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1	Introduction
RAN4 completed the core part of the on IoT NTN enhancement work item at last meeting and the performance part workplan was discussed and agreed in [1]. The initial discussions to identify the test cases took place and they were captured in the way forward document in [2]. In this contribution we further discuss and provide our view on those. 
[bookmark: _Ref178064866]2	Discussion on performance part 
For NB/eMTC, test cases suspended due to lack of neighbour cell assistant information
It is recalled that mobility is quite limited in the first release 18 work item on IoT NTN for NB-IoT and eMTC due to lack of neighbour cell ephemeris information. Mobility within cells served by GSO satellites was supported and therefore also GSO related test cases were introduced. In other words, all inter-frequency mobility test cases that involve NGSO satellites were postponed. The missing inter-frequency tests are shown below for NB-IoT and eMTC.   
Proposal 1 RAN4 to define the missing inter-frequency tests for NB-IoT and eMTC as shown in Table 1 and 2. 

Table 1 Missing tests for NB-IoT NTN
	IDLE mode test for NB1
A.13.1.1.1x	HD – FDD Inter frequency case for UE Category NB1 Standalone mode in normal coverage
A.13.1.1.3x	HD – FDD Inter frequency case for UE Category NB1 Standalone mode in normal coverage with UE specific DRX
RRC re-establishment tests for NB1
A.13.3.1.1x	HD-FDD Inter-frequency RRC Re-establishment for UE category NB1 in Standalone mode under normal coverage
A.13.3.1.2x	HD-FDD Inter-frequency RRC Re-establishment for UE category NB1 in Standalone mode under enhanced coverage




Table 2 Missing tests for eMTC NTN
	A.14.1.1.1x	E-UTRAN FDD – FDD Inter frequency case for Cat-M1 UE in normal coverage
A.14.1.1.2x	E-UTRAN HD – FDD Inter frequency case for Cat-M1 UE in normal coverage

CONNECTED state mobility for M1: handover
A.5.1.27x	E-UTRAN FDD inter frequency handover for Cat-M1 UEs in CEModeA
A.5.1.28x	E-UTRAN HD-FDD inter frequency handover for Cat-M1 UEs in CEModeA
A.5.1.30	E-UTRAN FDD inter frequency handover for Cat-M1 UEs in CEModeB
A.5.1.31	E-UTRAN HD-FDD inter frequency handover for Cat-M1 UEs in CEModeB


CONNECTED state mobility for M1: RRC re-establishment
A.6.1.17x	E-UTRAN FD-FDD Inter-frequency RRC Re-establishment for Cat-M1 UE in CEModeA
A.6.1.18x	E-UTRAN HD-FDD Inter-frequency RRC Re-establishment for Cat-M1 UE in CEModeA

CONNECTED state measurement procuedure tests for M1
A.8.3.11x	E-UTRAN FDD-FDD Inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells with burst gap
A.8.3.12x	E-UTRAN FDD-FDD Inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells for UE category M1 with discontinuous MPDCCH monitoring in CEModeA
A.8.3.13x	E-UTRAN HD-FDD Inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells for UE category M1 with discontinuous MPDCCH monitoring in CEModeA
A.8.3.14x	E-UTRAN FDD-FDD inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells for UE category M1 with discontinuous MPDCCH monitoring in CEModeB
A.8.3.15x	E-UTRAN HD-FDD inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells for UE category M1 with discontinuous MPDCCH monitoring in CEModeB

CONNECTED state measurement performance tests for M1
A.9.1.62x	FD-FDD RSRP Inter frequency case for Cat-M1 UE in CEModeA

A.9.1.63x	HD-FDD RSRP Inter frequency case for Cat-M1 UE in CEModeA
A.9.1.65x	FD-FDD RSRP Inter frequency case for Cat-M1 UE in CEModeB
A.9.1.66x	HD-FDD RSRP Inter frequency case for Cat-M1 UE in CEModeB




It was observed that handover tests for eMTC was only defined for the case without SFN acquisition meaning that the normal handover which SFN acquisition was overlooked. We therefore propose to define those tests as follows:
Proposal 2 RAN4 to define the missing intra-frequency handover tests for eMTC as follows: 

	A.5.1.13x	E-UTRAN FDD-FDD Intra frequency handover for Cat-M1 UEs in CEModeA
A.5.1.14x	E-UTRAN HD-FDD Intra frequency handover for Cat-M1 UEs in CEModeA



In addition, as pointed out in [3], RAN4 needs to include the NGSO configuration for the existing intra-frequency test cases since they were only designed assuming GSO. There is no need to introduce other test configuration since the configurations (such as RMCs, OCNGs) used in the first release 18 tests cases can be reused.  
Proposal 3 RAN4 to introduce NGSO configuration in existing intra-frequency tests for NB-IoT and eMTC NTN. 

