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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. 
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 codeblock. 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. 
3 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 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. 
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