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1 Introduction

Among the architecture options currently captured in [1], there are a few that require terminating the Xn interface on board the satellite gNB. Some key issues should be analyzed to further understand the implications of this:

I. Which potential functions (if any) of the Xn interface can be applicable to a satellite-gNB. Two cases need to be considered:

i. Xn between satellite-gNBs (e.g. transported over ISLs);

ii. Xn between a satellite-gNB and a terrestrial gNB (i.e. transported over the SRI through the ground station or the NTN donor).

II. Given the above, whether it is beneficial to set up Xn between a satellite-gNB and a “terrestrial” gNB (the mobility implications of this are further discussed in [2]).
We will discuss the above and propose amendments to the current TR text.
2 Discussion
The following groups of functions are currently defined for Xn-C [3]:

· Xn-C interface management and error handling;
· UE mobility management;

· Dual connectivity;

· Energy saving (indication of cell activation/deactivation).

And the following are defined for Xn-U [3]:

· Data transfer;

· Flow control;

· Assistance information (e.g. on radio conditions);

· Fast retransmission.

We will analyze these for the cases of inter-satellite Xn and satellite-Earth Xn.
2.1 Inter-Satellite Xn

UE mobility management for inter-satellite Xn seems beneficial, of course under the assumption that both satellite-gNBs connect to the same AMF pool. Purely from an architecture point of view, NR-NR DC is not precluded (with one satellite acting as Master and the other as Secondary), although further analysis would be needed (e.g. on RRC aspects, out of RAN3 scope) before concluding that NR-NR DC is supported. Energy saving is also not precluded purely from an architecture point of view, although in this case there seems to be some benefit, with one satellite notifying another of cell activation/deactivation as part of e.g. constellation reconfiguration.
Xn-U functions are applicable to mobility and DC, so the same considerations apply.

Observation 1: Inter-satellite UE mobility management over Xn seems beneficial, under the assumption that both satellite gNBs connect to the same AMF pool.

Observation 2: NR-NR DC is not precluded from a pure architecture point of view, but more analysis would be required to confirm that it is feasible.

Observation 3: Inter-satellite cell activation/deactivation notification over Xn for energy saving is not precluded from a pure architecture point of view, and there seems to be some benefit in such a use case.

Proposal 1: Inter-satellite Xn seems beneficial, although further analysis may be needed to assess the feasibility of NR-NR DC in such a scenario.
2.2 Xn Between a Satellite and a Terrestrial gNB
Xn between a satellite gNB and a terrestrial gNB requires more careful consideration. First of all, it does not seem reasonable that a satellite gNB and a terrestrial gNB connect to the same AMF pool: it would imply that the same NG-RAN contains both terrestrial gNBs and satellite gNBs. This seems like a very unlikely scenario.
Observation 4: Satellite gNBs and terrestrial gNBs connecting to the same AMF pool seems like a very unlikely scenario.

From the above observation, it descends that Xn-based UE mobility and NR-NR DC between a satellite gNB and a terrestrial gNB are very unlikely.
Observation 5: Xn-based UE mobility and NR-NR DC between a satellite gNB and a terrestrial gNB are very unlikely.

Earth-satellite cell activation/deactivation notification over Xn seems somewhat beneficial. For example, a terrestrial gNB may notify a satellite covering the same area that it is switching off one or more of its cells, and the satellite may decide to “take over” the corresponding coverage area, and vice versa.
Observation 6: Earth-satellite cell activation/deactivation notification over Xn seems somewhat beneficial.

However, given the above considerations on mobility and NR-NR DC over Earth-satellite Xn, it is questionable whether the energy saving function alone is sufficient to justify setting up and maintaining Earth-satellite Xn.

Proposal 2: The benefit of Earth-satellite Xn seems questionable.

2.3 Transporting Xn over SRI

Transporting Xn over an Earth-satellite link also has additional drawbacks. For example, in a LEO scenario, when a satellite moves below the horizon, all its Xn interfaces to terrestrial gNBs will become unavailable, and this may trigger subsequent actions at application protocol and/or SCTP level in the relevant terrestrial gNBs. The opposite will happen when the satellite appears at the horizon: Xn setups may be triggered to some terrestrial gNBs. This seems undesirable, as it will lead to CP signaling surges corresponding to changes in visibility of the LEO satellites.
Observation 7: In LEO scenarios, setting up and maintaining Earth-satellite Xn interfaces will lead to CP signaling surges toward terrestrial gNBs when the LEO satellites move in or out of the horizon; this is undesirable.
A separate paper [4] discusses some issues impacting the transport of F1 over the SRI. Similar issues are applicable for Xn, in particular the fact that it may become unavailable for some periods of time due to e.g. rain outage events over the SRI. Since these events may typically last a few minutes, this may trigger interface re-establishment toward all corresponding terrestrial gNBs, generating CP signaling surges at every outage event. This is even worse than for the F1 case, because this will not happen just once, but for every Xn interface terminated in the satellite-gNB impacted by the outage event.
Observation 8: Every outage event impacting the SRI will generate CP signaling surges toward all terrestrial gNBs with which the satellite gNB has Xn interfaces set up, due to interface re-establishment procedures being triggered; this is highly undesirable.

