Amendment 0001







Page 2 of 2

The purpose of this amendment is to:

1. Change technical factor 3, M.2. Evaluation Criteria, on page 55 of the SIR.

2. Incorporate Rights in Data—General and alternate II.

3. Correct typographical error on SF33.

4. Make changes in the PD.

5. Change the due date for proposals.

1. M.2. Evaluation Criteria is changed as follows:

"3.  FIS-B on UAT frequency" is changed to read:

"3.  FIS-B on UAT frequency if UAT technology is proposed for TESIS"

2. The following are added to section I:

I.11. Rights in Data—General

I.12. Rights in Data—General Alternate II

3. Block 9 of SF 33 is changed to read “original and 4 copies”.

4. See below for changes in the PD.

5. Due date for proposals is changed from May 30, 2001 to May 31, 2001.

5/16/01

Changes to TESIS V2 Purchase Description dated 3/12/01

3.
Delete Section 2 in its entirety and replace with the Attachment, dated 5/16/01.

4.
Delete Appendix A.3 in its entirety.

ATTACHMENT – 5/16/01

2.0
Universal Access Transceiver (UAT) seq Level2 \r 0 \h \* MERGEFORMAT 

 seq Level3 \r 0 \h \* MERGEFORMAT 

 seq Level4 \r 0 \h \* MERGEFORMAT 
Note:  Section 2 of this PD is derived from the document used to procure equipment for the Federal Aviation Administration's Capstone Program.  It is not certification guidance or any standard, which may be used for certifying the UAT aspects of the TESIS.  It defines the UAT aircraft-based ADS-B functions so that avionics based on the UAT may be procured for demonstration, test and evaluation.  The UAT ground station is the subject of a separate procurement.

2.1
System Overview

The UAT is a wideband data link that operates on a single global channel.  The channel signaling rate is just over 1 Mbps.  The UAT media supports multiple broadcast services through a hybrid channel access approach that incorporates assigned time slotted and random unslotted access.  There are two basic transmission types--or messages--on the UAT channel: the ADS-B message and the Ground Uplink message.  Each message type has two fundamental components: message payload—which contains user information, and message overhead--which supports the physical layer transfer of the data.  The subsections below establish the necessary context for the requirements of Section 2.2.  In particular are key system-level principles of operation and some important terminology that will be used throughout Section 2. of this PD.  

2.1.1
UAT Shared Channel Access

Figure 2-1 illustrates the timing structure for UAT message transmissions.  In the UAT system, the frame is the most fundamental time unit. Frames are one second long and begin at the start of each UTC (or GPS) second. Each frame is divided into two segments: one segment in which Ground Uplink messages occur, and another in which ADS-B messages occur.  
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Figure 2-1   UAT Timing Structure

Each segment is further subdivided into message start opportunities (MSOs) spaced 250 (s apart for a total of 4,000 MSOs per frame.  The MSO is the smallest time increment used for scheduling Ground Uplink message or ADS-B message transmissions.  

2.1.2
Scheduling of Ground Uplink Message Transmission

The ground broadcast segment consists of 752 MSOs, for a total of 188 milliseconds (ms).  These 752 MSOs are divided into 32 ground broadcast slots, each 22 MSOs long, plus a guard interval of 48 MSOs (12 ms).  Each ground station is assigned one or more of the 32 time slots, in such a way that nearby ground stations in range can always be received without interference.  Each ground station transmits a Ground Uplink message each second in each assigned time slot.  Figure 2-2 shows details of the MSO-based timing.  
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Figure 2-2.  Detailed View of MSO-Based Timing

A Ground Uplink message occupies just over 4 milliseconds, and each slot is 5.5 ms long. The resulting gap allows for over 200 nautical miles (nmi) of propagation guard time between the Ground Uplink messages.  

2.1.3
Timing of ADS-B Message Transmissions

Each ADS-B transmitter makes exactly one ADS-B message transmission during each one-second frame.  During each frame, every ADS-B transmitter selects—on a pseudorandom basis—from among the first 3200 MSOs in the ADS-B segment to determine its message start time.  This random selection is intended to prevent two aircraft from repeatedly interfering with each other’s ADS-B message transmissions.  Guard time, specifically for timing drift, is accommodated at both the beginning and end of the ADS-B segment.  This could accommodate clock drift in airborne units for a period of time before there was any possibility of ADS-B transmission overlap with a ground message.  Compliance with this MSO-based timing scheme is required in order to support range validation of ADS-B messages by a receiver.  

