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1 Introduction
LTE-Advanced has a target peak data rate of 1 Gbps for the downlink (DL) as compared to 100 Mbps for LTE.  In order to support such high data rates, DL spatial multiplexing with up to eight layers is designed for LTE-Advanced (see 3GPP TR 36.814 V9.0.0 [1]), where a Transport Block (TB) can be transmitted over up to four spatial layers. In contrast, in LTE DL spatial multiplexing with up to four layers is available, where a TB can be transmitted over up to two layers.  Therefore TB sizes for transmission over 3 and 4 layers are needed to support the downlink transmission of LTE-A. 
In this contribution complete TB size tables for three-layers and four-layers are provided. In this contribution, the design for the highest MCS level (ITBS = 26) abide by the Rel-8 constraint of not exceeding effective code rate 0.93. However, this means that the peak spectral efficiency is slightly lower than the target of 30 bps/Hz. To reach this target, it may be necessary to allow the UE receives transmission without turbo coding (i.e., code rate 1.0) without automatically sending an NACK.
2 TB sizes for higher order MIMO
As specified in LTE-Advanced, in the DL single user spatial multiplexing, up to two TB can be transmitted to a scheduled User Equipment (UE) in a subframe per DL component carrier.  Each TB is assigned its own modulation and coding scheme. 
With an increase in the number of supported layers for DL spatial multiplexing in LTE-Advanced, the codeword-to-layer mapping is upgraded to accommodate the larger number of layers (maximum of eight as opposed to four).  The table for codeword-to-layer mapping for greater than four layers and the case of mapping one codeword to three or four layers are shown in Table 1 (see TR 36.814[1]).
Table 1 Codeword-to-layer mapping for above four layers and the case of mapping one codeword to three or four layers
	Number of layers
	Number of code words
	Codeword-to-layer mapping
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Table 1  (ctd) Codeword-to-layer mapping for above four layers and the case of mapping one codeword to three or four layers
	Number of layers
	Number of code words
	Codeword-to-layer mapping
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Table 1 shows that one codeword may be mapped to three or four layers when the total number of layers is 5-8 or for the case of retransmission with one codeword mapped to three or four layers. Thus the three-layer TB sizes and four -layer TB sizes need to be introduced. 

2.1 TB-size Design Guidelines
Several factors should be taken into consideration in designing the three-layer TB sizes, including: 
· Firstly, the three-layer TB sizes should be defined so that the code block sizes, with TB CRC bits and code block CRC bits attached, are aligned with QPP sizes for turbo codes. 
· Secondly, the three-layer TB sizes are about three times one-layer TB sizes with adjustment given for CRC bits.  
· Thirdly, most three-layer TB sizes occur in the one-layer TBS table and the two-layer TBS table, thus providing the desired flexibility in (re)transmission scheduling.  
· Finally, since the UE may skip decoding a TB in an initial transmission if the effective code rate is higher than 0.930, the effective code rates should be smaller than 0.930 [3, Section 7.1.7]. In particular, attention should be given to the modulation and coding scheme (MCS) of highest spectral efficiency, i.e., ITBS = 26.
For the design of the four-layer TB sizes, the guidance is similar to the design of the three-layer TB sizes with some adjustments for four layers. For example, the four-layer TB sizes should be about two times two-layer TB sizes or four times one-layer TB sizes while taking CRC bits into consideration.
As mentioned, it is important to check the effective code rate to avoid the UE not decoding the code block. To be able to calculate it, the appropriate assumption of system configurations for five to eight layers should be taken, which includes the size of DL control region and the size of reference signals. The assumption is taken so that the TB size table is invariant of parameters such as control region size and antenna configuration. In LTE (Rel-8), the effective code rate is calculated based on the system configurations where one OFDM symbol is used for control and the REs are taken out for common reference signals (CRS) of four antenna ports [2]. For LTE-A (Rel-10), one OFDM symbol for control and DM-RS for eight antenna ports of system configurations can be assumed for the calculation of the effective code rate. Finally, the CRS in LTE should also be considered for the calculation of the effective code rate. 
For example, a scheme for the design of three-layer TB sizes is given below.

