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Abstract - This paper provides an overview of
NASA's Laser Communications Relay
Demonstration Project (LCRD). LCRD will fly
two optical communications terminals on a Loral
commercial communications satellite in GEO
orbit to communicate with two ground stations. It
is a joint project between NASA’s Goddard Space
Flight Center (GSFC), the Jet Propulsion
Laboratory, California Institute of Technology
(JPL), and the Massachusetts Institute of
Technology Lincoln Laboratory (MIT LL). LCRD
will operate for a minimum of two years in GEO,
demonstrating how optical communications can
meet NASA’s growing need for higher data rates
and be a path finder for providing optical services
on NASA’s Next Generation Tracking and Data
Relay Satellite. In addition, the optical
communications capability of LCRD will allow it
to serve as a developmental testbed. This paper
reviews the mission concept and preliminary
designs for the flight and ground optical segments,
and reports preliminary conclusions from several
trade studies conducted.

I. Introduction

The communications link between a spacecraft and
Earth is typically a critical mission systems driver.
The information from a scientific or exploration
discovery has to get back to Earth and typically, the
more data that can be sent, the better. This is
particularly true of science missions in that more data
increases the probability that the mission will
produce more valuable science. Several technologies
such as higher data bandwidth RF communications
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and lossless data compression have improved the
capability over time, but are failing to keep pace with
the needs of advanced instrumentation that can be
flown in space today.

Optical communications (or laser communication or
“lasercom”) is the next step in communications
technology that will enable NASA to undertake more
complex missions in the future that, when compared
to typical RF systems, require much higher data rates
or decreased mass, size, and power burden on the
spacecraft:

e For approximately the same mass, power, and
volume, an optical communications system
will provide significantly higher data rates than
a comparable radio frequency system.

e For the same data rate (e.g. 1 Gbps of output),
an optical communications system will require
less mass, power, and volume than a
comparable radio frequency system.

The near-term demand for high-bandwidth
communications services is driven by NASA’s
Science Mission Directorate, which wishes to deploy
more capable instruments onboard spacecraft. Near
Earth, including lunar, spacecraft will need bi-
directional links supporting hundreds of Mbps to
Gbps. Deep Space missions will need tens to
hundreds of Mbits/second from distances such as
Mars and Jupiter. An image from the Mars
Reconnaissance Orbiter currently takes 1.5 hours to
transmit back to Earth at the MRO maximum data
rate of 6 Mbps. This bottleneck is the limitation on
the science return. The Lunar Reconnaissance
Orbiter has been able to transmit more data than all
planetary missions combined with a downlink of 100
Mbps. Order of magnitude or more increases of data
rate over these current mission capabilities is possible
using optical communications.

Due to the vastly differing ranges and data rates for
Near Earth versus Deep Space missions, some of the
optical communications technologies applicable to
each domain differ in profound ways; however, there
are also many technologies which are similar to both!
Coordination of system development for these two
domains maximizes NASA’s return on investment.
The LCRD flight payload will demonstrate
technologies relevant to both Near-Earth and deep
space optical communications systems, including
photon counting detectors, modulations, codes,
pointing and tracking techniques, adaptive optics, etc.
LCRD will also demonstrate network-based relay
operations in Near Earth, but will simulate a Deep
Space scenario as well.
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Figure 5 - Lunar Lasercom Ground Terminal will be
enhanced with Adaptive Optics and the ability to
receive and demodulate a DPSK signal

For LCRD, the DPSK signal requires the received
light to be coupled into single-mode fiber. For this
reason, at least one of the receive apertures will
utilize an adaptive optics system to support DPSK.
To support PPM, ground station 2 will leverage the
array of superconducting nanowire single photon
detectors utilized in the Lunar Laser Communication
Demonstration (LLCD). The photon counting array
demonstration will provide an element of the LCRD
ground terminal directly relevant to future deep space
laser communications systems.

Ground Station 2 (GS2) will make use of the same
ground modem design as used in Ground Station 1
(GS1). However, GS2 requires an additional interface
module to transfer synchronization and thresholding
information from the modem to the superconducting
detector post-electronics, and to feed the detected
signal into the modem. GS2 will also be capable of
receiving PPM through the receive telescope
equipped with the new adaptive optics system, into
single mode fiber and the optical preamplifier,
bypassing the SNSPDs, but thereby incurring a
substantial loss in sensitivity.

To the extent possible, GS2 will leverage the M&C
and LUSG designs from GS1. GS2 will support all of
the same services supported by GS1. The M&C
system will interface to the LLGT, leveraging as
much of the LLCD software as possible.

