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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#121 meeting, the following agreements were made.
RAN2#121 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.
RAN2#121 Agreements:

1. As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.

2. 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)

RAN2#121 Agreements:

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 

In this contribution, we would like to further discuss the potential NTN-TN cell reselection enhancements for RRC_IDLE/INACTIVE UEs. 
2. Discussion 
2.1 TN neighbour cell measurement initiation in NTN cell 
From UE’s perspective, camping on a TN cell has more benefits than camping on an NTN cell, e.g., TN cell has a shorter propagation delay and can guarantee better service continuity. Therefore, RRC_IDLE/INACTIVE UEs would prefer to (re-)select TN cell to camp on. However, using the existing mechanism, for a UE camping on an NTN cell, neighbour cell measurement to find the TN cell in time would lead to unnecessary UE power consumption. This is because the coverage of an NTN cell is normally much larger than that of a TN cell. If UE camped on an NTN cell always performs the neighbour cell measurement for TN cell, e.g. due to the higher reselection priority of TN frequencies, UE can find the TN neighbour cell in time, but in the most area, UE may not be able to detect the signal from TN neighbour cells since there is no coverage of TN cells. Even though UE can start to perform TN neighbour cell measurements according to an RSRP threshold of the NTN serving cell, e.g. for intra-frequency case or lower priority TN frequency case, the situation has not changed, and UE still may waste power on measurement in the area where TN coverage is not there.
In order to reduce UE power consumption, UE camping on an NTN cell should start to perform TN neighbour cell measurements only when the UE is in the coverage of TN neighbour cells. The coverage information about TN neighbour cells should be provided to UEs in NTN cells as the assistance information for the TN neighbour cell measurement initiation. 
Explicit description of geographical TN area
In RAN2#121 meeting, the following agreement was made. Three options for the explicit description of geographical TN area are on the table.

RAN2#121 Agreements:

1. 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.
As stated in the agreement above, the signalling overhead and the accuracy of the TN coverage information need to be taken into account, when RAN2 makes the decision to down-select the options.

In our understanding, Option 1 is the most obvious solution, i.e., one or more coverage areas about TN neighbour cells described by the location coordinates of area center and radius as shown in Figure 1. Their IEs could re-use referenceLocation-r17(48 bits) and distanceThresh-r17(16 bits) in the current SIB19 as the baseline, as shown as follows. Thus, the size of signalling would be 64 bits per coverage area. 
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

    ]]

}

As shown in Figure 1, the accuracy and signalling overhead depend on the amount of TN cells covered by one coverage area. If using one coverage area to cover fewer TN cells, the coverage information would be more accurate but with a larger signalling overhead. On the other hand, if using one coverage area to cover as many TN cells as possible, the signalling overhead would be less but with coarser accuracy. In our understanding, it is up to network implementation to configure proper coverage areas to trade-off between accuracy and signalling overhead. 
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Figure 1
Observation 1 The accuracy and signalling overhead depend on the amount of TN cells covered by one coverage area.

Proposal 1 One or more coverage areas about TN neighbour cells described by the location coordinates of area center and radius can be broadcasted to UEs in NTN cells to assist the TN neighbour cell measurement initiation. 
Proposal 2 It is up to network implementation to configure proper coverage areas to trade-off between accuracy and signalling overhead. 

In RAN2#121 meeting, as shown in the following agreements, broadcast signalling manner is agreed as a baseline to be used to provide the TN coverage area for UEs supporting NTN, and dedicated signalling manner is still FFS.
RAN2#121 Agreements:

1. As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.

2. 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 our understanding, it is not necessary to introduce a dedicated signalling manner for providing/updating the TN coverage area. The TN coverage information is 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.
Proposal 3 The option of UE-specific TN coverage area provided/updated via dedicated signalling is not considered.
Explicit/implicit indication to identify TN cells from inter-frequency/RAT frequency list

In the last meeting, whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT list was discussed but still left as FFS. 
As shown in the following tables in TS 38.101-1/TS 38.101-5, there are two overlapping frequency bands between TN and NTN, but band numbers n24/n65 are assigned for TN and band numbers n255/n256 are assigned for NTN.
Table 5.2-1: NR operating bands in FR1

	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit

FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive

FDL_low   –  FDL_high
	Duplex Mode

	(Omit the irrelevant rows.)

	n2416
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	(Omit the irrelevant rows.)

	n65
	1920 MHz – 2010 MHz
	2110 MHz – 2200 MHz
	FDD4

	(Omit the irrelevant rows.)


Table 5.2.2-1: NTN satellite bands in FR1
	NTN satellite operating band
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit

FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive

FDL,low   –  FDL,high 
	Duplex mode

	n256
	1980MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	NOTE: 
NTN satellite bands are numbered in descending order from n256.


