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Introduction
The Rel.18 work item on Non-Terrestrial Network (NTN) [1] has been started with the following scope:
· Coverage enhancement
· NR-NTN deployment in above 10 GHz bands 
· Network verified UE location
· NTN-TN and NTN-NTN mobility and service continuity enhancements 

On “NTN-TN and NTN-NTN mobility and service continuity enhancements”, the study phase in RAN has been finished. The following is the scope of study in the working groups. 

	[bookmark: _Hlk123665461]NTN-TN and NTN-NTN mobility and service continuity enhancements

This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· [bookmark: _Hlk115359101][bookmark: _Hlk115446884]Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]



In this document, we discuss NTN/NTN handover enhancements for RRC_CONNECTED and NTN/NTN cell reselection enhancement for RRC_IDLE/RRC_INACTIVE modes in mainly the earth-moving cell scenario with the target to fully use the overlapping area for doing measurements, for ranking candidate cells for cell reselection and for performing conditional handovers. Full use of the appropriate geographical area helps spreading handovers and cell reselection over time in order to mitigate peaks in demand for changing from one to another cell which might be occurring in the absence of countermeasures.
Solutions proposed here are generically applicable to both NTN branches, i.e. NR-NTN and IoT-NTN. 



Discussion 
[bookmark: _Hlk124423310]1. Need for spreading cell reselections and handovers of many UEs over time
In certain cases – e.g. small cell size and a high density of UEs – a huge number of UEs needs to either perform a cell reselection or a handover from a serving cell to a neighbouring cell within a short time period – see table 1 below taken from TR 38.821 V16.1.0.
[image: ]
Table 1: Average HO rates for different cell sizes and UE densities
Up to almost 20,000 UEs per second in RRC_CONNECTED mode need to be handed over (in & out) in the worst case of a small cell diameter (50 km). Also the number of UEs in RRC_INACTIVE or RRC_IDLE mode that need to perform a cell reselection might be in a similar order. The handling of RRC_CONNECTED is more serious issue as it requires some signalling interaction between UE and network.
In order to escape from latency issues occurring in conjunction with network-imposed handovers, it is preferred to let UEs in RRC_CONNECTED mode initialize handovers based on predefined conditions being configured by the network a priori, i.e. we want to see conditional handovers (CHO) enhanced.
This paper heads for spreading the inevitable handovers and cell reselections over the entire time period the UE is truly located within the overlapping region between neighbouring cells. Furthermore, unnecessary handovers and cell reselections shall be prevented.
In addition, also the conditions for executing RF measurements shall be refined. Note that RF measurements will always be combined with location-based triggers for conditional handovers and cell reselections as the actual RF condition can be different depending on the fading, shadowing and so on caused by the obstacles. To have the handover to poor RF condition cell and have the radio link failure could actually increase the signalling overhead for recovery and deteriorates user experience caused by the long latencies.
Observation 1:	In cases, huge numbers of UEs need to do measurements, rank cells for cell reselections and perform handovers from a serving cell to a neighbouring cell within a short time period. There is a risk of unbearable peaks regarding the numbers of UEs demanding cell reselection or handover.
Observation 2:	Network-imposed handovers might be connected to RF measurement results whose applicability suffers from long latencies.


2. 	Aligning geographical triggers to real world shapes
2.1	Current status regarding location-based events triggering 
conditional handovers, measurements and ranking candidate cells for reselections

