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1 Introduction
To support the 100M+ bps peak data rate, features that enable pipelining receiver operations have been proposed, e.g., QPP turbo interleaver, and code block based rate matching. These features enable receiver designs that can greatly improve hardware utilization, significantly reducing hardware complexity and cost. 

In this contribution, we propose to add code block CRC to improve the pipelining capability of the receiver. We show that by introducing code block CRC we can reduce the decoding complexity and minimize decoding latency and buffering. We also propose to keep the transport block CRC to maintain the same error detection capability as Rel 6. 
2 Decode transmissions with multiple code blocks
2.1 Code block CRC and transport block CRC
The proposed encoding chain is shown in Figure 1. A code block CRC is attached to every code block after the code block segmentation. 
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Figure 1. Adding per code block CRC in the encoding chain

In transmissions with multiple code blocks, the receiver will NAK the transmission as long as one of the code blocks is in error. By introducing code block CRC, the decoder can stop decoding after one code block is in error, thus saving power that could have been wasted in decoding the rest of the code blocks. From a power saving perspective, an 8-bit code block CRC, which gives a miss detection rate of 0.4%, will be sufficient. Note that even if a miss detection occurs, the only negative impact is the receiver will proceed to decode the rest of the code blocks and waste the decoding power with 0.4% of probability.
On the other hand, the 24-bit transport block CRC is used for error detection for the whole transport block. It gives a miss detection rate of 6(10-8. Note that the transport block CRC is a better way to protect against miss detection than code block CRC, even if the code block CRC is 24-bit long. If the transport block CRC is removed, a miss detection in any code block CRC will cause a transport block error. For example, with 16 24-bit code block CRC and no transport block CRC, the miss detection rate is 16(6(10-8 ( 1(10-6, significantly worse than the miss detection of 6(10-8of a transport block CRC. 
An alternative, if further power saving is desired, a slightly longer code block CRC can be used, say, 12-bit, which gives a miss detection rate of 2.4(10-4. In this case, the code block CRC can be used for early-stopping of the iterative decoding per code block. This design also enables statistic multiplexing of decoding capacity among the code blocks. This can reduce the average needed number of decoding iterations at the peak rate case, which directly translates into reduction of hardware complexity. 
2.2 Channel coding considerations for MIMO transmissions
In a multi-codeword MIMO transmission, two MIMO codewords are transmitted, each of which carries multiple code blocks and a 24-bit CRC. For each MIMO codeword, the CRC is applied to the whole MIMO codeword, i.e., all the code blocks in the MIMO codeword. For illustration purpose, let’s assume there are two code blocks in each codeword, with code block 1 transmitted in OFDM symbol 0 – 7 and code block 2 transmitted in OFDM symbol 8 - 13. As shown in Figure 2, we can start decoding of code block 1 in CW 1 immediately after demodulation of modulation symbols in OFDM symbol 0 - 7. By doing so, the demodulation of code block 2 can be done in parallel with the decoding of code block 1. In addition, with the help of this CRC, we can cancel the interference from CW1 to CW2 by successive interference cancellation. 
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Figure 2. Transport block CRC creates extra waiting time for MMSE-SIC for MCW-MIMO
The parallel processing capability can be significantly enhanced by adding a short, say, 8-bit, CRC to each code block. With the per-code-block CRC, we can cancel the interference from CW1 to CW2 in block 1 and start decoding of block 1 of CW2 immediately after the decoding of code block 1 of CW1. By doing so, the demodulation of block 2 in CW1, the decoding of block 1 in CW1, the successive interference cancellation, the demodulation of block 2 in CW2, and the decoding of block 1 in CW2 can all be processed paralleled in one way or another. 
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Figure 3. Code block CRC enables parallel processing that reduces decoding time for MCW-MIMO
As shown in Figure 3, we can save a full subframe in the decoding time line, which can transfer into significant buffer saving and lower delay for HARQ transmissions. In addition, the overhead is very small as the 8-bit CRC is only added for multiple code blocks, which will only occur when the code block size is greater than 3072 bits. In other words, the maximum overhead due to the 8-bit CRC is less than 0.25%. 
3 Conclusion
In this contribution, we propose to add an 8-bit CRC for each code block. The 8-bit code block CRC can reduce the UE power consumption and enhance the pipelining capability of the decoding chain, especially for SIC receivers. A 12-bit code block CRC provides additional power saving and reduce decoding hardware complexity by allowing statistic multiplexing of decoding iterations among multiple code blocks. We also pointed out that removing transport block CRC could result in N times increase of miss detection rate of transport block error, where N is the number of code blocks in the transport block.
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