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1 Introduction
In last RAN4#110-bis meeting, RAN4 discussed performance part of NTN enhancement and WF has been approved in [1]. In this contribution, we continue to discuss the performance requirements of NTN mobility enhancements.
2 Discussion
In the WF, it is agreed as:
	Issue 6-3-1: Below 10 GHz, Test set-up and applicability rule
Agreement: (ad-hoc)
· NTN-TN inter-frequency cell reselection (Intra-RAT to NR TN and Inter-RAT to LTE TN)
· For earth-moving cell, time-/location-based measurement initiation for cell reselection: 
· No test case
· For earth fixed cell: 
· Define test cases
· NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell
· Not define test case
· NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell
· Not define test case

Agreement: (online)
· Define two TCs: 
· RACH-less for soft satellite switch
· RACH-based for hard satellite switch

FFS:
· NTN to NTN RACH-less (C)HO 
· NTN to NTN time-based trigger CHO enhancements
· NTN to NTN location- based trigger CHO enhancements
· Network verified UE location


For the test case of NTN-TN inter-frequency cell reselection of earth fixed cell, according to the agreement of core requirements in [2]:
	Online Agreement: 
· Measurement requirements on cell reselection from NTN to NR TN (inter-frequency intra-RAT)
· Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN +   if the UE does not support the feature for enhanced RRM requirements defined in TS38.306 [14]  or if the enhancedMeasurementLEO-r17 is not enabled, or within Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE supports the feature for enhanced RRM requirements defined in TS38.306 [14]  and the enhancedMeasurementLEO-r17 is enabled.
· The parameter Kcarrier_TN is the number of NR TN inter-frequency carriers indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter Kcarrier_HST is the number of NR TN inter-frequency carriers which are configured with highSpeedMeasInterFreq-r17 indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter Kcarrier_NTN is the number of NR NTN inter-frequency carriers indicated by the serving cell.
· Tdetect/measure/evaluate,NR_Inter_TN is the NR TN inter-frequency cell re-selection requirement defined in Table 4.2.2.4-1 in TS38.133
· Tdetect/measure/evaluate,NR_Inter_NTN is the NR NTN inter-frequency cell re-selection requirement defined in Table 4.2C.2.4-1 in TS38.133
· When the distance between the UE and tn-ReferenceLocation is larger than tn-DistanceRadius +50m, the UE is allowed to not perform measurements on the TN frequency in the corresponding area.



TC NTN to NR TN cell reselection: 
· The test comprises three carriers and three cells. The first cell is the NTN Cell which UE camped on this cell at the beginning. The second cell is of NTN neighbour Cell and the third cell is TN cell. 
· Before the test, UE camped on NTN cell. UE received SIB25 information of Cell 1 of “tn-ReferenceLocation” and “tn-DistanceRadius”. During T1, the UE location is maintained by UE is not in the TN coverage. After the start of T2, the UE location is changed by new configuration of SIB25 to initiation to NTN-TN cell reselection. 
· At the end of T2, UE reselects to TN Cell by the best RSRP.
Proposal 1: For the test configuration of TC NTN to NR TN cell reselection, 
· The test comprises two carriers and one cell is of NTN Cell while another cell is TN cell. 
· Before the test, UE camped on NTN cell. UE received SIB25 information of Cell 1 of “tn-ReferenceLocation” and “tn-DistanceRadius”. During T1, the UE location is maintained by UE is not in the TN coverage. After the start of T2, the UE location is changed by new configuration of SIB25 to initiation to NTN-TN cell reselection.
· At the end of T2, UE reselects to TN Cell by the best RSRP.
For the test of NTN to LTE TN cell reselection, according to the agreement of core requirements in [2]:
	· Measurement requirements on cell reselection from NTN to LTE TN (inter-RAT)
· NEUTRA_carrier * Tdetect/measure/evaluate,EUTRAN
· The parameter NEUTRA_carrier_HST is the total number of configured E-UTRA carriers indicated to meet high speed requirements in the neighbour frequency list, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter NEUTRA_carrier is the number of EUTRA TN carriers indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· When the distance between the UE and tn-ReferenceLocation is larger than tn-DistanceRadius +50m, the UE is allowed to not perform measurements on the TN frequency in the corresponding area.


First, we need to further check whether there is “NEUTRA_carrier_HST” or not in core requirements. If only NEUTRA_carrier is in core requirements, the test cases can be designed with two carriers and two cells. Cell 1 is the NTN Cell which UE camped on this cell at the beginning. Cell 2 is the EUTRA neighbor cell. Then similar test procedure in NTN to NR TN can be reused. 
Proposal 2: For the test configuration of TC NTN to EUTRA TN cell reselection, first check whether there is HST carrier in core requirements. In the test case, it can compromise two carriers and two cells. Cell 1 is the NTN Cell which UE camped on this cell at the beginning. Cell 2 is the EUTRA neighbor cell. Similar test procedure in TC of NTN to NR TN in proposal 1 can be reused. 

