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1. Introduction
In RAN1#76 and 76bis meeting, the following progresses are achieved on TBS table design for higher order modulation.
Agreement:
· 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 
· Reuse as many as possible of current TBS entries with up to around [2%] average padding 
· Limit the number of new TBS values as much as possible
· The new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment
In this contribution, we provide our analysis and proposal on TBS design for peak data rate of 256QAM and give detailed TBS tables for 256QAM.
2. Analysis on peak data rate of 256QAM
In the RAN1#76bis meeting, it is agreed that 136 REs per PRB (1OS PDCCH, 4Tx CRS) should be assumed for the highest spectral efficiency. On top of that, DMRS-based 4 layers transmission is also an important feature in current commercial stage or in the near future. Therefore, it is necessary to carefully design TBS entries, at least the TBS that corresponds to the highest spectral efficiency, to achieve high peak data rate for DMRS-based 4 layers transmission. Additionally, peak data rate for DMRS-based 8 layers transmission should also be considered. In this section, we will analyze the peak data rate with different maximum TBS design.
Firstly, we design TBS_L1_max based on the 136 REs/PRB and 100PRBs to get the highest spectral efficiency of 7.406[1][2]. Specifically, we select the TBS entry “97896” from current TBS entries, which is nearest to 136x100x7.406 = 100721.6 and does not exceed coding rate threshold (0.930) specified in 36.213. 
Secondly, we design TBS_L2_max, TBS_L3_max and TBS_L4_max which are close to 2, 3 or 4 times of TBS_L1_max respectively. Based different TBS candidate sets and different approximation principles, we list the following 3 schemes:
· Scheme 1 (max 4-CRS, worst 4-DMRS) : 
TBS_L2_max = 195816; TBS_L3_max = 293736;TBS_L4_max = 391656 
· Where the values of TBS_L2_max and TBS_L3_max are selected from the TBS tables in Rel-10, by the principle of finding the nearest values to 2 or 3 times of TBS_L1_max respectively. 
· Where the value of TBS_L4_max is a newly defined value, which is nearest to 4 times of  TBS_L1_max and satisfies the Rel-8 principle of QPP size alignment. 
· Scheme 2 (medium 4-CRS, medium 4-DMRS) : 
TBS_L2_max = 191720; TBS_L3_max = 284608; TBS_L4_max = 387560
· Where the values of TBS_L2_max and TBS_L3_max are selected from the TBS tables in Rel-10, by the principle of finding the largest TBS which are not larger than 2 or 3 times of TBS_L1_max respectively. 
· Where the value of TBS_L4_max is a newly defined value which is the largest value that not larger than 4 times of TBS_L1_max and satisfies the Rel-8 principle of QPP size alignment. 
· Scheme 3 (medium 4-CRS, max 4-DMRS): 
TBS_L2_max = 193768; TBS_L3_max = 290664; TBS_L4_max = 387560
· Where the values of TBS_L2_max, TBS_L3_max and TBS_L4_max are all newly defined, which are the largest value that not larger than 2, 3, and 4 times of TBS_L1_max and satisfies the Rel-8 principle of QPP size alignment. 
Peak data rates of FDD and TDD under different TBS design schemes aforementioned are shown in Table 1 and Table 2. The calculation assumption are listed as follows: 20MHz bandwidth and single carrier, 1 OFDM symbol is assumed for PDCCH transmission and other detailed overhead assumptions are list in appendix Table 3. If maximum TBS exceeds coding rate threshold (0.930), the secondary highest TBS will be used. The secondary highest TBS for 100PRBs is designed as TBS_L1 = 84760; TBS_L2 = 169544; TBS_L3 = 254328; TBS_L4 = 339112, which are designed based on 120REs/PRB and targeting spectral efficiency 7.0975. 
Table 1.  Peak data rate of FDD

	
	Scheme 1 [Mbps]
	Scheme 2 [Mbps]
	Scheme 3 [Mbps]
	Gain of Scheme 2 over scheme 1
	Gain of Scheme 3 over scheme 1

