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1. Introduction
In last RAN1#86 meeting, it was agreed that the channel coding technique(s) designed for data channels of NR support both Incremental Redundancy (IR) and Chase Combining (CC) HARQ [1]. We evaluated the HARQ performance of the proposed LDPC codes [2].
[bookmark: _GoBack]Evaluation Assumptions for IR-HARQ
2.1 IR-HARQ Scheme of the proposed LDPC Code
IR-HARQ could lower the code rate as retransmission progresses then it would be achieved more robust data transmission than first transmission. We proposed multi-edge LDPC code with parity extension technique by single parity check codes, in which the first transmission is started from high rate parts and apply parity extension to lower code rate as further transmission. Figure 1 shows the example of IR-HARQ mechanism. At first transmission, high code-rate code is transmitted. If decoding with high code-rate parts is failed then punctured parity bits (2nd transmission in figure 1) are transmitted, which make the total transmitted code-rate lower by concatenating with first transmitted data. 
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Figure 1. Conceptual mechanism of IR-HARQ with 1st and 2nd transmission
2.2 Simulation assumptions 
The proposed LDPC code [2] can provide the both IR and CC for HARQ for reliable communication. 
	Channel
	AWGN

	Modulations
	QPSK, 64-QAM

	Coding Scheme
	LDPC

	1st Transmission rates (R)
	2/3, 3/4, 5/6, 6/7, 7/8, 8/9

	Total Transmission rates with IR (R/2)
	1/3, 3/8, 5/12, 3/7, 7/16, 4/9 

	Decoding algorithm
	Sum product
(flooding; max_iter = 40)

	Information length 
(bits w/o CRC)
	4000, 6000, 8000


Table 1. Evaluation Assumptions for IR-HARQ
Table1 shows the summarized assumption of simulation we performed. As for IR simulation, we assume that the amount of 2nd transmissions is same with the amount of 1st transmission, which means that if the 1st transmission is transmitted with code rate R then the total code rate with the 2nd transmission would be R/2.
2. Evaluation Results
In this section, it is shown that the evaluation results of LDPC code for IR-HARQ. Figure 2 and Figure 3 are for the results of QPSK and 64-QAM modulation, respectively with Table 1 simulation assumptions. In figure 2 and 3 below, same colours mean the pair of 1st and total transmission.
3.1 QPSK Results
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Figure2. QPSK Modulation with Information size (K) 4000, 6000 and 8000
3.2 64-QAM Results
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Figure3. 64QAM Modulation with Information size (K) 4000, 6000 and 8000
Observation 1: The proposed LDPC Code can provide fairly good performance of IR-HARQ for various code rates.
In figure3 below, we measured the SNR at 10% block error rate for 1st and total transmission with IR to easily capture the gain of incremental redundancy from above results. For most code rates we performed, the gains are larger than 4.5dB and 6.5dB for QPSK and 64QAM, respectively.
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Figure3. The gain between 1st transmission and total transmission with IR for various code rates
Observation 2: The gain of IR-HARQ of the proposed LDPC code is larger than those of CC-HARQ (3dB gain) when 1st and 2nd transmission rate is R then total transmission rate with IR is R/2.
3. Conclusions
In this contribution, we evaluated the IR-HARQ for NR agreed at previous RAN1 #86 meeting. And the proposed LDPC code enables to support the IR-HARQ with better performance than CC-HARQ.
Observation 1: The gain of IR-HARQ of multi-edge LDPC code is larger than those of CC-HARQ (3dB gain).
Observation 2: The multi-edge LDPC Code with single parity extension is suitable for supporting IR-HARQ.
Proposal 1: Multi-edge LDPC codes with single parity extension should be considered as IR-HARQ scheme for LDPC codes Design.
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