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1. Introduction
In RAN-1 Ad-Hoc meeting, the following agreement is related to channel coding schemes for NR control channels and PBCH:
	Agreement: 
· The channel coding working assumptions from RAN1#87 are agreed, with clarification that the mentioned DL control information means DCI (i.e. does not include PBCH, SIBs or PCFICH (if it exists for NR))




It means that a channel coding scheme for DL control channels has been agreed as polar codes but a coding scheme for PBCH is not yet determined. Some design parameters for NR-PBCH which affect the performance of channel coding schemes are roughly agreed as below in RAN-1 #88 meeting:   
	Agreements:
· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.
· This simply provide guidance for potential minimum and maximum value.




In this contribution, we discuss candidate coding schemes for NR-PBCH. By considering implementation consistency for NR system design, low-density parity-check (LDPC) codes and polar codes are the most natural selections for NR-PBCH coding schemes since they have been already agreed for channel coding schemes in NR. In particular, we compare the performance of two representative polar codes, i.e., CA-polar and PC-polar, in order to determine a specific polar coding scheme for one of candidate for NR-PBCH if polar code is adopted for NR-PBCH.
2. Candidate Coding Schemes for NR-PBCH
In LTE, PBCH channel coding is based on the rate-1/3 tail-biting convolutional code (TBCC) with circular buffer rate matching. Since the code rate of the LTE TBCC is 1/3, it cannot directly support code rate lower than 1/3 and should be repeated four times in order to support code rate 1/12 which is the effective code rate of the minimum self-decodable PBCH block. It means that LTE PBCH coding schemes cannot fully achieve coding gains of effective code rate of PBCH transmission, which may degrade the performance of PBCH decoding. Therefore, new channel coding scheme should be considered for NR-PBCH. 
In order to determine a proper coding scheme for NR-PBCH, we should consider the agreements on coding schemes for other areas in NR, i.e., eMBB data channel and control channel. Generally, different coding schemes require their own specialized encoding/decoding implementation, and therefore coding schemes already chosen for NR would be regarded as desirable candidates for NR-PBCH so that any additional HW burden will not be added to CODEC for NR. 

Proposal 1: Channel coding schemes for NR-PBCH should be selected from coding schemes already chosen for NR, i.e., between LDPC codes and polar codes. For NR eMBB data channels, LDPC codes have been selected  as a channel coding scheme and their detailed design have been discussing from RAN1 #87 meeting. According to the email discussion on the information granularity for LDPC codes, a minimum information block size for performance evaluation is determined as 40 in RAN1 #88 meeting. It means that well-designed LDPC codes can be one of candidates for coding schemes in NR-PBCH. 
For NR eMBB control channels, polar codes have been selected as a channel coding scheme and two code families have been considered as candidates. CRC-aided polar (CA-polar) codes and parity-check code concatenated polar (PC-polar) codes are two representatives of the considered code families. Since a specific design of polar codes for NR control channels is not yet determined, CA-polar and PC-polar should be compared in order to determine one representative polar coding scheme, if it is determined that polar coding is adopted to NR-PBCH . 

3. Performance Evaluation for Polar Codes
In this section, we compare the BLER performance of CA-polar codes and PC-polar codes in PBCH scenarios. Detailed design parameters for NR-PBCH affecting the channel coding performance, i.e., code length or code rate, are not yet determined, so the parameters of LTE PBCH can be a good reference for the current performance evaluation. In LTE, PBCH is periodically broadcasted to UEs for 40ms, which is transmitted four times with a 10ms interval. Since each of transmitted PBCH blocks is self-decodable and it is just repeated four times in order to improve the PBCH coverage, we compare the performance of CA-polar and PC-polar under the assumption of one PBCH transmission. The size of information block is 24 and it is encoded by a CRC code before polar encoding. Above-mentioned LTE PBCH parameters and some other evaluation assumptions are summarized in Table 1.      

Table 1. Evaluation Setting 
	Parameter
	CA-polar codes
	PC-polar codes[footnoteRef:1] [1:  All parameters required to define PC-Polar codes without CRC bits are obtained from “Appendix: Code configuration Tables – Code configuration for control” in [1].] 


	Code construction
	Ordered sequence in [1]
	Ordered sequence & parity-check bits [1]

	Decoding algorithm
	CRC-aided SCL decoding
	PC-aided SCL decoding

	CRC bits 
	19
	16

	Rate matching
	Known-bit puncturing in [1]

	List size 
	8

	Information bits 
	24

	Code length 
	480



Figure 1 shows the BLER performance of CA-polar and PC-polar under evaluation setting in Table 1. The performance of CA-polar is better than that of PC-polar, which leads to 0.2 dB SNR gain by employing CA-polar for PBCH.  
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Figure 1 BLER Performance comparison between CA-Polar codes and PC-Polar codes (AWGN channels)
Observation 1: CA-polar codes outperform PC-polar codes under PBCH evaluation settings.
Proposal 2: If the polar coding scheme is determined to be used for NR-PBCH, CA-polar codes should be adopted.

4. Conclusions
In this contribution, we discuss the candidate channel coding schemes for NR-PBCH. We have the following observation and proposals:  
Proposal 1: Channel coding schemes for NR-PBCH should be selected from coding schemes already chosen for NR, i.e., between LDPC codes and polar codes.
Observation 1: CA-polar codes outperform PC-polar codes under PBCH evaluation settings.
Proposal 2: If the polar coding scheme is adopted for NR-PBCH, CA-polar codes should be selected.
Proposal 2: If the polar coding scheme is determined to be used for NR-PBCH, CA-polar codes should be adopted.
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