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-------------------------            START FIRST CHANGE         -----------------------------
5.2
Periodic deterministic communication

Periodic deterministic communication is periodic with stringent requirements on timeliness and availability of the communication service. A transmission occurs every transfer interval. A description of periodic 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 5.2-1 can be found in Annex A. Further information on characteristic parameters and influence quantities used in Table 5.2-1 can be found in Annex C. 

The 5G system shall be able to provide periodic deterministic communication with the service performance requirements reported in Table 5.2-1. 

Process and asset monitoring using industrial wireless sensors is a special case of periodic deterministic communication with more relaxed requirements on timeliness and availability. These use cases put a slightly different set of requirements on the 5G system due to the specific constraints of industrial wireless sensors. These requirements are listed in Table 5.2-2 and additional information on the underlying use cases can be found in Annex A.

Table 5.2-1: Periodic deterministic communication service performance requirements

	Characteristic parameter
	Influence quantity
	

	Communica​tion service availability: target value (note 1)
	Communication service reliability: mean time between failures
	End-to-end latency: maximum (note 2)
	Service bit rate: user experienced data rate
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	# of UEs
	Service area 
(note 3)
	Remarks

	99,999 % to 99,99999 %
	~ 10 years


	< transfer interval value
	–
	50
	500 μs 
	500 μs
	≤ 75 km/h
	≤ 20
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	–
	40
	1 ms 
	1 ms
	≤ 75 km/h
	≤ 50
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	–
	20
	2 ms 
	2 ms
	≤ 75 km/h
	≤ 100
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99,9999 %
	–
	< 5 ms
	1 kbit/s (steady state)
1,5 Mbit/s (fault case)
	< 1500
	< 60 s 
(steady state)
≥ 1 ms (fault case)
	TBD
	stationary
	20
	30 km x 20 km
	Electrical Distribution – Dis​tributed automated switch​ing for isolation and service restoration (A.4.4); (note 5) 

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	
	1 k
	≤ 10 ms
	10 ms
	-
	5 to 10
	100 m x 30 m x 10 m
	Control-to-control in motion control (A.2.2.2); (note 9)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	50 Mbit/s
	
	≤ 1 ms
	3 * transfer interval
	stationary
	2 to 5
	100 m x 30 m x 10 m
	Wired-2-wireless 100 Mbit/s link replacement (A.2.2.4)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	250 Mbit/s
	
	≤ 1 ms
	3 * transfer interval
	stationary
	2 to 5
	100 m x

30 m x 10 m
	Wired-2-wireless 1 Gbit/s link replacement (A.2.2.4)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	
	1 k
	≤ 50 ms
	50 ms
	-
	5 to 10
	1000 m x 30 m x 10 m
	Control-to-control in motion control (A.2.2.2); (note 9)

	> 99,9999 %
	~ 10 years
	< transfer interval value
	–
	40 to 250
	1 ms to 50 ms (note 6) (note 7)
	transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2
	Mobile robots (A.2.2.3)

	99,9999 % to 99,999999 %
	~ 1 month
	< transfer interval value
	–
	40 to 250
	4 ms to 8 ms (note 7)
	transfer interval value
	< 8 km/h
	TBD
	50 m x 10 m x 4 m
	Mobile control panels – remote control of e.g. assembly robots, milling machines (A.2.4.1); (note 9)

	99,9999 % to 99,999999 %
	~ 1 year
	< transfer interval
	–
	40 to 250


	< 12 ms (note 7)
	12 ms
	< 8 km/h
	TBD
	typically 40 m x 60 m; maximum 200 m x 300 m
	Mobile control panels -remote control of e.g. mobile cranes, mobile pumps, fixed portal cranes (A.2.4.1); (note 9)

	99,9999 % to 99,999999 %
	≥ 1 year
	< transfer interval value
	–
	20
	≥ 10 ms (note 8)
	0
	typically stationary
	typically 10 to 20
	typically ≤ 100 m x 100 m x 50 m
	Process automation – closed loop control (A.2.3.1)

	99,999 %
	TBD
	~ 50 ms  
	–
	~ 100
	~ 50 ms
	TBD
	stationary
	≤ 100 000
	several km2 up to 100 000 km2
	Primary frequency control (A.4.2); (note 9)

	99,999 %
	TBD
	~ 100 ms
	–
	~ 100
	~ 200 ms
	TBD
	stationary
	≤ 100 000
	several km2 up to 100 000 km2
	Distributed Voltage Control (A.4.3) (note 9)

	> 99,9999 %
	~ 1 year
	< transfer interval value
	–
	15 k to 250 k
	10 ms to 100 ms (note 7)
	transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2
	Mobile robots – video-operated remote control (A.2.2.3)

	> 99,9999 %
	~ 1 year
	< transfer interval value
	–
	40 to 250
	40 ms to 500 ms (note 7)
	transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2
	Mobile robots (A.2.2.3)

