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[bookmark: _Toc116995841]Introduction
The NTN WI, as presented in [1], includes objectives for the NTN enhancements in Rel-18, including improvements on service continuity and mobility enhancements between TN and NTN.:

	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]




Besides, in previous meetings, RAN4 has initiated the discussion on the topic and some progress was made and captured in [2]. This contribution aims at some of the open issues discussed in previous RAN4 meeting and to specify requirements to cover some of the RAN1 and RAN2 agreements on this matter. 
[bookmark: _Toc116995842]Discussion
Idle Mode Mobility Enhancements
Location based measurement initiation in Earth-Moving scenarios.
In Rel-17, the location-based measurement initiation for cell reselection was introduced, with the basic functionality described in TS 38.304, clause 5.2.4.2. However, the concept was limited to earth-fixed cells, as a fixed reference location on Earth was assumed. For Rel-18, one of the enhancements introduced was to have the measurement initiation based on location also extended for Earth moving cells:
	Agreements on RAN2 #121bis
1.	RAN2 understands that for earth-moving cell reselection, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (FFS whether a new epochTime IE is needed). RAN2 understanding is that both PVT and orbital parameters can be used for this. FFS if additional information is needed to allow more accurate measurements.
2.	For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
3.	For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.
4.	For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.
5.	Time-based cell reselection criteria is not pursued in R18.

Agreements on RAN2 #122



At the same time, RAN2 has agreed that the location-based mechanism is limited to be used for the measurement initiation and not for the definition of cell reselection trigger/priorities assignment, etc:
	1.	Location-based cell reselection criteria are not pursued in R18.



The most important feature on the location based measurement initiation for Earth-Moving cells that differentiate it from the mechanism used for  Earth fixed is presented in the first agreement on the box above from RAN2 #121bis: “the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epoch time”
[bookmark: _Toc142669699]It is expected that the reference location on Earth Moving cells is moving and that the UE shall derive the trajectory.
[bookmark: _Toc142669700]Define the location-based measurement initiation considering a moving reference location where the UE shall derive the trajectory based on satellite ephemeris and epoch Time. FFS on the mechanisms to be used for this derivation. 


NTN to TN Cell Reselection
In  the previous RAN4 meeting,  the following agreement was reached:
	Agreement:
· RAN4 to define RRM requirements on NTN-to-TN cell reselection requirement without measurement enhancement for the following cases:
· both GSO and non-GSO
· both earth fixed cell and earth moving cell
· FFS on 
· whether/how to define the detailed UE behaviour when the UE is out of TN coverage.



The item left as FFS is a very important aspect of the present work item, being declared as one of the objectives in the WID [1] as highlighted in the introduction of this paper. RAN2 has been working diligently to provide signaling enhancements that allow the UE to estimate whether it is in an area (or close to it) where there is TN coverage. The concept is that UEs outside of TN coverage are not expected to perform measurements towards TN targets. Examples of such progress obtained by RAN2 is provided in the list of agreements in the box below (list is not extensive):
	RAN 2 #121:
· TN coverage area information will be associated to the frequency information. (RAN2 #121)
· As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
RAN 2 #121bis:

· 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

· 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

· 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


RAN 2 #122:

· An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency in the area, if configured, where there is no coverage of that frequency, regardless of the frequency priority
· Reuse the same format of Rel-17 referenceLocation and distanceThresh for signaling the TN coverage area centre and radius



 
It is clear that the cell reselection from NTN to TN is relevant enough for being discussed for several meetings by RAN 2 and for having designated objective for energy saving enhancements by RAN plenary. However, in Rel-17, RAN4 has agreed to limit the mobility work to neighbor cells on the same layer as the serving cell. As provided by the applicability rules in TS 38.133:
	3.6.12	Applicability of requirements for Satellite Access
The requirements for Satellite Access defined in clauses with suffix ‘C’ apply provided that UE indicates nonTerrestrialNetwork and is accessing a cell served by a Satellite Access Node (SAN). The requirements apply provided that serving and all neighbour satellites on the same layer are of same satellite type (LEO or GEO).




