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Introduction:  A capable Deep Space Gateway 

(DSG) supporting human exploration and science initi-

atives in lunar vicinity will require sophisticated com-

munications capabilities.  For comparison, the Interna-

tional Space Station (ISS) today provides return data 

links (ISS to Earth) at rates up to ~600 Mbps and for-

ward data links (Earth to ISS) at rates up to ~20 Mbps 

for telemetry, command and control, astronaut health 

monitoring, video-streaming, software updates, science 

data transfers and many other applications.  A DSG 

will require similar capabilities with the additional 

challenge of operating those links at ranges that are 10-

1000 times longer than the ISS links.   

At lunar ranges, the use of laser communications 

rather than radio-frequency (RF) communications may 

offer substantial benefits for high-rate links. Because of 

the use of a high-frequency laser carrier (~192 THz in 

the optical C band used for terrestrial fiber telecommu-

nications) the beam directivity associated with a laser 

communications terminal can be >10,000 higher than a 

similarly sized RF terminal.  This can result in substan-

tial reductions transmitted power requirements and 

terminal sizes both at the transmitter and the receiver.  

Links from lunar ranges to Earth operating at >1 Gbps 

can be established with a ~10-cm aperture on a DSG 

and a ~1-m aperture on the ground.  That same 10-cm 

DSG aperture could also be used to provide proximity 

links at >100 Mbps from lunar CubeSat-sized space-

craft in nearby lunar orbits with or lunar surface users 

with ~1-cm apertures.  Laser communications has the 

added benefit that spectrum in the optical domain is 

plentiful, with >4 THz in the optical C band alone, and 

unregulated.  Because of the narrow beam widths asso-

ciated with typical laser communication systems, inter-

ference with neighboring systems is unlikely and coor-

dination of spectrum is unnecessary. High-reliability 

fiber-telecommunications-grade electro-optic compo-

nents enable utilization of the available optical band-

width in ~50-GHz channels. 

Previous Laser Communications Efforts:  While 

the potential benefits of high-rate laser communications 

links have been recognized for many years, it is only 

recently that the engineering challenges associated with 

implementing such links have been overcome with suc-

cessful demonstrations by the National Aeronautics and 

Space Agency (NASA) and others. 

Lunar Laser Communication Demonstration.  

NASA’s first laser communication success was the 

Lunar Laser Communication Demonstration (LLCD) 

which operated on the Lunar Atmosphere and Dust 

Environment Explorer (LADEE) in 2013-2014 [1].  

LLCD demonstrated a 622 Mbps return from a 10-cm 

gimbaled optical telescope with a 0.5-W laser transmit-

ter to a transportable 80-cm optical receive telescope 

with a sensitive photon-counting receiver located in 

White Sands, New Mexico [2].  While the LADEE 

spacecraft with its relatively low-data-rate science in-

struments relied on a ~100-kbps S-band radio link op-

erating at ~100 kbps for its primary science data (cita-

tion), LLCD demonstrated an ability to downlink the 

entire 2-GB LADEE data buffer in a few minutes (lim-

ited by the 40-Mbps data interface to the buffer).  

LLCD also demonstrated a 20-Mbps ground-to-space 

link based on a 40-W, 15-cm telescope transmitter and 

the 10-cm gimbaled telescope on the LADEE space-

craft as well as a ~1-cm spacecraft-to-ground range 

measurement capability utilizing the duplex wideband 

optical communication links.   

Relay Demonstrations. Today, relay communica-

tion operations are common near-Earth, where low-

Earth orbiting (LEO) satellites utilize a space relay, 

often in geosynchronous orbit (GEO), like NASA’s 

Tracking Data Relay Satellite System (TDRSS), to 

provide high-availability near-continuous communica-

tions to ground terminals which are always in view of 

the GEO spacecraft but rarely in view of the LEO 

spacecraft.  Relay communications may also be used 

for lunar or planetary link scenarios to reduce the 

communications burden on a small spacecraft or sur-

face users by enabling a shorter link to the relay satel-

lite which then provides a more capable link back to 

Earth.   

