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1. Introduction
In RAN4 #73, there were further discussion on test configurations for 256QAM CSI tests and WF [1] was agreed. 
· Narrow down the options for 256QAM CQI tests as follows:
· Option 3: CQI definition PUCCH 1-1 dual layer and CQI fading test TM9 PUSCH 3-1;
· To check whether the proposed test is feasible, e.g., in terms of SNR test points
· Option 4 : PUCCH 1-0 static test for TM1 and PUCCH 1-1 static test for TM9; no CQI fading test
· To check whether the proposed test is feasible, e.g., in terms of SNR test points
In this contribution, we provide simulation results for 256QAM CSI test and provide our view on test options. 
2. CQI definition PUCCH 1-1 dual layer
This test is based on CQI definition test specified in 9.2.2 of 36.101. Test parameters are replicated in table 2 for reference. CSI reference measurement channel is generated for 256QAM and listed in table 1. 
Table 1. CSI reference measurement channel for TM4 CQI test
	CQI index
	Modulation
	Target code rate
	Imcs
	Information Bit Payload
	Channel bits 

	0
	out of range
	out of range
	DTX
	-
	-

	1
	QPSK
	0.1523
	0
	1384
	12000

	2
	QPSK
	0.3770
	1
	2216
	12000

	3
	QPSK
	0.8770
	3
	5160
	12000

	4
	16QAM
	1.4766
	5
	8760
	24000

	5
	16QAM
	1.9141
	7
	11448
	24000

	6
	16QAM
	2.4063
	9
	14112
	24000

	7
	64QAM
	2.7305
	11
	16416
	36000

	8
	64QAM
	3.3223
	13
	19848
	36000

	9
	64QAM
	3.9023
	15
	22920
	36000

	10
	64QAM
	4.5234
	17
	27376
	36000

	11
	64QAM
	5.1152
	19
	30576
	36000

	12
	256QAM
	5.5547
	21
	32856
	48000

	13
	256QAM
	6.2266
	23
	36696
	48000

	14
	256QAM
	6.9141
	25
	40576
	48000

	15
	256QAM
	7.4063
	26
	42368
	48000


Table A.1. PUCCH 1-1 static test (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	Propagation condition and antenna configuration
	
	Clause B.1 (2 x 2)

	CodeBookSubsetRestriction bitmap
	
	010000

	SNR (Note 2)
	dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUCCH Format 2

	PUCCH Report Type for CQI/PMI
	
	2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	cqi-pmi-ConfigurationIndex
	
	6

	ri-ConfigIndex
	
	1 (Note 3)


Following test metrics are used in CQI definition test. 

· Probability of wideband CQI1 for CW1 being within the set {median CQI1–1, median CQI1, median CQI1+1}

· BLER for median CQI-1, median CQI and median CQI+1.
Simulation results are summarized in table 3. It can be observed that CQI reporting is always within the set {median CQI1–1, median CQI1, median CQI1+1} and BLER requirement is met at least at one CINR point of adjacent two CINRs. Therefore, we can reuse same test metric. 
Observation 1. CQI definition PUCCH 1-1 dual layer test is feasible for verification of CQI feedback with new 256QAM CQI table. 

For test point, we would like to propose CINR={2dB, 3dB} to verify decimated CQI table in QPSK and CINR={22dB, 23dB} to verify 256QAM CQI. 
Proposal 1. Select CINR={2dB, 3dB} and CINR={22dB, 23dB} as test point for CQI definition PUCCH 1-1 dual layer test.
Table 3. Simulation results for PUCCH 1-1 test
	CINR (dB)
	Median CQI
	Prob {mCQI-1, mCQI, mCQI+1}


	BLER mCQI -1 (%)
	BLER mCQI  (%)
	BLER mCQI +1 (%) 

