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1. Introduction 
For Rel-18 NR NTN enhancements [1], some new features have been agreed, e.g., network verified UE location, location based measurement initiation in Earth-moving cells, and RACH-less handover.
In this paper, we further discuss which UE capabilities can be defined accordingly.
2. Discussion 
2.1 Network verified UE location
The following descriptions are excerpted from WID [1] as below:
	Optional feature:
Note 7 : Network verified UE location is an optional UE feature

Target positioning solution:
RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view
Other candidate positioning solutions:
[bookmark: _Hlk131327415]DL-TDoA methods for verification may be considered as lower priority and if time permits
Note 4 : Multiple satellite in view by the UE may be considered if time allows



Based on the descriptions above, the network verified UE location is an optional UE feature. There are under consideration one target positioning solution (i.e., single satellite multi-RTT), and two candidate positioning solutions if time allows (i.e., DL-TDoA and multiple satellite in view (e.g., for multi-RTT)).
[bookmark: _Hlk131329243]So, one thing that could be confirmed is single satellite multi-RTT for the purpose of network verified UE location is an optional feature. Whether multiple satellite multi-RTT or DL-TDOA positioning method can also be supported is still FFS.
Observation 1: single satellite multi-RTT is the target positioning method for the purpose of network verified UE location, and whether multiple satellite multi-RTT or DL-TDOA positioning method can also be supported is still FFS.
In legacy positioning, the multi-RTT UE capability is reported to LMF from UE directly (e.g., the reporting procedure is as shown in Figure 5.1.1-1 of LPP TS 37.355) without having any UE capability defined for this on 38.306. On other hand, positioning inter-related features with RAN impact may require new UE features defined in TS 38.306 (e.g., enhancements to reference signals for positioning).


Figure 5.1.1-1: LPP Capability Transfer procedure
Since the RAN1 discussion on single satellite multi-RTT is still ongoing, e.g., it’s not clear whether some enhancements on positioning reference signals are needed for NTN according to the following RAN1 agreements.
	Agreement
Existing DL/UL reference signals for positioning are used for supporting Network verified UE location in NTN. 
FFS: Whether some enhancements on these reference signals are needed for NTN



Moreover, the key parts of multi-RTT positioning method are the measurements/calculation of UE Rx-Tx time difference and gNB Rx-Tx time difference. According to RAN1 agreements, there are still 4 options on the table for further discussion, and it is possible that one or more options may be adopted. Therefore, it is still not clear what kind of  new single satellite multi-RTT UE capability from UE to LMF is needed.
	Agreement
Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
· Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
For a Transmission Point 
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
· One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
· Option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
· Option 3: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on one of the following options: 
· Option 3-1: This offset is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe#i
· Option 3-2: UE report the index of the subframe j that is closest in time to the subframe #i received from the TP and LMF can derive the offset
· Option 3-3: TA report which corresponds to the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i rounding up to slot granularity.
· Option 4: 
· UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
· FFS: the granularity and the reporting range of TA.
· Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

Agreement
Select one (or more) of the following options for the enhancement of gNB Rx-Tx time difference in NTN
· Option 1: The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
For a Transmission Point 
· TgNB-RX is the Transmission and Reception Point (TRP) received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TgNB-TX is the TRP transmit timing of the downlink subframe corresponding to uplink subframe #i received from the UE
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
· Option 2:
· For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
· Only the SRS resource starting within a subframe can be used to determine the start of the subframe. 
· Option 3: 
· Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
· Option 4:
· For RTT measurement in NTN, support gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. 

· FFS: details of report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account



Observation 2: according to current RAN1 progress, it is still not clear whether some enhancements on positioning reference signals need to be specified as part of UE capabilities (in TS 38.306) and what kind of new single satellite multi-RTT UE capability from UE to LMF is needed (in 37.355).
[bookmark: _Hlk130718670]To sum up, single satellite multi-RTT for the purpose of network verified UE location is an optional feature, but RAN2 still needs to wait for RAN1 progress to discuss the spec impact on TS 37.355 and TS 38.306/38.331.
Proposal 1: Single satellite multi-RTT for the purpose of network verified UE location is an optional feature. FFS on the spec impact on TS 37.355 and TS 38.306/38.331 (RAN2 needs to wait for RAN1 progress).

2.2 TN-NTN cell reselection
Regarding the enhancements to TN-NTN cell reselection, the following agreement was made:
1. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.

The intention is to save idle/inactive UE power consumption on TN neighbour cell measurements. And network needs to provide assistance information to help UE identify the TN area as agreed below:
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.

To sum up, a UE supporting this feature needs to decode the corresponding assistance information to identify the TN area, and the UE can skip the neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage. Since this is for idle/inactive UEs, it could be an optional UE capability without signalling.
Proposal 2: define an optional without signalling UE capability for skipping the neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.

