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1. Introduction

In RAN4#73 meeting, PUCCH1-0 TM1 static test and PUSCH3-1 TM9 frequency selective test were decided for 256QAM CQI reporting in the way forward [1]. In this contribution, we provide the simulation results for 256QAM CQI test cases.
2. Discussion
AWGN CQI for TM1
Simulation parameters for 256QAM AWGN test are based on existing Rel-8 CQI test cases. Reference measurement channel is according to table A.1 specified in annex. Simulation results are shown in table 1 and table 2.
Table 1 Distribution of reported CQI
	SNR (dB)
	Index of Median CQI
	CQI index distribution

	
	
	Median CQI -1
	Median CQI
	Median CQI +1

	4
	5
	0
	100%
	0

	6
	6
	0
	100%
	0

	8
	7
	0
	100%
	0

	10
	8
	0
	100%
	0

	12
	9
	0
	100%
	0

	14
	10
	0
	100%
	0

	16
	11
	0
	100%
	0

	18
	12
	0
	100%
	0

	20
	13
	0
	100%
	0

	22
	14
	0
	100%
	0

	24
	14
	0
	100%
	0

	26
	15
	0
	100%
	0


Table 2 BLER of Median CQI and Median CQI+/-1

	SNR (dB)
	BLER

	
	Median CQI-1
	Median CQI
	Median CQI+1

	4
	0
	0
	1

	6
	0
	0
	1

	8
	0
	0
	1

	10
	0
	0
	1

	12
	0
	0.0012
	1

	14
	0
	0
	0.9

	16
	0
	0
	1

	18
	0
	0
	1

	20
	0
	0
	0.8125

	22
	0
	0
	1

	24
	0
	0
	1

	26
	0
	0.0025
	-


From table 1, CQI index of 256QAM is reported when SNR is more than 18dB. Test points should cover the SNR region of 256QAM CQI index reporting. So we propose [6, 7] dB and [20, 21] dB as the test points for TM1 test. 
Frequency-selective CQI for TM9
Simulation parameters for 256QAM frequency selective test are based on existing PUSCH3-1 CQI reporting test cases. Reference measurement channel is according to table A.2 and table A.3 specified in annex. Simulation results are shown in table 3 and table 4.
Table 3 Statistics of differential sub-band CQI
	SNR (dB)
	Distribution of differential sub-band CQI

	
	-1
	0
	1
	2

	4
	1.6%
	16.3%
	46.7%
	33.8%

	6
	0.8%
	20.8%
	19%
	55.8%

	8
	3.9%
	11%
	17.2%
	54.1%

	10
	3.75%
	11.9%
	32.2%
	48.8%

	12
	3.4%
	17.3%
	17.9%
	60.6%

	14
	5.88%
	9.42%
	35.1%
	27.9%

	16
	3.5%
	21%
	6.82%
	66%

	18
	5.8%
	5.6%
	9.5%
	41%

	20
	1.7%
	11.9%
	85%
	0%

	22
	3.7%
	43.9%
	52.4%
	-

	24
	0%
	22.3%
	77.7%
	-

	26
	6.4%
	71.4%
	22.2%
	-

	28
	0.8%
	99.2%
	-
	-

	30
	0%
	100%
	-
	-


Table 4 Statistics of CQI reporting performance
	SNR (dB)
	BLER of follow sub-band CQI
	Throughput
	Throughput ratio

	
	
	Follow sub-band CQI
	Follow wideband CQI
	

	4
	0.1308
	1170260
	606629
	1.9291

	6
	0.0985
	1422633
	744098
	1.9119

	8
	0.0705
	1746435
	901266
	1.9378

	10
	0.0603
	2028280
	1060325
	1.9129

	12
	0.1300
	2202368
	1111472
	1.9815

	14
	0.2565
	2080905
	1303629
	1.5962

	16
	0.1910
	2602630
	1306744
	1.9917

	18
	0.2390
	2753888
	1411288
	1.9513

	20
	0.1783
	3076203
	1809762
	1.6998

	22
	0.1330
	3376147
	1839165
	1.8357

	24
	0.1162
	3485739
	1750013
	1.9918

	26
	0.1248
	3467508
	1985533
	1.7464

	28
	0.1020
	3560691
	1828629
	1.9472

	30
	0.0948
	3590120
	2184700
	1.6433


According to our simulation results, in frequency selective CQI test, 256QAM CQI index has been selected from 14dB of SNR but the success rate of these 256QAM transport blocks is low at 14dB. Then, for the SNR corresponding to 256QAM CQI index reporting, TM9 frequency selective CQI is about 3dB earlier than TM1 AWGN CQI due to 2 transmit antennas and high correlation of 2-tap channel in TM9 test. 
For number of CFI, it can be observed that: 
· Since TM9 test is sub-band CQI reporting test, there is no large difference between achieved code rate and target code rate for CSI reference measurement channel with 6RB;

· The required SNR of 256QAM CQI index reporting under 2-tap channel is not large;

· Demodulation BLER for follow best sub-band CQI is acceptable;
· Introduction of CFI=2 for CQI test will bring much additional work, e.g. specification corrections.

