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Introduction
In WID RP-221806[1], the following objectives for mobility enhancements 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 paper, we will have some initial discussion on the enhancements for neighbor cell measurements in RRC connected mode for NB-IoT over NTN and conditional handover for eMTC over NTN.
Discussion 
Neighbor cell measurements for NB-IoT over NTN
[bookmark: OLE_LINK2]In R17 IoT NTN, RAN2 has agreed to use Rel-16 RLF-based NB-IoT mobility as a baseline for mobility in NB-IoT over NTN. Even in R17 NB-IoT, the new feature of neighbor cell measurement in connected mode has been introduced, it hasn’t been supported for R17 NB-IoT over NTN. 
In R17 NB-IoT, the main work of the connected mode neighbor cell measurement feature is to introduce the measurement triggering condition based on RSRP. That is, when RSRP of the serving cell is less than a threshold and RSRP variance of the serving cell is higher than a threshold, NB-IoT UE in connected mode starts the neighbor cell measurement.
In NTN case, the signal quality change may be very small when the UE moves between the cell center and the cell edge. Therefore, the RSRP-based triggering condition for connected mode neighbor cell measurement may no longer be applicable to NB-IoT over NTN.
In NTN case, since the signal quality change may be very small when the UE moves between the cell center and the cell edge, the RSRP-based triggering condition for connected mode neighbor cell measurement may no longer be applicable to NB-IoT over NTN.
In GEO case, the coverage of satellites is very large. The RLF is mainly caused by the movement of the UE, e.g., when UE moves out of the coverage of the serving satellite, UE needs to declare RLF. Meanwhile, in LEO case, the satellite generally moves fast. Even the UE may be stationary, it’s still possible to occur the situation that the UE “moves out of the coverage of the satellite” and then UE needs to declare RLF. 
In legacy TN network, the above mentioned UE location changes can generally be reflected by the changes of signal quality. Therefore, the signal quality changes (e.g., RSRP changes) are usually used to trigger RLF or handover. However, in NTN network, according to above Observation 1, the signal quality can no longer reflect UE location changes. Then we may directly consider the UE location as trigger for mobility. For example, UE could start measurement before the distance between UE and the serving satellite is large than a maximum threshold. That means, the condition based on the distance between the UE and the satellite could be considered. 
[bookmark: _Toc305875779]In NB-IoT over NTN, the triggering condition for connected mode neighbor cell measurement in can be based on distance between the UE and the satellite.
For the quasi-earth fixed case, in R17 IoT NTN, RAN2 has agreed that UE in idle mode could start to perform intra-frequency or inter-frequency measurements before the time when the serving cell is going to stop serving the area in. For NB-IoT over NTN, when the serving cell is going to stop serving the area, UE in connected mode could declare RLF. Hence, a time-based trigger can be consider, e.g., UE in connected mode could start the neighbor cell measurement before the time when the serving cell is going to stop serving.
[bookmark: _Toc34807835]In NB-IoT over NTN, for the quasi-earth fixed case, UE in connected mode could start the neighbor cell measurement before the time when the serving cell is going to stop serving the area.
Moreover, in R17 NB-IoT, the requirement for connected mode measurement (without measurement gaps) is mainly specified in RAN4. The main contents in RAN4 can be found below which are copied from a RAN4 replied the LS [2] (reply to RAN2 LS [3]):
	Q1: Can UE perform measurements on neighbour anchor for RRC reestablishment, before RLF is declared, without measurement gaps and what would the conditions be?
[RAN4 Response]: When the target cell is in normal coverage: for scenario A and C, UE could perform measurements on neighbour cells without measurement gaps; for scenario B, D and E, UE could perform measurements on neighbour cells without measurement gaps using the occasions without causing interruptions on serving cells, for example:
· Vacant slots not scheduled for data transmission
· When not required to do data transmission/reception or NPDCCH monitoring 
· OFF period When UE is configured with DRX
From RAN4’s perspective, neighbour cell measurement in RRC_CONNECTED state when the target cell is in enhanced coverage is not the typical scenario to be considered.
Q2: How long does it take to perform cell detection both in normal and in extended coverage?
[RAN4 Response]: When the target cell is in normal coverage, for scenario A-E, the time needed for cell detection is 1400 ms. For scenarios B, D and E, the length of a single measurement occasion for detection shall be at least 400 ms, and the maximum interval between two occasions for detection on the cell is less than 5 seconds.
When the target cell is in enhanced coverage, for scenario A-E, the time needed for cell detection is 14800 ms. For scenarios B, D and E, the length of a single measurement occasion for detection shall be at least 2000 ms, and the maximum interval between two occasions for detection on the cell is less than 5 seconds.
The overall time for cell detection will be longer if UE is configured to perform neighbour cell measurement on multiple frequency layers.



