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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Abstract
This technical contribution proposes a text for the clause 5 “Satellite-based NG-RAN Architectures” of the technical report related to 3GPP TR 38.821 “Study on solutions for NR to support non terrestrial networks (NTN)”.
Based on the outcomes of the off line discussion on NTN held Wednesday 10th October 2018 evening in Chengdu, the contribution has been revised.

2. Proposed Text

* * * Start of changes * * * * (MODIFIED TEXT)
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* * * Start of changes * * * * (NEW TEXT)

[bookmark: _Toc523728518]5	Satellite-based NG-RAN Architectures 
Editor’s note: to be drafted by RAN3.

5.1	Type of architectures
NG-RAN reference architectures are described in this clause and supporting the NTN scenarios are defined in Clause 4 of this document:
- Transparent –satellite based NG-RAN architecture 
- Regenerative-satellite based NG-RAN architecture 

This clause also discuss about dual connectivity, either for transparent or re-generative-based NG-RAN, and in combination or not with terrestrial-based NG-RAN. 

An optional architecture is then introduced.

In the following clauses satellites are connected to the 5G-CN through “NTN gateways”. “NTN Gateways” are located at the surface of Earth, and provide sufficient RF power and RF sensitivity for accessing to the satellite.” NTN gateways” may also include functions such as gNB-DU or modems following the type of architecture being dealt with. 

[bookmark: _Toc523728519]5.2	Transparent satellite based NG-RAN architectures
5.2.1	Overview
The main characteristic of this type of architecture is that the satellite payload implements a  frequency conversion (from up link to down link) and a Radio Frequency amplifier. It corresponds to an analogue RF repeater. Combined with a gateway, such as a satellite forms a Remote Radio Unit.
A sketch of a 5G system including such a transparent-satellite based NG-RAN is described in the following figure. Whilst several gNBs may access a single satellite payload, the description has been simplified here to a unique gNB accessing the satellite payload, without loss of generality.
[bookmark: _Ref522809338][image: ]Figure 5.2-1: Non-terrestrial access network with transparent satellite

5.2.2 	Detailed description of the architecture
The architecture of a transparent-satellite based NG-RAN is depicted on the following figure. QoS flows mapping are also highlighted.



Figure 5.2-2: Transparent-satellite based NG-RAN with QoS flows mapping

UE has access to the 5G system via a 3GPP NR based radio interface.
The UE user plane protocol stack for a PDU session is described hereafter.


Figure 5.2-3: UE User plane Protocol stack for a PDU session (Transparent satellite)



		RF processing & Frequency Switching
The application layer and the PDU layer (e.g. IP) for the UE are transported towards the 5GC. This is applicable for both directions.

The UE control plane protocol stack for a PDU session is described hereafter.


Figure 5.2-4: UE Control plane Protocol stack for a PDU session (Transparent satellite)
	

	Frequency conversion and RF amplification as applied by the satellite transparent payload



The NAS (NAS-SM and NAS-MM) signaling for the UE and the NG-AP signaling for the gNB are transported towards the 5GC. This is applicable for both directions.

5.3 [bookmark: _Toc523728520] Regenerative satellite based NG-RAN architecture with gNB on board
5.3.1 Overview
The main characteristic of this type of architecture is that the satellite payload implements regeneration of the signals received from Earth (either from gateway through a Satellite Radio Interface – SRI, or from UE’s through the NR Us), it applies the specifications of Nr-Uu for transmitting towards UE’s, and the specifications of SRI towards the Gateways. 

 [image: ]
Figure 5.3-1: Non-terrestrial access network with a regenerative satellite based on gNB

5.3.2 	Detailed description of the architecture
The architecture of a regenerative-satellite based NG-RAN is depicted on the following figure. QoS flows mapping are also highlighted.


Figure 5.3-2: NG-RAN architecture for regenerative satellite with QoS flows

The UE user plane protocol stack for a PDU session is described hereafter.


