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Abstract 

In the next several years, NASA intends to return astronauts to the Moon through the Artemis Program. Under 

Artemis, NASA plans to collaborate with commercial and international partners to establish a long-term presence on 

the Moon. Near-term Artemis missions will be analogous but much more sophisticated versions of the last couple of 

Apollo missions. For example, the first area expected to be explored by an Artemis mission is near the south pole as 

opposed to the mid-latitudes visited by the Apollo astronauts, which makes direct communications with Earth more 

complicated. Lunar infrastructure will eventually be built over time by many organizations, public and private, to 

support sustained human exploration, science, and industrial activities on the Moon. A robust lunar communications 

and navigation infrastructure will be essential to realizing this long-term vision. Meanwhile, on Earth, major 

advances are being made as 5G mobile telecommunications roll out across the globe. Furthermore, the 3rd Generation 

Partnership Project (3GPP) is beginning to define future 6G capabilities. NASA envisions a lunar communications 

and navigation network with capabilities similar to those of communication networks we enjoy here on Earth. 

Building such a network will require participation by many organizations. NASA’s Tipping Point program seeks 

industry-developed space technologies that can both foster commercial space capabilities and benefit future NASA 

missions. This paper provides an overview of NASA’s interest in 3GPP and describes current work based on 3GPP 

standards within NASA or funded by NASA, such as Nokia’s upcoming Tipping Point demonstration of 4G/LTE on 

the lunar surface in early 2023. 
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Acronyms/Abbreviations 

3GPP  3rd Generation Partnership Project 

4G/LTE  4th Generation Wireless Network/ 

Long-Term Evolution 

5G  5th Generation Wireless Network 

6G  6th Generation Wireless Network 

ACF  Aerospace Communications Facility 

AM  Amplitude Modulation 

APL  Applied Physics Laboratory 

CCSDS  Consultative Committee for Space 

Data Systems 

eNB   eNodeB 

EPC  Evolved Packet Core 

EVA  Extravehicular Activity 

FIGARO 5G Array for Lunar Relay Operations 

FM  Frequency Modulation 

GCD  Game Changing Development 

gNodeB  5G Base Station 

GRC  Glenn Research Center  

IM-2  Intuitive Machines-2 

IoT   Internet of Things 

JSC  Johnson Space Center 

LRO   Lunar Reconnaissance Orbiter 

LTE  Long-Term Evolution 

LTV  Lunar Terrain Vehicle 

 

LunarLiTES Lunar LTE Studies 

MATRICS Multiple Asset Testbed for Research 

in Innovative Communications 

Systems 

NTN  Non-Terrestrial Networks 

PNT  Position, Navigation, and Timing 

RaTS  Research and Technology Studies 

RF  Radio Frequency 

SBIR  Small Business Innovation Research 

SCaN  Space Communications and 

Navigation 

SD-WAN  Software-defined Wide Area Network 

SFCG Space Frequency Coordination Group 

SFU  Simon Fraser University 

SOIS-WIR  Spacecraft Onboard Interface Services 

Area Onboard Wireless Working 

Group 

SSTP  Small Satellite Technology Portfolio 

STMD  Space Technology Mission 

Directorate 

STTR  Small Business Technology Transfer 

TIREM  Terrain Integrated Rough Earth Model 
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UE  User Equipment 

UHF  Ultrahigh Frequency 

VHF  Very High Frequency 

 

1. Introduction 

Over the past 10 years, NASA has explicitly used 

the mobile smartphone experience as a descriptive goal 

for the evolution of NASA communication networks 

and services. Today, NASA is embarking on an 

initiative to commercialize its near-Earth 

communication and navigation capabilities and services. 

The 3rd Generation Partnership Project (3GPP) is an 

umbrella organization known for the development and 

maintenance of mobile telecommunications standards. 

NASA is exploring the applicability of 3GPP standards 

in the Earth proximity region and on the lunar surface. 

