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1
Introduction
In RAN1 #84bis meeting, eMBB channel coding candidates were identified as LDPC, Polar, and turbo codes. More specifically, RAN1#84bis agreed the following [1]: 
Coding Candidates

· Identified channel coding schemes for each usage scenario
	eMBB
	mMTC
	URLLC

	
	Convolutional codes
	Convolutional codes

	LDPC
	LDPC
	LDPC

	Polar
	Polar
	Polar

	Turbo
	Turbo
	Turbo


· Common simulation assumptions are required to evaluate theoretical performance of proposed coding schemes

· Selection of the coding scheme should also consider various other aspects

Initial Simulation Assumptions

· Focus mainly on the BLER performance of candidate coding schemes.

· Evaluate performance of coding schemes with similar code rates and block sizes. 

· Exact code constructions should be provided. 

· Example: Parity check matrices, polar code construction, ..
·  Encoding/decoding complexity of the adopted algorithms should be described.

During RAN1 #85, initial results were discussed, and further evaluations were agreed as companies used different variants of decoding algorithms. In this contribution, we provide simulation results for eMBB channel coding candidates according to [2, 3]. These results can be used get an understanding of the performance of channel coding candidates. 
2
Performance
2.1


Simulation Assumptions
The following simulation assumptions were agreed during the RAN1 #84bis to start the initial investigation [1]. 

Simulation assumptions: eMBB
· Evaluate the block error rate (BLER) performance versus SNR
	Channel*
	AWGN

	Modulation
	QPSK, 64 QAM

	Coding Scheme
	Turbo
	LDPC
	Polar

	Code rate
	1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm**
	Max-log-MAP
	min-sum
	List-X

	Info. block length*** (bits w/o CRC)
	100, 400, 1000, 2000, 4000, 6000, 8000 
Optional(12K, 16K, 32K, 64K)


* Fading channels will be simulated in the next stage

** These algorithms are starting points for further study. Other variants of agreed algorithms can be used for encoding and decoding (Complexity details should be illustrated) 

*** At least these info. block length and code rate shall be evaluated. Other info. block lengths and code rates are not precluded. Similar info. and encoded block lengths should be used for the evaluation. Total coded bits = info. Block length/code rate. Note: these info. block length and code rate are only for initial performance evaluations. They are not interpreted as design targets or assumptions for complexity analysis.

Some variations are considered on the agreed algorithms, which are

· Offset min-sum algorithm with 0.18 offset parameter is used for LDPC. 
· Scaled max-log-MAP decoder with scaling factor 0.7 is used for Turbo decoding. CRC bits used as 8 bits for 100 info block size, 16 bits for 400 info block sizes, and 24 bits for larger block sizes. 
· List-16 decoding is used with CRC (8 bits for 100 and 400 info bits, 16 bits for larger block sizes) for polar decoding. 
In addtion, following aspects are also considered in the simulations. 

· Rate 1/3 turbo coding is used with rate matching similar to the LTE speficiation. Total coded bits = info. Block length/code rate, is used to ensure that inclusion of CRC does not affect to the coded block size. Additionally, we used 8 iterations for decoding. 
· The number of iterations for LDPC is considered as 50 for all the simulation cases. However, LDPC does not require that many iterations for most of the cases. Different code rates and block sizes are obtained as follows, 

· PCMs defined in Type 1 scheme (See [2]) are used with suitable sub-matrix dimension (modulo lifting) to obtain different block sizes for code rates 1/3, 1/2, 2/3, 3/4, and 5/6. 
· For code rate 1/3 and 1/2, we use the PCM from coding family 2.b in [2]. 
· For code rate 2/3, 3/4 and 5/6, we use the PCM from coding family 1.a. 
· For code rate 1/5, we use puncturing PCM designed for rate 1/6 in family 2.b. 
· For code rate 2/5, we use repetition from rate ½ in family 2.b.
· For code rate 8/9, generated PCM by reusing PCM for rate 5/6 PCM is given in Annex 1.
· Polar design details including code construction and puncturing methods are described in [3].  
2.2 

