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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Abstract
This technical contribution aims at proposing a text for the clause “NG-RAN Architectures for Non-terrestrial Networks” of the technical report related to 3GPP TR 38.821 “Study on solutions for NR to support non terrestrial networks (NTN)”.

2. Proposed Text
We suggest the following text for the chapter 5. “NG-RAN Architectures for Non-terrestrial Networks”.

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

[bookmark: _Toc523728518]5	NG-RAN Architectures for Non-terrestrial Networks 
Editor’s note: to be drafted by RAN3.

5.1	Architecture selection criteria
It is proposed to select the architectures which minimise or even prevent the need to define new interfaces nor new protocols to support non-terrestrial networks. At least two architectures need to be defined to support the scenarios defined in the clause 4 of this document.
· NG-RAN for transparent satellite
· NG-RAN for regenerative satellite

[bookmark: _Toc523728519]5.2	Architecture for scenarios based on Transparent satellites

[image: ]
[bookmark: _Ref522809338]Figure 5.2-1: Non-terrestrial access network with transparent satellite
In this case, the satellite payload implements a Radio Frequency amplifier with frequency conversion. It corresponds to a RF repeater.
The architecture based on transparent satellite is described hereafter, with QoS flows mapping.



Figure 5.2-2: NG-RAN architecture for transparent satellite 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)


		RF processing & Frequency Switching

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.

Note that in the case of transparent satellite (e.g. GEO), there may be several gNBs feeding the satellite. However, in this section, UE are served by one gNB only. 

5.3 [bookmark: _Toc523728520] Architectures for scenarios based on regenerative satellites
5.3.1 Overview
In this case, the satellite is regenerative, and it hosts one gNB, which terminate the NG interface from the 5GC. 
[image: fig3]
Figure 5.3-1: Non-terrestrial access network with regenerative satellite



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

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 cellular system, 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. It seems that there is not any standardized protocol between machines to do that.

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, as usual, but via the NTN Gateway.

5.3.2 Inter Satellite Link (ISL) support
If ISL are available, it can be used:
· 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, providing an UPF function is hosted on board the satellites (see section 5.4.3).

5.4	Optional features
5.4.1	Overview
Three features, currently under study, are of interest for non-terrestrial networks:
· Integrated Access and Backhaul (IAB): to support relay capability across inter satellite links or for providing access in buildings. See [5] 3GPP TR 38.874.
· Short path first (SPF), providing CUPS (Control User Plane Separation): it allows to support direct communication at user plane level, between 2 UEs served by the same relay node or the same regenerative satellite. This scheme also applies to the particular case when the two UEs are served by the same on board UPF. 
· 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.
[bookmark: _Toc523728522]5.4.2	Integrated Access and Backhaul (IAB) applied for NTN access
Applying some IAB proposals to the regenerative satellite reference architecture described in 5.3 lead to:
· The hosting of gNB and MT functions on board the satellite which then corresponds to an IAB node (depicted as “NTN node” in the figure below).
· The placement of gNB and UPF functions within the NTN gateway which then corresponds to a IAB Donor (depicted as “NTN Donor” in the figure below).
In this optional architecture, 
· each satellite (depicted as “NTN Node” in the figure below) hosts a gNB and a MT. 
· The NTN Donor hosts a gNB. 
The gNB of the NTN donor serves the MT on board the satellite. The gNB on board the satellite, serves the UEs. The MT on board the satellite establishes a PDU session with the UPF.
The UPF may be located either:
· in the 5GC (not depicted below) or
· in the NTN Gateway, thanks to a CUPS feature [D], which enables :
· shorter paths between UE, for UE to UE QoS flows transport .
· the selection of another 5GC, if needed and according to available connectivity with this 5GC for:
· redundancy purposes
· in the case the NTN gateway is operated for multi-operator
Via the MT, the satellite connects to the on ground NTN-Donor. The gNB on board the satellite, serves UEs. The NTN-Donor hosts a UPF collocated with the gNB, such that the MT sustains a PDU-session with the UPF.




