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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 (upto 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 upto eight layer transmission, and UL MIMO, etc. This contribution discusses the transport block 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. This is an update of [3]. Related contributions are [2][4].

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 component 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 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 simply 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, it is proposed to reuse the Rel-8 mechanism to obtain additional transport block sizes necessary to complete the three and four layer TBS determination. The new TBSes were obtained by rounding three times the one-layer TBS (i.e. 3 x TBS_L1) to the nearest transport block that is aligned with the QPP sizes (with single code block segment). The same procedure is performed for four layers and only sizes greater than Rel-8 maximum TBS of 149776 are kept. This allows the new TBSes to be aligned with desired MCS while also reducing the padding overhead. The additional set of 31 TBSes between 149776 and [300000] obtained by above mechanism is shown below. This set has a padding overhead of around 0.5%~ 4.8% which is similar to the Rel-8 levels. 
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The new additional set of TBSes is added to the Rel-8 TBS values and further used to determine the three and four layer TBSes as described below. Note that the largest TBS value (299856) may have to be modified to reflect any adjustments to the data rates in the new UE categories as discussed below . As proposed in [2], the final TBS table may have to be further refined to match the peak data rates for different bandwidths. 

The largest TBS as proposed above is 299856 bits, which is the number of useful information bits. With transport block CRC (24 bits) and code block CRC (49 x 24 bits), the number of bits is 299856 + 24 + 49*24 = 301056.  As described in Section 2.2, this largest TBS is utilized for four-layer transmission on a single component carrier. Thus, for two component carriers, with eight-layer transmission on each component carrier, the total number of useful information bits is 2 x 2 x 299856 = 1199424  ~ 1.199 Gbps, which is very close to the targeted 1.2 Gbps. On the other hand, if the CRC overhead is included as part of the information, the data rate becomes 2 x 2 x 301056 = 1204224 ~ 1.204 Gbps, larger than the 1.2 Gbps target.  Thus, the transport block sizes designed in this document almost reach and possibly exceed (depending on the definition) the peak ITU data rates. However, if the data rate is to be defined as excluding CRC overhead, the largest TBS value (299856) and perhaps the highest MCS in the MCS design has to be revisited to conform with the peak data rates. The next highest TBS ≥ 300,000 is 302776 which is obtained with 50 code blocks and size 6080, the corresponding size with CRC overhead is 302776 + 51*24 = 304000. 
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) and also using a single-layer TBS to two-layer TBS mapping.
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) entry of Table 7.1.7.2.1-1, which is then translated into TBS_L3 using the mapping rule shown in Table. 

It is proposed to extend the same mechanism to Rel-10. 
2.2.1 TBS determination for Transport blocks mapped to three-layers 
· For
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) entry of Table 7.1.7.2.1-1, which is then translated into TBS_L3 using a mapping rule shown in one-layer to three-layer TBS mapping Table 1. 
Table 1. One-layer to three-layer TBS translation table (yellow indicate repeated TBS_L3 values)
	TBS_L1
	TBS_L3
	TBS_L1
	TBS_L3
	TBS_L1
	TBS_L3
	TBS_L1
	TBS_L3

