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[bookmark: _Hlk532311]	START OF PROPOSED CHANGES	
	 Start of Change 1 	
[bookmark: _Toc27763143]5.4	Non-deterministic communication
Non-deterministic communication subsumes all other traffic types than periodic/aperiodic deterministic communication. This includes periodic/aperiodic non-real-time traffic. A description of non-deterministic communication can be found in Clauses 4.3 and 4.4. Additional information on the underlying use cases of the sets of requirements in Table 5.4‑1 can be found in Annex A. Further information on characteristic parameters and influence quantities used in Table 5.4-1 can be found in Annex C. 
The 5G system shall be able to provide non-deterministic communication with the service performance requirements reported in Table 5.4-1.
Table 5.4-1: Non-deterministic communication service performance requirements
	Characteristic parameter (KPI)
	Influence quantity
	

	Communication service reliability: mean time between failures
	Service bit rate: user-experienced data rate
	UE speed (note 2)
	# of UEs
	Service area (note 1)
	Remark

	~ 1 month
	DL: ≥ 1 Mbit/s
	~ 0 km/h
≤ 75 km/h
	
≤ 100
	50 m x 10 m x 10 m
	Motion control - software updates (A.2.2.1)

	
	UL: > 10 Mbit/s
	≤ 50 km/h  (linear movement)
	≤ 100
	≤ 1 km2
	Mobile robots; real-time video stream

	NOTE 1:	Length x width x height 
NOTE 2:	   It applies to both linear movement and rotation unless stated otherwise.



[bookmark: _Toc27763144][bookmark: _Hlk532547]5.5	Mixed traffic
Mixed traffic cannot be assigned to one of the other communication patterns exclusively. Additional information on the underlying use cases of the sets of requirements in Table 5.5-1 can be found in Annex A. Further information on characteristic parameters and influence quantities used in Table 5.5-1 can be found in Annex C. 
The 5G system shall be able to provide mixed traffic communication with the service performance requirements reported in Table 5.5-1.
Table 5.5-1: Mixed traffic communication service performance requirements
	Characteristic parameter (KPI)
	Influence quantity
	Remarks

	Communication service availability
	Communication service reliability: mean time between failures
	Max Allowed End-to-end latency (note 1) 
(note 3)
	Service bit rate: aggregate user-experienced data rate
	Message
Size
[byte]
	Survival time
	UE speed
	# of UEs
	Service Area
	

	99,9999999 %
	~ 10 years
	16 ms
	
	
	
	stationary
	< 1 000
	several km²
	Wind power plant – control traffic (A.5.2); 

	99,9999 % to 99,99999 %
	1 day
	(note 4)
	12 Mbit/s
	250-1500
	
	quasi-static; up to 10 km/h
	2 or more
	30 m x 30 m
	Mobile Operation Panel: Manufacturing data stream (A.2.4.1A)

	NOTE 1:	Unless otherwise specified, all communication includes 1 wireless link (UE to network node or network node to UE) rather than two wireless links (UE to UE).
NOTE 2:	(void) 
NOTE 3:	   It applies to both UL and DL unless stated otherwise.
NOTE 4:	The mobile operation panel is connected wirelessly to the 5G system. If the mobile robot/production line is also connected wirelessly to the 5G system, the communication includes two wireless links.



	 End of Change 1 	

	 Start of Change 2 	
5.6A	Time-sensitive communication requirements
[bookmark: _Hlk16234095]The 5G system shall support the fully distributed model for configuration of time-sensitive networking.
The 5G system shall support the fully distributed model for configuration of time-sensitive networking that is aligned with Multiple Stream Registration Protocol (MSRP, IEEE 802.1Q [19] clause 35.1), IEEE P802.1CS Link-local Registration Protocol (LRP) [24], and IEEE P802.1Qdd Resource Allocation Protocol (RAP) [25].
The 5G system shall support the user-network / network-network interface for the dynamic configuration of the fully distributed model for time-sensitive networking.
	 End of Change 2 	

