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1. Introduction
At last RAN3 meeting, some initial discussion about NTN architectures was made. Based on TR38.821 [1], it is noted that “as far as architecture issues are concerned, this TR supersedes 3GPP TR 38.811”, which means more diversified/refined NTN architecture options could be studied and analyzed. In this contribution, we shall continue providing our considerations on NTN architecture aspects.
2. Discussion

Regardless of GEO or LEO or other type of satellites, the radio interface between UE and satellite/HAPS is called “service link”; and the radio interface between satellite/HAPS and Sat-GW is called “feeder link”. Both “service link” and “feeder link” are supposed to base on NR links for access or backhaul purposes. The Sat-GW on earth is supposed to be TNL node, and connected to 5GC/DN further.
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 Figure 1: NTN Deployment Diagram
Based on current TR38.821 [1], from function viewpoint, satellite can be classified into following two big categories:
1: Transparent payload: no digital processing on board, but only waveform repeating etc.
2: Regenerative payload: some digital processing on board, having all or part of base station functions (e.g. gNB).
Furthermore, it has been confirmed that for satellite supporting ISL, it should have regenerative payload.
Assuming that the function of ISL is crucial, i.e. less dependant on limited earth stations, and has been widely supported today by many satellite vendors, hence if satellite has even more digital processing capability than “few digital processing only for ISL”, it should also be able to support ISL (but may not always configure ISL). Hence, the category of Regenerative payload can be further classified into following three sub-categories:
2-1: few digital processing only for ISL.

2-2: more digital processing for both ISL and partial gNB functions.

2-3: full digital processing for both ISL and full gNB functions.

To facilitate following discussions, we would like to use the term “RU” (radio unit) type representing category 1 and 2-1 above, use “DU” (distributed unit) type representing category 2-2 above, use “FU” (full unit) type representing category 2-3 above. 
Proposal 1: From function viewpoint, the satellite can be classified into following four categories:

1: Transparent payload (bentpipe).
2-1: few digital processing only for ISL purpose.

2-2: more digital processing for both ISL and partial gNB functions.

2-3: full digital processing for both ISL and full gNB functions.

Category 1 and 2-1 are denoted as “Sat-RU” type; 
Category 2-2 is denoted as “Sat-DU” type; 
Category 2-3 is denoted as “Sat-FU” type.
It has been captured in TR38.821 that:
“a GEO satellite is fed by one or several sat-gateways”, we assume that LEO can also be fed by multiple sat-gateways if available, and there is no need for such restriction.
“We assume that UE in a cell are served by only one sat-gateway, …or single gNB”, but it is not clear whether UE can connect to multiple satellites but single gNB at a time.

“A Non-GEO satellite served successively by one sat-gateway at a time”, we assume that GEO can also served by one sat-gateway at a time.

Hence, from NTN architecture viewpoint, there is no big difference between GEO or LEO or other type of satellites/UAS, hence unified NTN architecture can be pursued, accommodating all types of satellites/UAS.

Observation: Unified NTN architecture can be pursued and described regardless of exact satellite/UAS type.
According to above, the architecture for “Sat-RU” type NTN can be shown in Figure 2 below.

