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-------------------------            START FIRST CHANGE         -----------------------------
5.3.2.6
Potential New Requirements needed to support the use case
Table 5.3.2.6‑1: Potential new Communication Service Performances Requirements
	Use case 
	Characteristic parameter
	Influence quantity

	5.3.2 – Ultrasound examination & Remote Interventional Support
	Communication service availability: target value in %
	Communication service reliability: Mean Time Between Failure
	End-to-end latency: maximum
	Bit rate
	Direction
	Message

Size

[byte]
	Survival time
	UE speed
	# of UEs

connection
	Service Area

[km] (note 1)

	Compressed 4K (3840x2160 pixels) 60 fps 12 bits per pixel color coded (e.g. YUV 4:1:1) real-time video stream
	99.999
	1 day
	<20 ms
	[100 Mbits/s]
	UE to Network
	~1500
	~16 ms
	stationary
	<20 per 100 km2
	<50

	Uncompressed 512x512 pixels 32 bits 20 fps video stream from ultra-sound probe
	99.999
	1 day
	<20 ms
	[160 Mbits/s]
	UE to Network
	~1500
	~50 ms
	stationary
	<20 per 100 km2
	<50

	NOTE 1: Straight line distance between an ambulance and the closest emergency room


-------------------------            END FIRST CHANGE         -----------------------------
-------------------------            START SECOND CHANGE         -----------------------------
5.3.3.6
Potential New Requirements needed to support the use case
Table 5.3.3.6‑1: Potential new Communication Service Performances Requirements
	Use case 
	Characteristic parameter
	Influence quantity

	5.3.3 – Communication QoS requirement for robotic telesurgery
	Communication service availability: target value in %
	Communication service reliability: Mean Time Between Failure
	End-to-end latency: maximum
	Bit rate
	Direction
	Message

Size

[byte]
	Survival time
	UE speed
	# of UEs

connection
	Service Area

[km] (note 2)

	Stereoscopic 4K 60 fps 12 bits per pixel color coded (e.g. YUV 4:1:1) real time video (loss less compressed)
	99.9999
	1 day
	< 250 ms
	[4 Gbit/s]
	UE to Network; Network to UE
	~1500 - ~9000

(note 1)
	~16 ms
	stationary
	< 2 per 1000 km2
	<400

	4K 60 fps 12 bits per pixel color coded (e.g. YUV 4:1:1) real time video (loss less compressed)
	99.9999
	1 day
	< 250 ms
	[2 Gbit/s]
	Network to UEs
	~1500 - ~9000

(note 1)
	~16 ms
	stationary
	< 5 per 100m2 (note 3)
	<400

	Haptic Feedback
	99.9999
	1 day
	<20 ms
	2 Mbits/s
	Network to UE
	250
	~1 ms
	stationary
	< 2 per 1000 km2
	<400

	Haptic Feedback
	99.9999
	1 day
	<20 ms
	16 Mbits/s
	UE to Network
	~2000
	~1 ms
	stationary
	< 2 per 1000 km2
	<400

	NOTE 1: MTU size of 1500 bytes is not generally suitable to gigabits connections as it induces many interruptions and loads on CPUs. On the other hand, Ethernet jumbo frames of up to 9000 bytes require all equipment on the forwarding path to support that size in order to avoid fragmentation.
NOTE 2: Straight line distance between surgeon’s console at the hospital and the remote robotic telesurgery system.

