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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Abstract
The objective of this paper is to down select the reference scenarios that will be considered for the normative phase on NR supports NTN. Three scenarios are proposed.
2 Introduction
NR NTN WI description [1] focus the work for NR solutions to support NTN as follows: 
“LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN
· NOTE: This does not imply that TDD cannot be used for relevant scenario, e.g. HAPS, ATG
· Earth fixed tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed
· Transparent payload is assumed”
According to TR 38.821, a Transparent payload refers to payload that changes the frequency carrier of the uplink RF signal, filters and amplifies it before transmitting it on the downlink. In other word, it doesn’t embark any function or network entity defined in the 3GPP architecture.
This TDOC intends to define NTN reference scenarios for Rel.17 normative work and all related assumptions for all the RAN WGs involved in the normative work.
The objective is to support LEO, GEO as well as MEO space segments. LEO features the largest Doppler while GEO features the largest Latency.
They correspond to scenarios A, C1 and C2 in Table 4.2-1: “Reference scenarios” of 3GPP TR 38.821.





3 Non-Terrestrial Network scenarios: Overview

3.1 Main assumptions

Based on the reference scenarios identified in TR 38.821, the following scenarios are selected

Six transparent payload based satellite reference scenarios are considered for the Rel-17 work item “NR_NTN_solutions” characterised in the table below:
Table 2-1 Reference satellite scenarios for Rel-17 work item “NR_NTN_solutions”
	Scenarios
	C1.1
	C1.2
	C2.1
	C2.2
	A1
	A2

	Orbit
	LEO @ 600 km altitude
	LEO @ 600 km altitude
	LEO @ 1200 km altitude
	LEO @ 1200 km altitude
	GEO @ 35,786 km altitude
	GEO @ 35,786 km altitude

	Frequency band
	Sub 6GHz
	Above 6GHz
	Sub 6GHz
	Above 6GHz
	Sub 6 GHz
	Above 6 GHz

	Beams generation
	Earth fixed beams (Note 1)
	Earth fixed beams (Note 1)
	Earth moving beams
	Earth moving beams
	Earth fixed beams
	Earth fixed beams


	NOTE 1:	Each satellite has the capability to steer beams towards fixed points on earth using beam-forming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite




3.2 Key parameters

The key reference scenario parameters can be found in table 4.2-2 of this document. It corresponds to the table 4.2-2 of [2] in which the scenarios referring to the regenerative payload option have been removed.

Table 4.2-2: Reference scenario parameters
	Scenarios
	GEO based non-terrestrial access network (Scenario A)
	LEO based non-terrestrial access network (Scenario C)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km
1,200 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
400 MHz for band > 6 GHz

	Payload
	Scenario A: Transparent (including radio frequency function only)
	Scenario C: Transparent (including radio frequency function only)

	Inter-Satellite link
	No
	No

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

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

	Max distance between satellite and user equipment at min elevation angle
	40,581 km
	1,932 km (600 km altitude)
3,132 km (1,200 km altitude)

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


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

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

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

	Maximum Delay variation as seen by the UE (note 7)
	Negligible
	Up to +/- 48 µs/sec (600 km)
Up to +/- 42 µs/sec (1200 km)

	Service link
	3GPP defined New Radio

	Feeder link
	3GPP defined Radio interface
	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.
NOTE 7:	The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario




The NTN study results apply to GEO scenarios as well as all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km.

3.3 User Equipment

The User equipment considered for the key reference scenario parameters can be found in table 4.3-1 of this document.




Table 4.3-1 Reference satellite scenarios: User equipment types
	User equipment characteristics
	Handheld
	VSAT (Note 1)

	Antenna type
	Omnidirectional antenna
	Directive antenna

	Motion on the earth
	500 km/h (e.g. on board a high speed train)
	Up to 1200 km/h (e.g. aircraft mounted)

	antenna types
	Omnidirectional antenna
	Directional antenna
(up to 60 cm equivalent aperture diameter)

	Antenna polarisation
	Linear: +/-45°X-pol
	circular

	Max transmit power
	up to 200 mW (power class 3)

	up to 20 W

	Note 1 : VSAT terminal characteristics could be implemented with phased array antenna. It may be mounted on Moving platforms (e.g., aircrafts, vessels) or building




As per [1], UEs with GNSS capabilities are assumed and hence have the capability to determine their own position.
However, both UE with and without the capability for pre-compensation of timing and frequency offset shall be supported.
The reasons are that service availability between GNSS service and NR service may differ or the processing of these signals in the UE are decoupled.
UEs with capability on timing and frequency pre-compensation using their GNSS capabilities are assumed. However the support of UEs without capability on timing and frequency pre-compensation is not precluded in the subsequent release.

