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Introduction
Now that the work on LTE and NR mobility enhancements is near complete, we consider necessary testcases for mobility enhancements. In RAN4#94e, we submitted a testcase list proposal and the tentative agreement from the email discussion was to postpone the discussion to RAN4#94bis
	
	Status summary 

	Issue 4-1
	Test case list for DAPS handover 
Tentative agreements: belongs to performance part. R4-2001417 can be used as baseline for further discussion in RAN4#94bis
Candidate options: N/A
Recommendations for 2nd round: N/A

	Issue 4-2
	Test case list for conditional handover 
Tentative agreements: belongs to performance part. R4-2001417 can be used as baseline for further discussion in RAN4#94bis
Candidate options: N/A
Recommendations for 2nd round: N/A



Discussion
Overview
In both LTE and NR, DAPS (dual active protocol stack) and conditional handover have been defined. In this contribution we consider the necessary test cases.
DAPS handover
For DAPS handover, many different scenarios have been discussed during the work item, considering various combinations of
· Synchronous or asynchronous source and target cell
· Support of multi TAG (i.e., different TAG in source and target cells)
· Intrafrequency, interfrequency or interband target cell
· Same or different SCS in NR
· Bandwidth (channel BW, or for NR BWP) of source and target cell same or different
· Simultaneous TX or TDM

The testing which can be performed depends on UE capabilities, and naturally it is impossible to test a UE with test cases which exceed UE capabilities. The main purpose of the DAPS RRM tests should be
· To verify that the DAPS UE can simultaneously receive (and if relevant, transmit) source and target cell during DAPS handover
· To verify handover delay and interruption, specifically that the UE
· Starts receiving from the target cell within the required time and with not more than required interruption after the RRC command implying DAPS handover
· Stops receiving from the source cell within the required time and with not more than required interruption after the RRC command implying release of source cell
To simplify the number of tests which need to be developed, we propose
1) Synchronous source and target cell are used in the test case for intrafrequency handover
2) Asynchronous source and target cell are used in the test case for interband handover
· FFS for UE that does not support asynchronous source and target cell whether a synchronous test will also be developed. Or the test can be skipped
3) Multi TAG is assumed in interband test cases
· FFS for UE that does not support asynchronous source and target cell whether a single test will also be developed. Or the test can be skipped
4) Bandwidth of source and target cell are the same for all DAPS testcases. SCS is the same for all intraband tests.
5) TDM approach is assumed for uplink
6) Intraband interfrequency test is FFS depending on the likelihood that UEs will support this option.
Conditional handover
The basic procedure for conditional handover is similar between different scenarios. The network preconfigures handover criteria for a number of target cells based on a similar framework to event triggered reporting. When a condition is satisfied, handover execution is triggered, after which point the remaining handover procedure is performed similarly to legacy handover. As well as conditional handover, there are procedures for conditional PSCell addition or change.
From this description, it is possible to develop a large number of conditional handover tests. However, it should be remembered that both the measurement phase and the handover/PSCell change phase will also be tested in legacy tests; the difference is that the conditional handover test is a combined test of both phases.
For this reason, we propose that conditional handover tests are limited to a single intra-frequency test and a single inter-frequency test for LTE and NR. For NR it is necessary to develop both FR1 and FR2 variants. Given that this is for release 16 testing, we think that it could be sufficient to develop SA tests for NR, and not to develop EN-DC tests.
Test case list proposal
Table 1 : Test case list for 38.133

	Test case number
	Test purpose
	Description
	Responsible company

	1
	Intrafrequency DAPS handover test in SA for FR1
	Synchronous source and target cell. Same SCS (SSB and data) in source and target cell. Same channel BW and BW part in source and target cell. UE is connected to source cell. Same TAG between source and target cell. Power of target cell is increased to be equal to source cell. Measurement report is generated and network sends RRC command implying target cell addition for DAPS handover. Test shall verify
1) Interruption and delay until UE is receiving target cell
2) That UE can be scheduled on either source or target cell downlink and respond on source or target cell uplink (simultaneous TX not required in test)
Next an RRC command is sent implying source cell release. Test shall verify
1) Interruption during source cell release, and delay until UE stops receiving source cell

