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1. Introduction
In this paper, we share some further consideration on the usage and provision of the cell expire time and the timing of the upcoming cell as well as understanding on the ephemeris/location assisted cell (re)selection.
2. [bookmark: _Toc12718547]Discussion
2.1. Usage of the cell expire time for quasi-earth fixed cell
The following agreements have been made last meeting on the usage and provisioning of the cell expire time for quasi-earth fixed case.
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.
Regarding the usage of the cell expire time at UE side, we have confirmed that such information can be used to assist cell reselection and help decide when to perform measurements on neighbor cells.
· Trigger intra-frequency or inter-frequency measurements 
Looking at the existing measurement rules, UE decide whether to perform intra-frequency/inter-frequency measurements by evaluating Srxlev and Squal of the serving cell:
· Intra-frequency: UE shall perform intra-frequency measurements if the serving cell fulfils Srxlev <= SIntraSearchP or Squal <=SIntraSearchQ.
· Higher priority inter-frequency: UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133.
· Equal or lower priority inter-frequency: UE shall perform measurements of NR inter-frequency cells of equal or lower priority if the serving cell fulfils Srxlev <= SnonIntraSearchP or Squal <= SnonIntraSearchQ
When it comes to NTN cells, the remaining valid time of the serving cell can also be another quantity for UE to consider when deciding to perform intra-frequency or inter-frequency measurements so that UE can start to perform measurements on neighbor cells when the serving cell is going to expire soon. 


Figure 1. An example showing the remaining valid time of the serving cell
TIntraSearch and a TnonIntraSearch can be configured to UE. UE shall perform intra-frequency measurements when the remaining valid time of the serving cell Tremaining <= TIntraSearch is fullfiled. Similarly, UE will start to perform measurements on inter-frequency with an equal or lower reselection priority when Tremaining<= TnonIntraSearch. 
Proposal 1a: The remaining valid time of the serving cell should be considered by UE to trigger measurement on neighbor cells.
Proposal 1b: UE shall perform intra-frequency measurements if the remaining valid time of the serving cell Tremaining <= TIntraSearch is fulfilled.
Proposal 1c: UE shall perform measurements of NR inter-frequency cells of equal or lower priority if the remaining valid time of the serving cell fulfils Tremaining <= TnonIntraSearch.
· Assist cell reselection
With awareness of the information on when a cell is going to stop serving the area, the serving time of a neighbor cell can be derived based on the following equation:
TServingTime = TExpire – T0
TServingTime refers to the serving time of a neighbor cell;
TExpire refers to the expire time of the neighbor cell which is broadcast in the serving cell’s system information;
T0: The time when UE detects the neighbor cell and starts evaluation.
An example is given below to show the understanding


Figure 2. An example showing the serving time of the serving cell and neighbor cells
Among cells with similar RSRP/RSRQ, camping on a cell with longer serving time would help reduce the cell reselection due to satellite movement. Some enhancement on the existing cell reselection procedure can be considered to achieve this by taking the remaining valid time of neighbor cells into consideration.
Proposal 2a: The serving time of a neighbor cell is derived based on the following equation:
TServingTime = TExpire – T0
TServingTime refers to the serving time of a neighbor cell;
TExpire refers to the expire time of the neighbor cell which is broadcast in the serving cell’s system information;
T0: The time when UE detects the neighbor cell and starts evaluation.
Proposal 2b: The serving time of the neighbor cell should be considered by UE when deciding the target cell for (re)selection. 
Some options on how to use the serving time of neighbor cells during cell reselection are given below:
· Option 1: A threshold of the serving time ThreshServingtTime is broadcast in system information. A cell selection time criterion T-criterion is defined: TServingTime > ThreshServingTime. UE will only rank cells fulfills T-criterion and cell selection criterion S during cell reselection evaluation so that cells with valid time shorter than this threshold will be excluded. 
· Option 2: A threshold of the serving time ThreshServingtTime is broadcast in system information along with QoffsetTime as adjustment to cell-ranking criterion Rs for serving cell and Rn for neighboring cells so that cells with serving time longer than the threshold will get a bonus:
Rs = Qmeas,s +Qhyst - Qoffsettemp+QoffsetTime
Rn = Qmeas,n -Qoffset - Qoffsettemp+QoffsetTime
· Option 3: A threshold of the serving time ThreshServingtTime is broadcast in system information along with CellReselectionPriorityOffset as adjustment to the cell reselection priority so that the cells with serving time longer than the threshold will be further prioritized.
· Option 4: A rangeToBestCellNTN is broadcast in system information. UE rank the neighbor cells based on the R-criterion while the cells whose R value is within range to best cell of the R value of the highest ranked cell will be considered as candidate cells. Among all these candidate cells, UE will reselect to the cell with longest serving time.