The 3GPP protocol suite provides many useful 

features for space communications including: 

• A clear interoperable standard to promote 

international collaboration and cross-provider 

interoperability 

• Efficient and responsible use of spectrum 

• An extensive terrestrial expertise base 

interested in continually improving and 

enhancing capabilities 

• Native Internet Protocol addressing 

• Proven technology for a multipath environment 

• Scalability as the number of surface assets and 

users increases 

• Mapping and optimizing network resources for 

service 

• Mobility management for tracking and 

enabling user communications 

• Defined handover protocols  

• User authentication to verify and control user 

privileges in the network 

• Strong (256-bit) data encryption  

• Quality of service guarantees for a 

heterogeneous mix of applications 

In the Earth proximity region, 3GPP has defined an 

interface between 5G User Equipment (UE) and 5G 

Non-Terrestrial Networks (NTN). The standard supports 

three general satellite network configurations: 

Transparent Satellite, Regenerative Satellite, and 

Regenerative Satellite with Inter-Satellite Link. The 

Transparent Satellite configuration is basically a “bent 

pipe,” while the Regenerative Satellite configuration 

puts all or part of a gNodeB (5G base station) in space.  

 

 
 

Fig. 1: Official 3GPP Non-Terrestrial Network 

Configurations 

 

However, NASA is also interested in the case where 

a UE is in space, which does not appear to be a use case 

that 3GPP is studying. Potential NASA applications for 

a UE in space include: 

• Scientific experiments in orbit 

• Proximity communications with astronauts 

performing Extravehicular Activities (EVA) in 

orbit 

• Proximity communications for formation-flying 

spacecraft 

• Monitoring of space-based autonomous systems 

 

In all of the above cases, the underlying assumption 

is the UE(s) are communicating with a gNodeB also in 

space. However, where 3GPP appears “ready-made” for 

NASA’s use is on the lunar surface. 

 

2. 3GPP in Cislunar 

NASA has been working with its international 

partners and industry to develop a robust cislunar 

communications and navigation architecture. NASA’s 

Space Communications and Navigation (SCaN) 

Program has developed the LunaNet architecture to 

meet the expected communications and navigation 

needs of astronauts, robotic science missions, and 

commercial entities. 

LunaNet will leverage innovative networking 

techniques, standards, and an extensible framework to 
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rapidly expand network capabilities at the Moon. This 

framework will allow industry, academia, and 

international partners to build and operate LunaNet 

nodes alongside NASA. These nodes will offer missions 

four distinct services: networking, navigation, detection 

and information, and radio/optical science services.  

For lunar navigation, the LunaNet architecture will 

provide missions with access to key measurements 

necessary for onboard orbit determination and guidance 

system operations or surface positioning. A key element 

of the navigation component of LunaNet is a 

constellation of satellites in lunar orbit providing 

position, navigation, and timing (PNT) services. The 

number of satellites needed at the Moon can be built up 

over time as needed to meet navigation and position 

locating requirements. Various NASA studies have 

indicated that lunar PNT satellites are absolutely 

required, though questions remain as to how many and 

in what orbits. 

Some of those PNT satellites could be enhanced 

with communications relay services. This capability will 

be critical for exploring and operating in areas where 

direct communications to Earth are not possible, such as 

the Moon’s far side and large portions of the polar 

regions. Furthermore, hills, mountains, and craters can 

also block line-of-sight communications. A network of 

lunar relay satellites will be a critical component of any 

robust lunar communications infrastructure. As in the 

case of satellites providing PNT service, the exact 

number of communications relays and their orbits still 

needs to be determined. 

While it is conceivable that surface-to-surface 

communications could be provided via lunar relay 

satellites for a small number of users, that solution does 

not scale well as the number of users increases. The 

LunaNet architecture thus calls out the need for a lunar 

surface wireless network. 

 

3. Lunar Surface Wireless Network 

The Apollo astronauts wore a backpack that 

contained what was for the time a very sophisticated 

Very High Frequency (VHF) radio. Weighing only 3 kg 

and fitting into a package just 35 x 15 x 3.2 cm, the 

radio contained two Amplitude Modulation (AM) 

receivers, two AM transmitters, a Frequency 

Modulation (FM) system, and a telemetry system that 

transmitted health and status information. It was 

designed, built, and tested in the mid-1960s and was a 

technical marvel based on the available technology at 

the time. Each astronaut’s VHF radio was connected to 

the Apollo Lunar Module’s communications system, 

which also had microwave connections to the orbiting 

Apollo Command Module and to Earth. All of this 

technology had to be “invented” by NASA and its 

contractors. 

Today, NASA can take better advantage of 

technologies in use on Earth—especially for wireless 

communications on the lunar surface. The current 

Artemis surface communications architecture includes 

Wi-Fi communications for data and Ultrahigh 

Frequency (UHF) communications for voice services. 

