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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 
Further discussion on new SIBxx
A new SIBxx is agreed in latest RAN2#121bise meeting for providing the satellite assistance information of neighbor satellites, which is assumed to be available for both idle/inactive and connected UEs.
RAN2 has also agreed that the Common TA and Kmac parameters need to be provided for each neighbor satellite. Moreover, RAN2 agreed to introduce satellite ID for the satellite in a list in the new SIBxx.
To associate list of frequencies/cells with the satellite 
In RAN2#121bise meeting, there is discussion on how to associate list of frequencies/cells with the satellite. The following options are given:
· Option #1: For each satellite, list of frequencies/cells is included
· Option#2: Satellite indication in SIB5 
· Option#3: others

According to RAN4 latest progress, we understand specific/dedicated frequency band(s) would be applied to IoT NTN. We think no need to discuss the mixed deployment issue.
As signaling overhead in SIB is very sensitive to IoT NTN, we should try to avoid (large) redundant information provided in several different SIBs.
Moreover, according to the agreements in last meeting, several sets of neighbor satellite assistant information can be defined in SIBxx. Each set of information can be tagged with a satellite ID or neighbor satellite configuration ID. Simply, each set of information can be mapped to one neighbor satellite. It may be also possible that several sets are mapped to one neighbor satellite. That means, one neighbor satellite can provide several different configurations, e.g., for different frequencies.
Then we think Option 2 would be the most singling efficient way to associate list of frequencies/cells with the satellite, e.g., the neighbor cell info in SIB4/SIB5 can be extended to include satellite ID or neighbor satellite configuration ID. By this way, we can correlate the existing neighbor carriers/cells information with the needed neighbor satellite assistant information.
Proposal 1: The neighbor cell info in SIB4/SIB5 can be extended to include satellite ID or neighbor satellite configuration ID. By this way, the existing neighbor carriers/cells information can be correlated with the needed neighbor satellite assistant information.

Cell start and stop time of the neighbor cell
According R17 IoT NTN specification and also the latest progress in R18 IoT NTN, the following t-Service broadcasted in SIB3/SIB3-NB can be used to determine when a NTN quasi-earth fixed cell is going to stop serving the area it is currently covering, and also help trigger neighbor cell measurement, for both UE in idle/inactive state and connected state:
	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.
For quasi-Earth fixed cell case, there has been some views that the (start) time information of neighbor cells can be (jointly) considered to help trigger neighbor cell measurement. 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.
During the offline discussion “[offline-114] (R2-2304257)” in RAN2#121bise meeting, (10/13) companies agreed that, for fixed cell, the cell start time of the neighbor cell is broadcast. It can be seen majority companies prefer to have this function.
As this information is mainly for measurement, we prefer not to put it in the SIB31 since it’s very essential for initial access. With similar reason to put stop time of serving cell, we prefer to provide such information via SIB3. 
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 in SIB3. 
Also during the offline discussion “[offline-114] (R2-2304257)”, companies have some discussion on whether the cell stop time of the neighbor cell can be broadcast for fixed cell. We cannot see the clear justification for introducing this information. There may be some consideration that UE can choose to detect/camp the neighbor cell which has later stop time. But we think it’s very less needed as the radio quality of the neighbor cell should still be the main consideration factor. Furthermore, in the offline discussion, (8/13) companies think that the cell stop time of the neighbor cell is not broadcast.
Proposal 2b: For quasi-earth fixed cell, the cell stop time of the neighbor cell is not broadcast.
In the offline discussion “[offline-114] (R2-2304257)”, companies also have some discussion on whether reference location and distance threshold of neighbor cell need to be broadcast. We understand to introduce this information has similar intention as introduction of cell start time of the neighbor cell for quasi-earth fixed cell. But as it would cause complicated processes in UE and also more signaling overhead in SIB, we think it is not worth introducing this information compared to benefits it can bring.
Furthermore, as the following agreement has been achieved in RAN2#121bise:
	1. For moving cell, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (like in NR-NTN


We understand, similar as that for serving cell, UE can also roughly deduce the cell start time of the neighbor cell based on the evaluation on the trajectory of neighbor cell (e.g., based on the neighbour satellite ephemeris and epochTime information). Therefore, it’s no need to introduce additional information. 
Proposal 2c: For earth-moving cell, it’s no need to broadcast reference location and distance threshold of neighbor cells for UE to evaluate the cell start time of the neighbor cells.