Since network is not able to provide the expire time of all the neighbor cells as it is not easy to broadcast the expire time of the earth moving cells, we understand it would be too exclusive if we go for option 1 and exclude all the neighbor cells for which UE cannot derive the serving time. Option 2/3/4 prioritize cells with longer serving time in different ways but cells with shorter serving time or without information provided to derive the serving time are still under consideration and have the chance to be selected. Thus, option 2/3/4 are preferred from our side and we would like to further down select from them. 
Proposal 2b: Cells with longer serving time should be prioritized in cell reselection.
Proposal 2c: Down select from the following options on how to prioritize cells with longer serving time:
· Option 2: Introduce threshold of the serving time ThreshServingtTime and QoffsetTime as adjustment to cell-ranking criterion Rs and Rn for cells with serving time longer than the threshold. 
Rs = Qmeas,s +Qhyst - Qoffsettemp+QoffsetTime
Rn = Qmeas,n -Qoffset - Qoffsettemp+QoffsetTime
· Option 3: Introduce threshold of the serving time ThreshServingtTime and CellReselectionPriorityOffset as adjustment for cells with serving time longer than the threshold.
· Option 4: Introduce rangeToBestCellNTN. UE rank the neighbor cells based on the R-criterion while the cells whose R value is within rangeToBestCellNTN of the R value of the highest ranked cell will be considered as candidate cells. Among all these candidate cells, UE will reselect to the cell with longest serving time.
2.2. Challenges in provisioning the cell expire time for earth moving cell
FFS are left on whether to use the timing information on when a cell is going to stop serving the area to assist cell reselection and to decide when to perform measurement on neighbor cells. We understand such timing information would be useful for all the cells, including earth moving and earth fixed cells. For earth moving cells, the main challenge is how to provide such information to UE.


Figure 3. An example of earth moving cell scenario
For moving cell, as shown in Figure 3, the expire time of the current cell for UE in different area in this cell would be different, making it difficult to broadcast such information as the system information are broadcast per cell rather than per UE. 
Observation: The expire time of an earth moving cell for UE in different location in the cell would be different, making it difficult to broadcast such information for all UEs under this cell.
One possible solution to let UE aware of the cell expire time is to provide the association cell and satellite as well the beam information (e.g. boresight and/or 3dB bandwidth of each beam) as part of ephemeris information and let UE derive the remaining valid time or serving time of each cell.
Proposal 3: For earth moving cells, the association cell and satellite as well the beam information is provisioned as part of ephemeris information and it is up to UE to derive the serving time or remaining valid time for the serving and neighbor cells.
2.3. Ephemeris/Location assisted cell reselection
In email discussion [POST113bis-e] [101] [NTN] cell reselection [1], the ephemeris/Location assisted cell reselection has been discussed. The majority prefers to support such enhancement in NTN by taking the distance between the UE and the reference location of the cell (serving cell and/or neighbor cell) into consideration.
As mentioned by the majority, we understand the ephemeris assisted cell (re)selection is introduced to address the near-far effect that for cells with large size (e.g. NTN cells), the received signal strength and quality (i.e. RSRP/RSRQ/SINR measured by UE) may not change significantly from the cell center to the cell edge, thus it is not easy for a UE identify the edge of a cell and perform cell reselection when it reaches the edge of a cell. As shown in figure 5, the RSRP/RSRQ for cell#1 and cell#2 measured by UE may be close to each other. Thus UE is not able to identify that it has move to the edge of cell#1 and is now getting close to the cell center of cell#2. As a result, UE may still camp on cell#1 while it could have reselected to cell#2.


Figure 5: An example of cell deployment
By introducing the ephemeris based cell selection and reselection and allow UE to take the distance to cell center into consideration, UE would be able to perform cell reselection at a more appropriate time or select a cell closer to UE.
Proposal 4: Location assisted cell reselection should be introduced in NTN.
Proposal 5: In location assisted cell reselection in NTN, the distance between the UE and the reference location of the cell (serving cell and/or neighbor cell) should be considered.
If the distance to the reference location is considered as the metric for cell (re)selection, UE has to be aware of the location of the cell center and the following solutions can be considered.
· Solution 1: Broadcast the location of the cell center for the serving cell and neighbor cells in system information.
· Solution 2: Provide the association between cell and satellite as well the beam information (e.g. boresight and/or 3dB bandwidth of each beam) for UE to derive the cell center (i.e. the reference location) and such information can be provided as part of the ephemeris.
For earth fixed cell, the cell coverage remains for a relatively longer time thus the reference location would be fixed for some time, making it possible for network to broadcast such a location. But for the earth moving cell, the reference location changes as the cell moves, broadcasting the reference location may require frequent system information update. Thus, we understand solution 1 only works for the earth fixed cell while solution 2 is applicable for both earth fixed cell and earth moving cell thus is preferred from our perspective.
