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[bookmark: _Toc116995841]Introduction
Performance part of the Rel-18 Further mobility enhancements work item started in the RAN4#108bis meeting, but so far there was no online discussion and the company proposals were just captured in way forwards, the latest being [1]. 
In this contribution, we discuss the test cases for selective activation (subsequent conditional PSCell addition/change), CHO enhancements and SCell setup delay enhancements.
Test cases for selective activation
For selective activation, RAN4 introduced requirements for:
· Subsequent conditional PSCell change
· FR1-FR1 NR-DC to FR1-FR1 NR-DC
· FR1-FR2 NR-DC to FR1-FR1 NR-DC
· FR1-FR1 NR-DC to FR1-FR2 NR-DC
· FR1-FR2 NR-DC to FR1-FR2 NR-DC
· Subsequent conditional PSCell addition
· FR1 SA to FR1-FR1 NR-DC
· FR1 SA to FR1-FR2 NR-DC

The difference in the delay compared to legacy PSCell change/addition is that the delay does not include RRC processing time. Hence, RAN4 needs to define test cases that verify that the UE can complete subsequent PSCell change and addition within the defined delay. The test cases would need to consist of:
[bookmark: _Toc159236653]Define test cases for subsequent conditional PSCell addition (after SCG release): SCG release followed by subsequent conditional PSCell addition, where the TE verifies that the UE can complete the subsequent conditional PSCell addition within the defined delay.
[bookmark: _Toc159236654]Define test cases for subsequent conditional PSCell change: one PSCell addition or change and a subsequent conditional PSCell change, where the TE verifies that the UE can complete the subsequent conditional PSCell change within the defined delay.
[bookmark: _Toc158968165][bookmark: _Toc159236655][bookmark: _Toc159236656]RAN4 to define test cases for subsequent conditional PSCell change and addition for the following scenarios:
	Subsequent Conditional PSCell Addition Delay
	FR1 SA to FR1-FR1 NR-DC

	
	FR1 SA to FR1-FR2 NR-DC

	Subsequent Conditional PSCell Change
	FR1-FR1 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR1 NR-DC to FR1-FR2 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR2 NR-DC



Test cases can on high level be implemented as described below.
	Test case
	High level test setup

	Subsequent Conditional PSCell Addition Delay
	Start setup: UE connected to cell 1 (PCell) and cell 2 (PSCell)
After SCG release: UE connected to cell 1 (PCell)
End setup after subsequent PSCell addition: UE connected to cell 1 (PCell) and cell 3 (PSCell)

T1: UE connected to cell 1 and cell 2. UE is configured with subsequent conditional PSCell addition to cell 3. 
T2: Cell 2 is released. T2 is the time until the end of Tevent_DU for cell 3.
T3: Cell 3 PSCell addition condition is fulfilled. UE to perform subsequent conditional PSCell addition to cell 3 within the defined delay, excluding Tevent_DU.

	Subsequent Conditional PSCell Change
	(Subsequent PSCell change after PSCell addition is used in this example.)
Start setup: UE connected to cell 1 (PCell) 
After PSCell addition: UE connected to cell 1 (PCell) and cell 2 (PSCell)
End setup after subsequent PSCell change: UE connected to cell 1 (PCell) and cell 3 (PSCell)

T1: UE connected to cell 1. UE is configured with subsequent conditional PSCell change to cell 3. 
T2: Cell 2 becomes detectable. UE to complete PSCell addition within the delay for PSCell addition. At the end of T2 UE is connected to cell 1 and cell 2. T2 includes the time for Tevent_DU for cell 3.
T3: Cell 3 PSCell change condition is fulfilled. UE to perform subsequent PSCell change from cell 2 to cell 3 within the delay for subsequent conditional PSCell change, excluding Tevent_DU.



Test cases for improvement on SCell/SCG setup delay 
Since RAN plenary agreed to remove the enhanced measurement solution from Rel-18, the requirements for SCell setup enhancements now only include the existing measurements solution. Summarized, in the existing measurement solution, the UE may report idle/inactive mode EMR or cell re-selection measurements at RRC connection setup, if the measurements fulfill accuracy requirements and are performed within X seconds before msg1. X is agreed to be a network configurable value.
Legacy test case for Rel-16 idle mode CA/DC measurements (EMR) is defined in A.6.6.9 for FR1. The test consists of three time periods (T1: connected mode, T2: idle mode, T3: connection setup), and at the end of the test the UE is expected to report accurate idle mode measurement results in early measurement report.
Since the measurement report does not tell when the UE performed the reported measurements, the legacy test case cannot be directly used as baseline to verify the Rel-18 requirements that are based on a time-based validity check. Since X is in Rel-18 the main new criteria for measurement validity, a test case to verify that the UE does not report measurements that are older than X is needed.
[bookmark: _Toc159236657]RAN4 to define a test case to verify that a UE supporting the Rel-18 “existing measurement solution” only reports measurements that are performed within X seconds from msg1 of RRC connection setup.
As there is no way to tell the age of the reported measurements directly from the measurement report, the test case needs to be defined so that it is clear from the reported measurement results that they are not older than X. We think that the only way to verify this is by setting the signal level for the cell to be measured in the test case clearly different before and during X in idle mode, as shown in Figure 1. A UE following Rel-18 requirement correctly will only report measurements performed within X and corresponding to signal level 2 in Figure 1. This way the reported averaged signal level will tell the TE whether the measurements are performed within X or before X. Signal levels can then be varied between the test runs.
[bookmark: _Toc159236658]The age of the reported idle/inactive mode measurements may be tested by setting the signal level clearly different before and during X in idle mode. The TE can tell from the reported signal level whether the measurements are older than X.