Proposal 3: Transporting Xn over SRI is undesirable (possibly even more undesirable than transporting F1 over SRI).

Proposal 4: Capture the enclosed TP in the TR.
3 Conclusions and Proposals
Our observations and proposals are summarized below.
Observation 1: Inter-satellite UE mobility management over Xn seems beneficial, under the assumption that both satellite gNBs connect to the same AMF pool.

Observation 2: NR-NR DC is not precluded from a pure architecture point of view, but more analysis would be required to confirm that it is feasible.

Observation 3: Inter-satellite cell activation/deactivation notification over Xn for energy saving is not precluded from a pure architecture point of view, and there seems to be some benefit in such a use case.

Proposal 1: Inter-satellite Xn seems beneficial, although further analysis may be needed to assess the feasibility of NR-NR DC in such a scenario.
Observation 4: Satellite gNBs and terrestrial gNBs connecting to the same AMF pool seems like a very unlikely scenario.

Observation 5: Xn-based UE mobility and NR-NR DC between a satellite gNB and a terrestrial gNB are very unlikely.

Observation 6: Earth-satellite cell activation/deactivation notification over Xn seems somewhat beneficial.

Proposal 2: The benefit of Earth-satellite Xn seems questionable.

Observation 7: In LEO scenarios, setting up and maintaining Earth-satellite Xn interfaces will lead to CP signaling surges toward terrestrial gNBs when the LEO satellites move in or out of the horizon; this is undesirable.

Observation 8: Every outage event impacting the SRI will generate CP signaling surges toward all terrestrial gNBs with which the satellite gNB has Xn interfaces set up, due to interface re-establishment procedures being triggered; this is highly undesirable.

Proposal 3: Transporting Xn over SRI is undesirable (possibly even more undesirable than transporting F1 over SRI).

Proposal 4: Capture the enclosed TP in the TR.
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Text Proposal for TR 38.821

START OF CHANGES

8.x Applicability of Xn to NTNs
8.x.1 List of Current Xn Functions

We will refer to the list of Xn-C and Xn-U functions currently defined in TS 38.420 [xx], and we will analyze these for the cases of inter-satellite Xn and satellite-Earth Xn.
8.x.2 Inter-Satellite Xn

UE mobility management for inter-satellite Xn seems beneficial, of course under the assumption that both satellite-gNBs connect to the same AMF pool. Purely from an architecture point of view, NR-NR DC is not precluded (with one satellite acting as Master and the other as Secondary), although further analysis would be needed (e.g. on RRC aspects, out of RAN3 scope) before concluding that NR-NR DC is supported. Energy saving is also not precluded purely from an architecture point of view, although in this case there seems to be some benefit, with one satellite notifying another of cell activation/deactivation as part of e.g. constellation reconfiguration.

Xn-U functions are applicable to mobility and DC, so the same considerations apply.
From the above it descends that inter-satellite Xn seems beneficial, although further analysis may be needed to assess the feasibility of NR-NR DC in such a scenario.
8.x.2 Satellite-Earth Xn

Xn between a satellite gNB and a terrestrial gNB requires more careful consideration. First of all, it does not seem reasonable that a satellite gNB and a terrestrial gNB connect to the same AMF pool: it would imply that the same NG-RAN contains both terrestrial gNBs and satellite gNBs. This seems like a very unlikely scenario.

From the above observation, it descends that Xn-based UE mobility and NR-NR DC between a satellite gNB and a terrestrial gNB are very unlikely.

Earth-satellite cell activation/deactivation notification over Xn seems somewhat beneficial. For example, a terrestrial gNB may notify a satellite covering the same area that it is switching off one or more of its cells, and the satellite may decide to “take over” the corresponding coverage area, and vice versa.

However, given the above considerations on mobility and NR-NR DC over Earth-satellite Xn, it is questionable whether the energy saving function alone is sufficient to justify setting up and maintaining Earth-satellite Xn. Therefore, the benefit of Earth-satellite Xn seems questionable.
8.x.2 Transporting Xn over SRI
Transporting Xn over an Earth-satellite link also has additional drawbacks. For example, in a LEO scenario, when a satellite moves below the horizon, all its Xn interfaces to terrestrial gNBs will become unavailable, and this may trigger subsequent actions at application protocol and/or SCTP level in the relevant terrestrial gNBs. The opposite will happen when the satellite appears at the horizon: Xn setups may be triggered to some terrestrial gNBs. This seems undesirable, as it will lead to CP signaling surges corresponding to changes in visibility of the LEO satellites.

Furthermore, Xn may become unavailable for some periods of time due to e.g. rain outage events over the SRI. Since these events may typically last a few minutes, this may trigger interface re-establishment toward all corresponding terrestrial gNBs, generating CP signaling surges at every outage event. This is even worse than for the F1 case, because this will not happen just once, but for every Xn interface terminated in the satellite-gNB impacted by the outage event.
Therefore, considering the above, transporting Xn over the SRI seems undesirable.
END OF CHANGES
