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1. Introduction 
In RAN2#119bis-e meeting, following agreements were made regarding TN neighbour cell measurements.
Agreements:

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.

In RAN2#120 meeting, following agreements were made.

Agreements:

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.
In this document, we provide further details on how UE can estimate the TN coverage presence and how to handle the inaccuracy of coverage prediction.
2. Discussion 

TN coverage area

There have been a lot of discussion to broadcast the coverage information such as reference location and coverage radius via system information. However, one issue with this approach is that there can be multiple TN coverage areas the NTN cell is covering, and the TN coverage area size is not in the level of TN cell coverage but rather it should a larger region or urban or rural area where TN coverage is available.

Providing details of such information incurs a lot of signaling overhead in SIB. Therefore, we think a new mechanism to provide the coverage information should be considered.
One option is to divide an NTN cell coverage into multiple virtual zones and indicate to UE which zones are likely to have the TN coverage as shown in Figure 1. For example, if the NTN cell coverage is divided into 8 zones, only the 8 bits of bitmap can be signalled. This can be good option for GSO and quasi-earth fixed cell scenario, but it may not be perfect in terms of accuracy of coverage information.
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Figure 1 An example of NTN cell divided into zones
SA2 also discussed discontinuous coverage solutions where coverage information can be provided to UE. SA2 has recommended following in TS 23.700-28.
Regarding which information UE has and how UE retrieves it:

-
If possible, accurate UE coverage information is shared with UE, i.e. UE coverage information received from the network with enhanced solution compared to Rel-17.

-
Satellite coverage data may be transferred to a UE from an external server or an AF.
-
Following Rel-17, the UE has satellite assistance information for predication of discontinuous coverage from RAN broadcasts.
It is also possible that same solution to be used to provide UE with the TN coverage information, i.e., together with the satellite coverage data, the TN coverage data could be provided. This information can also be monetized. Therefore, we think the conclusion from SA2 SI should also be considered.

Accuracy of coverage information 
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A simple solution is to introduce a list of coverage areas and coverage area identity in the SIB1 or SIB2 as optional parameter. An example is shown below. It is also possible that the Area ID be a V2X-like zone ID.
CoverageAreaInfo-r18 ::=
SEQUENCE {

    cellreferencePoint-r18 

     SEQUENCE {




  longitude-r18 



INTEGER (-131072..131071),




  latitude-r18 



    INTEGER (-131072..131071)



    } OPTIONAL,

-- Need OP

CoverageAreaInfoList-r18         SEQUENCE (SIZE (1..maxTNcoverage-r18)) OF CoverageArea-r18
}

CoverageArea-r18 ::=

SEQUENCE {


   AreaID-r18


    AreaID-r18 
OPTIONAL,

-- Need OP


   directionInfo-r18

ENUMERATED {N, E, S, W, NE, SE, NW, SW}          

     }

}

Then the coverage Area identity can be indicated in the neighbor cell list in SIB4/5. For example, following can be added to inter-frequency neighbor cell list in SIB4. If a frequency is TN frequency, only coverage Area ID can be present. If one or more coverage Area IDs is present, then UE will have to perform measurement on this frequency or cell only when the UE is located in the area identified by one or more Area IDs. If coverage Area ID is absent, the UE will have no coverage information and will have to perform measurement regardless of where the UE is.

InterFreqNeighCellList-r18::=

SEQUENCE (SIZE (1..maxCellInter)) OF InterFreqNeighCellInfo-r18
InterFreqNeighCellInfo-r18::=

SEQUENCE {


coverageAreaIdList-r18

 SEQUENCE (SIZE (1..maxTNcoverage-r18)) OF AreaId-r18 

        OPTIONAL,

-- Need OP

Proposal 1 TN coverage information with low accuracy includes a reference location and list of coverage area IDs dividing the satellite cell. FFS on whether the area ID refers to direction or V2X-like zone ID with respect to reference.

Proposal 2 In SIB4/5, if the frequency is TN frequency, the one or more area IDs are provided as inter-frequency carrier information for UE to decide whether the UE is required to perform this TN frequency.

Proposal 3 TN coverage data with lower accuracy is broadcast via SIB.

Similar to what SA2 is considering as coverage map can also be considered as high accuracy coverage information. Alternatively, the detail TN coverage data could include a list of reference locations and for each reference location the more accurate area information like in ellipsoid form can be provided. The high accuracy TN coverage data can be provided via dedicated signaling. Such information can be provided by network to only the subscribed UEs. The TN coverage information is likely to remain same, there is no need for network to keep broadcasting all the time incurring SIB signaling overhead. This can be one time information delivery to UE.
Proposal 4 The TN coverage information with high accuracy can be coverage map if SA2 agrees on coverage map for NTN coverage.
Proposal 5 The TN coverage information with high accuracy can be in the form of list of TN coverage area, i.e., a reference location and area in ellipsoid coordinates, i.e., semi major axis, semi minor axis and orientation.

Proposal 6 The coverage information with high accuracy can be provided via UE specific dedicated signaling.

3. Conclusion

Following proposals are made.
Proposal 1
TN coverage information with low accuracy includes a reference location and list of coverage area IDs dividing the satellite cell. FFS on whether the area ID refers to direction or V2X-like zone ID with respect to reference.
Proposal 2
In SIB4/5, if the frequency is TN frequency, the one or more area IDs are provided as inter-frequency carrier information for UE to decide whether the UE is required to perform this TN frequency.
Proposal 3
TN coverage data with lower accuracy is broadcast via SIB.
Proposal 4
The TN coverage information with high accuracy can be coverage map if SA2 agrees on coverage map for NTN coverage.
Proposal 5
The TN coverage information with high accuracy can be in the form of list of TN coverage area, i.e., a reference location and area in ellipsoid coordinates, i.e., semi major axis, semi minor axis and orientation.
Proposal 6
The coverage information with high accuracy can be provided via UE specific dedicated signaling.


3GPP



NTN Cell beam
No TN






































No TN
TN
No TN
No TN
No TN
TN
No TN






UE1
UE2
UE3
“N”
direction
“E”
direction
“S”
direction
“W”
direction
TN cell f4
TN cell f5
Serving Sat f1



