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1	Introduction
[bookmark: _Hlk520453741]RAN4#AH1807 agreed with the way forward on sTTI demodulation and CQI reporting test [1], and we provided the simulation results in RAN4#88bis for CRS-based PDSCH [2] and DMRS-based PDSCH [3]. This contribution discusses the SNR test points and requirements of sTTI CQI reporting test for both CRS-based and DMRS-based PDSCH. 
2	CRS-based PDSCH
2.1	CQI to MCS table
Table 1 and Table 2 show the CQI to MCS table and effective coding rate, and the difference from the target coding rate for slot-PDSCH and subslot-PDSCH, respectively. Available resource elements are calculated based on the assumption:
· SF#0 and SF#5 are DTX as same as the existing wideband CQI reporting test. In this case, we only need to consider the subframes without PSS/SSS/PBCH and SI transmission.
· Reduce the REs used for SPDCCH transmission (AL4 = 16 RBs with one OFDM symbol)
· CFI=2
· 2 CRS ports 
It is observed from Table 1 and Table 2 that there are several CQI indexes mapping to MCS whose coding rate is deviated from the target coding rate, as highlighted in yellow (threshold = 0.05). From the CQI reporting test point of view, it is not preferable to set SNR test points corresponding to these CQI indexes. 
[bookmark: _Ref516484440]Table 1	CQI-to-MCS table and difference to the target coding rate for CRS-based Slot-PDSCH.
	
	
	
	  Slot 0
	  Slot 1

	
	
	PRB
	50
	
	
	50
	
	

	
	
	Available REs
	2800
	
	
	3672
	
	

	CQI index
	Code rate
	Modulation
	
	CR
	Diff
	
	CR
	Diff

	1
	0.08
	2
	0
	0.13
	0.05
	0
	0.10
	0.02

	2
	0.12
	2
	0
	0.13
	0.01
	1
	0.13
	0.01

	3
	0.19
	2
	2
	0.2
	0.01
	3
	0.20
	0.01

	4
	0.3
	2
	4
	0.32
	0.02
	5
	0.31
	0.00

	5
	0.44
	2
	6
	0.47
	0.03
	7
	0.43
	0.01

	6
	0.59
	2
	7
	0.56
	0.03
	9
	0.55
	0.04

	7
	0.37
	4
	10
	0.36
	0.01
	13
	0.39
	0.02

	8
	0.48
	4
	12
	0.45
	0.03
	15
	0.48
	0.00

	9
	0.6
	4
	14
	0.51
	0.02
	16
	0.53
	0.07

	10
	0.46
	6
	17
	0.46
	0.01
	20
	0.45
	0.00

	11
	0.55
	6
	19
	0.55
	0.01
	23
	0.58
	0.02

	12
	0.65
	6
	21
	0.64
	0.01
	25
	0.64
	0.01

	13
	0.75
	6
	23
	0.75
	0.00
	27
	0.72
	0.03

	14
	0.85
	6
	25
	0.85
	0.01
	28
	0.84
	0.02

	15
	0.93
	6
	26
	0.91
	0.01
	28
	0.84
	0.09




[bookmark: _Ref528592166]Table 2	CQI-to-MCS table and difference to the target coding rate for CRS-based Subslot-PDSCH.
	
	
	
	Subslot 1
	Subslot 2
	Subslot 3
	Subslot 4
	Subslot 5

	
	
	PRB
	50
	
	
	50
	
	
	50
	
	
	50
	50
	
	

	
	
	Available REs
	1408
	
	
	1008
	
	
	872
	
	
	1008
	1472
	
	