2.1.4
ADS-B Message Composition and Scheduling

Each ADS-B message payload is composed of two parts: the Basic State Vector (SV) payload and optionally the Supplemental payload.  Every ADS-B message contains the Basic SV payload.  The Basic ADS-B message contains only the Basic SV payload.  Extended ADS-B messages contain the Basic SV payload plus a Supplemental payload.  Basic and Supplemental payloads are fixed at 16 bytes each.  There are multiple types of Supplemental payloads; each type is identified in the payload.  Figure 2-3 below shows the relationship of ADS-B message types to their constituent payloads.  
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Figure 2-3.  ADS-B Message Types and Components

The complete (unsegmented) SV data in the Basic payload is the most dynamic of all data included in ADS-B.  This payload is therefore part of every transmitted message.  This means that SV data is always transmitted at a 1 Hz average rate.  Furthermore, this means that unique addressing is not absolutely necessary for association of the various ADS-B message types from a given ADS-B transmitter; i.e., SV data could also be used for this purpose.  

The transmission rate of each of the message types is determined by the availability of data that are contained in the various Supplemental payloads.   At one extreme, a surface vehicle with a self-contained transmitter may transmit only the Basic message.  An A2 or A3 level user may use only the Extended message types in a defined rotation cycle.  Scheduling of message types for transmission is based on a specified message rate per transmission epoch.  Within each transmission epoch, each ADS-B transmitter is required to transmit at least one of each message type required. 

2.1.5
Generation of Reports

Reports are generated within an airborne receiving subsystem for use by the airborne application systems.  Reports are generated in response to messages received (ADS-B or Ground Uplink).  The conditions and procedures for generation of reports are straightforward: each message successfully received will trigger the generation of a report.   Each report includes the unaltered payload of the message just received.  This same procedure applies to both ADS-B and Ground Uplink messages.  

2.1.6
Airborne Implementation and Scope

Implementations shall consist of transmit and receive subsystems.  The primary scope of this section 2. of the TESIS PD is delineated by the gray areas in Figure 2-4 below. 
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Figure 2-4.  UAT Avionics Configuration

2.1.7
Role of the Ground Station

The UAT ground station will operate as an ADS-B sensor identically to that of airborne units.  The ground subsystem will also be capable of transmitting Ground Uplink messages in one or more of the 32 assigned Ground Segment time slots. TIS-B uplink from ground station will utilize the ADS-B message format and the ADS-B segment of the UAT frame; the avionics receiving subsystem makes no distinction in its processing of ADS-B and TIS-B data—although the airborne application can distinguish these via the 25-bit UAT address. The typical ground station antenna is a 6-8 dBi omni DME-style.  Figure 2-5 gives an overview of the ground station.

[image: image5.wmf]T/R

TIS-B, FIS-B

ADS-B Reports

UAT Ground

Station Transceiver

Application

Processor(s)

1

pps Timing

Reference

Msg. Time of Receipt


Figure 2-5.  Overview of UAT Ground Station

A single ground station antenna/transceiver is capable of supporting the following functions:

· ADS-B sensor

· Provides time-of-arrival measurement of ADS-B transmission for independent range to target measurement based on a single sensor.  Networked ground stations with overlapping coverage allow surveillance based on the “multilateration” technique wherein a 2-D position is derived completely independent of the ADS-B reported position.

· UAT FIS-B uplink

· UAT TIS-B uplink

· Provides timing beacon to airborne users that can serve as backup timing or potentially as backup navigation.

2.1.8
Address Plan

The UAT address plan accommodates the 24-bit ICAO aircraft address.  This address is permanently assigned to the airframe and is guaranteed to be unique.  In addition, the UAT address plan expands on the 24-bit ICAO address with a 25th extension bit.  This extension gives an additional 24-bit space to accommodate additional functionality.  First, it allows for an address block for various types of ADS-B transmitters that may need to be distinguished or filtered by airborne applications (e.g., Cockpit Display of Traffic Information—CDTI).  Since the 25-bit UAT address is included within the SV component of the payload, every received ADS-B message contains all information necessary for basic CDTI target display maintenance.  Additionally, some users may not wish to divulge a permanent airframe address; instead a temporary randomly generated, self-assigned address can be substituted.  This mechanism fulfills the anonymity requirement in DO-242.  Table 2-1 below shows the 25-bit UAT address plan. 

