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1. Introduction

In RAN2#102e meeting, NB-IoT/eMTC support for NTN was discussed over email discussion, and the following agreements were made regarding the control plane aspects.
· [035] 11: RAN2 will discuss on providing satellite ephemeris data and other information using System Information (SI) message for eMTC/NB-IoT NTN.

· [035] 12: RAN2 will use cell selection/reselection for NR-NTN as the baseline and discuss further about the detailed solutions in eMTC/NB-IoT NTN.
· [035] 13: RAN2 will discuss the impact of eDRX cycle on cell reselection procedure in eMTC/NB-IoT over NTN.
· [035] 14: RAN2 will use earth-fixed Tracking Area concept of NR-NTN in eMTC/NB-IoT NTN.
· [035] 15: RAN2 should wait until agreements regarding TAU are made in the NR-NTN WI, and use those for eMTC/NB-IoT over NTN, if applicable. 
· [035] 16: RAN2 agrees to use Rel-16 RLF-based NB-IoT mobility as a baseline for mobility in NB-IoT over NTN. 
· [035] 17: RAN2 will wait until agreements regarding handover, including Conditional Handover, solutions are made in the NR-NTN WI, discuss if it would be beneficial for eMTC over NTN, if adopted.
· [035] 18: RAN2 should wait for RAN1’s input on supporting multiple beams per cell for eMTC/NB-IoT over NTN. 
In this contribution, we discuss connected mode mobility for eMTC in NTN.
2. Discussion 
2.1 Handover triggers

In RAN2#112e, handover trigger enhancements in NR NTN was discussed and the following agreements have been made.
Agreements via email - offline 105:

1. Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.
2. DAPS HO for NTN is de-prioritized in this release.

3. Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.

4. The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.
The intention of introduce location based measurement event and location based CHO triggering event is to improve handover robustness due to unclear difference in RSRP between cell edge and cell center in NR NTN. 
In our understanding, the unclear difference in RSRP issue also exists in eMTC NTN. So location based handover would also be useful for eMTC NTN. More specifically, it can be the UE’s distance with each NTN cell’s center. The observed longer distance with the serving satellite and the shorter distance with the neighbour satellite may imply that UE is moving towards the neighbour satellite’s coverage, and this can be used to trigger handover via a new measurement report. To reduce the reporting overhead, RAN2 can consider A5-like or A3-like event, e.g. event-Axx (serving satellite distance becomes longer than threshold1 and neighbour satellite distance becomes shorter than threshold2). Once receiving the report, serving gNB can trigger handover by considering also other input such as RSRP measurement report.
Observation 1 RAN2 has agreed to support location-based measurement event in NR NTN.
Observation 2 The issue of unclear difference in RSRP between cell edge and cell center also exists in eMTC NTN
Proposal 1 Introduce location-based measurement event for eMTC in NTN.

Proposal 2 For location-based measurement, measurement quantity can be the calculated distance between UE and each satellite’s cell center.

2.2 Handover signalling overhead

LEO satellites are typically featured as high-speed moving. Considering scenarios in TR38.821, the relative speed of LEO satellite w.r.t. the earth can be as high as 7.56 km per second (i.e. 27216 km/h), which is in the level of 100x times compared to high-speed train. No matter whether UE is moving or stationary, this means that in the LEO scenario, almost all UEs in the same cell may encounter frequent handovers in very short period. If existing handover signaling is adopted, this would result in a lot of signaling overhead and especially these signalling will happen in a burst, since handover command is now carried in dedicated RRC signaling. 
Looking at the content of HO command, the IE MobilityControlInfo includes some configurations (e.g. t304 and radioResourceConfigCommon) that can be common to all UEs, which is certainly up to network’s implementation. If this is the case, then these configurations can be signalled to the UE in a broadcast manner, i.e. to put them in SIB. For other configurations in the IE MobilityControlInfo, they are still carried in dedicated RRC signaling. In this way, the signaling overhead related to those common configurations in HO command can be reduced in dedicated RRC signaling. 
MobilityControlInfo information element

-- ASN1START

MobilityControlInfo ::=

SEQUENCE {


targetPhysCellId




PhysCellId,


carrierFreq






CarrierFreqEUTRA




OPTIONAL,
-- Cond HO-toEUTRA2


carrierBandwidth




CarrierBandwidthEUTRA



OPTIONAL,
-- Cond HO-toEUTRA


additionalSpectrumEmission


AdditionalSpectrumEmission


OPTIONAL,
-- Cond HO-toEUTRA


t304







ENUMERATED {












ms50, ms100, ms150, ms200, ms500, ms1000,












ms2000, ms10000-v1310},


newUE-Identity





C-RNTI,


radioResourceConfigCommon


RadioResourceConfigCommon,


rach-ConfigDedicated



RACH-ConfigDedicated



OPTIONAL,
-- Need OP


...,


[[
carrierFreq-v9e0



CarrierFreqEUTRA-v9e0



OPTIONAL
-- Need ON


]],


[[
drb-ContinueROHC-r11


ENUMERATED {true}




OPTIONAL
-- Cond HO


]],


[[
mobilityControlInfoV2X-r14
MobilityControlInfoV2X-r14



OPTIONAL,
-- Need ON



handoverWithoutWT-Change-r14
ENUMERATED {keepLWA-Config, sendEndMarker}
OPTIONAL,
-- Cond HO



makeBeforeBreak-r14



ENUMERATED {true}




OPTIONAL,
-- Need OR



rach-Skip-r14




RACH-Skip-r14





OPTIONAL,
-- Need OR



sameSFN-Indication-r14


ENUMERATED {true}




OPTIONAL
-- Cond HO-SFNsynced


]],


[[



mib-RepetitionStatus-r14

BOOLEAN







OPTIONAL,
-- Need OR



schedulingInfoSIB1-BR-r14

INTEGER (0..31)





OPTIONAL
-- Cond HO-SFNsynced


]]

}

Proposal 3 To reduce HO signalling overhead, some common configurations, e.g. t304 and radioResourceConfigCommon, can be delivered to UEs in a broadcast manner.

3. Conclusion
Based on the discussion above, we made the following observations:

Observation 1 RAN2 has agreed to support location-based measurement event in NR NTN.
Observation 2 The issue of unclear difference in RSRP between cell edge and cell center also exists in eMTC NTN
And propose the following:

Proposal 1
Introduce location-based measurement event for eMTC in NTN.
Proposal 2
For location-based measurement, measurement quantity can be the calculated distance between UE and each satellite’s cell center.
Proposal 3
To reduce HO signalling overhead, some common configurations, e.g. t304 and radioResourceConfigCommon, can be delivered to UEs in a broadcast manner.
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