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1. Introduction
The following agreements have been made for enhancements on cell selection and reselection in NTN:
· Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.
· 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.
In this paper, we share some further consideration on the ephemeris assisted cell (re)selection as well as usage and provision of the cell expire time and upcoming cell info.
2. [bookmark: _Toc12718547]Discussion
2.1. Usage and provision of the cell expire time and upcoming cell info
The cell expire time and upcoming cell info has been considered to be helpful in cell reselection procedure by a lot of companies at RAN2#112e [1] and email discussion [Post112-e] [153] [NTN] Idle mode issues (Nokia) [2]. We would like to share understanding on the usage of such information at UE side during cell reselection procedure as well as the provision of such information.
2.1.1. Usage and provision of the cell expire time
Regarding the usage of the cell expire time at UE side, the following possibilities can be considered after UE derive the remaining valid time of cell using the cell expire time:
· Trigger intra-frequency measurements or measurements on inter-frequency with an equal or lower reselection priority. 
For example, a TIntraSearch and a TnonIntraSearch can be configured to UE. UE will start to perform intra-frequency measurements when the remaining valid time of the current cell Tremaining <= TIntraSearch before the Srxlev <= SIntraSearchP or SSqual <= SIntraSearchQ is fullfiled. Similarly, UE will start to perform measurments on inter-frequency with an equal or lower reselection priority when Tremaining <= TnonIntraSearch before the Srxlev <= SnonIntraSearchP or SSqual <= SnonIntraSearchQ is fullfiled. 
· Help UE reselect a cell with longer valid time.
For example, a threshold of the remaining valid time together with adjustments on the R-value or reselection priority can be configured to UE, neighbor cells with remaining valid time longer than the threshold will get a bonus by improving the reselection priority or R-value with the adjustment factor configured. 
To find a cell with high RSRP and longest valid time, a rangeToBestCellNTN can be configured. 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 valid time.
Proposal 1: With awareness of the cell expire time of the camped cell and neighbor cells, idle mode UE may use it to drive the remaining valid time of the current cell or neighbor cells to decide whether to trigger intra-frequency/ inter-frequency measurements or to reselect a cell with longer valid time.
With the above understanding on the usage of the cell expire time of the camped cell and neighbor cell, we would like to share our understanding on the provision of such information.


Figure 1. Earth moving cell scenario- example 1
For moving cell, as shown in Figure 1, 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 1: 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 cell deployment information of each satellite as part of ephemeris information and let UE derive the expire time of each cell. 


Figure 2. An example of the fixed cell scenario
For fixed cell, since the cell coverage can be relatively fixed on the ground, and the cell expire time would be the same for all the UEs under this cell, which is possible for network to broadcast such information while UE derivation of the cell expire time based on the ephemeris (including the cell deployment for each satellite) would not be easy. The feeder link switch in fixed cell scenario, which is not easy to predict based only on the ephemeris, may cause the change of cell id and thus impact the value of the expire time. Thus, broadcasting the expire time is preferred for earth fixed cell.
With the consideration above, the following proposals are given on provision of expire time for earth fixed cells and earth moving cells.
Proposal 2: The cell deployment information of each satellite is provisioned as part of ephemeris information and it is up to UE to derive the expire time for earth moving cells to assist cell reselection.
Proposal 3: The expire time of earth fixed cells is broadcast in system information to assist cell reselection.
2.1.2. Usage and provision of the upcoming cell information


Figure 3. Earth moving cell scenairo- exmaple 2
Regarding the “upcoming cell information” for the moving cell scenario, for the case when only the cells served by satellites in the same orbit are considered, would be same for all the UEs under a certain cell as the satellite moving direction is fixed. Thus, it is still workable for an earth moving cell to broadcast the upcoming cell information per cell.
For fixed cell, since the cell coverage can be relatively fixed on the ground, the upcoming cell information can also be broadcast in system information. For the case when the PCI is changed after feeder link switch and a new satellite takes charge to cover the same area, the upcoming cell information can simply be the new PCI.
Before broadcasting such information, it is worth considering the usage of such information at UE side and check if there is any need to highlight its difference from the neighboring cells which are now broadcasting in system information to UE. The upcoming cell information is usually the cell who is going to cover the same area as the current cell when the current cell expires based on NW prediction. However, the upcoming cell is not always the appropriate reselection target as the UE movement cannot be predicted by NW.


