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1	Introduction
The following WI objective has been agreed for Rel-18 NTN WI [1]:
	4.1.4	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]
· 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]



The following agreements were made at RAN#119bis:
	Agreements:
1.	For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)
2.	To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.



	Agreements:
1.	System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
2.	UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
3.	The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.
4.	In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE



The following agreements were made at RAN#120:
Agreements:
1. RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
2. Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.

The following further agreements were made at RAN#120:
	Agreements: 
RAN2 understands that for UEs signaling inactiveStateNTN-r17 = 0 for NTN, current understanding is that the UEs in RRC_INACTIVE will autonomously go to RRC IDLE upon moving from TN to NTN and perform NAS recovery. Add a note to RRC to cover this case (IoT bit set to 0) when describing acquisition of SIB1



In this paper we share more thoughts on the IDLE mode reselections for NTN UEs.
2	TN coverage area
The following options to describe the TN area have been discussed [2]:
1. The cell center and cell radius of TN neighbour cells, or in other terms, the reference location and a distance threshold of TN neighbour cells
1. The boundary line between TN area and NTN area
1. For quasi-earth fixed cells, TN coverage is described by a distance range from the cell center and an angle range based on a reference direction
1. An indication could be included in system information to indicate NTN cell’s coverage overlaps with terrestrial TN cell’s coverage
1. NTN cell can be divided to several virtual areas based on certain criteria. The virtual areas and the corresponding TN frequency information are broadcast as assistance information to help UE perform more accurate TN measurements.
1. Introduce a parameter using the polygon shape captured in TS 23.032 to describe the coverage area of a TN neighbour cell.
For the UE it is relevant to know if it is (potentially) in range of a TN to start measurements. It is irrelevant, where exactly this cell is, as the exact TN coverage area depends on different factors. Therefore, it is sufficient to provide the coverage on the level of a rough area rather than single cells. The option 1 from [2] seems to be the simplest approach, allowing to realize all goals described above. The UE assesses its own location, compares with the reference location of the TN cell (+its radius) and knows when to trigger the measurements.
Observation 1: The UE needs to know if it is close to the TN but does not require the exact coverage area.
Proposal 1: RAN selects the information comprising the reference location and a distance threshold of TN neighbour cells to inform the UE on the TN coverage.
The TN’s coverage is not expected to change often, hence the information is mostly static. Moreover, the information is valid for all UEs. The UE can connect to the TN with a range/radius of a few kilometers, whereas the satellite cells can be much larger. Therefore, not all cells from TN within one NTN cell might be relevant for a specific UE. Nevertheless, if the TN information just indicates a rough area, the amount of data is limited, hence it should also be feasible to indicate all TN areas in the NTN cell. 
Observation 2: The TN coverage does rarely change, and it is the same for all UEs.
In the case of Earth-fixed cell deployment, the TN within the coverage area of the cell could be broadcasted. The area could also be extended by few kilometres, to include potential TN coverage of cell edge users as well. The UE might store this information while it stays in this cell/area. In the case of Earth-moving cell deployment, it is impractical to broadcast TN coverage information related to the coverage of the NTN cell, as this changes constantly. In this case it would be more sensible to provide the TN coverage information either specific to the UE or to a certain fixed area which is switched once the cells move out of the area.
Observation 3: Providing TN’s coverage via broadcast signalling is not practical for EMC as the information needs to be referenced to Earth-fixed points.
However, as the information is common to all UEs and as predominantly the IDLE mode UEs need to receive it, we believe broadcast signalling is still a better approach to provide such information. 
Proposal 2: Broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
If there are UE-specific corrections needed to what has been delivered via broadcast signalling, this can be optionally provided via dedicated signalling.
Proposal 3:  UE-specific corrections to what has been delivered via broadcast signalling for TN coverage can be optionally provided via dedicated signalling.
3	Explicit identification of TN cells
At RAN2#120 it has been again raised that some explicit means are needed to differentiate TN from NTN cells:
	2.	Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.



