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[bookmark: _Toc91260274]5.6.1	Clock synchronisation service level requirements
The 5G system shall support a mechanism to process and transmit IEEE 1588v2 / Precision Time Protocol messages to support 3rd-party applications which use this protocol.
The 5G system shall support a mechanism to synchronise the user-specific time clock of UEs with a global clock.
The 5G system shall support a mechanism to synchronize the user-specific time clock of UEs with a working clock.
The 5G system shall support two types of synchronization clocks, the global time domain and the working clock domains.
The 5G system shall support networks with up to 128 working clock domains (with different synchronization domain identifiers / domain numbers), including for UEs connected through the 5G network.
NOTE 1:	The domain number (synchronization domain identifier) is defined with one octet in IEEE 802.1AS [22]. 
The 5G system shall be able to support up to four simultaneous synchronization domains on a UE. 
NOTE 1A:	The four synchronization domains are used, for example, as two synchronization domains for global time and two working clock domains. One pair of global time and working clock is used as redundant synchronization domains for zero failover time.
The synchronicity budget for the 5G system within the global time domain shall not exceed 900 ns.
NOTE 2:	The global time domain requires in general a precision of 1 µs between the sync master and any device of the clock domain. Some use cases require only a precision of ≤ 100 µs for the global time domain if a working clock domain with precision of ≤ 1 µs is available.
NOTE 3:	(void)
The synchronicity budget for the 5G system within a working clock domain shall not exceed 9700 ns. 
NOTE 4: 	The working clock domains require a precision of ≤ 1 µs between the sync master and any device of the clock domain.
NOTE 5:	Different working clock domains are independent and can have different precision. 
NOTE 6:	The synchronicity budget for the 5G system is also applicable when the flow of clock synchronization messages traverses the air interface twice.
The 5G system shall provide a media-dependent interface for one or multiple IEEE 802.1AS sync domains [22]. 
The 5G system shall provide an interface to the 5G sync domain which can be used by applications to derive their working clock domain or global time domain (Reference Clock Model).
The 5G system shall provide an interface at the UE to determine and to configure the precision and time scale of the working clock domain.
The 5G system shall be able to support arbitrary placement of sync master functionality and sync device functionality in integrated 5G / non-3GPP TSN networks.
The 5G system shall be able to support clock synchronization through the 5G network if the sync master and the sync devices are served by different UEs. (Flow of clock synchronization messages is in either direction, UL and DL.)
The 5G system shall provide a suitable means to support the management of the merging and separation of working clock domains, that is interoperable with the corresponding mechanisms of TSN and IEEE 802.1AS.
The 5G system shall provide a suitable means to support precise time distribution, clock synchronization and synchrophasor communication functionalities specific to smart grid applications, e.g.:
- IEC 61850-9-3 [30] profile and IEEE Std C37.238-2017 [31].
- at least one of the two profiles for synchrophasor communications: IEC 61850-90-5:2012 [32], or IEEE Std C37.118.2-2011 [33]. 
NOTE 7:	The requirement above assumes the ability to support all main clock synchronization functionalities defined in the respective references, unless explicitly indicated. Support of IEC 61850-90-5 can entail supporting multiple profiles (e.g. A-profile, T-profile, KDC-profile and IEEE 802.1Q QoS profiles can be applicable for support of synchrophasor communications). 
[bookmark: _Toc45387345][bookmark: _Toc91260275]5.6.2	Clock synchronisation service performance requirements
Table 5.6.2-1: Clock synchronization service performance requirements for 5G System
	User-specific clock synchronicity accuracy level 
	Number of devices in one communication group for clock synchronisation
	5GS synchronicity budget requirement 
(note 1)
	Service area 
	Scenario

	1
	up to 300 UEs
	≤ 9700 ns (note 4)
	≤ 100 m x 100 m
	· Motion control (A.2.2.1)
· Control-to-control communication for industrial controller (A.2.2.2)

	2
	up to 300 UEs
	≤ 9700 ns (note 4)
	≤ 1,000 m x 100 m
	· Control-to-control communication for industrial controller (A.2.2.2)

