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1
Introduction 
In last meeting, agreements of 256QAM CSI tests were made in R4-151078. In this contribution, we provide our simulation results and views for the CSI tests on 256QAM. 
2
PUCCH 1-0 TM1 static CQI definition test
The simulation was based on the static test in 9.2.1.1 of 36.101. The results are summarized in Table 1. Based on the simulation results, the requirements can generally be reused for 256QAM, except for the SNRs that UE reports CQI 14. The reason is that both CQI levels 14 and 15 will be mapped to the same MCS level (26) in this test which has PDSCH 6300 REs (3 OFDM symbols for PDCCH, 1 CRS port, 50 PRBs). The corresponding spectrum efficiency of CQI levels and MCSs levels are provided in Table 2.
Table 1. Simulation results of PUCCH 1-0 static test for TM1 single-layer
	SNR

(dB)
	mCQI value
	Prob. in 

mCQI±1
	BLER

	
	
	
	mCQI
	mCQI-1
	mCQI+1

	-6
	2
	100%
	0
	0
	1

	-5
	2
	100%
	0
	0
	1

	-4
	2
	100%
	0
	0
	1

	-3
	2
	100%
	0
	0
	0.2998

	-2
	3
	100%
	0
	0
	1

	-1
	3
	100%
	0
	0
	1

	0
	3
	100%
	0
	0
	1

	1
	3
	100%
	0
	0
	0.0875

	17
	11
	100%
	0
	0
	0.9069

	18
	12
	100%
	0
	0
	1

	19
	12
	100%
	0
	0
	0.8406

	20
	13
	100%
	0
	0
	1

	21
	13
	100%
	0
	0
	0.09363

	22
	14
	100%
	0
	0
	0

	23
	14
	100%
	0
	0
	0

	24
	14
	100%
	0
	0
	0


Table 2. Spectrum efficiencies in PUCCH 1-0 static test for TM1 (6300 PDSCH REs)
	CQI
	Efficiency

	12
	5.5547

	13
	6.2266

	14
	6.914

	15
	7.4063

	MCS
	TBS
index
	TBS
	Coderate
(+24 CRC bits)
	Efficiency

	24
	30
	39232
	0.77889
	6.22111

	25
	31
	40576
	0.80556
	6.44444

	26
	32
	42368
	0.84111
	6.72889

	27
	33
	48936
	0.97143
	7.77143


As for the SNR points for testing, we prefer to introduce two test points for both low SNR and high SNR regions due to the sub-sampled QPSK entries and newly-introduced 256QAM entries in the new CQI table. The SNR points should be chosen so that UE will report to use QPSK (CQI levels 1, 2 and 3) and 256QAM (CQI levels 12, 13 and 14). For an example, one test point with SNRs -1 dB and 0 dB, and the other with SNRs 19 dB and 20 dB.
Proposal 1: For PUCCH 1-0 TM1 static CQI definition test , reuse the test setups in 9.2.1.1 with one test point with SNRs -1 dB and 0 dB, and the other with SNRs 19 dB and 20 dB.

3
PUSCH 3-1 TM9 frequency selective test
3.1
Issue of coderate mismatch

As for the coderate mismatch problem, we agree that using CFI=3 would lead to some noticeable coderate mismatch at CQI levels 4, 7 and 12. This due to the large amount of overhead used for DMRS and PDCCH regions so that the spectrum efficiency of each MCS level gets higher now. If we only choose the MCS with the closed spectrum efficiency to the reported CQI level, the CQI levels 4, 7 and 12 will pick the MCSs with QPSK, 16QAM and 64QAM, respectively. These modulation levels are not the same as those suggested by their corresponding CQI levels. So, if we further consider the modulation level restriction, the CQI levels 4, 7 and 12 will have to choose higher MCS levels. Thus the spectrum efficiencies are increased, and we observe some noticeable coderate mismatch.
Even though there is a coderate mismatch problem, we still prefer to reuse CFI=3 because

1) This mismatch is more serious in CQI definition test. But in fading test, it does not make any significant problem. 
2) It can be avoided by setting the SNR levels to prevent the test equipments from scheduling PDSCH according to those CQI levels (4, 7 and 12).

