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Abstract
The objective of this document is to provide modifications of the TR 38.811 v0.4.0 related to the support of UAS, including HAPS.


Proposed text for approval

It is proposed the following modifications to TR 38.811 “Study on NR to support Non-Terrestrial Networks” v0.4.0.
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[bookmark: _Toc494837614][bookmark: _Toc509391294][bookmark: _Toc509391441][bookmark: _Toc509391530][bookmark: _Toc509391607][bookmark: _Toc509391689][bookmark: _Toc509392144][bookmark: _Toc509476516]3	Definitions, symbols and abbreviations
[bookmark: _Toc494837615][bookmark: _Toc509391295][bookmark: _Toc509391442][bookmark: _Toc509391531][bookmark: _Toc509391608][bookmark: _Toc509391690][bookmark: _Toc509392145][bookmark: _Toc509476517]3.1	Definitions
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]For the purposes of the present document, the terms and definitions 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].
Aerial: an airborne vehicle embarking a bent pipe payload or a regenerative payload telecommunication transmitter, typically at an altitude between 8 to 50 km. 
Airborne vehicles: Unmanned Aircraft Systems (UAS), High Altitude Platforms (HAPs) encompassing Unmanned Aircraft Systems (UAS) including tethered UAS (TUA), and Lighter than Air UAS (LTA), Heavier than Air UAS (HTA), all operating in altitudes typically between 8 and 50 km including High Altitude Platforms (HAPs)
…
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[bookmark: _Toc494837617][bookmark: _Toc509391297][bookmark: _Toc509391444][bookmark: _Toc509391533][bookmark: _Toc509391610][bookmark: _Toc509391692][bookmark: _Toc509392147][bookmark: _Toc509476519]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].

AWGN:	Additive White Gaussian Noise
BLOS:	Beyond Line of Sight
BS:	Base Station
BW:	Bandwidth
C2:	Control and Command
eMBB:	enhanced Mobile Broadband
FOTA:	Firmware Over The Air services
FSS:	Fixed Satellite Services
GEO:	Geostationary Earth Orbiting
gNB:	next Generation Node B
GW:	Gateway
HAPS:	High Altitude Platform Station
…
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Table 4.2.1-2: 5G use cases for Aerial access networks
	5G Service enabler
	5G Use case
	5G Use case description
	Aerial access service
	3GPP References

	eMBB
	Hot spot on demand
	Users in un/underserved areas (big events) are connected to the 5G network and benefit from 50 Mbps+.
	Broadband connectivity to cells or relay node in un/underserved areas.
	TR 22.863, §5.3: Deployment and coverage
TS 22.261 (related to)

	eMBB
	Regional area public safety
	Emergency responders, such as police, fire brigades, and medical personnel can exchange messaging, voice and video services in indoor/outdoor conditions anywhere they are and whatever mobility scenarios.
	Access to User Equipment (handset or vehicle mounted).
Adhoc connectivity between two cells 
	TR 22.862, §5.6: Mission critical services
TS 22.261 (related to)

