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The SI on solutions evaluation for NR to support Non-Terrestrial network has been approved in RAN #80, but the RAN1 work has not started yet. There are many open issues to be investigated for system design. 
In this contribution we analyzed the main scenarios of NTN and identified the key differences between NTN-based NG-RAN and terrestrial based NG-RAN. 
Discussion 
NTN architecture and deployment scenarios
As indicated in TR38.811[1], NTN is expected to provide services in the scenarios where terrestrial network is not available, or not sufficiently efficient. Clearly, the NTN network can provide better services in the remote areas, such as deserts, mountains, seas or aircrafts. The satellite or aerial platform can perform as a RRH, relay node or gNB. The NTN architecture and system elements mapping are summarized as follows:
[bookmark: OLE_LINK15]Table 1: 5G system elements mapping in NTN architecture
	5G elements - NTN elements mapping

	NTN architecture options
	NTN Terminal
	Space or HAPS 
	NTN Gateway

	A1: access network serving UEs via bentpipe satellite/aerial
	UE
	Remote Radio Head
(Bent pipe relay of Uu radio interface signals)
	gNB

	A2: access network serving UEs with gNB on board satellite/aerial
	UE
	gNB or Relay Node functions
	Router interfacing to Core network

	A3: access network serving Relay Nodes via bent pipe satellite/aerial
	Relay Node
	Remote Radio Head
(Bent pipe relay of Uu radio interface signals)
	gNB

	A4: access network serving Relay Nodes with gNB on board satellite/aerial
	Relay Node
	gNB or Relay Node functions
	Router interfacing to Core network



Among four architecture options, A1 is simple and popular, which should be prioritized. The main reasons include:
· A2 requires the re-generative payload implemented in satellite. The satellite will implement the radio frequency filtering, frequency conversion and amplification as well as demodulation/decoding, switch and/or routing, coding/modulation.That will increase the weight and the price of a satellite. Also the additional complexity may compromise the reliability of communications. Similar situation recurs in A4.     
· In A3 case, NTN terminal will sever as a Relay node. NTN terminal is required to receive the signal from space transponder and forward the signal to a normal NR UE. However, the propagation delay of NTN communication is very large, which incurs significant change in HARQ management and other latency processing. It is unclear on how to connect a NTN terminal with Relay functionality for a normal NR UE. Moreover, NTN terminal can be used as one WIFI serving point to serve the normal NR UE, which doesn’t require new standardization effort.

Proposal 1: Access network serving UEs via bentpipe satellite/aeria should be studied and supported with high priority. 
Regarding the evaluation scenario, the following user cases are identified in 38.811[1]:
Table 2: Reference NTN Deployment scenarios 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
	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
	A3
	A1
	A2
	A4
	A2

	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



For the different scenarios as shown in table 2, the orbit altitude and carrier frequency are different. Based on available frequency resources in the different counties, Ka band is possibly used in NTN communications. Another issue would be problematic in the above table, in which it excludes the possibilities of GEO based direction access and Non-GEO based direct access. However, currently worldwide deployed NTN network has supported GEO based direction access and Non-GEO based direct access, so it is no reason to exclude this direct access capability. 
Though the long distance between the earth and space transponder incurs considerable signal attenuation, aperture based directional antenna or beamforming technique is possible to overcome the issue. Another way is to increase the transmission power of device. For CPE based terminal, it might be able to output large transmission power to extend the propagation distance. Additionally, in order to achieve sufficient SINR, transmitted bandwidth can be scaled based on real demand. For evaluation purpose, the transmitted power, bandwidth and antenna gain should be revisited to adapt NTN terminal directed access.

Proposal 2: Support GEO based direct access and Non-GEO based direct access in NTN Deployment and system design.

