CCSDS RECOMMENDATION FOR PROXIMITY-1 SPACE LINK PROTOCOL


[image: image1.emf]
	Pseudo-Noise (PN) Ranging Systems


Recommendations for Space Data System Standards

RECOMMENDED STANDARD
CCSDS 4XX.1-W-2
WHITE BOOK

June 2006
AUTHORITY

	

	
	Issue:
	Recommended Standard, White Book, Issue 2
	

	
	Date:
	June 2006
	

	
	Location:
	Rome. Italy
	

	


This document has been approved for publication by the Management Council of the Consultative Committee for Space Data Systems (CCSDS) and represents the consensus technical agreement of the participating CCSDS Member Agencies.  The procedure for review and authorization of CCSDS Recommendations is detailed in Procedures Manual for the Consultative Committee for Space Data Systems, and the record of Agency participation in the authorization of this document can be obtained from the CCSDS Secretariat at the address below.

This Recommendation is published and maintained by:

CCSDS Secretariat

Office of Space Communication (Code M-3)

National Aeronautics and Space Administration

Washington, DC  20546, USA

Statement of Intent
The Consultative Committee for Space Data Systems (CCSDS) is an organization officially established by the management of member space Agencies.  The Committee meets periodically to address data systems problems that are common to all participants, and to formulate sound technical solutions to these problems.  Inasmuch as participation in the CCSDS is completely voluntary, the results of Committee actions are termed Recommendations and are not considered binding on any Agency.

This Recommendation is issued by, and represents the consensus of, the CCSDS Plenary body.  Agency endorsement of this Recommendation is entirely voluntary.  Endorsement, however, indicates the following understandings:

· Whenever an Agency establishes a CCSDS-related standard, this standard will be in accord with the relevant Recommendation.  Establishing such a standard does not preclude other provisions which an Agency may develop.

· Whenever an Agency establishes a CCSDS-related standard, the Agency will provide other CCSDS member Agencies with the following information:

· The standard itself.

· The anticipated date of initial operational capability.

· The anticipated duration of operational service.

· Specific service arrangements are made via memoranda of agreement.  Neither this Recommendation nor any ensuing standard is a substitute for a memorandum of agreement.

No later than five years from its date of issuance, this Recommendation will be reviewed by the CCSDS to determine whether it should: (1) remain in effect without change; (2) be changed to reflect the impact of new technologies, new requirements, or new directions; or, (3) be retired or canceled.

In those instances when a new version of a Recommendation is issued, existing CCSDS-related Agency standards and implementations are not negated or deemed to be non-CCSDS compatible.  It is the responsibility of each Agency to determine when such standards or implementations are to be modified.  Each Agency is, however, strongly encouraged to direct planning for its new standards and implementations towards the later version of the Recommendation.

FOREWORD

Through the process of normal evolution, it is expected that expansion, deletion, or modification of this document may occur.  This Recommendation is therefore subject to CCSDS document management and change control procedures which are defined in the Procedures Manual for the Consultative Committee for Space Data Systems.  Current versions of CCSDS documents are maintained at the CCSDS Web site:

http://www.ccsds.org/

Questions relating to the contents or status of this document should be addressed to the CCSDS Secretariat at the address indicated on page i.

At time of publication, the active Member and Observer Agencies of the CCSDS were:

Member Agencies
· Agenzia Spaziale Italiana (ASI)/Italy.

· British National Space Centre (BNSC)/United Kingdom.

· Canadian Space Agency (CSA)/Canada.

· Centre National d’Etudes Spatiales (CNES)/France.

· Deutsches Zentrum für Luft- und Raumfahrt e.V.  (DLR)/Germany.

· European Space Agency (ESA)/Europe.

· Instituto Nacional de Pesquisas Espaciais (INPE)/Brazil.

· National Aeronautics and Space Administration (NASA)/USA.

· National Space Development Agency of Japan (NASDA)/Japan.

· Russian Space Agency (RSA)/Russian Federation.

Observer Agencies
· Austrian Space Agency (ASA)/Austria.

· Central Research Institute of Machine Building (TsNIIMash)/Russian Federation.

· Centro Tecnico Aeroespacial (CTA)/Brazil.

· Chinese Academy of Space Technology (CAST)/China.

· Commonwealth Scientific and Industrial Research Organization (CSIRO)/Australia.

· Communications Research Laboratory (CRL)/Japan.

· Danish Space Research Institute (DSRI)/Denmark.

· European Organization for the Exploitation of Meteorological Satellites (EUMETSAT)/Europe.

· European Telecommunications Satellite Organization (EUTELSAT)/Europe.

