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1 Introduction
In RAN4 meeting #74, the way forward was agreed [1] and for 256QAM CQI test it was agreed that 

· The compromised option is to introduce the following CQI tests
· PUCCH 1-0 TM1 static CQI definition test
· Reuse the existing parameters of the existing PUCCH 1-0 CQI definition test;
· PUSCH 3-1 TM9 frequency selective test

· The test set up in Clause 9.3.1.2.1 of TS36.101 will be reused 
· Evaluation of parameter of a for two-path channel would be needed

· Further evaluate the CFI values:
· Option 1: CFI=3
· Option 2: CFI=2

· FFS for low SNR test points
In this contribution we will discuss the above open issues.
2 Discussion

2.1 PUCCH 1-0 TM1 static CQI definition test
In Annex, we provide the parameters for evaluations, i.e., the reference channels in details. 
In our previous paper, we proposed to have both low SNR test point and high SNR test points since the new CQI/MCS tables change the items both in first rows and the last rows of the tables. Following the existing PUCCH 1-0 single layer CQI test setup and using the new reference channels given in the Annex, in Table 1 and Table 2 we provide the simulation results for 256QAM CQI definition test for reported CQI distribution and BLER performance with medium CQI±1 for single codeword.
Table 1: Distribution of reported CQIs
	SNR
	CQI index (Reported CQI radio)
	

	
	1
	2
	3
	4
	5
	6

	-6
	
	100%
	
	
	
	

	-5
	
	80.5%
	19.5%
	
	
	

	-4
	
	
	100%
	
	
	

	-3
	
	
	100%
	
	
	

	-2
	
	
	100%
	
	
	

	-1
	
	
	58.1%
	41.9%
	
	

	0
	
	
	
	100%
	
	

	1
	
	
	
	100%
	
	

	2
	
	
	
	55.5%
	44.5%
	

	3
	
	
	
	
	100%
	


Table 2: BLER performance for 256QAM CQI definition test
	SNR
	Medium CQI-1 BLER
	Medium CQI BLER
	Medium CQI+1 BLER
	Pass 10% BLER?

	-6
	0
	0
	1
	yes

	-5
	0
	0.171
	1
	yes

	-4
	0
	1
	1
	yes

	-3
	0
	0.017
	1
	yes

	-2
	0
	0
	1
	yes

	-1
	0
	0.433
	1
	yes

	0
	0
	1
	1
	yes

	1
	0
	0.021
	1
	yes

	2
	0
	0.45
	1
	yes

	3
	0
	0
	1
	yes

	…
	
	
	
	

	14
	0
	0.120
	1
	yes

	15
	0
	0.005
	1
	yes

	16
	0
	0.772
	1
	yes

	17
	0
	0.973
	1
	yes

	18
	0
	0.990
	1
	yes

	19
	0
	0.890
	1
	yes

	20
	0.002
	0.990
	1
	yes

	21
	0.001
	0.063
	0.953
	yes


Low SNR test point:

For low SNR test point, firstly in order to design a sanity test, the wrong UE behaviour needs be ruled out, namely, UE still follows the legacy tables for CQI reporting. In that way UE follows the legacy tables while the test equipment will follow the new tables. Thus there will be mismatch between test equipment and UE to translate CQI into MCS. When selecting the test point, we should preclude such wrong UE behaviour. In Table 8 we show the performance in BLER for such wrong UE behaviour.

Table 3: BLER performance for wrong UE behavior
	SNR
	Medium CQI-1 BLER
	Medium CQI BLER
	Medium CQI+1 BLER
	Pass 10% BLER?

	-9
	0.124
	0.123
	1
	no

	-8
	0
	0.130
	1
	yes

	-7
	0.178
	0.205
	1
	no

	-6
	0
	0.130
	1
	yes

	-5
	1
	0.510
	1
	no

	-4
	1
	0.06
	1
	no

	-3
	1
	0.02
	1
	no

	-2
	1
	0.05
	1
	no

	-1
	1
	0.015
	1
	no


Secondly, the SNR range for selecting low SNR test point should be within operating SNR range for CQI index with QPSK modulation, i.e., CQI index #1~3, which corresponds to about [-5, 5] dB.
According to the simulation results, the CQI indices with QPSK have been modified in the new table compared to the old one. The operating SNR range for QPSK CQI indices would be approximately < 5dB. And according to simulation results shown in Table 3, the SNR should be larger than 2 dB to rule out the wrong UE behaviour. So we think that for the low SNR test the test point should be in the range of [2, 5] dB

