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1. Introduction 
In RAN2#121 meeting, following agreements were made.

Agreements:

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)

In this document, we provide further signaling details of TN coverage.
2. Discussion 

In the last RAN2 meeting, there seems to be more interest in having list of coordinates as coverage information. A simple solution is to introduce a list of coverage areas and coverage area identity in the system information as optional parameter. It can be included in existing SIB like SIB1 or SIB19. An example is shown below. It is also possible that the coverage Area ID be used.
CoverageAreaInfoList-r18         SEQUENCE (SIZE (1..maxTNcoverage-r18)) OF CoverageAreaInfo-r18
CoverageAreaInfo-r18 ::=

SEQUENCE {


   areaID-r18


    
AreaID-r18 




OPTIONAL,

-- Need OP


   cellreferencePoint-r18       ReferenceLocation-r17    
OPTIONAL,       -- Need R

       distanceRadius-r17           INTEGER(0..65525)        
OPTIONAL,       -- Need R                           
     }

Proposal 1 TN coverage information in system information includes a list of reference locations and their corresponding radius distance.

Proposal 2  Introduce coverage Area identity.

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 3 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 measurement on this TN frequency.

Similarly, when multiple PLMNs are sharing the RAN, it is possible that the TN coverage information is different for different PLMN. It is also possible multiple PLMNs have overlapping coverage but one PLMN will have larger coverage (i.e., distance radius of the coverage) than the other. It is better to indicate which Area IDs are the coverage of which PLMNs. This can be done with simple extension as shown below.

PLMN-IdentityInfoList ::=               SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-IdentityInfo

PLMN-IdentityInfo ::=                   SEQUENCE {

    plmn-IdentityList                       SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity,

    trackingAreaCode                        TrackingAreaCode                                            OPTIONAL,       -- Need R

    ranac                                   RAN-AreaCode                                                OPTIONAL,       -- Need R

    cellIdentity                            CellIdentity,

    cellReservedForOperatorUse              ENUMERATED {reserved, notReserved},

    ...,

    [[

    iab-Support-r16                     ENUMERATED {true}                                               OPTIONAL       -- Need S

    ]],

    [[

    trackingAreaList-r17                SEQUENCE (SIZE (1..maxTAC-r17)) OF TrackingAreaCode             OPTIONAL,      -- Need R

    gNB-ID-Length-r17                   INTEGER (22..32)                                                OPTIONAL       -- Need R

    ]],


[[

    areaIdList-r18                SEQUENCE (SIZE (1..maxTNcoverage-r18)) OF AreaId-r18 OPTIONAL,

-- Need OP 


]]            

}

Proposal 4 Extend the PLMN-IdentityInfo in PLMN-IdentityInfoList to include Area ID for PLMN specific 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. 

As discussed in the RAN2#121, this information can be provided to UE to update the coverage information. For the same reference location and coverage Area ID, the coverage information can be overridden by the coverage information provided via UE specific signaling. With UE specific signaling, the coverage Area ID can be updated with large or small coverage distance/area for different PLMNs that UE is registered to or the UE is allowed to connect to. In our view, it would be simpler that RAN handles this information with the help of O&M and we avoid possible impact to core network. Therefore, such information can be provided via RRC message.
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 TN coverage information per PLMN with high accuracy can be provided via UE specific RRC signaling.

TN neighbor cell relaxation

When providing TN coverage data to UE, the accuracy could be an issue. The cell level coverage information may not be provided to UE due to privacy issue or may not be available for UE.
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Figure 1 Example of unnecessary TN cell measurements

A cell could be a GSO cell which could be very large. The GSO cell can cover multiple cities where there can be TN coverage and, remote area and ocean where there is no TN coverage. Therefore, GEO cell, network broadcasting possible area of TN frequency search can be helpful for UE but it will not be accurate and the UE may not search TN frequency when needed, i.e., even when there is TN cell coverage.

In addition, a cell could be NGSO moving cell but frequent change in neighbor frequency list in system information could be very inefficient due to SI change modification procedure. Therefore, the NGSO moving cell could broadcast list of TN frequencies covering areas where the cell provides coverage at different times and the frequency list can be updated infrequently.

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 performs measurements of higher priority NR inter-frequency or inter-RAT frequencies periodically. When a UE is camping in NTN cell, the TN frequency is likely to have a reselection priority higher than the reselection priority of current NTN frequency. 

Therefore, a new solution as TN frequency relaxation can be defined to resolve the issue. The solution works as follows:

(1) As in legacy, inter-frequency list is provided to UE.

(2) The UE identifies whether the frequency is TN or NTN.

a. If not identified (e.g., frequency is overlapped and both TN and NTN band indicators are present for the frequency), simply the other NTN frequency can have reselection priority higher than current cell frequency.

(3) For a TN frequency that has higher reselection priority, a detection threshold, say an integer X number of measurement occasions, is defined.

a. RAN4 feedback can be used to define the threshold.

(4) If the UE does not detect the cell for X number of measurement occasions in the TN frequency, the UE relaxes the measurement of the TN frequency.

a. The UE is not required to measure the higher priority TN frequency periodically. However, it is possible to define this relaxation regardless of reselection priority.

b. When in TN cell measurement relaxation, the UE still follows the existing serving cell RSRP based equal or lower priority frequency measurement rules.

(5) The UE exits the TN frequency relaxed measurement if it moves by a threshold distance.

a. Similarly, a time threshold can be defined, i.e., time T to exit the relaxed measurement.

b. If the UE detects SSB in the frequency, the UE also exits the relaxed measurement.

The solution defined can be used on the top of provided TN coverage information, i.e., the above-described solution can also be used when the UE is outside of the TN coverage radius provided by the network. However, it is not necessary as the solution can be used without any information of TN coverage area.

Proposal 7 Introduce relaxed measurement for TN frequency for which the reselection priority is higher than current NTN cell reselection priority if the UE does not detect the cell for X number of measurement occasions.

3. Conclusion

Following proposals are made.
Proposal 1
TN coverage information in system information includes a list of reference locations and their corresponding radius distance.
Proposal 2
Introduce coverage Area identity.
Proposal 3
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 measurement on this TN frequency.
Proposal 4
Extend the PLMN-IdentityInfo in PLMN-IdentityInfoList to include Area ID for PLMN specific coverage information.
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 TN coverage information per PLMN with high accuracy can be provided via UE specific RRC signaling.
Proposal 7
Introduce relaxed measurement for TN frequency for which the reselection priority is higher than current NTN cell reselection priority if the UE does not detect the cell for X number of measurement occasions.
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