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Abstract: This document discusses the transmission directions and movement characteristics for the KPIs defined in TS 22.104.
Discussion
Performance requirements for cyber-physical control applications have been defined in clause 5 of TS 22.104. However the applicable transmission directions (i.e. UL for the data transmitted from the UE, and DL for the data transmitted to the UE) for the KPIs are missing from the tables. In addition, the movement characteristics (i.e. linear movement or rotation) are not specified. 
Based on the description of the related use cases captured in TS 22.104 (and further details in TR 22.804), the identified applicable transmission directions and movement characteristics are summarised below.
Motion control (A.2.2.1)
For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, message size, transfer interval and survival time, apply to both UL and DL. The UE speed would be applicable for both linear movement and rotation.
	End-to-end latency: maximum
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	< transfer interval value
	50
	500 μs 
	500 μs
	≤ 75 km/h
	Motion control (A.2.2.1)

	< transfer interval value
	40
	1 ms 
	1 ms
	≤ 75 km/h
	Motion control (A.2.2.1)

	< transfer interval value
	20
	2 ms 
	2 ms
	≤ 75 km/h
	Motion control (A.2.2.1)


With regards to the non-deterministic communication service performance requirements as captured in table 5.4-1, the performance requirement of service bit rate: user-experienced data rate applies to DL only. The UE speed would be applicable for both linear movement and rotation.
	Service bit rate: user-experienced data rate
	UE speed
	Remark

	≥ 1 Mbit/s
	~ 0 km/h
≤ 75 km/h
	Motion control - software updates (A.2.2.1)


Electrical Distribution – Distributed automated switching for isolation and service restoration (A.4.4)
For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, service bit rate: user-experienced data rate, message size, transfer interval and survival time, apply to both UL and DL.

	End-to-end latency: maximum
	Service bit rate: user experienced data rate
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	< 5 ms
	1 kbit/s (steady state)
1,5 Mbit/s (fault case)
	< 1500
	< 60 s 
(steady state)
≥ 1 ms (fault case)
	TBD
	stationary
	Electrical Distribution – Dis​tributed automated switch​ing for isolation and service restoration (A.4.4)


Control-to-control in motion control (A.2.2.2)
For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, message size, transfer interval and survival time, apply to both UL and DL.

	End-to-end latency: maximum
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	< transfer interval value
	1 k
	≤ 10 ms
	10 ms
	-
	Control-to-control in motion control (A.2.2.2); 

	< transfer interval value
	1 k
	≤ 50 ms
	50 ms
	-
	Control-to-control in motion control (A.2.2.2); 


Wired-2-wireless 100 Mbit/s link replacement (A.2.2.4)
For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, service bit rate: user-experienced data rate, message size, transfer interval and survival time, apply to both UL and DL.

	End-to-end latency: maximum
	Service bit rate: user experienced data rate
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	< transfer interval value
	50 Mbit/s
	
	≤ 1 ms
	3 * transfer interval
	stationary
	Wired-2-wireless 100 Mbit/s link replacement (A.2.2.4)

	< transfer interval value
	250 Mbit/s
	
	≤ 1 ms
	3 * transfer interval
	stationary
	Wired-2-wireless 1 Gbit/s link replacement (A.2.2.4)


With regards to the aperiodic deterministic communication service performance requirements as captured in table 5.3-1, the performance requirement of end-to-end latency, service bit rate: user-experienced data rate, message size, transfer interval and survival time, apply to both UL and DL.

	Max Allowed End-to-end latency
	Service bit rate: user-experienced data rate
	Message size [byte]
	Survival time
	UE speed
	Remarks

	< 1 ms
	25 Mbit/s
	
	
	stationary
	Wired-2-wireless 100 Mbit/s link replacement (A.2.2.4)

	< 1 ms
	500 Mbit/s
	
	
	stationary
	Wired-2-wireless 1 Gbit/s link replacement (A.2.2.4)


Mobile robots (A.2.2.3)

For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, message size, transfer interval and survival time, apply to both UL and DL. The UE speed would be applicable for both linear movement and rotation.

