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1. Introduction
In RAN1 #77 and #78 the Transport Block Size (TBS) and related parameters were decided for DL 256QAM.  At that time, the candidate maximum TBS selection was limited to values that had already been used for the case of a transport block mapped to more than one layer. This restriction resulted in maximum code rate that is less than 4/3 times the max TBS of 64QAM (75376). Therefore, the maximum data rate achievable by 256QAM is not aligned with that achievable with 64QAM (i.e. not increased proportionally with the modulation order index).  In addition, this choice disallows reaching data rates like 600Mbps or 1Gbps (the UE can only reach 587376 Mbps or 978960 Mbps, respectively).   
In [2], it was proposed that new TBS should be introduced to improve the peak data rate.  At RAN #73, it was recommended that this topic should be further discussed in RAN1. 

In RAN1 #87, the following was concluded: 
· There was no consensus on the usefulness of the new TBS. 

· Exemplary specification changes are shown in R1-1611554
· The changes are intended for CRS based DL transmissions

· There are concerns regarding which release the changes should apply

· There are concerns how the impact on UE category should be specified

We believe it is highly valuable for 3GPP to define a set of Transport Block Sizes that enable data rates that have a perceived marketing value.  In this contribution, we discuss the addition of alternative TBS and address the concerns raised in the RAN1 discussions. 
2. Discussion
At the introduction of 256QAM, the following TBS options were considered
	Option
	TBS (bits)
	Number of code blocks
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	Number of REs per RB
	Total number of input bits
	R

	A
	97896
	16
	6144
	6080
	16
	0
	136
	98304
	0.9035294

	B
	101840
	17
	6016
	5952
	17
	0
	136
	102272
	0.94


Since Option B gives code rate R > 0.931, Option A was selected.
In order to increase the highest TBS for 256QAM, other options should be considered.  By allowing to choose other values of turbo code block size corresponding to specified interleaver size values (TS36.212, Table 5.1.3-3), the following further options can be considered: 
	Option
	TBS (bits)
	Number of code blocks
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	Number of REs per RB
	Total number of input bits
	R

	C
	98576
	17
	5824
	5760
	17
	0
	136
	99008
	0.91

	D
	99664
	17
	5888
	5824
	17
	0
	136
	100096
	0.92

	E
	100752
	17
	5952
	5888
	17
	0
	136
	101184
	0.93


Considering that the highest TBS among Options C, D, E that also meets the code rate limit R ≤ 0.931 corresponds to Option E, it is recommended to choose Option E. 
Note that for all the options considered above, the code block segmentation results in equal code block sizes.  

2.1. Proposed changes
In the following, we give text changes in TS36.212 that could be used to implement the new alternative TBS. 
Note that the alternative TBS corresponding to 
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.  The changed entries are highlighted in yellow. 
Table 7.1.7.2.1-1: Transport block size table (dimension 34×110)
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	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

	33A
	840
	1736
	2600
	3496
	4392
	5160
	5992
	6968
	7736
	8760

	33B
	968
	1992
	2984
	4008
	4968
	5992
	6968
	7992
	8760
	9912
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	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

	33A
	9528
	10296
	11448
	12216
	12960
	14112
	14688
	15840
	16416
	17568

	33B
	10680
	11832
	12960
	13536
	14688
	15840
	16992
	17568
	19080
	19848
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	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
	17568
	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

	33A
	18336
	19080
	19848
	20616
	22152
	22920
	23688
	24496
	25456
	26416

	33B
	20616
	21384
	22920
	23688
	24496
	25456
	26416
	27376
	28336
	29296
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	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
	29296
	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

	33A
	27376
	27376
	29296
	29296
	30576
	30576
	31704
	32856
	34008
	35160

	33B
	30576
	31704
	32856
	34008
	35160
	35160
	36696
	37888
	39232
	39232
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	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
	35160
	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