Even though the frequency bands used for TN and NTN are overlapped, in these cases whether a neighbour cell is TN cell or NTN cell could be distinguished by the assigned different frequency band numbers for TN and NTN respectively in FreqBandIndicatorNR in SIB4.
As some companies mentioned, the only exception is for the frequency band used for HAPS. In TS 38.104 as shown below, it specifies that NR operating band n1 can also be applied for HAPS operation. Therefore, UE cannot distinguish TN and NTN (HAPS) by band number n1.

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, n85, n90 which are defined in Table 5.2-1.

Note that, in the objective of Rel-18 NTN WID [1], it states that this WI aims at specifying enhancements for NG-RAN based NTN with implicit compatibility to support HAPS and ATG scenarios. Generally, we did not and should not consider any HAPS-specific enhancement in NTN.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI

The work item aims at specifying enhancements for NG-RAN based NTN (Non-Terrestrial Networks) according to the following assumptions with implicit compatibility to support HAPS (High Altitude Platform Station) and ATG (Air To Ground) scenarios:

· GSO (Geo Synchronous Orbit) and NGSO (Non Geo Synchronous Orbit). NGSO includes Low Earth Orbit (LEO) and Medium Earth Orbit (MEO).

· Earth fixed tracking area. Earth fixed & Earth moving cells for NGSO

· FDD mode

· UEs with GNSS (Global Navigation Satellite Systems) capabilities

· Both “VSAT” (Very Small Aperture Terminal) devices with directive antenna (including fixed and moving platform mounted devices and commercial handset terminals (e.g. Power class 3) are supported in FR1

· Only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands.

In our understanding, the cell type (i.e., TN vs NTN) of a neighbour cell still should be indicated implicitly by existing system information, i.e., band numbers and SIB19. It is up to network implementation to deal with the overlapping issue for HAPS.
In general, NTN serving cells may broadcast the satellite assistance information of NTN neighbour cells in SIB19 for SMTC adjustment purposes. If network does not expect UE to miss the measurement of HAPS neighbour cell, it should always provide this in SIB19. For frequency band n1, even though UE cannot distinguish between TN and NTN (HAPS) based on band number, it can further rely on the satellite assistance information of NTN neighbour cells in SIB19. Therefore, when UE is in TN coverage based on the TN coverage information, UE measures TN frequency bands including the frequency band n1 for TN access according to the inter-frequency list in SIB4. When UE is not in TN coverage, UE measures the HAPS neighbour cell in frequency band n1 if provided in SIB19.
The other kinds of network implementation are that network chooses not to provide the satellite assistance information of HAPS neighbour cells in SIB19. In this case, when UE is in TN coverage based on the TN coverage information, UE measures TN frequency bands including the frequency band n1 for TN access according to the inter-frequency list in SIB4. And UE may also need to measure frequency band n1 for HAPS neighbour cell according to the inter-frequency list in SIB4, regardless of the TN coverage. Therefore, this kind of network implementation may lead to UE’s unnecessary power consumption. A smart network implementation should avoid this case. 
Observation 2 Other than frequency band n1, whether a neighbour cell is TN cell or NTN cell could be distinguished by the assigned different frequency band numbers for TN and NTN respectively in FreqBandIndicatorNR in SIB4.
Observation 3 For frequency band n1, it is up to network implementation to avoid the ambiguity between TN and NTN (HAPS). 
Proposal 4 The cell type (i.e., TN vs NTN) of a neighbour cell still should be indicated implicitly by existing system information, i.e., band numbers and SIB19. 
3. Conclusion
Based on the discussion above, we made the following observations:

Observation 1 The accuracy and UE storage overhead depend on the amount of TN cells covered by one coverage area.

Observation 2 Other than frequency band n1, whether a neighbour cell is TN cell or NTN cell could be distinguished by the assigned different frequency band numbers for TN and NTN respectively in FreqBandIndicatorNR in SIB4.
Observation 3 For frequency band n1, it is up to network implementation to avoid the ambiguity between TN and NTN (HAPS).  

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

Proposal 1 One or more coverage areas about TN neighbour cells described by the location coordinates of area center and radius can be broadcasted to UEs in NTN cells to assist the TN neighbour cell measurement initiation. 

Proposal 2 It is up to network implementation to configure proper coverage areas to trade-off between accuracy and signalling overhead. 

Proposal 3 The option of UE-specific TN coverage area provided/updated via dedicated signalling is not considered.
Proposal 4 The cell type (i.e., TN vs NTN) of a neighbour cell still should be indicated implicitly by existing system information, i.e., band numbers and SIB19.  
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