	0
	2
	1.0
	0
	0
	89.1

	1
	3
	1.0
	0
	0
	100

	2
	3
	1.0
	0
	0
	100

	3
	3
	1.0
	0
	0
	100

	4
	3
	1.0
	0
	0
	71.9

	5
	4
	1.0
	0
	0
	100

	6
	4
	1.0
	0
	0
	59.7

	7
	4
	1.0
	0
	0
	0

	8
	5
	1.0
	0
	0
	20.5

	9
	5
	1.0
	0
	0
	0

	10
	6
	1.0
	0
	0
	33.9

	11
	6
	1.0
	0
	0
	0

	12
	7
	1.0
	0
	0
	22.3

	13
	7
	1.0
	0
	0
	0

	14
	8
	1.0
	0
	0
	1.31

	15
	9
	1.0
	0
	0
	100

	16
	9
	1.0
	0
	0
	68.1

	17
	9
	1.0
	0
	0
	0

	18
	10
	1.0
	0
	0
	38.9

	19
	10
	1.0
	0
	0
	0.102

	20
	11
	1.0
	0
	0
	22

	21
	11
	1.0
	0
	0
	0

	22
	12
	1.0
	0
	0
	28.1

	23
	12
	1.0
	0
	0
	0

	24
	13
	1.0
	0
	0
	58.7

	25
	13
	1.0
	0
	0
	8.56

	26
	13
	1.0
	0
	0
	3.16


3. TM9 CQI test 

3.1. CSI reference channel
Conventionally, RAN4 assumed CFI=3 for definition of CSI reference channel following RAN1 assumption to specify CQI/MCS/TBS table. Table 4 shows CSI reference channel constructed for CFI=3. It can be seen that, for first CQI in each modulation order, achieved code rate is much larger than target code rate, which will cause high BLER around those CQIs. 
Table 4. CSI reference measurement channel for TM9 CQI test with CFI=3
	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
	10800
	0.1523
	0.2607

	2
	QPSK
	1
	2216
	10800
	0.3770
	0.4148

	3
	QPSK
	3
	5160
	10800
	0.8770
	0.9600

	4
	16QAM
	5
	8760
	21600
	1.4766
	1.6356

	5
	16QAM
	6
	9912
	21600
	1.9141
	1.8489

	6
	16QAM
	8
	12960
	21600
	2.4063
	2.4178

	7
	64QAM
	11
	16416
	32400
	2.7305
	3.0578

	8
	64QAM
	12
	18336
	32400
	3.3223
	3.4133

	9
	64QAM
	14
	21384
	32400
	3.9023
	3.9822

	10
	64QAM
	16
	25456
	32400
	4.5234
	4.7407

	11
	64QAM
	17
	27376
	32400
	5.1152
	5.0963

	12
	256QAM
	20
	31704
	43200
	5.5547
	5.9022

	13
	256QAM
	21
	32856
	43200
	6.2266
	6.1156

	14
	256QAM
	23
	36864
	43200
	6.9141
	6.8267

	15
	256QAM
	25
	40576
	43200
	7.4063
	7.5496


Table 5. CSI reference measurement channel for TM9 CQI test with CFI=2

	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
	12000
	0.1523
	0.2347

	2
	QPSK
	1
	2216
	12000
	0.3770
	0.3733

	3
	QPSK
	3
	5160
	12000
	0.8770
	0.8640

	4
	16QAM
	5
	8760
	24000
	1.4766
	1.4720

	5
	16QAM
	7
	9912
	24000
	1.9141
	1.9200

	6
	16QAM
	9
	12960
	24000
	2.4063
	2.3680

	7
	64QAM
	11
	16416
	36000
	2.7305
	2.7520

	8
	64QAM
	13
	18336
	36000
	3.3223
	3.3280

	9
	64QAM
	15
	21384
	36000
	3.9023
	3.8400

	10
	64QAM
	17
	25456
	36000
	4.5234
	4.5867

	11
	64QAM
	19
	27376
	36000
	5.1152
	5.1200

	12
	256QAM
	21
	31704
	48000
	5.5547
	5.5040

	13
	256QAM
	23
	32856
	48000
	6.2266
	6.1440

	14
	256QAM
	25
	36864
	48000
	6.9141
	6.7947

	15
	256QAM
	26
	40576
	48000
	7.4063
	7.0933


If we switch to CFI=2, we can have CSI reference channel in table 5, which is same as CFI table used for TM4 since number of channel bits are same. In this case, there is no large code rate gap for all CQI values except for CQI 15. 
Observation 2. There are large code rate mismatch between target code rate and achieved code rate in TM9 CSI reference channel if we assume CFI=3. 

Proposal 2. Consider using CFI=2 in TM9 CQI test.

3.2. Test method 
There are two candidate for TM9 CQI method for 256QAM. Main purpose of introducing additional CQI test for TM9 is to verify proper 256QAM CSI feedback implementation for DM-RS TM and CSI-RS based CSI measurement. Both CQI definition test in static channel and CQI fading test with PUSCH 3-1 would fulfill main test purpose. If we choose CQI fading test in frequency selective fading channel, we can additionally test subband CQI measurement accuracy and aperiodic CSI feedback. If RAN4 agree on feasibility of test case, it would be beneficial to have additional test coverage. 
Conclusion to be added later with simulation results. 
4. Conclusions

In this contribution, we provided simulation results for 256QAM CQI test and our view on test case design. Our observations and proposals are
Observation 1. CQI definition PUCCH 1-1 dual layer test is feasible for verification of CQI feedback with new 256QAM CQI table. 

Proposal 1. Select CINR={2dB, 3dB} and CINR={22dB, 23dB} as test point for CQI definition PUCCH 1-1 dual layer test.
Observation 2. There are large code rate mismatch between target code rate and achieved code rate in TM9 CSI reference channel if we assume CFI=3. 

Proposal 2. Consider using CFI=2 in TM9 CQI test.
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