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	Purpose/Objective:  Initiate studies, taking into account considering h) of Resolution 680 (WRC-23) to support the Director of the BR in his report to the WRC-27 on the progress of the studies referred to in invites the ITU Radiocommunication Sector 1 and 2


	Abstract: 
This input contribution aims to identify radiocommunication needs for future lunar surface and vicinity activities beyond space research including capabilities to sustain long term human presence in this environment in response to invites 1 of Resolution 680 (WRC-23).

Background: 
[bookmark: _Hlk203034883]Resolution 680 (WRC-23) invites the ITU Radiocommunication Sector to begin studying, taking into account considering h), future spectrum needs for lunar communications and systems, beyond those identified in resolves to invite the ITU Radiocommunication Sector to complete in time for the 2027 world radiocommunication conference, 
1, which may be needed for communications between the Earth, lunar-orbiting spacecraft and the lunar surface; 
2 to study whether future radiocommunications in the vicinity of the Moon, as described in considering h), can be accommodated within existing space radiocommunication services and whether the regulatory provisions described in the Radio Regulations are sufficient, … 
This input contribute will begin 
... h) that lunar scientific and exploration activities can advance the development of potential future space activities beyond space research, which may in the future include other relevant radiocommunication services for lunar communications,
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WORKING DOCUMENT TOWARD PRELIMINARY DRAFT NEW REPORT ITU-R SA.[FUTURE LUNAR COMMUNICATION AND SYSTEMS STUDY]



