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Abstract: This document proposes a use case on aircraft communication services in Joint TN/NTN and multi-orbit deployments and potential requirements for TR22.887 v0.2.0 (2024-08).

* * * First Change * * * 
2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
[x1]	SAA (Seamless Air Alliance)  - White Paper “3GPP Non Terrestrial Network” for aviation connectivity - contributors: Airbus, Vodafone, Thales, Telesat, GlobalReach, Kontron, Panasonic, Astronics, Safran, Lufthansa Systems, and ST Engineering iDirect, https://www.seamlessalliance.com/wp-content/uploads/seamless-ntn.pdf, 2024
* * Second Change * * * 
[bookmark: _heading=h.1fob9te]
[bookmark: _heading=h.3znysh7]3	Definitions of terms, symbols and abbreviations
3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
network entry completion: in the context of this study, it refers to any remaining steps after network entry initiation has been completed to allow full registration of the UE.
network entry initialization: in the context of this study, it refers to initial steps required in entering the network, sufficient to validate that the UE is a valid authorized device and exchanges enough information to allow the UE to connect to a network of the preferred satellite access type.
Editor’s Note: the above two definitions are FFS.
Resilient Notification: in the context of this study, it refers to a highly reliable mechanism that delivers notifications directly to user devices, such as smartphones, when in poor conditions in satellite access. 
satellite access type: in the context of this study, it refers to a satellite access with a specific set of characteristics (including orbit type, orbital characteristics, satellite capabilities, IoT or NR, …)
satellite ground station location: in the context of this study, it refers to the geographical area where a 5G system with multi orbit satellite access is providing the network access to a UE
Very Small Aperture Terminal (VSAT): is a small-sized earth station used to transmit and receive data, voice and video over a satellite communication network, excluding broadcast television.

[bookmark: _heading=h.2et92p0]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>
[bookmark: _heading=h.tyjcwt]
3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
GEO	Geostationary satellite Earth Orbit
GSO	Geosynchronous Orbit
LEO	Low-Earth Orbit
MEO	Medium-Earth Orbit
NGSO	Non-Geostationary Satellite Orbit
VSAT	Very Small Aperture Terminal

* * Next Change * * * 

---------- Use Case template ----------
5.x	Use case on aircraft communication services in Joint TN/NTN and multi-orbit deployments
5.x.1	Description
Commercial aircraft are being equipped with more and more communication systems to provide a wide range of services, starting from Passenger Internet access to aircraft operations. Connectivity is a key driver for the digital transformation of the aviation industry, leading to fully connected aircraft.
It is expected that the Aviation market can take advantage of standardized solutions based on 5G systems that would operate with Terrestrial Networks (TN) and Non-Terrestrial Networks (NTN) [x1]. Those solutions include 5G cellular networks for operations at the airport, as well as 5G air-to-ground and 5G-NTN through satellite communication systems for In-Flight Connectivity.
The aviation use case presented below is focused on delivering the capability to provide passenger access to internet services.
Internet access is provided on-board the aircraft for passenger entertainment. This service is available “gate-to-gate”, which means that the users can have access to the Internet from the start of their journey when boarding the airplane until their arrival at the gate. The communication system shall then provide consistent performances during all phases of the flight. The passenger will fly from Roma to New-York, meaning will use a transatlantic route in high latitude. During the flight, the service is delivered using a GEO Ku-band (this could be Ka-band as well) satellite then switching to a lower latency LEO constellation when it is required for service continuity, while improving passenger Quality of Experience (QoE).
It is important to note that 4G or 5G Air-to-Ground communication systems are or start to be also in operation today and could have been also reflected in this use case.
An illustration of the use case on aircraft communication services is provided in the following figure 5.x.2-1. 
[image: ]
[bookmark: _heading=h.3dy6vkm]Figure 5.x.2-1: Illustration of Gate-to-Gate aircraft communication service
5.x.2	Pre-conditions
An aircraft supports TN and NTN networks including Air-to-Ground (ATG) and multi-orbit satellite access (e.g., GEO, MEO and LEO constellations) provided by the same or different 5G terrestrial and satellite operators. It is equipped with one or multiple Mobile VSAT that can be associated with a TN and/or an ATG terminal.
[bookmark: _heading=h.1t3h5sf]The passenger device on-board the aircraft connects to the 5G system either directly through a relay installed in the aircraft (as a User Equipment) or indirectly using a Wireless Local Area Network (or cellular network) associated with one or multiple UE(s) installed in the aircraft.