3 Three -Layer TB sizes 
Assuming one OFDM symbol is used for the control region, eight REs per RB for LTE cell-specific RS (i.e., one antenna port for cell-specific RS), and 24 REs per RB for demodulation reference signals, the effective code rate can be calculated as follows:
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In equation (1), TBS denotes the transport block size, 
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 denotes the number of codeblocks in the transport block, 
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 denotes the number of spatial layers that the TB is mapped to, 
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Q

denotes the modulation order which can be obtained from the MCS table. In the numerator of equation (1), the two instances of 24 refer to the length-24 codeblock-level CRC, and the length-24 TB-level CRC, respectively. In the denominator of equation (1), 168 is the total number of REs in a RB assuming a normal cyclic prefix; 10 is the number of REs for downlink control in a RB; 8 is the number of REs for LTE cell-specific reference signals assuming one antenna port; and 24 is the number of DM-RS in a RB. Equation (1) will be used to calculate the effective code rates in the transport block size design. Note that equation (1) ignores the scenario where a TB is composed of a single CB, and only considers the scenario where a TB is composed of multiple CBs. This is acceptable since most TB sizes have multiple CBs when it is mapped to multiple layers.
For ITBS = 26, the DL target spectral efficiency is 5.55, which is a combination of 64-QAM with code rate 0.9250. With REs taken out for RS and control region, it is found that the effective code rate of a TB mapped to three layers is higher than 0.930 if the ITBS = 26 sizes in the one-layer TBS table are scaled three times. Therefore, the three-layer TB sizes can be divided into two parts in design:
i)
For 0 ( ITBS ( 25, the three-layer TB sizes are three times one-layer TB sizes in principle with some adjustment given for CRC bits.

a) For 1 ( NPRB ( 36, where
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) entry of the one-layer TBS table;
b) For 37 ( NPRB ( 110, a TB_L1 to TB_L3 translation table is defined for each unique TB_L1 size in the 37-110 columns of the one-layer TBS table. 

1. For 37 ( NPRB ( 110 and 0 ( ITBS ( 25, a TB_L1 to TB_L3 translation table is defined for each unique TB_L1 size in the 37-110 columns of the one-layer TBS table.  A baseline TBS_L1 is taken from the (
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) entry of the one-layer TBS table, then 3(TBS_L1 is compared with all entries of the one-layer and two-layer TBS table, and the most adjacent entry will be chosen as TBS_L3.  When there are two entries that are equidistant from 3(TBS_L1, one value may be chosen from the two based on considerations such as the effective code rates, data rate and times of occurrence, and so on.  Overall, there are 12 TBS_L1 values which have two equidistant entries in the one-layer and two-layer TBS table.  These 12 TBS_L1 values are 2280, 2536, 2792, 2984, 3112, 3240, 3368, 3496, 3624, 3752, 3880 and 4008.  In Table 2 the larger TBS_L3 entry is chosen for these 10 TBS_L1 values (underscored in Table 2). 
2. Furthermore, some 3(TBS_L1 are larger than all the entries in the one-layer and two-layer TBS table, there are 10 entries which do not have the adjacent entries in the one-layer and two-layer TBS table that can be used as TBS_L3.  These TBS_L1 values are 51024, 52752, 55056, 57336, 59256, 61664, 63776, 66592, 68808, and 71112.  For these entries, three-layer TB sizes are three times of TBS_L1 with some adjustment given for CRC bits and should be aligned with QPP sizes for turbo codes.  The 10 entries of TBS_L1 and their corresponding TBS_L3 are shown boldfaced in Table 2.
ii)
For ITBS = 26, new three-layer TB sizes are determined so that the effective code rate is 0.930 or slightly lower. Taking the NPRB range of 1 ( NPRB ( 36 as an example, many of the effective code rates are found to be higher than 0.930 if the (
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) entry of the one-layer TBS table is used.  The effective code rates here are calculated based on Equation (1), with Nlayer=3 and Qm=6 (64-QAM). For example, when the one-layer TBS is equal to 13536 and NPRB is 6, the effective code rate would be an unacceptable value of 1.002.  
a) In Table 3, new three-layer transport block sizes table is shown for 
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and ITBS = 26.   The TB sizes are all taken from existing one layer TBS table to maximize reuse.
b) In Table 4, new three-layer transport block sizes table is shown for 
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and ITBS = 26. TB sizes from TBS_L2 (Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table in TS 36.213) are reused as much as possible. Otherwise, TB sizes are freshly designed. 
Table 2: One-layer to three-layer TBS translation table with 37 ( NPRB ( 110 and 0 ( ITBS ( 25.
	TBS_L1
	TBS_L3
	TBS_L1
	TBS_L3
	TBS_L1
	TBS_L3

