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1	Introduction
Rel-18 WID [1] for IoT-NTN enhancements includes one objective for mobility enhancements as given below.
	Mobility Enhancements:
-  Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel-17 (TN) NB-IoT, eMTC as a baseline.
-  Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC. 


 
Following are the RAN2 agreements in previous meetings related to measurement triggering for IoT-NTN and CHO enhancements to eMTC (see [2], [3] and [4]).
	RAN2#123
Agreements:
1.	For eMTC, the new SIB (SIBxx) is not an essential SIB. UE does not need to consider the cell barred if it is unable to acquire the SIB when scheduled.
2.	RAN2 will not consider to include cell stop time of neighbor cell in the new SIB (SIBxx) in this release.
3.	for NB-IoT NTN, location-based measurement initiation can also be optionally used in RRC_IDLE for cell re-selection purposes (like in NR-NTN), with the assumption that it is up to the UE to update GNSS location.
4.	validity duration is optional, and if this field is absent, the UE uses validity duration from the serving cell
5.	For re-acquisition of SIBXX the UE may rely on T317/T318 in connected mode
6.	For CHO in NTN (both NR NTN and eMTC NTN, time and location-based trigger conditions may be configured independently (i.e., without a jointly configured measurement condition). We add a description/note saying in which scenarios this is reasonable, e.g. at least hard-switch case where gap is assumed to be zero/negligible



	RAN2#122
Agreements:
1. Extend the neighbour cell information in existing SIBs (not SIB31) to include satellite ID
2. The system Information modification procedure is not triggered for an update of new SIB on neighbor-cell assistance information.
3. For NB-IoT, SIBxx is not an essential SIB. UE does not need to consider the cell barred if it is unable to acquire the SIB when scheduled. FFS for eMTC
4. In RRC IDLE, how to (re-)acquire neighbour cell assistance information is up to UE’s implementation.
5. The satellite ID in the new SIB is an integer of X bits wherein X depends on the maximum number of satellites to be considered for mobility.
6. The satellite ID is defined as Radio resource control information element to be used in other configurations.
7. If a parameter in the common TA parameters is absent, then the value of the parameter is assumed zero.
8. If Kmac is absent, then the value of Kmac for the neighbor satellite in the list is assumed zero. FFS on further optimization on signaling, e.g., signalling explicit value 0 of Kmac.
Agreements:
1. Reference location and distanceThresh in SIB31. A change of reference location does not trigger SI modification. A UE does not need to get a new reference location as long as ephemeris and Epoch time are valid (in Connected mode the UE relies on T317)
Agreements:
1. For earth-fixed cells, introduce t-ServiceStart for neighbor cells. If UE is aware of the t-ServiceStart of the neighbour cell then may be used (up to UE implementation) to determine when to start measurements of that neighbor cell.
2. If the serving cell t-service expires, stop T310 (if running) and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). FFS on discontinuous coverage.
3. The distance between the UE and a second reference location (e.g. within a neighbour cell) is not taken into account.
4. R18 location and time based trigger for measurements (for connected mode and for idle) apply to both NB-IoT and eMTC.






2  Discussion
2.1 New SIB for neighbor cell assistance information 
In RAN2-121-bis-e meeting new SIB will be introduced that included neighbor cell assistance information. RAN2 also agreed to include common TA and Kmac parameters in the new SIB.  Whether the new system information is modified using regular system information modification procedure or timer-based modification as similar to SIB31 is not concluded.
Following are the agreements in RAN2-123 related to validity timer and its applicability.