3) UE assumes CFI=3 when it is calculating the CQI values, as specified in TS36.213. It would be better to keep the CQI
test in TS36.101 and the UE assumptions in TS36.213 consistent.

Proposal 2: For PUSCH 3-1 TM9 frequency selective test, reuse CFI=3. 

3.2
Propagation channel and SNR points
The purpose CQI fading test is to verify that UE accurately reports the sub-band (SB) CQIs. In the existing PUSCH 3-1 test in 9.3.1.2.1 in TS36.101, there are 3 requirements: 

a)
The probability of reporting a SB CQI offset level of 0 shall be at least 2% but less than 40%;

b)
The throughput gain of using {best SB, SB CQI} over that of using {random SB, wideband CQI} shall be ≥ 1.1;

c)
The BLER resulted by using {best SB, SB CQI} shall be greater or equal to 0.05.
As shown in our previous contribution [1], it turns out that the legacy setups are not feasible for 256QAM. At low SNR, the probability of reporting a SB CQI offset level of 0 could be too high. At high SNR, the BLER resulted by using {best SB, SB CQI} could be too low. As a result, the test will need to be re-designed, e.g., using a different propagation channel and/or different requirements.
Since a low SNR test point has already being introduced in CQI definition test, we think that one high SNR test point would be sufficient in this fading test. Similarly, this SNR point should be high enough so that the test equipment will schedule the PDSCH according to CQI levels which indicate 256QAM.
In our opinion, the values of a and SNR points should be selected such that

1) Wideband medium CQI > 10 to ensure 256QAM is scheduled in PDSCH (note that subband CQI of the selected subband is usually 1 or 2 level(s) higher than wideband CQI.)

2) BLER > 10% for a margin 5%
3) gamma > 1.2 for a margin at least 0.1
4) The probability of SB CQI offset 0 is within [7%, 35%] for 5% margins to [2%, 40%])

In Tables 3(a), 3(b) and 3(c), we provide the simulation results for different SNR points and different a defined in B.2.4 in TS36.101. The infeasible values (mCQI, BLER, gamma, prob.) are represented in red font color in the tables.
Table 3(a) Simulation results of PUSCH 3-1 TM9 frequency selective test: a = 1 and 0.9
	a =1
	a =0.9

	SNR
	Tput
	BLER
	mCQI
	gamma
	 Prob. of offset 0
	SNR
	Tput
	BLER
	mCQI
	gamma
	 Prob. of offset 0

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	10
	1.90
	18.9%
	8
	1.85
	11.3%
	10
	1.92
	18.3%
	8
	1.84
	11.7%