The current status regarding location-based Event/CondEvent D1 is given by the following definition stemming from TS 38.331 (text in brackets is only part of the CondEvent D1 definition): 
[bookmark: _Hlk131416182]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: _Hlk131427780]The figure below illustrates that condition for distanceThreshFromReference1 = distanceThreshFromReference2 = 0.9 distanceTresh and (the radius of the NTN cell’s coverage area). We’re dealing with a donut segment shape that is variable in size.
[image: ]
Figure 1: Illustration of CondEvent D1 with particular settings
In order not to restrict the area where conditional handovers and cell reselection can take place to something geographically suboptimal – i.e. the donut segment shape shown above – we suggest to define a new Event/CondEvent D2 that reflects the overlap between neighbouring illumination zones of satellites in a more suitable, more accurate way – as follows:
[bookmark: _Hlk131433632]Distance between UE and a reference location referenceLocation1 is shorter than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 (of conditional reconfiguration candidate) becomes shorter than configured threshold distanceThreshFromReference2.
The figure below illustrates that condition for distanceThreshFromReference1 = distanceThreshFromReference2 = distanceTresh and (the radius of the NTN cell’s coverage area). We’re dealing with the intersection of two overlapping circles of variable size, formed like a(n) (asymmetrical,) convex lens.
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Figure 2: Illustration of proposed CondEvent D2 with specific parameter settings

Observation 3:	The current Event/CondEvent D1 is not well-suited for initialising conditional handovers or measurements used for the ranking of candidate cells in conjunction with upcoming cell reselections.
[bookmark: _Hlk131439491][bookmark: _Hlk131433579]Proposal 1:	Add a new improved Event/CondEvent D2 – based on Event/CondEvent D1 – that is defined
as follows:
Distance between UE and a reference location referenceLocation1 is shorter than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 (of conditional reconfiguration candidate) becomes shorter than configured threshold distanceThreshFromReference2.
2 
2.1 
2.2 Ranking of cells for cell reselection
Our proposal is based on option 2) stemming from the aforementioned thread [106] which reads as follows:
· Introduce a distance threshold. Distance threshold applies to decide the candidate cells and then rank the candidate cells based on R-criterion to decide the target cell for reselection.
Taking figure 2 as a basis, one can spot tiny overlapping areas of three satellites, i.e. the serving cell, neighbour cell b and neighbour cell a. Should the UE be located there, it might be wise not to change to cell b – although the distance to its reference location could be shorter than the one between the UE and reference location of cell a. Reselecting cell a is the wiser decision, because there is a reliable perspective for camping longer on that cell. This perspective, i.e. the estimated camping period, should be part of the ranking and/or decision algorithm, as well.
Observation 4:	Taking only the distance between the UE’s current location and a cell reference 
location into account for ranking cells might lead to too frequent cell reselections.
Proposal 2:	The perspective for the longest camping on a cell shall be considered. It is determined knowing the neighbouring cell’s geographical coverage area.


2.3 Enabling the indication of elliptical coverage areas
Another issue is the current restriction to circular coverage areas, only.
In addition to the indication of the coverage area of the serving cell, also the coverage areas of the neighbouring cells being potential targets cells within a certain time frame should be indicated. The way a neighbouring cell coverage area is described can be the same as for the serving cell, i.e. with referenceLocation-r17 and distanceThresh-r17, or – suitable for an elliptically formed cell – with referenceLocation-r17, shortDistanceTresh-r18 and longDistanceTresh-r18 – see quasi-earth-fixed case below.
Furthermore, an elevation-dependent coverage can be formulated.
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Figure 3: NTN coverage scenario with quasi-earth-fixed cell under minimum elevation angle
[bookmark: _Hlk131439917]Observation 5:	The restriction to circular coverage areas might be too limited. Elliptical coverage areas as 
potentially occurring in conjunction with quasi-earth-fixed cells – especially under low elevation angles (down to 10°) would not be properly reflected.
Proposal 3:	CondEvent D2 should be extended towards elliptical coverage areas.



