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Introduction 
Release 17 and the work to support Non-Terrestrial Networks has so far focused on the support of GSO and NGSO satellites with circular orbits.
As part of Release 18 enhancements for NR-NTN, we think NTN-NR support should be extended to other types of satellite orbits that are employed by operators, specifically, Highly-Elliptical Orbits (HEO).

Highly-elliptical orbits (HEO) are elliptic satellite orbits with high eccentricity, which also typically exhibit high inclination angles.  One of the most common HEO orbits is the Molnyia orbit, a HEO orbit with 63.4° inclination.
Figure 1 - HEO Molnyia orbit [1]
[image: C:\Users\Luca lodigiani\Downloads\HEO\NASA_molniya_oblique.png]

HEO satellites exhibit characteristics of both GEO/GSO and LEO/MEO NGSO satellite orbits and are characterized, due to the high eccentricity, by a very slow and long high apogee arc, which is typically used for operation, and a very fast low perigee transition.
Figure 2 - Typical HEO operation arc [2]
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Typically, HEO satellites are operated in such a way that transmissions are active only during the apogee arc part of the orbit.  Near and at apogee, HEO satellites are quasi-stationary and show characteristics very similar to GEO/GSO satellites.

HEO orbits play an important role in providing coverage and capacity to polar regions and high-latitude regions close to the poles.  New satellite systems are actively being deployed to support fixed and mobile broadband for mission critical and non-mission critical applications.  It is therefore important for NTN networks to be able to extend coverage to areas served by HEO satellites.

In this TDoc we provide input for new satellite scenarios E and F, and an initial set of scenario parameters to identify standardization work required to support HEO satellites.

Discussion 
[bookmark: _Toc493127338]In this TDoc we want to discuss the scenario parameters to introduce HEO support in NTN-NR.  Our contribution assumes a polar HEO constellation in Ka band with orbit inclination of 63.4° inclination, also known as Molnyia orbit, an orbit apogee of 43,509 km and an orbit perigee of 8,089 km.  
Previous 3GPP NTN work focused on circular orbits, and thus HEO orbits are not included in the outcome of TR 38.811 and TR 38.821, as these efforts focused on a minimum initial specification.  However, as NTN progresses in Release 18, we believe it’s very important that all real satellite deployment scenarios are covered and that the specs encompass multiple possible orbits to allow operators flexibility in cost-effective constellation deployment.
Observation 1:  HEO scenario, and in general non-circular NGSO orbits, were not included in initial NTN scenarios, but it is an important aspect of satellite communications and there new satellites being deployed in this orbit.






In order to start addressing the support for Highly-Elliptical Orbit (HEO) satellites, we would like to propose the following additions to NTN scenarios and parameters, based on the table contained in TR 38.821 V16.1.0 (2021-05):
Table 4.2-1: Reference scenarios
	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:
steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:
the beams move with the satellite
	Scenario C2
	Scenario D2

	HEO based non-terrestrial access network: steerable earth-fixed beams
	Scenario E
	Scenario F



Table 4.2-2: Reference scenario parameters
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)
	HEO based non-terrestrial access network (Scenario E and F)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth
	Highly-elliptical orbit with 63.4° inclination (Molnyia orbit). Satellite operates in an arc across the apogee

	Altitude
	35,786 km
	600 km
1,200 km
	43,509 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)
>6 GHz (e.g. DL 20 GHz, UL 30 GHz)

	Max channel bandwidth capability (service link)
	30 MHz for band < 6 GHz
1 GHz for band > 6 GHz

	Payload
	Scenario A: Transparent (including radio frequency function only)
Scenario B: regenerative (including all or part of RAN functions)
	Scenario C: Transparent (including radio frequency function only)
Scenario D: Regenerative (including all or part of RAN functions)
	Scenario E: Transparent (including radio frequency function only)
Scenario F: Regenerative (including all or part of RAN functions)

	Inter-Satellite link
	No
	Scenario C: No
Scenario D: Yes/No (Both cases are possible.)
	No

	Earth-fixed beams
	Yes
	Scenario C1: Yes (steerable beams), see note 1
Scenario C2: No (the beams move with the satellite)
Scenario D 1: Yes (steerable beams), see note 1
Scenario D 2: No (the beams move with the satellite)
	Yes

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km
	2000 km

	Min Elevation angle for both sat-gateway and user equipment
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link

	Max distance between satellite and user equipment at min elevation angle
	40,581 km
	1,932 km (600 km altitude)
3,131 km (1,200 km altitude)
	48,378 km

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)
Scenario B: 270.73 ms (service link only)
	Scenario C: (transparent payload: service and feeder links)
25.77 ms (600km)
41.77 ms (1200km)

Scenario D: (regenerative payload: service link only)
12.89 ms (600km)
20.89 ms (1200km)
	Scenario E: (transparent payload: service and feeder links)
644 ms (service and feeder links)

Scenario F: (service link only)
322 ms

	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km
	15 ms

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)
21ppm(1200km) 
	7.5 ppm

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27ppm/s (600km)
0.13ppm/s(1200km)
	0.0003 ppm/s

	User equipment motion on the earth
	1200 km/h (e.g. aircraft)
	500 km/h (e.g. high speed train)
Possibly 1200 km/h (e.g. aircraft)
	500 km/h (e.g. high speed train)
1200 km/h (e.g. aircraft)

