3GPP TSG-RAN WG2 Meeting #121bis-e	R2-2303976
Online, April 17 – April 26, 2023 	

Agenda Item		:	7.7.4.1.2
Source		:	LG Electronics Inc.
Title		:	Discussion on NTN-NTN cell reselection enhancements
Document for		:	Discussion and Decision
1. Introduction
In this contribution, we provide our views on open issues: the one is measurement initiation rule for earth moving cell and the other is cell reselection criteria, which the issues were discussed in RAN2#121 post email discussion [104].
2. Discussion
2-1. Measurement initiation rule for earth moving cell
To apply distance-based measurement initiation rule to earth moving cell, UE shall know the reference location of earth moving cell. As the reference location is time-varying, UE should be able to derive reference location at certain time point. Thanks to predictability of satellite movement, we think that trajectory of earth moving cell’s reference location can be derived by UE based on ephemeris and reference location at reference time. Note that the ephemeris has a form of orbital parameters. 
Proposal 1	RAN2 confirms that UE can derive trajectory of serving cell’s reference location based on satellite’s ephemeris in format of orbital parameters and reference location at reference time. FFS reference time can be epochTime in ntn-Config.
[bookmark: _Hlk131619535]The derivation of trajectory of reference location is not necessary for quasi-earth moving cell. To distinguish the cell type of NTN cell, new IE for reference location of earth moving cell should be introduced. On the other hand, distance threshold for distance-based measurement initiation can be easily reused for earth moving cell.
Observation 1	UE should be able to distinguish whether the serving cell is quasi-earth fixed cell or earth moving cell to decide to derive the trajectory of the serving cell’s reference location.
Proposal 2	Introduce new IE for reference location of earth moving cell.
Proposal 3	For earth moving cell, serving cell should provide distance threshold to UE to apply distance-based measurement initiation rule. distanceThresh-r17 can be reused.
To derive the reference location’s trajectory, UE needs to know satellite’s orbit. PVT formatted ephemeris, however, comprises of instantaneous position coordinates and velocity vectors. UE cannot predict the satellites orbit with PVT formatted ephemeris. Therefore, UE cannot derive reference location’s trajectory with PVT formatted ephemeris. In this case, NW can provide multiple reference locations and their reference time point to UE. UE may derive trajectory by interpolating these reference locations or select reference location that has reference time point nearest from current time.
Observation 2	UE cannot derive trajectory of reference location for earth moving cell when the ephemeris has a form of PVT format.
Proposal 4	For earth moving cell, serving cell should provide multiple reference locations and its time information to UE when the ephemeris has a form of PVT format.
To apply time-based measurement initiation rule to earth moving cell, UE shall know when serving cell stops covering the area. As cell coverage of earth moving cell slides over the ground, UE easily predict the time of service termination by calculating the distance to reference location. However, for feeder link switch, UE cannot know when serving cell terminates its service. Therefore, for earth moving cell, NW should inform time information when serving cell terminates its service due to feeder link switch.
Proposal 5		For earth moving cell, NW should inform time information when serving cell terminates its service due to feeder link switch to apply time-based measurement initiation.
2-2. Distance-based cell reselection enhancement
During the discussion in Rel-17 NTN, companies had diverse views on introducing the distance-based cell reselection and failed to reach an agreement. Since radio quality of the NTN cell has consistent value throughout the coverage, UE should consider distance to reference location of neighbor cell. The distance-based cell reselection enhancement aims to discriminate a neighbor cell that UE locates at the edge of the cell coverage. In other words, UE should treat the neighbor cell as barred if distance to reference location of neighbor cell is longer than distance threshold. Accordingly, we propose distance-based cell reselection procedure as follows:
Step-1. UE calculates a distance to neighbor cells.
Step-2. UE treats a neighbor cell as barred if the distance to its reference location is longer than distance threshold.
Step-3. UE performs R-value-based ranking evaluation to neighbor cells.
Step-4. UE performs reselection to the highest ranked cell.
Proposal 6	Introduce distance-based cell reselection, i.e., UE should consider distance between UE location and reference location of neighbor cell to prevent UE from performing cell reselection to a neighbor cell that UE locates at the edge of the cell coverage.
Proposal 7	Neighbor cell that UE locates at the edge of the cell coverage should be excluded from R-value based ranking evaluation.
Step-1. UE calculates a distance to neighbor cells.
Step-2. UE treat a neighbor cell as barred if the distance to its reference location is longer than 
             distance threshold.
Step-3. Perform R-value-based ranking evaluation to neighbor cells.
Step-4. Perform cell reselection to the highest ranked cell.
2-3. Time-based cell reselection enhancement
When stationary UE camps on the TN cell, the UE hardly performs cell reselection. In contrast, stationary UE camping on the NTN cell has to perform cell reselection due to the movement of the NTN cell. With legacy cell reselection, UE may perform reselection to neighbor cell about to terminate its service soon. It forces UE to perform another cell reselection sooner or later. Such frequent cell reselection increases power consumption of UE due to SIB acquisition. Furthermore, UE may suffer excessive initial access delay in case of MO call occurs during consecutive cell reselections. If UE considers the RST to perform cell reselection, it helps to reduce redundant cell reselection. Therefore, we suggest considering the RST of the candidate cell as a criterion for cell reselection.
Observation 3	With legacy cell reselection, UE may suffer increment of power consumption and initial access delay due to NTN neighbor cell’s short remaining service time causing frequent cell reselection.
Proposal 8	Introduce remaining service time-based cell reselection to prevent UE from performing cell reselection to a neighbor cell about to terminate service.
