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1 	Introduction
In this paper, we will discuss the test case structure for SA NR Idle State Mobility. We believe that the test case can be defined in a way similar to LTE. 
2 Review the Idle State Test Case in LTE
In LTE, RAN4 specify several test cases to verify cell re-selection behaviour for UE in Idle State. We could classify the test cases into the following scenarios:
· E-UTRAN to E-UTRAN
· FDD-FDD Intra frequency
· TDD-TDD Intra frequency
· FDD-FDD Inter frequency
· FDD-TDD Inter frequency
· TDD-FDD Inter frequency
· TDD-TDD Inter frequency
· E-UTRAN to UTRAN
· E-UTRAN to GSM
· E-UTRAN to HRPD
· E-UTRAN to CDMA20001X
We take the example from test cases of E-UTRAN to E-UTRAN cell re-selection for intra-frequency and inter-frequency. The table comparing test parameters is shown as follow.
Table 1. Test Parameter Summary for LTE Idle State
	
	Intra-frequency
	Inter-frequency

	Test Objective
	Newly detected cell;
Already detected cell
	Already detected cell in lower priority;
Already detected cell in higher priority

	Sub-Carrier Spacing(SCS)
	15KHz

	Carrier Bandwidth
	10MHz

	Channel Power
	0dB power ratio for all the channels

	Received levels
	Noc and Es/Noc per Cell

	Cell Reselection Parameter via System Information
	Qrxlevmin
	Qrxlevmin

	
	Pcompensation 
	Snonintrasearch

	
	Qhysts 
	Threshx,high

	
	Qoffsets,n 
	Threshserving,low

	
	Sintrasearch
	Threshx,low

	Cell Reselection Timer
	Treselection = 0

	Propagation Condition
	AWGN

	DRX cycle length
	DRX = 1.28s

	Time offset between cells
	3 ms for asynchronous
3 us for synchronous

	Access Barring Information
	To avoid unnecessary delays in the random access procedure, the barring information should not sent

	TSI
	Prior to sending PRACH to the target cell, the UE shall acquire its system information by reading PBCH for MIB and PDSCH for at least SIB #1 and SIB #2. 
This time is defined as: TSI to be 1280 ms.

	PRACH Configuration
	FDD PRACH = 4
TDD PRACH = 53


The above tests leverage ‘Tracking Area Update’ procedure method to verify the correct UE behaviour in Idle State. From the test objective, it could be found that both newly detectable cell identification time Tdetect and already detected cell evaluation time Tevaluate requirement were verified in one intra-frequency test case. 
In general, three consecutive time periods are used in one test case. In an intra-frequency test case, the UE will detect a newly detectable cell and camp on in time period T2 = 34s; after that the UE will re-select to an already detected cell and camp on in time period T3 = 8s. In an inter-frequency test case, at first, the UE will re-select to a lower priority cell on in time period T1 = 8s; after that, the UE will re-select to a higher priority cell in time period T3 = 68s.
Observation 1: The test cases in LTE evaluate newly detected cell and already detected cell time in intra-frequency test; evaluate lower priority cell and higher priority cell evaluation time in inter-frequency test.
3 Discussion on the Test Case in NR
Cell Re-selection Scenarios
In NR SA, a NR serving cell will only direct towards NR or LTE cell, so we have at least the following cell re-selection scenarios to be defined.
[bookmark: _Ref516823087]Proposal 1: In NR SA Idle State, it could defines the test case as follow.
· NR to NR FR1
· Intra frequency
· Inter frequency
· NR to NR FR2
· Intra frequency
· Inter frequency
· NR to E-UTRAN FDD
· NR to E-UTRAN TDD
Cell Selection/Re-selection Criteria
UE should follow Cell Selection Criteria and Cell Re-selection Criteria defined in 38.304 as follow. It means the system information should include the following parameters.
	Measurement Rules for Cell Re-selection Parameters:
· SIntraSearchP (SIntraSearchQ)
· SnonIntraSearchP ( SnonIntraSearchQ)



