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Introduction
For the New Radio Access Technology (NR), there is potential to improve the channel coding across performance and computational complexity while efficiently addressing both blocklength scaling and rate compatibility, including incremental redundancy (IR) HARQ. Details of the code constructions and design are provided in [2].
Evaluation Assumptions
Proposed LDPC design provided in [1] has been studied for IR HARQ. The first simulation scenario is mentioned in the table below.
Table 1: IR HARQ Study 1
	Channel*
	AWGN

	Modulation
	QPSK, 64 QAM

	Coding Scheme
	LDPC

	1st Tx rate 
	1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9 (r)

	2nd Tx rate
	1/10, 1/6, 1/5, 1/4, 1/3, 3/8, 5/12, 8/18 (r/2) 

	Decoding algorithm
	SP (flooding; max_iter = 50)

	Info. block length (bits w/o CRC)
	2000, 6000



In the second simulation, the proposed LDPC design is demonstrated to provide fine IR HARQ capability, by considering multiple re-transmissions.







Table 2: IR HARQ Study 2
	Channel*
	AWGN

	Modulation
	QPSK

	Coding Scheme
	LDPC

	1st Tx  17th Tx rate 
	30/35,30/36,30/37,30/38,30/39,30/40,30/42,30/44,30/48,30/50,
30/60,30/70,30/80,30/90,30/100,30/120,30/150

	Decoding algorithm
	SP (flooding; max_iter = 50)

	Info. block length (bits w/o CRC)
	960



Simulation Results
K=2000 and K=6000 HARQ with 1st TX R and 2nd TX R/2
The proposed LDPC design in [2] is studied for IR HARQ performance. The simulation set-up is given in table 1. In the curves below the 1st transmission curves are in grey and the 2nd transmission curves are in magenta. Also provided in the legend are the codes used to generate these curves. The notation is as follows: Ckb_nb_K_N_ZX,. The description of this full notation is provided in the appendix in [2]. For the purpose of this study it is only important to focus on K and N which correspond to the given information and code blocklength, respectively. For the second transmission N doubles to indicate the rate of  R/2.
In some plots there are multiple curves corresponding to that particular blocklength and 1st transmission rate. Note that the proposed LDPC design provides multiple codes for a given K and N (cf. [2] for details). All those solutions are illustrated in the plots. The results here lead to the following observations.
Observation 1: The proposed LDPC design in [2] is capable of providing IR HARQ 
Observation 2: The IR HARQ gains are sizeable especially at higher rates. Over 6dB gain for high 1st transmission rates (greater than 0.5), around 5 dB of gain for intermediate 1st transmission rates of 0.4 and 0.5. Around 4.5 dB gain for 1st transmission rate of 0.33 and around 4 dB gain for the lowest 1st transmission rate of 0.2.
[bookmark: _GoBack]Observation 3: IR HARQ gains provided by the proposed design in [2], over all prescribed eMBB 1st transmission rates, are large compared to Chase combining (gain of 3 dB) when considering 1st transmission rate of R and 2nd transmission rate of R/2.
4-QAM Results
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64-QAM Results
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Fine IR HARQ 
The proposed LDPC design (cf. [2]) is studied for fine IR HARQ capability. In principle, starting at the core base graph (see [2] for details) IR HARQ re-transmission corresponding to one parity-check row is possible through extension. The figure below demonstrates that the fine extension maintains good performance starting at rate 8/9 and all the way down to rate 1/5.
[image: ]
Observation 4: The proposed LDPC design in [2] can also provide fine IR HARQ re-transmissions and the performance is good at each fine extension.
Observation 5: The proposed LDPC design in [2] is also fairly robust to variation in code selection from the family of codes provided by the design.
Proposal 1: LDPC codes can efficiently support incremental redundancy HARQ.
Conclusions
Observation 1: The proposed LDPC design in [2] is capable of providing IR HARQ 
Observation 2: The IR HARQ gains are sizeable especially at higher rates. Over 6dB gain for high 1st transmission rates (greater than 0.5), around 5 dB of gain for intermediate 1st transmission rates of 0.4 and 0.5. Around 4.5 dB gain for 1st transmission rate of 0.33 and around 4 dB gain for the lowest 1st transmission rate of 0.2.
Observation 3: IR HARQ gains provided by the proposed design in [2], over all prescribed eMBB 1st transmission rates, are large compared to Chase combining (gain of 3 dB) when considering 1st transmission rate of R and 2nd transmission rate of R/2.
Observation 4: The proposed LDPC design in [2] can also provide fine IR HARQ re-transmissions and the performance is good at each fine extension.
Observation 5: The proposed LDPC design in [2] is also fairly robust to variation in code selection from the family of codes provided by the design.
Proposal 1: LDPC codes can efficiently support incremental redundancy HARQ.
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