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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
An IR (incremental redundancy)-HARQ scheme of polar codes was presented in [1]. Its coding gain is mainly attributed to an extension of codeword during retransmission. In this contribution, we further discuss the IR-HARQ scheme and its performance. The purpose of this contribution is to provide more details on IR-HARQ of Polar code for future consideration.
IR-HARQ scheme for polar codes
Notations: 
K: 	information block length 
M: 	code length 
N:   power-of-two mother code length, N = 
L: 	List Size of SCL (successive-cancellation-list) decoder 
IR-HARQ Principle
A polar code is a kind of the block code. Its encoder can be interpreted as an N-sized vector of the sub-channels (u) multiplied by an N-by-N generator matrix (GN) to yield an N-sized code block (c): where GN is a Kronecker product () of G2. For example,  


Figure 1 Generator Matrix with different dimension of Polar Code 
Then, the encoding procedure can be described into multiplying a vector with a generator matrix. 

For polar codes, also we can see that several blocks (u0, u1, u2, u3) can be combined together into a long block like:

This can be used to build an IR-HARQ scheme for maximum 4 (re-)transmissions, where u1 is redundant information block for [u0], u2 is redundant information block for [u1 u0], and u3 is redundant information block for [u2 u1 u0].
1-st Transmission:

where u0 is original information block and c0 is N-sized codeword  for shorten/puncturing and transmission.
An IR-HARQ decoder will process a received codeword of c0. 
2-nd transmission:

where u0 is original information block, u1 is redundant information block, and c1 is N-sized codeword  for shorten/puncturing and transmission. 
An IR-HARQ decoder will process a 2N-sized received codeword of [c1 c0]. 
3-rd  transmission: 

(see 

)
where u2 is redundant information block for [u1 u0] and c2 is N-sized codeword  for shorten/puncturing and transmission. 
An IR-HARQ decoder will process a 4N-sized received codeword of [0 c2 c1 c0].
4-th transmission: 

where u3 is redundant information block for [u2 u1 u0] and c3 is N-sized codeword  for shorten/puncturing and transmission. 
An IR-HARQ decoder will process a 4N-sized received codeword of [c3 c2 c1 c0]. 
Redundant Block and Rate-Matching Scheme
PC (parity-check) polar codes would help to generate these redundant blocks (u1, u2, and u3) of each re-transmission and perform rate-matching scheme [2]. 


Figure 2 Encoder of IR-HARQ Scheme of PC-Polar Codes for 4 (Re)-Transmissions
The information block u0 includes K information sub-channels (green) to transmit the K-bit information, some PC sub-channels (red) to transmit the parity check bits, and frozen sub-channels (gray) to transmit zero bits. (N-M) bits would be punctured from c0 to yield M-bit code block. 
The redundant information block u1 may include several redundant information sub-channels (green) to copy from information bits from u0, some PC sub-channels (red) to transmit the parity check bits for these redundant information bits, and frozen sub-channels (gray) to transmit zero bits. (N-M) bits would be punctured from c1 to yield M-bit code block. 
The redundant information block u2 may include several redundant information sub-channels (green) to copy from information bits from [u1 u0], some PC sub-channels (red) to transmit the parity check bits for these redundant information bits, and frozen sub-channels (gray) to transmit zero bits. (N-M) bits would be punctured from c2 to yield M-bit code block.
The redundant information block u3 may include several redundant information sub-channels (green) to copy from information bits from [u2 u1 u0], some PC sub-channels (red) to transmit the parity check bits for these redundant information bits, and frozen sub-channels (gray) to transmit zero bits. (N-M) bits would be punctured from c3 to yield M-bit code block. 
Some information bits in u0 are copied to some redundant information sub-channels in u1. When an IR-HARQ decoder processes [c1 c0] with 2N mother code length, it would regard the redundant sub-channels in u1 as information bits and those in u0 as parity-check bits for its SC-based decoder. 


Figure 3 Decoder of IR-HARQ Scheme of PC-Polar Codes for the first Re-transmission

Performance 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]We compare the IR-HARQ with CC-HARQ schemes in Figure 4. 
Observation-1: The IR-HARQ scheme of polar codes outperforms the CC-HARQ scheme of polar codes for every (re-)transmission. 
[image: ]
[bookmark: _Ref470083694]Figure 4 BLER Performance of IR- and CC-HARQ of Polar Codes   
Conclusion
In this contribution we have provided more details on the IR-HARQ scheme of Polar codes. We have the following observation.
Observation-1: The IR-HARQ scheme of polar codes outperforms the CC-HARQ scheme of polar codes for every (re-)transmission. 
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