Background

The Gravity Recovery and Climate Experiment (GRACE, 2002-2017) and its successor GRACE Follow-On (GRACE-FO, 2018 - *)
recorded changes in the Earth's mass distribution, providing valuable insights in redistributions of groundwarter, rising
sealevels and melting ice caps. Future gravity missions, such as NGGM, GRACE-C and TianQin-2 are currently under
development and will use a Laser Ranging Instrument (LRI) to measure the main observable - distance variations between two
satellites which are orbiting the Earth in a separation of 200 km.
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Introduction

To support studies for future gravity missions, the Albert Einstein Institute (AEl) developed a novel LRI Level 1A data simulator,
using noise-free orbits and attitude. The simulator derives LRI phase measurements, sensor values of the LRI Fast Steering
Mirror (FSM), and outputs for a scale factor measurement system. Produced levella files are further processed to levellb,
using the AEl in-house derived GRACE-FO real-data processing chain. These LRI simulations are helpful to understand the
behaviour of different noise contributors within the instrument and allow to derive realistic LRI data for gravity field recovery.
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LRl Simulator Modules

Inputs:
* Error-free orbits and attitude are required inputs for the LRI simulator.
e Additional information such as temperatures can be used to derive more realistic data.
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Timing:
e Local time: simple model based on spacegraft velocity and Earth gravity potential. X
e Considering a clock stability model and static datation bias between GNSS receiver and LRI computer.

e Levellb chain: POD noise mocLeI and datation readout noisg is added to time-tag correction.

Pointing Angles:

* Rotation matrices yield igter-satellite pointing angles between LRI optical Frpme (LRIOF) and Line-of-Sight Frame (LOSF).

« Readout noise of Positioning Sensing System (PSS), thermal coupling effects and digitization yiedd FSM sensor'values.

e Levellb chain: sensor values are converted to LRI yaw and pitch information, considering calibration errors.

Reference Points (RP):

e RX- and TX-RP are converted from Satellite Reference Frame (SRF) to Earth Centered Inertial Frame (ECIF).
-*Naturally incorporates Tilt-to-Length (TTL) and Angular Rate Coupling (ARC).

Light Travel Time (LTT):
e Signal
due to relative velocities and Earth gravity pbtential.
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LRI Phase:

 Transponder phase ramp propagates to reference.

 Phase ramp and variations derived from ’
laser freq. and LTT, are combined K\,\ v
to reference phase. AR

e Thermal coupling models

&

ropagation time [1] along TX-RX connection, with consideraslon of special and general relativistic effects
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e Summed tone-error amplitudes are
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