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Introduction
In RAN#94-e the WID for Rel-18 IoT NTN was agreed [1] and in RAN#98-e it was updated [2]. The updated objectives of the WID is the following: 
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

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].

4.1.3	Further enhancement to discontinuous coverage
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].



In this contribution we discuss issues related to measurements of neighbouring cells, signaling of neighbour cell ephemeris for IoT NTN and RLF procedures.
Discussion
In Rel-17 IoT NTN was introduced with minimal enhancements for mobility purposes. The idea was that mobility enhancements would not be crucial for a first release due to the use case being to deliver small amounts of IoT data. In Rel-18 the use case is for an IoT UE to be connected for a longer time. Regarding performing neighbour cell measurements, there are two objectives considered that are different. One is supporting conditions for performing neighbour cell measurements as those introduced for Rel-17 NB-IoT, the other is supporting the actual signalling as required by RAN4 for neighbour cell measurements in NTN. 


Neighbour cell measurements
In Rel-17, neighbour cell measurements were introduced for NB-IoT. The use of the measurements is to ensure faster recovery once an NB-IoT UE performs RLF. This is done by UE determining that it cannot relax the measurements according to idle mode specifications. The configuration is broadcasted in connMeasConfig-NB in SIB3/NB which includes separate s-Measure for intra and inter-frequency cells and s-MeasureDeltaP and t-MeasureDeltaP. If the configuration is present and the UE supports the feature the UE shall perform the actions to measure neighbouring cells. 
In relation to neighbour cell measurements for NB-IoT the following was agreed in RAN2#119-e:
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)

And in RAN2#120 the following was agreed:
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)

While it is clear that neighbour cell measurement enhancements shall be supported for NB-IoT, whether it is supported for eMTC is still an open issue. In the table 1 below, we consider the arguments for and against introducing the measurements regardless of whether this is considered to be supported by the wording in the WID. 
Table 1. Pros and cons of measurements based on NTN-conditions. 
	
	Reasons for introducing the enhancements
	Arguments for
	Arguments against

	NB-IoT
	Triggering neighbour cell measurements when needed in non-terrestrial network to make RLF-based mobility more efficient
	- The current neighbour cell measurement criteria is unlikely to function well in a non-terrestrial network
- There are no connected mode neighbour cell measurements in NB-IoT NTN 
	- With traffic model of small packets it is likely that mobility may not be needed in most cases
- Neighbour cell measurements may take a lot of time

	eMTC
	Power savings as UE does not have to perform neighbour cell measurements in some cases
	- Triggering neighbour cell measurements with specific conditions can support energy savings
	- eMTC connected mode mobility is not based on RLF, but rather handovers 
- Connected mode measurements are configured dedicatedly, thus the network may only configure neighbour cell measurements when deemed needed



Thus we believe that if RAN2 can agree that currently discussed measurement triggers are beneficial for eMTC to save power, then the enhancements may be introduced. 
Observation 1: If RAN2 agrees on the usefulness of introducing NTN-specific measurement triggers as for NB-IoT, then it should be introduced for eMTC as well.
Proposal 1: Introduce the same measurement triggers as for NB-IoT for eMTC, but for power saving purposes.
For an NB-IoT UE to perform neighbour cell measurements will be a rather time-consuming process involving performing lengthy measurements that in some cases may take a very long time. The UE may also have to acquire neighbour cell ephemeris and synchronize to the moving neighbouring cells to measure them. In many use cases, performing these measurements will not be necessary as the most common IoT use case is to deliver very small packets. Thus to enable power savings, it should be possible for devices to not perform these actions in an NTN network even if the conditions as are currently being discussed are fulfilled. 
Thus we propose that RAN2 should consider other conditions for not considering to perform neighbour cell measurements. 
Proposal 2: RAN2 to consider use case-based / traffic-based conditions for not performing neighbour cell measurements.
Neighbour cell ephemeris signaling
In RAN2#120 [3] the following was agreed in RAN2 for Rel-17 IoT NTN:
Agreements:
1. RAN2 doesn’t introduce neighbour cell ephemeris in Rel-17 IoT-NTN, neither for eMTC not for NB-IoT. RAN2 agrees to support this in Rel-18, with details FFS.

There are several aspects that need to be considered for introducing signaling of neighbour cell ephemeris. One main aspect is how it is signaled in some other cases and what type of constraints and requirements there are for IoT. 
In NR NTN [4], the neighbour cell ephemeris is signaled and in the following ways: 
· In SIB19. SIB19 is provided for serving cell or in dedicated signaling for UEs with no common search space in an active BWP. SIB19 provides both serving cell and neighbour cell ephemeris. The neighbour cell ephemeris is in this case used for neighbour cell measurements both in idle mode and connected mode.  
· In ServingCellConfigCommon. This is used for target cell configuration in reconfigurationWithSync for HO/CHO. 
One way to introduce neighbour cell ephemeris in IoT NTN is to use same methods as for NR NTN, but there are however some differences. First is that UE is generally not expected to acquire system information in connected mode. Second is that NB-IoT does not need target cell ephemeris.  
Observation 2: IoT UE is generally not expected to acquire system information in connected mode.
Observation 3: NB-IoT does not need dedicated target cell ephemeris.
One issue with using the same methods, which was highlighted by the discussions in Rel-17 on introducing neighbour cell ephemeris was that the maximum size of the TBS is limited and that using very large SIBs, as would be the case for the very large ephemeris elements, affects either the coverage or the time to acquire the specific SIB. This problem is also exacerbated by the fact that while a Rel-17 IoT NTN UE would not parse the related fields, it would still be affected by the coverage issues.   
Thus the question is how to deal with the issue of signaling ephemeris elements that are rather large. The two main options would be more efficient signaling of the neighbour cell ephemeris that requires less bits or signaling the neighbour cell ephemeris in a separate SIB. We highlight some of the possibilities as well as the pros and cons below. 
Option 1: Efficient signaling of broadcasted neighbour cell ephemeris
Signaling of more efficient ephemeris can be done in a number of ways. For instance, the signaling can be made more efficient by only signaling the ephemeris if the cell comes from another satellite. This can be beneficial if there are few satellites, but in many constellations there will be a lot of satellites visible, satellites that may be candidates to connect to. 
Another option can be to compress the ephemeris fields to a coarser representation requiring less bits. This can be a viable option given that measurements typically require less precision as compared to synchronization, but this will require RAN1 or RAN4 input. 
Observation 4: Less coarse ephemeris representation may allow for less bits per ephemeris element, but may require RAN1 or RAN4 input.

