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------------------------------- 1st change ----------------------------
[bookmark: _Toc66900115]3.1	Definitions
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
holdover: A clock A, previously synchronized/syntonized to another clock B (normally a primary reference or a Master Clock) but whose frequency is determined in part using data acquired while it was synchronized/syntonized to B, is said to be in holdover or in the holdover mode as long as it is within its accuracy requirements.
NOTE:	holdover is defined in [4]
Holdover time: the time period that is available to repair the first priority timing source when it is lost (e.g., when the primary GNSS reference is lost). During this period the synchronization accuracy requirement should be guaranteed, e.g., by means of defining multiple synchronization references.
------------------------------- end of 1st change ----------------------------

------------------------------- 2nd change ------------------------------------
[bookmark: _Toc66900164]7.1.4	Holdovervoid
[CPR 7.1.4-1] The 5G system shall support a holdover capability (maintaining UTC required accuracy) of up to 24h.
------------------------------- end of 2nd change ----------------------------

------------------------------- 3rd change ------------------------------------
[bookmark: _Toc66900165]7.2	Consolidated potential KPIs
The 5G system shall be able to support a holdover capability with timing resiliency performance requirements defined in table 7.2-1.
Table 7.2-1: Timing resiliency performance requirements for 5G System
	Use-case
	Holdover Time (note 3)
	Sync Target
	Sync accuracy
	Service area
	Mobility
	Remarks

	Power grid (5G network)
	Up to 24 hour
	UTC (note 1)
	<250ns-1000ns [3], [9] (note2)
	< 20 km2
	low
	When 5G System provides direct PTP Grandmaster capability to sub-stations 

	Power grid (time synchronization device)
	>5 s
	UTC (note 1)
	<250ns-1000ns [3], [9] (note2)
	< 20 km2
	Low
	When 5G sync modem is integrated into PTP grandmaster solution (with 24h holdover capability) at sub-stations)

	Note 1: A different synchronization target is acceptable as long as the offset is preconfigured when an alternatively sourced time differs from GNSS. In this case, a 5G end device shall provide PPS output which can be used for measuring the difference.
Note 2: Use case [New] in [9] illustrates the different accuracy measurements based on different configurations needed to support the underlying requirements from IEC [3]. The range is between 250 ns and 1000 ns. The actual requirement depends on the specific deployment.
Note 3: Holdover time in this context is defined as the time period that is available to repair the first priority timing source when this is lost (e.g., when the primary GNSS reference is lost). During this period the specified synchronization accuracy requirement should be guaranteed, e.g., by means of defining multiple synchronization references. This requirement will vary based on deployment options.


------------------------------- end of 3rd change ----------------------------


------------------------------- 4th change ------------------------------------
[bookmark: _Toc66900121]4.1.3	Timing Resiliency
A simple overview of a power sub-station is provided in Figure 4.1.3-1. In a typical deployment today, the sub-station achieves time synchronization by means of a grandmaster clock that uses the IEEE 1588 Precision Time Protocol (PTP) [4] protocol to synchronize elements inside the power sub-station via an Ethernet connection. The grandmaster clock often uses a GNSS receiver to achieve time synchronization information. To access the GNSS signal, an external GNSS antenna is typically required. The figure shows how time and communication redundancy can be achieved within substation by means defined in IEC 61850-9-3-2016 [3]. However, since the time source (GNSS) illustrated is a single point of failure (e.g. whenever satellite(s) are not available or there is interference), 5G is a candidate resiliency solution.
[image: ]
Figure 4.1.3-1: Example power sub-system setup leveraging 2x GNSS based clock grandmasters [5]
The GNSS receiver elements of the clock grandmaster installed in power-subsystems have some desirable characteristics including intrinsic multi-layer jamming and spoofing detection capabilities, e.g., autonomous disruption detection and intelligent protection and control. The timing accuracy requirement of the GNSS receiver is <250 ns according to the grandmaster requirements listed in [4]. This allows sufficient budget for synchronization distribution errors within the power sub-station versus the E2E requirements of the Smart Grid operation (e.g., where every PTP slave needs to be synchronized to a <1 s accuracy). 
Many power sub-systems already have cellular 4G coverage. A 5G System-based timing solution offers multiple potential enhancements, including:
a) As a resiliency solution to the GNSS received timing solution if GNSS fails or is compromised, e.g., integrated as alternative radio in each grandmaster clock or as an alternative grandmaster clock with 5G capability in the power sub-system. 
b) As an alternative to GNSS use, e.g., integrated with PTP grandmaster clock avoiding installation of external GNSS antenna and receiver at the power sub-station.
These alternatives are illustrated in Figure 4.1.3-2. In both cases, time synchronization may be provided from the 5G System to 5G sync modem by either C-Plane method (e.g., via System Information Broadcast or unicast RRC messaging) or using PTP method according to the power sub-system configuration requirements. 
The latter requires also some actions from the 5G System in case time source is lost is missing, e.g., similar to IEC 61850-9-3, clockClass should be dropped when the 5G System is in holdover state. Further, PPS output has significant use-cases and is commonly used today and can be desired property of 5G sync modem.
[image: ]
Figure 4.1.3-2: 5G integration into system – resilience and alternative mode
Another key requirement is holdover capability, the ability to continue providing accurate timing service in the event of loss of an external source (e.g., GNSS), for the 5G System. For option (a) in Figure 4.1.3-2 a 24 h holdover capability is automatically supported as this is the case for today’s distributed solution where GM1 and GNSS is always one and the same device. 5G modem functionality could be either integrated into the same device as a chip or as an input using option (ba) type external modem, e.g., for this case, no specific holdover capability is required from the 5G System. With option (b), holdover capability is mainly determined by the 5G network. Here it is desirable that the 5G sync modem has a holdover capability of at least 5 s to comply with [3] and that the 5G network can support up to 24 h of holdover capability. However, as option (a) can be a solution when 24 h holdover capability is strictly needed for the power utility, this requirement could be more scalable, e.g., allow for wider range of performance of 5G networks and 5G sync modems with exploiting also hold-over capability (stability) of GM1. 
------------------------------- end of 4th change ----------------------------
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