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3.1
Definitions

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].

characteristic parameter: numerical value that can be used for characterising the dynamic behaviour of communication functionality from an application point of view.

clock synchronicity: the maximum allowed time offset within a synchronisation domain between the sync master and any sync device. 

NOTE 1: Clock synchronicity (or synchronicity) is used as KPI of clock synchronisation services.

NOTE 2: Clock synchronicity is also referred to as clock (or time) synchronization precision.

clock synchronisation service: the service to align otherwise independent user-specific UE clocks.

communication service availability: as defined in TS 22.261 [2]. 

communication service reliability: ability of the communication service to perform as required for a given time interval, under given conditions.

NOTE 3:
Given conditions would include aspects that affect reliability, such as: mode of operation, stress levels, and environmental conditions.

NOTE 4:
Reliability may be quantified using appropriate measures such as mean time between failures, or the probability of no failure within a specified period of time.

NOTE 5:
This definition is based on IEC 61907 [7].

direct device connection: as defined in TS 22.261 [2].

end-to-end latency: as defined in TS 22.261 [2].

error: discrepancy between a computed, observed or measured value or condition and the true, specified or theoretically correct value or condition. 

NOTE 6: This definition was taken from IEC 61784-3 [3].

factory automation: automation application in industrial automation branches typically with discrete characteristics of the application to be automated with specific requirements for determinism, low latency, reliability, redundancy, cyber security, and functional safety.
NOTE 7:
Low latency typically means below 10 ms delivery time.

NOTE 8:
This definition is taken from IEC 62657-1 [18].

global clock: a user-specific synchronization clock set to a reference timescale such as the International Atomic Time.

indirect network connection: as defined in TS 22.261 [2].

influence quantity: quantity not essential for the performance of an item but affecting its performance. 

process automation: automation application in industrial automation branches typically with continuous characteristics of the application to be automated with specific requirements for determinism, reliability, redundancy, cyber security, and functional safety.

NOTE 9:
This definition is taken from IEC 62657-1 [18].

service area: as defined in TS 22.261 [2].

survival time:  as defined in TS 22.261 [2].
sync device: device that synchronizes itself to the master clock of the synchronization domain.

sync master: device serving as the master clock of the synchronization domain.

transfer interval: time difference between two consecutive transfers of application data from an application via the service interface to 3GPP system. 

NOTE 10:
This definition is based on subclause 3.1.85 in IEC 62657-2 [17].

user experienced data rate: as defined in TS 22.261 [2].

vertical domain: an industry or group of enterprises in which similar products or services are developed, produced, and provided.

working clock: a user-specific synchronization clock for a localized set of UEs collaborating on a specific task or work function.
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5.6
Clock synchronisation requirements

5.6.0
Description

Clock synchronicity, or time synchronization precision, is defined between a sync master and a sync device. The requirement on the synchronicity budget for the 5G system is the time error contribution between ingress and egress of the 5G system on the path of clock synchronization messages.
Clock synchronisation requirements specific for direct device connection and indirect network connection are captured in section 7.2.3 and 8.2.3.
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7
Direct device connection for cyber-physical control applications 

7.1
Description

This section lists the requirements applicable to the 5G system for supporting cyber-physical control applications using wireless direct device connection.

7.2
Requirements

7.2.1
General

The 5G system shall allow UEs to use direct device connection when the UEs are not served by a RAN.
The 5G system shall be able to support direct device connection between UEs in close proximity using spectrum different than the spectrum being used for the 5GC-based communication.

The 5G system shall be able to support direct device connection for 5G LAN-type private communication.

The 5G system shall be able to support multicast communication between the UEs within the group of UEs using direct device connection.

7.2.2
Network performance

The 5G system shall be able to support direct device connection between a group of UEs for periodic deterministic communication (both unicast and multicast) with respective service performance requirements in Table 5.2-1 related to cooperative carrying.

The 5G system shall be able to support mobility of the group of UEs using direct device connections with respective service performance requirements in Table 5.2-1 related to cooperative carrying.

The 5G system shall be able to support direct device connection with respective service performance requirements in Table 5.2-1 related to cooperative carrying between UEs up to 50 m distance.

