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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution evaluates the performance and granularity of the polar code in [1] and LDPC codes proposed in [2] and [3] on both AWGN channel and fading channels.
[bookmark: _Ref129681832]We will evaluate the impact of a SNR-estimation error on the performance of a layered offset min-sum (LOMS) decoder suggested by both [2] and [3]. And we will evaluate the impact of the scale value on the performance of a layered normalized min-sum decoding algorithm.
Impact of SNR estimation Error for LDPC
It is true that an SNR estimation error is inevitable in a real system, which makes sense to measure its impact on the coding gain for polar and different LDPC decoding algorithms. Herein, we will investigate a PC(parity-check)-SCL decoding algorithm[1] for a PC-enabled polar code; a 50-iteration flooding of Sum-Product (FOSP) , a 20-iteration LOMS, and a 20-iteration (layered normalized min-sum) LNMS decoding algorithms for LDPC codes whose parity-check-matrix (PCM) is specified in [2].
Fig.  1 shows the impacts of the SNR estimation error on the coding gains of various LDPC decoders and of PC-SCL8/PC-SCL32 decoders. 
[image: D:\l00251613\FEC_calibration_Data_Analyzer_trunk\RAN86\107\processed\LDPC_I20_R1V2_info1000_NoiseEstimationEffect_FER01_FOSPI50.tif]
[bookmark: _Ref462474633]Fig.  1. Impact of SNR estimation error on the performance of LDPC and Polar codes.
[bookmark: _Ref462473643]Observation 1: Neither Polar PC-SCL decoder nor LNMS for LDPC is sensitive to SNR estimation error. But, a LOMS or FOSP LDPC decoder is.
[bookmark: _Ref462473734]Proposal 1: The NR channel coding scheme candidates should be robust to any SNR estimation error.
Impact of scale value of LNMS for LDPC
Due to the negative impact of a SNR estimation error on the LDPC LOMS decoder, a LNMS decoder is the most common LDPC decoder in a practical system. However, its performance is sensitive to a scale value as shown in Fig 2. Sometimes over 1-dB performance difference is observed with two different scale values. 
[image: D:\l00251613\FEC_calibration_Data_Analyzer_trunk\RAN86\107\processed\QC_RAN86_LNMS_QPSK_info_192_8000.tif]
[bookmark: _Ref462474713]Fig.  2. Influence of scale value used in LNMS algorithm for LDPC in [3]
We also compare the performance of LNMS decoder with the LDPC matrix defined in [2] and scale value suggested in Table-1 of [5] with that of LOMS decoder with scale=1 and offset=0.5 as suggested in [2]. Results are shown in Fig. 3.
[image: ]
Fig.  3. Performance of LNMS and LOMS for LDPC in [2]
It is observed that there is a significant performance loss of the LNMS decoder at low coding rates.
[bookmark: _Ref462473674]Observation 2: An optimal scale value for a LNMS decoder is shifting with different coding rate and information length.
Coding Gain 
We will investigate the coding gain of a PC-SCL decoder for polar code, LOMS decoder and LNMS decoder for LDPC codes on both AWGN and fading channels (ETU-30km/h) [4]. 
· PC-SCL8/PC-SCL32 as in [1].
· LOMS, with a scale factor=1 and an offset=0.5 as in [1], 20 iteration.
· LNMS, with a scaling factor = 0.8125, 20 iteration.
The granularity is measured with an 8-bit step from an information block length from 100 bits to 8000 bits. 
Note that none of the codes is appended with any CRC bits. 
For all the simulation results in this section, Polar codes are labelled "Polar PC-SCL" while LDPC codes in [2] and [3] are labeled "LDPC Scheme1" and "LDPC Scheme2", respectively.