Simulation results
Figure 1-7 shows simulation results for 100, 400, 1000, 2000, 4000, 6000 and 8000 information block sizes with both QPSK and 64QAM schemes. 
Case 1 : Info block size of 100 bits  
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Figure 1: BLER vs SNR for info block =100 bits. (a) QPSK (b) 64QAM
Case 2 : Info block size of 400 bits 
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Figure 2: BLER vs SNR for info block of 400 bits. (a) QPSK (b) 64QAM
Case 3 : Info block size of 1000 bits  
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Figure 3: BLER vs SNR for info block of 1000 bits. (a) QPSK (b) 64QAM 

Case 4 : Info block size of 2000 bits  
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Figure 4: BLER vs SNR for info block of 2000 bits. (a) QPSK (b) 64QAM 

Case 5 : Info block size of 4000 bits  
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Figure 5: BLER vs SNR for info block of 4000 bits. (a) QPSK (b) 64QAM

Case 6 : Info block size of 6000 bits  
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Figure 6: BLER vs SNR for info block of 6000 bits. (a) QPSK (b) 64QAM
Case 7 : Info block size of 8000 bits
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(b)
Figure 7: BLER vs SNR for info block of 8000 bits. (a) QPSK (b) 64QAM

2.3 

Observations 

The following can be observed for the results given in Figure 1-7.

Observation 1: For LTE turbo codes, lower code length performance is poor. The reason can be the effective code rate, where the additional CRC bits used for information block are punctured to fit the code length. The smaller the code length, the larger the impact is.

Observation 2: The performance of Polar is shown for a high-complexity decoder, i.e. list decoder with aid of CRC, where worse performance was observed in [3] when low-complexity successive cancellation (SC) decoder is used. 

Observation 3: For the majority of cases, Polar (with list CRC decoder) and LDPC has a similar performance. Referring [4], it can be seen that the performance of Polar list decoding does not have a proper implementation, while decoder of LDPC will have much less implementation complexity and satisfies throughput requirements of eMBB.

Observation 4: For higher code rates and lower block sizes, turbo performance very poor, whereas LDPC and polar with List CRC decoder has a better performance.

Observation 5: Considering larger block sizes, which is the design criteria that eMBB should target, all the coding schemes can produce similar performances. To achieve that, LDPC and turbo can use sub-optimal decoding algorithms while polar has to use quasi-optimal decoding algorithm which might able to use in practice. 

These simulation results should be verified with the implementation aspects we agreed to evaluate during RAN1 #85. According to our analysis in [4], SC is the only option that polar could use to get a fair comparison with LDPC and Turbo. However, when low-complexity SC decoder is used for Polar, its performance will degrade accordingly. 
3
Conclusion
In this contribution, we presented link level simulations of channel coding candidates for eMBB usage scenario of the NR. The observations are, 

Observation 1: For LTE turbo codes, lower code length performance is poor. The reason can be the effective code rate, where the additional CRC bits used for information block are punctured to fit the code length. The smaller the code length, the larger the impact is.

Observation 2: The performance of Polar is shown for a high-complexity decoder, i.e. list decoder with aid of CRC, where worse performance was observed in [3] when low-complexity successive cancellation (SC) decoder is used. 

Observation 3: For the majority of cases, Polar (with list CRC decoder) and LDPC has a similar performance. Referring [4], it can be seen that the performance of Polar list decoding does not have a proper implementation, while decoder of LDPC will have much less implementation complexity and satisfies throughput requirements of eMBB.

Observation 4: For higher code rates and lower block sizes, turbo performance very poor, whereas LDPC and polar with List CRC decoder has a better performance.

Observation 5: Considering larger block sizes, which is the design criteria that eMBB should target, all the coding schemes can produce similar performances. To achieve that, LDPC and turbo can use sub-optimal decoding algorithms while polar has to use quasi-optimal decoding algorithm which might able to use in practice.
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Annex I

Table 1 PCM design for rate 8/9

	296
	40
	399
	314
	183
	97
	88
	222
	201
	233
	343
	385
	236
	243
	306
	42
	383
	15
	312
	76
	164
	312
	76
	164
	274
	-1
	-1

	13
	344
	13
	334
	293
	279
	141
	101
	294
	48
	102
	145
	191
	240
	301
	33
	55
	4
	8
	22
	2
	33
	55
	4
	281
	314
	-1

	116
	293
	183
	83
	244
	269
	407
	315
	372
	84
	338
	68
	141
	390
	160
	201
	307
	197
	183
	279
	109
	141
	390
	160
	16
	215
	35


