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1	Introduction
The work item for IoT NTN enhancements in Rel-18 [1] includes an objective on mobility enhancements:

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]
-	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 this paper we present our views on the first bullet.
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2.1	Neighbour cell measurements before RLF
2.1.1	Background
In Release 17, there was a Work Item to introduce additional enhancements for NB-IoT and LTE-MTC UEs. The following was one of the objectives [2]:
· Specify signalling for neighbour cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].

When RLF is declared UE performs a cell search to initiate the RRC connection re-establishment procedure. The procedure allows the retrieval of the UE context and the recovery of undelivered data. Considering that it may be beneficial for a UE to reduce the time it takes to perform RRC reestablishment to another cell to avoid service interruption, RAN2 introduced a mechanism in Rel-17 to assist UEs to trigger cell search when it is out-of-sync, and it is likely to declare RLF. It is expected that such assistance can facilitate performing the cell search faster and thus reduce the time it takes to re-establish an RRC connection especially when inter-frequency cells are considered. An important aspect that was considered is the criteria defined so that neighbour cell measurements are triggered only when RLF is to be declared due to “mobility” This was to avoid any impact on the battery life performance of UEs that are “stationary”. Network provides such criteria, based on a combination of serving cell quality threshold and variance, to a UE regarding when to start measurements to accelerate cell search once RLF is declared. Legacy relaxed monitoring criteria is used as a baseline to address the variance part of the criteria.

Network broadcasts two separate thresholds for intra- and inter-frequency measurements in System Information (SIB3-NB), s-MeasureIntra and s-MeasureInter, respectively. The following conditions need to be fulfilled to start the neighbour cell measurements to prepare for RLF
· Serving cell NRSRP becomes lower than the intra and inter-frequency thresholds
· UE is not in relaxed neighbour cell monitoring state, i.e., UE is mobile or at the cell edge.

Relaxed neighbour cell monitoring state in connected mode is similar to relaxed monitoring state in idle and the objective is to estimate whether the UE is stationary or has low mobility.
As described in the excerpt from TS 36.331 below [3], whenever the NRSRP is below the broadcast threshold, a NB-IoT UE performs intra- or inter-frequency neighbour cell measurements. In this way, the UE might be able to identify a new “suitable” cell prior to RLF declaration which should speed up the cell selection process (T311) that is carried out before starting the RRCConnectionReestablishment procedure (refer to Figure 1).

--------- 36.331 ---------

1>	if neighCellMeasCriteria is not present in SystemInformationBlockType3-NB; or
1>	if T326 is running:
2>	if (NRSRP – nrs-PowerOffsetNonAnchor) < s-MeasureIntra, perform intra-frequency measurements as defined in TS 36.133 [16];
2>	if (NRSRP – nrs-PowerOffsetNonAnchor) < s-MeasureInter, perform inter-frequency measurements as defined in TS 36.133 [16].

--------- 36.331 ---------
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Figure 1.RLF and RRC Connection Reestablishment procedure (legacy).

As mentioned above, network may provide criteria in addition to the thresholds provided in SIB3-NB considering that these measurements may unnecessarily increase power consumption for stationary devices once triggered. The criteria is providedin neighCellMeasCriteria. It is based on a combination of serving cell quality and variance so that these neighbour cell measurements are only triggered by UEs that are not stationary. The following parameter were specified in System Information (SIB3-NB):
· t-MeasureDeltaP: duration of time where the UE is not required to perform neighbour cell measurements in RRC_CONNECTED.
· s-MeasureDeltaP: change threshold in serving NRSRP to trigger neighbour cell measurements in RRC_CONNECTED.

In this case, measurements only take place whenever the RRC timer T326 is running. This timer is (re-)started with the value t-MeasureDeltaP when following conditions are fulfilled: 
· Upon transition to RRC_CONNECTED, unless the UE was in relaxed monitoring state in RRC_IDLE.
· After a measurement in RRC_CONNECTED, when the drop in NRSRP is over a threshold. 

The reference NRSRP is updated with the current NRSRP value whenever the timer starts running.

2.1.2	NTN specific enhancements
In Release 17, the criteria above were introduced based on the following:
· As the UE moves towards the cell border, there is a clear difference in RSRP compared to the cell centre.
· UEs can be either static or mobile.

For the first bullet, such observation may not be made in NTN cells [4], where the difference in signal strength is small between two beams in a region of overlap. Smaller margins would impose tighter power thresholds (s-MeasureDeltaP, s-MeasureIntra and s-MeasureInter) that could lead to triggering neighbour cell measurements unnecessarily.

[bookmark: _Toc115431323]In NTN, the difference in signal strength is small between the cell edge and the cell centre.

For the second bullet, non-Terrestrial networks are characterized by an always-moving entity (e.g., the satellite) and, from the network perspective, all UEs can be considered mobile. For instance, static IoT devices such as a sensor in a lamppost will experience the serving cell stops serving the area at some point in time and the UE will need to perform mobility procedures (eMTC) or trigger RLF and RRCConnectionReestablishment procedure (NB-IoT). Thus, the criteria defined in Release 17 is not sufficient for NTN scenarios and shall be complemented with new triggers.
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[bookmark: _Toc115431326]Introduce new triggers for neighbour cell measurements before RLF declaration in IoT NTN.

In NTN, the UE may have a complete knowledge of the characteristics of the cell it is connected to, e.g., stop serving time, cell reference location, cell radius or satellite ephemeris. For instance, in the fixed earth cell scenario, the UE knows when the current cell will stop serving via the parameter t-service broadcast in System Information. This information can be complemented with a network configurable distance or/and time thresholds can be leveraged to decide when to trigger connected mode measurements.
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3	Conclusions
In the previous sections we made the following observations: 
Observation 1	In NTN, the difference in signal strength is small between the cell edge and the cell centre.
Observation 2	In NTN, all UEs can be considered mobile due to the satellite movement.
Observation 3	In NTN, the network informs a UE about the characteristics of the serving cell (e.g., serving time, footprint) via SI.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce new triggers for neighbour cell measurements before RLF declaration in IoT NTN.
Proposal 2	Introduce distance-based criteria to trigger neighbour cell measurements in connected mode before RLF for quasi-fixed earth cells in IoT NTN.
Proposal 3	Introduce time-based criteria to trigger neighbour cell measurements in connected mode before RLF for quasi-fixed earth cells in IoT NTN.
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