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Introduction
NTN-TN cell reselection enhancements were discussed with the focus on power saving for TN cell measurement. The following agreements were made. 
	Agreements 119:
1. Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-)Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios 
2. RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 
3. RAN2 to work on assistance information that can be provided to NTN UEs for the above.
Agreements 119bis:
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.
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.
Agreements 120:
1. 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. 
Agreements 121:
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):
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.
3. As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
4. 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)
5. We don’t introduce additional cell reselection prioritization rules for NTN vs TN in Rel-18 (e.g. per service type, per mobility state, or per UE type) on top of what specified in Rel-17.


Different options for assistance information for TN cell measurement have been proposed. In this document, we provide our views on what and how to provide the assistance information, and how to use the assistance information.
Discussion
TN coverage information
One discussed issue is how to provide the assistance information for UE to identify a geographic area covered by TN. The following 3 options are discussed and to be down selected.
[bookmark: _Hlk131497501]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.
For option 1, the reference location and the associated distance threshold can provide appropriate accuracy without too much overhead. The UE can know TN is available within the indicated circular area. 
For option 2, the boundary line has to be indicated by multiple location coordinates. If only a single boundary line between TN area and NTN area is provided, the range to search for TN cells can be too large. 
For option 6, the polygon shape is indicated by a set of points with a certain order. The UE can know the boundary of a TN area by connecting the points in a fixed order. For each TN available area, multiple coordinates need to be signaled. If the coverage boundary is irregular, large overhead and complexity are expected. 
As broadcast signalling has been agreed as the baseline to provide the TN coverage information, the trade-off between the information accuracy and the overhead has to be considered. In terms of the accuracy and the overhead of the geographic location information, Option 6 can provide the most accurate location information if many points are indicated which requires the highest cost of overhead, Option 2 has the lowest accuracy with approximately the same overhead as option 6 as they both need to indicate a list of location coordinates. Option 1 can provide location information with medium level of accuracy and lowest overhead.
The purpose of providing the TN coverage assistance information is to help UE save power in searching and measuring TN cells so that UE only need to start to search and measure TN cells when it is in the proximity of or within TN coverage. To this end, it is not necessary to provide the geographic location information of TN coverage with high accuracy or high granularity. As TN cells are usually clustered and a number of TN cells can be available in one area with irregular coverage boundary, providing approximate TN coverage boundary should be sufficient to let the UE identify TN coverage area and then initiate neighbor cell measurement when TN coverage is close. Therefore, Option 1 is the preferred solution. 
Proposal 1: For broadcasting TN coverage information, location coordinates of area center and radius are provided for UE to determine a TN coverage area.
On the other hand, regarding how to use the TN coverage information, some relevant agreements have been made.
	Agreements 119:
1. RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 
Agreements 119bis:
1. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
Agreements 121:
1. We don’t introduce additional cell reselection prioritization rules for NTN vs TN in Rel-18 (e.g. per service type, per mobility state, or per UE type) on top of what specified in Rel-17.



The TN coverage information can be naturally used for measurement initiation in cell reselection. UE is not required to perform TN neighbour cell measurement if there is no TN coverage around. When TN coverage is around, UE can measure TN neighbour cells considering the serving cell quality. To determine if a TN coverage area is around, UE needs to compare its distance to a TN reference location with a certain distance threshold. Option 1 is an easy solution for UE to determine the distance to TN coverage area since the area center and radius are directly provided, which can be used as the TN reference location and the distance threshold. 
If option 1 is adopted, the TN area center and radius can be used as the reference location and the distance threshold for UE to determine the distance to the TN area. If the distance from UE to the TN area center is larger than the TN area radius, the UE is not required to measure TN neighbor cells; otherwise (i.e., if the distance from UE to the TN area center is smaller than or equal to the TN area radius), the UE may choose to measure TN neighbor cells if the current serving cell quality is still good.
Proposal 2: When TN coverage information is broadcasted, UE is not required to measure TN neighbor cells if the distance from UE to a TN reference location is larger than a distance threshold.
Proposal 3: If Proposal 1 and Proposal 2 are agreed, the center coordinates and the radius are used as the reference location and the distance threshold for UE to determine distance to the TN area.
TN neighbour cell measurement in NR band n1
To make the UE aware of TN service is available for a frequency/cell, one solution is to let the UE know if a frequency/neighbor cell is TN or NTN. In the offline discussion in RAN2#119bis-e [1], whether to indicate cell type of a neighbor cell explicitly or implicitly was discussed. In RAN2#120, RAN2 decided to continue the discussion. 
	Agreements 120:
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.


