Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk487029736]3GPP TSG-RAN WG4 Meeting # 108	R4-2313313
Toulouse, FR, August 21 – August 25, 2023
Agenda Item:	8.4.3.1.4
Source:	Ericsson
Title:	Remaining issues on CQI reporting for 8Rx in FR1 
Document for:	Discussion
1	Introduction

Last meeting #107, more progress has been achieved in this WI for TDD. In this meeting, we go through the remaining issues that still need to be addressed for TDD while start discussing the FDD part [1]. Below, we summarize the remaining open issues on the CQI reporting definition.
	[bookmark: _Hlk127266267]For TDD
Issue 4-2: SNR points
· Proposals
· Option 1: [4,5] dB and [10,11] dB
· Option 2: [1, 2] dB and [7,8] dB



It is worth mentioning that we carried out simulations in [2] to draw our proposals for both TDD and FDD.
2	CQI reporting requirements in TDD

In WF [1], the only remaining issue to solve the TDD duplex mode case is the test points to be considered for CQI reporting. Hereafter, we summarize the simulation parameters that have been agreed so far, in the following Table.
Table 2-1 Simulation parameters for CQI reporting.
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	40

	Subcarrier spacing
	kHz
	30

	Duplex Mode
	
	TDD

	TDD UL-DL pattern
	
	FR1.30-1

	 SNR
	 dB
	TBD
	TBD
	TBD
	TBD

	Propagation channel
	
	AWGN

	Antenna configuration
	
	XP 4×8 with static channel specified in updated 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)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 4,0

	
	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
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	csi-ReportingBand
	
	1111111

	CSI-Report periodicity and offset
	slot
	10/9

	aperiodicTriggeringOffset
	
	Not configured

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(2,1)

	
	(CodebookConfig-O1,CodebookConfig-O2)
	
	(4,1)

	
	CodebookSubsetRestriction
	
	00000001

	
	RI Restriction
	
	00001000

	Physical channel for CSI report
	
	PUCCH

	CQI/RI/PMI delay 
	ms
	9.5

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	As specified in Table A.4-3, TBS.3-4



Based on the simulation results provided in [2], Fig. 1 presents the median CQI as function of SNR under static conditions in FR1 TDD. 
[image: ]
Fig. 1 – Median CQI as function of SNR. CQI reporting under static condition for 8 Rx UE in FR1 TDD with Rank 4.

Proposal 1: Define the CQI reporting requirements for 8Rx UE in FR1 TDD under static conditions while considering Rank 4 and 64QAM as the highest modulation order, and based on the measurement channel as specified in Table A.4-3 using TBS.3-4 in TS 38.101-4, with test points
· 64QAM is at SNR = 7/8 dB (CQI 7).
· 16QAM is at SNR = 1/2 dB (CQI 4).
3	CQI reporting requirements in FDD

In this meeting, we start discussing the CQI reporting requirements for 8Rx UE in FR1 FDD. Our view is to keep same view for FDD as was agreed in TDD case.

Proposal 2: Define the CQI reporting requirements for 8Rx UE in FR1 FDD under static conditions considering 
· 10 MHz/15 kHz, 52 RBs.
· CQI index for up to 64QAM.
· Rank 4.

Hereafter, we summarize the simulation parameters that we propose for CQI reporting in FR1 FDD in the following Table.
Table 3-1 Simulation parameters for CQI reporting.
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	40

	Subcarrier spacing
	kHz
	30

	Duplex Mode
	
	FDD

	 SNR
	 dB
	TBD
	TBD
	TBD
	TBD

	Propagation channel
	
	AWGN

	Antenna configuration
	
	XP 4×8 with static channel specified in updated 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
	5/1

	NZP CSI-RS for CSI acquisition

	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 4,0

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

	
	NZP CSI-RS-timeConfig
periodicity and offset
	slot
	5/1

	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
	5/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	csi-ReportingBand
	
	1111111

	CSI-Report periodicity and offset
	slot
	5/0

	aperiodicTriggeringOffset
	
	Not configured

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(2,1)

	
	(CodebookConfig-O1,CodebookConfig-O2)
	
	(4,1)

	
	CodebookSubsetRestriction
	
	00000001

	
	RI Restriction
	
	00001000

	Physical channel for CSI report
	
	PUCCH

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	As specified in Table A.4-3, TBS.3-2





Proposal 3: For 8 Rx UE in FR1 FDD, define CQI reporting requirements considering
· Legacy configuration report quantity 'cri-RI-PMI-CQI '
· two-one-TypeI-SinglePanel-Restriction = 00000001 
· TE sets i2 = 0 during the test
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Fig. 2 – Median CQI as function of SNR. CQI reporting under static condition for 8 Rx UE in FR1 FDD with Rank 4.

