Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #114-e
R2-2105786
Online, May 19th – May 27​​th 2021
Agenda item:
8.10.3.2 (NR_NTN_solutions-Core)
Source:
LG Electronics Inc.


Title:
Cell reselection based on time and location condition
Document for:
Discussion and Decision
1 Introduction

In this contribution, we discuss cell reselection-related issues in NTN.
2 Discussion
Following agreements are made in idle mode discussion in RAN2#111-e:
Agreements:

1. Cell selection / reselection in NR is the baseline in NTN idle mode procedure.

2. Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN

3. The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).

Agreements via email - from offline 106:

1. The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.

2. The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.

3. Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.

It was agreed in RAN2#113-e meeting that next cell list information can be considered.
Agreements:

1. RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception

2. The information on when a cell is going to stop serving the area and/or the timing information (e.g. timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.

2.1 Timing information for earth-fixed beam
As LEO satellites revolve around the earth, an NTN cell may be visible to a UE on the ground approximately 15~20 minutes for every appearance. The UE can be served by the cell only during the time period. After the service time duration, the UE should reselect to another cell to camp on. Thus, if remaining visible time of an neighbor NTN cell is short, it is not desirable to reselect to the cell because soon the UE may need to reselect to another cell again. So when the UE evaluates cell reselection criteria, it should be considered how long the UE can camp on the cell.
Observation 1: When UE performs cell reselection criteria, it should be considered how long the UE can camp on the cell after cell reselection.
The earth-fixed beam fixes its serving area on the ground for a time period, and then steers to the next serving area. We could say that it provides discrete serving area on the ground. Thus, once a UE on the ground detect an NTN cell with on-board earth-fixed beam, the UE should know how long the NTN cell will serve the current area. If the NTN cell is about to steer to the next serving area soon, even if the measured cell quality is good enough, it is not desirable to perform cell reselection to the NTN cell because soon the UE should perform cell reselection to another cell again, as described in preceding observation 1. Thus, while an NTN cell with on-board earth-fixed beam is serving an area, start and end of service time period should be provided. Based on this information, the UE can calculate the remaining service time and consider it in the cell reselection criteria.
Proposal 1: For cell reselection for NTN cells with on-board earth-fixed beam, timing information with start and end of service time period during which the cell will serve the area is provided. During this service time period, the UE performs measurements on the cell and may perform cell reselection to the cell.

Existing cell reselection criteria is based on measured RSRP and/or RSRQ of neighbor cells. The UE performs cell reselection to a cell with highest ranking value of a frequency. However, in NTN, so long as measured cell quality is higher than a threshold, how much the cell quality is good may not be really important because of the near-far-effect. Rather than the cell quality, how long the UE can camp on the cell may be more important. Thus, if service time period of each earth-fixed beam is provided, it would be better for the UE to perform cell reselection to a cell with longest remaining service time period among the cells whose measured cell quality is above a threshold.
Observation 2: To decide which cell to perform cell reselection, not only R value but also remaining service time should be considered to be provided with stable NTN service as long as possible.

Proposal 2: Among N best cells above RSRP threshold, the UE performs cell reselection to a cell with longest remaining service time.

