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1 Introduction

In RAN2#114 e-meeting, the following agreements for cell selection/reselection were achieved [1]:
In this contribution, we will further discuss the cell reselection enhancements and provide some suggestions.
2 Discussion
2.1 Timing information for cell reselection 
2.1.1 How to trigger neighbour cell measurement 
In RAN2#114e meeting, it was agreed that the timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neibhour cells. And in RAN2#111e meeting, it was also agreed that cell selection/reselection in NR is baseline in NTN idle mode procedure. Therefore, based on the previous agreements, we think there are following options for triggering neighbour cell measurement should be considered.
Option 1: The existing cell reselection mechanism in NR, based on the signal quality of serving cell
UE decides to perform neighbour cell measurement based on the existing cell reselection mechanism, for example, 
If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.
Option 2: The timing information on when a cell is going to stop serving the area, only based on the time information
UE decides to perform neighbour cell measurement only based on the timing information about serving cell. For example, for the intra-frequency measurements, if the timing information is a timer, when the timer of serving cell is expired, the UE shall perform intra-frequency measurements even if Srxlev > SIntraSearchP and Squal > SIntraSearchQ. In other words, the UE don’t need to check the signal quality of serving cell when performs neighbour cell measurement based on timing information. 
Option 3: The timing information or the signal quality of serving cell
UE decides to perform neighbour cell measurement based on the timing information about serving cell or the NR cell reselection mechanism, it means if one of the neighbour cell measurement conditions is met, the UE shall perform measurement on neighbour cells. 
For example, if the timing information is timer and the timer is expired, the UE shall perform measurement on neighbour cells. And if the signal quality of the serving cell can’t fulfil Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE shall perform neighbour measurements even if the timer is running. 

So UE needs to check both neighbour cell measurement conditions which include signal quality of the serving cell and timing information, and if one of the conditions is met, the UE shall perform measurement on neighbour cells.
Proposal 1: The following options should be supported for triggering UE to perform neighbour cell measurement:

Option 1: UE performs measurement on neighbour cells only based on the signal quality of the serving cell
Option 2: UE performs measurement on neighbour cells only based on the timing information on when a cell is going to stop serving the area 
Option 3: UE checks both neighbour cell measurement conditions which include signal quality and timing, and if one of the conditions is met, the UE shall perform measurement on neighbour cells
2.1.2 How to determine the trigger condition for neighbour cell measurement 

In the above section, we think the UE can trigger measurement on neighbour cells based on the signal quality, timing information, signal quality or timing information. In this section, we will discuss UE how to determine the trigger condition for neighbour cell measurement. 

During the last meeting, it was agreed that the timing information can be provided to UE by system information. And the parameters on cell reselection mechanism in NR can be provided to UE by system information and RRC release message.

If network only configures the NR cell reselection mechanism parameters, such as SIntraSearchP and SIntraSearchQ,                 
UE shall only use the cell selection/reselection mechanism in NR to perform neighbour cell measurement. 

For example, if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements. Otherwise, the UE shall perform intra-frequency measurements.
If network only configures the timing information on when a cell is going to stop serving the area, UE shall only use the timing information to trigger neighbour cell measurement.
If network configure both NR cell reselection mechanism parameters and timing information on when a cell is going to stop serving the area, UE shall check both the signal quality and timing information, if one of the conditions is met, the UE shall perform neighbour cell measurement. For example, if the timing information is UTC time, before the timing deadline, UE shall monitor the signal quality of the serving cell and then decide whether to perform neighour cell measurement or not. Moreover, the network also can indicate UE to use one of the trigger condition to perform neighbour cell measurement when network configure both NR cell reselection mechanism parameters and timing information parameters. 
Based on the above analysis, the network can indicate UE how to use the trigger condition to perform measurement on neighbour cells based on the cell reselection parameters configuration.  
Proposal 2: Network can indicate trigger condition on neighbour cell measurement based on cell reselection parameters configuration or indicate the trigger condition explicitly when both NR cell reselection mechanism parameters and timing information parameters are configured.
2.1.3 What is the timing information

Regarding the timing information on when a cell is going to stop the area, the timing information can be achieved by the following options:

Option 1: time duration, it means how long the serving can provide the service;

Option 2: UTC time, it means that the UTC time is the deadline;

For option 1, UE needs to configure a timer and timer value is the time duration provided by network, the UE will initiate the timer when UE moves into the serving cell by cell reselection or the UE transmit to the RRC idle in the serving cell. Considering different UEs will move into the serving cell or transmit to the RRC idle at different time, then the timer value should be updated at every system information update period. And these UEs only need to acquire timer value once when UE is moving into the serving cell by cell reselection or transmitting to the RRC idle. So the time duration update don’t need to trigger system information update.

For option 2, if the timing information is UTC time, the following solutions can be considered for UE to decide to perform neighbour cell measurement.

· The UTC timing information is compared with the UTC time in SIB9;
· The UTC timing information is compared with the UTC time in ephemeris data;

· The UTC timing information is compared with the UE local time;

Since the UTC time is absolute time, so it doesn’t need to be updated.
Proposal 3: If the timing information is a time duration, the UE needs to configure a timer and the timer will be started when RRC IDLE UE is moving into the cell or RRC CONNECTED UE transmits to RRC IDLE, and the time duration should be updated in every system update period without system information update notification
Proposal 4: If the timing information is UTC time, UE will compare it with the timing information in SIB9, timing information in ephemeris data or UE local time and then decides whether to perform neighbour cell measurement or not.  . 
2.1.4 How to decide target cell 

During the last meeting, it was agreed that the timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neibhour cells. And the timing can include both serving cell and neighbour cell, so the timing information on when a neighbour cell is going to stop the area means how long the neighour cell will provide serving the area. So at least the following options can be considered for UE to decide a target cell.
Option 1: the legacy R criterion 

For intra-frequency and equal priority inter-frequency, the UE shall perform ranking of all cells that fulfil the cell selection criterion S, and the cells shall be ranked according to the R criteria, and then the UE shall perform cell reselection to the highest ranked cell. 

