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Introduction 
For Rel-18 NR NTN enhancements [1], one objective is to further enhance TN-NTN cell reselection to reduce UE power consumption. And in RAN2#119, the following agreements were made as high-level guidance:
1. RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 
2. RAN2 to work on assistance information that can be provided to NTN UEs for the above.
In RAN2#119bis, further progress was made in this aspect.
1. To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.

1. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
In RAN2#121, the following 3 options were selected for further discussion.
1. 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):
[bookmark: _Hlk131427269]	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.

In this paper, we continue discussing the assistance information provided by the network for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.
Discussion 
To reduce UE power consumption during TN-NTN cell reselection, RAN2 agreed to work on the means for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available. The background is TN frequency is usually with higher priority than NTN frequency, or network can assign different cell specific offset values to prioritize TN cells in case of intra-frequency deployment, and when a UE camps on an NTN cell it may need to keep measuring high-priority TN neighbour cells, even if they are not available in current area. By introducing some means, the intention could be for UE not having to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage for UE power saving.
In RAN2#121, 3 options were down-selected for further discussion:
[bookmark: _Hlk131430102]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.
The following sub-sections explain how to indicate the geographical area of TN neighbour cells within current NTN cell and how those three options (1, 2, and 6) would work.
Option 1: for each TN area, the corresponding geographical area information is provided by network, i.e., approximate cell center and cell radius, as illustrated in Figure 1 there are 3 TN areas within an NTN cell. It could also be up to network implementation to decide how many or which TN cell need to be broadcast for each TN area, e.g., the TN cells crossing the boundary circle between TN and NTN.



Figure 1: circular geographical area of each TN area

[bookmark: _Hlk106374508]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 (e.g., location coordinates of a TN point), as illustrated in Figure 2. This is applicable when an NTN cell covers both parts of oceanic and terrestrial areas as illustrated in Figure 3.



Figure 2: boundary line between TN area and NTN only area
[image: ]
Figure 3: NTN cell covering both oceanic and terrestrial areas

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, as illustrated in Figure 4. There could be an explicit indication for the boundary TN neighbor cells in each TN area (e.g., a list of boundary TN neighbor cells), which can be considered as the target neighbor cells for UEs in NTN-only area for cell reselection. Due to the reduction of the number of broadcast TN neighbor cells, as this is per TN area but not per neighbour cell, the benefit is less signalling overhead compared to the per TN cell assistance information. 





Figure 4: polygon geographical area of each TN area 
[bookmark: _Hlk131624687]These three options can be categorized into two types, close shape (option 1 and 6), and open shape (option 2). For example, when an NTN cell covers both parts of oceanic and terrestrial areas, and there is a boundary line across this NTN cell as illustrated in Figure 3, option 2 is more suitable. And when TN area is totally within an NTN cell, close shape is more suitable. Considering the signalling overhead, in option 1 only the coordinates of cell center and radius need to be broadcast for each TN area, while in option 6 more signalling overhead can be foreseen with polygon shape described as a list to points. But option 6 can provide higher accuracy of the TN area. It’s actually a trade-off between signalling overhead and accuracy. So these options can all be specified (a RRC TP is provided to show the spec impact), and it’s up to network to decide which option to use based on real deployment.
Observation 1:  Option 1 and 6 can be categorized as “close shape” which is more suitable solution when TN area is totally within an NTN cell.
Observation 2: Option 2 can be categorized as “open shape” which is more suitable when NTN cell covers both parts of oceanic and terrestrial areas, and there is a boundary line across this NTN cell
Observation 3: The three options have trade-off between signalling overhead and accuracy, as well as, its applicability depending on the geographical area and coverage of TN/NTN.
Proposal 1: RAN2 adopts following three options to indicate TN geographical areas (leaving up to network the decision of which option(s) to use, e.g., considering network deployment and geographical area):
· 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.
Conclusion
In this paper, we discuss the TN-NTN cell reselection enhancements, and we have the following observations:
Observation 1:  Option 1 and 6 can be categorized as “close shape” which is more suitable solution when TN area is totally within an NTN cell.
Observation 2: Option 2 can be categorized as “open shape” which is more suitable when NTN cell covers both parts of oceanic and terrestrial areas, and there is a boundary line across this NTN cell
Observation 3: The three options have trade-off between signalling overhead and accuracy, as well as, its applicability depending on the geographical area and coverage of TN/NTN.
And we propose:
Proposal 1: RAN2 adopts following three options to indicate TN geographical areas (leaving up to network the decision of which option(s) to use, e.g., considering network deployment and geographical area):
· 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.
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Annex

