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FOREWORD

1.    Introduction

1.1    Aeronautical mobile airport. communications system. (AeroMACS) is a high capacity data link supporting  mobile and fixed communications, related to the safety and regularity of flight,  on the aerodrome surface. 




Note.— AeroMACS is derived from the IEEE 802.16-2009 mobile standards.  The AeroMACS profile document (RTCA DOXXX and EUROCAE ED XXX)  lists all features from these standards which are mandatory, not applicable or optional.  The AeroMACS profile differentiates between base station and mobile station functionality and contains -for each feature - a reference to the applicable standards parts.  

2.    Contents of the document


Chapter 1 contains definitions.


Chapter 2 contains the general requirements.


Chapter 3 contains radio frequency (RF) characteristics.


Chapter 4 contains the performance requirements.


Chapter 5 contains the system interfaces and the application requirements.

_____________________

Chapter 1

DEFINITIONS


When the following terms are used in this volume, they have the following meanings:

Aerodrome. A defined area on land or water (including any buildings, installations and equipment) intended to be used either wholly or in part for the arrival, departure and surface movement of aircraft.



Adaptive modulation. A system’s ability to communicate with another system using multiple burst profiles and a system’s ability to subsequently communicate with multiple systems using different burst profiles.

Base station (BS). A generalized equipment set providing connectivity, management, and control of the subscriber station (SS).

Bit error rate (BER). The number of bit errors in a sample divided by the total number of bits in the sample, generally

averaged over many such samples. 

Burst profile. Set of parameters that describe the uplink (UL) or downlink (DL) transmission properties associated with an interval usage code. Each profile contains parameters such as modulation type, forward error correction (FEC) type, preamble length, guard times, etc
.



Data transit delay. In accordance with ISO 8348, the average value of the statistical distribution of data delays. This delay represents the subnetwork delay and does not include the connection establishment delay. 
Downlink. The transmission direction from the base station (BS) to the subscriber station (SS). 
Frequency assignment (FA). A logical assignment of downlink (DL) center frequency and channel bandwidth programmed to the base station (BS).
Handover (HO). The process in which a mobile station (MS) migrates from the air-interface provided by one base station (BS) to the air-interface provided by another BS. A break-before-make HO is where service with the target BS starts after a disconnection of service with the previous serving BS.
Mobile station (MS). A station providing connectivity between subscriber equipment and a base station (BS) using the IEEE 802.16-2009 mobile standard .




Subnetwork entry time. The time from when the “subscriber station” first attempts to determine the channel to “TXon” (e.g. scanning) until the first network user packet data unit  can be sent. 




Note.— It does not include time for self-test or other power up functions.



Partial usage sub-chnnelisation (PUSC). A technique in which the orthogonal frequency division multiplexing (OFDM) symbol subcarriers are divided and permuted among a subset of sub-channels for transmission, providing partial frequency diversity.
Residual error rate. The ratio of incorrect, lost and duplicate subnetwork service data units (SNSDUs) to the total number of SNSDUs that were sent.

Service flow (SF). A unidirectional flow of media access control layer (MAC) service data units (SDUs) on a connection that is providing a particular quality of service (QoS).

Subscriber station (SS). A generalized equipment set providing connectivity between subscriber equipment and a base station (BS).
Service data unit (SDU). A unit of data transferred between adjacent layer entities, which is encapsulated within a protocol data unit (PDU) for transfer to a peer layer. 

Subnetwork service data unit (SNSDU). An amount of subnetwork user data, the identity of which is preserved from one end of a subnetwork connection to the other
.
Time division duplex (TDD). A duplex scheme where uplink (UL) and downlink (DL) transmissions occur at different times but may share the same frequency.

Uplink. The direction from a subscriber station (SS) to the base station (BS).
_____________________

Chapter 2

GENERAL REQUIREMENTS
2.1    GENERAL

2.1.1     AeroMACS shall conform to the requirements of this  and the following chapters. 


2.1.2    AeroMACS shall only transmit when on the surface of  an aerodrome.
Note.- ITU Radio Regulations No.5.4.4.4B stipulate that the AeroMACS operation is limited to surface applications.   


