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Introduction
In the last RAN Plenary meeting, for Non-Terrestrial Network (NTN), a study item was agreed [1]. 
	Layer 2 and above, and RAN architecture
· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]



And, in the last RAN2#103Bis meeting, RAN2 agreed below [2].
	Impacts to study for CP
· Mobility 
· TA management and update 



In this document, we discuss potential problem which may be caused by signalling delay in NTN.
Discussion
Following the TR 38.811 [3], the research is saying that the satellite systems feature much larger propagation delays than terrestrial systems. The one-way delay between the UE and the RAN (whether on-board the satellite/HAPS or on the ground) may reach up to 272.4 ms for GSO (Geostationary Synchronous Orbit) systems, and is greater than 14.2 ms for NGSO (Non-Geosynchronous Orbit) systems. It means that round trip time between the UE and the gNB (satellite) could be over 540 ms as the worst scenario and this is significant issue to consider.
Observation 1: In NTN, one-way delay between the UE and the RAN may reach up to 272.4 ms as the worst case.

We think that this propagation delay may cause providing invalid configuration if the network applies user’s input such as measurement report, UE (assistant) information to the RRC (Re-) configuration. The most important scenario is mobility. Because, in NTN, the UE with maximum 1000km velocity is considered including aerial service, radio quality can be drifty deviated especially in the case of moving LOS area to NLOS area or vice versa. In this kind of scenarios, even though the network provide a handover command upon receiving the UE’s measurement report e.g. event A3 entering, the cell which was satisfied with the measurement event may leave the measurement event when the handover command is received by the UE. Following cases could be possible to become invalid handover command to the UE:
(1) Upon reporting measurement, source cell becomes good
This case is that the UE report measurement event e.g. A3 and the network provide RRC Reconfiguration including handover command after over 500ms. During the delay time of 500ms, the source cell becomes better than threshold so that measurement event is leaving. 
(2) Upon reporting measurement, target cell becomes bad
This case is that the UE report measurement event e.g. A3 and the network provide RRC Reconfiguration including handover command after over 500ms. During the delay time of 500ms, the target cell becomes worse than threshold so that measurement event is leaving.
(3) Upon reporting measurement, another cell becomes better
This case is that the UE report measurement event e.g. A3 and the network provide RRC Reconfiguration including handover command after over 500ms. During the delay time of 500ms, UE detect another cell which is better than the target cell to move.


Figure 1: An Example of Propagation Delay Problem
Figure 1 is describing one of example about propagation delay problem. In our view, above scenarios may come together. Especially in option (2), considering that the target cell is going worse, the handover may be failed with high possibility. This is totally different scenarios comparing with the legacy terrestrial deployment so that we propose to consider that the UE should always comply the network configuration in NTN if possible.
Observation 2: Especially in case of mobility, invalid configuration may be provided due to large propagation delay.

In our view, there may be 3 options to resolve this kind of invalid mobility situation due to large propagation delay. Upon detecting propagation delay problem, following solutions could be applicable to resolve the problem:
(1) Conditional Handover
The conditional handover mechanism is supportive in NR since the NR mobility enhancements WI is supposed to be discussed with agreements in LTE mobility enhancements WI. In our view, the conditional mobility solution may be the most efficient way to resolve this kind of problem because the UE automatically performs mobility without round trip propagation delay i.e. sending measurement report and receiving handover command. However, RAN2 needs to consider whether the every NTN UE can support the conditional handover mechanism as a mandatory function. Otherwise, RAN2 needs to consider other solution for the UE which isn’t capable to perform the conditional handover in NTN.
(2) UE triggers Re-establishment with indication to inform the problem
Since moving towards invalid target cell would cause handover failure with high possibility, triggering re-establishment could be a simple solution to resolve the problem. While performing re-establishment, the UE may indicate the propagation delay problem via MSG3 or MSG messages. However additional propagation delay will be happen while the UE performs RRC Connection Re-establishment.
(3) After mobility towards target cell, UE sends Reconfiguration Complete with indication to inform the problem
Since the basic principle of UE behaviour is that UE is always supposed to comply the network’s configuration, this solution may keep the principle as is. However, in some cases of the above, target cell becomes no longer to be proper cell to move so that the mobility cause handover failure with high possibility since the target cell regards invalid already.
(4) Without mobility, to source cell, UE sends Reconfiguration Complete with indication to inform the problem
The solution (2) may cause another propagation delay during re-establishment procedure. Then, the solution (3) may cause handover failure with high possibility. Unless the source cell still below the threshold of event reporting which is given by gNB, the solution (4) can be the efficient to support reliability of mobility scenarios.
Proposal: RAN2 is kindly asked to discuss above options to handle invalid mobility due to large propagation delay.

Conclusion
In conclusion, we propose the followings: 
Observation 1: In NTN, one-way delay between the UE and the RAN may reach up to 272.4 ms as the worst case.
Observation 2: Especially in case of mobility, invalid configuration may be provided due to large propagation delay.
Proposal: RAN2 is kindly asked to discuss above options to handle invalid mobility due to large propagation delay.
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