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Introduction
In this paper, we discuss the HARQ schemes for NR: Chase combining (CC) and incremental redundancy (IR).  We examine the feasibility of supporting both CC and IR for Tubo code, LDPC code, and Polar code.
 
HARQ
Turbo code
In Figure 1, the spectral efficiencies of the LTE turbo codes and the 802.11n LDPC codes are compared. It can be observed that due to the finer granularity of code rates available in LTE, the overall performance of the LTE turbo codes is better than the 802.11n LDPC codes, especially at the low code rate regime. The low code rate regime is important for normal cell edge UEs. More importantly, machine-type UEs need low code rates, since they may be deployed with channel conditions worse than the normal cell edge, for example, in a basement. For example, for Rel-13 NB-IoT UEs, pi/2-BPSK is added to the uplink to lower the spectral efficiency beyond that of (QPSK, R=1/3).
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Figure 1. Spectral efficiency comparison of 3GPP LTE turbo codes and IEEE 802.11n LDPC codes.

In Figure 2, with (64-QAM, R=0.75), it is illustrated that turbo code with one retransmission of incremental redundancy (IR) is better than LDPC codes with 5 transmissions (4 retransmissions) via Chase combining.  IR-based HARQ is available to LTE turbo codes, and it has great advantage over 802.11n LDPC codes which is limited to Chase combining in HARQ. 
Figure 2-4 show similar plots to compare the performance of IR and CC for various code rates and modulations.  As shown, the performance gain of IR over CC is larger when a higher coding rate and a higher order modulation are used for the initial transmission.
Being able to efficiently support HARQ retransmission is very important for the scenario of Ultra reliable and low latency communications.
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[bookmark: _Ref447299192]Figure 2. Comparison of turbo code with incremental redundancy and LDPC code with Chase combining. 64-QAM and R=0.75.


Observation 1	Finer granularity in LTE turbo code rate provides system-wide performance advantage, especially for the low code rate regime.
Observation 2 	Incremental-redundancy based HARQ available to LTE turbo codes has great performance advantage, compared to 802.11n LDPC codes with Chae combining only.
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Figure 3. Comparison of turbo code with incremental redundancy and LDPC code with Chase combining. 16-QAM and R=5/6.
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Figure 4. Comparison of turbo code with incremental redundancy and LDPC code with Chase combining. QPSK and R=5/6.
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Figure 5. Comparison of turbo code with incremental redundancy and LDPC code with Chase combining. QPSK and R=1/2.

LDPC code
It is simple to support Chase combining using LDPC code, where the same parity check matrix H is reused in every (re-)transmission.
In order to support incremental redundancy (IR), the H matrix should be constructed such that a high code rate H is extended to form a low code rate H. Encoding and decoding is then carried out using the progressively extended H matrix in retransmission. Due to the larger H matrix for lower code rate, decoding during retransmission is progressively less efficient compared to the initial transmission.
Hence for LDPC code, the performance benefit and implementation cost need to be weighed in determining how to handle retransmissions.

Polar code
It is also relatively simple to support Chase combining using polar codes, where the same encoder can be reused in every (re)tranmssion, and the soft coded bits from multiple (re)tranmsssions can be precombined before the same decoder operates on the combined soft bits.
It is more challenging to support IR with polar codes.  The most obvious method is to puncture coded bits in the same manner as Turbo codes.  With this approach, however, the information set cannot be customized/optimized for the puncturing pattern of each transmission.  The same set of non-frozen bit locations must be used regardless of the number of (re)transmissions.  It is not clear what the resulting performance may be.
In [13][14], a method of IR-HARQ scheme for polar codes was described, where a portion of non-frozen bits of each of the previous transmissions are aggregated, re-encoded and transmitted in a subsequent re-transmission.  The amount of non-frozen bits taken from each previous transmission to form the new re-transmission is determined in such a way that each of the previous (re-)transmissions would result in the same effective (lowered) coding rate if all subsequent transmissions are decoded successfully, and the decoded bits are used as frozen bits.  In such a method, each (re-)transmission uses its own polar encoder to generate a separate code block. The decoder first decodes the most recent code block and then uses the decoded bits as frozen bits to decode the previous (re-)transmission until the first transmission is decoded. The soft bits for each retransmission needs to be stored separately, which increases the buffer requirement.
Although it is unclear whether these methods can be effectively implemented and how they perform, they are possible candidates for supporting IR-HARQ with polar codes.

Conclusion

[bookmark: _GoBack]In this contribution, we discuss the HARQ schemes for NR. Based on the discussion above, we conclude that there is substantial amount of coding gains that can be achieved with incremental redundancy.  Hence, we have the following observations and proposal:

Observation 1	Finer granularity in LTE turbo code rate provides system-wide performance advantage, especially for the low code rate regime.
Observation 2 	Incremental-redundancy based HARQ available to LTE turbo codes has great performance advantage, compared to 802.11n LDPC codes with Chae combining only.


1. Both CC and IR HARQ are supported in NR.
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