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1. [bookmark: _Ref488331639]Introduction
In the last RAN2 meeting, the performance enhancements was discussed, and it has already agreed with the agreements mentioned in the table below: [1]
	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 contribution, we provide our views on mobility enhancement to proceed the work item.
2. Discussion
2.1 Mobility Enhancements
For NB-IoT UEs, considering UE power saving, there is no measurement configuration and measurement report procedure for UE in connected mode, the UE could trigger the RRC connection re-establishment procedure for connected mode mobility. In order to reduce the time required for RRC reestablishment, the feature of supporting neighbor cell measurements and corresponding measurement triggering before RLF has been introduced in R17 NB-IoT. The measurement triggering quantity is based on RSRP, which works well for the terrestrial network as a UE can determine that it is close to the cell edge due to a significant difference in RSRP compared to cell center. However such an effect may not be as pronounced in non-terrestrial network, because the difference in signal strength between the cell edge and the cell center is small, as shown in Figure 1. So measurement triggering quantity of RSRP may not work well for non-terrestrial network. 


Figure 1 A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN

Observation 1 Measurement triggering quantity of RSRP may not work well for non-terrestrial network.

In NTN, three types of cells are supported:
-	Earth-fixed: provisioned by beam(s) continuously covering the same geographical areas all the time (e.g., the case of GSO satellites);
-	Quasi-Earth-fixed: provisioned by beam(s) covering one geographic area for a limited period and a different geographic area during another period (e.g., the case of NGSO satellites generating steerable beams);
-	Earth-moving: provisioned by beam(s) whose coverage area slides over the Earth surface (e.g., the case of NGSO satellites generating fixed or non-steerable beams).
For (quasi-)earth fixed cells, the NTN cell covers certain geographical areas and provide service for that area at certain time. As NTN cells normally provide much larger coverage than TN cells and most of the NB-IoT UEs are low mobility, so for the UEs at the near point and the middle near point, there is no need to perform neighbour cell measurements before the service stop time. For the UEs at the far point, it may need to perform neighbour cell measurements before the service stop time. 
For earth moving cells, although the NB-IoT UEs move slowly, the distance between the satellite and the UE changes obviously due to satellite movement, and it may need to perform neighbour cell measurements before the satellite stops serving the location of the UE.   
[bookmark: OLE_LINK2]As it has been agreed in R17 IoT-NTN that network will broadcast the ephemeris and the service stop time of the satellite and that the IoT-NTN UE should have GNSS capability, so the distance between the satellite and the UE as well as the time of satellite’s stopping service time can be obtained by IoT-NTN UEs. In the legacy specification, IoT UEs are not going to update the GNSS during RRC_CONNECTED state, considering that most NB-IoT services are motionless or low-mobility, GNSS can be available for a long time. Moreover, now RAN1 is working on improving GNSS operations for long connection [2], which means the GNSS position fix can be updated during RRC_CONNECTED state, so the GNSS position can be considered available for IoT UEs. As analyzed above, the distance between the satellite and the UE as well as the time of satellite’s stopping service time can be taken into account as an measurement triggering quantity for NB-IoT in NTN.

Proposal 1 The distance between the satellite and the UE as well as the time of satellite’s stopping service time can be taken into account as an measurement triggering quantity for NB-IoT in NTN.

In Rel-17 NR NTN, it supports the following additional triggering conditions upon which UE may execute CHO to a candidate cell:
-	event A4;
-	A time-based trigger condition;
-	A location-based trigger condition.
A time-based or a location-based trigger condition is always configured together with one of the the measurement-based trigger conditions (CHO events A3/A4/A5). Location is defined by the distance between UE and a reference location, i.e. CondEvent D1. Time is defined by the time between T1 and T2, where T1 is an absolute time value and T2 is a duration started at T1,i.e. CondEvent T1. 
For eMTC, it also supports CHO, so the same triggering conditions can also be introduced for eMTC in NTN and maybe minimum changes can be adapted if found necessary. As for location-based trigger condition, as analyzed above, the GNSS position can be considered as available for IoT UEs.
Proposal 2 [bookmark: OLE_LINK1]The time-based and location-based triggering conditions can be introduced in CHO for eMTC in NTN, with minimum changes if found necessary.
3 Conclusions 
In this contribution we discussed issues related to mobility enhancement and made the following proposals:

Observation 1 Measurement triggering quantity of RSRP may not work well for non-terrestrial network.
Proposal 1 The distance between the satellite and the UE as well as the time of satellite’s stopping servicing time can be taken into account as an measurement triggering quantity for NB-IoT in NTN.
Proposal 2 The time-based and location-based triggering conditions can be introduced in CHO for eMTC in NTN, with minimum changes if found necessary.
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