AWGN Channel
Figures 4 to 8 show BLER performance for various block lengths and code rates for polar codes in [1], and two LDPC candidates in [2] and [3].
[image: ]
[bookmark: _Ref462474725]Fig.  4. BLER performance for info. block length = 100, QPSK.
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Fig.  5. BLER performance for info. block length = 400, QPSK .
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Fig.  6. BLER performance for info. block length = 1000, QPSK.
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Fig.  7. BLER performance for info. block length = 4000, QPSK.
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[bookmark: _Ref462474745]Fig.  8. BLER performance for info. block length = 8000, QPSK.



Fig. 9 shows the required SNR to achieve BLER=0.1 for polar and LDPC codes (QPSK, AWGN channel) as a function of the information block length.
[image: ]
[bookmark: _Ref462474771]   Fig.  9. Required SNR to achieve BLER=0.1, Polar List32, LDPC Iter20, QPSK.

From the above results, it can be observed that a PC-SCL-32 decoder outperforms both 20-iter LOMS and 20-iter LNMS in all considered cases, especially for information block length shorter than 4000 bits and code rate less than 3/4. Along with the increase in the information block length to 8000 bit and beyond, this PC-SCL32 decoder has a comparable performance as 20-iter LOMS and 20-iter LNMS in the cases that the code rates are larger than 3/4.



Fading Channel
· Simulation results for information block length = {100,1000}, QPSK
[image: ]
[bookmark: _Ref462474792]Fig. 10. BLER performance for info. block length {100,1000}, code rate=8/9, ETU-30km/h, ideal channel estimation.

· Required SNR to achieve BLER=0.1, QPSK, ETU-30km/h as a function of the information block length.
[image: ]
[bookmark: _Ref462474818]Fig.  11. Required SNR to achieve BLER=0.1, ETU-30km/h, ideal channel estimation.

Fig. 10 shows the BLER performance for two block lengths in AWGN and ETU-30km/h fading channel with code rate 8/9. The gains of Polar over LDPC Scheme1 are about 0.25dB and 0.8dB for block length of 100 and 1000 respectively in AWGN, and increase to 1.5dB and 2.9dB in fading channel.
Fig.  11 shows the required SNR to achieve BLER=0.1 for polar and LDPC codes (QPSK, fading channel) as a function of the information block length. From the results it can be observed that a larger gap exists between Polar and LDPC curves. Gains of Polar codes over the two LDPC candidates can be up to 2.9dB.
[bookmark: _Ref462473679]Observation 3: Polar codes outperform the two LDPC candidates in all eMBB cases on AWGN channel, especially in short blocks with low code rates.
[bookmark: _Ref462473701]Observation 4: Compared with Polar, performance of LDPC degrades more under fading channel.
[bookmark: _Ref462473766]Proposal 2: The NR channel coding scheme candidates should perform well on fading channel.