2.1.3    AeroMACS shall support aeronautical mobile- (route) service (AM(R) S) communications.


2.1.4
AeroMACS shall process messages according to their associated priority 

2.1.5.
AeroMACS shall support multiple  levels of message priority.

2.1.6    AeroMACS shall support point to point communication.

2.1.7   AeroMACS shall support multicast and broadcast communication
.

2.1.8    AeroMACS shall support internet protocol (IP) packet data services.

2.1.9
The AeroMACS shall provide mechanisms to transport ATN/IPS and ATN/OSI (over IP) based messaging.


2.1.10    Recommendation.— Aero MACS should  support voice services.

2.1.11    An AeroMACS MS shall support multiple service flows simultaneously.

2.1.12
AeroMACS shall support adaptive modulation and coding.

2.1.13
AeroMACS shall be implemented as an aerodrome cellular communications system where continuity in communication during aircraft movement is met by MS initiated handover procedures.

2.1.14
AeroMACS shall keep total accumulated interference levels with limits defined by the International Telecommunication Union - Radiocommunication Sector (ITU-R) as required by national/international rules on frequency assignment planning and implementation.
_____________________

Chapter 3

Radio Frequency (RF)  CHARACTERISTICS 

3.1    General Radio characteristics

3.1.1 
AeroMACS shall operate in time division duplex (TDD) mode.

3.1.2
AeroMACS shall operate with a 5 MHz channel bandwidth.


3.1.3
AeroMACS antenna polarization shall be vertical.


3.1.4
AeroMACS shall operate without guardbands in between adjacent AeroMACS channels.


3.1.5
AeroMACS shall operate according to the orthogonal frequency division multiple access method. 

3.1.6
AeroMACS shall support both segmented partial usage sub-chnnelisation (PUSC) and PUSC with all carriers as sub-carrier permutation methods. 

·  in 
· 
3.2    Frequency Bands
3.2.1
 The AeroMACS equipment shall be able to operate in the band from 5030 MHz to 5150 MHz in channels of 5 MHz bandwidth. 
Note 1.— Some States may, on the  basis of national regulations, have additional AM(R)S  allocations to support AeroMACS. Information on the technical characteristics and operational performance of AeroMACS is contained in RTCA Document DO-XXX and European Organisation for Civil Aviation Equipment (EUROCAE) Document ED CC 
.
Note 2. — The last center frequency of 5145 MHz is selected as the reference frequency. AeroMACS nominal center frequencies are referenced downward from the reference frequency in 5 MHz steps. 

Note 3: The nominal center frequencies are the preferred center frequencies for AeroMACS operations. However, the base stations should have the capability to deviate from the preferred center frequencies to satisfy potential national spectrum authority implementation issues (i.e. to allow AeroMACS operations while avoiding receiving or causing interference to other systems operating in the band such as MLS and AMT). Therefore the mobile equipment should be able to operate at center frequencies offset from the preferred frequencies, with that offset having a 250 KHz step size.
. 



     




3.3
RADIATED POWER

3.3.1
The total mobile station effective isotropic radiated power (EIRP) shall not exceed 30 dBm





3.3.2

The total base station EIRP in a sector shall not exceed:

a) 
39.4 dBm for elevation angles from the horizon up to 1.5 degrees

b)
39.4 dBm linearly decreasing (in dB) to 36.4 dBm for elevation angles from 1.5 to 7.5 degrees

c)
36.4 dBm linearly decreasing (in dB) to 24.4 dBm for elevation angles from 7.5 to 27.5 degrees

d)
24.4 dBm linearly decreasing (in dB) to 1.4 dBm for elevation angles from 27.5 to 90 degrees


Note 1.— EIRP defined as antenna gain in a specified elevation direction plus the average AeroMACS transmitter power. While the instantaneous peak power from a given transmitter may exceed that level when all of the subcarriers randomly align in phase, when the large number of transmitters assumed in the analysis is taken into account, average power is the appropriate metric.