· Federal Service of Scientific, Technical & Cultural Affairs (FSST&CA)/Belgium.

· Hellenic National Space Committee (HNSC)/Greece.

· Indian Space Research Organization (ISRO)/India.

· Institute of Space and Astronautical Science (ISAS)/Japan.

· Institute of Space Research (IKI)/Russian Federation.

· KFKI Research Institute for Particle & Nuclear Physics (KFKI)/Hungary.

· MIKOMTEK:  CSIR (CSIR)/Republic of South Africa.

· Korea Aerospace Research Institute (KARI)/Korea.

· Ministry of Communications (MOC)/Israel.

· National Oceanic & Atmospheric Administration (NOAA)/USA.

· National Space Program Office (NSPO)/Taipei.

· Space and Upper Atmosphere Research Commission (SUPARCO)/Pakistan.

· Swedish Space Corporation (SSC)/Sweden.

· United States Geological Survey (USGS)/USA.

DOCUMENT CONTROL

	Document
	Title and Issue
	Date
	Status

	
	
	
	

	CCSDS 4XX.1-W-1
	PN Ranging Systems


	June
2006
	Issue 2

	
	
	
	

	
	
	
	


CONTENTS

Section
Page

1-11
INTRODUCTION


1-11.1
PURPOSE


1-11.2
SCOPE


1-11.3
APPLICABILITY


1-21.4
RATIONALE


1-21.5
CONVENTIONS AND DEFINITIONS


1-31.6
REFERENCES


2-12
overview


3-13
Regenerative Pseudo-Noise RANGING


3-13.1
PN Code Structure


3-53.2
Ground station Uplink processing


3-73.3
On-board processing


3-103.4
Ground Station Downlink Processing


4-14
TRANSPARENT Pseudo-Noise RANGING (PLACEHOLDER ONLY)


4-14.1
PN Code Structure


4-14.2
Ground station Uplink processing


4-24.3
On-boArd transparent processing


4-44.4
Ground Station downlink PROCESSING


5-15
ANNEX




Figure

3-2Figure 3‑1  Regenerative PN code generation (option 1)


3-2Figure 3‑2  Regenerative PN code generation (option 2)


3-3Figure 3‑3  Regenerative PN code generation (option 3)


3-4Figure 3‑4  Regenerative PN code generation (options 4 and 5)




Table

3-5Table 3‑1  Uplink Chip Rates


3-8Table 3‑2: Maximum ranging code phase acquisition time for the on-board receiver


3-10Table 3‑3: Maximum ranging code phase acquisition time for the station receiver


4-5Table 4‑1: Maximum ranging code phase acquisition time for the station receiver




1 INTRODUCTION

1.1 PURPOSE

The purpose of this document is to provide a Recommendation for Space Data System Standards in the area of [transparent and] regenerative Pseudo-Noise (PN) ranging systems.  The PN ranging system is used to measure the round-trip light time between a ground station and a spacecraft.  Regenerative ranging is primarily relevant for low SNR cases like those seen in deep space missions; [transparent ranging is more suitable for high SNR cases (e.g., near-Earth applications) or when high accuracy ranging is not required.]
1.2 SCOPE

This Recommendation defines [both transparent and] regenerative PN ranging systems.  The specification for PN code components and generation, on-board spacecraft regenerative[/transparent] processing, ground station processing, uplink and downlink signal modulation are defined in this document.  This Recommendation does not specify a) individual implementations or products, b) implementation of service interfaces within real systems, or c) the management activities required to configure and control the protocol.
This Recommendation does not require that PN ranging be used on all cross-supported missions.  However, for those planning to use PN ranging, the recommended techniques to be used are those described in this document.

1.3 APPLICABILITY

This Recommendation applies to the creation of Agency standards and to future data communications over space links between CCSDS Agencies in cross-support situations.  It applies also to internal Agency links where no cross-support is required.  It includes specification of the services and protocols for inter-Agency cross support.  It is neither a specification of, nor a design for, systems that may be implemented for existing or future missions.

The Recommendation specified in this document is to be invoked through the normal standards programs of each CCSDS Agency and is applicable to those missions for which cross support based on capabilities described in this Recommendation is anticipated.  Where mandatory capabilities are clearly indicated in sections of the Recommendation, they must be implemented when this document is used as a basis for cross support.  Where options are allowed or implied, implementation of these options is subject to specific bilateral cross support agreements between the Agencies involved.

