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[bookmark: _Ref301342314]Introduction
In RAN1 #76 meeting, the TBS table design principles for DL 256QAM were discussed and agreements were made with a few items for further study, as listed below:
· Reuse as many as possible of current TBS entries with up to around [2%] average padding aligned with Rel-10 design
· Define overhead assumption(s) (REs/PRB) for PDSCH 
· Working assumption: Use [120 REs] per PRB for all new spectral efficiencies except for the highest spectral efficiency
· FFS: Overhead assumption for the highest spectral efficiency
· The new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment

[bookmark: _GoBack]In this contribution, we discuss the remaining issues and propose the design of TBS table to support DL 256QAM. The CQI table and MCS table design is discussed in [1].
[bookmark: _Ref346118000]Discussion
In Rel-11, the 27x110 TBS table for one spatial layer is populated with 178 unique transport block sizes (TBS) as given in Table 7.1.7.2.1-1 in [2]. To support multiple spatial layers, 51 additional unique TBS are defined for one-layer to two-layer, one-layer to three-layer and one-layer to four-layer TBS translation given in Table 7.1.7.2.2-1, Table 7.1.7.2.4-1, Table 7.1.7.2.5-1 in [2]. In total, there are 229 unique TBS defined in Rel-11. The design allows the TBS tables to be very efficiently stored using 8-bit indices to the unique TBS list instead of 19-bit integers representing the TBS directly.
The reduction of potentially 27x110=2970 TBS to only 178 TBS in the one layer table is achieved by allowing the actual code rate to deviate from the target code rate by ±2%. This is for example shown in Figure 1 for the 64QAM MCS (17-27), in Figure 2 for the 16QAM MCS (10-16), and Figure 3 for the QPSK MCS (0-9), respectively.
Observation:
· By allowing the actual code rate to deviate from the target code rate by ±2%, there are in total 229 unique TBS defined in Rel-11 enabling efficient TBS table storage.
[image: ][image: ]
[bookmark: _Ref352976737]Figure 1 Actual code rate and code rate inaccuracy in percentage for Rel-11 64QAM assuming 120 RE/PRB.
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[bookmark: _Ref378879859]Figure 2 Actual code rate and code rate inaccuracy in percentage for Rel-11 16QAM assuming 120 RE/PRB.
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[bookmark: _Ref378879869]Figure 3 Actual code rate and code rate inaccuracy in percentage for Rel-11 QPSK assuming 120 RE/PRB.

To support 256QAM in Rel-12, six new entries containing six new TBS indices 27-32 are proposed to be added in the MCS table as discussed in [1]. Consequently, six additional rows of TBS need to be added to the existing 27x110 TBS table for one spatial layer. By allowing up to ±2% deviation from the target code rate, the 6x110 TBS can be designed without introducing any new TBS for 256QAM one spatial layer support, as given in Table 1. It worth noting that the peak data rate in Table 1 is set by the largest TBS for NPRB = 100 according to Rel-8 LTE design principles.
The overhead assumption for new TBS entries except the last row is 120 REs/RB aligned with agreed working assumption from RAN1 #76 meeting. The overhead for last row is assumed to be 136 RE/RB (4TX, 1OS) to get a higher peak data rate with 256QAM. The 136 REs/RB assumption for the last TBS row is also consistent with the design principle for the last TBS row in the Rel-8 specs.
With the new TBS table and the new MCS table proposed in [1], actual code rate and code rate in accuracy in percentage for 256QAM is shown in Figure 4. It can be seen that the deviation is within ±2% aligned with Rel-8 design.
Observation:
· By allowing up to ±2% deviation from the target code rate, the new TBS table can be designed without introducing any new transport block sizes for 256QAM one spatial layer support in Rel-12.
[bookmark: _Ref378926054]Table 1 Six new rows in TBS table for 256QAM support
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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
	696
	1416
	2152
	2856
	3624
	4264
	4968
	5736
	6456
	7224

	29
	744
	1480
	2280
	2984
	3752
	4584
	5352
	5992
	6712
	7480

	30
	776
	1608
	2408
	3240
	4008
	4776
	5736
	6456
	7224
	7992

	31
	840
	1672
	2536
	3368
	4264
	5160
	5992
	6712
	7736
	8504

	32
	968
	1928
	2984
	3880
	4968
	5992
	6968
	7736
	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
	11448
	12216
	12960
	13536
	14112