For RACH-less for soft satellite switch and hard satellite switch test cases:
In soft satellite switch, “SatSwitchWithReSync-r18” is configured. 
SatSwitchWithReSync-r18 ::=              SEQUENCE {
    ntn-Config-r18                           NTN-Config-r17,
    t-ServiceStart-r18                       INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
ssb-TimeOffset-r18                       INTEGER (0..159)                                OPTIONAL        -- Need R
}
The t-ServiceStart should be configured in the soft satellite switch and earlier than t-Service. 
Proposal 3: In soft satellite switch test, “t-ServiceStart-r18” should be configured in “SatSwitchWithReSync-r18” and the value is earlier than t-Service. 

For the FFS part, we support the test case for NTN to NTN RACH-less (C)HO. The test comprises of two Cells and three successive time periods. At the start of T1, UE camps on Cell 1. And NTN Cell send a RRC message implying RACH-less HO to cell 2 during T2. After the UE reported Event A3, the PUSCH transmission in Cell 2 is configured in the RRC message from Cell 1. The UE shall stat to transmit PUSCH to Cell 2 less than the “RRC procedure delay + Tinterrupt (Interruption time for RACH-less HO)” from the beginning of time period T3. 
Proposal 4: Support to define the test case for NTN to NTN RACH-less HO. The test comprises of two Cells and three successive time periods. At the start of T1, UE camps on Cell 1. And NTN Cell send a RRC message implying RACH-less HO to cell 2 during T2. After the UE reported Event A3, the PUSCH transmission in Cell 2 is configured in the RRC message from Cell 1. The UE shall stat to transmit PUSCH to Cell 2 less than the “RRC procedure delay + Tinterrupt (Interruption time for RACH-less HO)” from the beginning of time period T3.

For the FFS on “Test case of NTN to NTN time-based trigger CHO enhancements”, according to the agreements of core requirements:
	Issue 5-3: NTN to NTN time and location-based trigger CHO enhancements
Online Agreement: 
· For NTN to NTN time or location only-based trigger CHO enhancements, the existing conditional CHO requirement defined in 6.1C.2.2 (DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution, Tinterrupt = Tprocessing + TIU + T∆ + Tmargin) is reused with the following updates:
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time (condition T1-1) or location condition (both condition D1-1 and condition D1-2) is fulfilled.
· Remove Tmeasure
· Add Tsearch to Tinterrupt, i.e. Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch, and the definition of Tsearch is the same as the existing one defined in [6.1C.1.2]


The only enhancement compared to Rel-17 NTN is the delay components such as Tmeasure is removing and etc. as above.
Proposal 5: For test case of “NTN to NTN time-based trigger CHO enhancements”, the test configuration in the Rel-17 NTN test case of “A.14.2.1.4” can be reused. The test requirements shall be updated according to core requirements to remove Tmeasure and add Tsearch to Tinterrupt. 
3 Conclusion
In this contribution, we provide our proposals for performance requirements of NTN mobility enhancements:
Proposal 1: For the test configuration of TC NTN to NR TN cell reselection, 
· The test comprises two carriers and one cell is of NTN Cell while another cell is TN cell. 
· Before the test, UE camped on NTN cell. UE received SIB25 information of Cell 1 of “tn-ReferenceLocation” and “tn-DistanceRadius”. During T1, the UE location is maintained by UE is not in the TN coverage. After the start of T2, the UE location is changed by new configuration of SIB25 to initiation to NTN-TN cell reselection.
· At the end of T2, UE reselects to TN Cell by the best RSRP.
Proposal 2: For the test configuration of TC NTN to EUTRA TN cell reselection, first check whether there is HST carrier in core requirements. In the test case, it can compromise two carriers and two cells. Cell 1 is the NTN Cell which UE camped on this cell at the beginning. Cell 2 is the EUTRA neighbor cell. Similar test procedure in TC of NTN to NR TN in proposal 1 can be reused. 
Proposal 3: In soft satellite switch test, “t-ServiceStart-r18” should be configured in “SatSwitchWithReSync-r18” and the value is earlier than t-Service. 
Proposal 4: Support to define the test case for NTN to NTN RACH-less HO. The test comprises of two Cells and three successive time periods. At the start of T1, UE camps on Cell 1. And NTN Cell send a RRC message implying RACH-less HO to cell 2 during T2. After the UE reported Event A3, the PUSCH transmission in Cell 2 is configured in the RRC message from Cell 1. The UE shall stat to transmit PUSCH to Cell 2 less than the “RRC procedure delay + Tinterrupt (Interruption time for RACH-less HO)” from the beginning of time period T3.
Proposal 5: For test case of “NTN to NTN time-based trigger CHO enhancements”, the test configuration in the Rel-17 NTN test case of “A.14.2.1.4” can be reused. The test requirements shall be updated according to core requirements to remove Tmeasure and add Tsearch to Tinterrupt. 

4 Reference
[1] R4-2406430, WF on RRM requirements for NR_NTN_enh, Qualcomm
[2] R4-2403492, WF on RRM requirements for NR_NTN_enh, Qualcomm
