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Abstract: this contribution provides an update of the performance requirements consolidation on ubiquitous connectivity, based on the end of discussion from SA1#112 ad hoc e-meeting.
1. Introduction
The consolidated performance requirements for clause 8 are categorised into two parts.
The consolidated performance requirements for positioning services covers the following use cases and PRs. The scenarios in the KPI table are sorted from less demanding to more demanding cases.
· [PR 8.5.6-1] from use case on resilient positioning in satellite networks
· [PR 8.7.6-2] from use case on low-energy positioning in satellite networks (updated in SA1#112)
· [PR 8.10.6-1] from use case on hybrid TN and NTN positioning
· [PR 8.11.6-2] from use case on hybrid NTN and GNSS positioning
The consolidated performance requirements for NTN covers the following use cases and PRs. Based on SA1#112 discussion, all of the KPIs in TS 22.261 Table 7.4.2-1 Performance requirements for satellite access are included.
· [PR 8.2.6-1] from use case on ubiquitous and resilient network (EN addressed in SA1#112)
· [PR 8.4.6-2] from use case on service continuity for wearable mobile devices
· [PR 8.6.6-2] from use case on disaster relief
· [PR 8.8.6-2] from use case on global mobile video (updated in SA1#112)
· [PR 8.9.6-2] from use case on low-altitude logistics supported by NTN
· [PR 11.5.6-1] from use case on immersive media services for advanced air mobility (AAM) enabled by 6G NTN (from industry and verticals)
· [PR 11.6.6-1] from use case on high-rate aircraft communication services in 6G (from industry and verticals)
2. Summary of changes
1072:
The update is from the following PRs, including the performance requirements for satellite access for UAM and Airplane from industry and verticals.
· Add “ubiquitous” in the title of sub-clause 14.2.3.2 and Table 14.2.3.2-1.
· Update note 2 to be clear it is about 3GPP satellite-based positioning.
· After double checking the service flow in UC 8.7, original note 5 is replaced with note 2 as it is also about 3GPP satellite-based positioning.
· “Maritime” is reversed to “Airborne and maritime” as in UC 8.11. Airborne in this use case uses hybrid NTN and GNSS positioning, which is different from other airborne use cases.
· With the above changes, the two ENs are solved.
· “Containers on board” is reversed to “Containers” as in UC 8.7. The use case is about tracking containers, not tracking containers on vessels.
· Add the referred use case for each scenario.
1126:
· Merge of S1-261104.
1264:
· In the positioning table, revise note 5, remove note 6 and replace note 6 with note 5.
· In the communication table, do not separate Ubiquitous and Resilient Network from others anymore. Add a note to this scenario. Remove “immersive” from the name of the scenario.
1373:
· In the positioning table, revise NOTE 3.

3. Proposal
It is proposed to approve the following changes to 3GPP TR 22.870.



* * * First Change * * * *
14.2.3	Ubiquitous Connectivity
14.2.3.1	Consolidated performance requirements for satellite-based positioning services
Table 14.2.3.1-1: Consolidated performance requirements for satellite-based positioning services
	Scenario
	Accuracy 
(95 % confidence level)
	Positioning service availability
	Positioning service latency
	Positioning service area/Environment of use
	MAX UE speed
	UE type
	Others

	
	Horizontal Accuracy 
	Vertical Accuracy
	
	
	
	
	
	

	Containers
(note 1, 2)

(UC 8.7)
	[100] m
	N/A
	[95] %
	N/A
	Outdoor
	[37] km/h
	Container mounted
	Battery life
expectancy
(note 1)
12 years

	Pallets
(note 1, 2)

(UC 8.7)
	[100] m
	N/A
	[95] %
	N/A
	Outdoor
	[100] km/h
	Vehicle mounted
	Battery life
expectancy
(note 1)
7 years

	Wagons
(note 1, 2)

(UC 8.7)
	[100] m
	N/A
	[95] %
	N/A
	Outdoor
	[350] km/h
	Train mounted
	Battery life
expectancy
(note 1)
20 years

	Airplane en-route (note 2)

(UC 8.5)
	[50] m
	[50] m
	[99] %
	[1] s
	Outdoor
	[1500] km/h
	Airplane mounted
	-

	Airplane landing (note 2)

(UC 8.5)
	[10] m
	[10] m
	[99] %
	[1] s
	Outdoor
	[350] km/h
	Airplane mounted
	-

	UE with partly obstructed sky
(note 5)

(UC 8.11)
	[10] m
	[3] m
	[95] %
	[1] s
	Outdoor rural and urban
	[250] km/h
	Handheld, vehicle mounted or IoT
	-

	Agriculture & farming (e.g. livestock, equipment tracking)
(note 1, 2)

(UC 8.7)
	[5-10] m 
[376]
	
	[95 %]
	