2.4	Spreading handovers and cell reselections over the time UEs are within the overlapping area of serving and neighbouring cells
As the UE is aware of the overlapping area and its own position therein, it can determine the distance that is available for performing the handover. The UE is also aware of the velocity and direction of the serving and neighbouring satellites. Herewith, the UE can determine the remaining time period for a cell reselection or handover and could randomize that time period in order to perform the handover at a random point of time within the estimated time period.
Example:	Time instance for handover = Current point of time + (Random (0, 1) x time the overlapping area needs for passing by at UEs location)
For higher precision, the UE might consider its own speed and direction of movement as well as the rotation of the earth.
Combining cell coverage information for the neighbouring cell – and herewith identifying the overlapping area of serving cell and neighbouring cell – with results of RF measurements are a suitable combination for proper, ideally seamless, conditional handovers. Seamlessness is not of the same importance in case of cell reselections.
The minimum number of neighbouring cells to be indicated in the example below consists of neighbouring cell a in the same orbit as the serving cell as well as neighbouring cells b and c in two neighbouring orbits.
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Figure 4: Full coverage situation with earth-moving cells in parallel orbits 

Further cells to the right might be indicated in case that the coverage areas are small (e.g. 50 km diameter).
On the aforementioned basis, each UE can detect if it is located within the overlapping region of neighbouring cells. In addition, the UE randomly decides where in the overlapping region it switches to the neighbouring cell. Randomisation is performed in line with one of the well-known mechanisms.
Observation 6:	In the absence of coverage information of neighbouring cells it is difficult for the UEs to estimate the overlapping region of neighbouring satellites. As a consequence, the estimated time period for a handover might be shorter than what is available in reality.
Proposal 4:		It shall be possible to indicate the coverage area of neighbouring cells, as well (in e.g. SIB19) – allowing for a proper handover randomization approach.

3. Conclusions
In this document, we discussed issues in conjunction with NTN->NTN mobility enhancements. We observed the following and are making these proposals:
Observation 1:	In cases, huge numbers of UEs need to do measurements, rank cells for cell reselections and perform handovers from a serving cell to a neighbouring cell within a short time period. There is a risk of unbearable peaks regarding the numbers of UEs demanding cell reselection of handover.
Observation 2:	Network-imposed handovers might be connected to RF measurement results whose applicability suffers from long latencies.
Observation 3:	The current Event/CondEvent D1 is not well-suited for initialising conditional handovers or measurements used for the ranking of candidate cells in conjunction with upcoming cell reselections.
Observation 4:	Taking only the distance between the UE’s current location and a cell reference location into account for ranking cells might lead to too frequent cell reselections.
Observation 5:	The restriction to circular coverage areas might be too limited. Elliptical coverage areas as potentially occurring in conjunction with quasi-earth-fixed cells – especially under low elevation angles (down to 10°) would not be properly reflected.
Observation 6:	In the absence of coverage information of neighbouring cells it is difficult for the UEs to estimate the overlapping region of neighbouring satellites. As a consequence, the estimated time period for a handover might be shorter than what is available in reality.

Proposal 1:	Add a new improved Event/CondEvent D2 – based on Event/CondEvent D1 – that is defined
as follows:
Distance between UE and a reference location referenceLocation1 is shorter than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 (of conditional reconfiguration candidate) becomes shorter than configured threshold distanceThreshFromReference2.
Proposal 2:	In addition to the distance between UE’s current location and a cell reference location also the perspective for the longest camping on a cell shall be considered. The latter could be determined knowing the neighbouring cell’s geographical coverage area.
Proposal 3:	CondEvent D2 should be extended towards elliptical coverage areas.
Proposal 4:		It shall be possible to indicate the coverage area of neighbouring cells, as well (in e.g. SIB19) – allowing for a proper handover randomization approach.
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Table  7.3.2.1.6 - 1 : Average HO rate for a give n cell  diameter, as su ming 65519 conne cted UEs   ( N O TE   1 )  

Cell Diameter  (km)  Approximate  Cell Area (km 2 )  Average UE  density  (UE/km 2 )  Satellite  speed  (km/s)  Time to HO  all UEs in cell  (s)  Average  " hand - out "   rate (UE/s)  Average HO  Rate (in+out)  (UEs/s)  

50  1964  33.36  7 .56   ( N O RE   2 )  6.61  9912  19824  

100  7854  8.34   13.23  4952  9904  

250  49087  1.33   33.07  1981  3962  

500  196000  0.33   66.14  991  1982  

1000  785000  0.08   132.28  495  990  
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