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1 Introduction

In the transparent architecture chosen for NTN in Rel-17, it is possible for the NTN gNB to set up Xn toward other gNBs (both terrestrial and non-terrestrial).
The NTN gNB in principle can serve UEs through its connected satellite(s) potentially spanning entire continents. But in terrestrial networks, the Xn interface is typically set up among NG-RAN nodes in the same local cluster, supporting mobility and other functions. It seems appropriate, therefore, to reflect on Xn usage for an NTN gNB.
We will reflect on the above and propose further discussion.
2 Discussion
2.1 Xn Functions
Xn-C supports the following functions [1]:

1. Interface management

2. UE mobility management

3. Dual connectivity

4. Energy saving

5. Resource coordination

6. Secondary RAT data volume reporting

7. Trace

8. Load management

9. Data exchange for self-optimization
Xn-U supports the following functions [1]:

1. Data transfer

2. Flow control

3. Assistance information transfer

4. Fast retransmission

Many of the above functions have their typical usage scenarios in local areas, where neighbor gNBs connect to the same AMF set, tightly interact with each other, and benefit from the exchange of e.g. radio and traffic resource information. Examples of this are mobility management, dual connectivity, energy saving, resource coordination, load management and SON. The further apart two gNBs are deployed, the less they benefit from these Xn functions.
Observation 1: At least for mobility management, dual connectivity, energy saving, resource coordination, load management and SON, the further apart two gNBs are deployed, the less they benefit from these Xn functions.
The above seems to hold true also for an NTN gNB, with an additional observation: a gNB for NTN serves UEs over very large areas (e.g. a whole continent), and there is typically a limited number of NTN GWs (where gNBs for NTN are co-located) over a continent. Therefore, there seems to be no such thing as a “local cluster” of gNBs for NTN.
Observation 2: A gNB for NTN serves UEs over very large areas (e.g. a continent), and there is typically a limited number of gNBs for NTN over a continent, so there is no such thing as a “local cluster” of gNBs for NTN.
From this, it seems that a number of current Xn functions might have a limited use between NTN gNBs with the transparent architecture.
Observation 3: A number of current Xn functions might have a limited use between NTN gNB with the transparent architecture.
In principle, though, we cannot completely exclude e.g. load management, resource coordination over Xn between transparent-architecture NTN gNBs. But as already mentioned, the usefulness of these functions may be limited and subject to the specific system features.
Proposal 1: With the transparent NTN architecture, the usefulness of some current Xn functions between NTN gNBs may be limited and subject to the specific system features.
2.2 Xn Mobility Between Terrestrial and NTN

In order to use Xn-based mobility between a terrestrial gNB and a gNB for NTN, for example, the two would need to connect to the same AMF set and then have Xn up and running between them. So, this would imply that the same AMF set handles UEs from the NTN gNB and UEs from terrestrial gNBs in the same local area. While this is a deployment issue and cannot be precluded, it seems unlikely.

Observation 4: It seems unlikely that the same AMF set handles UEs from the NTN gNB and UEs from terrestrial gNBs in the same local area where the NTN gNB is located, although this is a deployment issue and cannot be precluded. But this limits the usefulness of Xn mobility between terrestrial and NTN gNBs.
Proposal 2: With the transparent NTN architecture, the usefulness of Xn mobility between NTN gNBs and terrestrial gNBs seems limited.

2.3 Dual Connectivity

Similar observations could be made considering Dual Connectivity and the transparent architecture:

Dual Connectivity involving two NTN gNBs (NR-NR DC) – in this case, MN and SN might be located thousands of kilometers apart. They will need to tightly coordinate their operation, including e.g. radio resource parameters, but at least in principle this seems feasible.
Dual Connectivity involving an NTN gNB and a terrestrial NG-RAN node (e.g. NR-NR DC, EN-DC, MR-DC) – in this case, tight coordination is needed between a terrestrial NG-RAN node and the NTN gNB. In addition, this may put serious constraints on the user plane handling at the terrestrial RAN node (in particular the MeNB, for EN-DC). This case, although not precluded by the standard, seems less feasible than intra-NTN DC.
Proposal 3: For NTN with transparent architecture, the feasibility of DC involving NTN might need further analysis, especially when involving NTN and terrestrial networks.

2.4 For Further Discussion

From the above, it seems that when considering NTN with transparent architecture, the benefits of current Xn functions seem to be limited, although this will also depend on the deployment and on the specific system characteristics. We welcome further discussion on this topic.
Proposal 4: For NTN with transparent architecture, the benefits of Xn seem to be limited, both when considering intra-NTN Xn and when considering NTN-terrestrial Xn; we welcome further discussion on this topic.
3 Conclusions and Proposals
We have briefly considered current Xn functions and tried to envisage their application to NTN with the transparent architecture, considering both intra-NTN Xn and NTN-terrestrial Xn. Our proposals are summarized below.
Proposal 1: With the transparent NTN architecture, the usefulness of some current Xn functions between NTN gNBs may be limited and subject to the specific system features.
Proposal 2: With the transparent NTN architecture, the usefulness of Xn mobility between NTN gNBs and terrestrial gNBs seems limited.

Proposal 3: For NTN with transparent architecture, the feasibility of DC involving NTN might need further analysis, especially when involving NTN and terrestrial networks.

Proposal 4: For NTN with transparent architecture, the benefits of Xn seem to be limited, both when considering intra-NTN Xn and when considering NTN-terrestrial Xn; we welcome further discussion on this topic.
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� We should consider that in some cases NTN GWs are placed in suburban or remote areas. In these areas the terrestrial mobile network is less dense, and the core network is likely to have a lower capacity.





