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1. Introduction
This contribution discusses and introduces the requirement for UE time-synchronization in order to support robot and wearable UEs collaborate together to perform a defined action. 
2. Discussion
For medical care [1], multiple wearable UEs are attached on the surface of peoples to measure the physiology information which may include acceleration, orientation and motion etc. of each part of the body. The local time of clock of each wearable UE shall be synchronized. These physiological information then can have a time stamp (e.g. 1ms accuracy level) to help to determine if there is any problem of the patient and where the problems are. The wearable UEs are battery powered. 
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Fig.1 Multiple wearable UEs
For automation factory in door [2], the robot arm equipped with UE allows remote control. For a precise operation which involves multiple robots, the local time of clock of each robot shall be synchronized. The operation commands sent to the robots then can have a time stamp (e.g. <1us accuracy) of the application’s command so that they can collaborate together to perform a defined action. In this case the (MTC) UEs may be covered by one or two eNB(s). 
Because of the high accuracy local clock, e.g. 1us, at UE it implies that the synchronisation of robots’ clocks has to be controlled by the 3GPP system, for example, typical latency from eNB to the UEs may span from less than 1 micro-second to several micro-seconds. This latency must be used by UEs to calibrate the local clocks. 
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Fig.2 Robot arms
3. Proposal
* * * * Start of Change * * * *
7.2
Low latency and high reliability

Editor's Note: Text in this section is still to be elaborated 

7.2.1
Overview

Several service scenarios demand very low latency and very high reliability. The overall service latency depends on the delay on the radio interface, transmission within the 3GPP system, transmission to a server which may be outside the 3GPP system, and data processing. Some of these factors depend directly on the 3GPP system itself, whereas for others the impact can be reduced by suitable interconnections from the 3GPP system to services or servers outside of the 3GPP system, for example, to allow local hosting of the services. The services and their performance requirements can be found in table 7.2.2-1. Latency in the table refers to the one-way latency on the radio layer.
7.2.2
Services and KPIs
Services requiring low latency and high reliability can be categorized in the following groups:
-
Industrial control - Conventional industrial control is characterised by high requirements on the communications system regarding latency, reliability, and availability. Systems supporting industrial 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.

-
Industrial automation - Industrial automation is characterised by high requirements on the communications system regarding reliability and availability. Systems supporting industrial 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.

-
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 services.

	Service
	Latency
	Reliability
	Experienced data rate
	Payload
	Traffic density
	Connection density
	Coverage

NOTE 1
	Comments

	Industrial control
	1ms
	99,999 %
	1 Mbps
	Small
	1 Gbps/km2
	1 000/km2
	Very high
	NOTE 2

	Industrial automation
	10ms
	99,999 %
	1 Mbps
	Small
	100 Mbps/km2
	100/km2
	High
	

	Tactile interaction
	0,5ms
	[99,999 %]
	[Low]
	[Small]
	[Low]
	[Low]
	[Very high]
	NOTE 2

	Audio-visual interaction
	[10ms]
	[99,9 %]
	[250 Mbps]
	[Big]
	[Low]
	Low]
	[High]
	NOTE 3

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

	NOTE 1: 
The coverage requirement applies to the service area, e.g., inside a factory.

NOTE 2: 
Traffic prioritization and hosting services close to the end-user may be helpful in reaching the lowest latency values.

NOTE 3: 
Audio-visual interaction requires very low-delay audio and video coding, and high video frame rates (e.g., 120 fps).

NOTE 4: 
All the values in this table are targeted values and not strict requirements. 


Editor's Note: All values in this table are FFS.
7.2.3
Other requirements

To support virtual reality environments with low motion-to-photon capabilities, the 5G system shall support equivalent low motion-to-sound delay (<20ms).

NOTE: 
in virtual reality the motion-to-sound latency is the latency between the physical movement of a user’s head and updated sound waves from a head mounted speaker reaching their ears.
To support interactive task completion during voice conversations the 5G system shall support low-delay speech coding for interactive conversational services (100ms, one way mouth-to-ear).

The 3GPP system shall be able to support low latency message transfer between the robots or wearable UEs to allow them to synchronize their local clocks together with high accuracy (1 us) even when they are in-door.
* * * * End of Change * * * *
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