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1 Introduction

In RAN#96, a WID on IoT NTN enhancement [1] has been approved. In the WID, one objective is mobility enhancements, includes the following:

	The following mobility enhancements objectives are listed.

-
Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]

-
Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
· Define UE RRM core requirements for the above mobility enhancement features [RAN4].


In this contribution, we discuss on mobility enhancements for IoT NTN and provide our views.
2 Discussion 
For eMTC UEs in RRC_CONNECTED, s-Measure can be used to control whether or not the UE is required to perform neighbouring cell measurements. In general, when the serving cell RSRP is better than a threshold, UE is not required to perform neighbouring cell measurements.

In R17, the feature of measurements in RRC_CONNECTED for NB-IoT UEs has been introduced to reduce the time taken for RRC connection reestablishment. The criteria to trigger measurements is based on a combination of serving cell NRSRP and variance of the serving cell NRSRP, which are configurable by network.

It has been widely discussed in the R17 NR NTN that RSRP measurements cannot clearly reflect the near-far effect in NR NTN. To address this unclear near-far effect issue, measurement in RRC_IDLE has been enhanced by using distance between UE and serving cell reference location for quasi-earth fixed cell as the measurement start condition. 
As the unclear near-far effect also exists in IoT NTN, we think the location-based trigger condition can also be used for measurements in RRC_CONNECTED for NB-IoT and eMTC UEs. For quasi-earth fixed cell, the distance between UE and serving cell reference location can be used. For earth moving cell, the serving cell reference location is changing all the time along with the movement of satellite, therefore it would not be easy to provide the serving cell reference location. Since both UE location and serving satellite location are available for UEs in RRC_CONNECTED, for earth moving cell, the distance between UE and serving satellite can be used instead to determine whether the UE is in the cell centre or whether the UE is in low mobility state relative to the serving satellite. 
Proposal 1 Location-based measurement triggering in RRC_CONNECTED is supported for IoT NTN. 

Proposal 2 For quasi-earth fixed cell, distance between UE and serving cell reference location is used to trigger measurement in RRC_CONNECTED for IoT NTN.
Proposal 3 For earth moving cell, distance between UE and serving satellite is used to trigger measurement in RRC_CONNECTED for IoT NTN.
In R17 IoT NTN, time-based measurement triggering for RRC_IDLE is introduced for quasi-earth fixed cell, i.e., a UE should start measurements on neighbour cells before the time when the serving cell stops covering the current area, i.e. t-Service, where t-Service is broadcasted by network. We think time-based measurement triggering can be also used for RRC_CONNECTED for IoT NTN.
Proposal 4 Time based measurement triggering in RRC_CONNECTED is supported for quasi-earth fixed cell for IoT NTN. 

Proposal 5 For quasi-earth fixed cell, UEs in RRC_CONNETCT should start measurements on neighbour cells before t-Service, regardless of whether location-based condition or legacy RSRP based condition is met or not.

In R17 NR NTN, mobility in RRC_CONNECTED has been enhanced by introducing location-based triggering event (i.e. Event D1) and time-based CHO triggering event (i.e. CondEvent T1). Event D1 describes the distance between the UE and the reference location of the cell (including both serving cell and the target cell), and it could apply to both measurement report and CHO triggering condition. CondEvent T1 could apply to CHO which is defined as time duration [t1, t2] during which the UE is allowed to execute CHO to the candidate target cell. For CHO, joint configuration of UE-location and RSRP based triggers as well as joint configuration of time and RSRP based triggers are supported.
In R17, it has been agreed that R16 LTE CHO mechanism is supported for eMTC in IoT NTN. Enhancement to measurement and CHO were discussed in SI phase but has not been introduced in WI phase due to the limited time. Since challenges in RRC_CONNECTED mobility for eMTC NTN are similar to RRC_CONNECTED mobility issues in NR NTN, we think location-based triggering event and time-based triggering event introduced in NR NTN can be re-used in R18 IoT NTN.
Proposal 6 Location-based triggering event and time-based triggering event in NR NTN is re-used in R18 eMTC over NTN.
3 Conclusion
Based on the discussion we give the following proposals:

Proposal 1 Location based measurement triggering in RRC_CONNECTED is supported for IoT NTN. 

Proposal 2 For quasi-earth fixed cell, distance between UE and serving cell reference location is used to trigger measurement in RRC_CONNECTED for IoT NTN.
Proposal 3 For earth moving cell, distance between UE and serving satellite is used to trigger measurement in RRC_CONNECTED for IoT NTN.
Proposal 4 Time based measurement triggering in RRC_CONNECTED is supported for quasi-earth fixed cell for IoT NTN. 

Proposal 5 For quasi-earth fixed cell, UEs in RRC_CONNETCT should start measurements on neighbour cells before t-Service, regardless of whether location based condition or legacy RSRP based condition is met or not.

Proposal 6 Location-based triggering event and time-based triggering event in NR NTN is re-used in R18 eMTC over NTN.
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