	CQI index
	Code rate
	Modulation
	
	CR
	Diff
	
	CR
	Diff
	
	CR
	Diff
	
	
	CR
	Diff

	1
	0.08
	2
	0
	0.09
	0.01
	0
	0.12
	0.05
	0
	0.14
	0.07
	0
	0
	0.08
	0.01

	2
	0.12
	2
	1
	0.11
	0.00
	0
	0.12
	0.01
	0
	0.14
	0.03
	0
	1
	0.11
	0.01

	3
	0.19
	2
	3
	0.18
	0.01
	2
	0.20
	0.01
	1
	0.18
	0.01
	2
	3
	0.17
	0.02

	4
	0.3
	2
	6
	0.32
	0.02
	4
	0.31
	0.01
	3
	0.28
	0.02
	4
	6
	0.30
	0.00

	5
	0.44
	2
	8
	0.42
	0.02
	6
	0.44
	0.01
	5
	0.44
	0.00
	6
	9
	0.46
	0.02

	6
	0.59
	2
	9
	0.48
	0.11
	8
	0.59
	0.00
	7
	0.61
	0.02
	8
	9
	0.46
	0.13

	7
	0.37
	4
	14
	0.39
	0.02
	11
	0.37
	0.00
	10
	0.39
	0.02
	11
	14
	0.37
	0.00

	8
	0.48
	4
	16
	0.45
	0.02
	13
	0.48
	0.01
	12
	0.49
	0.01
	13
	16
	0.43
	0.04

	9
	0.6
	4
	16
	0.45
	0.15
	15
	0.59
	0.01
	14
	0.62
	0.02
	15
	16
	0.43
	0.17

	10
	0.46
	6
	22
	0.46
	0.01
	18
	0.46
	0.00
	17
	0.49
	0.03
	18
	22
	0.44
	0.01

	11
	0.55
	6
	24
	0.55
	0.01
	20
	0.56
	0.01
	18
	0.53
	0.03
	20
	25
	0.54
	0.01

	12
	0.65
	6
	27
	0.64
	0.01
	22
	0.65
	0.00
	20
	0.65
	0.00
	22
	27
	0.61
	0.04

	13
	0.75
	6
	28
	0.74
	0.01
	24
	0.76
	0.01
	22
	0.75
	0.01
	24
	28
	0.71
	0.04

	14
	0.85
	6
	28
	0.74
	0.11
	26
	0.86
	0.00
	24
	0.88
	0.03
	26
	28
	0.71
	0.14

	15
	0.93
	6
	28
	0.74
	0.18
	27
	0.89
	0.04
	25
	0.92
	0.01
	27
	28
	0.71
	0.22



2.2	Test points
[bookmark: _Hlk521673463][bookmark: _Hlk510798492]The test metrics of the existing wideband CQI reporting requirements are specified as follows:
a)	a CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least  % of the time;
b)	the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ ;
c)	when transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater or equal to δ
To decide the test points, we choose CQI indexes 7 and 11 for both slot-PDSCH and subslot-PDSCH because there CQI indexes map to MCS whose coding rate is close to the target. We can also choose lower CQI indexes such as 3 or 4, however our simulation result shows the corresponding SNR is -6dB or lower. We also want to avoid setting low SNR region considering the less reliability of SNR estimation. 
Table 3 and Table 4 show our simulation results of wideband CQI reporting with slot-PDSCH and subslot-PDSCH, respectively, with regard to the metrics above. Figure 1 and Figure 2 show the median CQI and throughput ratio values for reference. For the test metrics, our simulation results show we can reuse the existing metrics, i.e., α=20%, γ=1.05, and δ=0.02.
[bookmark: _Hlk516492229]Proposal 1: For CRS-based PDSCH, set two sets of test points {1, 2} and {9, 10} for both slot-based and subslot-based wideband CQI reporting test.
Proposal 2: For CRS-based PDSCH, reuse the existing criteria, i.e., α=20%, γ=1.05, δ=0.02.

