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1. Introduction
In last RAN1-NR-adhoc, candidates for PBCH coding (LDPC and Polar) and evaluation criteria were agreed (in Annex). We provide some initial evaluations and provide our view on the coding scheme for PBCH. 
2. Discussion
The discussion on PBCH contents is ongoing in RAN WGs, though we list below the relevant agreements
· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC. 
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH TTI: 80 msec
· Furthermore RAN1 strives to support combining NR-PBCH and the options considered are across SS Burst set, within SS Burst Set, etc. 
RAN1 also agreed time index indication on PBCH conditioned on mobility and HO related requirements can be met.
From a channel coding perspective, we compare the two candidates mainly from a performance perspective. Note that both candidates could facilitate soft-combining operation (using Chase combining) across multiple transmissions, as long the information payload in each transmission is largely identical (e.g. within an SS burst, the two transmissions of MIB correspond to the same set of information except for the time index field which may differ in one bit location). This was shown in [3] as the “Soft-combination among multiple blocks in an explicit timing index”. The principle of soft combining applies to both LDPC and Polar code as they are both linear codes although whether soft-combining is essential or not, and how much soft-combining is required will likely be discussed in initial access session. We next look at other aspects between LDPC and Polar code to see which scheme is best suitable for PBCH design. 
3. Comparison of Polar code and LDPC code for PBCH
For Polar code, benefits include full Reuse of control decoder hw, reuse DL control design for Polar coding and potential for soft-combining in case of explicit time-index (). On the other hand, time index indication by a redundancy version in Polar code design should not be considered further as IR is not supported.
For LDPC, the benefits include reuse of data decoding hardware, potential reduction of CRC overhead while maintaining same FAR, but a potential drawback includes extra design effort for the base graph optimized for very short block lengths (40-100) bits, which may yield a third base graph in the overall design. While designing a third base graph is feasible, it is not necessary to have a separate base graph exclusively for PBCH as we think the existing DL Polar code design can be fully reused without requiring any design effort (See next for performance comparison). 
We compare the CA-Polar code with 19-bit CRC attachment and list size L=8 with LDPC code (proposed in [2]) with a 10-bit CRC attachment, 50 iterations of Adjusted MS, which is equivalent to the exact kernel as shown in Nov 2017 meeting. Only performance of one-shot transmission is considered. The combination of the 10-bit CRC attachment and LDPC parity-check is expected to provide the same false alarm rate as the CA Polar code. In this Tdoc, we only show the BLER comparison and perhaps more extensive results (if necessary) could be shown if an LDPC design better than [2] is available in the Hangzhou meeting. Based on our evaluation results, Polar code can perform better by a slight margin (~0.25 dB or so) although the amount of gain could itself depends upon the level of optimization performed for each coding scheme. 
In any case, we observe that the Polar code for DL control could sufficiently address the PBCH use case. We do not see a compelling reason to design a separate LDPC matrix targeting exclusively the PBCH use case. We rather think the Polar code that is being designed for DL control should be fully reused for PBCH, which will accelerate the initial access design as well as the channel coding design task in RAN1.  
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Figure 1. LDPC vs CA Polar code comparison for 48 bit payload and M=384 coded bits.
Proposal: DL control Polar code design is applied for PBCH.
4. Conclusions
In this contribution, we consider the coding schemes for PBCH and propose the following.
Proposal: DL control Polar code design is applied for PBCH.
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Annex 
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
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