5.x.3	Service Flows
· Marcello, an Italian passenger, is boarding the aircraft in Roma on a flight to New York where he will spend his holidays.
· Marcello has booked an economy class ticket, and he knows that the company is providing a Free of Charge Bring Your Own Device experience to its passengers for this class. 
· Marcello is now seating and starts using his personal tablet equipped with a 5G modem & SIM card and connected to the network of his MNO (Mobile Network Operator).
· He is surfing on the Internet to check which movies he will watch during the flight from his video on-demand streaming service provider.
· The doors are closing, and his tablet is automatically switching to the aircraft on-board network connected to the Internet. He can see that his connection has moved from his home MNO network to the airline network after a very short service interruption.
· [bookmark: _heading=h.hm3my4dwx8mg]While the aircraft system is connected to the TN, he is looking at his apps and then starts streaming the last movie promoted by his favorite service provider.
· [bookmark: _heading=h.4g88v8plmuwc]He is watching the movie while the aircraft is taking off and climbing to cruise altitude with a 5G connection that is moved to a GEO satellite network providing high capacity over Europe. 
· After 2 hours, while flying over the North Atlantic Ocean, the movie is over, and he is starting to surf on the internet to have a look at any events happening in New York. He can feel that his surfing experience is as good as when he was at home. 
· [bookmark: _heading=h.lzp77ff5vopi]Marcello does not know it, but during the flight the aircraft has performed a roaming between 2 Satellite Network Operators (SNO). It actually moved from the GEO satellite operator to a LEO constellation operator, which provides better coverage in high latitude and much lower latency. During the flight, the aircraft was seamlessly handing over from one LEO satellite to the next one (as well as switching between beams (i.e. cells)  of a given satellite) along the route to New York.
· [bookmark: _heading=h.z7hdvdcnuo1f]The aircraft is now landing at Kennedy airport and the aircraft is now roaming from the NTN satellite network operator to the local TN MNO. Marcello can feel a short outage of the connection.
· When arriving at the gate and the door is opened, Marcello’s tablet is moving back to the local TN MNO, considering roaming agreements.
· [bookmark: _heading=h.d5le2tfz7dil]When getting off the airplane, Marcello is extremely happy about his internet access experience during the flight. It is very clear to him that he will use the same company next time he flies away from Roma.
[bookmark: _heading=h.4d34og8]
5.x.4	Post-conditions
[bookmark: _heading=h.2s8eyo1]While being in a high-speed airborne, the passenger has been able to access Internet services with good and consistent Quality of Experience in a joint TN / NTN deployment with a multi-orbit satellite network. 

5.x.5	Existing features partly or fully covering the use case functionality
TS 22.261 [2] specifies the following requirements related to satellite access and roaming:
· Section 6.3.2.3
The 5G system shall be able to provide services using satellite access.

· Section 6.3.2.3
A 5G system providing service with satellite access shall be able to support GEO based satellite access with up to 285ms end-to-end latency.
NOTE 1:	 5ms network latency is assumed and added to satellite one-way delay.
A 5G system providing service with satellite access shall be able to support MEO based satellite access with up to 95ms end-to-end latency.
NOTE 2:	 5ms network latency is assumed and added to satellite one-way delay.
A 5G system providing service with satellite access shall be able to support LEO based satellite access with up to 35ms end-to-end latency.
NOTE 3:	 5ms network latency is assumed and added to satellite one-way delay.
A 5G system shall support negotiation on quality of service taking into account latency penalty to optimise the QoE for UE.
The 5G system with satellite access shall support high uplink data rates for 5G satellite UEs.
The 5G system with satellite access shall support high downlink data rates for 5G satellite UEs.
The 5G system with satellite access shall support communication service availabilities of at least 99,99%.

· Section 6.18.2
When a service is offered by multiple operators, the 5G system shall be able to maintain service continuity with minimum service interruption when the serving network is changed to a different serving network operated by a different operator.
NOTE 1: A business agreement is required between the network operators.

· Section 7.4/2
The KPIs for airplanes connectivity need to be updated

Table 7.4.2-1: Performance requirements for satellite access
	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity
(DL) 
(note 1)
	Area traffic capacity
(UL) 
(note 1)
	Overall user density 
	Activity factor
	UE speed
	UE type

	Pedestrian
(note 2)
	[1] Mbit/s
	[100] kbit/s
	1,5 Mbit/s/km2
	150 kbit/s/km2
	[100]/km2
	[1,5] %
	Pedestrian
	Handheld

	Public safety
	[3,5] Mbit/s
	[3,5] Mbit/s
	TBD
	TBD
	TBD
	N/A
	100 km/h
	Handheld

	Vehicular connectivity
(note 3)
	50 Mbit/s
	25 Mbit/s
	TBD
	TBD
	TBD

	50 %
	Up to 250 km/h
	Vehicle mounted

	Airplanes connectivity
(note 4)
	360 Mbit/s/ plane
	180 Mbit/s/ plane
	TBD
	TBD
	TBD
	N/A
	Up to 1000 km/h
	Airplane mounted

	Stationary

	50 Mbit/s
	25 Mbit/s
	TBD
	TBD
	TBD
	N/A
	Stationary
	Building mounted

	Video surveillance 
(note 4a)

	[0,5] Mbit/s
	[3] Mbit/s
	TBD
	TBD
	TBD
	N/A
	Up to 120km/h or
stationary
(note 4b)