	eMBB
	Fixed cell connectivity
	Users in isolated villages or industry premises (Mining, off shore platform) access 5G services and benefit from 50 Mbps+.
	Broadband connectivity between the core network and the cells in un-served areas (isolated areas).
	TS 22.261 (related to §7.1)
TR 22.863, §5.3: Deployment and coverage
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[bookmark: _Toc494837622][bookmark: _Toc509391302][bookmark: _Toc509391449][bookmark: _Toc509391538][bookmark: _Toc509391615][bookmark: _Toc509391697][bookmark: _Toc509392152][bookmark: _Toc509476524]4.3	Satellite and aerial access network architecture principles
Non-Terrestrial Network access typically features the following system elements:
-	NTN Terminal: It may refer to directly the 3GPP UE or a terminal specific to the satellite system in case the satellite doesn’t serve directly 3GPP UEs.
-	A service link which refer to the radio link between the user equipment and the space/airborne platform. In addition the UE may also support a radio link with terrestrial based RAN.
-	A space or an airborne platform embarking a payload which may implement either a bent-pipe or a regenerative payload configuration:
-	A bent pipe payload: Radio Frequency filtering, Frequency conversion and amplification:
-	A regenerative payload: Radio Frequency filtering, Frequency conversion and amplification as well as demodulation/decoding, switch and/or routing, coding/modulation. This is effectively equivalent to having base station functions (e.g. gNB) on board the space/airborne vehicle
-	Inter satellite/aerial links in case of regenerative payload and a constellation of satellites. ISL may operate in RF frequency or optical bands
-	Gateways that connect the satellite or aerial access network to the core network
-	Feeder links which refer to the radio links between the Gateways and the space/airborne platform
We shall distinguish between two types of Satellite and Aerial access network
-	Broadband access network serving Very Small Aperture Terminals that can be fixed or mounted on a moving platform (e.g. bus, train, vessel, aircraft, etc.). In this context, Broadband  refers to at least 50 Mbps+ data rate and even up to several hundred Mbps (satellite) or even up to several Gbps (aerial) on the downlink. The service links operate in frequency bands allocated to satellite and aerial services (Fixed, Mobile) above 6 GHz. 
-	Narrow or wide band access network serving terminals equipped with Omni or semi directional antenna (e.g. handheld terminal). In this context, Narrowband  refers to less than 1 or 2 Mbps data rate on the downlink. The service links operate typically in frequency bands allocated to mobile satellite or aerial services below 6 GHz.
It is also helpful to distinguish between satellite and aerial systems with inter-satellite links (ISL) and and inter-aerial links (IAL) those without ISL/IAL.
For Aerial networks, we consider a configuration where base station functions are on board the airborne vehicle. The purpose of this network component is to provide the 5G service enablers to handheld devices.
Based on these principles, the figures below illustrate possible satellite and aerial access network architectures.
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Figure 4.3-1: Satellite access network (without ISL) with a service link operating in frequency bands above 6 GHz allocated to Fixed and Mobile Satellite Services (FSS and MSS)
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Figure 4.3-2: Satellite access network (with ISL) with a service link operating in frequency bands above the 6 GHz allocated to Fixed and Mobile Satellite Services (FSS and MSS)
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Figure 4.3-3A: Satellite access network with a service link operating in frequency bands below 6 GHz allocated to Mobile Satellite Services (MSS)
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Figure 4.3-3B: Satellite access network which service link operates below 6 GHz frequency bands allocated to Mobile Satellite Services (MSS) and complemented with the terrestrial access network served by the same or independent core networks.
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Figure 4.3-4: Aerial access network (without IAL) with a service link operating in frequency bands below or above 6 GHz allocated to Mobile Services (MS)
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Figure 4.3-4B: Aerial access network (with IAL) with a service link operating in frequency bands below or above 6 GHz
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Figure 4.3-4C: Aerial access network (with IAL) with a service link operating in frequency bands above 6 GHz

It is recommended to select a range of deployment scenarios with either bent pipe or regenerative payloads. Note that the technical details of implementing the ISL interface is beyond the scope of this study.
[bookmark: _Toc494837623][bookmark: _Toc509391303][bookmark: _Toc509391450][bookmark: _Toc509391539][bookmark: _Toc509391616][bookmark: _Toc509391698][bookmark: _Toc509392153][bookmark: _Toc509476525]4.4	Characteristics of NTN Terminals for satellite / aerial access network
Table 4.4-1 gives the minimum RF characteristics of the terminals operating respectively in Ka band (e.g. very small aperture terminals) and in S band (e.g. handheld terminals).
Table 4.4-1: Typical minimum RF characteristics of UE in satellite and aerial access networks
	
	Very Small Aperture Terminal (fixed or mounted on moving platforms)
	Handheld or IoT devices (3GPP class 3, see [2])

	Frequency band
	Downlink: 19.7-21.2 GHz
Uplink: 27.5 – 30.0 GHz
	Downlink: 2170-2200 MHz
[bookmark: _GoBack]Uplink: 1980-2010 MHz

	Transmit Power
	2 W (33 dBm)
	200 mW (23 dBm)

	Antenna type
	60 cm equivalent aperture diameter (circular polarisation)
	Omnidirectional antenna (linear polarisation)

	Antenna gain
	Tx: 43.2 dBi
Rx: 39.7 dB
	Tx and Rx: 0 dBi

	Noise figure
	1.2 dB
	9 dB

	EIRP
	45.75 dBW
	-7 dBW

	G/T (NOTE 1)
	18.5 dB/K
	-33.6 dB/K

	Polarisation (NOTE 2)
	Circular
	Linear

	NOTE 1:	For the computation of G/T or figure of merit, following formula applies in dB:
G/T = Ga – NF – 10*LOG (To+(Ta-To)/(100.1*NF))
Where:
-	Antenna Gain : Ga in dBi
-	Ambient Temperature : T0 (usually 290 K)
-	Antenna temperature : Ta (typically 290 K with 0 dBi gain and 150 K with >30 dBi gain)
-	Noise Figure: NF in dB
NOTE 2:	For S band, we assume that the User Equipment has an omni-directional antenna of linear polarization, while the antenna on board space-borne or airborne platforms features typically employs circular polarization. Hence a polarization mismatch of 3 dB has to be taken into account for the radio link budget computation. This will impact the UE RF characteristics as below: 
-	Equivalent EIRP of 20 dBm (-10 dBW) under satellite coverage.
-	Equivalent G/T of -36,6 dB/K under satellite coverage.