Option 2: Separate SIB for broadcasted neighbour cell ephemeris
Another option for neighbour cell ephemeris is that it is signaled in a separate SIB outside of SIB31. For the purpose of discontinuous coverage, RAN2 decided that a new SIB, SIB32, would be introduced. Introducing a new separate SIB can have the benefit that coverage for Rel-17 NTN UEs may still be maintained, while the enhanced UE would have to acquire the new SIB. This can also be motivated by the fact that the use case that requires longer connection time is more likely to be in a scenario that has better coverage, thus it would not be an issue if the UE connecting for a longer time would have to acquire another SIB. There may have to be some specification effort on when and how the new SIB is acquired, but it is likely to be less complicated compared to acquiring SIB31. Furthermore, this also enables the possibility of certain UEs that are not expected to need to stay in connected mode for a long time to not acquire the new SIB. 
Observation 5: Using a separate new SIB for neighbour cell ephemeris signaling has several benefits.
Proposal 3: RAN2 to discuss options on broadcasted neighbour cell ephemeris.
For the target cell neighbour cell ephemeris for eMTC, there are also some considerations needed. In IoT NTN Rel-17, the target cell ephemeris is sent with SIB31 as part of RRCConnectionReconfiguration along with the handover command (mobilityControlInfo) so that IoT NTN UE does not have to read any SIB in connected mode except as indicated by T317. If the target cell neighbour cell ephemeris is included in a handover command, it is likely that the handover command may become prohibitively large, hence the above considerations to have it in a separate SIB. Furthermore, as in conditional handover the UE may be provided with target cell configurations, this may imply that for each target cell the UE is given the target cell neighbour cell ephemeris, this would likely become prohibitively large. 
To solve the above problems, we think that the solution can be that a UE acquires the neighbour cell ephemeris in the cell that it is connected to. This is also motivated by the fact that acquiring neighbour cell ephemeris may not be crucial at first moment when connecting. Exactly how this is done is FFS. 
Proposal 4: Target cell neighbour cell ephemeris is acquired in target cell when a handover is performed. Exact details are FFS.

RLF procedures
The main mechanism for performing connected mode mobility for NB-IoT is through RLF and subsequently the RRC re-establishment procedures. The RRC re-establishment procedures allow for a UE to re-establish its connection to a cell, that may be the same cell or a new cell. During the re-establishment procedure, if the an eNB has the UE context, then the UE does not need to be reconfigured. If an eNB does not have the UE context then there are two alternatives, either the eNB replies with an RRCSetup or the eNB may request the UE context from the eNB that the UE was connected to in the previously. This procedure will be greatly useful for the RLF procedures in an NB-IoT Non-Terrestrial Network.  All together this can be seen in Figure 1.
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Figure 1. RRC Re-establishment procedures. 
The enhancements that are currently being discussed with regards to the neighbour cell measurements is targeted at improving the RLF procedures in NB-IoT NTN. In order to improve these procedures, we think that the handling of the UE context can also be improved. One such enhancement is that the UE Context is sent in advance from an eNB that is aware of the potential future eNBs that a UE will connect to after an RLF is triggered. Thus we propose that RAN2 discuss how to improve NB-IoT RLF procedures by sending the UE context in advance:
Proposal 5: RAN2 to discuss how to improve NB-IoT RLF procedures by sending UE context in advance.

Conclusion
In this contribution we discussed issues related to enhancements for neighbour cell measurements. We have the following observations and proposals:
Observation 1: If RAN2 agrees on the usefulness of introducing NTN-specific measurement triggers as for NB-IoT, then it should be introduced for eMTC as well.
Observation 2: IoT UE is generally not expected to acquire system information in connected mode.
Observation 3: NB-IoT does not need dedicated target cell ephemeris.
Observation 4: Less coarse ephemeris representation may allow for less bits per ephemeris element, but may require RAN1 or RAN4 input.
Observation 5: Using a separate new SIB for neighbour cell ephemeris signaling has several benefits.
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Proposal 1: Introduce the same measurement triggers as for NB-IoT for eMTC, but for power saving purposes.
Proposal 2: RAN2 to consider use case-based / traffic-based conditions for not performing neighbour cell measurements.
Proposal 3: RAN2 to discuss options on broadcasted neighbour cell ephemeris.
Proposal 4: Target cell neighbour cell ephemeris is acquired in target cell when a handover is performed. Exact details are FFS.
Proposal 5: RAN2 to discuss how to improve NB-IoT RLF procedures by sending UE context in advance.
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