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The channel coding schemes for 5G NR have been discussed since RAN1#85 meeting. Among the candidates, Polar and LDPC codes have been selected for eMBB control and data, respectively. The requirements for URLLC scenario are quite different from those of eMBB. Therefore, a further study is needed to select the channel coding scheme for URLLC scenario. 
In RAN1#86 it was agreed that channel coding technique(s) designed for data channels of NR support both Incremental Redundancy (IR) and Chase Combining (CC) HARQ [[endnoteRef:2]]. In this contribution, we discuss HARQ schemes for Polar codes. [2: [] Chairman’s notes, 3GPP TSG RAN WG1 #86 meeting.
[2] R1-1611255, HARQ scheme for polar codes, Huawei, HiSilicon.] 

 Discussions
IR-HARQ based on Kernel Extension
An IR-HARQ scheme based on kernel extension was presented in [2] for polar codes, making use of low-triangular and recursive polar kernel. It is designed according to the polarization theory that polarization is enhanced when the code length is increased. Figure 1 illustrates the case with 2 transmissions. In the retransmission, the encoder generates a longer codeword with incremental coded bits via encoding partial information bits with further step of polarization, and only transmits the incremental redundancy part. At the decoder side, the received LLRs of all transmissions are concatenated and decoded as a long codeword.


Figure 1 IR-HARQ Scheme [2] for Polar Codes
Because the coded bit reduction (puncturing) is equivalent to reduce a polar kernel, these reduced coded bits can be recovered or extended in retransmissions too. Therefore, a polar code allows an arbitrary number of incremental coded bits in retransmissions, which is an adaptive IR-HARQ.
When the codeword length is increased, the information bit channels are updated according to the sub-channel reliabilities calculated from the extended codes rather than the shorter codes. Naturally, some information bits are transferred from the shorter part to the extended part for higher sub-channel reliabilities. The values assigned to the new information bit channels are copied from the redundant information bits in previous transmissions. As a result, one-to-one parity-check (PC) functions are established between them, which enables the decoding of the longer code. Then, incremental coded bits are generated based on the extended kernel and can be easily concatenated with the previous transmitted coded bits to form a longer Polar code with a lower rate. This IR-HARQ scheme exploits the full coding gain of the longer code, which is more significant at high code rate. 
IR-HARQ based on Rate-Compatible Punctured Polar Codes
A URLLC scenario requires a channel coding scheme for a reliable transmission with short latency, where the typical code rate would be no higher than 1/3. For low code rate, puncturing is preferred as the rate matching scheme for polar codes, which has been adopted for eMBB control channels and usually named as rate-compatible punctured polar codes (RCPP). The punctured bits can be used for retransmission, which is incremental to previously transmitted coded bits. 
Suppose the code length (mother code length) in the initial transmission is (). In this case, the information set constructed based on mother code length  may have large overlap with those constructed based on , especially at low coding rate. Simply retransmitting the punctured bits and some previously transmitted coded bits achieves good enough performance, which introduces a simple IR-HARQ scheme. 
Figure 2 illustrates the case with 2 transmissions, where coded bits are collected into a virtual circular buffer to facilitate HARQ transmission. Suppose the coded bits are , which are fed into a circular buffer as shown in Figure 2. When sequentially reading out  bits from the circular buffer with a start position, the remaining bits  are the punctured bits for initial transmission. For retransmission, another start position is determined from the end of previous transmission, i.e. head of punctured bits, and sequentially read out enough bits, which naturally supports adaptive IR-HARQ. At the decoder side, all received LLR values are concatenated/combined, forming the codeword with the length of the mother code. 

 
[bookmark: _Ref497827446]Figure 2 IR-HARQ Scheme based on RCPP for Polar Code
When , the punctured bits are firstly selected for retransmission, as incremental coded bits. The coding gain is larger for more punctured bits, while becomes marginal for low coding rates. Since the information sets of the initial transmission and the retransmission are exactly the same, the decoding complexity and latency of the retransmission will not increase compared with the initial transmission, which is friendly for implementation. 
Observation-1: Polar codes support adaptive IR-HARQ.
Performance Evaluation
[bookmark: _Ref465499411][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Performance of Polar codes with above IR-HARQ schemes and CC-HARQ is evaluated in fading channel. Results for the typical URLLC case with K=200 and R=1/3 are shown in Figure 3. 
In Figure 3, it can be observed that IR-HARQ schemes based on RCPP and kernel extension achieve similar performance for such cases with low code rate, which is ~0.4 dB better than CC-HARQ. It should be noted that no less than 8.5 dB gain for one retransmission is obtained for CC-HARQ and IR-HARQ at BLER=10-4~10-5. This implies that the diversity and power gains dominate the coding gain attributed to the retransmission more than the type of HARQ (CC or IR) does for such low code rates in fading channel.
[image: ]
[bookmark: _Ref502829171]Figure 3 Performance of HARQ schemes for polar codes
Observation-2: The diversity and power gains dominate the coding gain attributed to the retransmission more than the type of HARQ (CC or IR) does for low code rates.
  
Conclusion
In this contribution, we discuss HARQ schemes for Polar codes. We have the following observations.
Observation-1: Polar codes support adaptive IR-HARQ.
Observation-2: The diversity and power gains dominate the coding gain attributed to the retransmission more than the type of HARQ (CC or IR) does for low code rates.
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