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Introduction

In previous contribution [1], performance comparison between Tail-Biting Convolution Codes (TBCC) and Polar Codes was provided for the case study of K=29 information bits. This is intended to reflect an example of DL and UL control channel information transmission of NR, using PDCCH control channel in LTE as a reference. In the same contribution, a proposal to study enhancements to TBCC was made. 
In this contribution, performance comparison between TBCC enhancement and Polar codes is provided for the same case study of K=29.  The TBCC enhancement candidates for NR are presented in more detail in contribution [2]. Currently, DL control channel and certain UL control channel (i.e., encoding of DCI and certain UCI) in LTE use Tail-Biting Convolutional Codes (TBCC) due to their good performance and low complexity. The complexity of TBCC is analyzed in the separate contribution [2]. The case study presented in this contribution shows that there are several enhanced TBCC that perform comparably to or even better than Polar codes. The considered Polar Codes use List Successive Cancelation List (SCL) Decoding with list size L=32.
Performance Comparison of Enhanced TBCC and Polar Codes
We compare the performance of TBCC enhancement presented in [2] vs. Polar Codes. We assume that the decoding is performed without the aid of an outer CRC code. For decoding, TBCC uses Viterbi decoder whereas Polar code uses Successive Cancelation (SC) List decoder of list size L=32. 

We consider the following two enhancements to the LTE TBCC as well as their combination: 
1. Increasing the constraint length.
2. Extend the mother code rate from 1/3 to lower code rates.

The details of these codes including the list of polynomials are presented in [2].
TBCC vs. Polar Code Case Study
Figure 1 shows the performance comparison of the two codes for info block size K=29 bits. In this case TBCC  of constraint length=9 (256-state) and mother code rate of R=1/9 is considered. We observe that TBCC code outperforms the Polar Code, where the gap increases with increasing Es/No. 
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Figure 1. TBCC vs. Polar Code comparison for K=29, N=288. Enhanced TBCC has the constraint length 9 (256-state) and mother code rate of R=1/9.  Polar code uses SC list decoder of L= 32 or 4.

In Figure 2, We next compare the performance of TBCC vs. Polar Code for TBCC with mother code rate of R=1/5.
[image: ]
Figure 2. TBCC vs. Polar Code comparison for K=29, N=288. Enhanced TBCC has the constraint length 9 (256-state) and mother code rate of R=1/5.  Polar code uses SC list decoder of L=32.
It can be observed from Figures 1 and 2 that these TBCC enhancements have similar performance, both slightly 
outperforming Polar Codes.

1. For the case study of (K=29, N=288) bits, comparable performance is achieved by (a) TBCC with Viterbi decoder and (b) Polar code with SC list decoder of list size 32. 

Finally, in Figure 3, we compare (a) TBCC with constraint length=7 (64-state) and mother code rate R=1/9 to (b) the Polar code performance. We observe that the two codes have comparable performance.
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Figure 3. TBCC vs. Polar Code comparison for K=29, N=288. Enhanced TBCC has the constraint length 7 (64-state) and mother code rate of R=1/9.  Polar code uses SC list decoder of size 32.

Considering the simulation results above, there is no incentive to replace currently used TBCC with Polar Codes.

Proposal 1 For error correction coding of DL and UL control channel of NR, LTE tail-biting convolutional codes with potential enhancements should be adopted.

Conclusion
In this contribution, performance of LTE TBCC codes and Polar codes are investigated. Based on the obtained results, we have the following proposals and observation.

Observation 1 For the case study of (K=29, N=288) bits, comparable performance is achieved by (a) TBCC with Viterbi decoder and (b) Polar code with SC list decoder of list size 32. 

Proposal 1 For error correction coding of DL and UL control channel of NR, LTE tail-biting convolutional codes with potential enhancements should be adopted.
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(K=29,N=288), R=0.156: Polar Code vs. 256-state TBCC, R=1/5
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(K=29,N=288), R=0.156: Polar Code vs. 64-state TBCC, R=
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