Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #115-e
R2-2107845
Online, August 16th – August 27​​th 2021
Agenda item:
8.10.3.2(NR_NTN_solutions-Core)
Source:
LG Electronics Inc.


Title:
Remaining issues in NTN idle mode
Document for:
Discussion and Decision
1 Introduction

In this contribution, we discuss remaining CHO issues and NTN-TN mobility.
2 Discussion
In RAN2#114-e meeting, following agreements were made in the idle mode discussion.
Agreements:

1. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is needed to assist cell reselection in NTN for earth fixed scenario.

2. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neighbor cells.

3. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area for earth fixed scenario is broadcast to UE via system information.

2.1 Start timing of timing information
Based on the provided timing information of a cell, the UE shall perform measurement on the cell until the time point when a cell is going to stop serving the area. After that, the UE is not required to perform measurement on the cell. However, if start time point when a cell is going to start serving the area is not provided, the network needs to provide the neighbor cells whenever new neighbor cell appears. It will still bring too frequent system information change to update the upcoming neighbor cells, so timing information only including the end time point is not really useful. Thus, similar with time duration [t1, t2] during which UE shall perform CHO in NTN, we propose to introduce start timing when a cell is going to start serving the area in the timing information. Based on the service time period of the timing information, the UE shall perform measurement on the cell during the service time period and perform cell reselection based on the measurement results.
Proposal 1: In addition to the timing information on when a cell is going to stop serving the area, when a cell is going to start serving the area is introduced. Based on this service time period, UE performs measurement and cell reselection.
2.2 Measurement conditions according to beam type
 In the agreement made in RAN2#114, it was agreed that the timing information is introduced at least in the quasi-earth fixed beam(hereinafter referred to as just “earth-fixed beam”). In earth-moving beam, as the cell coverage changes dynamically, each UE in a cell coverage may experience different service time period. So it might be very complex to provide service time period to UEs in the cell via system information. Therefore, for earth-moving beam, we can consider neighbor cell measurement based on UE location information. Then the UE may not need to perform measurement if a cell is located far away or the UE is at boundary of cell coverage.
Observation 1: For earth-moving beam, as UEs in a cell coverage may have different service time period, time-based measurement may be inappropriate. If location condition-based neighbor cell measurement is introduced, UE can trigger the measurement when the neighbor cell moves close to the UE.
As a location condition for neighbor cell measurement, we can simply consider similar method with location condition for NTN CHO triggering condition – distance between UE and cell reference point. Then, the UE shall perform measurement on a cell if distance between UE and reference point of the cell is shorter than a threshold.
Proposal 2: For earth-moving beam, location condition is introduced for neighbor cell measurement. The UE performs measurement on a cell if distance between the UE and the reference point of the cell is shorter than the threshold.

 For earth-fixed beam, it was agreed to provide timing information. As cell coverage is fixed for a time period, the network might provide the service time period until steering to the next serving area. Thus, during the time period, the cell may be visible from the UEs. However, UEs located at the cell boundary may leave the cell coverage area especially if it is moving fast (e.g. in the car). Thus, the location condition also can be introduced for earth-fixed beam. 
Observation 2: For earth-fixed beam, UE may leave the cell coverage area during the service time period if the UE is located at the cell coverage boundary.

Proposal 3: For earth-fixed beam, in addition to service time period, location condition is introduced for neighbor cell measurement. The UE performs measurement on the cell if distance between the UE and the reference point of the cell is shorter than the threshold.

 As service time period and location condition can be configured for a cell, the conditions can be configured simultaneously. Then both conditions should be satisfied to perform measurement on the cell. If not, the UE may perform unnecessary measurements.
Proposal 4: For earth-fixed beam, if both service time period and location condition are configured, both conditions should be satisfied to perform measurement on the cell. In other words, UE shall perform measurement on the cell if the distance condition is satisfied during the service time period.
2.3 Measurement rules
 Service time period and location condition is newly introduced for each cell for measurement and cell reselection. However, the conditions does not need to be mandatory because it may be too much load for the network if all the NTN cells should be provided with at least one condition. Thus, some NTN cells may be provided with no new condition. Then, the UE should perform measurement on the cell regardless of timing information or UE location information while the cell is included in the system information.
Proposal 5: If neither service time period nor distance threshold is provided for a cell, the UE shall continuously perform measurement on the corresponding frequency of the cell.