	

	2
	Interfrequency DAPS handover test in SA for FR1
	Asynchronous source and target cell. Same SCS (SSB and data) in source and target cell. Same channel BW and BW part in source and target cell. UE is connected to source cell. Same TAG between source and target cell. Power of target cell is increased to be equal to source cell. Measurement report is generated and network sends RRC command implying target cell addition for DAPS handover. Test shall verify
1) Interruption and delay until UE is receiving target cell
2) That UE can be scheduled on either source or target cell downlink and respond on source or target cell uplink (simultaneous TX not required in test)
Next an RRC command is sent implying source cell release. Test shall verify
2) Interruption during source cell release, and delay until UE stops receiving source cell

	

	3
	Conditional intrafrequency handover test in SA for FR1
	The testcase consists of 3 time phases, T1, T2 and T3
In T1, a connection is started with cell 1, and the UE is configured with conditional handover to several target cells including cell 2.  T1 shall also include the RRC procedure delay for the conditional handover command. In T2 cell 2 is powered on and set to a level which does not meet the condition for handover, and it is verified that no PRACH access to cell 2 is attempted. At the start of T3 the power of cell 2 is increased such that the handover condition is met. The time from the start of T3 until the UE transmits a PRACH preamble to cell 2 is measured. It is verified that the delay from the start of T3 until the PRACH preamble attempt is not more than measurements time plus the conditional execution preparation time plus the interruption time. The interruption time shall not exceed Tprocessing + TIU + T∆ ms
	Ericsson

	4
	Conditional interfrequency handover test in SA for FR1
	The testcase consists of 3 time phases, T1, T2 and T3
In T1, a connection is started with cell 1, and the UE is configured with conditional handover to several target cells including cell 2.  T1 shall also include the RRC procedure delay for the conditional handover command. In T2 cell 2 is powered on and set to a level which does not meet the condition for handover, and it is verified that no PRACH access to cell 2 is attempted. At the start of T3 the power of cell 2 is increased such that the handover condition is met. The time from the start of T3 until the UE transmits a PRACH preamble to cell 2 is measured. It is verified that the delay from the start of T3 until the PRACH preamble attempt is not more than measurements time plus the conditional execution preparation time plus the interruption time. The interruption time shall not exceed Tprocessing + TIU + T∆ ms
	Ericsson

	5
	Interfrequency DAPS handover test in SA for FR1-FR2
	Asyncronous source and target cell. .Measurement report is generated and network sends RRC command implying target cell addition for DAPS handover. Test shall verify
3) Interruption and delay until UE is receiving target cell
4) That UE can be scheduled on either source or target cell downlink and respond on source or target cell uplink (simultaneous TX not required in test)
Next an RRC command is sent implying source cell release. Test shall verify
3) Interruption during source cell release, and delay until UE stops receiving source cell

	

	6
	Conditional intrafrequency handover test in SA for FR2
	The testcase consists of 3 time phases, T1, T2 and T3
In T1, a connection is started with cell 1, and the UE is configured with conditional handover to several target cells including cell 2.  T1 shall also include the RRC procedure delay for the conditional handover command. In T2 cell 2 is powered on and set to a level which does not meet the condition for handover, and it is verified that no PRACH access to cell 2 is attempted. At the start of T3 the power of cell 2 is increased such that the handover condition is met. The time from the start of T3 until the UE transmits a PRACH preamble to cell 2 is measured. It is verified that the delay from the start of T3 until the PRACH preamble attempt is not more than measurements time plus the conditional execution preparation time plus the interruption time. The interruption time shall not exceed Tprocessing + TIU + T∆ ms
	Ericsson