[image: ]
[bookmark: _Ref158372980]Figure 1: Example of existing measurement solution test case. Measurement report to only contain results performed within X i.e. corresponding to signal level 2.

Another aspect that was included in the requirements was that the UE shall not report invalid measurements, which also means that if the UE has no valid measurement results available, it should not report anything. For this purpose, the test case can also contain test runs when the UE does not have valid measurements available and shall not report anything. The signalling related to this scenario is still to be defined by RAN2. However, we think a similar principle as in Figure 1 applies here, but the cell signal would just be turned off during X (T3). Hence, same test case can in our view be used to verify both that the UE reports only fresh measurements (performed during X) and does not report anything if valid measurements are not available.
[bookmark: _Toc159236659]The test case for existing measurement solution also verifies that the UE does not report anything if it does not have valid measurements available.
Rel-18 enhancements allow the UE to report both EMR and cell re-selection measurements, and Rel-16 EMR is not a prerequisite for a UE to support the Rel-18 feature. Therefore, RAN4 should define test cases that cover both cases to also enable testing the feature for a UE that does not support Rel-16 EMR.
[bookmark: _Toc159236660]Define test cases to support Rel-18 early measurement reporting of both Rel-16 EMR and cell-reselection measurements.
Using the legacy idle mode CA/DC test case as the baseline, verifying the age of the measurements and checking that the UE does not report if it does not have any valid measurements available can be done e.g. by adding a fourth time period in the legacy test. The test flow would then become: 
Two cells in the test: cell 1 (PCell) and cell 2 (neighbor cell)
T1: UE in connected mode and connected to cell 1. UE has no timing information of cell 2. UE is released to idle mode.
T2: Cell 2 becomes detectable and signal level of cell 2 is set to level 1. UE to measure cell 2.
T3: Signal level of cell 2 is set to level 2 (clearly different from level 1, or turned off). UE to continue measuring cell 2. Duration of T3 equals to X.
T4: UE receives RRC setup message. During the connection setup the UE is requested to transmit early measurement report for cell 2. To pass the test, UE has to report measurement results for cell 2 correctly. I.e. reported results need to be accurate according to signal level 2 or UE shall not report anything if cell 2 signal level was too low (turned off) during X.
Test cases for CHO enhancements
For conditional handover enhancements, core requirements were defined for:
· CHO with target PSCell
· CHO with candidate PSCell
Existing test cases for CHO (without PSCell) are defined in A.6.3.3 and A.7.3.3. The test verifies that interruption does not happen when not allowed by the CHO delay requirement and that the UE transmits PRACH to the target cell within the defined delay.
	A.7.3.3.1.2.3	Test Requirements
TRRC + TEvent_DU occurs during T1 as the handover condition becomes satisfied at the start of T2. The test shall verify that there are no interruptions during T1.
The UE shall start to transmit the PRACH to Cell 2 less than Tmeasure + Tinterrupt + TCHO_execution =1600+62+10=1672 ms (power class 1) or 1080+62+10 =1152 (PC2/3/4) 62 ms=1152 ms (power classes 2,3 and 4) from the start of T2 and the interruption during T2 shall not exceeed Tinterrupt=Tprocessing + TIU + T∆ + Tmargin =40+20+2 = 62ms excluding any transmissions which do not occur due to scheduling restrictions.