	99,99 %
	≥ 1 week
	< transfer interval value
	–
	20 to 255
	100 ms to 60s (note 7)
	≥ 3 x transfer interval value
	typically stationary
	≤ 10 000 to 100 000
	≤ 10 km x 10 km x 50 m
	Plant asset management (A.2.3.3)

	> 99.999999%
	>10 years
	<2 ms
	2-16 Mbit/s
	250 to 2000
	1 ms
	transfer interval value
	Stationary
	1
	< 100 m2
	Robotic Aided Surgery (A.6.2)

	> 99.9999% 
	>1 year
	<20 ms
	2-16 Mbit/s
	250 to 2000
	1 ms
	transfer interval value
	Stationary
	2 per 1000 km2
	< 400 km (note 12)
	Robotic Aided Surgery (A.6.2)

	> 99.999%
	>> 1 month (< 1 year)
	<20 ms
	2-16 Mbit/s
	80
	1 ms
	transfer interval value
	Stationary
	20 per 100 km2
	< 50 km (note 12)
	Robotic Aided Diagnosis (A.6.3)

	99,9999 % to 99,999999 %
	~ 10 years
	< 0.5 * transfer interval
	2.5 Mbit/s
	250
500 with localisation information
	> 5
>2.5
>1.7
(note 10)
	0
transfer interval
2 * transfer interval
(note 10)
	≤6 km/h
	2-8
	10 m x 10 m x 5 m;
50  m x 5 m x 5 m
(note 11
	Cooperative carrying – fragile work pieces; (ProSe communication)

	99,9999 % to 99,999999 %
	~ 10 years
	< 0.5 * transfer interval
	2.5 Mbit/s
	250
500 with localisation information
	> 5
>2.5
>1.7
(note 10)
	0
transfer interval
2 * transfer interval
(note 10)
	≤12 km/h
	2-8
	10 m x 10 m x 5 m;
50 m x 5 m x 5 m
(note 11)
	Cooperative carrying – elastic work pieces; (ProSe communication)

	NOTE 1:
One or more retransmissions of network layer packets may take place in order to satisfy the communication service availability requirement.

NOTE 2:
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 3:
Length x width (x height).

NOTE 4:
(void)

NOTE 5:
Communication includes two wireless links (UE to UE).

NOTE 6:
This covers different transfer intervals for different similar use cases with target values of 1 ms, 1 ms to 10 ms, and 10 ms to 50 ms.

NOTE 7:
The transfer interval deviates around its target value by < ± 25 %.

NOTE 8:
The transfer interval deviates around its target value by < ± 5 %.

NOTE 9:
Communication may include two wireless links (UE to UE).

NOTE 10:
The first value is the application requirement, the other values are the requirement with multiple transmission of the same information (two or tree times respectively).

NOTE 11:
Service Area for direct communication between UEs. The group of UEs with direct communication might move throughout the whole factory site (up to several km²).
NOTE 12:
Maximum straight-line distance between UEs.


-------------------------            END FIRST CHANGE         -----------------------------
-------------------------            START SECOND CHANGE         -----------------------------
A.6
Connected hospitals or medical facilities

A.6.1
Overview

The traditional value chain for the medical device industry, which historically has been driven by innovation and research and development, is currently witnessing a shift in the landscape. As governments and health insurers worldwide implement measures to control costs, public hospitals are operating on tighter budgets, while private facilities are receiving lower reimbursements. In the developed world, decisions that used to be the sole preserve of doctors are now also made by regulators, hospital administrators, and other non-clinicians. This broader set of influencers comes with different objectives, e.g. the prioritization of cost effectiveness or even just costs. 

This shift in focus from volume-based healthcare to value-based healthcare has led medical devices companies to move to business models based on providing clinical value with cost efficiency.

Technological progress and better infrastructures, in particular high-quality wireless networks, have fed this business model transformation, allowing coordinated therapies, services, and health analytics and enabling efficient outcome measurement solutions. 

On this matter, 5G enables shifting care location from hospitals to homes and others lower cost facilities which mechanically translates into more savings. Additionally, another example showing that 5G can enable cost savings required by the medical industry can be found inside hospitals where wireless transmission of low latency data streams improves operating room planning, enable streamlining equipment usage and simplifies operating theater implementation.

A.6.2
Robotic Aided Surgery

Robotic aided surgery is particularly suitable to invasive surgical procedures that require delicate tissue manipulation and access to areas with difficult exposure. It is achieved through complex systems that translate the surgeon’s hand movements into smaller, precise movements of tiny instruments that can generally bend and rotate far more than a human hand is capable of doing inside the patient’s body. In addition, those systems are usually able to filter out hand tremor and therefore allow more consistent outcomes for existing procedures, and more importantly the development of new procedures currently made impractical by the accuracy limits of unaided manipulation.