	29
	8248
	9144
	9912
	10680
	11448
	12216
	12960
	13536
	14688
	15264

	30
	8760
	9528
	10296
	11448
	12216
	12960
	13536
	14688
	15264
	15840

	31
	9144
	10296
	11064
	11832
	12576
	13536
	14688
	15264
	16416
	16992

	32
	10680
	11832
	12576
	13536
	14688
	15840
	16416
	17568
	18336
	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
	15840
	16416
	16992
	17568
	18336
	19080
	19848
	20616
	21384

	29
	15840
	16992
	17568
	18336
	19080
	19848
	20616
	21384
	22152
	22920

	30
	16992
	17568
	18336
	19080
	19848
	20616
	22152
	22920
	23688
	24496

	31
	17568
	18336
	19848
	20616
	21384
	22152
	22920
	23688
	24496
	25456

	32
	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
	22920
	23688
	24496
	24496
	25456
	26416
	27376
	27376
	28336

	29
	23688
	24496
	25456
	25456
	26416
	27376
	28336
	29296
	29296
	30576

	30
	25456
	25456
	26416
	27376
	28336
	29296
	29296
	30576
	31704
	31704

	31
	26416
	27376
	28336
	29296
	29296
	30576
	31704
	32856
	32856
	34008

	32
	30576
	31704
	32856
	32856
	34008
	35160
	36696
	37888
	37888
	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
	30576
	30576
	31704
	31704
	32856
	34008
	34008
	35160
	35160

	29
	31704
	31704
	32856
	34008
	34008
	35160
	35160
	36696
	37888
	37888

	30
	32856
	34008
	35160
	35160
	36696
	36696
	37888
	39232
	39232
	40576

	31
	35160
	35160
	36696
	37888
	37888
	39232
	40576
	40576
	42368
	42368

	32
	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
	36696
	36696
	37888
	37888
	39232
	40576
	40576
	40576
	42368
	42368

	29
	39232
	39232
	40576
	40576
	42368
	42368
	43816
	43816
	45352
	45352

	30
	40576
	42368
	42368
	43816
	43816
	45352
	45352
	46888
	46888
	48936

	31
	43816
	43816
	45352
	45352
	46888
	46888
	48936
	48936
	51024
	51024

	32
	51024
	51024
	52752
	52752
	55056
	55056
	55056
	57336
	57336
	59256

	[image: ]
	[image: ]

	
	61
	62
	63
	64
	65
	66
	67
	68
	69
	70

	27
	40576
	40576
	42368
	42368
	43816
	43816
	43816
	45352
	45352
	46888

	28
	43816
	43816
	45352
	45352
	46888
	46888
	46888
	48936
	48936
	48936

	29
	46888
	46888
	48936
	48936
	48936
	51024
	51024
	51024
	52752
	52752

	30
	48936
	51024
	51024
	51024
	52752
	52752
	55056
	55056
	55056
	57336

	31
	51024
	52752
	52752
	55056
	55056
	55056
	57336
	57336
	59256
	59256

	32
	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
	51024
	51024
	52752
	52752
	52752
	55056
	55056
	55056
	57336
	57336

	29
	55056
	55056
	55056
	57336
	57336
	57336
	59256
	59256
	59256
	61664

	30
	57336
	57336
	59256
	59256
	61664
	61664
	61664
	63776
	63776
	63776

	31
	59256
	61664
	61664
	63776
	63776
	63776
	66592
	66592
	66592
	68808

	32
	68808
	71112
	71112
	73712
	73712
	75376
	75376
	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
	59256
	59256
	59256
	61664
	61664
	61664
	63776
	63776
	63776

	29
	61664
	61664
	63776
	63776
	63776
	66592
	66592
	66592
	68808
	68808

	30
	66592
	66592
	66592
	68808
	68808
	68808
	71112
	71112
	71112
	73712

	31
	68808
	68808
	71112
	71112
	71112
	73712
	73712
	75376
	75376
	76208

	32
	78704
	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
	66592
	66592
	66592
	68808
	68808
	68808
	71112
	71112
	71112

	29
	68808
	71112
	71112
	71112
	73712
	73712
	73712
	75376
	75376
	76208

	30
	73712
	73712
	75376
	76208
	76208
	78704
	78704
	78704
	78704
	81176

	31
	76208
	78704
	78704
	78704
	81176
	81176
	81176
	84760
	84760
	84760

	32
	90816
	90816
	90816
	93800
	93800
	93800
	93800
	97896
	97896
	97896
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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
	73712
	73712
	73712
	75376
	75376
	76208
	76208
	78704
	78704

	29
	76208
	78704
	78704
	78704
	81176
	81176
	81176
	81176
	84760
	84760

	30
	81176
	81176
	84760
	84760
	84760
	84760
	87936
	87936
	87936
	87936

	31
	84760
	87936
	87936
	87936
	87936
	90816
	90816
	90816
	93800
	93800

	32
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896
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[bookmark: _Ref378926567]Figure 4 Actual code rate and code rate inaccuracy in percentage for Rel-12 256QAM assuming 120 RE/PRB.