	2Layer 
(2 port CRS)
	195.792
	195.792
	195.792
	0%
	0%

	4Layer 
(4 port CRS)
	391.632
	384.44
	387.536
	-2.09%
	-1.05%

	4Layer 
(2 port CRS + 4 port DMRS for 4 Non-MBSFN, 4 port DMRS for 6 MBSFN)
	339.088
	365.699
	368.157
	7.85%
	8.57%

	8Layer

(2 port CRS + 8 port DMRS for 4 Non-MBSFN, 8 port DMRS for 6 MBSFN)
	678.224
	736.362
	736.362
	8.57%
	8.57%


Table 2.  Peak data rate of TDD (configuration 2, special subframe configuration 7)
	
	Scheme 1 [Mbps]
	Scheme 2 [Mbps]
	Scheme 3 [Mbps]
	Gain of Scheme 2 over scheme 1
	Gain of Scheme 3 over scheme 1

	2Layer 

(2 port CRS)
	142.986
	142.986
	142.986
	0%
	0%

	4Layer 

(4 port CRS)
	286.378
	281.462
	283.92
	-1.72%
	-0.86%

	4Layer 

(2 port CRS + 4 port DMRS for 4 Non-MBSFN, 4 port DMRS for 6 MBSFN)
	247.507
	265.248
	266.886
	7.17%
	7.83%

	8Layer

(2 port CRS + 8 port DMRS for 4 Non-MBSFN, 8 port DMRS for 6 MBSFN)
	495.053
	533.811
	533.811
	7.83%
	7.83%


According to above tables, it is observed that for 2-layer transmission, the performance of all the three schemes are the same. For 4-layer transmission, Scheme 2 could offer 7.85% and 7.17% gain in FDD and TDD when 4ports DMRS is used, while introduce -2.09% and -1.72% loss in FDD and TDD when 4ports CRS is used; Scheme 3 could offer more gain, i.e., 8.57% and 7.83% gain in FDD and TDD when 4ports DMRS is used, and bring less loss, i.e., -1.05% and -0.86% loss in FDD and TDD when 4ports CRS is used. For 8-layer transmission, Scheme 2 and Scheme 3 could offer 8.57% and 7.83% gain based on DMRS in FDD and TDD.
In order to achieve a higher peak data rate for 4-layer and 8-layer transmission based on DMRS while guaranteeing peak data rate for 4-layer transmission based on 4 ports CRS, we propose that 

· Proposals 1
· Define maximum TBS for 100PRBs as TBS_L1 = 97896; TBS_L2 = 193768; TBS_L3 = 290664; TBS_L4 = 387560.
· One-layer to two-layer/three-layer/four-layer TBS translation tables should include the following entries respectively:
	TBS_L1
	TBS_L2
	
	TBS_L1
	TBS_L3
	
	TBS_L1
	TBS_L4

	97896
	193768
	
	97896
	290664
	
	97896
	387560


By considering the proposed maximum TBS for 100PRB, the whole TBS tables designed for 256QAM are listed in the appendix Table 4-Table 7, where the TBS tables are designed based on the principle of spectral efficiencies proposed in [1].
· Proposal 2
· TBS tables designed for 256QAM are proposed as in the appendix Table 4-Table 7.
3. Conclusion
In this contribution, peak data rates of 256QAM with different maximum TBS designs are analyzed. It is observed that highest spectral efficiency can not be achieved for 4-layer or 8-layer transmission with DMRS because of coding rate threshold (0.930) in 36.213, if maximum TBS_L2 or TBS_L4 is defined by simply selecting the values in current TBS table that nearest to 2 or 4 times of maximum TBS_L1.
Therefore, we suggest that maximum TBS_L2 or TBS_L4 should be defined as the largest candidate TBS value which is not larger than 2 or 4 times of TBS_L1. The candidate TBS value could be newly defined or selected from the values in current TBS table. In order to achieve a higher peak data rate, the candidate TBS can be newly defined. Our proposal is summarized as following

