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1 Introduction

In the WF [1] from RAN4#95-e, some agreements were reached for URLLC UE CQI reporting test for CQI table 3, while some options are still open for discussion. In this paper, we present our simulation results and our proposals.  
2 Discussion
2.1 Simulation configurations
According to WF [1], the test metrics for AWGN and fading conditions are defined respectively, while some open issues are still remained to be further discussed. Furthermore, our simulations are configured based on the Rel-15 CQI reporting definition tests given by Table 6.2.2.1.1.1-1, Table 6.2.2.1.2.1-1, Table 6.2.2.2.1.1-1 and Table 6.2.2.2.2.1-1 in 3GPP TS 38.101-4. The simulation configurations and open issues are summarized in table1 below.
Open Issues:
· Propagation channel for CQI reporting
· Option 1: AWGN
· Option 2: Fading channel
· Target BLER in case AWGN conditions will be used
· Option 1: 10^-5
· Option 2: 10^-3
· Option 3: 10^-2
· In case AWGN conditions with target BLER 10^-5 will be used, FFS feasibility to define CQI reporting test case and FMCS case at the same SNR and define an applicability rule between CQI reporting test and FMCS test 

Test Metrics:
· Test metric in case AWGN conditions will be used

· Option 1: Reuse Rel-15 CQI test metric
· Option 2: Reuse Rel-15 CQI test metric and define a lower bound for median reported CQI in the CQI reporting tests
· Other options are not precluded
· Test metric in case Fading conditions will be used

· Option 1: 
· A CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least α% of the time

· The ratio of the throughput with follow CQI vs median CQI shall be ≥ γ

· Other options are not precluded
Simulation Configurations:
Table 1 Simulation configurations for CQI table 3 tests
	Parameter
	Unit
	FDD
	TDD

	Bandwidth
	MHz
	10
	40

	Number of allocated PDSCH resource blocks
	
	52
	106

	Subcarrier spacing
	kHz
	15
	30

	MCS table
	
	Table 3

	PDSCH starting symbol/length
	
	2/12

	Number of PDSCH MIMO layers
	
	1

	PDSCH mapping type
	
	Type A

	DMRS type
	
	Type 1

	DMRS duration
	
	single-symbol DMRS

	Number of additional DMRS
	
	1

	Slot pattern
	
	N/A
	7D1S2U, S=6D: 4G: 4U

	Propagation channel
	
	AWGN 

	Antenna configuration
	
	2×2 

	Correlation configuration
	
	Static (as specified in Annex B.1) or ULA High

	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
	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
	5/1
	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
	5/1
	10/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 3

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	8
	16

	Csi-ReportingBand
	
	1111111

	CSI-Report periodicity and offset
	slot
	5/0
	10/9

	aperiodicTriggeringOffset
	
	Not configured

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	010000

	
	RI Restriction
	
	00000001

	Physical channel for CSI report
	
	PUCCH

	CQI/RI/PMI delay 
	ms
	8
	9.5

	Maximum number of HARQ transmission
	
	1

	Target BLER
	
	10^-5, 10^-3, 10^-2

	PBCH
	
	slot#0 per 20ms periodicity

	PDSCH is not scheduled on slots containing CSI-RS or slots which are not full DL


2.2 Simulation results and proposals

From RAN1 specification 38.214 the following excerpt is defined based on CQI table 3:

	A single PDSCH transport block with a combination of modulation scheme, target code rate and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding: 

-
0.1, if the higher layer parameter cqi-Table in CSI-ReportConfig configures 'table1' (corresponding to Table 5.2.2.1-2), or 'table2' (corresponding to Table 5.2.2.1-3), or

-
0.00001, if the higher layer parameter cqi-Table in CSI-ReportConfig configures 'table3' (corresponding to Table 5.2.2.1-4).



The second sub-bullet in the above excerpt describes CQI table 3. Highlighting in Bold font the CQI error probability definition.
Observation 1: CQI table3 is designed for 10^-5 BLER target according to RAN1 specification, therefore the CQI reporting cannot be done nor verified with other BLER targets than 10^-5.
Proposal #1: Define the UE CQI reporting performance tests for CQI table 3 with 10^-5 BLER target.

Proposal #2: Define the UE CQI reporting performance tests for CQI table 3 with AWGN channel model.
Simulation results for FDD and TDD under AWGN channel condition are given below based on the above simulation assumptions.

2.2.1 Simulation results for FDD with AWGN channel condition
Simulations for FDD with AWGN channel condition are performed and compared with different BLER targets at 10^-2, 10^-3 and 10^-5.

