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1. Introduction
The WI on IoT NTN enhancements [1] includes the following objectives for mobility enhancement: 

	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 the following agreements were made:
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. CHO enhancements for eMTC NTN (i.e. time/timer based solution) are introduced based on the R17 NR NTN solution. FFS on location-based solution
4. Measurement results reporting is not supported in Rel-18 NB-IoT NTN.

In RAN2#119bis-e no further agreements were made despite the email discussion [2]

In RAN2#120 the following agreements were made:
	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



For both NR and IoT NTN, mobility enhancements so far have mainly introduced additional triggers for cell reselection, measurement reporting, and CHO. This is due to the predictability of satellite movement, and recognition that RSRP based triggers are less effective in NTN cells due to a more uniform RSRP measurement across the cell (as compared to terrestrial networks).

In this contribution we elaborate on the potential impact for NB-IoT and eMTC NTN mobility enhancement in Rel-18.
2. Neighbour cell measurements before RLF in NB-IoT 
2.1	Background

NB-IoT does not support connected mode measurements and handover. Instead, a mobile UE relies on RLF detection and re-establishment on a new cell. 

Until Rel-16, the RLF procedure was as shown in figure 1 below:
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Figure 1: RLF procedure in Rel-16

To reduce the time taken to perform RLF re-establishment, Rel-17 introduced a mechanism to allow the UE to perform measurements on neighboring cells before RLF is declared so that the UE can reduce the time needed to perform cell search before being able to re-establish on a new cell. 

The measurements are triggered when the serving cell goes below a threshold (s-MeasureIntra for intra-frequency measurement and s-MeasureInter for inter-frequency measurements). The UE does not need to perform the measurements if the RSRP variation is stable – this uses a similar mechanism as relaxed monitoring, and is based on the parameters s-MeasureDeltaP and t-MeasureDeltaP. Therefore, the measurements are triggered based on both a serving cell RSRP threshold and a serving cell RSRP variation, just like relaxed monitoring in NR, for example.

The enhancement in Rel-17 Is shown in figure 2.
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Figure 2: RLF enhancement in Rel-17

Other enhancements were discussed, such as reducing the RLF timer T310 such that re-establishment can be triggered earlier, but not agreed. This was primarily due to concerns that a reduced T310 time could cause RRC connection failure more frequently in cases where there is only a temporary radio condition problem, not allowing enough time to recover (to have N311 in—sync indications) on the current cell.

2.2	 Discussion

It was agreed in RAN2#120 that 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.

However, there are several deployment scenarios to consider. 
· Scenario A: Soft switch scenario - Cell 1 coverage overlaps with Cell 2 coverage
· Scenario B: Hard switch scenario - Discrete switch time:  Cell 1 switches to cell 2 at given time (e.g. earth-fixed scenario)
· Scenario C: Discontinuous coverage scenario - Cell 1 coverage stops before Cell 2 coverage starts 

If the time-based trigger only takes the current cell into account, then this would only be effective for scenario A (soft-switch) above. 

For scenarios B (hard-switch) and C (discontinuous coverage), there is anyway no target cell coverage, so triggering measurements would not detect the incoming satellite coverage (it’s not there!) , and would waste UE power. 

It makes sense, therefore, to limit the triggering of measurements before RLF only to scenario A in NTN. 

A more complete solution, which covers the above 3 scenarios (or, at a high level – continuous and discontinuous coverage) takes into account both the current and neighbouring cell configurations. 

The UE should start performing measurements before t-service of the current cell expires, but this only makes sense if the neighbouring cell is available to measure. If t-serviceStart is provided for that neighbour, then the UE should not be required to measure before this time elapses. Of course, if no t-serviceStart is provided for the neighbour then this implies continuous coverage and therefore the UE should perform the measurements. 

Proposal 1a: The agreement in RAN2#120 (UE shall start intra/inter frequency measurement in connected mode before the t-Service if present) only applies to the case of overlapping coverage.

In terms of specification impact, proposal 1 can be reworded as follows (the UE can limit to the overlapping coverage scenario based on what the network configures):

Proposal 1b: Measurements of a neighbouring NTN cell are triggered before t-service only if the incoming neighbour cell t-serviceStart is before t-service, or if no t-serviceStart is provided for the neighbour cell.

