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Introduction
In this contribution, our views on IoT NTN enhancement are provided. According to the latest WID [1], the following objectives that might have RRM impact are shown below:4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

4.1.2	Mobility enhancements

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]
-	Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT [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].

4.1.3	Further enhancement to discontinuous coverage
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].

[bookmark: _Ref118374994]
On the first objective, it can be observed the GNSS operation may impact on measurement and therefore may have RRM impact, but the need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements and it should be discussed in RAN1/RAN2 first.
[bookmark: _Ref127366459]Observation 1: The need for RAN4 Core requirements for enhancement regarding GNSS operation will be identified after the conclusion on the need for improvements.  

On the mobility enhancement, the following agreement are achieved in RAN2.

Agreements in RAN2#119:
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.

Agreements in RAN2#119bis:
1. For eMTC over NTN, for both earth-moving and earth-fixed cell scenarios, we introduce location based CHO triggering events

It can be observed that, for NB-IoT, the mechanism for neighbour cell measurements in connected mode as specified in Rel-17 TN NB-IoT can be reused. For eMTC, the timie/location based CHO based on NR NTN is considered. 
[bookmark: _Ref130981531]Observation 2: The following RRM requirement could be impacted, 
· For NB-IoT, the RRM requirement for neighbour cell measurements in connected mode
· For eMTC, the RRM requirement for the time-based and location-based CHO 
Neighbour cell measurements in connected mode 

Agreements in RAN2#120:
Agreements:
1. For NB-IoT we support a trigger for neighbour cell measurements based on T-service (in the quasi-Earth fixed case) (this does not preclude anything for eMTC discussion)

Agreements:
1. At least for NB-IoT NTN, for quasi-earth fixed cells, UE shall start intra/inter frequency measurement in connected mode before the t-Service if present. The exact time to start measurements in connected mode before t-Service can be left to UE implementation” (can revisit if we agree other proposal based on neighbour cell coverage)
2. RAN2 will not specify the condition of stopping UE measurement before t-Service
3. For earth-moving cell, the UE derives when loss of coverage of current cell happens (how to derive this information is FFS)
4. For earth-moving cell, UE shall start intra/inter frequency measurements in RRC connected mode before losing coverage. The exact time to start measurements can be left to UE implementation

Agreements in RAN2#121[3]:

Agreements:
1. Location-based connected mode measurement initiation is supported in quasi-Earth-fixed cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for quasi-Earth-fixed cell. FFS on whether the R17 IEs are reused or not. FFS if the same mechanism can also be used in idle (like in NR-NTN)
2. Location-based connected mode measurement initiation is supported in earth-moving cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris). FFS if the same mechanism can also be used in idle (like in NR-NTN)

Agreements:
1. We don’t introduce any new low mobility criterion for enhanced mobility in Rel-18

[bookmark: _Ref130982613]Proposal 1: For quasi-Earth fixed case, NB-IoT requirements for connected mode measurement upon t-Service can be further discussed. 
[bookmark: _Ref130982618]Proposal 2: For both quasi-Earth fixed and earth-moving cell, requirements for location-based connected mode measurement can be further discussed. 
For eMTC, CHO requirements

Agreements in RAN2#120:
Agreements:
1. CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.: UE is allowed to perform HO only during T1 to T2.
2. For eMTC NTN, introduce a location-based conditional reconfiguration trigger based on condEventD1 in NR, where the event will be satisfied if the distance between the UE and a first reference location (e.g. within the serving cell) is above a threshold, and the distance between the UE and a second reference location (e.g. within a neighbour cell) is below a threshold. (similar to condEventD1 in NR)
3. For eMTC NTN, introduce event A4 based conditional trigger (similar to condEventA4 in NR).
4. FFS whether time and location-based trigger conditions may be configured independently (i.e., without a jointly configured event A4 measurement condition) for eMTC NTN.

[bookmark: _Ref130981774]Observation 3: Both of time and location based trigger event will be introduced by RAN2. 
[bookmark: _Ref126232047][bookmark: _Ref127366469][bookmark: _Ref130982623]Proposal 3: For eMTC CHO, the requirements for both time and location-based CHO can be further discussed.  
Summary
The observations and proposals in this contribution are summarized:
Observation 1: The need for RAN4 Core requirements for enhancement regarding GNSS operation will be identified after the conclusion on the need for improvements.
Observation 2: The following RRM requirement could be impacted,
· For NB-IoT, the RRM requirement for neighbour cell measurements in connected mode
· For eMTC, the RRM requirement for the location-based CHO 
Proposal 1: For quasi-Earth fixed case, NB-IoT requirements for connected mode measurement upon t-Service can be further discussed.
Proposal 2: For both quasi-Earth fixed and earth-moving cell, requirements for location-based connected mode measurement can be further discussed.
Observation 3: Both of time and location based trigger event will be introduced by RAN2.
Proposal 3: For eMTC CHO, the requirements for both time and location-based CHO can be further discussed.
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