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Introduction
The Uplink Capacity Enhancements for LTE Work Item [1] specifies the introduction of 256QAM support for the PUSCH. The support of 256QAM shall be specified in a generic manner for both licensed and unlicensed spectrum. Focus of the work should be specific to the support of small cell deployments or deployments with eNB with many receive antennas. We provided our input in [2] and [3] toward the objective of 
· Introduce new MCS table and signaling to support 256QAM in UL [RAN1]
The essential features of the design were agreed in RAN1 #84b [4]:
Agreements:
· The minimum TBS index for 16QAM is 11
· The minimum TBS index for 64QAM is 20
· The minimum TBS index for 256QAM is 30
· 3 entries are reserved for retransmissions
· The number of PUSCH MCS entries to support 256QAM is down-selected between
· Alt 1: 6
· Alt 2: 5
· Alt 3: 4
Agreements:
· Reference number of REs available in PUSCH for UL 256QAM TBS design is 144 REs/PRB
· The maximum coding rate for PUSCH with 256QAM should not exceed 0.931
· FFS whether or not to introduce new TBS index(es) for PUSCH with 256QAM
· Companies are encouraged to submit evaluations to RAN1#85
We discuss design principles for new UL 256QAM MCS entries in [5]. In this document, we provide further specific TBS designs supporting Rel-14 PUSCH 256QAM MCS table.
TBS Design for Rel-14 UL 256 QAM
TBS design principle
In Rel-12, the 36x110 TBS table for one spatial layer is populated with 186 unique transport block sizes (TBS). 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. In total, there are 237 unique TBS defined in Rel-12. 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 36x110=2970 TBS to only 186 TBS in the one layer table is achieved by allowing the actual code rate to deviate from the target code rate within a 4% band (the last MCS bounded by no more than 0.931 code rate). This is for example shown in Figure 1 for the Rel-8 64QAM MCS 17-28 and Rel-12 256QAM MCS 20-27.
Observation
By allowing the actual code rate to deviate from the target code rate within a 4% band, there are in total 237 unique TBS defined in Rel-12 enabling efficient TBS table storage.
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Figure 1 Code rate inaccuracy in percentage for Rel-8 DL 64QAM and Rel-12 DL 256QAM.
TBS design for single-layer UL 256QAM
Based on extensive analysis presented in [5], two new TBS rows with the following target code rates are identified for Rel-14 256QAM UL support:
	TBS
Index
	Modulation
Order
	r x 1024
	SE

	34
	8
	829.5417
	6.4808

	35
	8
	948.0000
	7.4063



By allowing deviation from the target code rates within a band of 4% inaccuracy, the 2x110 TBS can be designed without introducing any new TBS for UL 256QAM one spatial layer support, as given in Table 1. The peak data rate in Table 1 is set by the largest TBS for NPRB = 100 according to Rel-8 LTE design principles. Actual code rates and code rate inaccuracy in percentages is shown in Figure 2. The highest actual code rate for TBS 35 is 0.9306. The TBS 35 code rate for 100 PRB is 0.920. It can be seen in the figure that the deviation is within a band of 4% similar to the designs for Rel-8 and Rel-12 DL.
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[bookmark: _Ref378926567]Figure 2 Actual code rate and code rate inaccuracy in percentage for Rel-14 UL 256QAM.
Proposal 1
By allowing deviation from the target code rate within a band of 4%, the new TBS rows as provided in Table 1 can be designed without introducing any new transport block sizes for one spatial layer UL 256QAM support in Rel-14.
[bookmark: _Ref378926054]Table 1 Two new TBS rows for UL 256QAM support
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	34
	904
	1864
	2792
	3752
	4584
	5544
	6456
	7480
	8248
	9144

	35
	1032
	2088
	3112
	4264
	5160
	6200
	7224
	8504
	9528
	10296

	[image: ]
	[image: ]