NOTE 3: This comprises a maximum of 5 displays gathered in the same room considering a room density <2 per 1000 km2


Table 5.3.3.6-2: Clock Synchronization service performance requirements

	Number of devices for clock synchronisation
	Clock synchronicity requirement
	Service area (note 1)

	Up to 10 UEs (note 2)
	< 50 µs
	400 km

	NOTE 1: Straight line distance between surgeon’s console at the hospital and the remote telesurgery system
NOTE 2: This comprises displays, robotic actuators, haptic feedback sensors, located at either end of the robotic system (robot or console) and training monitors at an intermediary location 


-------------------------            END SECOND CHANGE         -----------------------------
-------------------------            START THIRD CHANGE         -----------------------------
5.3.4.5
Potential New Requirements needed to support the use case 

Table 5.3.4.5‑1: Potential new Communication Service Performances Requirements
	Use Case
	Characteristic parameter
	Influence quality

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

Size 

[byte] 
	Survival time 
	UE speed 
	# of UEs 

Connection

(Note 1) 
	Service Area 

[km²] 

(Note 2)

	Stereoscopic 4K 60 fps 12 bits per pixel color coded (e.g. YUV 4:1:1) real time video (loss less compressed) 
	99.99
	1 day 
	< 250 ms 
	[~4 Gbit/s] 
	UE to Network 
	~1500 -9000 
	~16 ms 
	stationary
	<20 per 100 km2 
	~ 0.1 
Regional

	Compressed 4K video stream 
	99.99 
	1 day 
	<100 ms 
	[~100 Mbit/s] 
	Network to UE 
	~1500 
	~100 ms 
	stationary
	<20 per 100 km2 
	~ 0.1 
Regional

	Haptic feedback data stream 
	99.999 
	1 day 
	<20 ms 
	[~2 Mbit/s /

16 Mbit/s ]
	UE to Network

Network to UE 
	~80 
	~1 ms
	stationary
	<20 per 100 km2 
	~ 0.1 
Regional

	High quality audio stream 
	99.99 
	1 day 
	<100 ms 
	[128 kbit/s] 
	UE to Network; Network to UE 
	~300 
	~16 ms 
	stationary
	<20 per 100 km2
	~ 0.1 
Regional

	CT/MRI scan data, max 300Mbyte of DICOM data
	99.99
	1 day 
	seconds
	[>240Mbit/s]
	UE to Network
	~1500 -9000
	
	stationary
	<20 per 100 km2
	~ 0.1 
Regional

	Remote console for CT/MRI (XVGA compressed)
	99.99
	1 day
	<100ms
	[50Mbit/s]
	Network to UE

UE to Network
	
	
	stationary
	<20 per 100 km2
	~ 0.1 
Regional

	Uncompressed 512x512 pixels 32 bits 20 fps video stream from ultra-sound probe 
	99.99
	1 day 
	<50 ms 
	[160 Mbit/s] 
	UE to Network 
	~1500 
	~50 ms 
	stationary 
	<20 per 100 km2
	~ 0.1 
Regional

	Note 1: UEs per type of communication service. The use case has approx. 12 UEs supporting different applications / communication services.

Note 2: The mobile specialist practice has dimensions of ca. 15 m x 3 m x 3 m. However, the UEs need to connect to the base station of the 5G network in the vicinity. The complete service area is regional (from mobile specialist practice to remote specialist in hospital)


-------------------------            END THIRD CHANGE         -----------------------------
-------------------------            START FOURTH CHANGE         -----------------------------
5.5.2.6
Potential New Requirements needed to support the use case

Table 5.5.2.6‑1: Potential new Communication Service Performances Requirements
	Use case 
	Characteristic parameter
	Influence quantity

	5.5.2 – Patient monitoring inside ambulances
	Communication service availability: target value in %
	Communication service reliability: Mean Time Between Failure
	End-to-end latency: maximum
	Bit rate
	Direction
	Message

Size

[byte]
	Survival time
	UE speed
	# of UEs

connection
	Service Area

[km] (note 3)

	Compressed 4K (3840x2160 pixels) 12 bits per pixel (e.g. YUV4:1:1) 60 fps real time video stream
	99.999
	1 day
	< 100ms
	[100 Mbits/s]
	UE to Network
	~1500
	~16 ms
	150
	<20 per 100 km2
	<50

