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1	Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support non-terrestrial network (NTN) [1]. The RAN1 work is scheduled to begin at RAN1#96bis in April 2019. The SI has the following objectives:

Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]



In this contribution, we highlight some aspects of a moving NTN radio access network (RAN) on the physical layer procedures.
2.	Moving RAN in NTN 
Non-Geo satellites move rapidly with respect to any given UE location. As an example, on a 2-hour orbit, a LEO satellite is in view of a stationary UE from horizon to horizon for about 20 minutes. Since each LEO satellite may have many beams, the time during which a UE stays within a beam is typically only a few minutes. The fast pace of satellite movement creates problems for mobile terminated reachability (i.e., paging), mobile originated reachability (i.e., random access) as well as idle and connected mode mobility (i.e., cell re-selection and handovers) for a stationary UE as well as a moving UE. Note that the satellite mobility impacts not just the satellite-UE links but also the satellite-ground station links. 
Unlike terrestrial framework where a cell on the ground is tied to radio communication with a RAN, in a non-GEO satellite access network, the satellite beams may be moving. There is no fixed correspondence between cells on the ground and satellite beams. The same geographical region on the ground can be covered by different satellites and different beams over time. When one LEO satellite’s beam moves away from the geographical area, another LEO satellite’s beam (that may be generated by the same LEO satellite or by a neighboring LEO satellite) should come in and cover the same geographical area. This situation is not present in normal terrestrial networks. Moreover, the duration of switch may be much larger due to the large propagation delay seen by the satellite-gateway link.
[bookmark: _Ref528539418]2.1 	Possible scenarios
Let us review some of the scenarios resulting from the satellite-gateway (ground node) switch. Note that it is possible to have multiple feeder links originating from a satellite-gateway. For ease of exposition, the following discussion assumes a single feeder link connecting a satellite to a satellite-gateway. 
2.1.1	Feeder link switch
As the satellite moves, it is possible that the service link remains the same but the feeder link switches from one satellite gateway to another. From a UE perspective, this means that the ground serving RAN node changes when the satellite gateway changes. This scenario is illustrated in Figure 1 where only the satellite feeder link switches from Gateway 1 (T1) to Gateway 2 (T2). 
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[bookmark: _Ref528245668]Figure 1 Feeder link switches while service link remains the same
2.1.2		Service link/feeder link switch
In the second scenario, it is possible that a satellite moves out-of-view of a certain area or cell as well as the satellite-gateway. This typically happens when it disappears beneath the horizon for UE currently camped-on as well as the satellite-gateway and a new satellite emerges as the node serving the cell.
2.2 		Issues
Let us review some of the issues due to the moving RAN. While they will impact both scenarios mentioned in Section 2.1, the challenges may be exacerbated when both service/feeder link switch. The PHY layer system design should consider these aspects to ensure a smooth transition.
Coping with transmission interruptions.
There will be an idle period of the satellite transmission/reception, when the satellite switches its connection from the old gateway to the new gateway. To cope with this discontinuity, UL/DL transmission needs to be scheduled efficiently to minimize the impact of transition on the cell/UE.
Timing Advance (TA) update. 
The TA values configured for the previous gateway will need to be updated for the new gateway.
Time/frequency resynchronization. 
The downlink timing may also need to be updated. For example, consider the scenario in Figure 1 where the timing based on the link distance T1+T3 needs to be updated based on T2+T3.
Random access attempts. 
There will possibly be a massive number of random access attempts by UEs to acquire resynchronization following the switch. This can increase the collisions for contention-based random access, which may overburden the network and also increase the access latency and power consumption. It will helpful to have a mechanism for regulating such attempts in wake of the switch events.  
[bookmark: _GoBack]These switching events are expected to be predictable in nature, meaning that the network may anticipate such events and perform proactive actions to help ensure a smooth transition. To mitigate the effects of a moving RAN, as an example, the network may send switch-related information with the UEs to help prepare for the switch.
Conclusions
In the previous sections, we highlight several issues arising due to the switch of the feeder/service link. These aspects need to be considered in NTN physical layer design to cope with the effects of a moving RAN. 
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