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1 Introduction

Among the FFSs for the NTN WI is whether the Xn interface will be deployed in a transparent payload scenario. [1] Addressing this issue may impact the relevance and priority of any Xn-related enhancements currently discussed in RAN3.
We will provide some observations and propose a way forward.
2 Discussion
With the NTN transparent payload, adopted in Rel-17 and Rel-18 (Figure 1), the gNB is made up of parts which are on the ground (including the NTN gateway) and which are orbiting (the NTN transparent payload). The NTN gateway is defined as an earth station (a transport network layer node) providing connectivity to the NTN payload using the feeder link [2][3]. In this architecture, NG but also Xn if present, are terminated on the ground.
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Figure 1 NTN for Rel-17/18 [2].
In terrestrial networks the number of gNBs deployed in a certain area may increase as the network is densified by the operator according to e.g. traffic and subscriber density. This will lead to the deployment of local clusters of gNBs in close vicinity; these gNBs will typically connect to one another via Xn, supporting enhanced mobility, radio resource coordination, traffic load coordination, and so on. Unlike terrestrial networks, in NTN in principle the number of NTN gateways deployed in a certain area does not depend on local traffic density or user density. In principle, a single NTN gateway, including a single NTN gNB and many NTN payloads, can cover a very large area, which could be as big as a whole country or even a continent.
Observation 1: A single NTN gateway, comprising a single NTN gNB and many NTN payloads, could cover a very large area (i.e. a whole region, a whole country, or even a continent).

Because they are TNL nodes, a number of NTN gateways may be deployed in an area to optimize TNL connections to other networks (including 3GPP terrestrial networks). For this reason, their location may not necessarily reflect end user traffic distribution or radio coverage (in an NTN, the desired radio coverage depends on the beam layout on the payload, not on the location of the NTN gateway).

Observation 2: In an NTN, the desired radio coverage does not depend on the location of the NTN gateway.

This can be further observed by looking at a real deployment example. 
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Figure 2 Starlink constellation and ground stations in Europe [4], 2022-11-01, 1555 UTC.

Figure 2 shows the Starlink constellation and ground stations over Europe.[4] 16 stations are currently visible; there are none in Scandinavia and none in Eastern Europe except for one in Poland
. Although this particular system is not 3GPP Rel-17-compliant, the geographical distribution of its ground stations may give a reasonable idea of what can be expected also in a 3GPP-compliant NTN over the same area
. In fact, it is common for the same ground station to serve more than one NTN system at the same time.
As shown in Figure 2, NTN ground stations are hundreds, if not thousands, of km apart (the two closest stations in the picture are about 300 km apart). At this distance range, the concept of “neighbor” as we know it in terrestrial networks, on which the Xn use is based, is not relevant anymore.
Observation 3: NTN GWs can be located hundreds, if not thousands, of km apart from each other; at these distances, the concept of “neighbor”, to which Xn usage is related in terrestrial networks, is not relevant anymore.
While it is possible that more NTN GWs are added to a deployed system as more subscribers are served, it is very unlikely that they will be in close proximity of existing NTN GWs. The reasons for this are both practical (it is easier to upgrade an existing NTN GW adding e.g. more UP capacity than to build a new one) and radio-related (two sites in close proximity are subject to the same propagation impairments – e.g. rain attenuation or depolarization, scintillation – at the same time, which is undesirable for redundancy purposes).
Observation 4: Additional NTN GWs may be added as the traffic grows, but it is very unlikely that they will be in close proximity of already existing ones.

It was already observed that [5]:

a) At least for mobility management, dual connectivity, energy saving, resource coordination, load management and SON (all of which are supported by legacy Xn), the further apart two gNBs are, the less they benefit from Xn deployment.

b) Unless the same AMF pool serves both TN and NTN, TN-NTN mobility via Xn and TN-NTN DC cannot be supported. This further constrains the applicability of Xn between TN and NTN.
The above led to the agreement to treat TN-NTN mobility with low priority in Rel-17 [6]. But given that neither the architecture nor the scenarios have changed between Rel-17 and Rel-18, those observations are still relevant.
Observation 5: Previous observations made during Rel-17 on Xn functionality and NTN with transparent payload, are still relevant for Rel-18 because neither the architecture nor the scenarios have changed.
Given the above, we can only reiterate the previous observations. Xn deployment for NTN with transparent payload, or between TN and NTN, while not precluded, should not be considered as a typical option in Rel-18 NTN. As such, Xn enhancements for NTN should not be prioritized.
Proposal 1: While not precluded, Xn involving NTN for Rel-18 should not be considered as a typical option, and Xn enhancements for NTN should not be prioritized.

We notice that this has already been the case for a number of potential enhancements considered so far, e.g. ephemeris signaling or feeder link assistance signaling.
3 Conclusions and Proposals
Our observations and proposals are summarized below.
Observation 1: A single NTN gateway, comprising a single NTN gNB and many NTN payloads, could cover a very large area (i.e. a whole region, a whole country, or even a continent).

Observation 2: In an NTN, the desired radio coverage does not depend on the location of the NTN gateway.

Observation 3: NTN GWs can be located hundreds, if not thousands, of km apart from each other; at these distances, the concept of “neighbor”, to which Xn usage is related in terrestrial networks, is not relevant anymore.
Observation 4: Additional NTN GWs may be added as the traffic grows, but it is very unlikely that they will be in close proximity of already existing ones.

Observation 5: Previous observations made during Rel-17 on Xn functionality and NTN with transparent payload, are still relevant for Rel-18 because neither the architecture nor the scenarios have changed.
Proposal 1: While not precluded, Xn involving NTN for Rel-18 should not be considered as a typical option, and Xn enhancements for NTN should not be prioritized.
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� Very similar distributions for ground stations can be observed also when looking at other continents.


� It is interesting to note that the same considerations in terms of ground station distribution also apply if considering an NTN with regenerative payload.
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