	7
	Conditional interfrequency handover test in SA for FR2
	The testcase consists of 3 time phases, T1, T2 and T3
In T1, a connection is started with cell 1, and the UE is configured with conditional handover to several target cells including cell 2.  T1 shall also include the RRC procedure delay for the conditional handover command. In T2 cell 2 is powered on and set to a level which does not meet the condition for handover, and it is verified that no PRACH access to cell 2 is attempted. At the start of T3 the power of cell 2 is increased such that the handover condition is met. The time from the start of T3 until the UE transmits a PRACH preamble to cell 2 is measured. It is verified that the delay from the start of T3 until the PRACH preamble attempt is not more than measurements time plus the conditional execution preparation time plus the interruption time. The interruption time shall not exceed Tprocessing + TIU + T∆ ms
	Ericsson




Table 2 : Test case list for 36.133
	Test case number
	Test purpose
	Description
	Responsible company

	1
	Intrafrequency DAPS handover test
	Synchronous source and target cell. Same channel BW in source and target cell. UE is connected to source cell. Same TAG between source and target cell. Power of target cell is increased to be equal to source cell. Measurement report is generated and network sends RRC command implying target cell addition for DAPS handover. Test shall verify
1) Interruption and delay until UE is receiving target cell
2) That UE can be scheduled on either source or target cell downlink and respond on source or target cell uplink (simultaneous TX not required in test)
Next an RRC command is sent implying source cell release. Test shall verify
4) Interruption during source cell release, and delay until UE stops receiving source cell

	

	2
	Interfrequency DAPS handover test
	Asynchronous source and target cell. Same channel BW in source and target cell. UE is connected to source cell. Same TAG between source and target cell. Power of target cell is increased to be equal to source cell. Measurement report is generated and network sends RRC command implying target cell addition for DAPS handover. Test shall verify
1) Interruption and delay until UE is receiving target cell
2) That UE can be scheduled on either source or target cell downlink and respond on source or target cell uplink (simultaneous TX not required in test)
Next an RRC command is sent implying source cell release. Test shall verify
3) Interruption during source cell release, and delay until UE stops receiving source cell

	

	3
	Conditional intrafrequency handover test
	The testcase consists of 3 time phases, T1, T2 and T3
In T1, a connection is started with cell 1, and the UE is configured with conditional handover to several target cells including cell 2.  T1 shall also include the RRC procedure delay for the conditional handover command. In T2 cell 2 is powered on and set to a level which does not meet the condition for handover, and it is verified that no PRACH access to cell 2 is attempted. At the start of T3 the power of cell 2 is increased such that the handover condition is met. The time from the start of T3 until the UE transmits a PRACH preamble to cell 2 is measured. It is verified that the delay from the start of T3 until the PRACH preamble attempt is not more than measurements time plus the conditional execution preparation time plus the interruption time. The interruption time shall not exceed Tprocessing + TIU + T∆ ms
	

	4
	Conditional interfrequency handover test
	The testcase consists of 3 time phases, T1, T2 and T3
In T1, a connection is started with cell 1, and the UE is configured with conditional handover to several target cells including cell 2.  T1 shall also include the RRC procedure delay for the conditional handover command. In T2 cell 2 is powered on and set to a level which does not meet the condition for handover, and it is verified that no PRACH access to cell 2 is attempted. At the start of T3 the power of cell 2 is increased such that the handover condition is met. The time from the start of T3 until the UE transmits a PRACH preamble to cell 2 is measured. It is verified that the delay from the start of T3 until the PRACH preamble attempt is not more than measurements time plus the conditional execution preparation time plus the interruption time. The interruption time shall not exceed Tprocessing + TIU + T∆ ms
	



Conclusions
In this contribution we discuss and analyse necessary test coverage for NR and LTE mobility enhancements (DAPS handover and conditional handover). While it would be possible to specify a large number of tests for both procedures, we propose for DAPS testing to develop fairly generic tests which can cover most different UE capabilities. For `conditional handover, we propose to verify the measurement/handover procedure and to rely on existing event triggered reporting and PSCell addition/change tests under the assumption that conditional PSCell change will behave as expected.
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