Note that other performance may be considered.
The study selects at least 2 deployment scenarios each with both frequency bands (S and Ka bands).

[bookmark: _Toc494837624][bookmark: _Toc509391304][bookmark: _Toc509391451][bookmark: _Toc509391540][bookmark: _Toc509391617][bookmark: _Toc509391699][bookmark: _Toc509392154][bookmark: _Toc509476526]4.5	Air/Space borne vehicle characteristics
Table 4.5-1 provides characteristics of aerial and satellite vehicles that are relevant for the purpose of the study item:
Table 4.5-1: Typical characteristics of Airborne or Space-borne vehicles
	Characteristics
	Geostationary satellites
	Non-Geostationary satellites
	Airborne platforms

	Altitude
	35 786 km
	Low Earth Orbiting satellites: From 600 km up to 1500 km
Medium Earth Orbiting satellites: From 7000 up to 20000 km
	Typically from 8 to 50 km

	Motion
	Typically within a cube of 50-100 km side around the theoretical orbital position fixed in terms of elevation/azimuth with respect to a given earth point
	We shall assume here only circular orbits around the earth
	Typically in motion within TBD km from the notional station keeping theoretical position fixed in terms of elevation/azimuth with respect to a given earth point

	Elevation angle (NOTE 1)
	Typically more than 10° for user terminal and more than 5° for gateways

	NOTE 1:	The minimum Elevation angle refers to the minimum angle under which the flying airborne/spaceborne platform can be seen by a terminal. Below is a summary table of minimum elevation angles for different types of satellite and HAPS aerial based systems applications.



The characteristics of the air/space-borne vehicles create specific Doppler and propagation delay conditions that NR has to cope with.

Table 4.5-2: Typical elevation angles in airborne aerial and satellite based systems
	Satellite & HAPS aerial Systems
	Typically mMinimum Elevation Angle for terminals
	Rationale/remarks

	International GEO (Trunking)
	5 degrees
	Serving earth stations equipped with very large antennas

	Regional GEO
	10 degrees
	Addressing regions in lower and medium latitude

	International (GEO) Maritime
	5 degrees
	Addressing large ships

	Aeronautical
	20 degrees
	Taking into account aero-dynamic constraints prevents operation at lower angles

	Vehicles
	15 degrees
	Taking into account road conditions, terrain, and vehicle mechanics

	Non GSO
	In the range of 10 to 30 degrees
	Ensuring service continuity optimising the number of satellites

	HAPSAerial
	10 degrees
	Maximising the service area



[bookmark: _Toc494837625][bookmark: _Toc509391305][bookmark: _Toc509391452][bookmark: _Toc509391541][bookmark: _Toc509391618][bookmark: _Toc509391700][bookmark: _Toc509392155][bookmark: _Toc509476527]4.6	Coverage pattern of NTN
Satellite or aerial vehicles typically generate several beams over a given area. The foot print of the beams are typically elliptic shape.
The beam footprint may be moving over the earth with the satellite or the aerial vehicle motion on its orbit. Alternatively, the beam foot print may be earth fixed, in such case some beam pointing mechanisms (mechanical or electronic steering feature) will compensate for the satellite or the aerial vehicle motion.
Table 4.6-1: Typical beam foot print size
	Attributes
	GEO
	Non-GEO
	HAPSAerial

	Beam foot print size in diameter
	200 – 1000 km
	100 – 500 km
	50 - 200 km


 
Typical beam patterns of various NTN access networks are depicted below:
[image: ] 
Figure 4.6-1: NTN Beam patterns
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…
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Figure 4.7-4: NTN featuring an access network serving Relay Nodes and based on a satellite/aerial with gNB
In figure 4.7-4, the satellite or the aerial includes full or part of a gNB to generate/receive a "Satellite friendly" NR signal to/from the Relay Nodes. This requires sufficient on board processing capabilities to be able to deploy gNB or a Relay Node functionality.