		The Cell Selection Criterion Parameters:
· Qrxlevmin
· Pcompensation






RAN2 has defined the new cell re-selection criteria for Intra-frequency and equal priority inter-frequency cell. RAN4 should consider these new cell re-selection mechanisms into test case definition.
Observation 2: RAN2 has introduced the new cell re-selection criteria for intra-frequency and equal priority inter-frequency.
	The Cell Re-selection Criterion Parameters:
Inter-frequency and inter-RAT
· ThreshX,HighQ (ThreshX, HighP)
· ThreshServing, LowQ (ThreshServing, LowP)
· ThreshX,LowQ (ThreshX, LowP)
Intra-frequency and equal priority inter-frequency
· rangeToBestCell
· absThreshSS-Consolidation
· QHyst,s
· Qoffset,n



Cell Re-selection Parameters
NR has several new features than LTE, so it should consider more new test parameters in NR test case design. For example, cell search and measurement should base on SSB of which the timing is configured through SMTC which includes periodicity, duration and offset information. It should be noticed that the network must guarantee that the SSB is transmitted in SMTC window. Other new features for NR should be noticed are the multiple numerologies supported in different FR, Tx beam sweeping for different carrier frequencies, Rx beam sweeping in FR2… etc.
Table 2. Test Parameter Summary for NR Idle State in FR1/FR2
	
	Intra-frequency
	Inter-frequency

	Test Objective
	Newly detected cell;
Already detected cell
	Already detected cell in lower priority;
Already detected cell in higher priority

	Sub-Carrier Spacing(SCS)
	15KHz in FR1, 120KHz in FR2(Note 1)

	Carrier Bandwidth
	10MHz in FR1(Note 2)

	Channel Power
	0dB power ratio for all the channels

	Received levels
	Noc and Es/Noc per Cell

	Cell Reselection Parameter via System Information
	Qrxlevmin
	Qrxlevmin

	
	Pcompensation 
	Snonintrasearch

	
	Qhysts 
	Threshx,high

	
	Qoffsets,n 
	Threshserving,low

	
	rangeToBestCell
	Threshx,low

	
	absThreshSS-Consolidation
	

	
	Sintrasearch
	

	Cell Reselection Timer
	Treselection = 0

	Propagation Condition
	AWGN

	DRX cycle length
	DRX = 1.28s

	Time offset between cells
	3 us for synchronous

	Access Barring Information
	To avoid unnecessary delays in the random access procedure, the barring information should not sent

	TSI
	Prior to sending PRACH to the target cell, the UE shall acquire its system information by reading PBCH for MIB and PDSCH for at least SIB #1 and SIB #2. 
This time is defined as: TSI to be [] ms.

	SMTC Configuration
	SMTC periodicity; SMTC offset; SMTC duration(Note 3)

	Tx Beam Number(Note 4)
	1 for cell 1;
2 for cell 2
	1 for cell 1 and cell 2

	Paging/RMSI Configuration
	RMSI_CORSET_CONFIG
(Multiplexing Pattern, Search Space Pattern etc.) (Note 5)

