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1. Introduction
In RAN1-NR#2 it was agreed to design to design a Single CRC polynomial + interleaver distributed CRC scheme to deliver early termination benefits while achieving the FAR target [1]. In this contribution we discuss some aspects of code construction related to distributed CRC scheme.
2. Distributed CRC discussion
[bookmark: _GoBack]Below is our understanding of Polar coding chain based on the code construction principle agreed for the downlink in RAN1-NR#2 (Fig.1) (where CRC masking can be done similar to LTE):
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Figure 1. Polar encoding with CRC attached in one stage, a pre-encoding interleaver and a rate-matcher. 
The main part with regards to claimed early termination scheme is a pre-encoder interleaver which permutes information and CRC with the purpose to move some of the CRC bits to locations that are earlier in the decoding order, with the expectation that such CRC bits can help check “partial” CRC and terminate decoding early if the partial CRC failed.
Constant interleaving pattern [6] defines only a relative order of info and CRC bits and does not have any idea about actual bit-channel reliabilities and the way CRC bits are mapped to the encoder input. Given this, the distribution of CRC bits should be sufficiently robust to the subsequent steps in Polar encoding chain such as sequence design and rate-matching. Previous evaluations [2, 3, 4] have showed that FAR characteristics (especially UER) of distributed CRC schemes are not very smooth and can even lead to catastrophic degradation in FAR performance [5] – it is extremely important that sufficient evaluations are shown to demonstrate such catastrophic points are avoided in any design selected for NR. Given CA-Polar is the most robust code construction scheme for delivering FAR, it is recommended that the number of CRC bits that are distributed should be small (e.g. a maximum of 3) and which are placed relatively latter in the decoding order – unnecessary interleaving towards the end of information block should be avoided as it does not provide any ET considering practical SSC based decoding algorithms. Overall, we would like to reiterate that the code construction scheme should sufficiently robust to deliver the FAR targeted for NR control channel design and payloads. 
Proposal 1: RAN1 shall ensure a robust code construction scheme that delivers FAR targeted for NR control channel design and payloads. 
In the downlink, the number of CRC bits attached is 19 (WA) while in the uplink the number of CRC bits is still TBD given FAR for uplink is not yet agreed upon in control channel sessions. It would require a complete redesign of CRC polynomial + interleaver for UL given current agreed distributed CRC flavor. We prefer uplink design to be plain CA-Polar since it is reasonable to assume that early termination is not very beneficial for uplink given there is no constant blind decoding operation on the uplink. In most cases, a gNB may be decoding an intended codeword at a reasonable target BLER (e.g. 10%), due to which any perceivable ET gains can be negligible – of course gNB could also rely on implementation based ET schemes.
Proposal 2: CA-Polar without interleaver is adopted for UL. 
3. Conclusions
In this contribution, we have discussed some aspects related to Polar code construction and make the following proposals:
Proposal 1: RAN1 shall ensure a robust code construction scheme that delivers FAR targeted for NR control channel design and payloads. 
Proposal 2: CA-Polar without interleaver is adopted for UL. 
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