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[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#121 meeting, the cell reselection enhancements in NTN-TN scenario were discussed and the following agreements were achieved:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Agreements:
1. [bookmark: OLE_LINK46][bookmark: OLE_LINK47]TN coverage area information will be associated to the frequency information.
2. RAN2 adopts explicit description of geographical TN area, and focuses on the following options for further discussion, taking the signalling overhead into account (FFS on the accuracy of the information):
	Option 1: The corresponding geographical area information is provided by network with location coordinates of area center and radius.
	Option 2: a boundary line is provided by network in the format of a list of location coordinates, additionally an indication can be used to indicate which side is the TN side
	Option 6: for each TN area, a list of locations is provided by network, and the corresponding close shape could be illustrated by a polygon connecting these points within the list.

Agreements:
1. [bookmark: OLE_LINK42][bookmark: OLE_LINK43]As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
2. Also based on the signalling overhead of the broadcast solution, RAN2 will further consider the option that UE-specific update can be optionally be provided via dedicated signalling, overriding the broadcast configuration (FFS if via RRC or higher layers. FFS on the validity time, if provided by RRC)
Based on the agreements above, the following issues will be discussed in this contribution.
· How to describe the TN coverage;
· Mechanisms for TN coverage provision;
· Validity of TN coverage data.
Discussion
2.1 [bookmark: OLE_LINK22][bookmark: OLE_LINK23] How to describe the TN coverage 
In RAN2#121 [1], the following candidate solutions on how to describe the TN coverage were discussed without final conclusion.
· Option 1: The corresponding geographical area information is provided by network with location coordinates of area center and radius.
· Option 2: a boundary line is provided by network in the format of a list of location coordinates, additionally an indication can be used to indicate which side is the TN side
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Option 6: for each TN area, a list of locations is provided by network, and the corresponding close shape could be illustrated by a polygon connecting these points within the list.
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]Both option 1 and option 2 need multiple coordinates to describe the TN coverage. Take the format of Ellipsoid-Point as an example, for one coordinate, 48 bits are needed. When the distribution of TN cell is distributed throughout the NTN cell, if option 1 or option 2 is adopted to provide the TN coverage data within the whole NTN coverage, the signalling may be up to hundreds or thousands of bits, that is quite large. 
Ellipsoid-Point ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607)		-- 24 bit field
}
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: Both option 1 and option 2 bring high signalling overhead due to multiple coordinates are needed.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For option 6, a list of locations in form of polygon is defined and provided by network. These polygons can be pre-divided according to certain rules. Two examples are shown in Figure 1, for the left one, the NTN cell is divided evenly into 8 triangle areas around the cell center. For the right one, the NTN cell is divided into 9 square areas. Within each area, the existence of TN cell is mapped to one bit. If TN cells present in the area, the bit will be set as 1; otherwise, it will be set as 0. By this way, only tens of bits are needed to indicate the appearance of TN cells within the NTN cell coverage.


Figure 1: Area division in form of polygon and corresponding indications of TN cells.
Observation 2: When the polygon in option 6 is pre-divided according to certain rules and pre-configured to UE, only tens of bits are needed to indicate the appearance of TN cells within the NTN cell coverage.
We have a preference on the final option because of its lower signalling overhead.
[bookmark: _Toc115439175]Proposal 1: The NTN cell coverage is divided into serval areas, which are described as polygons according to certain rules. 
Proposal 2: A list of bit is used to provide the TN coverage by indicating the appearance of TN cells in different areas.
2.2  Mechanisms of provision for TN coverage data
In RAN2#121, it was agreed that the TN coverage data can be provided to UE via broadcast signalling. The NTN cell is large, and the TN distribution among NTN cell could be dispersive. Considering the signalling overhead, the network may not configure precise enough TN coverage data to UE via SI. However, a UE may have greater interest to the TN cells nearby, e.g. the UE wants to know the exact location of each cell. The accuracy of the TN coverage data provided via SI may be not enough. Considering UE could report its position during connected state, if the UE have higher requirement on accuracy TN cell coverage, NW could provide more accurate TN coverage data according to UE’s position.
Based on current specification, it allows the NW to provide cell reselection information to UE using dedicated cell reselection information, i.e., RRC release message. Hence, we can follow this similar mechanism, e.g. providing TN coverage data via RRC release message to the UE.
Proposal 3: Dedicate signalling, e.g. RRCRelease, can be used to provide TN coverage data around the UE.
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]In legacy, if cell reselection information is provided in dedicated signalling, the UE shall ignore the information provided in system information. The same principle can be used for TN coverage data too. If TN coverage data is provided in dedicated signalling, the UE shall ignore the TN coverage data provided in system information. 
Proposal 4: If TN coverage data is provided in dedicated signalling, the UE shall ignore the TN coverage data provided in system information.
2.3 [bookmark: OLE_LINK40][bookmark: OLE_LINK41] Validity of TN coverage data
From NW’s perspective, the NTN cell coverage on ground is keep changing due to the movement of satellite. For earth-fixed cell, during the serving time for certain location, the TN cell under the NTN cell is stationary. The TN coverage data provided during the serving time could be unchanged. But for earth moving cell, the TN cells may move in and move out of NTN cells continuously, as shown in Figure 2.
Since the TN coverage data is keep changing, when the TN coverage data is provided via broadcast signalling, the network should update the information frequently to guarantee the TN coverage data overlapped with the NTN cell is signalled to the UE.
[bookmark: OLE_LINK11][bookmark: OLE_LINK14]Observation 3: For earth-moving cell, the TN cell under coverage of NTN cell keeps changing. The network will update the TN coverage data via SI to ensure fresh coverage information of the TN cells.