New tests for NB/eMTC NTN enhancements

Intra- and inter-frequency triggering of neighbour cell measurements in IDLE mode
Location-based initiation of intra- and inter-frequency neighbour cell measurements in IDLE was introduced for both NB-IoT and eMTC [4]. This feature allows the UE to avoid neighbour cell measurements when serving cell reference location is smaller than distanceThresh if the distanceThresh is configured. Location-based measurement initiation tests needs to be introduced to verify the intra- and inter-frequency cell reselection requirements for satellite access specified. For eMTC, the test cases shall cover both FD-FDD and HD-FDD. 

Proposal 4 RAN4 to introduce tests to verify location-based triggering of neighbour cell measurements to verify following core requirements: 
· 4.6A.2.2, intra-frequency measurements in normal coverage for NB1, 
· 4.6A.2.4, intra-frequency measurements in enhanced coverage for NB1,
· 4.6A.2.5, inter-frequency measurements in normal coverage for NB1,
· 4.6A.2.6, inter-frequency measurements in enhanced coverage for NB1
· 4.7A.2.1.2, intra-frequency measurements in normal coverage for M1
· 4.7A.2.1.3, inter-frequency measurements in normal coverage for M1,
· 4.7A.2.2.2, intra-frequency measurements in enhanced coverage for M1
· 4.7A.2.2.3, inter-frequency measurements in enhanced coverage for M1




Conditional handover for eMTC
Conditional handover support was introduced for eMTC in release 18 work item on IoT NTN enhancements. More specifically, both time-based triggering of condition, based on condEventT1, and location-based triggering of condition, based on condEventD1, was introduced, see clauses 5.5A.2.3, 5.5A.2.4, 5.5A.3.3 and 5.5A.3.4 in [4]. Therefore RAN4 needs to define test cases to verify these core requirements for FD-FDD and HD-FDD in both normal and enhanced coverage. 
Proposal 5 RAN4 to introduce following tests to verify both location- and time-based conditional handover for eMTC:
· Intra-frequency time-based conditional Handover 
· Inter-frequency time-based conditional Handover 
· Intra-frequency location-based conditional Handover 
· Inter-frequency location-based conditional Handover 

Intra- and inter-frequency triggering of neighbour cell measurements in CONNECTED mode
For NB-IoT, RAN4 introduced both time-based and location-based initiation of neighbour cell measurements in CONNECTED mode. The time-based measurements are initiated based on the condition that t-Service is configured by the serving cell and the measurements are initiated before reaching the t-Service. The location-based measurement initiation is based on the condition that the distance between the serving cell reference location and the UE is larger than distanceThresh.
For the measurements, it is recalled that RAN4 defined concrete measurement delay for the intra-frequency neighbour cell measurements can be performed anytime given the intra-frequency cell is considered detectable and that the UE supports connModeMeasIntraFreq, see clause 8.14A.6.3 in [4]. However, the inter-frequency measurements are measured during certain time occasions which were identified in clause 8.14A.6.4. Therefore the inter-frequency tests may need to take into account these conditions as they were done in the corresponding TN tests, see for example A.8.1.52 in TS 36.133. 

Proposal 6 RAN4 to introduce tests for both time-based and location-based triggering of neighbour cell measurements in CONNECTED mode for NB-IoT. 
Compared to NB-IoT, only the time-based triggering of neighbour cell measurements is supported for eMTC. The time-based triggering is based on the condition that the UE is configured with t-ServiceStartNeigh for a neighbour cell to be identified and also that the UE is also configured with one of the measurement gap pattern ID [1] or [1]. When these conditions are met, the UE should be able to measure anytime during the measurement gap. 
Proposal 7 RAN4 to introduce tests for time-based triggering of neighbour cell measurements in CONNECTED mode for eMTC. 


GNSS measurement in CONNECTED mode
It is recalled that gaps are introduced for GNSS reacquisition in CONNECTED mode for both NB-IoT and eMTC. The gaps used for GNSS reacquisition can be considerably long (e.g. up to 31 seconds) compared to the classical measurement gaps (6 ms) used for RRM measurements. RAN4 has agreed that if gaps configured for reacquiring GNSS and gaps configured for mobility measurements at least partially overlaps in time with each other, then UE shall suspend the gaps configured for the mobility measurements and instead prioritize the use of GNSS gaps. A test case is needed to verify this behvaiour in the UE where the UE is configured with GNSS gap and mobility gaps, and the purpose of the test should be to verify that the UE can correctly perform the GNSS measurements even if those gaps are colliding with the measurement gaps. In order to make the test practical, it is suggested to use a relatively short gap length for GNSS, e.g. 1 ms. The same test could also be used to verify that the UE after the GNSS measurement  should be able to use the reoccurring gaps to measure on the neighbor cells using the mobility gaps. This means, subtest 1 can verify that the UE can correctly perform the GNSS measurements while the gaps are overlapping. Subtest 2 verifies that the UE can correctly identify and measure on the neighbor cell after completing the GNSS measurements. 