Note 4.— If a sector contains multiple transmit antennas (e.g., multiple input multiple output (MIMO)antenna), the specified power limit is the sum of the power from each antenna.


3.4   MINIMUM RECEIVER SENSITIVITY

3.4.1
The sensitivity level is defined as the power level measured at the receiver input when the bit error rate (BER) is equal to 1*10-6 ; 

3.4.2
The AeroMACS reciver sencitivity shall comply with table 1.





	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Note 1.-  we get the sensitivity values listed in Table 2
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




 
	Modulation scheme
	Rep. Factor DL
	Sensitivity DL
	Sensitivity UL

	64 qam 3/4
	1
	-74.37 dBm
	-74.50 dBm

	64 qam 2/3
	1
	-76.37 dBm
	-76.50 dBm

	16 qam 3/4
	1
	-80.37 dBm
	-80.50 dBm

	16 qam 1/2
	1
	-83.87 dBm
	-84.00 dBm

	qpsk  3/4
	1
	-86.37 dBm
	-86.50 dBm

	qpsk 1/2
	1
	-89.50 dBm
	-89.50 dBm

	qpsk 1/2 with  repetition 2
	2
	-92.37 dBm
	-92.50 dBm


  

Note.1-
The computation of the sensitivity level for the AeroMACS is described in guidance material
Note.2- AeroMACS minimum receiver sensitivity would be 2 dB lower than indicated in in case CTC is used. 

Table 1 – AeroMACS Receiver Sensitivity values 
3. 5    Emissions


3.5.1    The power spectral density of the emissions must be attenuated below the output power of the transmitter as follows:
a) On any frequency removed from the assigned frequency between 0–45% of the authorized bandwidth (BW): 0 dB.

b) On any frequency removed from the assigned frequency between 45–50% of the authorized bandwidth: 568 log (%of (BW)/45) dB.
c) On any frequency removed from the assigned frequency between 50–55% of the authorized bandwidth: 26 + 145 log (% of BW/50) dB.
d) On any frequency removed from the assigned frequency between 55– 100% of the authorized bandwidth: 32 + 31 log (% of (BW)/55) dB.

e) On any frequency removed from the assigned frequency between 100–150% of the authorized bandwidth: 40 +57 log (% of (BW)/100) dB.

f) On any frequency removed from the assigned frequency between above 150% of the authorized bandwidth: 50 dB or 55 + 10 log (P) dB, whichever is the lesser attenuation.

g) The zero
 dB reference is measured relative to the highest average power of the fundamental emission measured across the designated channel bandwidth using a resolution bandwidth of at least one percent of the occupied bandwidth of the fundamental emission and a video bandwidth of 30 kHz. The power spectral density is the power measured within the resolution bandwidth of the measurement device divided by the resolution bandwidth of the measurement device. Emission
 levels are also based on the use of measurement instrumentation employing a resolution bandwidth of at least one percent of the occupied bandwidth.


3.5.2    The AeroMACS radios shall implement power control.



Note 2.— The purpose of this requirement is to minimize harmful interference to other aeronautical systems which can result from radiated and/or conducted emissions that include harmonics, discrete spurious, inter-modulation products and noise emissions. 


3.5.3
AeroMACS minimum  rejection for adjacent (+/–5MHz) channel
 – measured  at BER=10-6 level for a 3 dB C/I  degradation - shall be 10 dB for 16 QAM 3/4.


3.5.4
AeroMACS minimum  rejection for adjacent (+/–5MHz)  channel  measured at BER=10-6 level for a 3 dB C/I degradation -  shall be 4 dB for 64 QAM 3/4.


3.5.5
AeroMACS minimum rejection for  second adjacent(+/–10MHz) channel and beyond  – measured at BER=10-6  level for a 3 dB C/I degradation -  shall be 29 dB for 16 QAM 3/4.


3.5.6
AeroMACS minimum  rejection for second adjacent (+/–10MHz) channel and beyond  – measured at BER=10-6 level for 3 dB C/I degradation - shall be 24 dB for 64 QAM 3/4.