Summary
This contribution aims to begin to identify radiocommunicationinitiates studies in response to invites the ITU Radiocommunication Sector 1 and 2 of Resolution 680 (WRC-23).  Radiocommunication needs for future lunar surface and vicinity activities beyond space research[footnoteRef:2], including capabilities to sustain a long-term human presence in this environment, in response to invites the ITU Radiocommunication Sector 1 of Resolution 680 (WRC-23). are identified. Further study on whether future radiocommunications in the vicinity of the Moon can be accommodated within existing space radiocommunication services, and whether the regulatory provisions described in the Radio Regulations are sufficient, will be addressed in subsequent contributions. [2: This contribution describes future spectrum needs for lunar communications and systems as called for in invites the ITU Radiocommunication Sector 1 of Resolution 680 (WRC-23), beyond those identified in resolves to invite the ITU Radiocommunication Sector to complete in time for the 2027 World Radiocommunication Conference 1-5.] 
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1 [bookmark: _Toc278806028][bookmark: _Toc204592511][bookmark: _Toc205818425]Introduction
This contribution aims to provide conceptual descriptions of planned and envisioned lunar activities to support the further definition of relevant mission concepts of operation, technical parameters, and spectrum requirements to inform possible regulatory considerations.
Resolution 680 (WRC-23) called for studies on frequency-related matters, including possible new or modified space research service (space-to-space) allocations, for future development of communications on the lunar surface and between lunar orbit and the lunar surface. These studies will be completed as part of WRC-27 Agenda Item 1.15. However, WRC-23 alsoAs part of Resolution 680 (WRC-23), WRC-23 recognized that lunar scientific and exploration activities can advance the development of potential future space activities beyond space research, whichand may in the future include other relevant radiocommunication services for lunar communications. In response to invites ITU Radiocommunication Sector 1 of  Resolution 680 (WRC-23), Working Party (WP) 7B begins to identify non-space science but essential This Report identifies such future lunar communication needs, leveraging knowledge from reference lunar mission concepts and past/current long-duration human spaceflight missions to assist the Director of the Radiocommunication Bureau in the preparation of a progress report to WRC-27. Specifically, this interim.  This report will also inform studies into whether future radiocommunications in the vicinity of the Moon can be accommodated within existing space radiocommunication services and whether the regulatory provisions described in the Radio Regulations are sufficient, as called for in invites the ITU Radiocommunication Sector 2 of the Resolution 680 (WRC-23).. 
2 [bookmark: _Toc205803549][bookmark: _Toc205818426][bookmark: _Ref203462686][bookmark: _Toc204592512]Future Envisioned Lunar ExplorationVicinity Scenarios
[bookmark: _Toc205803551]Since Apollo 17 concluded in 1972, lunar exploration has been conducted remotely by robotic or remotely controlled systems. Now, several multinational partnerships between both governments and the private sector are developing mission plans including a continuous human presence at the Moon. As civilization has advanced here on Earth, our quality of live has improved with the innovation and application of wireless technologies in medicine, public safety, human connectivity, entertainment, and more. This next generation of lunar explorers, along with their Earth-based support teams have grown up in a vastly more complex radiocommunication era. The explorers based aton the Moon or in an orbiting lunar platform should expect similar connectivity as they experience here on Earth, not only when conducting official business butincluding enjoying benefits from technological conveniences during their leisure hours, with information at their fingertips via smartphones, tablets connected via WiFi or similar protocolsto connect with family and friends, or the ability to navigate to a location with Global Positioning System (GPS)-like accuracy at the click of a button. This section provides narrative descriptions of possible future human lunar activities based on plans and visions shared in the public domain by organizations such as civil space agencies, private companies interested in the unique business opportunities available in the lunar environment, and non-governmental organizations interested in the scientific and cultural opportunities available to lunar explorers and even settlers. 
As soon as the end of this decade, human crews of four to six lunar explorers will be spending long periods of time on the lunar surface or in lunar orbit. As our lunar knowledge and experience deepens over the coming decades, and the lunar infrastructure becomes more permanent and resilient, humans will spend longer durations on the Moon, which may require more complex human settlements on the Moon, perhaps by 2045 or 2050. Initially, the totality of communications needs of the intermittent lunar explorers (both scientific and non-scientific) will be accommodated within the space research service allocations, for expediency and pathfinding purposes. But as complex human settlements evolve on the Moon, and prompt the development of infrastructure to enable frequent interactions between lunar explorers and the Earth, non-scientific lunar communications requirements will grow. Therefore, SRS allocations will no longer be sufficient, nor appropriate, to accommodate the growing need. This Report examines the purposes of telecommunication and how various radiocommunication services can support these planned and envisioned lunar operations in this light.
2.1 [bookmark: _Toc205818427][bookmark: _Toc204592513]Scenario 1: Humans living and performing science on a lunar-orbiting space stationplatform 
Most critically, humans, unlike robots cannot work all of the time – they will do other things beside collect and transmitactivities in addition to collecting and transmitting scientific data.  As the International Space Station (ISS) will soon be marking its 25th year of continuous human presence in space in November of 2025, we can reflect on the lessons learned there to inform mission concepts at the Moon. The astronauts on the ISS are required to follow strict work schedules with designated rest periods to mitigate the risks associated with over-work and social isolation, as identified by NASA’s Human Health & Performance Directorate. During these restrecreational and social periods crew may wish to read an e-bookbooks, listen to music or podcasts, watch a moviemovies, interact with others via social media, or evenand correspond with friends and family on Earth. LunarAs soon as the end of this decade, human exploration missionslunar explorers will likely draw on lessons learned and adopt many of the same best practices developed for astronauts on the ISS.
Lunar explorers will likely follow a carefully planned schedule each day, that identifies which critical science or spacecraft maintenance tasks must be completed. However, this schedule will also identify times for meals, exercise, and personal time. The exploration crew will likely begin each day with a conference call with Mission Control on Earth to plan for the day, provide a general mission status, and discuss any issues. Regular and reliable voice, video and data communications with Mission Control is critical to crew safety and mission success. The workday will involve conducting or monitoring various science experiments or performing maintenance on the spacecraft and its systems. Data collected for these experiments, trouble shooting, and repair instructions to restore functions of the science activities will be conducted using the space research service frequency allocations.This recreational and social time will be even more critical for mitigating the cognitive, behavioural and psychological challenges related to long-term space exploration at the Moon compared to the ISS due to the greater distances, making an emergency return to Earth more challenging. 