	Address Bits
	Address Block Allocation

	Ext
	23
	22
	21
	20
	19
	18
	17
	16-0
	

	0
	-
	-
	-
	-
	-
	-
	-
	-
	Permanent (unique) aircraft address

	1
	0
	0
	0
	0
	0
	-
	-
	-
	TIS-B aircraft reports (airborne and surface)

	1
	0
	0
	0
	0
	1
	0
	0
	-
	Surface vehicles

	1
	0
	0
	0
	0
	1
	0
	1
	-
	Fixed obstructions

	1
	0
	0
	0
	0
	1
	1
	0
	-
	System monitor beacons (e.g., “parrot”)

	1
	0
	0
	0
	0
	1
	1
	1
	-
	<spare>

	1
	0
	0
	0
	1
	0
	0
	0
	0
	Temporary self assigned (non-unique) ADS-B aircraft address

	through
	

	1
	1
	1
	1
	1
	1
	1
	1
	1
	


“-“ denotes bit can be zero or one

Table 2-1.  25-Bit UAT Address Plan

2.1.9
Definitions

  
UAT Frame – The one second interval between UTC (GPS) one second marks

Transmission Epoch – The interval within which any required ADS-B message is transmitted at least once.  This corresponds to 4 UAT frames (or seconds).

Message – The actual RF transmissions on the UAT channel.  There are two message types: ADS-B messages and Ground Uplink messages.

Message Payload – The portion of the message that carries data that will be consumed by application systems outside the UAT system.

Field – The elements of ADS-B message payload.  Most of these elements are enumerated in RTCA DO-242 (e.g., Latitude, Longitude, etc.).

Reports – The encapsulated payload of received messages that is forwarded to on-board application processors.

2.2
Equipment Performance Requirements

2.2.1
MASP Compliance

For general ADS-B requirements and definitions not contained in this document, reference shall be made to RTCA, Inc. Document No. RTCA/DO-242, Minimum Aviation System Performance Standards for Automatic Dependent Surveillance Broadcast (ADS-B).  The requirements specified in this document shall supercede those specified in RTCA/DO-242.

2.2.2
Equipage Class Application Coverage

UAT equipment is categorized into aircraft system equipage classes as defined in the ADS-B MASPS (RTCA document #DO-242) and as summarized in Table 2‑2.  These class categories are based on both the aircraft’s on-board transmitter and receiver capabilities.  

	CLASS
	SUBSYSTEM
	CAPABILITIES
	FEATURES
	COMMENTS

	Interactive Aircraft/Vehicle Participant Systems (Class A)

	A1
	Basic Interactive Aircraft


	-Supports basic ATC surveillance (Note 1)

-Aid to Visual Acquisition.


	Standard Tx and Rx.

Minimum power dictated by A/G surveillance requirements
	Minimum transmitter/receiver implementation.  Supportable applications dependent on data input for transmission and on-board applications available

	Broadcast-Only Participant Systems (Class B)

	B1
	Aircraft Broadcast Only


	-Supports basic ATC surveillance*

Supports visual acquisition 
	Standard Tx. Nav data input required.
	Enables aircraft to be seen by Class A and Class C users.


Table 2-2.  ADS-B Aircraft System Classes (from RTCA DO-242, Table 3-1)

Note 1:
At least equivalent in functionality to SSR and transponder. 

Note 2:
There is no variation in minimum receiver sensitivity requirement since all Class A systems are also designed to receive Ground Uplink messages.

2.2.3
Required ADS-B Message Fields and Acceptable Sources

	UAT ADS-B Message Payload Field
	Message Field Required for TESIS
	Acceptable Source

	25-Bit UAT Address
	Yes
	As established per Section 2.12 below

	Latitude
	Yes
	Any sensor meeting requirements under TSO C129a Class  B2 with the following modifications :

a) those requirements applicable to supporting navigation system integration are not applicable,

b) the accuracy and integrity of GPS position data associated with Class B1 shall apply.

c) sensor shall provide  a 1 PPS UTC time mark output



	Longitude
	Yes
	

	NUCp
	Yes
	

	Horizontal Pos Available
	Yes
	

	UTC Coupled
	Yes
	

	N-S Velocity
	Yes
	

	E-W Velocity
	Yes
	

	Turn Indicator
	No
	Code for “data unavailable” shall be used

	Pressure Altitude
	Yes
	Any encoder approved under TSO C88a (Minimum required 100’ increments with +/- 125’ accuracy 95% of the time)

	Pressure Altitude Rate
	No
	Code for “data unavailable” may be used

	A/G State (On ground indication)
	Yes
	Squat switch activation preferred.

	Geodetic Height Difference
	No
	Code for “data unavailable” may be used.

	Emergency/Priority Status
	Yes
	Pilot input

	Geodetic Height Difference Rate
	No
	Code for “data unavailable” may be used.

	Class code
	Yes
	Imbedded in system software (not changeable by installer or pilot)

	Aircraft Category subfield
	Yes
	Static configuration item

	Flight ID subfield
	Yes
	Static configuration item/pilot input

	Message Start Opportunity
	Yes
	Generated within UAT system from 1 PPS time mark


Table 2-3 ADS-B Message Fields

2.2.3.1
Address Field

The 25-Bit UAT Address field contains a total of 25 bits: a 24 bit Aircraft Address subfield and a 1 bit Address Extension subfield.  The 25-Bit UAT Address field shall take on one of two possible values determined during initialization as shown in Table 2-4 below.

