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Introduction
In RAN1 #84b meeting it was agreed upon to evaluate channel codes under the following assumptions. This document compares the corresponding results for Polar and LTE Turbo Codes [1] [2].
[bookmark: _GoBack]To get the block size which is not power of 2, known-bit puncture and unknown-bit puncture are used in the code construction. The detailed description of the puncture schemes are in [3]. To use CRC-aided successive cancellation list (CA-SCL) decoding, 16-bit CRC is encoded and appended after the information bits. For two cases of Polar code (112, 100) and (120, 100), 8-bit CRC is encoded and appended after the information bits to enable CA-SCL decoding. The Gaussian approximation (GA) algorithm is used to obtain the good channel for information bits [4][5]. The construction SNR for each rate is listed in Table 1 for URLLC. They are applied for both QPSK and 16QAM. The construction SNR for each rate is listed in Table 2 for eMBB.
Table 1. The construction SNR (dB) in GA for URLLC
	Information bits
	20
	40
	200
	600
	1000

	Code rate
	1/12
	-5.0
	-5.0
	-5.0
	-5.0
	-5.0

	
	1/6
	-3.0
	-3.0
	-3.0
	-3.0
	-3.0

	
	1/3
	0
	0
	0
	0
	0



Table 2. The construction SNR (dB) in GA for eMBB
	Information bits
	100
	400
	1000
	2000
	4000
	6000
	8000

	Code rate
	1/5
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0

	
	1/3
	0
	0
	0
	0
	0
	0
	0

	
	2/5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0

	
	1/2
	2.0
	2.0
	2.0
	2.0
	2.0
	2.0
	2.0

	
	2/3
	4.0
	4.0
	4.0
	4.0
	4.0
	4.0
	4.0

	
	3/4
	5.0
	5.0
	5.0
	5.0
	5.0
	5.0
	5.0

	
	5/6
	6.0
	6.0
	6.0
	6.0
	6.0
	6.0
	6.0

	
	8/9
	7.0
	7.0
	7.0
	7.0
	7.0
	7.0
	7.0


eMBB Simulation Assumptions
For eMBB use cases, evaluation should provide the block error rate (BLER) performance versus SNR for the following cases which are more reflective of usage across mobile broadband data transmissions.
Table 1. eMBB simulation assumptions
	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 (15)
	min-sum
	List-32

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



Several notes for clarification were made as part of the evaluation agreement.
· * 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.
· General guidelines
1. Existing code constructions can be used for evaluation
2. Whenever feasible, performance comparison should adopt coding constructions with matching computational complexities

URLLC and mMTC Simulation Assumptions
For URLLC and mMTC use cases, evaluation should provide the block error rate (BLER) performance versus SNR for the following cases which are more reflective of such services (beyond some configurations already included in eMBB evaluation).
Table 2. URLLC and mMTC simulation assumptions
	Channel*
	AWGN

	Modulation 
	QPSK, 16 QAM

	Coding Scheme
	Convolutional codes
	LDPC
	Polar
	Turbo

	Code rate 
	 1/12, 1/6, 1/3

	Decoding algorithm**
	List-X Viterbi
	min-sum
	List-32 
	Max-log-MAP (15)

	Info. block length*** (bits w/o CRC)
	20, 40, 200, 600, 1000



Several notes for clarification were made as part of the evaluation agreement.
· * 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.
· General guidelines
1. Existing code constructions can be used for evaluation
2. Whenever feasible, performance comparison should adopt coding constructions with matching computational complexities
3. BLER simulations down to 10-4 is recommended (to observe the error floor) for URLLC

Discussion
In this section, we will compare the performance of Polar codes and Turbo codes. The decoding algorithms are max-log-map with 15 half iterations for Turbo codes and CRC-aided successive cancellation list decoding (CA-SCL) with 32 list sizes for Polar codes.
eMBB
The comparison of the Es/N0 to achieve 1% CBER between Polar and Turbo codes are depicted in Figure 1 for QPSK modulation. The BLER performance comparison between Polar and Turbo codes are depicted in Figure 2 to Figure 9 for rates of 1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, and 8/9 with QPSK modulation. The simulation results for 64-QAM are still under study.
[image: ]
Fig. 1. Es/N0 to achieve 1% CBER for QPSK

[image: ]  [image: ]
Fig. 2. Polar vs Turbo codes with 1/5 rate for QPSK                      Fig. 3. Polar vs Turbo codes with 1/3 rate for QPSK
[image: ]   [image: ]
Fig. 4. Polar vs Turbo codes with 2/5 rate for QPSK                      Fig. 5. Polar vs Turbo codes with 1/2 rate for QPSK
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Fig. 6. Polar vs Turbo codes with 2/3 rate for QPSK                      Fig. 7. Polar vs Turbo codes with 3/4 rate for QPSK
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Fig. 8. Polar vs Turbo codes with 5/6 rate for QPSK                     Fig. 9. Polar vs Turbo codes with 8/9 rate for QPSK
URLLC and mMTC 
The comparison of the Es/N0 to achieve 1% CBER between Polar and Turbo codes are depicted in Figure 10 to Figure 11 for QPSK and 16-QAM, respectively. The BLER performance comparison between Polar and Turbo codes are depicted in Figure 12 to Figure 17 for rates of 1/3, 1/6 and 1/12 with QPSK and 16-QAM modulation, respectively. 
 [image: ][image: ]
Fig. 10. Es/N0 to achieve 1% CBER for QPSK                              Fig. 11. Es/N0 to achieve 1% CBER for 16-QAM
 [image: ]     [image: ]
Fig. 12. Polar vs Turbo codes with 1/3 rate for QPSK                      Fig. 13. Polar vs Turbo codes with 1/6 rate for QPSK
[image: ] [image: ]
Fig. 14. Polar vs Turbo codes with 1/12 rate for QPSK                  Fig. 15. Polar vs Turbo codes with 1/3 rate for 16QAM
[image: ]       [image: ]
Fig. 16. Polar vs Turbo codes with 1/6 rate for 16QAM                Fig. 17. Polar vs Turbo codes with 1/12 rate for 16QAM
Conclusions
Observation 1: For eMBB case, Polar codes outperform turbo codes for all the sizes of the information bits with variable rates for QPSK. The gain of Polar codes over turbo codes becomes larger with shorter blocklengths. (Performance at 64-QAM is still under study but similar trends are expected.)
Observation 2: For URLLC case, Polar codes outperform turbo codes for all the sizes of the information bits with variable rates for both QPSK and 16-QAM. The gain of Polar codes over turbo codes becomes large with decease of the information bit sizes for all the rates.
Proposal 1: Polar codes can be used to replace Turbo codes for URLLC applications.
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