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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution evaluates the performance and complexity of the polar code [1] and E-TBCC (Enhanced-Tail-Biting-Convolutional-Code) [2].
[bookmark: _Ref129681832]Code Construction
E-TBCC
In order to improve the performance for lower code rates and small block lengths, three schemes are considered [1][2]: 
· TBCC Scheme-1 (64-state) [2]:  be enhanced by extending the mother code rate from 1/3 to lower code rates and the list of polynomials shown in Table 1. 
· TBCC Scheme-2 (256-state) [2]: be enhanced by adopting convlutional code of larger constraint length and by extending the mother code rate from 1/3 to lower code rates, and the first 3 polynomials [561, 753, 712] (octal) inTable 2. 
Note that Scheme-2 has the optimal performance boundary of the E-TBCC. 
Table 1 Nested polynomials for TBCC with constraint length 𝛎+1=7
	n
	Polynomial
	df
	
	

	1
	133
	-
	-
	-

	2
	171
	10
	11
	36

	3
	165
	15
	3
	7

	4
	117
	20
	2
	3

	5
	135
	25
	1
	1

	6
	157
	30
	1
	2

	7
	135
	36
	4
	8

	8
	123
	40
	1
	1

	9
	173
	46
	3
	6

	10
	135
	51
	2
	4

	11
	171
	56
	2
	3

	12
	135
	61
	1
	1


[bookmark: _Ref450923204]
Table 2 Nested polynomials for TBCC with constraint length 𝛎+1=9
	n
	Polynomial
	df
	
	

	1
	561
	-
	-
	-

	2
	753
	12
	11
	33

	3
	715
	18
	4
	11

	4
	517
	24
	2
	3

	5
	675
	30
	1
	2

	6
	513
	36
	1
	1

	7
	657
	43
	2
	4

	8
	745
	49
	1
	1

	9
	753
	56
	4
	8

	10
	473
	62
	3
	6

	11
	745
	68
	2
	3

	12
	753
	74
	1
	2


[bookmark: _Ref463185526]
· PC (parity-check)-Based polar code construction, in which some parity-check bits are put on the PC (parity-check)-frozen-bit set. These parity-check bits would replace the CRC bits to help to correct the error. The scheme illustrated in Figure 1. The general rules to select the PC-frozen-bit set and to establish the PC function are deterministic and straightforward and detailed in [1].


Figure 1. Parity-Check-Based polar code  
Performance Comparison  
To avoid any degradation of blind detection based on the masked CRC bits, neither decoder uses the CRC-bits for error correction. Therefore, Viterbi decoder is used for the E-TBCC, while a PC-SCL decoder (List=8 and List=32) is used for the PC-Based Polar code. 
Simulation with LTE-PDCCH parameter
[image: ]
Figure 2.	 Code length (N=288 bits), info block length (K=28/43/67 bits) , PC-Based Polar vs E-TBCC (Scheme-1)
[image: ]
Figure 3.	 Info block length (K=120 bits)  PC-Based Polar vs E-TBCC (Scheme-1/Scheme-2)
[image: ]
Figure 4.	 Code length (N=576 bits)  PC-Based Polar vs E-TBCC (Scheme-2)
From the results in Figures 2,3 and 4, it is observed the following:
Observation-1: The performance of PC-SCL-8 polar decoder is comparable with E-TBCC Viterbi-decoder of E-TBCC for K( info. block size) <=40 bits, and PC-SCL-8 outperforms E-TBCC for K> 40 bits. 
Observation-2:  PC-SCL-32 decoder gain compared to Viterbi E- TBCC decoder is over 1dB gain. 
Observation-3:  When the code length increases, the E-TBCC Viterbi decoder performance degrades

Simulation with Simulation Assumptions in [4]
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Figure 5.	 Info block length (K=80-bit), R= 1/3~1/9,  PC-Based Polar vs E-TBCC (Scheme-1/Scheme-2)
[image: ]
Figure 6.	 Info block length (K=120-bit), R= 1/3~1/9, PC-Based Polar vs E-TBCC (Scheme-1/Scheme-2) 
From the results in Figures 5 and 6, it is observed the following:
Observation-4:  For K>120 bits, PC-SCL-8 polar decoder outperforms the Scheme-2 E-TBCC, with gain of up to ~0.8dB at BLER = 0.001.
Observation-5:  PC-SCL-32 decoder gain compared to Scheme-2 E-TBCC  can be up to ~1.5dB. 
Complexity Comparison 
The computational complexity is based on the analysis in [3]. As an example, Table 3 illustrates the complexity for an information block length of 40-bit and code block length of 512.  

Table 3 Computational Complexity 
	PC-Based Polar Code with SC-SCL decoder
	E-TBCC by a Viterbi decoder

	List = 32
	List = 8 
	List = 4
	Scheme-1(64-state, R=1/3)
	Scheme-2(256-state, R=1/6)
	Scheme-2(256-state, R=1/9)

	~178K 
	~43K 
	~21K
	~33K
	~614K
	~860K


It is observed that 
Observation-6: Viterbi decoder of Scheme-1 E-TBCC with R=1/3 has a comparable complexity as PC-SCL-8 decoder. 
Observation-7: Viterbi decoder of Scheme-2 E-TBCC has much higher complexity than PC-SCL-32 decoder. 
Conclusions
Observation-1: The performance of PC-SCL-8 polar decoder is comparable with E-TBCC Viterbi-decoder of E-TBCC for K( info. block size) <=40 bits, and PC-SCL-8 outperforms E-TBCC for K> 40 bits. 
Observation-2:  PC-SCL-32 decoder gain compared to Viterbi E- TBCC decoder is over 1dB gain. 
Observation-3:  When the code length increases, the E-TBCC Viterbi decoder performance degrades rapidly and the coding gain of Polar vs E-TBCC can be up to ~2dB.
Observation-4:  For K>120 bits, PC-SCL-8 polar decoder outperforms the Scheme-2 E-TBCC, with gain of up to ~0.8dB at BLER = 0.001.
Observation-5:  PC-SCL-32 decoder gain compared to Scheme-2 E-TBCC can be up to ~1.5dB. 
Observation-6: Viterbi decoder of Scheme-1 E-TBCC with R=1/3 has a comparable complexity as PC-SCL-8 decoder. 
Observation-7: Viterbi decoder of Scheme-2 E-TBCC has much higher complexity than PC-SCL-32 decoder. 
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