Note.- for additional clarification, to the requirements stated in paragraph 3.5.3,3.5.4,3.5.5 and 3.5.6, refer to IEEE 802.16-2009 section 8.4.14.2.

3. 6    Susceptibility

3.6.1    AeroMACS  equipment shall meet the performance requirements of  Chapter 4 when operating  in an interference environment causing a cumulative relative change  in receiver noise temperature of (∆T/T) of 25 %.
_____________________

Chapter 4

PERFORMANCE REQUIREMENTS 

4.1    AeroMACS Communications Service Provider Requirements  





 


4.1.1
The maximum unplanned service outage duration on a per aerodrome basis shall be 6 minutes
;

Note.- Partial outage is equivalent to full outage 

4.1.2The maximum accumulated unplanned service outage time on per aerodrome basis shall be 240 minutes/year.

4.1.3
The maximum number of unplanned service outages per 4 month period shall not exceed 4. 


4.1.4
The mean time between unplanned service outages shall not be less than 876 hours  per year. 



4.2    The Mobile Station (MS) Requirements

4.2.1
The MS shall meet the performance requirements contained in sections ‎03 and 4.5, 4.6 and 4.7 when operating with any Doppler velocity up to 50 nautical miles per hour.



 

4.3    Delay Parameters


4.3.1
Network entry time shall be less than 90 seconds

.

4.4.2
Recommendation .— Network Eentry Ttime should be less than 20 seconds  .  
4.3.3
Data transit delay (95th percentile), from subscriber station, highest priority



4.3.3.1
The from-subscriber station data transit delay (95th percentile), shall be less than or equal to 1.4 seconds over a window of 1 hour or 600 messages, whichever is longer for the highest priority data service.

4.3.4
Data Transit delay (95th percentile), to subscriber station, highest priority



4.3.4.1
The to-subscriber station data transit delay (95th percentile), shall be less than or equal to 1.4 seconds over a window of 1 hour or 600 messages, whichever is longer for the highest priority data service.

4.4    INTEGRITY



4.4.1
Residual error rate, to/from-subscriber station. The residual error rate in the from-subscriber station direction shall be less than or equal to 5 x 10-8  per SNSDU.




4.5    Voice Service Performance
When AeroMACS supports VOIP as packetized data , it shall meet the requirements specified in section XXX Doc 9896.








4.6    SECURITY SERVICE

4.6.1
AeroMACS shall provide features to protect the integrity of messages in transit.

Note.— Features include cryptographic mechanisms to provide integrity of messages in transit.

4.6.2
AeroMACS shall provide features to ensure the authenticity of messages in transit.

Note.— Features include cryptographic mechanisms to provide authenticity of messages in transit.

4.6.3
AeroMACS shall provide features to protect the availability of the system.


Note.— Features include measures to ensure that the system and its capacity are available for authorized uses during unauthorized events.


4.6.4
AeroMACS shall provide features to protect the confidentiality of messages in transit.

Note.— Features include cryptographic mechanisms to provide encryption/decryption of messages.

4.6.5
AeroMACS shall provide features to authenticate users of the system.


Note.— Features include cryptographic mechanisms to provide peer entity authentication, mutual peer entity authentication, and data origin authentication.

4.6.6
AeroMACS shall provide features to authorize the permitted actions of users of the system.


Note.— Features include mechanisms to explicitly authorize the actions of authenticated users.  Actions that are not explicitly authorized are denied. 

4.6.7
If AeroMACS provides interfaces to multiple information domains, AeroMACS shall provide capability to prevent intrusion from lower integrity information domain to higher integrity information domain.  

4.7    CONTINUITY OF SERVICE
4.7.1
Connection resilience. The probability that a transaction will be completed once started shall be at least .9996 over any one-hour interval .

Note.— Connection releases resulting from handover between base stations,  log-off or circuit pre-emption are excluded from this specification.
_____________________

Chapter 5

SYSTEM INTERFACES 

AND APPLICATION REQUIREMENTS 

5.1
SYSTEM INTERFACES
5.1.1
AeroMACS shall provide data 
service interface to the system users.


5.1.2




AeroMACS shall support link layer switching.

