3GPP TSG RAN WG1 Meeting #50 
R1-073504
Athens, Greece, August 20 – 24, 2007
Agenda Item:
7.3
Source: 
LG Electronics
Title:
On the consideration of CRC attachment
Document for:
Discussion and Decision
1 Introduction
Since RAN WG1 #49bis meetings in Orlando, it has been proposed to add CRC per code block as a candidate for CRC attachment method in LTE. Also, it has been introduced that code block CRC can reduce decoding latency even with the SIC receiver thereby leading to power saving at UE. In this contribution, we summarize the benefits of code block CRC with more detailed description. In section 3, we introduce a simple modification of the current code block segmentation rule in [1] considering code block CRC. Finally, the conclusion is made in section 4.
2 Code block CRC attachment
In transmission with multiple code blocks, when CRC is attached per transport block, the entire code blocks in the transport block should be decoded in order to check the transport block is in error. However, when code block CRC is applied, if one code block is in error, the decoding of subsequent code blocks can be stopped and it means that the transport block is in error. Hence, code block CRC can reduce decoding complexity and minimize decoding latency, lead to power saving at UE.
On the other hand, the additional CRC bits per code block are overhead compared to transport block CRC. However, considering the current code block segmentation rule, the minimum code block size is always greater than 3K. Therefore, even though 24-bit CRC per code block is adopted, the additional overhead is less than 1%.

In this regard, we propose to adopt code block CRC in LTE.

3 Modification of code block segmentation
If code block CRC is adopted, the transport block is segmented into multiple code blocks then a CRC is attached to each code block. Figure 1 shows the block diagram of code block CRC.
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Figure 1. Block diagram of code block CRC
The current code block segmentation rule can not be directly used for code block CRC because it does not consider the number of CRC bits per code block. However the current code block segmentation rule can be applied to code block CRC with simple modification. In the following sub-section, we introduce the modified code block segmentation rule and CRC attachment with the minimum change.
3.1 The number of code blocks

In the calculation of the number of code blocks, the number of CRC bits per code block should be considered because total number of CRC bits may increase the number of code blocks. For example, in the case of transport block CRC, if the input size of code block segmentation B is 12288, total number of code block C is 2 because the maximum size of code block Z is 6144. Also, the size of each code block is 6144. However, in the case of code block CRC, if the number of parity bits L is 24, the size of each code block will be 6168 after code block CRC attachment. It means that the size of each code block is longer than Z. Therefore, total number of code blocks C should be 3 in order to guarantee that the size of each code block does not always exceed Z.

The number of code blocks can be calculated as follows
Total number of code blocks C:
 if  (B / Z( ㆍL + B  >  (B / Z(ㆍZ


C = (B / Z( + 1

else



C = (B / Z(
In order to reuse the calculation methods [1] of the segmentation size K+ and K-, the number of  segments C+ and C- and the number of filler bits F, the input size B’ which includes total number CRC bits should be used instead of the input size B. B’ is calculated as follows

B’ = B + CㆍL

3.2 Code block determination

When the input bit sequence b0, b1, b2, …, bB-1 is allocated to code blocks, it should be considered that the segmentation size K+ or K- includes L-bit CRC, where B is the size of the transport block. For the first code block, F filler bits are added in the beginning and Kr-L-F input bits are allocated in order. For each code block, except first code block, Kr-L input bits are allocated in order.  The bits output from code block segmentation, for C≠0, are denoted by Or0, Or1, Or2, …, Or(Kr-L-1), where r is the code block number, Kr is the number of bits for the code block number r, and L is the number of parity bits.

for k = 0 to F-1



O0k = 0

end for


k = F


s = 0


for r = 0 to C-1



if r < C-



Kr = K-


else




Kr = K+


end if



while k < Kr - L




Ork = bs



k = k + 1




s = s + 1



end while



k = 0


end for

3.3 CRC attachment

Each code block is used to calculate the parity bits for each code block. The parity bits are generated by one of the cyclic generator polynomials described in [1]. CRC attachment for each code block shall be done as follows
Ork = Ork                     ; k = 0, 1, 2, …, Kr-L-1

Ork = P(L-1-(k-(Kr-L)))       ; k = Kr-L, Kr-L+1, Kr-L+2, …, Kr-1 (= Kr-L+L-1)
4 Conclusion
In this contribution, we discussed the benefits of code block CRC. Code block CRC can reduce decoding complexity and minimize decoding latency, lead to power saving at UE. In this regard, we propose to adapt code block CRC in LTE. Also, to support code block CRC, we introduced the modified code block segmentation rule which can be well applied to it.
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