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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 IoT-NTN (see [2] and [3]):
	RAN2#123bis
Agreements:
1. Upon absence of satellite IDs for intra-frequency, the UE assumes Rel-17 behavior for intra-frequency measurements, i.e. measurement according to UE implementation. 
2. Upon absence of satellite IDs for inter-frequency, the UE assumes Rel-17 behavior for inter-frequency measurements, i.e. measurement according to UE implementation. 
3. RAN2 understands that if SIBxx is present, then satellite IDs in either SIB3, SIB5 or both SIB3 and SIB5 should be present (up to NW implementation, no spec impact)
4. Satellite assistance information is provided per frequency, and not associated with PCIs. The satellite IDs for intra-frequency measurements are in SIB3 as in the current running CR (no need to place them into SIB4).
5. Introduce satellite ID for serving satellite (in SIB31) as well. RAN2 does not consider implicitly reusing serving satellite assistance information.
6. t-ServiceStartNeigh is signalled per satellite.
7. Separate reference locations are introduced for earth-quasi fixed cells and earth-moving cells.
Working assumption: 
1. Adopt the same decision as for NR NTN to discriminate whether a frequency is for TN or NTN.



Furthermore, in [4], the following open issues were listed regarding mobility and SIBxx acquisition:
	Issue 2-1: Regarding RLF based measurement enhancements for eMTC UEs in RRC_CONNECTED, which frequencies to measure (frequencies in MeasObjects, or frequencies in SIB, or both), whether measurement report will be triggered.
Issue 2-2: Whether time/location based CHO can be configured simultaneously for the same target cell
Issue 2-3: Whether to allow joint configuration among time/location/RSRP-based measurements in RRC Idle/Connected, and if allowed, the intended UE behaviour.
Issue 2-4: Regarding reacquisition of SIBxx during T318, clarify the intended behavior.
Issue 2-5: How to solve the case where T318 is stopped before successful acquisition of SIBxx.
Issue 2-6: Whether satellite IDs in SIB31/SIB32/SIBxx are unique.



This contribution discusses the list of open issues above and some topics that were left untreated in previous meetings.
2	Discussion
2.1	List of open issues
2.1.1	Issue 1: SIBxx re-acquisition in connected mode
This section treats the following open issues:
	Issue 2-4: Regarding reacquisition of SIBxx during T318, clarify the intended behaviour.
- Option 1: UE acquires SIBxx during T318 if the stored SIBxx has expired (as in the current CR).
- Option 2: Keep the possibility that UE does not acquire SIBxx even if the stored SIBxx expires.
- Option 3: Allow the UE to acquire SIBxx even if the stored SIBxx has not expired (e.g., close to expiry).
Issue 2-5: How to solve the case where T318 is stopped before successful acquisition of SIBxx.
- Option 1: UE stops T318 when both SIB31 and SIBxx have been acquired.
- FFS whether to clarify in the spec that RLF is not triggered if T318 expires and SIB31 has been obtained.
- Other solutions.



The SIBXX provides additional NTN-specific information about the neighbour cells that helps to improve the neighbour-cell measurements in idle mode and connected mode.  If the additional information is not available for neighbour-cell frequency the UE will continue to measure the neighbour cells using Rel-17 UE behaviour. As this SIB modification is not linked to the value tag and system information modification is not supported, it is up to UE to acquire this SIB at appropriate time prior to starting neighbour-cell measurements. It does not need to acquire this SIBXX on entering the cell. Moreover, the purpose of this SIBXX is linked to neighbour-cell measurements UE can decide to acquire this SIB in idle mode and connected mode depending on its decision to start neighbour cell measurements. It need not be linked to SIB31 acquisition and its associated validity timer whose purpose is completely different from SIBXX.
Observation 1:  SIBXX acquisition and validity need not be linked to SIB31 acquisition and related timers as both SIB are used by UE for different purpose and triggering conditions and need to acquire also differs completely.
If UE implementation can acquire SIBXX it may also decide to acquire this SIB prior to entering connected mode for eMTC if the UE is expected to do neighbour cell measurements as part of connected mode measurement configuration. In such case, the UE can start validity timer when it has acquired SIBXX in idle mode. The validity timer value can be same as T317.  On expiry of this new timer UE can start acquisition of SIBXX in connected mode and that need not be linked to any timer such as T318. Because for value tag based system information the connected mode UE start the SIB acquisition on receiving the system information modification notification and acquire the same in the modification period. There is no UE specific timer specified to complete the SIB re-acquisition. Same behaviour can be followed for SIBXX.
Proposal 1: If the UE successfully acquire SIBXX in IDLE mode, UE may start Timer T3XX with value equivalent to T317.
Proposal 2: UE may start SIBXX acquisition in connected mode if Timer T3XXX expires in connected mode. In this case no additional timer is started to monitor the completion of SIBXX acquisition.
In case of NB-IOT, the neighbour cell measurement triggering is linked to serving cell measurements. So, the UE need not acquire SIBXX prior to entering connected mode.  The UE can acquire this SIBXX only if the serving cell radio condition degrades and neighbour cell measurements to be started. In this case, UE need to acquire SIBXX based on its UE implementation and need not be linked to T317. If it is linked to T317, if the radio condition degrades but T317 did not expire, the UE will not acquire SIBXX. 
Proposal 3: If the UE did not have valid SIBXX when entering the connected mode, it is up to UE implementation to acquire SIBXX at the appropriate time prior to starting neighbour cell measurements. In this case it should not rely on or wait for the T317 expiry.
If RAN2 could not agree for P1 and P2 which is a clean solution that can be used for any new SIBXX which are linked to validity time, we propose to leave this SIBXX acquisition completely to UE implementation.
Proposal 4: If the introduction of new validity timer of SIBXX (same value as T317) is not agreed,  we propose to leave the SIBXX acquisition to UE implementation without any link to T317 which is not related to the functionality associated with SIBXX.