RATIONALE

The CCSDS believes it is important to document the rationale underlying the recommendations chosen, so that future evaluations of proposed changes or improvements will not lose sight of previous decisions.  Concept and rationale behind the decisions that formed the basis for this recommendation are found in the CCSDS Pseudo-Noise Ranging Green Book
.

1.4 CONVENTIONS AND DEFINITIONS

1.4.1 DEFINITIONS

The following definitions apply through this Recommendation:
chip rate:  rate at which the PN code bits (or “chips”) are transmitted. 

coherency:  downlink carrier from the spacecraft is phase-coherent with the received uplink carrier from the ground station.

component sequences:  family of shorter length PN sequences used to form the ranging PN code using logic operations.

range clock:  PN component code with the highest frequency (i.e., shortest period);  determines the range resolution.

regenerative ranging:  type of ranging where the spacecraft demodulates and acquires the ranging code by correlation with a local code replica from the uplink ranging signal, and regenerates the ranging code on the downlink.
transparent ranging:  type of ranging where the spacecraft frequency-translates the uplink ranging signal to the downlink without code acquisition.
1.4.2 Nomenclature

The following conventions apply through this Recommendation

· the words ‘shall’ and ‘must’ imply a binding and verifiable specification

· the word ‘should’ implies an optional, but desirable, specification

· the word ‘may’ implies an optional specification

· the words ‘is’, ‘are’, and ‘will’ imply statements of fact

1.4.3 CONVENTIONS

In this document, the following convention is used:

A “+1” ranging chip corresponds to a binary 0 value;

A “-1” ranging chip corresponds to a binary 1 value.

1.5 REFERENCES

[1]
Radio Frequency and Modulation Systems—Part 1  Earth stations and spacecraft.  Recommendation for Space Data System Standards, CCSDS 401.0-B.  Blue Book.  Washington, D.C.: CCSDS, December 2003.
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J. B. Berner, J. M. Layland, P. W. Kinman and J. R. Smith, “Regenerative Pseudo-Noise Ranging for Deep-Space Applications,” Telecommunications and Mission Operations (TMO) Progress Report 42-137, Jet Propulsion Laboratory, Pasadena, CA, May 15, 1999.

[3]
DSMS Telecommunications Link Design Handbook, 214 Pseudo-Noise and Regenerative Ranging, 810-005, Rev. E, March 31, 2004.

[4]
R. C. Titsworth [subsequent to publication of this paper, the author changed his surname to Tausworthe], “Optimal Ranging Codes,”  IEEE Trans. Space  Elec. & Telem., vol. SET-10, pp. 19-30, March 1964.

[5]
J. J. Stiffler, “Rapid Acquisition Sequences,” IEEE Trans. Info. Th., vol. IT-14, pp. 221-225, March 1968.

[6]
J. Ganz, A. P. Hiltgen, and J. L. Massey, Final Report ESTEC Contract No. 8579/89/NL/DG Definition of Codes for User Ranging via DRSS at Ka-Band, Institute for Signal- and Information Processing, ETH Zurich, March 1990.

[7]
J. Ganz, A. P. Hiltgen and J. L. Massey, “Fast Acquisition Sequences,” Proc. 6th Int. Symp. on Comm. Theory and Appl., Ambleside, England, 15-20 July 2001, pp. 471-476.

[8]
J. L. Massey, “Study on PN Ranging Codes for Future Missions,” Final Report, ESA/ESOC Contract No. 17954/03/D/CS(SC), November 2004.

overview

Several upcoming missions require higher accuracy spacecraft position determination compared to currently supported missions.  One solution to cope with these new requirements is the use of regenerative PN ranging systems. Regenerative Ranging presents several advantages with respect to the classical Sequential Ranging, which is the approach at present used by CCSDS Agencies supporting deep space missions.  This technique requires the use of PN codes with important impacts for on-board transponder and Earth station design, different from sequential systems for which transparent transponders are commonly used. 

Even though the advantages of regenerative ranging are mainly relevant to the low SNR case (e.g., deep space missions), the use of PN ranging with transparent on-board processing is also possible. This solution is attractive in presence of good link margin  or when very accurate ranging is not needed. A transponder based on transparent ranging channel will have reduced complexity compared with the regenerative case. The spacecraft demodulates a large frequency range around the carrier and re-modulates the entire bandpass including the uplink noise onto the downlink carrier. With a transparent system, the ranging SNR at the station is proportional to 1/r4 where r is the distance to be measured. In a regenerative PN ranging system, a PN ranging code is phase modulated on the uplink carrier and transmitted from the ground station to the spacecraft.  This ranging signal is derived using a logical combination of a ranging clock  and several component PN codes.  Received by the spacecraft, the ranging signal is demodulated by the spacecraft transponder, and the ranging code is acquired.  The spacecraft then regenerates the ranging code coherently with the uplink code, and phase modulates the downlink carrier with the locally generated version of the ranging code.  Back at the ground station, the station receiver demodulates the downlink and correlates the received ranging signal with a local model of the range clock and component PN codes to determine the round-trip light time.  The ranging SNR at the station is therefore proportional to 1/r2 where r is the distance to be measured.
Selection of the ranging clock frequency determines the range precision.  Likewise, the component codes structure and combination logic affect the code acquisition time and probability, range ambiguity, and range precision.  The PN codes in this Recommendation have been selected to provide high ranging accuracy while maintaining a reasonable code acquisition time.

