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1
Introduction
RAN4#74 agreed with the way forward on the CQI test supporting 256QAM [1]:
· 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 discuss the remaining issues on CQI tests. 
2
Discussion
2.1
CQI table supporting 256QAM

Figure 1 illustrates the difference of 256QAM supporting CQI table from the legacy table. The difference is that the addition of 4 CQI indexes supporting 256QAM and sub-sampling of QPSK region, but no change for 16QAM/64QAM region. Considering these changes, our interest is to set the SNR test points covering 256QAM (high SNR) and sub-sampled QPSK region (low SNR).
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2 0369 | 160AM 4 0301 | apsk
5 0479 | 160AM 5 0438 | apsk
6 0602 | 160AM 6 0588 | apsk
7 0.455 640AM 7 0.369 160AM
8 0554 | 640AM 8 0479 | 160AM
9 0650 | 640AM 9 0602 | 160AM
10 0754 | 640AM 10 0455 | 640AM
1 0853 | 640AM 1 0554 | 640AM
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Figure 1
CQI tables both supporting and not supporting 256QAM (Ref. TS36.213 Tables 7.2.3-1 and 7.2.3-2).
2.2
PUCCH 1-0 TM1 static CQI definition test
Figure 2 shows the median CQI given by our PUCCH 1-0 simulation based on the parameters in A.2. It is observed that the SNR up to 2dB corresponds to QPSK and SNR with 18dB or more corresponds to 256QAM. According to the simulation result, we propose to set -1dB/0dB and 20dB/21dB for SNR values for the PUCCH 1-0 test in order to cover QPSK and 256QAM. 
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Figure 2
Reported median CQI with PUCCH 1-0 test.
Table 1 shows the detailed simulation result for PUCCH 1-0 test; it contains the probability the reported CQI is in the range of the median CQI +/-1, and PDSCH BLER at median CQI and median CQI +/- 1. Regarding the reported CQI, our simulation result shows that 100% of the reported CQI is in the range of the median CQI +/-1 at the proposed SNR points. For BLER, it is less than 0.1 at median CQI. Following the existing the requirements, we observe BLER at median CQI+1 is more than 0.1 at one of SNR test points for QPSK and 256QAM region. Therefore the setting SNR -1dB/0dB and 20dB/21dB satisfies the existing PUCCH 1-0 test criteria. 
Proposal 1: Set SNR=-1dB/0 dB for QPSK region, and set SNR=20dB/21dB for 256QAM region for CQI definition test with PUCCH 1-0.

Table 1
Simulation result for CQI test with PUCCH 1-0 TM1 in static condition.

	SNR [dB]
	Median CQI
	Probability of median CQI +/- 1 [%]
	BLER at fixed median CQI
	BLER at fixed median CQI-1
	BLER at fixed median CQI+1

	-3
	2
	100
	0.00
	0.00
	0.21

	-2
	3
	100
	0.00
	0.00
	1.00

	-1
	3
	100
	0.00
	0.00
	1.00

	0
	3
	100
	0.00
	0.00
	1.00

	1
	3
	100
	0.00
	0.00
	0.05

	2
	4
	100
	0.00
	0.00
	1.00

	3
	4
	100
	0.00
	0.00
	0.01

	4
	5
	100
	0.00
	0.00
	1.00

	5
	5
	100
	0.00
	0.00
	0.96

	16
	11
	100
	0.00
	0.00
	1.00

	17
	11
	100
	0.00
	0.00
	0.92

	18
	12
	100
	0.03
	0.00
	1.00

	19
	12
	100
	0.01
	0.00
	0.86

	20
	13
	100
	0.07
	0.01
	1.00

	21
	13
	100
	0.02
	0.00
	0.21

	22
	14
	100
	0.06
	0.01
	1.00

	23
	14
	100
	0.02
	0.00
	1.00

	24
	14
	100
	0.01
	0.00
	1.00


2.3
PUSCH 3-1 TM9 frequency selective test
RAN4#74 discussed the number of control channel region, that is, CFI=2 or CFI=3 for the CQI fading test. Table 2 shows the simulation result of subband CQI test with PUSCH 3-1 based on the parameters in A.3. Figure 4 shows the throughput gain of the following the best reported CQI/subband over the fixed median CQI with random subband. It is observed that the CFI=2 shows better throughput gain in general. Our interesting is to test the SNR supporting 256QAM, and it starts from SNR=21 according to our simulation result. For CQI fading test, we propose to set SNR=22dB/23dB to cover 256QAM and also CFI=2 to show higher throughput gain. 
When we observe the simulation result with SNR=22dB/23dB with CFI=2, the probability of sub-band differential CQI offset level 0 is about 7~8% and BLER at following the best CQI is 0.16, that satisfy the existing PUSCH 3-1 CQI requirements, α=2%, β=40%, and BLER shall be greater than or equal to 0.05. 
Figure 3
Throughput gain of follow best CQI/sub-band over fixed median CQI with random subband. 

Proposal 2: Set CFI=2 for frequency selective test with PUSCH 3-1.

Proposal 3: Set SNR=22dB/23dB for CQI fading test with PUSCH 3-1 TM9 single layer for UE supporting 256QAM. 