A typical robotic setup for telesurgery can be depicted as follow;
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Figure A.6.2-1: Typical Robotic Surgery System Setup

The robot and the surgeon’s console can be colocated in the same operating room in which case they communicate through a NPN, or, in another deployment option, when specialists and patients are far from each others (hundreds of kilometres) they can exchange data through communication services delivered by PLMNs. The depicted medical application can be instantiated at either side or in the Cloud. Its role consists in: 

-
Generating appropriate haptic feedback based on instrument location, velocity, effort measurements data and images issued by surgical instruments and 3D pre-operative patient body model. This allows to provide tactile guidance by constraining where the instruments (scalpel, etc.) can go.
-
Filtering motion control commands for better closed loop stability
Typical surgery robotic systems can have around 40 actuators and the same number of sensors which allows to compute the data rate requires in each direction in order to execute a given movement. 

Human sensitivity of touch is very high, tactile sensing has about 400 Hz bandwidth, where bandwidth refers to the frequency of which the stimuli can be sensed. This is why, in general, haptic feedback systems operate at frequencies around 1000 Hz. This rate naturally applies to the update of all information used in the generation of the haptic feedback, e.g. instruments velocity, position … Therefore, the robot control process involves:

-
The surgeon console periodically sending a set of points to actuators

-
Actuators executing a given process 

-
Sensors sampling velocity, forces, positions, … at the very same time and returning that information to the surgeon console at the rate of 1 kHz

As opposed to machine to machine communication, robotic aided surgery implies there is a human being in the middle of the control loop, which means that the console generates new commands based on the system state collected in the previous 1 kHz cycle and also on surgeon’s hand movement.

Each equipment involved in a robotic telesurgery setup (endoscopes, image processing system, displays, motion controller and haptic feedback systems) is synchronized thanks to a common clock either external or provided by the 5G system. The synchronization is often achieved through dedicated protocols such as e.g. PTP version 2 and allows to e.g. guarantee the consistency of the haptic feedback and displayed images at the master console, or enable the recording and offline replay of the whole procedure.
Table A.6.2-1: Service performance requirements for motion control and haptic feedback

	Use case # 
	Characteristic parameter
	Influence quantity

	
	Communication service availability: target value in %
	Communication service reliability: Mean Time Between Failure
	End-to-end latency: maximum
	Bit rate
	Direction
	Message

Size

[byte]
	Transfer Interval
	Survival time
	UE speed
	# of UEs

connection
	Service Area

	1
	>99.999999
	>10 year
	<2 ms
	2-16 Mbit/s
	Network to UE; UE to Network
	250 - 2000
	1 ms
	Transfer Interval
	Stationary
	1
	Room

	2
	>99.9999
	>1 year
	<20 ms
	2-16 Mbit/s
	Network to UE; UE to Network
	250 - 2000
	1 ms
	Transfer Interval
	Stationary
	< 2 per 1000 km2
	National


Use case one

Periodic communication for the support of precise cooperative robotic motion control and haptic feedback in case of robotic aided surgery where the surgeon console and the robot are collocated in the same operating room

Use case two

Periodic communication for the support of cooperative robotic motion control and haptic feedback in case of telesurgery. In this case, the surgeon console and the robot are not collocated and communicate with each other through a connection established over a PLMN possibly spanning an entire country. Relaxed requirements imply that much less complex surgical procedures are achievable in use case 2 than in use case 1. It shall be noted that this use case also involves more experienced and trained surgeons, who can cope with longer latencies in the communication system.
A.6.3
Robotic Aided Diagnosis

Robotic aided diagnosis involve a remote expert in a large central hospital who controls a diagnosis robotic system deployed in a local medical facility. Such robotic systems can be e.g.:

-
Haptic feedback tool used for palpating and deployed in e.g. a Mobile Specialist Practise facility

-
Ultrasound probe deployed in an ambulance or a medical facility 

A typical robotic setup for telediagnosis can be depicted as follows:
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Figure A.6.3-1: Typical Robotic Surgery System Setup

Specialists and patients are far from each others (typically dozens of kilometres) and can exchange data through communication services delivered by PLMNs. The depicted medical application can be instantiated at either side or in the Cloud. Its role consists in: 

· Generating appropriate haptic feedback based on instrument location, velocity, effort measurements data and images issued by instruments.
· Filtering motion control commands for better closed loop stability
Table A.6.3-1: Service performance requirements for motion control and haptic feedback

	Use case # 
	Characteristic parameter
	Influence quantity

	
	Communication service availability: target value in %
	Communication service reliability: Mean Time Between Failure
	End-to-end latency: maximum
	Bit rate
	Direction
	Message

Size

[byte]
	Transfer Interval
	Survival time
	UE speed
	# of UEs

connection
	Service Area

	1
	>99.999
	>> 1 month (< 1 year)
	<20 ms
	2-16 Mbit/s
	Network to UE; UE to Network
	~80
	1 ms
	Transfer Interval
	Stationary
	<20 per 100 km2
	Regional


Use case one

Periodic communication for the support of precise cooperative robotic motion control and haptic feedback in case of robotic aided diagnosis where the expert and the patient are not collocated and communicate with each other through a connection established over a PLMN.

-------------------------            END SECOND CHANGE         -----------------------------