Figure 4. Earth fixed cell - Example (2)
As shown in the above figure 4, at T1, UE is camping on cell#1 served by satellite#1 and the upcoming cell for T3 would be cell#3 with the same coverage as the cell#1. If UE does not move from T1 to T3, cell#3 might be a great reselection target for UE at T3. However, if UE move a little bit and turns to be near the cell edge of cell#3 at T3 and close to the cell center of cell#2, cell#2 would be a better choice than cell#3 at T3. Thus, we understand the upcoming cell cannot simply be considered by UE as reselection target when the current cell expires and there is no need to prioritize such cells in cell reselection.
Observation 2: The upcoming cell cannot simply be considered by UE as reselection target when the current cell expires and there is no need to prioritize such cells in cell reselection.
Although the upcoming cell is not always the appropriate reselection target when the current cell expires, it is still a cell with high probability to be re-selected by UE, which is worth to be measured by UE. In addition to the upcoming cell information for the camped cell, the upcoming information for the neighbor cells may be helpful for UE to identify the candidate cells for reselection and perform measurements. However, by T3, UE would anyway be able to identify cell#2/cell#3 and perform measurements accordingly, there seems to be not much value in knowing such information in advance.
Observation 3: There seems to be not much benefit in broadcasting the upcoming cell information.
2.2. Ephemeris assisted cell (re)selection
At RAN2#111e [3], the following agreements have been made on ephemeris assisted cell selection and reselection:
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.
In our understanding, 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
Thus, by introducing the ephemeris based cell selection and reselection, one of the intention is to let UE perform reselection with the distance to satellite/distance to cell center taken into consideration.
The following enhancements can be considered by taking into account the distance between the satellite/cell center and UE during cell reselection procedure:
· Enhancement 1: Configure a Threshold of the distance between UE and the satellite/cell center and only neighbor cells with distance shorter than the Threshold will be considered during cell selection or reselection.
· Enhancement 2: Configure a Threshold of the distance between UE and satellite/cell center 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.
· Enhancement 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 serving satellite/cell center and UE.
Before down selection from all the possible enhancements mentioned above, we would like to understand what would be good metrics in cell (re)selection evaluation in addition to the RSRP/RSRQ, distance between UE and the satellite, distance between UE and the cell center or both.


Figure 6: Cell (re)selection with distance to satellite/cell center considered
As shown in the above figure, the RSRP of cell#1 and cell#2 are similar to each other (e.g. the difference in RSRP are within a certain range). The distance between UE and the serving satellite is shorter in cell#2 than in cell#1 while the distance between UE and cell center is shorter in cell#1 than cell#2. 
· If distance between UE and satellite is considered as a more important measure, a rangeToBestCellNTN can be considered, cells with R-value within this range will be considered as candidate cells for re-selection. Assuming that both cell#1 and cell#2 are within this range, UE will reselect to cell#1 (i.e. the cell with shortest distance between UE and the serving satellite).
· If distance between UE and cell center is considered as a more important measure, a rangeToBestCellNTN can be considered, cells with R-value within this range will be considered as candidate cells for re-selection. Assuming that both cell#1 and cell#2 are within this range, UE will reselect to cell#2 (i.e. the cell with shortest distance between UE and cell center).
· If both of distance between UE and cell center and distance between UE and satellite should be considered, threshold for distance between UE and cell center as well as threshold for distance between UE and satellite can be configured. Assuming both cell#1 and cell#2 are shorter than these thresholds, UE will reselect to the cell with higher RSRP.
Proposal 4: RAN2 to discuss what should be considered during cell (re)selection evaluation in addition to the RSRP/RSRQ and reselection priority:
(1) The distance between UE and satellite
(2) The distance between UE and cell center
(3) Both
If distance between UE and the satellite is considered as the metric for cell (re)selection, UE can derive satellite location based on the ephemeris information (e.g. the orbital parameters or the PVT of a satellite) to calculate the distance. In addition, as mentioned during the email discussion, the selection and reselection are performed per cell level thus the association between the cells and satellites should also be provided, e.g. by providing the PCI list served by each satellite.
Proposal 5: If distance between UE and the satellite is considered as the metric for cell (re)selection, the association between satellite and cells should be provided to UE.
If the distance to the cell center is considered as the metric for cell (re)selection, it has to be aware of the location of the cell center and the following solution 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 and such information can be provided as part of the ephemeris information.
Proposal 6: If the distance between UE and the cell center is considered as the metric for cell (re)selection, the location of the cell center should be known to UE.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Usage and provision of the cell expire time and upcoming cell info
Proposal 1: With awareness of the cell expire time of the camped cell and neighbor cells, idle mode UE may use it to drive the remaining valid time of the current cell or neighbor cells to decide whether to trigger intra-frequency/ inter-frequency measurements or to reselect a cell with longer valid time.
Observation 1: 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 2: The cell deployment information of each satellite is provisioned as part of ephemeris information and it is up to UE to derive the expire time for earth moving cells to assist cell reselection.
Proposal 3: The expire time of earth fixed cells is broadcast in system information to assist cell reselection.
Observation 2: The upcoming cell cannot simply be considered by UE as reselection target when the current cell expires and there is no need to prioritize such cells in cell reselection.
Observation 3: There seems to be not much benefit in broadcasting the upcoming cell information.
Ephemeris assisted cell (re)selection
Proposal 4: RAN2 to discuss what should be considered during cell (re)selection evaluation in addition to the RSRP/RSRQ and reselection priority:
(1) The distance between UE and satellite
(2) The distance between UE and cell center
(3) Both
Proposal 5: If distance between UE and the satellite is considered as the metric for cell (re)selection, the association between satellite and cells should be provided to UE.
Proposal 6: If distance between UE and the cell center is considered as the metric for cell (re)selection, the location of the cell center should be known to UE.
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