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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 rates
· 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 decoders.
 
Comparison of ASIC Implementations
Published hardware implementations
Many Turbo, LDPC, Polar decoder implementation have been published. For turbo codes and LDPC codes, there have been adopted in numerous standards. Many hardware implementation examples are available for each of the standardized codes. For Polar codes, there has not been any standardized design, hence only implementation examples according to the authors’ design preferences are available.
In this section, published decoder implementations listed in the references [4]-[17], as well as the examples cited thereof, are used to generate the plots.
ASIC Area Efficiency Comparison
This section provides the area efficiency comparison between LDPC (inflexible and flexible) decoders, turbo decoders, and Polar decoders. 
Figure 1 shows the area efficiency comparison of turbo decoders and 10GBASE-T LDPC decoders. 
· The turbo code is the 3GPP turbo code. 
· The 10GBASE-T LDPC code is a (6,32)-regular (2048,1723) RS-LDPC code. This LDPC code has been adopted for the forward error correction in the IEEE 802.3an 10GBASE-T standard, which governs the operation of 10 Gigabit Ethernet over up to 100 m of CAT-6a unshielded twisted-pair (UTP) cable. The code rate is R = 1723/2048 ~=0.8413.
	Codeword size
	Submatrix Size
	Code Rates

	2048
	N/A
	1723/2048



Figure 2 shows the area efficiency comparison of turbo decoders and DVB-S2 LDPC decoders.
· The turbo code is the 3GPP turbo code. 
· The DVB-S2 LDPC code has the following codeword sizes and code rates. This LDPC code can be considered a type of flexible LDPC code. It is noted that even more code size flexibility may be necessary for NR.
	Codeword size
	Submatrix Size
	Code Rates

	16200
	360
	1/5, 1/3, 2/5, 4/9, 3/5, 2/3, 11/15, 7/9, 37/45, 8/9

	64800
	360
	1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9, 9/10



Figure 3 shows the area efficiency comparison of turbo decoders and Polar decoders. Both SC (i.e., L=1) decoding and SCL (L>1) decoding are shown. As can be observed, the list size affects the decoder implementation efficiency of the Polar decoder. Simple SC decoding allows substantially higher hardware efficiency than SCL decoders. Most Polar decoder implementations use SC decoding without list. We are not able to find any implementation that uses L=32, although this is frequently assumed in simulation study to achieve better BLER performance.
Figure 4 shows the same as Figure 3, except that the SC (i.e., L=1) data points are removed. Only SC list decoding (i.e., L>1) are kept to compare with turbo codes. This figure shows that Polar list decoder has comparable efficiency as that of turbo decoders, with higher L decoders offering worse efficiency. Roughly, turbo decoder efficiency is comparable to the Polar list decoders of L=2 to L=4.

[image: C:\Users\eyufbla\Documents\MATLAB\chanCoding\implement\area_efficiency_decoder_10GBASET_LDPC.bmp]
[bookmark: _Ref463039460]Figure 1. Scaled throughput vs scaled core area: Turbo implementation vs 10GBASE-T LDPC implementation. 10GBASE-T LDPC is an example of inflexible LDPC code. The implementations are all scaled to 65nm.
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[bookmark: _Ref463039462]Figure 2. Scaled throughput vs scaled core area: Turbo implementation vs DVB-S2 LDPC implementation. DVB-S2 LDPC is an example of flexible LDPC code. The implementations are all scaled to 65nm.
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[bookmark: _Ref463039464]Figure 3. Scaled throughput vs scaled core area: Turbo implementation vs Polar decoder implementations. 
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[bookmark: _Ref463039465]Figure 4. Scaled throughput vs scaled core area: Turbo implementation vs Polar list decoder implementations. Polar SC decoders (i.e., L=1) are excluded.
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Conclusion

In this contribution, we presented further survey results of turbo, LDPC, and Polar decoders. Based on the discussion, we have the following proposal:


1. Selection of channel coding candidates for eMBB takes into account the achievable implementation efficiency observed in existing decoder implementations.
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