While the UE is performing neighbor cell measurement in idle/inactive move, which neighbor frequency to measure is decided according to serving cell quality, as specified in TS 38.304 S5.2.4.2. However, if service time period and location condition is introduced for NTN cell, the measurement rule may be changed based on the conditions. For example, for the given timing information, the UE requirement is that “the UE shall perform measurement on a cell during provided time period”. It means the UE is not required to perform measurement on the cell outside of the time period. Thus, we should consider timing information and location condition in the measurement rules.
Observation 3: The timing information and location condition should be considered in the measurement rules.

For intra-frequency measurements, as serving cell measurement is mandatory regardless of neighbor cell configuration, the intra-frequency measurement is not affected by configured service time period or location condition of other intra-frequency neighbor cells.
Proposal 6: The UE performs intra-frequency measurements regardless of existence of service time period or location condition of intra-frequency neighbour cells.
In NR inter-frequency measurements, UE performs measurements on all the configured inter-frequencies included in SIB4. In NTN, if no cell in a frequency satisfy the configured service time period or location condition, it is no need to perform measurement on the frequency, because it means there is no accessible NTN cell at the UE location at that time.
Observation 4: If all the cells in a frequency do not satisfy the configured service time period or location condition, it may be not necessary to perform measurement on the frequency.

As we proposed in proposal 5, if there is a cell configured with neither service time period nor location condition in a frequency, the UE shall perform measurement on the frequency continuously while the cell is included in the system information(i.e. SIB4). Thus, regarding the observation 4, the UE should perform measurement on a frequency if such cell exists, even if all the other cells in the frequency do not satisfy all the configured service time period or location condition.

Proposal 7: While the UE is performing inter-frequency measurements(i.e. Srxlev < SnonIntraSearch), the UE shall perform measurement on a frequency if a cell without service time period nor location condition exists or all the cells in the frequency are configured with at least one condition but no cell satisfy any condition.
2.4 Cell reselection criteria
In NR intra-frequency and equal priority inter-frequency cell reselection, the UE performs cell reselection to the highest ranked cell in a frequency. If rangeToBestCell is configured, UE performs cell reselection to the cell with highest number of beams above the threshold among the cells whose R value is within rangeToBestCell of the R value of the highest ranked cell.
Observation 5: In NR intra-frequency and equal priority inter-frequency cell reselection, the cell reselection criteria is based on cell quality.
In NTN, measured cell quality may not be different greatly in the cell coverage (a.k.a. near-far-effect). So selection of which cell to perform cell reselection only based on cell quality may be insufficient, because cell coverage is not fixed for a long time. For example, upon cell reselection, the new serving cell may disappear because of expiry of service time period. Then the UE may perform cell reselection again soon and the new cell reselection target cell may be second or third highest ranked neighbor cell at the first serving cell. Therefore, considering only cell quality is insufficient and we should consider time condition additionally for the cell reselection.
Observation 6: Only cell quality-based cell reselection criteria may be insufficient because UE should perform cell reselection again if the reselected cell disappears. So service time period may need to be considered for cell reselection.
For considering service time period for cell reselection, we can consider remaining service time period. If UE reselects to cell with longer remaining service  
In summary, we can introduce a threshold which is the minimum cell quality threshold to be satisfied before selecting the cell with longest remaining service time period. If the threshold is configured, the UE performs cell reselection to the cell with longest remaining service time period among the cells whose cell quality is higher than the threshold.(We should consider minimum cell quality to suitably get NTN service.) If not configured, the UE performs cell reselection based on cell quality, as in NR. This is same approach with rangeToBestCell that UE performs beam-based evaluation only if the parameter is configured.
Proposal 8: For intra-frequency and equal-priority inter-frequency cell reselection, UE performs cell reselection to the cell whose remaining service time is the longest, among the cells whose cell quality value is higher than a threshold, 

 In inequal priority inter-frequency cell reselection criteria, if more than one cell meets the cell reselection criteria, the UE reselects a cell which meets the intra-frequency and equal priority inter-frequency cell reselection criteria. Therefore, remaining service time period is considered as we proposed above, we do not need to consider the time condition additionally in the inter-frequency cell reselection criteria.
Proposal 9: For inequal inter-frequency cell reselection, existing cell reselection criteria is re-used.

For earth-moving beam, as we described above, service time period is not suitable and location condition can be used for the neighbor cell measurement. If only location condition is provided for a cell, then we need to transform the location-related information into expected service time period.
Observation 7: If only location condition is provided for an NTN cell, it may need to transform the location information into service timing information.
For the transformation of location information into service timing information, we can consider following cell coverage information:
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Figure 1: Cell coverage information for the transformation into service timing information
In this cell coverage information, the network may provide:
· Cell center trace. (straight line which represents moving direction of the cell center)
· Time-specific Location and velocity of cell center.
· Mapping information between vertical distance range and half of secant values.
 Then the service timing information can be calculated as follows:
1. Calculate real distance between UE and the cell center.
2. Calculate vertical distance which is perpendicular distance from the UE to the cell center trace.

