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1	Introduction
In Ran1 #87 meeting, LDPC was selected as the coding scheme of eMBB data. As the next steps of eMBB channel coding discussions, it would be better to start focusing on other aspects of transmitter chain. In this contribution, we highlight error detection features of LDPC codes and how it could be used in eMBB data. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Code block CRC attachment
The code block CRC attachment generally discussed together with code segmentation mechanism. We provide some initial discussions on code segmentation in [1]. However, the following CRC attachment procedure is not only limited to the proposed segmentation principles in [1]. Here, we propose separate discussions when segmentation provides single CB and multiple CBs for a given transport block (TB). 
2.1	Three-tier error detection for eMBB
In LTE, we have two-tier error detection with turbo codes. There, 24 bit CRC is attached to the TB, and the code segmentation happens with each CB appended by 24 bit CRC. CB CRC is required to facilitate early termination at the decoder when CBs are in error. In [2], the authors showed that LTE turbo codes have an error floor when less than 24 bits of CRC is used for the error detection. 
In eMBB high throughput implementation, we may use pipelined processing to limit memory overhead, reduce the latency of the decoding, and provide fast ACK/NACK feedback. In such cases, early termination of CBs which are parallelized may not possible even one CB found with errors. Therefore, having CRC per each CB may create additional overhead and may not be useful in many cases. In contrast, LDPC codes have inbuilt error detection feature which could provide error detection even the parallelized CBs and may use to improve overall error detection capability of the system. A detailed investigation of error detection capability for LDPC codes is provided in [3]. 

Observation 1: LTE like CRC attachment may not be suitable when parallelized processing is used for decode the CBs. 

Observation 2: LDPC codes itself support error detection and can be used to improve the overall performance by reducing CRC overhead. 

Having motivated with these observations, we propose CRC attachment procedure as given in Figure 1.





Figure 1: CRC attachment for eMBB larger transport block sizes 

In Figure 1, LDPC code blocks have inbuilt error detection feature that can be used at the CB level error detection and stop criteria. The second level of error detection happens at CB group (CBG) level, which is with L2 CRC bits. And, the CB number in one CBG is related with hardware structure, i.e. parallel pipeline number. Finally, TB level L1 CRC bits facilitate the last level of error detection. In Summary, this method facilitates following aspects, 
· Provide three tiers of error detection. First with LDPC parity check, second with CBG CRC check. Last with TB level CRC check. This increases the overall reliability of error detection with less overhead bits. 
· Facilitates code block group level HARQ feedback 
· Provide efficient CRC attachment with parallel decoding capabilities 
· L1 and L2 are determined based on the required error detection capabilities of the coding system. L1 = L2 = 24 may support higher error detection capability than in LTE with much less overhead owning to LDPC parity checking ability and CRC only at CBG level. 
When the receiver is only capable of doing serial processing, it has to inform to the transmitter via RRC signalling, the size of the CBG can be limited to a single CB. This guarantees CRC bits per each CB. However, with LDPC the required CRC bits depends on the operating BLER target and much less than 24 bits.

Proposal 1: Three tier error detection method shall be supported in eMBB data, and Ran1 shall investigate required CRC bits to append in TB (L1 <= 24) and CBGs (L2 <= 24). 

2.2	Error detection for eMBB short blocks
It is well understood that the low throughput eMBB users will operate with a single CB. In [3], we highlighted that when the CB size is small, the CRC bits makes a huge difference on the coding gain that we can achieve with LDPC codes. Here, we propose CRC requirements for shorter block sizes of eMBB data. 

As highlighted above, LDPC inherent error detection (parity check) provides some level of error detection for coding scheme. However, the false alarm rate depends on the code rate and SNR point that code operates. For example, when 10% BLER target is required, false alarm rate of LDPC is very good, and the number additional CRC bits required to provide much lower FAR is lower compared to the 1% target BLER scenario. To clarify this further, we provide Figure 1, the FAR and MR of the parity check is examined with operating SNR. The FAR increases with SNR, in other terms to achieve given BLER target, and MR decreases with the SNR. Overall, all coding rates have a similar behaviour.  
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Figure 1: LDPC parity check FAR and MR versus SNR for several code rates with info block = 100 bits

It is evident that LDPC requires a lower number of CRC bits, and it depends on the BLER target. We recommend CRC bits as in Table 1 to consider with LDPC codes at short block sizes region. 
Table 1: CRC bits depending on BLER targets
	BLER
	Additional CRC bits (to have 24 CRC bit equivalent error detection) 

	10%
	16

	1%
	18



In practice, the number of CRC bits used in the transmission can be determined as follows.  
1. Static configuration: Number of CRC bits (the polynomial) is fixed per user and defined by the target BLER of the transmission. 
2. Semi-static or dynamic configuration: CRC bits can be changed per user depending on the QoS requirement. This is quite similar to the link adaptation, where we now have different CRC bits if the operating BLER target varies with the time for a given user.

Proposal 2: For the cases, where 10% BLER is sufficient, 16 CRC bits is required for LDPC codes. When 1% BLER is required, 18 CRC bits should be used with LDPC codes.   

3	Conclusion
Observation 1: LTE like CRC attachment may not be suitable when parallelized processing is used for decode the CBs. 

Observation 2: LDPC codes itself support error detection and can be used to improve the overall performance by reducing CRC overhead. 

Proposal 1: Three tier error detection method shall be supported in eMBB data, and Ran1 shall investigate required CRC bits to append in TB (L1 <= 24) and CBGs (L2 <= 24). 

Proposal 2: For the cases, where 10% BLER is sufficient, 16 CRC bits is required for LDPC codes. When 1% BLER is required, 18 CRC bits should be used with LDPC codes.   
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