	1032 
	3112
	3752
	11448
	16992
	51024

	1064 
	3240
	3880
	11832
	17568
	52752

	1096
	3240
	4008
	12216
	18336
	55056

	1128
	3368
	4136
	12576
	19080
	57336

	1160
	3496
	4264
	12960
	19848
	59256

	1192
	3624
	4392
	12960
	20616
	61664

	1224 
	3624
	4584
	13536
	21384
	63776

	1256 
	3752
	4776
	14112
	22152
	66592

	1288 
	3880
	4968
	14688
	22920
	68808

	1320
	4008
	5160
	15264
	23688
	71112

	1352 
	4008
	5352
	15840
	24496
	73712

	1384 
	4136
	5544
	16416
	25456
	76208

	1416 
	4264
	5736
	16992
	26416
	78704

	1480 
	4392
	5992
	18336
	27376
	81176

	1544 
	4584
	6200
	18336
	28336
	84760

	1608 
	4776
	6456
	19080
	29296
	87936

	1672 
	4968
	6712
	19848
	30576
	90816

	1736 
	5160
	6968
	20616
	31704
	93800

	1800 
	5352
	7224
	21384
	32856
	97896

	1864
	5544
	7480
	22152
	34008
	101840

	1928 
	5736
	7736
	22920
	35160
	105528

	1992 
	5992
	7992
	23688
	36696
	110136

	2024 
	5992
	8248
	24496
	37888
	115040

	2088 
	6200
	8504
	25456
	39232
	119816

	2152 
	6456
	8760
	26416
	40576
	119816

	2216 
	6712
	9144
	27376
	42368
	128496

	2280 
	6968
	9528
	28336
	43816
	133208

	2344 
	6968
	9912
	29296
	45352
	137792

	2408 
	7224
	10296
	30576
	46888
	142248

	2472
	7480
	10680
	31704
	48936
	146856

	2536 
	7736
	11064
	32856
	51024
	154104

	2600 
	7736
	11448
	34008
	52752
	157432

	2664 
	7992
	11832
	35160
	55056
	165216

	2728 
	8248
	12216
	36696
	57336
	171888

	2792 
	8504
	12576
	37888
	59256
	177816

	2856 
	8504
	12960
	39232
	61664
	185728

	2984 
	9144
	13536
	40576
	63776
	191720

	3112 
	9528
	14112
	42368
	66592
	199824

	3240 
	9912
	14688
	43816
	68808
	205880

	3368
	10296
	15264
	45352
	71112
	214176

	3496
	10680
	15840
	46888
	
	

	3624
	11064
	16416
	48936
	
	


Table 3: Three-layer transport block sizes table with 
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and ITBS = 26.
	ITBS

	NPRB

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	26
	2024
	4136
	6200
	8248
	10296
	12216
	14112
	16416
	18336
	20616


	ITBS

	NPRB

	
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	26
	22920
	24496
	26416
	29296
	30576
	32856
	35160
	36696
	39232
	40576


	ITBS

	NPRB

	
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	26
	43816
	45352
	46888
	48936
	51024
	52752
	55056
	57336
	59256
	61664


	ITBS

	NPRB

	
	31
	32
	33
	34
	35
	36

	26
	63776
	66592
	68808
	71112
	71112
	75376


Table 4: Three-layer transport block sizes with 
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and ITBS = 26.
	ITBS

	NPRB

	
	37
	38
	39
	40

	26
	76208
	78704
	81176
	81176


	ITBS

	NPRB

	
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	26
	84760
	84760
	87936
	90816
	90816
	93800
	97896
	97896
	101840
	101840


	ITBS

	NPRB

	
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60

	26
	105528
	105528
	110136
	110136
	115040
	115040
	115040
	119816
	119816
	119816


	ITBS

	NPRB

	
	61
	62
	63
	64
	65
	66
	67
	68
	69
	70

	26
	124464
	124464
	128496
	128496
	133208
	133208
	133208
	142248
	142248
	146856


	ITBS

	NPRB

	
	71
	72
	73
	74
	75
	76
	77
	78
	79
	80

	26
	146856
	146856
	152976
	152976
	152976
	152976
	160032
	160032
	160032
	167752


	ITBS

	NPRB

	
	81
	82
	83
	84
	85
	86
	87
	88
	89
	90

	26
	167752
	167752
	173744
	173744
	173744
	179736
	179736
	179736
	185728
	185728


