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As discussed in [1], URLLC scenario has different requirements from eMBB scenario. URLLC scenario targets applications with lower code rate and smaller block size payloads than eMBB. For eMBB scenario, two LDPC base graphs, BG1 and BG2, were specified for data channels. LDPC BG2 is used for block lengths up to 3840 bits and BG1 for larger blocks. In this contribution, we evaluate LDPC BG2 performance to understand if URLLC requirements are satisfied.
Discussion
BLER performance
We set up the evaluation similar to [1] to survey one example of a code length of 1920 and modulation of QPSK, a typical 4RB allocation units. Herein, we further compare the BLER performance of LDPC BG2 with Polar code in Figure 1. LDPC BG2 code has error floor in the high reliable zone (BLER target around 1e-5 or lower) whereas Polar code does not.
[image: ]
Figure 1.  Error floor of LDPC BG2

To further investigate the LDPC BG2 performance, we evaluate more cases: agreed eMBB TB sizes, listed in Table 2 (typical small payload size) in the Appendix with six coding rates: 1/12, 1/8, 1/6, 1/3, 1/2 and 2/3. The required SNR for target BLER at 1e-4,1e-5 and 1e-6 are shown in Figures 2, 3 and 4, respectively.

· BLER = 1e-4
[image: ]
Figure 2.  Required SNR of target BLER at 1e-4

· BLER = 1e-5
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Figure 3.  Required SNR of target BLER at 1e-5


· BLER = 1e-6
[image: ]
Figure 4.  Required SNR of target BLER at 1e-6

Observation-1: Performance of LDPC BG2 code become increasingly unstable as the target BLER decreases to values of 1e-5 and 1e-6.

Statistical results for LDPC BG2 error floor cases
In order to get some statistical results of the error floor cases, we consider different values of a threshold related to the changing slope of the BLER vs. SNR curves at different target BLER values.
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Figure 5. Threshold of the BLER curves slope
In Figure 5, 
·  is the slope of BLER-SNR from target BLER at  ~ 
·  is the slope of BLER-SNR from target BLER at  ~ 
The ratio  is used to determine whether there is error floor or not:
· If , there is error floor around target BLER at 1e-5

Based on the evaluation results (for the cases listed in Table 2 with six different coding rates: 1/12, 1/8, 1/6, 1/3, 1/2 and 2/3), as shown in Figure 2, 3 and 4, the percentage of error floor cases with different thresholds is summarized in Table 1.
Table 1.  Percentage of error floor cases in LDPC BG2
	Threshold
	Percentage of error floor cases

	1.2
	64.34%

	1.3
	60.57%

	1.4
	56.81%

	1.5
	52.69%



As it can be seen from the table above, there is a high probability (great than 50%) that for information block lengths corresponding to NR TB sizes the error floor issue exists. 
Observation-2: The eMBB LDPC BG2 performance has a high probability of showing error floor for target BLER at 1e-5.

Lifting size and QC-LDPC codes
One important feature of QC-LDPC is that the parity check matrix shares the same properties within one lifting size. This is because within one lifting size the parity check matrix has the same minimum girth and the trapping set properties. According to the evaluation results, the parity check matrix shares the same error floor tendency under two scenarios:
· same information length (i.e. same ), different  but within the same lifting size;
· same encoded bit length (i.e. same ), different  but within the same lifting size;
[image: cid:image002.png@01D35D4D.B64386A0][image: cid:image001.png@01D35D4D.B64386A0]
Figure 6.  Error floor appears with the same parity check matrix
From the Figure above, we can see that when the information length () and encoded bits length () fluctuate and the lifting size remains fixed, the BLER-SNR curves share the same error-floor trend.
Observation-3: For QC-LDPC codes, for different combinations of K and N, and a certain fixed lifting size, the BLER-SNR curves share the same error-floor trend.

Conclusion
From the analysis of the LDPC BG2 performance, it is clear that there exists performance degradation as the target BLER is on the order of 1e-5 and lower. Given the reliability requirements and the information block lengths and code rate targeted by the URLLC scenario, the adoption of LDPC BG2 is not a robust solution because of the presence of an error floor and the inferior performance respect to polar codes.
Based on the performance analysis above, we have the following observations:
Observation-1: Performance of LDPC BG2 code become increasingly unstable as the target BLER decreases to values of 1e-5 and 1e-6.
Observation-2: The eMBB LDPC BG2 performance has a high probability of showing error floor for target BLER at 1e-5.
Observation-3: For QC-LDPC codes, for different combinations of K and N, and a certain fixed lifting size, the BLER-SNR curves share the same error-floor trend.
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Appendix 
Table 2. TBS table [2]
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