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[bookmark: _Ref129681862][bookmark: _Ref124589705]1	Introduction
In RAN meeting #71, a study item proposal was agreed on the New Radio Access Technology [1]. Among the objectives of the SI is to allocate high priority on the following areas in the initial work:
·  Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
In this contribution, we discuss the design principles related to channel coding with very large block size for new radio interface addressing the scenario defined in TR38.913 [2]:
· Enhanced mobile broadband

2	Discussion
2.1 	Very Large Block Size Channel Coding Schemes
According to the IMT vision for 2020 and beyond [3], the Enhanced MBB (eMBB) usage scenario will come with new application areas and requirements in addition to existing MBB applications for improved performance and an increasingly seamless user experience. It is envisioned that eMBB will need to support very high throughput data links (e.g., the peak data rate of 20 Gb/s for DL and 10 Gb/s for UL) to cope with the growth of the data traffic through operating over the bands between 6 GHz and 100 GHz. This high peak data rate requirement of eMBB is aligned with other wireless communication societies. For example, the peak data rate in IEEE 802.11ad (at 2.16 GHz channel bandwidth) is ~7 Gb/s for SISO transmissions, and IEEE TGay is targeted to be 20 Gb/s or more for MIMO transmissions with bonding up to 4 channels. In addition to the high throughput data links, some applications of eMBB scenario may also consider energy efficiency. 
One way to increase the peak data rate is via assigning larger bandwidths. Larger BW implies larger transport block size for data transmission. On the other side, it is known from Shannon theory that the channel rate can achieve the channel capacity when the block size of the channel codes is large, therefore channel encoders which could potentially improve the spectral efficiency for such large block sizes are desirable. In fact, one of the key requirements for IMT-2020 is three times improvement in spectrum efficiency compared to IMT-Advanced. 
In current LTE systems [9], Turbo codes are used with a maximum transport block size of 6144 bits. This transport block size might not be enough to support the very high data rate requirements of eMBB applications. However, very large block size channel codes have been widely used in the DVB standards for video broadcasting, where transport block sizes as high as 32400 bits have been defined.
Reference [12] illustrates the maximum achievable coding rate as a function of channel code block size , for a given BLER value. Considering the maximum block size of 6144*3 bits using the Turbo code in LTE systems, we use the approximation equation in [12] to show the gap between the capacity and the maximum achievable rate in Figure 1. These curves are provided for the real AWGN channel with SNR being 3 dB. It can be seen from the figure that with the maximum block size of 6144*3 bits using Turbo codes in current LTE systems, a gap of about 0.03 (bit/channel use) from channel capacity remains. To narrow this gap, larger transport block sizes would be desirable.

Proposal 1: Consider introduction of larger transport block size than existing LTE systems for eMBB.
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[bookmark: _Ref446609775]Figure 1 Rate-blocklength tradeoff with different BLER at SNR=3dB


Performance comparison for very large block size with the existing coding schemes
In this contribution, we mainly compare the performance of different channel codes with a large block size. We consider both Turbo codes and LDPC codes with a coded block size of 64800 bits. This block size is chosen to be consistent with the DVB-T standards [11]. We also use the LDPC codes designed in DVB-T2 systems in the simulations, while extending the Turbo codes in the current LTE systems to that block size. The detailed simulation assumptions can be found in Table 1 in the Appendix.
Besides the performance curves of LDPC codes and Turbo codes, we apply the theoretical bound for comparison. The Shannon channel capacity for a real AWGN channel is given by
	
	.
	


