3GPP TSG RAN WG1 Meeting #77                                    R1-142584
Seoul, Korea, 19st – 23rd May 2014
Agenda Item:
6.2.3.1
Source: 
KT Corp.
Title: 
MCS/TBS table design for 256QAM
Document for:
Discussion and Decision
1. Introduction

In RAN1#76bis meeting, the following was agreed for design of CQI/MCS/TBS 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
· MCS Table

· 7 explicit MCS entries for 256QAM

· As a working assumption, the # of implicit entries is 4 (for QPSK, 16/64/256QAM re-transmissions)

· Revisit if significant issues are found

· TBS table

· Define overhead assumption(s) (REs/PRB) for PDSCH 

· Use 120 REs per PRB for all 256QAM spectral efficiencies except for the highest spectral efficiency

· Use 136 REs per PRB for the highest spectral efficiency

· Limit the number of new TBS values as much as possible
In this contribution, we provide design principles of new MCS/TBS table for 256QAM support in downlink transmission. Also, we introduce new MCS/TBS table.
2. Current MCS/TBS table
Table 1 shows relationship between the current CQI and MCS entries, and their simulation results in terms of 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 that of MCS is about 0.88 [dB].
Table 1. Analysis on current CQI/MCS/TBS
	CQI Index
	IMCS
	ITBS
	code rate * 1024
	Modulation order
	efficiency
	Required SNR @ BLER 10%
	CQI SNR Diff.
	MCS SNR Diff.

	1
	-
	-
	78
	2
	0.1523
	-9.8575
	-
	-

	2
	0
	0
	120
	2
	0.2344
	-8.1404
	1.7171
	-

	-
	1
	1
	157
	2
	0.3057
	-7.0333
	-
	1.1070

	3
	2
	2
	193
	2
	0.3770
	-6.1706
	1.9697
	0.8627

	-
	3
	3
	251
	2
	0.4893
	-5.0236
	-
	1.1471

	4
	4
	4
	308
	2
	0.6016
	-4.2067
	1.9640
	0.8169

	-
	5
	5
	379
	2
	0.7393
	-3.2674
	-
	0.9392

	5
	6
	6
	449
	2
	0.8770
	-2.2878
	1.9189
	0.9796

	-
	7
	7
	526
	2
	1.0264
	-1.3716
	-
	0.9162

	6
	8
	8
	602
	2
	1.1758
	-0.4235
	1.8643
	0.9481

	-
	9
	9
	679
	2
	1.3262
	0.5215
	-
	0.9450

	-
	10
	
	340
	4
	
	0.8208
	-
	0.2994

	7
	11
	10
	378
	4
	1.4766
	1.5388
	1.9622
	0.7179

	-
	12
	11
	434
	4
	1.6953
	2.4684
	-
	0.9296

	8
	13
	12
	490
	4
	1.9141
	3.3465
	1.8077
	0.8781

	-
	14
	13
	553
	4
	2.1602
	4.3225
	-
	0.9760

	9
	15
	14
	616
	4
	2.4063
	5.3027
	1.9562
	0.9802

	-
	16
	15
	658
	4
	2.5684
	5.9787
	-
	0.6760

	-
	17
	
	438
	6
	
	6.6043
	-
	0.6256

	10
	18
	16
	466
	6
	2.7305
	7.1995
	1.8968
	0.5952

	-
	19
	17
	517
	6
	3.0264
	8.1309
	-
	0.9314

	11
	20
	18
	567
	6
	3.3223
	9.0710
	1.8715
	0.9401

	-
	21
	19
	616
	6
	3.6123
	10.0235
	-
	0.9525

	12
	22
	20
	666
	6
	3.9023
	10.9901
	1.9191
	0.9666

	-
	23
	21
	719
	6
	4.2129
	11.9716
	-
	0.9815

	13
	24
	22
	772
	6
	4.5234
	12.8197
	1.8296
	0.8481

	-
	25
	23
	822
	6
	4.8193
	13.7829
	-
	0.9632

	14
	26
	24
	873
	6
	5.1152
	14.7722
	1.9525
	0.9893

	-
	27
	25
	910
	6
	5.3350
	15.6366
	-
	0.8644

	15
	28
	26
	948
	6
	5.5547
	16.6068
	1.8346
	0.9702


3. New MCS/TBS table design for 256QAM
3.1. MCS design 
In the last meeting, it was agreed to define 7 MCS entries for 256QAM. Furthermore, as a working assumption, the number of implicit MCS entries for HARQ retransmission is 4. In order to design new MCS table, it is required to remove 8 MCS entries from the current MCS table. 

