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In the RAN1#88bis meeting, the 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 the RAN1 NR AH#2 meeting, the following agreement was made [2]:
•	CBG-level CRC is not adopted 
In the RAN1 NR AH#2 meeting, the following proposal was made [2]:
•	To be checked until RAN1#90 after LDPC design is complete 
LTB-CRC = 16 bits for TBs smaller than e.g. 1008 or 8432 bits
LCB-CRC = 8 bits
Checking other values is not precluded
In this contribution, we would like to present simulation results supporting the CRC lengths proposed above. 
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. However, since the parity check capability alone is not sufficient as an integrity check for HARQ-ACK feedback, there must be additional CRC bits to augment with the parity check for integrity check for HARQ-ACK feedback. 
The current set of RAN1 agreements, summarised in Section 1, on CRC structure is illustrated in Figure 1. 


[bookmark: _Ref477901820][bookmark: _Ref477901809]Figure 1: CRC Structure
Simulation Results
In order to ratify the proposal for CRC lengths of 8 and 16 when augmented with an LDPC parity check, several simulations are carried out. 
The simulation settings are:
· final parity check matrices for NR LDPC base graph #1 and #2 [3]
· CR = 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9 for base graph #1 and CR = 1/5, 1/3, 2/5, 1/2, 2/3 for base graph #2
· TBS = 40, 60, 80, 100, 200, 400, 600, 800, 1000, 2000 for base graph #1 and #2, additionally TBS = 4000, 8000 for base graph #1only
· AWGN channel
· The CRC polynomials used are 0xE7 and 0x8D95 for 8 and 16 bits respectively
· Flooding sum-product decoder algorithm with maximum 50 iterations
· 106 code blocks simulated with early termination using parity check

Figure 2 through Figure 5 show the false detection rate (FDR) performance for a combined CRC and parity check capability for various TBS. Figure 2 is the smallest TBS of 40 + CRC of 16 = 56 bits that was simulated and there were no measured false detects. All larger TBS values simulated showed the same behavior and therefore are not plotted. For the choice of an CRC of 8 bits, Figure 3 through Figure 5 show that some residual false detects remain until a TBS of 2000 + CRC of 8 = 2006 bits is reached at which point no more false detects were measured. All larger TBS values simulated showed the same behavior of no measured false detects and therefore are not plotted
It shows that the LDPC parity check from [3] combined with a 16-bit CRC can achieve FDR less than 10-6 for any TBS. It is also observed, that for TBS > 2000 the combined LDPC parity check and CRC check produced no false detects for a CRC length of 8-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 is greatest for CRC to maintain good integrity check.
[bookmark: _GoBack]This suggests a mid-range CBS switching point for differing CRC lengths. From Figure 3 through Figure 5, it shows that 8-bit CRC is enough for a TBS somewhere above 1000 bits but less than 2000 bits. However, a unified length CRC can also be applied if the gain of variable length CRC is not significant.
For CB-level CRC, the CBS will always be larger than 8448/2 = 4224. From the simulation results shown in Figure 3 through Figure 5, 8 bits CRC is enough for CBS > 4224 for all code rates.
[bookmark: _Ref473580147]Proposal 1: LTB,CRC is proposed as 16, if TBS is less than 2000 and LTB,CRC is proposed as 8 otherwise.
Proposal 2: LCB,CRC is proposed as 8
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[bookmark: _Ref481796130]Figure 2: FDR performance for BG#1 and BG2, CRC = 16, I = 40, K = 56
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[bookmark: _Ref490229081]Figure 3: FDR performance for BG#1 and BG2, CRC = 8, I = 800, K = 808
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[bookmark: _Ref490151410]Figure 4: FDR performance for BG#1, CRC = 8, I = 1000, K = 1008
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[bookmark: _Ref490229171]Figure 5: FDR performance for BG#1, CRC = 8, I = 2000, K = 2008

Conclusions
The following summarizes the observations and proposals in this contribution.
Proposal 1: LTB,CRC is proposed as 16, if TBS is less than 2000 and LTB,CRC is proposed as 8 otherwise.
Proposal 2: LCB,CRC is proposed as 8
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