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Introduction
The following agreements have been reached for polar codes [1-2]:
Agreement: [RAN1 #87]
· UL control information for eMBB
· Adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· DL control information for eMBB
· Working Assumption to adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· To be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, latency, power consumption and implementation complexity
Agreement: [RAN1 NR Ad-Hoc]
· The channel coding working assumptions from RAN1#87 are agreed, with clarification that the mentioned DL control information means DCI (i.e. does not include PBCH, SIBs or PCFICH (if it exists for NR))
[bookmark: _GoBack]This contribution discusses the design of a hash-aided polar codes based on CRC-less scheme and its BLER and false alarm rate performances.
Description of Hash-aided Polar Codes
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]2.1 Encoding scheme


Figure 1: the structure of hash polar codes

[bookmark: OLE_LINK1] We propose hash polar codes to improve BLER performance and maintain the false alarm rate of about 2-16 by using the nonlinear characteristic function. The “improved one-at-a-time” hash function h [3] with two inputs and one output is applied with the result of an unsigned integer, which is called hash state.  The structure of hash-aided polar codes is shown in Figure 1. The encoding of hash-aided polar codes is given as follows:
1). Encode the source vector by CRC encoder.

2). Divide the coded vector into I segments, each of which is a bit-vector of length r, where.


3). Convert the bit-vector in each segment into an integer ( ).





4). Deliver  and as two inputs to the hash function resulting in ( from 1 to I successively) with the assumption that.

5). Convert the output of hash encoder into a v-bit vector.
6). Let the v-bit vector attached to the coded vector, and deliver the attached vector to polar encoder.
2.2 Decoding scheme
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]List with hash-aided decoding is employed. The decoder outputs the most likely decoding path with the smallest path metric among the paths whose hash state equals to the output of the hash encoder. The decoding of hash-aided polar codes is given as follows:
1) Sort L paths in terms of the reliability from high to low.
2) 
Consider the l-th () path successively:
i. 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Deliver the CRC coded vector from the l-th path to hash encoder resulting in an integer.
ii. 
Convert the hash state sequence from the l -th path into an unsigned integer.
iii. 


Compare  and. If , output the source vector, otherwise choose the source vector of the first path as the output.
The hash function can play a role in the path check in addition to help the selection of the list path. Thus, the false alarm rate can be redefined as
,
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Where  denotes the number of the incorrectly decoding frame number which passes both the hash decoder and CRC check in eMBB control channel, and  denotes the number of the incorrectly decoding frame number
2.3 Implementation 
Hash polar codes presented in the aforementioned have the following characteristics: 
· The size of v is flexible;
· Only additions, shifts, and XORs operations are required in the hash function.  

Evaluation results 
In this section, the BLER and false alarm performance of the proposed hash polar and PC polar codes are compared for control channel with various information block sizes (K=32,80,and 200),  coding rate (R=1/6, 1/3, 1/2) , and list size L=8. The simulations are conducted over the BI-AWGN channel with QPSK modulations. CRC-12 is employed in hash polar, and CRC-16 is applied in PC polar.
[image: ][image: ]
Figure 2: K=32, R=1/6, QPSK and L=8                              Figure 3: K=32, R=1/3, QPSK and L=8


[image: ][image: ]
Figure 4: K=32, R=1/2, QPSK and L=8                     Figure 5: K=80, R=1/6, QPSK and L=8


[image: ][image: ]
Figure 6: K=80, R=1/3, QPSK and L=8                          Figure 7: K=80, R=1/2, QPSK and L=8


[image: ][image: ]
Figure 8: K=200, R=1/6, QPSK and L=8                         Figure 9: K=200, R=1/3, QPSK and L=8


[image: ]
Figure 10: K=200, R=1/2, QPSK and L=8
As shown in Figures 2-10, we can see that hash polar codes with 12bits CRC have lower false alarm rate and better error-correcting performance than those of PC polar codes with 16bits CRC, especially at low coding rate and short information block size. The reason is that hash function can assist polar codes not only to perform list decoding path selection but also to reduce number of CRC bits  used for achieving false alarm rate at 2-16.
Observation 1: With less number of CRC bits attachment, hash polar can achieve good false alarm rate and BLER performance, especially for low coding rate and short information block size.
Conclusion 
The above discussion is summarized with following observations and proposals:
Observation 1: With less number of CRC bits attachment, hash polar can achieve good false alarm rate and BLER performance, especially for low coding rate and short information block size.
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