MORE System Requirements

Allan Standard Deviation budget
	Error Source
	Allan deviation @103 s

	Propagation Media
	Total: 10–14

	Plasma
	3×10–16 *

	Troposphere
	10–14 ***

	Ionosphere
	<3×10–16 *

	Ground System
	Sub-total: 6.2×10–15

	Frequency Standard
	10–15

	Receiver Chain
	3×10–17 *

	Transmitter Chain
	3×10–16 *

	Thermal and mechanical deformation
	6×10–15

	Station Location
	1.2×10–15

	Earth Solid Tides
	4×10–16 *

	Spacecraft
	Sub-total: 8×10–15

	Uncertainty of the HGA motion about the spacecraft centre of mass
	4×10–16 *

	DST
	2×10–15

	KaT
	10–15

	TWTA
	5×10–17 *

	High-Gain Antenna assembly thermo-mechanical stability **
	6.7×10–15

	Uncertainty of MPO angular rate
	10–15

	Total
	1.4×10–14 


* Feasible

** The effect of the reflector and pointing mechanism needs to be assessed.

*** Assuming use of water vapour radiometer. 

	RSE Requirement ID in this document
	Requirement
	Source of the requirement
	Verification

(TBC)
	Requirement  Document

(TBC)

	1.

	The MPO – Ground Segment link shall provide RSE Doppler measurements with an overall end-to-end Allan Standard Deviation less than 1.5×10–14

@ 1000s
	MORE, 
	Analysis

/ Design
	MIRD, SRD

	2.

	The RSE Doppler measurement shall be obtained by the combination of the measurements in three two-way links in Ka/Ka (up and down), X/X (up and down) and X/Ka bands (up and down).
	MORE
	Design
	MIRD, SRD

	3.

	The final residuals, after calibration for propagation media, shall be less than 10–14 @ 1000s  
	MORE
	Analysis
	MIRD, SRD, (not yet part of) SGICD



	4.

	The overall contribution of the Ground Segment to the Allan Standard Deviation in the Ka/Ka link shall be less than 6.2×10–15
	RSE Error 

Analysis Study, UdR
	Analysis
	MIRD, 

not (yet) part of SGICD

	5.

	The overall contribution of the Space Segment to the Allan Standard Deviation of the Ka/Ka link Doppler measurements shall be less than 8×10‑15 @ 1000s
	RSE Error 

Analysis Study, UdR (modified)
	Test
	MIRD, SRD, EID-B

	6.
(*)
	The residual contribution of ionosphere and plasma to the Allan Standard Deviation shall less than (after plasma cancellation) 5×10–16 (@ 1000s) for impact parameters larger than eight solar radii
	MORE
	Design
	 MORE Team 

	7.

	The contribution of residual tropospheric noise to the Allan Standard Deviation shall be less than 10–14 (for elevation angles larger than 15 degrees, after suitable calibration, e.g. with WVR)
	MORE, Error analysis study
	Test
	MIRD, SGICD not (yet) part of SGICD

	8.
(*)
	The contribution of the frequency standard to the Allan Standard Deviation of the Ka/Ka link Doppler measurements shall be less than 1×10‑15 (@ 1000s)
	MORE
	Test
	MIRD

	9.

	The contribution of the receiver chain to the Allan Standard Deviation of the Ka/Ka link Doppler measurements shall be less than 8×10–16 @ 1000s
	MORE
	Test
	MIRD

	10.

	The contribution of Transmitter Chain to the Allan Standard Deviation of the Ka/Ka link Doppler measurements shall be less than 5×10–16 @ 1000s
	MORE, corrected to maximum value of Allan SD to be tested.
	Test
	MIRD

	11.

	The contribution of the thermal and mechanical deformations of the ground antenna to the Allan Standard Deviation  (all links)  shall be less than 6 ×10–15 (@ 1000s), under favourable conditions (wind less than 2 m/s and internal antenna temperature gradients less than TBD)
	HTHGA TDA
	Analysis and tests (to be devised)
	MIRD

	12.

	The contribution of the Station Location to the Allan Standard Deviation shall be less than 1.2×10–15

(@ 1000s) or, equivalently, the location shall be provided with 5 cm error.
	MORE
	Analysis 
	MIRD

	13.

	The residual contribution of the earth solid tides to the Allan Standard Deviation shall be less than 5×10–16 @ 1000s (tides to be modelled by MORE).
	MORE 
	Analysis 
	MORE

	14.

	The contribution of Deep Space Transponder to the Allan Standard Deviation shall be less than 6×10–15 in the X/X link and less than 1×10–14 in X/Ka link (@ 1000s)
	DST TDA
	Test
	SRD

	15.