· Proposals 1
· Define maximum TBS for 100PRBs as TBS_L1 = 97896; TBS_L2 = 193768; TBS_L3 = 290664; TBS_L4 = 387560.
· One-layer to two-layer/three-layer/four-layer TBS translation tables should include the following entries respectively:
	TBS_L1
	TBS_L2
	
	TBS_L1
	TBS_L3
	
	TBS_L1
	TBS_L4

	97896
	193768
	
	97896
	290664
	
	97896
	387560


· Proposal 2
· TBS tables designed for 256QAM are proposed as in the appendix Table 4-Table 7.
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Appendix
Table 3 Available RE number per PRB
	overhead
	Non-MBSFN

	MBSFN
	special subframe

	1OS + 2CRS
	144
	-
	100

	1OS + 4 CRS
	136
	-
	92

	1OS + 2CRS + 4 DMRS
	120
	132
	76

	1OS + 2CRS + 8 DMRS
	120
	132
	76


Table 4: Transport block size table (dimension 27×110) for 256QAM
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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
	4136
	4968
	5544
	6200
	6968

	29
	712
	1480
	2216
	2984
	3624
	4392
	5160
	5992
	6712
	7224

	30
	744
	1544
	2280
	3112
	3880
	4584
	5352
	6200
	6968
	7736

	31
	776
	1608
	2408
	3240
	4008
	4776
	5736
	6456
	7224
	7992

	32
	840
	1672
	2536
	3368
	4264
	5160
	5992
	6712
	7480
	8504

	33
	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
	8248
	9144
	9912
	10296
	11064
	11832
	12576
	13536
	14112

	29
	7992
	8760
	9528
	10296
	11064
	11832
	12576
	12960
	14112
	14688

	30
	8504
	9144
	9912
	10680
	11448
	12216
	12960
	14112
	14688
	15264

	31
	8760
	9528
	10680
	11448
	12216
	12960
	13536
	14688
	15264
	16416

	32
	9144
	10296
	11064
	11832
	12576
	13536
	14112
	15264
	15840
	16992

	33
	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
	15840
	16992
	17568
	18336
	19080
	19848
	20616
	20616

	29
	15264
	16416
	16992
	17568
	18336
	19080
	19848
	20616
	21384
	22152

	30
	16416
	16992
	17568
	18336
	19080
	19848
	20616
	21384
	22152
	22920

	31
	16992
	17568
	18336
	19080
	20616
	21384
	22152
	22920
	23688
	24496

	32
	17568
	18336
	19848
	20616
	21384
	22152
	22920
	23688
	24496
	25456

	33
	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
	21384
	22152
	22920
	23688
	24496
	25456
	25456
	26416
	27376
	28336

	29
	22920
	23688
	24496
	25456
	25456
	26416
	27376
	28336
	28336
	29296

	30
	23688
	24496
	25456
	26416
	27376
	27376
	28336
	29296
	30576
	30576

	31
	25456
	25456
	26416
	27376
	28336
	29296
	30576
	30576
	31704
	32856

	32
	26416
	27376
	28336
	28336
	29296
	30576
	31704
	31704
	32856
	34008

	33
	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
	28336
	29296
	30576
	30576
	31704
	31704
	32856
	34008
	34008
	35160

	29
	30576
	30576
	31704
	32856
	32856
	34008
	35160
	35160
	36696
	36696

	30
	31704
	32856
	32856
	34008
	35160
	35160
	36696
	36696
	37888
	39232

	31
	32856
	34008
	35160
	35160
	36696
	37888
	37888
	39232
	39232
	40576

	32
	35160
	35160
	36696
	37888
	37888
	39232
	39232
	40576
	42368
	42368

	33
	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
	37888
	39232
	40576
	40576
	40576
	42368