[bookmark: _Ref516489070]Table 3	Simulation results of wideband CQI with slot-PDSCH.
	SNR
	Median CQI
	1 - Prob(medianCQI-1, medianCQI, medianCQI+1) > α 
	BLER with follow CQI > δ
	Tput ratio > γ

	1
	7
	41.4
	0.09
	1.40

	2
	7
	42.8
	0.08
	1.35

	9
	11
	37.6
	0.09
	1.50

	10
	11
	39.6
	0.10
	1.35



[bookmark: _Ref516489071]Table 4	Simulation results of wideband CQI with subslot-PDSCH.
	SNR
	Median CQI
	1 - Prob(medianCQI-1, medianCQI, medianCQI+1) > α 
	BLER with follow CQI > δ
	Tput ratio > γ

	1
	7
	41.1
	0.18
	1.32

	2
	7
	42.3
	0.19
	1.26

	9
	11
	35.7
	0.14
	1.44

	10
	11
	37.0
	0.13
	1.30



[image: ]
[bookmark: _Ref516489333]Figure 1	Median CQI.
[image: ]
[bookmark: _Ref516489335]Figure 2	Throughput ratio between the follow CQI and Fixed median CQI. 

3	DMRS-based PDSCH
2.1	CQI to MCS table
Table 5, Table 6, and Table 7 show the CQI to MCS table and effective coding rate, and the difference from the target coding rate for slot-PDSCH and subslot-PDSCH, respectively. Available resource elements are calculated based on the assumption:
· SF#0 and SF#5 are DTX as same as the existing wideband CQI reporting test. In this case, we only need to consider the subframes without PSS/SSS/PBCH and SI transmission.
· Reduce the REs used for SPDCCH transmission (AL8 = 16 RBs with two OFDM symbols)
· CFI=2
· 1 CRS port
· 2 DMRS ports (CSI-RS configuration 0). 
· 2 NZP-CSI-RS ports (SF#1 and #6)

As same as CRS-based transmission, it is observed from Table 5, Table 6, and Table 7 that there are several CQI indexes mapping to MCS whose coding rate is deviated from the target coding rate, as highlighted in yellow (threshold = 0.05). 
[bookmark: _Ref516491089]Table 5	CQI-to-MCS table and difference to the target coding rate for DMRS-based Slot-PDSCH.
	
	
	
	Non CSI-RS
	
	
	
	
	
	2 CSI-RS
	
	
	

	
	
	
	  Slot 0
	
	
	  Slot 1
	
	
	  Slot 0
	
	
	  Slot 1

	
	
	PRB
	50
	
	
	50
	
	
	50
	
	
	50

	
	
	Available REs
	2600
	
	
	3348
	
	
	2500 (CSI-RS)
	