2.1.2	Issue 2: Joint configuration of new triggering conditions
The issues below were left open for discussion regarding the joint configuration of time- and location-based triggers for CHO and measurements:
	Issue 2-2: Whether time/location-based CHO can be configured simultaneously for the same target cell.
Issue 2-3: Whether to allow joint configuration among time/location/RSRP-based measurements in RRC Idle/Connected, and if allowed, the intended UE behaviour.



For EFC and EMC deployments, it was agreed that IoT UEs can acquire the serving cell reference location and a distance threshold for cell measurement initiation. Namely for EFC, location-based triggers can be beneficial for IoT UEs moving away from the serving cell. A UE at cell edge and moving towards a neighbour cell, could evaluate the distance to the serving cell’s reference location and determine whether initiate measurements/CHO execution.
Proposal 5: IoT UEs can be configured simultaneously with time-based and location-based triggers.
In our understanding, UEs configured with both conditions should trigger CHO/measurements when at least one of the conditions is met. For instance, in case of EFC, a UE which is only configured with a location-based trigger cannot determine when the cell ends the coverage. However, if the same UE is configured with both conditions, it can evaluate its own position within the cell together with the remaining coverage time. 
Proposal 6: UEs configured with time- and location-based conditions should trigger CHO/measurements when at least one of the conditions is met. 

2.1.4	Issue 3 Connected mode measurement triggering for RLF enhancements in eMTC
	Issue 2-1: Regarding RLF based measurement enhancements for eMTC UEs in RRC_CONNECTED, which frequencies to measure (frequencies in MeasObjects, or frequencies in SIB, or both), whether measurement report will be triggered.



The connected mode measurement triggering for RLF enhancements was not supported in Rel-17 for eMTC. It was supported in Rel-18 to allow the eMTC UE also to have the benefits for RLF enhancements when the NW did not configure explicit connected mode measurements. The issue related to configuring this feature along with connected mode measurements was raised in earlier meetings also and it was concluded that UE is not expected to be configured with connected mode measurements and the configurations related to measurement triggering for RLF enhancements.
Proposal 7: RLF-based measurement enhancements and connected mode measurements are not expected to be configured simultaneously for the UE.
If P7 is not acceptable and then impacts to event-based measurement triggering due to connected mode triggering configurations needs to be studied. In this case delay in event-based measurement triggering or CHO execution due to configurations for measurement triggering needs to be analysed in RAN4.
Proposal 8: If RLF-based measurement enhancements are allowed to be configured along with connected mode measurements, the delay impact to connected mode measurement triggering needs to be analysed in RAN4.
In NB-IoT, the connected mode measurement triggering for RLF enhancement is not linked to any specific frequencies. It is up to UE implementation to start intra and inter-frequency measurements using the natural gaps until RLF declaration. We propose to follow the same approach for eMTC that it is up to UE implementation to decide on the frequencies to measure for RLF enhancements once the triggering condition is met.
Proposal 9: The Target frequencies/cells to be measured for RLF enhancement is left to UE implementation similar to NB-IoT.
2.2	Additional open issues
2.2.1	Measurements relaxation for IoT NTN
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 shows an example on how the cell movement can be used. 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 previous RAN2 meetings, and the details were left open 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 2: For Earth-moving cells, even though the UE can derive the movement of the serving cell, it is not specified whether the UE could relax measurements based on that estimation.
Proposal 10: For Earth-moving cells, the UE can relax serving cell measurements and trigger neighbor cell measurements based on the trajectory of the serving cell.
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[bookmark: _Ref142552354]Figure 1 Relaxation of cell measurements based on end-of-coverage.
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. If the UE is aware of when the target cell becomes available, the UE could relax serving cell measurements based on t-ServiceStart. For that reason, we propose the following:
Proposal 11: For EFC, the UE can relax serving cell measurements based on t-ServiceStart.
2.2.2	Measurements based on t-ServiceStart 
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 neighbour 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 neighbour cell.



Later further agreements follow to define how this parameter should be signaled by the network. The agreement above defines the UE can consider the neighbor cell t-ServiceStart to determine when to start measurements towards the target cell (if available), which is useful to ensure the measurements are timely i.e., not occurring before the cell is available and 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 12: RAN2 to consider clarifying the intention of “(up to UE implementation)” in the RAN2#122 agreement related to use of t-ServiceStart of the neighbor cell measurements.
2.2.3	Standalone CHO execution
The following was agreed in RAN2#123 meeting regarding the joint evaluation of new 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.



