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1. Introduction 
NTN WI is approved in [1] and during last RAN2#112e meeting, the mobility related agreements are:
Agreements 
1. Reconfiguration with sync is the baseline for connected mode mobility in NTN (the use of legacy RLF and re-establishment mechanism are not excluded)
2. The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO. 
3.	NTN specific CHO execution condition can be further discussed.
4.	The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded.
5.	Legacy SSB periods (as in TN) shall be supported in NTN

Agreements via email - offline 105:
1. Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.
2. DAPS HO for NTN is de-prioritized in this release.

3. Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.
4. The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.

In this contribution, we would like to discuss the detail of location based measurement event and location based CHO execution condition for NTN.
2. Discussion 
Most of the issues for handover are related to large propagation delay, moving LEO and distance between UE and network is being very large. During last RAN2#112e meeting, it has been agreed to apply conditional handover (CHO) to NTN. Specifically, location based measurement event and timer/ location based CHO in combined with existing event for event triggering were agreed. FFS if location based CHO triggering event only can also be considered. In this contribution, we look at NTN network characteristics and further discuss the detail of how to apply CHO to NTN.
Figure below shows the TN and NTN network received signal strength distribution. Since the UE and network are far apart, the measurement of the received signal between the near UE and far UE are very similar (see Figure below). When adding the measurement error (usually +/2dB for RSRP), it becomes even harder to distinguish near UE or far UE and hence traditional event trigger will fail to trigger at the correct timing. In addition, propagation delay makes the measurement report not accurate anymore when the report arriving to the network, it was measured “long” timing ago (270ms for GEO for example). 
Observation 1: the lesser near far effect in NTN makes mobility more challenging 



Figure 7.3.2.1.3-1: A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN (Figure is taken from [2])
Observation 2: Measurement is unreliable in NTN scenario due to long distance between UE and network and long propagation delay 

Location based measurement event 
Location based measurement in combination with existing measurement event was agreed during last RAN2 meeting. Details are still FFS. As mentioned in observation 1 and 2 above, regular measurement reporting will not work in NTN environment due to measurement inaccuracy and propagation delay. This measurement report needs to arrive to the network much earlier in order for network to send HO command (either CHO command or regular HO command) to the UE to before RLF happens. The options are as follow:
· Option 1: Measurement event when the relative distance between the UE and the satellite is larger than D where D is configured by the network.
· Option 2: Measurement event when the relative distance between the UE and the satellite is larger than D, and combine with one of the existing measurement events below. In this option, the UE will need to satisfy the relative distance requirement and the one of the events below in order to be considered in the entering condition:
· Event A1 (Serving becomes better than threshold): when serving is better than a threshold, it means UE has good channel quality so it may not be a good indicator handover is happening soon.
· Event A2 (Serving becomes worse than threshold): we can use A2 to indicate when the UE starts having serving cell channel quality degradation. 
· Event A3 (Neighbour becomes offset better than PCell/ PSCell): due to NTN signalling strength indicated above, it will be difficult to observe A3 event happens.
· Event A4 (Neighbour becomes better than threshold): This option is also feasible. However, threshold may need to be configured lower than TN network taking into account of propagation delay.
· Event A5 (PCell/ PSCell becomes worse than threshold1 and neighbour becomes better than threshold2): due to NTN signalling strength indicated above, it will be difficult to observe A3 event happens.
For measurement event, it is reasonable to rely on location only to trigger UE to send measurement report to the network when the UE is close to the cell edge because of the NTN near-far effect. Therefore, based on the analysis above, the feasible options are:
· Event X1: location based measurement event (when the relative distance between the UE and the satellite is larger than a threshold)
· Event X2: location based and event A2
· Event X3: location based and event A4
Proposal 1: Introduce the following new measurement events:
· Event X1: location based measurement event (when the relative distance between the UE and the satellite is larger than a threshold)
· Event X2: location based (when the relative distance between the UE and the satellite is larger than a threshold) and event A2
· Event X3: location based (when the relative distance between the UE and the satellite is larger than a threshold) and event A4
UE location can optionally include in the measurement report to assist the network to prepare better handover configuration. Measurement result seems not so useful in NTN due to the measurement accuracy and error but since we are including it in NR, we can follow Rel15 measurement reporting content. In addition to measurement and location, UE speeds may be useful for the network handover configuration. Network can use the UE speed to understand which satellite should be prepared and hence sending corresponding configuration to the UE at least in GEO scenario. 
Proposal 2: UE location and UE speed from GNSS can be considered to include in the measurement report.
CHO execution condition for handover
In legacy CHO, event A3 and A5 are used.  However, NTN signaling distribution is very different from TN, due to the near-far effect in NTN, A3 and A5 are not suitable for NTN. In addition, performing measurement of neighboring cells may already be a challenge due to different propagation delay from different moving or far away satellite. There may be a chance that the UE miss measurement due to mobility or SMTC is not align within the measurement gap configured to the UE etc. Handover opportunity may be missed due missing measurement and enhance traditional CHO will not work. Therefore, location based trigger event for CHO execution condition was agreed as part of an improvement for NTN. As it is similar to measurement event, the same logic applies, therefore, we propose to introduce event trigger using location based in combine with A2 or A4 events. As for standalone location based, if we trigger HO without considering target cell has enough signal strength, it may be pre-mature for handover and hence HOF. Therefore, we propose FFS on standalone location based CHO execution condition event trigger. 
Proposal 3: Introduce the following new event triggers for CHO execution condition:
· Event Y1: location based (when the relative distance between the UE and the satellite is larger than a threshold) event trigger and event A2
· Event Y2: location based (when the relative distance between the UE and the satellite is larger than a threshold) event trigger and event A4
· FFS on standalone location based

As measurement event and CHO execution event trigger are two separate configuration and we should keep it the same as legacy. Therefore, the signaling should be separate. 
Proposal 4: In signaling prospective, measurement event and CHO execution event trigger should be separate as specified in Rel-16 CHO.  
3. Conclusion
Observation 1: the lesser near far effect in NTN makes mobility more challenging 
Observation 2: Measurement is unreliable in NTN scenario due to long distance between UE and network and long propagation delay 

Proposal 1: Introduce the following new measurement events:
· Event X1: location based measurement event (when the relative distance between the UE and the satellite is larger than a threshold)
· Event X2: location based (when the relative distance between the UE and the satellite is larger than a threshold) and event A2
· Event X3: location based (when the relative distance between the UE and the satellite is larger than a threshold) and event A4
Proposal 2: UE location and UE speed from GNSS can be considered to include in the measurement report.
Proposal 3: Introduce the following new event triggers for CHO execution condition:
· Event Y1: location based (when the relative distance between the UE and the satellite is larger than a threshold) event trigger and event A2
· Event Y2: location based (when the relative distance between the UE and the satellite is larger than a threshold) event trigger and event A4
· FFS on standalone location based
[bookmark: _GoBack]Proposal 4: In signaling prospective, measurement event and CHO execution event trigger should be separate as specified in Rel-16 CHO.  
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