4 Non-Terrestrial Network scenarios: Architecture assumptions (RAN3)

4.1 Characteristics of NTN GW

The following is considered for NTN transparent scenario:
· The NTN GW supports all the necessary functions to forward the NR-Uu signal over the feeder link interface.
The NTN GW supports all the necessary functions to forward the NR-Uu signal over the feeder link interface.

4.2 Network Identities Handling

The following is considered for NTN transparent scenario:
· In a given tracking area (TAC), the association between physical satellite beams and cell IDs may be continuously reconfigured. A stationary UE on ground will be served by the same set of gNB ID;
· In case of Earth fixed beams, the same gNB ID, cell IDs are always associated to the same tracking area code (TAC) ("Stationary identifiers on ground");
· In case of Earth moving beams, cell IDs may be always associated to the same satellite beams ("Moving identifiers on ground");

In a given tracking area (TAC), the association between physical satellite beams and cell IDs may be continuously reconfigured. A stationary UE on ground will be served by the same set of gNB ID.
· In case of Earth fixed beams, the same gNB ID, cell IDs are always associated to the same tracking area code (TAC) ("Stationary identifiers on ground");
· In case of Earth moving beams, cell IDs may be always associated to the same satellite beams ("Moving identifiers on ground");
4.3 Connected mode mobility

The following is considered for NTN transparent scenario:
· Inter-gNB mobility
· Intra-gNB mobility: signalling confined to within the gNB, with no signalling impact on NG or Xn. Supported in NTN transparent architecture with no changes to the standard.
· For NTN-TN mobility between on ground NTN gNB and a terrestrial gNB, requires that both types of gNB connects to the same AMF pool
· Mobility through the 5GC is supported in NTN transparent architecture with no changes to the standard.

Existing (REl-15&16) NG-RAN mobility procedures (Intra and Inter gNB) apply to NTN.
5 Conclusion

Proposal 1: Six transparent payload based satellite reference scenarios are considered for the Rel-17 work item “NR_NTN_solutions” characterised in the table below:
Table 2-1 Reference satellite scenarios for Rel-17 work item “NR_NTN_solutions”
	Scenarios
	C1.1
	C1.2
	C2.1
	C2.2
	A1
	A2

	Orbit
	LEO @ 600 km altitude
	LEO @ 600 km altitude
	LEO @ 1200 km altitude
	LEO @ 1200 km altitude
	GEO @ 35,786 km altitude
	GEO @ 35,786 km altitude

	Frequency band
	Sub 6GHz
	Above 6GHz
	Sub 6GHz
	Above 6GHz
	Sub 6 GHz
	Above 6 GHz

	Beams generation
	Earth fixed beams (Note 1)
	Earth fixed beams (Note 1)
	Earth moving beams
	Earth moving beams
	Earth fixed beams
	Earth fixed beams


	NOTE 1:	Each satellite has the capability to steer beams towards fixed points on earth using beam-forming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite



Proposal 2: The key reference scenario parameters can be found in table 4.2-2 of this document. It corresponds to the table 4.2-2 of [2] in which the scenarios referring to the regenerative payload option have been removed.
Proposal 3: The User equipment considered for the key reference scenario parameters can be found in table 4.3-1 of this document.
[bookmark: _GoBack]Proposal 4: UEs with capability on timing and frequency pre-compensation using their GNSS capabilities are assumed. However the support of UEs without capability on timing and frequency pre-compensation is not precluded in the subsequent release.
Proposal 5: the NTN GW supports all the necessary functions to forward the NR-Uu signal over the feeder link interface.
Proposal 6: In a given tracking area (TAC), the association between physical satellite beams and cell IDs may be continuously reconfigured. A stationary UE on ground will be served by the same set of gNB ID.
· In case of Earth fixed beams, the same gNB ID, cell IDs are always associated to the same tracking area code (TAC) ("Stationary identifiers on ground");
· In case of Earth moving beams, cell IDs may be always associated to the same satellite beams ("Moving identifiers on ground");

Proposal 7: Existing (REl-15&16) NG-RAN mobility procedures (Intra and Inter gNB) apply to NTN.
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