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1. Introduction
In TR38.811 [1], initial technical findings on NTN SI phase 1 have been summarized, including deployment scenarios, channel model adaptation and specification impacts. The NTN SI phase 2 approved at RAN #80 will further study a set of necessary features/adaptations enabling the operation of NR protocol in non-terrestrial networks (NTN) for 3GPP Release 16 with higher priority on satellite access.
In this contribution, further discussion on NTN deployment scenarios is provided.

2. Discussion

There are 5 deployment scenarios listed in TR38.811 [1] including GEO, non-GEO and UAS. In this contribution, we shall focus on satellite cases, since UAS case is of lower priority. 

The deployment scenarios D1 and D2 are implemented with GEO satellites. The major advantage of these 2 deployment scenarios is the fixed beams on the earth. With the fixed beams, cell pattern can be defined similar to legacy cellular communication systems, with beam/cell sizes matching being taken into account. Thus current deployment and mobility management framework can be adapted to fit D1 and D2 requirements with relatively less modification. The major drawback of these 2 deployment scenarios is the large propagation delay. As listed in TR38.811, the round-trip propagation delay for a bent-pipe payload (without on-board processing at satellite) is more than 500ms, which significantly restricts 5G service deployment. If re-generative payload (with on-board processing at satellite) can be used on GEOs, corresponding propagation delay can be reduced by half. Since GEO satellite can support relatively higher power supply and complexity, re-generative payload may be considered as an deployment option.

The deployment scenarios D3 and D4 are implemented with non-GEO satellites. With an altitude down to 600km, the propagation delay (both one-way and round-trip) is on the order of tens of microseconds. For LEO with re-generative payload, the propagation delay is less than 30ms, which is very desirable for 5G service deployment. The major challenge brought by non-GEO satellites is the moving beams. To reuse existing authentication/authorization/mobility management/billing and provisioning framework of terrestrial 5G network, tracking area defined on ground shall be considered as a start point. How to maintain stable service with moving serving beams becomes an important topic to be studied.

An illustration of D3 and D4 is given in Fig. 1, where satellite uses service link to connect UE (D3 for narrow-band service) directly or a relay node (D4 for wide-band service). The Sat-RAN illustrated in Fig. 1 includes a satellite and a node on the earth. The satellite and the node on the earth is connected with feeder link. Sat-RAN provides connection between UE and 5GC. With the node on the earth, NG interface between Sat-RAN and 5GC needs not to deal with wireless transmission/reception over feeder link directly. Thus it helps to reduce the impact on RAN-CN interface.
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Figure 1: Typical architecture of satellite radio access network

If there are enough nodes on the earth to ensure direct connection with every satellite, then bent-pipe payload on non-GEO also can work. Nevertheless, due to geographic or policy restrictions, there may not be an available node on the earth in the view of a given non-GEO satellite during its moving on the orbit. Therefore, inter-satellite-link may need to provide a relayed feeder link to those satellites without direct connections to a node on the earth. To enable inter-satellite-link, re-generative payload is a must for non-GEO satellites. 

Proposal 1: Re-generative payload on non-GEO satellites with inter-satellite-link is a must. Furthermore, re-generative payload on GEO satellites shall be considered as an option.  
There are 3 types of links: service link, feeder link and inter-satellite link. 

Service link provides interface between Sat-RAN and UE/relay node. Based on previous study summarized in TR38.811 [1], service link can be mapped to NR Uu interface with necessary adaptations (called Uu* in [2]). Enhancement (e.g., RACH format and HARQ procedure) should be studied to deal with special problems brought by NTN deployment.  

For non-GEO satellite, due to the limited power and processing capability of payload, it would be difficult to accommodate whole gNB function on a payload. Furthermore, a node on the earth is expected to connect more than one satellite in practical commercial deployments. Therefore, a DU-CU split structure shall be a better choice for tradeoff between cost/complexity and function. In this case, the node on the earth acts as a Sat-RAN-CU, and satellites act as Sat-RAN-DUs. Thus, the feeder link can be mapped to some variant of current F1 interface (called F1* in [2]). Studies should be carried out on F1 adaption to cope with moving beams.
The inter-satellite-link cannot be mapped to an existing interface in current NR standards. The major purpose of inter-satellite-link is to provide a relay. The outcome in IAB (Integrated Access and Backhaul) SI [3] can be regarded as a reference to enable this multiple hop transmission. In TR38.874 [3], CU-DU split has been considered in IAB applications as well. Several architectures have been proposed to enable relay between multiple DUs. An adaption layer can be added over RLC or MAC to facilitate multiple hop transmission from a remote DU to its corresponding CU. Based on this study, a node on the earth plays a role of Sat-RAN-CU, which can be a gNB with extra NTN feature. And a non-GEO satellite without direct view to a node on the earth can be mapped to the remote DU in IAB. From time to time, a non-GEO satellite can be a remote DU or a non-remote DU (with direct connection with a node on the earth). The adaption due to the dynamic role of a non-GEO satellite shall be studied on the top of IAB framework.
Proposal 2: Service link and feeder link shall be studied based on current Uu and F1 interfaces, respectively, with necessary adaption to fit the requirements of NTN deployment. The inter-satellite-link shall be studied based on outcome of IAB SI with considerations on dynamic role of a DU.
3. Conclusion
RAN3 is kindly asked to consider following proposals:

Proposal 1: Re-generative payload on non-GEO satellites with inter-satellite-link is a must. Furthermore, re-generative payload on GEO satellites shall be considered as an option.  

Proposal 2: Service link and feeder link shall be studied based on current Uu and F1 interfaces, respectively, with necessary adaption to fit the requirements of NTN deployment. The inter-satellite-link shall be studied based on outcome of IAB SI with considerations on dynamic role of a DU.
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