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1. Overview
In RAN1 #88bis April 2017 (Spokane) meeting, the following matters were concluded and agreed upon regarding polar code design for control channel:
	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
Agreement:
· J CRC bits are provided (which may be used for error detection and may also be used to assist decoding and potentially for early termination)
· J may be different in DL and UL
· J may depend on the payload size in the UL (0 not precluded)
· In addition, J’ assistance bits are provided in reliable locations (which may be used to assist decoding and potentially for early termination)
· J + J’ <= the number of bits required to satisfy the FAR target (nFAR) + 6
· Working assumption: 
· For DL, nFAR = 16 (at least for eMBB-related DCI)
· For UL, nFAR = 8 or 16 (at least for eMBB-related UCI; note that this applies for UL cases with CRC)
· J’>0
· Working assumption: J”<=2 additional assistance bits are provided in unreliable locations (which may be used to assist decoding and potentially for early termination)
· Can be revisited in RAN1#89 if significant benefit is shown from a larger value of J” without undue complexity – companies are encouraged to additionally evaluate J”=8
· The J’ (and J” if any) bits may be CRC and/or PC and/or hash bits (downscope if possible)
· Placement of the J, J’ (and J” if any) assistance bits is FFS after the study of early termination techniques
· Appended?
· Distributed?
· evenly?
· unevenly? 




Polar codes when concatenated with assistance bits such as Cyclic Redundancy Check (CRC) or Parity Check (PC) have been shown to produce very good Block Error Rate (BLER) performance as compared to ordinary polar codes. These assistance bits can be used to serves purposes including but not limited to error detection and/or correction, early termination, list pruning etc. It was agreed in RAN1 #88bis that assistance bit aided polar codes are required for control channel. J bit CRC would be provided primarily aimed at error detection. In addition, J’ or J’+J’’ assistance bits will be used to support early termination. J’ assistance bits can be chosen from reliable set and J’’ assistance bits can be chosen from unreliable set. The assistance bits can be at least one of CRC, PC or Hash bits. The positions of the J, J’ and J’’ have been left FFS in RAN1 #88bis. In this contribution, we present a construction of assistance bit aided polar codes. The proposed code is simulated and BLER performance is compared against the code introduced in [2]. 

2. Assistance bit aided polar code construction
2.1 We aim to construct an (M,K) polar code where  < and . In the first step of construction, the  shortening positions are selected. In this proposal, we use the bit-reversal shortening method [3]. After selecting the shortening indices, the remaining  indices are ordered in terms of reliability.  most reliable indices are included in a set 𝒜 (non-frozen set) and the remaining  indices are included in the frozen set ().
2.2  In the second step, we first define . Here  denotes the row weight of index . Suppose, P number of parity bits are desired. Then, P indices with row weight  or  with highest reliability are selected from the set . Next,  indices with row weight  are selected from the set 𝒜. If total number of indices with row weight  in 𝒜 do not make , then indices with row weight  are selected to make up the deficit. Information bits from these  indices from set 𝒜 used to generate the PC bits. 

3. Example
In this section, we show the construction example of a (160, 80) assistance bit aided polar code according to the proposed method. To construct a code of length M=160 from a mother code length of N=256, 96 bits have to punctured. These 96 bits are selected to be the last 96 indices of the codeword, i.e., 
{160   161   162   163   164   165   166   167   168   169   170   171   172   173   174   175   176   177   178   179   180   181   182   183   184   185   186   187   188   189   190   191   192   193   194   195   196   197   198   199   200   201   202   203   204   205   206   207   208   209   210   211   212   213   214   215   216   217   218   219   220   221   222   223   224   225   226   227   228   229   230   231   232   233   234   235   236   237   238   239   240   241   242   243   244   245   246   247   248   249   250   251   252   253   254   255}.
Thus the following indices are set to be frozen
{bitrev(160), bitrev(161),…, bitrev(255)} = 
{5   133    69   197    37   165   101   229    21   149    85   213    53   181   117   245    13   141    77   205    45   173   109   237    29   157    93   221    61   189   125   253     3   131    67   195    35   163    99   227    19   147    83   211    51   179   115   243    11   139    75   203    43   171   107   235    27   155    91   219    59   187   123   251     7   135    71   199    39   167   103   231    23   151    87   215    55   183   119   247    15   143    79   207    47   175   111   239    31   159      95   223    63   191   127   255}
The remaining indices are arranged in order of reliability. K most reliable indices are included in set 𝒜 while the remaining indices are included in set .
Suppose, 4 PC bits are desired. These 4 PC bits are chosen from the frozen set as the indices with highest reliability and row weight. Here 
PC bit index = {196, 200, 208, 224}.
These 4 bits are computed from  information bits positioned at indices in the non-frozen set of row weight  or . 
Information bits from which PC bits are computed are = {30, 46, 54, 100, 112, 161, 164, 168, 176, 193, 194}.

4. Simulation results
[bookmark: _GoBack]Simulation-based comparison of the proposed method is performed against the polar code proposed in [2]. We use 12 bits CRC and 4 bit parity. Preliminary simulation results show that the proposed construction method of assistance bit aided polar code performs almost same as polar code in [2] with 4 bit PC and 12 bit CRC (note that, polar code in [2] originally does not use CRC bits; however 12 bit CRC was added to Huawei’s PC-polar in this evaluation for fair comparison since it was agreed in RAN1 88bis that J bit CRC will be used). Polar codes in [2] and our proposed assistance bit aided polar code performs almost same (marginally better) than conventional CA-polar with 16 CRC bits.

[image: C:\Users\0000011288435\Desktop\PolarCode_Survey\3GPP\2017_05_Hangzhou#89\PC-polar_K80.png]
5. Summary
It was agreed in RAN1 #88bis that assistance bit aided polar codes are required for control channel. J bit CRC would be provided primarily aimed at error detection. In addition, J’ or J’+J’’ assistance bits will be used to support early termination. J’ assistance bits can be chosen from reliable set and J’’ assistance bits can be chosen from unreliable set. The assistance bits can be at least one of CRC, PC or Hash bits. The positions of the J, J’ and J’’ have been left FFS in RAN1 #89bis. In this contribution, we present a construction of assistance bit aided polar codes. 

[image: C:\Users\0000011288435\Desktop\PolarCode_Survey\3GPP\2017_05_Hangzhou#89\PC-polar_K200.png]

Observation 1: The polar code in [2] performs almost same as the proposed polar codes with 16 CRC bits and 4 PC bits.
Observation 2: It may be possible to improve the BLER performance of proposed method by fine tuning the construction.
Proposal 1: Design of assistance bit aided polar codes should be left for further study till next RAN 1 meeting.
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BLER of Huawei-Polar and NEC-Polar codes for K=80, R=1/6, 1/3, 1/2, List=8
*HHS: Sequence Design = PW; TSS; PC = 4; CRC =12
*NEC: Sequence Design = PW; TSS; PC =4; CRC =12
= CRC: Sequence Design = PW; TSS; PC =0; CRC =16
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BLER of Huawei-Polar and NEC-Polar codes for K=200, R=1/6, 1/3, 1/2, List=8
=HHS: Sequence Design = PW; TSS; PC=4; CRC=12
=NEC: Sequence Design = PW; TSS; PC = 4; CRC =12
*CRC: Sequence Design = PW; TSS; PC = 0; CRC = 16
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