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1. Introduction 
In 3GPP RAN2#105bis meeting, positioning in NTN was discussed and agreements have been reached as follows.
Agreements:

1. NTN should support both, UEs supporting GNSS based positioning methods and UE not supporting GNSS based positioning methods.

2. The use of satellite ephemeris, time and UE location can be used in the RAN for mobility purposes in NTN

Location report enhancement should be addressed in SI. In this contribution, we discuss some details on location reporting mechanism for NTN.
2. Discussion
In E-UTRAN, we have UE positioning architecture as depicted in 36.305.
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Figure 1: UE Positioning Architecture applicable to E-UTRAN [1]
For NTN, UE location information can be used by the network to determine which satellite/beam currently provides coverage to the UE. Location reporting can therefore be beneficial for the network to perform mobility management e.g. handover, registration area update or RAN notification area update etc. Therefore it is assumed that UE needs to send location report to NTN from time to time no matter whether it is in RRC_CONNECTED, RRC_INACTIVE or RRC_IDLE state. Whether to reuse the existing location reporting architecture from E-UTRAN or define a new one for NTN can be discussed. One of the problems is that eNB/gNB is not aware of UE location as E-SMLC is but eNB/gNB could be aware of UE’s GNSS location in MDT or RLF report, which may not be enough to support mobility management. We think this should be discussed in NTN. 
Proposal 1: UE location reporting should be introduced in NTN to aid mobility management.
Considering the relatively long propagation delay and fast moving cell impact for LEO deployments, certain enhancements to reduce signalling exchange as well as to accelerate location reporting procedure especially when e.g. UE is in RRC_IDLE or RRC_INACTIVE will need more study. Too frequent location reporting will not only consume network radio resources but also deplete UE’s power while infrequent location reporting may cause the RRC_CONNECTD UE to miss the best handover opportunity especially taking the fast moving LEO satellites and long propagation delay into account. Therefore a scheme to reduce location report signalling while guaranteeing mobility management performance should be studied.     

Observation 1: Due to the long propagation delay and fast moving cell impact especially for LEO deployment, the trade-off between signalling overhead and mobility management performance may need more considerations of the location reporting procedure.
Any mechanism should strike a balance between the signalling exchanges and the resolution of location information. The signalling load for the UEs in RRC_IDLE and RRC_INACTIVE should be considered assuming that UE has to enter into RRC_CONNECTED state to send the location report.

One straightforward solution to reduce the unnecessary location reporting and RRC state transition is that UE will only send location report when it moves by a distance beyond a pre-configured threshold from its last reported location. This pre-configured threshold is maintained by the network e.g. based on estimation of how UE’s movement may impact the handover decision and could be reconfigured if is deemed necessary. In Figure 2, the locus A is a circle of radius R whose centre is the last reported location of the UE. The distance R is a configured distance threshold from the previous UE location report at which the moving UE must send another location report.
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Figure 2: Locus of movement distance threshold 

Proposal 2: UE will only send location report when it moves by a distance beyond a pre-configured threshold from its last reported location.
As discussed above, location reporting for UEs in RRC_IDLE and RRC_INACTIVE is beneficial in order to e.g. optimize paging performance. But transition to RRC_CONNECTED in order to report location will not only impose signalling overhead between UE and network, but also reduce the timeliness of the report, especially considering the long propagation delay in NTN. As a result, it is proposed that enhancements on location reporting for RRC_IDLE and RRC_INACTIVE UEs should be studied in NTN.
Proposal 3: Enhancements on location reporting for RRC_IDLE and RRC_INACTIVE UEs should be studied in NTN.
3. Conclusion
We have the observation as follows.

Observation 1: Due to the long propagation delay and fast moving cell impact especially for LEO deployment, the trade-off between signalling overhead and mobility management performance may need more considerations of the location reporting procedure.
We propose RAN2 to discuss and agree on following proposal:
Proposal 1: UE location reporting should be introduced in NTN to aid mobility management.
Proposal 2: UE will only send location report when it moves by a distance beyond a pre-configured threshold from its last reported location.
Proposal 3: Enhancements on location reporting for RRC_IDLE and RRC_INACTIVE UEs should be studied in NTN.   
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