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1
Introduction

In RAN1#62, some progress was made on UE categories, and new UE categories were specified for Rel-10 [1] (See Annex A for the additional UE categories defined for Rel-10). The new UE categories include support for larger data rates (up to ~1.2 Gbps on DL and ~600 Mbps on UL) that are achieved by means of the Rel-10 features including carrier aggregation, DL MIMO with up to eight layer transmission, and UL MIMO, etc. This contribution discusses the transport block (TB) size determination aspect for the various features (DL, UL, etc) including TBs mapped to three and four layers targeted towards data rates for the new UE categories. 

2
Discussion

For DL MIMO in Rel-10, the highest UE category requires supporting a DL data rate of ~1.2 Gbps. This data rate is achieved via carrier aggregation (two 20 MHz carriers) and relying on eight layer transmission within each carrier. Thus, a TB may be mapped to three or four layers. Therefore, it is necessary to specify a mechanism for transport block size determination for a TB mapped to three or four layers to be included in TS 36.213. Currently, the largest TBS defined in Rel-8 is 149776, which is used for a TBS mapped to two layers. An additional set of TBSes in the range between 149776 and [300000] (in square brackets similar to the new UE category data rates) is required. These are to be used for the three and four layer TBSes at larger resource allocations and MCS values. 

In Rel-8, the TBSes at the higher end (beyond 75376) were obtained by doubling (to reflect two-layer TBS) the TBS values between 37788 and 75376 and adjusting the resultant values to account for padding overhead (kept between 1 and 5%), the CRC overhead, and QPP size alignment (one code block segment size for a TB), and the achievable peak data rates. The TBS values also took into account the maximum coding rate value of 0.93 above which a UE may skip decoding the transport block though still sending a NACK feedback.

2.1 Additional Transport block sizes for Rel-10

For Rel-10, for three and four layer transport block sizes, additional TBSes would need to be defined in the range between 149776 and [300000], while adjusting for the CRC overhead and QPP size alignment. The block sizes should be defined to keep spacing between adjacent TBSes at Rel-8 levels (0.5~5%) or lower. Once the new additional sizes are defined, the Rel-8 one-layer to two-layer TBS translation scheme can be reused for defining new three- and four-layer TBSes. Note that the  TBS values and/or the Rel-8 maximum coding rate decoding threshold of 0.93 can be refined to reflect any adjustments to the data rates for different bandwidths in the new UE categories and the ITU data rate requirements (as proposed in [2]).
2.2 TBS mapped to three and four layers

The Rel-8 mechanism for determining TBS for a TB mapped to two layers was specified as follows. The main idea was to reuse the TBS/MCS tables as much as possible (i.e. by modifying table lookup by scaling the number of PRB pairs (
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) for smaller PRB values) and also using a single-layer TBS to two-layer TBS mapping for larger PRB values. It is proposed to extend the same mechanism to Rel-10. The Rel-8 TBS determination for a TB mapped to two layers mechanism consisted of the following: 
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) entry of Table 7.1.7.2.1-1, which is then translated into TBS_L2 using the mapping rule shown in Table (See Annex B). 

For three-layer TBS determination (nL=3) , for 
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 between 1 and 36, the three-layer TBS is obtained by looking up the one-layer TBS table with  
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  i.e. by scaling the number of PRBs with the number of layers prior to one-layer TBS lookup. Since the one-layer TBS is limited to only 110 RBs, the three-layer TBS determination via RB scaling falls outside the scope of the lookup table when 
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 is greater than 36. Therefore, a one-layer TBS to a three-layer TBS translation table is used for such cases.  

TBS determination for Transport blocks mapped to three-layers  :  
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) entry of Table 7.1.7.2.1-1, which is then translated into TBS_L3 using a mapping rule in a one-layer to three-layer TBS mapping  (Details of the Table FFS)
The four-layer TBS determination is similar to the three-layer case although the threshold is 27 PRBs. 
TBS determination for Transport blocks mapped to four-layers 
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) entry of Table 7.1.7.2.1-1, which is then translated into TBS_L4 using the mapping rule in a one-layer to four-layer TBS mapping  (Details of the Table FFS)
3
Conclusions

The following simple extension of Rel-8 mechanism is proposed for Rel-10 TBS mapped to three-layer and four-layer. 
TBS determination for Transport blocks mapped to three-layers 
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TBS determination for Transport blocks mapped to four-layers 
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Annex A

New Rel-10 UE categories ([1] R1-105095)

New Rel-10 UE categories

	UE category
	Max. Data rate

(DL / UL)

(Mbps)
	DL
	UL

	
	
	Max. num.of DL-SCH TB bits
per TTI
	[Max. num. of DL-SCH 
bits 

per TB

per TTI]
	Total num. of soft channel bits
	Max. num. of UL-SCH TB bits per TTI
	[Max. num. of UL-SCH bits
per TB

per TTI] 
	Support for 64QAM 

	Category 6
	DL 300 Mbps / 

UL 50 Mbps
	[299552]
	[TBD]
	[3667200]
	[51024 ]
	[TBD]
	No

	Category 7
	DL 300 Mbps /  UL 150 /100 Mbps
	[299552]
	[TBD]
	[TBD]
	[150752/
102048 (Up-to RAN4)]
	[TBD]
	Yes/No

(Up-to RAN4)

	Category 8
	DL [1200] Mbps / 

UL[600] Mbps
	[1200000]
	[TBD]
	[TBD]
	[600000]
	[TBD]
	Yes


Annex B

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
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