	ITBS

	NPRB

	
	91
	92
	93
	94
	95
	96
	97
	98
	99
	100

	26
	185728
	191720
	191720
	191720
	197712
	197712
	197712
	203704
	203704
	209696


	ITBS

	NPRB

	
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110

	26
	209696
	209696
	214176
	214176
	214176
	214176
	221680
	221680
	221680
	221680


4 Four -Layer TB sizes 

Similar to the three-layer TB sizes, the four-layer TB sizes can be designed as follows.
i)
For 0 ( ITBS ( 55, the four-layer TB sizes are four times one-layer TB sizes in principle with some adjustment given for CRC bits.

a) For 1 ( NPRB ( 55 and 0 ( ITBS ( 25, where 55=110/2, the four-layer TB sizes are given by the (
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) entry of the two-layer TBS table TBS_L2.  
b) For 56 ( NPRB ( 110 and 0 ( ITBS ( 25, a TB_L2 to TB_L4 translation table, as shown in Table 5, is defined for each unique TB_L2 size in the 56-110 columns of the two-layer TBS table. Note that the (TBS_L1, TBS_L2) relationship is repeated from existing definition in TS36.213.  While the smaller TBS_L1 values can find TBS_L4 values in existing TBS_L1 and TBS_L2 tables, the larger TBS_L1 values need newly designed TBS_L4 (boldfaced). TBS_L1 of {73712, 75736} are not provided with a corresponding TBS_L4 because they are for ITBS =26 in the one layer table.
ii)
For ITBS = 26, the four-layer TB sizes are determined so that the effective code rate is 0.930 or slightly lower.
a) The TB sizes for 1 ( NPRB ( 55 and ITBS = 26 is shown in Table 6. All the TBS values in Table 6 are chosen from the existing values for the one-layer and the two-layer TBS tables.
b) The TB sizes for 55 ( NPRB ( 110 and ITBS = 26 is shown in Table 7. As usual, existing TBS is reused whenever possible while fresh values are introduced where necessary.
Table 5: Two-layer to four-layer TB sizes translation table with 55 ( NPRB ( 110 and 0 ( ITBS ( 25.
	TBS_L1
	TBS_L2
	TBS_L4 
	TBS_L1
	TBS_L2
	TBS_L4 