3. Calculated horizontal distance by Pythagorean theorem, using calculated real distance and vertical distance. ( (Real distance)^2 = (Vertical distance)^2 + (Horizontal distance)^2 )

4. Based on the which vertical distance range in the mapping information the calculated vertical distance belongs to, calculate half of secant value. The mapping between vertical distance range and half of secant values can be depicted as figure 2 below. Each vertical distance range is mapped to each half of secant value.
5. Calculate remaining service trace as follows:
i. Alternative 1) If the cell center is getting closer to the UE (same as situation depicted in figure 1):

· (remaining service trace) = (half of secant) + (horizontal distance)
ii. Alternative 2) If the cell center is getting further from the UE

· (remaining service trace) = (half of secant) - (horizontal distance)
6. Based on the remaining service trace, calculate the remaining service time.
· (remaining service time) = (remaining service trace) / (cell center velocity)

Figure 2: Mapping information between vertical distance range and half of secant values.
 Based on the calculated remaining service time period, the UE can evaluate time-based cell reselection criteria with other cells which are explicitly provided with service time period.
Proposal 10: If location condition is provided for an NTN cell, transform the cell coverage information into expected service time period. Based on the calculated service time period, the UE performs cell reselection evaluation with other cells which are explicitly provided with service time period by the network.

3 Conclusion
In conclusion, we propose the followings:
· Start timing of timing information
Proposal 1: In addition to the timing information on when a cell is going to stop serving the area, when a cell is going to start serving the area is introduced. Based on this service time period, UE performs measurement and cell reselection.

· Measurement conditions according to beam type
Observation 1: For earth-moving beam, as UEs in a cell coverage may have different service time period, time-based measurement may be inappropriate. If location condition-based neighbor cell measurement is introduced, UE can trigger the measurement when the neighbor cell moves close to the UE.

Proposal 2: For earth-moving beam, location condition is introduced for neighbor cell measurement. The UE performs measurement on a cell if distance between the UE and the reference point of the cell is shorter than the threshold.

Observation 2: For earth-fixed beam, UE may leave the cell coverage area during the service time period if the UE is located at the cell coverage boundary.

Proposal 3: For earth-fixed beam, in addition to service time period, location condition is introduced for neighbor cell measurement. The UE performs measurement on the cell if distance between the UE and the reference point of the cell is shorter than the threshold.

Proposal 4: For earth-fixed beam, if both service time period and location condition are configured, both conditions should be satisfied to perform measurement on the cell. In other words, UE shall perform measurement on the cell if the distance condition is satisfied during the service time period.
· Measurement rules

Proposal 5: If neither service time period nor distance threshold is provided for a cell, the UE shall continuously perform measurement on the corresponding frequency of the cell.

Observation 3: The timing information and location condition should be considered in the measurement rules.

Proposal 6: The UE performs intra-frequency measurements regardless of existence of service time period or location condition of intra-frequency neighbour cells.
Observation 4: If all the cells in a frequency do not satisfy the configured service time period or location condition, it may be not necessary to perform measurement on the frequency.

Proposal 7: While the UE is performing inter-frequency measurements(i.e. Srxlev < SnonIntraSearch), the UE shall perform measurement on a frequency if a cell without service time period nor location condition exists or all the cells in the frequency are configured with at least one condition but no cell satisfy any condition.
· Cell reselection criteria

Observation 5: In NR intra-frequency and equal priority inter-frequency cell reselection, the cell reselection criteria is based on cell quality.

Observation 6: Only cell quality-based cell reselection criteria may be insufficient because UE should perform cell reselection again if the reselected cell disappears. So service time period may need to be considered for cell reselection.
Proposal 8: For intra-frequency and equal-priority inter-frequency cell reselection, UE performs cell reselection to the cell whose remaining service time is the longest, among the cells whose cell quality value is higher than a threshold, 

Proposal 9: For inequal inter-frequency cell reselection, existing cell reselection criteria is re-used.

Observation 7: If only location condition is provided for an NTN cell, it may need to transform the location information into service timing information.
Proposal 10: If location condition is provided for an NTN cell, transform the cell coverage information into expected service time period. Based on the calculated service time period, the UE performs cell reselection evaluation with other cells which are explicitly provided with service time period by the network.
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