	PRACH Configuration
	Note 6


Note 1: NR supports different numerologies for different channels. As a starting point, it’s better to use the same numerology for SSB and data channel to induce the same UE’s behaviour in the test.
[bookmark: _Ref516823099]Proposal 2: It is suggested to start from 15KHz SCS in FR1 and 120KHz in FR2 for both SSB and data. 
Note 2: It could refer to Table 5.3.5-1 on TS38.101-1 and TS38.101-2 for channel bandwidth and SCS combination per operating band. 
[bookmark: _Ref516823103]Proposal 3: It is suggested to use 10MHz as the default bandwidth in FR1, FFS in FR2.
Note 3: To simplify the test, the SMTC periodicity can be set as 20ms as the default periodicity for initial access and the SMTC offset can be zero.
[bookmark: _Ref516823107]Proposal 4: It is suggested to use 20ms as the default SMTC periodicity and 0ms as the SMTC offset. 
Note 4: It’s better to start from single Tx beam number for the IDLE mode test case design. Considering RAN2’s new cell re-selection criteria, we could set 2 Tx beams in cell 2 to verify this function in intra-frequency test case.
[bookmark: _Ref516837902][bookmark: _Ref517272550]Proposal 5: It is suggested to start from single Tx beam. In intra-frequency test case, it could use 2 Tx beams to verify the new cell re-selection criteria from RAN2.  
Note 5: RAN1 has agreed that SSB FDMed with Paging/RMSI will only use in FR2 refer on 38.213 Chapter 13. To simplify the test case, we can use TDM mode for both FR1 and FR2.Considering that some UEs don’t support mix-numerology, SSB TDMed with Paging(RMSI) configuration is a better choice in the test. Otherwise, it possibly comes different test results which will unable to achieve the test purpose in Idle State. To avoid Paging(RMSI) interleaved distribution with SSB which will result in uncertain AGC behaviour, it’s better set SSB in the first half-radio frame and Paging(RMSI) in the second half-radio frame.
[bookmark: _Ref516823116]Proposal 6: It is suggested to use TDM configuration for SSB with Paging and RMSI and SSB set in the first half-radio frame and Paging/RMSI set in the second half-radio frame.
Note 6: It’s better to use short period PRACH configuration to avoid that PRACH transmission time will impact the test, such as PRACH Configuration Index 16 for FR1 and paired spectrum/supplementary uplink, PRACH Configuration Index 7 for FR1 and unpaired spectrum.
[bookmark: _Ref516823120]Proposal 7: It is suggested to use short PRACH periodicity for avoiding unexpected test result. 
Similar to LTE, a ‘Tracking Area Update’ procedure method can be used to verify the correct UE’s behaviour in Idle State. From the test objective, it could be found that both newly detectable cell identification time Tdetect and already detected cell evaluation time Tevaluate requirement could be verified in intra-frequency test case. Re-select to higher priority cell and lower priority cell could be verified in inter-frequency test case.
[bookmark: _Ref516823124]Similar to LTE, RAN4 could also define three consecutive time periods in one test case. In intra-frequency test case, the UE will detect a newly detectable cell and camp on in time period T2; after that the UE will re-select to an already detected cell and camp on in time period T3. In inter-frequency test case, at first, the UE will re-select to a lower priority cell on in time period T1; after that, the UE will re-select to a higher priority cell in time period T3. The detailed test time should be defined based on FR1 and FR2.
[bookmark: _Ref517446406]Proposal 8: It is suggested to re-use the framework of LTE test case to design NR SA test case and define different time period based on FR.
[bookmark: _Ref517272564]Proposal 9: In intra-frequency test case, different target cell could set different rangeToBestCell values and different Tx beam numbers to evaluate cell re-selection criteria based on power or beam number.
4 Summary
In this paper, we review the test case in LTE Idle State and give some suggests for SA NR Idle State test case design.
Proposal 1: In NR SA Idle State, it could defines the test case as follow.
· NR to NR FR1
· Intra frequency
· Inter frequency
· NR to NR FR2
· Intra frequency
· Inter frequency
· NR to E-UTRAN FDD
· NR to E-UTRAN TDD
Proposal 2: It is suggested to start from 15KHz SCS in FR1 and 120KHz in FR2 for both SSB and data.
Proposal 3: It is suggested to use 10MHz as the default bandwidth in FR1, FFS in FR2.
Proposal 4: It is suggested to use 20ms as the default SMTC periodicity and 0ms as the SMTC offset.
Proposal 5: It is suggested to start from single Tx beam. In intra-frequency test case, it could use 2 Tx beams to verify the new cell re-selection criteria from RAN2.
Proposal 6: It is suggested to use TDM configuration for SSB with Paging and RMSI and SSB set in the first half-radio frame and Paging/RMSI set in the second half-radio frame.
Proposal 7: It is suggested to use short PRACH periodicity for avoiding unexpected test result.
Proposal 8: It is suggested to re-use the framework of LTE test case to design NR SA test case and define different time period based on FR.
Proposal 9: In intra-frequency test case, different target cell could set different rangeToBestCell values and different Tx beam numbers to evaluate cell re-selection criteria based on power or beam number. 
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