Agreements:
1. For eMTC, the new SIB (SIBxx) is not an essential SIB. UE does not need to consider the cell barred if it is unable to acquire the SIB when scheduled.
2. RAN2 will not consider to include cell stop time of neighbor cell in the new SIB (SIBxx) in this release.
3. for NB-IoT NTN, location-based measurement initiation can also be optionally used in RRC_IDLE for cell re-selection purposes (like in NR-NTN), with the assumption that it is up to the UE to update GNSS location.
4. validity duration is optional, and if this field is absent, the UE uses validity duration from the serving cell
5. For re-acquisition of SIBXX the UE may rely on T317/T318 in connected mode

With above agreements, the validity timer for SIBXX is optional and if not configured the UE will use the validity timer defined for serving cell SIB31. For NB-IoT,  use of a validity timer is related to the acquisition of SIBXX for connected mode measurements.  As this new SIB is not essential for connected mode operation and it is only related for better neighbour cell measurements using the additional information, whether to obtain re-acquire the new SIB on the validity timer expiry should be left upto UE implementation. 
[bookmark: _Hlk146882570]Proposal 1: It is upto UE implementation to start re-acquisition of SIBXX in connected mode upon validity timer expiry.
On similar lines, the UE may start timer to complete the re-acquisition of SIBXX when it attempts to re-acquire the SIB. In case if the timer expires and if the UE cannot acquire the SIBs no further actions are needed at UE.  The UE may need to restart the connected mode measurements if the earlier measurements are not valid due to the timer expiry in this case. 
Proposal 2: No specific action is needed at UE on the T318 timer expiry for SIBXX. FFS whether some changes are needed related to the ongoing neighbor cell measurements.
Unlike SIB32, It is not mandatory to have a valid SIBXX before starting the RRC connection. Hence the UE can start the RRC connection without acquiring the SIBXX prior to that. In such case, the validity timer itself is not applicable in connected mode.
Proposal 3:  It is optional for UE to acquire SIBXX prior to entering into connected mode. In such case SIBXX acquisition and related validity timers are not applicable in connected mode.


For CHO in NTN (both NR NTN and eMTC NTN, time and location-based trigger conditions may be configured independently (i.e., without a jointly configured measurement condition). We add a description/note saying in which scenarios this is reasonable, e.g. at least hard-switch case where gap is assumed to be zero/negligible
During the last RAN2#123 meeting, the following proposal (see [6]) was discussed without reaching an agreement:
	Proposal 3 (12/14): The t-ServiceStart for quasi-earth fixed neighbour cells should be per neighbour cell.



The proposal treats ways to broadcast the start time of neighbour cells via system information. While some companies proposed to broadcast the parameter per frequency or per satellite, others aimed at broadcasting the parameter per neighbour cell. In our view, this parameter should be broadcast per neighbour cell. We understand that this approach may slightly increase the signalling overhead, but it also allows higher flexibility for e.g., satellite deployments where cells are switched on/off dynamically or in a staggered way. Another reason to specify this parameter per cell is that t-ServiceStart may be beneficial to exactly determine when to start neighbour cell measurements. However, if the same t-ServiceStart is broadcast for all cells originated from the same satellite (or configured with the same frequency), a UE may start measuring when those cells are not yet available, which may increase the UE’s power consumption.
[bookmark: _Hlk146882634]Observation 1: UEs may better determine when to start neighbour cell measurements if t-ServiceStart is broadcast per cell.
Proposal 4: t-ServiceStart for quasi-earth fixed neighbour cells should be per neighbour cell. 
Additionally, it can be agreed that in case of absence for any of the neighbour cells, the latest t-ServiceStart can be adopted. Some companies proposed a similar approach but considering the earliest t-ServiceStart. In our view, considering the latest value is less prone to errors since it increases the likelihood of the cell being available.
Proposal 5: In case of absence, the latest t-ServiceStart can be implicitly used.
Regarding the content of the new SIB, during the email discussion in [5] the following proposal was not agreed:
	Proposal 6 (8/13): for moving cell, reference location and distance threshold of neighbor cell are broadcast.



Proposal#6 had broad support, but it was not agreed. In this case, the proposal aimed at including neighbor cell reference location and distance threshold in the new SIB.
For moving cells, IoT UEs can make use of the serving cell reference location and the corresponding threshold to anticipate when the serving cell will stop serving the area. Using satellite ephemeris, cell reference location and epoch time in system information, the UE can propagate over time the satellite’s motion and the corresponding cell reference locations. Based on this reasoning, the following agreement was taken at the last RAN2#121-bis-e meeting via email discussion (see [5]):
	Agreements via email – from offline 114: 
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).



