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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At the last meeting, RAN 4 agreed to reuse the LAA procedure for NR-U CQI reporting testing and companies are welcome to provide the simulation results for SNR pair and minimum delta across CQI of different transmission power level boost in this meeting. One open issue is CQI reporting type, in this paper, we provide our simulation results and discussions on this issue. Additionally, we give our discussions on other simulation assumptions for NR-U CQI testing which has not been discussed.The agreed CQI test setup is listed as follows:
	· CQI Performance tests setup
· The test is setup with two sets of burst transmissions each with distinct transmission power level and keeping the interference level constant during the test
· If two transmission power level boosts are used:
· Use randomly per each DL period [0, +6]dB with equal probability;
· Determine PDSCH transport format for each transmission power level boost independently, depending on the boost applied to the resources measured by the UE to produce the CQI reports received;
· Collect PDSCH and CQI reporting results separately per each transmission power level boost;
· UE reporting following a scheduled CSI-RS transmission cancelled due to LBT failure is expected to be disregarded and to be ignored for test pass/fail statistics.
· The test metrics will include CQI distribution statistics, PDSCH BLER, minimum difference in median CQI between sets collected per each transmission power level boost.
· CSI-RS Resource Scheduling is periodic with 10 slots periodicity and 1 slot offset.
· CQI reporting scheduling is [aperiodic/periodic], within the same DL periodicity in which CSI-RS for CSI acquisition was received (no Cross-COT reporting).
· Companies are encouraged to bring detailed test set-up for aperiodic and periodic reporting and the final decision will be made in May RAN4 meeting. 
· The LBT model to be used in the CQI Reporting test is the same as the  one used in PDSCH Demodulation Requirements.
· Companies will agree on one SNR pair, with the condition that satisfying the requirement on one SNR point is sufficient to pass successfully the test. 
· SNR points can include but are not limited to [8,9] dB (these values do not include the power boost [+0,+6]dB if that setup is agreed)
· The channel model will include AWGN channel only.


Simulation results
[bookmark: OLE_LINK73]The simulation assumptions for NR-U CQI reporting are listed as follows:
Table 1： Simulation assumptions for NR-U CQI reporting testing
	Parameters
	Unit
	Value

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports
	
	[2]

	
	CDM Type
	
	[FD-CDM2]

	
	Density (ρ)
	
	[1]

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	[Row 3,(6,-)]

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	[13]

	
	NZP CSI-RS-timeConfig
periodicity and offset
	slot
	10/1

	ReportConfigType
	
	[Periodic/Aperiodic]


The simulation results for 2RX requirements are shown in Table 2 to 3
[bookmark: OLE_LINK12]Table 2: Simulation results for NR-U CQI reporting (Using CQI Table 1)
	SNR (dB)
	Median CQI index
	Distribution of reported CQI
	BLER
	Pass?

	
	
	Median 
CQI
	Median
CQI+1
	Median CQI-1
	Median CQI
	Median
CQI+1
	Median CQI-1
	

	3  
	4
	[bookmark: OLE_LINK40]82% 
	18%
	0
	0
	1
	0
	Yes

	4
	5
	88% 
	0
	12%
	0
	1
	0
	Yes

	5
	6
	53% 
	0
	47%
	0.99
	1
	0
	Yes

	6
	6
	84% 
	16%
	0
	0
	1
	0
	Yes

	7
	7
	72% 
	0
	28%
	0.89
	1
	0
	Yes

	8
	7
	100% 
	0
	0
	0
	1
	0
	Yes

	9
	7
	74% 
	26%
	0
	0
	0.58
	0
	Yes

	10
	8
	95%
	2%
	3%
	0
	1
	0
	Yes

	11
	9
	100%
	0
	0
	0.32
	1
	0
	Yes

	12
	9
	96%
	4%
	0
	0
	1
	0
	Yes

	13
	10
	100%
	0
	0
	0
	1
	0
	Yes

	14
	10
	99% 
	1%
	0
	0
	1
	0
	Yes

	15
	11
	100%
	0
	0
	0.01
	1
	0
	Yes

	16
	11
	98%
	2%
	0
	0
	1
	0
	Yes

	[bookmark: _Hlk70493249]17
	12
	100%
	0
	0
	0
	1
	0
	Yes

	18
	12
	100%
	0
	0
	0
	1
	0
	Yes

	19
	13
	100%
	0
	0
	0
	1
	0
	Yes

	20
	13
	100%
	0
	0
	0
	1
	0
	Yes



Table 3 Simulation results for NR-U CQI reporting (Using CQI Table 2)
	SNR (dB)
	Median CQI index
	Distribution of reported CQI
	BLER
	Pass?

