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[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]In RAN2#119bis-e meeting, the cell reselection enhancements on NTN-TN scenario and earth moving cell scenario were discussed and reached the following agreements:
Agreements:
1. For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)
2. [bookmark: OLE_LINK4][bookmark: OLE_LINK14]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.

Agreements:
1. System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
2. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
3. The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.
4. In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE
Based on the agreements above, we further discuss these relative issues for cell reselection, and observations as well as proposals were provided.
Discussion
2.1  Cell reselection enhancements on NTN-TN scenario
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In RAN2#119bis-e, it was agreed that means need to be 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, and UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage. Hence the related power consumption can be saved. To help UE identify the TN cell scope, additional assistance information is needed. Considering the assistance information is used for cell reselection for idle/inactive UE, at least it should be broadcasted via SI. RAN2 could further discuss which SIB used for the assistance information based on the adopted method.
[bookmark: _Toc115439174][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1:  System information is the basic means of providing the assistance information for UE to differentiate whether the area is only covered by NTN network or TN network(s) is also available. RAN2 to further discuss which SIB will be used.
To avoid unnecessary measurement on TN cell, the most straightforward way is to broadcast the location information of TN coverage, so that UE can know whether it is necessary to initiate the measurement. There are serval possible ways to describe the scope of TN coverage:
· Option A: A list of reference location with 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 several coordinate points;
· Option C: Indication information to indicate the presence of TN cells in different areas, which are pre-divided according to certain rules.
For option A and B, the TN scope can be indicated flexibly and accurately. However, both of these two options need serval 2D coordinates and may be also need corresponding radius. For the TN cells which are not centralized, it will cause large signalling consumption.
For option C, as shown in Figure 1, if TN cells present in an area, the bit in the indication information corresponding to this area will be set as 1, otherwise, 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 calculated the rough area range of TN cells with the help of the NTN cells’ reference location and radius.


        
Figure 1: Area division method and corresponding indication of TN cells.
Considering the distribution of the TN cell in the NTN cell maybe distributed, for option A and option B, large signaling overhead will be introduced For option C, it is more flexible to divide the areas to control the balance between the signalling overhead and the accuracy of the indication. Hence, we have a preference on option C.
[bookmark: _Toc115439175]Proposal 2: The assistance information provided by NTN cell can include the indication information to indicate the presence of TN cells in pre-divided areas, the area division rules and numbering rules can be preconfigured to UE.
2.2  Cell reselection enhancements on earth moving cell scenario
[bookmark: OLE_LINK16][bookmark: OLE_LINK18]In RAN2#119bis, it was agreed that, in Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. How the reference location and/or distance threshold are provided to the UE will be further studied.
For earth moving cell, the cell stop serving time is per UE and based on the distance from UE to cell edge, which means the time-based solution and location-based solution are the same in logical. In the following part, the time-based solution will not be discussed separately.
Observation 1: For earth moving cell, the cell stop serving time is per UE and based on the distance from UE to cell edge. It's logically that time-based solution and location-based solution are the same.
To determine the cell stop serving time and support cell reselection for earth moving cell, the main problem is how to determine the real-time cell position, which can be described as reference location or the cell edge. Some possible solutions are given as follow:
· Option A: Provide UE the coordinate of reference location with timestamp and the moving speed of the cell. UE can calculate the real time reference location based on the reference location with the timestamp and the moving speed. One example is shown as the following figure.


Figure 2: calculate the real time reference location by coordinate with timestamp.
· Option B: Provide UE the relative coordinate of the cell center, the relative coordinate is reference to the coordinate of sub-satellite point. The coordinate of sub-satellite point can be calculated by the ephemeris of satellite. Additionally, the cell radius or a threshold is also needed for UE to calculate the cell edge.


Figure 3: Relative coordinates reference to the coordinate of sub-satellite point.
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Option C: Provide UE the beam antenna angle of the cell center. The beam angle of the cell center is reference to the direction of sub-satellite point. With the information of beam antenna angle, UE can calculate the coordinate of cell center. Additionally, the cell radius or a threshold is also needed for UE to calculate the cell edge.