5.1.3
The AeroMACS shall support notification of the loss of communications.
5.2    APPLICATION REQUIREMENTS 




5.2.1
AeroMACS  shall support multiple classes of services to provide differentiated services to applications. 


5.2.2
If there is a resource contention, AeroMACS shall pre-empt lower priority service(s) in favour of higher priority service(s). 





WP4 R5 : Attachment to WP-3





(as of end of ACP WG S-3)





Proposed Aeronautical Mobile Airport. Communications System. (AeroMACS)


SARPS


________________________________





International Civil Aviation Organization











10/04/13


No. 1








�Armin mentioned that the reference to 2005 standards is no longer valid. I remember this being a tricky issue. Can the meeting make a decision on this??? 


Deletion of 2005 (Done)


�ACTION TO Secretary  (ACTION 3-5)





After finalizing the SARPS, to check abbreviations in the this draft. If the terms defined here are not used in the draft, need to delete them.


�ACTION TO Secretary (ACTION 3-6)





After finalizing the SARPS, to check ICAO terms (definitions) (ACTION 3-7) and if found same terms but used in different meanings, in order to distinguish them and terms defined here, need to add “AeroMACS” in front of those terms here. 


�ORIGIN is PANS-ATM but the definition in PANS-ATM has Note below…why this doc doesn't include Note???





Aerodrome. A defined area on land or water (including any buildings, installations and equipment) intended to be used


either wholly or in part for the arrival, departure and surface movement of aircraft.


Note.— The term “aerodrome” where used in the provisions relating to flight plans and ATS messages is intended to


cover also sites other than aerodromes which may be used by certain types of aircraft, e.g. helicopters or balloons.





Action (ACTION 3-4)to Mie/Vaughn to check the possibility to delete Note from official definition of Aerodrome


�Annex 10 V III has definition of BER and it is different from this definition. Why?? 





Agreed to use Annex 10 V III definition. Done.


�CPDLC is not used in the draft SARPS. So deleted.


�Annex 10 V III has official definition of CPDLC 





Agreed to use ICAO definition. Done.


�The meeting agreed to delete “Network” but instead of it, the meeting agreed to use “subnetwork” in AeroMACS text. 





Then ACTION (3-8):  Aloke to define “AeroMACS Subnetwork”








�Furthermore, based on the discussion of IP01 provided by Hitachi, 


ACTION (3-20): Hitachi to propose new definition of “Subnetwork entry time”


�2nd edition of Doc 9880??? Includes definition of SDU. It is different from this doc.





Agreed to use already defined one- Doc 9880.  Done.


�Annex 10 V iii has this definition. To use same format, this doc version needs to be modified like this “subnetwork” instead of sub-network 





Done.


�Comment from Armin - Is this in line with MOPS? It seems that multicast and broadcast communication at AeroMACS level is not supported.





Agreed to keep as it is


�Result of ECTL comment. Needs to be checked. Could the sub-points be removed?? 





Agreed to delete 3.1.7 and 3.1.8


�Armin Comment. I guess we should refer to MASPS here. ED number not yet available! There is no such document from RTCA available and  planned.


Agreed by meeting


Include references to MOPS and MASPS


ACTION(3-9): Amin to find out related MOPS and MASPS?


�Comment from Armin - Is this term appropriate  if these additional assignments are not “recognized” at ITU level? 


The text should be changed. 





Deleted.


�Armin Comment. I guess we should refer to MASPS here. ED number not yet available! There is no such document from RTCA available and  planned.





Include references to MOPS and MASPS





Deleted.


�Move to guidance material


�Move to guidance material


�Replace by MOPS table 


Done


�Armin comment - Usually at ICAO sarps level, the signal strength to be radiated (or the receiver function sensitivity) is specified. Why this is not the case here?





VM view – I have no objection to the current representation but will bow to the view of the Working Group


�Armin Comment - To ensure proper behavior, should it be required to have this power density as absolute level, not in reference to the max output power? 





�Is it in line with MOPS document. If yes, why not only referring to RTCA and Eurocae document.