Hence, in our opinion, CFI =3 should be used for TM9 CQI test.
For test points, we propose [4, 5] dB and [18, 19] dB for TM9 test. Test metric reuses the existing PUSCH3-1 test criterion. 
In conclusion, our proposals are summarized as following:
Proposal1: CFI =3 should be used for TM9 CQI test.
Proposal2: Test points should cover the SNR region of 256QAM CQI index reporting. We propose [6, 7] dB and [20, 21] dB for TM1 static test and [4, 5] dB and [18, 19] dB for TM9 frequency selective test.
3. Conclusion
In this contribution, we provide the simulation results for 256QAM CQI tests. And the relevant proposals are summarized as below:
Proposal1: CFI =3 should be used for TM9 CQI test.

Proposal2: Test points should cover the SNR region of 256QAM CQI index reporting. We propose [6, 7] dB and [20, 21] dB for TM1 static test and [4, 5] dB and [18, 19] dB for TM9 frequency selective test.
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5. Annex: CSI reference measurement channel
Table A.1 CSI reference measurement channel for 256QAM TM1 test with 50RB
	CQI index
	Modulation
	Imcs
	Information Bit Payload
	Channel bits
	Target code rate
	Achieved code rate

	0
	out of range
	DTX
	-
	-
	OOR
	OOR

	1
	QPSK
	0
	1384
	12600
	0.0762
	0.1098

	2
	QPSK
	1
	2216
	12600
	0.1885
	0.1758

	3
	QPSK
	3
	5160
	12600
	0.4385
	0.4095

	4
	16QAM
	5
	8760
	25200
	0.3691
	0.3476

	5
	16QAM
	7
	11448
	25200
	0.4785
	0.4542

	6
	16QAM
	10
	15264
	25200
	0.6016
	0.6057

	7
	64QAM
	11
	16416
	37800
	0.4551
	0.4342

	8
	64QAM
	14
	21384
	37800
	0.5537
	0.5657

	9
	64QAM
	16
	25456
	37800
	0.6504
	0.6734

	10
	64QAM
	18
	28336
	37800
	0.7539
	0.7496

	11
	64QAM
	19
	30576
	37800
	0.8525
	0.8088

	12
	256QAM
	22
	35160
	50400
	0.6943
	0.6976

	13
	256QAM
	24
	39232
	50400
	0.7783
	0.7784

	14
	256QAM
	26
	42368
	50400
	0.8643
	0.8406

	15
	256QAM
	27
	48936
	50400
	0.9297
	0.9709


Table A.2 CSI reference measurement channel for 256QAM TM9 test with 6RB (Non CSI-RS)
	CQI index
	Modulation
	Imcs
	Information Bit Payload
	Channel bits
	Target code rate
	Achieved code rate

	0
	out of range
	DTX
	-
	-
	OOR
	OOR

	1
	QPSK
	0
	152
	1368
	0.0762
	0.1111

	2
	QPSK
	1
	256
	1368
	0.1885
	0.1871

	3
	QPSK
	3
	600
	1368
	0.4385
	0.4385

	4
	16QAM
	5
	1032
	2736
	0.3691
	0.3771

	5
	16QAM
	6
	1192
	2736
	0.4785
	0.4356

	6
	16QAM
	8
	1544
	2736
	0.6016
	0.5643

	7
	64QAM
	11
	1928
	4104
	0.4551
	0.4697

	8
	64QAM
	12
	2152
	4104
	0.5537
	0.5243

	9
	64QAM
	14
	2600
	4104
	0.6504
	0.6335

	10
	64QAM
	16
	2984
	4104
	0.7539
	0.7270

	11
	64QAM
	18
	3496
	4104
	0.8525
	0.8518

	12
	256QAM
	20
	3752
	5472
	0.6943
	0.6856

	13
	256QAM
	22
	4264
	5472
	0.7783
	0.7792

	14
	256QAM
	24
	4776
	5472
	0.8643
	0.8728

	15
	256QAM
	25
	4968
	5472
	0.9297
	0.9078


Table A.3 CSI reference measurement channel for 256QAM TM9 test with 6RB (2 CSI-RS)
	CQI index
	Modulation
	Imcs
	Information Bit Payload
	Channel bits
	Target code rate
	Achieved code rate

	0
	out of range
	DTX
	-
	-
	OOR
	OOR

	1
	QPSK
	0
	152
	1344
	0.0762
	0.1131

	2
	QPSK
	1
	256
	1344
	0.1885
	0.1905

	3
	QPSK
	3
	600
	1344
	0.4385
	0.4464

	4
	16QAM
	5
	1032
	2688
	0.3691
	0.3839

	5
	16QAM
	6
	1192
	2688
	0.4785
	0.4434

	6
	16QAM
	8
	1544
	2688
	0.6016
	0.5744

	7
	64QAM
	11
	1928
	4032
	0.4551
	0.4781

	8
	64QAM
	12
	2152
	4032
	0.5537
	0.5337

	9
	64QAM
	14
	2600
	4032
	0.6504
	0.6448

	10
	64QAM
	16
	2984
	4032
	0.7539
	0.7400

	11
	64QAM
	18
	3496
	4032
	0.8525
	0.8670

	12
	256QAM
	20
	3752
	5376
	0.6943
	0.6979

	13
	256QAM
	22
	4264
	5376
	0.7783
	0.7931

	14
	256QAM
	24
	4776
	5376
	0.8643
	0.8883

	15
	256QAM
	25
	4968
	5376
	0.9297
	0.9241