At RAN2#120 meeting (November 2022), the following agreement was made for eMTC NTN:
	Agreement at RAN2#120 (November 2022)
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).



At least for eMTC NTN, this agreement considers that eMTC UEs could be configured with a location-based trigger based on condEventD1 in NR. Furthermore, the agreement has the following implications for eMTC UEs:
i. UEs should have valid information of the neighbor cell’s reference location and the corresponding distance threshold. This feature is only possible if the location information of the neighbor cell is broadcast.
ii. UEs should be capable of monitoring the distance between its own position and the serving cell’s reference location without compromising UE’s power consumption. This feature is only possible if the UE can derive the trajectory of the serving cell.
iii. UEs should be capable of monitoring the distance between its own position and the neighbor cell’s reference location without compromising UE’s power consumption. This feature is only possible if the UE can derive the trajectory of the neighbor cell.
Considering the current RAN2 agreements, a eMTC UE in a moving cell can only monitor the distance towards the serving cell’s reference location. This fact is inconsistent with previous RAN2 agreements. In our view, proposals 6 in [5] should be agreed in order to comply with previous RAN2 agreements.
Observation 2: RAN2 agreements are inconsistent since RAN2 agreed to introduce a location-based reconfiguration trigger based on condEventD1 but eMTC UEs cannot acquire valid location information of the neighbor cells.
Proposal 6: For eMTC UEs in Earth-moving cells, reference location and distance threshold of neighbor cell are broadcast. 
2.2 Connected mode measurements for NB-IoT-NTN
In RAN2#122 and RAN2#121 meetings the following agreements, that are relevant for connected mode measurements, were decided:
	Agreements:
1. The distance between the UE and a second reference location (e.g. within a neighbour cell) is not taken into account.
2. R18 location and time based trigger for measurements (for connected mode and for idle) apply to both NB-IoT and eMTC.



	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).



For quasi-Earth-fixed cells (EFC) and Earth-moving cells (EMC) deployments, it has been agreed that the NB-IoT UEs can acquire the serving cell reference location and a distance threshold for cell measurement initiation. Particularly for EFC, location-based measurement triggers can be beneficial for IoT UEs moving away from serving cell. A UE close to the cell edge, and moving towards another cell, could evaluate its own distance to the serving cell’s reference location and, based on a given threshold, determine if further actions should be taken. However, a UE solely configured with a location-based trigger cannot determine when the serving cell is going to stop serving the area. If serving cell and neighbor cell are about to disappear, a smart UE could jointly evaluate time-based and location-based conditions and decide to wait and handover towards the new cell.
Proposal 7: For quasi-Earth fixed cells, connected mode measurements to benefit from jointly use of time-based and location-based triggers.
In RAN2#120 meeting and RAN2#121-bis meeting, the following was agreed regarding connected-mode measurements in Earth-moving cells:
	Agreement in RAN2#120
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.
Agreement in RAN2#121bis
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).



Later during RAN2#122 meeting, and only for Earth-fixed cells, the agreement below was made:
	Agreement in RAN2#122
For earth-fixed cells, introduce t-ServiceStart for neighbor cells. If UE is aware of the t-ServiceStart of the neighbour cell then may be used (up to UE implementation) to determine when to start measurements of that neighbor cell.