	Vehicle mounted or fixed installation

	Narrowband IoT connectivity
	[2] kbit/s
	[10] kbit/s
	8 kbit/s/km2
	40 kbit/s/km2
	[400]/km2
	[1] %
	[Up to 100 km/h]
	IoT

	Note 1: Area capacity is averaged over a satellite beam.
Note 2: Data rates based on Extreme long-range coverage target values in clause 6.17.2. User density based on rural area in Table 7.1-1.
Note 3: Based on Table 7.1-1
Note 4: Based on an assumption of 120 users per plane 15/7.5 Mbit/s data rate and 20 % activity factor per user
Note 4a: Refer to video surveillance data transmitted (in UL) from a UE on the ground (e.g. picture or video from a camera) using satellite NG-RAN to connect to 5GC, and video surveillance-related configuration or control data sent (in DL) to the UE/device. 0.5 Mbit/s for DL experienced data rate is based on MAVLINK protocol that is widely used for UAV control. 3 Mbit/s for UL experienced data rate is based on the assumed sum from 2.5 Mbit/s for video streaming and 0.5 Mbit/s for data transmission.
Note 4b: Up to 120km/h applies to vehicle mounted while stationary applies to fixed installation.
Note 5: All the values in this table are targeted values and not strict requirements. 
Note 6: Performance requirements for all the values in this table should be analysed independently for each scenario. 



It shall be noted that in TS 22.261 [2], Quality of Experience (QoE) is mentioned but there is no specific KPIs associated. For airplane connectivity, the Seamless Air Alliance (3GPP MRP) has defined a set of KPIs specifically addressing the QoE of commercial aircraft passengers [x1].
Additional specific KPIs for this use case that should be taken into account such as:
· Service interruption associated with beam and satellite handovers: < 1 second (implying the need for make-before-break” solutions 
· Aircraft attitude with a maximum pitch angle of 20° and a maximum roll angle of 30°
· Service availability over a flight, taking into account all conditions (aircraft attitude, position, handovers and roaming): 98%

[bookmark: _heading=h.17dp8vu]
[bookmark: _heading=h.3rdcrjn]5.x.6	Potential New Requirements needed to support the use case
5.x.6.1	Potential Service Requirements
[PR 5.x.6-001] Subject to regulatory requirements and operator’s policies, a 5G system with multi-orbit satellite access shall maintain user experience or QoE for a UE or Relay (e.g., CPE) mounted and integrated in a high-speed mounted platform.
[PR 5.x.6-002] Subject to regulatory requirements and operator’s policies, a 5G system with multi-orbit satellite access shall support minimum service interruption when the communication path of a UE or a Relay (e.g., CPE) mounted and integrated in a high-speed mounted platform is moving between terrestrial access and satellite access networks or between satellites networks potentially operating in different orbits (e.g., GEO, MEO or LEO) 
[PR 5.x.6-003] Subject to regulatory requirements and operator’s policies, a 5G system with multi-orbit satellite access shall support service continuity with no interruption when the communication path of a UE or a Relay (e.g., CPE) mounted and integrated in a high-speed mounted platform is seamlessly moving between satellites of the same network operating in any orbit (e.g., GEO, MEO or LEO).
[bookmark: _heading=h.26in1rg][PR 5.x.6-004] Subject to regulatory requirements and operator’s policies, a 5G network with multi-orbit satellite access shall be able to provide high throughput performances to the UE or Relay (e.g., CPE) mounted and integrated in a high-speed mounted platform ensuring consistent QoE to the end users.
5.x.6.2 	Potential KPI Requirements
It is proposed to modify the following KPIs defined in the table 7.4.2-1 (performance requirements for satellite access) in TS 22.261 [2].
Table 7.4.2-1: Performance requirements for satellite access
	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity
(DL) 
(note 1)
	Area traffic capacity
(UL) 
(note 1)
	Overall user density 
	Activity factor
	UE speed
	UE type

	Airplanes connectivity
(note 4)
	360 Mbit/s/ plane
[1] Gbit/s
per plane

	180 Mbit/s/ plane
[300] Mbit/s
per plane

	TBD
N/A
	TBD 
N/A
	TBD 
N/A
	N/A 
40%
	Up to 1000 km/h
Up to [1500] km/h
	Airplane mounted

	Note 4: UE integrated in the aircraft 
· Required experienced peak data rate corresponding to the aggregated passenger traffic at aircraft level
· Based on an assumption of 450 seats, average take rate of 75% (free model) and load factor of 85%
· Assumption of 13:31 Downlink / Uplink ratio, anticipating future usages
· The Downlink & Uplink throughput can be achieved using one or multiple links 



For the Airplanes connectivity use case, the area traffic capacity and overall user density cannot be expressed accurately because it will depend on a large number of parameters.
Editor’s Note:	 FFS to bring other KPIs.

* * * End of Changes * * * 
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