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It was agreed in RAN1 NR Ad-Hoc meeting [1] that LDPC codes are adopted for eMBB data channel and polar codes are adopted for eMBB control channel (except for very small block lengths). In RAN1 NR meeting #88bis, the channel coding schemes for PBCH were discussed. It was agreed [2] that two primary candidates for PBCH channel coding are polar control channel coding scheme with the maximum mother code length of 512 bits and LDPC data channel coding scheme.
In this contribution, we evaluate the BLER performance of two candidate channel codes (i.e., LDPC codes and polar codes) for the proper block lengths for PBCH channel. 
2	Discussion
2.1 	Candidate Channel Codes
In this section, we introduce the two channel codes used in our simulation evaluations.
LDPC Code:
The LDPC code design for data channel is still in progress. It was a working assumption [2] that the largest information block size supported by LDPC encoder is 8448, and the largest shift size is 384. Although the parity check matrix design follows certain criteria (e.g., [3]), the parity check matrix is still not determined. Furthermore, the design of the parity check matrix for data channel is targeted to cover a large range of information block lengths, which may not have the optimal performance for the small information block lengths used by PBCH. Hence, some specific design of LDPC code is desirable for PBCH. 
In this contribution, we simulate the performance of the LDPC code provided in [4]. The sum-product decoding algorithm with a maximum number of iterations of 20 is applied. 
Polar Code: 
We use the CA polar code with the sequence specified in [5]. The split natural puncturing type I scheme [6] is used to match the desired coded block length. Since the maximum mother code length of polar code is agreed to be 512 bit, a simple natural repetition scheme is applied if the desired coded block length is larger than 512 bits. 
The CRC-aided Successive Cancellation List (SCL) decoding algorithm with list size 8 is used.
2.2 	Performance Comparison for PBCH
Figure 1 shows the BLER performance of polar code and LDPC code at information block length of 32 bits. We append 16-bit CRC for LDPC code, and a single 22-bit CRC for polar code at the end of the information bits. The case of a single 19-bit CRC for polar code is also simulated for reference. To keep the similar false alarm rate, we assume 6 more CRC bits are used for polar code than LDPC code. The AWGN channel and QPSK modulation are assumed in the simulations. The coding rates of 1/3, 1/6 and 1/12 are applied, based on the information block length plus 16-bit CRC. It is seen from the figure that polar code outperforms LDPC code at all these coding rates. At the target BLER of , the gains of polar code are about 0.7 dB, 0.9 dB and 1.2 dB for coding rates 1/3, 1/6, and 1/12, respectively. 
Figure 2 shows the BLER performance of polar code and LDPC code at information block length of 48 bits. All the other simulation conditions are the same as those used for Figure 1. It is seen from the figure that polar code outperforms LDPC code at all these coding rates. At the target BLER of , the gains of polar code are about 0.6 dB, 0.8 dB and 0.9 dB for coding rates 1/3, 1/6, and 1/12, respectively.
Figure 3 shows the BLER performance of polar code and LDPC code at information block length of 64 bits. All the other simulation conditions are the same as those used for Figure 1. It is seen from the figure that polar code outperforms LDPC code at all these coding rates. At the target BLER of , the gains of polar code are about 0.7 dB, 0.7 dB and 0.8 dB for coding rates 1/3, 1/6, and 1/12, respectively.
Based on the above simulations, we have the following observation. 
Observation 1: Polar codes outperform LDPC codes for the information block lengths of 32, 48, 64 bits.
As we discussed above, the LDPC code(s) used for eMBB data channel may not perform well for PBCH, especially at low code rates and small information block lengths. In order to achieve a better performance under the PBCH conditions, new LDPC code design may be needed. This actually increases the system memory load, as the new LDPC code needs to be stored. On the other hand, there is no additional memory needed for polar code to be used for PBCH. 
[bookmark: _GoBack]Furthermore, both LDPC code and polar code may not have the complexity issue for PBCH channel due to the small information block length. Taking all the above into consideration, we have the following proposal:
Proposal 1: Adopt polar codes as the channel coding scheme for NR-PBCH. 
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[bookmark: _Ref481588168]Figure 1: Performance comparison between polar code and LDPC code for K=32 bits
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[bookmark: _Ref481589320]Figure 2: Performance comparison between polar code and LDPC code for K=48 bits
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[bookmark: _Ref481589755]Figure 3: Performance comparison between polar code and LDPC code for K=64 bits
3	Conclusion
In this contribution, we evaluated the performance of polar codes and LDPC codes for NR-PBCH. Our simulation results show that: 
Observation 1: Polar codes outperform LDPC codes for the information block lengths of 32, 48, 64 bits.
We have the following proposal:
Proposal 1: Adopt polar codes as the channel coding scheme for NR-PBCH.
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