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1	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
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2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a …

	X
	Study 

	
	Normative – Stage 1

	
	Normative – Stage 2

	
	Normative – Stage 3

	
	Normative – Other*


* Other = e.g. testing

2.2	Parent Work Item
For a brand-new topic, use “N/A” in the table below. Otherwise indicate the parent Work Item.
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	N/A
	
	
	



2.3	Other related Work Items and dependencies
	Other related Work /Study Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	



3	Justification
Labor shortages in our society are expected to intensify due to an aging population and potential challenges in recruiting necessary talent. This issue is evident in sectors such as transportation, manufacturing (including construction), and care services. Solutions in these areas may be facilitated by following technology based on wireless M2M communications:
· Transportation: Self driving trucks with roadside infrastructure for guidance
· Manufacturing and construction: 	Autonomous machinery for assembling or constructing, designed for collaborative use.
· Care service:  24/7 monitoring of elderly, children and decease patients
It is important to note that these solutions require 3D-positioning and timing capabilities. Although such use cases have been a topic of discussion since the advent of 5G, their realization has been hindered by the unreliable precision of positioning and timing, necessitating human intervention and preventing full autonomy.
However, recent advancements in GNSS technology, image processing, clock synchronization techniques, and the development of stable oscillators like miniature atomic clocks have significantly enhanced the precision of positioning and timing in network nodes including UE, gNB and so on. These improvements will support truly autonomous operations in 6G where machines can make independent decisions, based on accurately shared position and timing information among NW nodes and endpoints.
Reference frames for time and space are essential. Synchronizing the clocks of two nodes means aligning them to a common coordinate axis of time. Similarly, sharing a spatial reference frame allows for a unique numerical representation of positions. Such state where reference frame of both space and time is shared and realized over the network, is referred to as space-time synchronization (STS), which is crucial for the IMT-2030 standards.
The IMT system has traditionally relied on global frameworks such as UTC and ITRF(International Terrestrial Reference Frame) for timing and positioning. IMT-2030 may require minimum positioning capability for UEs since positioning is one of new capabilities adopted in IMT-2030 framework. While more than ten years have passed since most UE equip GNSS receiver to identify their positions, the precisions of positions required for UE are not standardized. Maintaining uninterrupted synchronizations to these universal references, on the other hand, often demands substantial amounts of data packets. Instead, employing a local framework of space and time in local area can be more effective, ensuring seamless and precise synchronization both in time and space.
  
4	Objective
The main objective of this study is to identify new use cases and potential requirements for communication systems under Space-Time Synchronization.

1. Identification of new use cases and corresponding requirements for the precision of space and time under space-time synchronization
Precise time and positions are fundamental to M2M communications in physical spaces. Space-Time synchronization improves their precision, reliability, and availability, potentially enabling new applications previously unexplored. However, not all devices or NW entities participate in such operations. Therefore, this study will explore the diverse positioning and timing requirements of various devices depending on their usage scenarios.    

2. Global and local framework of space and time 
UTC and GPS solutions are not the sole frameworks for timing and positioning. Particularly, local timing and positioning with enhanced precision could facilitate various use cases that require tight synchronization of clocks (time coordinates) and positioning (spatial coordinates). This study will also examine the necessity and accuracy of the conversion between local and global information. 

3. KPI for the system under space-time synchronization
We will need various parameters to evaluate the capability of environments where space-time synchronization is considered.  These parameters work as KPI of the integrated communication systems from the perspective of space-time synchronization. The study will identify such KPI of an environment to help designing physical space compatible with various M2M communications.  Such KPI will also guide the direction of relevant research such as miniature atomic clocks, positioning using carrier phase, multi-modal positioning, ensemble clock system, etc…


5	Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Rapporteur

	Internal TR

	22.XXX
	Study on integrated communications by Space-Time Synchronization
	TSG#106 (12/2024)
	TSG#107 (03/2025)
	 


integrated communication by Space-Time Synchronization


6	Work item Rapporteur(s)
NICT
7	Work item leadership
SA1
8	Aspects that involve other WGs
None
9	Supporting Individual Members

	Supporting IM name

	NICT

	

	

	

	

	





