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


	
	Building Block

	
	Work Task

	X
	Study Item


2.2
Parent Work Item 
	Parent Work Items 

	Unique ID
	Title

	─
	─


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

	Unique ID
	Title
	Nature of relationship

	800007
	Service requirements for cyber-physical control applications in vertical domains
	Previous normative work in SA1 to specify service requirements

	720005
	New Services and Markets Technology Enablers (SMARTER)
	Stage 1 work item

	790001
	New Services and Markets Technology Enablers – Phase 2 (SMARTER_Ph2)
	Stage 1 work item

	840031
	New WID on Audio-Visual Service Production
	Stage 1 work item

	790004
	QoS Monitoring
	Stage 1 for all QoS monitoring, including for control applications.
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Justification

Internationally, both public and vertical services depend more and more on accurate time synchronization services. A proposal for a European initiative on the use of Galileo in Critical Infrastructures that depend on satellite navigation for timing and synchronisation indicates that ”For telecoms (a sector with an estimated gross output of €1179 billion for EU28 in 2013), 40% of the networks use today GNSS as a timing reference - if a terrestrial solution had to be deployed instead of a space-based solution, costs would amount to € 600 million yearly (source: European Commission). Another recent analysis in [1] concluded that in 2018 more than 2% of all Danish companies relied on accurate time-synchronization for control and synchronization provided wirelessly via space communications. The use of time-synchronization services is increasing and becoming more prominent within areas of transportation, energy, finance, and other infrastructure.
While many of these services currently use GNSS to manage time-synchronization, concerns have been raised in multiple reports [4], [1], [13]
· Spoofing threats 
· Low resistance against interference

· Availability issue for Indoor

· Space environmental issues (e.g. 
 solar storms)
· Receiver power consumption 
As a response to such concerns, the National Timing Resilience and Security Act of 2018 [2] was passed by the US Senate with the specific objective for the Secretary of Transportation to provide for the establishment, sustainment, and operation of a wireless, terrestrial, land-based, resilient, and reliable alternative timing system (1) to reduce critical dependencies and provide a complement to and backup for the timing component of the Global Positioning System; and (2) to ensure the availability of uncorrupted and non-degraded timing signals for military and civilian users in the event that GPS/GNSS timing signals are corrupted, degraded, unreliable, or otherwise unavailable. As part of this initiative, the U.S. Department of Transportation awarded contracts to several companies to demonstrate their technologies’ ability to act as a backup for GPS, where one such solution being tested is the land and fibrebased OPNT Global Terrestrial Timing Service (GTTS) [6], [7] provided timing synchronization backup.
 Other similar initiatives exist around the world to establish fibre-based backup solutions for GNSS provided timing, such as 
· the Danish Quantum Communication Infrastructure (D-QCI) with proposed extensions for timing and frequency dissemination,

· the NPLTime service targeting the UK financial markets [8], 

· Swedish projects on time and frequency services by Netnod (fibre infra) [9] and RISE (atomic clock) [10],

· the French REFIMEVE+ research project including companies (MuQuans, Keopsys, Syrlinks and Kylia) with ambition to cover all of Europe (research network) [11], and 

· a trans-European meteorology research project called TiFoon targeted to have fibre network covering all of Europe delivering ultra-precise timing reference from optical atomic clocks [12].

Discussions are ongoing already in the U.S. among ATIS, North American Telco network providers, U.S. Department of Homeland Security (DHS), and Department of Defence (DoD), to emphasize that that Telco networks (wired and especially Wireless/5G/LTE) depend on precision synchronization that can only be achieved over wide areas via GPS/GNSS today. While the discussions are now accelerated in the U.S. the issue is very much relevant on a global scale. To deliver high availability services, the 5GS will need to be made resilient to loss of GNSS and to integrate capabilities from fibre- and land-based systems for timing resiliency. 
Once 5G is resilient to the loss of GNSS, e.g. by detecting QoS degradation and incorporating resiliency functions to switch to e.g. fibre based timing systems during outage, it may serve as a wireless alternate timing system, e.g. provide resiliency or even an alternative for the GPS provided timing for wireless use-cases. E.g., 5G may generally provide time synchronization to synchronization nodes installed in e.g. power sub-systems, financial solutions, transportation equipment, 5G test-devices, etc. 
Compared to building alternative dedicated solutions for alternative distribution of accurate timing, 5G offers the following key benefits
· Hardware infrastructure already being deployed globally and nation-wide to serve other use-cases

· Large device eco-system to give access to synchronization solutions for the end-points

· Deep indoor coverage due to high cell density

· 5G system also brings positioning enhancements, meaning it can gradually evolve towards a full alternative solution for GNSS, e.g., offer both timing and positioning service, and/or work in concert with other land-based positioning services [13, clause 7].

It is envisioned that a 5G network, in combination with a timing resiliency solution leveraging both GNSS and fibre-based timing backup solutions, can serve as a global wireless timing resiliency solution for GNSS, and may also perform as a stand-alone and alternative time synchronization solution GNSS for the end-points. 
Specifically, it is envisioned that the 5G System would

· enhance resiliency of timing services leveraging technologies supported by 5G (e.g. GNSS, TBS, etc.) and fibre-based timing, for instance in support of regulatory requirements

· be resilient to loss of GNSS, via integration with land-based and fibre-based alternate timing services
· serve as wireless backup/alternate for GNSS timing service offering same performance

· serve as a positioning backup/alternate for GNSS, for dense/indoor areas as well as working in concert with other positioning backup systems for wide area use-cases