Note : in the figures above a satellite represents both satellite and aerial platforms.
…
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..
Table 5.1-1: Reference Non-Terrestrial Network Deployment scenarios to be considered in the NR-NTN study
	Main attributes
	Deployment-D1
	Deployment-D2
	Deployment-D3
	Deployment-D4
	Deployment-D5

	Platform orbit and altitude
	GEO at 35 786 km
	GEO at 35 786 km
	Non-GEO down to 600 km
	Non-GEO down to 600 km
	HAPS UAS between 8 km and 50 km, including HAPS

	Carrier Frequency on the link between Air / space-borne platform and UE
	Around 20 GHz for DL
Around 30 GHz for UL (Ka band)
	Around 2 GHz for both DL and UL (S band)
	Around 2 GHz for both DL and UL (S band)
	Around 20 GHz for DL
Around 30 GHz for UL (Ka band)
	Below and above 6 GHz 

	Beam pattern
	Earth fixed beams
	Earth fixed beams
	Moving beams
	Earth fixed beams
	Earth fixed beams

	Duplexing
	FDD
	FDD
	FDD
	FDD
	FDD

	Channel Bandwidth 
(DL + UL)
	Up to 2 * 800 MHz
	Up to 2 * 20 MHz
	Up to 2 * 20MHz
	Up to 2 * 800 MHz
	Up to 2 * 80 MHz in mobile use and 2 * 1800 MHz in fixed use

	NTN architecture options (See clause 4)
	A3
	A1
	A2
	A4
	A2

	NTN Terminal type
	Very Small Aperture Terminal (fixed or mounted on Moving Platforms) implementing a relay node
	Up to 3GPP class 3 UE [2] 
	Up to 3GPP class 3 UE [2]
	Very Small Aperture Terminal (fixed or mounted on Moving Platforms) implementing a Relay node
	Up to 3GPP class 3 UE [2]
Also Very Small Aperture Terminal

	NTN terminal Distribution
	100% Outdoors
	100% Outdoors
	100% Outdoors
	100% Outdoors
	Indoor and Outdoor

	NTN terminal Speed
	up to 1000 km/h (e.g. aircraft)
	up to 1000 km/h (e.g. aircraft)
	up to 1000 km/h (e.g. aircraft)
	up to 1000 km/h (e.g. aircraft)
	up to 500 km/h (e.g. high speed trains)

	Main rationales
	GEO based indirect access via relay node
	GEO based direct access
	Non-GEO based direct access
	Non-GEO based indirect access via relay node
	Support of low latency services for 3GPP mobile UEs, both indoors and outdoors

	Supported Uses cases, see clause 4
	1/ eMBB: multi-connectivity, fixed cell connectivity, mobile cell connectivity, network resilience, Trunking, edge network delivery, Mobile cell hybrid connectivity, Direct To Node multicast/ broadcast
	1/eMBB: Regional area public safety, Wide area public safety, Direct to mobile broadcast, Wide area IoT service
	1/eMBB: Regional area public safety, Wide area public safety, Wide area IoT service
	1/ eMBB: multi-homing, fixed cell connectivity, mobile cell connectivity, network resilience, Trunking, Mobile cell hybrid connectivity

	1/ eMBB: Hot spot on demand
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The altitude of aerial vehicle also called UAS (Unmanned Aircraft Systems)HAPS (High Altitude Platforms) can be between 8 and 50 km, including HAPS. HAPS is a station located on an aerial object at an altitude of 20  to 50 km and at a specified, nominal, fixed point relative to the Earth. 

The general UAS based system architectures is are presented in the following picture.
[image: ][image: ]
 [image: ]
Figure 5.3.3-1: HAPS UAS based system architectures
The coverage can be divided into small cells, and usually the minimum elevation angle for a Mobile Terminal is 5°.
The platform can move around its nominal position within a few kilometres at a maximum tangential velocity of 15 m/s.
This can result in maximum Doppler shift (in absolute value) of 100 Hz @ 2GHz, 1000 Hz @ 20 GHz and 1500 Hz @ 30 GHz due to Haps motion.
In S band, at 100 km/h a car will suffer a Doppler shift of +/- 185 Hz maximum
The Doppler variation can be evaluated with a car moving from one edge to another at 100 km/h , covering 450 km . The Doppler variation will be around -0.0025 Hz/s. So no impact on demodulation
At 5° elevation angle the distance to the aerial vehicle is 229 km, and if we suppose the Gateway is at same distance
-	One way delay is around 1.526 ms
-	Round Trip Time is 3.053 ms
-	Differential delay between nadir and Edge of Coverage: 0.697 ms
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