To support 256QAM transport blocks mapped to multiple spatial multiplexing layers, 3 new tables need to be designed for one-layer to two-layer, one-layer to three-layer and one-layer to four-layer translation. The proposed TBS translation tables are given in Table 2, Table 3 and Table 4, respectively. Eight new mappings are needed for TBS = 76208, 78704, 81176, 84760, 87936, 90816, 93800 and 97896 for each of the one-to-two, one-to-three and one-to-four TBS translation tables. 
Allowing mapping inaccuracy of ±0.4%, the additional one-layer to two-layer mappings can be supported without introducing new TBS, as given in Table 2.
[bookmark: _Ref378764503][bookmark: _Ref378764496]Table 2 TBS mapping table for one-layer to two-layer
	TBS_L1
	TBS_L2

	76208
	152976

	78704
	157432

	81176
	161760

	84760
	169544

	87936
	175600

	90816
	181656

	93800
	187712

	97896
	195816



Allowing mapping inaccuracy of ±1.25%, the additional one-layer to three-layer mappings can be supported without introducing new TBS, as given in Table 3.
[bookmark: _Ref378764517]Table 3 TBS mapping table for one-layer to three-layer
	TBS_L1
	TBS_L3

	76208
	230104

	78704
	236160

	81176
	245648

	84760
	254328

	87936
	266440

	90816
	275376

	93800
	284608

	97896
	293736



The additional one-layer to four-layer mappings can be supported with eight new TBS following Rel-8 principles of QPP size alignment, as given in Table 4.
[bookmark: _Ref378764522]Table 4 TBS mapping table for one-layer to four-layer
	TBS_L1
	TBS_L4

	76208
	305976

	78704
	314888

	81176
	327000

	84760
	339112

	87936
	354936

	90816
	363336

	93800
	375448

	97896
	391656



With the TBS table design given in Table 1, Table 2, Table 3 and Table 4, there are 8 new TBS added to the existing 229 TBS, i.e., 237 TBS in total to support all modulations up to 256QAM. This allows the TBS table to be stored with 8-bit indices instead of 19-bit integers, which reduces storage requirement by at least half.
Observation:
· The proposed TBS table design need 8 new TBS added to the existing 229 TBS. This allows the TBS table to be stored with 8-bit indices instead of 19-bit integers, which reduces storage requirement by at least half.

Based on above discussion, the new TBS table has a minimum specification impacts, with a good support for 256QAM. In the new TBS table, all entries of Rel-11 TBS are kept and a few TBS rows are added containing TBS to support 256QAM. All the TBS in the new rows are the existing TBS from Rel-11 TBS table. As for the multi-layer TBS translation tables, similarly, the existing TBS are used for one-layer to two-layer translation, and one-layer to three-layer translation table without introducing new TBS. As for one-layer to four-layer TBS translation table, only eight new TBS are introduced to support higher peak rates with 256QAM. With this design, the new TBS table can be stored with 8-bit indices, which reduce the storage requirement and have minimum impact on implementation/cost. Therefore, we propose to introduce the proposed TBS table for 256QAM support in Rel-12.
Proposal:
· Introduce the proposed TBS table for 256QAM support in Rel-12.
Conclusions
In this contribution, we propose a TBS table for 256QAM support in Rel-12, and made the following observations and proposals: 
Observation:
· By allowing the actual code rate to deviate from the target code rate by ±2%, there are in total 229 unique TBS defined in Rel-11.
· By allowing up to ±2% deviation from the target code rate, the new TBS table can be designed without introducing any new transport block sizes for 256QAM one spatial layer support in Rel-12.
· The proposed TBS table design need 8 new TBS added to the existing 229 TBS. This allows the TBS table to be stored with 8-bit indices instead of 19-bit integers, which reduces storage requirement by at least half.
Proposal: 
· Introduce the proposed TBS table for 256QAM support in Rel-12.
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