	3
	up to 10 UEs
	< 10 µs
	≤ 2,500 m2
	· High data rate video streaming

	3a
	up to 100 UEs
	< 1 µs
	≤ 10 km2
	· AVPROD synchronisation and packet timing

	4
	up to 100 UEs
	< 1 µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs

	4a
	up to 100 UEs
	< 250 ns to 1 µs
	< 20 km²
	Smart Grid: IEC 61850-9-2 Sampled Values 

	4b
	up to 100 UEs
	<10-20 µs
	< 20 km²
	Smart Grid: IEC 61850-9-2 Sampled Values – Power system protection in digital substation 

	4c
	54/km² (note 2)
78/km2 (note 3)
	< 10 µs 
	several km²
	Smart Grid: Intelligent Distributed Feeder Automation (A.4.4.3)

	4d
	up to 100 UEs
	<1 ms
	< 20 km²
	Smart Grid: IEC 61850-9-2 Sampled Values – Event reporting and Disturbance recording 

	5
	up to 10 UEs
	< 50 µs
	400 km
	· Telesurgery (A.6.2) and telediagnosis (A.6.3)

	NOTE 1:	The clock synchronicity requirement refers to the clock synchronicity budget for the 5G system, as described in Clause 5.6.1.
NOTE 2: 	When the distributed terminals are deployed along overhead line, about 54 terminals will be distributed along overhead lines in one square kilometre. The resulting power load density is 20 MW/km2.
NOTE 3: 		When the distributed terminals are deployed in power distribution cabinets, there are about 78 terminals in one square kilometre. The resulting power load density is 20 MW/km2,.
NOTE 4:	5GS synchronicity budget requirement refers to working clock domain for a localized set of UEs callaborating on a specific task or work function.




[bookmark: _Toc91260295]7.2.3.2	Clock synchronization requirements
The 5G system shall be able to support clock synchronization (working clock domain) between the UEs within the group of UEs using direct device connection ProSe communication.
[bookmark: _Hlk81224378]The 5G system shall be able to support Precision Time Protocol-based (IEEE 802.1AS [22] or another applicable IEEE Std 1588 [28] profile) or 5G sync domain-based clock synchronization among the group of UEs using direct device connection.
The 5G system shall be able to support the sync master of the working clock domain being connected to one of the UEs or being hosted at one of the UEs in the group of UEs using direct device connection. 
The 5G system shall be able to support up to four simultaneous synchronization domains on a UE using direct device connection. 
The 5G system using direct device connection shall support one or multiple time domains (IEEE 802.1AS [22] or another applicable IEEE Std 1588 [28] profile or 5G sync domain configuration). 
The 5G system shall provide a suitable means to support the merging and separation of working clock domains at the UEs within the group of UEs connected by direct device connection, that is interoperable with the corresponding mechanisms of IEEE 802.1AS [22], IEEE Std 1588 [28], or 5G sync domain.
For direct device connection, the 5G system shall be able to support a 5GS synchronicity budget for clock synchronization according to Table 7.2.3.2-1. In this case, the sync master and sync device are located at or connected to two UEs which are connected via direct device connection.
Table 7.2.3.2-1: Direct device connection clock synchronization service performance requirements for 5G System 
	Number of devices in one communication group for clock synchronization
	5GS synchronicity budget requirement 
(note 1)

	Service area 
(note 2)
	Scenario


	2 to 16
	≤ 9700 ns
	10 m x 10 m x 5 m;
50 m x 5 m x 5 m
	Cooperative carrying – fragile work pieces; (A.2.2.5)

	2 to 16
	≤ 9700 ns
	10 m x 10 m x 5 m;
50 m x 5 m x 5 m
	Cooperative carrying – elastic work pieces; (A.2.2.5)

	NOTE 1:	5G synchronicity budget is the time error between ingress and egress of the 5G system on the path of clock synchronization messages (as described in Clause 5.6.0). For direct device connection, the ingress is one UE and the egress the other directly connected UE.  
NOTE 2:	Service Area for direct device connections between UEs (length x width x height). The group of UEs with direct device connections might move throughout the whole factory site (up to several km²).