Existing test cases for HO with PSCell are defined in A.7.3.1.7 for HO with PSCell addition and A.7.3.1.8 for PSCell change in NR-DC, where the test verifies that the UE sends PRACH to target PCell and target PSCell within the defined delay. When defining the test cases for CHO with target or candidate PSCell, the legacy test cases for CHO and HO with PSCell can be used as a baseline. 
One aspect that was discussed in some contributions in the last meeting was whether the test case for CHO with candidate PSCell has to verify that the UE makes the correct decision whether to proceed with CHO only or CHO with PSCell, if CHO only configuration is provided. Since the delay requirement in the case CHO only scenario happens is already tested by the existing CHO test cases, we think it is acceptable to not define a test case where the UE would proceed with CHO only. However, if RAN4 wants to test correct UE behavior in the case CHO only configuration is provided (UE correctly proceeds with either CHO or CHO+CPC), we can support defining such test case, but initially we do not see that this is mandatory. 
[bookmark: _Toc159236661]It is not mandatory to define a test case for the case of CHO with CPC where the UE proceeds with CHO only, as the existing test case for CHO already verifies the delay in this case. 
The scenarios that are covered by the defined core part requirements for each CHO type are:
· FR1-FR1 NR-DC to FR1-FR1 NR-DC
· FR1-FR2 NR-DC to FR1-FR1 NR-DC
· FR1-FR1 NR-DC to FR1-FR2 NR-DC
· FR1-FR2 NR-DC to FR1-FR2 NR-DC
The delay requirement for these scenarios varies from the UE processing delay point of view, which is different for intra-FR and inter-FR scenarios. Hence, we think the test case should verify the delay requirement for all the supported scenarios. Summarized, we propose to define the following test cases:
[bookmark: _Toc159236662]For CHO enhancements, RAN4 to define test cases for:
	Conditional handover including target MCG
	FR1-FR1 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR1 NR-DC to FR1-FR2 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR2 NR-DC

	Conditional Handover including target MCG and candidate SCG
	FR1-FR1 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR1 NR-DC to FR1-FR2 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR2 NR-DC



Considering the test setup, the high level details for each CHO type would be in our view:
	CHO test case
	High level test case details

	Conditional handover including target MCG
	Start setup: UE connected to cell 1 (PCell) and cell 2 (PSCell)
End setup: UE connected to cell 3 (PCell) and cell 4 (PSCell)

T1: Time until the end of Tevent_DU. UE connected to cell 1 and cell 2. UE is configured with CHO for cell 3 with target PSCell cell 4. Interruptions are not allowed during T1.
T2: Cell 3 CHO condition is fulfilled. UE shall send PRACH to cell 3 and cell 4 within the defined delay for PCell and PSCell, respectively, excluding TRRC and Tevent_DU.

	Conditional Handover including target MCG and candidate SCG
	Start setup: UE connected to cell 1 (PCell) and cell 2 (PSCell)
End setup: UE connected to cell 3 (PCell) and cell 4 (PSCell)

T1: Time until the end of Tevent_DU. UE connected to cell 1 and cell 2. UE is configured with CHO+CPC for cell 3 and cell 4. Interruptions are not allowed during T1.

T2: CHO condition for cell 3 and CPC condition for cell 4 are fulfilled and UE shall execute CHO with CPC. UE shall send PRACH to cell 3 and cell 4 within the defined delay for PCell and PSCell, respectively, excluding TRRC and Tevent_DU.




[bookmark: _Toc116995848]Conclusion
The following observations and proposals were made in this contribution:  
Proposal 1: Define test cases for subsequent conditional PSCell addition (after SCG release): SCG release followed by subsequent conditional PSCell addition, where the TE verifies that the UE can complete the subsequent conditional PSCell addition within the defined delay.
Proposal 2: Define test cases for subsequent conditional PSCell change: one PSCell addition or change and a subsequent conditional PSCell change, where the TE verifies that the UE can complete the subsequent conditional PSCell change within the defined delay.
Proposal 3: RAN4 to define test cases for subsequent conditional PSCell change and addition for the following scenarios:
	Subsequent Conditional PSCell Addition Delay
	FR1 SA to FR1-FR1 NR-DC

	
	FR1 SA to FR1-FR2 NR-DC

	Subsequent Conditional PSCell Change
	FR1-FR1 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR1 NR-DC to FR1-FR2 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR2 NR-DC



Proposal 4: RAN4 to define a test case to verify that a UE supporting the Rel-18 “existing measurement solution” only reports measurements that are performed within X seconds from msg1 of RRC connection setup.
Proposal 5: The age of the reported idle/inactive mode measurements may be tested by setting the signal level clearly different before and during X in idle mode. The TE can tell from the reported signal level whether the measurements are older than X.
Proposal 6: The test case for existing measurement solution also verifies that the UE does not report anything if it does not have valid measurements available.
Proposal 7: Define test cases to support Rel-18 early measurement reporting of both Rel-16 EMR and cell-reselection measurements.
Proposal 8: It is not mandatory to define a test case for the case of CHO with CPC where the UE proceeds with CHO only, as the existing test case for CHO already verifies the delay in this case.
Proposal 9: For CHO enhancements, RAN4 to define test cases for:
	Conditional handover including target MCG
	FR1-FR1 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR1 NR-DC to FR1-FR2 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR2 NR-DC

	Conditional Handover including target MCG and candidate SCG
	FR1-FR1 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR1 NR-DC

	
	FR1-FR1 NR-DC to FR1-FR2 NR-DC

	
	FR1-FR2 NR-DC to FR1-FR2 NR-DC
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