2.2 Location information for earth-moving beam
 The earth-moving beam sweeps on the ground dynamically. So its serving area on the ground changes by time. Thus, in contrast to the earth-fixed beam, expected service time period of each UE by an NTN cell may be different based on how far the UE is from the trace of cell center. Generally a UE locating near the cell center can stay inside the cell coverage longer than a UE locating further from the trace of cell center. For example, UEs locating near the trace of cell center may experience longer service time period than UEs locating near the boundary of cell coverage. Thus, it may be very complex to provide appropriate service time period of each cell in the cell-specific system information.
Observation 3: For earth-moving beam, each UE in a cell coverage may have different service time according to distance from the trace of cell center. Thus, it may be very complex to provide the service timing information to UEs in the cell coverage via system information.
 Rather than the timing information, location information can be considered for the earth-moving beam. If trace of cell center by time is informed to UE, the UE can calculate distance between UE and the cell center dynamically. In order to decide when to measure the cell based on the location information, reference distance can be provided to the UE. If the calculated distance is below the reference distance, the UE can perform measurement on the cell.
In the following figure A, example of trace of cell center and cell coverage at certain points are described. 
· Point A: Firstly the cell appears and get close to the UE. The distance between UE and cell center reaches reference distance, so the UE starts measurement on the cell. As the cell is moving close, the calculated distance is decreasing.
· Point B: The cell coverage moves, and soon the cell reaches the point B. At point B, the distance between UE and cell center is minimum.
· Point C: The cell coverage keeps moving, and now the distance between UE and cell center increases. Soon the calculated distance reaches the reference distance again. After that, the calculated distance is longer than the reference distance and the UE stops measurement on the cell.
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Figure A: Example of earth-moving beam movement

Proposal 3: Location based-cell reselection is used for earth-moving beam. The UE calculates distance between UE and cell center. If the calculated distance is below a reference distance, the UE performs measurements on the cell and evaluates cell reselection criteria.
While the calculated distance between UE and cell center is below the reference distance, we could consider it would be better to perform cell reselection to the cell with shortest distance because the shortest distance means that the UE location is closest to the cell center. However, how close the UE is from the center may not really important for cell reselection, because, according to the near-far-effect, how close to the cell center does not make great RSRP difference in NTN. Thus, rather than shortest distance, it would be better for the UE to perform cell reselection to the cell which can serve the UE with longer time period, based on the trace of cell center.
For example, in the figure A above, suppose there are two cells. One cell center has just passed the point B (distance is minimum). Now the distance is increasing and its service time period has passed more than a half. The another cell has just passed the point A(first reference distance point). The distance from the UE is longer, but the cell can serve the UE longer time because its service time period has just started.
Observation 4: Even if a cell has shortest distance from UE, it may not be the best cell to perform cell reselection if the cell is moving further from the UE. In this case, it may be better for the UE to perform cell reselection to a cell whose distance is further but moving closer to the UE. 

Proposal 4: For location-based cell reselection, consider whether the cell with on-board earth-moving beam is moving closer to or moving further from the UE. Discuss how to consider it for the location-based cell reselection criteria in detail.
2.3 Co-existence of earth-fixed beam and earth-moving beam
 As beam type is up to satellite capability, NTN cell with on-board earth-fixed beam and NTN cell with on-board earth-moving beam may co-deployed in a frequency band. Based on the preceding proposals, if earth-fixed beam uses timing information-based cell reselection and earth-moving beam uses location-based cell reselection, we should consider how to select the best cell to perform cell reselection. In the contrast to the TN which selects highest ranked cell of a frequency, as we now consider remaining service time or distance between UE and cell center beyond the measured cell quality, how to compare the cells configured with different condition.
Observation 5: A cell with on-board earth-fixed beam and a cell with on-board earth-moving beam may co-deployed in a frequency. Then, the UE may need to compare the time-based condition and location-based condition to determine to which cell to perform cell reselection.

Proposal 5: Discuss which cell to perform cell reselection if cell with on-board earth-fixed beam and cell with on-board earth-moving beam are co-deployed in a frequency.