	Uncompressed 2048x2048 pixels 16 bits per pixel 10 fps real-time video scan stream
	99.99
	1 day
	<100ms
	[670 Mbits/s]
	UE to Network
	~1500
	~100 ms
	150
	<20 per 100 km2
	<50

	Physical vital signs monitoring data stream
	99.999
	1 day
	<100 ms
	1 Mbits/s
	UE to Network
	~80 (note 1)
	
	150
	<20 per 100 km2
	<50

	High quality audio stream
	99.99
	1 day
	<100 ms
	128 kbits/s
	UE to Network; Network to UE
	~300 (note 2)
	~16 ms
	150
	<20 per 100 km2
	<50

	NOTE 1: For example, 10 bytes digitized ECG signal sampled at 200Hz, plus 40 bytes IPv6 headers or 20 Bytes IPv4 headers + 22 bytes Ethernet + 4 bytes CRC

NOTE 2: For example, 12 bytes RTP + 8 bytes UDP + 20 bytes IPv4 + 22 bytes Ethernet + 4 bytes CRC + Audio Payload = 322 bytes every 16ms
NOTE 3: Straight line distance between an ambulance and the closest emergency room


-------------------------            END FOURTH CHANGE         -----------------------------
-------------------------            START FIFTH CHANGE         -----------------------------
7.2 
Network services performance requirements

Table 7.2.1‑1: New consolidated performance requirements for wireless operating rooms

	Requirement
	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]
	Survival time
	UE speed

(km/h)
	# of UEs

connection
	Service Area



	5.2.2 - 8K 120 fps HDR 10bits real-time video stream with lossless compression

5.2.3 - 4K 120 fps HDR 10bits real-time video stream with lossless compression
	>99.99999
	>1 day
	<1 ms
	<[50 Gbit/s]
	UE to Network
	~1500 - ~9000 (note 1)
	~8ms
	stationary
	1
	Small Indoor

	5.2.4 - Stereoscopic 4K 120 fps HDR 10bits real-time video stream with lossless compression
	>99.99999
	>1 day
	<2 ms
	<[24 Gbit/s]
	Network to UE; UE to Network
	~1500 - ~9000

(note 1)
	~8ms
	stationary
	1
	Small Indoor

	5.2.2 - 8K 120 fps HDR 10bits real-time video stream with lossless compression

5.2.3 - 4K 120 fps HDR 10bits real-time video stream with lossless compression

5.2.4 - 4K 120 fps HDR 10bits real-time video stream with lossless compression
	>99.99999
	>1 day
	<1 ms
	<[50 Gbit/s]
	Network to UEs
	~1500 - ~9000 (note 1)
	~8ms
	stationary
	<10
	Small Indoor

	5.2.3 3D 256 x 256 x 256 voxels 24 bits 10 fps ultrasound unicast data stream
	>99.9999
	>1 day
	<10ms
	<4 Gbit/s
	UE to Network
	~1500
	~100 ms
	stationary
	1
	Small Indoor

	5.2.4 - Motion control data stream
	>99.999999
	>1 day
	<2 ms
	<16 Mbit/s
	Network to UE; UE to Network
	<2000
	~1 ms
	Stationary
	1
	Small Indoor

	5.2.4 - Haptic feedback data stream
	>99.999999
	>1 day
	<2 ms
	<16 Mbit/s
	Network to UE; UE to Network
	<2000
	~1 ms
	Stationary
	1
	Small Indoor

	NOTE 1: MTU size of 1500 bytes is not generally suitable to gigabits connections as it induces many interruptions and loads on CPUs. On the other hand, Ethernet jumbo frames of up to 9000 bytes require all equipment on the forwarding path to support that size in order to avoid fragmentation.


