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1. Introduction
In RAN#71, the study item for 5G new RAT has been approved [1]. Polar code has been identified as one of the channel coding candidates for NR. In RAN1#86, it was agreed that channel coding schemes for data channels of NR support both Incremental Redundancy (IR) and Chase Combining (CC) HARQ [2].
In this contribution, we discuss IR-HARQ support of polar codes.
2. IF-HARQ
The Incremental Freezing (IF) HARQ of polar codes is a capacity-achieving scheme proposed in [3]. For IF-HARQ, each transmission corresponds to one polar code encoding. If the decoding fails after the i-th transmission, the i+1-th polar code encoding would be performed and some less reliable information bits associated with the previous i transmissions are re-encoded and transmitted, such that the resultant code rate is reduced. Then the decoder receives and decodes the codeword. At least part of the information bits obtained by decoding the i+1 -th polar encoding are treated as frozen bits of the i-th polar encoding associated with the i-th transmission, then the i-th polar encoding is decoded. Next, corresponding information bits of the i-th and i+1-th polar encodings are treated as frozen bits of the i-1-th polar encoding and the i-1-th polar encoding is decoded. This decoding process keeps on until the 1st polar encoding is decoded. 
Figure 1 shows the normalized throughput based on IF-HARQ scheme for information size of 600 at code rate of 1/2, 2/3 and 3/4. PC polar code with list size of 32 is considered. For turbo, max-log-MAP algorithm with 8 iterations and scale factor 0.75 is used. And LDPC uses scaled Min-Sum with 20 iterations and scale factor 0.8125.  
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(a) Information size 600, code rate 1/2
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(b) (b) Information size 600, code rate 2/3

[image: image3.emf]-8 -6 -4 -2 0 2 4 6 8 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Es/No (dB)

Normalized Throughput

AWGN, infomation Length 600, code rate 3/4, QPSK

 

 

Polar

Turbo

LDPC


(c) Information size 600, code rate 3/4

Figure 1 Normalized throughputs for PC polar codes, LDPC and Turbo
Observation 1: IF-HARQ for PC polar codes achieves good performance for NR.
IF-HARQ of polar codes shows good performance comparing with other codes such as turbo and LDPC for small information bit size (e.g. < 1000) [4, 5]. On the other hand, there may exist some cases the performance is inferior to that of CC-HARQ [6]. To further improve HARQ performance of polar codes, a new HARQ scheme is introduced in the following section.
3. New HARQ design
In the new design of IR-HARQ, transmitted bits for all existing HARQ transmissions are associated to one single polar code with a certain mother code length, 2n. This is different from the IF-HARQ [3] scheme, where bits at each transmission are associated to their own polar code. Generally speaking, for new IR-HARQ scheme, more bits are incorporated and the code length of polar code becomes larger as the transmission number increases. New IR-HARQ for polar codes shows higher performance stability. 
Figure 2 show an IR-HARQ example for  polar codes, with HARQ transmission number of 4. The fundamental idea is to construct polar codes with increased mother code length as the transmission time increases. In Figure 1, for the i- th HARQ transmission, bit sequence ui is required to be encoded by a polar encoder. For the 2nd transmission, polar mother code length N is extended to 2N, and then part of the information channels which are marked in blue in u1 are replaced by more reliable channels in u2 marked in green, to carry information. The original information bits on the replaced channels in u1 are copied to those in u2. The replaced channels in u1 can be used as frozen bits, or as another choice, used for PC (Parity check) polar code check bits, whose value are not changed. Similarly, for the 3th transmission, polar mother code length 2N is extended to 4N, and part of the information channels which are marked in blue in u2 are replaced by more reliable channels in u3 marked in green. For the 4th transmission, it is not necessary to extend the mother code length since 4N is now the smallest power of 2 required. No channels in u1 ~u3 are replaced since the occupied information channels are already the most reliable ones for a polar mother code of 4N.
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Figure 2. IR-HARQ for polar codes
For the i- th HARQ transmission, bit sequence ui is input to a polar encoder with mother code length of N. The encoded codeword #i is again encoded with the previous codewords #1~i-1, based on polar encoding G4*4. After that, for a transmission number of 4, the final codeword [4Tx 3Tx 2Tx 1Tx] is a codeword encoded by polar code G4N*4N. If only two transmissions are sufficient to correctly decode the information, then the final codeword is [2Tx 1Tx], which can be viewed as a codeword encoded by polar code G2N*2N. It is noted that, for the i- th HARQ transmission, only codeword marked with iTx is needed to be transmitted. 
At the decoding side, after the i- th HARQ transmission, LLRs corresponding to codewords jTx with j not more than i are concatenated as input of a regular polar decoder. Of course, for un-transmitted bits, the input LLR should be zeros or infinity. For example, after the 3th HARQ transmission, LLRs corresponding to [3Tx 2Tx 1Tx] are collected and fed to the polar decoder which require 4*N inputs, thus there are N LLRs set to zeros or infinity. 

It is noted that Figure 2 focus on the information bits associated with replaced channels due to extension of polar mother code length. For PC polar codes, the bit sequence to be encoded also includes other type of bits such as check bits obtained by some operation on information bits.   

Figure 3 shows the normalized throughput for information size of 100/400/1000 at code rate of 8/9. PC polar codes with list size of 8 and 32 are considered. The construction of PC polar code can be found in [7]. It is observed that in the whole range of observed SINR, both PC polar codes with 8 and 32 list sizes outperform LDPC [8].  
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(a) Information size 100
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(b) Information size 400
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(c) Information size 1000

Figure 3 Normalized throughputs for PC polar codes and LDPC
Observation 2: IR-HARQ for PC polar codes achieves better performance than LDPC for information size less than 1000 for eMBB data channel.. 
4. Conclusion
In summary, we show some simulation results of IF-HARQ performance for polar codes. To further improve the stability, we introduce the new idea of IR-HARQ support of polar codes with simulation results of Parity check (PC) polar code shown. The observations are as follows.
Observation 1: IF-HARQ for PC polar codes achieves good performance for NR.
Observation 2: IR-HARQ for PC polar codes achieves better performance than LDPC for information size less than 1000 for eMBB data channel.. 
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