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1. Introduction

In Rel-18 NR NTN WID [1], the detailed objectives on mobility and service continuity enhancements is captured as following.

	4.1.4
NTN-TN and NTN-NTN mobility and service continuity enhancements

This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]

· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]

· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]

· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]

· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]


In RAN2#121bis-e meeting, the following agreements were made.
Agreements:

1.
For signaling the TN coverage, the corresponding geographical area information is provided by broadcast signalling by the network via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius (where the area is meant to describe a group of cells, not just a single one). FFS on the SIB. FFS on whether additional information in dedicated signalling is needed/useful

Agreements via email – from offline 106:

1. Area center location and its radius for TN coverage information is signalled using Ellipsoid-Point and radius separately. FFS if Rel-17 referenceLocation and distanceThresh are directly reused

2. Decision on the size of TN coverage area list is postponed until more is known on the format of this information and how is it sent.

Agreements online:

1. The discussion on how to indicate the frequency information for each TN coverage area should be combined with the discussion on which SIB will be used to indicate the TN coverage area, possibly based on evaluation of the signalling overhead

2. The acquired TN area coverage information remains valid until the next system information update of the SIB including TN coverage info

Working assumption:

1. We do not introduce new triggers making the UE reacquire the TN coverage information from SI

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 this contribution, we would like to further discuss the leftover issues and signalling details on NTN-TN cell reselection enhancements for RRC_IDLE/INACTIVE UEs. 
2. Discussion 
Signalling detail on area center location and radius
In RAN2#121bis-e meeting, the following agreement was made. An area center location using Ellipsoid-Point and a separate radius are broadcasted as the TN coverage information, while the details on the IEs are still FFS.
Agreements via email – from offline 106:

1. Area center location and its radius for TN coverage information is signalled using Ellipsoid-Point and radius separately. FFS if Rel-17 referenceLocation and distanceThresh are directly reused

The Rel-17 ReferenceLocation-r17 and DistanceThresh-r17 IEs in the current SIB19 are shown as follows. 
SIB19-r17 ::= SEQUENCE {

    ntn-Config-r17                     NTN-Config-r17                      OPTIONAL,       -- Need R

    t-Service-r17                      INTEGER (0..549755813887)           OPTIONAL,       -- Need R

    referenceLocation-r17              ReferenceLocation-r17               OPTIONAL,       -- Need R
    distanceThresh-r17                 INTEGER(0..65525)                   OPTIONAL,       -- Need R
    ntn-NeighCellConfigList-r17        NTN-NeighCellConfigList-r17         OPTIONAL,       -- Need R

    lateNonCriticalExtension           OCTET STRING                        OPTIONAL,

    ...,

    [[

    ntn-NeighCellConfigListExt-v1720   NTN-NeighCellConfigList-r17         OPTIONAL        -- Need R

    ]]

}

	SIB19 field descriptions

	distanceThresh

Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each step represents 50m.


	–
ReferenceLocation
The IE ReferenceLocation contains location information used as a reference location. The value of the field is same as Ellipsoid-Point defined in TS37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.
ReferenceLocation information element

-- ASN1START

-- TAG-REFERENCELOCATION-START

ReferenceLocation-r17 ::= OCTET STRING
-- TAG-REFERENCELOCATION-STOP

-- ASN1STOP

–
Ellipsoid-Point

The IE Ellipsoid-Point is used to describe a geographic shape as defined in TS 23.032 [15].

-- ASN1START

Ellipsoid-Point ::= SEQUENCE {


latitudeSign



ENUMERATED {north, south},


degreesLatitude



INTEGER (0..8388607),


-- 23 bit field


degreesLongitude


INTEGER (-8388608..8388607)

-- 24 bit field

}
-- ASN1STOP




For ReferenceLocation-r17, the value of the field is same as Ellipsoid-Point defined in TS 37.355 which consumes 48 bits. It is straightforward to re-use this IE to indicate the area center location of TN coverage area. For DistanceThresh-r17, the value range is from 0 to 3276.25 km with a step length of 50m which consumes 16 bits. Only a few values less than the radius of typical TN cells (e.g., about 20 values are less than 1 km) are useless for describing an TN coverage area, therefore it is also acceptable to re-use it directly as the radius of TN coverage area. Thus, the size of signalling would be 64 bits per coverage area. 
Proposal 1 Rel-17 IEs DistanceThresh-r17 and ReferenceLocation-r17 are reused directly to describe the radius and area center location of a TN coverage area in TN coverage information list.