	Address Option
	Addr. Ext. Subfield
	Aircraft Address Subfield

	Permanent Airframe Address
	0
	Permanent address assigned to the aircraft

	Temporary Self-assigned random address
	1
	Random bit pattern generated according to procedures in subsection b. below


Table 2-4  Address Field Encoding

2.2.3.2
Procedure for Setting Address

The ADS-B transmitting subsystem shall accept the Address Option input and the permanent ICAO 24-bit address via an appropriate data input interface and use such data to establish the “25-Bit UAT Address” field.

a. If the Address Option is selected as “permanent,” then the “Aircraft Address” subfield shall contain the permanent 24-bit ICAO aircraft address.  The address Extension subfield shall be set to “0.” 

b. If the Address Option is selected as “temporary”, then the “Aircraft Address” subfield shall contain a randomly generated number per the procedure below.  This procedure is to be applied only at the time of unit startup or change of state of the Address Option input to “temporary”.  The address Extension subfield shall be set to “1”.

Let ADDRP be the permanent 24-bit ICAO aircraft address.  Let M(1) and M(2)be the 12 LSBs of the latitude and longitude fields respectively at the time of startup or change of state of the Address Option input to “temporary”.  Define the 24-bit number 
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The temporary address shall be the modulo 2, bit-by-bit summation of ADDRP and M(3); i.e.,
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The ADDRT value shall then be checked to insure it falls into the address space allocated for temporary self assigned addresses per Table 1-1.  If ADDRT is outside this allocated space, the procedure above shall be repeated by incrementing ADDRP by 1 using modulo 224 arithmetic until an ADDRT is found within the allocated space.

2.2.3.4
All other Required Fields
All other required message fields shall meet the information content requirements specified in DO-242 applicable to Class A1 equipment

2.2.4
Transmitter Power Level

The minimum RF peak output power shall be 15W measured at the terminals of the antenna.

2.2.5
Message Transmission Procedures

2.2.5.1
Message Transmission Rate

The UAT shall transmit exactly one ADS-B message each UAT frame (i.e., the interval between UTC one second time tics).  

2.2.5.2
Message Transmit Timing: The Message Start Opportunity (MSO)

ADS-B messages shall be transmitted at discrete Message Start Opportunities (MSO) chosen by a pseudorandom process.  The specific pseudorandom number chosen by an aircraft depends on the aircraft’s current position and on the previously chosen random number.  The procedure below shall be employed to establish the transmission timing for the current UAT frame m.  

The desired output of the algorithm is a 12-bit pseudorandom number.  Suppose the previous number is R(m-1) and

N(1) = 12 L.S.B.’s of the current latitude

N(2) = 12 L.S.B.’s of the current longitude

  
The next random number is then given by
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 EMBED Equation.3  [image: image10.wmf]
The initial R(m) shall be zero

NOTE 1: 
The latitude and longitude alternate in providing a changing “seed” for the pseudorandom number generation.

NOTE 2:
This algorithm provides anonymity to the aircraft and ensures, with very high probability, that no two aircraft will repeatedly choose the same MSOs.

2.2.6
Unavailability of Basic SV Message Payload Fields

a. In any UAT frame interval (i.e., 1 second), each ADS-B transmitter shall at a minimum transmit the Basic ADS-B message regardless of the unavailability of any individual payload field. 

b. Any such unavailable payload fields shall be encoded as “unavailable”

2.2.7
Latency of ADS-B Message Data

At the time of ADS-B message transmission, position and velocity information encoded in the Latitude, Longitude, N-S Velocity, and E-W Velocity fields shall be valid as of the immediately previous 1 PPS Time Mark.  Specifically, NO extrapolation to the time of transmission is to be performed.

2.2.8
Installed System ADS-B Availability and Continuity of Service Requirements

The unavailability of the ADS-B aircraft installation shall be less than 10-3.  The system is considered unavailable after 12 seconds elapse with loss of valid transmitted signal.  Availability is calculated as the ADS-B System Mean-Time-Between-Failures (MTBF) divided by the sum of the MTBF and Mean-Time-To-Restore (MTTR).  

Note:
Unavailability is defined as: (1- availability).  
2.2.9
ADS-B Message Integrity

ADS-B integrity is defined in terms of the probability of an undetected error in a report received by an application, given that the ADS-B system is supplied with correct source data.  The integrity of the ADS-B System shall be 10-6 or better on a per report basis. 
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