For transparent PN ranging, the uplink processes is exactly the same as in the regenerative ranging case.  However, in transparent PN ranging the spacecraft does not attempt to acquire the ranging code; instead it phase modulates the uplink ranging signal as received on board onto the downlink without further processing.  The ground station receiver demodulates the downlink and performs the PN ranging correlation in the same manner as for regenerative ranging.  Because any uplink noise is re-modulated onto the downlink, transparent ranging accuracy will generally not be as good as with regenerative ranging; however, transparent ranging requires less complexity in the spacecraft transponder.

This Recommendation is [divided into two main parts] covering regenerative PN ranging [and transparent PN ranging.]  This recommendation contains sections on the selection of PN code structure, ground station uplink processing, onboard spacecraft processing, and ground station downlink processing.

Regenerative Pseudo-Noise RANGING

This section provides recommendations for Regenerative PN ranging.   Specifically, recommendations are made for the PN code structure, ground station transmit (uplink) processing, on-board regenerative processing, and ground station receive (downlink) processing.

1.6 PN Code Structure

This section defines the PN ranging code components and combination logic for generating the regenerative PN ranging codes
.

Option 1 (Tausworthe)

The code is made up of six binary ((1) periodic “component sequences”, the first periods of which are as follows:

C1 =  +1 -1  (the range clock)

C2 =  +1 +1 +1 -1 -1 +1 -1

C3 =  +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1

C4 =  +1 +1 +1 +1 -1 -1 -1 +1 -1 -1 +1 +1 -1 +1 -1

C5 =  +1 +1 +1 +1 -1 +1 -1 +1 -1 -1 -1 -1 +1 +1 -1 +1 +1 -1 -1

C6 =  +1 +1 +1 +1 +1 -1 +1 -1 +1 +1 -1 -1 +1 +1 -1 -1 +1 -1 +1 -1 -1 -1 –1

The component sequence C1 is the period-2 range clock.  Component sequences C2, C3, C4, C5 and C6 are all PN sequences with relatively prime periods 7, 11, 15, 19 and 23, respectively.  

Using the component sequences, each chip of the PN ranging sequence is a +1 if and only if C1 has a +1 at that position or if all five of the sequences C2, C3, C4, C5 and C6 have a +1 at that position, or both.  The combining logic used to generate the ranging sequence is shown symbolically in block diagram form in Figure 3‑1.

The resulting ranging sequence C is periodic with length L = ((((( = 1,009,470 chips.
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 where the combining logic is 
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Figure 3‑1  Regenerative PN code generation (option 1)

Option 2 (Weighted-voting Tausworthe, (=2)

The weighted-voting ((=2) Tausworthe ranging code is made up of the same six binary ((1) periodic “component sequences” as the Tausworthe code (Option 1), but with a different combination algorithm based on giving (=2 votes to the clock component C1 as shown in Figure 3‑2
.

The resulting ranging sequence C is periodic with length L = ((((( = 1,009,470 chips.
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where the combining logic is 
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Figure 3‑2  Regenerative PN code generation (option 2)

Option 3 (Weighted-voting Tausworthe, (=4)

The code is made up of the same six binary ((1) periodic “component sequences” as the Tausworthe code (Option 1), but with a different combination algorithm based on giving (=4 votes to the clock component C1 as shown in Figure 3‑3
.

The resulting ranging sequence C is periodic with length L = ((((( = 1,009,470 chips.
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where the combining logic is 
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Figure 3‑3  Regenerative PN code generation (option 3)

Option 4 (Scrambled Weighted-voting Stiffler, v=6)

The scrambled weighted-voting (v=6) Stiffler ranging code is given by:
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where (=6 is the number of votes given to the ranging clock component s1(t), and si(t) are the outputs of a 20-bit counter with increment d = (221 + 1)/3 = 699051 after bit-to-level conversion (bit 0 into level +1 and bit 1 into level -1) as shown in Figure 3‑4.

