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1   Introduction
In the last RAN3 meeting, the basic architecture of the NTN was discussed. The relay-like architecture and IAB-like architecture were captured in the TR 38.821 for satellite implements gNB functions and satellite implements gNB-DU functions, respectively. 

In this paper, we further discuss the potential issues of the NTN architectures.  

2   Discussion
· Sat-gateway

For regenerative satellite, the F1, Xn and NG interface defined in the terrestrial network are be used as baseline for the NTN. The problem is how to support the feeder/backhaul link, i.e., how to transmit the F1 and NG interface signalling/data packets over Satellite Radio Interface (SRI). Regarding to this issue, there are two options:

1) Base on the architecture defined in relay communication specified in TS 36.300 or IAB node communication specified in TR 38.874. That is, the satellite/HAPS shall hold a gNB and a Mobile-Termination (MT), and there is a donor node on the earth. The MT held in the satellite/HAPS terminates the radio interface layers of the SRI toward the donor node. 
2) Based on the existing protocols defined for satellite communication, e.g., standards created by Consultative Committee for Space Data Systems (CCSDS) or Digital Video Broadcasting (DVB). In this option, the donor node may be not needed. These protocols are out of 3GPP scope.

There has been extensive work in 3GPP on IAB/relay architectures. Leveraging this work, i.e., adopt the first option, may reduce the standardization effort for NTN. Otherwise, some standardization effort (out of 3GPP scope) may be needed, e.g., how to identify the NG-C signalling packets and NG-U packets which may belong to different PDU sessions. Hence, we prefer to the first option.

Proposal 1: The IAB/Relay architecture shall be studied as baseline in NTN.
Proposal 2: The sat-gateway could be host a donor node for regenerative satellite.

Proposal 3: The regenerative satellite can be fed by one donor node, i.e., sate-gateway. 
· Inter-Satellite Links (ISL)
The NTN typical scenario based on regenerative payload was captured in the TR 38.821 as in Fig1, where the ISL optionally in case of a constellation of satellites, and the ISL may operate in RF frequency or optical bands. Here, we analysis the necessary of the ISL for the case of satellites with gNB-DU on board, and the case of satellites with gNB on board.
[image: image1.emf]Feeder

link

Service

link

Satellite

(or UAS platform)

Gateway

Beam foot

print

Field of view of the satellite (or UAS platform)

ISL

Satellite

(or UAS platform)

Feeder link

(mandatory if no ISL)

Data 

network

User

Equipments


Fig.1 Non-terrestrial network typical scenario based on regenerative payload
Regarding to the case of satellites with gNB-DU on board, as defined in the TS 38.401, for split gNB in terrestrial networks, one gNB-CU is connected to multiple gNB-DUs, and there is no directly interface between gNB-DUs. It seems that there is no strong motivation to break the principle of the split gNB in terrestrial networks. That is, no directly interface is needed for satellites with gNB-DU on board, so as to ISL. 
Proposal 4: There is no need to configure the ISL between the satellites with gNB-DU on board.

Regarding to satellite with gNB on board, the ISL can be used to transport Xn interface. To support this, at least the following issues should be considered:

· How to support the ISL shall be clarified, e.g., NR Uu interface or optical bands. And the subsequent issue is whether it is feasible to transport Xn, e.g., we may ask RAN1 whether the NR Uu can be used for ISL. 
· The characters of the wireless ISL and its impact. For example, different from wired Xn interface, the wireless ISL may encounter radio link failure, then we should study the impact, e.g., on Xn mobility. 
Proposal 5: Whether and how to support Xn interface over ISL shall be clarified.
· Multi-hop
Another issue is whether the multi-hop feeder/backhaul link shall be supported in the NTN. The major benefit of multi-hop feeder/backhaul link is providing more range extension than single hop. However, this benefit is trivial in NTN as the coverage of satellite/HAPS is quite large. On the other hand, adopting multi-hop feeder/backhaul link may arise the scalability issues, increase signaling load to unacceptable levels, and increase the complexity of satellite/HAPS design.
Proposal 6: It is proposed to focus on NTN with one-hop feeder/backhaul link in R16.   
3   Conclusion
In this contribution, we discussed the architecture in non-terrestrial networks, and we have the following proposals:
Proposal 1: The IAB/Relay architecture shall be studied as baseline in NTN.
Proposal 2: The sat-gateway could be act as a donor node for regenerative satellite.

