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1. Introduction: Handover in Connected Mode between Non-Terrestrial-Network and Terrestrial Network

The goal of the following is to address the mechanisms and information needed to provide service continuity between terrestrial network (TN) and non-terrestrial network (NTN). NTN may use Geostationary satellite, Low Earth Orbit satellites, High Altitude platform or any of those combinations. 
2. Coverage Scenarios

There are at least three coverage scenarios that should be considered in addressing TN-NTN handover scenarios.
1. Partial TN coverage with NTN coverage always present as a fall back 
2. Partial but complementary TN and NTN coverage 
3. Partial but complementary TN and NTN coverage with moving beam foot print
Illustration of the handover scenarios are show in the figure below.
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3. Handover from NTN to TN

For NTN to handover UT to TN, the satellite base station needs to have some knowledge about the tower location and estimate of their coverage. This is equivalent to having neighboring cell information. This information will be used by the satellite base station to decide whether to request a UT under its foot print to do measurement for the TN or not. 
Two methods are considered here. The first is based on the UT GPS reporting. UT GPS reporting configuration is based for example on periodicity and/or some distance travelled since the last report. Using UT GPS position and its proximity to neighboring TN cells and coverage, the NTN RAN decides if it should instruct the UT to start measurements and provides measurement configuration to the UT that reflect the TN air interface requirement. After the measurement order, the NTN needs to comply with any measurement gaps and not allocate resources to the UT during those gaps.
The Second method is for the NTN to broadcast in System Information the vertices of the TN coverage. Only the vertices relevant to the NTN beam coverage need to be broadcasted. Measurement Order configuration can be setup at the UT with an indication that it only applies when UT is within the broadcasted vertices. Based on this, the UT may start measuring if it position falls within the vertices of the TN coverage without having to share it GPS position with NTN. Optionally, the UT should inform the network that it started measurement. This will provide additional information to NTN RAN that it needs to start complying with measurement gaps. Lack of this knowledge, would result in NTN RAN complying with measurement gaps all the time even when the UT didn’t activate measurements and hence loss of throughput.
4. Handover from TN to NTN

The measurement trigger may be sent when the UT reports low TN cell signal level and no other neighboring terrestrial cell signals either. i.e., an indication of the TN end of coverage. Alternatively, the measurement order could be triggered based on UT GPS position that reflect UT position being at edge of coverage. Either option should trigger a handover to NTN, if desirable before TN Radio Link Failure. 
On the measurement configuration, this may be a time varying configuration as the NTN coverage, beam frequencies may be changing over time. This applies specifically to LEO satellite system and other HAP communication system. This information need to be relayed by NTN. It is based on UT GPS position or TN cell coverage position. Given, the proposed solution requires NTN support and can support different NTN technologies or configuration, it advisable that measurement configuration is sent to the UT through a transparent container that is constructed by the NTN, similar to the RB Reconfiguration needed for handover and is tightly coupled with the target beam/cell air interface. 
5. Handover Decisions

[bookmark: _GoBack]Measurement report and RSRP should play a part in whether a handover should be requested from the target, but this should be up to the system and is an implementation choice. Decision based solely on RSRP may not be sufficient as TN and NTN have very different requirements, cost per bit, cell/beam load, configured RBs QoS, user subscription and PLMN id priority, etc. This also applies to the case where UT is serviced by NTN and TN becomes available. This also allows the network operator to decide to implement hysteresis, delay the handover or any other decision that fits with their operation.
6. Key points to consider:

1. NTN to TN handover shall be consider measurement reports provided by user terminals in NTN about the underlying TN cells. The value of threshold and hysteresis is implementation dependent.
2. In order to be efficient in NTN domain, the user terminal will only be ordered to perform TN cell measurement when reported UT position in NTN domain is such that it is in the vicinity of TN domain.
3. This implies that NTN base station is aware of TN base station locations and the associated frequency bands of operation.
4. When measurement reports about TN are such that handover procedure from NTN to TN has to be triggered, NTN base station informs TN base station about needing handover.
5. During handover procedure, UT may decide not to handover to TN even if a TN cell measurement was good based on a number of criterion, such as QoS that can be supported in terrestrial domain, priority of satellite domain versus terrestrial domain (based on PMN ID) configured in user terminal, continued availability of satellite domain connectivity etc.
6. If the handover is successfully completed to TN domain, UT will follow normal TN procedures with terrestrial gNB.
7. If UT decides not to accept handover request, then handover procedure does not successfully complete and UT falls back to NTN domain.
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