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Abstract: In Low latency and high reliability chapter there is an unverified figure for latency of the audio-visual interaction which based on feedback LS from SA4 needs to be updated. 
Introduction
During SA1#76, an LS was sent to SA4 (S1-163449) to clarify the requirement for the delay of the audio part for VR scenarios, i.e. motion-to-sound latency, as defined in S1-163449. In the response LS (S4-170229) SA4 points out that more studies might be needed to investigate the potential influence when rendering audio and video together. The (motion-to-photon) latency requirement may be guided by human latency in compensating for head movements; According to  current studies indicated in the received LS, this is in the magnitude of 7-15ms. Below is an exerpt from the SA4 LS.
“In deriving appropriate motion-to-photon latencies, the human angular or rotational vestibulo-ocular reflex dominates (where the gaze is shifted in direct response to head orientation changes detected by the vestibular system by an equal and opposite reaction). The latency of the vestibulo-ocular reflex is known to be of the order of 10ms [3] or in a range from 7-15ms [4]. but no such equivalent reflex exists in the auditory chain.”

It is proposed to align the SA1 value of one-way E2E latency that is currently shown as 10ms, to the range of 4-8ms, corresponding to 7-15 ms two-way, as indicated in the LS from SA4.
References:
[3] Jombı´k P, Bahy´l V, “Short latency disconjugate vestibulo-ocular responses to transient stimuli in the audio frequency range.” Journal of Neurology, Neurosurgery, and Psychiatry; Vol 76 No 10, Oct 2005 pp 1398-1402, at  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1739361/pdf/v076p01398.pdf 
[4] Amin M.S, “Vestibuloocular Reflex Testing” Medscape Article Number 1836134, Feb 10 2016 at http://emedicine.medscape.com/article/1836134-overview.
--- 1st change ---
7.2.2
Scenarios and KPIs
Scenarios requiring very low latency and very high communication service availability can be found below:
-
Motion control – Conventional motion control is characterised by high requirements on the communications system regarding latency, reliability, and availability. Systems supporting motion control are usually deployed in geographically limited areas but may also be deployed in wider areas (e.g., city- or country-wide networks), access to them may be limited to authorised users, and they may be isolated from networks or network resources used by other cellular customers.

-
Discrete automation – Discrete automation is characterised by high requirements on the communications system regarding reliability and availability. Systems supporting discrete automation are usually deployed in geographically limited areas, access to them may be limited to authorised users, and they may be isolated from networks or network resources used by other cellular customers.
-
Process automation – Automation for (reactive) flows, e.g., refineries and water distribution networks. Process automation is characterized by high requirements on the communications system regarding communication service availability. Systems supporting process automation are usually deployed in geographically limited areas, access to them is usually limited to authorised users, and it will usually be served by private networks. 

-
Automation for electricity distribution (mainly medium and high voltage). Electricity is also characterized by high requirements on the communications service availability. In contrast to the above use cases, electricity distribution is deeply immersed into the public space. Since electricity distribution is an essential infrastructure, it will, as a rule, be served by private networks.

-
Intelligent transport systems – Automation solutions for the infrastructure supporting street-based traffic. This use case addresses the connection of the road-side infrastructure, e.g., road side units, with other infrastructure, e.g., a traffic guidance system. As is the case for automation electricity, the nodes are deeply immersed into the public space.
-
Tactile interaction – Tactile interaction is characterised by a human being interacting with the environment or people, or controlling a device, and relying on tactile feedback.

-
Audio-visual interaction – Audio-visual interaction is characterised by a human being interacting with the environment or people, or controlling a device, and relying on audio-visual feedback.

-
Remote control – Remote control is characterised by a device being operated remotely, either by a human or a computer.
Table 7.2.2-1 Performance requirements for low-latency and high-reliability scenarios.

	Service
	End-end latency
	Jitter
	Survival time
	Communication service availability
	Reliability
	User experienced data rate
	Payload
	Traffic density
(note 6)
	Connection density
(note 7)
	Service area dimension
(note 5)

	Discrete automation – motion control
(note 1)
	1 ms
	1 µs
	0 ms
	99,9999%
	99,999 %
	10 Mbps
	Small
	1 Tbps/km2
	100 000/km2
	100 x 100 x 30 m 

	Discrete automation
	10 ms
	100 µs
	0 ms
	99,99%
	99,999 %
	10 Mbps
	Small to big
	1 Tbps/km2
	100 000/km2
	1000 x 1000 x 30 m

	Process automation – remote control
	50 ms
	20 ms
	100 ms
	99,9999%
	99,9999%
	100 Mbps
	Small to big
	100 Gbps/km2
	1 000/km2
	300 x 300 x 50 m

	Process automation ‒ monitoring
	50 ms
	20 ms
	100 ms
	99,9%
	99,9%
	1 Mbps
	Small
	10 Gbps/km2
	10 000/km2
	300 x 300 x 50

	Electricity distribution – medium voltage
	25 ms
	25 ms
	25 ms
	99,9%
	99,9%
	10 Mbps
	Small to big
	10 Gbps/km2
	1 000/km2
	100 km along power line

	Electricity distribution – high voltage 
(note 3)
	5 ms
	1 ms
	0 ms
	99,9999%
	99,9999%
	100 Mbps
	Small
	100 Gbps/km2
	1 000/km2

(note 4)
	200 km along power line

	Intelligent transport systems – 
infrastructure backhaul
	10 ms


	20 ms
	100 ms
	99,9999%
	99,9999%
	10 Mbps
	Small to big
	10 Gbps/km2
	1 000/km2
	2 km along a road

	Tactile interaction
(note 1)
	0,5 ms
	TBC
	TBC
	[99,999%]
	[99,999%]
	[Low]
	[Small]
	[Low]
	[Low]
	TBC

	Audio-visual interaction 
(note 2)
	4-8ms
	TBC
	TBC
	[99,9%]
	[99,9%]
	[250 Mbps]
	[Big]
	[Low]
	Low]
	TBC 

	Remote control
	[5 ms]
	TBC
	TBC
	[99,999%]
	[99,999%]
	[From low to 10 Mbps]
	[Small to big]
	[Low]
	[Low]
	TBC

	NOTE 1: 
Traffic prioritization and hosting services close to the end-user may be helpful in reaching the lowest latency values.

NOTE 2: 
Audio-visual interaction requires very low-delay audio and video coding, and high video frame rates (e.g., 120 fps).
NOTE 3: 
Currently realised via wired communication lines. 

NOTE 4: 
In dense urban areas.

NOTE 5: 
Estimates of maximum dimensions; the last figure is the vertical dimension.

NOTE 6: 
Based on the assumption that all connected applications within the service volume require the user experienced data rate.  

NOTE 7: 
Under the assumption of 100% 5G penetration.

NOTE 8: 
All the values in this table are targeted values and not strict requirements. 
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