Which SIB to use and signalling detail on the frequency information
In RAN2#121bis-e meeting, as shown in the following agreements, it is still FFS on which SIB will be used to indicate the TN coverage area, meanwhile the discussion on how to indicate the frequency information for each TN coverage area should be combined with this.

Agreements:

1.
For signaling the TN coverage, the corresponding geographical area information is provided by broadcast signalling by the network via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius (where the area is meant to describe a group of cells, not just a single one). FFS on the SIB. FFS on whether additional information in dedicated signalling is needed/useful

2. The discussion on how to indicate the frequency information for each TN coverage area should be combined with the discussion on which SIB will be used to indicate the TN coverage area, possibly based on evaluation of the signalling overhead

The decision on which SIB to use depends on the detailed design of TN coverage information and its associated frequency information. Based on the discussion of signalling details on TN coverage information above, here we further discuss how to indicate the frequency information.

Observation 1 The decision on which SIB to use depends on the detailed design of TN coverage information and its associated frequency information. 
One straightforward option is to use a list of frequencies under each TN coverage area information. In this case, the entire frequency information, e.g., carrier frequency using ARFCN-ValueNR, frequency band number list, and PCI list, needs to be provided under each TN coverage area. Considering the limited remaining space for SIB19 or SIB3/4, it is not feasible to include lots of TN coverage areas in these existing SIBs. Therefore, introducing a new SIB is naturally combined with this option.
In order to save signalling overhead, we can further consider indicating the frequency index under TN coverage area information, where the frequency index refers to the frequency information’s position in the frequency list of the current SIB4 in order. 
For the case of TN neighbor cells deployed in the same carrier frequency as the NTN serving cell, e.g., TN operating bands n24, n65 or n1, it is not necessary to provide intra-frequency TN coverage area, since IDLE/INACTIVE UE in an NTN cell would anyway perform intra-frequency measurements for both NTN and TN cells according to the location/time-based measurement initiation rules. Even though this kind of intra-frequency TN neighbor cells is provided with TN coverage area information, it does not reduce the measurements for UE.
Observation 2 For an NTN serving cell, using TN coverage information to indicate intra-frequency TN cells is not needed for the reduction of UE’s measurements.

For inter-frequency TN neighbor cells, it is necessary to be provided with TN coverage area, so that UE can avoid unnecessary inter-frequency TN neighbor cell measurements when UE is out of TN coverage. So far, up to 8 inter-frequency frequency information in SIB4 could be cited by the TN coverage area. For each TN coverage area, a bitmap with the size of 8 bits would be needed for 8 inter-frequency carrier frequency information in SIB4. 

Observation 3 For an NTN serving cell, using TN coverage area information to indicate inter-frequency TN cells could avoid unnecessary inter-frequency neighbor TN cell measurements.
Proposal 2 An NTN cell only needs to broadcast TN coverage information for inter-frequency carrier frequencies.
Based on our understanding above, a TN coverage area and its frequency information may consume about 72 bits which is much less than the previous option, i.e.,
· Each TN coverage area includes the following parameters:
· Area center using ReferenceLocation-r17 (48 bits)

· Radius using DistanceThresh-r17 (16 bits)

· Frequency index (8 bits)

In this case, it is better to put in the existing SIBs instead of a new SIB. Besides SIB19, note that the TN coverage area and frequency information is anyway TN-related information, and it does not change frequently as SIB19, so SIB4 is straightforward to capture this information.
Observation 4 Regarding which SIB to use for TN coverage information and its associated frequency information, two options may be considered:
a. Option 1: New SIB + frequency information under each TN coverage information

b. Option 2: SIB4 + frequency index bitmap under each TN coverage information
Proposal 3 TN coverage information list is broadcasted in SIB4.

Proposal 4 Frequency index bitmap is indicated under each TN coverage area, where the frequency index refers to the frequency’s position in the frequency list of the current SIB4.

(Re-)acquisition of TN coverage information from SI
In RAN2#121bis-e meeting, the validity of TN coverage information is discussed, and the following working assumption is made. 

Working assumption:

1. We do not introduce new triggers making the UE reacquire the TN coverage information from SI

It is the majority view that this information is expected to be relatively static, and the legacy system information modification mechanism is sufficient. Therefore, we propose to confirm this working assumption in this meeting.
Proposal 5 RAN2 to confirm the working assumption: We do not introduce new triggers making the UE reacquire the TN coverage information from SI.

