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1	Introduction
In Ran1 #88bis meeting, an agreement was made on attaching 24 CRC bits for the TB when the TB is larger than a threshold. However, the threshold was not agreed. In particular, agreement in Ran1 #88bis is [1], 

Agreement:
· Number of bits for TB-level CRC is: LTB,CRC =24 bits, at least for TBs larger than a threshold (e.g. around 512 bits)
· FFS the value of LTB,CRC for TBs smaller than the threshold, and the value of the threshold (0 is not precluded)
· If a TB is segmented into 2 or more CBs after code block (CB) segmentation,
· CB-level CRC is applied, i.e., CRC bits are attached to each code block individually (as in LTE)
· Number bits for CB-level CRC is: 0 < LCB,CRC <= 24 bits
· Exact value(s) LCB,CRC are to be agreed after base graph(s) are agreed, taking into account inherent LDPC PC capability
· FFS whether for a code block group (CBG) containing 2 or more CBs but not all CBs of the TB, any additional CRC bits are attached to the CBG
· To be decide after decision on the value(s) of LCB,CRC 

In this contribution, we discuss the CRC attachment for smaller TBS and CB level.  
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Discussion
2.1	CRC attchement for Smaller TBS
In previous Ran1 meetings, it was discussed that the majority of uplink and downlink traffic operate with the smaller TB sizes and good performance is important. Also, the transmission resources are limited, and the number of info bits and CRC bits decides the code rate that the transmission operates. In [2], we investigate the impact of CRC bits on the effective code rate, where we observed that CRC bits make a significant change in the effective code rate up to 1000 bits.        Reducing CRC overhead helps to improve the performance, but it should be done without sacrificing the error detection capability of the TB. LDPC codes are capable of providing an extra support on the error detection that can eventually reduce the CRC overhead.
We also evaluated different code rates and the impact of the code rate on the FAR performance. As we observed in [2], FAR increases with code rate. Also, LDPC inherent error detection improves with the block size. Based on these observations we see that LDPC has roughly 8 bit CRC equivalent error detection capability at 100 info block size for all code rates at 10% BLER operations. As CRC length of L provides error detection with FAR = 2-L, overall FAR after parity check + CRC check would be around 2-L+8. We know that LTE CRC provides FAR = 2-24 FAR and this results that L can be 16. There can be different observations for larger block sizes but we prefer to have byte aligned CRC attachment with well know CRC polynomial.  In LTE, CRC length of 16 uses gCRC16(D) = D16 + D12 + D5 + 1 polynomial and it seems to be a good choice for shorter TBS. 
Proposal 1 : Number of bits for TB-level CRC is: LTB,CRC =16 bits, for TBs less than or equal to 1008 bits. 
Proposal 2 : Cyclic generator polynomial for smaller TBS can be gCRC16(D) = D16 + D12 + D5 + 1.

2.2	CRC attchement for code blocks
TB will be segmented into multiple code blocks when they are larger than the maximum supported code block size, 8448 bits. When determining the size of the CB CRC for LDPC, it would be good to check why LTE included such a CRC attachment per CB level. 
CB level CRC can be used for the following. 
· To support early termination. 
· It is important to save the energy and reduce latency by stopping the decoding process when one or few CBs which are decoded first are in error. 	
· Reduce number of iterations used to decode a given CB. If CRC is passed after certain iterations, it is not required to continue decoding until the end of max iteration number. 
· Generate Nack when the at least one CB fails the CRC check. 
· Prevent decoding the correctly decoded CBs in the retransmission stages. 

However, CB CRC is not used to get the Ack bit for the TB in LTE. CB CRC is already used for many other purposes like early termination at each iteration [3]. This lowers the FAR of the CRC attached to a CB. Overall, it is not possible to support fixed FAR (e.g. 2 -24). 

It has found that parity check provides more than 8 CRC bit equivalent FAR. Sometimes it could be much better with the larger CBS and may depend on the code rates. With 16 bit CRC length, NR LDPC codes can easily reach a FAR requirement that is provided by the LTE turbo code blocks with 24 CRC bits. But, as CBG level CRC is not agreed and CBG level error detection should be now only supported by the CB level CRC, extra CRC bits are needed. Considering these aspects, we think that 24 bits CRC should be appended to a CB to provide good error detection for CBG and CB level. 
When base graph #2 is used, we think that segmentation should use 2560 as the maximum block size. As TB sizes may not be large when using BG#2, CBG may not be that useful. 16 bit CRC length for CB level should be sufficient in such cases. 

[bookmark: _GoBack]Proposal 3: When TB is segmented into 2 or more CBs after code block (CB) segmentation, the number bits for CB-level CRC is LCB,CRC = 24 bits for BG#1 and LCB,CRC = 16 bits for BG#2. 

3	Conclusion
In this contribution, we discussed the required CRC bits for smaller TB sizes and CB when TB is segmented in to multiple CBs, and we have following proposals. 
Proposal 1 : Number of bits for TB-level CRC is: LTB,CRC =16 bits, for TBs less than or equal to 1008 bits. 
Proposal 2 : Cyclic generator polynomial for smaller TBS can be gCRC16(D) = D16 + D12 + D5 + 1.
 
Proposal 3: When TB is segmented into 2 or more CBs after code block (CB) segmentation, the number bits for CB-level CRC is LCB,CRC = 24 bits for BG#1 and LCB,CRC = 16 bits for BG#2. 
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