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Introduction
In RAN1 NR Ad-Hoc#2 meeting, it was concluded that UE specific scrambling will be considered separately when designing Polar codes [1].
	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 finalised 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.


In RAN1#89 meetings, it was also concluded that the following rate matching issues should be considered when designing Polar codes [2].
	Agreement:
After segmentation (if any):
· K is the number of information bits (including CRC if one is attached)
· M is the number of coded bits for transmission
· NDM  is the smallest power of 2 that is >=M
· NM  is 
· NDM /2     if    M < β* NDM /2 and K/M < Rrepthr,   1<=β<2  (exact value FFS; it is not precluded that β is a function of NDM)
· Otherwise, NDM         
· FFS the value of Rrepthr;  Rrepthr = 0 not precluded
· NR is the smallest power of 2 that is >= K/Rmin
· Rmin is the supported minimum coding rate, 
· ~1/12<=Rmin<=~1/5, FFS the exact value 
· Nmax is the maximum supported mother code size 
· The mother code size N is determined as min(NM, NR, Nmax)
· Repetition is applied when   M > N
· Puncturing or shortening is applied when M < N    
· Puncturing for lower code rates, e.g. in cases where code rate <= Rpsthr, and/or other condition(s) 
· Shortening for higher code rates, e.g. in cases where code rate > Rpsthr, and/or other condition(s)
· Details FFS


In this contribution, we show the UE specific scrambling design for Polar codes. The following notations are used in this contribution.
K:		information block size
M:		codelength

N:		mother codelength, 
K1:		number of input bits of the basic encoder
ui:		input bits of the basic encoder
xi:		coded bits of the basic encoder
Scrambling of Polar codes
During the blind detection of Polar decoding, UEID will be used to distinguish different users. In [3], a method to combine the frozen bits and UEID are proposed. As the values of the frozen bits can be fixed to both encoder and decoder, the frozen bits can be used to set the values of UEID. If the decoder use wrong UEID for decoding, the decoded results may be more likely to fail the CRC. The scrambling of Polar codes can be shown in Fig. 1 and Fig. 2


Fig. 1 The structure of Polar codes for NR


Fig. 2 Example of UEID scrambling of Polar codes
Scrambling of rate matched Polar codes
In this section, we propose a new method to joint design the Polar codes rate matching scheme and UEID. For shortened Polar codes, The UEID can be added both in the information bits side and coded bits side. The structure of the proposed method can be shown in Fig. 3.


Fig. 3 UEID scrambling of shortened Polar codes
The UEID can be first scrambled into the shortened bits, although these bits will not be transmitted, the value of these bits are required in decoding for LLR initialization. Then the value of the corresponding of padding bits can be calculated by UEID, as shown in Fig. 4.


Fig. 4 Encoding of UEID scrambling of shortened Polar codes
In this case, as decoder can know the exactly value of these shortened bits, an additional early termination gain can be achieved.
For other cases, such as puncturing, the UEID can be simply scrambled into the coded bits side or information bits side. As decoder cannot know the exactly value of punctured bits, there is no need to scramble the UEID for both information bits side and coded bits side.
Encoding
For details, the encoding structure of the proposed method is shown in Fig. 5.


Fig. 5 An example of encoding of the proposed method

The shortened bits are set to the value of UEID. The corresponding padding bits can be calculated according to the value of UEID. Then the coded bits can be encoded by all the information bits and padding bits. The information bits used for encoding can be represented as .
Decoding
For shortened polar codes, the decoder needs to initialize the LLR of the shortened bits as positive infinity and/or negative infinity. If the shortened bits are set as the value of UEID. The decoder can initialize the LLR by the corresponding values of RNTI. The structure of decoder is shown in Fig. 6.
As the initialize LLR are affected by the value of UEID, if wrong UEID is applied in the decoding, the decoded results are more likely to be random and the reliability of the decoded paths is more likely to be low. 
Based on the above analysis, we have the following observation and proposal.
Proposal 1: Joint design of shortened Polar codes and UEID should be considered in Polar codes design.



Fig. 6 An example of decoding of the proposed method
Summary
[bookmark: _GoBack]In this contribution, we described the joint design of polar codes and UEID scrambling. Based on the analysis, we have the following Proposal.
Proposal 1: Joint design of shortened Polar codes and UEID should be considered in Polar codes design.
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