Figure 1 FDD BLER vs SNR for following CQI test with AWGN channel
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Figure 2 FDD Reported Median CQI vs SNR with AWGN channel
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Table 1 CQI reporting results for FDD with AWGN channel condition, 10^-2 BLER target
	SNR [dB]
	Median CQI Index
	BLER with following CQI
	Percentage of Reported CQI Index in {median CQI -1, median CQ1 +1} (%)
	BLER with median CQI-1
	BLER with median CQI
	BLER with median CQI+1

	-12
	0
	0.1780
	100
	0.1780
	0.1780
	0.1780

	-11
	0
	0.0765
	100
	0.0765
	0.0765
	0.0765

	-10
	1
	0.0033
	100
	0.0033
	0.0033
	0.1220

	-9
	2
	0.0153
	100
	0
	0.0153
	0.1592

	-8
	2
	0
	100
	0
	0
	0.2409

	-7
	3
	0
	100
	0
	0
	0.0856

	-6
	4
	0.0001
	100
	0
	0.0001
	0.1856

	-5
	4
	0
	100
	0
	0
	0.0188

	-4
	5
	0
	100
	0
	0
	0.1957

	-3
	6
	0.0045
	100
	0
	0.0045
	1.0000

	-2
	6
	0
	100
	0
	0
	0.1696

	-1
	7
	0
	100
	0
	0
	0.9999

	0
	7
	0
	100
	0
	0
	0.0555

	1
	8
	0
	100
	0
	0
	0.9769

	2
	8
	0
	100
	0
	0
	0.0132

	3
	9
	0
	100
	0
	0
	0.8684

	4
	9
	0
	100
	0
	0
	1.0000

	5
	10
	0
	100
	0
	0
	0.5288

	6
	11
	0.0007
	100
	0
	0.0007
	1.0000

	7
	11
	0
	100
	0
	0
	0.4205

	8
	12
	0
	100
	0
	0
	1.0000

	9
	12
	0
	100
	0
	0
	0.0857

	10
	13
	0
	100
	0
	0
	1.0000

	11
	13
	0
	100
	0
	0
	0.1217

	12
	14
	0
	100
	0
	0
	0.9980

	13
	14
	0
	100
	0
	0
	0.1208

	14
	15
	0
	100
	0
	0
	0

	15
	15
	0
	100
	0
	0
	0


Table 2 CQI reporting results for FDD with AWGN channel condition, 10^-3 BLER target

	SNR [dB]
	Median CQI Index
	BLER with following CQI
	Percentage of Reported CQI Index in {median CQI -1, median CQ1 +1} (%)
	BLER with median CQI-1
	BLER with median CQI
	BLER with median CQI+1

	-12
	0
	0.1780
	100
	0.1780
	0.1780
	0.1780

	-11
	0
	0.0765
	100
	0.0765
	0.0765
	0.0765

	-10
	0
	0.0033
	100
	0.0033
	0.0033
	0.0033

	-9
	1
	0
	100
	0
	0
	0.0153

	-8
	2
	0
	100
	0
	0
	0.0369

	-7
	3
	0
	100
	0
	0
	0.0856

	-6
	4
	0.0001
	100
	0
	0.0001
	0.1856

	-5
	4
	0
	100
	0
	0
	0.0188

	-4
	5
	0
	100
	0
	0
	0.1957

	-3
	5
	0
	100
	0
	0
	0.0045

	-2
	6
	0
	100
	0
	0
	0.1696

	-1
	6
	0
	100
	0
	0
	0

	0
	7
	0
	100
	0
	0
	0.0555

	1
	8
	0
	100
	0
	0
	0.9769

	2
	8
	0
	100
	0
	0
	0.0132

	3
	9
	0
	100
	0
	0
	0.8684

	4
	9
	0
	100
	0
	0
	0.0051

	5
	10
	0
	100
	0
	0
	0.5288

	6
	10
	0
	100
	0
	0
	0.0007

	7
	11
	0
	100
	0
	0
	0.4205

	8
	11
	0
	100
	0
	0
	0

	9
	12
	0
	100
	0
	0
	0.0857

	10
	12
	0
	100
	0
	0
	0

	11
	13
	0
	100
	0
	0
	0.1217

	12
	13
	0
	100
	0
	0
	0

	13
	14
	0
	100
	0
	0
	0.1208

	14
	14
	0
	100
	0
	0
	0

	15
	15
	0
	100
	0
	0
	0


Table 3 CQI reporting results for FDD with AWGN channel condition, 10^-5 BLER target

	SNR [dB]
	Median CQI Index
	BLER with following CQI
	Percentage of Reported CQI Index in {median CQI -1, median CQ1 +1} (%)
	BLER with median CQI-1
	BLER with median CQI
	BLER with median CQI+1