NTN channel environment and link condition
For NTN network, two main differences compared to terrestrial network are propagation delay and Doppler shift. These factors will require specific design in Doppler compensation and HARQ feedback. Larger coverage of NTN network also makes new troubles for TA adjustment and PRACH aspect. 
For the sake of simplifying system design, the worst cases should be addressed. The propagation delay can refer to GEO with bent pipe case. In that case, two-way latency will reach 544.7 ms, shown in the table 3.
[bookmark: OLE_LINK14]Table 3: Propagation delays for GEO satellite
	 
	 GEO at 35786 km

	Elevation angle
	Path
	D (km)
	Time (ms)

	UE :10°
	satellite - UE
	40586
	135.286

	GW : 5°
	satellite - gateway
	41126.6
	137.088

	90°
	satellite - UE
	35786
	119.286

	Bent Pipe satellite

	One way delay
	Gateway-satellite_UE
	81712.6
	272.375

	Round trip Time
	Twice
	163425.3
	544.751



In case of Doppler shift, the LEO with 600km is the worst case, in which the Doppler shift will reach 480 kHz in DL and 720 kHz in UL, shown in the table 4. Actually in different frequency bands, the real value will be changed depending on deployment.   
[bookmark: OLE_LINK8]Table 4: Doppler shift and shift variation for LEO 600km
	Frequency (GHz)
	Max Doppler
	Relative Doppler
	Max Doppler shift variation
	Notes

	2
	+/- 48 kHz
	0.0024 %
	- 544 Hz/s
	In case of bent pipe transmission, the doppler shift should take into account the impac tof service link and feeder link.

	20
	+/- 480 kHz
	0.0024 %
	-5.44 kHz/s
	

	30
	+/- 720 kHz
	0.0024 %
	-8.16 kHz/s
	



Proposal 3: System design should consider the worst cases in propagation delay and Doppler shift.  

In the conventional NTN deployment, for example, DVB-S/S2 system[2], the Power amplifier often works in saturation range, which requires low PAPR of the signal. Also, the non-linear property of RF chain in saturation range will degrade the transmission performance signficantly. As a result, constant amplitude modulation is preferred, like as QPSK and 8PSK. Meanwhile, single carrier based waveform is applied in DVB system to achieve good PAPR property. Thus, NR based NTN design needs to inherit the merits of available satelliate communcation system.  

Proposal 4: Study low PAPR transmission techniques in NTN communications.  

NTN UE capability 
As presented in 2.1, NTN UE should be able to have direct access capability to NTN network. It may cause strong requirements on antenna gain and transmitted power of UE, especially in the high frequency band. The link budget should be guaranteed to support the minimal modulation order. Directional aperture antenna and larger transmitted power need to be considered in NTN UE capability. In case of the terminal type, vehicial based CPE would be one basic type of device, which is not limited in the transmission power and antenna size. for other scenarios, like as ship or airplane based platform, it is also typical use case. Therefore, NTN UE should be able to access the NTN network with direct connection, and furthermore, the UE mobility should be supported to facilitate real application. 
Another aspect is related to multi-link connections. Following the RAN #82, NTE UE will support dual connectivity. For S-band case, one UE will be possible to connect the NR NTN-based NG-RAN and terrestrial based NG-RAN without special antenna requirement. For Ka band, esepcially in direct NTN access, the requirement of NTN access in antenna gain will be different from the terrestrial network access due to worse link condition. Nevertheless, the vehical based NTN terminal may be possible to support dual connectivity. For example, NTN network can provide basic coverage, and terristrial network provides on-demand capacity improvmenet. Furthermore, radio resource sharing between two networks should be considered. 

Proposal 5:  UE capability should include the feature of direct access to NTN network in Ka band. 
Proposal 6: Further study the NTN UE capability requirement and technical solutions to support dual connectivity of NTN based direct access and terrestrial network based access.  


Conclusions
In this contribution, we discussed NTN architecture and deployment scenarios, NTN channel condiitonal and UE capability. Based on analysis, some highlevel views and preferences are provided. The summary of proposals are as follows:
Proposal 1: Access network serving UEs via bentpipe satellite/aeria should be studied and supported with high priority. 
Proposal 2: Support GEO based direct access and Non-GEO based direct access in NTN Deployment and system design.
Proposal 3: System design should consider the worst cases in propagation delay and Doppler shift.  
Proposal 4: Study low PAPR transmission techniques in NTN communications.  
Proposal 5:  UE capability should include the feature of direct access to NTN network in Ka band. 
Proposal 6: Further study the NTN UE capability requirement and technical solutions to support dual connectivity of NTN based direct access and terrestrial network based access.  
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