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1 Introduction

In the Rel-18 WID [1] for IoT NTN enhancements, the objectives on mobility enhancement include the following:
	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 provide some considerations regarding these objectives.
2 Discussion
2.1 Neighbor cell measurement before RLF in NB-IoT
In NB-IoT, there is no measurement and handover command for the RRC_CONNECTED UE. The RRC_CONNECTED UE accesses to a new eNB via the cell selection in the RRC reestablishment.

In R17 NB-IoT TN, in order to reduce the time taken for RRC reestablishment, RAN2 introduced neighbour cell measurements for UEs in RRC_CONNECTED. This R17 enhancement is used only for the NB-IoT, it is not needed for the eMTC because the eNB can configure the RRM measurement for the eMTC UE.

In our understanding, R18 IoT NTN can follow the same principle that only NB-IoT needs the neighbour cell measurement enhancement before RLF.

Proposal 1: The R18 neighbour cell measurements enhancement and corresponding measurement triggering before RLF is only introduced for the NTN NB-IoT.
For the R17 TN NB-IoT, RRM measurements before RLF are configured based on the following principles:
	For NB-IoT, measurements in RRC_CONNECTED are optionally supported to reduce the time taken for RRC reestablishment. The following principles are applied:

-
The "current cell" above refers to the configured carrier in the serving cell. The "target cell" above refers to the anchor carrier in the target cell. For instance, for the definition of intra and inter frequency measurements, this means:

-
Intra-frequency neighbour (carrier) measurements: Neighbour carrier measurements performed by the UE are intra-frequency measurements when the configured carrier in the serving cell and the anchor carrier in the target cell operates on the same carrier frequency. The UE shall be able to carry out such measurements without measurement gaps.

-
Inter-frequency neighbour (carrier) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the configured carrier in the serving cell and the anchor carrier in the target cell operates on a different carrier frequency. The UE may not be able to perform such measurements without measurement gaps.

-
The eNB configures the criteria to perform measurements via broadcast signalling;
-
Dedicated measurements gaps are not supported. The UE may need to perform neighbour cell measurements during DL/UL idle periods that are provided by DRX or packet scheduling;

-
Measurement reporting is not supported.


In R17 NB IoT TN, the criteria to perform measurements are specified as follows:

	Upon transition to RRC_CONNECTED mode, the UE shall:

1>
if neighCellMeasCriteria is present in SystemInformationBlockType3-NB:

2>
set NRSRPRef to the latest result of the serving cell measurement as used for cell selection/reselection evaluation;

2>
if the relaxed monitoring criterion defined in TS 36.304 [4] was not fulfilled:

3>
start T326 with the value t-MeasureDeltaP;

While in RRC_CONNECTED mode, after performing a measurement, the UE shall:

1>
in the following use the NRSRP measurement for the measured carrier and nrs-PowerOffsetNonAnchor corresponding to the measured carrier;

1>
if neighCellMeasCriteria is present in SystemInformationBlockType3-NB:

2>
if (NRSRPRef – (NRSRP– PowerOffsetNonAnchor)) > s-MeasureDeltaP:

3>
set NRSRPRef = (NRSRP – nrs-PowerOffsetNonAnchor);

3>
start or restart T326 with the value t-MeasureDeltaP;

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].


In our understanding, the basic principle is that the UE can start the neighbour cells measurement if the measurement results of the serving carrier become worse.
In NTN, there is no clear difference in RSRP between the cell edge and the cell center. Also the UE has the GNSS capability. Therefore we think the UE can start the neighbour cell measurement when the UE is in the cell edge. We can use the same principle as in NR NTN cell reselection. In quasi-fixed cell scenarios, the cell broadcasts a reference point and a threshold. The UE can decide whether it is in the cell edge based on the reference point and the threshold. In moving cell scenarios, the cell also broadcasts a reference point and a threshold, but the cell center changes with the moving of the satellite. In our understanding, the UE can calculate the current reference point based on the reference point and the ephemeris.

Proposal 2: For both quasi-earth fixed cell and moving cell scenarios, RRC_CONNECTED UE starts the neighbour cell measurement when the UE is in the cell edge.

For the quasi-fixed cell, the cell broadcasts the serving stop time t-Service. After the stop service time, UEs need to handover to other cells. Therefore we think the UE can start the neighbour cell before the serving stop time as in the cell reselection. The exact time to start measurement before t-Service is up to UE implementation.
Proposal 3: For quasi-fixed cell scenarios, RRC_CONNECTED UE starts the neighbour cell measurement before the serving stop time t-Service. The exact time to start measurement before t-Service is up to UE implementation.
2.2 Mobility enhancements in eMTC
In legacy handover, the eNB configures the handover based on the measurement results reported by the UE. In NTN, the RTT between eNB and UE is large. The legacy method of handover is not suitable because the measurement reported by the UE may be not valid. Therefore RAN2 introduced the cell quality based CHO for the NTN eMTC in R17.

In NTN, there is no clear difference in RSRP between the cell edge and the cell center. Therefore RAN2 introduced the location based and time based CHO in NR NTN.

In the location based CHO, gNB configures two reference locations. i.e. referenceLocation1 and referenceLocation2. The location based trigger condition is defined as the following: the distance between UE and referenceLocation1 is smaller than a threshold Thresh1 and the distance between UE and referenceLocation2 is larger than a threshold Thresh2.
In the time based CHO, gNB configures the starting time (i.e. t1-Threshold) and the duration (i.e. duration). The time based trigger condition is defined as the following: the time measured at UE is larger than the t1-Threshold and is smaller than t1-Threshold+ duration.

In order to ensure the success of the handover, the location based CHO and time based CHO should be used together with the RRM based CHO. It means the UE accesses to the candidate cell only when both of the location/time based trigger condition and cell quality based trigger condition are satisfied.
In our understanding, NTN eMTC can reuse these designs in NR NTN.
Proposal 4: Introduce the location and time based CHO for the NTN eMTC as in NR NTN.
3 Conclusion

In this contribution, we discussed the mobility enhancements for IoT NTN and have the following proposals:
Proposal 1: The R18 neighbour cell measurements enhancement and corresponding measurement triggering before RLF is only introduced for the NTN NB-IoT.

Proposal 2: For both quasi-earth fixed cell and moving cell scenarios, RRC_CONNECTED UE starts the neighbour cell measurement when the UE is in the cell edge.

Proposal 3: For quasi-fixed cell scenarios, RRC_CONNECTED UE starts the neighbour cell measurement before the serving stop time t-Service. The exact time to start measurement before t-Service is up to UE implementation.
Proposal 4: Introduce the location and time based CHO for the NTN eMTC as in NR NTN.
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