The discussion has been inspired by [3], wherein new means for relaxing the measurements on TN cells have been proposed. During RAN2#120 it has been argued that the list of neighbour cells in SIB19 is insufficient to ensure the UE measures in an optimized way in the presence of both TN and NTN coverage. It was suggested an explicit indication should be inserted into inter-frequency and inter-RAT lists of cells. However, similar issue was discussed already during Rel-17 work and RAN2 concluded no explicit parameters are needed.
Observation 4: Explicit cell type indication (NTN versus TN) has been discussed during Rel-17 work. The option was not pursued. 
Please note that SIB19 (a.k.a. NTN-SIB) contains a list of NTN neighbour cells (NTN-NeighCellConfigList), wherein for each listed cell there is an information about PCI and carrier frequency. As per TS 38.331, version 17.3.0 (December 2022), there can be up to 8 NTN neighbour cells listed.
Observation 5: In SIB19 NTN-capable UE can be provided with up to 8 neighbour NTN cells. The information includes cell’s PCI and carrier frequency.
Besides SIB19, the UE is supposed to receive other System Information Blocks, relevant for various types of cell reselection (i.e. SIB2, SIB3, SIB4 and SIB5). Thus, if the UE reads jointly the information from multiple SIBs, relevant for neighbour cell measurements, it shall know on which frequency carriers there are TN or NTN neighbours. 
Observation 6:  Thanks to the information available in SIB2, SIB3, SIB4, SIB5 and SIB19 UE knows on which frequency carriers there are TN or NTN neighbours.
The aforementioned principle shall work even if the TN and NTN are deployed on the same carrier. The UE may tell which cells are of TN type by excluding those that have been listed in SIB19.  Thus, we do not think there is a justification for any additional means to tell if the cell is TN or NTN. 
Proposal 4: RAN2 does not pursue any solution for explicit indication to identify TN cells from inter-frequency list or inter-RAT frequency lists.
4	Locating NTN UEs at the border of TN cell
The following was agreed in the RAN2#119bis meeting:
	Agreement:
· To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.

· UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.

· The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE - currently camps on a TN cell is not pursued.



Following previous RAN2 discussions, it has been recognised that in a scenario with UE which is under TN coverage, it would be beneficial to start searching for NTN cells only when needed. Vice versa, a UE under NTN coverage could benefit from re-selecting to a TN cell when the UE is located close enough to the TN coverage area. In both scenarios, the unnecessary UE cell search (for TN or NTN) should be avoided to minimize the UE power consumption.
Observation 7: It is beneficial for the power saving purposes if the UE can measure for NTN or TN coverage only when relevant. 
As indicated above, it was also agreed, that the method of detecting the transmission energy or SIB presence to determine NTN coverage is not pursued. However, we believe that this approach has not been fully understood. Hence, we want to add more explanation in the following paragraph.
Let us consider the scenario, where there is an NTN user close to the TN coverage. The TN cell can detect this NTN user in its vicinity, e.g. based on transmission energy detection and/or reception/decoding of the NTN SIB. With this knowledge, the TN can notify the NTN that an NTN-connected UE is in TN coverage, thereby aiding the reselection/cell change. Hence, this method is not to determine the NTN coverage, but to find an NTN UE within/at the border of TN coverage.
Proposal 5: RAN2 is asked to re-consider the method of detecting the transmission energy or SIB presence to find NTN UEs at the border of TN coverage.
5 	NTN-TN cell-reselection in RRC_INACTIVE state
A UE served by the NTN may perform RRC_INACTIVE state cell re-selection to a TN cell. As per the following SA2 agreements made in the context of NTN:
· Clause 5.4.11.2 [1]: In case of NR satellite access, the RAT Types values "NR(LEO)", "NR(MEO)", "NR(GEO)" and "NR(OTHERSAT)" are used in 5GC to distinguish the different NR satellite access. 
· Clause 5.4.10 [1]: In order to enable efficient enforcement of Mobility Restrictions, cells of each NR satellite RAT Type (NR(LEO), NR(MEO), NR(GEO) or NR(OTHERSAT)) need to be deployed in TAs different from TAs for other NR satellite RAT Types as well as different from TAs supporting terrestrial access RAT Types.
The above agreements imply that, each NTN RAT Type e.g. NR(LEO), NR(GEO) etc. must be configured with non-overlapping Tracking Area (TA) or the CN Registration Area or simply Mobility Registration Area (MRA). Which means that for the NTN and TN overlapping scenarios, the TA or MRA of NTN and TN must be clearly defined without an overlap.
Observation 8: Each NTN RAT Type e.g. NR(LEO), NR(GEO) etc. must be configured with non-overlapping Tracking Area (TA) or the CN Registration Area or simply Mobility Registration Area (MRA). 
Observation 9: For the NTN and TN overlapping scenarios, the TA or MRA of NTN and TN must be clearly defined without an overlap.
Following deployment scenarios may be possible for NTN:
1. NTN deployed with PLMN different from TN
1. NTN and TN deployed with Equivalent PLMN (EPLMN)
1. NTN and TN deployed with common PLMN

If we consider NTN and TN overlapping scenarios for an RRC_INACTIVE state UE, the following scenarios are most likely:
· RRC_INACTIVE state UE served by NTN cell re-selects a TN cell,
· RRC_INACTIVE state UE served by TN cell re-selects an NTN cell

In both the above-mentioned likely scenarios, it may be desirable to allow a UE in RRC_INACTIVE state to re-select from NTN cell to TN cell or vice-versa without a RRC state transition i.e., either to RRC_CONNECTED or to RRC_IDLE while preserving the existing PDU sessions and configured DRBs.

