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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
In RAN 1#89, the following agreement was reached for Polar code construction [1]
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
In this paper, we summarize the Polar code construction for NR control based on the details presented in [6][7][8][9]. 
2. [bookmark: _Ref477266525]PC-CA Polar code construction
Following the working assumption that when J+J’=nFAR+6, we design a polar code with the PC bits and distributed CRC bits to maximize the benefit from the assistance bits.


Figure 1.	Polar Code Construction
· Assistant bits J’ =6
· J’ = J1’+J2’ 
· J+J1’=nFAR+3 for distributed CRC bits [2][4]
· J2’=3 for PC bits [3]
· For a (M,K’) Polar Code,  where K'≜K+J+J', and get the parameters.
· Select J2’=3 PC bits from the K’ reliable positions;
· J+J1’= (nFAR+3) distributed CRC bits, X bits for distributed, 3<= X <= nFAR+3
2.1  PC bits [6][8]
PC bits are generated according to the following steps:
1. Select K’ = K+J+J’ for the reliable bit position set.
2. Encode K info bits to K+J+ J1’ D-CRC encoded bits,
· J+J1’ D-CRC bits distributed within information bits according to [4].
3. Select J2’ PC bits from the K’ reliable positions,
· n positions selected by wmin and descending reliability [5].
· For NR control cases, we propose J = 16 and J’ = 6, (J1’=3, J2’=3)
· 
· For short blocks (12≤K≤22), we propose J = 0 and J’ = 6 (J1’=3, J2’=3)
· 
· J2’-n positions selected in ascending reliability within K’ positions.
4. Take PC bits values from a simple length-5 cycle shift register [5].
2.2  Distributed CRC bits [7]
A Distributed CRC (D-CRC) polar code proposed in [2][4] interleaves a CRC-concatenated block, relocates some parity check bits into the middle of this block prior to an Arikan encoder. This allows a decoder to early terminate itself in the middle stages once any parity-check is not passed. 
The workflow of D-CRC encoding and decoding is show below:


Figure 2.	D-CRC encoding and decoding flow
· For NR control cases, we propose to use the following CRC polynomial:
· x19 +x16 +x15 +x14 +x13 +x11 +x10 +x 8 +x6 +x2 +1
· For short block length (12≤K≤22), we propose to use the following CRC polynomial:
· x3+x+1
3 Conclusion
The advantages of PC-CA Polar are summarized below:
· BLER gain at different block lengths, code rates and list sizes;
· BLER better than CA Polar (CRC19) at larger list (e.g. L>8) and large block sizes
· BLER better than CA Polar (CRC20) at smaller list (e.g. L<8) and small block sizes
· Early termination gain under all four input signal types 
a) AWGN,
b) random-QPSK
c) other UE codeword
d) this UE codeword
· FAR meets requirement under the four above input signal types.
· Complexity overhead is negligible compared with CA Polar.
The observations on PC-CA Polar compared to other schemes are summarized below:
BLER performance:[6][8]
Observation: PC-CA Polar has better BLER performance compared to CA Polar in different comparison scenario including no rate-matching, combined with puncturing and shortening, large list, etc. 
· The gain over CA Polar (CRC19) is up to 0.2dB with list 32.
· The gain over CA Polar (CRC20) is up to 0.4dB with list 2 and list 8.
Observation: PC-CA Polar provides the flexibility to cover different scenarios to reach better BLER performance.
[bookmark: _GoBack]Early termination gain:[7][9]
Observation: D-CRC saves up to 40% latency according to block length and code rate.
Observation: The ET gain of PM-based ET is strongly related to implementation assumptions. 
· If PM quantization and/or truncation is used, less ET gain is observed. 
· If PM quantization is used, additional BLER degradation is observed.
Observation: The ET gain of PM-based ET is strongly related to input signal types. 
· If random-QPSK input, the ET gain is lower than 5%. 
· If other-user-codeword input, the ET gain is nearly zero. 
· If this-user-codeword input, BLER degradation is observed. 
FAR:[7]
Observation: “Simple PC” Polar has low error detection capability and suffers from FAR degradation.
Complexity:[7]
Observation: D-CRC encoding has negligible memory and latency overhead compared with CA Polar.
Observation: D-CRC decoding has negligible memory, latency and area overhead compared with CA Polar.
Based on the above observations, we have the following proposal:
Proposal：Adopt PC-CA Polar code construction for NR control channel
· Assistant bits J’ =6
· J’ = J1’+J2’ 
· J+J1’=nFAR+3 for distributed CRC bits [2][4]
· J2’=3 for PC bits [3]
· Select K’ = K+J+J’ for the reliable bit position set.
· PC-CA Polar code construction
· Generate and attach J+ J1’ CRC bits for the K information bits
· Interleave the K+J+ J1’ information and CRC bits
· Select J2’ PC bits from the K’ reliable positions,
· n positions selected by wmin and in descending reliability within K’ positions, where wmin is the minimum row weight and pre-determined according to the value of K+J+J1’, as in R1-1706193 section 2.
· For NR control cases, J = 16 and J’ = 6, (J1’=3, J2’=3)
· 
· For short blocks (12≤K≤22), J = 0 and J’ = 6 (J1’=3, J2’=3)
· 
· J2’-n positions selected in ascending reliability within K’ positions.
· Take PC bits values from a simple length-5 cycle shift register, as in R1-1706193 Appendix A.
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