The resulting ranging sequence C is periodic with length L = 220 = 1,048,576 chips.
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Figure 3‑4  Regenerative PN code generation (options 4 and 5)

Option 5 (Scrambled Weighted-voting Stiffler, v=8)

This code is generated as in option 4, the only difference being that v=8 votes are given to the ranging clock component s1(t) as shown in Figure 3‑4.

The resulting ranging sequence C is periodic with length L = 220 = 1,048,576 chips.

Ground station Uplink processing

This section provides recommendations for ground station uplink (transmit) processing  for PN ranging.  

1.6.1 Uplink Signal Modulation

The ground station transmitter shall modulate the uplink carrier with the PN code specified in Section 3.1.

The ranging signal shall be linear phase modulated on the uplink carrier. The ranging modulation index shall be selected in the range  0.1 to 1.4 radians peak.

Base-band shaping may be required by mission design on the PN ranging signal to conserve bandwidth at high chip rates. In this case the shaping filter shall have the following impulse response:
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Ranging according to this standard and telecommand as specified in CCSDS 401.0-B 2.2.4 and 2.2.7 may be performed at the same time.  

1.6.2 Uplink Chip Rate

The ranging signal chip rate shall be frequency coherent with the uplink carrier as given by the following expression (for 1( k ( 10):
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Table 3‑1  Uplink Chip Rates
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where


Fchip is the chip rate in Mchip/s


Fclock is the ranging clock in MHz

fS-band, fX-band, fKa-band are the S-band, X-band, and Ka-band uplink frequencies, respectively, in MHz

For interoperability reasons, the Earth stations shall as a minimum support two chip rate values: the preferred value of approximately 2 Mchip/s obtained by selecting k=4 in the equations of Table 3.1 and a lower value of approximately 1 Mchip/s obtained by selecting k=5 in the equations of Table 3‑1.

NOTES: 

1
The configuration of some CCSDS Agencies' ground stations may not be able to easily implement the above ratios between chip rate and carrier frequency.  In such cases, the offset between the generated value and the theoretical value shall be  < 10 mHz. 

1.6.2.1   Chip Rate Stability

The chip rate shall be locked to the station frequency reference. 
On-board processing

This section defines the on-board spacecraft functions and performances for regenerative ranging.

1.6.3 Processing Functions

The on-board transponder shall implement the following ranging functions: 

· carrier tracking and ranging signal demodulation; 

· chip rate acquisition and tracking
; 

· code acquisition and tracking;

· coherent retransmission of regenerated code on the downlink signal.
The following two independent mode selections shall be accessible by telecommand:    

· Transponder coherent / non-coherent
;

· Ranging modulation on/off.     
These requirements shall apply to all operational modes like telecommand on/off and telemetry on/off.

1.6.4 Ranging Signal Acquisition Performances

The on-board receiver shall acquire the PN code for the whole dynamic range of input signal power (down to the minimum ranging power over noise spectral density, Pr/No), frequency shift ((f/f) and Doppler rate (R).  These values depend on the selected mission.   The following two operating regions are foreseen:

· Pr/No < 30 dBHz;  (f/f ( 30 ppm; R<0.01 ppm/sec

· Pr/No > 30 dBHz;  (f/f ( 60 ppm; R<0.1 ppm/sec

An aided acquisition strategy (using the carrier frequency to estimate the chip rate value) can help keep the ranging signal in the loop pull-in when a narrow code loop bandwidth is used. This is particular useful in case of low Pr/No.

1.6.4.1 Acquisition Time and Probability

The on-board receiver shall acquire the ranging code phase in a time (Tacq) less than as specified in Table 3‑2 with a probability of acquisition greater that 99.9%.  The acquisition performances are related to the ranging power over noise spectral density (Pr/No), frequency shift ((f/f), Doppler rate (R) given in section 3.3.2, and to the selected ranging code (code family and chip rate) given in sections 3.1 and 3.2.2.
Table 3‑2: Maximum ranging code phase acquisition time for the on-board receiver

	Sequence
	Maximum acquisition time
 Tacq at Pr/No=30 dBHz

	Tausworthe
	185 s

	Weighted-voting Tausworthe, (=2
	6 s

	Weighted-voting Tausworthe, (=4
	89 s

	Balanced Weighted-voting Tausworthe, (=2
	6 s

	Balanced Weighted-voting Tausworthe, (=4
	98 s

	Scrambled Weighted-voting Stiffler, v=6
	TBD

	Scrambled Weighted-voting Stiffler, v=8
	TBD


1.6.5 On-board Ranging DELAY Stability 

For the purpose of ranging measurement, the on-board ranging delay shall meet the following requirements:
· The uncalibrated average ranging delay shall be constant to within ( 1/(30*
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· It shall be possible to calibrate the transponder delay from engineering status telemetry such as uplink frequency and power level, power supply voltage, and temperature to an accuracy of ( 1/(500*
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· 
1.6.6 Downlink Modulation  

The regenerated ranging signal shall be applied to the downlink modulator using linear phase modulation. 

