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1. Introduction
In previous RAN1 and RAN2 meetings, it has been agreed that the scope of NR to support NTN includes FDD deployment and transparent payload. When multiple high-speed moving satellites (e.g., LEO) are deployed with transparent payloads, and if these satellites service the same set of UEs on the ground, then a set UEs may receive identical DL channels from different LEO satellites. However, as the moving speeds, moving directions, and elevation angles of these satellites may be different, the levels Doppler effect and timing shifts in different service links from these satellites may also be different, which may lead to potential interference between these service links. On the other hand, when a UE performs UL transmissions, the UL signal is also forwarded through multiple satellites to a gateway/gNB on the ground. In this case, levels frequency shifts and timing shifts in different feeder links from these satellites may also be different, which may lead to potential interference between feeder links. In this contribution, we therefore discuss potential issues and schemes in NTN with transparent payload to alleviate inter-service-link interference and inter-feeder-link interference.         
2. Inter-Service-Link Interference in NTN with Transparent Payload
Due to the high-speed mobility, a high-speed moving space-borne vehicle such as satellite may not provide persistent wireless services to a particular set of UEs on the ground. As a result, the service continuity may not be offered to a set of UEs on the ground. To enhance the service continuity, multiple satellites can be deployed to offer extended coverage and seamless wireless services to UEs. For this purpose, the coverage areas of the beam footprints of these satellites may be overlapped for a period time to avoid a coverage hole in the time domain, as illustrated in Fig. 1. 
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Fig. 1. Multiple high-speed moving space-borne vehicles (satellites) may be deployed and the corresponding coverage areas of beam footprints may be overlapped for a period of time.

However, if these satellites are equipped with transparent payloads, these satellites may individually forward the same DL source signal from a ground gateway (or a gNB) to the UEs on the ground. At the ground, each UE may receive a signal combined by individual signals sent by different satellites. However, since the moving trajectories, moving speeds, and elevation angles of different satellites are different to the ground UEs, satellites may invoke different levels of Doppler shift and timing shifts among the corresponding service link beam footprints. As a result, although all the service link beam footprints convey the same source signal, the frequency and timing shifts of different service link beam footprints experienced by a UE are not the same. Consequently, UEs may suffer from interference among service link beam footprints in DL transmissions. 
Observation 1: If satellites are equipped with transparent payloads, UEs may suffer from interference among service link beam footprints in DL transmissions.         
Such inter-service-link interference can be regarded as a special sort of multi-path interference, and one possible scheme to alleviate such inter-service-link interference lies in that each UE performs certain equalization or frequency/timing offset compensation algorithms. Nevertheless, the performance of these algorithms depends on the availability of the knowledge of the number of serving satellites. Therefore, UEs may need to the number of serving satellites with transparent payloads who are forwarding DL signals.       
To obtain above knowledge at each UE side, one possible scheme is relying on ephemeris and GNSS, by which each UE can obtain its own current location and the potential number of satellites. For this purpose, information provided in ephemeris should indicate not only the number of satellites, but also the number of available satellites to service UEs.   
Proposal 1: Information provided in ephemeris should indicate not only the number of satellites, but also the number of available satellites to service UEs.

3. Inter-Feeder-Link Interference in NTN with Transparent Payload 
On the other hand, for UL, when a UE performs UL transmissions, the UL signal may also be forwarded to a ground gateway/gNB by multiple satellites, as illustrated in Fig. 2. Similarly, since the moving trajectories, moving speeds, and elevation angles of different satellites are different to the ground gateway/gNB, the ground gateway/gNB may suffer from inter-feeder-link interference. In addition, timing advanced (TA) on different feeder/service links should also be compensated.
Observation 2: If satellites are equipped with transparent payloads, the gateway/gNB may suffer from interference among feeder link beam footprints in UL transmissions. In addition, timing advanced (TA) on different feeder/service links should also be compensated.   
To alleviate such inter-feeder-link interference, certain equalization, frequency/timing offset compensation algorithms and TA compensation mechanisms may also be applied. For this purpose, the gateway/gNB also needs to know the number of (serving) satellites. However, only relying on ephemeris and the physical locations of UEs to obtain the number of serving satellites for each UE may not be feasible. As the number of UEs served by satellites may be large, it may not be feasible for a gateway/gNB to track the physical location of every UE and the corresponding number of available satellites. Therefore, additional mechanisms for a gateway/gNB to identify the number of available satellites for each UE may be designed. 
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Fig. 2. The ground gateway/gNB may suffer from inter-feeder-link interference. In addition, TA on different feeder/service links should also be compensated.

Proposal 2. Additional mechanisms for a gateway/gNB to identify the number of available satellites for each UE may be designed for NTN with transparent payloads.
4. Conclusion
In this contribution, we discuss the issues of inter-service-link interference and inter-feeder-link interference in NTN with transparent payloads, and the following observations and proposals are provided:
Observation 1: If satellites are equipped with transparent payloads, UEs may suffer from interference among service link beam footprints in DL transmissions. 
Proposal 1: Information provided in ephemeris should indicate not only the number of satellites, but also the number of available satellites to service UEs.
Observation 2: If satellites are equipped with transparent payloads, the gateway/gNB may suffer from interference among feeder link beam footprints in UL transmissions. In addition, timing advanced (TA) on different feeder/service links should also be compensated.
Proposal 2. Additional mechanisms for a gateway/gNB to identify the number of available satellites for each UE may be designed for NTN with transparent payloads.
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