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1. Introduction 
NTN WI is approved in [1] and the scope of work for connect mode and mobility are as follow:
· Connected mode: 
· Definition of schemes to reduce service interruption during Hand-Over due to large propagation delay (especially in the case of GEO transparent)
· Definition of schemes to tackle frequent handover and high handover rate due to satellite movement (e.g. LEO NTN)
· Definition of schemes to improve handover robustness due to small signal strength variation in regions of beam overlap
· Definition of schemes to compensate for propagation delay differences in the UE measurement window between cells originating from different satellites, especially for LEO NTN
 
· Other mobility enhancements: 
· Additional CHO triggering conditions (e.g. location/time based), and adaptation of measurement-based thresholds and events to the NTN environment.
· Possible enhancements to mobility configuration (e.g. to support broadcast configuration)
· Enhancements to measurement configuration/reporting (e.g. pre-triggering based solutions) 
· Service continuity for mobility from TN to NTN and from NTN to TN systems
· Feeder link switchover Soft feeder link switchover implementation is considered as first priority
This contribution summarizes the challenge of NTN in connected mode mobility and provides some feasible solution.
2. Discussion 
During the study item, it has identified the following challenges for NTN mobility in connected mode:
· Latency associated with mobility signaling
· Measurement Validity
· Cell overlap and reduced signal strength variation
· Frequent and unavoidable handover
· Dynamic neighbor cell set
· Handover for a large number of UEs
· Impact of Propagation Delay Difference on Measurements
Most of the issues for handover are related to large propagation delay, moving LEO and distance between UE and network is being very large. We will not discuss the detail of each issue here because it is well addressed and illustrated in the study item and documented in [2]. While not all the problems can be resolved, some can be worked around to make it work in NTN. For example, 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 no 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 

Measurement window
Measurement window adjustment will be needed due to different propagation delay from different satellites to the UE. If the UE needs to perform measurement, the measurement gap will need to cover and considering of the propagation delay. Otherwise, the UE will miss the measurement. We have the following options:
· Option 1: Rely on network implementation. In this case, the network will ensure the SMTC may be long enough to cover measurement window taking into account of different propagation delays from the configured satellites to the UE.
· Option 2: Network can configure multiple measurement gap to the UE. Measurement gap can be divided by GEO, LEO or it can divide by different elevation. 
· Option 3: longer measurement window to accommodate multiple propagation delay from the configured satellite to be measured to the UE.
Option 4: Variable length measurement gap. Different UE may have different set of propagation delay, measurement gap can be variable length per UE based on the longest propagation delay and the shortest delay. 
Proposal 1: RAN2 to discuss the options above for support of measurement window in NTN.

Measurement report triggering
As we mentioned in observation 1 and 2, regular measurement reporting will not work in NTN environment due to measurement inaccuracy and propagation delay. The two issues we need to address are (1) when to trigger measurement report and (2) what to trigger measurement report in NTN. For (1), when to trigger measurement report, since difference between cell center and cell edge of the RSRP measurement is very small. In addition, by the time the UE measure and send measurement report to the network, the measurement is already changed (inaccurate) due to propagation delay and mobility of LEO. Therefore, the following options were considered during the study item:
· Option 1: rely on periodic measurement. Network configures periodic measurement based on UE speed and LEO speed
· Option 2: measurement reporting based on UE location or relative distance to configured cells (LEO or GEO cell)
· Option 3: measurement reporting based on UE location and RSRP/SINR >= some threshold
· Option 4: measurement reporting based on UE relative distance to configured cell and RSRP/SINR >= a configured threshold
For option 1, the configuration of how often UE needs to report is challenging. If it is too in-frequent, the UE will miss the measurement to trigger report and hence HOF. If it is too often, the UE power consumption will be impacted.
For option 2, the UE purely sends measurement report base on its location or the relative distance from the configured cells. Since it is location-based triggering, UE can move anywhere, and it will be difficult for the network to predict where the UE will move to at any given time. On the other hand, if the triggering condition is based on the distance from the configured cells, network can receive measurement report when it knows the UE is closed to another cells. This seems to be more reasonable.  
Option 3 and 4 will be similar to option 2 but it is used together with the condition of RSRP measurement. We think A3 event is not reliable in NTN because of the measurement invalidity, therefore, using measurement above a threshold to indicate the UE detects the cell can be used.  

Observation 3: A3 event like is not suitable for NTN scenario due to the significantly lower near-far effect.
Therefore, option 1 and 2 (with relative distance) can be considered for reporting triggering condition.
Proposal 2: Consider the following options for measurement report triggering in NTN:
· Option 1: rely on periodic measurement. Network configure periodic measurement base on UE speed and LEO speed
· Option 2: measurement reporting based on relative distance between UE and the configured cells (LEO or GEO cell)
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 3: UE location and UE speed can be considered to include in the measurement report.
Handover
During the study item, it is agreed that channel quality measurement-based triggering using conditional handover in the mobility enhancements WI are to be taken as baseline. However, such measurement in NTN environment is known to be inaccurate and difficult to determine at the cell edge vs cell center. Therefore, purely measurement-based triggering may not be the best choice for NTN.
Location based triggering is also one of the potential solutions in the SI. Specifically, location-based conditional HO seems quite suitable for NTN. However, purely triggering based on UE location may be difficult to specify and doesn’t make sense in LEO when LEO is moving. Therefore, distance (between UE and satellite) based conditional HO seems to be a better choice in term of usefulness and performance. The UE will need to acquire satellite location and evaluate the distance between itself and the satellite. Then if it is less than a configured threshold, it triggers the handover if conditional handover is configured to the UE based on distance. The downside is that this can only be used for UE having GNSS capability. However, this disadvantage is not valid for this WI, we assume all UE has GNSS capability. Another downside is that the UE will need to continue tracking the network may be an overhead. 
Timer and timing advance triggering are also in the SI as potential solutions. However, it is difficult for the network to determine when the UE should handover if UE trajectory is unknown to the network.
Lastly, elevation angles of source and target cells-based triggering. Network will need to know at which angle is considered to be good signal and at which angle the UE should be handover. UE will need to continue evaluate the elevation angle based on the UE location and satellite ephemeris data. This end up being very similar to location distance based triggering. The downside of this solution is similar to location triggering, the UE will need to continue tracking angle.
Observation 4:  purely measurement-based triggering may not work well in NTN.
Proposal 4: Support location-based conditional handover and elevation angles based conditional handover as HO enhancement for NTN.

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 
Observation 3: A3 event like is not suitable for NTN scenario due to the significantly lower near-far effect.
[bookmark: _GoBack]Observation 4:  purely measurement-based triggering may not work well in NTN.
Proposal 1: RAN2 to discuss the options above for support of measurement window in NTN.
Proposal 2: Consider the following options for measurement report triggering in NTN:
· Option 1: rely on periodic measurement. Network configure periodic measurement base on UE speed and LEO speed
· Option 2: measurement reporting based on relative distance between UE and the configured cells (LEO or GEO cell)
Proposal 3: UE location and UE speed can be considered to include in the measurement report.
Proposal 4: Support location-based conditional handover and elevation angles based conditional handover as HO enhancement for NTN.
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