High SNR test point:

The high SNR test point should be selected out of the SNR range for the legacy CQI tables such that 256QAM CQI should be selected during at least larger than 90% of the test time.
According to the simulation results, we think that for the high SNR test the test point should be about the largest CQI index with 64QAM, i.e., in the range of [18, 25] dB. And here we consider the SNR range of [18, 21].
· Proposal 1: For 256QAM CQI definition test, the low SNR test point selected should be in the range of [2, 5] dB and the high SNR test point selected should be in the range of [18, 21] dB.
· Proposal 2: For 256QAM CQI definition test, it is proposed to use the reporting CQI distribution and BLER criterion as the test metric.
2.2 CQI fading test and discussions

We follow the test setup for PUSCH 3-1 DMRS based frequency-selective CQI test and use the new reference channels given in Annex. In Table 4 we provide the simulation results for the distribution of reported subband CQI with 0 offsets. And in Table 5 we provide the simulation results for throughput gain and BLER behaviour. We only provide the simulation results in the high SNR range, because the existing fading test has already covered the low SNR and the medium SNR where the performance using 16QAM and 64QAM has been checked. So for 256QAM we only propose a high SNR test point.
According to our observation, the CQI corresponding to 256QAM will be selected when SNR is larger than 17dB, because the full correlation channel is used in the test and thus the combination gain is high which increases the efficient SNR calculated for CQI estimation.
· Proposal 3: For 256QAM CQI frequency selective test, one high SNR test point was proposed and the same test metrics as those for the existing frequency selective CQI test, including reported subband CQI distribution, throughput gain and BLER criterion, can be reused. And the test point would be larger than 17dB.
From the simulation results, we can find that at the highest SNRs the average BLER requirement could not fulfil the existing requirements in Clause 9.3.1.2.1 in 36.101. So maybe we need to relax it if such high SNR test point is selected.
Table 4: Simulation results for reported subband CQI under frequency selective channel for 256QAM
	SNR
	Differential sub-band CQI index

	
	-1
	0
	1
	2

	17
	0.4921
	0.0567
	0.137
	0.3132

	18
	0.4856
	0.0461
	0.0999
	0.3684

	19
	0.4884
	0.0614
	0.1853
	0.265

	20
	0.5024
	0.0482
	0.4294
	0.04

	21
	0.4866
	0.0419
	0.4715
	NaN

	22
	0.4688
	0.052
	0.4794
	NaN

	23
	0.4539
	0.0936
	0.4507
	0.002

	24
	0.4824
	0.3937
	0.1221
	0.002

	25
	0.4801
	0.4387
	0.0794
	0.002

	26
	0.487
	0.4093
	0.102
	0.002

	27
	0.4798
	0.3721
	0.1464
	0.002

	28
	0.4706
	0.35
	0.1794
	NaN

	29
	0.4618
	0.3356
	0.2026
	NaN

	30
	0.4514
	0.3236
	0.225
	NaN


Table 5: Throughput gain and BLER behavior
	Following best subband CQI
	Following wideband CQI
	Throughput gain