	29
	37888
	37888
	39232
	39232
	40576
	40576
	42368
	42368
	43816
	43816

	30
	39232
	40576
	40576
	42368
	42368
	43816
	43816
	45352
	45352
	46888

	31
	40576
	42368
	42368
	43816
	45352
	45352
	46888
	46888
	46888
	48936

	32
	43816
	43816
	45352
	45352
	46888
	46888
	48936
	48936
	51024
	51024

	33
	51024
	51024
	52752
	52752
	55056
	55056
	55056
	57336
	57336
	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
	51024

	30
	46888
	48936
	48936
	48936
	51024
	51024
	51024
	52752
	52752
	55056

	31
	48936
	51024
	51024
	52752
	52752
	52752
	55056
	55056
	55056
	57336

	32
	51024
	52752
	52752
	55056
	55056
	55056
	57336
	57336
	59256
	59256

	33
	59256
	61664
	61664
	63776
	63776
	63776
	66592
	66592
	68808
	68808

	
[image: image15.wmf]TBS

I


	
[image: image16.wmf]PRB

N



	
	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
	51024
	52752
	52752
	55056
	55056
	55056
	55056

	29
	52752
	52752
	52752
	55056
	55056
	55056
	57336
	57336
	57336
	59256

	30
	55056
	55056
	57336
	57336
	57336
	59256
	59256
	59256
	61664
	61664

	31
	57336
	59256
	59256
	59256
	61664
	61664
	61664
	63776
	63776
	63776

	32
	59256
	61664
	61664
	63776
	63776
	63776
	66592
	66592
	66592
	68808

	33
	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
	57336
	59256
	59256
	59256
	61664
	61664
	61664
	63776

	29
	59256
	59256
	61664
	61664
	61664
	63776
	63776
	63776
	66592
	66592

	30
	61664
	63776
	63776
	63776
	66592
	66592
	66592
	68808
	68808
	68808

	31
	66592
	66592
	66592
	68808
	68808
	68808
	71112
	71112
	71112
	73712

	32
	68808
	68808
	71112
	71112
	71112
	73712
	73712
	75376
	75376
	76208

	33
	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
	63776
	66592
	66592
	66592
	68808
	68808
	68808
	71112

	29
	66592
	68808
	68808
	68808
	71112
	71112
	71112
	71112
	73712
	73712

	30
	71112
	71112
	71112
	73712
	73712
	73712
	75376
	76208
	76208
	76208

	31
	73712
	75376
	75376
	76208
	76208
	78704
	78704
	78704
	81176
	81176

	32
	76208
	78704
	78704
	78704
	81176
	81176
	81176
	84760
	84760
	84760

	33
	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
	71112
	71112
	73712
	73712
	73712
	75376
	75376
	76208
	76208

	29
	73712
	75376
	76208
	76208
	76208
	78704
	78704
	78704
	81176
	81176

	30
	78704
	78704
	78704
	81176
	81176
	81176
	81176
	84760
	84760
	84760

	31
	81176
	81176
	84760
	84760
	84760
	84760
	87936
	87936
	87936
	87936

	32
	84760
	87936
	87936
	87936
	87936
	90816
	90816
	90816
	93800
	93800

	33
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896


Table 5: Additional one-layer to two-layer TBS translation table for 256QAM
	TBS_L1
	TBS_L2

	76208
	152976

	78704
	157432

	81176
	161760

	84760
	169544

	87936
	175600

	90816
	181656

	93800
	187712

	97896
	193768


Table 6: Additional one-layer to three-layer TBS translation table for 256QAM
	TBS_L1
	TBS_L3

	76208
	230104

	78704
	236160

	81176
	245648

	84760
	254328

	87936
	266440

	90816
	275376

	93800
	284608

	97896
	290664


Table 7: Additional one-layer to four-layer TBS translation table for 256QAM
	TBS_L1
	TBS_L4

	76208
	305976

	78704
	314888

	81176
	324336

	84760
	339112

	87936
	351224

	90816
	363336

	93800
	375448

	97896
	387560
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