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1. Introduction

In RAN1#76bis meeting, the following was agreed for design of CQI table supporting 256QAM in downlink transmission. 
· Switching point of 64QAM and 256QAM should be CQI 15 in the existing table

· The modulation order of existing CQI 15 is changed to 256QAM
· Working assumption: down-sample low CQI entries by removing 3 QPSK entries, and add 3 new entries for 256QAM region

· Revisit if problems if significant issues are found

· The 3 entries to be removed are either {#1, #3, #5} or {#2, #4, #6} 

· The last 4 entries will be for 256QAM, but the actual SE is FFS

· Order the CQI indices in the Rel-12 CQI table according to the spectral efficiencies
In this contribution, we provide analysis on current CQI table design and design principles of new CQI entries for 256QAM. Also, we propose new CQI entries and provide their simulation results.
2. Current CQI table
Table 1 shows the current CQI entries and their simulation results in terms of the required SNR at BLER 10% in AWGN channel with 1 x 2 antenna configurations. The SNR granularity of CQI is about 1.89 [dB], and the current CQI have been designed to have even spacing of required SNR at BLER 10%.
Table 1. Analysis on current CQI
	CQI Index
	code rate * 1024
	Modulation order
	efficiency
	Required SNR @ BLER 10%
	SNR Diff.

	1
	78
	2
	0.1524
	-9.8575
	-

	2
	120
	2
	0.2344
	-8.1404
	1.7171

	3
	193
	2
	0.3770
	-6.1706
	1.9697

	4
	308
	2
	0.6016
	-4.2067
	1.9640

	5
	449
	2
	0.8770
	-2.2878
	1.9189

	6
	602
	2
	1.1758
	-0.4235
	1.8643

	7
	378
	4
	1.4766
	1.5388
	1.9622

	8
	490
	4
	1.9141
	3.3465
	1.8077

	9
	616
	4
	2.4063
	5.3027
	1.9562

	10
	466
	6
	2.7305
	7.1995
	1.8968

	11
	567
	6
	3.3223
	9.0710
	1.8715

	12
	666
	6
	3.9023
	10.9901
	1.9191

	13
	772
	6
	4.5234
	12.8197
	1.8296

	14
	873
	6
	5.1152
	14.7722
	1.9525

	15
	948
	6
	5.5547
	16.6068
	1.8346


3. New CQI table for 256QAM
In order to have similar SNR granularity between adjacent CQI entries, it would be better to remove every other CQI entries in the current CQI table. Also, in order not to shrink the low SNR range of QPSK, CQI index 1 should be maintained. In this regard we propose to remove CQI #2, #4 and #6 in the current CQI table. 
Proposal 1: Current CQI #2, #4 and #6 are removed.
Based on the agreements in RAN1#76bis meeting, the last 4 CQI entries will be for 256QAM, but the actual spectral efficiency is FFS. However, it was agreed that the current CQI #15 should be the switching point of 64QAM and 256QAM, and its modulation order should be changed to 256QAM. It means that the minimum spectral efficiency of new CQI entries for 256QAM should be 5.5547 where its channel code rate is 711/1024. 
Proposal 2: The minimum spectral efficiency of 256QAM CQI entry is 5.5547. 

Considering the maximum channel code rate of 948/1024 in the current CQI table, the maximum spectral efficiency of 256QAM CQI entry could be 7.4063. 

Proposal 3: The maximum spectral efficiency of 256QAM CQI entry is 7.4063.
In addition to the above, it is required to define two more spectral efficiency values for 256QAM CQI. In [1], we have discussed two options to define the spectral efficiency values, option 1 is based on even spacing of spectral efficiency and option 2 is based on even spacing of required SNR at BLER 10%. Following the design principles of the current CQI table, the required SNR of each CQI entry is almost evenly spaced and the SNR granularity is about 1.89 [dB]. However, the performance results of the option 1 show that the required SNR is not quite evenly spaced, and the difference between last two CQI entries is around 25% of the SNR granularity. As a result, it is proposed to use option 2 to define new 256QAM CQI entries based on even spacing of required SNR at BLER 10%.
Proposal 3: The spectral efficiency values of 256QAM entries are defined based on even spacing of required SNR at BLER 10%.
In the appendix, we provide simulation results and analysis of various 256QAM CQI proposals which were submitted in the last meeting. 

