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1. [bookmark: _Ref298777854]Introduction
In RAN WG1#88 meeting, the following agreement on NR-PBCH is reached [1]
Agreement:
1. RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.
0. This simply provide guidance for potential minimum and maximum value.
TBCC is one possible channel coding scheme for NR-PBCH in [2]. The performance requirement for NR-PBCH is “1% BLER @ -6dB” (as listed in Annex B of this contribution).
In this contribution, we evaluate channel coding schemes of TBCC and Polar for NR-PBCH.
1. TBCC vs. Polar code
Performance of TBCC
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In LTE, the PBCH carries MIB. The length of MIB in LTE is 24 bits (before adding CRC16). After adding CRC16, the total length of information before channel coding is 40 bits. After channel coding of TBCC and rate matching, a block of 480 bits (total 1920 bits for 4 transmissions in 4 radio frame, each one is 480 bits) is reached. That is, the effective coding rate is 1/12.
Targeting at “1% BLER @ -6dB”, some simulations are performed. The simulation settings are listed in Annex A. The simulation results are illustrated in the following Figure 1.
Form Figure 1, it is observed that an effective coding rate 1/14 is not enough for the target of “1% BLER @ -6dB” for a information block of 96 bits (with CRC16). Hence, we have the following observation.
Observation 1: If the TBCC were adopted for NR-PBCH, an effective coding rate should be lower than 1/14. For the sake of redundancy, the recommendation is 1/16.
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Figure 1 Required SINR of TBCC for different information length under AWGN
Performance of Polar code
The simulation settings are similar to that of TBCC which are listed in Annex A. In addition, the length of information and CRC are the same as that of TBCC. In addition, the CRC bits are not used in SCL decoding. The simulation results are illustrated in the following Figure 2.
Form Figure 2, it is observed that an effective coding rate of 1/12 should be applied for the target of “1% BLER @ -6dB”. Hence, we have the following observation.
Observation 2: If Polar code were adopted for NR-PBCH, an effective coding rate should be 1/12 or lower.
[image: ]
Figure 2 Required SINR of Polar code for different information length under AWGN
Comparison of performance
Combining the Figure 1 and Figure 2 together, we get the following Figure 3. From this figure, it indicates that Polar code will perform better. Hence, we have the following proposal.
Proposal 1: Polar code is adopted as the channel coding scheme for NR-PBCH.
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Figure 3 Required SINR of TBCC and Polar code for different information length under AWGN
Implementation complexity
For TBCC, there are a lot of mature algorithms (and chips) with good performance for decoding (such as Viterbi decoding). For the Viterbi decoding, the complexity of algorithm is not limited by channel quality (i.e., a good channel will not faster decoding). Its computation operation (addition and comparison) and memory requirement are related to the constraint length and block length (in a manner of exponent, i.e., O(2^k)). In addition, in practice, the number of states in the Viterbi decoding algorithm should not be higher than 256.


For Polar codes,the encoding complexity and SC decoding complexity are all , and for SCL decoding, the complexity is . The difference with traditional Polar codes is that，PC-SCL Polar decoder [3] stores not only frozen bits and information bits, but also the parity check bits. With the help of the parity check bits, PC-SCL Polar decoder can safely terminate the unsuccessful decoding of the codeword before reaching the last bit of the codeword. And the decoding path sort complexity is reduced by 75% [3].
For NR-PBCH, since the length of information (MIB) is not large (less than 100 bits), hence, the complexity for TBCC and Polar code will be comparable.
1. Conclusion
In this contribution, we discuss some aspects on channel coding for NR-PBCH. We have the following observations and proposal:
Observation 1: If TBCC were adopted for NR-PBCH, an effective coding rate should be lower than 1/14. For the sake of redundancy, the recommendation is 1/16.
Observation 2: If Polar code were adopted for NR-PBCH, an effective coding rate should be 1/12 or lower.
Proposal 1: Polar code is adopted as the channel coding scheme for NR-PBCH.
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[bookmark: _Annex_A:_Settings]Annex A: Settings for simulation [2]
	Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	TBCC
	Polar 

	Code rate (for evaluation purposes)
	1/16, 1/14, 1/12

	Decoding algorithm** 
	List-Viterbi
	PC-SCL, List =8 

	Info. block length (bits w/o CRC) (for evaluation purposes)  *** 
	24, 32, 48, 64

	CRC
	16 bits
	16 bits



[bookmark: _Annex_B:_Simulation]Annex B: Simulation assumptions for PBCH [2]
	Parameter
	Value

	Channel coding scheme
	LTE TBCC
Other channel coding schemes are not precluded. (e.g. Polar coding)

	Carrier frequency, Channel model, UE speed, Antenna configuration, Number of interfering TRPs
	Following evaluation assumptions for initial access

	Performance Target
	1% BLER @ -6dB (average received SNR)
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