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1 Introduction
There is a new approved Study Item on Self Evaluation towards IMT-2020 submission in the RAN#75 meeting, which mainly focuses on evaluated RAN technologies based on Rel-15 and beyond to satisfy all ITU-R IMT-2020 requirements including eMBB scenario.

From IMT-2020 evaluation methodology in the ITU-R WP5D, it is common opinion that technical evaluation of the candidate RITs/SRITs should be made against each evaluation criterion for the required test environments, which is mentioned in the Chapter 7 of ITU-R report M.2412. On the other hand, in the 3GPP, LDPC has been approved and applied for NR User Plane in the eMBB usage. Therefore, it is necessary to update related channel coding function of the all NR evaluation of system level simulation. In this contribution, the simulation parameters are shown in Table A-3 in Appendix.

In this contribution, an initial discussion on the link curve performance from turbo coding to LDPC coding is shown. And, the method about how to update link-to-system mapping of NR is also discussed.

2 Analysis on turbo coding performance in LTE

In LTE, turbo coding is the channel coding scheme for UL/DL -SCH. In generally, for a given SNR (dB) and a given target BLER, we can predict a code rate by link level simulation results. However, the link level curve is usually given by the long (or the maximum) code block size (CBS), e.g. 3112 in LTE. Because the short CBS and long CBS have different coding gains, the target SNR should add a fixed penalty factor (shown in table 1 mentioned in [1]) to predict the code rate at the same target BLER when the transport block size (TBS) determined by some resource allocation parameters is less than the long CBS, e.g. 64, 320.
In this section, we give the link level simulation results and the penalty factor model analysis at the target BLER=10% in LTE. Note that the simulation performance of turbo coding is based on Table A-2 (shown in Appendix) including nineteen CQI indexes with all the different combinations of modulation order and code rates from 4-bit CQI table (CQI index =1~15 in it) and 4-bit CQI table 2 (CQI index =12~15 in it) in LTE/NR respectively.
2.1 Link level simulation results (BLER vs. SNR) for turbo coding
Simulations of the BLER performance for TBS (denoted as K) 392, 1128 and 3112 are shown in Figure 2-1, Figure 2-2 and Figure 2-3. 
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Figure 2-1  BLER performance of turbo coding for K=392 based on CQI table
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Figure 2-2  BLER performance of turbo coding for K=1128 based on CQI table
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Figure 2-3  BLER performance of turbo coding for K=3112 based on CQI table
3 Analysis on LDPC coding performance in NR 
In NR, LDPC coding is the channel coding scheme for UL/DL -SCH. Therefore, for a given SNR (dB) and a given target BLER, we can also predict a code rate by link level simulation results. However, the coding gains of different TBS for LDPC coding are different, so it will be also necessary to discuss how to apply penalty factor model to predict the code rate when the transport block size (denoted as K) determined by some resource allocation parameters is less than the long CBS.

Observation 1:It will be also necessary to discuss how to apply penalty factor model to predict the code rate when the transport block size (denoted as K) determined by some resource allocation parameters is less than the long CBS, because the coding gains of varying TBS for LDPC coding are different, so. 
Proposal 1: The penalty factor model based on Turbo in LTE, a penalty factor model of LDPC should be considered in the NR system level simulation.
In the next sub-section, we give the initial link level simulation results of LDPC  at BLER=10% in NR. Note that the simulation performance of LDPC coding is based on Table A-1 (shown in Appendix).

3.1 Link level simulation results (BLER vs. SNR) for LDPC coding 
BLER performance of LDPC coding for TBS (denoted as K)=392by BP decoder and min-sum decoder are shown in Figure 3-1 and 3-2 respectively. 
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Figure 3-1  BLER curves of LDPC coding by BP decoder for K=392 in AWGN
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Figure 3-2  BLER curves of LDPC coding by min-sum decoder for K=392 in AWGN
From all the figures as below,we can see that the BLER -SNR curves are parallel with each other at BLER≥0.01 in the water fall region. 