The operable range for these capabilities is estimated to 

be on the order of 300-500 m, depending on vendor 

antenna characteristics, placement, power, etc. There is 

some concern, however, that this architectural approach 

is not sufficient to meet the desired Artemis concept of 

operations—in particular the ability of the Lunar 

Terrain Vehicle (LTV) to traverse up to 10 km and 

maintain connectivity with the lander/habitat. Point-to-

point links afforded by UHF that could be deployed on 

spacesuits are limited to relatively low data rates, a 

range of a few kilometers, and do not scale to support a 

large number of users. An alternative approach is to use 

3GPP cellular technology and standards (5G or greater), 

which would support asset mobility more effectively. 

 

2. 3GPP in CCSDS  

The Consultative Committee for Space Data 

Systems (CCSDS) Spacecraft Onboard Interface 

Services Area Onboard Wireless Working Group 

(SOIS-WIR) recently published a blue book of 

recommended standards, CCSDS 883.0-B-1 [1]. This 

CCSDS document specifies utilization profiles for 

achieving interoperable Wi-Fi and 4G/LTE system 

configurations for coverage within 10 km of a vehicle, 

and it elucidates the technical trade-offs between 

complementary 3GPP and Wi-Fi (IEEE 802.11-derived 

[2]) wireless network solutions. At the cost of 

complexity, 3GPP provides mobility, quality-of-service, 

and range capabilities that, along with an architecture 

suited to scaling, make it the preferred choice for longer 

range deployments with mobile users ranging over a 

wide area. This scenario corresponds well to the 

envisioned use cases in the Artemis moon exploration 

campaign, which range from initial lunar exploration 

from a lander with a single rover, to sustaining fixed 

lunar base camps with a large population of crew, 

vehicles, and robots. 

For its 4G/LTE recommendations, CCSDS 883.0-B-

1 specifies 3GPP network elements and element 

interfaces such that multiple agencies can contribute 

components (Radio Area Network and Evolved Packet 

Core subsystems) of a unified 3GPP network. The 

recommendations baseline 3GPP release 12 and stop 

short of full roaming configurations, though an update 

to CCSDS 883.0-B-1 is expectedly shortly to extend to 

full roaming as defined in release 12. Future SOIS-WIR 

publications are expected to address later releases as the 

3GPP standards evolve. 
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3. Johnson Space Center Testbed 

NASA Johnson Space Center (JSC), which 

sponsored the publication of CCSDS 883.0-B-1 along 

with the Canadian Space Agency, is in the process of 

establishing a 3GPP testbed. Initially, the testbed will be 

used to support continuing development of CCSDS 

recommendations for interoperable 5G network 

configurations—namely, multi-agency interoperability 

testing for subsequent CCSDS blue books (a task 

performed for NASA by University of Colorado- 

Boulder during the composition of CCSDS 883.0-B-1). 

In parallel, the testbed will serve in a research role as 

NASA works to tailor 3GPP network designs to various 

phases of the Artemis lunar exploration campaign. 

Testing will range from benchtop-level compatibility 

tests in shielded environments to local outdoor field 

testing (pending local spectrum approval), culminating 

in NASA Desert Research and Technology Studies 

(RaTS) demonstrations in the field in Arizona. Desert 

RaTS in particular, provide an excellent lunar-analog 

environment to evaluate network performance under 

operational scenarios, distances, and terrain, and such 

testing can provide valuable data to feed back into radio 

frequency (RF) propagation modelling and emulation 

conducted at JSC’s sister facility NASA Glenn 

Research Center (GRC). Finally, as vendors come 

online for Artemis applications and flight hardware is 

developed, it is expected that the NASA JSC testbed 

will evolve into an acceptance testing role for candidate 

flight systems that wish to use the network. 

 

4. Nokia Lunar LTE Tipping Point  

In October 2020, NASA’s Game Changing 

Development (GCD) program of the Space Technology 

Mission Directorate (STMD) announced the award of a 

Tipping Point contract to Nokia of America 

Corporation. This award is funding a team from Nokia 

Bell Labs (Sunnyvale, CA) to integrate an LTE system 

that was developed for an earlier lunar mission, but 

never flown, onto a Nova-C lander provided by Intuitive 

Machines (Houston, TX). Nova-C will soft-land at the 

lunar south pole, after which it will deploy a small rover 

provided by Lunar Outpost (Denver, CO). The Nova-C 

lander will host the LTE evolved packet core (EPC) and 

eNodeB (eNB) radio access network components of the 

system, forming a small lunar cell tower. The rover will 

host the UE component of the system, which will be 

analogous to a mobile handset, and act as the mobile 

data source. The entire mission is referred to as Intuitive 

Machines - Mission 2 (IM-2). 