The agreement defines the UE can consider the neighbor cell t-ServiceStart to determine when to start measurements towards the target cell, which is useful to ensure the measurements are timely i.e. not occurring before the cell is available and also not occurring too late. However, the “(up to UE implementation)” makes it rather unclear whether RAN4 shall proceed with defining requirements related to the measurements and therefore we think it would be good to consider clarifying the intention and potentially omit the implementation aspect.
Proposal 8: RAN2 to consider to clarify the intention of “(up to UE implementation)” in the RAN2#122 agreement related to use of t-ServiceStart of the neighbor cell measurements.
In RAN2#121-bis meeting, it was agreed that for moving cells, the UE can propagate over time the trajectory of the serving cell based on satellite ephemeris and epochTime (similarly as in NR-NTN). The agreement allows the UE to estimate how the serving cell’s reference location moves during the time that the UE is camping in that cell and solves the issue of the cell reference location becoming outdated. In our view, we think that this knowledge could be further exploited. Figure 1  show an example on how the estimation of the cell movement can be used. In this case, the UE could determine not only when to start neighbor cell measurements but also when to relax or pause serving cell measurements. This mobility issue was barely addressed in RAN2#120 meeting and the details were left open up to UE implementation. The specification should define when the UE relaxes serving cell and starts neighbor cells measurements given that UE’s power consumption is a critical feature for IoT-NTN.
Observation 4: For Earth-moving cells, even though the UE can derive the movement of the serving cell, it is not specified whether the UE could initiate, relax or pause cell measurements based on that estimation.
Proposal 9: For Earth-moving cells, the UE can relax/pause serving cell measurements and stop/initiate neighbor cell measurements based on the trajectory of the serving cell.

[image: ]
[bookmark: _Ref142552354]Figure 1UE performing cell measurements relaxation using the knowledge on the end of coverage of the serving cell.
For Earth-fixed cells, it was agreed that the UE could use t-ServiceStart to determine when to start measurements of the target cell (if t-ServiceStart is available and valid). However, similarly as in Earth-moving cells, nothing was agreed on how this parameter could be used for serving cell measurements. Similarly as in Earth-moving cells, if the UE is aware of when the target cell becomes available, the UE could relax or pause serving cell measurements until t-ServiceStart. For that reason, we propose the following:
Proposal 10:  For Earth-fixed cells, the UE can relax/pause serving cell measurements until t-ServiceStart (if available).
2.3 RLF Enhancements for IoT-NTN
For moving cell scenarios when radio link problem is detected at the source cell, the chances for recovering back on the source cell is minimum considering the predictable coverage change. The current UE behaviour related to restarting the timer based on serving cell measurements can be enhanced considering the availability of target cell measurements. If connected mode measurements for the target cells are available at the time of start of T310 timer UE should be allowed to skip further monitoring for recovery and declare early RLF to start the re-establishment procedure earlier. 
Proposal 11: Fast RLF declaration based on measurement availability is considered for LEO scenario for NB-IoT NTN.
[bookmark: _Hlk115087031]2.4 Connected mode mobility for eMTC-NTN
The following was agreed in the last RAN2#123 meeting regarding the condition of jointly evaluate time/location-based triggers and radio measurements for CHO execution:
	Agreement in RAN2#123
6.	For CHO in NTN (both NR NTN and eMTC NTN, time and location-based trigger conditions may be configured independently (i.e., without a jointly configured measurement condition). We add a description/note saying in which scenarios this is reasonable, e.g. at least hard-switch case where gap is assumed to be zero/negligible.



The agreement above attempts to cover the CHO execution triggering procedure for NR and IoT NTN. Before this agreement, an NTN UE configured to conduct a time-based (or location-based) CHO procedure was required to evaluate a time condition (or distance condition) jointly with a configured Ax event. With this new agreement, the requirements to complete the NTN CHO procedure has been eased and an NTN UE can complete the CHO procedure and initiate the access towards the target cell bypassing the measurement-based condition. Note that the agreement entails that such network configuration should be applicable only to specific scenarios.
Observation 5: For specific scenarios, NR NTN and eMTC NTN UEs can complete the CHO procedure bypassing the measurement-based condition.
In NTN, there are several factors that can motivate the usefulness of skipping the measurement-based condition. First, due to long propagation distances, signal strength levels are very similar across the cell area and, therefore, it may be difficult for a UE to distinguish between the source cell’s RSRP and the target cell’s RSRP. Second, UEs feature a measurement error that together with the small variability of RSRP levels can lead to poor mobility performance. On top of this, for satellite deployments where satellite elevation angle range is limited, radio propagation conditions can be semi-static (e.g., continuous LOS). For instance, the work in [8] shows that a location-based HO procedure without measurement-based condition can perform as well as another HO procedure configured with the combination of measurements and location information. Note that such procedures were evaluated under continuous LOS and only for EMC. However, in NTN the HO procedure will not always be executed under favourable conditions. It will depend on multiple factors such as UE’s environment, satellites deployment, network configuration, etc. For that reason, skipping the measurement-based condition should be an optional feature that the network configures only under certain constraints. 
Proposal 12: standalone CHO in NTN is an optional feature that should be network configured only under certain conditions.
Such configuration could be feasible at least for the following scenarios:
· EMC and UEs configured with a location-based trigger: moving cells deployments are characterized by a high handover frequency. If radio conditions are semi-static, a UE could skip the measurement-based evaluation without performance penalty and while reducing the UE’s power consumption. The simulation work in [8] presented that for UEs that do not consider measurement-based evaluation in the HO execution, the UE’s mobility performance is resilient to UE location and satellite pointing errors.
· EFC with hard satellite switch (no gap) and time-based trigger: in this case, the source cell and the target cell do not coexist simultaneously. Also, it is assumed that there is no gap between both cells and, therefore, the target cell will origin right after t-Service. For that reason, the UE can initiate the HO execution once the target cell becomes available (e.g., T1 equals to t-Service). Note that a RACH storm can occur in case all UEs in the source cell are configured with the same T1-T2 parameters. Further enhancements on how to distribute the UE access across time window T1-T2 could be investigated.

