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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Abstract
This technical contribution aims at discussing several key issues associated to the support of non-terrestrial networks by the NG-RAN architecture.
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3. Discussion
Non-Terrestrial access differ from typical cellular access in terms of radio coverage, radio link characteristics [1], network architecture and mobility.

3.1.1 Radio coverage
In a cellular access network, the radio coverage is divided in a number of geographical areas called cells overlapping each other and associated to a Radio network object that can be uniquely identified by a User Equipment. Within a cell, a UE is allocated a specific radio resource in possibly a beam. Typically cells are earth fixed. Therefore the registration [2] or tracking areas in which the user can move around without updating the Core network is typically defined as geographical area formed by a set of contiguous cells.
In a satellite access network, a cell corresponds to the foot print of a satellite beam. Cells may move as the satellite is in motion on its orbit in the case of non GEO satellites. Besides the overall cell pattern of the system might evolve with varying overlapping areas between the footprint of adjacent non-GEO satellite as their orbital plan cross each other.
For GEO based satellite access, tracking areas can be defined as a set of cells as in cellular access network. However for Non-GEO based satellite access, it may be needed to define earth fixed tracking areas although the cells are moving. This would lead to some adaptations of the Mobility management procedures including paging, hand-over and location update.

Observation 1.1: In the case of GEO satellite access networks, the concept of tracking areas is unchanged compared to cellular access network. 
Observation 1.2: In the case of non-GEO satellite access networks, the concept of tracking areas may have to be reviewed given that cells may move. 
Proposal 1.1: Study the needed adaptations of the concept of tracking areas in the context of Non-GEO satellite access as well as the corresponding network entities
Proposal 1.2: Study the needed adaptations of the Mobility management procedures including paging, intra system hand-over and location update may be required in the context of Non-GEO satellite access

3.1.2 Radio link characteristics
In [1], the channel model of NTN access has been defined and the Doppler and Delay have been characterised. It is assumed that the Radio layer 1 compensate for the Doppler shift and variation as well as the Delay variation and accommodate the channel impairments.
However, it is expected that a fixed extra delay compared to cellular access will remain. The typical one way propagation delay between UE and satellite is indicated in table 2 of [3].
This extra delay translates into higher latency that shall be accommodated by all interface protocols of the NG-RAN including at least NG.
Observation 2.1: NTN access feature Doppler shift and variation as well as Delay and variation which are different than in cellular access. 
Proposal 2.1: The Radio layer 1 protocols compensate for the Doppler shift and variation as well as the Delay variation inherent to NTN access networks
Proposal 2.2: at least NG among the NG-RAN interface protocols shall accommodate the extra latency inherent to NTN access networks.

3.1.3 NG-RAN onto NTN architecture
Based on the proposed description of the reference scenarios for the study, the following mapping of the NG-RAN architecture functions [4], [5], [6] onto the non-terrestrial access network reference scenarios are considered and depicted here below: 
[image: ]
Figure 1: Transparent GEO and LEO based non terrestrial access network (Scenario A & B)
In this case, the satellite payload just acts as an RF repeater with frequency conversion.
Note that in the case of transparent satellite (e.g. GEO), there may be several gateway feeding the satellite as depicted below.
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Figure 2: Transparent GEO and LEO based non terrestrial access network: Multi Gateway per satellite
In this sub case, the gateway and the associated gNB will serve each a different set of beams generated by the satellite.
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Figure 3: Regenerative LEO based non terrestrial access network with ISL (Scenario C)

In this case, the F1 interface has to be supported by the ISL to allow the control of the gNB-DU on board the satellite ‘i+1’ from the gNB-CU at the gateway.

The following table details the NG-RAN logical entities mapping onto the NTN architecture:
Table 1: NG-RAN architecture mapping onto NTN access scenarios
	Scenarios
	A-Transparent GEO based access
	B-Transparent LEO based access
	C-Regenerative LEO based access

	Gateway (On ground)
	a set of “satellite enabled” gNBs to provide service in the earth fixed cells generated by the GEO satellite
	“satellite enabled” gNB-CU

	Satellite
	RF amplifier and frequency converter function
	RF amplifier + « Satellite enabled » gNB-DU (or IAB [9] element)

	Feeder link (Gateway-Satellite)
	NR radio interface (FDD)
	F1 interface protocol [7] (or IAB [9] interface protocols)

	Service link (Satellite-UE)
	NR radio interface (FDD)
	NR radio interface (FDD or TDD)
	NR radio interface (FDD or TDD)

	Inter satellite link 
	None
	Xn interface protocol [8] (or IAB [9] interface protocols)



We assume the following specifics for the “satellite enabled” gNB:
Table 2: Role of “satellite enabled” gNB according to NTN access scenarios
	Scenarios
	A-Transparent GEO based access
	B-Transparent LEO based access
	C-Regenerative LEO based access

	“Satellite enabled” gNB

	Provides service to UE in one or several “satellite” cells generated by one or several satellites

	
	interfaces on the ground with a 5G-CN that can be shared or not with other nodes (gNB or eNodeB) serving UEs

	
	include a set of “Satellite enabled” gNB-DU supporting a “satellite” cell or multiple “satellite” cells

	
	supports FDD mode (Note 1)
	supports FDD or TDD mode

	“Satellite enabled” gNB-DU
	interfaces with the gateway front end unit (antenna system + RF front end) in the same way as gNB-DU interfaces with a radio remote unit
	interfaces with the satellite front end unit (antenna system + RF front end) in the same way as gNB-DU interfaces with a radio remote unit



