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Introduction
In RAN#85, companies were encouraged to perform evaluations of the complexity of channel coding / HARQ schemes including at least:
· Energy efficiency (J/bit)
· Area efficiency (Gbps/mm2)

It was agreed that the implementation evaluation should consider:
· FEC complexity supporting the full range of info block lengths and code rates with reasonable (details FFS) granularity should be compared instead of single info block length with some code rate
· Companies should provide details of the range of info block lengths and code rates for which their complexity evaluations are conducted

In this paper, we present implementation efficiency comparisons between turbo decoders, LDPC decoders, and Polar list decoders.
 
Comparison of ASIC Implementations
Published hardware implementations
In the section, we list the published hardware implementations used in comparison.
Turbo implementations

The selected turbo decoder implementations are obtained from the following:
· Those listed in Table 1 of:
· M. F. Brejza, et., al., “20 Years of Turbo Coding and Energy-Aware Design Guidelines for Energy-Constrained Wireless Applications,” IEEE Communications Surveys & Tutorials  (Volume:18 ,  Issue: 1 ), June 2015.
· Those listed in Table IV of:
· Book: “Advanced Hardware Design for Error Correcting Codes” Cyrille Chavet • Philippe Coussy (Editors), 2014.
More high throughput turbo decoders are published beyond those provided in the above two references.
LDPC implementations
The LDPC ASIC implementations are obtained from the following:
· R. G. Maunder, "Survey of ASIC implementations of LDPC decoders”, University of Southampton, August 2016. Available: http://eprints.soton.ac.uk/399259/
The inflexible LDPC decoders are a set of 40 implementations that support only a single code size N. This includes those LDPC decoder supporting DVB-S2, and IEEE 802.3an (i.e., 10GBASE-T). 
The flexible LDPC decoders are a set of 19 implementations taht support 19 or more code sizes N. This includes those LDPC decoders supporting IEEE 802.16e (i.e., WiMAX) or both IEEE 802.16e and 802.11n.
Polar implementations
The polar list SC decoder turbo decoder implementations are obtained from the following:
· Those listed in Table III of:
· P. Giard, et. al., “Hardware decoders for Polar codes: an overview”, June 2016. https://www.arxiv.org/pdf/1606.00737.pdf
· Those listed in Table V of:
· Y. Fan, et. al., “A Low-Latency List Successive-Cancellation Decoding Implementation for Polar Codes,” IEEE Journal on Selected Areas in Communications, Vol. 34, No. 2, Feb. 2016.
Only list SC decoder of Polar codes are included, since it has been shown that only list SC decoder can achieve error correction performance comparable to those of turbo and LDPC codes. The simple SC decoder suffers from substantially worse BLER performance.
Very high throughput Polar decoders exist, but they are all based on simple SC or BP.
ASIC Area Efficiency Comparison
This section provides the area efficiency comparison between LDPC (inflexible and flexible) decoders, turbo decoders, and Polar list decoders. 
Figure 1 plots the comparison between all the surveyed decoders. The flexible and inflexible LDPC decoders are plotted separately since they exhibit substantially different behavior. To make the plot more readable, outlier data points with scaled core area greater than 10 mm2 are excluded. For example, the 20 Gbps turbo decoder implementation of [3] is excluded from the plot due to the large area.
Figure 2 plot the subset of Figure 1, where flexible and inflexible LDPC decoders are compared. This plot shows that only inflexible LDPC decoders can provide throughput higher than 3 Gbps. None of the inflexible LDPC decoders can achieve it.  
Figure 3 plot the subset of Figure 1, where turbo decoder and inflexible LDPC decoders are compared. This plot shows that turbo decoders and flexible LDPC decoders achieve similar throughput on the higher end.
Figure 4 plot the subset of Figure 1, where turbo decoder and polar list SC decoders are compared.  This plot shows that turbo decoders can achieve higher throughput than the polar list decoders. One published polar list decoders with N=8192, list size = 4 can achieve throughput comparable to the high-throughput turbo decoders. However the polar SCL decoder is expected to exhibit inferior error correction capabilities due to the small list size.
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[bookmark: _Ref458798561]Figure 1. Scaled throughput vs scaled core area: Inflexible LDPC vs flexible LDPC vs Turbo vs Polar SCL decoders. 
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[bookmark: _Ref458798564]Figure 2. Scaled throughput vs scaled core area: Inflexible LDPC vs flexible LDPC decoders. 
[image: C:\Users\eyufbla\Documents\MATLAB\chanCoding\implement\figures\ASIC_decoder_turbo_vs_inflexibleLDPC.bmp]
[bookmark: _Ref458798566]Figure 3. Scaled throughput vs scaled core area: Turbo vs inflexible LDPC decoders. 
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[bookmark: _Ref458798567]Figure 4. Scaled throughput vs scaled core area: Turbo vs Polar SCL decoders. 


Comparison of FPGA Implementations
This section shows comparison of FPGA-based implementations of LDPC and turbo decoders. 
Figure 5 is a plot of thoroughly surveyed LDPC decoders. As observed in the paper, the inflexible LDPC decoders can achieve order-of-magnitude higher throughput than the inflexible LDPC decoders, hence high above the trend line. In contrast, the highest-throughput inflexible LDPC decoder can only achieve throughput roughly along the trend line.
Figure 6 shows a comparison of inflexible LDPC decoders and 3 turbo decoders. It is observed from the plot that the high-throughput turbo decoders can reach throughput levels comparable to those of inflexible decoders.
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[bookmark: _Ref458798569]Figure 5. Flexible LDPC vs inflexible LDPC FPGA-based decoders. The plot is quoted from: P. Hailes, et. al., “A Survey of FPGA-Based LDPC Decoders, ” IEEE COMMUNICATIONS SURVEYS & TUTORIALS, VOL. 18, NO. 2, SECOND QUARTER 2016.
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[bookmark: _Ref458798571]Figure 6. Turbo vs flexible LDPC vs inflexible LDPC FPGA-based decoders. The plot quoted from: R. G. Maunder, “The 5G Channel Code Contenders”, AccelerComm White Paper, August 2016. Available: http://www.accelercomm.com

Conclusion

In this contribution, we discuss …. Based on the discussion, we have the following proposal:

Observation 1 Inflexible LDPC decoders can achieve throughput order(s) of magnitude higher those of flexible LDPC decoders.
Observation 2 Turbo decoders and flexible LDPC decoders achieve similar throughput on the higher end.
Observation 3 Turbo decoders can achieve higher throughput than the polar list decoders.


1. Selection of channel coding candidates takes into account the trend observed in existing decoder implementations.
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