First, in order to have similar SNR granularity between MCS entries, we can consider removing the current MCS entries which are not supporting the spectral efficiency values of current CQI. 

Second, In order to maximize the number of MCS entries having distinct spectral efficiencies, we can consider removing the current MCS entries which have overlapping spectral efficiency between different modulation orders.
Proposal 1:  We propose to remove the current MCS index 1, 3, 5, 7, 9, 10, 17 and 28.
On the other hand, we can consider having 3 reserved MCS entries for HARQ retransmission [1, 2, 3, 4], and we need to define 7 new MCS entries for 256QAM only. In this case, considering VoIP TBS, we propose to remove the current MCS index 3, 5, 7, 9, 10, 17 and 28.
Proposal 2: If the number of implicit MCS entries for HARQ retransmission is 3, we propose to remove the current MCS index 3, 5, 7, 9, 10, 17 and 28.
For further design of MCS entries for 256QAM, it is preferred to have CQI values taken as starting point and to have at least one additional MCS entry to have similar SNR granularity between MCS entries as much as possible. 

Proposal 3: The new CQI entries for 256QAM are taken as starting point of MCS design and there should be at least one additional MCS entry between adjacent CQI entries.
3.2. TBS design
In the last meeting, it was agreed that the switching point of 64QAM and 256QAM is CQI index 15 as well as MCS index 28. However, MCS index 28 has TBS index 26 of which TB sizes were defined with the overhead assumption 136 REs/PRB. Even though the minimum spectral efficiency supporting 256QAM is the same as current CQI index 15, TBS index 26 shall not be reused, and it is required to define new TB sizes with overhead assumption 120 REs/PRB. 
Proposal 4: The current TBS index 26 shall not be reused for 256QAM.
4. Proposed MCS/TBS table for 256QAM support
Table 2 shows proposed MCS table. We have removed current MCS index 1, 3, 5, 7, 9, 10, 17 and 28. For 256 QAM, we have added 7 new MCS entries considering the proposed new CQI entries for 256QAM in [5].
Table 2. Proposed MCS table
	MCS index

IMCS
	Modulation order

Qm
	TBS Index

ITBS
	Current

MCS Index
	efficiency

	0
	2
	0
	0
	0.2344

	1
	2
	2
	2
	0.3770

	2
	2
	4
	4
	0.6016

	3
	2
	6
	6
	0.8770

	4
	2
	8
	8
	1.1758

	5
	4
	10
	11
	1.4766

	6
	4
	11
	12
	1.6953

	7
	4
	12
	13
	1.9141

	8
	4
	13
	14
	2.1602

	9
	4
	14
	15
	2.4063

	10
	4
	15
	16
	2.5684

	11
	6
	16
	18
	2.7305

	12
	6
	17
	19
	3.0264

	13
	6
	18
	20
	3.3223

	14
	6
	19
	21
	3.6123

	15
	6
	20
	22
	3.9023

	16
	6
	21
	23
	4.2129

	17
	6
	22
	24
	4.5234

	18
	6
	23
	25
	4.8193

	19
	6
	24
	26
	5.1152

	20
	6
	25
	27
	5.3350

	21
	8
	27
	-
	5.5547

	22
	8
	28
	-
	5.8906

	23
	8
	29
	-
	6.2266

	24
	8
	30
	-
	6.5586

	25
	8
	31
	-
	6.8906

	26
	8
	32
	-
	7.1484

	27
	8
	33
	-
	7.4063

	28
	2
	Reserved
	-

	29
	4
	
	

	30
	6
	
	

	31
	8
	
	


Table 3 shows proposed TBS table with the overhead assumption having 120 REs/PRB for TBS index 27, 28, 29, 20, 31 and 32. For TBS index 33, 136 REs/PRB has been assumed. In the table, we only used current L1 and L2 TBS in TS 36.213 and there is no addition TBS.
Table 3. Proposed TBS table
	ITBS
	NPRB

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	27
	648
	1320
	1992
	2664
	3368
	4008
	4584
	5352
	5992
	6712

	28
	680
	1384
	2088
	2792
	3496
	4264
	4968
	5544
	6200
	6968

	29
	712
	1480
	2216
	2984
	3752
	4392
	5160
	5992
	6712
	7480

	30
	776
	1544
	2344
	3112
	3880
	4776
	5544
	6200
	6968
	7736

	31
	808
	1608
	2472
	3240
	4136
	4968
	5736
	6456
	7480
	8248

	32
	840
	1672
	2536
	3368
	4264
	5160
	5992
	6712
	7736
	8504

	33
	968
	1992
	2984
	4008
	4968
	5992
	6968
	7992
	8760
	9912

	ITBS
	NPRB

	
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	27
	7224
	7992
	8504
	9144
	9912
	10680
	11448
	11832
	12576
	12960

