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 Start of Change 1 

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].

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: one mode of network connection, where there is a relay UE between a UE and the 5G network.

NOTE 8a:
This definition was taken from 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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5.6.2
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)
	Service area 
	Scenario

	1
	up to 300 UEs
	≤ 900 ns
	≤ 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
	≤ 900 ns
	≤ 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

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

	6
	10 to 20 UEs
	< 1 ms
	≤ 100 m x 100 m x 50 m
	· Process automation – closed loop control (A.2.3.1)

	7
	≤ 10,000 to 100,000 UEs
	< 1 ms
	≤ 10 km x 10 km x 50 m
	· Process and asset monitoring (A.2.3.2)

	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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7.2.5
Communication via indirect network connection
The 5G system shall be able to support indirect network connection with respective service performance requirements in Table 5.2-1 (related to cooperative carrying) between UEs out of transmission range by one intermediate relay UE.

The 5G system shall be able to provide service to an out-of-coverage UE via indirect network connection while meeting the performance requirements specified for the process automation use cases in Table 5.2-1 and Table 5.6.2-1 (related to Annex A.2.3.2 and A.2.3.3).
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A.2.3
Process automation

A.2.3.1
Closed-loop control

In the closed-loop control use case for process automation, several sensors are installed in a plant and each sensor performs continuous measurements. The measurement data are transported to a controller, which takes decision to set actuators. The latency and determinism in this use case are crucial. This use case has very stringent requirements in terms of latency and service availability. Time synchronization requirements for this use case are substantially more relaxed than motion control use cases. The required service area is usually bigger than for motion control use cases. Interaction with the public network (e.g., service continuity, roaming) is not required.

Table A.2.3.1-1: Service performance requirements for closed-loop control in process automation

	Use case #
	Characteristic parameter
	Influence quantity

	
	Communication service availability: target value [%]
	Communication service reliability: mean time between failures
	End-to-end latency: maximum
	Message size [byte]
	Transfer interval: lower bound
	Transfer interval: target value
	Transfer interval: upper bound
	Survival time
	UE speed
	# of UEs
	Service area (note)

	1
	99.999 9 to 99.999 999
	≥ 1 year
	< target transfer interval value
	20
	-5 % of target transfer interval value
	≥ 10 ms
	+5 % of target transfer interval value
	0
	typically stationary
	typically 10 to 20
	typically ≤ 100 m x 100 m x 50 m

	NOTE:
Length x width x height.


Use case one

Several sensors are installed in a plant and each sensor performs continuous measurements. The measurement data are transported to a controller, which takes decision to set actuators. 

A.2.3.2
Process and asset monitoring

For process and asset monitoring in the area of process automation, a large number of industrial wireless sensors are installed in the plant to give insight into process and environmental conditions, asset health and inventory of material. The data are transported to displays for observation and/or to databases for registration and data analysis. Examples of sensors are temperature, pressure or flow rate sensors for process monitoring, vibration sensors for health monitoring of e.g. motors, or thermal cameras to detect leakages. Time synchronization requirements for this use case are substantially more relaxed than motion control use cases, but some degree of time synchronizaiton is nonetheless required, in order for the application to include timestamps in the logging data and to facilitate correlation of information originating at different sources. Industrial wireless sensors are typically constrained in terms of size, complexity and/or power consumption. The operation for this use case can be in a wide service area, and interaction with the public network (e.g., service continuity, roaming) may be required.

Table A.2.3.2-1: Service performance requirements for process and asset monitoring

	
	Characteristic parameter
	Influence quantity

	Use case
	Communication service availability: target value [%]
	Communication service reliability: mean time between failure
	End-to-end latency
	Transfer interval

(note 1)
	Bit rate

[bits/s]
	Battery lifetime [year]

(note 2)
	Message

Size

[byte]
	Survival time
	UE speed
	UE density [UE / m²]
	Range

[m]

(note 4)
	Service area

(note 5)

	1
	99.99
	≥ 1 week
	< 100 ms
	100 ms to 60 s
	≤ 1 M
	≥ 5
	20

(note 3)
	3 x transfer interval
	Stationary
	Up to 1
	< 500
	≤ 10 km x 10 km x 50 m

	2
	99.99
	≥ 1 week
	< 100 ms
	≤ 1 s
	≤ 200 k
	≥ 5
	25 k
	3 x transfer interval
	Stationary
	Up to 0.05
	< 500
	≤ 10 km x 10 km x 50 m

	3
	99.99
	≥ 1 week
	< 100 ms
	≤ 1 s
	≤ 2 M
	≥ 5
	250 k
	3 x transfer interval
	Stationary
	Up to 0.05
	< 500
	≤ 10 km x 10 km x 50 m

	NOTE 1:
The transfer interval deviates around its target value by < ± 25 %.

NOTE 2:
Industrial sensors can use a wide variety of batteries depending on the use case, but in general they are highly constrained in terms of battery size.

NOTE 3:
The application-level messages in this use case are typically transferred over Ethernet, in which case the minimum Ethernet frame size of 64 bytes applies and dictates the minimum size of the PDU sent over the air interface.

NOTE 4:
Distance between the gNB and the UE.

NOTE 5:
Length x width x height.


Use case one

Sensors generating periodic measurements of a continuous value (e.g. temperature, pressure, flow rate sensors). The traffic is predominantly mobile originated. 

Use case two

Sensors generating waveform measurements (e.g. vibration sensors). Even though the waveform measurement is continuous, it is expected that this type of sensors will buffer and transmit the data periodically (e.g. every second) to save battery by enabling discontinuous transmission. The traffic is predominantly mobile originated.

Use case three

Cameras (regular or thermal) for asset monitoring (e.g. for leakage detection). Even though the video recording is continuous, it is expected that this type of sensors will buffer and transmit the data periodically (e.g. every second) to save battery by enabling discontinuous transmission. The traffic is predominantly mobile originated.
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