	SNR
	TP
	BLER
	TP
	

	17
	1.5317
	0.563
	1.4829
	1.032908

	18
	2..2217
	0.408
	1.5583
	1.4257

	19
	2.5979
	0.314
	1.6739
	1.552004

	20
	2.8641
	0.25
	1.709
	1.675892

	21
	2.9946
	0.216
	1.8207
	1.644752

	22
	3.0996
	0.189
	1.7696
	1.751582

	23
	3.2147
	0.157
	1.8725
	1.716796

	24
	3.2342
	0.152
	1.9849
	1.629402

	25
	3.326
	0.135
	1.9787
	1.680902

	26
	3.3631
	0.13
	1.9201
	1.751523

	27
	3.431
	0.116
	1.9952
	1.719627

	28
	3.5138
	0.099
	1.9271
	1.823362

	29
	3.5219
	0.098
	2.1373
	1.647827

	30
	3.6236
	0.073
	2.1635
	1.674879

	31
	3.734
	0.046
	2.6101
	1.430597

	32
	3.8426
	0.019
	3.288
	1.168674


3 Conclusions
In this contribution, we provide our views on 256QAM CSI tests. The proposals are summarized as follows:
· Proposal 1: For 256QAM CQI definition test, the low SNR test point selected should be in the range of [2, 5] dB and the high SNR test point selected should be in the range of [18, 21] dB.
· Proposal 2: For 256QAM CQI definition test, it is proposed to use the reporting CQI distribution and BLER criterion as the test metric.
· Proposal 3: For 256QAM CQI frequency selective test, one high SNR test point was proposed and the same test metrics as those for the existing frequency selective CQI test, including reported subband CQI distribution, throughput gain and BLER criterion, can be reused. And the test point would be larger than 17dB.
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5 Annex: evaluation parameters
Table A.1 (Table A.4-1): CSI reference measurement channels

	RMC Name
	Duplex
	CH-BW
	Alloc. RB-s
	UL/DL Config
	Alloc. SF-s
	MCS Scheme
	Nr. HARQ Proc.
	Max. nr HARQ Trans.
	Notes

	1 CRS Port

	RC.1 FDD
	FDD
	10
	50
	-
	
	MCS.1
	8
	1
	

	RC.1 TDD
	TDD
	10
	50
	Note 3
	
	MCS.1
	10
	1
	

	RC.3 FDD
	FDD
	10
	6
	-
	
	MCS.10
	8
	1
	

	RC.3 TDD
	TDD
	10
	6
	Note 3
	
	MCS.10
	10
	1
	

	RC.4 FDD
	FDD
	10
	15
	-
	
	MCS.15
	8
	1
	Note 6

	RC.4 TDD
	TDD
	10
	15
	Note 3
	
	MCS.15
	10
	1
	Note 6

	RC.5 FDD
	FDD
	10
	3
	-
	
	MCS.17
	8
	1
	

	RC.5 TDD
	TDD
	10
	3
	Note 3
	
	MCS.17
	10
	1
	

	RC.14 FDD
	FDD
	5
	25
	-
	
	MCS.14
	8
	1
	

	RC.15 FDD
	FDD
	5
	15
	-
	
	MCS.15
	8
	1
	Note 6

	2 CRS Ports

	RC.2 FDD
	FDD
	10
	50
	-
	
	MCS.2
	8
	1
	

	RC.2A FDD
	FDD
	10
	50
	-
	
	MCS.2A
	8
	1
	

	RC.2 TDD
	TDD
	10
	50
	Note 3
	
	MCS.2
	10
	1
	

	RC.2A TDD
	TDD
	20
	100
	Note 3
	
	FFS
	10
	1
	

	RC.6 FDD
	FDD
	10
	15
	-
	
	MCS.16
	8
	1
	Note 6

	RC.6 TDD
	TDD
	10
	15
	Note 3
	
	MCS.16
	10
	1
	Note 6

	1 CRS Port + CSI-RS

	RC.8 FDD
	FDD
	10
	6
	-
	Non
CSI-RS
	MCS.11
	8
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.12
	
	
	

	RC.8 FDD
	FDD
	10
	6
	-
	Non
CSI-RS
	MCS.11
	8
	1
	

	RC.8 FDD
	FDD
	10
	6
	-
	2 CSI-RS
	MCS.12
	8
	1
	

	RC.8 TDD
	TDD
	10
	6
	Note 3
	Non
CSI-RS
	MCS.11
	10
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.12
	
	
	

	RC.9 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.3
	8
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.4
	
	
	

	RC.9 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.3
	10
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.4
	
	
	

	2 CRS Port + CSI-RS

	RC.7 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.5
	8
	1
	

	
	
	
	
	
	4 CSI-RS
	MCS.7
	
	
	

	RC.7 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.5
	10
	1
	

	
	
	
	
	
	8 CSI-RS
	MCS.8
	
	
	

	RC.11 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.5
	8
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.6
	
	
	

	RC.11 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.5
	10
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.6
	
	
	

	1 CRS Port + CSI-RS + CSI-IM

	RC.13 FDD
	FDD
	10
	50
	-
	Non CSI-RS/IM
	MCS.3
	8
	1
	

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	RC.13 TDD
	TDD
	10
	50
	Note 3
	Non CSI-RS/IM
	MCS.3
	10
	1
	

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	2 CRS Port + CSI-RS + CSI-IM

	RC.10 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.5
	8
	1
	

	
	
	
	
	
	4 CSI-RS, 
1 CSI process
	MCS.8
	
	
	

	RC.10 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.5
	10
	1
	

	
	
	
	
	
	8 CSI-RS,
1 CSI process
	MCS.9
	
	
	

	RC.12 FDD
	FDD
	10
	6
	-
	Non CSI-RS/IM
	MCS.13
	8
	1
	

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	RC.12 TDD
	TDD
	10
	6
	Note 3
	Non CSI-RS/IM
	MCS.13
	10
	1
	

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	Note 1:
3 symbols allocated to PDCCH.