If the TN carriers are configured with a higher cell reselection priority, then the UE shall search for those carriers periodically (every 1 minute per carrier). If the TN carriers are configured with a lower cell reselection priority, then the UE will not measure those carriers until the serving cell quality degrades (E.g. t-service passes). If there is TN coverage (e.g. the NTN cell broadcasts TN carrier frequencies) then the UE should start to measure those (if they are lower priority) or should start to measure those more frequently (if they are higher priority) ahead of t-service expiring, even if there is no neighbouring NTN cell available at that time, in order to ensure it can reselect and camp on the TN if it is available. 

Proposal 2a: Measurements on TN carriers (if configured by the NW) can start before t-service independently of neighbouring NTN cell coverage. 

RAN2 should discuss particularly for scenario B whether it is better to start measuring TN cells before t-service expires, better to wait for RLF and then proceed to attempt re-establishment on the neighbouring NTN cell, or better to allow the operator to configure which of these behaviours to allow. 

Proposal 2b: For the hard switch coverage scenario, discuss whether UE should wait until t-Service before starting TN measurements, or whether UE should start TN measurements before t-Service. 

In addition, a modified or an additional shorter T310 was discussed in R17 for NB-IoT. It was not agreed in R17 because some companies had a concern that a shorter T310 may prevent the UE from recovering in “real” RLF scenarios. For NTN, however, we have a better idea of whether the RLF is detected due to radio condition problems or due to cell change, if we can use t-service and t-serviceStart (current cell and neighbour cell) to determine when cell changes occur. 

If t-service has passed for the serving cell, it is wasteful to attempt to recover the radio link on the serving cell for the duration of T310 if it is known that there is no coverage both in terms of power consumption and service interruption. 

It’s better to immediately start T311 and attempt to recover on the neighbouring cell. This works for both scenario A and B. For scenario C (discontinuous coverage) this trigger can take into account t-serviceStart and e.g. start T311 only when it is known that the neighbour cell coverage is starting (after the coverage gap), for example as shown in figure 3.
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Figure 3: RLF enhancement for IoT-NTN in Rel-18

The actual trigger can be discussed. For example, it could be specified that the UE continues RLM until RLF is actually detected (i.e. N310 out of sync indications are detected). Another way is to stop RLM immediately when t-service elapses and directly start T311 without waiting for RLF detection. Another way is to start measurements of the neighbour cell before RLF, then trigger the re-establishment early only if the neighbour cell has been measured (so continue RLM unless both the t-service has elapsed and the neighbour cell is detectable or suitable).

Proposal 3: If the serving cell t-service expires, stop T310 and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). 

To support earth moving cells, distance-based triggers are more suitable than time based triggers as the UE needs to determine its position relative to the serving and incoming satellites. 
Proposal 4: Introduce a distance-based trigger for starting neighbour cell measurements before RLF.

Similar to the time based triggers, the UE should take into account both the serving satellite and the incoming satellite (E.g. similar to 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.). Otherwise, UE will start measurements of the incoming satellite unnecessarily.

Proposal 5: UE starts measurements on a neighbouring cell 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.

In addition, we could consider using distance based criteria to perform a faster re-establishment, similar to proposal 3. The threshold would be different to the ones for starting measurements, since the UE would need to be outside of coverage of the serving cell to be sure that this is not radio environment problem but rather a coverage problem due to the dsatellite availability.

Proposal 6: If the distance between the UE and the first reference location (e.g. within the serving cell) is above a threshold (different threshold than is used for measurements), stop T310 and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). 

3. Conclusion
In this contribution we discuss the potential measurements before RLF for R18 IoT-NTN and have the following proposals:

For quasi-earth fixed cells:

Proposal 1a: The agreement in RAN2#120 (UE shall start intra/inter frequency measurement in connected mode before the t-Service if present) only applies to the case of overlapping coverage.
Proposal 1b: Measurements of a neighbouring NTN cell are triggered before t-service only if the incoming neighbour cell t-serviceStart is before t-service, or if no t-serviceStart is provided for the neighbour cell.

Proposal 2a: Measurements on TN carriers (if configured by the NW) can start before t-service independently of neighbouring NTN cell coverage. 
Proposal 2b: For the hard switch coverage scenario, discuss whether UE should wait until t-Service before starting TN measurements, or whether UE should start TN measurements before t-Service. 

Proposal 3: If the serving cell t-service expires, stop T310 and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). 

For earth-moving cells:
Proposal 4: Introduce a distance-based trigger for starting neighbour cell measurements before RLF.

Proposal 5: UE starts measurements on a neighbouring cell 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.

Proposal 6: If the distance between the UE and the first reference location (e.g. within the serving cell) is above a threshold (different threshold than is used for measurements), stop T310 and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). 
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