Figure 4: Beam antenna angle reference to the direction of sub-satellite point.
For option A, after receiving this assistance information, UE can calculate the real time reference location in certain time duration. However, to ensure the predict accuracy, the network may need to update this information frequently. For option B and option C, the relative coordinate reference to sub-satellite point or the beam antenna angle is unchanged for earth moving cell. Hence, there is no need to update relative coordinate of the cell during the whole serving time. These two options make full use of the time information contained in the ephemeris, which is already supported in Rel-17, and have advantages on the signalling aspect than option A.
Hence, we have a preference on option B and C.
[bookmark: _Toc111018802][bookmark: _Toc111018905][bookmark: _Toc111018977][bookmark: _Toc115439176]Proposal 3: RAN2 to discuss the following two options on how to provide the reference location and/or distance threshold to UE.
· Provide UE the relative coordinate of the cell center and the cell radius/a threshold. The relative coordinate of cell center is reference to the coordinate of sub-satellite point.
· [bookmark: OLE_LINK15][bookmark: OLE_LINK17]Provide UE the beam antenna angle of the cell center and the cell radius/a threshold. The beam angle of the cell center is reference to the direction of sub-satellite point.
With knowing the real-time location information of serving cell and/or neighbour cells, the following issues related to cell reselection procedure need to be discussed. 
· Issue#1: Initiate measurement on neighbor cells
In R17, the location-based solution is agreed for quasi-earth-fixed cell scenario. Based on the existing protocol TS 38.304 [1], UE will keep measuring higher priority frequency and may choose not perform neighbor cell measurements of equal or low priority frequency if the conditions of distance threshold and RSRP/RSRQ threshold are fulfilled. For earth moving cell scenario, with knowing the real-time reference location, these mechanisms are also applicable.
	[bookmark: _Toc29245206][bookmark: _Toc37298552][bookmark: _Toc46502314][bookmark: _Toc52749291][bookmark: _Toc108988316]5.2.4.2	Measurement rules for cell re-selection
Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ:
-	If distanceThresh is broadcasted in SIB19, and if UE supports location-based measurement initiation and has obtained its location information:
[bookmark: _Hlk96333131]-	If the distance between UE and the serving cell reference location is shorter than distanceThresh, the UE may not perform intra-frequency measurements;
-	Otherwise, the UE shall perform intra-frequency measurements;
-	Otherwise, the UE may not perform intra-frequency measurements;
-	Otherwise, the UE shall perform intra-frequency measurements.
-	The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-	For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-	For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ:
-	If distanceThresh is broadcasted in SIB19, and if UE supports location-based measurement initiation and has valid UE location information:
-	If the distance between UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8];
-	Otherwise, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8].
-	If the UE supports relaxed measurement and relaxedMeasurement is present in SIB2, the UE may further relax the needed measurements, as specified in clause 5.2.4.9.


Thus we propose:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK11][bookmark: _Toc111018803][bookmark: _Toc111018906][bookmark: _Toc111018978][bookmark: _Toc115439177][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Proposal 4: For earth moving cell, taking real-time reference location of the serving cell into consideration, reuse the R17 location-based neighbour measurement initiation solution for RRC_IDLE and RRC_INACTIVE UEs:
·  UE may choose not to perform neighbour cell measurements of “NR intra-freq or inter-freq with equal or lower priority, or inter-RAT freq with lower priority”, if (the distance between UE and serving cell real-time reference location is shorter than a threshold) and (legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).
· UE shall perform neighbour cell measurements of “higher priority NR inter-frequency or inter-RAT frequencies” regardless of the distance between UE and serving cell reference location.
· Issue#2: Cell reselection criteria.
In R17, for quasi-earth-fixed cell, the location-based cell reselection criteria are discussed and agreed that enhanced cell reselection criteria is not introduced which is agreed in RAN2#118e-meeting.
RAN2#118e Agreements:
1. Location based cell reselection method is not introduced in NR NTN Rel-17
Actually, it is very likely that UE can only detect the next upcoming cell. So it is not clear whether taking the location factor into considering will bring obvious benefits. On other hand, to support this enhancement, some assistance information of neighbour cells need to be provided to UE, which will bring additional signalling overhead. The calculation consumption of UE is also raised. Meanwhile, if the cell reselection takes both the location/time information and the radio link quality information into consideration, how to determine the suitable cell to camp will be complex. So, we proposed not to enhance the cell reselection criteria based on location and/or time for earth moving cell.
[bookmark: _Toc111018804][bookmark: _Toc111018907][bookmark: _Toc111018979][bookmark: _Toc115439178]Proposal 5: Location-based or time-based enhancements on cell reselection criteria are not supported for earth-moving cells.
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:
Cell reselection enhancements on NTN-TN scenario
Proposal 1:  System information is the basic means of providing the assistance information for UE to differentiate whether the area is only covered by NTN network or TN network(s) is also available. RAN2 to further discuss which SIB will be used.
Proposal 2: The assistance information provided by NTN cell can include the indication information to indicate the presence of TN cells in pre-divided areas, the area division rules and numbering rules can be preconfigured to UE.

Cell reselection enhancements on earth moving cell scenario
Observation 1: For earth moving cell, the cell stop serving time is per UE and based on the distance from UE to cell edge. It's logically that time-based solution and location-based solution are the same.
Proposal 3: RAN2 to discuss the following two options on how to provide the reference location and/or distance threshold to UE.
· Provide UE the relative coordinate of the cell center and the cell radius/a threshold. The relative coordinate of cell center is reference to the coordinate of sub-satellite point.
· Provide UE the beam antenna angle of the cell center and the cell radius/a threshold. The beam angle of the cell center is reference to the direction of sub-satellite point.
Proposal 4: For earth moving cell, taking real-time reference location of the serving cell into consideration, reuse the R17 location-based neighbour measurement initiation solution for RRC_IDLE and RRC_INACTIVE UEs:
·  UE may choose not to perform neighbour cell measurements of “NR intra-freq or inter-freq with equal or lower priority, or inter-RAT freq with lower priority”, if (the distance between UE and serving cell real-time reference location is shorter than a threshold) and (legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).
· UE shall perform neighbour cell measurements of “higher priority NR inter-frequency or inter-RAT frequencies” regardless of the distance between UE and serving cell reference location.
4 Reference
[1]. [bookmark: _Ref115439702]3GPP TS 38.304 V17.1.0 User Equipment (UE) procedures in Idle mode and RRC Inactive state
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