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Introduction
In the latest WID of IoT NTN enhancements RP-223519 [1], the following objectives for mobility enhancements are listed:
	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].


In RAN2#119e meeting, RAN2 had some initial discussion on the triggering condition for connected mode neighbor cell measurement for R18 IoT NTN, and reached some agreements as below:
	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. Measurement results reporting is not supported in Rel-18 NB-IoT NTN.


In RAN2#119bise meeting, RAN2 had some further discussion on this aspect but no further agreement is achieved.
In RAN2#120 meeting, RAN2 had some further discussion and reached the following new agreements:
	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


In RAN2#121 meeting, RAN2 had some further discussion and reached the following new 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);
3. We don’t introduce any new low mobility criterion for enhanced mobility in Rel-18.


In this contribution, we will further discuss the enhancements for neighbor cell measurements in RRC connected mode for IoT NTN.
Discussion 
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. For R18 IoT NTN, RAN2 has the objective to further support neighbor cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. 
However, in NTN network, even if the UE moves (or equivalently moves) to the edge of the satellite coverage, UE’s RSRP quality change may be very small compared to the RSRP when it is close to the center of the cell. More companies agree that, even the framework of connected mode neighbor cell measurement as that in R17 NB-IoT can be introduced to R18 NB-IoT over NTN, the RSRP-based triggering condition may no longer be suitable to IoT over NTN. Therefore, RAN2 have had much discussion on introducing new triggers, e.g., time-based trigger or location-based trigger, for triggering intra and inter frequency measurements in connected mode. 
Details of location-based new trigger
The location-based cell selection/reselection scheme, especially for moving cell case, is under discussion in R18 NR NTN topic (NTN-NTN mobility enhancements). With reference to that discussion, in last RAN2#121 meeting, some progresses have been achieved on location-based new trigger for connected mode neighbor cell measurements in IoT NTN. Shortly to say, RAN2 has agreed that the serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for both quasi-Earth-fixed cell case and earth-moving cell case. But there are still some FFSs that need to be addressed.
#1 For both quasi-Earth-fixed cell case and earth-moving cell case, the first common FFS is whether the R17 IEs are reused or not?
In NR NTN, there was a proposal to reuse referenceLocation in SIB19 (which is a configuration for quasi-Earth-fixed cell case from R17) to broadcast the serving cell reference location for earth-moving cell. Some companies think reusing the same R17 IE could confuse R17 UEs and therefore suggest to define a new IE for earth-moving cell.
For IoT NTN, there is no existing IE for location-based measurement trigger configuration. So new configuration is needed. Firstly, as SIB31 is very critical and generally only contains the most essential information for UE to access the network, it’s better not to include this measurement related configuration in SIB31. However, for earth-moving cell case, it may be a need for reference location parameter to be updated and to be acquired by the UE frequently. From this aspect, SIB31 may be the more suitable one to include this new configuration for location-based trigger. Therefore, RAN2 can discuss and decide which SIB can be used, with trade-off between signaling overhead and requirement on parameter updates.
Secondly, in previous discussion of R17 NB-IoT, there was suggestion to provide the connected mode measurement configuration via dedicated signaling so that the UE specific configuration can be supported. But finally, with less necessity and more preference on simplicity, only common configuration via SIB is supported, e.g., via SIB3-NB. We assume similar situation exists in IoT NTN. Therefore, such configuration framework can be reused for R18 IoT over NTN and can be further extended, e.g., to incorporate more possible triggering conditions. So it also can be considered to provide the configuration for location-based new trigger for connected mode neighbor cell measurement via SIB3.
As for any satellite cell, it is either quasi-Earth-fixed cell case or earth-moving cell, a common configuration for location-based new trigger with CHOICE type can be defined, which can be used for either quasi-Earth-fixed cell case or earth-moving cell, according to the type of current cell.
Proposal 1a: A common configuration for location-based new trigger with CHOICE type can be defined in SIB31 or SIB3. This configuration can be used for either quasi-Earth-fixed cell case or earth-moving cell, according to the type of current cell.

