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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the past RAN2 meetings, the enhancements on IDLE/INACTIVE modes for NTN have been discussed. But there are still some open issues, listed below:
· Issue 1: Whether location-based cell (re-)selection should be introduced in NTN?
· Issue 2: Whether neighbor cells’ valid time should be considered in cell reselect decision?
· Issue 3: Relationship among the legacy RSRP/RSRQ-based, time-based and location based cell reselection.
· Issue 4: Whether cell type should be considered during cell (re-)selection?
Hence, in this contribution, we will further discuss the above open issues, and provide corresponding proposals.
Discussion
Whether location-based cell (re-)selection should be introduced in NTN?
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In TN network, the RSRP/RSRQ varies so greatly between cell center and cell edge that UE can roughly determine its distance to the cell center. However, in NTN system, the altitude of satellite orbit caused the difference of RSRP/RSRQ between cell center and cell edge is not obvious. Enhancements should be considered to help UE determine when to initiate measurement. Since there have been some agreements of using stop serving time to initiate measurement in earth fixed scenario. It is needed to consider whether there is any need to enhance measurement initiation by location, if so, how?
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Earth fixed scenario
For the earth fixed scenario, regarding to the location-based cell reselection, the following agreement and working assumption were reached:
Agreements via email  - from offline 108
2.	For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information.
Working Assumption
1. [bookmark: OLE_LINK9]Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell or the neighbor cells) 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.
For earth fixed scenario, it was already agreed that the UE can initiate the measurement based on the timing information on when a cell is going to stop serving the area. However, stop serving time is not sufficient for UE to trigger the cell reselection measurement in some cases. For example, UE is moving in a direction away from the cell center, and will loss coverage before the stop covering time of the serving cell. As shown in figure 1, UE, expressed as “△” , is moving with the speed “v”, and it will out of the cell coverage at t2. Without location information, UE could know it is at the edge of network only by the rapidly decreasing RSRP/RSRQ. It is a little late for cell reselection by then.
[image: ]
Figure 1. UE is moving away from the cell center
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 1: Confirm location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell or the neighbor cells) taken into account, is supported for quasi-earth fixed cell.
Based on the agreement and work assumption mentioned at the beginning of this section, if the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information and UE has valid location information, UE can calculate the distance to cell’s reference location. What requires to be discussed is whether the reference location of both serving cell and neighbor cells are necessary. The discussion is divided into two parts, initiate measurement and make reselection decision.
Firstly, in case of UE is moving away from the cell center, shown as figure 1. As long as UE moves near to cell edge, the measurement should be turned on, regardless of neighbor cell position. With the serving cell’s reference location and a configured threshold, UE could trigger the cell reselection measurement more timely. 
After measuring the RSRP/RSRQ of neighbor cells, UE requires to choose a cell to camp on. To reduce the frequency of cell reselection, UE trends to choose cell with longer valid time. In earth moving scenario, UE could calculate neighbor cell’s valid time by the distance to its reference location (cell center). However, in earth fixed scenario, neighbor cell’s reference location has little correlation to valid time. Knowing neighbor cell’s reference location has little help in process of choosing a cell.
In summary, for earth fixed scenario, the reference location is necessary to initiate cell reselection measurement, and only serving cell’s reference location is needed.
[bookmark: _Ref78980549]Proposal 2: At least for earth fixed scenario, UE should initiate the measurement on neighbor cells when the distance between UE and serving cell’s reference location is above a configured threshold.
Earth moving scenario
For earth moving scenario, if location based cell (re-)selection is supported, the main problem is how to determine the real-time cell center since the serving cell center is always moving in earth moving scenario. According to the discussion for RRC_CONNECTED UE, it was already agreed that:
Agreements in RAN2#112
3.	Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.

[bookmark: OLE_LINK17]Agreements in RAN2#114e
1. Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.
1. The reference location for the event description is defined as cell center.
Based on the above agreements, the UE capability could fulfill the request of calculate real-time cell center in earth moving scenario. Then, RAN2 can consider supporting location based cell reselection for IDLE/INACTIVE UE.
[bookmark: _Ref77692991][bookmark: _Ref78982232]Proposal 3: For earth moving scenario, location based cell (re-)selection can also be introduced, and how to calculate the real-time cell center can be further discussed.
Whether neighbor cells’ valid time should be considered in cell reselect decision?
