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1. Introduction
In Rel-18, the core part on NR NTN Enhancements have been finalized, which include NTN bands above 10GHz, NW verified UE location and NTN mobility enhancements. The latest progress was captured in WF [1]. As per the working plan, the discussion on performance requirements on NTN needs to be triggered. In the last meeting, companies provided initial thinking on the coverage of test cases and no details were discussed. The summary on baseline requirements were captured in [1]. Based on it, we would like to further provide our views on the test cases design for NTN mobility enhancements in this paper.
2. Discussion
	Issue 6-3: NTN bands below 10 GHz
Agreement: 
· For FR1-NTN test cases, the below are baseline.
· NTN-TN cell reselection
· NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell, only for satellite switch
· NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell, for cell switch
· NTN to NTN RACH-less (C)HO
· NTN to NTN Satellite switching without PCI change
· Hard switch
· RACH based
· RACH-less
· soft switch
· RACH based
· RACH-less
· NTN to NTN time-based trigger CHO enhancements
· NTN to NTN location- based trigger CHO enhancements



The detailed test case list is shown as above. We will provide our analysis case by case.
2.1 NTN-TN cell reselection
For the NTN-TN mobility in idle/inactive mode, there are two new mechanisms introduced in Rel-18, which are from TN to NTN mobility and from NTN to TN mobility. For the former one, it has been agreed in the core part that no test cases would be defined. And for the latter one, as per the description captured in RAN2 spec, the optimization of skipping TN measurement when UE is not in the coverage of TN somehow depends on UE implementation. From this perspective, we prefer not to specifically design the new test to verify this procedure.
-	For UE camping on NTN cell, if the UE supports skipping TN measurement, and the UE has obtained its location information, and if coverageAreaInfoList and tn-AreaIdList are broadcast in system information, the UE may not perform measurements of a TN frequency when UE is not in the coverage of that frequency provided via tn-AreaIdList, regardless of the frequency priority.
Proposal 1: RAN4 not to define test cases for TN to NTN and NTN to TN cell reselection in Rel-18
2.2 NTN to NTN time-based/location-based measurement initiation for cell reselection in earth-moving cell
For the time-based/location-based measurement initiation for cell reselection, the difference between Rel-17 and Rel-18 is just that the former focus on earth-fixed cell while the latter is for earth-moving cell. The corresponding ways to cell reselection measurement initiation are the same. Therefore, we don’t see the strong necessity to newly introduce the quite similar tests for Rel-18.
Proposal 2: RAN4 not to introduce new test cases for moving cell case on NTN to NTN time-based/location-based measurement initiation for cell reselection
2.3 NTN to NTN RACH-less (C)HO
Issue 5-1: NTN to NTN RACH-less (C)HO
Online Agreement: (f/u can be through CRs in the future meetings)
· For RACH-less HO, 
· on PRACH in TIU
· Leave TIU as is. RAN4 to add back PRACH to TIU if supported by RAN2 spec in maintenance phase, e.g.
· PRACH if TA timer is not running and there is no PUCCH SR
· PRACH if no valid configured grant based PUSCH is found
· Remove SR on PUCCH from TIU
· RAN4 to add back it to TUE if supported by RAN2 spec in maintenance phase.
· For RACH-less CHO, 
· The requirement for time-based CHO can be the baseline, with the following modification on TIU
· For combination of RACH-less handover with time-based conditional handover, TIU can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling.
In Rel-18, one of the most important features introduced for connected mode in NTN is the RACH-less based HO and CHO. For this part, we think it is necessary to define corresponding test to verify the delay. RAN4 can reused the existing test configurations and procedures for NTN-NTN RACH-based (C)HO with the corresponding adaptation of the first UL transmission.
Proposal 3: RAN4 to define test cases for NTN-NTN RACH-less (C)HO by reusing the existing test configurations and procedures for NTN-NTN RACH-based (C)HO with the corresponding adaptation of the first UL transmission.
2.4 NTN to NTN Satellite switching without PCI change
In addition to RACH-less C(HO), another important feature introduced in Rel-18 is the NTN to NTN Satellite switching without PCI change, which mainly includes hard switch and soft switch. Naturally, the test cases for these two scenarios shall be defined. 
