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Discussion and Decision
1  Introduction
NTN-TN cell reselection enhancement is one of R18 NTN enhancement objectives. RAN2 has discussed and made good progress on it, but there are still some open issues that need to be discussed or clarified. 
	RAN2#122 Agreements 
1. An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency in the area, if configured, where there is no coverage of that frequency, regardless of the frequency priority

2. Reuse the same format of Rel-17 referenceLocation and distanceThresh for signaling the TN coverage area centre and radius

3. TN coverage info is NOT included in SIB19. FFS if we use an existing SIB or a new one

4. We don’t introduce RRC dedicated signalling to provide more accurate TN coverage information
5. We no longer consider option 3 alone for signaling the frequency information for TN coverage area (in case option 3 should be combined with option 1). Come back in the next meeting to decide between option 2 (plus possible fixes if needed) and option 1+3. 

	RAN2#123 agreements

1. Both of the NR TN coverage and EUTRA TN coverage can be provided.

2. We introduce a new SIB to provide the TN coverage information.
3. A TN coverage area configuration is associated with a TN coverage Area ID. The frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5.


This contribution provides our view on the leftover issues.
2 Discussion

2.1 Signaling design for TN coverage information 
To reflect the association between the TN area and the TN frequency, TN-AreaID information is added under the frequency in SIB4/SIB5. 

In RRC running CR, there is only one TN-AreaID added per frequency in SIB4/5. Since the same TN frequency is possibly deployed over multiple TN areas, the RRC signaling design should support one TN frequency associated with multiple TN areas. 
Proposal 1: Support more than one TN-AreaID is provided per frequency in SIB4/SIB5.
The corresponding TP of the RRC signaling is provided as follows.
	InterFreqCarrierFreqInfo-v1800 ::=  SEQUENCE {

    tn-areaIdList-r18                       TN-AreaIdList-r18                                               OPTIONAL     -- Need R

}
TN-AreaIdList-r18 ::= SEQUENCE (SIZE (1..maxNrofTNAreaPerFreq)) OF TN-AreaId


2.2 Provision of TN coverage information in earth moving cell
According to current RAN2 agreement on TN coverage information provision, it’s not clear whether it could be applicable in earth moving cell. We believe that the same purpose and benefit brought by the TN coverage info are equally applicable to the earth moving cell, so we propose to clarify that the network can also provide the TN coverage information to assist UE operation on TN neighbor measurement in the earth moving cell. 
Proposal 2: Confirm that network can provide the TN coverage information in earth moving cell. 

The typical characteristic of earth moving cell is that the covered geographic area will dynamically change over time. Therefore, for the earth moving cell, network may provide the TN coverage info in the potential coverage areas that may be covered at a certain time point in the future. 
In the example shown in Figure-1, TN frequency deployment of F1-F7 may be covered by the same earth moving cell at the different time points. Then network can broadcast the TN coverage information to carry all the TN frequencies (F1-F7) associated with different TN coverage areas at the same time. With such clarification, we can avoid the frequently SIB change and SIB acquisition in UE side. 
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Figure-1. Example of the earth moving cell

Proposal 3: Confirm that network may provide the TN coverage information for the earth moving cell in the potential coverage area that may be covered in the future. 
The corresponding stage-2 TP of TS38.300 is provided as follows.

	16.14.3.1
Mobility in RRC_IDLE and RRC_INACTIVE

For the NTN-TN mobility, the network may broadcast via a SIB the information on NR TN and EUTRA TN coverage areas in an NR NTN cell. The coverage information consists in a list of geographical TN areas associated with a TN coverage area ID. A TN coverage area ID can be indicated for the associated frequency information in SIB4 and SIB5. UE determines when to perform TN measurement based on the broadcast coverage information. 
NOTE: In earth moving cell scenario, the TN coverage area can be located in the potential coverage of the NTN serving cell in the future. 


2.3 Provision of TN coverage info at the edge of NTN cell
In previous RAN2 discussion on TN coverage information provision, the typical scenario is the TN coverage overlapped with NTN serving cell. And whether network can provide the TN coverage at the edge of NTN cell is unclear. 
Since the NTN serving cell provides wide cell coverage and one NTN cell may cover different countries, the situation of neighboring TN areas on different edges of the cell is different. In the example shown in Figure-2fc, the TN frequencies deployed at the different areas at the edge of the NTN cell are different. From network side, network may broadcast all the neighbor TN frequencies in SIB4/SIB5 for the potential IDLE/INACTIVE mobility, but actually there may only a subset of TN frequencies that really need to be measured at the UE location. For the same purpose of the TN coverage provision in the overlapped coverage, we think network should also provide the TN coverage information to cover the area at the edge of NTN serving cell. And same UE operation can be applied, i.e. UE only performs neighbor measurement on the TN frequencies in the TN coverage area where UE is located. 

