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1 INTRODUCTION

1.1 Purposeand Scope
This document defines the Globa Specification of the LRPT and AHRPT Direct Broadcast Services.

1.2  Structureof the Document

The structure of this document follows is asfollows;

Section 1 - this section

Section 2 - detailsthe Application Layer.

Section 3 - ded s with the Network Layer implementation details.
Section 4 - dedswith the Data Link Layer implementation details.
Section 5 - describesthe LRPT Physical Layer.

Section 6 - describes the AHRPT Physical Layer.

Appendix A - ligts the acronyms used in this document.

Appendix B - lists the mission specific items.

Appendix C - ligsal TBCsand TBDs.

1.3 Reference Documents

[RD.1] CCSDS: “Advanced Orhiting Systems, Networks and Data Links: Architectura Specification”,
CCSDS recommendation 701.0-B-2, November 1992

[RD.2] CCSDS: “Tdemetry Channd Coding”, CCSDS recommendation 101.0-B-3, May 1992
[RD.3] CCSDS: “Time Code Formats’, CCSDS recommendation 301.0-B-2, April 1990

14 Assumptionsand Open I ssues

141 Assumptions

This document follows closdly the terminology and the recommendetions of [RD.1]. It is assumed that the
reader isfamiliar with the CCSDS AOS concepts.

142 Open Issues

For acomplete ligt of open issues the reader should refer to Appendix C of this document.
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2. APPLICATION LAYER

The gpplication layer defines source packets. At least one of the source packets will contain ephemeris
information.

2.1 SourcePacket Structure

The source packet, in addition to the source data carries information needed for the acquisition, storage,
digtribution and exploitation of the source data by the end user.

The source packet sructureis asfollows:

Packet Primary Header Secondary User Data
Header

Packe: Identifier Packet Sequence Control | Packet
Length

2 octets 2 octets 2octets | 8octets variable

Verson | Type | Seconday | APID | Sequence | Packet Time Stamp | Ancillary |Application| PEC
No Header Flag Fag Sequence Data Data
Count
3 bits 1 hit 1 hit 11 bits 2 bits 14 bits 16 hits 64 bits vaiable | variable | 16 bits
Figure2-1 Sour ce Packet Structure

The utilisation of the fields within the primary heeder is asfollows:

Packet |dentifier

- Verson Number

- Type
- Secondary Header FHiag

- Application Process |dentifier

Packet Sequence Control
- Seguence Hag

- Packet Name/Sequence Count

- Packet Length

000 (CCSDS packet Version number 1)
0 (Thisbit is not used within AQS)

This bit shdl be dways set to 1 to indicate the presence of a
secondary header.

This fidd defines the data route between two users gpplication
endpoints. The definition of the APIDsis mission specific.

This flag is st to ‘11 indicating that the packet contains
unsegmented user data. The maximum length of the packet is 65542
octets.

Thisfield isamodulo 16384 counter, which numbers the packets.

This field contains a sequentid binary count "C" that expresses the
length of the Secondary Header and the User Data. The vdue of "C"
isthelength (in octets) minus 1.

Filee CGMS 04 - LRPT AHRPT Global Spec. 1.0 2
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Secondary Header

The Secondary Header contains the time slamp. The time stamp is associated to a known time preceding the
event measured. Thetime stamp is compliant with the "level 1" Time Code as described in [RD.3].

The time stamp condgts of

- 2 octetsindicating the number of days with reference to 1/1/2001,
- 4 octetsindicating the millisecond of the day;
- 2 octetsindicating the microsecond of the day.

Thetime stamp will be synchronised to UTC. The definition of its accuracy is mission specific.

Use Data

The User Datafied contains the following fields:

- Ancillary Data

- Application Data:

- Packet Error Control:

This fidd contains dl the information required for the processng of the
gpplication data, i.e. ingrument mode, insrument telemetry and cdibration
data, redundancy. Its size - an even number of octets - depends on the
ingtrument requirement.

The definition of the Ancillary Data field contentsis misson specific.

Thisfield contains information provided by the source; its length shal be an
even number of octets.

The use of data compresson and the compresson method are misson
specific.

This fidd is optiond. If required by the user it shadl contain one of the
following checksum:

a) aCydic Redundancy Checksum (CRC) computed over dl other octets
that condtitute the packet. The polynomia generator shall be:

G(X) = x"x2 +x° +1.