The ranging modulation index shall be in the range 0.1-0.7 radians peak.
Base-band shaping may be required  by mission design on the PN ranging signal to conserve bandwidth at high chip rates. In this case, the shaping filter shall have the following impulse response: 
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1.6.6.1 On-board Nonlinearities 

The phase deviation due to nonlinearity must not exceed TBD degrees over the frequency range of +/- 2*Fchip.  

The transmit in-band gain deviation from an ideally flat gain shall be constant to within +/- TBD dB over +/- Fchip.   

1.6.6.2 Downlink Chip Rate

The downlink chip rate shall be frequency coherent with the up-link chip rate. When the transponder is in coherent mode, the downlink chip rate shall also be frequency coherent with the downlink carrier.

Ground Station Downlink Processing

This section provides recommendations for ground station downlink (receive) processing for PN ranging.
1.6.7 Receiver Downlink Processing 

The ground station receiver shall implement the following ranging functions: 

· carrier tracking and ranging signal demodulation when the downlink modulation is as specified in Section 3.3.4;

· chip rate acquisition and tracking
;

· code acquisition and tracking;

· comparison of transmit and receive code epochs for ranging delay evaluation. 

NOTE: Ranging and telemetry functions are typically performed at the same time.  

1.6.8 Station Performance

The station receiver should acquire the PN code for the whole dynamic range of input signal power (down to the minimum Pr/No), frequency shift ((f/f) and Doppler rate (R). These values will depend on the selected mission.  The following two operating regions are foreseen:

· Pr/No < 30 dB-Hz; (f/f ( 60 ppm; R<0.02 ppm/sec

· Pr/No > 30 dB-Hz; (f/f ( 120 ppm; R<0.2 ppm/sec

The aided acquisition strategy (using the carrier frequency to estimate the chip rate value) helps keep the ranging signal within the loop pull-in range when using a narrow code loop bandwidth. This is particularly useful in case of low Pr/No.

1.6.9 Acquisition Time and Probability

The station receiver shall acquire the ranging code phase in a time (Tacq) less than as specified in  Table 3‑3 , with a probability of acquisition greater than 99.9%.  The acquisition performances are related to the received Pr/No, frequency shift ((f/f), Doppler rate (R) given in section 3.4.2, and to the selected ranging code (code family and chip rate) given in sections 3.1 and 3.2.2.
Table 3‑3: Maximum ranging code phase acquisition time for the station receiver
	Sequence
	Maximum acquisition time
 Tacq at Pr/No=30 dBHz

	Tausworthe
	8 s

	Weighted-voting Tausworthe, (=2
	0.3 s

	Weighted-voting Tausworthe, (=4
	4 s

	Balanced Weighted-voting Tausworthe, (=2
	0.3 s

	Balanced Weighted-voting Tausworthe, (=4
	4.3 s

	Scrambled Weighted-voting Stiffler, v=6
	TBD

	Scrambled Weighted-voting Stiffler, v=8
	TBD


1.6.9.1 Station Delay Calibration

The station delay shall be constant to within +/- 2 ns  over a period of 24 hours. 
TRANSPARENT Pseudo-Noise RANGING (PLACEHOLDER ONLY)


This section provides recommendations for transparent PN ranging.   Specifically, recommendations are made for the PN code structure, ground station transmit (uplink) processing, on-board transparent processing, and ground station receive (downlink) processing.

1.7 PN Code Structure

The selected PN code transparent PN ranging is TBD.
1.8 Ground station Uplink processing

This section provides recommendations for ground station uplink (transmit) processing  for PN ranging.  

1.9 Uplink Signal Modulation

The ground station transmitter shall modulate the uplink carrier with the PN code specified in Section 4.1.
The ranging signal shall be linear phase modulated on the uplink carrier. The ranging modulation index shall be selected in the range  0.1 to 1.4 radians peak.

Base-band shaping may be required by mission design on the PN ranging signal to conserve bandwidth at high chip rates. In this case the shaping filter shall have the following impulse response:
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Ranging according to this standard and telecommand as specified in CCSDS 401.0-B 2.2.4 and 2.2.7 may be performed at the same time.  