	1544
	3112
	6200
	3752
	7480
	14688

	1608
	3240
	6456
	3880
	7736
	15264

	1672
	3368
	6712
	4008
	7992
	15840

	1736
	3496
	6968
	4136
	8248
	16416

	1800
	3624
	7224
	4264
	8504
	16992

	1864
	3752
	7480
	4392
	8760
	17568

	1928
	3880
	7736
	4584
	9144
	18336

	1992
	4008
	7992
	4776
	9528
	19080

	2024
	4008
	7992
	4968
	9912
	19848

	2088
	4136
	8248
	5160
	10296
	20616

	2152
	4264
	8504
	5352
	10680
	21384

	2216
	4392
	8760
	5544
	11064
	22152

	2280
	4584
	9144
	5736
	11448
	22920

	2344
	4776
	9528
	5992
	11832
	23688

	2408
	4776
	9528
	6200
	12576
	25456

	2472
	4968
	9912
	6456
	12960
	25456

	2536
	5160
	10296
	6712
	13536
	27376

	2600
	5160
	10296
	6968
	14112
	28336

	2664
	5352
	10680
	7224
	14688
	29296

	2728
	5544
	11064
	7480
	14688
	29296

	2792
	5544
	11064
	7736
	15264
	30576

	2856
	5736
	11448
	7992
	15840
	31704

	2984
	5992
	11832
	8248
	16416
	32856

	3112
	6200
	12576
	8504
	16992
	34008

	3240
	6456
	12960
	8760
	17568
	35160

	3368
	6712
	13536
	9144
	18336
	36696

	3496
	6968
	14112
	9528
	19080
	37888

	3624
	7224
	14688
	9912
	19848
	39232


	TBS_L1
	TBS_L2
	TBS_L4 
	TBS_L1
	TBS_L2
	TBS_L4 

	10296
	20616
	40576
	28336
	57336
	115040

	10680
	21384
	42368
	29296
	59256
	119816

	11064
	22152
	43816
	30576
	61664
	124464

	11448
	22920
	45352
	31704
	63776
	128496

	11832
	23688
	46888
	32856
	66592
	133208

	12216
	24496
	48936
	34008
	68808
	137792

	12576
	25456
	51024
	35160
	71112
	142248

	12960
	25456
	51024
	36696
	73712
	146856

	13536
	27376
	55056
	37888
	76208
	152976

	14112
	28336
	57336
	39232
	78704
	157432

	14688
	29296
	59256
	40576
	81176
	161760

	15264
	30576
	61664
	42368
	84760
	169544

	15840
	31704
	63776
	43816
	87936
	175600

	16416
	32856
	66592
	45352
	90816
	181656

	16992
	34008
	68808
	46888
	93800 
	187712

	17568
	35160
	71112
	48936
	97896 
	195816

	18336
	36696
	73712
	51024
	101840
	203704

	19080
	37888
	76208
	52752
	105528
	211936

	19848
	39232
	78704
	55056
	110136
	220296

	20616
	40576
	81176
	57336
	115040
	230104

	21384
	42368
	84760
	59256
	119816
	239656

	22152
	43816
	87936
	61664
	124464
	248272

	22920
	45352
	90816
	63776
	128496
	257016

	23688
	46888
	93800 
	66592
	133208
	266440

	24496
	48936
	97896 
	68808
	137792
	275608

	25456
	51024
	101840
	71112
	142248
	284608

	26416
	52752
	105528
	73712
	146856
	N/A

	27376
	55056
	110136
	75376
	149776
	N/A


Table 6: Four-layer TB sizes table with 1 ( NPRB ( 55 and ITBS = 26.
	ITBS

	NPRB

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	26
	2728
	5544
	8248
	11064
	13536
	16416
	19080
	22152
	24496
	27376


	ITBS

	NPRB

	
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	26
	30576
	32856
	35160
	37888
	40576
	43816
	46888
	48936
	52752
	55056


	ITBS

	NPRB

	
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	26
	57336
	59256
	63776
	66592
	68808
	71112
	75376
	76208
	81176
	81176


	ITBS

	NPRB

	
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	26
	84760
	87936
	90816
	93800
	97896
	97896
	101840
	105528
	105528
	110136


	ITBS

	NPRB

	
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	26
	110136
	115040
	119816
	119816
	124464
	128496
	128496
	133208
	133208
	137792


	ITBS
	NPRB

	
	51
	52
	53
	54
	55

	26
	142248
	142248
	146856
	149776
	149776


Table 7: Four-layer TB sizes with 55 ( NPRB ( 110 and ITBS = 26.
	ITBS
	NPRB

	
	56
	57
	58
	59
	60

	26
	155768
	159096
	159096
	165216
	165216


	ITBS

	NPRB

	
	61
	62
	63
	64
	65
	66
	67
	68
	69
	70

	26
	169544
	169544
	175600
	175600
	181656
	181656
	181656
	189696
	189696
	195816


	ITBS

	NPRB

	
	71
	72
	73
	74
	75
	76
	77
	78
	79
	80

	26
	195816
	195816
	203704
	203704
	203704
	203704
	214176
	214176
	214176
	224048


	ITBS

	NPRB

	
	81
	82
	83
	84
	85
	86
	87
	88
	89
	90

	26
	224048
	224048
	230104
	230104
	230104
	239656
	239656
	239656
	248272
	248272


	ITBS

	NPRB

	
	91
	92
	93
	94
	95
	96
	97
	98
	99
	100

	26
	248272
	257632
	257632
	257632
	263624
	263624
	263624
	272496
	272496
	278552


	ITBS

	NPRB

	
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110

	26
	278552
	278552
	284608
	284608
	284608
	284608
	296720
	296720
	296720
	296720


5 Conclusions
Due to the introduction of higher order MIMO in the DL, the three-layer TB sizes and the four-layer TB sizes should be designed based on some agreed guidelines. The new TB sizes should be designed based on the following

· The TB sizes should be defined so that the code block sizes, with TB CRC bits and code block CRC bits attached, are aligned with QPP sizes for turbo codes. 
· The TB sizes should be an appropriate multiple of the Release 8 TB sizes with adjustment given for CRC bits.
·  The effective code rates should follow the existing MCS levels based on the one-layer and two-layer TBS size in Rel 8. In addition, the effective code rate should be smaller than 0.930 to avoid the UE not decoding the TB if it is an initial transmission.
· The effective code rate should be calculated according to the appropriate system configuration assumptions. 
It is proposed that the three-layer and four-layer TBS tables in this contribution be adopted.
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