On the RAN2#114-e meeting, the following agreement was reached: 
Agreements
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
Based on the above agreement, the serving cell’s stop serving time is used to initiate cell reselection measurement. What requires to be further discussed is whether stop serving time should be used in cell reselect decision. There are some options:
· Select the cell with the longest valid time among all candidate neighbor cell;
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Select the cell with the highest RSRP/RSRQ;
· UE rank the neighbor cells based on the RSRP/RSRQ. Among the N cell with the highest RSRP/RSRQ, UE select the cell with the longest valid time.  
In the procedure of reselecting a cell, choose a cell with longer valid time could reduce the number of cell reselection. However, unlike CONNECTED UE, IDLE/INACTIVE UE could get the cell information only by system information. If UE want to reselect a cell with longer valid time, the UE needs to get several neighbor cells’ stop serving time by system information. Considering the SI space is limited, it is suggested that RAN2 would not to add timing information of neighbour cells in SIs. Therefore, in the present stage, UE can make decisions only based on RSRP.
Proposal 4: At least for earth fixed scenario, in process of cell reselection, UE could choose the cell with highest RSRP/RSRQ.
Relationship among the legacy RSRP/RSRQ-based, time-based and location based cell reselection 
For serving cell’s stop serving time is used to initiate cell reselection measurement, together with the cell reference location and RSRP/RSRQ, there are three ways to judge the current network status of UE. If the distance between UE and serving cell’s reference location is greater than a certain value, means that the UE is at cell edge. If the serving cell’s stop serving time is close, means that the serving cell will go. If the RSRP/RSRQ is lower than the threshold, means that the UE is at a poor channel condition. However there is no need to configure all the three ways in every scenario. According to the scenario characteristics, the network selects one or more methods for decision-making. UE can initiate the cell reselection measurement as long as one of the network configured conditions is met.
[bookmark: _GoBack]Proposal 5: At least for earth fixed scenario, considering stop serving time, reference location and RSRP are supported as candidate measurement initiation conditions, UE can initiate the cell reselection measurement when any of the conditions is met.
Whether cell type should be considered during cell (re-)selection?
With the introduction of NTN, the cells can be classified into the following types:
· TN cell;
· Earth fixed cell served by LEO;
· Earth moving cell served by LEO;
· Earth fixed cell served by GEO.
When performing cell (re-)selection, if more than one type of cell can be detected, whether there is cell (re-)selection priority? During the last RAN2 meeting, some companies think TN cell always prioritized over NTN cell and some companies think earth fixed cell always prioritized over earth moving cell.
According to the function division between AS and NAS in RRC_IDLE and RRC_IANCTIVE state as specified in Table 4.2-1 of [1], the NAS layer is responsible for PLMN selection. But till now, it is still unclear whether TN and NTN, LEO and GEO will use same or different PLMN. Hence, in order to make clear whether cell type should be considered during cell (re-)selection in AS layer, it had better send LS to CT1 to check how the PLMN is assigned for TN and NTN, LEO and GEO.
[bookmark: _Ref77692997]Proposal 6: Send LS to CT1 to check whether TN and NTN, LEO and GEO share the same PLMN identity.
Regarding to the earth fixed cell and earth moving cell served by LEO, there seems no need to use different PLMNs for them. If the assumption is acceptable, AS layer can further discuss whether priority is needed for earth fixed LEO cell and earth moving LEO cell during cell (re-)selection. The earth fixed cell can provide longer serving time and less frequent cell re-selection and/or handover, but if it is always prioritized, its overload will be high. Hence, in this release, it had better left to UE implementation. 
[bookmark: _Ref77693000]Proposal 7: The priority of earth fixed cell and earth moving cell during cell (re-)selection can depend on UE implementation in Rel-17.
Conclusion
According to the analysis in section 2, the following proposals are provided:
Proposal 1: Confirm location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell or the neighbor cells) taken into account, is supported for quasi-earth fixed cell.
Proposal 2: At least for earth fixed scenario, UE should initiate the measurement on neighbor cells when the distance between UE and serving cell’s reference location is above a configured threshold.
Proposal 3: For earth moving scenario, location based cell (re-)selection can also be introduced, and how to calculate the real-time cell center can be further discussed.
Proposal 4: At least for earth fixed scenario, in process of cell reselection, UE could choose the cell with highest RSRP/RSRQ.
Proposal 5: At least for earth fixed scenario, considering stop serving time, reference location and RSRP are supported as candidate measurement initiation conditions, UE can initiate the cell reselection measurement when any of the conditions is met.
Proposal 6: Send LS to CT1 to check whether TN and NTN, LEO and GEO share the same PLMN identity.
Proposal 7: The priority of earth fixed cell and earth moving cell during cell (re-)selection can depend on UE implementation in Rel-17.
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