Note 2:
For FDD only subframes 1, 2, 3, 4, 6, 7, 8 and 9 are allocated to avoid PBCH and synchronization signal overhead.

Note 3:
TDD UL-DL configuration as specified in the individual tests.

Note 4:
For TDD when UL-DL configuration 1 is used only subframes 4 and 9 are allocated to avoide PBCH and synchronizaiton signal overhead. 

Note 5:
For TDD when UL-DL configuration 2 is used only subframes 3, 4, 8, and 9 are allocated to avoid PBCH and synchronization signal overhead.

Note 6:
Centered within the Transmission Bandwidth Configuration (Figure 5.6-1).

Note 7:
Only subframes 2, 3, 4, 7, 8 and 9 are allocated to avoid PBCH and synchronization signal overhead.


Table A.2 (Table A.4-13): Mapping of CQI Index to Modulation coding scheme not supporting 256QAM (MCS)

	CQI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Notes

	Target Coding Rate
	OOR
	0.0762
	0.1172
	0.1885
	0.3008
	0.4385
	0.5879
	0.3691
	0.4785
	0.6016
	0.4551
	0.5537
	0.6504
	0.7539
	0.8525
	0.9258
	

	Modulation
	OOR
	QPSK
	16QAM
	64QAM
	

	MCS Scheme
	PRB
	Available
RE-s
	Imcs
	

	MCS.1
	50
	6300
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	18
	21
	23
	25
	27
	27
	

	MCS.2
	50
	6000
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	22
	24
	26
	27
	

	MCS.3
	50
	5700
	DTX
	0
	0
	2
	4
	6
	8
	10
	13
	15
	17
	19
	21
	23
	25
	26
	

	MCS.4
	50
	5600
	DTX
	0
	0
	2
	4
	6
	7
	10
	12
	14
	17
	19
	21
	23
	25
	26
	

	MCS.5
	50
	5400
	DTX
	0
	0
	2
	3
	5
	7
	10
	12
	14
	17
	19
	21
	23
	24
	25
	

	MCS.6
	50
	5300
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	17
	19
	21
	22
	24
	25
	

	MCS.7
	50
	5200
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	17
	18
	20
	22
	24
	25
	

	MCS.8
	50
	5000
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	13
	17
	18
	20
	22
	23
	24
	

	MCS.9
	50
	4800
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	13
	17
	18
	20
	22
	23
	24
	

	MCS.10
	6
	756
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	19
	21
	23
	25
	27
	27
	

	MCS.11
	6
	684
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	14
	17
	20
	21
	23
	25
	27
	

	MCS.12
	6
	672
	DTX
	0
	0
	1
	4
	6
	8
	10
	12
	14
	17
	19
	21
	23
	25
	26
	

	MCS.13
	6
	648
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	22
	24
	26
	27
	

	MCS.14
	25
	3150
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	18
	21
	23
	25
	27
	27
	

	MCS.15
	15
	1890
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	18
	21
	23
	25
	27
	27
	

	MCS.16
	15
	1800
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	22
	24
	26
	27
	

	MCS.17
	3
	378
	DTX
	0
	1
	2
	5
	7
	9
	12
	13
	16
	19
	21
	23
	25
	27
	27
	

	Note 1:
Mapping between Imcs and TBS according to Tables 7.1.7.1-1 and 7.1.7.2.1-1 in TS 36.213 [6].

Note 2:
3 symbols allocated to PDCCH.

Note 3:
Sub-frame#0 and #5 are not used for the corresponding requirement. The next subframe (i.e. sub-frame#1 or #6) shall be used for potential retransmissions.


