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Introduction
In RAN#71, a new study item, “Study on New Radio Access Technology,” has been approved. The initial work of the study item is expected to focus on fundamental physical layer signal structure for new RAT, of which channel coding schemes is listed as an area to investigate.
In this paper, we compare the performance of Turbo codes and LDPC codes at different number of iterations. As analyzed in [5], the number of decoding iterations affects not only the BLER performance, it also affects significantly the decoder efficiency, including area efficiency and energy efficiency. To fairly assess the performance versus complexity of the different code types, the optimal number of decoding iterations should be selected for each alternative. 
Impact of number of decoding iterations
We consider the impact of the number of decoding iterations on performance for one low rate code with rate 1/5 and one high rate code with rate 3/4. The low rate LDPC code is described in [1] and the high rate LDPC code is described in [2]. The low rate LDPC code is compared to an enhanced Turbo code with a rate 1/5 mother code rate, as shown in [3], and the high rate code Turbo code is a standard LTE Turbo code with LTE rate-matching algorithm. We compare the performance at a block length around k=8192 information bits, so the Turbo codes uses the k=8192 QPP interleaver proposed for LTE Turbo codes in [3].
Decoding performance at low code rate
Figure 1 shows the decoding performance for the Turbo code after {4, 6, 8} max-log-MAP decoding iterations in relation to the decoding performance for the LDPC code after {10, 12, 15, 20, 100} min-sum decoding iterations. Note that the max-log-MAP algorithm is implemented with a scaling factor of 0.75 applied to the extrinsic LLR values. The LDPC code is decoded by the min-sum algorithm without any improvements to the check node operation. At this low rate, the LDPC code performs much worse than the Turbo code, even allowing up to 100 decoding iterations. This implies that any improvements of the min-sum algorithm must be considered and these improvements must also be included in any complexity comparison between Turbo and LDPC codes.
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[bookmark: _Ref450894792]Figure 1 Impact of number of decoding iterations for R=1/5, k~8192. The LDPC code is decoded by the min-sum algorithm and the Turbo code by the max-log-MAP algorithm.
There are a number of different improvements of the min-sum algorithm available in the literature, with varying complexity. As an upper bound of achievable decoding performance, we consider the sum-product algorithm with flooding schedule here. However, it should be noted that the min-sum algorithm needs more iterations to converge than the sum-product algorithm, see for example [4]. 
In Figure 2, the decoding performance for the Turbo code after {4, 6, 8} max-log-MAP decoding iterations is shown in relation to the decoding performance for the LDPC code after {10, 13, 16, 20, 25, 30} sum-product decoding iterations. For this low-rate code, the sum-product algorithm needs 25 iterations to achieve the same performance as the Turbo max-log-MAP decoder achieves in 8 iterations, that is, the sum-product algorithm needs more than 3 times more iterations to converge than the max-log-MAP algorithm used for the Turbo codes. If the complexity needs to be kept low, reasonably good performance is achieved for the Turbo code after only 4 iterations. The sum-product algorithm needs 16 iterations, or 4 times more, to achieve the same performance. Remember that this can be seen as a lower bound on the number of iterations needed, at low coding rate, for LDPC codes to achieve the same performance as Turbo codes, given that the complexity per iteration is allowed to increase compared to the simplest min-sum algorithm. 
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[bookmark: _Ref450894535]Figure 2 Impact of number of decoding iterations for R=1/5, k~8192. The LDPC code is decoded by the sum-product algorithm and the Turbo code by the max-log-MAP algorithm.
1. At low code rate, the min-sum algorithm without improvements cannot achieve the same performance for LDPC codes as the max-log-MAP algorithm can achieve for Turbo codes.
1. At low code rate, the complexity of the LDPC decoder should be calculated under the assumption that LDPC codes need at least 3-4 times as many decoding iterations as Turbo codes.
Decoding performance at high code rate
Figure 3 shows the decoding performance for the Turbo code after {4, 6, 8} max-log-MAP decoding iterations in relation to the decoding performance for the LDPC code after {10, 20, 30, 40, 50, 100} min-sum decoding iterations for a code rate of 3/4. The LDPC code decoded by the min-sum algorithm without any improvements needs around 50 iterations to achieve the performance that the Turbo code with the max-log-MAP decoder can achieve in only 4 iterations.
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[bookmark: _Ref450901921]Figure 3 Impact of number of decoding iterations for R~3/4, k~8192. The LDPC code is decoded by the min-sum algorithm and the Turbo code by the max-log-MAP algorithm.
In Figure 4, the decoding performance for the Turbo code after {4, 6, 8} max-log-MAP decoding iterations is shown in relation to the decoding performance for the LDPC code after {10, 15, 22, 31, 40} sum-product decoding iterations. For this high-rate code, the sum-product algorithm needs 31 iterations to achieve the same performance as the Turbo max-log-MAP decoder achieves in 8 iterations. The sum-product algorithm also needs 15 iterations to achieve the same performance as the Turbo max-log-MAP decoder achieves in 4 iterations. For this high rate code the sum-product algorithm needs almost 4 times more iterations to converge than the max-log-MAP algorithm used for the Turbo code. This can be seen as a lower bound on the number of iterations needed for LDPC codes to achieve the same performance as Turbo codes, given that the complexity per iteration is allowed to increase compared to the simplest min-sum algorithm. 
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[bookmark: _Ref450905515]Figure 4 Impact of number of decoding iterations for R~3/4 and k~8192. The LDPC code is decoded by the sum-product algorithm and the Turbo code by the max-log-MAP algorithm.
1. At high code rate, the min-sum algorithm without improvements needs 40-50 iterations to achieve the same performance for LDPC codes as the max-log-MAP algorithm can achieve with 4 iterations for Turbo codes.
1. At high code rate, the complexity of the LDPC decoder should be calculated under the assumption that LDPC codes need at least 4 times as many decoding iterations as Turbo codes.

Conclusion

In this contribution, we consider the impact of the number of decoding iterations for Turbo codes and LDPC codes. Based on the discussion, we have the following proposals:

1. At low code rate, the min-sum algorithm without improvements cannot achieve the same performance for LDPC codes as the max-log-MAP algorithm can achieve for Turbo codes.
1. At low code rate, the complexity of the LDPC decoder should be calculated under the assumption that LDPC codes need at least 3-4 times as many decoding iterations as Turbo codes.
1. At high code rate, the min-sum algorithm without improvements needs 40-50 iterations to achieve the same performance for LDPC codes as the max-log-MAP algorithm can achieve with 4 iterations for Turbo codes.
1. At high code rate, the complexity of the LDPC decoder should be calculated under the assumption that LDPC codes need at least 4 times as many decoding iterations as Turbo codes.
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