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In RAN1#88bis meeting, following agreements were made [1]: 
· 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 would like to discuss number bits for CB-level CRC by simulation and propose a feasible value. 
CRC attachment
There have been many discussions on CRC attachment in previous RAN1 meetings. A common observation is that the parity check capability of the LDPC code can be used as an early termination indicator and therefore the CB-CRC is not required for the purpose of early termination. But since the parity check capability for integrity check is not sufficient as an integrity check for HARQ-ACK feedback, there must be some kind of CRC to augment the parity check for integrity check for HARQ-ACK feedback. 
We suggest including a CRC at the CB level such that each CB can have sufficient integrity check capability and the receiver can decide whether to store the soft bits at the granularity of CB. The proposed CRC structure is illustrated in Figure 1. 


[bookmark: _Ref477901820][bookmark: _Ref477901809]Figure 1: CRC Structure
Simulation Results
In legacy LTE systems, a CB-level CRC has 24 bits for a turbo coded data code block. Since LDPC codes have inherent parity check capability, it is believed the number bits of a CB-level CRC can be reduced when compared with a turbo code. In order to evaluate how many CRC bits an LDPC parity check provides, several simulations are carried out. 
The simulation settings are, LDPC proposed in [2], CR = 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9, CBS = 40, 100, 400, 1000, 2000, 4000, 8000, and an AWGN channel.  CRC polynomials are 0x9, 0x12, 0x33, 0x65, 0xE7, 0x119, 0x327, 0x5DB, 0x987, 0x1ABF, 0x27CF, 0x4f23, and 0x8D95 for 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 and 16 bits respectively. Figure 2 through show the false detection rate (FDR) performance for a combined CRC and parity check capability.  It shows that the LDPC parity check from [2] combined with a 14-bit CRC can achieve FDR less than 10-6. In fact for CRC lengths larger than 14-bits there was almost no measured false detects, even with a simulated block count in excess of 10 million per SNR point. Therefore, 14-bit CB-level CRC would be feasible for NR LDPC. It was also observed, but not shown in these figures, that for CBS > 1000 the combined LDPC parity check and CRC check produced no false detects even for a CRC length as small as 4-bits. These figures confirm too that for higher code rates, the FDR of a combined LDPC parity check and CRC is higher relative to lower code rates.  Thus the corner case for consideration is small CBS combined with high code rate. In effect the two criteria are at odds with each other. The very corner where one would desire less CRC overhead is the same corner where the need for CRC to maintain good integrity check is highest. This possibly suggests a mid-range CBS switching point for differing CRC lengths. From Figure 15, it shows that 8-bit CRC is enough for CBS = 400.
If the TBS is smaller than 8448, there is only one CB in a TB. To reduce the overhead of CRC for smaller TB, adaptive length for different TBS should be used. Based on the simulation results, we propose length of TB-level CRC can be reduced from 24 to 14 when TBS is less than 100 and length of TB-level CRC can be 8 when TBS when TBS is less than 400. Finer granularity can also be further studied. However, unified length CRC can also be applied if the gain of variable length CRC is not significant.
For CB-level CRC, the CBS can be supposed to be larger than 8448/2. From the simulation results shown in Figure 16, 8 bits CRC is enough for CBS > 4000 and all code rates. The length of CRC can be further reduced, however, we propose 8-bit CRC for byte alignment and UE low implementation complexity. 
[bookmark: _Ref473580147]Proposal 1: LTB,CRC is proposed as 14, if TBS is less than 100. LTB,CRC is proposed as 8, if TBS is between 100 and 400.
Proposal 2: LTB,CRC is proposed as 14, if TBS is less than 100 and gain of variable length CRC is not significant.
Proposal 3: Number bits for CB-level CRC LCB,CRC is proposed as 8 for byte alignment.
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[bookmark: _Ref481796130]Figure 2: FDR performance for CRC=4
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Figure 3: FDR performance for CRC=5
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Figure 4: FDR performance for CRC=6
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Figure 5: FDR performance for CRC=7
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Figure 6: FDR performance for CRC=8
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Figure 7: FDR performance for CRC=9
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Figure 8: FDR performance for CRC=10
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Figure 9: FDR performance for CRC=11
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Figure 10: FDR performance for CRC=12
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Figure 11: FDR performance for CRC=13
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Figure 12: FDR performance for CRC=14
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Figure 13: FDR performance for CRC=15
[image: ]Figure 14: FDR performance for CRC=16
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Figure 15: FDR performance for CRC=8
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Figure 16: FDR performance for CRC=8
Conclusions
The following summarizes the observations and proposals in this contribution.
Proposal 1: LTB,CRC is proposed as 14, if TBS is less than 100. LTB,CRC is proposed as 8, if TBS is between 100 and 400.
Proposal 2: LTB,CRC is proposed as 14, if TBS is less than 100 and gain of variable length CRC is not significant.
Proposal 3: Number bits for CB-level CRC LCB,CRC is proposed as 8 for byte alignment.
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