[bookmark: _Hlk43883961]3GPP TSG-RAN WG4 Meeting #99-e	R4-2109591
Electronic meeting, 19th – 27th May, 2021

Source:	Ericsson
Title:	Discussion on remain issue of NR-U CQI report demodulation requirements
Agenda item:	6.1.7.3
Document for:	Discussion
[bookmark: _Hlk43883999]
1. Introduction
[bookmark: _Hlk528680199]In RAN4#98-bis-e meeting, most of key assumptions for CQI report are agreed [1], but there are some open issues are left, such as detailed CSI-RS configuration and SNR for two burst sets. In this contribution, open issues are further discussed. 

2. Discussion 
[bookmark: _Hlk43884116]The CSI-RS configuration in the latest WF is: 
	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]



According to the analysis in another contribution [2], aperiodic CQI report is suitable for current agreed DL burst transmission model. 
Proposal 1: Use aperiodic CQI report to fit for agreed burst transmission structure. 


Most other parameters could follow assumptions in Rel-15 CQI report definition requirements since there should be no much difference if no DL burst transmission. Some key parameters are discussed here.
· Bandwidth and SCS
Only one bandwidth could be enough to check the UE behaviour for CQI measurement. 20MHz is the most typical bandwidth for NR-U scenario and should be chosen. Considering TDD is only considered in PDSCH, SCS could choose only 30kHz. 
· Antenna configuration
It could also be typical to configure 2Tx2Rx and 2Tx4Rx for NR-U scenario. But considering the main test purpose here is to check UE behaviour of averaging CSI-RS and 4Rx performance have been tested in Rel-15 requirements, only 2Rx requirements should be enough.
Proposal 2: Only define NR-U CQI report requirement for 2Rx. 
· Propagation channel
Since the main test purpose is to check the UE behaviour on averaging CSI-RS between bursts, AWGN could be enough. 
· NZP-CSI-RS for CSI acquisition and CSI-IM configuration
The agreed DL burst transmission model have secure the CSI-RS allocation in the second slot, then there should be no limitation to reuse Rel-15 configurations. 
· Reporting granularity
It is also suitable for NR-U scenario to use wideband reporting since its transmission is based on 20MHz LBT bandwidth. In that case, Rel-15 configuration for cqi-FormatIndicatior and pmi-FormatIndicator could be reused. As for “Sub-band Size”, it could be adjusted to 8 based on 20MHz bandwidth and Csi-ReportingBand is still “1111111”.   
· Codebook configuration
Generally, it could be enough to use 1 layer codebook for CQI report requirement. But it would be good to follow Rel-15 assumptions to use 2 layer codebook. 
· CQI/RI/PMI delay
In Rel-15, the delay is 4ms between reference CSI-RS and its report, and the delay between report and corresponding PDSCH scheduling is 5.5ms based on the TDD pattern. The UE and gNB capability are both considered. 
The agreed DL transmission model is based on 5ms fixed TDD pattern structure, then Rel-15 configuration 9.5ms for CQI/RI/PMI delay could be reused. 
· Measurement channel
To align with 20MHz bandwidth, 30kHz SCS, CQI table 2 and rank 2 precoding, TBS 2-2 in TS38.101-4 Table A.4-2 could be used for 2Rx.

The test metric for NR-U CQI report is following LTE eLAA (TS36.101 clause 9.2.7 [3]): 
· The reported CQI value in the first set of reports shall be in the range of ±1 of the reported median more than 90% of the first set of reports. The reported CQI value in the second set of reports shall be in the range of ±1 of the reported median more than 90% of the second set of reports.
· If the PDSCH BLER in the high/low power subframes using the transport format indicated by wideband CQI median is less than or equal to 0.1, the BLER in high/low power subframes using the transport format indicated by the (wideband CQI median + 1) shall be greater than 0.1. If the PDSCH BLER in the high/low power subframes using the transport format indicated by the wideband CQI median is greater than 0.1, the BLER in high/low power subframes using transport format indicated by (wideband CQI median – 1) shall be less than or equal to 0.1.
· The value of the wideband CQI median for first set of CQI reports minus the wideband CQI median for second set of CQI reports shall be larger than or equal to 2 in Test 1 and Test 2.
To fulfil these test metrics and secure the test feasibility, SNR pair should be carefully chosen for two burst sets. According to our simulation results for different SNR [4], we can see that most of SNR from 0~20 could fulfil the test metric for 2Rx. To avoid too defensive CQI choice at very low SNR and too offensive CQI choice at very high SNR, the candidate SNR pair could be: 
Option 1: Low SNR set [3, 4] dB, high SNR set [9, 10];
Option 2: Low SNR set [7, 8] dB, high SNR set [13, 14];
Proposal 3: Consider following SNR configuration for CQI report requirement. 
Option 1: Low SNR set [3, 4] dB, high SNR set [9, 10];
Option 2: Low SNR set [7, 8] dB, high SNR set [13, 14];

3. Conclusion
Proposal 1: Use aperiodic CQI report to fit for agreed burst transmission structure.
Proposal 2: Only define NR-U CQI report requirement for 2Rx.
Proposal 3: Consider following SNR configuration for CQI report requirement. 
Option 1: Low SNR burst set [3, 4] dB, high SNR burst set [9, 10];
Option 2: Low SNR burst set [7, 8] dB, high SNR burst set [13, 14];

	[bookmark: _Hlk43884132]Parameter
	Unit
	Burst set 1
	Burst set 2

	Bandwidth
	MHz
	20

	Subcarrier spacing
	kHz
	30

	Duplex Mode
	
	TDD

	TDD UL-DL pattern
	
	DL burst transmission model

	SNR
	 dB
	3 or 7
	4 or 8
	9 or 13
	10 or 14

	Propagation channel
	
	AWGN

	Antenna configuration
	
	2×2 with static channel specified in Annex B.1

	Beamforming Model
	
	As specified in Annex B.4.1

	ZP CSI-RS configuration

	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	10/1

	NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	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

	CSI-IM configuration
	CSI-IM resource Type
	
	Periodic

	
	CSI-IM RE pattern
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	10/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	8

	Csi-ReportingBand
	
	1111111

	CSI-Report periodicity and offset
	slot
	NA

	aperiodicTriggeringOffset
	
	Not configured

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	010000

	
	RI Restriction
	
	N/A

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	9.5

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	As specified in Table A.4-2, TBS.2-2
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