While LLCD demonstrated the capability of direct-

to-Earth laser communications at lunar ranges, laser 

communications may also offer many advantages in 

relay scenarios.  The European Space Agency (ESA) 

first demonstrated optical communications between a 

spacecraft in LEO and a GEO relay in 2015 and today 
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provides an operational 1.8-Gbps optical link capabil-

ity with its European Data Relay Service (EDRS) [3].  

NASA is also working to demonstrate an optical relay 

known as the Laser Communication Relay Demonstra-

tion (LCRD) [4].  While the LLCD mission was limited 

by the relatively short lifetime of the LADEE space-

craft and other operational constraints, LCRD is ex-

pected to operate for several years, providing deeper 

understanding of the operational details associated with 

laser communication links and providing a technology 

basis for the development of NASA’s next generation 

relay capability.  LCRD comprises a space segment 

with two optical space terminals based on the LLCD 

telescope coupled to a 2.8-Gbps differential-phase-

shift-keyed modem, on a spacecraft in GEO and a 

ground segment with two optical ground terminals lo-

cated in California and Hawaii.  The LCRD space 

segment is expected to launch in 2019 on Space Test 

Program Satellite 6.   

Current Development Efforts:  Today, NASA is 

developing two laser communications terminals for use 

near Earth and at the Moon that will extend the capa-

bility of systems like LCRD and start to transition laser 

communications to operational use for human explora-

tion mission.  The Integrated LEO LCRD User Modem 

and Amplifier Terminal (ILLUMA-T) will develop an 

LCRD-compatible user terminal that will be installed 

on the International Space Station in 2021 to demon-

strate LEO-to-ground optical communications at rates 

of 1.244 Gbps (return from ISS) and 51 Mbps (forward 

to ISS) via the LCRD GEO relay.  The Orion EM-2 

Optical Communications Terminal (O2O) will be in-

stalled on the first human-crewed Orion mission, 

planned to launch operate at lunar ranges in 2022.  The 

O2O terminal will provide duplex communications 

between the Orion vehicle and a ground station at for-

ward rates up to 80 Mbps and return rates up to 20 

Mbps.  The system is readily scalable to several Gbps 

return rates or longer ranges, such as from the Earth-

Sun Lagrange points, with only minor changes to the 

space and ground hardware. 

The laser communications terminals for both O2O 

and ILLUMA-T are based on a new design developed 

for use in a wide variety of laser link scenarios—the 

Modular, Agile, Scalable Optical Terminal (MAS-

cOT), see Fig. 1 [6].  MAScOT was first developed to 

provide a terminal for spacecraft in LEO where wide 

field of regard and fast slew rates are required.  The 

MAScOT architecture is designed to be modular and 

scalable.  The ILLUMA-T and O2O programs will 

demonstrate the viability of the MAScOT design for 

space missions, making it suitable for operational use 

on future space missions, like DSG.  While current 

efforts are developing ~10-cm user terminals, larger 

apertures based on the same terminal design are also 

envisioned for future applications.  

 

 
Figure 1.  Engineering unit of 10-cm MAScOT 

beam director developed for use on Orion and the In-

ternational Space Station. 

 

It is expected that a terminal similar to the 

ILLUMA-T or O2O terminals could be easily accom-

modated on a future DSG to support human operations 

and science.  The MAScOT beam director (pictured in 

Fig. 1) has a mass of ~13 kg.  In addition to the beam 

director, an optical terminal for DSG would also in-

clude electronics to control the beam director and a 

modem to generate and receive the optical signals.  The 

mass of these avionics modules is typically ~20 kg and 

they typically dissipate ~100 W, as demonstrated on 

previous efforts, like LLCD.  A user terminal for prox-

imity operations on a spacecraft or surface user could 

be significantly less power (~1-3 kg, <10W). 

Summary: The use of laser communications tech-

nology can provide many benefits to a future DSG op-

erating at lunar ranges.  In addition to supporting hu-

man activities on the DSG, high-rate laser communica-

tions links can enable large-volume direct-to-Earth 

downlink of science data from DSG to ground as well 

as high-rate proximity links to nearby spacecraft and 

ground users with very small terminals.  The technolo-

gy for both direct-to-Earth has been successfully 

demonstrated on previous missions and is transitioning 

to operational capabilities today. 
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