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Introduction
In RAN1-88bis [1], the following agreement regarding PBCH channel coding was made:
[bookmark: _GoBack]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

In this contribution, we investigate the performance of the two primary PBCH channel coding candidates, polar and LDPC codes, at very low rates and show that both can meet the PBCH channel coding requirements.
Evaluation Assumptions
The agreement from [1] specifies that both polar and LDPC codes for PBCH should reuse the same the same decoders already available for data and control, respectively. This limited the polar code to a maximum mother code block length Nmax <= 512 and the LDPC code to shift coefficients already supported by the shift network required by the data channel code.
For the polar code, the FRANK construction [2] was used. The polar code was concatenated with a 16-bit CRC (CA-polar) and decoded using a list decoder with L = 8. The polar-coded PBCH payload is assumed to be 64 information bits in addition to the 16-bit CRC used for decoding. Since the list size is 8, the false alarm protection offered by the CRC is reduced to 13 bits.
The LDPC code is a rate 1/12 code chosen from the low family described in [3] decoded using 50 flooding iterations of the sum-product algorithm. LDPC codes offer inherent error-detection capability by means of parity check. Therefore, a shorter CRC can be used with LDPC codes while maintaining good false alarm rate as discussed in [4], where the false alarm rate of the example code was equivalent to an 8-bit CRC. In this evaluation, we assume that the false alarm rate of the utilized rate 1/12 code is equivalent to a 5-bit CRC and concatenation with an 8-bit CRC is sufficient to provide 13 bits of false alarm protection. The LDPC-coded PBCH payload consists of 64 information bits in addition to an 8-bit CRC.

Simulation Results
The performance of the two codes was evaluated over the AWGN with QPSK. For the polar code, the performance of the N=512 polar with repetition to 864 is estimated and shown. The LDPC code and the polar code repeated to N=864 are within 0.3 dB at a BLER of 10-2 and within 0.45 dB at a BLER of 10-3. 
[image: ]
Figure 1 Performance of LDPC and polar codes for PBCH
Observation 1: Both polar and LDPC codes can meet PBCH channel coding requirements.
Note that further methods for improving the performance of small-block LDPC codes were discussed in [5] where gains of up to 0.4 dB were shown.
Conclusions
Observation 1: Both polar and LDPC codes can meet PBCH channel coding requirements
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