	The contribution of MORE (Ka/Ka link) to the Allan Standard Deviation shall be less than 1×10–15 @ 1000s
	MORE
	Test
	MORE performance specification (EID-B)

	16.

	The contribution of the high power amplifiers in X and Ka bands to the Allan Standard Deviation shall be less than 0.5×10–16 @ 1000s
	MORE
	Test
	SRD

	17.

	The contribution of high gain antenna (support structure, pointing assembly and reflector assembly, waveguides dilatation and antenna motion effects) to the Allan Standard Deviation of the Ka/Ka link shall be less than 6.7×10–15 @ 1000s
	HTHGA TDA
	Analysis based on unit tests


	SRD

	18.

	The relation between the Allan Deviation of the Ka/Ka, X/X and X/Ka  shall be less than:  
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except when specified otherwise
	Error Analysis Study
	Analysis
	MIRD, SRD,MORE


1.1
Range Requirements

Table 3‑2 Raging errors statistical characterization

	Type of Error
	High Frequencies:

AWGN (standard deviation two way)
	Intermediate Frequencies:

Pass, Orbit, Measurement interval
	Lowest Frequency:

Maximum one year drift

	Two-way error magnitude
	30 cm

(goal 20 cm)
	30 cm

(goal 20 cm)
	50 cm (goal 15 cm)


Requirement Table 1. Range Performance

	RSE Requirement ID in this document
	Requirement
	Source of the requirement
	Verification

(TBC)
	Requirement Document

(TBC)

	19.

	The MPO – Ground Segment link shall provide and RSE ranging signal with a measurement noise error less than 15 cm (1 sigma, one-way TBC)


	MORE
	Design and analysis and test (Long Loop on the Ground Station)
	MIRD, SRD

	20.

	The MPO-Ground Segment link shall provide and RSE ranging signal with an overall ranging measurement bias calibration error less than 0.4 ns (1 sigma, one-way)
	MORE
	Design and analysis and test
	MIRD, SRD

	21.

	The overall RSE ranging performance shall be provided by three two-way links: Ka/Ka band, X/X band and X/Ka, for Up/Down link respectively
	MORE
	Design
	SRD/MIRD

	22.

	The RSE X/Ka two-way ranging measurement noise error evaluated according to the jitter formula (see Ref. TBD) shall be less than 2 m (1 sigma)
	MORE
	Test
	SRD

	23.

	The RSE X/X two-way ranging measurement noise error evaluated according to the jitter formula (see Ref. TBD) shall be less than 80 cm (1 sigma)
	MORE
	Test
	SRD

	24.

	The RSE Ka/Ka two-way ranging measurement noise error evaluated according to the jitter formula (see Ref. TBD) shall be less than 18 cm (1 sigma)
	RSE Error Analysis Study
	Test
	SRD

	25.

	The RSE Ka/Ka end to end calibration error for two-way range shall be less then than 0.7 ns
	MORE
	Analysis
	 

	26.

	The RSE Ka/Ka two-way ranging measurement Ground Segment calibration error shall be less then than 0.2 ns (TBC)
	MORE
	Test and Analysis
	SRDMIRD

	27.

	The RSE Ka/Ka two-way ranging measurement Space Segment calibration error shall be less then than 0.5 ns
	MORE
	Test
	SRD, MORE

	28.

	The RSE X/X and X/Ka two-way ranging measurement end to end calibration error shall be less then than 2.5 ns (TBC)
	MORE
	Analysis
	SRD

	29.

	The RSE X/X and X/Ka two-way ranging measurement Ground Segment calibration error shall be less then than 1.5 ns (TBC)

A relative accuracy of this order of magnitude might be achievable.
	MORE
	Test and Analysis
	SRD, SGICD

not (yet) in SGICD

	30.

	The RSE X/X and X/Ka two-way ranging measurement Space Segment calibration error shall be less then than 1 ns (TBC)
	MORE and DST TDA
	Test
	SRD


1.2
Orbit

Requirement Table 2. Orbit for RSE
	RSE Requirement ID in this document
	Requirement
	Source of the requirement
	Verification

(TBC)
	Requirement Document

(TBC)

	31.

	The MPO Mercury orbit shall be as described in EIDA
	BC System Studies and Mission Analysis
	Design
	MIRD


1.3
Operations

1.3.1
Cruise operations

MORE is primarily operated once Mercury orbit is attained. The cruise phase will be used with four main goals: 

1 Instrument calibration and testing

2 Ground system testing

3 Superior conjunction experiment (SCE)

4 Precise navigation measurements

. 