	1032
	3112
	2664
	7992
	8248
	24496
	26416
	78704

	1064
	3240
	2728
	8248
	8504
	25456
	27376
	81176

	1096
	3240
	2792
	8248
	8760
	26416
	28336
	84760

	1128
	3368
	2856
	8504
	9144
	27376
	29296
	87936

	1160
	3496
	2984
	8760
	9528
	28336
	30576
	90816

	1192
	3624
	3112
	9144
	9912
	29296
	31704
	93800

	1224
	3624
	3240
	9528
	10296
	30576
	32856
	97896

	1256
	3752
	3368
	9912
	10680
	31704
	34008
	101840

	1288
	3880
	3496
	10296
	11064
	32856
	35160
	105528

	1320
	4008
	3624
	10680
	11448
	34008
	36696
	110136

	1352
	4008
	3752
	11064
	11832
	35160
	37888
	115040

	1384
	4136
	3880
	11448
	12216
	36696
	39232
	119816

	1416
	4264
	4008
	11832
	12576
	37888
	40576
	119816

	1480
	4392
	4136
	12576
	12960
	39232
	42368
	128496

	1544
	4584
	4264
	12960
	13536
	40576
	43816
	133208

	1608
	4776
	4392
	12960
	14112
	42368
	45352
	137792

	1672
	4968
	4584
	13536
	14688
	43816
	46888
	142248

	1736
	5160
	4776
	14112
	15264
	45352
	48936
	146856

	1800
	5352
	4968
	14688
	15840
	46888
	51024
	152976

	1864
	5544
	5160
	15264
	16416
	48936
	52752
	157432

	1928
	5736
	5352
	15840
	16992
	51024
	55056
	165216

	1992
	5992
	5544
	16416
	17568
	52752
	57336
	171888

	2024
	5992
	5736
	16992
	18336
	55056
	59256
	177816

	2088
	6200
	5992
	18336
	19080
	57336
	61664
	185728

	2152
	6456
	6200
	18336
	19848
	59256
	63776
	191720

	2216
	6712
	6456
	19080
	20616
	61664
	66592
	199824

	2280
	6712
	6712
	19848
	21384
	63776
	68808
	205880

	2344
	6968
	6968
	20616
	22152
	66592
	71112
	214176

	2408
	7224
	7224
	21384
	22920
	68808
	73712
	221680

	2472
	7480
	7480
	22152
	23688
	71112
	75376
	226416

	2536
	7480
	7736
	22920
	24496
	73712
	
	

	2600
	7736
	7992
	23688
	25456
	76208
	
	


The one-layer TBS (TBS_L1) to three layer TBS translation table (Table 1) results in three-layer transport block sizes between 3112 and 226416. The lowest TBS_L1 value is obtained from the (
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) of one layer TBS table and the highest value is the highest one-layer TBS value. The table entries are obtained by plain rounding of 3 x TBS_L1 to the nearest transport block within the TB set. It results in some duplicates i.e. two different (adjacent) one-layer transport block sizes map to the same three-layer transport block sizes (as highlighted in yellow). Similarly there are some transport block sizes that do not map to three-layers (i.e do not appear in the TBS_L3 column). These missing transport block sizes (between the lowest and highest TBS_L3 values) are as follows: [12216 
17568
75376
124464
149776
151376
161760
169544
175600
181656
187712
195816
203704
211936
220296]. It is possible to replace some of the duplicate entries with the missing transport block sizes whenever possible though in some cases it is not possible to remove all the duplicates. For example, the table can be modified further as follows:

· TBS_L1 = 40576 can be mapped to 124464 instead of 119816, and 

· TBS_L1 = 5992 can be mapped to 17568 instead of 18336
2.2.2 TBS determination for Transport blocks mapped to four-layers 
· For
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) entry of Table 7.1.7.2.1-1, which is then translated into TBS_L4 using the mapping rule shown in one-layer to four-layer TBS mapping Table 2. 
Table 2. One-layer to four -layer TBS translation table (yellow indicate repeated TBS_L4 values)
	TBS_L1
	TBS_L4
	TBS_L1
	TBS_L4
	TBS_L1
	TBS_L4
	TBS_L1
	TBS_L4

	776
	3112
	2280
	9144
	7224
	29296
	24496
	97896

	808
	3240
	2344
	9528
	7480
	29296
	25456
	101840

	840
	3368
	2408
	9528
	7736
	30576
	26416
	105528

	872
	3496
	2472
	9912
	7992
	31704
	27376
	110136

	904
	3624
	2536
	10296
	8248
	32856
	28336
	115040

	936
	3752
	2600
	10296
	8504
	34008
	29296
	115040

	968
	3880
	2664
	10680
	8760
	35160
	30576
	124464

	1000
	4008
	2728
	11064
	9144
	36696
	31704
	128496

	1032
	4136
	2792
	11064
	9528
	37888
	32856
	133208

	1064
	4264
	2856
	11448
	9912
	39232
	34008
	137792

	1096
	4392
	2984
	11832
	10296
	40576
	35160
	142248

	1128
	4584
	3112
	12576
	10680
	42368
	36696
	146856

	1160
	4584
	3240
	12960
	11064
	43816
	37888
	151376

	1192
	4776
	3368
	13536
	11448
	45352
	39232
	157432

	1224
	4968
	3496
	14112
	11832
	46888
	40576
	161760

	1256
	4968
	3624
	14688
	12216
	48936
	42368
	169544

	1288
	5160
	3752
	15264
	12576
	51024
	43816
	175600

	1320
	5352
	3880
	15264
	12960
	51024
	45352
	181656

	1352
	5352
	4008
	15840
	13536
	55056
	46888
	187712

	1384
	5544
	4136
	16416
	14112
	57336
	48936
	195816

	1416
	5736
	4264
	16992
	14688
	59256
	51024
	203704

	1480
	5992
	4392
	17568
	15264
	61664
	52752
	211936

	1544
	6200
	4584
	18336
	15840
	63776
	55056
	220296

	1608
	6456
	4776
	19080
	16416
	66592
	57336
	230104

	1672
	6712
	4968
	19848
	16992
	68808
	59256
	236160

	1736
	6968
	5160
	20616
	17568
	71112
	61664
	245648

	1800
	7224
	5352
	21384
	18336
	73712
	63776
	254328

	1864
	7480
	5544
	22152
	19080
	76208
	66592
	266440

	1928
	7736
	5736
	22920
	19848
	78704
	68808
	275376

	1992
	7992
	5992
	23688
	20616
	81176
	71112
	284608

	2024
	7992
	6200
	24496
	21384
	84760
	73712
	293736

	2088
	8248
	6456
	25456
	22152
	87936
	75376
	299856

	2152
	8504
	6712
	26416
	22920
	90816
	
	