	28
	7736
	8504
	9144
	9912
	10680
	11064
	11832
	12576
	13536
	14112

	29
	8248
	8760
	9528
	10296
	11064
	11832
	12576
	13536
	14112
	14688

	30
	8504
	9528
	10296
	11064
	11832
	12576
	13536
	14112
	14688
	15840

	31
	9144
	9912
	10680
	11448
	12216
	12960
	14112
	14688
	15840
	16416

	32
	9528
	10296
	11064
	11832
	12960
	13536
	14688
	15264
	16416
	16992

	33
	10680
	11832
	12960
	13536
	14688
	15840
	16992
	17568
	19080
	19848

	ITBS
	NPRB

	
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	27
	14112
	14688
	15264
	15840
	16416
	16992
	17568
	18336
	19080
	19848

	28
	14688
	15264
	16416
	16992
	17568
	18336
	19080
	19848
	20616
	21384

	29
	15840
	16416
	16992
	17568
	18336
	19080
	19848
	20616
	21384
	22152

	30
	16416
	16992
	18336
	19080
	19848
	20616
	21384
	22152
	22920
	23688

	31
	16992
	18336
	19080
	19848
	20616
	21384
	22152
	22920
	23688
	24496

	32
	17568
	19080
	19848
	20616
	21384
	22152
	22920
	23688
	24496
	25456

	33
	20616
	21384
	22920
	23688
	24496
	25456
	26416
	27376
	28336
	29296

	ITBS
	NPRB

	
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	27
	20616
	21384
	22152
	22920
	22920
	23688
	24496
	25456
	25456
	26416

	28
	22152
	22152
	22920
	23688
	24496
	25456
	26416
	26416
	27376
	28336

	29
	22920
	23688
	24496
	25456
	26416
	26416
	27376
	28336
	29296
	29296

	30
	24496
	25456
	25456
	26416
	27376
	28336
	29296
	29296
	30576
	31704

	31
	25456
	26416
	27376
	28336
	28336
	29296
	30576
	31704
	31704
	32856

	32
	26416
	27376
	28336
	29296
	29296
	30576
	31704
	32856
	32856
	34008

	33
	30576
	31704
	32856
	34008
	35160
	35160
	36696
	37888
	39232
	39232

	ITBS
	NPRB

	
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	27
	27376
	27376
	28336
	29296
	29296
	30576
	31704
	31704
	32856
	32856

