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1. Introduction
[bookmark: _Hlk528680199]In RAN4#97-e meeting, CQI report requirements are discussed but no agreements were achieved [1]. In this contribution, we give further discussion on this issue. 

2. Discussion 
[bookmark: _Hlk43884116]Based on the Proposal 1 in [2], the CSI-RS receiving and report transmitting could be the same between Rel-15 and NR-U scenario. For periodic CSI-RS scheduling, the UE behaviour should be the same as Rel-15 even UE is not aware of the CSI-RS availability. If RRC parameters CO-DurationPerCell-r16, SlotFormatIndicator, CSI-RS-ValidationWith-DCI-r16 are not configured, then according to TS28.213 chapter 11.1 [7]:
A UE considers symbols in a slot indicated as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated to be available for receptions and considers symbols in a slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated to be available for transmissions. 
For a set of symbols of a slot that are indicated to a UE as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not receive PDCCH, PDSCH, or CSI-RS when the PDCCH, PDSCH, or CSI-RS overlaps, even partially, with the set of symbols of the slot.
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, the CSI-RS, or the DL PRS if the UE does not detect a DCI format that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS, or the DL PRS in the set of symbols of the slot. 
For operation with shared spectrum channel access, if a UE is provided CSI-RS-ValidationWith-DCI-r16, is not provided CO-DurationPerCell-r16, and is not provided SlotFormatCombinationsPerCell, and if the UE is configured by higher layers to receive a CSI-RS in a set of symbols of a slot, the UE cancels the CSI-RS reception in the set of symbols of the slot if the UE does not detect a DCI format indicating an aperiodic CSI-RS reception or scheduling a PDSCH reception in the set of symbols of the slot.

Our understanding is UE will just do the measurement as Rel-15 behaviour if parameters are not signalled.  
Observation 1: UE will follow Rel-15 behaviour if RRC parameters CO-DurationPerCell-r16, SlotFormatIndicator or CSI-RS-ValidationWith-DCI-r16 are not signalled.
According to TS38.214 [8]:
5.2.2.1         Channel quality indicator (CQI) 
[…]
If a UE is not configured with higher layer parameter timeRestrictionForChannelMeasurements, the UE shall derive the channel measurements for computing CSI value reported in uplink slot n based on only the NZP CSI-RS, no later than the CSI reference resource, (defined in TS 38.211[4]) associated with the CSI resource setting. 
If a UE is configured with higher layer parameter timeRestrictionForChannelMeasurements in CSI-ReportConfig, the UE shall derive the channel measurements for computing CSI reported in uplink slot n based on only the most recent, no later than the CSI reference resource, occasion of NZP CSI-RS (defined in [4, TS 38.211]) associated with the CSI resource setting. 
If a UE is not configured with higher layer parameter timeRestrictionForInterferenceMeasurements, the UE shall derive the interference measurements for computing CSI value reported in uplink slot n based on only the CSI-IM and/or NZP CSI-RS for interference measurement no later than the CSI reference resource associated with the CSI resource setting. 

gNB knows UE how to do the measurement if higher layer parameters timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements are configured, and then gNB can omit useless CQI report if CSI-RS is not transmitted. In Rel-15 demodulation test, these parameters are not configured since periodic CSI-RS is always transmitted but they should be configured for unlicensed carrier to secure the measurement. In that case, only the most recent periodic CSI resource will be measured, and then the performance might be different from Rel-15 since CSI resource is limited now. 
In Rel-15 CQI report, following procedures are used. 
1. Slot n: UE receive periodic CSI-RS and do the measurement
2. Slot n+4: UE send CQI report
3. Slot n+19: gNB schedule PDSCH based on CQI report
If we also use periodic CSI-RS for the test and consider the Proposal 1, it makes sense to apply burst transmission with LBT failure to step 1 only, and to verify the CQI definition test accordingly. PDSCH measurement should not be affected by LBT otherwise the BLER will be dominated mainly by LBT probability. The corresponding minimum requirement could be
a)	The reported CQI value according to the reference channel shall be in the range of ±1 of the reported median more than 90% of the time. CSI-RS is transmitted during burst transmission with LBT failure.
b)	If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport format indicated by (median CQI-1) shall be less than or equal to 0.1. When UE measure PDSCH BLER, no LBT failure is applied. 
Observation 2: For periodic CSI resource configuration for unlicensed carrier, UE measurement could be predicted by gNB when higher layer parameters are configured. It makes sense to verify the CQI definition test with burst transmission and DL LBT applied only for CSI-RS measurement.
Aperiodic CSI scheduling would be more suitable for unlicensed scenario. Regarding Proposal 1 above and aperiodic CSI-RS, UE is also limited to do the measurement based on the most recent CSI-RS resources and corresponding CSI report is aperiodical automatically. Comparing with periodic CSI case with higher parameters are configured, UE would have the same behaviour. Then the performance should also be the same. But more effort is needed to define corresponding parameters if aperiodic CSI-RS configuration is agreed. 
Observation 3: For aperiodic CSI-RS resource configuration for unlicensed carrier, the same UE behaviour as periodic CSI configuration (higher parameters are configured) is expected. 
Proposal 1: Define CQI definition test with DL burst transmission and LBT failure for CSI-RS measurement. The corresponding minimum requirement could be: 
a)	The reported CQI value according to the reference channel shall be in the range of ±1 of the reported median more than 90% of the time. CSI-RS is transmitted during burst transmission with LBT failure.
b)	If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport format indicated by (median CQI-1) shall be less than or equal to 0.1. When UE measure PDSCH BLER, no LBT failure is applied.



3. Conclusion
Observation 1: UE will follow Rel-15 behaviour if RRC parameters CO-DurationPerCell-r16, SlotFormatIndicator or CSI-RS-ValidationWith-DCI-r16 are not signalled.
Observation 2: For periodic CSI resource configuration for unlicensed carrier, UE measurement could be predicted by gNB when higher layer parameters are configured. It makes sense to verify the CQI definition test with burst transmission and DL LBT applied only for CSI-RS measurement.
Observation 3: For aperiodic CSI-RS resource configuration for unlicensed carrier, the same UE behaviour as periodic CSI configuration (higher parameters are configured) is expected. 
Proposal 1: Define CQI definition test with DL burst transmission and LBT failure for CSI-RS measurement. The corresponding minimum requirement could be: 
a)	The reported CQI value according to the reference channel shall be in the range of ±1 of the reported median more than 90% of the time. CSI-RS is transmitted during burst transmission with LBT failure.
b)	If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport format indicated by (median CQI-1) shall be less than or equal to 0.1. When UE measure PDSCH BLER, no LBT failure is applied.
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