[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 108bis	R4-2315524
Xiamen, China, Oct. 09 – 13, 2023
		
Source:	LG Electronics
Title:	Discussion on NTN service continuity enhancement
Agenda item:	5.26.6.3
Document for:	Discussion


Introduction
In this contribution, we provide our views on NR NTN enhancement for RRM requirements related to IDLE/INACTIVE mode mobility based on approved WF [1].

Discussion 
NTN-NTN cell reselection enhancements
For earth moving LEO, RAN2 has agreed to location-based and time-based measurement initiation for NTN-NTN cell reselection as follows.
	Cell reselection enhancements
· NTN-NTN enhancements
<Agreements in RAN2#121bis-e>
· 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.
· For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
· For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.
· For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.
· Time-based cell reselection criteria is not pursued in R18.
<Agreements in RAN2#122>
· Re-use epochTime-r17 in ntn-Config IE to provide the time reference for an Earth moving cell reference location.
· Re-use t-Service-r17 format for the IE used to trigger UE neighbour cell measurements prior to cell replacement due to feeder link switch. FFS whether we reuse exactly the same IE name as in R17 (updating the field description) or a new one
· Location-based cell reselection criteria are not pursued in R18.
<Agreements in RAN2#123>
· The change of serving cell reference location for earth moving cell should neither result in system information change notifications nor in a modification of valueTag in SIB1.
· In the Earth-moving case, it is up to UE implementation to maintain a valid serving cell reference location in RRC_IDLE and RRC_Inactive mode. This will be stated in the specification as a Note (or update of an existing Note)
· For the IE used to trigger UE neighbor cell measurements prior to feeder link switch, re-use the same field of t-Service-17 as in Rel-17 and update the field description accordingly.



For location-based cell reselection
The most important thing for earth moving cell is that UE should be able to derive the trajectory of the serving cell’s reference location based on satellite ephemeris information and epoch time. And the accuracy of the reference location trajectory is important for location-based measurement initiation. For location-based cell reselection, the following agreements were made in the last RAN4 meeting. The existing requirements are the baseline for location-based cell reselection, and FFS for margin for distance threshold, definition of the reference location, and other things. 
	Issue 3-4: Location-based measurement initiation for cell reselection in earth moving cell
Agreement:
· Define location-based measurement initiation requirements based on the existing requirements on ‘4.2C Cell Re-selection for NR UE for Satellite Access.’ The requirement may update the following aspects:
· Definition of the reference location to reflect the time varying reference location
· FFS: how to update the reference location over time based on reference location, epoch time, satellite ephemeris, etc. 
· The location margin for evaluating the distance threshold can be extended by X meters
· any other updates can be discussed/added later to be compliant with RAN2 spec


RAN2 assumed that the UE can derive the trajectory of the serving cell with rough accuracy based on serving satellite ephemeris and epoch time. Based on this, UE shall be able to search/measure intra-/inter-frequency when the distance between UE and the derived trajectory of reference location is larger than distanceThresh. If the accuracy of the trajectory of the reference location is poor, RAN4 should define a meaningless large margin for distance threshold, and as time passes from epoch time, the error of derived trajectory of reference location from the initial reference location becomes larger due to accumulated estimation error for the trajectory of the reference location. Therefore, additional reference locations to compensate derived trajectory of the reference location should be provided. 
· Proposal 1: Additional reference location for the serving cell to compensate error for the derived trajectory of the reference location should be provided for earth moving LEO deployment and the location margin for evaluating the distance threshold should be minimized. 

	FFS:
· Whether the coverage information of serving cell is (absolutely) necessary. If agreed, RAN4 to send an LS ask RAN2 to introduce the coverage information of serving cell for location-based measurement initiation.


