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Introduction
In this contribution we study the proposed channel codes for NR over fading channels. The codes which are compared are Turbo codes and LDPC codes. The design details of the proposed LDPC codes can be found in [1]. The simulation set-up for the eMBB fading channel scenario is given in the table below.
	Parameter
	Value

	Sampling Frequency
	61.44 MHz

	FFT length
	2048

	Numerology
	30 KHz NCP

	System Tones
	2048

	Fading Channel
	TDL-C with 300 nsec RMS delay spread

	Doppler Profile
	Jakes model with 55 Hz Doppler spread

	Number of BTS antennas
	2

	Number of UE antennas
	2

	Number of Layers
	1

	Number of Codewords
	One codeword

	Precoding
	Hadamard open loop precoding

	Antenna correlation
	low

	Overhead
	No pilot/control overhead

	Coding
	3GPP Turbo LTE, with 15 Decoding iterations
LDPC codes [2] with SP decoder, Flooding schedule, with max Iterations = 50 and with Adjusted Min-Sum decoder, Layered schedule and max iterations = 25

	Interleaving
	Frequency Bit-interleaver per OFDM symbol

	HARQ
	Fine HARQ transmission curves: rates in 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

	Channel Estimation
	Genie Channel & Genie noise

	Demapper
	MMSE



Discussion
LDPC and Turbo comparison
The LDPC code used is as proposed in [1]. The decoder used are (i) Sum-product (SP) decoder with flooding schedule and max iterations of 50 and (ii) Adjusted Min-Sum (AdjMS) decoder with layered schedule and max iterations of 25. The details of the AdjMS decoder can be found in [1] and is a practical decoder with implementation complexity same as the standard offset-Min-Sum decoder.
[bookmark: _GoBack]Observations:- 
1. LDPC performs better than LTE turbo with performance gains of around 0.8 to 0.9 dB for rate 0.2. For all other rates the performance gains vary from 0.3 dB to 0.4 dB.
2. The proposed LDPC design in [1] can also provide fine IR HARQ re-transmissions and the performance is good at each fine extension.
3. The performance of the AdjMS decoder [2] is the same as the performance of SP decoder.
Conclusions
Proposal 1:  
1. LDPC codes outperform LTE Turbo in fading channel scenario and should be used as EMBB channel code for NR.
References
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Performance Results – Comparison between proposed LDPC and LTE Turbo
4QAM
The magenta curves are for the performance of LDPC codes proposed in [2] and the red curves are the performance of the LTE Turbo codes.
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64QAM
The magenta curves are for the performance of LDPC codes proposed in [2] and the red curves are the performance of the LTE Turbo codes.
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LDPC Performance comparison between SP decoder and Adjusted Min-Sum decoder
The performance over fading channel for LDPC codes is also compared using the Adjusted Min-Sum decoder proposed in [3]. It was shown there that the complexity of this decoder is similar to that of the standard Min-Sum decoder and hence is a practical implementation of an LDPC decoder. The magenta curves below are for the performance of the SP decoder with flooding schedule and max iteration of 50 and the red curves are for the performance of the Adjusted Min-Sum decoder with Layered schedule and max iterations of 25.
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Fine HARQ Performance for LDPC Codes
In this section we show the performance of the LDPC codes for fine IR-HARQ transmissions. The proposed LDPC design (cf. [2]) is studied for fine IR HARQ capability under fading channels. Such a study was done for AWGN channels in a previous contribution and it was found that the proposed LDPC codes supported fine IR-HARQ re-transmissions. 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. In the plot below the solid curves correspond to the performance of the SP decoder with flooding schedule and max iterations of 50. The dashed curves correspond to the AdjMS decoder with layered schedule and 25 max iterations. 
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