[image: image2.emf]UE

Sat-RU

NR-Uu SRI

gNB 5GC DN

NG

N6

Sat-RU

SRI

ISL

gNB

NG

SRI

Xn

Figure 2: Architecture for “Sat-RU” type NTN
Here, UE is assumed to connect to single Sat-RU and single gNB at a time, and single Sat-RU can be fed by multiple gNBs on earth and there is optional ISL between Satellites, depending on ISL capability and configuration. To save the standards effort in early 3GPP releases, the ISL between Sat-RUs can be up to implementation.
Proposal 2a: UE is assumed to connect to single Sat-RU and single gNB at a time, and single Sat-RU can be fed by multiple gNBs on earth and there is optional ISL between Satellites.
Proposal 2b: to clarify whether UE can connect to multiple Sat-RUs but single gNB at a time.
Proposal 2c: The ISL between Sat-RUs is up to implementation.
For “Sat-DU” type NTN, the satellite can afford more digital processing than “Sat-RU” type, but it is not clear whether it is exactly the same as gNB-DU today, i.e. more or less RAN function split?  Hence we use gNB-CU* to represent the earth station. The architecture for “Sat-DU” type NTN can be shown in Figure 3 below.
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Figure 3: Architecture for “Sat-DU” type NTN
Here, UE is assumed to connect to single Sat-DU and gNB-CU* at a time, and single Sat-DU can be fed by multiple gNB-CU*s on earth and there is ISL between Satellites if configured, since Sat-DU is supposed to be support ISL. To save the standards effort in early 3GPP releases, the ISL between Sat-DUs is also up to implementation.
Proposal 3a: UE is assumed to connect to single Sat-DU and single gNB-CU* at a time, and single Sat-DU can be fed by multiple gNB-CU*s on earth and there is ISL between Satellites if configured.
Proposal 3b: to clarify whether UE can connect to multiple Sat-DUs but single gNB-CU* at a time.
Proposal 3c: the ISL between Sat-DUs is also up to implementation.
For “Sat-FU” type NTN, the satellite can afford full digital processing, and it is the same as gNB today, i.e. full RAN functions.  We still keep the Sat-GW node to represent the earth station, which can also locate inside 5GC. The architecture for “Sat-FU” type NTN can be shown in Figure 4 below.
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Figure 4: Architecture for “Sat-FU” type NTN
Here, UE is assumed to connect to single Sat-FU/gNB at a time, and single Sat-FU/gNB can be fed by multiple Sat-GWs on earth and there is Xn over ISL between Satellites if configured, since Sat-FU/gNB is supposed to be support ISL.
Proposal 4: UE is assumed to connect to single Sat-FU/gNB at a time, and single Sat-FU/gNB can be fed by multiple Sat-GWs on earth and there is Xn over SRI as ISL between Satellites if configured.
When considering the interworking between TN and NTN, for “Sat-RU” and “Sat-DU” type NTN, there is no much specific issue, as NG and Xn interfaces are both on land, same as TN case. However, for “Sat-FU” type NTN, the NG and Xn interfaces are over SRI, which is much different from TN case. The Xn interface between Sat-FU/gNB and NG-RAN node on earth is optional, as it could be inefficient over SRI sometimes. The relevant architecture can be shown in Figure 5 below.
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Figure 5: Interworking between NG-RAN and “Sat-FU” type NTN
Besides normal mobility requirement (both idle and connected mode) between NG-RAN node and Sat-FU/gNB, it was also discussed whether the dual connectivity in-between is sensible. In the area where both coverage is available, for particular UE e.g. at high speed in large scale area, or for particular services, e.g. special security/anti-spying requirement, it may be beneficial to allow dual connectivity between NG-RAN node and Sat-FU/gNB. However, we propose to hold on the NG-RAN and NTN DC use case and de-prioritize it to later releases.

Proposal 5a: For earlier releases, to study the basic mobility behaviors between NG-RAN and NTN (typically Sat-FU/gNB case), for both idle and connected mode.

Proposal 5b: To de-prioritize the Dual connectivity between NG-RAN and NTN to later releases.
3. Conclusion
RAN3 is kindly asked to consider following proposals:

Proposal 1: From function viewpoint, the satellite can be classified into following four categories:

1: Transparent payload (bentpipe).
2-1: few digital processing only for ISL purpose.

2-2: more digital processing for both ISL and partial gNB functions.

2-3: full digital processing for both ISL and full gNB functions.

Category 1 and 2-1 are denoted as “Sat-RU” type; 
Category 2-2 is denoted as “Sat-DU” type; 
Category 2-3 is denoted as “Sat-FU” type.
Proposal 2a: UE is assumed to connect to single Sat-RU and single gNB at a time, and single Sat-RU can be fed by multiple gNBs on earth and there is optional ISL between Satellites.
Proposal 2b: to clarify whether UE can connect to multiple Sat-RUs but single gNB at a time.
Proposal 2c: The ISL between Sat-RUs is up to implementation.
Proposal 3a: UE is assumed to connect to single Sat-DU and single gNB-CU* at a time, and single Sat-DU can be fed by multiple gNB-CU*s on earth and there is ISL between Satellites if configured.
Proposal 3b: to clarify whether UE can connect to multiple Sat-DUs but single gNB-CU* at a time.
Proposal 3c: the ISL between Sat-DUs is also up to implementation.
Proposal 4: UE is assumed to connect to single Sat-FU/gNB at a time, and single Sat-FU/gNB can be fed by multiple Sat-GWs on earth and there is Xn over SRI as ISL between Satellites if configured.
Proposal 5a: For earlier releases, to study the basic mobility behaviors between NG-RAN and NTN (typically Sat-FU/gNB case), for both idle and connected mode.

Proposal 5b: To de-prioritize the Dual connectivity between NG-RAN and NTN to later releases.
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