Proposal 8 RAN4 to introduce tests as follows for verify the GNSS measurement when the GNSS gaps overlaps with the mobility measurement gaps for eMTC, considering selecting a short GNSS gap length to make test practical: 
· Subtest 1: gaps are colliding and GNSS measurements are performed and neighbour cell measurements are not performed. 
· Subtest 2: GNSS measurement is completed and UE performs neighbour cell measurements. 


For NB-IoT it was agreed that the UE is not required to initiate measurements on a frequency layer in which neighbor cell is associated with a satellite until t-ServiceStart is reached. RAN4 has further agreed that the gaps configured for mobility measurements for eMTC are suspended until t-ServiceStartNeigh is reached for eMTC. Since the mobility gaps are suspended the UE should still be possible to be scheduled on the serving cell. This was one of motivation to introduce this rule, i.e. to not degrade the serving cell performance and to better utilize the gaps. This behavior can be verified by scheduling the UE on the serving cell and checking the HARQ feedback while t-ServiceStart is not reached and later in time in the same test checking that the UE can identify the neighbour cell when t-ServiceStart is reached. 

Proposal 9 RAN4 to introduce tests as follows for verify the UE can be scheduled on the serving cell depending on whether t-ServiceStart is reached or not: 
· Subtest 1: UE is scheduled on the serving cell and t-ServiceStart is not reached .
· Subtest 2: t-ServiceStart is reached and UE performs negibhour cell measurements. 


Conclusion
In this contribution we have discussed the testcase impact of the new features introduced in Rel-18 WI on IoT NTN enhancements. Based on the discussions, we have identified the need to introduce tests as listed below:

Proposal 1 RAN4 to define the missing inter-frequency tests for NB-IoT and eMTC as shown in Table 1 and 2. 

Proposal 2 RAN4 to define the missing intra-frequency handover tests for eMTC as follows: 

	A.5.1.13x	E-UTRAN FDD-FDD Intra frequency handover for Cat-M1 UEs in CEModeA
A.5.1.14x	E-UTRAN HD-FDD Intra frequency handover for Cat-M1 UEs in CEModeA



Proposal 3 RAN4 to introduce NGSO configuration in existing intra-frequency tests for NB-IoT and eMTC NTN. 

Proposal 4 RAN4 to introduce tests to verify location-based triggering of neighbour cell measurements to verify following core requirements: 
· 4.6A.2.2, intra-frequency measurements in normal coverage for NB1, 
· 4.6A.2.4, intra-frequency measurements in enhanced coverage for NB1,
· 4.6A.2.5, inter-frequency measurements in normal coverage for NB1,
· 4.6A.2.6, inter-frequency measurements in enhanced coverage for NB1
· 4.7A.2.1.2, intra-frequency measurements in normal coverage for M1
· 4.7A.2.1.3, inter-frequency measurements in normal coverage for M1,
· 4.7A.2.2.2, intra-frequency measurements in enhanced coverage for M1
· 4.7A.2.2.3, inter-frequency measurements in enhanced coverage for M1

Proposal 5 RAN4 to introduce following tests to verify both location- and time-based conditional handover for eMTC:
· Intra-frequency time-based conditional Handover 
· Inter-frequency time-based conditional Handover 
· Intra-frequency location-based conditional Handover 
· Inter-frequency location-based conditional Handover 


Proposal 6 RAN4 to introduce tests for both time-based and location-based triggering of neighbour cell measurements in CONNECTED mode for NB-IoT. 

Proposal 7 RAN4 to introduce tests for time-based triggering of neighbour cell measurements in CONNECTED mode for eMTC. 


Proposal 8 RAN4 to introduce tests as follows for verify the GNSS measurement when the GNSS gaps overlaps with the mobility measurement gaps for eMTC, considering selecting a short GNSS gap length to make test practical: 
· Subtest 1: gaps are colliding and GNSS measurements are performed and neighbour cell measurements are not performed. 
· Subtest 2: GNSS measurement is completed and UE performs neighbour cell measurements. 


Proposal 9 RAN4 to introduce tests as follows for verify the UE can be scheduled on the serving cell depending on whether t-ServiceStart is reached or not: 
· Subtest 1: UE is scheduled on the serving cell and t-ServiceStart is not reached .
· Subtest 2: t-ServiceStart is reached and UE performs negibhour cell measurements. 
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