In the real communication system, however, the input signals usually are modulated symbols chosen from a finite set, e.g., [-1,1] for BPSK modulation. The channel capacity with BPSK restriction (cf. [4]) is used as the theoretical bound in our simulations. 
Figure 2 shows the resulting BLER for both Turbo codes and LDPC codes with different coding rates. It can be seen from the figure that LDPC codes have similar performance as Turbo codes at coding rate ½, while LDPC codes outperform Turbo codes at higher rates (e.g., 2/3 and ¾). It is observed from the simulation results that the higher the coding rates, the better the performance of LDPC codes compared to Turbo codes. This may be because LDPC codes are optimally designed for each coding rate while Turbo codes performance degrades due to its lower robustness at higher coding rates. 
Figure 3 shows the resulting BER for both Turbo codes and LDPC codes with different coding rates. Similar conclusion can be obtained from this figure. 
Observation 1: For large block size, LDPC codes outperform Turbo codes at high coding rates.
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[bookmark: _Ref446605570]Figure 2 BLER vs. SNR for different coding rates
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[bookmark: _Ref446605574]Figure 3 BER vs SNR for different coding rates
Error floor phenomenon should be considered in channel coding designs especially for URLLC usage scenarios which requires very low BLER. Figure 4 and Figure 5 show error floors for rate 5/6 Turbo codes in the range of 10-3 for BLER and 10-7 for BER under AWGN channel. In real communication systems with fading channels and hardware impairments, especially when using high order modulation, error floors could be expected at even higher BLER/BER level, resulting in reduced spectral efficiency.  
Observation 2: For large block size Turbo codes at high coding rates the error floor phenomenon is observed.
It should be mentioned that unlike Turbo codes’ easy repetition operations allowing flexible block sizes, LDPC codes lack this flexibility. Therefore, a new channel coding scheme should be introduced for very large transport block sizes in new radio interface systems.

Proposal 2: Consider a new channel coding scheme for very large block sizes in the new radio interface.
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[bookmark: _Ref447032593]Figure 4 BLER for error floor comparison  
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[bookmark: _Ref447032596]Figure 5 BER for error floor comparison
2.2 	Complexity of Large Block Size Coding Schemes
Achieving good spectrum efficiency under tight complexity constraints imposes a new challenge on channel coding design complexity. In general, decoding complexity of Turbo codes is higher than that of LDPC codes, even though the detailed complexity analysis may vary slightly based on detailed code designs and implementation designs. Complexity comparison methods between LDPC and Turbo codes in literature vary. It is shown in [7] that the complexity of LDPC decoders is less than that of Turbo decoders in both operation counts and hardware implementation. 
In order to evenly distribute the errors in a codeword, bit-level interleaver is usually needed between the encoder and modulator [8]. In addition to the internal interleaver utilized in Turbo codes, three sub-block interleavers are introduced in the rate matching step right after the Turbo encoder [9], which effectively serve as a bit-level interleaver between the encoder and modulator. However, an interleaver is not needed for LDPC designs. Applying an interleaver to a LDPC code may be considered as a new LDPC code. Essentially, the random nature of the LDPC code renders the interleaver extraneous. Some realistic communication systems, for example 802.11n [10], utilize LDPC codes without an extra interleaver.
Observation 3: Interleaver is not required for LDPC codes. 

Proposal 3: Complexity should be taken into account for very large block size channel coding designs for the new radio interface.

3	Conclusion
In this contribution, we discussed various very large block size coding schemes usage scenarios defined in TR38.913, compared their performance and complexity. We propose the following: 
Proposal 1: Consider introduction of larger transport block size than existing LTE systems for eMBB.
Proposal 2: Consider a new channel coding scheme for very large block sizes in the new radio interface.
[bookmark: _GoBack]Proposal 3: Complexity should be taken into account for very large block size channel coding designs for the new radio interface.
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Appendix: Simulation Assumptions
[bookmark: _Ref447041864]Table 1 Simulation Assumptions for Performance comparisons for very large block size
	
	Turbo (3GPP-LTE)
	LDPC (DVB)

	Info Block Size (bits)
	32400, 43200, 48600, 54000

	Code Rate
	1/2, 2/3, 3/4, 5/6

	Coded Block Size (bits)
	64800

	Modulation
	BPSK

	Channel model
	AWGN Channel

	Decoding algorithm
	BCJR
	Sum-product

	Decoding Iterations
	8
	20

	Number Packets
	100000
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