2.3 NTN-NTN cell reselection
Regarding NTN-NTN cell reselection enhancements, location based measurement initiation is supported in Earth-moving cell in R18 NR NTN, while location and time based measurement initiation in Quasi-earth fixed cell was supported in R17 NR NTN. 
1. For cell selection/reselection, location-based measurement initiation is supported in earth-moving cell

Similar to R17 UE capability of location based measurement initiation in Quasi-earth fixed cell, an optional UE capability without signalling can be defined for location based measurement initiation in Earth-moving cell.
Proposal 3: define an optional without signalling UE capability for location based measurement initiation in Earth-moving cell for cell selection/reselection.

2.4 RACH-less handover
Regarding R18 NR NTN handover enhancements, one confirmed new feature is RACH-less handover.
Agreements:
1. Support RACH-less Handover in Rel-18.

And considering in RAN2#116bis-e meeting, a general agreement on FRX/XDD differentiation was made as follows. 
	From Rel-17 onwards, at least for new capabilities, if a UE capability requires at least FRx or at least xDD differentiation, it is defined with both FRx and xDD differentiation in per band signaling, i.e. no new UE capabilities will be defined in the FRX and XDD capability signaling branches.


[bookmark: _Hlk131592486][bookmark: _Hlk131336229]Similar to CHO UE capabilities which has been defined as a per band capability, the RACH-less handover UE capability should be a per band capability. In addition to per band capability, whether the per UE capabilities need to be defined (like condHandoverFDD-TDD-r16 and condHandoverFR1-FR2-r16 for CHO), which indicate whether RACH-less handover between FR1 and FR2 is supported, and whether RACH-less handover between TDD and FDD is supported. The support of these cases is still FFS relying on further RAN4 work on NTN bands above 10GHz. 
The latest RAN4 agreements are as shown below; it seems that NTN bands above 10GHz could be in FR2. Meanwhile in the WID [1], it’s already stated that “FDD mode is assumed for satellite operation above 10 GHz”. So, we may need to define RACH-LessHandover-NTN-FR1-FR2-r18 to indicate whether RACH-less handover between FR1 and FR2 is supported. But the corresponding RAN2 discussion can be started after RAN4 work on this is concluded.

	· Band definition above 10GHz
	NTN operating band
	UL
	DL

	n512
	27.5 – 30.0 GHz
	17.3 – 20.2 GHz

	n511
	28.35 – 30.0 GHz
	17.3 – 20.2 GHz

	n510
	27.5 – 28.35 GHz
	17.3 – 20.2 GHz


· NTN sub-frequency range options
· Option 1: 17300-24250 MHz as extension of the existing FR2 range
	Designation
	Frequency range

	FR1
	410 MHz – 7125 MHz

	FR2
	FR2-0-NTN
	17300 MHz – 24250 MHz

	
	FR2-1
	24250 MHz – 52600 MHz

	 
	FR2-2
	52600 MHz – 71000 MHz


· Option 2: 17300-30000 MHz
	Designation
	Frequency range

	FR2-NTN
	17300-30000 MHz


· Option 3: Other options not precluded



Observation 3: whether RACH-less handover between FR1 and FR2/between TDD and FDD need to be considered, relies on the RAN4 work on NTN bands above 10GHz.
Proposal 4: define an optional per band UE capability for NTN RACH-less handover.
Proposal 5: Wait for RAN4 conclusion before discussing whether NTN RACH-less handover between FR1 and FR2/between TDD and FDD need to be indicated.

3. Conclusion
In this paper, we discuss NR NTN UE capabilities, and we have the following observations:
Observation 1: single satellite multi-RTT is the target positioning method for the purpose of network verified UE location, and whether multiple satellite multi-RTT or DL-TDOA positioning method can also be supported is still FFS.
Observation 2: according to current RAN1 progress, it is still not clear whether some enhancements on positioning reference signals need to be specified as part of UE capabilities (in TS 38.306) and what kind of new single satellite multi-RTT UE capability from UE to LMF is needed (in 37.355).
Observation 3: whether RACH-less handover between FR1 and FR2/between TDD and FDD need to be considered, relies on the RAN4 work on NTN bands above 10GHz.
And we propose:
Proposal 1: Single satellite multi-RTT for the purpose of network verified UE location is an optional feature. FFS on the spec impact on TS 37.355 and TS 38.306/38.331 (RAN2 needs to wait for RAN1 progress).
Proposal 2: define an optional without signalling UE capability for skipping the neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
Proposal 3: define an optional without signalling UE capability for location based measurement initiation in Earth-moving cell for cell selection/reselection.
Proposal 4: define an optional per band UE capability for NTN RACH-less handover.
Proposal 5: Wait for RAN4 conclusion before discussing whether NTN RACH-less handover between FR1 and FR2/between TDD and FDD need to be indicated.
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