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1. Introduction
In the meeting RAN2#104, RAN2 had made the e-mail discussion for NTN mobility [1] : 

[104#54][NR - NTN] Mobility  (Ericsson)

-
Stage 1: Identify key issues to address for mobility 

-
Stage 2: Capture solutions identified in contributions for each of the issues



Intended outcome: Report to next meeting


Deadline:  Thursday 2019-02-07

During the e-mail discussion, the large propagation delay was identified to be the key issue for NTN. Propagation Delay between UE and satellites is highly determined by the altitude of satellites. Knowing the propagation delay will helpful for operating various timers that affect performance, random access, beam management, handover and paging procedure. The propagation delay to UE could be derived based on the elevation angle and the distance using UE location information together with the ephemeris of the associated satellite.

In this contribution, we will describe how to use location information of UE and satellites for NTN mobility.
2. Discussion

Satellite communication is characterized by having a long propagation delay time compared to terrestrial communication. Propagation Delay between UE and satellites is highly determined by the altitude of satellites. The elevation angle between UE and the satellite has additional impact on delays according to TR 38.811[2]. Table 1 shows that the min and max delay from UE to satellite depending on the type of satellites. 
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Table 1. Propagation delay

Observation 1.
Propagation Delay between UE and satellites is highly determined by the altitude of satellites.  
The handling a various range of propagation delay would be the key issue in term of performance. Knowing the propagation delay will helpful for operating various timers that affect performance, random access, beam management, handover and paging procedure. To do this, the location information of UEs and satellites are need to be shared.  

The ephemeris of the satellite could include not only the type of the satellite but also the satellite number and the time trajectory including altitude, longitude and latitude. Using the ephemeris, gNBs could get the current position of associated satellites with transparent or regenerative payload even if the beam moves with the satellite. The propagation delay to UE could be derived based on the elevation angle and the distance using UE location information together with the ephemeris of the associated satellite.
Observation 2.
Knowing the propagation delay will helpful for operating various timers that affect performance, random access, beam management, handover and paging procedure. 
In this contribution, we will describe how to use location information of UE and satellites for NTN mobility.
UE location Information
First, the UE could provide its location information (e.g. GPS information, velocity and/or movement direction) to a serving gNB. The gNB could estimate the propagation delay to UE based on both the UE location information and the satellite ephemeris. It would help that the gNB determines the various delay related parameter values (e.g. timers, buffer size, offset and so on.). For example, the delay values could be used for an offset for the user plane timers impacted by the large RTD as discussed in [3].
It can be transmitted to it via a measurement report in a periodic or event driven manner. Adding the location information to the measurement configuration should be studied. For example, it may be added to measurement reporting criteria as well as a measurement report. The UE does not need to know the satellite position information.
Observation 3.

UE location information could be helpful for gNBs to enhance the mobility robustness.
Proposal 1.
RAN2 is kindly asked to study adding the UE location information to the measurement configuration in NTN.
Satellite location information

The long propagation delay and the movement of satellite beams may lead to an inaccurate delay prediction without proper location update according the UE mobility. Frequent update message transmission can degrade system performance due to signaling overhead. Instead of it, providing the location information of the associated satellite to a gNB could be considered. The information can be transmitted by broadcasting or dedicated signaling. 
The satellite ephemeris information (satellite number, manufacturing date, orbit information) may be pre-configured for NTN UEs. So, a satellite identifier mapping to the satellite ephemeris could be pre-defined and transmitted. The UE could find the location of the satellite using the ephemeris mapped to the satellite identifier and estimate the distance and delay to the gNB. Then it can be used for mobility as well as initial access and various timers that affect performance.
Observation 3.

Satellite location information could be helpful for UEs to enhance the mobility robustness
Proposal 2.
RAN2 is kindly asked to study the satellite location information could be transmitted by broadcasting or dedicated signaling.
Mobility aspects in NTN 
The sharing the location information of UE and satellites can also be useful in handover procedures. 
The location information of the UE can be used by a serving cell to determine handover and by a target cell to adjust configurable parameters in order to access the target cell. This could mitigate the impact of delays including interruption time and RLF/HOF by satellites changes. 
In addition, the long propagation delay and the movement of satellite beams may lead to an inaccurate delay prediction. When the satellite location information associated to the target cell are provided to UEs, it could improve mobility robustness and avoid long delays. It could be helpful for NTN UEs to know the satellite ephemeris when considering mobility as well as initial access and various timers that affect performance, etc. 
Proposal 3.
Knowing the location information of UE and satellites could help in handover robustness.
3. Conclusion

RAN2 is kindly asked to consider following observations and proposals:

Observation 1.
Propagation Delay between UE and satellites is highly determined by the altitude of satellites.  
Observation 2.

Knowing the propagation delay will helpful for operating various timers that affect performance, random access, beam management, handover and paging procedure. 
Observation 3.

Satellite location information could be helpful for UEs to enhance the mobility robustness
Proposal 1.
RAN2 is kindly asked to study adding the UE location information to the measurement configuration in NTN.
Proposal 2.
RAN2 is kindly asked to study the satellite location information could be transmitted by broadcasting or dedicated signaling.
Proposal 3.
Knowing the location information of UE and satellites could help in handover robustness.
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