Due to their high photon efficiency and fast reset
times, the SNSPDs are a significant enabler for high
speed laser communications from deep space
terminals to Earth terminals. For this reason, LCRD
will investigate updates to the detector technology.
This will include efforts to make the detectors more
robust; more scalable; and require reduced size,
weight, and power (SWaP). The main LCRD efforts
will be directed towards optical packaging and
improved cabling and cryogenic readout circuitry.

X. Demonstration Operations

Control of all activities during LCRD will take
place from the LCRD Mission Operations Center
(LMOC) to be located at Goddard Space Flight
Center. The LMOC is connected with all other
segments, and communicates with the two ground
stations using high capacity connections. Connection
to the space segment will be provided either through
one of the ground stations, or through a lower
capacity connection to the host spacecraft’s Mission
Operations Center (HMOC) and then to the LCRD
flight payload by RF link.

The LMOC will provide services such as:

* Planning and scheduling

+ Control

+ Status Monitoring

* Reporting and Accountability

The mission operations for the spacecraft and the
optical communications demonstration are intimately
intertwined. The unique nature of the demo is that
there is a path to and from the spacecraft that is
outside the usual RF connection. Commands for the
GEO optical communications terminal can be sent
via either the optical uplink or via the Host
Spacecraft RF uplink. There are two paths for
getting engineering data (health and status), again via
optical or RF. The LMOC coordinates all optical
communications activities and provides an interface
to the spacecraft operations.

On the telemetry side there are again two paths,
though for somewhat different reasons. Data (user
information or engineering telemetry) can be sent to
Earth via the GEO optical communications terminal.
It is possible that the GEO terminal may
add/multiplex additional engineering data into the
data stream. The spacecraft monitors terminal
parameters like power and includes those in
engineering telemetry that is passed over the RF link.
In addition to these, there are many ‘test points”
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within the GEO terminal that are sent via RF as part
of the engineering telemetry.

Due to the vagaries of weather and atmospheric
conditions, operations strategies for mitigation of
these effects will be explored. One possibility would
be to have multiple terminals within the same beam
simultaneously receive the same data to guarantee
getting through to at least one terminal at a
reasonably high percentage of the time. On the other
hand, buffering and retransmission strategies can be
used to downlink the data to single geographically
(and meteorologically) diverse stations in a form of
temporal diversity.

The ground stations will have the capability to
simulate both user spacecraft and user MOC data
systems. This will allow the demonstration of high
data rate scenarios without the requirement for high
data rate connections external to the ground stations.
The simulators will also allow multiple user and user-
type scenarios. The LCRD payload itself will also
include the ability to simulate user spacecraft data
and multiple relay user spacecraft data systems.

The system will be continuously operating, as much
as possible, over the two year mission. The system
will either be configured to be demonstrating or
testing a specific Direct-to-Earth (DTE) scenario,
relay scenario, or be continually characterizing the
optical channel and hardware. The DTE and relay
scenarios will emulate different user and relay
locations, orbits, and/or trajectories.

XI. Conclusion

Optical Communications is an important
communications technology for future space
missions. It has the potential to enable new science
and exploration missions throughout the solar
system. Optical communications can provide
increasing higher data rates over comparable RF
systems. While the capacity of current and near-
term RF communications technology is still
increasing, it is eventually limited by bandwidth
allocation restrictions, power requirements, flight
terminal antenna size, and weight limitations. The
cost and complexity of expanding the existing
Space Communications Networks to enable these
higher data rates using RF solutions alone with
large aperture antennas is a significant undertaking.
A future Space Communications Network should
offer both RF and optical communication services.
RF can be reserved for those cases where high
availability and thus low latency is absolutely
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required, since optical communications through the
atmosphere for space to Earth links will always be
impacted by clouds. For space to Earth links,
optical communications can be reserved for
scenarios in which a potential delay in reception is
not a problem; in space to space links, optical
communications can provide both high data rates
and high availability. In both space to space and
space to Earth links, optical communications can
potentially provide high data rates with smaller
systems on user spacecraft and on the ground.

LCRD will provide two years of continuous high
data rate optical communications in an operational
environment, demonstrating how optical
communications can meet NASA’s growing need
for higher data rates or how it enables lower power,
lower mass communications systems on user
spacecraft. In addition, LCRD will serve as a
developmental testbed in space. LCRD is a critical
stepping stone to providing optical communication
services on NASA’s Next Generation Tracking and
Data Relay Satellite to be flown sometime next
decade. We strongly believe that the next
generation satellite will supply both RF and optical
services. Doing this demonstration will allow
initial operational capability (IOC) of an optical
service on the first next generation satellite.
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