	Outdoor (Rural/remote areas)
	[30] km/h
	Animal mounted (e.g. collar) or passive asset/equipment mounted (e.g. non-powered harvesting crates, trailers, wheelbarrows)
	Battery life
expectancy
(note 1)
10 years

	Airborne and maritime
(note 5)

(UC 8.11)
	[3-5] m
	[3-5] m
	[99] %
	[1] s
	Outdoor rural
	[500] km/h
	Airborne or maritime mounted
	-

	UAV facility monitoring (note 3, 56)

(UC 8.10)
	[3-5] m
	[3-5] m
	[99] %
	[0,1-0,5] s
	Outdoor
	[160] km/h
	UAV mounted
	-

	UAV positioning (note 2, 56)

(UC 8.5)
	[1-5] m
	[1-5] m
	[99] %
	[1] s
	Outdoor
	[160] km/h
	UAV mounted
	-

	Airplane taxiway (note 3, 4, 56)

(UC 8.10)
	[1-5] m
	N/A
	[99] %
	[0,1-0,5] s
	Outdoor
	[100] km/h
	Airplane mounted
	-

	NOTE 1:	These devices can be battery powered.
NOTE 2:	3GPP satellite-based positioning, independently of non-3GPP positioning technologies (e.g. GNSS), is considered in these use cases. Multiple satellites can be used to support 3GPP positioning technologies.
NOTE 3:	Requirements for Airplane taxiway and UAV facility monitoring are in [25]. Hybrid TN and NTN positioning is considered in the use case.
NOTE 4:	Airplane taxiway refers to an airplane on ground during taxi operations.
NOTE 5: 	For these scenarios, hybrid 3GPP satellite-based positioning and non-3GPP positioning (e.g. GNSS) technologies can be considered. Hybrid NTN and GNSS positioning is considered in the use case. Non-3GPP positioning technologies are notKPIs may not be fully under control of the 6G system.
NOTE 6: 	Hybrid 3GPP and non-3GPP positioning technologies can also be considered.




14.2.3.2	Consolidated performance requirements for ubiquitous communication
Table 14.2.3.2-1: Consolidated performance requirements for ubiquitous communication 
	Scenario
	Experienced data rate
	Area traffic capacity
(note 1)
	Overall user density 
	Activity factor
	UE speed
	UE type
	Reliability
	Service availability
	End-to-end latency
	Others

	Disaster 
relief
(note 2)

(UC 8.6)
	N/A
	N/A
	Up to [100] devices/km2 for SMS only
	N/A
	3 km/h
	Handheld
	[99,9-99,999] %
	Up to 99,9 %
	Up to [600] ms
	Peak data rate
DL: Up to [20] Mbit/s
UL:  Up to [2] Mbit/s

	Ubiquitous and Resilient Network
(note 3, 15)

(UC 8.2)
	DL: [0,1-25] Mbit/s
UL: [2] Mbit/s
(note 4)
	N/A
	[0,1] devices/m2
	N/A
	up to [120] km/h
	Handheld
	[99.9-99.999] %
	[98.5] %
	[10-100] ms
(note 4)

[10-500] ms
	Coverage [99.9] %

	Global video service in remote area
(note 5)

(UC 8.8)
	High video resolution DL: [2-5] Mbit/s
UL: [1] Mbit/s
Low video resolution DL: [2] Mbit/s
UL: [250] kbit/s
	DL: Up to [10] kbit/s/km2
(note 6)
	[< 0,1] person/km2
	2%
	N/A
	Handheld
	N/A
	N/A
	N/A
	-

	Global video service in deep rural area
(note 5)

(UC 8.8)
	High video resolution DL: [2-10] Mbit/s
UL: [2] Mbit/s
Low video resolution
DL: [2] Mbit/s
UL: [250] kbit/s
	DL: [1] Mbit/s/km2
(note 7)
	[0,1-10] person/km2
	4%
	N/A
	Handheld
	N/A
	N/A
	N/A
	-

	Immersive mMedia service via AAM/UAM
(direction: from network to user, uncompressed) 

(UC 11.5)
	DL: [1,3] Gbit/s 
(note 9) (note 11)
(aggregated per UAM)
	DL: TBD
	-
	-
	Up to 260 km/h
(note 14)
	UAM mounted
	-
	-
	-
	Service interruption time
[10] ms for 60 fps,
[20] ms for 30 fps
(note 8)

	Immersive mMedia service via AAM/UAM
(direction: from network to user, compressed)

(UC 11.5)
	DL: [25] Mbit/s 
(note 10) (note 11)
(aggregated per UAM)
	DL: TBD
	-
	-
	Up to 260 km/h
(note 14)
	UAM mounted
	-
	-
	-
	Service interruption time
[10] ms for 60 fps,
[20] ms for 30 fps
(note 8)