Both encoder and decoder shall be initidised with dl ones state for each
packet.

or

b) avertica parity checksum cdculated by performing an exclusve-OR
on al the other octets pairs that condtitute the packet

The use and the method of the packer error control field are mission
specific.

Filee CGMS 04 - LRPT AHRPT Global Spec. 1.0 3
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3. NETWORK LAYER

The netwark layer is represented by the path layer in the CCSDS standard. In this case, the only function of
the path layer shdl be to generate the VCDU-ID and to forward CP_PDUs to the multiplexing service.

The VCDU-ID is adata structure which has alength of 14 bits. It condsts of a spacecraft identifier (SCID) of
8 bitsand avirtua channel identifier (VCID) of 6 hits.

The definition of VCIDs and SCIDs is misson specific.

Filee CGMS 04 - LRPT AHRPT Global Spec. 1.0 4



Coordination Group for
M eteor ological Satellites

CGMS

LRPT/AHRPT Global Doc. No. - CGMS 04
Specification lsue  :10

Date : 5 October 1998

4, DATA LINK LAYER

The DataLink Layer is organised into two sublayers: aVirtud Channe Link Control sublayer (VCLC) and a
Virtua Channel Access sublayer (VCA). The VCLC sublayer receives CCSDS packets from the Network
layer, while the VCA sublayer forwards the physica channel access protocol data unit (PCA_PDU) to the
physicd layer.
The virtua channd procedures are functions required to generate virtual channd data units (VCDUSs) from
VCA_SDUsand vice versa. One of the channd access procedures is to handle Reed-Solomon check symbals.

A VCDU with atached check symboalsis caled coded virtua channel data unit (CVCDU). The PCA_PDU
consists of a successon of CVCDU prefixed by a Synchronisation Marker.

The dtructure of one CVCDU is shown in the following figure:

VCDU Primary Header VCDU VCDU Data Unit Zone CvCDhU
6 octets Insert 884 octets Check
zone Symbols
Verson VCDU-ID VCDU Signalling Field M_PDU Header M_PDU
N° Counter Packet Zone|
"01" CID | VCID Replay Spare Spare | First Header
Flag Pointer
"0" "0000000" 5 hits 11 bits
2bits | 8hits | 6hits | 3 octets 1 octet 2 octets 2 octets 882 octets | 128 octets
Figure4-1 CVCDU Structure

The dements of the CVCDU are asfollows;

VCDU Primary Header

contains a six octets header structure.

VCDU |

nsart Zone

containsone IN_SDU having alength of 2 octets.

VCDU Data Unit Zone

contains one VCA_SDU in case of avaid VCDU or dl zerosin case of

afill VCDU, thesze of thisfidld is 884 octets.

CVCDU Check Symbols contain Reed-Solomon code (255,223) encoded check symboals,
caculated over the VCDU Primary Header and the VCDU Daa Unit
Zoneasdefinedin [RD.2].
Table4-1 CVCDU Fidds

Filee CGMS 04 - LRPT AHRPT Global Spec. 1.0 5
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41 VCDU Primary Header
TheVCDU Primary Header consgts of the following eements:

Verson Number isset t0"01" specifying version-2 CCSDS structure.

VCDU-ID represents the Virtud Channd Data Unit Identifier as specified in section 3,
conssting of SCID and VCID.

VCDU Counter contains a sequential count (modulo 16777216) of VCDUs on each virtua
channd.

Signdling Fied isset to“0" gecifying red-time VCDUSs.

Table4-2 VCDU Primary Header Fidds

42 VCDU Inset Zone

Theinsert zoneis dways present and used for encryption control.
The structure of the IN_SDU is misson specific.

In case of failure of the encryption mechanism, the system shal not prevent data transmission to the ground;
data shdl then be transmitted in the clear.

43 VCDU DataZone
The CVCDU data unit zone contains the multiplexing protocol data unit; thisfield consists of:
- M_PDU Header Spare bits (5 hits) : dl sstto"0"

- M_PDU Header Firgt Pointer (11 bits): it contains a binary count P, which, when incremented by
one, paints directly to the number of the octet that contains
the first octet of the firs CCSDS packet header. If the
VCDU data zone does not contain any packet heeder at al
the bitsshall be set to "1".

- M_PDU Packet Zone (882 octets): it contains part, parts or complete CCSDS packets.