1.9.1.1 Up-link Chip Rate

The ranging signal chip rate shall be frequency coherent with the up-link carrier as given in sections 3.2.2. and 3.2.2.1.
1.10 On-boArd transparent processing

This section defines the on-board spacecraft functions and performances for transparent ranging.

1.10.1 Processing Functions

The on-board transponder shall implement the following ranging functions 
:
· carrier tracking and ranging signal demodulation;

· video ranging signal filtering and automatic level control (ALC);

· downlink signal modulation.     
The following two independent mode selections shall be accessible by telecommand:    

· Transponder coherent / non-coherent; 

· Ranging modulation on/off.     
These requirements shall be applied in all the operational modes such as telecommand on/off and telemetry on/off. 

1.10.2 Ranging Channel Non-linearities 
    

In-band group delay variation  
For minimization of spectral distortion, the end-to-end in band group delay variation of the ranging channel shall be constant to within +/- 1/(30*
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/4).   

Gain flatness  
The end-to-end in band gain deviation from an ideally flat gain shall be constant to within +/- 0.5 dB (TBC) in the range from (
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/2) to (3*
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/2).   

1.10.3   3-dB Bandwidth

The  –3 dB frequencies shall be below (
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/4) and above (7*
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/4) from the carrier.

1.10.4 One-sided Noise bandwidth 

 The one-sided noise bandwidth shall be ( 2.5*
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 (TBC).  

1.10.5 on-board Ranging delay stability 

For the purpose of ranging measurement, the on-board ranging delay shall meet the following requirements:

· The uncalibrated average ranging delay shall be constant to within ( 1/(30*
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 or (10 ns, whichever is larger.

· It shall be possible to calibrate the transponder delay from engineering status telemetry such as uplink frequency and power level, power supply voltage, and temperature to an accuracy of ( 1/(500*
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)
 or (1ns, whichever is larger. 





1.11 Downlink Modulation  

The video ranging signal after filtering and ALC control shall be applied to the downlink modulator using linear phase modulation. The ranging modulation index shall be in the range 0.1-0.7 radians peak.   


1.11.1 Ground Station downlink PROCESSING

This section provides recommendations for ground station downlink (receive) processing for PN ranging.

1.11.2 

· 
· 
· 


1.11.3 ReceiveR Downlink Processing 
The ground station receiver shall implement the ranging function according to the following requirements: 

· carrier tracking and ranging signal demodulation; 

· chip rate acquisition and tracking
; 

· code acquisition and tracking;

· comparison of transmit and receive code epochs for ranging delay evaluation. 

NOTE: Ranging and telemetry functions are typically performed at the same time.  

1.11.4 Station Performances

The station receiver shall acquire the PN code for the whole dynamic of input signal power (down to the minimum ranging power over noise spectral density, Pr/No), frequency shift ((f/f) and Doppler rate (R).  These values depend on the selected mission.  The following two operating regions are foreseen (TBC):

· Pr/No < 30 dB-Hz, , (f/f ( 30 ppm, R<0.01 ppm/sec

· Pr/No > 30 dB-Hz, , (f/f ( 60 ppm, R<0.1 ppm/sec

The aided acquisition strategy (using the carrier frequency to estimate the chip rate value) allows keeping the ranging signal in the loop pull-in also in case of narrow code loop bandwidth. This is particular useful in case of low Pr/No.

1.11.4.1   Acquisition Time and Probability

The station receiver shall acquire the ranging code phase in a time (Tacq) less than as specified in Table 4‑1 with a probability of acquisition greater that 99.9%.  The acquisition performances are related to the input signal power (Pr/No), frequency shift ((f/f), Doppler rate (R) given in section 4.4.2, and to the selected ranging code (code family and chip rate) given in sections 4.1 and 4.2.2.   
Table 4‑1: Maximum ranging code phase acquisition time for the station receiver

	Sequence
	Maximum acquisition time
 Tacq at Pr/No=TBD dBHz

	XXX
	TBD

	YYY
	TBD


1.11.5 Station Delay calibration

The station delay shall be constant to within +/- 2 ns  over a period of 24 hours. 


