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1. Introduction
In this contribution, we compare different Polar code design schemes suitable for early termination of decoding. Here we provide the evaluations of proposed Simple distributed CRC scheme [1] and distributed CRC scheme described in [2].
2. Simulation assumptions
In all the evaluations below Polar code reliability sequence from [3] with bit-reversal shortening for rate-matching is used. SCL decoder with list 8 is considered, J+J’=19 CRC bits are used for both error detection and correction (0xA2B79 polynomial). Calculation and distribution of CRC bits is done according to [1] and [2]. Multi-bit early termination mode is used for comparison of the schemes.
3. Early termination probability
As mentioned in [1], the simple distributed CRC scheme allows to distribute different amount of CRC bits. Here are some plots of early termination PDF assuming all the 19 CRC bits are equally distributed.
Note that the probability is not equal to zero only at the CRC bits locations, thus PDFs below are actually discrete. Dashed lines on the plots are just to show the trend.
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Figure 1. ET PDF for the KP = 104 comparing simple distributed CRC vs distributed CRC, SNR = 2 dB.
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Figure 2 ET PDF for the KP = 104 comparing simple distributed CRC vs distributed CRC, SNR = 5 dB.
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Figure 3. ET PDF for the KP = 48 comparing simple distributed CRC vs distributed CRC, SNR = -6dB.
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Figure 4. ET PDF for the KP = 48 comparing simple distributed CRC vs distributed CRC, SNR = -3 dB.
Observation 1: Simple distributed CRC scheme provides higher ET probability at the beginning stages of decoding.
Observation 2: ET PDF shifts towards the end of decoding when SNR increases. ET is more effective for low SNR region and unintended transmission.
4. Block error rate
We compare below the block error rate (BLER) for the simple distributed CRC and Single CRC attached at the end. 
[image: ]
Figure 5. BLER performance for KP=48. 
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Figure 6. BLER performance for KP = 104. 
As can be seen above, simple distributed CRC does not affect BLER performance of Polar code. As shown in [4], the same is true for distributed CRC [2].
Observation 3: Both simple distributed CRC and distributed CRC schemes do not affect BLER performance of Polar code.
5. False alarm rate
5.1. Unintended transmission
We compare below the false alarm rate for unintended transmission for simple distributed CRC vs single CRC. 
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Figure 7. Unintended Transmission FAR for simple distributed vs single CRC. KP=48.
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Figure 8. Unintended Transmission FAR for simple distributed vs single CRC. KP=104.
As can be seen above, simple distributed CRC does not affect FAR performance of Polar code in case of unintended transmission. As shown in [4], the same is true for distributed CRC [2].
Observation 4: Both simple distributed CRC and distributed CRC schemes do not affect FAR performance of Polar code in case of unintended transmission.
5.2. Intended transmission
We also check the performance for intended transmission CRC error detection capability for both distributed CRC and simple distributed CRC.
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Figure 9. Intended Transmission FAR for distributed CRC vs single CRC. KP=48.
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Figure 10. Intended Transmission FAR for distributed CRC vs single CRC. KP=80.
Observation 5: Use of distributed CRC scheme increases FAR in case of intended transmission relative to CRC appended in the end of info block.
Observation 6: Given an absence of control in CRC bits distribution, it’s not possible to maintain FAR at the desired level using distributed CRC scheme.
The FAR is also affected for simple distributed CRC if the all bits are fully distributed as shown in Figure 11. However, with controlled distribution of CRC, the FAR can be improved, which is also shown in Figure 11, where different amounts of bits get distributed. 
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Figure 11. Intended Transmission FAR for simple distributed vs single CRC. KP=64.
As can be seen above, use of simple CRC scheme can lead to increase of FAR too. Moreover, when all J+J’ bits are distributed the increase is large. But thanks to the nature of simple distributed CRC framework it’s possible to distribute any amount of bits in any desirable fashion [1]. In this way, FAR can be maintained at the required level by distribution of less amount of bits. This is shown in the figure 11. 
Observation 7: Use of simple distributed CRC scheme can increase FAR in case of intended transmission relative to CRC appended in the end of info block, but can be controlled via limited distribution of CRC bits.
Observation 8: Given the flexibility in CRC bits distribution, it’s possible to maintain FAR at the desired level using simple distributed CRC scheme.
Looking at the overall design comparing CA-Polar and insertion of distributed bits, we think that if distributed bits are to adopted for Polar code, it should be based on simple and controlled distribution, taking into account complexity, false alarm for intended and unintended transmission. While, we will attempt to evaluate other schemes for code construction, we think the following proposal is preferred from our perspective. 
Proposal 1: If distributed bits are to be supported for Polar code construction, adopt simple distributed CRC scheme.
Proposal 2: Amount of distributed bits and distribution type are FFS.

6. Conclusions
In this contribution, we look at early termination techniques and make the following observations/proposals.
Observation 1: Simple distributed CRC scheme provides higher ET probability at the beginning stages of decoding.
Observation 2: ET PDF shifts towards the end of decoding when SNR increases. ET is more effective for low SNR region and unintended transmission.
Observation 3: Both simple distributed CRC and distributed CRC schemes do not affect BLER performance of Polar code.
Observation 4: Both simple distributed CRC and distributed CRC schemes do not affect FAR performance of Polar code in case of unintended transmission.
Observation 5: Use of distributed CRC scheme increases FAR in case of intended transmission relative to CRC appended in the end of info block.
Observation 6: Given an absence of control in CRC bits distribution, it’s not possible to maintain FAR at the desired level using distributed CRC scheme.
Observation 7: Use of simple distributed CRC scheme can increase FAR in case of intended transmission relative to CRC appended in the end of info block, but can be controlled via limited distribution of CRC bits.
Observation 8: Given the flexibility in CRC bits distribution, it’s possible to maintain FAR at the desired level using simple distributed CRC scheme.
Proposal 1: If distributed bits are to be supported for Polar code construction, adopt simple distributed CRC scheme.
Proposal 2: Amount of distributed bits and distribution type are FFS.
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