	
	
	Median 
CQI
	Median
CQI+1
	Median CQI-1
	Median CQI
	Median
CQI+1
	Median CQI-1
	

	3  
	2
	82%
	18%
	0
	0
	1
	0
	Yes

	4
	3
	12%
	88%
	0
	0
	1
	0
	Yes

	5
	3
	100%
	0
	0
	0
	1
	0
	Yes

	6
	3
	89%
	11%
	       0
	0
	1
	0
	Yes

	7
	4
	64%
	0
	36%
	0.84
	1
	0
	Yes

	8
	4
	100%
	0
	0
	0
	1
	0
	Yes

	9
	4
	94%
	6%
	0
	0
	0.56
	0
	Yes

	10
	5
	85%
	0
	15%
	0
	 1
	0
	Yes

	11
	6
	89%
	0
	11%
	0.30
	1
	0
	Yes

	12
	6
	100%
	0
	0
	0
	1
	0
	Yes

	13
	7
	97%
	0
	3%
	0
	1
	0
	Yes

	[bookmark: _Hlk70530796]14
	7
	100%
	0
	0
	0
	1
	0
	Yes

	15
	8
	100%
	0
	0
	0
	1
	0
	Yes

	16
	8
	100%
	0
	0
	0
	1
	0
	Yes

	17
	9
	100%
	0
	0
	0
	1
	0
	Yes

	18
	9
	100%
	0
	0
	0
	1
	0
	Yes

	19
	10
	100%
	0
	0
	0
	1
	0
	Yes

	20
	10
	100%
	0
	0
	0
	1
	0
	Yes



Firstly, we should determine the CQI table, we propose to keep align with Rel-15 CQI testing. i.e. Use CQI table 2 
[bookmark: OLE_LINK47][bookmark: OLE_LINK46][bookmark: OLE_LINK45]According our simulation results, all SNR values from 3dB to 20dB can fit the test metric of CQI distribution and BLER. Considering [8,9]dB was used for Rel-15 NR CQI test and NR-U always works at high SNR scenarios, we propose to reuse it for NR-U CQI test. For minimum delta CQI for transmission burst with different power level boost, we can see that median CQI difference for SNR [8, 14] dB is 3 and for [9, 15] dB is 4, it is feasible to set it to 2 considering addition of margin.
For 4RX requirements, since AWGN is used, 3dB combination gain can be obtained. Therefore, SNR pair [5,6] dB can be used. 
[bookmark: OLE_LINK21]Proposal 1: Use CQI Table 2.  
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]Proposal 2: Set SNR pair to [8, 9]dB without power level boost for 2RX and Set SNR pair to [5, 6]dB without power level boost for 4RX and set minimum delta CQI for transmission burst with different power level boost to 2
Discussions 
CQI reporting type 
At last meeting, one open issue is CQI reporting type. i.e. Aperiodic/ Periodic. From our understanding, compared periodic CQI reporting, aperiodic CQI reporting needs more complicated test procedures and DCI signalling overhead. As our purpose is to verify the UE’s behaviour for NR-U CQI measurement rather than CQI type, we should simplify the test procedure while achieving the test purpose. Furthermore, periodic CQI reporting is more typical in Rel-15 CQI/PMI/RI test.
[bookmark: OLE_LINK22][bookmark: OLE_LINK36]Proposal 3: Use periodic CQI reporting.
Test details 
According to the CSI resource definition specified in clause 5.2.2.5 of TS.38.214, the CQI is reported at least 8 slots after the CSI-RS transmission. As we have agreed use 10/1 slots for CSI-RS period/offset, the last UL slot should be used for CQI feedback. Considering last 0.05*5ms.i.e.7 symbols should be reserved for idle time, we propose to schedule PF2 in the last slot of FFP for CQI reporting and by this configuration, only first two symbols are used and the remaining symbols are sufficient for idle time. The corresponding description is illustrated in Figure 1.
[image: ]
Figure 1: Test deign for NR-U CQI testing
[bookmark: OLE_LINK24]Proposal 4: Set CQI reporting periodicity and offset to 10 slots/ 9 slots and schedule PUCCH format 2 to transmit CQI information in the first two symbols of last slot in each FFP.
Codebook configuration 
For codebook configuration, we prefer to reuse Rel-15 CQI testing:
	[bookmark: OLE_LINK16]Codebook Type
	
	typeI-SinglePanel

	Codebook Mode
	
	1

	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	[bookmark: OLE_LINK14]CodebookSubsetRestriction
	
	010000

	RI Restriction
	
	N/A



[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Proposal 5: Reuse the codebook configuration of Rel-15 CQI testing 
LBT transmission model 
[bookmark: OLE_LINK95]In Rel-15 CQI testing, PDSCH is not scheduled on slots containing CSI-RS or slots which are not full DL. The purpose of this is simplifying the test and tbSize calculation for CSI reference measurement channels. In order to achieve the same purpose, we propose to change the S2 from {6,9,12,14} to {14}.i.e. Always schedule the full slots in the LBT burst transmission. It is also alien with LAA CQI test.
[bookmark: OLE_LINK96]Proposal 6: Change the S2 from {6, 9, 12, 14} to {14}.i.e.  Always schedule full slots in the LBT burst transmission for NR-U CQI testing.
Conclusion 
In this paper, we give our simulation results and discussions on NR-U CQI requirements. The proposals are:
Proposal 1: Use CQI Table 2.  
Proposal 2: Set SNR pair to [8, 9]dB without power level boost for 2RX and Set SNR pair to [5, 6]dB without power level boost for 4RX and set minimum delta CQI for transmission burst with different power level boost to 2
Proposal 3: Use periodic CQI reporting.
Proposal 4: Set CQI reporting periodicity and offset to 10 slots/ 9 slots and schedule PUCCH format 2 to transmit CQI information  CQI  in the first two symbols of last slot in each FFP.
Proposal 5: Reuse the codebook configuration of Rel-15 CQI testing.
Proposal 6: Change the S2 from {6, 9, 12, 14} to {14}.i.e.  Always schedule full slots in the LBT burst transmission for NR-U CQI testing.
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