Granularity
Information block from 100 to 8000 with 8-bit step granularity are further studied to observe the flexibility of candidate channel coding schemes.
[image: ]
Fig.  12. Required SNR to achieve BLER=0.1 for 8-bit granularity [100~1000], QPSK, AWGN
 [image: ]
[bookmark: _Ref462497703]Fig.  13. Required SNR to achieve BLER=0.1 for 8-bit granularity [1000~8000], QPSK, AWGN
Fig. 12 and Fig. 13 show the performance with 8-bit step granularity of Polar PC-SCL32 and the two LDPC candidates with 20-iteration, for block lengths [100~1000] and [1000~8000], respectively. The required SNR to achieve the target BLER for LDPC Scheme2 (black lines) fluctuates along X-axis, especially for low and middle code rate where up to 0.4dB degradation respect to polar can be observed. The LDPC Scheme1 (blue lines) shows a stable required SNR for all considered code rates and information block lengths. For smaller block lengths [100~1000], Fig.12 results show that the fluctuation is more severe for LDPC Scheme2, and that the polar codes have a gain of up to 1.4dB gain respect to the two LDPC candidates for low and middle code rates.
[bookmark: _Ref462473718]Observation 5: Polar codes outperform LDPC codes over all the code rates and information length with fine granularity. In particular, Polar codes have better performance than the other two candidates up to 1.4dB.
[bookmark: _Ref462473774]Proposal 3: The NR channel coding scheme candidates should show stable performance for fine granularity.
Conclusions
In this contribution, a study is carried on to analysis the effects of SNR estimation error and scale factor selection of LDPC decoders. Then the performance is systematically compared with Polar and two LDPC candidates on eMBB scenario and its finer granularity cases. The performance with fading channel is also tested with ETU-30km/h model. Based on the above evaluation results, we have the following observations and proposals.
Observation 1: Neither Polar PC-SCL decoder nor LNMS for LDPC is sensitive to SNR estimation error. But, a LOMS or FOSP LDPC decoder is.
Observation 2: The best scale value used in LNMS for LDPC varies with different coding rate and information length.
Observation 3: Polar codes outperform the two LDPC candidates in all eMBB cases on AWGN channel, especially in short blocks with low code rates.
Observation 4: Compared with Polar, performance of LDPC degrades more under fading channel.
Observation 5: Polar codes outperform LDPC codes over all the code rates and information length with fine granularity. In particular, Polar codes have better performance than the other two candidates up to 1.4dB.
Proposal 1: The NR channel coding scheme candidates should be robust to SNR estimation.
Proposal 2: The NR channel coding scheme candidates should perform well on fading channel.
Proposal 3: The NR channel coding scheme candidates should show stable performance for fine granularity.
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Appendix
1. Evaluation results - Turbo codes
· Max-log-map, with a scaling factor = 0.75, 8 iteration.

AWGN Channel
[image: ]
Fig.  14. BLER performance for info. block length = 100, QPSK.
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Fig.  15. BLER performance for info. block length = 400, QPSK.
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Fig.  16. BLER performance for info. block length = 1000, QPSK.
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Fig.  17. BLER performance for info. block length = 4000, QPSK.
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Fig.  18. BLER performance for info. block length = 8000, QPSK.
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   Fig.  19. Required SNR to achieve BLER=0.1, Polar List32, Turbo MLM Iter8, QPSK.

Comparing with LTE Turbo, polar codes with PC-SCL-32 outperforms in all considered cases. 

Fading Channel
· Required SNR to achieve BLER=0.1, QPSK, ETU-30km/h as a function of the information block length.
[image: ]
Fig.  20. Required SNR to achieve BLER=0.1, ETU-30km/h, ideal channel estimation.

Performance of LTE Turbo codes is sensitive to fading channel for high code rate short block length e.g. block length 100 with code rate 8/9, where up to 4dB gain respect to polar can be observed.
Observation 6: Polar codes PC-SCL32 outperform the LTE Turbo in all eMBB cases on AWGN channel.
Observation 7: Compared with Polar, performance of LTE Turbo degrades more under fading channel.

2. mMTC&uRLLC
Below figures show BLER performance for various block lengths and code rates for polar codes in [1], LTE-TBCC and E-TBCC [6] with LVA(List Viterbi Decoder). The code rates for E-TBCC shown in the figures below are mother code rate with polynomial in [6].
[image: ]
Fig. 21. BLER performance comparison for info block length 20, code rate=1/12 1/6 1/3, with list size of 8
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Fig. 22. BLER performance comparison for info block length 20, code rate=1/12 1/6 1/3, with list size of 32
[image: ]
Fig. 23. BLER performance comparison for info block length 200, code rate=1/12 1/6 1/3, with list size of 8
[image: ]
Fig. 24. BLER performance comparison for info block length 200, code rate=1/12 1/6 1/3, with list size of 32
[bookmark: _GoBack]When compare to TBCC and E-TBCC LVA, we use the same list size for TBCC/E-TBCC and Polar PC-SCL, even the complexity of TBCC/E-TBCC LVA is much higher than Polar. We can observe a stable gain up to 1~2 dB. 
Observation 8: Polar code PC-SCL shows much better performance than list-TBCC/ list-E-TBCC for the same list size.
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