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Introduction
Agreement: 
· All companies work together to design for the DL a Single CRC polynomial + Interleaver scheme to deliver early termination benefits while achieving the FAR (in presence of AWGN, and in presence of random QPSK, and undetected errors in intended user’s codeword), and BLER targets with acceptable complexity and latency. 
· Working assumption that the CRC length is 19 bits, to be finalized as part of the design, taking into account the number of blind decodes or hypotheses to be tested. 
· Longer CRCs will be considered if required to meet the FAR target
· For DL for K+nFAR>=12, and for UL where K+nFAR>22, J+J’ = nFAR + 3
· For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, comprising 3 parity bits and nFAR + 3 additional CRC bits
Note: K is the number of payload information bits without CRC or parity bits
Note: nFAR may be zero in some circumstances. 
Note: UE specific scrambling is not precluded and will be considered separately. 
Baseline CA-polar with interleaving
CA-polar with single 19-bit CRC are used as baseline, other CRC size can be supported by considering similar structure as presented in this proposal. A structured interleaver is applied for CRC encoded bits for early termination and ensures low implementation complexity.
[bookmark: _Ref489977315]Partial information bits interleaving
It has been demonstrated that full information bit interleaving can involve high implementation complexity and also the gain by interleaving all information bits becomes very marginal. Hence, to improve implementation efficiency and reduce FAR risk, it is proposed to interleave only part of information bits. We propose to interleave only the last 19 bits out of the total K bits. Optionally, if necessary, interleave additional information bits up to Kref bits.
Structured interleaving exploiting CRC property
It was mentioned in [3] that some CRC structure could be used to facilitate interleaving for early termination. In particular, to alleviate the added complexity and latency due to CRC distribution design. such kind of cyclic shift structure could be further exploited not only to reduce storage, but also to significantly reduce the processing latency, complexity and improve forward compatibility.
In one example, CRC polynomial = ‘E4001’ can be considered:
P(x) = x19 + x18 + x17 + x14 + 1


The shift register of the CRC polynomial is shown in the above figure. It can be seen that, entries X(14), …, X(1) follow a simple bit shift relationship as discussed in [3]. As a result, X(14) value is available 13 clocks ahead of the final information bits are input to the CRC encoder/decoder block.
This property can be utilized to simplify CRC interleaver.
Assume the payloads are b(1), b(2), b(3), b(4), …, b(K), and generated CRC bits are x(1), x(2), x(3), …. x(19) (more generally, assume K information bit payload and number of CRC bits being C). The original payload + CRC without interleaving are in the following order:
b(1), b(2), b(3), b(4), …, b(K), x(1), x(2), x(3), …. x(19)
Suppose 3 CRC bits, x(14), x(13) and x(12) are interleaved for early termination. They will be interleaved with part of the last 19 information bits, i.e., b(K-13), b(K-12), …, b(K-11), b(K-10).
From the shift property discussed above, we know that x(14) can be determined right after b(K-13) is available, x(13) is generated by b(K-12), x(12) is generated by b(K-11), etc.
Hence, the following interleaved pattern can be used to ensure low complexity interleaving for early termination:
b(1), b(2), b(3), b(4), …, b(K-13), x(14), b(K-12), x(13), b(K-11), x(12), b(K-10), …, b(K), x(1), x(2), x(3), …., x(11), x(15), …, x(19)
the 19-bit CRC generator matrix of K = 19 case (or the sub generator matrix based on last 19 information bits) is shown below:
G = 
[     0     1     0     0     0     1     1     0     0     1     0     0     0     0     1     1     0     1     1
     1     1     0     0     0     1     1     1     0     0     1     0     0     0     0     1     1     0     1
     1     0     0     0     0     1     1     1     1     0     0     1     0     0     0     0     1     1     0
     0     1     0     0     0     0     1     1     1     1     0     0     1     0     0     0     0     1     1
     1     1     0     0     0     1     0     1     1     1     1     0     0     1     0     0     0     0     1
     1     0     0     0     0     1     1     0     1     1     1     1     0     0     1     0     0     0     0
     0     1     0     0     0     0     1     1     0     1     1     1     1     0     0     1     0     0     0
     0     0     1     0     0     0     0     1     1     0     1     1     1     1     0     0     1     0     0
     0     0     0     1     0     0     0     0     1     1     0     1     1     1     1     0     0     1     0
     0     0     0     0     1     0     0     0     0     1     1     0     1     1     1     1     0     0     1
     1     1     1     0     0     0     0     0     0     0     1     1     0     1     1     1     1     0     0
     0     1     1     1     0     0     0     0     0     0     0     1     1     0     1     1     1     1     0
     0     0     1     1     1     0     0     0     0     0     0     0     1     1     0     1     1     1     1
     1     1     1     1     1     0     0     0     0     0     0     0     0     1     1     0     1     1     1
     1     0     0     1     1     0     0     0     0     0     0     0     0     0     1     1     0     1     1
     1     0     1     0     1     0     0     0     0     0     0     0     0     0     0     1     1     0     1
     1     0     1     1     0     0     0     0     0     0     0     0     0     0     0     0     1     1     0
     0     1     0     1     1     0     0     0     0     0     0     0     0     0     0     0     0     1     1
     1     1     0     0     1     0     0     0     0     0     0     0     0     0     0     0     0     0     1]
Structured interleaving requires much lower interleaving complexity and is more flexible for different CRC polynomials.
Detailed Proposed algorithm
The interleaver can be obtained through the following steps
1. Simple structured interleaving: select C0 CRC bits for low complexity structured distribution
· Select CRC bits towards the end of long consecutive zero terms in CRC polynomial
· Perform structured interleaving of selected CRC bits with the last several related information bits as described in Section 3.
· [bookmark: _GoBack]The number C0 should be selected for low interleaving complexity and good gain
· C0 = 3~4 or more bits if FAR is not compromised.
2. Optional further interleaving: select C1 consecutive CRC bits from C0 CRC set for further interleaving. Interleaver is designed targeting payload size of K_ref.
· The maximum number of information bits to be interleaved is set to K_ref:
· When payload size K > K_ref, CRC bits are interleaved with the last K_ref information bits to maintain low interleaving complexity.
· K_ref is selected based on typical payload size of DCI (for example, 60~100), beyond which, further interleaving delivers very marginal gain with high complexity. The interleaving size is optimized for typical size.
· Obtain the set of C1 CRC bits from C0 
· Select the set C1 consecutive CRC bits from C0 CRC set, the selection is optimized for payload size K_ref
· The number of C1 bits:
· C1 = 0~1 bits



Figure: Interleaving scheme illustration: a) 19-bit simple interleaving b) optional up to K_ref bit structured interleaving
3. When payload size K <= K_min, CRC interleaver degenerates to identity interleaving to reduce interleaving overhead for small payload size:
· K_min = 24 bits
The recommended values for parameters: 
C0 = 3~4 or more bits if FAR is not compromised.
C1 = 0~1.
K_ref = 80
K_min = 24
CRC polynomial that facilitates early termination
CRC polynomial = ‘E4001’, or '80029' or other CRC options that have consecutive zero terms in the polynomial (either 19-bit or more bits).
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