44 FillvCDU
In the event that there are no vaid M_PDU available for transmission, afill VCDU will be generated.
Thefill VCDU contentsis mission specific.

Filee CGMS 04 - LRPT AHRPT Global Spec. 1.0 6
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45 Reed Solomon Check Symbol Field

The Reed Solomon Check Symbal fidd contains the check symbols which dlow error correction. They are
generated according to [RD.2] with an interleaving depth of | = 4.

46 Randomisation

Each commutated sequence of CVCDUs is converted into a sequence of channe access data units (CADUS).
For this purpose each CVCDU is randomised first and preceded by a synchronisation marker then.

Randomisation is performed by multiplying al 8160 bits of the CVCDU with a pseudo noise pattern. The
pseudo noise sequence is generated by means of the fallowing polynomid:

he) =x3+x +x+x3+1
This sequence repests after 255 bits with the sequence generator being reinitidised to an dl-ones date. The
resulting PN pattern begins with (hexadecimal) FFA80ECO09A.
For further information, the reader shdl refer to [RD.2].

4.7  Synchronisation Marker
The synchronisation marker is defined to be (hexadecimal)
1ACFFC1D

which describes a 32 bits pattern to precede each CVCDU.
Each CADU has alength of 8192 hits.

48 Datarate
Thedatarate for LRPT inthe 137 MHz band is 72 khit/s.

The data rate for LRPT in frequency bands other than the 137 MHz band and for AHRPT channels is
mission specific.

Filee CGMS 04 - LRPT AHRPT Global Spec. 1.0 7
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S. LRPT PHYSICAL LAYER

5.1 Physcal Layer Definition for the 137 - 138 MHz Frequency Band

Note:  For the convenience of the reader, in the following the ‘137 — 138 MHz frequency band’ will be
called ‘137 MHz band’ only.

The 137 MHz band LRPT physica layer shdl peform the following operations (see for reference the
modulator block diagramin ):

1) Convolutiona encoding

2) Interleaving of the convolutionally coded sgndl

3) Insartion of aunique word (UW) for interleaving synchronisation and delimitation
4) Serid to parale converson

5) Modulation according to the QPSK format

6) Amplification of the modulated sgna

7) Transmisson from the LRPT S/C antenna

511 Convolutional Encoding
Theinput data stream shall be convolutionaly encoded.
The characteristics of the encoder are the following

Coderate: s
Congraint length: 7 bits
Connection vectors. G1=1111001/ G2=1011011
Symbol inverson: No
Puncturing: No
datainput r G1 output RF output
. —
Rate 1/2 — . Serid to
erleaver Modulator
Encoder | Converter

L G2 output data stream - seefigure 5.3

Figure5-1 Modulator Block Diagram

Filee CGMS 04 - LRPT AHRPT Global Spec. 1.0 8
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512 Interleaving
In this section coded data units will be called hits.

The bits ddivered by the convolutiond encoder are shifted sequentidly into a bank of regigters. With each
new coded hit, the commutator switchesto anew register, and the new hit is shifted in while the old coded bit
inthat regigter is shifted out to the following stage (see Figure 5-2).

The output G1 of the convolutiona encoder shall feed the odd numbered branches, wheress the output G2
shdl feed the even numbered branches.

The number of the interleaver branches (B) shdl be 36.
The number of the ementary delay (M) in each branch shall be 2048 bits.

branch 1

branch 2

branch 3

Sl T

branch 36

Figure5-2 Interleaver Block Diagram

5.1.3 Synchronisation Marker Insertion

A synchronisation marker shal be inserted every 72 bits of the data stream delivered by each interleaving
process. The synchronisation marker is 8 bit long and is[TBD].

A synchronisation marker isinserted at the output of the convolutiond interleaver after the bit supplied by the
last (36™) branch every two frames. The frame s structured as shown in Figure 5-3.

The bit rate after the synchronisation marker insertion is 160 kbit/s.

bitl, bit2 bit36 bitl bit2 bit36

UW (8 bits) _—— _— — UW (8 bits)

-
symbol 1 Pﬂ frame n frame n+1

Figure5-3 Frame Structure

Filee CGMS 04 - LRPT AHRPT Global Spec. 1.0 9
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514 Serial-to-Paralld Converson

The grouping of pairs of bits for the QPSK modulator shall be obtained from the 1% and 2™, the 3 and 4" etc.
branches of the convolutiond interleaver outpt.