However, some aspects need to be considered. In Release-16, basic synchronization support was provided when 5G is deployed in conjunction with an IEEE TSN network and is able to act as a gPTP relay instance in a transparent mode. This use-case is too limited compared to the needs and profiles used in different applications addressed by a backup timing solution. Specifically, to qualify as a suitable backup solution that besides from meeting requirements from e.g., [1] and [2] and to ensure that the solution is attractive for both those delivering the service (e.g., the operator) and those developing the use-cases and the end-points (e.g., the devices) several considerations must be made. 
SA1 Release-17 studies have identified synchronization requirements associated to specific verticals outside the scope of a factory and possibly IEEE TSN networks. As an example, the listed time synchronization requirements for Audio-Visual Service Production in TR 22.827, Future Railway Mobile Communication System in TR 22.889, and Communication Services for Critical Medical Applications in TR 22.826 focus on the time synchronization accuracy among the devices connected and the synchronized video and audio information. However, these requirements are not properly gathered in the service requirements for video, imaging and audio for professional applications (VIAPA) applications in TS 22.263. TS 22.104 for cyber-physical control applications in vertical domains covers more synchronization aspects such as support for different clocks domains and clock sources but does not consider requirements for IP applications, synchronization service robustness, network capability for synchronization service exposure, etc.
The study item builds on corresponding work in Rel-16 and Rel-17 and investigates the drivers for time-synchronization, including industry organizations, such as 5G-ACIA, CIGRE [3], SEC/ESMA, national regulators and bodies. It is expected that new areas may be identified that require additional service functionality/requirements in order to enhance the applicability of 5G systems to these new domains. As one example, CIGRE is investigating the use of tele-communications for time synchronization in Smart Grid including identification of use-cases, accuracy requirements and e.g., holdover capabilities [3].  

As another example, for financial markets it is essential to record each transaction with an accurate time stamp. Financial participants must comply with the regulatory requirements (the SEC in the United States and ESMA in the European Union) that dictate the level of precision and accuracy of time needed for transactions. In Europe, the EU’s Markets in Financial Instruments Directive (MiFID II) mandates the system of traceability to UTC. MiFID II requires different levels of granularity of time measurement and stamping according to the activities of the entity under regulation such as [5]:

· For trading venues (e.g., exchanges/regulated markets, multilateral trading facilities (MTFs)): timestamping to a granularity of up to 1ms with a maximum divergence from UTC of 1ms. For faster venues the required timestamping granularity is 1ms, with maximum divergence of 100 µs.
· For voice trading and request for quote (RFQ) activity, firms are required to provide a timestamping granularity of 1s, with a maximum divergence from UTC of 1s.
· For high-speed electronic trading firms, the required timestamping granularity is 1ms, with a maximum divergence from UTC of 1ms for non-High-Frequency Trading (HFT) environments. For HFT environments, the required timestamping granularity is 1µs, with a maximum divergence from UTC of 100µs.

References:
[1] The Inter-Governmental Space Committee, “Denmark’s Economic Vulnerability to a loss of Satellite-Based PNT”, February 2019; https://ufm.dk/publikationer/2019/denmarks-economic-vulnerability-to-a-loss-of-satellite-based-pnt
[2] National Timing Resilience and Security Act of 2018; https://www.congress.gov/bill/115th-congress/senate-bill/2220/
[3] CIGRE Study Committees and domains of work; https://www.cigre.org/GB/knowledge-programme/our-16-study-committees-and-domains-of-work
[4] GPS Vulnerability report, Alliance of Telecommunications Industry Solutions, December 2016, https://www.gps.gov/governance/advisory/meetings/2016-12/calabro.pdf
[5] Microsemi White Paper - Financial Regulations Synchronized with the Latest Timekeeping Technology
[6] OPNT, “Global Terrestrial Timing Service GTTS”, https://tam.atis.org/wp-content/uploads/2020/01/Presentation-7-T_M_OPNT_Exhibitor-23Jan20-Final.pdf
[7] OPNT, ”Feasibilty of a Nationwide Fiber-Optic Sub-Nanosecond Timing Infrastructure for Terrestrial PNT and GPS Backup Systems”, https://www.gps.gov/governance/advisory/meetings/2018-05/koelemeij.pdf
[8] https://www.npl.co.uk/npltime
[9] https://www.netnod.se/time-and-frequency
[10] https://www.pts.se/sv/bransch/internet/robust-kommunikation/atgarder/korrekt-och-sparbar-tid-och-takt/
[11] http://www.refimeve.fr/index.php/en/presentation-eng/description-of-the-project.html
[12] http://empir.npl.co.uk/tifoon/
[13] https://access.atis.org/apps/group_public/download.php/36304/ATIS-0900005.pdf
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Objective

The objective of this study item is to identify additional potential requirements on the 5G system to support time-synchronization services in public and vertical domains, including the ability to improve resiliency of timing services involving technologies supported by 5G in nominal situation, and the ability to act as a backup for GNSS timing services. Specific use cases will be provided to motivate the additional potential requirements. 
The use cases for studying further Time Synchronization Stage 1 potential requirements in this study item will include:

· the use of 5G system in concert with other timing technologies as a resilient timing source for end-users in complement/back-up/alternate to GNSS 

· enhancement to the 5G system to enable time synchronization resiliency if GNSS or other timing services are compromised 
· 
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Aspects that involve other WGs
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Supporting Individual Members
	Supporting IM name

	Nokia

	Nokia Shanghai Bell

	NTT DoCoMo

	AT&T

	KPN

	LG Electronics, Inc.

	Verizon UK Ltd.

	Deutsche Telekom

	NextNav

	T-Mobile

	ESA (European Space Agency)

	Novamint

	KDDI

	Thales


�With 4 constellations, availability of position (at least 4 satellites) is very high, and becomes close to 100 % if one considers only timing, which requires only 1 satellite in view


�Not an issue on GNSS MEO orbits