2 ANNEX

Table A-1. Specifications for on-board PN Regenerative Ranging

	
	Parameter Value

	1- Forward Link (signal received on-board)
	

	1.1-  Carrier frequency (Fr) 
	2.1 GHz, 7.1 GHz, or 34.0 GHz bands

	1.2 - Linear phase modulation: ranging signal modulation index
	0.1-1.4 rad. pk 

	
	 

	1.3 - Ranging signal to noise spectral density 
	Pr/No  (  27 dBHz 

	1.4 - Chip Rate (
[image: image30.wmf]Fchip

) 
	1 and 2 Mcps 

	1.5 - Carrier frequency and chip rate
	
Frequency coherent

	2- Transponder
	

	
	

	2.1 - Ranging signal acquisition performances
	Tacq < TBD sec

Prob_acq > 99.9 % 



	2.2 - Transmitted Carrier frequency (Ft) 
	2.2 GHz, 8.4 GHz or 32.0 GHz bands

	2.3 - Return carrier frequency and chip rate
	
Frequency coherent

	
	

	2.4 – Linear phase modulation: ranging signal modulation index
	0.1-0.7 rad pk

	3- Return Link (signal received at the ground station)
	

	
	

	3.1 - On-ground ranging signal to noise spectral density 
	Pr/No > -8 dBHz

	3.2 - Ranging signal acquisition performances
	Tacq < TBD sec

Prob_acq > 99.9 % 

5 

	3.3 - Ranging performances versus integration time 
	TBD meter (rms)


Table A-2: Specifications for PN Ranging and on-board transparent channel

(PLACEHOLDER ONLY)

	3- Return Link (signal received at the ground station)
	

	3.1 - Carrier frequency (Ft) 
	2.2 GHz, 8.4 GHz, 32.0 GHz bands

	3.2 - Return carrier frequency and chip rat

	
 Frequency coherent

	3.3 - Linear phase: effective modulation index
	As per link budget

	3.4 - On-ground carrier (unmodulated) signal to noise spectral density 
	C/No > 21 dBHz (TBC)

	3.5 - On-ground ranging signal to noise spectral density 
	Pr/No > -10 dBHz 

	3.6 - Ranging signal acquisition performances
	Tacq < TBD sec

Prob_acq > 99.9 % (TBC)



	3.7 - Ranging performances versus integration time 
	TBD meter (rms)








� Book under development.


� Currently there are five candidate PN codes.  Based on further studies, a final PN code selection will be made prior to publication of this standard.


� Balanced version to replace this one if determined to be better.


� Balanced version to replace this one if determined to be better.


� 34200-34700 MHz


� An uplink carrier coherent with the PN code chip rate allows for the use of an on-board code aided acquisition/tracking loop; this is particularly useful in case of low SNR.


� In case of carrier coherent turnaround approach, carrier and PN code chip rate received at the ground station are coherent (as in the up-link case); this can be used at the ground station for code aided acquisition/tracking loop for instance in case of low SNR. 


� Assuming  6 parallel correlators for the Tausworthe sequences, 4 parallel correlator for the Stiffler sequences and a 10% increase with respect to theoretical values due to implementation issues.


�  +/-33 nsec for � EMBED Equation.3  ���=1 Mcps


� This specification applies for any values within the nominal range of carrier frequency (taking into account Doppler shift), input level, modulation index, power supply, temperature and lifetime.


� +/-1 nsec for � EMBED Equation.3  ���=2 Mcps


� Coherent carrier and code down-link signal allows the use of on-ground code aided acquisition/tracking loop; this is particular useful in case of low SNR


� Assuming  76 parallel correlators for the Tausworthe sequences, 4 parallel correlator for the Stiffler sequences and a 10% increase with respect to theoretical values due to implementation issues.


� Commonality with the present specification relevant to sequential ranging should be considered. In this way the same transponder could be used for both transparent approaches: PN and sequential.   


� The same function performed by the transparent channel in case of sequential ranging approach. 


� In case of carrier coherent turn around approach, the signal received at ground station is carrier and code coherent as well (as the up-link); this can be used at the ground station for code aided acquisition/tracking loop in particular in case of low SNR. 


� Requirements needed for the minimization of spectral distortion. 


�  +/-33 nsec for � EMBED Equation.3  ���=1 Mcps


� This specification applies for any values within the nominal range of carrier frequency (taking into account Doppler shift), input level, modulation index, power supply, temperature and lifetime.


� +/-1 nsec for � EMBED Equation.3  ���=2 Mcps


�  +/-33 nsec for � EMBED Equation.3  ���=1 Mcps


�  +/-1 nsec for � EMBED Equation.3  ���=2 Mcps


� Coherent carrier and code down-link signal allows the use of on-ground code aided acquisition/tracking loop; this is particular useful in case of low SNR


� Assuming  TBD parallel correlators for the XXX sequences, TBD parallel correlator for the YYY sequences and a 10% increase with respect to theoretical values due to implementation issues.
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