	User equipment antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi
Directive antenna (up to 60 cm equivalent aperture diameter in circular polarisation)

	User equipment Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW
Directive antenna: up to 20 W

	User equipment Noise figure
	Omnidirectional antenna: 7 dB
Directive antenna: 1.2 dB

	Service link
	3GPP defined New Radio

	Feeder link
	3GPP or non-3GPP defined Radio interface
	3GPP or non-3GPP defined Radio interface
	3GPP or non-3GPP defined Radio interface

	NOTE 1:	Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite
NOTE 2:	Max delay variation within a beam (earth fixed user equipment) is calculated based on Min Elevation angle for both gateway and user equipment
NOTE 3:	Max differential delay within a beam is calculated based on Max beam foot print diameter at nadir
NOTE 4:	Speed of light used for delay calculation is 299792458 m/s.
NOTE 5: The Maximum beam foot print size for GEO is based on current state of the art GEO High Throughput systems, assuming either spot beams at the edge of coverage (low elevation).
NOTE 6: The maximum differential delay at cell level has been computed considering the one at beam level for largest beam size. It does not preclude that cell may include more than one beam when beam size are small or medium size. However the cumulated differential delay of all beams within a cell will not exceed the maximum differential delay at cell level in the table above.



Observation 2:  HEO orbit exhibits higher apogee altitude compared with GSO/GEO, thus increasing the maximum propagation delay.
Observation 3: The maximum beam footprint size for HEO is lower than GEO but higher than typical LEO scenarios.
Observation 4: The maximum Doppler shift for HEO is significantly lower than LEO, but slightly higher than GEO.

Due to the elliptical nature of the HEO orbit, Doppler shift and propagation delay are not constant.
Doppler shift for such HEO polar orbit varies between a minimum of 0 and a maximum 150 kHz (7.5 ppm).  Due to the altitude variation of the HEO orbit, a Doppler shift variation is observed, with a rate ranging between 5 and 9 Hz/s.
Figure 3 - Plotted Doppler shift variation pattern
[image: ]
	Frequency (GHz)
	Min Doppler
	Max Doppler
	Min Doppler shift variation
	Max Doppler shift variation
	

	20
	0
	+/- 100 kHz
	-5 Hz/s
	-9 Hz/s
	HEO (43,509 km Apogee; 8,089 km Perigee; 63.4° inclination)

	30
	0
	+/- 150 kHz
	-5 Hz/s
	-9 Hz/s
	



The delay also exhibits a slow-changing variation with a maximum rate identified with 0.0047 ms/s, with a maximum delay of 322 ms and a minimum delay of 200 ms due to orbital variance.
Figure 4 - Plotted delay variation pattern
[image: ]
Observation 5: HEO orbit altitude is not constant, due to orbit eccentricity.  Orbit eccentricity also creates a variation in the satellite’s orbital velocity.  The change in altitude and velocity generate, respectively, a variable delay profile and variable Doppler shift.  However, the Doppler shift variation happens at a relatively slow rate even for Ka band, with maximum Doppler shift variation identified at -9 Hz/s, significantly lower than LEO.  Therefore it is possible that existing Rel-17 specification can accommodate it.  Delay variation is expected to be fairly slow during the HEO transmission arc, with a max variation of 0.0047 ms/s.

Based on the HEO scenario parameters submitted above, we would like to propose the following:
Proposal 1: To add HEO scenarios E (transparent payload, earth-fixed beams) and F (regenerative payload, earth-fixed beams) for NTN.
Furthermore, in light of the HEO characteristics described, that make it diverge from circular orbits currently addressed, we suggest that:
Proposal 2: To identify necessary specification changes to support higher maximum propagation delay due to higher orbit apogee, higher maximum differential delay within a cell. FFS impacts of Doppler shift variation rate and delay variation.

Conclusions 
Observation 1:  HEO scenario was not included in initial NTN scenarios, but it is an important aspect of satellite communications and there new satellites being deployed in this orbit.
Observation 2:  HEO orbit exhibits higher apogee altitude compared with GSO/GEO, thus increasing the maximum propagation delay.
Observation 3: The maximum beam footprint size for HEO is lower than GEO but higher than typical LEO scenarios.
Observation 4: The maximum Doppler shift for HEO is significantly lower than LEO, but slightly higher than GEO.
[bookmark: _GoBack]Observation 5: HEO orbit altitude is not constant, due to orbit eccentricity.  Orbit eccentricity also creates a variation in the satellite’s orbital velocity.  The change in altitude and velocity generate, respectively, a variable delay profile and variable Doppler shift.  However, the Doppler shift variation happens at a relatively slow rate even for Ka band, with maximum Doppler shift variation identified at -9 Hz/s, significantly lower than LEO.  Therefore it is possible that existing Rel-17 specification can accommodate it.  Delay variation is expected to be fairly slow during the HEO transmission arc, with a max variation of 0.0047 ms/s.
Proposal 1: To add HEO scenarios E (transparent payload, earth-fixed beams) and F (regenerative payload, earth-fixed beams) for NTN.
Proposal 2: To identify necessary specification changes to support higher maximum propagation delay due to higher orbit apogee, higher maximum differential delay within a cell. FFS impacts of Doppler shift variation rate and delay variation.
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