7.2.3
Clock synchronization
7.2.3.1 Description

This clause lists the service level requirements and performance requirements applicable to the 5G system for supporting clock synchronization for direct device connection, building on the description already provided in Clause 5.6.0.

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.
The 5G system shall be able to support Precision Time Protocol based (IEEE 802.1AS [22] or another applicable (IEEE Std 1588 [28]) protocol) 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 within 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]) protocol 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 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
	≤ 900 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
	≤ 900 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).


7.2.4
Service Continuity

The 5G system shall be able to minimize service disruption for a group of UEs using direct device connection with respective service performance requirements in Table 5.2-1 related to cooperative carrying, when the group moves between a non-public network and a PLMN (subject to operator policies and agreement between the operators and service providers).

7.2.5
Direct device connection via UE to UE relay
The 5G system shall be able to support direct device connection via an UE to UE relay with respective service performance requirements in Table 5.2-1 related to cooperative carrying between UEs out of transmission range of each other.


8
Indirect network connection for cyber-physical control applications

8.1
Description

This section lists the requirements applicable to the 5G system for supporting cyber-physical control applications using wireless indirect network connection.

8.2
Requirements

8.2.1
General

The 5G system shall be able to support multicast communication between the UEs within the group of UEs using indirect network connection.

8.2.2
Communication via indirect network connection
The 5G system shall be able to provide service to an out-of-coverage UE via indirect network connection using one relay UE while meeting the performance requirements specified for the process automation use cases in Table 5.2-1 (related to Annex A.2.3.1 and A.2.3.2).
8.2.3
Clock synchronization

8.2.3.1 Description

This clause lists the service level requirements and performance requirements applicable to the 5G system for supporting clock synchronization for indirect network connection, building on the description already provided in Clause 5.6.0.

8.2.3.2 Clock synchronization requirements

The 5G system shall be able to support clock synchronization (working clock domain) for UEs using indirect network connection.
The 5G system shall be able to support Precision Time Protocol based (IEEE Std 1588 [89] or IEEE 802.1AS [22]) or 5G sync domain based clock synchronization for UEs using indirect network 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 within one of the UEs using indirect network connection. 

The 5G system shall be able to support up to four simultaneous synchronization domains on a UE using indirect network connection. 

The 5G system shall provide a suitable means to support the merging and separation of working clock domains at the UEs connected by indirect network connection, that is interoperable with the corresponding mechanisms of IEEE 802.1AS [22], IEEE Std 1588 [28], or 5G sync domain.
For indirect network connection between UEs using one intermediate relay UE, the 5G system shall be able to support a 5GS synchronicity budget for clock synchronization according to Table 8.2.3.2-1.
Table 8.2.3.2-1: Indirect network connection clock synchronization service performance requirements for 5G System 

	Number of devices in one communication group for clock synchronization
	UE density [UE / m²]
	5GS synchronicity budget requirement 

(note 1)
	Service area 

(note 2)
	Scenario



	10 to 20 UEs
	-
	< 1 ms
	≤ 100 m x 100 m x 50 m
	Process automation – closed loop control (A.2.3.1)

	≤ 10,000 to 100,000
	-
	≤ 1 ms
	≤ 10 km x 10 km x 50 m
	Process and asset monitoring (A.2.3.2)

	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 indirect network connection, 3 cases are considered:

1) If the path of clock synchronization messages is between device and network side, ingress and egress of the 5G system are the remote UE and the corresponding UPF on the network side.
2) If ingress and egress of the 5G system are at the device side, the 5G synchronicity budget is the time error between the remote UE and UE to network relay.

3) If the sync master is inside the 5G system, the 5G synchronicity budget ingress is the sync master in the 5G system and egress is the remote UE.
NOTE 2:
Service Area for indirect network connections between UEs (length x width x height). 


8.2.4
Service Continuity

The 5G system shall be able to minimize service disruption for a UE using indirect network connection with respective service performance requirements in Table 5.2-1 related to process automation, when the UE moves between a non-public network and a PLMN (subject to operator policies and agreement between the operators and service providers).
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