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Channel coding scheme is one of the fundamental issues for 5G NR access technology. Three channel coding schemes, i.e., Polar code, Turbo code and LDPC code, have been proposed as the candidates for the NR eMBB scenario [1]. In this contribution, we will show the performance comparison results of the three channel coding schemes: Polar codes, Turbo codes, and LDPC.
Note that there is already a performance comparison among these three channel coding schemes in [2]. In this document, we provide additional performance results for Polar and LDPC, and investigate the performance with fine granularity to fulfill the flexibility requirement of 5G NR. 
Polar Codes
Polar codes, the provable capacity-achieving codes, are constructed based on channel polarization. The construction methods of Polar codes are detailed in [3] and [4].Because of the nested structure, it is easy to support arbitrary coding rate and information length. Besides the very simple SC decoder, a CA-SCL decoder can reach very good performance.
LDPC Codes
There are two approaches for LDPC codes. First, to support multiple rates, many protographs of LDPC codes should be prepared to reduce the complexity of an excessive amount of puncturing at the transmitter, while the storage of these protographs should be taken into consideration. Second, a nested matrix is adopted, which can support multiple rates. However, the nested-matrix has smaller lifting size leading to high encoding/decoding complexity and performance degradation.  Also, for both of the two approaches, the PCM (parity check matrix) should be designed for simple rate-adaption and HARQ scheme. 
Performance
Performance comparisons among Polar and LDPC codes are provided in this section, also the LTE turbo performance has been added in the eMBB case for reference.
In section 2.1, we use the RAN 1 #84 bis agreed eMBB assumptions (see Table 1 in the Appendix) ,and in section 2.2, the fine granularity assumptions can be found in Table 2 in the Appendix.
A rich set of combinations of block lengths and code rates are simulated in accordance with these two simulation assumptions. The decoding algorithm for polar codes is CA-SCL32. For LDPC, the decoding algorithm is layered of min-sum with 20 iterations, and in this paper, parity check matrix of LDPC in Samsung’s contribution [5] and the corresponding normalized values for layered of min-sum decoding algorithm are adopted. And for turbo, it’s max-log-map, scale=0.75, and iteration number is 8.
Note that during simulation no CRC bits are added for Turbo codes and LDPC codes for all information length and 8-bit CRC is added for Polar codes for information length of 100 and 400. For other cases of Polar codes, 24-bit CRC is used.
Performance Comparison for eMBB case


·  Modulation = {QPSK} 
[image: ]
Figure 1. Es/N0(dB) at BLER=1e-1, QPSK
· Modulation = {64 QAM} 
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Figure 2. Es/N0(dB) at BLER=1e-1, 64 QAM
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For the 11n-like nested matrix given in [5], coding rates higher than 1/3 are obtained by shortening and puncturing the 1/3 parity check matrix. Hence, the performance loss is larger for higher coding rates such as 1/2 and 2/3 than that of coding rate 1/3. 
From Fig.1 and Fig. 2, we can see that, at coding rate 1/3, the performance loss is around 0.2-0.4dB compared with Polar. However, for coding rate 1/2 and 2/3, the loss is around 1dB. 
For coding rate lower than 1/3, reference [3] just re-transmit part of the coded bits from the 1/3 parity check matrices. So there will be no coding gain for the scenario with coding rate lower than 1/3.
Further, for both QPSK and 64-QAM the performance loss of LDPC and Turbo codes compared with Polar shares the same trend.
Observation 1： Polar and Turbo codes outperform 11n-like LDPC at all coding rates. Polar codes have better performance than both Turbo and 11n-like LDPC at all coding rates and block lengths.

Performance Comparison for fine granularity
·  Modulation = {QPSK}
[image: ]
Figure 3. Es/N0(dB) at BLER=1e-2 for 8-bit granularity, QPSK
To support a fine granularity similar to the Turbo granularity in LTE, the nested-matrix should be designed carefully to avoid some code lengths for which performance degrades dramatically. As we can see from Figure 3, these bad performance points are inclined to occur at the low coding rates region. For the extremely high coding rates region, LDPCcodes has about 0.2-0.4dB performance loss and more fluctuating points.
More simulation results for fine granularity are given below.






· Coding Rate = 1/3 
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Figure 4. Es/N0(dB) at BLER=1e-2  for granularity of 8, QPSK, R=1/3

· Coding Rate = 1/2
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Figure 5. Es/N0(dB) at BLER 0.01 for granularity of 8, QPSK, R=1/2

· Coding Rate = 5/6
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Figure 6. Es/N0(dB) at BLER 0.01 for granularity of 8, QPSK, R=5/6

From Figure 4, 5 and 6, we can see that at coding rate 1/3 there are some bad points with more performance loss than that of coding rate 5/6. However, at coding rate 5/6 there are more fluctuating points. In Figure 5, LDPC codes have around 1dB performance loss for all the information lengths compared with Polar codes.
We observe that
Observation 2: To support fine granularity, LDPC may have some bad points where the performance degrades dramatically, which means that shortening and puncturing schemes should be designed carefully. Polar codes do not have such issue.
Conclusion
In this contribution, we compared eMBB and 8-bit granularity performances of Polar and LDPC codes. We have the following observations:
Observation 1: Polar and Turbo codes outperform 11n-like LDPC at all coding rates. Polar codes have better performance than both Turbo and 11n-like LDPC at all coding rates and block lengths.
Observation 2: To support fine granularity, LDPC may have some bad points where the performance degrades dramatically, which means that shortening and puncturing schemes should be designed carefully. Polar codes do not have such issue.
References
[bookmark: _Ref367787843][bookmark: _Ref383190669]R1-163757, WF on Channel Coding Evaluation for 5G New Radio.
R1-164377, Performance of channel coding schemes for eMBB scenario, Huawei, HiSilicon
R1-164309, Polar codes - encoding and decoding, Huawei, HiSilicon
R1-167209, Polar code design and rate matching, Huawei, HiSilicon
R1-164812, Preliminary evaluation results on new channel coding scheme for NR - LDPC code for high throughput, Samsung
Appendix 
Table 1.  eMBB simulation parameters for Polar, Turbo and LDPC
	Channel
	AWGN

	Modulation
	QPSK, 64 QAM

	Coding Scheme
	LDPC
	Turbo
	Polar

	Code rate
	1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm
	LOMS(20)
	Max-log-map(8)
	List-32

	Info. block length
	100, 400, 1000, 2000, 4000, 6000,  8000 



Table 2.  Fine granularity simulation parameters for Polar and LDPC
	Channel
	AWGN

	Modulation
	QPSK, 64 QAM

	Coding Scheme
	LDPC
	Polar

	Code rate
	1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm
	LOMS(20)
	List-32

	Info. block length
	1000:8:5000
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