#2 For both quasi-Earth-fixed cell case and earth-moving cell case, the second common FFS is whether the same mechanism can also be used in idle (like in NR-NTN)?
Based on our proposal 1a, such configuration for location-based new trigger for connected mode neighbor cell measurement will be provided via SIB, which also can be acquired by UE in idle mode. Moreover, according to the discussion in NR NTN, we understand it would be similar for UE in connected mode and UE in idle mode to make use of this configuration to determine when it has been far away from the service cell and should initiate the measurement on or reselection to the neighbor cells. Therefore, we think this location-based new trigger for connected mode neighbor cell measurement can also be used by UE in idle mode to facilitate NTN-NTN cell reselection.
Proposal 1b: The configuration of location-based new trigger for connected mode neighbor cell measurement can also be used by UE in idle mode to facilitate NTN-NTN cell reselection.

#3 For both quasi-Earth-fixed cell case and earth-moving cell case, the third common FFS may be whether the reference location and distance threshold/radius of neighbor cells also need to be broadcast?
For cell reselection enhancements in NR NTN, whether to jointly consider the distance between UE and reference location of neighbor cells has also been discussed. There was some discussion on how to rank the cells and down scope the candidate cells for cell reselection. However, for our on-going discussion on connected mode neighbor cell measurement in IoT NTN, we think the situation is different. With reference to R17 NB-IoT connected mode measurement, there is no requirement for UE to further evaluate/rank the candidate target cells upon triggering connected mode measurement and also during measurement. Therefore, in order to avoid too much complexity and power consumption for IoT NTN UE, we can focus on the trigger based on serving cell conditions and no need to take the reference location of neighbor cells and distance between UE and neighbor cells into account. 
Proposal 1c: It’s no need to introduce reference location and a distance threshold/radius of neighbor cells in the location-based new trigger.

#4 Only for earth-moving cell case, a specific FFS is 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)?
In some previous contributions, company have mentioned that, 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. 
However, per our understanding, firstly, as RAN2 has agreed that for both earth-fixed cell and earth-moving cell scenarios, location-based CHO triggering events would be supported, we assume change of serving cell reference location would have not much impact on the trigger determination. Secondly, if the reference location of the serving cell can be provided via SIB31, it’s possible for UE in connected mode to timely reacquire the update of reference location of the serving cell, which means the UE can always have the updated serving cell reference location. In a summary, in order to simplify the implementation of IoT UE, we suggest not to introduce additional information to inform the UE how the reference location moves. Whether UE can derive additional assistance from the existing IEs (e.g., e.g. Epoch time and ephemeris) can be left to UE implementation.
Proposal 1d: For earth moving cell case, it’s suggest not to introduce additional information to inform the UE how the reference location moves.

Details of time-based new trigger
In previous meetings, RAN2 has agreed to make use of the following t-Service broadcasted in SIB3/SIB3-NB for triggering connected mode measurement. 
	SystemInformationBlockType3 ::=		SEQUENCE {
	cellReselectionInfoCommon			SEQUENCE {
................
[[	t-Service-r17						TimeOffsetUTC-r17			OPTIONAL	-- Need OR
	]]
}



	t-Service
Time information on when a NTN quasi-Earth fixed cell is going to stop serving the area it is currently covering, as specified in TS 36.304 [4].