	-12
	0
	0.1605
	100
	0.1605
	0.1605
	0.1605

	-11
	0
	0.0691
	100
	0.0691
	0.0691
	0.0691

	-10
	0
	0.0022
	100
	0.0022
	0.0022
	0.0022

	-9
	1
	8.9666e-07
	100
	0
	0
	0.0136

	-8
	2
	5.1316e-06
	100
	0
	3.432e-06
	0.0384

	-7
	3
	1.7136e-05
	100
	0
	2.0513e-5
	0.0804

	-6
	4
	0.00017
	100
	0
	1.6948e-4
	0.1833

	-5
	4
	0
	100
	0
	0
	0.0155

	-4
	5
	0
	100
	0
	0
	0.1971

	-3
	5
	0
	100
	0
	0
	0.0042

	-2
	6
	0
	100
	0
	0
	0.1635

	-1
	6
	0
	100
	0
	0
	7.5993e-05

	0
	7
	0
	100
	0
	0
	0.0577

	1
	8
	0
	100
	0
	0
	0.9745

	2
	8
	0
	100
	0
	0
	0.0167

	3
	9
	0
	100
	0
	0
	0.8677

	4
	9
	0
	100
	0
	0
	0.0044

	5
	10
	0
	100
	0
	0
	0.5264

	6
	10
	0
	100
	0
	0
	0.0014

	7
	11
	0
	100
	0
	0
	0.4211

	8
	11
	0
	100
	0
	0
	1.7094e-05

	9
	12
	0
	100
	0
	0
	0.0865

	10
	12
	0
	100
	0
	0
	0

	11
	13
	0
	100
	0
	0
	0.1227

	12
	13
	0
	100
	0
	0
	1.3693e-05

	13
	14
	0
	100
	0
	0
	0.1219

	14
	14
	0
	100
	0
	0
	1.0243e-05

	15
	15
	0
	100
	0
	0
	0


2.2.2 Simulation results for TDD with AWGN channel
Simulations for TDD with AWGN channel condition are performed and compared with different BLER targets at 10^-2, 10^-3 and 10^-5.

Figure 3 TDD BLER vs SNR for following CQI test with AWGN channel
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Figure 3 TDD Reported Median CQI vs SNR with AWGN channel
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Table 4 CQI reporting results for TDD with AWGN channel condition, 10^-2 BLER target

	SNR [dB]
	Median CQI Index
	BLER with following CQI
	Percentage of Reported CQI Index in {median CQI -1, median CQ1 +1} (%)
	BLER with median CQI-1
	BLER with median CQI
	BLER with median CQI+1

	-12
	0
	0.1861
	100
	0.1861
	0.1861
	0.1861

	-11
	0
	0.0861
	100
	0.0861
	0.0861
	0.0861

	-10
	1
	0.0005
	100
	0.0005
	0.0005
	0.1485

	-9
	2
	0.0148
	100
	0
	0.0148
	0.1816

	-8
	2
	0
	100
	0
	0
	0.0367

	-7
	3
	0
	100
	0
	0
	0.1150

	-6
	4
	0
	100
	0
	0
	0.2123

	-5
	4
	0
	100
	0
	0
	0.0221

	-4
	5
	0
	100
	0
	0
	0.2546

	-3
	6
	0.0047
	100
	0
	0.0047
	1.0000

	-2
	6
	0
	100
	0
	0
	0.2329

	-1
	7
	0
	100
	0
	0
	1.0000

	0
	7
	0
	100
	0
	0
	0.0762

	1
	8
	0
	100
	0
	0
	0.9995

	2
	8
	0
	100
	0
	0
	0.0169

	3
	9
	0
	100
	0
	0
	0.9471

	4
	9
	0
	100
	0
	0
	0.0056

	5
	10
	0
	100
	0
	0
	0.9668

	6
	11
	0.0030
	100
	0
	0.0030
	1.0000

	7
	11
	0
	100
	0
	0
	0.1993

	8
	12
	0
	100
	0
	0
	1.0000

	9
	12
	0
	100
	0
	0
	0.1786

	10
	13
	0
	100
	0
	0
	0.9990

	11
	13
	0
	100
	0
	0
	0.0791

	12
	14
	0
	100
	0
	0
	1.0000

	13
	14
	0
	100
	0
	0
	0.1367

	14
	15
	0
	100
	0
	0
	0

	15
	15
	0
	100
	0
	0
	0


Table 5 CQI reporting results for TDD with AWGN channel condition, 10^-3 BLER target