	
	3348

	CQI index
	Code rate
	Modulation
	
	CR
	Diff
	
	CR
	Diff
	
	CR 
	Diff
	

	1
	0.08
	2
	0
	0.14
	0.06
	0
	0.11
	0.03
	0
	0.14
	0.07
	0

	2
	0.12
	2
	0
	0.14
	0.02
	0
	0.11
	0.01
	0
	0.14
	0.03
	0

	3
	0.19
	2
	1
	0.18
	0.01
	2
	0.17
	0.02
	1
	0.19
	0.00
	2

	4
	0.3
	2
	3
	0.28
	0.02
	4
	0.27
	0.03
	3
	0.29
	0.01
	4

	5
	0.44
	2
	5
	0.43
	0.01
	7
	0.47
	0.01
	5
	0.45
	0.01
	7

	6
	0.59
	2
	7
	0.50
	0.02
	9
	0.60
	0.00
	7
	0.63
	0.04
	9

	7
	0.37
	4
	10
	0.39
	0.02
	12
	0.37
	0.01
	10
	0.40
	0.03
	12

	8
	0.48
	4
	12
	0.48
	0.00
	14
	0.49
	0.02
	12
	0.50
	0.02
	14

	9
	0.6
	4
	14
	0.63
	0.03
	16
	0.58
	0.02
	13
	0.58
	0.03
	16

	10
	0.46
	6
	17
	0.50
	0.05
	19
	0.46
	0.00
	17
	0.52
	0.07
	19

	11
	0.55
	6
	18
	0.53
	0.02
	21
	0.54
	0.02
	18
	0.55
	0.00
	21

	12
	0.65
	6
	20
	0.64
	0.01
	23
	0.63
	0.02
	20
	0.67
	0.02
	23

	13
	0.75
	6
	22
	0.74
	0.02
	26
	0.76
	0.01
	22
	0.77
	0.01
	26

	14
	0.85
	6
	24
	0.87
	0.02
	27
	0.79
	0.06
	23
	0.84
	0.01
	27

	15
	0.93
	6
	25
	0.91
	0.02
	28
	0.92
	0.01
	24
	0.91
	0.02
	28



[bookmark: _Ref516491090]Table 6	CQI-to-MCS table and difference to the target coding rate for DMRS-based Subslot-PDSCH (non-CSI-RS subframe).
	
	
	
	  Subslot 1
	
	
	  Subslot 2
	
	
	  Subslot 3
	
	
	  Subslot 4
	  Subslot 5
	
	

	
	
	PRB
	50
	
	
	50
	
	
	50
	
	
	50
	50
	
	

	
	
	Available REs
	1180
	
	
	680
	
	
	612
	
	
	680
	1212
	
	

	CQI index
	Code rate
	Modulation
	
	CR
	Diff
	
	CR 
	Diff
	
	CR 
	Diff
	
	
	CR
	Diff

	1
	0.08
	2
	0
	0.11
	0.03
	0
	0.18
	0.11
	0
	0.20
	0.13
	0
	0
	0.10
	0.02

	2
	0.12
	2
	0
	0.11
	0.01
	0
	0.18
	0.07
	0
	0.20
	0.09
	0
	1
	0.13
	0.01

	3
	0.19
	2
	2
	0.17
	0.02
	0
	0.18
	0.01
	0
	0.02
	0.01
	0
	3
	0.20
	0.02

	4
	0.3
	2
	5
	0.33
	0.02
	2
	0.29
	0.01
	2
	0.32
	0.02
	2
	5
	0.32
	0.02

	5
	0.44
	2
	7
	0.45
	0.01
	4
	0.46
	0.02
	3
	0.41
	0.03
	4
	7
	0.44
	0.00

	6
	0.59
	2
	9
	0.57
	0.02
	5
	0.56
	0.02
	5
	0.63
	0.04
	5
	9
	0.55
	0.03

	7
	0.37
	4
	12
	0.36
	0.01
	10
	0.49
	0.12
	10
	0.55
	0.18
	10
	12
	0.35
	0.02

	8
	0.48
	4
	14
	0.46
	0.02
	10
	0.49
	0.02
	10
	0.55
	0.07
	10
	15
	0.49
	0.01

	9
	0.6
	4
	16
	0.54
	0.06
	12
	0.62
	0.02
	11
	0.61
	0.01
	12
	16
	0.53
	0.07

	10
	0.46
	6
	19
	0.44
	0.01
	17
	0.63
	0.17
	17
	0.70
	0.24
	17
	20
	0.47
	0.01

	11
	0.55
	6
	22
	0.55
	0.00
	17
	0.63
	0.07
	17
	0.70
	0.14
	17
	22
	0.54
	0.02

	12
	0.65
	6
	24
	0.65
	0.00
	17
	0.63
	0.02
	17
	0.70
	0.05
	17
	25
	0.66
	0.01

	13
	0.75
	6
	27
	0.76
	0.00
	19
	0.77
	0.01
	18
	0.75
	0.00
	19
	27
	0.74
	0.01

	14
	0.85
	6
	28
	0.89
	0.03
	20
	0.83
	0.02
	19
	0.85
	0.00
	20
	28
	0.86
	0.01

	15
	0.93
	6
	28
	0.89
	0.04
	22
	0.89
	0.03
	20
	0.92
	0.00
	22
	28
	0.86
	0.06



[bookmark: _Ref528671463]Table 7	CQI-to-MCS table and difference to the target coding rate for DMRS-based Subslot-PDSCH (CSI-RS subframe). 
	
