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1. [bookmark: _Ref298777854]Introduction
In RAN WG1#88BIS meeting, the following agreement on NR-PBCH is reached [1]
Agreement:
· The primary candidates for PBCH channel coding are: 
· Polar control channel coding scheme, with Nmax <= 512, reusing same decoder
· LDPC data channel coding scheme, reusing same decoder – i.e. no new shift network, but a new base graph may be considered
· LTE TBCC may also be considered if fundamental problems are unresolved with the above candidates
· Evaluate BLER and FAR performance until RAN1#89, with the following assumptions:
· Implementable decoders, i.e.:
· For polar decoding: Lmax = 8
· For LDPC decoding: min-sum variants, flooding 50 iterations
· Info + CRC = 40-100 bits
· Target FAR is that achieved with CRC size = 16
· Starting code rate <= 1/6
· Performance to be compared based on a single transmission with no combining
· Note that it is assumed that PBCH uses Chase combining – i.e. IR is not supported.  
· Decoder power may optionally also be considered

According to [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 LDPC and Polar for NR-PBCH.
1. LDPC vs. Polar code
Comparison of BLER performance
[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 generation matrix for the coding rate of 1/6 is listed in Annex C. The simulation results are illustrated in the following Figure 1 (CodeWordLength = 240) and Figure 2 (CodeWordLength = 480).
It should be noted that, the effective coding rate for LDPC is calculated as the following.
R_Effect = (Info + CRC) / CodeWordLength = (32 + 8)/240 = 1/6
R_Effect = (Info + CRC) / CodeWordLength = (32 + 8)/480 = 1/12

For CA-Polar, the effective coding rate is calculated as the following with the same payload size before CRC.
R_Effect = (Info + CRC) / CodeWordLength = (32 + 19)/240 = 0.2125 ≈ 1/5
R_Effect = (Info + CRC) / CodeWordLength = (32 + 19)/480 = 0.1063 ≈ 1/9

From these two figures, they indicate that Polar code performs better than LDPC when carrying the same payload size without CRC even though Polar code need more CRC bits for FAR and decoding.
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Figure 1 BLER of LDPC with CRC8 and CA-Polar with CRC-19 under CodeWordLength = 240, AWGN

[image: ]
Figure 2 BLER of LDPC with CRC8 and CA-Polar with CRC-19 under CodeWordLength = 480, AWGN

FAR performance of LDPC
The target FAR for LTE is 2^-16 = 1.5259*10^-05 . It will be reused for the purpose of evaluation.
From the following Figure 3, the FAR target can be fulfilled by LDPC with a CRC8.
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Figure 3 FAR of LDPC for different information length under AWGN
FAR Performance of CA-Polar
From the following Figure 4, the FAR target can be fulfilled by CA-Polar with a CRC-19.
Based on the performances of BLER and FAR above, we have the following proposal.
Proposal 1: Polar code is adopted as the channel coding scheme for NR-PBCH.
[image: ]
Figure 4 FAR of Polar code for different information length under AWGN

1. Conclusion
In this contribution, we discuss some aspects on channel coding for NR-PBCH. We have the following proposal:
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
	CA-Polar
	LDPC

	Code rate (for evaluation purposes)
	1/12, 1/6

	Decoding algorithm** 
	CA-SCL, List =8 
Nmax <= 512
	min-sum variants, flooding 50 iterations

	Info. block length (bits w/o CRC) (for evaluation purposes)  *** 
	32, 40, 56

	CRC
	19 bits
	8 bits

	Info. block length after CRC
	51, 59, 75
	40, 48, 64



[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)



Annex C: Generation matrix for the coding rate of 1/6 [3]
· R = 1/6; (n,k) = (384,64) with sub-matrix dimension Z = 32
    6  0  0 -1 -1 -1 -1 -1 -1 -1 -1 -1
    0 22 29  0 -1 -1 -1 -1 -1 -1 -1 -1
   -1 15  0 -1  0 -1 -1 -1 -1 -1 -1 -1
   -1  2 -1  3 30  0 -1 -1 -1 -1 -1 -1
    2 -1 -1 -1 -1 13  0 -1 -1 -1 -1 -1
   -1 -1 -1 22 18 -1 -1  0 -1 -1 -1 -1
   -1 -1 -1 12 -1 -1 -1 17  0 -1 -1 -1
   26 -1 -1 -1 -1 -1 -1 -1  4  0 -1 -1
   -1 -1 -1 -1 -1 -1 -1  7  2 -1  0 -1 
   -1 -1 28 -1 -1 -1 -1 -1 -1 -1 12  0
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