Table A.3 (Table A.4-14): Mapping of CQI Index to Modulation coding scheme supporting 256QAM (MCS)

	CQI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Notes

	Target Coding Rate
	OOR
	0.0762
	0.1885
	0.4385
	0.3691
	0.4785
	0.6016
	0.4551
	0.5537
	0.6504
	0.7539
	0.8525
	0.6943
	0.7783
	0.8643
	0.9258
	

	Modulation
	OOR
	QPSK
	16QAM
	64QAM
	256QAM
	

	MCS Scheme
	PRB
	Available
RE-s
	Imcs
	

	MCS.2A
	50
	6000
	DTX
	0
	1
	3
	5
	7
	9
	11
	13
	15
	17
	19
	21
	23
	25
	26
	

	MCS11A
	6
	684
	DTX
	0
	2
	6
	10
	12
	13
	15
	17
	19
	21
	23
	25
	28
	30
	31
	

	MCS12A
	6
	672
	DTX
	0
	2
	6
	10
	12
	13
	15
	17
	19
	21
	23
	25
	28
	30
	31
	

	Note 1:
Mapping between Imcs and TBS according to Tables 7.1.7.1-1 and 7.1.7.2.1-1 in TS 36.213 [6].

Note 2:
3 symbols allocated to PDCCH.

Note 3:
Sub-frame#0 and #5 are not used for the corresponding requirement. The next subframe (i.e. sub-frame#1 or #6) shall be used for potential retransmissions.


Table A.4: TB size according to TBS index table 2 for PDSCH with 6PRB (Non CSI-RS)

	CQI
	IMCS
	ITBS
	Coding rate
	Modulation
	TB size
NumRE=684

	1
	0
	0
	0.0762
	2
	152

	2
	1
	2
	0.1885
	2
	208

	3
	3
	6
	0.4385
	2
	504

	4
	5
	10
	0.3691
	4
	936

	5
	7
	12
	0.4785
	4
	1192

	6
	8
	13
	0.6016
	4
	1544

	7
	10
	15
	0.4551
	6
	1800

	8
	12
	17
	0.5537
	6
	2152

	9
	14
	19
	0.6504
	6
	2600

	10
	16
	21
	0.7539
	6
	2984

	11
	18
	23
	0.8525
	6
	3496

	12
	20
	25
	0.6943
	8
	3752

	13
	22
	28
	0.7783
	8
	4264

	14
	24
	30
	0.8643
	8
	4776

	15
	25
	31
	0.9258
	8
	4968


Table A.5: TB size according to TBS index table 2 for PDSCH with 6PRB (2 CSI-RS)

	CQI
	IMCS
	ITBS
	Coding rate
	Modulation
	TB size
NumRE=672

	1
	0
	0
	0.0762
	2
	152

	2
	1
	2
	0.1885
	2
	208

	3
	3
	6
	0.4385
	2
	504

	4
	5
	10
	0.3691
	4
	936

	5
	7
	12
	0.4785
	4
	1192

	6
	8
	13
	0.6016
	4
	1544

	7
	10
	15
	0.4551
	6
	1800

	8
	12
	17
	0.5537
	6
	2152

	9
	14
	19
	0.6504
	6
	2600

	10
	16
	21
	0.7539
	6
	2984

	11
	18
	23
	0.8525
	6
	3496

	12
	20
	25
	0.6943
	8
	3752

	13
	22
	28
	0.7783
	8
	4264

	14
	24
	30
	0.8643
	8
	4776

	15
	25
	31
	0.9258
	8
	4968


Table A.6: TB size according to TBS index table 2 for PDSCH with 50PRB
	IMCS
	ITBS
	Coding rate
	Modulation
	TB size

	0
	0
	0.0762
	2
	1384

	1
	2
	0.1885
	2
	2216

	3
	6
	0.4385
	2
	5160

	5
	10
	0.3691
	4
	8760

	7
	12
	0.4785
	4
	11448

	9
	14
	0.6016
	4
	14112

	11
	16
	0.4551
	6
	16416

	13
	18
	0.5537
	6
	19848

	15
	20
	0.6504
	6
	22920

	17
	22
	0.7539
	6
	27376

	19
	24
	0.8525
	6
	30576

	21
	27
	0.6943
	8
	32856

	23
	29
	0.7783
	8
	36696

	25
	31
	0.8643
	8
	40576

	26
	32
	0.9258
	8
	42368