	
	
	  Subslot 1
	  Subslot 2
	  Subslot 3
	  Subslot 4
	  Subslot 5

	
	
	PRB
	50
	50
	50
	50
	50

	
	
	Available REs
	1180
	612 (CSI-RS)
	612
	680
	1212

	CQI index
	Code rate
	Modulation
	
	
	
	
	

	1
	0.08
	2
	0
	0
	0
	0
	0

	2
	0.12
	2
	0
	0
	0
	0
	1

	3
	0.19
	2
	2
	0
	0
	0
	3

	4
	0.3
	2
	5
	2
	2
	2
	5

	5
	0.44
	2
	7
	3
	3
	4
	7

	6
	0.59
	2
	9
	5
	5
	5
	9

	7
	0.37
	4
	12
	10
	10
	10
	12

	8
	0.48
	4
	14
	10
	10
	10
	15

	9
	0.6
	4
	16
	11
	11
	12
	16

	10
	0.46
	6
	19
	17
	17
	17
	20

	11
	0.55
	6
	22
	22
	17
	17
	22

	12
	0.65
	6
	24
	24
	17
	17
	25

	13
	0.75
	6
	27
	27
	18
	19
	27

	14
	0.85
	6
	28
	28
	19
	20
	28

	15
	0.93
	6
	28
	28
	20
	22
	28




2.2	Test points
The test metrics of the existing wideband CQI reporting requirements are specified as follows:
a)	a CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least  % of the time;
b)	the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ ;
c)	when transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater or equal to δ
As we discussed in CRS-based CQI test, we should avoid setting SNR test points whose CQI indexes result in large coding difference between target and actual one. For slot-PDSCH, we choose CQI indexes 8 and 12 because there CQI indexes map to MCS whose coding rate is close to the target. Like CRS-based transmission, we don’t choose lower CQI index. For subslot-PDSCH, it is difficult to find CQI index for 16QAM mapping to MCS close to target coding rate. Therefore we assume 64QAM only, and which corresponds to CQI index 13. 
Table 7 and Table 8 show our simulation results of wideband CQI reporting with slot-PDSCH and subslot-PDSCH, respectively, with regard to the metrics above. Figure 3 and Figure 4 show the median CQI and throughput ratio values for reference. For the test metrics, our simulation results show we can reuse the existing metrics, i.e., α=20%, γ=1.05, and δ=0.02.
Proposal 3: For DMRS-based PDSCH, set two sets of test points {3, 4} and {12, 13} for both slot-based wideband CQI reporting test.
Proposal 4: For DMRS-based PDSCH, set one set of test points {15, 16} for subslot-based wideband CQI reporting test.
Proposal 5: For DMRS-based PDSCH, reuse the existing criteria, i.e., α=20%, γ=1.05, δ=0.02.

[bookmark: _Ref516491681]Table 8	Simulation results of wideband CQI with slot-PDSCH.
	SNR
	Median CQI
	1 - Prob(medianCQI-1, medianCQI, medianCQI+1) > α 
	BLER with follow CQI > δ
	Tput ratio > γ

	3
	8
	40.6
	0.09
	1.40

	4
	8
	40.9
	0.09
	1.31

	12
	12
	36.2
	0.09
	1.40

	13
	13
	36.3
	0.08
	1.56



[bookmark: _Ref516491683]Table 9	Simulation results of wideband CQI with subslot-PDSCH.
	SNR
	Median CQI
	1 - Prob(medianCQI-1, medianCQI, medianCQI+1) > α 
	BLER with follow CQI > δ
	Tput ratio > γ

	15
	13
	32.8
	0.17
	1.23

	16
	13
	34.2
	0.19
	1.13



[image: ]
[bookmark: _Ref516491726]Figure 3	Median CQI.
[image: ]
[bookmark: _Ref516491728]Figure 4	Throughput ratio between the follow CQI and Fixed median CQI.