Moreover, based on Chapter 2, simulations of the BLER performance for TBS (denoted as K) 1128 and 3112 are should be further considered for obtaining a long (or the maximum)  code length  and  adding LDPC link curve performance of NR system level simulation, 
Observation 2: From Figure 3-1], we can see that LDPC coding with BP decoder is superior in BLER -SNR performance, especially at BLER <0.01.
Observation 3: we can see that LDPC coding is superior in BLER-SNR performance, and the performance of BP decoder is better than that of min-sum decoder by comparing both Figure 3-1 and 3-2.
Proposal 2: The target SNR of an appreciated code length, such as  should be updated by LDPC coding from LTE to NR.
Proposal 3: For LDPC coding, BP decoding algorithm should be the decoding algorithm scheme for the superior BLER -SNR performance in NR.
4 Conclusion
For link curve performance from turbo coding to LDPC coding, we have the following observations and proposal:
Observation 1: From Figure 4~8, we can see the penalty factor model of LDPC coding in NR is almost the same with that of turbo coding in LTE. 
Observation 2: From Figure 9~14, we can see that LDPC coding with BP decoder is superior in BLER -SNR performance, especially at BLER <0.01.
Observation 3: From the SNR comparison we can see that LDPC coding is superior in BLER-SNR performance, and the performance of BP decoder is better than that of min-sum decoder.
Proposal 1: The penalty factor model in LTE can be reused for LDPC coding in NR.
Proposal 2: The target SNR of K=3112 should be updated by LDPC coding from LTE to NR.
Proposal 3: For LDPC coding, BP decoding algorithm should be the decoding algorithm scheme for the superior BLER -SNR performance in NR.
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Appendix
Table A-1  SNR performance table for K=392 

	CQI Index

SNR

Coding

Type
	LDPC BP decoder
	LDPC Min Sum decoder

	
	BLER=0.1
	BLER=0.01
	BLER=0.001
	BLER=0.1
	BLER=0.01
	BLER=0.001

	1
	-8.1386
	-7.7132
	-7.4034
	-7.5547
	-7.1587
	-6.8438

	2
	-6.2196
	-5.7893
	-5.4431
	-5.8137
	-5.4243
	-5.1239

	3
	-4.0791
	-3.6413
	-3.3222
	-3.5916
	-3.1949
	-2.8578

	4
	-1.703
	-1.2362
	-0.8682
	-1.3099
	-0.9105
	-0.5782

	5
	0.4514
	0.9154
	1.2515
	0.6444
	1.084
	1.3817

	6
	2.3645
	2.8283
	3.1894
	2.4895
	2.9488
	3.3044

	7
	4.1886
	4.7714
	5.1804
	4.3926
	4.9502
	5.4401

	8
	6.1239
	6.6087
	7.0715
	6.2678
	6.8051
	7.2697

	9
	8.0962
	8.6684
	9.116
	8.2716
	8.8102
	9.2889

	10
	9.7472
	10.359
	10.8151
	9.9641
	10.5614
	11.1158

	11
	11.8598
	12.4792
	12.9294
	12.0613
	12.5991
	13.1188

	12
	13.6855
	14.3301
	14.9033
	13.8905
	14.5322
	15.1283

	13
	15.775
	16.395
	17.038
	15.8934
	16.5551
	17.1272

	14
	17.8128
	18.4989
	19.0709
	17.9187
	18.5973
	19.1143

	15
	19.6074
	20.313
	20.9097
	19.6896
	20.3658
	20.9402

	16
	19.2765
	19.9975
	20.5527
	19.4272
	20.1476
	20.6643

	17
	21.3948
	22.2339
	22.8816
	21.5576
	22.291
	22.9664

	18
	23.486
	24.2412
	24.8623
	23.622
	24.3224
	24.8969

	19
	25.3784
	26.1565
	26.8221
	25.5049
	26.3052
	26.8652


Table A-2  CQI table
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.377

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.877

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547

	16
	256QAM
	711
	5.5547

	17
	256QAM
	797
	6.2266

	18
	256QAM
	885
	6.9141

	19
	256QAM
	948
	7.4063


Table A-3  Simulation Parameters

	Attributes
	Values or assumptions

	Channel model
	AWGN

	Channel estimation
	Ideal

	Modulation 
	QPSK
	16QAM
	64QAM
	256QAM

	Code rate (*1024)
	78,120,193,308,449,602
	378,490,616
	466,567,666,772,873,948
	711,797,885,948

	Information length(wo CRC)
	392, 1128 and 3112 bits 


	Coded block size
	Information size(wo CRC)/code rate 

	Target BLER
	0.1, 0.01, 0.001

	Code construction
	LDPC with agreed BG1 and BG2

	CRC length
	24 bits, 16 bits

	Decoding algorthm
	Layered Normalized Min-Sum decoding algorithm with alpha=0.75 (denoted as Min-Sum)

	
	BP decoding algorithm

	Maximum number of iterations
	25