That is, when the UE enters into connected mode, it can store the time information when the current NTN quasi-Earth fixed cell is going to stop serving the area. When approaching this time, the UE can trigger the connected mode measurement. The exact time to start measurements (e.g., how far in advance than the t-Service) can be left to UE implementation and according to the requirements defined in RAN4.
Quasi-Earth fixed cell case
For quasi-Earth fixed cell case, there has been some views that the (start) time information of neighbor cells can be (jointly) considered for triggering connected mode measurements. The main reason is that, if no neighbor cell would cover the UE, even the UE starts the measurement before t-Service, the UE couldn’t receive any signals from the neighbor cell. Such measurements will be in vain and cause unnecessary UE power consumption. We have sympathy with such suggestion. Therefore, if the UE can acquire the start/upcoming time information of neighbor cell (s) and aware that it’s before the time when the serving cell is going to stop serving the area, UE can exactly determine when to start the connected mode neighbor cell(s) measurement, e.g., upon the (start) time of the neighbor cell’s coverage. If no start/upcoming time information of neighbor cell (s) is available, the exact time for UE to start measurements before t-Service can still be left to UE implementation and according to the requirements defined in RAN4. By this way, unnecessary neighbor cell measurements can be avoided. 
In a summary, If the UE can acquire the start time of neighbor/upcoming cell (s) and is aware that it’s before t-Service, e.g., the time when the serving cell is going to stop serving the area, UE can exactly determine when to start the connected mode neighbor cell(s) measurement, e.g., upon the (start) time of the upcoming cell (s)’ coverage.

For quasi-Earth fixed cell case, similar as provision of t-Service, we assume the start time of neighbor cells (satellites) can also be determined by NW and provided via SIB message. UE can store this information and use it for triggering neighbor cell measurements in connected mode.
There is a view in previous meeting that the t-ServiceStart of neighbor cells in SIB32 can be reused for this purpose of triggering connected mode measurement, e.g., the UE starts measurements before t-Service if t-ServiceStart for the neighbor cell has passed. Company think this can cover both continuous and discontinuous coverage cases. 
However, as SIB32 contains satellite assistance information for prediction of discontinuous coverage, we assume it’s mainly provided in the sparse constellation case. So it would be highly possible that the t-ServiceStart of neighbor cells in SIB32 would be later than the stop time of serving cell. On the other hand, for continuous coverage case, we mainly assume in a certain period, UE in connected mode under a serving NTN cell can be covered by other satellite (s)/NTN cells. And the list of such neighbor satellites/NTN cells already can be provided via SIB3~SIB5. In order to avoid any potential confusion, we suggest not to make use of the assistance information in SIB32 for connected mode neighbor cell measurement function.
Observation 1: as SIB32 contains satellite assistance information for prediction of discontinuous coverage, we assume it’s mainly provided in the sparse constellation case. So it would be highly possible that the t-ServiceStart of neighbor cells in SIB32 would be later than the stop time of serving cell. Then t-ServiceStart of neighbor cells in SIB32 would not give any help for connected mode neighbor cell measurement.
Based on the above analysis, the following proposal 2 is given:
Proposal 2a: The timing information on when a neighbor cell is going to start serving the area can be broadcast if the neighbor cell is a NTN quasi-Earth fixed cell. Such information can be provided via SIB, e.g., SIB31 or SIB3. 
Similar as the configuration for location-based new trigger, we think this configuration for time-based new trigger can also be used by UE in idle mode to facilitate NTN-NTN cell reselection.
Proposal 2b: The configuration of time-based new trigger for connected mode neighbor cell measurement can also be used by UE in idle mode to facilitate NTN-NTN cell reselection.
Earth moving cell case
For earth moving cell case, RAN2 has agreed that the UE derives when loss of coverage of current cell happens and UE shall start intra/inter frequency measurements in RRC connected mode before losing coverage.
In current specification, there is no explicit time information provided by NW on when the serving cell is going to stop serving the current area. Per our understanding, how the UE determines the time of coverage loss of serving cell can be left to UE implementation, but RAN2 needs to discuss what assistance information need to be provided to the UE.
In some previous contributions, company suggested that, for earth-moving cell, the serving cell footprint information can be broadcast for UE to determine the time of loss of coverage of current cell in NB-IoT NTN. And then, NB-IoT UE can start intra/inter frequency measurements in RRC connected mode before this calculated time of losing coverage. But from our company’s view, since before UE can calculate the time of losing coverage of current earth moving cell, UE anyway needs to evaluate the distance between itself and the serving satellite, it may be more straightforward to let UE derive when loss of coverage of current cell might happen according to the evaluation on distance between itself and the serving satellite, e.g., when the distance is large enough, for example greater than a threshold, to indicate that the UE is approaching the boundary of the coverage of current cell. 
Observation 2a: Before UE can calculate the exact time of losing coverage of current earth moving cell, UE anyway needs to evaluate the distance between itself and the serving satellite. It may be more straightforward to let UE derive when loss of coverage of current cell might happen according to the evaluation on distance between itself and the serving satellite.
Companies may have thinking one advantage of time-based trigger for moving cell case may be that, the calculation on the exact time of losing coverage may need to be performed only once (accordingly, the distance evaluation is needed also only once). But considering the possible complicated scenario where the UE and satellite move at the same time, we feel that such one-shot calculation on the time of satellite’s stop would not be adequately accurate and stable, and the UE may still need to re-calculate when the serving satellite will stop from time to time (maybe with additional consideration on UE’s instantaneous speed). 
Observation 2b: Considering the possible complicated scenario where the UE and satellite move at the same time, one-shot calculation on the exact time of satellite’s stop might not be adequately accurate and stable. UE may still need to re-calculate when the serving satellite will stop from time to time (maybe with additional consideration on UE’s instantaneous speed).
Based on the above observations, we think it would be more straightforward and more suitable to let UE derive when loss of coverage of current cell might happen according to the evaluation on distance between itself and the serving satellite. 
Since RAN2 has agreed to support location-based new trigger for earth moving cell case in last meeting and also for reducing the UE complexity, we think it’s no need for UE to calculate the exact time when loss of coverage of current cell might happen based on other assistance information, e.g., the serving cell footprint information.
Proposal 3: For earth moving cell case, it’s no need to let UE calculate the exact time when loss of coverage of current cell might happen and therefore, no related assistance information, e.g., footprint information needs to be provided for UE.
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In this contribution, the following observations and proposals were made: 
Proposal 1a: A common configuration for location-based new trigger with CHOICE type can be defined in SIB31 or SIB3. This configuration can be used for either quasi-Earth-fixed cell case or earth-moving cell, according to the type of current cell.
Proposal 1b: The configuration of location-based new trigger for connected mode neighbor cell measurement can also be used by UE in idle mode to facilitate NTN-NTN cell reselection.
Proposal 1c: It’s no need to introduce reference location and a distance threshold/radius of neighbor cells in the location-based new trigger.
Proposal 1d: For earth moving cell case, it’s suggest not to introduce additional information to inform the UE how the reference location moves.