Figure 2: The TN cells under coverage of NTN cell.
However, in view of UE, after receiving the broadcast TN coverage data, the UE gets acknowledge of the distribution of surrounding TN cells. As long as the UE moves with low mobility, it can be assumed that the surrounding TN cells are not changed. In this case, UE does not need to read the updated TN coverage data, no matter the NTN cell is earth-moving cell or earth-fixed cell.
Observation 4: UE doesn’t need to re-acquire the updated TN coverage data if UE doesn’t change its position, because the surrounding TN cells are not changed.
Due to the reason that the UE doesn’t need to re-acquire the updated TN coverage data, the update of the TN coverage doesn’t need to inform UE. So the legacy SI change notification mechanism is not applicable for the TN coverage related parameters. 
Proposal 5: 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.
Whether the TN coverage data, acquired via broadcast signalling or dedicate signalling, is valid depends on whether the surrounding TN cells of the UE is changed instead of the whether the served NTN cell is changed. New condition is needed for UE to judge whether the stored TN coverage data is valid. The following conditions can be taken into consideration:
· When the distance between UE current location and the location where UE received the stored TN coverage data exceeds a distance threshold;
· When stored version of TN coverage data after a duration threshold from the moment it was received.
Proposal 6: UE shall consider the stored TN coverage data is invalid when one of the following conditions is met:
· When the distance between UE current location and the location where UE successfully received the stored TN coverage data exceeds a distance threshold;
· When stored version of TN coverage data after a duration threshold from the moment it was successfully received 
When the TN coverage data becomes invalid, UE may re-acquire the system information to obtain the updated TN coverage data.
Proposal 7: When the stored TN coverage data was considered as invalid, UE shall re-acquire the system information to obtain the updated TN coverage data.
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:
How to describe the TN coverage
Observation 1: Both option 1 and option 2 bring high signalling overhead due to multiple coordinates are needed.
Observation 2: When the polygon in option 6 is pre-divided according to certain rules and pre-configured to UE, only tens of bits are needed to indicate the appearance of TN cells within the NTN cell coverage.
Proposal 1: The NTN cell coverage is divided into serval areas, which are described as polygons according to certain rules. 
Proposal 2: A list of bit is used to provide the TN coverage by indicating the appearance of TN cells in different areas.

Mechanisms for TN coverage provision
Proposal 3: Dedicate signalling, e.g. RRCRelease, can be used to provide TN coverage data around the UE to UE.
Proposal 4: If TN coverage data is provided in dedicated signalling, the UE shall ignore the TN coverage data provided in system information.

Validity of TN coverage data
Observation 3: For earth-moving cell, the TN cell under coverage of NTN cell keeps changing. The network will update the TN coverage data via SI to ensure fresh coverage information of the TN cells.
Observation 4: UE doesn’t need to re-acquire the updated TN coverage data if UE doesn’t change its position, because the surrounding TN cells are not changed.
Proposal 5: 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 6: UE shall consider the stored TN coverage data is invalid when one of the following conditions is met:
· When the distance between UE current location and the location where UE successfully received the stored TN coverage data exceeds a distance threshold;
· When stored version of TN coverage data after a duration threshold from the moment it was successfully received 
Proposal 7: When the stored TN coverage data was considered as invalid, UE shall re-acquire the system information to obtain the updated TN coverage data.
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