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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we present a preliminary comparison and discussion of some FEC candidates for the new radio, specifically on Polar Code compared to the LTE Turbo Code and Tail-biting Convolutional Code (TBCC).  For the Polar Code scheme, we have applied the principles as described in [1].

Discussion
Simulation Assumptions 
In our evaluations, the Polar Code, Turbo Code, and TBCC process the same transport blocks (payload) sizes and are allocated with the same number of physical channel bits. This ensures the same code rates in the link simulations to enable a reliable and fair comparison among them. The remaining function blocks of the link level simulator are the same for the three channel coding schemes. In this initial evaluation, the channel model is the AWGN channel. 
To investigate the performance as a function of the different sizes of the information blocks, we simulate not only the data channel (PDSCH) but also with the control channel (PDCCH) included. To investigate the performance as a function of the different code rates, we select several code rates, from very low to very high. Simulation results are shown in the next section. 

BLER performance comparison with LTE-TC and TBCC  
Short-length block 
Table 1 Simulation parameters for short-length block
	Parameter
	Value

	PDCCH Coding Rate 
	45/288 (0.156)

	PDCCH Format
	1A

	Channel Model 
	AWGN 

	CCE Aggregation Level
	4

	System Bandwidth 
	20MHz

	Decoding Algorithm of TBCC
	ML

	List Size of Polar Decoder 
	32



[image: ] 
Figure 1  PDCCH Format1A (45, 288) R = 0.156 

As shown above, with a LIST=32 decoder, the gain of polar codes vs. TBCC is of 1.5dB at 10^-2 BLER.  

Medium-length block
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Table 2 Simulation parameters for medium-length block
	Parameter
	Value

	PDSCH Coding Rate 
	MCS1:   232/1656    (0.140)
MCS13:  1376/3312   (0.415)
MCS28:  4416/4968   (0.889) 

	Channel Model 
	AWGN 

	RB Number 
	6 

	System Bandwidth 
	20MHz

	Iteration Number of Turbo Decoder(Max-Log-MAP, scale = 0.75, details in [4])  
	8

	List Size of Polar Decoder 
	32



[image: ]
Figure 2  PDSCH N_prb = 6, I_msc = 1, List = 32, R = 0.140 (232,1656) 

[image: ]
Figure 3  PDSCH N_prb = 6, I_msc = 13, List = 32, R = 0.415 (1376, 3312)
[image: ]
Figure 4  PDSCH N_prb = 6, I_msc = 28, List = 32, R = 0.889 (4416, 4968)

We observe that Polar Code has 1.0dB gain against LTE-TC decoder with low coding rate and short information block.  Therefore, from these results we see that as the block length increases, the gains against Turbo Code also decrease. 

Error Floor
With the same simulation parameters given in the previous section, we simulate the error floor performance comparing Polar Code with Turbo Code.
[image: ]
Figure 5  PDSCH N_prb = 6, I_msc = 28, List = 32, R = 0.889 (4416, 4968) 

From the BLER performance results above, Turbo Code shows an error floor for BLER lower than 10^-4 (closer to 10^-5). No error floor was observed for the polar scheme at this BLER level. 


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Complexity Analysis
As described in [1], Polar code has two types of decoders: sequential SC (Successive Cancellation) decoder and SC List decoder. To decode a given code block and code rate, the SC list decoder outperform SC decoder. The computation complexity of a SC decoder is O(N∙log(N)), where N is the size of the codeword (power of 2), while a SC list decoder has computational complexity of O(L∙N∙log(N)), where N is the size of the codeword (power of 2) and L is the size of the list. 

Table 2 Computation Complexity of SCL decoder
	Computation Complexity  of SCL decoder

	Polar-decoding total complexity 
	LNlogN+KLlog2L 
	　 

	Path selection 
	0.5K∙2L∙log2L 
	Compare 

	F function 
	0.5L∙N∙logN 
	Compare 

	G function 
	0.5L∙N∙logN 
	Add 



K is the number of information bits. As an example, if we assume 6 operations per state computation in Turbo decoder, the computation complexity of Turbo decoder can be approximated to be 6 ×2m×K×I, where m is the memory length of component (3 for Turbo Code) and I is the number of iterations. With N=2048, K=1024, L=32, SC list decoder has slightly lower computational complexity than 8-iteration Turbo decoder. 
It should be noted as well that the BLER performance of a list decoder improves as the list size increases. 

Conclusion
In this contribution, we have presented some preliminary evaluations and analysis to show the promising benefits of Polar code for the new radio and its suitability and potential towards meeting the requirements needed to support the diverse and new services of 5G.   
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