Proposal 4: Define the CQI reporting requirements for 8Rx UE in FR1 FDD under static conditions while considering Rank 4 and 64QAM as the highest modulation order, and based on the measurement channel as specified in Table A.4-3 using TBS.3-2 in TS 38.101-4, with test points
· 64QAM is at SNR = 7/8 dB (CQI 7).
· 16QAM is at SNR = 1/2 dB (CQI 4).
4	Summary

In this paper we tried to contribute with the following proposals for further discussions:

Proposal 1: Define the CQI reporting requirements for 8Rx UE in FR1 TDD under static conditions while considering Rank 4 and 64QAM as the highest modulation order, and based on the measurement channel as specified in Table A.4-3 using TBS.3-4 in TS 38.101-4, with test points
· 64QAM is at SNR = 7/8 dB (CQI 7).
· 16QAM is at SNR = 1/2 dB (CQI 4).

Proposal 2: Define the CQI reporting requirements for 8Rx UE in FR1 FDD under static conditions considering 
· 10 MHz/15 kHz, 52 RBs.
· CQI index for up to 64QAM.
· Rank 4.

Proposal 3: For 8 Rx UE in FR1 FDD, define CQI reporting requirements considering
· Legacy configuration report quantity 'cri-RI-PMI-CQI '
· two-one-TypeI-SinglePanel-Restriction = 00000001 
· TE sets i2 = 0 during the test

Proposal 4: Define the CQI reporting requirements for 8Rx UE in FR1 FDD under static conditions while considering Rank 4 and 64QAM as the highest modulation order, and based on the measurement channel as specified in Table A.4-3 using TBS.3-2 in TS 38.101-4, with test points
· 64QAM is at SNR = 7/8 dB (CQI 7).
· 16QAM is at SNR = 1/2 dB (CQI 4).
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Appendix	Simulation assumption
A.1	CQI reporting in static condition
We use the following tables in TS 38.101-4
Table A.4-3: Mapping of CQI Index to Information Bit payload (CQI table 2, Rank 3 and Rank 4)
	TBS Scheme
	TBS.3-1
	TBS.3-2
	TBS.3-3
	TBS.3-4
	
	

	MCS table
	256QAM

	Number of allocated PDSCH resource blocks
	52
	52
	106
	106
	
	

	Number of consecutive PDSCH symbols
	12
	12
	12
	12
	
	

	Number of PDSCH MIMO layers
	3
	4
	3
	4
	
	

	Number of DMRS REs (Note 1)
	24
	24
	24
	24
	
	

	Overhead for TBS determination
	0
	0
	0
	0
	
	

	Available RE-s for PDSCH
	6240
	6240
	12720
	12720
	
	

	CQI index
	Spectral efficiency
	MCS index
	Modulation
	Information Bit Payload per Slot

	0
	OOR
	OOR
	OOR
	N/A
	N/A
	N/A
	N/A
	
	

	1
	0.2344
	0
	QPSK
	4360
	5896
	8976
	11784
	
	

	2
	0.3770 
	1
	
	7048
	9480
	14344
	18976
	
	

	3
	0.8770 
	3
	
	16392
	22032
	33816
	45096
	
	

	4
	1.4766 
	5
	16QAM
	27656
	36896
	56368
	75792
	
	

	5
	1.9141 
	7
	
	35856
	48168
	73776
	98376
	
	

	6
	2.4063 
	9
	
	45096
	60456
	92200
	122976
	
	

	7
	2.7305 
	11
	64QAM
	51216
	67584
	104496
	139376
	
	

	8
	3.3223 
	13
	
	62504
	81976
	127080
	167976
	
	

	9
	3.9023 
	15
	
	73776
	98376
	147576
	196776
	
	

	10
	4.5234 
	17
	
	83976
	112648
	172176
	229576
	
	

	11
	5.1152 
	19
	
	96264
	127080
	196776
	262376
	
	

	12
	5.5547 
	21
	256QAM
	104496
	139376
	213176
	278776
	
	

	13
	6.2266
	23
	
	116792
	155776
	237776
	319784
	
	

	14
	6.9141
	25
	
	129128
	172176
	262376
	352440
	
	

	15
	7.4063 
	27
	
	139376
	184424
	278776
	376896
	
	

	Note 1:	Number of DMRS REs includes the overhead of the DM-RS CDM groups without data
Note 2:	PDSCH is not scheduled on slots containing CSI-RS for tracking, CSI-RS for CSI acquisition and CSI-RS for beam refinement or slots which are not full DL
Note 3:	PDSCH is not scheduled on slots containing PBCH, i.e. slot#0 per 20ms periodicity
Note 4:     Spectral efficiency is based on MCS Table defined in Table 5.1.3.1-2 of TS 38.214 [12]
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