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In RAN1 NR Ad Hoc meeting [1], it was agreed to use Polar codes for DL control information (DCI) while the coding schemes for PBCH and SIBs are still not selected. For the NR-PBCH design, some of the agreements are as follows:  
Agreement:
· NR-PBCH contents shall include:
· At least part of the SFN (system frame number)
· FFS on the number of bits used to indicate SFN
· FFS how much of the SFN is indicated explicitly, and how much (if any) is indicated implicitly
· CRC (FFS number of bits)
· FFS:
· In case remaining minimum system information is carried on PDSCH, configuration for PDSCH or control resource set for scheduling PDSCH
· In case remaining minimum system information is carried on secondary physical broadcast channel, configuration of secondary physical broadcast channel 
· Configuration information for initial uplink transmission; in this case, it may not be necessary to include configuration information for remaining minimum system information
· Other parameters
Companies are encouraged to evaluate the results based LTE TBCC and other channel coding schemes are not precluded, such as Polar codes where the performance target is BLER=1% @-6dB.
In this contribution, the BLER performance of PC-Polar [2] codes and LTE TBCC will be compared for NR-PBCH. In addition, a related topic to PBCH design, implicit-conveying of other information with NR-PBCH, is discussed in [3].  
Channel Coding for NR-PBCH 
As part of the system control information for initial access, the performance of channel coding scheme for minimum system information in NR-PBCH is crucial. The overall target SNR should be lower than that of any DCI in all scenarios, and better BLER performance of minimum system information can allow larger  cell coverage. 
Since Polar coding was selected as the channel coding for DCI, introducing another channel coding scheme seems unnecessary considering that the info block length of NR-PBCH is expected to be short and coded with low code rate, similarly to DCI. In addition, the single coding scheme for both DCI and PBCH is advantageous because the same decoder for DCI can be reused. 
The size and code rate of NR-PBCH is still undefined. The design of LTE PBCH is analysed here as reference. The master information block (MIB) in LTE PBCH is broadcasted to UEs periodically with fixed schedules (40ms, 10ms for each transmission). The information block containing 24-bit transport block and its 16-bits CRC are encoded by rate 1/3 TBCC and are repeated to match the available resource in each transmission. In each periodicity, 4 repetitions of transmissions are used to extent the coverage. The time index within one periodicity is indicated implicitly by time-related scramble sequence (time stamp).
The information block can be decoded independently with one transmission or the soft combining of several received transmissions within a schedule periodicity. A set of received blocks that can be decoded independently is known as a self-decodable block. The table below shows the information block size, number of CRC bits, coded bit length of minimum self-decodable block and the schedule periodicity. 
Table 1: PBCH coding scheme of LTE
	Transport  Block
	24 bits

	CRC bits
	16 bits

	Information Block (K)
	40 bits

	Min self-decodable blocks 
	480 bits

	Coded bits in one periodicity
	1920 bits

	Schedule periodicity
	40 ms



Performance evaluation
In this section, we compare the BLER performance of LTE TBCC and PC-Polar [2] for minimum system information. The master information block size in LTE is studied as an example. Here we choose the combination of (N, K) = (480, 40) as the simulation assumption where K is the information block size and N is the size of the minimum self-decodable block. Note that the CRC bits are counted as part of information bits K. List-8 is used for PC-SCL decoder.
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Fig. 1 BLER Performance of TBCC and PC-Polar with List-8 decoder, K=40.
Fig.1 shows the BLER performance of LTE TBCC and PC-Polar [8] with List-8 decoder. PC-Polar outperforms TBCC especially for lower target BLER since the BLER curve slope is steeper than that of TBCC, which leads to 0.5dB gain for BLER = 10-2 and 1.0dB gain for BLER = 10-4. Note that at SNR=-6dB, PC-Polar achieves a BLER lower than 1% while TBCC BLER is larger than 1%. 
For the (N, K) combinations that will be likely used for NR-PBCH, it is expected that polar coding [2] has better performance than TBCC similar to the case illustrated in Figure 1. One more case with larger info length is shown in Fig. 2 where (N, K) = (720, 60).
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Fig. 2 BLER Performance of TBCC and PC-Polar with List-8 decoder, K=60.
Based on the evaluation results, we have the following observation and proposal:
Observation-1: PC-Polar outperforms TBCC for NR-PBCH.
Proposal-1: PC-Polar should be selected as the channel coding scheme for NR-PBCH.
Remaining part of minimum system information
Performance of the remaining part of minimum system information (in case this part is not carried by PBCH) is equally important as the performance of the information carried by PBCH since the reliability of such information is the prerequisite that all data transmission and schedule can work properly. The detail design of remaining system information transmission of NR is still FFS. Taking LTE design as a reference, albeit transmitted on PDSCH, the information block length of remaining system information block (SIB) can vary from several tens to around 2000 bits [4]. The channel coding scheme used for this part should have competitive performance for all info block lengths
Proposal-2: The channel coding scheme for remaining minimum system information should have competitive performance for all info block lengths.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we analyze the channel coding schemes for NR-PBCH. We have the following observation and proposals. 
Observation-1: PC-Polar outperforms TBCC for NR PBCH.
Proposal-1: PC-Polar should be selected as the channel coding scheme for NR-PBCH.
Proposal-2: The channel coding scheme for remaining minimum system information should have competitive performance for all info block lengths. 
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