Note 1: to exploit the dual frequency bands allocated to earth to space and space to earth corresponding respectively to up and downlink

Observation 3.1: Given the latency differences between satellite and cellular access, all procedures in [4] may have to be adapted.
Observation 3.2: Since contiguous satellite cells may not necessarily served by satellite gNBs associated to the same Gateway. The set of “satellite” gNBs associated to a given gateway shall be logically synchronised with the set of “satellite” gNBs associated to the other gateways
Observation 3.3: In case of Regenerative LEO access, the IAB architecture may be applicable 
Proposal 3.1: NG-RAN interface protocols (F1, Xn, IAB related) and procedures may have to be adapted to compensate for the extra latency inherent to NTN access
Proposal 3.2: Study how “satellite” gNBs associated to a given gateway shall be logically synchronised with “satellite” gNBs associated to other gateways
Proposal 3.3: Study the applicability of the IAB architecture to the case of Regenerative LEO access 


3.1.4 Mobility in NTN
Observation 4.1: Mobility in NTN access may use 3GPP defined NG-RAN procedures according to the targeted NTN scenario. Mobility can apply to UEs or even to satellites in the case of Non-GEO:
[bookmark: _GoBack]Table 3: Correspondence table between the NTN hand-over types and the NG-RAN hand-over procedures according to NTN access scenarios
	Scenarios
	A-Transparent GEO based access
	B-Transparent LEO based access
	C-Regenerative LEO based access

	Inter beam hand-over (same satellite & gateway)
	Intra gNB DU hand-over or Inter gNB DU mobility

	Satellite hand-over (same gateway)
	Intra gNB DU hand-over or Inter gNB DU mobility
	Inter gNB DU mobility

	Gateway hand-over (same satellite)
	Inter-gNB hand-over involving gNB-CU-UP change
	Change of gNB-CU-UP




Observation 4.2: Inter access hand-over (NTN/cellular) may be based on the “Inter-gNB hand-over involving gNB-CU-UP change” procedure whatever NTN access scenarios.
Observation 4.3: The gateway hand-over may require mobility anchoring with a change of anchor point to the PDN
Observation 4.4: satellite and gateway hand-overs occurrence and duration can be predicted in most of the cases thanks to the knowledge of satellite ephemeris. In some cases the hand-over duration may be short
Proposal 4.1: Study the applicability of NG-RAN procedures (Intra gNB DU hand-over, Inter gNB DU mobility, Inter-gNB hand-over involving gNB-CU-UP change, Change of gNB-CU-UP) within NTN access and or inter access (NTN/Cellular)
Proposal 4.2: LEO satellite access, the mobility anchoring procedure may have to be modified
Proposal 4.3: LEO satellite access, a group hand-over procedure may have to be defined to optimise the satellite or gateway hand-over duration

3.1.5 Multi connectivity or inter access hand-over with NTN access
In case a 5G-CN supports terrestrial nodes (gNB or eNodeB) and “satellite enabled”, the following features can be considered in line with use cases defined in [3]
· Multi-connectivity operation involving satellite NR-RAN and “terrestrial” NR-RAN
· Inter access hand-over between satellite NR-RAN and “terrestrial” NR-RAN
 [image: ]
Figure 4: cellular/satellite multi connectivity or inter access hand-over for example in case of scenarios A and B

Observation 5.1: Given the cell size difference between “satellite” cell and “terrestrial” cell, the mobility of UE having established multi-connectivity may create asynchronous hand-over between both “satellite” and “terrestrial” connectivity.
Proposal 5.1: Study how to ensure service continuity for mobile UE with multi connectivity 

4. Conclusion

Proposal 1.1: Study the needed adaptations of the concept of tracking areas in the context of Non-GEO satellite access as well as the corresponding network entities
Proposal 1.2: Study the needed adaptations of the Mobility management procedures including paging, intra system hand-over and location update may be required in the context of Non-GEO satellite access
Proposal 2.1: The Radio layer 1 protocols compensate for the Doppler shift and variation as well as the Delay variation inherent to NTN access networks
Proposal 2.2: at least NG among the NG-RAN interface protocols shall accommodate the extra latency inherent to NTN access networks.
Proposal 3.1: NG-RAN interface protocols (F1, Xn, IAB related) and procedures may have to be adapted to compensate for the extra latency inherent to NTN access
Proposal 3.2: Study how “satellite” gNBs associated to a given gateway shall be logically synchronised with “satellite” gNBs associated to other gateways
Proposal 3.3: Study the applicability of the IAB architecture to the case of Regenerative LEO access 
Proposal 4.1: Study the applicability of NG-RAN procedures (Intra gNB DU hand-over, Inter gNB DU mobility, Inter-gNB hand-over involving gNB-CU-UP change, Change of gNB-CU-UP) within NTN access and or inter access (NTN/Cellular)
Proposal 4.2: LEO satellite access, the mobility anchoring procedure may have to be modified
Proposal 4.3: LEO satellite access, a group hand-over procedure may have to be defined to optimise the satellite or gateway hand-over duration
Proposal 5.1: Study how to ensure service continuity for mobile UE with multi connectivity 
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