For the hard switch, UE starts the switch procedure at t-service and ends at first transmission on PRACH for RACH-based case or PUSCH for RACH-less case. In general, the existing tests on SAN handover for intra-frequency unknown cell can be reference. 
As for the soft switch, there are two possible cases as shown in the online agreement reached in the last meeting. One is that the DL sync with target satellite is finished before t-service and another is that process extends after the source satellite stops service. RAN4 can only choose one of these two cases to verify. Considering the latter case is quite similar to the hard switch except for bring the starting point of DL sync with target satellite ahead of the time point which is earlier than t-service, we suggest to test the former case which assuming that Satellite switch ending pint is no later than is Tprocessing + TIU from t-Service.
	· Online Agreement: Satellite switch latency Requirement
· If t-Service – t-serviceStart >= Tsearch + T∆ + Tmargin and UE is able to perform downlink synchronization with the target NGSO satellite and keep the connection (DL and UL) with the source NGSO satellite simultaneously
· Satellite switch ending pint is no later than is Tprocessing + TIU from t-Service
· Otherwise
· Satellite switch latency ending pint is no later than Tsearch + T∆ + Tmargin + Tprocessing + TIU from t-serviceStart
· Interruption is allowed only after t-Service



Proposal 4: RAN4 to introduce test case to verify the delay requirement on ‘Hard’ Satellite switch. The test configuration and procedure of legacy SAN handover for intra-frequency unknown cell can be the baseline with the adaptation of the starting point as ‘t-service’ and ending point of RACH-less based case
Proposal 5: RAN4 to introduce test case to verify the delay requirement on ‘Soft’ Satellite switch with assumption that Satellite switch ending pint is no later than is Tprocessing + TIU from t-Service 
2.5 NTN to NTN trigger CHO enhancements
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]
Compared with the legacy time and location-based trigger CHO, the enhancement in Rel-18 is that UE can directly trigger CHO execution without L3 measurement criteria once the event of time/location related is fulfilled. RAN4 needs to verify this procedure in the test. Basically, the legacy tests for SAN time-based/location-based conditional Handover can be used as the baseline. Further, considering both intra-frequency and inter-frequency cells have been verified in the legacy tests. To reduce the test burden, it is suggested that RAN4 can only select two cases as the test scenarios.
Proposal 6: RAN4 to select two cases of following list to define for time-based and location-based trigger CHO. Specifically, the legacy tests for SAN time-based/location-based conditional Handover can be used as the baseline, with the adaptation of replacing L3 measurement with cell search procedure
· Inter-frequency SAN time-based conditional Handover without L3 measurement criteria
· Intra-frequency SAN time-based conditional Handover without L3 measurement criteria
· Inter-frequency SAN location-based conditional Handover without L3 measurement criteria
· [bookmark: _GoBack]Intra-frequency SAN location -based conditional Handover without L3 measurement criteria
3. Conclusions
Proposal 1: RAN4 not to define test cases for TN to NTN and NTN to TN cell reselection in Rel-18
Proposal 2: RAN4 not to introduce new test cases for moving cell case on NTN to NTN time-based/location-based measurement initiation for cell reselection
Proposal 3: RAN4 to define test cases for NTN-NTN RACH-less (C)HO by reusing the existing test configurations and procedures for NTN-NTN RACH-based (C)HO with the corresponding adaptation of the first UL transmission.
Proposal 4: RAN4 to introduce test case to verify the delay requirement on ‘Hard’ Satellite switch. The test configuration and procedure of legacy SAN handover for intra-frequency unknown cell can be the baseline with the adaptation of the starting point as ‘t-service’ and ending point of RACH-less based case
Proposal 5: RAN4 to introduce test case to verify the delay requirement on ‘Soft’ Satellite switch with assumption that Satellite switch ending pint is no later than is Tprocessing + TIU from t-Service 
Proposal 6: RAN4 to select two cases of following list to define for time-based and location-based trigger CHO. Specifically, the legacy tests for SAN time-based/location-based conditional Handover can be used as the baseline, with the adaptation of replacing L3 measurement with cell search procedure
· Inter-frequency SAN time-based conditional Handover without L3 measurement criteria
· Intra-frequency SAN time-based conditional Handover without L3 measurement criteria
· Inter-frequency SAN location-based conditional Handover without L3 measurement criteria
· Intra-frequency SAN location -based conditional Handover without L3 measurement criteria
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