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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.

As one of the main controversial issues, the multi-hop relates to NTN architecture closely, and in this contribution, we shall provide our considerations on multi-hop scenarios at first.
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], there is not yet much statement about NTN multi-hop scenarios. In our mind, there are three types of multi-hops as below:
Type 1: Multi-hop only on land.
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 Figure 2: Additional Hops only on land Diagram

As shown in Figure 2 above, there are one or more RN nodes on land, which UE can access one of them firstly, then the RN node provides the service link with the satellite. The RN node may aggregate the traffic from all associated UEs and leverage the service link more efficiently. The RN nodes are all assumed to be stationary on land.
Type 2: Multi-hop only in space.
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Figure 3: Additional Hops only in Space Diagram

As shown in Figure 3 above, there are one or more Satellites in space, which UE can access one of them firstly, then the access satellite provides the ISL with other satellites. The access satellite may route UE traffic to proper target satellites, then to the final earth station via feeder link, and all involved satellites can be in the same or different orbits. The enlarged propagation and onboard processing delay due to ISL should be taken into account carefully.
Type 3: Hybrid of Type 1 and 2.

In such case, the UE will experience both the multi-hops relays on land and ISL in space, which may take the advantages of both, but may also suffer the disadvantages of both. Since Type 3 is mixture of Type 1 and 2, so it can be discussed later after Type 1 and 2 being stabilized.
Proposal 1: To study NTN multi-hops scenario type 1 (only on land) and type 2 (only in space) respectively. Type 3 can be discussed later.
For scenario Type 1, in case UE access the RN node via Non-3GPP means, e.g. WiFi, it should not be regarded as real multi-hops for our study, instead, the UE/RN should be considered as one super aggregated UE. Only when UE access the RN node via 3GPP means, e.g. IAB, it is real multi-hops for our study.
Proposal 2: Scenario Type 1 implies that the relay between UE and RN node is via 3GPP means.
For scenario Type 2, the ISL has already been supported and used in space today, e.g. one satellite exchanges data with other satellites via laser transceiver. However, they are mostly Layer1 signal relays, w.o. specifying the interface over SRI. If only above vendor specific mechanism is used between satellites, it should not be regarded as real multi-hops for our study, instead, the satellites with ISL in-between should be considered as one super aggregated satellite. Only when one satellite exchanges data with other satellites via 3GPP specified interface for ISL, it is real multi-hops for our study.
Proposal 3: Scenario Type 2 implies that the relay between satellites is via 3GPP specified interface for ISL.
From function viewpoints, the multi-hop alike operation with relay via Non-3GPP means either on land or in space has already been supported today, hence it needs to justify the gains and benefits with 3GPP means over Non-3GPP means. One of the benefits that can be easily identified is multi-vendor IOT, e.g. RN node, Satellite from different vendors can inter-operate with each other, building more flexible E2E link jointly. However, apart from that, more satellite complexity&cost, more performance&security uncertainty with satellites are expected, hence it should be carefully verified.
Proposal 4: To justify the gains and benefits with 3GPP means over Non-3GPP means for multi-hops.
3. Conclusion
RAN3 is kindly asked to consider following proposals:

Proposal 1: To study NTN multi-hops scenario type 1 (only on land) and type 2 (only in space) respectively. Type 3 can be discussed later.

Proposal 2: Scenario Type 1 implies that the relay between UE and RN node is via 3GPP means.
Proposal 3: Scenario Type 2 implies that the relay between satellites is via 3GPP specified interface for ISL.
Proposal 4: To justify the gains and benefits with 3GPP means over Non-3GPP means for multi-hops.
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