Need of dedicated signalling

As shown in the following agreement, in RAN2#121bis-e meeting broadcasted signalling manner is agreed as a baseline to be used to provide the TN coverage area for UEs supporting NTN, and the dedicated signalling manner is still FFS.

Agreements:

1.
For signaling the TN coverage, the corresponding geographical area information is provided by broadcast signalling by the network via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius (where the area is meant to describe a group of cells, not just a single one). FFS on the SIB. FFS on whether additional information in dedicated signalling is needed/useful
In our understanding, it is not necessary to introduce a dedicated signalling manner for providing/updating the TN coverage area. As stated above, the TN coverage information is relatively static and common for all UEs, therefore the broadcast signalling manner is straightforward and sufficient. We do not see the motivation for the additional enhancement in a dedicated signalling manner. Meanwhile, if the dedicated signalling manner is introduced, it would need much effort in further discussion, e.g., the update mechanism, the validity time, or the behaviour when the TN coverage information is different between dedicated signalling and broadcast signalling.

Observation 5 TN coverage information is relatively static and common for all UEs in an NTN cell.

Proposal 6 UE-specific TN coverage area provided/updated via dedicated signalling is not considered.
NTN-config-r17 in TN cell SIB3/4
TN cell cannot broadcast SIB19 so that UE can distinguish between TN serving cell and NTN serving cell according to SIB19. When IDLE/INACTIVE UE camping on a TN cell, the only way to obtain neighbour cell information for IDLE/INACTIVE mode measurement is from SIB3/4, therefore UE cannot obtain NTN assistance information for NTN neighbour cell. One issue is raised in the last meeting that when IDLE/INACTIVE UE camping on a TN cell, it cannot reselect from TN cell to NTN cell since UE cannot measure NTN neighbour cell without NTN assistance information. 
In order to support IDLE/INACTIVE UE camping on TN cell to measure NTN neighbour cell, it seems that the only choice is to broadcast NTN-config-r17 of NTN neighbour cells in SIB3/4.

Proposal 7 In TN cell, NTN-config-r17 is provided in SIB3/SIB4 for NTN neighbour cells.
As we agreed on satellite assistance information for NTN neighbour cell in SIB19, the NTN-config-r17 provided in SIB3/4 should also neither result in system information change notifications nor in a modification of valueTag in SIB1, and it is up to UE implementation to decide when to update them.
Proposal 8 The change of NTN-config-r17 provided in SIB3/4 should neither result in system information change notifications nor in a modification of valueTag in SIB1.
3. Conclusion
Based on the discussion above, we made the following observations:

Observation 1 The decision on which SIB to use depends on the detailed design of TN coverage information and its associated frequency information. 
Observation 2 For an NTN serving cell, using TN coverage information to indicate intra-frequency TN cells is not needed for the reduction of UE’s measurements.

Observation 3 For an NTN serving cell, using TN coverage area information to indicate inter-frequency TN cells could avoid unnecessary inter-frequency neighbor TN cell measurements.

Observation 4 Regarding which SIB to use for TN coverage information and its associated frequency information, two options may be considered:

a. Option 1: New SIB + frequency information under each TN coverage information

b. Option 2: SIB4 + frequency index bitmap under each TN coverage information
Observation 5 TN coverage information is relatively static and common for all UEs in an NTN cell.

Based on the discussion above, we give the following proposals:

Proposal 1 Rel-17 IEs DistanceThresh-r17 and ReferenceLocation-r17 are reused directly to describe the radius and area center location of a TN coverage area in TN coverage information list.

Proposal 2 An NTN cell only needs to broadcast TN coverage information for inter-frequency carrier frequencies.

Proposal 3 TN coverage information list is broadcasted in SIB4.

Proposal 4 Frequency index bitmap is indicated under each TN coverage area, where the frequency index refers to the frequency’s position in the frequency list of the current SIB4.

Proposal 5 RAN2 to confirm the working assumption: We do not introduce new triggers making the UE reacquire the TN coverage information from SI.

Proposal 6 UE-specific TN coverage area provided/updated via dedicated signalling is not considered.
Proposal 7 In TN cell, NTN-config-r17 is provided in SIB3/SIB4 for NTN neighbour cells.
Proposal 8 The change of NTN-config-r17 provided in SIB3/4 should neither result in system information change notifications nor in a modification of valueTag in SIB1.
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