Update of SIBxx
In last meeting, there is some discussion on update of SIBxx but no agreement can be achieved.
Per our understanding, even validity duration might be introduced for SIBxx, or for the IEs in SIBxx, we assume the expiration of validity duration would not cause UE to update SIBxx (for UE power saving). Therefore, another simpler way would be to let UE in RRC_IDLE follow the legacy SIB update procedure to update SIBxx. Then no validity duration is needed for SIBxx.
Proposal 3: For simplicity, the UE can follow the legacy SI modification procedure to re-acquire SIBxx.

Further discussion on location-based new trigger
Location-based new trigger
With reference to NR NTN, in previous RAN2#121 meeting, some agreements have been achieved on location-based new trigger for connected mode neighbor cell measurements in IoT NTN, for both the case that serving cell is quasi-Earth-fixed cell and the case that serving cell is earth-moving cell. In RAN2#121bise meeting, RAN2 further agreed that SIB3 is extended to include the reference location and distanceThresh, which is the information of serving cell.
Furthermore, in RAN2#121bise meeting, RAN2 also agreed this location-based new trigger can also be applied for eMTC NTN UE in idle/inactive state:
	1. For eMTC NTN, for fixed cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN)
2. For eMTC NTN, for moving cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN). FFS whether to consider solution that does not require UE to update the GNSS for this same as in connected mode.


Meanwhile, some companies disagree to also apply this information for NB-IoT NTN UE in idle state as the evaluation on location-based new trigger might cause much UE power consumption for NB-IoT UE. We have sympathy with this comment and so give the following proposals:
Proposal 4a: For NB-IoT NTN, for fixed cell, location-based measurement initiation needs not to be used in RRC_IDLE for cell re-selection purposes.
Proposal 4b: For NB-IoT NTN, for moving cell, location-based measurement initiation needs not to be used in RRC_IDLE for cell re-selection purposes.
For cell reselection enhancements in NR NTN, whether to jointly consider the distance between UE and reference location of neighbor cells has been discussed which is related to the discussion on how to rank the cells and down scope the candidate cells for cell reselection. 
In some previous contributions, there was also some discussion on whether the reference location and distance threshold/radius of neighbor cells also need to be considered for the connected mode measurement for IoT NTN. Since RAN2 has agreed to support location-based measurement initiation for eMTC NTN UE in idle/inactive state, this question is also applicable to eMTC NTN.
However, per our understanding, the situation is different for IoT NTN. With reference to R17 NB-IoT connected mode measurement, there is no requirement for UE to further evaluate/rank the candidate target cells when starting connected mode measurement and also during measurement. Therefore, in order to avoid too much complexity and power consumption for IoT NTN UE, we suggest to focus on the trigger based on serving cell conditions. It’s no need to take into account the reference location of neighbor cells and distance between UE and neighbor cells. 
Proposal 5: It’s no need to introduce reference location and a distance threshold/radius of neighbor cells in the location-based new trigger.
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In this contribution, the following observations and proposals were made: 
Proposal 1: The neighbor cell info in SIB4/SIB5 can be extended to include satellite ID or neighbor satellite configuration ID. By this way, the existing neighbor carriers/cells information can be correlated with the needed neighbor satellite assistant information.

[bookmark: _GoBack]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 in SIB3.
Proposal 2b: For quasi-earth fixed cell, the cell stop time of the neighbor cell is not broadcast.
Proposal 2c: For earth-moving cell, it’s no need to broadcast reference location and distance threshold of neighbor cells for UE to evaluate the cell start time of the neighbor cells.

Proposal 3: For simplicity, the UE can follow the legacy SI modification procedure to re-acquire SIBxx.

Proposal 4a: For NB-IoT NTN, for fixed cell, location-based measurement initiation needs not to be used in RRC_IDLE for cell re-selection purposes.
Proposal 4b: For NB-IoT NTN, for moving cell, location-based measurement initiation needs not to be used in RRC_IDLE for cell re-selection purposes.

Proposal 5: It’s no need to introduce reference location and a distance threshold/radius of neighbor cells in the location-based new trigger.
References
[1] RP-223519, Revised WID: IoT (Internet of Things) NTN (non-terrestrial network) enhancements, MediaTek Inc., December 2022


	4/5	
