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1 Introduction

In this contribution, we discuss remaining issues in NTN idle mode.
2 Discussion
In RAN2#115-e meeting, following agreements were made in the idle mode discussion.
Agreements via email - from offline 108:

1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection

2. For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information

Agreements via email - from offline 108 third round:

1. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.

2. For quasi-earth fixed cell, the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area.

3. For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.

Working Assumption:

1. Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell, if UE has valid location information, which means location acquisition will not be triggered at UE side only for location assisted cell reselection. FFS on the details.

2.1 Measurement on earth moving cell
In RAN2#115 discussion, it was agreed that the service time information is only applicable to quasi earth fixed cell and not to earth moving cell. No further work will be discussed for the earth moving cell to use cell stop time to assist measurements or cell reselection in this release.
As cell coverage of the earth moving cell dynamically changes, the reason why it was agreed not to use the time information for the neighbor cell measurements is that each UE in a cell coverage experiences different service time period so it is very complex by the network to broadcast the service time. Meanwhile, if location condition is used, the network only needs to provide distance threshold in the system information to calculate how far the UE is from the cell center. Only UEs whose distance from the serving cell center is longer than threshold needs neighbor cell measurements, because UEs close to the serving cell center does not really needs the neighbor cell measurements immediately.
Observation 1: For earth moving cell, if location condition-based neighbor cell measurement is introduced, only UEs whose distance from the serving cell center is longer than a threshold can perform neighbor cell measurements.
For the location condition for neighbor cell measurement, we can simply consider similar method with the concept we introduced in location condition for NTN CHO triggering condition – distance between UE and cell center. Then, the UE shall perform neighbor cell measurement when the distance between UE and serving cell center is shorter than a threshold.
Proposal 1: For earth moving cell, location condition is used for neighbor cell measurement. The UE shall perform neighbor cell measurement when the distance between the UE and serving cell center is longer than a threshold.

2.2 Service time-based cell reselection
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 2: 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 much in a coverage (a.k.a. near-far-effect). So the cell reselection only based on the cell quality may be insufficient because the good cell quality does not always mean that the UE is near the cell center. Moreover, as NTN cell is visible to a UE on the ground for a limited time period, how long the UE can camp on the cell should be also considered. If NTN cell reselection is only based on cell quality, the UE may reselect to a neighbor cell which will disappear soon and then the UE shall perform cell reselection again soon. Therefore, only cell quality-based cell reselection is insufficient and service time information may need to be additionally considered for the cell reselection.
Observation 3: Only cell quality-based cell reselection criteria may be insufficient because the UE may reselect to a neighbor cell which will disappear soon to the UE. Then the UE should perform cell reselection again.
To consider how long a neighbor cell will serviceable to the UE, we can consider the remaining service time. As it was agreed to introduce cell stop time information when a cell stops covering the current area, the remaining service time will be time length between current time point until the stop time. The longer remaining service time means that the UE can camp on the cell longer after the cell reselection.
To consider the remaining service time in the cell reselection criteria, we can select a cell in a frequency with longest remaining service time period among the cells in the frequency. However, minimum cell quality should be guaranteed, we can introduce a minimum cell quality threshold to be satisfied before selecting the cell with the longest remaining service time. 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. If not configured, the UE performs cell reselection based on cell quality as in NR. This is similar approach with rangeToBestCell that the UE performs multiple beam-based cell reselection evaluation only if the parameter is configured.
Proposal 2: 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 3: For inequal inter-frequency cell reselection, existing cell reselection criteria is re-used.

2.3 Neighbor cell prioritization until cell stop time
It was agreed to introduce service stop time of earth fixed cell. The UE should perform measurements on the neighbor cells before the serving cell stop time to prepare the cell reselection before the serving cell steers to the next serving area.
However, if the serving cell quality is good, even if the UE performs neighbor cell measurements until the service stop time, the UE may not perform cell reselection to the neighbor cell. (UE does not perform cell reselection to the neighbour cell of equal or lower frequency priority if serving cell quality is good) Then the problem is that the serving cell may suddenly disappear after the stop time and the UE will lose the signal from the serving cell. Therefore, if the UE does not perform cell reselection to neighbor cell until approaching near the service stop time, the cell reselection to the neighbor cell may need to be prioritized.
Observation 4: If serving cell quality is consistently good, the UE may not perform cell reselection until the service stop time. Then the serving cell may suddenly disappear after the service stop time and the UE may perform too late cell reselection. Thus, if the service stop time is approaching, the UE may need prioritization of the neighbour cells in hthe cell reselection criteria.

 To accelerate cell reselection to the neighbor cell, we can consider increasing frequency priority of neighbor frequencies. As such too late cell reselection described in the preceding paragraph occurs when there are only neighbor frequencies whose frequency priority is equal to or lower than the serving frequency, if their frequency priority is increased to higher than the serving frequency priority, the UE may perform cell reselection to the neighbor cell regardless of serving cell quality. Then most UEs would perform cell reselection to the neighbor cell. The change of frequency priority can be triggered when the current time approaches the service stop time of the serving cell. (i.e. current time UTC is later than a threshold)
Proposal 4: The UE increases the neighbour frequency priority when stop time of the serving cell approaches.
Also the we can consider area-specific neighbor frequency priority - UE changes the neighbor frequency priority when the UE enters an area. As the frequency priority is cell-specific configuration, all the UEs receives same frequency priority list. However, if the neighbor frequency priority is changed based on the UE’s location information, the UE can configure the neighbor frequency priority according to the appearing neighbor cell list at the area.
Proposal 5: Area-specific neighbor frequency priority is configured. Then the UE changes the neighbor frequency priority when the UE enters an area.
3 Conclusion
In conclusion, we propose the followings:
Observation 1: For earth moving cell, if location condition-based neighbor cell measurement is introduced, only UEs whose distance from the serving cell center is longer than a threshold can perform neighbor cell measurements.
Proposal 1: For earth moving cell, location condition is used for neighbor cell measurement. The UE shall perform neighbor cell measurement when the distance between the UE and serving cell center is longer than a threshold.

Observation 2: In NR intra-frequency and equal priority inter-frequency cell reselection, the cell reselection criteria is based on cell quality.

Observation 3: Only cell quality-based cell reselection criteria may be insufficient because the UE may reselect to a neighbor cell which will disappear soon to the UE. Then the UE should perform cell reselection again.
Proposal 2: 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 3: For inequal inter-frequency cell reselection, existing cell reselection criteria is re-used.

Observation 4: If serving cell quality is consistently good, the UE may not perform cell reselection until the service stop time. Then the serving cell may suddenly disappear after the service stop time and the UE may perform too late cell reselection. Thus, if the service stop time is approaching, the UE may need prioritization of the neighbour cells in hthe cell reselection criteria.

Proposal 4: The UE increases the neighbour frequency priority when stop time of the serving cell approaches.
Proposal 5: Area-specific neighbor frequency priority is configured. Then the UE changes the neighbor frequency priority when the UE enters an area.
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