	33A
	35160
	36696
	36696
	37888
	39232
	40576
	40576
	40576
	42368
	43816

	33B
	40576
	40576
	42368
	43816
	43816
	45352
	46888
	46888
	48936
	48936
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	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
	43816
	43816
	45352
	45352
	46888
	46888

	31
	42368
	42368
	43816
	45352
	45352
	46888
	46888
	46888
	48936
	48936

	32
	43816
	43816
	45352
	46888
	46888
	46888
	48936
	48936
	51024
	51024

	33
	51024
	51024
	52752
	52752
	55056
	55056
	57336
	57336
	59256
	59256

	33A
	43816
	45352
	45352
	46888
	48936
	48936
	48936
	51024
	51024
	52752

	33B
	51024
	51024
	52752
	52752
	55056
	55056
	57336
	57336
	59256
	59256
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	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
	52752
	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

	33A
	52752
	55056
	55056
	55056
	57336
	57336
	57336
	59256
	59256
	61664

	33B
	59256
	61664
	61664
	63776
	63776
	63776
	66592
	66592
	68808
	68808
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	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
	63776

	31
	59256
	59256
	59256
	61664
	61664
	63776
	63776
	63776
	66592
	66592

	32
	61664
	61664
	61664
	63776
	63776
	63776
	66592
	66592
	66592
	68808

	33
	71112
	71112
	71112
	73712
	75376
	76208
	76208
	76208
	78704
	78704

	33A
	61664
	61664
	63776
	63776
	66592
	66592
	66592
	68808
	68808
	68808

	33B
	71112
	71112
	71112
	73712
	75376
	76208
	76208
	76208
	78704
	78704
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	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
	68808
	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

	33A
	71112
	71112
	71112
	73712
	75376
	75376
	76208
	76208
	78704
	78704

	33B
	81176
	81176
	81176
	81176
	84760
	84760
	84760
	87936
	87936
	87936
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	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
	75376
	75376
	76208
	76208
	78704
	78704

	31
	75376
	76208
	76208
	78704
	78704
	78704
	81176
	81176
	81176
	81176

	32
	78704
	78704
	78704
	81176
	81176
	81176
	84760
	84760
	84760
	84760

	33
	90816
	90816
	90816
	93800
	93800
	93800
	93800
	97896
	97896
	97896

	33A
	78704
	81176
	81176
	81176
	81176
	84760
	84760
	84760
	84760
	87936

	33B
	90816
	90816
	90816
	93800
	93800
	93800
	93800
	97896
	97896
	100752
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	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
	81176
	81176
	81176
	81176
	84760
	84760
	84760
	84760
	87936

	31
	84760
	84760
	84760
	84760
	87936
	87936
	87936
	87936
	90816
	90816

	32
	87936
	87936
	87936
	87936
	90816
	90816
	90816
	93800
	93800
	93800

	33
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896

	33A
	87936
	87936
	87936
	90816
	90816
	90816
	93800
	93800
	93800
	97896

	33B
	100752
	100752
	100752
	100752
	100752
	100752
	100752
	100752
	100752
	100752


Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table
	TBS_L1
	TBS_L2
	TBS_L1
	TBS_L2
	TBS_L1
	TBS_L2
	TBS_L1
	TBS_L2