Table 7.2.1‑2: New consolidated performance requirements over a PLMN in static conditions

	Requirement
	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]
	Survival time
	UE speed

(km/h)
	# of UEs

connection
	Service Area



	5.3.2 - Compressed 4K (3840x2160 pixels) 60 fps 12 bits per pixel color coded (e.g. YUV 4:1:1) real-time video stream

5.3.2 - Uncompressed 512x512 pixels 32 bits 20 fps video stream from ultra-sound probe
5.3.4 - Mobile Specialist Practice
	>99.99 - 99.999 (note 2)
	>1 day
	<20 ms
	<200 Mbit/s
	UE to Network; Network to UE
	~1500
	~16 ms
	stationary
	<20 per 100 km2
	Regional

	5.3.3 - Stereoscopic 4K 60 fps 12 bits per pixel color coded (e.g. YUV 4:1:1) real time video (loss less compressed)
5.3.4 - Mobile Specialist Practice
	>99.99 - 99.9999 (note 2)
	>1 day
	< 250 ms
	<[4 Gbit/s]
	Network to UE; UE to Network
	~1500 - ~9000 (note 1)
	~16 ms
	stationary
	<20 per 100 km2
	National; Regional

	5.3.3 - 4K 60 fps 12 bits per pixel color coded (e.g. YUV 4:1:1) real time video (loss less compressed)
	>99.9999
	>1 day
	< 250 ms
	<[2 Gbit/s]
	Network to UEs
	~1500 - ~9000 (note 1)
	~16 ms
	stationary
	<5 per 100m2 (note 3)
	National

	5.3.3 - Haptic Feedback
5.3.4 - Mobile Specialist Practice
	>99.999 - 99.9999 (note 2)
	>1 day
	<20 ms
	<16 Mbit/s
	Network to UE; UE to Network
	<2000
	~1 ms
	stationary
	<20 per 100 km2
	National; Regional

	NOTE 1: MTU size of 1500 bytes is not generally suitable to gigabits connections as it induces many interruptions and loads on CPUs. On the other hand, Ethernet jumbo frames of up to 9000 bytes require all equipment on the forwarding path to support that size in order to avoid fragmentation.
NOTE 2: Higher values are needed for telesurgery systems.
NOTE 3: This comprises a maximum of 5 displays gathered in the same 100m2 room considering a room density <2 per 1000km2


Table 7.2.1‑3: New consolidated performance requirements over a PLMN in moving conditions

	Requirement
	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]
	Survival time
	UE speed

(km/h)
	# of UEs

connection
	Service Area



	5.5.2 - Compressed 4K (3840x2160 pixels) 12 bits per pixel (e.g. YV12) 60 fps real time video stream

5.5.2 - 2048x2048 pixels 16 bits per pixel 10 fps real-time video scan stream compressed with a lossless compression algorithm
	99.999 to 99.99
	>1 day
	< 100ms
	<[350 Mbit/s]
	UE to Network
	~1500
	<100 ms
	<150
	<20 per 100 km2
	Regional

	5.5.2 - Physical vital signs monitoring data stream
	>99.999
	>1 day
	<100 ms
	<1 Mbit/s
	UE to Network
	~80
	-
	<150
	<20 per 100 km2
	Regional

	5.5.2 - High quality audio stream
	>99.99
	>1 day
	<100 ms
	<128 kbit/s
	Network to UE; UE to Network
	~300
	~16 ms
	<150
	<20 per 100 km2
	Regional

	5.5.3 - Cardiac telemetry outside the hospital (note 2)
	>99.9999
	<1 year (>>1 month)
	<100 ms
	0.5 Mbit/s
	UEs to Network
	<1000
	<1 s
	<500
	10/km2 – 1000/km2 
	Country wide including rural areas; Deep Indoor (note 1)

	NOTE 1: In this context, "deep indoor" term is meant to be places like e.g. elevators, building’s basement, underground parking lot, …

NOTE 2: These performance requirements aim energy-efficient transmissions performed using a device powered with a 3.3V battery of capacity <1000 mAh that can last at least 1 month without recharging and whereby the peak current for transmit operations stays below 50 mA.


-------------------------            END FIFTH CHANGE         ----------------------------
