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1	Introduction
Since the RAN1 #84bis meeting, we have been discussing the performance and complexity of major channel coding candidates for eMBB and other scenarios. Besides these factors, a proper design of incremental redundancy HARQ (IR-HARQ) is of great importance for a successful design of channel coding for 3GPP NR. For turbo codes, the design is mature and has been used in LTE for years. Similarly, many IR HARQ schemes are available for LDPC codes that show competitive performances as in LTE turbo IR-HARQ scheme. For polar codes, the design of IR-HARQ is not as mature as Turbo and LDPC codes.
In this contribution, we summarize the reported ways in current literature about polar IR-HARQ designs.
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The design of IR-HARQ requires a family of compatible codes, where member codes of the family are used for the first transmission and successive re-transmissions and these codes. Compatibility here can have different meanings for different codes. For turbo codes it means that the consecutive transmitted bits in the first transmission and re-transmissions are all from the 1/3 rate mother code. For LDPC it could mean that the bits of re-transmission can be combined with the initial transmission to form a larger LDPC codeword. For polar codes it could simply mean the successive re-transmissions could be used for decoding the firstly transmitted bits. Overall it is hoped that better coding gain could be achieved compared to Chase combining.
So far, the potential methods for polar IR-HARQ design can be categorized into three main types.
Successive decoding
It was explained by a few contributions [1, 2] that for polar codes a new method of IR-HARQ could be used which is significantly different from the LTE turbo codes. The main idea is to encode less and less information bits in the 2nd, 3rd, and later transmissions, where the information bits sent in the n+1th transmission were at bad channel positions in the 1, 2, … , nth transmissions. The decoding is done in a successive fashion, i.e., if the n+1th transmission is successfully decoded, the results will be used as frozen values in the decoding of the 1, 2, …, nth transmissions. Thus the original codeword can be recovered by decoding the n+1, n, …, 2nd IR blocks successively. We identified several issues with this kind of approach, 
· Encoding of a new transmission block is required for each retransmission. 
· The coded bits in successive transmissions cannot be treated as a polar codeword in the usual sense, and the decoding is done in a successive fashion. 
· In every transmission, a relatively small block is transmitted and decoded individually. It is claimed in [1] that this scheme can achieve the channel capacity asymptotically, but practically the performance for limited block sizes may not be optimal, especially for small-sized blocks.
· Encoding/decoding latencies of polar codes are already identified to be larger compared to other codes. Additional encoding cycles for retransmitting parity blocks and decoding with more cycles will increase the latency dramatically. This may also lead to higher buffer requirements.  
· For small block sizes and low rates, the performance of this scheme is usually worse than the simple Chase combination. For high rates the gain of the scheme is significant (see results in [3]).
· When all retransmissions fail, especially the last one, those retransmitted information can’t help decoding at all, since the wrongly hard-decoded bits of the retransmissions are used in the successive decoding process, which in this case can be regarded as a process of error propagation.
· The code rates of retransmissions are different from first transmission. Therefore, if different design SNRs are used to construct polar codes, the frozen bits come from the 2nd transmission could not be set in an accurate position of the 1st transmission, and the gain of the retransmission could decrease significantly.

Big mother codes
It is observed that one big polar code actually can be regarded as the stack of two small polar codes. So the other way is to force all bits in the 1st, 2nd, 3rd, … , nth transmissions to be part of a big mother code. Then for all re-transmissions, all received bits could be jointly decoded with respect to the big mother code, and hopefully a larger coding gain could be obtained. An example of this scheme can be found in [4], though so far no comprehensive study of IR-HARQ performance of this type has been conducted.
Due to the nature of polar codes, it might not be easy to design a good IR-HARQ scheme based a good mother code to achieve reasonable performance for all coding rates and block sizes. 

Use intermediate encoded bits as redundant parity bits
Another way of polar IR-HARQ is to use intermediate encoded bits for retransmissions. This is based on an interesting feature of polar codes that every single bit in the polar encoding graph is a linear combination of information bits in GF(2), and thus can be treated as a parity bit. An example can be found in [5], which describes an algorithm to find the bits for retransmissions.
Generally speaking, this type of methods does not increase the size of the underlying polar codes. Decoding for retransmissions is done based on the same coding graph of the first transmission. So the coding gain might be limited by the underlying code lengths. In terms of decoding complexity, this way does not change the decoding process since the IR combining is done by adding the LLR values of the retransmissions to the original decoding graph, and thus would not increase the complexity significantly.

Observation 1: Currently there are several ways to do polar IR-HARQ design. None of these seems providing simple designs and performances provided by the LDPC and turbo IR HARQ schemes. 
Proposal 1: For eMBB, having simple IR HARQ scheme with good performance is crucial and polar does not have the support that is required to get the benefits of incremental redundancy. 
Proposal 2: Polar coding should show their capabilities of supporting IR-HARQ to be considered as a coding candidate for all other scenarios in NR.
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