Figure 5.4-1: Regenerative satellite architecture based on IAB

This architecture option depends on the outcomes of the IAB standardization [C] “Architecture 2b”.
For further study.
5.4.3	Regenerative satellite based on board UPF
Thanks to the CUPS, a UPF instance may be placed in the satellite, in order to :
· forward packets to other satellite with on board UPF, if ISL are available
· shortly forward packets between two UE served by the same satellite, avoiding round trip via the the 5GC. 


Furthermore, this function is compatible to the additional features proposed in section 5.4.5.
Note that the UPF instance in the satellite applies packets marking (classification) and packet processing wrt to QoS specified by the SMF, under policies stored in the PCF, as any UPF in the 5GC.



Figure 5.4-2: Regenerative satellite architecture based on CUPS

Short paths between two UEs can be used. As already proposed, this scheme applies to both cases:
· The two UEs are served by the same UPF on board a satellite, 
· The two UEs are served by UPFs on board two different satellites, if ISL are available

An additional function in the NTN is required to establish short paths first (SPF), between two on-board UPFs, thanks to dedicated signaling of the control plane, prior on-board UPF(s) may use them, in order to transport traffic between the two UE, in the user plane. This additional function could be centralized in the system (e.g. in a PLMN) and should compute short paths based on criteria such as:
· latency (minimizing the number of hops),
· provided data rate on links or
· availability of the links
5.4.4	Dual connectivity with NTN and 5G cellular access
The UE may be connected and served simultaneously by a NTN access and a cellular access (NR or LTE). An additional UPF function is either hosted by the UE or co-located with the UE. This UPF is required to determine towards which access network the packets sent by the UE should be forwarded, according to the accessibility of the server requested by the UE and/or wrt to the requested QoS of the packets to be forwarded (such as maximum delay, provided data rate, link availability).
Note : This scheme also applies to transparent satellites, at UE side.



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

5.5 System procedures
When supporting NTN, the system procedures for UE defined in [3] 3GPP TS 23.501 and [4] 3GPP TS 23.502, may have to be adapted.
This incudes at Connection, Registration, Mobility Management and Session Management procedures, mainly in terms of delay (timeouts). The NAS, NG-AP protocols may have to be adapted too.

5.5.1 Mobility management procedure

One should distinguish
· Mobility between beams of the same satellite
· Mobility between beams of different satellites especially for low earth orbiting satellites
5.5.1.1 UE mobility with transparent satellites
FFS
5.5.1.2 UE mobility with regenerative satellite

One can distinguish the following cases:
Case 1: UE Handover and UE Roaming from the Home PLMN to a Visited PLMN 
· On the upper part of the figure, the source satellite, the NTN Gateway and the 5GC belong to the Home PLMN (Public Land Mobile Network)
· On the bottom part, the target satellite, the NTN Gateway and the 5GC belong to the Visited PLMN



Figure 5.5-1: NG-RAN architecture for regenerative satellites with Xn over ISL- Support of UE Handover with UE roaming

Case 2: UE Handover without UE Roaming, NTN Gateways being far from each other 
· The source satellite, the target satellite, the NTN Gateways and the 5GC belong to the Home PLMN
· It is assumed that the NTN Gateways are far from each other and / or not in line of sight of the two satellites at the same time.



Figure 5.5-2: NG-RAN architecture for regenerative satellites with Xn over ISL - Support of UE Handover without UE roaming

Case 3: UE Handover without UE Roaming, NTN Gateways being far from each other 
On the figure, the source satellite, the target satellite, the NTN Gateway and the 5GC belong to the Home PLMN (Public Land Mobile Network). 
The satellite in the upper part of the figure has released its connection to the NTN Gateway. The satellite in the bottom part has established the connection with the same NTN Gateway.



Figure 5.5-3: NG-RAN architecture for regenerative satellites with Xn over ISL - Support of UE Handover without UE roaming and shared NTN Gateway
[bookmark: _GoBack]


* * * End of changes * * * *
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