR conditions in the r2 DTE RESTART REQUEST states,

the MOPS and SARPs  reference Note 3. The RTCA DO210D MOPS Note 3 actually states "The received packet is not forwarded to the SSNIW", which is consistent with 8208 and X.25. SARPs Note 3 actually states "No action is taken by the DCE." This is obviously incorrect, since a state transition occurs, a diagnostic code is declared, etc. SARPs Note 3 needs to be corrected.
2 In Table 4-30, the row labeled “Restart request”, the r1 column should not reference “Note 1” but “(4.2)”. The r3 column should reference “(4.3)”, not “(4.2)”.

2.4.2.1
Discussion: The SARPs table contains parenthetical references to ISO 8208 for the Normal responses by the DCE. e.g., it has the correct reference to 8208 Section 4.4 for the r3 case of receipt of  Restart Confirmation packet (row 7). However, the SARPs is lacking a reference to Section 4.2 for the r1 case of receipt of a Restart Request (back in row 6); where such a reference is expected, there is instead the unnecessary redundant reference to Note 1. For the r3 case in row 6, the SARPs incorrectly references 8208 Section 4.2. This is the "restart collision" case (the DCE and DTE both indicating/requesting a restart at the same time), which should reference 8208 Section 4.3 ("Restart collision") rather than 4.2 ("Receiving a restart indication").
2 In table 4-30, last column, for the row starting “Restart request or restart confirmation packet with format error”, after the entry “A = ERROR D = 38, 39, 81 or 82”, add (see Note 3).

2 Discussion: Should such a packet be received with a format error, the DCE should not  forward it to the IWF. This is made clear by referencing Note 3.

2 In Table 4-30, third column. For the row starting “ Packets having a packet type identifier shorter than one byte…”, after the entry “A = ERROR S = r3 D = 38” add (see Note 3).

2 Discussion: Should such a packet be received with these parameters, the DCE should not forward it to the IWF. This is made clear by referencing Note 3.

2 In Table 4-30, third column. For the row starting “Call setup, call clearing, data, interrupt, flow control…”, after the entry “A = ERROR S = r3 D = 18” add (see Note 3).

2 Discussion: Should such a packet be received with these parameters, the DCE should not forward the packet to the IWF. This is made clear by referencing Note 3.

2 In Table 4-30, the last row, column r2 the reference to note 4 should be changed to Note 3.

2.4.6.1
Discussion: Note 4 applies to the entire column. In this cell, there should be a reference to Note 3, which is more explicit. 

2 Table 4-30, Note 1 is basically correct, but could benefit from some clarification, and should be similar to the corresponding note in the MOPS. The proposed new note should be re written to read:

1. The AES subnetwork has no restart states. Receipt of a restart request causes the DCE to respond with a restart confirmation. This restart request packet is forwarded to the IWF, which responds by executing a connection release procedure for each VC associated with the DTE/DCE interface. This is equivalent to the originating DTE separately issuing a clear request for each VC, i.e. the equivalent of a restart  request.

2.4.7.1
Discussion: What the SSNL in the DCE does in response to a RESTART REQUEST from the DTE is to execute a separate connection release procedure for each VC associated with the originating DTE (reference ARINC 741 Part 2 Section 4.3.4.2.1). Per MOPS Note 1, the received RESTART REQUEST packet is forwarded by the DCE to the SSNIW sublayer (known as the IWF in the SARPs). What is specified in the earlier referenced SDM material (in Module 1 Appendix 10 Sections 4.1.5.x) is that the SSNIW is to issue an SN-DISCONNECT request primitive for each VC. The SN-DISCONNECT primitives map to CONNECTION RELEASED SNPDUs, which are sent to the GES (reference SDM Section 7.3.2.1 and MOPS Figure 2-2). This in turn ultimately results in CLEAR INDICATION packets being delivered to the far-end DTE for each applicable VC. The DCE also sends a RESTART CONFIRMATION packet to the originating DTE, indicating that it effectively performed the RESTART REQUEST function. The SARPs version of Note 1 states "Receipt of a restart request packet causes the DCE to issue a clear request packet to the IWF for each VC associated with the DCE entity." It could be implemented this way, but the MOPS more logically states that the received RESTART REQUEST packet itself (not a series of CLEAR REQUEST packets) is forwarded to the SSNIW (or IWF) (which then performs the necessary interworking functions). The SARPs note would thus be corrected and clarified if it is replaced by the MOPS version (aligned to the SARPs style and usage peculiarities).
2 Table 4-30 Note 4 should be rewritten to read:

4. If the DCE enters the r3 state, then the restart confirmation is not sent.

2.4.8.1
Discussion: The text of the existing version of the SARPs Note 4 is incorrect ("The restart request packet is not forwarded to the IWF") -- in fact, the MOPS Table 2-4 Note 1 states just the opposite: "The RESTART REQUEST packet is forwarded to the SSNIW ...", which makes sense (since the received packet has to be processed internally on the SSNIW/SSND side as well as on the DTE side). Since both documents reference Note 4 in their r2 state (3rd) column header, the SARPs should use the MOPS form of Note 4: "If the DCE enters the r3 state, then the RESTART CONFIRMATION is not sent." This note gives pertinent information regarding the r2 state, in which the DCE normally DOES send a RESTART CONFIRMATION, but not when it first enters the r3 state from the r2 state.
2 In the notes of table 4-30, Note 5 needs to be modified as follows:


5. The DCE upon entering the r3 state, checks for the completion of the r2 processing. If the r3 state is entered via the r2 state, the DCE discards the received packet and indicates a restart by transmitting to the DTE a restart indication packet with the cause ‘local procedure error’ and the appropriate diagnostic code. If the r3 state is not entered via the r2 state, the DCE performs all of the actions normally performed when entering r2 and issues an ISO 8208 restart indication packet to the DTE, and sends a restart request packet to the IWF (the equivalent of a clear request packet for each VC associated with the DCE entity). 

