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Introduction
In RAN1#88 meeting, there was discussion on NR-PBCH and following working assumption and agreements were made [1].
Working assumption:
· UE assumes the same PBCH numerology as that of NR-SS
If RAN1 will only have 30 kHz subcarrier spacing for PBCH below 6 GHz, RAN1 can discuss this WA again
Agreements:
· RAN1 considers following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-PBCH design
· Parameter set #W associated with 15 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 5 MHz
· Parameter set #X associated with 30 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 10 MHz
· Parameter set #Y associated with 120 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 40 MHz
· Parameter set #Z associated with 240 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 80 MHz
· For each parameter set, study whether transmission bandwidth for NR-PBCH is same or wider than that of NR-SS.
Agreements:
· For NR-PBCH transmission, NR supports a single transmission schemes selected from following schemes:
· A single antenna port based transmission scheme 
· Two antenna port based SFBC
Agreements:
· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.
· This simply provide guidance for potential minimum and maximum value.

In this contribution, we discuss PBCH coding scheme for NR.

Discussions
Information block of PBCH is encoded using TBCC in LTE [2]. In LTE downlink, simplex coding for PCFICH, TBCC for PDCCH and PBCH, and turbo code for PDSCH are supported. Therefore, same decoder unit can be shared for PBCH decoding and PDCCH decoding. On the other hand, new coding schemes for PDCCH and PDSCH, so called polar code and LDPC, were introduced for NR eMBB scenario, respectively. 
At first, similar to LTE, it is highly desirable for PBCH coding scheme to share decoder implementation with decoder of other downlink physical channel as much as possible. Then, LDPC and polar code may be good candidates for PBCH coding scheme assuming complexity increase for PBCH decoding is negligible. However, other coding scheme (e.g., TBCC, turbo code) can be considered if significant benefit is shown for PBCH coding scheme.
Proposal 1: LDPC and polar code may be candidates for PBCH coding scheme assuming negligible complexity increase for PBCH decoding. Other coding schemes can be considered if significant gain is shown. 
The information block size of PBCH for NR will be 40 to 100 bits. Assuming the same effective coding rate of PBCH in LTE specification, 1/48, then total number of coded bits for PBCH will be 1920 to 4800 bits. 
If we consider LDPC for PBCH coding scheme, repetition of mother LDPC code should be introduced. Since the minimum coding rate of LDPC was agreed to 1/5, LDPC for PBCH lower than 1/5 coding rate may require additional LDPC design effort. However, the decoder resource for PDSCH decoding can be re-used and then complexity increase for PBCH decoding for lower coding rate may be negligible. In addition, an advanced decoder algorithm (e.g., quasi-ML decoder) can be considered to improve the PBCH performance if complexity increase to implement the advanced algorithm is negligible. 
If we consider polar code for PBCH coding scheme, repetition of mother polar code should be introduced. Since the maximum mother code size in downlink was agreed to 512, mother code size for PBCH larger than 512 may require complexity increase for PBCH decoding.
Proposal 2: Repetition should be supported for PBCH transmission assuming the same effective coding rate as in LTE.  

Conclusions
In this contribution, we discuss PBCH coding scheme. Based on discussion, we obtain the following proposals.
Proposal 1: LDPC and polar code may be candidates for PBCH coding scheme assuming negligible complexity increase for PBCH decoding. Other coding schemes can be considered if significant gain is shown.
Proposal 1: If row parallel decoder gives implementation burden, row orthogonal base matrix should be de-prioritized in LDPC design work.
Proposal 2: Repetition should be supported for PBCH transmission assuming the same effective coding rate as in LTE. 
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