Over the course of a mission lasting up to 12 days, 

the rover will first loiter near the lander, at a distance of 

100-300 m, and then it will leave the landing zone on a 

longer sortie up to 2 km from the lander. During both 

the near and far phases of its mission, the rover will 

uplink data to the lander that will aid in characterizing 

the RF channel at the lunar surface and performance of 

the LTE system in terms of throughput, latency, signal 

quality, etc. The propagation data that is gathered will 

support refinement of the analytical model developed 

for the mission to predict performance around the 

landing zone and guide future Artemis deployments to 

achieve mission requirements with lunar surface 3GPP 

networks.  

 

5. Glenn Research Center Emulation Lab 

At NASA GRC, the agency’s 3GPP initiatives are 

being supported through the development of a 

modelling, simulation, and emulation lab to characterize 

performance of 3GPP systems in the unique 

environments on the lunar surface. The broader 

emulation facility is referred to as the Multiple Asset 

Testbed for Research in Innovative Communications 

Systems (MATRICS), while the Lunar LTE Studies 

(LunarLiTES) comprise specific efforts to characterize 

3GPP links on the lunar surface. A central tenet of these 

efforts is coordination with other pertinent agency 

initiatives, many detailed herein, both to share the 

capability and to maintain compatibility with other 

surface propagation modelling efforts, many of which 

are expected to evolve and improve as more data returns 

from the lunar surface. Additionally, current 

LunarLiTES activities include a field-testing component 

to support initial near-term model validation in advance 

of true validation in situ. 

 

5.1 The MATRICS and LunarLiTES 

The MATRICS, a flagship capability of GRC’s new 

Aerospace Communications Facility (ACF), is an 

emulation lab enabling the operation of a real 

communications system—or its digital twin—in an 

accurately recreated, complex, and dynamic RF 

environment [3]. By employing a combination of 

reconfigurable hardware, channel emulation, 

electromagnetic simulation, and historical mission data, 

testing in the MATRICS is intended to reduce mission 

risk by providing end-to-end link analysis, hardware test 

and evaluation, verification and validation, model 

refinement, anomaly investigation, and an overall 

improved understanding of performance in complex 

radiofrequency environments. 
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LunarLiTES is an early adopter of and contributor to 

the MATRICS capability, and is tasked with refining 

lunar surface modelling capability and emulating the 

upcoming Nokia Tipping Point mission on IM-2 

(Section 4). Using analogous LTE hardware in 

conjunction with the emulated lunar surface 

environment, LunarLiTES will predict and assess 

performance of the mission’s LTE links, and, in turn, 

flight data from IM-2 will help refine the lunar models 

in the MATRICS and inform future surface network 

development. While the current focus of LunarLiTES is 

to emulate the 4G/LTE links of the Nokia 

demonstration, it is anticipated that NASA’s future 

interest lies in 5G and beyond; the LunaNet 

Interoperability Specification [4] baselines 3GPP 

release 16, and development of 5G capability is already 

underway for the MATRICS/LunarLiTES environment. 

Given the extent of 3GPP activity across the agency, 

let alone commercially and internationally, alignment 

and coordination with other ongoing efforts is 

paramount. Present work on LunarLiTES and the 

MATRICS is intended to yield an accessible facility that 

can provide valuable insight into the development and 

demonstration of communications systems for NASA 

missions, commercial service providers, and 

international partners, as well as an evolving knowledge 

base that can utilize the latest research and flight data to 

refine modelling and simulation. LunarLiTES is 

assembling the pieces for a specific lunar surface 

implementation as applied to the Nokia Tipping Point 

demonstration, but the MATRICS is envisioned as a 

modular emulation environment that can swap in 

specific hardware, models, or simulations as applicable 

to a given scenario. Specific work toward this vision in 

the near-term includes deployment of a software-

defined wide area network (SD-WAN) between GRC 

and JSC to connect JSC’s testbed (Section 3) to the 

MATRICS, as well as a wide review of other lunar 

modelling and simulation work that has been done at 

NASA’s Jet Propulsion Laboratory [5, 6], JSC [7, 8], 

and internationally [9, 10] to influence the functional 

models available in the emulation environment. 

 

 

 

5.2 Field Testing 

In addition to the development of the emulation lab, 

the LunarLiTES project has also begun a small 

campaign of field-test measurements to validate models 

and implementations as well as is feasible terrestrially. 

