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Introduction
In the agreed list of test cases for release 16 NR-U following test cases were agreed for the handover requirements [1]:
	Group of requirements
	Test cases
	 
	Requirements section
	Agreed
	Volunteer
	Phase I
	Phase II

	HO (delay and interruptions)
	NR-U-> NR-U
	intra-frequency, known
	6.1B
	Yes
	 Huawei
	 
	 

	
	
	intra-frequency, unknown
	
	Yes
	
	
	

	
	
	inter-frequency, unkown
	
	Yes
	
	
	

	
	
	Inter-frequency, known
	
	FFS
	
	
	

	
	NR(FR1) -> NR-U
	known
	6.1B
	FFS
	 
	 
	 

	
	
	unkown
	
	FFS
	
	
	

	
	NR-U -> NR(FR1)
	known
	 
	FFS
	 
	 
	 

	
	
	unknown
	6.1.1.2
	FFS
	
	
	

	
	NR-U - > E-UTRAN (FDD,TDD)
	 
	6.1.2.1
	FFS
	 
	 
	 

	
	E-UTRAN (FDD,TDD) -> NR-U
	 
	TS 36.133
	Yes
	 Nokia
	 
	 



In this contribution we provide views on testing of the handover requirements for the above test cases.  
Discussion
Scenarios
The NR-U handover requirements were introduced in subsection 6.1B.1 in TS 38.133. These requirements verify the handover procedure when the UE performs a cell change from a NR PCell to a target NR cell on a carrier that is subject to CCA. More specifically, these requirements apply for following types of handover requirements:
· Inter-frequency HO from NR FR1 cell to NR FR1 cell subject to CCA
· Intra-frequency HO from NR FR1 cell to NR FR1 cell where both source and target cells are subject to CCA
· Inter-frequency HO from NR FR1 cell to NR FR1 cell where both source and target cells are subject to CCA

In addition, following types of cell changes are also supported from an operational point of view and therefore RAN4 is proposed to develop corresponding test cases:
· E-UTRAN cell to NR FR1 cell subject to CCA
· NR FR1 cell to E-UTRAN cell where the source cell is subject to CCA
· NR FR1 cell to NR FR1 cell where the source cell is subject to CCA
· NR FR1 cell to NR FR1 cell where the target cell is subject to CCA
·  NR FR1 cell to NR FR1 cell where both the source and target cell are subject to CCA, and the target cell is assumed to be known. 

· Proposal #1: RAN4 to agree on test cases for following types of handovers:
· NR-U to NR-U, inter-frequency known cell
· NR (FR1) to NR-U for known and unknown cases
· NR-U to NR (FR1) for known and unknown cases
· NR-U to E-UTRAN
· E-UTRAN to NR-U

It is recalled that the overall NR-U handover requirements are similar to the legacy NR handover requirements with certain differences due to the CCA aspects.

Test configurations
The test configurations for the HO tests should be similar to the test configurations for all other standalone test cases, e.g. cell RRC_IDLE mode cell reselection. For RRC_IDLE mode test cases, configurations shown in Table 1, Table 2 and Table 3 were used. It is proposed to use the same configuration also for handover test cases.
For cell change from NR-U to NR-U:
	1
	With CCA: NR 30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode
With CCA: NR 30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode


Table 1 Configuration for cell change from NR-U to NR-U 


	Configuration
	Description of a cell with CCA
	Description of a cell without CCA

	1
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode
	15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode

	2
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode
	15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	3
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode


Table 2 Configuration for cell change from NR-U to NR


	Configuration
	Description of a cell without CCA
	Description of a cell with CCA

	1
	15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	2
	15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	3
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode


Table 3 Configuration for cell change from NR to NR-U



· Proposal #2: Handover test case configurations are aligned with the configurations used in IDLE mode cell reselection test cases. 

The cell which is subject to CCA shall contain LBT configuration that specifies the probability of LBT failure. Depending on type of cell reselection the source or target cell (or both) need LBT configuration in the test case. Examples of LBT configuration that needs to be defined include:
· DL CCA model
· UL CCA model
· DBT Window Configuration
· DL CCA probability PCCA_DL
· UL CCA probability PCCA_UL

In addition, PDSCH reference measurement channel, RMSI CORESET and dedicated CORESET need to be defined differently and aligned throughout all other test cases. 
· Proposal #3: Cell specific test parameters should contain following new or modified parameters to account for the LBT impact:
· DL CCA model
· UL CCA model
· DBT Window Configuration
· DL CCA probability PCCA_DL
· UL CCA probability PCCA_UL
· New RMCs

Test requirements:
The handover delay is verified during the handover test, and it is expressed as RRC procedure delay + Tinterrupt. The RRC procedure delay is assumed to be fixed and specified in TS 38.33, while the Tinterrupt delay is specified as follows [2]:
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
The interruption delay contains following parameters which are CCA dependent:
· Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE.
· Tsearch = 0 ms if the target cell is known.
· Tsearch = (1+L1) *Trs if the target cell is an intra-frequency unknown cell
· Tsearch = (3+L1´) *Trs if the target cell is an inter-frequency unknown cell.
· 
· T∆ is time for fine time tracking and acquiring full timing information of the target cell.
· T∆ = (1+ L2) *Trs ms

· TIU is the interruption uncertainty due to the random access procedure when sending PRACH to the new cell.
· TIU = TSSB,RO + L3 * TRO + 10 ms  if not Type 2C UL channel access procedure is used

Where 
· L1 and L1´ are the number of SMTC occasions not available at the UE during the intra-frequency and inter-frequency detection period, respectively,
· L2 is the number of SMTC occasions not available at the UE during the time tracking period,
· L3 is the number of consecutive PRACH occasions that are unavailable for PRACH transmission due to UL CCA failure.

The test requirements should verify the total handover delay which needs to be expressed using a formula for NR-U instead of a constant delay as in legacy test due to the CCA uncertainty. The delay will further depend on whether the target cell is known or unknown for which separate tests are defined.  
It is important to note that the total handover delay which includes the extension caused by L1, L1’, L2 and L3 and UL CCA failure/detection mechanism is limited by the T304 timer. However, the UE behaviour associated with expiry of T304 timer does not need to be tested since it the timer is not specific to handover. 
· Proposal #4: Handover delay verified in test requirements is expressed using a formula containing L1, L1’, L2 and L3 depending on the type of test case, and the total delay is limited by T304 timer.

Conclusions
In this contribution we have discussed testing of handover requirements for NR-U and have made following proposal/observations:
· Proposal #1: RAN4 to agree on test cases for following types of handovers:
· NR-U to NR-U, inter-frequency known cell
· NR (FR1) to NR-U for known and unknown cases
· NR-U to NR (FR1) for known and unknown cases
· NR-U to E-UTRAN
· E-UTRAN to NR-U

· Proposal #2: Handover test case configurations are aligned with the configurations used in IDLE mode cell reselection test cases.
 
· Proposal #3: Cell specific test parameters should contain following new or modified parameters to account for the LBT impact:
· DL CCA model
· UL CCA model
· DBT Window Configuration
· DL CCA probability PCCA_DL
· UL CCA probability PCCA_UL
· New RMCs

· Proposal #4: Handover delay verified in test requirements is expressed using a formula containing L1, L1’, L2 and L3 depending on the type of test case, and the total delay is limited by T304 timer.
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