	
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	34
	10296
	11064
	12216
	12960
	14112
	14688
	15840
	16416
	17568
	18336

	35
	11448
	12576
	13536
	14688
	15840
	16992
	17568
	19080
	19848
	20616
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	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	34
	19848
	20616
	21384
	22152
	22920
	24496
	25456
	26416
	27376
	27376

	35
	22152
	22920
	24496
	25456
	26416
	27376
	28336
	29296
	30576
	31704
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	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	34
	28336
	29296
	30576
	31704
	32856
	32856
	34008
	35160
	36696
	36696

	35
	32856
	34008
	35160
	35160
	36696
	37888
	39232
	39232
	40576
	42368
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	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	34
	37888
	39232
	40576
	40576
	42368
	42368
	43816
	43816
	45352
	46888

	35
	42368
	43816
	45352
	46888
	46888
	48936
	48936
	51024
	51024
	52752
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	51
	52
	53
	54
	55
	56
	57
	58
	59
	60

	34
	46888
	48936
	48936
	51024
	51024
	52752
	52752
	52752
	55056
	55056

	35
	52752
	55056
	55056
	57336
	57336
	59256
	59256
	61664
	61664
	63776
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	61
	62
	63
	64
	65
	66
	67
	68
	69
	70

	34
	57336
	57336
	59256
	59256
	59256
	61664
	61664
	63776
	63776
	63776

	35
	63776
	63776
	66592
	66592
	68808
	68808
	71112
	71112
	71112
	73712
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	71
	72
	73
	74
	75
	76
	77
	78
	79
	80

	34
	66592
	66592
	68808
	68808
	68808
	71112
	71112
	73712
	73712
	73712

	35
	75376
	76208
	76208
	78704
	78704
	78704
	81176
	81176
	81176
	84760
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	81
	82
	83
	84
	85
	86
	87
	88
	89
	90

	34
	75376
	76208
	76208
	78704
	78704
	78704
	81176
	81176
	81176
	84760

	35
	84760
	84760
	87936
	87936
	87936
	90816
	90816
	93800
	93800
	93800
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	91
	92
	93
	94
	95
	96
	97
	98
	99
	100

	34
	84760
	84760
	87936
	87936
	87936
	87936
	90816
	90816
	90816
	93800

	35
	93800
	97896
	97896
	97896
	97896
	101840
	101840
	101840
	105528
	105528
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	101
	102
	103
	104
	105
	106
	107
	108
	109
	110

	34
	93800
	93800
	93800
	97896
	97896
	97896
	97896
	101840
	101840
	101840

	35
	105528
	105528
	105528
	105528
	105528
	105528
	105528
	105528
	105528
	105528



TBS design for four-layer UL 256QAM
To support 256QAM transport blocks mapped to four-layer spatial multiplexing layers, a new table needs to be designed for one-layer to two-layer translation for TBS = 101840 and 105528. Allowing mapping inaccuracy of ±0.44%, the additional one-layer to two-layer mappings can be supported without introducing new TBS, as given in Table 2. The code rate for 211936 is 0.9236.
[bookmark: _Ref378764503][bookmark: _Ref378764496]Table 2 TBS mapping table for one-layer to two-layer
	TBS_L1
	TBS_L2

	101840
	203704

	105528
	211936



Proposal 2:
One-layer to two-layer TBS mapping is proposed in Table 2. No new TBS needs to be introduced.
Conclusion
Based on extensive analysis presented in this document, we make the following observation and proposals.
Observation
By allowing the actual code rate to deviate from the target code rate within a 4% band, there are in total 237 unique TBS defined in Rel-12 enabling efficient TBS table storage.
Proposal 1
By allowing deviation from the target code rate within a band of 4%, the new TBS rows as provided in Table 1 can be designed without introducing any new transport block sizes for one spatial layer UL 256QAM support in Rel-14.
Proposal 2:
One-layer to two-layer TBS mapping is proposed in Table 2. No new TBS needs to be introduced.
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