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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 second bullet.
[bookmark: _Ref178064866]2	Discussion
2.1	Conditional Handover
Conditional Handover (CHO) has been introduced in Rel-16 for terrestrial networks. Specification work has been done in parallel for LTE and 5G NR.

[bookmark: _Toc115430918]CHO has been introduced in Rel-16 in parallel for LTE and 5G NR.

In Rel-17 NR NTN, CHO was enhanced with location-based and time-based trigger conditions. 
· The location-based trigger is based on a new RRM event D1, which uses two pairs of reference location and threshold. The current serving cell is associated with a referenceLocation1 and threshold1, and the candidate target cell with a referenceLocation2 and threshold2. The event is fulfilled if the distance between the UE and referenceLocation1 becomes larger than the configured threshold1 and the distance between the UE and referenceLocation2 becomes shorter than configured threshold2. 
· The time-based event T1 is defined by a certain point in time t1 and a duration. The event is fulfilled between the times t1 and t2, i.e., after the time t1 has passed at the UE, but before the time t2 passes, where t2 is t1 + duration.

In addition, the existing event A4 has been enabled to be used in CHO. This was justified by the likely small difference in RSRP/RSRQ levels between the serving cell and a neighbour cell in NTN.
Both the time-based and the location-based triggers have to be configured together with one of the signal-strength based conditional events (i.e. event A2, A4 or A5). 
In the RRC specification [3], these three new conditional events have been added to the ReportConfigNR IE: 
· CondEvent A4: Conditional reconfiguration candidate becomes better than absolute threshold.
· CondEvent D1: Distance between UE and a reference location referenceLocation1 becomes larger than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 of conditional reconfiguration candidate becomes shorter than configured threshold distanceThreshFromReference2.
· [bookmark: _Hlk87969184]CondEvent T1: Time measured at UE becomes more than configured threshold t1-Threshold but is less than t1-Threshold + duration.

--------- 38.331 ---------

		...
        condEventA4-r17                  SEQUENCE {
            a4-Threshold-r17                 MeasTriggerQuantity,
            hysteresis-r17                   Hysteresis,
            timeToTrigger-r17                TimeToTrigger
            
        },
        condEventD1-r17                  SEQUENCE {
            distanceThreshFromReference1-r17  	INTEGER(0.. 65525),
            distanceThreshFromReference2-r17  	INTEGER(0.. 65525),                       
            referenceLocation1-r17           	ReferenceLocation-r17,
            referenceLocation2-r17           	ReferenceLocation-r17,                    
            hysteresis-r17                   	HysteresisLocation-r17,
            timeToTrigger-r17                	TimeToTrigger
        },
        condEventT1-r17                  SEQUENCE {
            t1-Threshold-r17                 INTEGER (0..549755813887),
            duration-r17                     INTEGER (1..6000)
        }
		...

The new field descriptions are given below:
	distanceThreshFromReference1, distanceThreshFromReference2
Distance from a reference location configured with referenceLocation1 or referenceLocation2. Each step represents 50m.

	referenceLocation1, referenceLocation2
Reference locations used for location based event. The referenceLocation1 is associated to serving cell and referenceLocation2 is associated to candidate target cell. 

	duration
This field is used for defining the leaving condition T1-2 for conditional HO event condEvent T1. Each step represents 100ms.

	t1-Threshold
The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900).



--------- 38.331 ---------

[bookmark: _Toc115430919]In Rel-17 NR NTN, CHO has been enhanced with three new conditional events: candidate cell becomes better than absolute threshold (event A4), a time-based and a location-based trigger conditions.

Both time-based and location-based CHO are essential for ensuring reliable mobility in NTN. Location-based CHO is thought to be used, for example, when a UE moves out of coverage of an Earth-fixed NTN cell, where the signal strength alone may not be enough to distinguish which cell a UE should be served from, but where this is clear from the UE location. An example use-case of the time-based event is a service or feeder link switch in Earth-fixed NTNs, when the serving cell is going to disappear and be replaced by another cell at a well-known time. In addition to conveying information to the UEs about when the handover may occur, the time window (in combination with the threshold for the configured signal-strength based conditional event) can potentially be used to spread the HO executions in time such that not all UEs would attempt to access the upcoming cell at the same time.

[bookmark: _Toc115430920]Both time-based and location-based CHO are essential for ensuring reliable mobility in NTN.

Given that CHO has been introduced in parallel in LTE and 5G NR, it seems straightforward to adapt the enhancements from the Rel-17 NR NTN work to IoT NTN. In RAN2#119-e, this topic was discussed, and the following agreement was made:
· 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

The adoption of the time-based solution (condEventT1) and the new conditional measurement event (condEventA4) do not need any enhancement and should be added to the IE ReportConfigEUTRA in TS 36.331. Regarding the location-based solution, some companies raised concerns of its usability in IoT NTN because UEs are not expected to re-acquire GNSS position fix during connected mode. Nonetheless, RAN1 has a Work Item objective [1] to specify enhancements to GNSS operation during long connections and is currently working in solutions which might make the location-based CHO relevant for IoT NTN. Therefore, RAN2 should wait for RAN1’s progress to decide on the adoption of the location-based solution (condEventD1).

[bookmark: _Toc115430921]Specify condEventA4 and condEventT1 for eMTC.
[bookmark: _Toc115430922]Wait for RAN1’s progress in GNSS improvements for long connections before adopting condEventD1.

Finally, for the location-based conditional handover to function, it becomes necessary to provide both the serving cell and target reference location. In NR NTN, these have been encoded with the IE ReferenceLocation defined in [3] which can be adopted in IoT NTN.

[bookmark: _Toc115430923]Adopt the IE ReferenceLocation from NR NTN (TS 38.331) to encode serving and target cell reference locations.


3	Conclusions
In the previous sections we made the following observations: 
Observation 1	CHO has been introduced in Rel-16 in parallel for LTE and 5G NR.
Observation 2	In Rel-17 NR NTN, CHO has been enhanced with three new conditional events: candidate cell becomes better than absolute threshold (event A4), a time-based and a location-based trigger conditions.
Observation 3	Both time-based and location-based CHO are essential for ensuring reliable mobility in NTN.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Specify condEventA4 and condEventT1 for eMTC.
Proposal 2	Wait for RAN1’s progress in GNSS improvements for long connections before adopting condEventD1.
Proposal 3	Adopt the IE ReferenceLocation from NR NTN (TS 38.331) to encode serving and target cell reference locations.
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