Option 2: the timing information on neibhour cell combine R criterion 
For intra-frequency and equal priority inter-frequency, the UE shall perform ranking of all cells that fulfil the cell selection criterion S based on the R criteria and UE selects the N best cells based on ranking result. UE ranks the N best cells based on timing information, the UE will reselect to the cell which will provide the longest serving time duration.
Proposal 5: The following options should be considered for UE to decide one target cell:
Option 1: the legacy R criterion 

Option 2: the timing information on when a neighbour cell is going to stop the area combine R criterion 
2.1.5 Earth moving scenario
In the last meeting, it was agreed that 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.
For earth moving case, the stop serving time is different for different UEs, so the timing information for earth moving case need mode discussion and we think cell reselection caused by feeder link switch can be further considered for earth moving case.

If the feeder link switch is happened, all UEs in the cell need to perform cell reselection, so the timing information on when a cell is going to perform feeder link switch is the same for all UEs, and this timing information can be provided to UE by system information and UE can use it to assist cell reselection.
Proposal 5: The timing information on when a cell is going to perform feeder link switch for earth moving case can be provided to UE by system information and UE can use it to assist cell reselection.
2.2 UE location for Cell reselection 
Considering 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 not feasible for the earth moving scenario. Moreover, in terrestrial network, a UE can determine that it is at cell edge due to the near-far effect which there is a clear difference in RSRP/RSRQ in the cell central compared to cell edge. For NTN, since the cell size is large and altitude between satellite and UE is very high, the difference of signal strength between two beams/cells in overlap region may be low. Moreover, considering the fast fading when UE is moving, the RSRP/RSRQ may be changed frequently for different cells. Therefore, for the existing cell reselection procedure, there is a problem that the UE may repeatedly select/reselect between serving cell and neighbour cell.
Therefore, besides timing information, it is necessary to introduce additional assistance information for cell selection/reselection, such as UE location and cell reference distance. The cell reference distance is the distance which the cell can provide the effective coverage. This means that the cell can provide the effective coverage for UE if the distance between UE and cell center is smaller than the cell reference distance. For the cell reference distance, it can be the distance between the cell edge and the center of satellite beam footprint on earth, or the distance between the satellite and cell edge.
However, for cell reselection with UE location, there is a concern on UE power consumption since UE will consume more UE power for acquiring the UE location. So the UE location should be combined with the existing NR mechanism to reduce the number of times of acquiring the UE location when UE performs cell reselection.
In the following, we will provide example for cell selection/reselection procedure based on the existing NR cell reselection mechanism, UE location and cell reference distance.

For how to trigger UE to perform neighour cell measurement, the following existing mechanism can be used.
If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.

For how to decide a target cell, the UE location and R criterion can be combined for UE to decide a target cell, for example:
Step 1: For intra-frequency and equal priority inter-frequency, the UE shall perform ranking of all cells that fulfil the cell selection criterion S, and the cells shall be ranked according to the R criteria;
Step 2: UE selects the cell with the highest Rn;

Step3: UE calculates the distance between UE and cell center (selected in step 2) based on UE location and Ephemeris data, if the distance is smaller than the cell reference distance, the UE reselect to the cell selected in step 2;

Step 4: if the distance (calculated in step 3) is larger than the cell reference distance, UE deletes this cell from the R sequence, and then repeats the step 2 until UE selects the proper neighbour cell based on step 3;

Step 5: if all the neighour cells selected in step 2 can’t satisfy the requirements in step 3, UE remains in the serving cell. 
Proposal 6: UE location should be combined with the existing NR reselection mechanism to reduce UE power consumption when UE performs cell reselection.

3 Conclusions 
In this contribution, we have discussed enhancements on the cell reselection and provide the following proposals: 
Proposal 1: The following options should be supported for triggering UE to perform neighbour cell measurement:

Option 1: UE performs measurement on neighbour cells only based on the signal quality of the serving cell

Option 2: UE performs measurement on neighbour cells only based on the timing information on when a cell is going to stop serving the area 
Option 3: UE checks both neighbour cell measurement conditions which include signal quality and timing, and if one of the conditions is met, the UE shall perform measurement on neighbour cells

Proposal 2: Network can indicate trigger condition on neighbour cell measurement based on cell reselection parameters configuration or indicate the trigger condition explicitly when both NR cell reselection mechanism parameters and timing information parameters are configured.
Proposal 3: If the timing information is a time duration, the UE needs to configure a timer and the timer will be started when RRC IDLE UE is moving into the cell or RRC CONNECTED UE transmits to RRC IDLE, and the time duration should be updated in every system update period without system information update notification

Proposal 4: If the timing information is UTC time, UE will compare it with the timing information in SIB9, timing information in ephemeris data or UE local time and then decides whether to perform neighbour cell measurement or not.  . 

Proposal 5: The following options should be considered for UE to decide one target cell:

Option 1: the legacy R criterion 

Option 2: the timing information on when a neighbour cell is going to stop the area combine R criterion 
Proposal 6: UE location should be combined with the existing NR reselection mechanism to reduce UE power consumption when UE performs cell reselection.
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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.
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