	End-to-end latency: maximum
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	< transfer interval value
	40 to 250
	1 ms to 50 ms 
	transfer interval value
	≤ 50 km/h
	Mobile robots (A.2.2.3)

	< transfer interval value
	15 k to 250 k
	10 ms to 100 ms
	transfer interval value
	≤ 50 km/h
	Mobile robots – video-operated remote control (A.2.2.3)

	< transfer interval value
	40 to 250
	40 ms to 500 ms
	transfer interval value
	≤ 50 km/h
	Mobile robots (A.2.2.3)


With regards to the aperiodic deterministic communication service performance requirements as captured in table 5.3-1, the performance requirement of end-to-end latency applies to both UL and DL while service bit rate: user-experienced data rate applies to UL only. The UE speed would be applicable for both linear movement and rotation.
	Max Allowed End-to-end latency
	Service bit rate: user-experienced data rate
	Message size [byte]
	Survival time
	UE speed
	Remarks

	10 ms
	> 10 Mbit/s
	
	
	≤ 50 km/h
	Mobile robots – video streaming (A.2.2.3)


With regards to the non-deterministic communication service performance requirements as captured in table 5.4-1, the performance requirement of service bit rate: user-experienced data rate applies to UL only. The UE speed would be applicable for linear movement.

	Service bit rate: user-experienced data rate
	UE speed
	Remark

	> 10 Mbit/s
	≤ 50 km/h
	Mobile robots; real-time video stream


Mobile control panels (A.2.4.1)

For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, message size, transfer interval and survival time, apply to both UL and DL. The UE speed would be applicable for linear movement only.

	End-to-end latency: maximum 
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	< transfer interval value
	40 to 250
	4 ms to 8 ms
	transfer interval value
	< 8 km/h
	Mobile control panels – remote control of e.g. assembly robots, milling machines (A.2.4.1)

	< transfer interval
	40 to 250


	< 12 ms
	12 ms
	< 8 km/h
	Mobile control panels -remote control of e.g. mobile cranes, mobile pumps, fixed portal cranes (A.2.4.1)


With regards to the aperiodic deterministic communication service performance requirements as captured in table 5.3-1, the performance requirement of end-to-end latency and service bit rate: user-experienced data rate apply to both UL and DL. The UE speed would be applicable for linear movement only.

	Max Allowed End-to-end latency
	Service bit rate: user-experienced data rate
	UE speed
	Remarks

	< 30 ms
	> 5 Mbit/s
	< 8 km/h
	Mobile control panels - parallel data transmission (A.2.4.1)


Process automation – closed loop control (A.2.3.1)
For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, message size, transfer interval and survival time, apply to both UL and DL.

	End-to-end latency: maximum 
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	< transfer interval value
	20
	≥ 10 ms
	0
	typically stationary
	Process automation – closed loop control (A.2.3.1)


Primary frequency control (A.4.2)

For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, message size, transfer interval and survival time, apply to both UL and DL.

	End-to-end latency: maximum 
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	~ 50 ms  
	~ 100
	~ 50 ms
	TBD
	stationary
	Primary frequency control (A.4.2)


Distributed Voltage Control (A.4.3)

For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, message size, transfer interval and survival time, apply to both UL and DL.

	End-to-end latency: maximum (note 2)
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	~ 100 ms
	~ 100
	~ 200 ms
	TBD
	stationary
	Distributed Voltage Control (A.4.3)


Plant asset management (A.2.3.3)
For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, message size, transfer interval and survival time, apply to both UL and DL.

	End-to-end latency: maximum
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	< transfer interval value
	20 to 255
	100 ms to 60s
	≥ 3 x transfer interval value
	typically stationary
	Plant asset management (A.2.3.3)


Robotic Aided Surgery (A.6.2)

For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, service bit rate: user-experienced data rate, message size, transfer interval and survival time, apply to both UL and DL.

