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1. Introduction
The latest RAN2#119 meeting made the following agreements regarding IDLE/INACTIVE mobility.
	1. RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 
2. RAN2 to work on assistance information that can be provided to NTN UEs for the above.
3. Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-)Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios 


In this contribution we further discuss these issues for IDLE/INACTIVE mobility.
2. [bookmark: Proposal_Beacon]Discussion
Measurement considering TN coverage
In legacy NR/LTE protocols designed for TN, for mobility purposes, the serving cell broadcasts the frequencies of neighbour cells in system information so that UE in IDLE/INACTIVE state can search and measure for possible neighbour cells on these frequencies; the serving cell also indicates the frequencies of neighbour cells in RRC signalling so that UE in CONNECTED state can perform measurement and report to network for handover. Due to the limited range and consecutive deployment of TN cells, the serving cell usually broadcasts or indicates the frequencies of all possible neighbour cells.
With NTN deployment introduced in Rel-17, especially for scenarios of overlapped deployment of NTN and TN with wide difference in cell range, it may not be necessary for all UEs in an NTN cell to measure on all possible neighbour cell frequencies (especially the frequencies of neighbour TN cells) when some neighbour cells could still be far away from the UE. Therefore UE is expected not to measure on the frequency of a TN cell that is not close enough for power saving. As RAN2#119 agreed to work on solutions so that measurements for TN’s coverage are performed only when relevant, the first thing is to define what “relevant” means. In our understanding “relevant” means close enough to TN cells or TN coverage areas, for example in Figure 1:
· UE1 is relevant to TN cell #1 and #2, meaning that UE1 is expected to measure on frequency of TN cell #1 and #2, NOT on frequency of TN cell #3 and #4.
· UE2 is relevant to TN cell #3 and #4, meaning that UE2 is expected to measure on frequency of TN cell #3 and #4, NOT on frequency of TN cell #1 and #2.
· UE3 is not relevant to TN cell #1, #2, #3 or #4, meaning that UE3 is expected NOT to measure on any frequency of these TN cells.
Observation 1: At least for TN-NTN IDLE/INACTIVE mobility, “relevant” means that the UE is close enough to TN cell or TN coverage area so that it can measure on its frequency.
[image: ]
Figure 1. Examples of UEs in NTN cell that are “relevant” to TN cells
The TN cell distribution could be irregular w.r.t. an NTN cell, e.g., complementary or overlapped, in different directions, and TN cell distribution w.r.t. an NTN earth-moving cell may also change over time. To develop a solution the first thing to discuss is how to represent an TN cell or TN coverage area.
Proposal 1: As a starting point, RAN2 to discuss how to represent an TN cell or TN coverage area.
Measurement triggering for Earth-moving cells
In Rel-17 NR NTN enhancements including time-based and distance-based neighbour cell measurement triggering to quasi-earth-fixed cells were discussed and specified. For the earth-moving cell which is different from the quasi-earth-fixed cell in cell movement, there are some new issues in IDLE/INACTIVE mode mobility.
In Rel-17 NR NTN, quasi-earth-fixed cell stop serving time t-Service is broadcast in SIB19, which is cell-specific and is common for all UEs in the cell. For an earth-moving cell with different serving duration for different locations, its cell stop serving time is location-specific and thus UE-specific. As a result broadcasting a single cell-specific t-Service is inaccurate and is difficult to use. Therefore an issue arises as how to indicate the UE/location-specific cell stop serving time of an earth-moving cell to the UE.
Observation 2: For Earth-moving cells, how to indicate the UE/location-specific cell stop serving time is more complicated than indicating cell-specific t-Service for quasi-Earth-fixed cells.
Proposal 2: For Earth-moving cells, RAN2 to discuss how to indicate UE/location-specific cell stop serving time.
In Rel-17 NR NTN, reference location referenceLocation of serving cell is broadcast in SIB19, which is fixed for a quasi-earth-fixed cell during before its stop serving time. For an earth-moving cell with varying referenceLocation over time, frequent UE re-acquiring (e.g., triggered by SI change) will cause more power consumption. It could likely be similar to the ephemeris handling in Rel-17 NTN wherein no SI change is triggered by ephemeris change. Therefore an issue arises as how to indicate the moving referenceLocation of an earth-moving cell to the UE.
Observation 3: For Earth-moving cells, how to indicate the varying cell reference location is more complicated than indicating fixed referenceLocation for quasi-Earth-fixed cells.
Proposal 3: For Earth-moving cells, RAN2 to discuss how to indicate the changing referenceLocation efficiently.
In Rel-17 NR NTN, for quasi-earth-fixed cells, cell stop serving time and feeder link switch time are both cell-specific, and thus network can configure t-Service appropriately (i.e., as the earlier one). However the issues cannot be ignored or solved by network implementation for earth-moving cells, considering that cell stop serving time is UE/location-specific while feeder link switch is cell-specific. Therefore an issue arises as how to indicate the feeder link switch time of an earth-moving cell to the UE.
Observation 4: For Earth-moving cells, one t-Service is not sufficient to indicate cell stop serving time and feeder link switch time simultaneously.
Proposal 4: For Earth-moving cells, RAN2 to discuss how to indicate the feeder link switch time.
3. Conclusion
In this contribution, we provide further issue analysis of IDLE/INACTIVE mobility in NTN. The following observation are given:
Observation 1: At least for TN-NTN IDLE/INACTIVE mobility, “relevant” means that the UE is close enough to TN cell or TN coverage area so that it can measure on its frequency.
Observation 2: For Earth-moving cells, how to indicate the UE/location-specific cell stop serving time is more complicated than indicating cell-specific t-Service for quasi-Earth-fixed cells.
Observation 3: For Earth-moving cells, how to indicate the varying cell reference location is more complicated than indicating fixed referenceLocation for quasi-Earth-fixed cells.
Observation 4: For Earth-moving cells, one t-Service is not sufficient to indicate cell stop serving time and feeder link switch time simultaneously.
And we propose:
Proposal 1: As a starting point, RAN2 to discuss how to represent an TN cell or TN coverage area.
Proposal 2: For Earth-moving cells, RAN2 to discuss how to indicate UE/location-specific cell stop serving time.
Proposal 3: For Earth-moving cells, RAN2 to discuss how to indicate the changing referenceLocation efficiently.
Proposal 4: For Earth-moving cells, RAN2 to discuss how to indicate the feeder link switch time.
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