During these meetings, whether frequency band number can implicitly indicate TN or NTN was discussed. We notice that in TS 38.101-5, for NTN satellite operating band, different frequency band numbers are used for TN and NTN overlapping bands, i.e., NTN band n255 is overlapping with TN band n24 and NTN band n256 is overlapping with TN band n65. Thus, for NTN satellite operating band, with different frequency band numbers assigned, FreqBandIndicatorNR can implicitly indicate whether a neighbor cell is TN cell or NTN cell on the overlapping bands. However, this is only applicable to satellite operating band. 
For HAPS, RAN4 has agreed that “NR band n1 as example band for HAPS related coexistence studies at 2GHz”, and TS 38.104 specifies the following. 
 5.2	Operating bands
NR is designed to operate in the operating bands defined in table 5.2-1 and 5.2-2. 
NR operating band n1, which is defined in Table 5.2-1, can be applied for HAPS operation.
NB-IoT is designed to operate in the NR operating bands n1, n2, n3, n5, n7, n8, n12, n13, n14, n18, n20, n25, n26, n28, n41, n65, n66, n70, n71, n74, n90 which are defined in Table 5.2-1.
Thus, for HAPS, the UE cannot distinguish TN and HAPS cells on NR band n1 by frequency band number. Note NTN is specified with implicit compatibility to support HAPS [2]. 
Observation 1: For HAPS, NR operating band n1 is used, the UE cannot distinguish TN cell and HAPS cell by the frequency band number.
Furthermore, some think the UE can distinguish TN and NTN cell based on whether NTN assistance information (e.g., ephemeris) is provided or based on whether the neighbor cell has SIB19 scheduled. It is true that if a neighbor cell’s NTN assistance information is included in the serving cell SIB19, the UE can know that neighbor cell is an NTN cell. But the serving cell’s SIB19 may not include all neighbor cells’ NTN assistance information on a certain frequency (e.g., NR band n1). If a certain neighbor cell is not included in SIB19, the UE still cannot distinguish. Furthermore, from the serving cell’s system information, the UE cannot know whether a neighbor cell has scheduled SIB19 or not. 
Observation 2: The UE cannot know the neighbor cell is NTN (HAPS) or TN from the serving cell’s system information if the neighbor cell’s NTN-specific assistance information is not included in the serving cell’s system information.
In summary, for a frequency band number shared by TN and NTN (HAPS), e.g., NR band n1, if NTN-specific assistance information is provided for a neighbor cell, the UE can know the neighbor cell is an NTN cell; if TN coverage information is provided for a neighbor cell, the UE can know the neighbor cell is a TN cell. For intra-frequency and inter-frequency neighbor cells configured in SIB3/4 but without NTN-specific assistance information or TN coverage information provided, the UE cannot know whether the neighbor cell belongs NTN or TN. For this case, the first question to be answered is if UE needs to know a neighbor cell belongs to TN, e.g., for power saving in measurement.
Observation 3: For intra-frequency and inter-frequency neighbor cells configured in SIB3/4 on NR band n1 but without NTN-specific assistance information or TN coverage information provided, UE cannot know whether such a neighbor cell belongs NTN or TN.
Proposal 4: RAN2 to discuss for intra-frequency and inter-frequency neighbor cells configured in SIB3/4 on NR band n1 but without NTN-specific assistance information or TN coverage information provided, if UE needs to know a neighbor cell belongs to TN.
In this case, if UE needs to know a neighbor cell is TN for saving power in searching and measuring TN cells, the straightforward way is to indicate the type of a neighbor cell (i.e., TN) for intra- and inter-frequency neighbor cell measurement of an NTN serving cell. 
Proposal 5: If UE needs to know a neighbor cell belongs to TN in the case of Proposal 4, the type of a neighbor cell (i.e., TN) is provided for intra- and inter-frequency neighbor cell measurement of an NTN serving cell.
Conclusion
Based on the discussion, we have the following observations and proposals.
Proposal 1: For broadcasting TN coverage information, location coordinates of area center and radius are provided for UE to determine a TN coverage area.
Proposal 2: When TN coverage information is broadcasted, UE is not required to measure TN neighbor cells if the distance from UE to a TN reference location is larger than a distance threshold.
Proposal 3: If Proposal 1 and Proposal 2 are agreed, the center coordinates and the radius are used as the reference location and the distance threshold for UE to determine distance to the TN area.
Observation 1: For HAPS, NR operating band n1 is used, the UE cannot distinguish TN cell and HAPS cell by the frequency band number.
Observation 2: The UE cannot know the neighbor cell is NTN (HAPS) or TN from the serving cell’s system information if the neighbor cell’s NTN-specific assistance information is not included in the serving cell’s system information.
Observation 3: For intra-frequency and inter-frequency neighbor cells configured in SIB3/4 on NR band n1 but without NTN-specific assistance information or TN coverage information provided, UE cannot know whether such a neighbor cell belongs NTN or TN.
Proposal 4: RAN2 to discuss for intra-frequency and inter-frequency neighbor cells configured in SIB3/4 on NR band n1 but without NTN-specific assistance information or TN coverage information provided, if UE needs to know a neighbor cell belongs to TN.
[bookmark: _GoBack]Proposal 5: If UE needs to know a neighbor cell belongs to TN in the case of Proposal 4, the type of a neighbor cell (i.e., TN) is provided for intra- and inter-frequency neighbor cell measurement of an NTN serving cell.
Reference 
[1] R2-2210860 Report of [AT119bis-e][117][NR NTN Enh] cell reselection enhancements (Intel)
[2] RP-223534 Revised WID: NR NTN (Non-Terrestrial Networks) enhancements
