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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
The following table taken from [1] summarises the mapping of 5G system elements to the 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


Table 1: 5G system elements mapped to NTN architecture[1]
The following table, again taken from [1], summarises the deployment scenarios being considered in this SI.

	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
	HAPS between 8 km and 50 km

	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 6 GHz

	Beam pattern
	Earth fixed beams
	Earth fixed beams
	Moving beams
	Moving beams[footnoteRef:1] [1:  There seems to be an error in TR38.811 which has ‘Earth Fixed Beam’ for this entry.] 

	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

	NTN architecture options (See clause 4)
	A3
	A1
	A2
	A4
	A2

	NTN Terminal type
	Very Small Aperture Terminal (fixed or mounted on Moving Platforms) implementing a relay node
	Up to 3GPP class 3 UE [2] 
	Up to 3GPP class 3 UE [2]
	Very Small Aperture Terminal (fixed or mounted on Moving Platforms) implementing a Relay node
	Up to 3GPP class 3 UE [2]


Table 2: Reference NTN Deployment scenarios to be considered in the NR-NTN study [1]
In this contribution, we consider deployment scenarios D1 and D4 from 38.811 [1] that use ground-based relays at Ka-band to deliver services to NR-capable UEs. These deployment scenarios can work with either of architecture options A3 or A4 wherein the Un interface terminates at a gNB physically located either on the satellite or beyond it (satellite acting as a bent pipe). It is expected that the use cases for these deployment modes would include eMBB multi-connectivity to fixed relay nodes (RN) for example in network coverage extension to remote rural settings. More interesting use cases could include a node mounted on a moving vehicle such as a cruise liner, an airliner or a high speed train providing vehicle-wide connectivity as a RN to UEs on board the moving vehicle. In this scenario, the RN would comprise a VSAT terminal operating at Ka-band on the Un interface. UEs distributed within the moving vehicle (the coverage area of the RN) would connect to the RN (Uu interface) using for example S-band frequencies


2. The need for mobile Relay Nodes 
RAN is currently studying integrated access and backhaul [3] for L2/L3 relays (IAB). Since there would be a lot of commonality regarding relay aspects between IAB and NTN relay scenarios, the outcome of IAB can be used as baseline for NTN relay. 

Proposal 1: The outcome of the integrated access and backhaul SI should be used as a baseline for NR NTN relays.

[bookmark: _GoBack]In [1] & [2] it is succinctly described how for NTN, satellite beams can be thought of as RAN cells or gNBs. For a GEO satellite, the geometrical footprint of each beam, even though significantly wider than the coverage area of a terrestrial gNB, is fixed on the earth surface and any moving vehicle carrying a RN may transit from one beam’s footprint to the next. This GEO scenario is similar conceptually to the RN moving between the coverage areas of terrestrial gNBs. For a LEO on the other hand, the satellite is moving and so the footprint of each beam also moves across the earth surface. Compared to the GEO and terrestrial scenarios, the cell coverage area moves instead of being fixed. This suggests that the backhaul link from the relay needs to be handed over to the next beam. Further, with a vehicle-mounted RN, there is then relative motion between the ‘cell’ and the RN. In either case, there is need for mobility management of the Un interface. 

Observation 1: The ‘cell’ and/or relay node can be moving and so the relay node needs to be capable of mobility management.

From Rel-10 the use of Relays has been specified for E-UTRAN [4]. However, this specification is principally for fixed relays. Given the need for mobility management for the RNs in the use cases discussed here, mobility management would have to be studied for the NTN relays.

Proposal 2: Study the impact of including mobility management for relay nodes in NTN.

3.   Conclusion
In this contribution, we have considered the use cases of NTN suitable for deployment scenarios with relays. In considering the issue of backhaul for such relays, we propose the following:

Proposal 1: The outcome of the integrated access and backhaul (IAB) SI should be used as a baseline for NTN relay backhaul.

Many of the key use cases involve relays mounted on moving platforms or vehicles and so we make the following observation:
Observation 1: The ‘cell’ and/or relay node can be moving and so the relay node needs to be capable of mobility management.

Further, as mobile relays were not previously prioritized in 3GPP we make the following additional proposal:
Proposal 2: Study the impact of including mobility management for relay nodes in NTN.
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