While terrestrial measurements and the corresponding 

terrestrial models (e.g., Longley-Rice, Hata, TIREM) 

are not expected to translate directly to the lunar 

surface, field testing is fundamental to validate the 

overall emulation workflow and implementation, 

including, but not limited to: antenna characterization, 

digital elevation map processing, implementation of 

digital twins for network assets, software integration, 

etc. Early measurements have been gathered at GRC’s 

main campus in Cleveland, OH and at the Armstrong 

Test Facility in Sandusky, OH. As noted in Section 3, 

 
Fig. 2. The future home of MATRICS and 

LunarLiTES: NASA GRC’s ACF is targeted for 

operations in late Spring of 2023. 
 

Fig. 3. Preliminary simulation of IM-2 for 

LunarLiTES: Lander-to-rover link shown in Ansys 

Systems Tool Kit with incorporated electromagnetic 

scattering analysis from Ansys HFSS. 

 
Fig. 4. Prototype FIGARO 5G phased array 

under test. 
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this field-testing approach for surface network 

characterization will also be a component of NASA’s 

Desert RaTS campaign in October 2022, where the dry 

volcanic terrain of the Arizona desert will stand in as a 

substitute for the lunar regolith. Additional field testing, 

especially in coordination with JSC’s testbed efforts, is 

also anticipated for future Desert RaTS campaigns to 

assess new hardware and concepts of operation, for 

example, 5G hardware and other space-bound 3GPP 

technologies that may arise. 

Lastly, another related field-test effort at GRC is the 

5G Array for Lunar Relay Operations (FIGARO) flight 

test. FIGARO began life as an STMD Small Satellite 

Technology Portfolio (SSTP) project funded in 2020 to 

develop low-cost 5G-based phased arrays for lunar relay 

applications, and, under that award, an array was 

successfully developed and tested utilizing an 

Anokiwave chipset that operates in the 5G Frequency 

Range 2 bands (22 – 30 GHz). In 2021, the work was 

selected for a follow-on high-altitude balloon flight 

demonstration with the primary objective of 

demonstrating the capabilities of low-cost 5G phased 

array technologies to provide relay services, with 

specific consideration being given to lunar surface 

missions. The project is currently fabricating a 512-

element design to be used for the flight and intends to 

demonstrate 5G service between a relay and several 

ground nodes. Data from this flight test will also feed 

into the MATRICS models to further validate emulation 

performance. 

 

 

 

 

 

6. Spectrum 

Spectrum use for lunar surface communication is a 

key focus area for NASA. The NASA lunar 3GPP 

spectrum effort has been progressing through the Space 

Frequency Coordination Group (SFCG) and is primarily 

captured in SFCG Recommendation 32-2R3 [11]. These 

recommendations inform the LunaNet interoperability 

documents and the overall architecture. In general, 

3GPP technology has been designed to expand into and 

utilize any spectrum band that becomes available in the 

terrestrial market, and this approach of targeting any 

frequencies could be extend to the lunar regime as well. 

However, commercial implementation cost will be the 

lowest if terrestrial 3GPP bands are available to use on 

the lunar surface, and modification to the 3GPP 

standard is avoided. There are currently very few bands 

allocated for space-to-space use, let alone space-to-

space bands that overlap with 3GPP bands; therefore, 

new space-to-space allocations need to be established 

for lunar mission use. The selection approach is to avoid 

bands of interest to the radio astronomy community per 

ITU-R RA.479-5 [12] and bands currently used for 

lunar surface navigation/communication as much as 

possible, while selecting 3GPP bands that have wide 

usage and functionality terrestrially. 

This process is moving forward with updates to the 

SFGC recommendation document as band selection and 

network analyses progress. NASA and the SFCG have 

also initiated an agenda item for the International 

Telecommunication Union World Radio Conference in 

2027 to ensure that these selected bands can be 

allocated for official use by future missions including 

Artemis. NASA fully expects that this initial spectrum 

allocation for lunar surface communications will expand 

with new requests as lunar infrastructure grows, more 

international partners/users become active, and more 

commercial vendors become involved. 