Proposal 3: The regenerative satellite can be fed by one donor node, i.e., sate-gateway. 
Proposal 4: There is no need to configure the ISL between the satellites with gNB-DU on board.

Proposal 5: Whether and how to support Xn interface over ISL shall be clarified.
Proposal 6: It is proposed to focus on NTN with one-hop feeder/backhaul link in R16.   
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5   Annex: Text Proposal to TS 38.821

<<<<<<<<<<<<<<<<<<<< Text Proposal Begin >>>>>>>>>>>>>>>>>>>>
5.1   Non-Terrestrial Networks overview
Non-Terrestrial Network typically features the following elements:

-
One or several sat-gateways that connect the Non-Terrestrial Network to a public data network

-
a GEO satellite is fed by one sat-gateways which are deployed across the satellite targeted coverage (e.g. regional or even continental coverage). We assume that UE in a cell are served by only one sat-gateway

-
A Non-GEO satellite served successively by one sat-gateway at a time. The system ensures service and feeder link continuity between the successive serving sat-gateways with sufficient time duration to proceed with mobility anchoring and hand-over

-
A Feeder link or radio link between a sat-gateway and the satellite (or UAS platform)
-
A service link or radio link between the user equipment and the satellite (or UAS platform).
-
A satellite (or UAS platform) which may implement either a transparent or a regenerative (with on board processing) payload. The satellite (or UAS platform) generate beams typically generate several beams over a given service area bounded by its field of view. The footprints of the beams are typically of elliptic shape. The field of view of a satellites (or UAS platforms) depends on the on board antenna diagram and min elevation angle.
-
A transparent payload: Radio Frequency filtering, Frequency conversion and amplification. Hence, the waveform signal repeated by the payload is un-changed;

-
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 all or part of base station functions (e.g. gNB) on board the satellite (or UAS platform).

-
Inter-satellite links (ISL) optionally in case of a constellation of satellites. This will require regenerative payloads on board the satellites. ISL may operate in RF frequency or optical bands.

-
User Equipments are served by the satellite (or UAS platform) within the targeted service area.
-
R16 focus on NTN with one-hop feeder/backhaul link.
<<<<<<<<<<<<<<<<<<<< Next Text Proposal >>>>>>>>>>>>>>>>>>>>
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)

	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 (service link)
	30 MHz for band < 6 GHz

400 MHz 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)

	Inter-Satellite link
	No
	Scenario C: No

Scenario D: Yes (FFS)(*)

	Earth-fixed beams
	Yes
	Scenario C: No (the beams move with the satellite)

Scenario D, option 1: Yes (steering beams), see note 1
Scenario D, option 2: No (the beams move with the satellite)

	Max beam foot print diameter at nadir
	500 km
	200 km

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

	Max distance between satellite and user equipment at min elevation angle
	40,586 km
	1,932 km (600 km altitude)

3,131 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 562 ms (service and feeder links)

Scenario B: 281ms
	Scenario C: 25.76 ms (transparent payload: service and feeder links)

Scenario D: 12.88 ms (regenerative payload: service link only)

	Max delay variation within a beam (earth fixed user equipment)
	16ms
	4.44ms (600km)

6.44ms (1200km)

	Max differential delay within a beam
	1.6 ms
	0.65 ms (*) 

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (*)

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27ppm/s (*)

	User equipment motion on the earth
	1000 km/h (e.g. aircraft)
	500 km/h (e.g. high speed train)

Possibly 1000 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 4 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(*)


NOTE 1:
There is no need to configure the ISL between the satellites with gNB-DU on board. Whether and how to support the ISL between the satellites with gNB on board is FFS
NOTE 2:
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 3:
Max delay variation within a beam (earth fixed user equipment) is calculated based on Min Elevation angle for both gateway and user equipment
NOTE 4:
Max differential delay within a beam is calculated based on Max beam foot print diameter at nadir
NOTE 5:
The 3GPP Feeder link can be studied as baseline
<<<<<<<<<<<<<<<<<<<< Text Proposal End >>>>>>>>>>>>>>>>>>>>
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