Table 2 shows proposed CQI table. We have removed current CQI #2, #4 and #6, changed code rate and modulation order of current CQI #15 in order to maintain the spectral efficiency of 5.5547 and defined new CQI entries for 256QAM in order to have similar SNR granularity.
Table 2. Proposed CQI table
	CQI 
index
	code rate 
* 1024
	Modulation 
Order
	efficiency
	Current CQI 
index

	1
	78
	QPSK
	0.1524
	1

	2
	193
	QPSK
	0.3770
	3

	3
	449
	QPSK
	0.8770
	5

	4
	378
	16QAM
	1.4766
	7

	5
	490
	16QAM
	1.9141
	8

	6
	616
	16QAM
	2.4063
	9

	7
	466
	64QAM
	2.7305
	10

	8
	567
	64QAM
	3.3223
	11

	9
	666
	64QAM
	3.9023
	12

	10
	772
	64QAM
	4.5234
	13

	11
	873
	64QAM
	5.1152
	14

	12
	711
	256QAM
	5.5547
	15

	13
	797
	256QAM
	6.2266
	-

	14
	882
	256QAM
	6.8906
	-

	15
	948
	256QAM
	7.4063
	-


4. Conclusions
We propose the following for the design of new CQI table supporting 256QAM in downlink transmission:
Proposal 1: Current CQI #2, #4 and #6 are removed.
Proposal 2: The minimum spectral efficiency of 256QAM CQI entry is 5.5547. 

Proposal 3: The spectral efficiency values of 256QAM entries are defined based on even spacing of required SNR at BLER 10%.
Also, we propose new CQI table for 256QAM support.
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Appendix
Table 3 shows the CQI candidates which were submitted in the last meeting. Instead of the spectral efficiency values of CQI candidates, we have captured the channel code rates in terms of ‘code rate * 1024’.
Table 3. CQI proposals for 256QAM
	CQI Candidate index
	code rate * 1024

	1(Proposed by KT Corp. [1])
	711
	797
	882
	948

	2(Even spacing of efficiency)
	711
	790
	869
	948

	3
	711
	772
	873
	948

	4
	711
	779
	870
	929

	5
	711
	768
	850
	952

	6
	711
	800
	879
	959

	7
	711
	780
	879
	938

	8
	711
	799
	888
	948

	9
	706
	801
	887
	952

	10
	655
	753
	850
	948

	11
	655
	765
	865
	950


In the following, we have provided BLER performance of the above CQI candidates in AWGN channel with 1 x 2 antenna configurations. In the figures, the TB sizes have been chosen assuming 3~6 PRBs with 120 REs/PRB for first three CQI entries and 136REs/PRB for the last CQI entry to support the spectral efficiency values of new CQI entries. In addition, we have assumed tone based rate matching to achieve the spectral efficiency as much as possible. Also, in the following tables, we have provided the BLER performance in terms of required SNR at BLER 10% and the required SNR differences between CQI entries.

CQI candidate 1(Proposed by KT Corp.):
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Figure 1. BLER performance of CQI candidate 1
Table 4. Required SNR at BLER 10%
	code rate
* 1024
	efficiency
	TBS with 3 PRBs
	TBS with 4 PRBs
	TBS with 5 PRBs
	TBS with 6 PRBs

	
	
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.

	711
	5.555
	1992
	16.729
	1.957
	2664
	16.737
	1.965
	3368
	16.649
	1.877
	4008
	16.654
	1.882

	797
	6.227
	2216
	18.516
	1.787
	2984
	18.498
	1.761
	3752
	18.525
	1.876
	4392
	18.519
	1.865

	882
	6.891
	2472
	20.479
	1.964
	3240
	20.421
	1.923
	4136
	20.380
	1.855
	4968
	20.411
	1.892

	948
	7.406
	2984
	22.461
	1.981
	4008
	22.347
	1.926
	4968
	22.274
	1.894
	5992
	22.267
	1.856


CQI candidate 2(Even spacing of spectral efficiency):

[image: image2]
Figure 2. BLER performance of CQI candidate 2
Table 5. Required SNR at BLER 10%
	code rate
* 1024
	efficiency
	TBS with 3 PRBs
	TBS with 4 PRBs
	TBS with 5 PRBs
	TBS with 6 PRBs

	
	
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.

