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Abstract: This contribution proposes a use case for applications using IEC 61850-9-2 sampled values. This contribution has been prepared in collaboration with ABB Group’s Design Architect, Petri Syväluoma and Research Program Manager Petri Hovila.
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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].
BC	Boundary Clock
GNSS	Global Navigation Satellite System
PMU	Phasor Measurement Unit
PTP	Precision Time Protocol
TC	Transparent Clock
TVE	Total Vector Error


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

[bookmark: _Toc43718769]5.x	Applications Using IEC 61850-9-2 Sampled Values
[bookmark: _Toc43718770][bookmark: _Toc43718771]5.x.1	Description
As electric grids are expanding, there is an increasing need for fault detection and location as well as maintaining system stability in real time which requires precision timing. There is also a raising interest to have other clock synchronization sources in addition to GNSS.
IEC 61850-9-2 standard [X1] specifies the protocol for transmitting measurement information in a power system using Ethernet. Standard also recommends the use of PTP (Precision Time Protocol) for clock synchronization and IEC 61850-9-3 standard [3] shall be followed whenever PTP is used. PTP accuracy is affected by network structure and devices in the network. Since different types of clock devices produce different time errors and jitters, overall time inaccuracy must be verified to make sure that application time accuracy requirements are fulfilled. Requirements in IEC 61850-9-3 [3] aim at achieving a network time inaccuracy better than 1μs after crossing 15 transparent clocks or 3 boundary clocks. PTP profile for power utility automation defines the inaccuracy as follows:
Table 5.x.1-1. Allowed inaccuracy defined by IEC 61850-9-3 [3]
	Clock type
	Inaccuracy

	Transparent clock (TC)
	< 50ns

	Boundary clock (BC)
	< 200ns

	Grandmaster clock
	< 250ns


Grandmaster clocks in substations today use a GNSS receiver to achieve accurate clock synchronization with holdover time even up to 24h (corresponding to <1μs accuracy). However, since the time source (GNSS) may become unavailable due to failure (e.g. broken antenna, satellite availability or interference), 5G is a candidate resiliency solution (see [X3] clause 5.2). In order to reach the same level of measurement accuracy, 5G capable grandmaster clock should fulfil the requirement of maximum 250ns inaccuracy when its timing reference is used in the same location as of the Grandmaster clock that is used to synchronize the smart grid devices over Ethernet.
Synchronization requirements are related to various aspects. In particular, IEC/IEEE 60255-118-1:2018 [X2] defines a Phasor Measurement Unit (PMU) that must maintain less than a 1% total vector error (TVE). Such error includes time, phasor angle, and phasor magnitude estimation errors. Standard also recommends that a time source that reliably provides time, should be at least 10 times better than values corresponding to 1 % TVE. Therefore IEC 61850-9-3 [3] should be followed whenever substation has PMUs either as standalone devices or PMU capable protection relays.
By using PTP within a substation the system can have multiple grandmaster capable clocks which, in case of failure of the current grandmaster, can be used to maintain accurate time between devices and processing sampled values. However, when sampled values are processed outside the substation, time inaccuracy limits defined by IEC 61850-9-3 [3] must be followed since the devices are not connected to the same grandmaster clock and therefore measurement timestamps may have too much inaccuracy. Application outside substation may be but not limited to Wide Area Protection.
5.x.2	Pre-conditions
[bookmark: _Hlk49436012]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. Accurate time stamping across the sources is essential to provide a clear picture of the system. As outages in one area may have impact throughout the system, the 5G system may be used as a supplement to (e.g., integrated as alternative radio in the grandmaster clock) or as an alternative grandmaster clock. As a capable grandmaster clock, the 5G system should fulfil the accuracy requirements defined by IEC 61850-9-3 [3]. 
[bookmark: _Toc43718772]5.x.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.
The 5G system and the smart grid operator have 5G wireless communications configured across the smart grid network. Each source uses the same master clock and communicates over the 5G system, timestamps on the recordings are aligned for accurate analysis to be done at a centralized point. 
Additionally, the 5G system will need to be compatible with requirements from IEC 61850-9-3 [3] 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 sync device is 1μs (absolute time-synchronization in substation local area networks IEC 61850 Sample Values).
· For a 5G system entity acting as a PTP grandmaster in a subsystem, 250 ns accuracy applies between time source (ex. GNSS or UTC) and 5G end device.
[bookmark: _Toc43718773]5.x.4	Post-conditions
The Smart Grid can use 5G system as a supplement or backup to their GNSS receiver based (or wired) clock synchronization systems to improve accuracy and availability of the clock synchronization across the smart grid. 
[bookmark: _Toc43718774]5.x.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 [6]
· Propagation delay compensation, to ensure that clock synchronization can be conducted accurately across wide area deployments needed for power sub-station support
· Support for IEEE 1588 PTP [4]
· Clock synchronization to UTC leveraging 5G system C-Plane and/or U-Plane
[bookmark: _Toc43718775]5.x.6	Potential new requirements and KPIs
5.x.6.1 Potential Requirements
[PR 5.x.6.1-1] The 5G system shall support a clock synchronicity budget requirement in a range between 1000 ns (when the timing reference is directly provided to the end station) and 250ns (when acting as a PTP grandmaster of the existing Ethernet-based synchronization network with up to 15 transparent clocks or 3 boundary clocks).
5.x.6.2 Potential KPIs
Table 5.X.6.2-1: Clock synchronization service performance requirements
	User-specific clock synchronicity accuracy level [6]
	Number of devices in one Communication group for clock synchronisation
	Clock synchronicity requirement 
[bookmark: _GoBack](see Note)
	Service area 
	Scenario

	4
	Up to 100 UEs
	<250ns - 1 µs [3]
	< 20 km2
	Smart Grid: 
Synchronicity between sync master and PMUs 
This range covers the extreme cases where the
PTP clock in the end device uses 5G sync modem as direct time-source (1 µs)
The 5G sync modem acts as PTP GM or 5G sync modem provides PPS output to PTP GM at the top of the Ethernet based synchronization chain with up to 15 transparent clocks or 3 boundary clocks (250 ns).

	4a
	Up to 100 UEs
	<10-20 µs [2]
	< 20 km2
	Smart Grid: Power system protection in digital substation with merging units, line differential protection and synchronization

	4b
	Up to 100 UEs
	<1 ms [2]
	< 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.x.6.1.
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