Observation 1: as SIB32 contains satellite assistance information for prediction of discontinuous coverage, we assume it’s mainly provided in the sparse constellation case. So it would be highly possible that the t-ServiceStart of neighbor cells in SIB32 would be later than the stop time of serving cell. Then t-ServiceStart of neighbor cells in SIB32 would not give any help for connected mode neighbor cell measurement.
Proposal 2a: The timing information on when a neighbor cell is going to start serving the area can be broadcast if the neighbor cell is a NTN quasi-Earth fixed cell. Such information can be provided via SIB, e.g., SIB31 or SIB3. 
Proposal 2b: The configuration of time-based new trigger for connected mode neighbor cell measurement can also be used by UE in idle mode to facilitate NTN-NTN cell reselection.

Observation 2a: Before UE can calculate the exact time of losing coverage of current earth moving cell, UE anyway needs to evaluate the distance between itself and the serving satellite. It may be more straightforward to let UE derive when loss of coverage of current cell might happen according to the evaluation on distance between itself and the serving satellite.
Observation 2b: Considering the possible complicated scenario where the UE and satellite move at the same time, one-shot calculation on the exact time of satellite’s stop might not be adequately accurate and stable. UE may still need to re-calculate when the serving satellite will stop from time to time (maybe with additional consideration on UE’s instantaneous speed).
Proposal 3: For earth moving cell case, it’s no need to let UE calculate the exact time when loss of coverage of current cell might happen and therefore, no related assistance information, e.g., footprint information needs to be provided for UE.
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