	1544
	3112
	3752
	7480
	10296
	20616
	28336
	57336

	1608
	3240
	3880
	7736
	10680
	21384
	29296
	59256

	1672
	3368
	4008
	7992
	11064
	22152
	30576
	61664

	1736
	3496
	4136
	8248
	11448
	22920
	31704
	63776

	1800
	3624
	4264
	8504
	11832
	23688
	32856
	66592

	1864
	3752
	4392
	8760
	12216
	24496
	34008
	68808

	1928
	3880
	4584
	9144
	12576
	25456
	35160
	71112

	1992
	4008
	4776
	9528
	12960
	25456
	36696
	73712

	2024
	4008
	4968
	9912
	13536
	27376
	37888
	76208

	2088
	4136
	5160
	10296
	14112
	28336
	39232
	78704

	2152
	4264
	5352
	10680
	14688
	29296
	40576
	81176

	2216
	4392
	5544
	11064
	15264
	30576
	42368
	84760

	2280
	4584
	5736
	11448
	15840
	31704
	43816
	87936

	2344
	4776
	5992
	11832
	16416
	32856
	45352
	90816

	2408
	4776
	6200
	12576
	16992
	34008
	46888
	93800 

	2472
	4968
	6456
	12960
	17568
	35160
	48936
	97896 

	2536
	5160
	6712
	13536
	18336
	36696
	51024
	101840

	2600
	5160
	6968
	14112
	19080
	37888
	52752
	105528

	2664
	5352
	7224
	14688
	19848
	39232
	55056
	110136

	2728
	5544
	7480
	14688
	20616
	40576
	57336
	115040

	2792
	5544
	7736
	15264
	21384
	42368
	59256
	119816

	2856
	5736
	7992
	15840
	22152
	43816
	61664
	124464

	2984
	5992
	8248
	16416
	22920
	45352
	63776
	128496

	3112
	6200
	8504
	16992
	23688
	46888
	66592
	133208

	3240
	6456
	8760
	17568
	24496
	48936
	68808
	137792

	3368
	6712
	9144
	18336
	25456
	51024
	71112
	142248

	3496
	6968
	9528
	19080
	26416
	52752
	73712
	146856

	3624
	7224
	9912
	19848
	27376
	55056
	75376
	149776

	76208
	152976
	81176
	161760
	87936
	175600
	93800
	187712

	78704
	157432
	84760
	169544
	90816
	181656
	97896
	195816

	
	
	
	
	
	
	100752
	201552


Regarding the specification impact beyond those indicated above, the introduction of new alternative TBS would require further changes in TS36.331 to add UE capability signalling and it would further require minor changes in 36.306. The introduction of the new alternative TBS would not require adding any new categories. An example change in 36.306 is given below: 

	DL Category 16
	978960 -1051360 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r13 is set to not supported)
201552 (4 layers, 256QAM, if alternativeTBS-Index-r13 is set to supported)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r13 is set to not supported)
100752 (2 layers, 256QAM, if alternativeTBS-Index-r13 is set to supported)
	12789504
	2 or 4


The above assumes that the existing categories can be updated by adding the new “Maximum number of bits of a DL-SCH transport block received within a TTI” values in the physical layer parameter definitions in TS36.306. 
We propose that the new TBS should be applicable from Rel-14. 
3. Conclusion
In this document we discussed the introduction of new alternative Transport Block Size for 256QAM.  

· The TBS should be based on 100572 bits

· The new TBS should be optional for the UE with capability signalling

· The mechanism to use 33B would be the same as for 33A.

· No change in rate matching

· No change in soft buffer size
· The new TBS should be applicable from Rel-14
We propose to agree on introducing the new TBS values. 
Reference

[1]

RP-142735, “256QAM TBS table design”, Huawei
[2]

RP-162000, “Introduction of new Transport Block Size for DL 256QAM”, Qualcomm

[3]

R1-1611554, “Summary of email discussion on new TBS for DL 256QAM”, Qualcomm

[4]

R1-1612649, “Introduction of new TBS for DL 256QAM”, Qualcomm

3GPP


_1488823339.unknown

_1488823347.unknown

_1488823351.unknown

_1534701363.unknown

_1534704453.unknown

_1534704536.unknown

_1534704443.unknown

_1488823353.unknown

_1488823355.unknown

_1534701347.unknown

_1488823354.unknown

_1488823352.unknown

_1488823349.unknown

_1488823350.unknown

_1488823348.unknown

_1488823343.unknown

_1488823345.unknown

_1488823346.unknown

_1488823344.unknown

_1488823341.unknown

_1488823342.unknown

_1488823340.unknown

_1488823335.unknown

_1488823337.unknown

_1488823338.unknown

_1488823336.unknown

_1236453857.unknown

_1488823334.unknown

_1236453626.unknown