Through our experience observing the deleterious effects on the human body from the space environment on the ISS, we can design routines for lunar explorers to mitigate these risks as best as possible. Outside of the work tasks scheduled, the crew will likely devote a significant amount of time to exercise in order to counteract the effects of the zero-gravity environment on their bones and muscles. For example, the ISS crew schedule may include as much as 2 to 2.5 hours for exercise each day. To stay motivated and stick to such an arduous workout routine, the crew may opt to subscribe to streamed or downloadable content or classes available from Earth. While the crew’s vital signs, carefully monitored for their overall health and safety, would be considered part of the mission science data, the capabilities to deliver streaming services for guided exercise content, with large bandwidth demands may require additional consideration.
Communications with Earth will also be vital for connecting humanity with the myriad scientific and exploration activities anticipated to take place at the Moon. To inspire the next generation of Science, Technology, Engineering, and Mathematics (STEM) professionals and share important technological or scientific advancements with the public, the crew’s official duties may also include public affairs events such as demonstration videos, live feeds of space walks or other maintenance work, or live or pre-recorded question and answer sessions with students and the public. Communications with Earth would be vital to connecting people on Earth with the exciting and inspiring activities going on at the Moon.
After a full workday and workout time, the crew will likely have some time set aside for personal tasks.and social activities. In addition to personal hygiene and meals, the crew will likely spend most of this time watching movies, playing electronic games, listening to music or podcasts, reading e-books or websites, or communicating with friends and family via email, video calling apps, or social media. This media might be streamed (e.g. for news, sport matches or other live events, or multi-player games) or downloaded (e.g. for television series, movies or print media, or single-player games); certainly, the critical connection with loved ones back on Earth would require reliable and readily available connectivity, especially in the event of major life events. 
2.2 [bookmark: _Toc205818428][bookmark: _Toc204592514]Scenario 2: Humans living and working on the Moon to support science and exploration 
As our lunar knowledge and experience deepens over the coming decades, and the lunar infrastructure becomes more permanent and resilient, humans will spend longer durations on the Moon, which may require more complex human settlements on the Moon., perhaps by 2045 or 2050. As more scientists and engineers travel to the Moon to conduct their own experiments and research, they will likely require or desire support services, and possibly even start families there or bring their families to avoid lengthy separations. Such complex human settlements, which could eventually be comprised of several hundred to thousands of individuals, will require many of the same modern amenities of life here on Earth, and those settlers will certainly expect reliable and readily available communications between locations at the Moon and with Earth. 
Services to maintain, clean, repair and manage use of the facilities and equipment will most certainly be required. Whether these services are carried out by robots, other semi-autonomous systems, humans, or a combination thereof, there will be associated wireless communications and navigations needs. For example, a human may use a device similar to a drone to survey the exterior of habitation units in order to perform regular maintenance or survey for damage. This system may rely on a local connection similar to WiFi in order to receive commands from and send images back to its human operator. Driverless rovers may be used to transport resources, or even people between locations on the lunar surface; these systems may use local wireless networks to send and receive commands. They may also rely on satellite navigation services similar to GPS solutions to determine their location relative to other objects and their destination. 
When a humanhumans on the Moon needswant to acquire alearn something new skill to perform their duties, or children in a future lunar settlement require formal education, distance learning services may be provided by groups back on Earth or located elsewhere on the Moon. These communicationsCommunications would be needed to support the delivery of either synchronous or asynchronous instruction itself, was well as course material, and to send completed assessments back for evaluation, or to complete monitored exams or certifications. Similarly, personal health and well-being services may be provided through a combination of human and robotic functions on the Moon, such as collecting and processing samples, but more complex tasks such as diagnosing or triaging illnesses, or providing mental health and counselling services may require reliable, real-time voice and video connections with health care professionals and specialists on Earth. 
A sustainable, long-term human presence on the Moon will depend on the ability to produce and prepare food on the lunar surface, which will likely rely on a combination of robotic, autonomous or remotely controlled systems and human labour. These robotic and automated systems will require sensors and monitors that likely rely on local networks to coordinate their behaviours, and provide information on crop health, yields, and storage levels to humans managing these supply chains. 
As with astronauts aboard an orbiting space station, humans on the lunar surface will also require time for recreation and socializing. Much like here on Earth, many forms of entertainment, socializing and even exercise and recreation will depend on wireless connectivity. As above, settlers on the Moon will still likely stream or download their television and movies from Earth. They may want to stream games and interact with other players in real time. They will connect to Earth’s internet to stay connected on current events, culture, and to use social media and other modes of communication to stay connected with friends and family stillback on Earth.  For exercise, they may want to participate remotely in group classes, or one-on-one coaching sessions, they may even compete remotely in races. Looking even further forward, a unique lunar culture may arise and begin to export its cultural output back to Earth in the form of shows, films, literature, games and perhaps even augmented or virtual reality experiences that allow Earth-bound humans to experience life on the Moon; surely the new human perspective of our place in the universe that emerges as humans establish a presence beyond Earth would enrich our culture here on Earth. Most, if not all, of these cases would require high-bandwidth, real-time video and voice communications services between the Moon and Earth. 
2.3 [bookmark: _Toc205818429]Scenario 3 (TBD)
3 [bookmark: _Toc204592515][bookmark: _Toc205818430]Preliminary Categorization of Communications and Navigation Needs 
As the previous section describes, there are a diverse range of non-science related activities beyond space research that will take place as a long-term human presence develops onat the Moon and from lunar orbiting platforms.  Many of these activities will rely on radio frequency (RF) spectrum for wireless communications and navigation services, including in-situ relay satellite networks requiring trunk line/backhaul capabilities with Earth. Table 1 below provides a preliminary categorization of some of these use cases based on broadly defined, general RF characteristics to foster further discussion and planning for the future spectrum needs to support such human lunar activities Based on the continued bandwidth demand over the last 20 years on Earth and the exponential growth in global space industry in the last decade, further examination of the purposes of telecommunication and suitable radiocommunication services as the scale of human lunar activity increases is prudent as invited by the WRC-23 in Resolution 680.  For example, the amount of data being transmitted, and the bandwidth requirements, are significantly greater in Scenario 2 compared to Scenario 1.
Table 1 provides a preliminary categorization of selected, representative communication or navigation purposes. Subjective designations of the data resolution provide a notional indication of the minimum acceptable quality of the information transmitted or received. Preliminary estimates of bandwidth ranges are presented to begin defining the possible range of data rate requirements that future service offerings may need to accommodate: High (greater than [>40 MHz]), Medium (between [10 MHz] and [40 MHz]), and Low ([less than 10 MHz]). 
Table 1. Preliminary Categorization of Possible Communications and Navigation Needs
	Purpose
	Resolution
	Estimated Bandwidth Needs

