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Introduction
In 3GPP RAN1 meetings [1-3], following agreements have been reached for eMBB PBCH design.

Agreements: [#88bis]
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
Agreement: [#89]
· Polar coding is adopted for NR-PBCH
· Using same polar code construction as for the control channel
· Nmax = 512
· Working assumption that the data, including time index if carried by NR-PBCH excluding DMRS is transmitted explicitly	
· Can be revisited if significant benefit is shown from partial implicit transmission of time index if allowed by the polar code design
Agreements: [#89]
· RAN1 targets design of NR-PBCH payload size to be no larger than 72 bits and no less than 40 bits including CRC.
· Note: Based on the performance evaluation done so far, the upper limit range is between 72 and 48 bits
Agreements:  [#NR-AH#2]
· For the case of 2 PBCH symbols within the SS block: PSS-PBCH-SSS-PBCH
· PBCH RE mapping: Alt. 1, NR-PBCH coded bits of the NR-PBCH code block(s) are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block
Agreement: [#NR-AH#2]
· Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol
Agreements: [#NR-AH#2]
· Rmin = 1/8 

In this contribution, some aspects on polar code design are discussed to support PBCH transmission.
Discussion
In RAN1 NR AH#2, it was agreed that NR-PBCH coded bits are mapped to2 OFDM symbols with 1/4 density of DMRS and 288 subcarriers at each symbol.  the number of REs left for PBCH payload transmission is 432 (288*2*3/4).  With QPSK modulation, the total number of coded bits is 864. 
· Mother code length
[bookmark: OLE_LINK19]Polar code was agreed to have maximum sequence length Nmax of 512 for DL.  Mother code with length N=512 bits can be used to match 432 REs of two OFDM symbols. The minimum code rate Rmin=1/8 of Polar code has been agreed for the control channels. The mother codes length of Polar code should be determined by Rmin. PBCH should apply both N=512 and N=256 polar mother codes and minimum code rate Rmin=1/8 for payload size 40 <=K < 72 including CRC e.g. K<512/8=64. 
Polar code with total 24-bit CRC bits is evaluated for PBCH. CRC bits are included as part of information bits K and M=864 coded bits can be used for PBCH transmission. 
 PBCH performance is evaluated with the following parameters. 
Case 1: K= 60, N=256, M=864, QPSK modulation. 
Case 2: K= 60, N=512, M=864, QPSK modulation.
Evaluation results are shown in Figure 1
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Figure 1: Performance of Polar codes with K=60

Figure 1 shows that the BLER performance of case 1 with length 256 Polar code sequence is much worse than that of case 2 with length 512 Polar code sequence. Although the coding rate of case 2 is lower than 1/8, Polar code with length 512 mother code shows significant coding gain (about 0.4dB at BLER=10^-4) over that of Polar code with length 256 mother code. 
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Conclusion 
The above discussion is summarized with following observations and proposals:  
Proposal 1: Polar code with length 512 mother code should be adopted for NR PBCH.
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