Possible solutions for time-based cell reselection enhancement are as follows:
Opt-1) Filtering neighbor cell with RST.
Step-1. UE calculates RST of neighbor cells.
Step-2. UE treats a neighbor cell as barred if RST of neighbor cell is shorter than time threshold.
Step-3. UE performs R-value-based ranking evaluation to neighbor cells.
Step-4. UE performs cell reselection to the highest ranked cell.
Opt-2) Filtering neighbor cell with R-value.
Step-1. UE performs R-value-based ranking evaluation to neighbor cells.
Step-2. UE treats a neighbor cell as barred if R-value of neighbor cell is less than threshold.
Step-3. UE performs cell reselection to neighbor cell having the longest RST.
Opt-3) Introduce RST-based R-value offset, in which neighbor cell having longer RST gets bigger value of R-value offset.
Step-1. UE calculates RST of neighbor cells.
Step-2. UE performs R-value-based ranking evaluation to neighbor cells.
Step-3. UE derives new R-value by adding RST-based R-value offset to R-value derived in Step-2.
Step-4. UE performs cell reselection to highest ranked cell.
Opt-1 prevents UE from performing cell reselection to a neighbor cell about to terminate service. On the other hand, Opt-2 focuses on minimizing cell reselection due to satellite movement. Opt-3 is hybrid form of Opt-1 and Opt-2. 
Proposal 9	To adopt one of the following options for time-based reselection.
Opt-1) Filtering neighbor cell with RST.
Step-1. UE calculates RST of neighbor cells.
Step-2. UE treats a neighbor cell as barred if RST of neighbor cell is shorter than time threshold.
Step-3. UE performs R-value-based ranking evaluation to neighbor cells.
Step-4. UE performs cell reselection to the highest ranked cell.
Opt-2) Filtering neighbor cell with R-value.
Step-1. UE performs R-value-based ranking evaluation to neighbor cells.
Step-2. UE treats a neighbor cell as barred if R-value of neighbor cell is less than threshold.
Step-3. UE performs cell reselection to neighbor cell having the longest RST.
Opt-3) Introduce RST-based R-value offset, in which neighbor cell having longer RST gets bigger value of R-value offset.
Step-1. UE calculates RST of neighbor cells.
Step-2. UE performs R-value-based ranking evaluation to neighbor cells.
Step-3. UE derives new R-value by adding RST-based R-value offset to R-value derived in Step-2.
Step-4. UE performs cell reselection to highest ranked cell.
3. Conclusion
In this contribution, following statements are proposed:
Proposal 1	RAN2 confirms that UE can derive trajectory of serving cell’s reference location based on satellite’s ephemeris in format of orbital parameters and reference location at reference time. FFS reference time can be epochTime in ntn-Config.
Observation 1	UE should be able to distinguish whether the serving cell is quasi-earth fixed cell or earth moving cell to decide to derive the trajectory of the serving cell’s reference location.
Proposal 2	Introduce new IE for reference location of earth moving cell.
Proposal 3	For earth moving cell, serving cell should provide distance threshold to UE to apply distance-based measurement initiation rule. distanceThresh-r17 can be reused.
Observation 2	UE cannot derive trajectory of reference location for earth moving cell when the ephemeris has a form of PVT format.
Proposal 4	For earth moving cell, serving cell should provide multiple reference locations and its time information to UE when the ephemeris has a form of PVT format.
Proposal 5		For earth moving cell, NW should inform time information when serving cell terminates its service due to feeder link switch to apply time-based measurement initiation.
Proposal 6	Introduce distance-based cell reselection, i.e., UE should consider distance between UE location and reference location of neighbor cell to prevent UE from performing cell reselection to a neighbor cell that UE locates at the edge of the cell coverage.
Proposal 7	Neighbor cell that UE locates at the edge of the cell coverage should be excluded from R-value based ranking evaluation.
Step-1. UE calculates a distance to neighbor cells.
Step-2. UE treat a neighbor cell as barred if the distance to its reference location is longer than 
             distance threshold.
Step-3. Perform R-value-based ranking evaluation to neighbor cells.
Step-4. Perform cell reselection to the highest ranked cell.
Observation 3	With legacy cell reselection, UE may suffer increment of power consumption and initial access delay due to NTN neighbor cell’s short remaining service time causing frequent cell reselection.
Proposal 8	Introduce remaining service time-based cell reselection to prevent UE from performing cell reselection to a neighbor cell about to terminate service.
Proposal 9	To adopt one of the following options for time-based reselection.
Opt-1) Filtering neighbor cell with RST.
Step-1. UE calculates RST of neighbor cells.
Step-2. UE treats a neighbor cell as barred if RST of neighbor cell is shorter than time threshold.
Step-3. UE performs R-value-based ranking evaluation to neighbor cells.
Step-4. UE performs cell reselection to the highest ranked cell.
Opt-2) Filtering neighbor cell with R-value.
Step-1. UE performs R-value-based ranking evaluation to neighbor cells.
Step-2. UE treats a neighbor cell as barred if R-value of neighbor cell is less than threshold.
Step-3. UE performs cell reselection to neighbor cell having the longest RST.
Opt-3) Introduce RST-based R-value offset, in which neighbor cell having longer RST gets bigger value of R-value offset.
Step-1. UE calculates RST of neighbor cells.
Step-2. UE performs R-value-based ranking evaluation to neighbor cells.
Step-3. UE derives new R-value by adding RST-based R-value offset to R-value derived in Step-2.
Step-4. UE performs cell reselection to highest ranked cell.
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