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1. Introduction
In RAN1 #88b meeting, following agreement was made [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 about the length reduction of TB and CB CRC.
2. Discussion
At the last meeting, the number of bits for TB-level CRC is agreed as 24 bits for TBs larger than a threshold around 512 bits. Thus, in this contribution, we discuss the number of bits for TB-level CRC for short length TBs.
Figure 1 shows the false alarm rate (FAR) of parity check according to information size (K) for various code rates (R). LDPC codes in [2] is used to obtain the FAR. Figure 1 shows that FAR decreases as information size increases for a given code rate and FAR increases as code rate increases for a given information size of K. In figure 1, there are some fluctuation on the slop of FAR because the number of shortened bits is changed according to information size.
Observation 1: FAR decreases as information size increases for a given code rate and FAR increases as code rate increases for a given information size of K.
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Figure 1. False Alarm Rate (FAR) according to information size (K) and code rate (R)

 In 3GPP LTE, the minimum TB size supported by the TBS table is changed according to code rate. Table 1 shows the minimum TB size of various code rates obtained from the TBS table in 3GPP LTE. In this TBS table, the minimum TB size is decreased as code rate decreases. Thus, it is not straight forward whether the FAR of 2/3 code rate and 160 information size is lower than the FAR of 8/9 code rate and 640 information size or not. From figure 1, we can see that the FAR of 2/3 code rate and 160 information size is similar with that of 8/9 code rate and 640 information size each other and is about 10-3. Also, we can see that the FAR of 1/5 code rate and 56 information size is higher than that of 8/9 code rate and 640 information size. However, if base graph or TBS table is changed, the performance gap of the FARs can be changed because the exact value of the FAR depends on the base graph and information size. Thus, it would be beneficial that the exact size of TB-level CRC for short length TBs should be determined after not only LDPC codes design but also TBS table are agreed.
 Note: The maximum FAR of parity check is about 1.8810-3, which is obtained for the case of 1/5 code rate and 56 information size. Thus, at most 9 bits reduction of TB-level CRC is possible because of -log2(0.00188)9. It means that TB-level CRC can be reduced as 15 bits by using parity check of LDPC codes. This value can be changed according to base graph and the minimum TBS size.
Table 1. Minimum TB size of each code rate obtained from TBS table of 3GPP LTE
	Code rate
	8/9
	2/3
	1/3
	1/5

	Minimum TB size
	616
	136
	56
	32

	Minimum Information
(TB+24bit CRC)
	640
	160
	80
	56



Proposal 1: Not only LDPC codes design but also TBS table should be considered to determine the exact size of TB-level CRC for TBs less than a threshold (e.g. around 512).

CB-level CRC is attached only when a TB is segmented into CBs. The minimum segmented TB size is Kmax+1 where Kmax is the maximum information size of LDPC codes. In this case, the size of one CB is Kmax/2+1 and the size of the other CB is Kmax /2. Thus, when a TB is segmented and CB-level CRC is attached, the minimum CB size is Kmax /2. Since the FAR tends to decrease as information size decreases, the maximum bit size of CB-level CRC should be obtained considering the FAR of Kmax /2 CB size.
Note: At the last meeting, Kmax is agreed as 8448, which gives that Kmax /2=4224. From the LDPC code in [2], the FAR of 4224 information bits and 8/9 code rate is approximately obtained as 5.910-6. Thus, at most 18 bits reduction of TB-level CRC is possible because of -log2(5.910-6)18. It means that CB-level CRC can be reduced as 6 bits by using parity check of LDPC codes. This value can be changed according to base graph.
Proposal 2: The maximum size of CB-level CRC should be determined considering information size of Kmax /2 as a reference point.

3. Conclusion
[bookmark: _GoBack]In this contribution, our observation and proposals are as follows:
Observation 1: FAR decreases as information size increases for a given code rate and FAR increases as code rate increases for a given information size of K.
Proposal 1: Not only LDPC codes design but also TBS table should be considered to determine the exact size of TB-level CRC for TBs less than a threshold (e.g. around 512).
Proposal 2: The maximum size of CB-level CRC should be determined considering information size of Kmax /2 as a reference point.
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