515 QPSK Modulation
5.1.5.1 Modulation Mapping
The mapping onto the QPSK congtellation shall be according the Gray encoding (see Figure 5-4).

A Q
i(k) = 1 i(k) =0
qk) =0 aqk) =
i(k) = 1 i(k) =0
qk) =1 qk) =1

Figure5-4 QPSK Congélation Diagram

5.1.5.2 Modulation Waveform
The data stream shal be modulated according to the QPSK format.

() =§ V2R [eostf ) gy (t- iTo) + jsin(f ) g, (t - iTS)]

The QPSK format can be expressed in complex notation as.
The bassband square-root raised-cosine filter impulse response is given by:

1) p o

16./Ta 1)p td = rcosé

i

)
_llg s U - 0 ﬂl,
gr (1) p:§(4at+TS)(4at-Ts) t Esné T g (4at+TS)(4at-TS)¥
| b

where Ts is the symbol duration, f; isthe information bearing phase (f; belongs to the 4-ary dphabet
{£p/4; £3p4}), a isthe rall-off factor, Pr isthe transmitter power.

Filee CGMS 04 - LRPT AHRPT Global Spec. 1.0 10
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Theroll-off factor a shal be 0.6 .

The nomind carrier frequency shall be either: 137.1000 MHz
or  137.9125 MHz
The bandwidth of the Sgna (99% of total power) shal not exceed 150 kHz.

The specification of the carrier frequency uncertaintiesis misson specific.

51.6 Transmission
The 137 MHz LRPT subsystem shall radiate at the S/C interfaceaRHCP signdl.
The 137 MHz LRPT SC antenna pattern and EIRP are misson specific.

Filee CGMS 04 - LRPT AHRPT Global Spec. 1.0 11
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52 LRPT Physical Layer Definition for other Frequency Bands
The LRPT physical layer definition for frequency bands other than the 137 MHz band is mission specific.
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6. AHRPT PHYSICAL LAYER

6.1 Physcal Layer Definition for the 1698 — 1710 MHz Frequency Band

Note:  For the convenience of the reader, in the following the * 1698 — 1710 MHz frequency band’ will be
called ‘1.7 GHzband' only.

The 1.7 GHz band AHRPT physical layer shdl perform the following operations:
1) Convolutiona encoding
2) Modulation according to the QPSK format
3) Amplification of the modulated signd
4) Transmisson from the AHRPT S/C antenna

6.1.1 Convolutional Encoding
Theinput data stream shall be convolutionaly encoded.
The characteristics of the encoder are the following:

Coderate: 34

Congraint length: 7 bits

Connectionvectors.  G1= 1111001/ G2=1011011
Phase rdlaionship: G1 is associated with the first symbol

Symbol inverson: No

Puncturing: Yes

Puncturingscheme: - The 3/4 rate codeis redlised by puncturing the output of a2 rate convolutiond
coder (seeFigure 6-1).

- The output gtreams from the 3/4 rate convolutional encoder (labdled i(k) and
g(k)) consst of the output streams of the % rate convolutiona encoder
(labdled 1(k) and m(k) and associated with the G1 and G2 vectors) with the
exception of two out of six bits, which are ddeted in arepesting pattern.

- Thebitsto be deleted are shown struck out:
i(K)= .., 1K), Hk+D), 1(k+2), I(k+3), Kk+4), I(k+5), I(k+6),
gk) = ..., mk), mk+l), mk+2), mk+3), m(k+4), mk+5), m(k+6), ...

- Therefore the two streamsi(k) and q(k) are compaosed by the following bits:
ik =... 1K), Ik+2), I(k+3), I(k+5), I(k+6),
ak) = ..., mk), m(k+1), mk+3), mk+4), m(k+6), ...

The output of the convolutiona encoder is then provided to the modulation section.
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Figure6-1 Rate 3/4 Convolutional Encoder

6.1.2 QPSK Modulation
6.1.2.1 Modulation Mapping

»
'

L a(k)

The mapping onto the QPSK congelation shall be according the Gray encoding (see Figure 6-2).

A Q
i(k) =1 i(k) =0
q(k) =0 q(k) =0
i(k) = 1 i(k) =0
a(k) =1 q(k) =1

Figure6-2 QPSK Congédlation Diagram
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6.1.2.2 Modulation Waveform
The data stream shal be modulated according to the QPSK format.
The QPSK format can be expressed in complex notation as.