 

7.  University Teams 

Teams at the University of Colorado Boulder and 

Simon Fraser University (SFU) are providing significant 

support for the CCSDS standard development and 

interoperability testing efforts described above (Sections 

2 and 3). For the 3GPP spectrum activities, SFU has 

been cataloging and trading 3GPP-specified bands in 

multiple releases to narrow down the bands of interest 

for the lunar surface. They have also combined their 

extensive field experience supporting both space 

agencies and first responders in the Canadian Rockies 

and Arctic Circle (environments that mimic the lunar 

south pole topology) with historical and new (Lunar 

Reconnaissance Orbiter [LRO] and Chang’E [13, 14]) 

lunar surface measurement data to better model 3GPP 

link connectivity and capacity. This analysis informs 

band selection, as well as system/network 

implementation options that will enhance connectivity.  

 
Fig. 4. Prototype FIGARO 5G phased array 

under test. 
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A team at the Johns Hopkins University Applied 

Physics Laboratory (APL) has also been providing 

information and analyses based upon their experience in 

fielding deployable single-cell networks in contested 

spectrum environments for the Department of Defense 

and building upon earlier work [15]. Laboratory testing 

of high-tier 3GPP equipment has shown out-of-band 

emissions well below 3GPP specifications in lunar 

recommended bands. These measurements, as well as 

equipment capability testing, have supported the SFCG 

expansion of spectrum use by reducing interference 

concerns in neighboring bands. Unit testing will 

continue at APL as well as SFU until the JSC Testbed 

(Section 3) is completed. 

APL is also supporting the adoption and use of 

3GPP links on the Artemis missions. A 3GPP industry 

standard ray-trace modelling tool is being used on the 

lunar south pole terrain to develop a path loss heatmap 

for various conditions: frequency, electrical properties, 

base station locations, and antenna heights. These path 

losses will then be applied to a throughput analysis and 

other coverage analyses to support mission network 

development. A PNT model that will ingest the path 

loss information is also under development. LTE/5G 

deployments with a single-cell base station are not 

expected to have a significant impact on the total 

navigation solution for near-term missions, but the 

3GPP-provided metrics may help in speeding 

acquisition of the LunaNet relay navigation links and 

refining the total PNT solution. The primary purpose of 

the PNT model is to inform future multicellular network 

design and spectrum allocation to enhance overall PNT 

accuracy. 

 

 

 

 

 

 

 
 

Fig. 6: Single-tower S-band coverage estimate near 

Shackleton crater (side view, z-axis scaled 3x relative to 

x- and y-axes to emphasize terrain). 

 

7. Lunar 3GPP SBIR/STTR Subtopic 

Under the Small Business Innovation Research 

(SBIR) and Small Business Technology Transfer 

(STTR) programs, NASA also intends to support a 

subtopic encouraging development of 3GPP 

technologies with an emphasis on space-based and lunar 

applications. This lunar 3GPP subtopic will fall under 

topic H9, Space Communications and Navigation, and 

is intended to leverage terrestrial 3GPP technologies 

and standards to further confidence in a lunar 

communications infrastructure built around 3GPP. As is 

standard for the SBIR/STTR programs, Phase I 

selections will focus on technical feasibility, infusion 

potential, achievable benefits, and illustration of a path 

toward implementation, while Phase II selections will 

emphasize development and delivery of a specific 

product for NASA that targets future demonstration 

missions.  

 

 
Fig. 7: Uplink and downlink positioning 

measurements from a mobile UE and a fixed tower. 

 

 

8. Conclusions  

 

Fig. 5: Single-tower S-band coverage estimate 

near Shackleton crater (overhead view). 
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In the not-so-distant future, there will be a 

permanent human presence on the Moon. In addition, 

there will be science sensors and numerous robots 

supporting science and commercial operations. These 

sensors and robots should be wirelessly connected just 

like Internet of Things (IoT) devices here on Earth. This 

scenario requires a complex communications 

environment, but luckily NASA can take advantage of 

the huge investment in commercial telecommunications 

development around the world. In the 21st century, 

NASA should be able to use space-hardened versions of 

commercial-based technology to build a robust lunar 

surface wireless communications network; the 

commercial-based modulations, coding, framing, and 

the other protocols should all work with little or no 

modification. 3GPP cellular technologies provide new 

ways to support high-speed mobile communications 

with ultra-reliable, low-latency communications. 3GPP 

provides increased range, mobility, and scalability over 

other wireless technologies such as Wi-Fi, and fills a 

crucial role in the overall LunaNet architecture to bring 

the lunar surface closer to Earth. 

A 3GPP-based lunar surface wireless 

communications network along with a constellation of 

lunar communications relay and PNT satellites will 

result in a robust and scalable lunar communications 

and navigation infrastructure capable of supporting 

many users in this new age of space exploration. 
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