	Airplanes connectivity
(note 12)

(UC 11.6)
	DL: [6] Gbit/s
(aggregated per plane)
UL: [3] Gbit/s
(aggregated per plane)
	-
	-
	-
	Up to [1500] km/h
	Airplane mounted
(note 13)
	-
	-
	-
	-

	Pedestrian (note 15)
	DL: 5 Mbit/s
UL: 2 Mbits
	DL: 0.1 Mbit/s:km²
UL: 0.05 Mbit/s:km²
	2/km2
	1%
	Pedestrian
	Handheld
	N/A
	N/A
	N/A
	N/A

	High speed train connectivity (note 16)
	DL: 40 Mbit/s 
UL: 40 Mbits
per wagon
	DL: 1 Mbit/s:km²
UL: 1 Mbit/s:km²
	0.5/km2
	5%
	Up to 500 km/h
	Train mounted
	N/A
	N/A
	N/A
	N/A

	Drone/vehicular  connectivity (note 16)
	DL: 40 Mbit/s 
UL: 40 Mbits per drone or vehicle
	DL: 1 Mbit/s:km²
UL: 1 Mbit/s:km²
	1/km2
	2.5%
	Up to 250 km/h
	Drone/vehicle mounted
	N/A
	N/A
	N/A
	N/A

	Large vessel  connectivity (note 16)	Comment by Feifei Lou: Upon approval of S1-261104
	DL: 60 Mbit/s 
UL: 60 Mbits
Per vessel
	DL: 1.5 Mbit/s:km²
UL: 1.5 Mbit/s:km²
	0.25/km2
	10%
	Up to 50 km/h
	Vessel mounted
	N/A
	N/A
	N/A
	N/A

	NOTE 1:	Area capacity is averaged over a satellite beam.
NOTE 2:	Positioning accuracy is low (≈ [100] m). Positioning service availability is up to [99] %. Positioning service latency is [1] s.
NOTE 3:	Location accuracy is low (≈ [10] m).  Positioning availability is [99] %. Positioning latency is [1] s.
NOTE 4:	When using base station on board HAPS for NTN, end-to-end latency should be up to 10 ms (operating at 20 km altitude) and user experienced data 
                   rate should be up to [500] Mb/s for DL and [50] Mb/s for UL to enable eMBB service [374].
NOTE 5:	Reduced video quality is acceptable in the remote areas and deep rural area, see chapter 3.9.1.3 and 3.9.1.5 in [31].
NOTE 6:	The DL area traffic capacity corresponds to an average user density of 0,1 person/km2.
NOTE 7:	The DL area traffic capacity corresponds to an average user density of 5 persons/km2 equally shared by two operators. The area traffic is here split between two operators, with [2] Mbit/s/km2 in total.
NOTE 8:	It is assumed that the interruption time is less than a single frame (16ms for 60 fps, 32 ms for 30 fps) plus a margin of an order of millisecond (e.g. for other processing time).
NOTE 9:	Uncompressed (0.8 M points per frame, total 300 frames are considered: i.e. 43.2 Mbits/s, 30 fps) 
NOTE 10:	Compressed (Video-based Point Cloud Compression (V-PCC), bpip (bits per input points) total 1.14 (Color 0.9, Geometry 0,11, Occupancy 0.13) are considered: 25 Mbits/s) 
NOTE 11:	It is assumed that the number of passengers using immersive media service per UAM is up to 2.
NOTE 12: 
1. Required experienced peak data rate corresponding to the aggregated passenger traffic at aircraft level
1. Based on an assumption of 450 seats, average take rate of 75% (free model) and load factor of 85%
1. Assumption of 2:1 Downlink / Uplink ratio, anticipating future usages
1. The Downlink & Uplink throughput can be achieved using one or multiple satellite links 
NOTE 13:	This airplane mounted UE is operated as a mobile base station relay, providing connectivity to normal UEs used by passengers. These KPIs enable the case of XR UEs for applications in highly dynamic environments, where UEs offload processing to an edge-cloud.
NOTE 14:	The number is based on [408], [409].
NOTE 15:	This applies to terrestrial and HAPS cases.
NOTE 16:   The values are assuming channel bandwidth of 30 MHz per direction for UE with omnidirectional antenna.	Comment by Feifei Lou: Upon approval of S1-261104
NOTE 17: 	The values are assuming channel bandwidth of 400 MHz per direction for UE with directional antenna.




[CPR 14.2.3.2-1]: The 6G system with satellite access, shall support SMS delivery to UEs with up to [1000] devices/km2 density.
[CPR 14.2.3.2-2] The 6G system with satellite access shall be able to support communication service for UEs (e.g. UAV) at the altitudes from 0 to 3 km via satellite access and/or terrestrial access.


* * * End of changes * * * *
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