In the above replied LS, RAN4 list different requirements on the length of a single measurement occasion for different scenarios (corresponding to intra-frequency or inter-frequency measurements). For reference, the scenarios mentioned in [3] are listed below:
	Scenario
	Serving & Neighbour cell anchor carrier frequency
	UE connected mode operating Frequency

	A
	Intra-frequency
	Anchor carrier

	B
	Intra-frequency
	Non-Anchor carrier

	C
	Inter-frequency
	Non-Anchor carrier but same as Neighbour cell Anchor carrier

	D
	Inter-frequency
	Anchor carrier

	E
	Inter-frequency
	Non-Anchor carrier but different from Neighbour cell Anchor carrier


For R17 NB-IoT, because UE in enhanced coverage is generally static, and the probability of triggering RLF is very low, 2000 ms length of a single measurement occasion is not supported.
However, in NB-IoT over NTN, when the LEO satellite moves away, a static UE in enhanced coverage also needs to declare RLF. Hence, in NB-IoT over LEO, connected mode neighbor cell measurement when the target cell is in enhanced coverage still needs to be considered.
[bookmark: _Toc1057777305]In NB-IoT over LEO, connected mode neighbor cell measurement in when the target cell is in enhanced coverage still needs to be considered.
As a result, in NB-IoT over LEO, for scenarios B, D and E, at least 2000 ms length of a single measurement occasion for detection needs to be supported. In order to facilitate UE to use PDCCH gap or DRX OFF period to perform neighbor cell measurements, e.g., without specific measurement gaps, the suitable configuration of PDCCH gap, DRX OFF period would be needed, e.g., it should be able to provide “free” subframs with length of 2000 ms. 
However, it’s easy to see that the above requirement would impose too many restrictions on the parameters configuration, for example, the DRX cycle has to be configured with at least sf3072. Moreover, the configuration or reconfiguration of PDCCH gap or DRX OFF period can only be done via RRC signaling, that may cause much signaling overhead and decrease the system efficiency. So in order to avoid these issues, another way is to make use of the vacant slots, e.g., after UE starts the neighbor cell measurement, UE could perform connected mode measurements on neighbor cell by using vacant slots which are not scheduled for data transmission.
[bookmark: _Toc1372559700]In NB-IoT over LEO, UE could perform connected mode measurements on neighbor cell by using vacant slots which are not scheduled for data transmission.
Furthermore, if a “free gap” of at least 2000ms length is needed for UE to perform connected mode measurement, it’s highly required that eNB and UE should keep alignment on the understanding of the “free gap” to avoid data loss. Considering the different location of different UEs, eNB cannot exactly know the time when each UE starts to measure. Therefore, UE report can be considered. For example, UE can report an indication to inform eNB that UE is going to start the neighbor measurements.
[bookmark: _Toc121293479]In NB-IoT over LEO, UE can report an indication to inform eNB that UE is going to start the connected mode neighbor measurements.

Conditional handover for eMTC over NTN
In R17 IoT NTN, only RSRP-based CHO is supported for R17 eMTC over NTN. However, RSRP isn’t a suitable triggering condition for handover also due to the small RSRP quality difference between two beams in a region of overlap. With reference to the discussion about CHO in R17 NR NTN, other potential triggering conditions for handover are as below:
· Location (UE and Satellite) triggering: It has been supported by NR NTN.
· Time(r)-based triggering: It is the simplest solution and has been supported by NR NTN.
· Timing advance value based triggering: TA value contains both service link delay and feeder link delay. The TA couldn’t be linked to cell coverage information. It has been excluded by NR NTN. 
· Elevation angles based triggering: It implies a requirement that UE needs to be able to determine the Elevation angles, which UE may not support. It has been excluded by NR NTN.
For eMTC over NTN, the low complexity and power saving are the key metrics. So we tend to exclude Timing advance value based triggering and Elevation angles based triggering due to their complexity. For location triggering, considering UE already supports calculating TA value based on the distance between UE and satellite, to support location triggering would not require additional work in UE. However, in R17 NR NTN, RAN2 has had the understanding that ‘Event D1 is not optimized for moving cells scenario’ due to that the predicting the movement of reference location cause much complexity for UE. So we suggest location triggering should not considered for eMTC over LEO in moving cells scenario. For Time(r)-based triggering, it is the simplest solution. Moreover, R17 NR NTN has introduced a time duration [t1, t2] associated with each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration. This could increase the successful handover rate. Hence, timer based CHO triggering event could be introduced to eMTC over NTN.
Proposal 6	For eMTC over NTN except moving cells scenario for LEO, it’s suggested to introduce both location and time(r) based CHO triggering events. For moving cells scenario for LEO, only time(r) based CHO triggering events can be used. 
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481][bookmark: _GoBack]In this contribution, the following observations and proposals were made: 
Observation1: In NTN case, since the signal quality change may be very small when the UE moves between the cell center and the cell edge, the RSRP-based triggering condition for connected mode neighbor cell measurement may no longer be applicable to NB-IoT over NTN.
Proposal 1   In NB-IoT over NTN, the triggering condition for connected mode neighbor cell measurement in can be based on distance between the UE and the satellite.
Proposal 2   In NB-IoT over NTN, for the quasi-earth fixed case, UE in connected mode could start the neighbor cell measurement before the time when the serving cell is going to stop serving the area.
Proposal 3   In NB-IoT over LEO, connected mode neighbor cell measurement in when the target cell is in enhanced coverage still needs to be considered.
Proposal 4   In NB-IoT over LEO, UE could perform connected mode measurements on neighbor cell by using vacant slots which are not scheduled for data transmission.
Proposal 5   In NB-IoT over LEO, UE can report an indication to inform eNB that UE is going to start the connected mode neighbor measurements.
Proposal 6   For eMTC over NTN except moving cells scenario for LEO, it’s suggested to introduce both location and time(r) based CHO triggering events. For moving cells scenario for LEO, only time(r) based CHO triggering events can be used. 
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