Proposal 6: For earth moving and earth fixed cells, the association between cell and satellite as well the beam information is provisioned as part of the ephemeris and it is up to UE to derive the reference location, i.e. the cell center.
The following options can be considered by taking into account the distance between the reference location and UE during cell reselection procedure. Option 1 can be used to exclude cells too far from UE while option 2 and 3 are mainly used to prioritize cells with shorter distance to UE.
· Option 1: Configure a threshold of the distance between UE and the reference location and only neighbor cells with distance shorter than the threshold will be considered during cell reselection.
· Option 2: Configure a threshold of the distance between UE and the reference location along with an adjustment to the cell reselection priority or Qoffset. Cells with shorter distance between the serving satellite and UE will get a bonus in determination of the reselection priority or R-value calculation.
· Option 3: Configure a rangeToBestCellNTN, cells with R-value within this range will be considered as candidate cells for reselection while UE will re-select to the cell with shortest distance between the reference location and UE.
Proposal 7: Down select from the following options on how to assist cell reselection with awareness of the distance to the reference location:
· Option 1: Configure a threshold of the distance between UE and the reference location and only neighbor cells with distance shorter than the threshold will be considered during cell reselection.
· Option 2: Configure a threshold of the distance between UE and the reference location along with an adjustment to the cell reselection priority or Qoffset. Cells with shorter distance between the serving satellite and UE will get a bonus in determination of the reselection priority or R-value calculation.
· Option 3: Configure a rangeToBestCellNTN, cells with R-value within this range will be considered as candidate cells for reselection while UE will re-select to the cell with shortest distance between the reference location and UE.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Usage of the cell expire time for quasi-earth fixed cell
Proposal 1a: The remaining valid time of the serving cell should be considered by UE to trigger measurement on neighbor cells.
Proposal 1b: UE shall perform intra-frequency measurements if the remaining valid time of the serving cell Tremaining <= TIntraSearch is fulfilled.
Proposal 1c: UE shall perform measurements of NR inter-frequency cells of equal or lower priority if the remaining valid time of the serving cell fulfils Tremaining <= TnonIntraSearch.
Proposal 2a: The serving time of a neighbor cell is derived based on the following equation:
TServingTime = TExpire – T0
TServingTime refers to the serving time of a neighbor cell;
TExpire refers to the expire time of the neighbor cell which is broadcast in the serving cell’s system information;
T0: The time when UE detects the neighbor cell and starts evaluation.
Proposal 2b: Cells with longer serving time should be prioritized in cell reselection.
Proposal 2c: Down select from the following options on how to prioritize cells with longer serving time:
· Option 2: Introduce threshold of the serving time ThreshServingtTime and QoffsetTime as adjustment to cell-ranking criterion Rs and Rn for cells with serving time longer than the threshold. 
Rs = Qmeas,s +Qhyst - Qoffsettemp+QoffsetTime
Rn = Qmeas,n -Qoffset - Qoffsettemp+QoffsetTime
· Option 3: Introduce threshold of the serving time ThreshServingtTime and CellReselectionPriorityOffset as adjustment for cells with serving time longer than the threshold.
· Option 4: Introduce rangeToBestCellNTN. UE rank the neighbor cells based on the R-criterion while the cells whose R value is within rangeToBestCellNTN of the R value of the highest ranked cell will be considered as candidate cells. Among all these candidate cells, UE will reselect to the cell with longest serving time.
Challenges in provisioning the cell expire time for earth moving cell
Observation: The expire time of an earth moving cell for UE in different location in the cell would be different, making it difficult to broadcast such information for all UEs under this cell.
Proposal 3: For earth moving cells, the association cell and satellite as well the beam information is provisioned as part of ephemeris information and it is up to UE to derive the serving time or remaining valid time for the serving and neighbor cells.
Ephemeris/Location assisted cell reselection
Proposal 4: Location assisted cell reselection should be introduced in NTN.
Proposal 5: In location assisted cell reselection in NTN, the distance between the UE and the reference location of the cell (serving cell and/or neighbor cell) should be considered.
Proposal 6: For earth moving and earth fixed cells, the association between cell and satellite as well the beam information is provisioned as part of the ephemeris and it is up to UE to derive the reference location, i.e. the cell center.
Proposal 7: Down select from the following options on how to assist cell reselection with awareness of the distance to the reference location:
· Option 1: Configure a threshold of the distance between UE and the reference location and only neighbor cells with distance shorter than the threshold will be considered during cell reselection.
· Option 2: Configure a threshold of the distance between UE and the reference location along with an adjustment to the cell reselection priority or Qoffset. Cells with shorter distance between the serving satellite and UE will get a bonus in determination of the reselection priority or R-value calculation.
· Option 3: Configure a rangeToBestCellNTN, cells with R-value within this range will be considered as candidate cells for reselection while UE will re-select to the cell with shortest distance between the reference location and UE.
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