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1	Introduction
In Ran1 #NR Ad-Hoc meeting, discussions on CRC attachment for LDPC formed the following agreement. 
Agreement:
· Before code block segmentation, LTB,CRC bit TB-level CRC are attached to the end of the transport block
· LTB,CRC <=24 bits
· LTB,CRC value is determined to satisfy probability of misdetection of TB error <=10-6
· Inherent error detection of LDPC codes is taken into account in determining the LTB,CRC value

In [1], we proposed that transport block (TB) CRC should be determined together with the CB parity check and CB group (CBG) level CRC attachment by highlighting benefits of three-tier error detection scheme. In this contribution, we further highlight benefits of such error detection method and propose evaluation criteria to determine the best CRC attachment approach for the eMBB data channel. 
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The code block CRC attachment generally discussed together with code segmentation mechanism. We provide some initial discussions on code segmentation in [2]. However, the CRC attachment procedure we presented in [1] is not only limited to the proposed segmentation principles in [2]. 
CRC overhead in the case of having separate CRC per CB is significant when compared to grouping CRC attachment to several CBs, which we refer as CB group (CBG) level CRC attachment. In Figure 1, we provide overhead comparison of having CB level CRC versus CBG level CRC (two cases with 4 and 8 CBs per group). In Ran1 #NR Ad-Hoc, Ran1 had an agreement on maximum CB size (CBS) to be picked around 8192 bits. We use that maximum CBS with LTE 20 MHz transport block size for a higher MCS level to find the number of CBs. With single MIMO layer, it can be around 11 CBs per TB. We also assume bandwidth increase up to 200 MHz and the predicted number of CBs is mentioned in X-axis of Figure 1. The number of CBs can further increase depending on the bandwidth, multi-antenna configuration, and CBS (if lower than maximum) that we use in the segmentation. We assume 16 CRC bits per LDPC CB when CB level CRC is used, and 16 CRC bits is used per each CBG without appending CRC bits to at CB level.

Figure 1: CRC overhead for CB CRC versus CBG CRC.
Benefits of CB-group CRC
· Having multiple levels of error detection (three-tier of error detection) provides more flexibility when providing the same level of reliability as in LTE with much lower CRC overhead. 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. TB level CRC bits facilitate the last level of error detection. This increases the overall reliability of error detection with less overhead bits. 
· When we have multi-bit HARQ feedback, having CBG is the most efficient method to utilize these multiple HARQ bits to provide better performance. This increases the overall throughput as retransmission overhead reduces significantly. Some may question the feasibility of having multiple bits for feedback. It is mainly related to the cases we support larger TBS. When supporting Mbps or Gbps throughputs, we may end-up having very larger transport block sizes. Within such large TB, there can be tens-to-hundreds of CBs and retransmission overhead can increase significantly. As bandwidth allocation for such a TB also large, we have much higher feedback capability than in LTE. Therefore, having multi-bit HARQ feedback is not a significant issue compared to gains that we attain. 
· LTE like CRC attachment may not be suitable when parallelized processing is used for decode the CBs. 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. 
· CBG CRC can improve early termination even for serial processing. In particular, CB level early termination can be supported only with the inherent error detection feature (parity check) [3]. This is important to reduce the number of iteration than fixing the number of iterations at the decoder. Early termination is helpful not only to increase the throughput but also to reduce energy consumption at the decoder. However, early termination should guarantee a good level of reliability and CBG CRC attachment provides an extra level of reliability prior to the TB level CRC check. Early termination related study was carried out in [4] for LTE turbo codes, where a similar study is applicable for LDPC to determine the exact CRC bits.




Figure 2:  CRC attachment for eMBB larger transport block sizes 

Method of determining CRC attachment for eMBB data channel
In order to determine the exact CRC bits that required for TB and CBG level, we may have to follow simple simulation set-up as follows. The different parameters should be evaluated to determine the best approach between CB level or CBG level CRC attachments. Later, further evaluation may be required to determine the exact CRC bits per CBG (if depends on the size of CBG). 






Table 1: Simulation parameters to evaluate CRC attachment

	Channel
	AWGN

	Modulation 
	16 QAM

	CRC attachment for LDPC 
	L1 bit CRC per CB + L3 bit CRC per TB
	L2 bit CRC per CB group + L3 bit CRC per TB 

	CBs per CBG
	1
	X

	Code rate 
	1/2, 3/4

	Decoding algorithm
	Offset Min-Sum

	Iterations
	30 or Early termination with parity check + CRC 
	30 or Early termination with parity check

	CBS (without CRC)
	2048 bits

	TBS (without CRC)
	20000, 80000, 400000, 60000, 800000




In Table I, we propose 2048 bits as the CBS to simply the simulation set-up. Different TBSs are assumed considering various bandwidths operations that we expect in NR eMBB. Companies may propose values for L1, L2, L3, and X to evaluate following metrics to finalize the CRC attachment procedure for the eMBB data channel. 

· CRC overhead comparison when providing similar FAR. 
· False early termination (CB is in error, but CRC or parity check passes) rate. This will make decoder to continue decoding for next CBs. 
· Miss early termination (CB is in correct, but CRC or parity check fails) rate. This will stop decoding, but TB may be having no errors. 

Further discussion is required to identify other parameters that are needed to investigate. 

Proposal 1: Ran1 should investigate CRC attachment to finalize CRC attachment for eMBB data channel.  
 
3	Conclusion
[bookmark: _GoBack]In this contribution, we summarize the importance of three-tier error detection scheme and provide evaluation guidelines to start comparing different solutions.
Proposal 1: Ran1 should investigate CRC attachment to finalize CRC attachment for eMBB data channel.  
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CRC overhead with number of CBs
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