It is important that the RAN4 work is aligned to the other RAN groups to provide meaningful requirements for the intended operation of the devices and features developed across the different RAN WG. Therefore, for Release 18, RAN 4 has to revisit the previous applicability rules:
[bookmark: _Toc142669701]In Rel-18, remove the limitation that requirements will only apply if  serving and neighbour cells belonging to the same satellite type, at least for cell reselection requirements.   
[bookmark: _Toc142669702]Define requirements for the mobility from NTN to TN in the specifications (at least for bands below 10 GHz).
And in order to follow the agreements achieved by RAN2, when designing the requirements for cell reselection between NTN and TN 
[bookmark: _Toc142669703]If a UE is provided with TN coverage information, and the UE is outside of the overlapping of the coverage areas configured by the network, the UE is not required to measure TN target cells. If the TN frequency is not in use by other NTN cells,  the UE is not required to measure this frequency, regardless of frequency priorities. 
For the case where a frequency can be reused by both TN and NTN cells, RAN2 has designed a rule that shall be captured in the RAN4 specifications:
[bookmark: _Toc135062938][bookmark: _Toc142669704]Capture in TS 38.133 that when a cell is configured in a frequency band shared by TN and NTN, if satellite assistance information is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell and the specific requirements for NTN->TN cell reselection apply.  
[bookmark: _Toc135062939][bookmark: _Toc142669705]If the UE has to measure NTN and TN cells in the same frequency, update the description of KSMTC to accommodate for measurements over TN cells as well. 

HARD Satellite switch with same PCI 
During the HARD PCI switch with same PCI, the serving satellite switches, but the PCI is maintained, which means the procedures in the higher layers is maintained. In this case, at some point, the UE will stop transmitting towards one satellite and start transmission toward the other satellite. This indicates a sudden transition in timing advance.  RAN2 has indicated that this is a possible scenario, and the UE needs to know how to deal with the timing advance:
	RAN2 agreement from RAN2 #122:

->	In hard switch unchanged PCI scenario (i.e. no handover), the UE needs to know the time the UE attempts to re-synchronize. (FFS whether a new “t-Start” / a t-gap is needed or whether t-Service can be reused (i.e. no other IE) if the gap is very short/zero).


 
[bookmark: _Toc142669706]RAN4 to consider the timing advance requirements during the transition window between different satellites. 



[bookmark: _Toc116995848]Conclusion
In this paper we have analyzed the mobility enhancements for NTN UEs, and have discussed the impact of such enhancements in RRM requirements. Based on this discussion, we make the following set of observations and proposals:
Observation 1: It is expected that the reference location on Earth Moving cells is moving and that the UE shall derive the trajectory.
Proposal 1: Define the location-based measurement initiation considering a moving reference location where the UE shall derive the trajectory based on satellite ephemeris and epoch Time. FFS on the mechanisms to be used for this derivation.
Proposal 2: In Rel-18, remove the limitation that requirements will only apply if  serving and neighbour cells belonging to the same satellite type, at least for cell reselection requirements.
Proposal 3: Define requirements for the mobility from NTN to TN in the specifications (at least for bands below 10 GHz).
Proposal 4: If a UE is provided with TN coverage information, and the UE is outside of the overlapping of the coverage areas configured by the network, the UE is not required to measure TN target cells. If the TN frequency is not in use by other NTN cells,  the UE is not required to measure this frequency, regardless of frequency priorities.
Proposal 5: Capture in TS 38.133 that when a cell is configured in a frequency band shared by TN and NTN, if satellite assistance information is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell and the specific requirements for NTN->TN cell reselection apply.
Proposal 6: If the UE has to measure NTN and TN cells in the same frequency, update the description of KSMTC to accommodate for measurements over TN cells as well.
Proposal 7: RAN4 to consider the timing advance requirements during the transition window between different satellites.
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