Proposal 13: For EMC, an NTN UE configured with location-based CHO procedure can skip measurement-based condition.
Proposal 14: For EFC with hard satellite switch (no gap), an NTN UE configured with time-based CHO procedure can skip measurement-based condition. 
Proposal 15: RAN2 to discuss means to distribute across time UEs accessing the target cell.

3 Conclusion
The following observations and proposals are made in this document:
SIBXX: On Validity Timer for SIBXX
Proposal 1: It is upto UE implementation when to start re-acquisition of SIBXX in connected mode upon validity timer expiry.
Proposal 2: No specific action is needed at UE on the T318 timer expiry for SIBXX. FFS whether some changes are needed related to the ongoing neighbor cell measurements.
Proposal 3:  It is optional for UE to acquire SIBXX prior to entering into connected mode. If SIBXX was not acquired while entering into connected mode SIBXX acquisition and related validity timers are not applicable in connected mode.





SIBXX: T-Service start for neighbour cell 
Observation 1: UEs may better determine when to start neighbour cell measurements if t-ServiceStart is broadcast per cell.
Proposal 4: t-ServiceStart for quasi-earth fixed neighbour cells should be per neighbour cell. 
Proposal 5: In case of absence, the latest t-ServiceStart can be implicitly used.
Triggering conditions for connected mode measurements 
Observation 2: RAN2 agreements are inconsistent since RAN2 agreed to introduce a location-based reconfiguration trigger based on condEventD1 but eMTC UEs cannot acquire valid location information of the neighbor cells.
Proposal 6: For eMTC UEs in Earth-moving cells, reference location and distance threshold of neighbour cell are broadcast. 
Proposal 7: For quasi-Earth fixed cells, connected mode measurements to benefit from jointly use of time-based and location-based triggers.
Proposal 8: RAN2 to consider to clarify the intention of “(up to UE implementation)” in the RAN2#122 agreement related to use of t-ServiceStart of the neighbor cell measurements.
Proposal 9: For Earth-moving cells, the UE can relax/pause serving cell measurements and stop/initiate neighbor cell measurements based on the trajectory of the serving cell.
Proposal 10:  For Earth-fixed cells, the UE can relax/pause serving cell measurements until t-ServiceStart (if available).
RLF Enhancements 
Proposal 11: Fast RLF declaration based on measurement availability is considered for LEO scenario for NB-IoT NTN.
CHO Related Changes
Proposal 12: standalone CHO in NTN is an optional feature that should be network configured only under certain conditions.
Proposal 13: For EMC, an NTN UE configured with a location-based CHO procedure can skip measurement-based condition.
Proposal 14: For EFC with hard satellite switch (no gap), an NTN UE configured with a time-based CHO procedure can skip measurement-based condition. 
Proposal 15: RAN2 to discuss means to distribute across time UEs accessing the target cell.
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