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Introduction
To detect an error event for code blocks, a CRC (cyclic redundancy check) is commonly used. In many communications systems, CRC is an essential technique to justify if the received data is clean, even though it induces an overhead due to CRC bits. However, since some channel codes based on a parity-check matrix like LDPC codes have a self-error-detection capability, they can reduce the overhead to detect an error event. 
[bookmark: _GoBack]If the data size is small, a rate loss due to CRC is sufficiently large, therefore, its negative effect is not negligible. In the contribution, we briefly introduce a performance degradation due to the rate loss and propose that we should consider rate loss effect when selecting a suitable channel code scheme for short packet data services.  
Rate Loss Due to CRC Overhead
1 
2 
We assume that CRC-16 is used and the code length () is fixed as 512 and 1024, respectively. To evaluate the effect of CRC overhead, we study the capacity loss between the schemes with and without CRC-concatenation, in terms of SNR [dB]. If we define the code rate by  (where  is code block size), the capacity loss can be defined by 

Here, Capacity() means the minimum required SNR for error free transmission at code rate X, i.e., Shannon limit for code rate . 
In the case of polar code, some CRC bits can be used for error-correction. Therefore, the capacity loss may be reduced. However, since FAR (False Alarm Rate) may be worse, instead of the coding gain, we assume that CRC is only used for error detection for fair comparison. 
In Figures 1 and 2, we depict the capacity curves for the cases with/without CRC over QPSK modulation. If  is sufficiently large, e.g., larger than a few hundreds, the rate loss between  and  may be negligible. However, as show in Figures 1 and 2, if  is a few tens and CRC-16 is adopted, the capacity loss is about 1 ~ 2 dB. 
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Figure 1. Capacity loss due to the rate loss in terms of SNR ()
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Figure 2. Capacity loss due to the rate loss in terms of SNR ()

Observation 1: For small code block sizes, the capacity loss due to CRC overhead may not be negligible. Especially, if the code block size is a few tens and CRC-16 is adopted, the capacity loss is about 1 ~ 2 dB.

In general, CRC overhead can be reduced, while maintaining the performance for error detection. For example, LDPC codes can reduce the CRC overhead since LDPC codes have a self-error-detection capability. When the code block size is small, this advantage is more highlighted. 
Consequently, if we select a suitable channel coding scheme for short length data scenarios, we should consider the negative effect due to CRC overhead. In other words, the best performed channel coding scheme could be supporting the minimum required SNR for the same target block error rate and FAR

Proposal 1: The rate loss due to CRC overhead should be considered to select a suitable channel code scheme for short-length data services. 

Observations and Proposals 
In this contribution, we present the following observations and proposal: 

Observation 1: For small code block sizes, the capacity loss due to CRC overhead may not be negligible. Especially, if the code block size is a few tens and CRC-16 is adopted, the capacity loss is about 1 ~ 2 dB.
 
Proposal 1: The rate loss due to CRC overhead should be considered to select a suitable channel code scheme for short-length data services.
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