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Abstract: This contribution proposes a use case to determine if 5GS supports the timing accuracy needed for Smart Grid, based on the Rel-16 and Rel-17 timing requirements.  This contribution has been prepared in collaboration with ABB Group’s Design Architect, Petri Syväluoma and Research Program Manager Petri Hovila.


Proposed Text Changes:
[bookmark: _Toc45005004]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
2.1 Normative references
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[X1]	National Institute of Standards and Technology (NIST), “Timing Challenges in the Smart Grid”, accessed at https://doi.org/10.6028/NIST.SP.1500-08, January 2017
[X2]				3GPP TS 22.104: "Service requirements for cyber-physical control applications in vertical domains".
[X3] 				61850-9-3-2016 - IEC/IEEE International Standard - Communication networks and systems for power utility automation – Part 9-3: Precision time protocol profile for power utility automation, 

3.2        Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
UTC 	Coordinated Universal Time

***** Text below is all new, shown without change marks for readability ******

[bookmark: _Toc43718769]5.1	Use case on 5GS tTiming aAccuracy for sSmart gGrids
[bookmark: _Toc43718770]5.1.1	Description
The focus for this use-case is on the timing accuracy needed for system monitoring in smart grids. Much work has already gone into Rel-16 and Rel-17 to enable 5GS timing accuracy suitable for various Industry 4.0 scenarios.  It is expected that the resulting capabilities can also be applicable for smart grids. 
[bookmark: _Ref43722702]Applications where timing accuracy is key in smart grid scenarios include monitoring events, disturbances in current phase, and power system frequency. Very accurate time stamps are needed to correlate readings and recordings coming from distributed source points in order to detect faults, analyse the data appropriately, and quickly identify and address the root cause with minimal impact over the smart grid.
[bookmark: _Toc43718771]5.1.2	Pre-conditions
A smart grid operator utilizes 5G wireless communications across primary and secondary substations. These communications report events and error detection recordings to a centralized monitoring station. As outages in one area may have trickle through impact throughout the system, accurate time stamping across the sources is essential to provide a clear picture of where and when a fault occurred and how it has affected the system.
[bookmark: _Toc43718772]5.1.3	Service flows
Sensors across the secondary distribution centres provide timestamped event reporting to a centralized monitoring system. Each event is timestamped to aid in analysis. When a fault is detected in the event data stream, analysis can be done on the timestamps to quickly identify the source component and take prompt action to address the issue, potentially isolating the affected unit while being able to allow other units to operate and thereby minimizing impact of the fault.
A fault in the power system may trigger recordings of the phase currents from multiple sources.  Since each source uses the same master clock and communicates over the 5GS, timestamps on the recordings are aligned for accurate analysis to be done at a centralized point. Required accuracy level is 1ms for absolute time-synchronization.
Similarly, for power system protection and synchronization, the frequencies are measured from various points throughout the system and reported to a centralized monitoring system. The monitoring system must be able to align measurements from different sources to a time sync requirement as inaccuracies in the timestamp can affect the system operation.  In this case, time sync requirements can range from 1 µs to 10 µs.
Additionally, the 5GS will need to be compatible with requirements from [X3] when used in conjunction with GNSS for a timing service in a smart grid environment.
· Power system time accuracy from time source (ex. GNSS or UTC) to 5G end device when used as part of IEEE 1588 PTP slave is 1us. 
· For a 5GS entity acting as a PTP master in a subsystem, 250 ns accuracy applies between time source (ex. GNSS or UTC) and 5G end device.
[bookmark: _Toc43718773]5.1.4	Post-conditions
The Smart Grid can use 5GS as a backup to their GNSS receiver based (or wired) time synchronization systems to improve accuracy and availability of the time synchronization across the smart grid. 
[bookmark: _Toc43718774]5.1.5	Existing feature partly or fully covering use case functionality
Rel-16 and Rel-17 requirements cover a good portion of the accuracy requirements for a 5GS timing resiliency system, including: 
· Capability to meet 5GS synchronicity budget of ≤900 ns (factory) to <1 µs (wide area) as defined for Industry 4.0 applications in TS 22.104 [X2]
· Propagation delay compensation, to ensure that time synchronization can be conducted accurately across wide area deployments needed for power sub-station support
[bookmark: _Toc43718775]5.1.6	Potential new requirements and KPIs
5.1.6.1 Potential KPIs
NoteNOTE: this table is intended to be an enhancement to TS 22.104 table 5.6.2-1 [X2]
Table 5.1.6.1-1: Timing accuracy service performance requirements
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	4
	Up to 100 UEs
	[<1  µs] [X3]
	< 20 km2
	Smart Grid: synchronicity between sync master and PMUs (PTP slave uses 5G sync modem as direct time-source)

	4a
	Up to 100 UEs
	[<250-500  ns] [X3]
	< 20 km2
	Smart Grid: synchronicity between sync master and  PMUs (5G sync modem acts as PTP GM or 5G sync modem provides PPS output to PTP GM)

	4b
	[bookmark: _GoBack]Up to 100 UEs
	[<1-10 µs] [X1]
	< 20 km2
	Smart Grid: Power system protection in digital substation with merging units, line differential protection and synchronization

	4c
	Up to 100 UEs
	[<1 ms] [X1]
	< 20 km2
	Smart Grid: Event reporting and Disturbance recording use-cases

	NOTE:      The clock synchronicity requirement refers to the clock synchronicity budget for the 5G system, as described in Clause 5.6.1.
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