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1 Introduction

At the last RAN3 meeting, it was agreed that “Xn mobility between NTN gNBs and terrestrial gNBs is treated with low priority in Rel-17”. [1]
In this contribution we would like to continue discussing the remaining Xn functions and their applicability (or lack thereof) to NTN transparent architecture. Some of these concepts were already touched in the scope of the NTN SI. [7]
2 Discussion
Mobility management was previously discussed in [2], so let us look at some other current Xn-C functions (from [5]) within the scope of NTN transparent architecture:

1. Interface management

2. Dual connectivity

3. Energy saving

4. Resource coordination

5. Secondary RAT data volume reporting

6. Trace

7. Load management

8. Data exchange for self-optimization

2.1 Interface Management

Assuming an NTN operator deploys Xn between NTN gNBs, it is obvious that this functionality will be needed for proper Xn operation. An example of NTN-specific parameters that seem beneficial to be shared between two NG-RAN nodes at Xn setup and node configuration update, is given in [3] and [4].
Observation 1: Assuming Xn is used in an NTN deployment, Xn interface management functions are needed.
2.2 Dual Connectivity

In very generic terms, the purpose of DC is to provide resources from two NG-RAN nodes (an MN and an SN, connected over Xn) to the same UE. Both MN and SN have their own RRC entity, and RRC PDUs generated by the SN can be transported to the UE via the MN. UP PDUs are transferred between MN and SN using Xn-U functions.

As previously discussed in [2], NR-NR DC involving two NTN gNBs seems feasible, at least in principle, although this poses serious practical questions with respect to e.g. tightly coordinating radio resource parameters between the two nodes, which may be thousands of kilometers apart on the Earth.
DC involving a terrestrial and an NTN gNB poses even more difficult challenges, with respect to the following aspects:
· MN and SN need to connect to the same AMF pool – this constraint is in common with Xn mobility, which is already agreed to have lower priority in Rel-17;

· Coordination of radio resources between MN and SN – the pair need to operate on the same spectrum (this seems already problematic, given the current frequency allocation framework) and require close coordination and tight synchronization. Their path lengths toward the UE have totally different orders of magnitude (tens or hundreds of m for the terrestrial node, thousands of km for the NTN node), so keeping them coordinated and synchronized is highly impractical for NTN;

· Buffering of UP packets over Xn-U – the node hosting PDCP for the DC bearer(s) is responsible for the UP buffering toward the UE. Also in this case, the huge imbalance in the path lengths makes this buffering highly problematic, especially for already deployed NG-RAN nodes.
The above seems to have been implicitly acknowledged by all interested companies at the previous RAN3 meeting [6], so we propose to formally agree the common view captured in Sec. 3.3 of [6].
Proposal 1: DC has low priority for Rel-17 NTN.
2.3 Energy Saving

This function was briefly discussed in the scope of the SI [7]. Xn supports indicating cell activation/deactivation by the NG-RAN node.

At least in principle, there seems to be some benefit in this function in the scope of NTN. For example, a terrestrial gNB may notify an NTN gNB covering the same area that it is switching off one or more of its cells, in which case the NTN gNB may decide to activate additional cells and “take over” the corresponding area, and vice versa.
Proposal 2: Signaling of cell activation/deactivation over Xn seems beneficial for NTN, at least in principle.
2.4 Resource Coordination

Xn supports coordination of cell resource usage between E-UTRA and NR. More specifically, coordination of radio resource allocation is supported between an ng-eNB and a gNB that are sharing spectrum and whose coverage areas are at least partially overlapping. [8]
Given the above considerations on how current regulations make it impractical it is to share spectrum between terrestrial and NTN gNBs, this function seems not applicable to NTN gNBs.

Proposal 3: Resource coordination over Xn seems not applicable for NTN in Rel-17.
2.5 Secondary RAT Data Volume Reporting

Xn supports reporting secondary RAT data usage for MR-DC with 5GC. Given that this function is used only with DC, the same considerations should apply.
2.6 Trace
Trace functionality over Xn is used only in conjunction with DC, so also in this case the same considerations should apply.

Observation 2: Secondary RAT data volume reporting and Trace have low priority in Rel-17 NTN, same as DC.
2.7 Load Management

Two Xn peers may exchange resource status and traffic load information. At least in principle, this function seems beneficial if Xn is to be deployed with NTN.

Proposal 4: Load management over Xn seems beneficial for NTN, at least in principle.
2.8 Data Exchange for SON

Two Xn peers may exchange information for self-optimization (SON) functionality.
We can observe that NTN seems more “predictable” and less subject to the need for “fine-tuning” than terrestrial networks as radio and load conditions change; furthermore, the above considerations on the impracticality of tight coordination between terrestrial and NTN RAN also apply for SON. Therefore, the usefulness of SON seems unclear for intra-NTN, and highly questionable between NTN and terrestrial.
Proposal 5: Xn support for SON is not used in Rel-17 NTN.

2.9 General Principle

From the above, it seems we might derive a general principle for Xn usage with NTN:

Proposal 6: Xn functions which support transfer of configuration or state information seem at least in principle useful for Rel-17 NTN, except when tight coordination between the two peers is involved (e.g. DC, radio resource coordination, SON).
3 Conclusions and Proposals
Our proposals are summarized below.
Proposal 1: DC has low priority for Rel-17 NTN.
Proposal 2: Signaling of cell activation/deactivation over Xn seems beneficial for NTN, at least in principle.
Proposal 3: Resource coordination over Xn seems not applicable for NTN in Rel-17.
Proposal 4: Load management over Xn seems beneficial for NTN, at least in principle.
Proposal 5: Xn support for SON is not used in Rel-17 NTN.
Proposal 6: Xn functions which support transfer of configuration or state information seem at least in principle useful for Rel-17 NTN, except when tight coordination between the two peers is involved (e.g. DC, radio resource coordination, SON).
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