	11
	1.92
	25.5%
	9
	1.73
	11.0%
	11
	1.92
	25.5%
	9
	1.72
	10.7%

	12
	2.10
	22.1%
	9
	1.77
	9.9%
	12
	2.12
	21.3%
	9
	1.75
	10.7%

	13
	2.14
	25.8%
	10
	1.76
	15.3%
	13
	2.10
	27.0%
	10
	1.71
	15.6%

	14
	2.33
	21.3%
	10
	1.82
	13.0%
	14
	2.31
	22.0%
	10
	1.78
	14.0%

	15
	2.55
	14.7%
	10
	1.90
	14.4%
	15
	2.50
	16.1%
	10
	1.82
	15.6%

	16
	2.71
	18.5%
	11
	2.06
	6.7%
	16
	2.71
	18.8%
	11
	2.05
	6.5%

	17
	2.97
	12.2%
	11
	2.17
	4.9%
	17
	2.98
	11.8%
	11
	2.14
	5.5%

	18
	3.12
	12.3%
	12
	1.95
	6.5%
	18
	3.14
	13.3%
	12
	1.92
	8.0%

	19
	3.34
	9.8%
	12
	1.96
	7.5%
	19
	3.36
	9.4%
	12
	1.90
	8.2%

	20
	3.45
	7.5%
	12
	1.89
	6.7%
	20
	3.49
	6.6%
	12
	1.81
	8.1%

	21
	3.59
	6.5%
	13
	1.94
	7.6%
	21
	3.60
	7.0%
	13
	1.89
	9.7%

	22
	3.68
	6.0%
	13
	1.91
	8.6%
	22
	3.73
	4.6%
	13
	1.85
	9.2%

	23
	3.75
	4.7%
	13
	1.86
	8.1%
	23
	3.80
	3.5%
	13
	1.75
	8.4%

	24
	3.83
	3.2%
	13
	1.77
	7.4%
	24
	3.85
	2.7%
	13
	1.54
	8.1%

	25
	3.85
	2.8%
	13
	1.57
	6.9%
	25
	3.88
	2.0%
	13
	1.20
	8.1%

	26
	3.89
	2.1%
	13
	1.22
	6.8%
	26
	3.90
	1.7%
	13
	1.14
	10.5%

	27
	3.88
	2.2%
	13
	1.14
	8.5%
	27
	3.93
	1.1%
	13
	1.15
	15.7%

	28
	3.89
	2.0%
	13
	1.14
	13.3%
	28
	3.94
	0.7%
	14
	1.69
	12.9%

	29
	3.90
	1.8%
	13
	1.14
	14.6%
	29
	3.96
	0.3%
	14
	1.29
	8.7%

	30
	3.92
	1.4%
	14
	1.74
	10.9%
	30
	3.97
	0.1%
	14
	1.09
	6.7%


Table 3(b) Simulation results of PUSCH 3-1 TM9 frequency selective test: a = 0.8 and 0.7
	a =0.8
	a =0.7

	SNR
	Tput
	BLER
	mCQI
	gamma
	 Prob. of offset 0
	SNR
	Tput
	BLER
	mCQI
	gamma
	 Prob. of offset 0

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	10
	1.91
	19.0%
	8
	1.76
	13.4%
	10
	1.94
	17.8%
	9
	1.78
	15.0%

