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Introduction
In RAN1 #88 meeting, the following agreement has been reached for eMBB channel coding [1].
Agreement: 
· Until RAN1#88bis, work together on a coding scheme that achieves the benefits of both Alts 1&2
· With J’ bits for the purpose of assisting the polar decoding, where  0<=J’<=Jmax , aiming for Jmax , e.g. in the region of 8 (other values are not precluded)
· This does not preclude the use of the J bits for assisting decoding
· Note that any PC-frozen bits would be considered to be among the J’ bits
· The following are examples:
J bits CRC + J’ bits CRC + basic polar;
J bits CRC + J’ bits distributed CRC + basic polar;
 J bits CRC + J’ PC bits + basic polar; (i.e. PC-Polar)
 J bits CRC + J’ Hash sequence + basic polar;
(J + J’) bits CRC + basic polar
This contribution discusses polar codes construction schemes for eMBB control channel.

Discussion
[bookmark: _Hlk477978249]2.1 Description of X- concatenated polar codes (Alt.2)


Figure 1: The encoding structure of X- concatenated polar codes
[bookmark: _Hlk477983258]      The encoding structure of X-aided polar codes is shown in Fig.1, where the X-Encoder can be non-linear encoder (i.e. hash encoder, hash + CRC called hash polar [2]) or linear encoder (i.e.  CRC encoder, concatenated CRC “CRC+CRC” named CC polar). At the receiver, list with X- concatenated decoding is employed. The decoder outputs the most likely decoding path with the smallest path metric among the paths which can pass the X-check. The X- concatenated decoder (hash function or CRC decoder) can also 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 X decoder and J bits CRC check in eMBB control channel, and  denotes the number of the incorrectly decoding frame number.
[bookmark: _Hlk477979281]2.2 Description of path limited X- concatenated polar codes
        The encoding structure is the same as the structure shown in Fig.1. The list decoding of path limited X- concatenated polar codes is given as follows:
1)  Sort L paths in terms of the reliability from high to low.
2)  Check the L paths by the X-decoder successively, and record the index of the path which passes the X-check.




3)  Assume that  paths are passed.  If , the  paths will be checked by the J-bit CRC decoder successively. Otherwise, only the first  paths will be checked by the J- bit CRC decoder successively. 
4)   If the path passes the J-bit CRC check, output the source vector of this path. Otherwise, choose the source vector of the first path as the output.
2.3 Description of Alt.2 based segmented polar codes with early termination


Figure 2: The encoding structure of Alt.2 based segmented polar codes with early termination

[bookmark: OLE_LINK5][bookmark: OLE_LINK8][bookmark: OLE_LINK1]We propose segmented polar codes to support early termination and maintain the false alarm rate  about 2-16.  Similarly, the segmented encoder can be non-linear encoder (i.e. hash encoder) or linear encoder (i.e. CRC encoder).  Assume that h represents the hash encoder. The structure of the segmented encoder is shown in Fig.3, where both the hash based segmented encoder and CRC based segmented encoder are shown. The length of the hash encoder is more flexible than that of CRC encoder, where only one hash encoder can have the output codewords with different lengths.  Thus, we discuss the hash based segmented encoder in detail.



Figure 3: Alt.2-Hash based segmented encoder and Alt.2-CRC based segmented encoder
2.3.1 Encoding
The encoding of hash based segmented encoder is given as follows:
1). Encode the source vector by J bits CRC encoder.
2). Divide the coded vector into I segments.


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 -bit vector, and let the -bit vector attached to the i-th segment.
6). Deliver the attached vectors to polar encoder.
Note that the attached vectors should be put into the unfrozen indexes in a natural order.
2.3.2 Decoding
List decoding is employed. The decoding of hash based segmented encoder is given as follows:

1). Consider the i-th () segment successively, and assume that L paths are reserved in terms of the reliability from high to low:
· 
For each path l ():
i. 

[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Deliver the estimated  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. For , if , the l-th path is reserved.  Otherwise,  cancel the path; For , only the first  paths are considered.  If , output the source vector.   Otherwise, choose the source vector of the first path as the output.
· 

For , if none of the path with , the decoding is terminated. Otherwise, continue decoding the next bit from the next segment.
The hash function also plays 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
,
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
2.3.3 Complexity
 Compared with distribute-CRC polar codes, Gauss elimination or polynomial division is not needed in the segmented polar codes. For different K, only one hash function is required with low complexity.
Conclusion 
The above discussion is summarized with following observations and proposals:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1: Alt.2 based polar codes should be supported for NR control channel.
Proposal 2: Polar codes supporting early termination should be considered for NR control channel.
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