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1
Introduction
Last RAN3 agreed the architecture options for Non-Terrestrial Network. This contribution analyses these architecture options. 
2
Discussion

There are 7 architecture options agreed in last RAN3 meeting. Considering the limited time for this SI, it is necessary to organize the architecture options in an efficient way. The following sections analyse the architecture options in TR38.821.
2.1
Architecture for scenarios based on bentpipe satellites
In this architecture option, the satellite just acts as an RF repeater with frequency conversion. 
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Figure 5.1-1: Transparent based non-terrestrial access network
The satellite is a transport node, which is not a 3GPP logical network node. However, it was mentioned in the TR 
Note that in the case of transparent satellite (e.g. GEO), there may be several gNBsfeeding the satellite. However, UE are always connected to a single gNB (no Dual-connectivity).
This is not possible. The Serving gNB is selected during the initial access procedure or during a HO procedure. Since the UE is single-connectivity, it is not possible to have several gNBs to serve the UE. 
This architecture option use the satellite as an RF repeater, thus there is no impact to RAN3. RAN3 should focus the analysis on other architecture options. 
Proposal 1: RAN3 agree bentpipe satellite NTN only use ony gNB to serve the UE, and there is no impact to RAN3.
2.2
Architectures for scenarios based on regenerative satellites (without ISLs)
The architecture options in this architecture family can be categotized in two types
· Architecture Option 1: gNB on satellite

Based on how the gNB connects to the CN, there are two further options
· Architecture Option 1a: gNB connects to 5GC directly. 
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Figure 5.2-1: Regenerative satellite and on-board gNB(s)

The gNB-5GC connection uses a satellite ground station, and wired transportation, but they are part of the transport network. This is a valid architecture option to be further studied.
5GS allows to have multiple UPFs for a UE, and the UPF can be deployed locally with the RAN node. It is possible to have a UPF collocated with the gNB on the satellite, which is similar to the LTE LIPA or SIPTO@LN. Having a collocated UPF is benefitical, for example, to perform a local switch, or local content distribution. This can minize the RTT delay, by avoiding sending the data packet to the UPF on the ground, then sending it back to the satellite. 
· Architecture Option 1b: gNB connects to 5GC via a gNB on ground (Relay-like)
This architecture option is copied as below: 
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Figure 5.2-2: Architecture for NTN with gNB processed payload, relay-like architecture
It is unclear how this architecture option works. The gNB on the satellite have the NG interfrace with NGC, and the Xn interface with gNB. Why does it need a Donor?  What is to be exchanged between the Donor and the Satellite? 
Or is it suggestted that the NG/Xn are supported via the SRI between the satellite and the Donor? Then why cannot the SRI  is used between the satellite and the ground station without using the Donor (refer to architecture option 1a above)? Before these questions are addressed, we suggest to remove this architecture option. 
· Architecture Option 2: only DU on satellite
Similarly to Architecture Option 1, there are two further options
· Architecture Option 2a: DU connects to CU on ground. 

· Architecture Option 2b: DU connects to a Donor on ground (Relay-like)

Both are valid architecture options to be further studied.
Proposal 2: RAN3 consider the architecture option to have a UPF collocated with the gNB on the satellite, and remove the architecture option “gNB processed payload based on relay-like architecture”.
2.3
Architectures for scenarios based on regenerative satellites with ISLs
Two architecture options are proposed

· gNB processed payload 
Considering current NG-RAN architecture does not support the interface between 2 DUs, it is reasonable to consider the ISL is only valid when the gNB is on satellite, i.e. Section 5.3.1 in TR38.821. 
· gNB-DU processed payload

The content in Section 5.3.2 of TR38.221 is similar to normal CU-DU split archicture. But it is unclear why use “V1* interface”, since V1 interface is defined for eNB CU-DU split architecture. Also, this section states “it got much simplified not to specify direct interface between two Sat-RAN-DUs same as the gNB-DU case.” If not standardize the direct interface beyween two DUs, then this architecture option can be covered by the split gNB architecture in Section 5.2.3. Thus we propose to merge this architecture option with the split gNB architecture option in Section 5.2.3.
Proposal 3: For regenerative satellites with ISLs, RAN3 consider

· the gNB processed payload architecture option as the only one for regenerative satellites with ISLs. 