Proposal 4: Set the following requirement for CQI fading test with PUSCH 3-1 TM9 single layer UE supporting 256QAM. 

	α [%]
	β [%]
	γ

	2
	40
	1.1


When transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.05.
Table 2
Simulation result for CQI test with PUSCH 3-1 TM9 in fading condition.

	
	CFI=3
	CFI=2

	SNR [dB]
	BLER
	Median CQI
	Tput gain
	Probability of CQI offset level 0 reporting [%]
	BLER
	Median CQI
	Tput gain
	Probability of CQI offset level 0 reporting [%]

	15
	0.16
	9
	1.56
	9.81
	0.16
	9
	1.64
	9.76

	16
	0.16
	9
	1.39
	8.88
	0.16
	9
	1.57
	8.96

	17
	0.16
	10
	1.75
	7.79
	0.15
	10
	1.88
	7.19

	18
	0.15
	10
	1.69
	6.26
	0.15
	10
	1.92
	6.38

	19
	0.15
	10
	1.42
	6.67
	0.15
	10
	1.85
	6.73

	20
	0.16
	10
	1.16
	6.87
	0.16
	10
	1.69
	6.74

	21
	0.16
	12
	1.49
	7.32
	0.16
	12
	1.54
	7.40

	22
	0.16
	12
	1.43
	7.49
	0.16
	12
	1.51
	7.61

	23
	0.16
	12
	1.10
	6.93
	0.16
	12
	1.31
	7.05

	24
	0.16
	12
	1.06
	6.57
	0.16
	12
	1.05
	6.67

	25
	0.16
	12
	1.06
	6.69
	0.17
	12
	1.03
	6.69

	26
	0.17
	12
	1.07
	6.98
	0.17
	12
	1.04
	6.87

	27
	0.17
	13
	0.99
	8.01
	0.17
	13
	1.05
	7.79

	28
	0.17
	13
	0.98
	7.83
	0.17
	13
	0.97
	7.69

	29
	0.17
	13
	0.98
	7.46
	0.16
	13
	0.98
	8.23

	30
	0.16
	14
	1.56
	9.99
	0.15
	14
	1.19
	5.06
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Figure 4
Throughput gain of followed the best CQI/subband over the fixed median CQI and random sub-band.
3
Conclusions

Proposal 1: Set SNR=-1dB/0 dB for QPSK region, and set SNR=20dB/21dB for 256QAM region for CQI definition test with PUCCH 1-0.

Proposal 2: Set CFI=2 for frequency selective test with PUSCH 3-1.

Proposal 3: Set SNR=22dB/23dB for CQI fading test with PUSCH 3-1 TM9 single layer for UE supporting 256QAM. 

Proposal 4: Set the following requirement for CQI fading test with PUSCH 3-1 TM9 single layer UE supporting 256QAM. 

	α [%]
	β [%]
	γ

	2
	40
	1.1


When transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.05.
4
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Appendix

A.1
CQI table 

	
	
	
	MCS for PUCCH 1-0
	MCS for PUSCH 3-1 (CFI=2)
	MCS for PUSCH 3-1 (CFI=3)

	
	
	Resource blocks
	50
	6
	6

	
	
	Available Resource elements
	6300
	756
	684

	CQI index
	Target code rate
	Modulation
	
	
	

	1
	0.08
	QPSK 
	0
	0
	0

	2
	0.19
	QPSK 
	1
	1
	1

	3
	0.44
	QPSK 
	3
	3
	3

	4
	0.37
	16QAM 
	5
	5
	5

	5
	0.48
	16QAM 
	7
	7
	7

	6
	0.60
	16QAM 
	10
	8
	10

	7
	0.46
	64QAM 
	11
	11
	12

	8
	0.55
	64QAM 
	14
	13
	14

	9
	0.65
	64QAM 
	16
	14
	16

	10
	0.75
	64QAM 
	18
	16
	18

	11
	0.85
	64QAM 
	19
	18
	19

	12
	0.69
	256QAM 
	22
	20
	23

	13
	0.78
	256QAM 
	24
	22
	24

	14
	0.86
	256QAM 
	26
	24
	26

	15
	0.93
	256QAM 
	27
	25
	26


A.2
Simulation parameter of CQI static test with PUCCH 1-0 TM1 FDD
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

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

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH Format 2

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	Npd = 5

	cqi-pmi-ConfigurationIndex
	
	6

	Note 1:
Reference measurement channel RC.1 FDD according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 2:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.


A.3
Simulation parameter of CQI fading test with PUSCH 3-1 TM9 single layer FDD
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

	Downlink power allocation
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	TBD
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	TBD
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	dB[mW/15kHz]
	-98

	Propagation channel
	
	Clause B.2.4 with 
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	Antenna configuration
	
	2x2

	Beamforming Model
	
	As specified in Section B.4.3

	CRS reference signals
	
	Antenna ports 0

	CSI reference signals
	
	Antenna ports 15, 16

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	5/ 1

	CSI-RS reference signal configuration
	
	4

	CodeBookSubsetRestriction bitmap
	
	000001

	Reporting interval (Note 4)
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel RC.xx FDD according to Table A.4-1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.

Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.
Note 4:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#1 and #6 to allow aperiodic CQI/PMI/RI to be transmitted in uplink SF#0 and #5.
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