Due to the velocity of LEO, the earth moving LEO satellite will only be a serving cell for a short duration (about 5~20 seconds) for a UE depending on cell coverage. It would be not enough to meet the existing detection requirements for neighbor cell re-selection if measurement is not initiated with proper timing even if UE supports enhnacedMeasurementLEO. So, to guarantee the detection time at the UE side, UE needs to initiate the measurement with considering the remaining service time of earth moving LEO like t-Service-r17. The ‘t-Service’ in Rel-18 is only for time-based measurement initiation to address feeder-link switch cases. Therefore, if serving cell coverage information is provided, UE can estimate the remaining service coverage based on coverage information. The coverage information of serving cell needs to be provided in earth moving LEO deployment for proper cell re-selection.
· Proposal 2: The coverage information of serving cell for earth moving LEO deployment should be provided to estimate the remaining service coverage to complete detection/measurement for cell reselection within serving cell coverage since the service time for the area provided by earth moving LEO is limited.

For time-based cell reselection
Based on RAN2 agreements, time-based measurement initiation is used to address feeder-link switch case, and t-Service-r17 format for the IE used to trigger UE neighbor cell measurements prior to cell replacement due to feeder link switch is reused. Therefore, UE should be able to detect, measure, and evaluate neighbor cells before t-Service (feeder link switch) regardless of whether the distance condition based on trajectory reference location is met or legacy signal quality conditions of the serving cell are met. Rel-17 time-based cell reselection requirements could be reused. So, when to start the detection, measurement and evaluation on neighbor cell is up to UE implementation.
· Proposal 3: For time-based measurement initiation, Rel-17 requirements can be reused.
· In earth moving LEO deployment, if t-Service (feeder link switch) is broadcasted and applicable, UE should be able to detect, measure, and evaluate neighbor cells before t-Service (feeder link switch) regardless of whether the distance condition based on trajectory reference location is met or legacy signal quality conditions of serving cell are met, and when to start the detection, measurement and evaluation on neighbor cell is up to UE implementation.

For the measurement of higher priority frequency layer
As mentioned above, in the case of earth-moving cell based LEO deployment, the earth moving cell based LEO satellite will only be a serving cell for a short duration (about 5~20 seconds) for a UE depending on cell coverage since the velocity of LEO is 7.5km/s. If NTN frequency layer is set to higher priority, Thigher_priority_search for frequency layer with higher priority is too long. Therefore, Thigher_priority_search for frequency layer with higher priority should be shorter when serving cell is earth moving cell based LEO.
· Proposal 4: In case the serving cell is earth moving cell based LEO, shorter Thigher_priority_search for frequency layer with higher priority should be since the time the serving cell is available is very short. 


NTN-to-TN cell reselection enhancements 
In RAN2 #122 meeting, following agreements are made for NTN-TN mobility.
	Cell reselection enhancements
· NTN-NTN enhancements
<Agreements in RAN2#121-bis-e >
· 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
· 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.
· 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 acquired TN area coverage information remains valid until the next system information update of the SIB including TN coverage info
· Working assumption: We do not introduce new triggers making the UE reacquire the TN coverage information from SI
· 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
<Agreements in RAN2#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
· TN coverage info is NOT included in SIB19. FFS if we use an existing SIB or a new one
· We don’t introduce RRC dedicated signalling to provide more accurate TN coverage information
<Agreements in RAN2#123>
· Both of the NR TN coverage and EUTRA TN coverage can be provided.
· We introduce a new SIB to provide the TN coverage information
· A TN coverage area configuration is associated with a TN coverage Area ID. The frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5.


Based on RAN2 agreement, when the serving cell is NTN, TN frequency measurements are initiated if the distance between UE and the reference location of TN coverage is smaller than distanceThresh. For the requirements, measurements of inter-frequency NR cell in clause 4.2.2.4 could be reused for TN frequency measurement when serving cell is NTN. However, measurement initiation condition for TN frequency should be added; for example, 
· For measurement of TN frequency layer, if the distance between UE and the reference location of TN coverage is smaller than distanceThresh for TN coverage if the distanceThresh is configured and UE has location information,
· if Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, UE shall search for TN frequency layers of higher priority at least every Thigher_priority_search.
· if Srxlev > SnonIntraSearchP or Squal > SnonIntraSearchQ, UE shall search for and measure TN frequency layers of higher, equal, and lower priority in preparation for possible reselection. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined in clause 4.2.2.4.
· Otherwise, UE may not perform measurement of TN frequency.