	End-to-end latency: maximum
	Service bit rate: user experienced data rate
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	<2 ms
	2-16 Mbit/s
	250 to 2000
	1 ms
	transfer interval value
	Stationary
	Robotic Aided Surgery (A.6.2)

	<20 ms
	2-16 Mbit/s
	250 to 2000
	1 ms
	transfer interval value
	Stationary
	Robotic Aided Surgery (A.6.2)


Robotic Aided Diagnosis (A.6.3)

For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, service bit rate: user-experienced data rate, message size, transfer interval and survival time, apply to both UL and DL.

	End-to-end latency: maximum
	Service bit rate: user experienced data rate
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	<20 ms
	2-16 Mbit/s
	80
	1 ms
	transfer interval value
	Stationary
	Robotic Aided Diagnosis (A.6.3)


Cooperative carrying

For the periodic deterministic communication service performance requirements as defined in table 5.2-1, the performance requirements of end-to-end latency, service bit rate: user-experienced data rate, message size, transfer interval and survival time, apply to both UL and DL. The UE speed typically applies to linear movement.

	End-to-end latency: maximum 
	Service bit rate: user experienced data rate
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	Remarks

	< 0.5 * transfer interval
	2.5 Mbit/s
	250
500 with localisation information
	> 5
>2.5
>1.7
	0
transfer interval
2 * transfer interval
	≤6 km/h
	Cooperative carrying – fragile work pieces; (ProSe communication)

	< 0.5 * transfer interval
	2.5 Mbit/s
	250
500 with localisation information
	> 5
>2.5
>1.7
	0
transfer interval
2 * transfer interval
	≤12 km/h
	Cooperative carrying – elastic work pieces; (ProSe communication)


Process monitoring (A.2.3.2)

For the communication service performance requirements for industrial wireless sensors as defined in table 5.2-2, the performance requirement of end-to-end latency applies to both UL and DL. The service bit rate: user-experienced data rate, message size, transfer interval and survival time, apply to UL only.
	End-to-end latency
	Transfer interval
	Service bit rate: user experienced data rate
	Message

Size

[byte]
	Survival time
	UE speed
	Remarks

	< 100 ms
	100 ms – 60 s
	≤ 1 Mbit/s
	20
	3 x transfer interval
	Stationary
	Process monitoring, e.g. temperature sensor (A.2.3.2)

	< 100 ms
	≤ 1 s
	≤ 200 kbit/s
	25 k
	3 x transfer interval
	Stationary
	Asset monitoring, e.g. vibration sensor (A.2.3.2)

	< 100 ms
	≤ 1 s
	≤ 2 Mbit/s
	250 k
	3 x transfer interval
	Stationary
	Asset monitoring, e.g. thermal camera (A.2.3.2)


Smart grid millisecond level precise load control (A.4.5)

For the aperiodic deterministic communication service performance requirements as defined in table 5.3-1, the performance requirement of end-to-end latency, service bit rate: user-experienced data rate, message size, transfer interval and survival time, apply to both UL and DL.

	Max Allowed End-to-end latency
	Service bit rate: user-experienced data rate
	Message size [byte]
	Survival time
	UE speed
	Remarks

	< 50 ms
	0,59 kbit/s
28 kbit/s
	< 100
	–
	stationary
	Smart grid millisecond level precise load control (A.4.5)


Augmented reality (A.2.4.2)

For the aperiodic deterministic communication service performance requirements as defined in table 5.3-1, the performance requirement of end-to-end latency applies to both UL and DL. The UE speed typically applies to linear movement.
	Max Allowed End-to-end latency
	UE speed
	Remarks

	< 10 ms
	< 8 km/h
	Augmented reality; bi-directional transmission to image processing server (A.2.4.2)


Wind power plant – control traffic (A.5.2)

For the mixed traffic communication service performance requirements as defined in table 5.5-1, the performance requirement of end-to-end latency applies to both UL and DL.

	Max Allowed End-to-end latency 
	UE speed
	Remarks

	16 ms
	stationary
	Wind power plant – control traffic (A.5.2); 


Conclusion

Please approve the CRs based on the discussion above. 