	 Start of Change 3 	
[bookmark: _Toc27763157]7.2.3 	Clock synchronization
The 5G system shall be able to support time synchronization (working clock domain) between the UEs within the group of UEs connected by ProSe communication.
[bookmark: _Toc27763158]7.2.4 	Service Continuity
The 5G system shall be able to support service continuity of a group of UEs using ProSe communication 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).
[bookmark: _Toc27763159]7.2.5 	Indirect communication
The 5G system shall be able to support indirect 3GPP communication with respective service performance requirements in Table 5.2-1 (related to cooperative carrying) between UEs out of transmission range by one intermediate UE.
The 5G system shall be able to provide service to an out-of-coverage UE via indirect communication while meeting the performance requirements specified for the process automation use cases in Table 5.2-1 (related to Annex A.2.3.2 and A.2.3.3).
	 End of Change 3 	

	 Start of Change 4 	
[bookmark: _Toc27763168]A.2.2.4 	Wired to wireless link replacement
In a traditional factory, the production environment is fixed. Machines that are cooperating are connected via cable, typically using an industrial ethernet technology like PROFINET. In order to increase flexibility in the production setup, the wired links are replaced with wireless links. 
[image: ] 
Figure A.2.2.4-1: Example of four cooperating machines with wireless connections (based on [26])
We assume two or more machines (typically 4 or 5) to be cooperating with each other during production. In order to replace the cables, each machine is equipped with one UE, connected to the controller (shown in Figure A.2.2.4-1). The cooperating machine’s communication can be divided into two types. Periodic traffic and a-periodic traffic. Both types are scheduled, therefore the a-periodic traffic is also adhering to the transfer interval. The traffic requirements are from the point of view of the UE and give the maximum aggregate traffic of all links. Meaning, the traffic per link may change according to the number of cooperating machines but the total traffic at the UE cannot exceed the given values. 
Table A.2.2.4-1: Service performance requirements for wired to wireless link replacement
	Use case #
	Characteristic parameter
	Influence quantity

	
	Communication service availability: target value in %
	Communication service reliability: mean time between failures
	End-to-end latency: maximum
	Data rate [Mbit/s]
	Transfer interval
	Survival time
	UE speed
	# of UEs
	Service area (note 1)

	1
(periodic traffic)
	99,9999 to 99,999999
	~ 10 years
	< transfer interval value
	50
	≤ 1 ms
	3 * transfer interval
	stationary
	2 to 5
	100 m x 30 m x 10 m

	1
(aperiodic traffic)
	99,9999 to 99,999999
	~ 10 years
	< transfer interval value
	25
	≤ 1 ms
(note 2) 
	
	stationary
	2 to 5
	100 m x
30 m x 10 m

	2
(periodic traffic)
	99,9999 to 99,999999
	~ 10 years
	< transfer interval value
	250
	≤ 1 ms
	3 * transfer interval
	stationary
	2 to 5
	100 m x
30 m x 10 m

	2
(aperiodic traffic)
	99,9999 to 99,999999
	~ 10 years
	< transfer interval value
	500
	≤ 1 ms 
(note 2)
	
	stationary
	2 to 5
	100 m x
30 m x 10 m

	NOTE 1:	Length x width x height.
NOTE 2:	Transfer interval also applies for scheduled aperiodic traffic



Use case one 
In the case of the 100 Mbit/s link replacement, 50% periodic traffic and 25% a-periodic traffic are assumed. 

Use case two
In the case of the 1 Gbit/s link replacement, 25% periodic traffic and 50% a-periodic traffic are assumed. 
	 End of Change 4 	

	 Start of Change 5 	
[bookmark: _Toc27763172]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. 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 in %
	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 / m²2]
	Range
[m]
(note 4)
	Service area
(note 5)

	1
	99,99
	≥ 1 week
	< 100 ms
	100 ms – 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.
	 End of Change 5 	



	

	 Start of Change 6 	
[bookmark: _Toc27763233]E.3	Timing use in AV production applications
Timing of multiple devices such as microphones and camera is also critical. Timing signals are used in 2 separate ways. 
-	To maintain synchronisation between devices so that electronic shutters on cameras operate at the same time and frequency and that when cutting between any two cameras pointed at the same source no discernible jumps can be seen.  This requires accuracy within the frame boundary of a given video signal. A single frame of video at 120 Hz would require a clock accurate to within 8 ms. 
-	To timestamp an IP packet carrying a video or audio sample. Existing standards and workflows for AVPROD rely on IEEE 1588 PTP timing with a SMPTE media profile applied. This requires a clock accurate to within 1  µs


[image: ]
Figure E.3-1 Typical IP based timing set up for AVPROD

	 End of Change 6 	

	END OF PROPOSED CHANGES	
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