· Proposal 5: For the measurement requirement of TN frequency layer, existing requirements for inter-frequency NR cell could be reused, and measurement condition needs to be added as below.
· For measurement of TN frequency layer, if the distance between UE and the reference location of TN coverage is smaller than distanceThresh for TN coverage if the distanceThresh is configured and UE has location information,
· if Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, UE shall search for TN frequency layers of higher priority at least every Thigher_priority_search.
· if Srxlev > SnonIntraSearchP or Squal > SnonIntraSearchQ, UE shall search for and measure TN frequency layers of higher, equal, and lower priority in preparation for possible reselection. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined in clause 4.2.2.4.
· Otherwise, UE may not perform measurement of TN frequency.

For TN-to-NTN cell reselection, there is no any discussion on this scenario in RAN2. So, RAN4 does not need to discuss cell reselection from TN to NTN in Rel-18.
· Proposal 6: Do not introduce TN-to-NTN cell reselection in Rel-18

When TN frequency layers are set to higher priority, UE will search for the TN frequency layer at least every Thigher_priority_search where Thigher_priority_search = (60*Nlayers) seconds if Srxlev and Squal of NTN serving cell are higher than SnonIntraSearchP and SnonIntraSearchQ. If UE is located within TN coverage, Thigher_priority_search is long and does not seem appropriate for searching TN frequency. Therefore, Thigher_priority_search for TN frequency layer should be shorter than the current value. 
· Proposal 7: Consider shorter Thigher_priority_search for TN frequency layer when TN frequency is set to higher priority when NTN is serving cell.

Conclusion 
In this contribution, we provide our views on NR NTN enhancement for RRM requirements related to IDLE/INACTIVE mode mobility, and we propose
NTN-NTN cell reselection enhancements
· Proposal 1: Additional reference location for the serving cell to compensate error for the derived trajectory of the reference location should be provided for earth moving LEO deployment and the location margin for evaluating the distance threshold should be minimized. 
· Proposal 2: The coverage information of serving cell for earth moving LEO deployment should be provided to estimate the remaining service coverage to complete detection/measurement for cell reselection within serving cell coverage since the service time for the area provided by earth moving LEO is limited.
· Proposal 3: For time-based measurement initiation, Rel-17 requirements can be reused.
· In earth moving LEO deployment, if t-Service (feeder link switch) is broadcasted and applicable, UE should be able to detect, measure, and evaluate neighbor cells before t-Service (feeder link switch) regardless of whether the distance condition based on trajectory reference location is met or legacy signal quality conditions of serving cell are met, and when to start the detection, measurement and evaluation on neighbor cell is up to UE implementation.
· Proposal 4: In case the serving cell is earth moving cell based LEO, shorter Thigher_priority_search for frequency layer with higher priority should be since the time the serving cell is available is very short. 

NTN-TN cell reselection enhancements
· Proposal 5: For the measurement requirement of TN frequency layer, existing requirements for inter-frequency NR cell could be reused, and measurement condition needs to be added as below.
· For measurement of TN frequency layer, if the distance between UE and the reference location of TN coverage is smaller than distanceThresh for TN coverage if the distanceThresh is configured and UE has location information,
· if Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, UE shall search for TN frequency layers of higher priority at least every Thigher_priority_search.
· if Srxlev > SnonIntraSearchP or Squal > SnonIntraSearchQ, UE shall search for and measure TN frequency layers of higher, equal, and lower priority in preparation for possible reselection. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined in clause 4.2.2.4.
· Otherwise, UE may not perform measurement of TN frequency.
· Proposal 6: Do not introduce TN-to-NTN cell reselection in Rel-18
· Proposal 7: Consider shorter Thigher_priority_search for TN frequency layer when TN frequency is set to higher priority when NTN is serving cell.
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