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[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#120 meeting, the cell reselection enhancements in NTN-TN scenario were discussed and the following agreements were achieved:
Agreements:
1. [bookmark: OLE_LINK4][bookmark: OLE_LINK3]RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
2. Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.
Based on the agreements above, relative issues for cell reselection enhancement in NTN-TN scenario will be further discussed in this contribution.
Discussion
2.1 [bookmark: OLE_LINK22][bookmark: OLE_LINK23] The content of TN coverage data
[bookmark: OLE_LINK11][bookmark: OLE_LINK14]In RAN2#120, it was agreed to investigate on the details of the TN coverage data before deciding how to send the information to the UE.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]The purpose of providing the TN cell coverage is to assist UE to judge when to start measurement on TN cells. With more accurate TN coverage data, the UE could judge when to perform measurement on TN cell more precisely. On the other hand, this brings more signaling overhead and has higher requirements on the UE storage. The balance between accuracy and signalling overhead/ UE storage should be taken into consideration. However, no matter which solution is adopted to provide the information of TN coverage, this issue exists. So it is unnecessary to wait for the investigation on the details of the TN coverage data and UE storage overhead before deciding how to send the information of TN coverage to UE. These two issues could be discussed independently. So in this section we will discuss the solution on how to provide the TN coverage information to UE. 
Observation 1: No matter which solution is adopted to provide the TN coverage data, the investigation on the details of the TN coverage data is needed. It is unnecessary to wait for the investigation before deciding the solution on the information of TN coverage. 
In the previous meetings, some candidate solutions on the information of TN coverage were proposed as follow:
· Option A: Cycles expressed as reference location and corresponding radius. The TN cells are contained in these circles;
· Option B: The boundary line of TN cell group, the boundary line can be constructed by multiple coordinate points;
· Option C: Provide indication to indicate the existence of TN cells in pre-divided areas. The division of the area is based on certain rules and can be pre-configured to UE.
The evaluation of each solution should take the accuracy and overhead into consideration. 
For option A and B, the TN coverage can be indicated flexibly and accurately. However, both of these two options need serval 2D coordinates and corresponding radius. When the distribution of TN cell is not centralized, these two options will cause large signalling consumption.
For option C, the cell is divided into serval small areas. The existence of TN cell in an area is mapped to one bit. Then, there will be one bit string representing the existence of TN cell in the cell. Two examples are shown in Figure 1. If TN cells present in the area, the bit corresponding to this area will be set as 1; otherwise, it will be set as 0. The area division rules and numbering rules can be preconfigured to UE. By this way, only serval bits are needed to be provided to UE. Once received the indication information, UE can calculate the rough range of TN cells with the help of the NTN cells’ reference location and radius. The overhead of this solution is lower, and the accuracy can be adjusted by divided into different amounts of areas according to the TN deployment for different coverage, which is flexibly.


        
Figure 1: Area division methods and corresponding indications of TN cells.
In summary, we have a preference on option C.
[bookmark: _Toc115439175][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 1: The TN coverage data includes the indication whether TN cell exists in the pre-divided areas which can be preconfigured to the UE. 
Additionally, apart from the coverage information is needed for UE to determine when to trigger the TN measurement, the TN frequency can be associated with each divided area. The TN frequency information is to help the UE determine which frequency to be measurement to avoid scanning all RF channels.
Proposal 2: The TN coverage data should include the associated frequency information of TN cells for each pre-divided area.
2.2  How to provide the TN coverage data to UE
In this section, the issue of how to provide the TN coverage data to UE will be discussed. 
Considering the assistance information is used for cell reselection for idle/inactive UE, and the TN coverage data is common to all the UEs, at least it can be broadcasted via system information. RAN2 can further discuss which SIB used for the assistance information based on the adopted method.
[bookmark: _Toc115439174]Proposal 3: The TN coverage data can be provided to UE via system information.
However, the NTN cells serve a UE on ground is keep changing due to the movement of satellite. These cells may provide different coverage successively and overlap different TN cells. Especially for earth moving cell, the TN cells may move in and move out of NTN cells continuously, as shown in Figure 2, the TN coverage data is keep changing that the network should update the information frequently to guarantee the TN coverage data overlapped with the NTN cell is signaled to the UE.
Observation 2: When the TN coverage data is provided via SI, the network should update the TN coverage data frequently, considering the overlapped TN cells under coverage of NTN cell keep changing.


Figure 2: The TN cells under coverage of NTN cell.
However, in view of UE, after receiving the TN coverage data, the UE gets acknowledge of the distribution of surrounding TN cells. As long as the UE moves with low mobility, the surrounding TN cells are not changed. In this case, UE does not need to read the updated TN coverage data. So the legacy SI updated indication mechanism i.e. paging and valueTag is not applicable for this case.
Observation 3: UE does not need to re-acquire the updated TN coverage data if UE moves with low mobility, due to the surrounding TN cells are not changed.
Proposal 4: The update of parameters related to the TN coverage data will neither result in system information change notifications nor in a modification of valueTag in SIB1.
Based on above proposal, it is nature to put the TN coverage data into one separate SIB.
Proposal 5: Introduce a new SIB to contain the TN coverage data.
Additionally, whether UE needs to re-acquire new TN coverage data depends on whether the surrounding TN cells of the UE is changed instead of the whether the served NTN cell is changed, so some new conditions may need for UE to judge whether the surrounding TN cells is changed, so the UE can determine when to reacquire updated TN coverage data.  E.g. depend on the distance the UE moves. Details on the new condition can further discuss.
Proposal 6: RAN2 to discuss new conditions used for UE to judge when to re-acquire updated TN coverage data, e.g. based on the movement of UE.
2.3  Distinguish of TN frequency or NTN frequency
As discussion above, the TN coverage data should include the coverage information and associated TN frequency broadcasted via separate SIB. The TN cell and NTN cell can be divided easily, i.e., the issue of “whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information” can be solved. Hence, the issue of how to distinguish TN and NTN neighbour cells can be discussed if other requirement is needed.
Proposal 7: It doesn’t need to discuss the issue “whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information”, only if requirement are identified.

3 Conclusion
In this document, we discuss the enhancement on cell reselection. According to the analysis in section 2, the following observation and proposals are provided:
The content of TN coverage data
Observation 1: No matter which solution is adopted to provide the TN coverage data, the investigation on the details of the TN coverage data is needed. It is unnecessary to wait for the investigation before deciding the solution on the information of TN coverage.
Proposal 1: The TN coverage data includes the indication whether TN cell exists in the pre-divided areas which can be preconfigured to the UE. 
Proposal 2: The TN coverage data should include the associated frequency information of TN cells for each pre-divided area.

How to provide the TN coverage data to UE
Proposal 3: The TN coverage data can be provided to UE via system information.
Observation 2: When the TN coverage data is provided via SI, the network should update the TN coverage data frequently, considering the overlapped TN cells under coverage of NTN cell keep changing.
Observation 3: UE does not need to re-acquire the updated TN coverage data if UE moves with low mobility, due to the surrounding TN cells are not changed.
Proposal 4: The update of parameters related to the TN coverage data will neither result in system information change notifications nor in a modification of valueTag in SIB1.
Proposal 5: Introduce a new SIB to contain the TN coverage data.
Proposal 6: RAN2 to discuss new conditions used for UE to judge when to re-acquire updated TN coverage data, e.g. based on the movement of UE.

[bookmark: _GoBack]Distinguish of TN frequency or NTN frequency
Proposal 7: It doesn’t need to discuss the issue “whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information”, only if requirement are identified.
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