	11
	1.95
	24.2%
	9
	1.69
	12.0%
	11
	1.95
	24.0%
	9
	1.60
	14.1%

	12
	2.10
	22.1%
	9
	1.66
	13.2%
	12
	2.08
	23.0%
	10
	1.70
	19.6%

	13
	2.09
	27.3%
	10
	1.64
	17.2%
	13
	2.12
	26.0%
	10
	1.57
	19.9%

	14
	2.30
	22.2%
	10
	1.68
	16.8%
	14
	2.36
	20.3%
	10
	1.57
	21.3%

	15
	2.52
	16.5%
	10
	1.70
	17.6%
	15
	2.35
	27.1%
	11
	1.75
	10.6%

	16
	2.69
	19.5%
	11
	1.97
	7.2%
	16
	2.73
	18.4%
	11
	1.86
	9.1%

	17
	2.94
	13.6%
	11
	2.02
	7.9%
	17
	2.56
	26.6%
	12
	1.53
	12.2%

	18
	3.09
	15.5%
	12
	1.78
	10.3%
	18
	3.10
	15.0%
	12
	1.65
	13.4%

	19
	3.38
	8.9%
	12
	1.76
	10.4%
	19
	3.26
	12.8%
	12
	1.44
	14.6%

	20
	3.50
	8.6%
	13
	1.84
	11.7%
	20
	3.49
	9.3%
	13
	1.69
	14.0%

	21
	3.65
	5.9%
	13
	1.78
	11.1%
	21
	3.70
	4.9%
	13
	1.56
	14.4%

	22
	3.77
	3.7%
	13
	1.66
	11.0%
	22
	3.81
	2.9%
	13
	1.24
	16.7%

	23
	3.82
	2.9%
	13
	1.35
	11.8%
	23
	3.89
	1.5%
	13
	1.14
	23.5%

	24
	3.89
	1.7%
	13
	1.15
	14.5%
	24
	3.95
	0.5%
	14
	1.65
	10.1%

	25
	3.93
	1.0%
	13
	1.15
	19.0%
	25
	3.97
	0.1%
	14
	1.26
	8.5%

	26
	3.96
	0.4%
	14
	1.62
	9.9%
	26
	3.97
	0.0%
	14
	1.05
	8.9%

	27
	3.97
	0.1%
	14
	1.19
	6.3%
	27
	3.97
	0.0%
	14
	1.04
	13.3%

	28
	3.97
	0.0%
	14
	1.05
	6.2%
	28
	3.97
	0.0%
	15
	1.01
	39.4%

	29
	3.97
	0.0%
	14
	1.04
	6.3%
	29
	3.97
	0.0%
	15
	1.00
	48.3%

	30
	3.97
	0.0%
	14
	1.04
	6.4%
	30
	3.97
	0.0%
	15
	1.00
	52.3%


Table 3(c) Simulation results of PUSCH 3-1 TM9 frequency selective test: a = 0.6
	a =0.6

	SNR
	Tput
	BLER
	mCQI
	gamma
	 Prob. of offset 0

	
	
	
	
	
	

	
	
	
	
	
	

	10
	2.00
	15.4%
	9
	1.72
	17.9%

	11
	2.05
	19.4%
	9
	1.54
	17.8%

	12
	2.08
	22.6%
	10
	1.59
	26.7%

	13
	2.15
	25.2%
	10
	1.43
	24.5%

	14
	2.44
	17.5%
	10
	1.36
	28.5%

	15
	2.34
	28.0%
	11
	1.60
	11.1%

	16
	2.72
	18.7%
	11
	1.66
	12.5%

	17
	2.50
	28.9%
	12
	1.36
	15.8%

	18
	3.10
	15.1%
	12
	1.40
	18.0%

	19
	3.08
	18.7%
	13
	1.52
	17.6%

	20
	3.48
	9.9%
	13
	1.46
	18.2%

	21
	3.72
	4.8%
	13
	1.18
	22.8%

	22
	3.87
	2.1%
	13
	1.14
	22.5%

	23
	3.95
	0.6%
	14
	1.51
	10.7%

	24
	3.97
	0.1%
	14
	1.11
	12.2%

	25
	3.97
	0.0%
	14
	1.04
	28.7%

	26
	3.97
	0.0%
	15
	1.02
	50.3%

	27
	3.97
	0.0%
	15
	1.00
	55.4%

	28
	3.97
	0.0%
	15
	1.00
	58.7%

	29
	3.97
	0.0%
	15
	1.00
	66.4%

	30
	3.97
	0.0%
	15
	1.00
	79.2%


According to the simulation results, we prefer to choose one of the following setups

a) a = 0.8, SNR= 16~18 

b) a = 0.7, SNR= 15~19

c) a = 0.6, SNR= 15~19

Proposal 3: For PUSCH 3-1 TM9 frequency selective test, reuse all the requirements in 9.3.1.2.1 in TS36.101 and choose one of the following setups 
a) a = 0.8, SNR= 16~18 

b) a = 0.7, SNR= 15~19

c) a = 0.6, SNR= 15~19

4
Summary 
In this contribution, we provide our simulation results and proposals on the 256QAM CSI tests: 
Proposal 1: For PUCCH 1-0 TM1 static CQI definition test , reuse the test setups in 9.2.1.1 with one test point with SNRs -1 dB and 0 dB, and the other with SNRs 19 dB and 20 dB.

Proposal 2: For PUSCH 3-1 TM9 frequency selective test, reuse CFI=3.
Proposal 3: For PUSCH 3-1 TM9 frequency selective test, reuse all the requirements in 9.3.1.2.1 in TS36.101 and choose one of the following setups 
a) a = 0.8, SNR= 16~18 

b) a = 0.7, SNR= 15~19

c) a = 0.6, SNR= 15~19
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