2.4 Beam-type and platform type indication
If different condition is used for cell reselection criteria for earth-fixed beam and earth-moving beam, the UE can implicitly know platform type of the cell based on the provided condition. If the information is present, the cell is LEO satellite. If absent, the cell is GEO satellite.
Proposal 6: Use the beam-specific condition for cell reselection as implicit platform type indication (i.e. LEO or GEO)
2.5 Invalid ephemeris information
However, as LEO satellites moves few kilometers per second in the space and its cell coverage on the ground dynamically changes by time, the service time period of each LEO satellite in the ephemeris information may not be correctly provided to the UEs. For example, ephemeris information implies that an LEO satellite will appear to a UE from 9:00 PM to 9:10 PM, but the LEO satellite may appear at 9:15 PM. This mis-configuration may occur because of mis-expectation between satellite position and UE location. If this mis-configuration is repeated, as the ephemeris information may be used for cell selection/reselection criterion, it may occur degradation of UE mobility performance. Therefore, if UE detects wrong ephemeris of an LEO satellite, it should be reported to the network so that the network adjusts the ephemeris information to avoid the repetition of configuring wrong ephemeris information.
Proposal 7: If wrong ephemeris information for cell reselection is detected, the UE may report feedback information.
2.6 Inactive state
 In NTN, whether to introduce inactive state is not decided yet. If inactive state is introduced, the UE can reduce the signaling load by performing RRC Resume procedure. As usually it may need more power consumption to transmit signal to the satellites, the signaling reduction may be more effective in NTN. As it is assumed that the satellites are transparent payload, the gNB will handle the UE context. In this way, no critical RAN2 impact is foreseen. However, from a network perspective, management of the UE context by gNB during inactive state may be complex than TN cases, because it is not expected to which LEO satellite the UE will perform cell reselection. This issue can be discussed by RAN3.
Observation 6: If inactive state is introduced in NTN, signaling load can be reduced and no critical RAN2 impact is foreseen.

Proposal 8: Discuss whether inactive state can be introduced in NTN. Send LS to RAN3 if needed.
3 Conclusion
· Timing information for earth-fixed beam

Observation 1: When UE performs cell reselection criteria, it should be considered how long the UE can camp on the cell after cell reselection.
Proposal 1: For cell reselection for NTN cells with on-board earth-fixed beam, timing information with start and end of service time period during which the cell will serve the area is provided. During this service time period, 
Observation 2: To decide which cell to perform cell reselection, not only R value but also remaining service time should be considered to be provided with stable NTN service as long as possible.

Proposal 2: Among N best cells above RSRP threshold, the UE performs cell reselection to a cell with longest remaining service time.

· Location information for earth-moving beam
Observation 3: For earth-moving beam, each UE in a cell coverage may have different service time according to distance from the trace of cell center. Thus, it may be very complex to provide the service timing information to UEs in the cell coverage via system information.
Proposal 3: Location based-cell reselection is used for earth-moving beam. The UE calculates distance between UE and cell center. If the calculated distance is below a reference distance, the UE performs measurements on the cell and evaluates cell reselection criteria.

Observation 4: Even if a cell has shortest distance from UE, it may not be the best cell to perform cell reselection if the cell is moving further from the UE. In this case, it may be better for the UE to perform cell reselection to a cell whose distance is further but moving closer to the UE. 

Proposal 4: For location-based cell reselection, consider whether the cell with on-board earth-moving beam is moving closer to or moving further from the UE. Discuss how to consider it for the location-based cell reselection criteria in detail.

· Co-existence of earth-fixed beam and earth-moving beam
Observation 5: A cell with on-board earth-fixed beam and a cell with on-board earth-moving beam may co-deployed in a frequency. Then, the UE may need to compare the time-based condition and location-based condition to determine to which cell to perform cell reselection.

Proposal 5: Discuss which cell to perform cell reselection if cell with on-board earth-fixed beam and cell with on-board earth-moving beam are co-deployed in a frequency.

· Beam-type and platform type indication
If different condition is used for cell reselection criteria for earth-fixed beam and earth-moving beam, the UE can implicitly know platform type of the cell based on the provided condition. If the information is present, the cell is LEO satellite. If absent, the cell is GEO satellite.
Proposal 6: Use the beam-specific condition for cell reselection as implicit platform type indication (i.e. LEO or GEO)
· Invalid ephemeris information
Proposal 7: If wrong ephemeris information for cell reselection is detected, the UE may report feedback information.

· Inactive state
Observation 6: If inactive state is introduced in NTN, signaling load can be reduced and no critical RAN2 impact is foreseen.

Proposal 8: Discuss whether inactive state can be introduced in NTN. Send LS to RAN3 if needed.
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