TP of 38.331

–	SIB19
SIB19 contains satellite assistance information for NTN access.
SIB19 information element
-- ASN1START
-- TAG-SIB19-START

SIB19-r17 ::= SEQUENCE {
[bookmark: OLE_LINK144][bookmark: OLE_LINK143][bookmark: OLE_LINK145]    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
[bookmark: _Hlk94000021]    referenceLocation-r17                    ReferenceLocation-r17                           OPTIONAL,       -- Need R
    distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL,       -- Need R
    ntn-NeighCellConfigList-r17              NTN-NeighCellConfigList-r17                     OPTIONAL,       -- Need R
    lateNonCriticalExtension                 OCTET STRING                                    OPTIONAL,
    ...,
    [[
    ntn-NeighCellConfigListExt-v1720         NTN-NeighCellConfigList-r17                     OPTIONAL        -- Need R
    ]],
[[
	tn-AreaConfig-r18					 	 CHOICE {
		boundaryLine-r18						 BoundaryLine-r18						 	 OPTIONAL,       -- Need R
	tn-AreaList-r18					 		 TN-AreaList-r18							 OPTIONAL,       -- Need R
	tn-FreqList-r18							 TN-FreqList-r18							 OPTIONAL        -- Need R
    }
]]
}

NTN-NeighCellConfigList-r17 ::=          SEQUENCE (SIZE(1..maxCellNTN-r17))  OF NTN-NeighCellConfig-r17

NTN-NeighCellConfig-r17 ::=              SEQUENCE {
    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    carrierFreq-r17                          ARFCN-ValueNR                                   OPTIONAL,       -- Need R
    physCellId-r17                           PhysCellId                                      OPTIONAL        -- Need R
}

BoundaryLine-r18 ::=              SEQUENCE {
	ntn-TN-BoundaryLine-r18         ReferencePointList-r18                     OPTIONAL,       -- Need R
	TN-point-r18					ReferenceLocation-r17					   OPTIONAL        -- Need R
}

ReferencePointList-r18 ::=         SEQUENCE (SIZE (1..FFS)) OF ReferenceLocation-r17

TN-AreaList-r18					  CHOICE {
	circularShape-r18				  SEQUENCE {
		    referenceLocation-r17                    ReferenceLocation-r17                           OPTIONAL,       -- Need R
    		distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL        -- Need R
	},
polygonShape-r18				  Polygon-r18							 OPTIONAL        -- Need R
}

TN-FreqList ::=        SEQUENCE (SIZE (1..FFS)) OF TN-FreqInfo

TN-FreqInfo ::=              SEQUENCE {
carrierFreq-r18              ARFCN-ValueNR                                   OPTIONAL,       -- Need R
	tn-CellList-r18              SEQUENCE (SIZE (1..FFS)) OF PhysCellId          OPTIONAL        -- Need R
}


-- TAG-SIB19-STOP
-- ASN1STOP

	SIB19 field descriptions

	distanceThresh
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each step represents 50m.

	ntn-Config
Provides parameters needed for the UE to access NR via NTN access such as Ephemeris data, common TA parameters, k_offset, validity duration for UL sync information and epoch.

	ntn-NeighCellConfigList, ntn-NeighCellConfigListExt
Provides a list of NTN neighbour cells including their ntn-Config, carrier frequency and PhysCellId. This set includes all elements of ntn-NeighCellConfigList and all elements of ntn-NeighCellConfigListExt. If ntn-Config is absent for an entry in ntn-NeighCellConfigListExt, the ntn-Config provided in the entry at the same position in ntn-NeighCellConfigList applies.

	referenceLocation
Reference location of the serving cell provided via NTN quasi-Earth fixed system and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20].

	t-Service
Indicates the time information on when a cell provided via NTN quasi-Earth fixed system is going to stop serving the area it is currently covering. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field.



[bookmark: _Toc124713310]–	Polygon
The IE Polygon contains coverage information of a geographic shape. The value of the field is same as Polygon defined in TS37.355 [49]. 
Polygon information element
-- ASN1START
-- TAG-POLYGON-START

Polygon-r18 ::= OCTET STRING

-- TAG-POLYGON-STOP
-- ASN1STOP
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