2.4.9.1
See discussion in section 2.4.7.1 above.

2 Table 4 –34

2 The reference to REJECT Packets in Note 6 should be removed.

2 Discussion: Since the Packet Retransmission facility is not supported, the REJECT packet will never be received, so all the Reject Packet references should be removed from the SARPs.

2 There are no references to note 1 in the table. This is corrected by amending the text in the heading of the second part of the table. The existing text for the table which reads:

“DCE flow control transfer states (see Notes 2 and 3)”

should read:

“DCE flow control transfer states (see Notes 1, 2 and 3)”.

2 The 4 occurrences of references to the ISO8208 document sections 7.1.5 and 7.1.6, in the last two rows of Table 4-34, are incorrectly prefixed with a “4”. This “4” should be deleted in the 4 instances.

3 Conclusion.

These proposals are put forward to the working Group for consideration. Should the Working Group, ‘in principle’ agree with the changes, then it is proposed that  a set of discrete Change Proposals be drafted , and validated, before being put to the next appropriate AMCP meeting for adoption.

Attachment A

The background on Satcom EMC studies and consequent changes to SARPs and other standards.

At AMCP WGA/13, PHOENIX, 1/99, the working group recognized that greater attention needed to be placed on potential issues of electromagnetic compatibility between CNS systems, and other regulatory requirements.  A working paper introduced the need to harmonize the EMC relationships between, inter alia, GNSS, various satcom systems and radio astronomy, AMCP WG-A WP/611, Wendel, refers.  Work at that meeting in respect to GNSS EMC compatibility highlighted the need for ongoing attention to the topic.  As changes to requirements and emergence of new requirements is an ongoing process (e.g. GPS L-5), the group recognized that this topic would require considerable additional work, but that it would not be a sound basis for deferring submission of the changes to chapter 4 AMSS SARPs which had been developed to that date.  Consequent changes were fully expected to be incremental in nature and would be taken up in due course as elements of SARPs maintenance.  The meeting agreed that the Chapter 4 SARPs changes, introducing H+ and I GSO services, spot beam characteristics and the 4.8 kbit vocoder, would then go forward at AMCP/6, with an advisory note that further changes would be expected to follow in due course.

At AMCP/6, MONTREAL 3/99, the chapter 4 SARPs changes were introduced and recommended for adoption.  Note was made of the need for the ongoing work and that incremental changes would be expected in due course, but that these changes were not of a nature to preclude adoption of the developed changes to chapter 4 SARPs.

At AMCP WG-A/14, TOULOUSE, 9/99, the working group was advised of on-going studies and  incremental change development in RTCA SC165, WG1 and WG3.  WG-A was also advised that joint meetings were being held by SC165 with the Airline Electronics Engineering Committee (AEEC) Air/Ground (A/G) Subcommittee, with a view of developing harmonized changes to ARINC Characteristics 741 and 761.    WG-A decided and agreed to defer the bulk of the technical work on these issues to these more specialized technical bodies, with a view of receiving and adopting any necessary incremental changes to SARPs in due course.

At AMCP/7,  MONTREAL 4/2000,  NGSS SARPs were recommended for adoption.  Due to timing  issues relative to financial status of  emerging NGSS systems, there has not been full clarity and understanding of the evolving status of these systems.  AMCP WG-A was placed in a dormant state.  AMCP WG-M was established to provide for maintenance of published SARPs.

To clarify NGSS systems status, 1) Iridium has been refinanced and is being operated by Boeing.  A contract for services to government agencies of one State has been let and public/private services are also being offered., including aeronautical; 2) ICO/Teledesic continues to plan aeronautical safety and non-safety services; 3) Globalstar/Qualcomm is planning to provide initial non-safety aeronautical services, with safety services to follow.  Work is currently underway regarding certification and standards documentation.; and 4) Boeing continues to plan a 2GHz safety and non-safety service offering.

RTCA has adopted and published change 1 to DO210D, Minimum Operational Performance Specification  (MOPS) for GSO AMSS Satcomm  and DO262, MOPS for NGSS Satcomm.  A Minimum Aviation System Performance Specification (MASPS) for Satcom is presently being coordinated in final form, approval and publication are expected to follow in due course.  Work has begun on change 2 to DO210D.  A system specific attachment to DO-262 with regard to Globalstar has been received and has received initial comments.  Further work is underway, as indicated above.

AMCP WG-M is invited to receive and consider the changes to chapter 4 SARPs brought forward by this paper as necessary, incremental changes reflecting technical and operational agreement and evolved understanding of necessary relationships between CNS systems.