· the gNB-DU processed payload architecture option can be merged with the split gNB architecture option in Section 5.2.3

3
Conclusions
In this contribution we have analysed the architecture options for Non Terrestrial Network. Our proposals are: 

Proposal 1: RAN3 agree bentpipe satellite NTN only use ony gNB to serve the UE, and there is no impact to RAN3.

Proposal 2: RAN3 consider the architecture option to have a UPF collocated with the gNB on the satellite, and remove the architecture option “gNB processed payload based on relay-like architecture”.
Proposal 3: For regenerative satellites with ISLs, RAN3 consider

· the gNB processed payload architecture option as the only one for regenerative satellites with ISLs. 

· the gNB-DU processed payload architecture option can be merged with the split gNB architecture option in Section 5.2.3

The proposed TP can be found at the end of this contribution.
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NG-RAN Architectures for Non-terrestrial Networks 
Editor’s note: to be drafted by RAN3.

5.1
Architecture for scenarios based on bentpipe satellites (FFS)
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Figure 5.1-1: Transparent based non-terrestrial access network
In this case, the satellite payload just acts as an RF repeater with frequency conversion.
 The UE is always connected to a single gNB (no Dual-connectivity). 

5.2
Architectures for scenarios based on regenerative satellites (without ISLs) (FFS)

5.2.1
gNB processed payload

In this case, the satellite is regenerative, and it hosts one or more complete gNBs, which terminate the NG interface(s) from the 5GC. The satellite head station encapsulates NG for transport over the SRI.
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Figure 5.2-1: Regenerative satellite and on-board gNB(s)

It is also possible that the gNB on the satellite has a co-located UPF, e.g. to facilitate the local exchanging of data between UEs served by the same satellite. In that case, the N4 traffic for UPF-SMF interface and N9 traffic for UPF-UPF interface are transmitted over SRI. 





5.2.3
gNB-DU processed payload

In this case, the satellite is regenerative (i.e. it includes signal decoding and re-encoding) and it 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 gNB-CU on the ground.
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Figure 5.2-3: Regenerative satellite and split gNB

RRC is terminated in the CU, and it is subject to extremely strict timing constraints. With GEO (Geostationary Earth Orbit) and LEO (Low Earth Orbit) systems – GEO systems seem to represent the worst-case scenario here – it might not be possible to always meet such constraints while maintaining the appropriate system behavior. It should be verified whether this may impact current F1 design. This is covered by a separate agenda item.

5.2.4
gNB-DU processed payload based on relay-like architectures

In this architecture, each satellite/HAPS holds a DU and an MT. Via the MT, the satellite/HAPS connects to a onground NTN-donor. Via the DU, the relay-like node establishes RLC-channels to UEs. The NTN-donor also holds a DU to support satellite/HAPS. The NTN-donor holds a CU for the DUs of all satellite/HAPS and for its own DU. 


[image: image8.emf]MT

Satellite/HAPS

NTN-Donor

NG

F1

NGC

DU CU DU

SRI

UE

NR Uu


Figure 5.2-4: Architecture for NTN with gNB-DU processed payload, relay-like architecture
5.3
Architectures for scenarios based on regenerative satellites with ISLs (FFS)
5.3.1
gNB processed payload
In this case, the satellite is regenerative, and different satellites host different gNBs. Inter-Satellite Links (ISLs) transport Xn interfaces over SRI between the satellite-hosted gNBs.
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Figure 5.3-1: Regenerative satellite with ISL, gNB processed payload

Setting up and maintaining Xn interfaces toward terrestrial gNBs would require all the corresponding traffic (CP and UP) to be transported over the SRI relevant to the satellite-hosted gNB. This seems inefficient.

In this case, it should be verified whether it is feasible to transport Xn over the SRI, taking also into consideration whether there are Xn mobility impacts.
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