	Full-motion video
	High
	High

	Still images
	High
	Medium

	Audio
	Medium
	Low

	Text
	Low
	Low




	
	Link Type/Direction
	Estimated Bandwidth Needs
	Priority

	Real-time voice and video links

	Mission-critical, human health/safety, or emergencies
	· Direct with Earth
· In-situ relay
· Local lunar networks
	High
	High

	For official business, mission support
	· Direct with Earth
· In-situ relay
· Local lunar networks
	High

	Medium

	For social/recreational use
	·  Lunar orbit constellation/network (broadcast for subscription)
· Local lunar networks
	High

	Low

	Real-time, streaming video, gaming or virtual reality data

	Mission-critical, human health/safety, or emergencies
	· Direct with Earth
· Local lunar networks
	High
	High

	For official business, mission support
	· Direct with Earth
· Local lunar networks
	High

	Medium

	For social/recreational use
	·  Lunar orbit constellation/network (broadcast for subscription)
· Local lunar networks
	High

	Low

	Downloaded video, gaming or virtual reality data

	Mission-critical, human health/safety, or emergencies
	· Direct with Earth
· In-situ relay network
· Local lunar networks
	High
	High

	For official business, mission support
	· Direct with Earth
· In-situ relay network
· Local lunar networks
	High

	Medium

	For social/recreational use
	·  Lunar orbit constellation/network (broadcast for subscription)
· Local lunar networks
	High

	Low

	Commands, equipment/spacecraft health data

	Mission-critical, human health/safety, or emergencies
	· Direct with Earth
· Lunar relay network
· Local lunar networks
	Med-low
	High

	For official business, mission support
	· Direct with Earth
· Lunar relay network
· Local lunar networks
	Med-low
	High

	For social/recreational use
	NA
	NA
	NA

	Internet traffic (webpages, social media, email, etc.)

	Mission-critical, human health/safety, or emergencies
	· Direct with Earth
· Lunar relay network
· Local lunar networks
	Low-med
	High

	For official business, mission support
	· Direct with Earth
· Lunar relay network
· Local lunar networks
	Low-med
	Medium

	For social/recreational use
	· Lunar orbit constellation/network (broadcast for subscription)
· Local lunar networks
	Low-med

	Medium


	Navigation services

	Mission-critical, human health/safety, or emergencies
	· In-situ network
· Local lunar networks
	Low
	High

	For official business, mission support
	· In-situ network
· Local lunar networks
	Low
	High

	For social/recreational use
	· Lunar orbit constellation/network (broadcast for subscription)
· Local lunar networks
	Low

	High


	
	
	
	




4 [bookmark: _Toc205818431]Assessment of Radiocommunication Services needed to support activities in the Lunar Environment
4.1 [bookmark: _Toc205818432][Service A]
Description TBD
4.2 [bookmark: _Toc205818433][Service B]
Description TBD
5 [bookmark: _Toc205818434]Consideration of existing regulatory procedures to facilitate spectrum management in the lunar environment
TBD
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