4	Conclusion
[bookmark: _Ref352176984]Proposal 1: For CRS-based PDSCH, set two sets of test points {1, 2} and {9, 10} for both slot-based and subslot-based wideband CQI reporting test.
Proposal 2: For CRS-based PDSCH, reuse the existing criteria, i.e., α=20%, γ=1.05, δ=0.02.
Proposal 3: For DMRS-based PDSCH, set two sets of test points {3, 4} and {12, 13} for both slot-based wideband CQI reporting test.
Proposal 4: For DMRS-based PDSCH, set one set of test points {15, 16} for subslot-based wideband CQI reporting test.
Proposal 5: For DMRS-based PDSCH, reuse the existing criteria, i.e., α=20%, γ=1.05, δ=0.02.
Table below summarizes our proposal. 
	
	
	SNR test points (dB)
	Alpha
	Gamma
	Delta

	CRS-based
	Slot-PDSCH
	{1, 2}, {9,10}
	20%
	1.05
	0.02

	
	Subslot-PDSCH
	{1, 2}, {9,10}
	20%
	1.05
	0.02

	DMRS-based
	Slot-PDSCH
	{3, 4}, {12, 13}
	20%
	1.05
	0.02

	
	Subslot-PDSCH
	{15, 16}
	20%
	1.05
	0.02
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Appendix


[bookmark: _Ref513371106]Table 10	TBS table for slot/subslot-PDSCH of 50PRB.
	
	
	
	
	Slot-PDSCH
	Subslot-PDSCH

	IMCS
	Qm
	ITBS
	TBS with 50PRB
	TBSscaled
	TBSslot
	TBSscaled
	TBSsubslot

	0
	2
	0
	1384
	692
	696
	230.7
	224

	1
	2
	1
	1800
	900
	904
	300
	296

	2
	2
	2
	2216
	1108
	1096
	369.3
	376

	3
	2
	3
	2856
	1428
	1416
	476
	472

	4
	2
	4
	3624
	1812
	1800
	604
	600

	5
	2
	5
	4392
	2196
	2216
	732
	744

	6
	2
	6
	5160
	2580
	2600
	860
	872

	7
	2
	7
	6200
	3100
	3112
	1033.3
	1032

	8
	2
	8
	6968
	3484
	3496
	1161.3
	1160

	9
	2
	9
	7992
	3996
	4008
	1332
	1320

	10
	4
	9
	7992
	3996
	4008
	1332
	1320

	11
	4
	10
	8760
	4380
	4392
	1460
	1480

	12
	4
	11
	9912
	4956
	4968
	1652
	1672

	13
	4
	12
	11448
	5724
	5736
	1908
	1928

	14
	4
	13
	12960
	6480
	6456
	2160
	2152

	15
	4
	14
	14112
	7056
	6968
	2352
	2344

	16
	4
	15
	15264
	7632
	7736
	2544
	2536

	17
	6
	15
	15264
	7632
	7736
	2544
	2536

	18
	6
	16
	16416
	8208
	8248
	2736
	2728

	19
	6
	17
	18336
	9168
	9144
	3056
	3112

	20
	6
	18
	19848
	9924
	9912
	3308
	3368

	21
	6
	19
	21384
	10692
	10680
	3564
	3624

	22
	6
	20
	22920
	11460
	11448
	3820
	3880

	23
	6
	21
	25456
	12728
	12576
	4242.7
	4264

	24
	6
	22
	27376
	13688
	13536
	4562.7
	4584

	25
	6
	23
	28336
	14168
	14112
	4722.7
	4776

	26
	6
	24
	30576
	15288
	15264
	5096
	5160

	27
	6
	25
	31704
	15852
	15840
	5284
	5352

	28
	6
	26
	36696
	18348
	18336
	6116
	6200
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