	28
	29296
	29296
	30576
	30576
	31704
	32856
	32856
	34008
	34008
	35160

	29
	30576
	31704
	31704
	32856
	34008
	34008
	35160
	35160
	36696
	36696

	30
	31704
	32856
	34008
	34008
	35160
	36696
	36696
	37888
	37888
	39232

	31
	34008
	34008
	35160
	36696
	36696
	37888
	39232
	39232
	40576
	40576

	32
	35160
	35160
	36696
	37888
	37888
	39232
	40576
	40576
	42368
	42368

	33
	40576
	40576
	42368
	43816
	43816
	45352
	46888
	46888
	48936
	48936

	ITBS
	NPRB

	
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60

	27
	34008
	34008
	35160
	35160
	36696
	36696
	37888
	37888
	39232
	39232

	28
	35160
	36696
	36696
	37888
	39232
	39232
	40576
	40576
	42368
	42368

	29
	37888
	39232
	39232
	40576
	40576
	42368
	42368
	43816
	43816
	45352

	30
	40576
	40576
	42368
	42368
	42368
	43816
	45352
	45352
	46888
	46888

	31
	42368
	42368
	43816
	43816
	45352
	45352
	46888
	46888
	48936
	48936

	32
	43816
	43816
	45352
	45352
	46888
	46888
	48936
	48936
	51024
	51024

	33
	51024
	51024
	52752
	52752
	55056
	55056
	57336
	57336
	59256
	59256

	ITBS
	NPRB

	
	61
	62
	63
	64
	65
	66
	67
	68
	69
	70

	27
	40576
	40576
	42368
	42368
	43816
	43816
	43816
	45352
	45352
	46888

	28
	42368
	43816
	43816
	45352
	45352
	46888
	46888
	46888
	48936
	48936

	29
	45352
	45352
	46888
	46888
	48936
	48936
	48936
	51024
	51024
	52752

	30
	46888
	48936
	48936
	51024
	51024
	51024
	52752
	52752
	55056
	55056

	31
	51024
	51024
	51024
	52752
	52752
	55056
	55056
	55056
	57336
	57336

	32
	52752
	52752
	52752
	55056
	55056
	57336
	57336
	57336
	59256
	59256

	33
	59256
	61664
	61664
	63776
	63776
	63776
	66592
	66592
	68808
	68808

	ITBS
	NPRB

	
	71
	72
	73
	74
	75
	76
	77
	78
	79
	80

	27
	46888
	46888
	48936
	48936
	48936
	51024
	51024
	51024
	52752
	52752

	28
	48936
	51024
	51024
	52752
	52752
	52752
	55056
	55056
	55056
	57336

	29
	52752
	52752
	55056
	55056
	55056
	57336
	57336
	57336
	59256
	59256

	30
	55056
	57336
	57336
	57336
	59256
	59256
	59256
	61664
	61664
	61664

	31
	59256
	59256
	59256
	61664
	61664
	61664
	63776
	63776
	63776
	66592

	32
	61664
	61664
	61664
	63776
	63776
	63776
	66592
	66592
	66592
	68808

	33
	71112
	71112
	71112
	73712
	75376
	76208
	76208
	76208
	78704
	78704

	ITBS
	NPRB

	
	81
	82
	83
	84
	85
	86
	87
	88
	89
	90

	27
	52752
	55056
	55056
	55056
	57336
	57336
	57336
	59256
	59256
	59256

	28
	57336
	57336
	59256
	59256
	59256
	61664
	61664
	61664
	61664
	63776

	29
	59256
	61664
	61664
	61664
	63776
	63776
	63776
	66592
	66592
	66592

	30
	63776
	63776
	63776
	66592
	66592
	66592
	68808
	68808
	68808
	71112

	31
	66592
	66592
	68808
	68808
	71112
	71112
	71112
	73712
	73712
	73712

	32
	68808
	71112
	71112
	71112
	73712
	73712
	73712
	75376
	76208
	76208

	33
	81176
	81176
	81176
	81176
	84760
	84760
	84760
	87936
	87936
	87936

	ITBS
	NPRB

	
	91
	92
	93
	94
	95
	96
	97
	98
	99
	100

	27
	59256
	61664
	61664
	61664
	63776
	63776
	63776
	63776
	66592
	66592

	28
	63776
	63776
	66592
	66592
	66592
	66592
	68808
	68808
	68808
	71112

	29
	66592
	68808
	68808
	68808
	71112
	71112
	71112
	73712
	73712
	73712

	30
	71112
	71112
	73712
	73712
	73712
	75376
	76208
	76208
	78704
	78704

	31
	75376
	75376
	76208
	76208
	78704
	78704
	78704
	81176
	81176
	81176

	32
	78704
	78704
	78704
	81176
	81176
	81176
	81176
	84760
	84760
	84760

	33
	90816
	90816
	90816
	93800
	93800
	93800
	93800
	97896
	97896
	97896

	ITBS
	NPRB

	
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110

	27
	66592
	66592
	68808
	68808
	68808
	71112
	71112
	71112
	71112
	73712

	28
	71112
	71112
	73712
	73712
	73712
	75376
	75376
	76208
	76208
	76208

	29
	75376
	76208
	76208
	76208
	78704
	78704
	78704
	81176
	81176
	81176

	30
	78704
	78704
	81176
	81176
	81176
	84760
	84760
	84760
	84760
	84760

	31
	84760
	84760
	84760
	84760
	87936
	87936
	87936
	87936
	90816
	90816

	32
	84760
	87936
	87936
	87936
	90816
	90816
	90816
	90816
	93800
	93800

	33
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896


5. Conclusions
We propose the following for the design of new MCS/TBS table supporting 256QAM in downlink transmission:
Proposal 1: We propose to remove the current MCS index 1, 3, 5, 7, 9, 10, 17 and 28.
Proposal 2: If the number of implicit MCS entries for HARQ retransmission is 3, we propose to remove the current MCS index 3, 5, 7, 9, 10, 17 and 28.
Proposal 3: The new CQI entries for 256QAM are taken as starting point of MCS design and there should be at least one additional MCS entry between adjacent CQI entries.
Proposal 4: The current TBS index 26 shall not be reused for 256QAM.

Also, we propose new MCS/TBS table for 256QAM support.
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