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Introduction
Agreement: 
· For DL: 
· J’ = 3 or 6, to be downselected at June adhoc
· J’’ = 0
· At least some of the J + J’ bits are appended
· FFS until June adhoc:
· how the J + J’ bits are obtained 
· If J’=6, working assumption that at least some of the J + J’ bits are distributed (including to support early termination in the code construction) (Consideration of J’=6 proposals without distributed J+J’ bits are not precluded.)
· If J’=3, FFS until June adhoc whether some of the J + J’ bits are distributed (including to support early termination in the code construction)
· Consideration of distribution of bits shall consider complexity versus benefit and comparison to implementable purely implementation based methods for early termination
Email discussion until Thursday 1st June to align calculation methods for latency and complexity with early termination. 
Companies are requested to provide proposed schemes for evaluation by Thursday 8th June. 

Baseline proposal
CA-polar with 19-bit CRC, J’=3, 19-bit CRC is appended at the end of decoding. Note that even with baseline scheme, early termination can be done after all information bits are decoded successfully by checking the CRC bits with the expected values as will be discussed in Section 5.
Distributed scheme for early termination evaluation and comparison
If some bits have to be distributed. The following is proposed for evaluation along with other distributed schemes (the following can be evaluated for J’=3 and J = 16):
Two CRCs, one distributed in the middle of the information bits, one at the end of the information bits. K0 is around 40% of the overall payload. Note that, there are still discussions on the required FAR for undetectable error rate (UER) consideration that have not yet been converged. This scheme, the location of the CRC0 can be further optimized to achieve different tradeoffs between UER and ET gain for example around 20% to 50% of the overall payload.
The following two CRC polynomials can be considered as starting point:
CRC0: 0x5 (x^3+x^1+1)
CRC1: 0x968b (x^16+x^13+x^11+x^10+x^8+x^4+x^2+x^1+1)


Figure 1. Encoding high-level description



Figure 2. Encoding Operation Flow



Figure 3. Decoding Diagrams
Early termination and error performance tradeoff
There is a tradeoff between the location of distributed bits and BLER/undetectable error rate (UER) performance as demonstrated in proposals [2]. As shown in [4], over-optimization for ET gain can have detrimental impact on UER. As a result, the number and placement of distributed bits should be considered with caution.
Observation 1: The number and placement of distributed bits in polar code construction need to be considered with caution.
In this proposal, the 2CRC scheme has the first distributed CRC placed around 40% of payload location based on simulation optimizations. Further evaluation can be done to further optimize the ET gain and UER robustness tradeoffs.
[bookmark: _GoBack]Early termination using distributed and appended CRC
It is also worth mentioning that, CA polar with CRC attached at the end of decoding order is also capable of early termination after all the information bits are decoded successfully. As per agreement from RAN1-88b, 
Conclusion:
· Study until RAN1#89 polar code construction techniques to facilitate early termination (i.e. before decoding all the information bits) without degrading BLER performance or latency (especially considering the time for deinterleaving the information and assistance bits) compared to purely implementation based methods such as path-metric based pruning
· e.g. assistance bits distributed in the codeword in such a way that error detection can be performed after partial decoding
· Investigate performance, complexity and FAR impacts
· Study of use of data-independent scrambling to facilitate early termination is also not precluded
It is observed that, when we consider 2CRC type of distirbuted design, incorporating final appended CRC for ET check can also improve ET gain based on the simple equation that is used [2]. This is similar to the case of distributed CRC where all 19 distributed bits can be used for ET. However, in reality, these bits occur at the very late stage of decoding and typically appear in groups of information bits. it is known that SSCL type of decoder and selective path extension type of decoder can efficiently handle such rate 1 blocks with much lower complexity than it is considered in most of the analysis. it really takes the actual decoder simulator to evaluate the real benefit of such ET gain.
Observation 2: The appended CRC bits can also be used to achieve ET gain. The exact ET gain of a practical decoder of both distributed CRC and other schemes should be evaluated.
Implementation consideration
Distributed scheme is proposed merely for implement benefit. They do not improve BLER and potentially may degrade FAR and/or UER under certain conditions. They do not improve link-budget, coverage and have no impact on the real network. It is mostly of UE vendors’ interest to consider such distributed scheme. As a result, the introduction of such distributed scheme should consider complexity and implementation issues very carefully.
Observation 3: distributed polar construction schemes are only for implementation consideration. Only implementation friendly distributed schemes should be considered.
Conclusion
Observation 1: The number and placement of distributed bits in polar code construction need to be considered with caution.
Observation 2: The appended CRC bits can also be used to achieve ET gain. The exact ET gain of a practical decoder of both distributed CRC and other schemes should be evaluated.
Observation 3: distributed polar construction schemes are only for implementation consideration. Only implementation friendly distributed schemes should be considered.
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