Observation 10: It may be desirable to allow a UE in RRC_INACTIVE state to re-select from NTN cell to TN cell or vice-versa without a RRC state transition i.e., either to RRC_CONNECTED or to RRC_IDLE.

Observation 11: Avoiding RRC_IDLE transition for a UE in RRC_INACTIVE state upon re-selection from NTN to TN or vice-versa shall save an unwanted RRC Re-establishment.

Due to SA2 agreements for NTN, as captured above, when an RRC_INACTIVE state UE re-selects from NTN cell to TN cell or vice-versa, UE must trigger Mobility Registration Area Update procedure to inform the AMF that it has entered a new Tracking Area (TA) or Mobility Registration Area (MRA). 

Observation 12: When an RRC_INACTIVE state UE re-selects from NTN cell to TN cell or vice-versa, UE must trigger Mobility Registration Area Update procedure to inform the AMF that it has entered a new Tracking Area (TA) or Mobility Registration Area (MRA).

Proposal 6: RAN2 to discuss how to enable an RRC_INACTIVE state UE to re-select from NTN cell to TN cell or vice-versa without an RRC state transition to RRC_CONNECTED or to RRC_IDLE, while preserving the PDU sessions and configured DRBs.
6	Conclusion
In this paper the follow proposals and observations on IDLE mode NTN have been made:
Observation 1: The UE needs to know if it is close to the TN but does not require the exact coverage area.
Proposal 1: RAN selects the information comprising the reference location and a distance threshold of TN neighbour cells to inform the UE on the TN coverage.
Observation 2: The TN coverage does rarely change, and it is the same for all UEs.
Observation 3: Providing TN’s coverage via broadcast signalling is not practical for EMC as the information needs to be referenced to Earth-fixed points.
Proposal 2: Broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
Proposal 3:  UE-specific corrections to what has been delivered via broadcast signalling for TN coverage can be optionally provided via dedicated signalling.
Observation 4: Explicit cell type indication (NTN versus TN) has been discussed during Rel-17 work. The option was not pursued. 
Observation 5: In SIB19 NTN-capable UE can be provided with up to 8 neighbour NTN cells. The information includes cell’s PCI and carrier frequency.
Observation 6:  Thanks to the information available in SIB2, SIB3, SIB4, SIB5 and SIB19 UE knows on which frequency carriers there are TN or NTN neighbours.
Proposal 4: RAN2 does not pursue any solution for explicit indication to identify TN cells from inter-frequency list or inter-RAT frequency lists.
Observation 7: It is beneficial for the power saving purposes if the UE can measure for NTN or TN coverage only when relevant. 
Proposal 5: RAN2 is asked to re-consider the method of detecting the transmission energy or SIB presence to find NTN UEs at the border of TN coverage.
Observation 8: Each NTN RAT Type e.g. NR(LEO), NR(GEO) etc. must be configured with non-overlapping Tracking Area (TA) or the CN Registration Area or simply Mobility Registration Area (MRA). 
Observation 9: For the NTN and TN overlapping scenarios, the TA or MRA of NTN and TN must be clearly defined without an overlap.
Observation 10: It may be desirable to allow a UE in RRC_INACTIVE state to re-select from NTN cell to TN cell or vice-versa without a RRC state transition i.e., either to RRC_CONNECTED or to RRC_IDLE.

Observation 11: Avoiding RRC_IDLE transition for a UE in RRC_INACTIVE state upon re-selection from NTN to TN or vice-versa shall save an unwanted RRC Re-establishment.

Observation 12: When an RRC_INACTIVE state UE re-selects from NTN cell to TN cell or vice-versa, UE must trigger Mobility Registration Area Update procedure to inform the AMF that it has entered a new Tracking Area (TA) or Mobility Registration Area (MRA).

Proposal 6: RAN2 to discuss how to enable an RRC_INACTIVE state UE to re-select from NTN cell to TN cell or vice-versa without an RRC state transition to RRC_CONNECTED or to RRC_IDLE, while preserving the PDU sessions and configured DRBs.
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