With this agreement, the requirements to complete the NTN CHO procedure has been eased and eMTC/NR UEs can trigger the CHO execution without meeting the measurement-based condition (i.e., Ax events). A note was added such it should be applicable only to specific scenarios.
Observation 3: For specific NTN scenarios, NR/eMTC UEs can bypass the measurement-based CHO condition.
There are several factors that can motivate the usefulness of skipping measurement-based events. First, signal strength levels are very similar across the cell area and, therefore, it may be difficult for a UE to distinguish between source cell and target cell. Second, UEs feature a measurement error that - together with the small RSRP variability - can lead to poor mobility choices. Third, for satellite deployments where satellite elevation angle range is limited, radio conditions can be semi-static (e.g., continuous LOS). Under LOS conditions, the work in [6] shows that the performance of a location-based HO procedure is similar whether measurements are used or not. However, the NTN CHO procedure may not be always executed under favourable conditions. For that reason, skipping the measurement condition should be an optional feature used only under certain conditions.
Proposal 13: standalone CHO is an optional feature that should be network-configured only under certain conditions.
Such configuration could be feasible at least for the following scenarios:
· EFC with hard-satellite switch and time-based trigger: in this scenario, source cell and target cell do not coexist simultaneously (i.e., target cell originated after t-Service). The UE should trigger the CHO 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. Enhancements on how to distribute the UE access across time window T1-T2 could be discussed.
· EMC and UEs configured with a location-based trigger: If radio conditions are favourable, a UE could skip the measurement condition without performance penalty and while reducing the UE’s power consumption. Refer to the simulation work in [6][6] for further details.

Proposal 14: For EMC, the location-based CHO procedure can skip measurement condition.
Proposal 15: For EFC with hard satellite switch, the time-based CHO procedure can skip measurement condition. 
Proposal 16: For EFC with hard satellite switch, RAN2 to discuss means to distribute across time UEs accessing the target cell.
3	Conclusion
Always echo in the conclusion all proposals made above.
This document has made the following observations:
Observation 1:  SIBXX acquisition and validity need not be linked to SIB31 acquisition and related timers as both SIB are used by UE for different purpose and triggering conditions and need to acquire also differs completely.
Observation 2: For Earth-moving cells, even though the UE can derive the movement of the serving cell, it is not specified whether the UE could relax measurements based on that estimation.
Observation 3: For specific NTN scenarios, NR/eMTC UEs can bypass the measurement-based CHO condition.
And proposed the following:
SIBXX Acquisition in connected mode 
Proposal 1: If the UE successfully acquire SIBXX in IDLE mode, UE may start Timer T3XX with value equivalent to T317.
Proposal 2: UE may start SIBXX acquisition in connected mode if Timer T3XXX expires in connected mode. In this case no additional timer is started to monitor the completion of SIBXX acquisition.
Proposal 3: If the UE did not have valid SIBXX when entering connected mode, it is up to UE implementation to acquire SIBXX at the appropriate time prior to starting neighbour cell measurements. In this case it should not rely on or wait for the T317 expiry.
Proposal 4: If the introduction of new validity timer of SIBXX is not agreed in RAN2, we propose to leave the SIBXX acquisition to UE implementation without any link to T317 which is not related to the functionality associated with SIBXX.
Triggering conditions for measurement 
Proposal 5: IoT UEs can be configured simultaneously with time-based and location-based triggers.
Proposal 6: UEs configured with time- and location-based conditions should trigger CHO/measurements when at least one of the conditions is met.
Open issues for connected mode measurements for RLF enhancements in eMTC
Proposal 7: RLF-based measurement enhancements and connected mode measurements are not expected to be configured simultaneously for the UE.
Proposal 8: If RLF-based measurement enhancements are allowed to be configured along with connected mode measurements, the delay impact to connected mode measurement triggering needs to be analysed in RAN4.
Proposal 9: The Target frequencies /cells to be measured for RLF enhancement is left to UE implementation similar to NB-IoT.


Measurement Relaxation 
Proposal 10: For Earth-moving cells, the UE can relax serving cell measurements and trigger neighbor cell measurements based on the trajectory of the serving cell.
Proposal 11: For EFC, the UE can relax serving cell measurements based on t-ServiceStart.
Proposal 12: RAN2 to consider clarifying the intention of “(up to UE implementation)” in the RAN2#122 agreement related to use of t-ServiceStart of the neighbor cell measurements.
CHO Enhancements
Proposal 13: standalone CHO is an optional feature that should be network-configured only under certain conditions.
Proposal 14: For EMC, the location-based CHO procedure can skip measurement condition.
Proposal 15: For EFC with hard satellite switch, the time-based CHO procedure can skip measurement condition. 
Proposal 16: For EFC with hard satellite switch, RAN2 to discuss means to distribute across time UEs accessing the target cell.
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