-~ ¥
S(t) = & /2P [cos(f ) g; (t- iTs) + jsin(f ) g (t- iTs)]
i=-¥
The bassband square-root raised-cosine filter impulse response is given by:
U
% |1 cosg ellpty

o) faa )
b

16 JT_Sa %

U -1)p t0O
at+T,)(4at-T) ¢ Esmé Ts

9 Ts
]

i
)
1j€
gT(t):_i§
p|@(4
)

where Ts is the symbol duration, f; isthe information bearing phase (f; belongs to the 4-ary dphabet
{£p/4; £3p4}), a isthe rall-off factor, Pr isthe transmitter power.

Theroll-off factor a shall be 0.6 .

The nomind bandwidth shall not exceed ather 1698.75 - 1703.25 MHz
or 1704.75 - 1709.25 MHz.

The nomind bandwidth shal contain 99% of the total Sgnd power.

The specification of the carrier frequency uncertaintiesis misson specific.

6.1.3 Transmisson
The 1.7 GHz band AHRPT subsystem shdl radiate at the S/C interface an RHCP signdl.
The 1.7 GHz band AHRPT S/C antenna pattern and EIRP are mission specific.

Nevertheless, the 1.7 GHz band AHRPT transmisson shdl be conform to the following PFD limitations
which derive from the ITU-R radio regulations:

-154 dBW/(m?-4 kHz) for devation angle (d) lower than 5°

-154 +05-(d-5) dBW/(m?4 kHz) for devation angle (d) between 5° and 25°

-144 dBW/(m?-4 kHz) for devation angle (d) grester than 25°

-133 dBW/(m*1.5 MHz) at any devation angle (from 1670 to 1700 MHz).
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6.2 AHPRT Physical Layer Definition for other Frequency Bands
The physica layer definition for frequency bands other than the 1.7 GHz band is misson specific.
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APPENDIX A - LIST OF ACRONYMS

AHRPT
APID
AOS

CADU
CCSDS
CP_PDU
CRC
CVCDU

EIRP
GHz

IN_SDU
ITU-R

kHz
LRPT

M_PDU
MHz

PCA_PDU
PN

QPSK

RF
RHCP

SC

TBC
TBD

Uw
uTtC

VC
VCA
VCA_SDU
VCLC
VCDU
VCDU-ID

Advanced High Rate Picture Transmission
Application Process identifier

Advanced Orhiting Systems

Channel Access Data Unit

Conaultative Committee for Space Data Systems
CCSDS Path Protocol Data Unit

Cycdlic Redundancy Code
Coded Virtud Channd Data Unit

Equivaent |sotropic Radiated Power

Gigahertz

Insert Service Data Unit

Radiocommunication Sector of the Internationd Telecommunication Union
Kilohertz

Low Rate Picture Transmisson

Multiplex Protocol Data Unit
Megahertz

Physica Channe Access Protocol Data Unit
Pseudo Noise

Quadrature Phase Shift Keying

Radio Frequency
Right Hand Circular Polarised

Spacecraft

To Be Confirmed
To BeDefined

Unique Word
Universa Time Co-ordinated

Virtual Channd

Virtuad Channd Access

Virtuad Channd Access Sarvice Data Unit
Virtud Channd Link Control

Virtua Channd Data Unit

Virtud Channd Data Unit Identifier
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APPENDIX B - LIST OF MISSION SPECIFICITEMS

Section [tem
21 APID definition
21 Definition of time slamp accuracy
21 Ancillary Datafield contents
21 Use and method of compression gpplied to the Application Datafield
21 Use and method for Packet Error Control
3 Definition of VCIDs and SCIDs
4.2 IN_SDU structure
44 Fill VCDU contents
4.8 LRPT dataratein frequency bands other than the 137 MHz band
4.8 AHRPT datarate
515.2 LRPT carrier frequency uncertainties
516 Definition of the 137 MHz band LRPT S/C antenna pattern and EIRP
5.2 LRPT physicd layer definitions for frequency bands other than the 137 MHz band
6.1.2.2 AHRPT carrier frequency uncertainties
6.1.3 Definition of the 1.7 GHz band AHRPT S/C antenna pattern and EIRP
6.2 AHRPT physica layer definitions for frequency bands other than the 1.7 GHz band

APPENDIX C - LIST OF OPEN |ISSUES

Section

Item

513

The synchronisation marker is 8 bit long and is[TBD].
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