Proposal 4: Confirm that network can provide TN coverage information which covers the area at the edge of the NTN serving cell. 
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Figure-2. Example of different TN deployment at the edge of NTN cell

The corresponding stage-2 TP of TS38.300 is provided as follows.

	16.14.3.1
Mobility in RRC_IDLE and RRC_INACTIVE

For the NTN-TN mobility, the network may broadcast via a SIB the information on NR TN and EUTRA TN coverage areas in an NR NTN cell. The coverage information consists in a list of geographical TN areas associated with a TN coverage area ID. A TN coverage area ID can be indicated for the associated frequency information in SIB4 and SIB5. UE determines when to perform TN measurement based on the broadcast coverage information. 

NOTE: Network may provide the TN coverage area which is at the edge of the NTN serving cell.


2.4 UE operation on TN neighbour measurement 
To optimize the TN neighbor measurement on TN frequency based on whether UE is in the associated TN coverage area, in addition that the network provides the TN coverage info, UE can also detect whether there is TN deployment by itself. For example, If UE cannot detect any RS on a TN frequency for some time, it’s possible there is no TN coverage at UE location, and in this case, UE can relax the measurement on that TN frequency or stop the measurement on that TN frequency. Such UE autonomous detection on the TN coverage area can be regarded as the supplementary solution if network doesnot provide the TN coverage data or the provided TN coverage data is too coarse. 

Proposal 5: UE may relax the measurement on a TN frequency if UE doesnot detect RS on that TN frequency for some time. 
The corresponding stage-2 TP of TS38.300 is provided as follows.

	16.14.3.1
Mobility in RRC_IDLE and RRC_INACTIVE

For the NTN-TN mobility, the network may broadcast via a SIB the information on NR TN and EUTRA TN coverage areas in an NR NTN cell. The coverage information consists in a list of geographical TN areas associated with a TN coverage area ID. A TN coverage area ID can be indicated for the associated frequency information in SIB4 and SIB5. UE determines when to perform TN measurement based on the broadcast coverage information. If there is no TN coverage area broadcasted, UE may relax the measurement on the TN frequency if UE cannot detect the RS for some time.


2.5 The usage of TN coverage information in connected mode
The TN coverage information is introduced for idle/inactive measurement, but in connected mode, it’s also beneficial for UE to use the information for the neighbor TN cell measurement. 

For connected measurement, UE will perform the neighbor measurement on the TN frequencies based on network dedicated measurement configuration. Typically, to reduce the RRC dedicated signaling burden caused by the dedicated measurement configuration change, network usually provides the full frequency list to UE via one dedicated measurement configuration. In NTN serving cell, due to the different TN frequencies deployed at the different area, it would be beneficial for connected UE to select the neighbor TN frequencies for measurement based on the TN coverage information.
Proposal 6: TN coverage information can be used for UE to perform TN neighbor measurement in connected mode, i.e., UE doesnot need to perform connected measurement on the TN neighbor frequencies if it's not in the TN coverage area where the UE is located. 
The corresponding stage-2 TP of TS38.300 is provided as follows.

	16.14.3.3
Measurements
……

For a UE in Connected mode, it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell included in the measurement configuration but not included in SIB19. UE determines when to perform TN measurement based on the broadcast coverage information.


2.6 Provision of NTN neighbor cell info in TN cell
On the frequency band shared by TN and NTN cell, RAN2 reached the following agreement in RAN2#121bis meeting. But it’s unclear whether the NTN-specific assistance information (i.e. NTN-NeighCellConfig) can be provided in the SIB of TN cell or not.
	Agreements via email – from offline 107:

1. On a frequency band number shared by TN and NTN (e.g., n1), if NTN-specific assistance information is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell. This understanding is also applicable for Rel-17 and it does not need any spec update


In our understanding, in order to improve the IDLE/INACTIVE mobility performance between TN and NTN cell, it’s beneficial for network to provide the NTN neighbor cell information in TN cell. 