	711
	5.555
	1992
	16.729
	1.957
	2664
	16.737
	1.965
	3368
	16.649
	1.877
	4008
	16.654
	1.882

	790
	6.172
	2216
	18.356
	1.627
	2984
	18.34
	1.603
	3624
	18.286
	1.637
	4392
	18.325
	1.671

	869
	6.789
	2408
	20.135
	1.779
	3240
	20.08
	1.74
	4008
	20.053
	1.767
	4776
	20.053
	1.728

	948
	7.406
	2984
	22.461
	2.326
	4008
	22.347
	2.267
	4968
	22.274
	2.221
	5992
	22.267
	2.214


CQI candidate 3:

[image: image3]
Figure 3. BLER performance of CQI candidate 3
Table 6. Required SNR at BLER 10%
	code rate
 * 1024
	efficiency
	TBS with 3 PRBs
	TBS with 4 PRBs
	TBS with 5 PRBs
	TBS with 6 PRBs

	
	
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.

	711
	5.555
	1992
	16.729
	1.957
	2664
	16.737
	1.965
	3368
	16.649
	1.877
	4008
	16.654
	1.882

	772
	6.031
	2152
	18.057
	1.328
	2856
	17.949
	1.211
	3624
	17.92
	1.271
	4264
	17.894
	1.24

	873
	6.82
	2408
	20.189
	2.132
	3240
	20.177
	2.229
	4008
	20.171
	2.251
	4968
	20.144
	2.25

	948
	7.406
	2984
	22.461
	2.272
	4008
	22.347
	2.17
	4968
	22.274
	2.103
	5992
	22.267
	2.123


CQI candidate 4:

[image: image4]
Figure 4. BLER performance of CQI candidate 4
Table 7. Required SNR at BLER 10%
	code rate 
* 1024
	efficiency
	TBS with 3 PRBs
	TBS with 4 PRBs
	TBS with 5 PRBs
	TBS with 6 PRBs

	
	
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.

	711
	5.555
	1992
	16.729
	1.957
	2664
	16.737
	1.965
	3368
	16.649
	1.877
	4008
	16.654
	1.882

	779
	6.086
	2152
	18.152
	1.423
	2856
	18.084
	1.347
	3624
	18.049
	1.4
	4392
	18.072
	1.418

	870
	6.797
	2408
	20.121
	1.969
	3240
	20.128
	2.044
	4008
	20.094
	2.045
	4776
	20.064
	1.992

	929
	7.258
	2984
	21.741
	1.62
	3880
	21.731
	1.603
	4968
	21.689
	1.595
	5992
	21.704
	1.64


CQI candidate 5:

[image: image5]
Figure 5. BLER performance of CQI candidate 5
Table 8. Required SNR at BLER 10%
	code rate 
* 1024
	efficiency
	TBS with 3 PRBs
	TBS with 4 PRBs
	TBS with 5 PRBs
	TBS with 6 PRBs

	
	
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.

	711
	5.555
	1992
	16.729
	1.957
	2664
	16.737
	1.965
	3368
	16.649
	1.877
	4008
	16.654
	1.882

	768
	6
	2152
	17.952
	1.223
	2856
	17.877
	1.14
	3624
	17.855
	1.206
	4264
	17.829
	1.175

	850
	6.641
	2344
	19.708
	1.756
	3112
	19.675
	1.797
	4008
	19.654
	1.799
	4776
	19.648
	1.819

	952
	7.438
	2984
	22.54
	2.832
	4008
	22.435
	2.76
	4968
	22.41
	2.756
	5992
	22.357
	2.709


CQI candidate 6:

[image: image6]
Figure 6. BLER performance of CQI candidate 6
Table 9. Required SNR at BLER 10%
	code rate 

* 1024
	efficiency
	TBS with 3 PRBs
	TBS with 4 PRBs
	TBS with 5 PRBs
	TBS with 6 PRBs

	
	
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.

	711
	5.555
	1992
	16.729
	1.957
	2664
	16.737
	1.965
	3368
	16.649
	1.877
	4008
	16.654
	1.882

	800
	6.25
	2216
	18.609
	1.88
	2984
	18.558
	1.821
	3752
	18.591
	1.942
	4392
	18.588
	1.934

	879
	6.867
	2472
	20.419
	1.81
	3240
	20.365
	1.807
	4136
	20.319
	1.728
	4968
	20.297
	1.708

	959
	7.492
	2984
	23.071
	2.652
	4008
	22.611
	2.246
	4968
	22.556
	2.238
	5992
	22.535
	2.238


CQI candidate 7:

[image: image7]
Figure 7. BLER performance of CQI candidate 7
Table 10. Required SNR at BLER 10%
	code rate 
* 1024
	efficiency
	TBS with 3 PRBs
	TBS with 4 PRBs
	TBS with 5 PRBs
	TBS with 6 PRBs

	
	
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.