Requirement Table 3 RSE operational requirements during cruise
	RSE Requirement ID in this document
	Requirement
	Source of the requirement
	Verification

(TBC)
	Requirement Document

(TBC)

	32.

	The cruise composite shall provide the necessary resources to the MORE and ISA instruments (power, thermal control, data rate, full RSE link via HGA, quiet vibration environment) during a suitable superior solar conjunction during cruise (with Solar Elongation Angle Range from 0.7 to 2 deg TBC) in order to perform the Solar Conjunction Experiment. 
	Error Analysis Study
	Design, Operations Plan
	SRD,  MIRD

	33.

	The cruise composite shall provide the necessary resources to ISA (power, thermal control, data rate) during a TBD long coasting phase of the cruise in order to perform its calibration. 
	ISA
	Design, Operations Plan
	SRD, MIRD 

	34.

	The cruise composite shall provide the necessary resources to MORE (power, thermal control, data rate, full RSE multifrequency link via HGA) during 8-16 Ground Station passes as soon as possible during the cruise phase in order to perform its calibration.  GOAL TBC
	MORE
	Design, Operations Plan
	SRD, MIRD

	35.

	The cruise composite shall provide the necessary resources to MORE (power, thermal control) continuously during the cruise phase in order to age and stabilise the instrument group delay 
	MORE
	Design, Operations Plan
	SRD, MIRD, 


1.3.2
Operations at Mercury

Requirement Table 4. MPO Orbit Operational Requirements
	RSE Requirement ID in this document
	Requirement
	Source of the requirement
	Verification

(TBC)
	Requirement Document

(TBC)

	36.

	The MORE and ISA onboard instruments and the ground triple link receiver shall be operational and provide measurements simultaneously during the periods at which the MPO can be tracked at the Ground Station with enough accuracy (minimum elevation angle 15 oC TBC, minimum Sun-Earth-Probe angle of 0.7 deg
	Error Analysis Study,

MORE, ISA
	Design and Analysis
	SRD, MIRD, SGICD

	37.

	There shall be at least one RSE (triple link, calibrated TBC) ranging measurement every 15 minutes in average (more frequent TBD during Superior Conjunction)
	MORE
	Design
	SRD, MIRD, SGICD

	38.

	There shall be continuous RSE (triple link) Doppler measurements during MPO visibility (minimum elevation angle 15 deg TBC, minimum Sun-Earth-Probe angle 0.7 deg)
	MORE
	Design or Operations Plan
	SRD, EID-B, SGICD

	39.

	There shall be a calibration of the ground station before every RSE ranging measurement (TBC)
	MORE
	Design 
	SRD, MIRD, SGICD

not yet in SGICD

	40.

	ISA shall be powered permanently in nominal conditions/mode during the MPO Mercury orbit phase, also when measurements are not being taken
	ISA


	Design
	SRD  

	41.

	There shall be no wheel desaturation attitude manoeuvres during the periods of ISA and MORE measurement
	Error Analysis Study
	Design 
	SRD, MIRD, 

	42.

	There shall be MPO Centre of Mass calibration manouvres outside the RSE measurement periods. These manouvres shall be defined in TBD. The frequency and duration of this manouvres shall be TBD. (this is an ISA requirement. It is left for completeness of information)
	System Definition Studies
	Design 
	SRD, MIRD 

	43.

	Ground range and range rate measurements, onboard acceleration measurements and HRC images for the libration experiment will be time tagged and synchronised with UTC with an error smaller than, respectively, 5 microseconds, 0.5 ms and 0.5 ms 
	MORE
	Design, Testing
	SRD, EID-B, 


1.4
Pointing 
Requirement Table 5. Pointing Requirements

	RSE Requirement ID in this document
	Requirement
	Source of the requirement
	Verification

(TBC)
	Requirement  Document

(TBC)

	44.

	The processed High Resolution Camera images shall have a resolution of 19 m at an altitude of 1500 km.

NOTE: If the resolution of the processed images is 1 pixel (TBC), then this requirement is applicable to the pixel size of the HRC directly.
	Error Analysis Study, SIMBIO-SYS
	Analysis and Design
	?

	45.

	The thermomechanical distorsion of the structure between the HRC and the Star Tracker shall be less than 1.5” RMS (GOAL: 1” RMS) for any image pair interval. 

An image pair interval is a time interval 30 to 60 days centered in the aphelion or perihelion.
	Definition Studies
	Test
	EID-B

	46.

	The (Generalised) Relative Measurement Error between the two HRC Line of Sights of each image pair shall be less than 2.5” RMS (GOAL: 2” RMS).

The time interval between two images of a pair is 30 to 60 days centered in the apohelium or perihelium.
	Definition Studies
	Test
	EID-B
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