Figure 5.3-3: NG-RAN protocol architecture for regenerative satellite: User Plane

The Protocol stack of the Satellite Radio Interface (SRI) is used to transport the UE user plane, at the MT – NTN Gateway SRI. 
The User PDUs are transported over GTP-U tunnels and PDCP protocol, as usual, between the 5GC and the UE, but via the NTN Gateway.
As for a terrestrial NG-RAN, the association between QoS flows and Radio Access Bearer (RAB) is processed by the SDAP layer while the UPF instances are in charge of the association between QoS flows and GTP-U tunnels. The operator is in charge to configure and check the consistency of each QoS flow transport over a RAB and its transport, encapsulated into a GTP-U tunnel. 

The UE control plane protocol stack for a PDU session is described hereafter.


Figure 5.3-4: NG-RAN protocol architecture for regenerative satellite: Control Plane
The NG-AP protocol is transported by the SCTP protocol, between the 5GC and the on board gNB, as usual, but via the NTN Gateway. 
The NAS protocol is also transported by the NG-AP protocol, between the 5GC and the on board gNB, via the NTN Gateway.

Inter Satellite Links (ISL) are considered in this reference architecture:
· To support the Xn protocol and enable coordination between gNB on board adjacent satellites and especially, mitigate services disruption during UE mobility, from a source gNB to a target gNB
· To forward data packets, when an UPF function is hosted on board the satellites.
UPF is also included on board to
· forward packets to other satellite via ISL
· forward packets between two UE served by the same regenerative satellite, avoiding extra round trip delay via the 5GC. 
The UPF instance in the satellite applies packets marking (classification) and packet processing w.r.t. QoS specified by the SMF, under policies stored in the PCF, as any UPF in the 5GC.

5.4  Regenerative satellite based NG-RAN architectures with gNB-DU on board
5.4.1 Overview
In this case, the satellite hosts one or more gNB-DUs; the gNB-CU is on the ground. The F1 protocol is transported over a Satellite Radio Interface (SRI). Many DUs may be connected to the same CU.
If the satellite hosts more than one DU, the same SRI will transport all the corresponding F1 interface instances.
Xn interfaces toward other gNBs are not precluded, and if present they are terminated at the ground station.


 [image: ]
Figure 5.3-1: Non-terrestrial access network with a regenerative satellite based on gNB-DU
RRC is terminated in the CU, and it is subject to extremely strict timing constraints. 
This may preclude the applicability of this architecture to GEO (Geostationary Earth Orbit) satellites.
Its use for LEO (Low Earth Orbit) systems may impact current F1 design.

5.3.2 	Detailed description of the architecture
FFS
5.4	Dual connectivity with satellite-based NG-RAN
Dual connectivity using simultaneously NR based NTN access (NR based) and cellular access (LTE or NR based). See [6] 3GPP TS 38.300 and [7] 3GPP TS 37.340.
A UE may be connected and served simultaneously by at least on one-satellite based access, another-satellite access or at NG-RAN terrestrial cellular access (NR or EUTRA). As for terrestrial accesses, connectivity combining can occur for either on Up Link or the Down Link or both. 
The following dual connectivity examples may apply:

	Dual Connectivity Scenario
	Access Type #1
	Access Type #2

	A
	Satellite – GEO – D/L
	Terrestrial (NR / EUTRA) U/L & D/L

	B
	Satellite – GEO – D/L
	Satellite – LEO – U/L & D/L

	C
	Satellite – LEO – U/L & D/L
	Terrestrial (NR / EUTRA) U/L&D/L

	D
	Satellite – LEO – U/L & D/L
	Satellite – LEO – U/L & D/L

	E
	Satellite LEO (GEO) U/L
	Terrestrial (NR / EUTRA) U/L & D/L


Figure 5.4-1: Dual connectivity scenarios




Figure 5.4-3: Dual connectivity between satellite and cellular access (NR)

5.5	Optional regenerative satellite based NG-RAN architecture with Integrated Access and Backhaul on board
It shall be further studied on how to apply the IAB proposed architecture configuration resulting from the IAB SI reflected in the 3GPP TR 38.874 document
This may be used to support relay capability across inter satellite links or for providing access in buildings.
 
* * * End of changes * * * *
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