	711
	5.555
	1992
	16.729
	1.957
	2664
	16.737
	1.965
	3368
	16.649
	1.877
	4008
	16.654
	1.882

	780
	6.094
	2152
	18.192
	1.463
	2856
	18.099
	1.361
	3624
	18.047
	1.398
	4392
	18.093
	1.439

	879
	6.867
	2472
	20.419
	2.227
	3240
	20.365
	2.266
	4136
	20.319
	2.271
	4968
	20.297
	2.204

	938
	7.328
	2984
	22.08
	1.661
	4008
	22.043
	1.678
	4968
	21.988
	1.67
	5992
	21.994
	1.697


CQI candidate 8:

[image: image8]
Figure 8. BLER performance of CQI candidate 8
Table 11. Required SNR at BLER 10%
	code rate
 * 1024
	efficiency
	TBS with 3 PRBs
	TBS with 4 PRBs
	TBS with 5 PRBs
	TBS with 6 PRBs

	
	
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.

	711
	5.555
	1992
	16.729
	1.957
	2664
	16.737
	1.965
	3368
	16.649
	1.877
	4008
	16.654
	1.882

	799
	6.242
	2216
	18.571
	1.842
	2984
	18.524
	1.787
	3752
	18.558
	1.909
	4392
	18.558
	1.904

	888
	6.938
	2472
	20.596
	2.025
	3368
	20.57
	2.046
	4136
	20.541
	1.983
	4968
	20.549
	1.991

	948
	7.406
	2984
	22.461
	1.864
	4008
	22.347
	1.777
	4968
	22.274
	1.733
	5992
	22.267
	1.718


CQI candidate 9:

[image: image9]
Figure 9. BLER performance of CQI candidate 9
Table 12. Required SNR at BLER 10%
	code rate 
* 1024
	efficiency
	TBS with 3 PRBs
	TBS with 4 PRBs
	TBS with 5 PRBs
	TBS with 6 PRBs

	
	
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.

	706
	5.516
	1992
	16.612
	1.84
	2600
	16.573
	1.801
	3240
	16.563
	1.791
	4008
	16.549
	1.777

	801
	6.258
	2216
	18.633
	2.021
	2984
	18.578
	2.005
	3752
	18.616
	2.053
	4392
	18.6
	2.051

	887
	6.93
	2472
	20.62
	1.986
	3240
	20.564
	1.986
	4136
	20.529
	1.913
	4968
	20.541
	1.941

	952
	7.438
	2984
	22.54
	1.92
	4008
	22.435
	1.871
	4968
	22.41
	1.881
	5992
	22.357
	1.816


CQI candidate 10:

[image: image10]
Figure 10. BLER performance of CQI candidate 10
Table 13. Required SNR at BLER 10%
	code rate 
* 1024
	efficiency
	TBS with 3 PRBs
	TBS with 4 PRBs
	TBS with 5 PRBs
	TBS with 6 PRBs

	
	
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.

	655
	5.117
	1800
	15.525
	0.753
	2408
	15.510
	0.738
	2984
	15.464
	0.692
	3624
	15.444
	0.671

	753
	5.883
	2088
	17.636
	2.111
	2792
	17.755
	2.246
	3496
	17.578
	2.113
	4264
	17.527
	2.083

	850
	6.641
	2344
	19.708
	2.073
	3112
	19.675
	1.919
	4008
	19.654
	2.077
	4776
	19.648
	2.121

	948
	7.406
	2984
	22.461
	2.752
	4008
	22.347
	2.673
	4968
	22.274
	2.62
	5992
	22.267
	2.619


CQI candidate 11:

[image: image11]
Figure 11. BLER performance of CQI candidate 11
Table 14. Required SNR at BLER 10%
	code rate * 1024
	efficiency
	TBS with 3 PRBs
	TBS with 4 PRBs
	TBS with 5 PRBs
	TBS with 6 PRBs

	
	
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.
	TBS
	Req. 
SNR
	SNR 
Diff.

	655
	5.117
	1800
	15.525
	0.753
	2408
	15.510
	0.738
	2984
	15.464
	0.692
	3624
	15.444
	0.671

	765
	5.977
	2152
	17.92
	2.395
	2856
	17.844
	2.334
	3624
	17.793
	2.329
	4264
	17.775
	2.331

	865
	6.758
	2408
	20.011
	2.09
	3240
	19.97
	2.126
	4008
	19.925
	2.132
	4776
	19.948
	2.173

	950
	7.422
	2984
	22.552
	2.541
	4008
	22.396
	2.426
	4968
	22.316
	2.391
	5992
	22.307
	2.359
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