�ECTL: To ensure consistency of information in section 3.3 with the one in profile doc. Also no need to repeat info. Suggets to remove material from profile if available in the SARPs>





VM Comment- this needs careful consideration. I don’t want to leave either document lacking. 


�ARMIN Comment – 


Maybe we should add in a note what is really meant here. See also explanation in IEEE 802.16-2009 section 8.4.14.2.


�Comment from EUROCONTROL


 Difficult to understand the statement. One possible interpretation is this: C is the value required at the IF outupt for BER=10-6, in the absence of interference. Then interference is applied to the level that C/I=3 dB at the IF output. ACR is then the difference of levels between desired signal and interference at the input of the receiver. At any rate, a more explanatory formulation appears necessary.  


�Equation need to be clarified. 


TASK to Brian





Closed.





�Armin - A clear requirement in “number + unit” is more reasonable. Otherwise such a Recommendation  is of no value!





Bruce will propose text


�Armin comment - These requirements are not related to emissions and should be contained in a different chapter. 


VM comment – I don’t necessarily agree but will defer to the group’s view on Armin’s comment. 


�Move to guidance material (Put them under 2.3.2 for your consideration.)


�Comment from Armin: Equivalent to the following MASPS requirement:


“The ATC centre should be notified in less than 5 minutes by the CSN operator in case of interruption of service. “





VM view: to me they look like different requirements, one for the centre and one for the aircraft. The MASPS comment also considers the use of a CSP. The final wording should be that either the a/c or the ATC centre must know in 300 seconds. 





Done


�Comment from Armin: 


Does it mean that all Base stations serving at a given airport shall be made redundant.


VM View: this could be achieved with overlapping coverage. Nonetheless, I would expect most ATC facilities to be redundant. 





Done


�Based on the discussion WP05, those two regulations were added in this section. 


Done.


�ACTION(3-17): All to verify those values 


�ARMIN too. 


The two requirements seem to say a similar thing. Should we delete 4.3.1??? 2.1.7 also says a similar thing. 





Deleted 4.3.1 and the meeting agreed to delete 4.3


�EUROCONTROL Comment. 


<ECTL: Notes and recommendations concerning Net Entry Time to be discussed (and homogenized with rest of documents)





Current proposal for MASPS includes a Net Entry Time requirement of 90 s, (but only for preferred frequencies). Leaving to each airport operator the decision whether if operating with shifted center frequencies (without Net Entry Time guarantee) is possible or not.>





�From Armin: 


Network entry time needs more detailed definition (scan + authentication  + SF establishments ?)


90second was mentioned in MASPS


�From Armin: 


The currently hypothesized Net Entry Time is 90 seconds. 


However, the band assigned to AeroMACS (5000-5150 MHz) is now composed of 581 possible channels. This implies that also 90 seconds could be not enough for the Net Entry Time. 


We recommend  to:


Put 90 s instead of 60 s


Adding a recommendation concerning the need for the MS to be pre-provisioned (whichever the method is) with the frequencies list it shall use at the startup (i.e. in the destination airport)


�Does 4.5 only apply to data services or is voice included, too?? Need to specify if it is data only and find similar values for voice??


What is the source of the values. 


�Next meeting


ACTION to Nikos (3-12)


 WP- definition and value of integrity


�Two comments from Armin: 


Is this requirement related to “Integrity”. It is more continuity of service.


What does it mean? Is it a probability per transaction and this information is given for measurement ? one hour for A/C ? for Ground system?


�ACTION to  Vaughn (3-13): to make the reference to VOIP SARPS requirement (WG-I need to work on)





Ask support from WG-I to draft requirements here. 


�WG-I same as above


�ACTION to Secretary (3-15): Secretary, Definition check Information domain 


�Define in definitions section.


Change “packet data” in other SARPs sections to digital data.


Replace SNSDU to “AeroMACS Service Data Unit”


�Move 2.5.4.2 from Bruce’s SARPs (including notes & subsections.  Fix wording. Keep traceability


�Action to Aloke (3-16), requirement for supporting Ethernet CS 





22/11/07

(i)

