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1. Introduction 
The following agreements were made in RAN2#119e meeting.
Agreements:
1. IoT NTN can use the mechanism for neighbour cell measurements in connected mode (specified in Rel-17 for NB-IoT). FFS if any enhancements are needed (e.g. triggers) for both NB-IoT and eMTC.

2. RAN2 to continue working on a new time-based trigger for triggering intra and inter frequency measurements in connected mode, e.g. the serving cell is going to stop covering the current area, for both earth-moving and earth-fixed cell (FFS on distance-based trigger)

3. CHO enhancements for eMTC NTN (i.e. time/timer based solution) are introduced based on the R17 NR NTN solution. FFS on location-based solution

4. Measurement results reporting is not supported in Rel-18 NB-IoT NTN.

In this document we provide the solutions for enhancement of connected mode mobility.
2. Discussion 

In existing Rel-17 method for performing neighbor cell measurements in connected mode, NB-IoT UEs start timer T326 with value t-MeasureDeltaP whenever serving cell NRSRP degrades by s-MeasureDeltaP compared to NRSRPref. Reference serving cell NRSRP (NRSRPref) is the last measurement before entering RRC connected state and this reference NRSRP is updated whenever the measured serving cell exceeds this threshold. 

While timer T326 running, UE may perform neighbour cell measurements if criteria are met. However, in NTN, the RSRP change may not happen differently between UE in cell center and cell edge. Therefore, additional time-based criteria are useful for measurement.
For quasi-earth fixed cell, cell stop time is broadcast in the system information and the UE is required to perform neighbor cell measurement in IDLE mode before the cell stop time. In RRC_CONNECTED state, similar mechanism should also be considered. If t-Service is present in SystemInformationBlockType3 of the serving cell, the UE should calculate the remaining time of the serving cell coverage. If the remaining time is less than a threshold, the UE should also start the timer T326 if it is not running. It should also be possible to configure timer T326 even if neighCellMeasCriteria is not configured in SystemInformationBlockType3-NB. In our view, even if timer T326 is already running, it should be restarted.
Proposal 1 For quasi-earth fixed cell, add time-based trigger to start the measurement in RRC_CONNECTED state.

Proposal 2 Upon measurement trigger, the UE can start or restart timer T326 regardless configuration of neighCellMeasCriteria.
Reducing measurement time is also critical aspect for enhancement as UE will have very limited time available for connected mode measurement. As further enhancement, the network should also provide assistance information to UE for the connected mode measurements. It is likely that network knows which satellite is going to provide the coverage in the UE’s geographical area, the network can provide the information of the next cell (i.e., PCID, frequency and power offset) to prioritize for measurement, this will significantly reduce the UE’s measurement time. 
Even though CRS or NRS are available all the time in LTE, similar to NR NTN, eMTC/NB-IoT UE would still need to get neighbor satellite ephemeris and common TA parameters to track neighbor cell timing drift. Neighbor cell timing tracking is still critical for proper CRS/NRS measurement to reduce the power consumption in reference signal tracking.
Proposal 3 Network provides assistance information such as potential cell IDs, satellite ephemeris and common TA parameters for proper CRS/NRS measurement.

Location-based enhancements
For earth-fixed cell, time-based enhancements for measurement and CHO can be sufficient. For moving cell case, the GNSS position acquired before initiating random access for the initial connection can be used to estimate the service time of the current cell. The provided ephemeris in SIB31 and provided beam information in SIB32 for the current satellite can be used to estimate the remaining service time of the current cell. 

However, if the UE does not report coarse UE location to the eNB, then eNB will not be able to accurately configure time-based triggering mechanism for the UEs. Similarly, the UE location would not be updated in RRC_CONNECTED and location-based enhancements such as distance-based measurement trigger and location-based CHO execution condition may not work as intended. 
Therefore, we may have to use just an estimated location that is acquired before UE moves the RRC_CONNECTED and assume the location-based criteria is valid during GNSS validity period. For example, the UE should not use the location-based CHO if GNSS validity duration expires. Therefore, location-based enhancements should not require UE to update GNSS-based UE location. 

Proposal 4 If location-based enhancements are used, the UE is not required to update GNSS-based UE location.
3. Conclusion

Following proposals are made:
Proposal 1
For quasi-earth fixed cell, add time-based trigger to start the measurement in RRC_CONNECTED state.
Proposal 2
Upon measurement trigger, the UE can start or restart timer T326 regardless configuration of neighCellMeasCriteria.
Proposal 3
Network provides assistance information such as potential cell IDs, satellite ephemeris and common TA parameters for proper CRS/NRS measurement.
Proposal 4
If location-based enhancements are used, the UE is not required to update GNSS-based UE location.
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