	SNR [dB]
	Median CQI Index
	BLER with following CQI
	Percentage of Reported CQI Index in {median CQI -1, median CQ1 +1} (%)
	BLER with median CQI-1
	BLER with median CQI
	BLER with median CQI+1

	-12
	0
	0.1861
	100
	0.1861
	0.1861
	0.1861

	-11
	0
	0.0861
	100
	0.0861
	0.0861
	0.0861

	-10
	1
	0.0005
	100
	0.0005
	0.0005
	0.1485

	-9
	1
	0
	100
	0
	0
	0.0148

	-8
	2
	0
	100
	0
	0
	0.0367

	-7
	3
	0
	100
	0
	0
	0.1150

	-6
	4
	0
	100
	0
	0
	0.2123

	-5
	4
	0
	100
	0
	0
	0.0221

	-4
	5
	0
	100
	0
	0
	0.2546

	-3
	5
	0
	100
	0
	0
	0.0047

	-2
	6
	0
	100
	0
	0
	0.2329

	-1
	6
	0
	100
	0
	0
	0

	0
	7
	0
	100
	0
	0
	0.0762

	1
	8
	0
	100
	0
	0
	0.9995

	2
	8
	0
	100
	0
	0
	0.0169

	3
	9
	0
	100
	0
	0
	0.9471

	4
	9
	0
	100
	0
	0
	0.0056

	5
	10
	0
	100
	0
	0
	0.9668

	6
	10
	0
	100
	0
	0
	0.0030

	7
	11
	0
	100
	0
	0
	0.1993

	8
	11
	0
	100
	0
	0
	0

	9
	12
	0
	100
	0
	0
	0.1786

	10
	12
	0
	100
	0
	0
	0

	11
	13
	0
	100
	0
	0
	0.0791

	12
	13
	0
	100
	0
	0
	0

	13
	14
	0
	100
	0
	0
	0.1367

	14
	14
	0
	100
	0
	0
	0

	15
	15
	0
	100
	0
	0
	0


Table 6 CQI reporting results for TDD with AWGN channel condition, 10^-5 BLER target

	SNR [dB]
	Median CQI Index
	BLER with following CQI
	Percentage of Reported CQI Index in {median CQI -1, median CQ1 +1} (%)
	BLER with median CQI-1
	BLER with median CQI
	BLER with median CQI+1

	-12
	0
	0.1887
	100
	0.1887
	0.1887
	0.1887

	-11
	0
	0.0868
	100
	0.0868
	0.0868
	0.0868

	-10
	1
	0.0010
	100
	0.0010
	0.0010
	0.1483

	-9
	1
	0
	100
	0
	0
	0.0169

	-8
	2
	0
	100
	0
	0
	0.0343

	-7
	3
	0
	100
	0
	0
	0.1057

	-6
	4
	0
	100
	0
	1.3418e-5
	0.2106

	-5
	4
	0
	100
	0
	0
	0.0207

	-4
	5
	0
	100
	0
	0
	0.2561

	-3
	5
	0
	100
	0
	0
	0.0043

	-2
	6
	0
	100
	0
	0
	0.2166

	-1
	6
	0
	100
	0
	0
	0.0001

	0
	7
	0
	100
	0
	0
	0.0746

	1
	8
	0
	100
	0
	0
	0.9995

	2
	8
	0
	100
	0
	0
	0.0157

	3
	9
	0
	100
	0
	0
	0.9484

	4
	9
	0
	100
	0
	0
	0.0049

	5
	10
	0
	100
	0
	0
	0.9631

	6
	10
	0
	100
	0
	0
	0.0044

	7
	11
	0
	100
	0
	0
	0.2021

	8
	11
	0
	100
	0
	0
	4.4671e-06

	9
	12
	0
	100
	0
	0
	0.1824

	10
	12
	0
	100
	0
	0
	8.8886e-06

	11
	13
	0
	100
	0
	0
	0.0782

	12
	13
	0
	100
	0
	0
	0

	13
	14
	0
	100
	0
	0
	0.1413

	14
	14
	0
	100
	0
	0
	0

	15
	15
	0
	100
	0
	0
	0


3 Conclusion
The paper presents simulation results and the following proposals for URLLC UE CQI reporting tests for CQI table 3.
Observation 1: CQI table3 is designed for 10^-5 BLER target according to RAN1 specification, therefore the CQI reporting cannot be done nor verified with other BLER targets than 10^-5.

Proposal #1: Define the UE CQI reporting performance tests for CQI table 3 with 10^-5 BLER target.

Proposal #2: Define the UE CQI reporting performance tests for CQI table 3 with AWGN channel model.
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