In the example shown in Figure-3, TN network provides the mainland coverage and NTN network provides sea coverage. According to current NTN design, the cell reselection performance between NTN cell and TN cell is different in different direction. 

· Direction 1: NTN -> TN (sea->mainland)

· When UE moves from sea (NTN coverage) to mainland (TN coverage), since network can broadcast the TN neighbor cell/frequency information and TN coverage info in NTN cell, UE can perform the cell reselection from NTN to TN when UE approaches the coastline. 

· Direction 2: TN -> NTN (mainland ->sea)

· When UE moves from mainland (TN coverage) to sea (NTN coverage), since network doesnot provide NTN-specific assistance information in TN cell, UE has no information to perform the cell reselection to NTN neighbor cell. When UE approaches the coastline, UE will continue searching for TN neighbor cell but cannot find the suitable one to camp on, and finally UE has to perform cell selection by its implementation and find NTN cell to camp on it. In this way, UE will take a long time to find a suitable NTN cell to camp on.
Compared to the moving direction from NTN to TN cell, mobility performance in the direction from TN cell to NTN cell is obviously worse. 
Observation: If NTN neighbor cell information is not provided in TN cell, IDLE/INACTIVE UE will take long time to find the suitable cell to camp on and have poor mobility performance in the direction of movement from TN to NTN network. 
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Figure-3. TN cell and NTN cell provide the different coverage in mainland and sea.

To have the same IDLE/INACTIVE mobility performance between TN and NTN network, network should provide the neighbor NTN cell info in TN cell, just like providing the TN neighbor cell info in NTN cell. 
Proposal 7: Support to provide the NTN neighbor cell info in TN cell. 

There are two options for network to provide the NTN neighbor cell info in NTN cell:

· Option 1: broadcast SIB19 in TN cell;

In this option, UE assumes all the neighbor cells in SIB19 are neighbor NTN cells, and all the other cells in SIB 3/4 are TN cells. 

To support this option, it should be clarified in spec that the SIB19 can be broadcasted in TN cell. 

· Option 2: provide NTN neighbor cell info in the SIBs for cell reselection in TN cell (i.e. SIB3/4). 

To support this option, SIB3/4 needs to be updated and include the NTN neighbor cell info, and UE will be based on the NTN neighbor cell info to distinguish NTN cell and TN cell. 

Considering the spec impact, Option 1 requires some clarification on SIB 19 in spec, and Option 2 needs to add new NTN parameters in SIB3/4. Option 1 has less spec impact than Option 2. Since both options can work well, and the spec impacts in both options are acceptable, we propose RAN2 to discuss and choose one of them.
Proposal 8: RAN2 to select one of the following two options to provide the NTN neighbor cell info in TN cell:

· Option 1: SIB19 can be broadcasted in TN cell in order to provide the NTN neighbor cell info;

· Option 2: NTN neighbor cell info can be provided in SIB3 and/or SIB4 in TN cell. 
3  Conclusion
According to the analysis in section 2, we propose that:
< Signaling design for TN coverage information >

Proposal 1: Support more than one TN-AreaID is provided per frequency in SIB4/SIB5.
<Provision of TN coverage information in earth moving cell>
Proposal 2: Confirm that network can provide the TN coverage information in earth moving cell. 

Proposal 3: Confirm that network may provide the TN coverage information for the earth moving cell in the potential coverage area that may be covered in the future. 

<Provision of TN coverage data at the edge of NTN cell>
Proposal 4: Confirm that network can provide TN coverage information which covers the area at the edge of the NTN serving cell. 

< UE operation on TN neighbor measurement>
Proposal 5: UE may relax the measurement on a TN frequency if UE doesnot detect RS on that TN frequency for some time. 
< The usage of TN coverage information in connected mode >
Proposal 6: TN coverage information can be used for UE to perform TN neighbor measurement in connected mode, i.e., UE doesnot need to perform connected measurement on the TN neighbor frequencies if it's not in the TN coverage area where the UE is located. 

<Provision of NTN neighbor cell info in TN cell>

Proposal 7: Support to provide the NTN neighbor cell info in TN cell. 

Proposal 8: RAN2 to select one of the following two options to provide the NTN neighbor cell info in TN cell:

· Option 1: SIB19 can be broadcasted in TN cell in order to provide the NTN neighbor cell info;

· Option 2: NTN neigbhor cell info can be provided in SIB3 and/or SIB4 in TN cell. 
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