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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#119e/119bis-e/120 meetings, the following agreements were made.
RAN2#119e Agreements:

1. RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 

2. RAN2 to work on assistance information that can be provided to NTN UEs for the above.

3. Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-)Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios 

RAN2#119bis-e Agreements:

1. For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)

2. 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.

RAN2#119bis-e Agreements:

1. System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.

2. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.

3. The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.

4. In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE

RAN2#120 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 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. 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 camping 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. Although 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. 
In RAN2#120 meeting, the following agreements were made. This contribution further discusses these two issues.

RAN2#120 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.
Details of TN coverage data and signalling/UE storage overhead

One straightforward option for the detailed coverage information can be one or more coverage areas described by the circle center and radius as shown in Figure 1. The detailed IEs could re-use referenceLocation-r17(48 bits) and distanceThresh-r17(16 bits) in the current SIB19 as baseline, and the resulting signalling overhead 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 UE storage overhead depend on the amount of TN cells covered by one coverage area. If using one coverage area (e.g. one circle) to cover fewer TN cells, the coverage information could be more accurate but signalling overhead will increase as it requires more circles. On the other hand, if using one coverage area to cover as many TN cells as possible, the signalling overhead can be less at the cost of less accuracy. In our understanding, this can be up to network to configure proper coverage areas for a better trade-off between coverage accuracy and signalling/UE storage overhead, and an NTN cell can also take this trade-off into account when managing to provide TN coverage information within its own coverage via SIB broadcasting. 
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Figure 1
Observation 1 Coverage accuracy and signalling/UE storage overhead depend on the amount of TN cells covered by a coverage area (e.g. a circle).

Proposal 1 One or more coverage areas about TN neighbour cells described by the circle center and radius can be broadcasted to UEs in NTN cells to assist the TN neighbour cell measurement initiation. 
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 is still FFS. 
In our understanding, RAN4 already differentiates NTN from TN bands. 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. With this, UE can already identify TN frequencies using band numbers in SIB.
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.


In last meeting, some companies argued that, HAPS and TN may have the same band number, which is true according to TS 38.104 as shown below specifying 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. To this end, we don’t think HAPS-specific enhancement should be the target of Rel-18 WI.
In our understanding, the existing spec can already differentiate TN cells from HAPS cells, e.g. via ntn-Config for HAPS cells in SIB19. This is because that HAPS are different from TN cells and performing measurement on HAPS neighbour cells requires SMTC adjustment due to the propagation delay of service link and feeder link for the HAPS case, similar as the satellite case. Therefore, if network expects UE to measure HAPS neighbour cells, HAPS cells are supposed to be provided in ntn-NeighCellConfigList in SIB19 and by that, even for band n1, UE can tell which neighbour cell is HAPS (in SIB19) and which neighbour cell is TN (not in SIB19). 
Observation 2 HAPS can be identified via ntn-Config within ntn-NeighCellConfigList in SIB19 and can be differentiated from TN cells.
In summary, we think existing mechanism is sufficient to identify TN cells and there is no need of explicit indication for that.

Proposal 2 No need to introduce indication to identify TN cells from inter-frequency list and inter-RAT frequency list. 
3. Conclusion
Based on the discussion above, we made the following observations:

Observation 1 Coverage accuracy and signalling/UE storage overhead depend on the amount of TN cells covered by a coverage area (e.g. a circle).

Observation 2 HAPS can be identified via ntn-Config within ntn-NeighCellConfigList in SIB19 and can be differentiated from TN cells.
Based on the discussion above, we give the following proposals:

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

Proposal 2 No need to introduce indication to identify TN cells from inter-frequency list and inter-RAT frequency list.  
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