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1. Introduction
In RAN1 #84bis meeting, turbo codes, polar codes and LDPC codes are identified as the candidates for the eMBB scenario.
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

It was encouraged in RAN1 #85 and RAN1 #86 that simulation results are provided to be aligned for the final decision. In this contribution, performance evaluation results and complexity analysis of polar codes are provided based on [1].
2. Complexity analysis of polar codes
The performance of channel coding highly depends on the decoding algorithm. To identify a practical decoding algorithm, we first study the complexity.
The following notations are used for complexity analysis.
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2.1. LLR update

The LLR updating of polar codes is applied by two kinds of functions, which are usually called f function and g function, respectively. The f functions can be calculated by comparison operation and the g functions are calculated by adding operation. There are totally 
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 g functions for each list.
In addition to the f and g function calcutions, 
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 adding operation are needed for LLR based path metric calculations.

2.2. PM sorting

In order to update the survival lists, comparison operation is needed for sorting the PM values after the calculation of each information bit. For list size 
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candidate lists for each information bit step. The typical complexity for the sorting operation is 
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For convenience, we assume the comparison operation and adding operation have the same complexity, then the total complexity for polar codes with list size 
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. In Fig. 1 ~ Fig. 7, we provided the complexity of polar codes with different info. block lengths.
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Fig. 1 The complexity of polar codes with info. block length K = 100
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Fig. 2 The complexity of polar codes with info. block length K = 400
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Fig. 3 The complexity of polar codes with info. block length K = 1000
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Fig. 4 The complexity of polar codes with info. block length K = 2000
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Fig. 5 The complexity of polar codes with info. block length K = 4000
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Fig. 6 The complexity of polar codes with info. block length K = 6000
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Fig. 7 The complexity of polar codes with info. block length K = 8000

Acorrding to this analysis, we have the following Observations.

Observation 1: Complexity of polar codes for decoding low coding rate is higher than the complexity for decoding high coding rate.

Observation 2: Complexity of list 32 decoding is much higher than list 8 decoding.
3. Performance evaluation
Table 1 Evaluation Assumptions for eMBB in this contribution
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	Turbo
	Polar

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

	Decoding algorithm
	Max-log-MAP (Scaling factor: 0.7)
8 iterations
	CRC-aided List SC (CA-SCL) with list size of 32/8

	Info. block length (bits w/o CRC)
	100, 400, 1000, 2000, 4000, 6000


The evaluation assumptions are shown in Table 1. Acoording to the complexity analysis, we evaluate the polar codes by list size of 32 as a baseline and list size 8 as a possible practial method, respectively. The number of CRC bits for polar codes with info. block length less than 1000 is 8 bits, and the number of CRC bits for other setting is 24 bits. And their performance is compared against the LTE turbo codes. The evaluation results are shown in Fig. 8 ~ Fig. 13.
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Fig. 8 The performance of polar codes with info. block length K = 100
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Fig. 9 The performance of polar codes with info. block length K = 400
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Fig. 10 The performance of polar codes with info. block length K = 1000
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Fig. 11 The performance of polar codes with info. block length K = 2000
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Fig. 12 The performance of polar codes with info. block length K = 4000
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Fig. 13 The performance of polar codes with info. block length K = 6000

Based on the evalution results, we have the following Observations.
Observation 3: By list size 32,

· Polar codes have competitive performance with LTE turbo codes for coding rate 1/3~1/2.
· Polar codes outperform LTE turbo codes for other settings.

Observation 4: By list size 8, 
· Polar codes outperform LTE turbo codes for coding rate 1/5.
· Polar codes have competitive performance with LTE turbo codes for other settings.
4. Summary
In this contribution, we provide evaluation results of polar codes for eMBB. Based on the results, we have the following observations.

Observation 1: Complexity of polar codes for decoding low coding rate is higher than the complexity for decoding high coding rate.

Observation 2: Complexity of list 32 decoding is much higher than list 8 decoding.
Observation 3: By list size 32,

· Polar codes have competitive performance with LTE turbo codes for coding rate 1/3~1/2.
· Polar codes outperform LTE turbo codes for other settings.

Observation 4: By list size 8, 
· Polar codes outperform LTE turbo codes for coding rate 1/5.
· Polar codes have competitive performance with LTE turbo codes for other settings.
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