	2216
	8760
	6968
	28336
	23688
	93800
	
	


The one-layer to four layer TBS translation table results in four-layer transport block sizes between 3112 and 299856.  The lowest TBS_L1 value is obtained from the (
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) of one layer TBS table and the highest value is the highest one-layer TBS value.The table entries are obtained by plain rounding of 4 x TBS_L1 to the nearest transport block within the TB set. It results in some duplicates i.e. two different (adjacent) one-layer transport block sizes map to the same four-layer transport block sizes (as highlighted in yellow). Similarly there are some transport block sizes that do not map to four-layers (i.e do not appear in the TBS_L4 column). These missing transport block sizes (between the lowest and highest TBS_L4 values) are as follows: [12216
 27376
52752
75376
119816
149776
152976
165216
171888
177816
185728
191720
199824
205880
214176
221680
226416]. It is possible to replace some of the duplicate entries with the missing transport block sizes. For example, the table can be modified further as follows:

· TBS_L1 = 29296 can be mapped to 119816 instead of 115040, and 

· TBS_L1 = 12960 can be mapped to 52752 instead of 51024
Next, the largest coding rate associated with the highest MCS is examined. 

Figures 1 and 2 show the effective coding rate for the highest MCSes (MCS index 28 and MCS index 29) for three and four layer transport block size mapping as a function of the number of resource blocks (PRBs) as defined by the above tables. Figure 1 assumes MBSFN subframe (no CRS in the PDSCH region), 1 CRS port, 8 DRS ports and one control symbol, while Figure 2 shows the coding rates for normal subframes, 1 CRS port, 8 DRS ports and one control symbol.  The number of available REs per RB is calculated as 14 x 12 – PCFICH x 12 – nDRMS_REs – nCRS_REs_PDSCHRegion, and assuming PCFICH = 1, nDMRS_REs = 24. The nCRS_REs_PDSCHRegion = 0 for MBSFN subframes and 6 for normal subframes.

Figure 1 indicates that the highest MCS coding rate is around 0.962, which is larger than the 0.93 threshold assumed in Rel-8. Thus, it is proposed to modify the coding rate threshold value or remove it altogether in Rel-10 while also verifying the turbo decoding performance. 

Figure 2 shows that the highest MCS coding rates approach 1 and higher, indicating that either uncoded transmissions or other means such as redefining the last row of the MCS table as in [4] (i.e. redefine the TBS for the highest MCS for normal subframes) can be used.
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Figure 1. Coding Rate for the MCS28 and MCS29 as a function of PRB allocation for 3-layer and 4-layer TBS. The coding rate is calculated as number of TBS + CRC bits divided by the number of physical channel bits.  An MBSFN subframe with 1 CRS port, eight DRS ports and N=1 ctrl symbol is assumed. 
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Figure 2. Coding Rate for the MCS28 and MCS29 as a function of PRB allocation for 3-layer and 4-layer TBS. The coding rate is calculated as number of TBS + CRC bits divided by the number of physical channel bits.  A normal subframe with 1 CRS port, eight DRS ports and N=1 ctrl symbol is assumed. 

3
Conclusions

The following simple extension of Rel-8 mechanism is proposed for Rel-10 TBS mapped to three-layer and four-layer. It is further proposed to agree on the one-layer to three-layer TBS translation table and one-layer to four-layer TBS translation table presented in this paper. 
TBS determination for Transport blocks mapped to three-layers 
· For
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) entry of Table 7.1.7.2.1-1, which is then translated into TBS_L3 using a mapping rule shown in one-layer to three-layer TBS mapping Table 1. 
TBS determination for Transport blocks mapped to four-layers
· For
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) entry of Table 7.1.7.2.1-1, which is then translated into TBS_L4 using the mapping rule shown in one-layer to four-layer TBS mapping Table 2. 
It is further proposed to modify the coding rate threshold in the 36.213 specification that allows the UE to skip decoding from 0.93 to a higher value (e.g. 0.965) while verifying the turbo decoding performance. 
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Appendix

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


_1272283217.unknown

_1347643805.unknown

_1347646186.unknown

_1347692422.unknown

_1347822292.unknown

_1347822299.unknown

_1347822549.unknown

_1347646324.unknown

_1347646195.unknown

_1347643825.unknown

_1347643873.unknown

_1347643891.unknown

_1347643816.unknown

_1272273310.unknown

