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A successive cancelation list (SCL) decoder compares paths metrics for paths pruning after a saturation of the list. A PC-SCL decoder relies on both path metrics and intermediate parity checks (PC-bits). The final path selection requires multiple CRC checks, but a PC check can either improve the BLER performance or perform early termination at intermediate stages [2][4].
In this contribution, we study the paths metrics distributions in presence and absence of PC-bits and provide an explanation how they affect performance. Statistical and simulation results validate our theoretical analysis presented in [4].
[bookmark: _Ref477266525]Discussion
We consider CA-Polar and PC-CA-Polar [6]. The simulation assumptions are listed in Table 1.

Table 1. Simulation assumptions
	Channel/Modulation
	AWGN/QPSK

	M
	64

	K
	22

	CRC
	3

	L
	8

	Count of trials
	600000

	SNR
	2.21

	Sequence
	PW



Suppose we have a genie which is allowed to distinguish the correct and erroneous paths from the sorted list of size 2L (before pruning) at each phase of the SCL decoding procedure. In our study, we select two paths and plot their paths metrics distributions as density plots in Figures 1 and 2.
· The correct path (identified by the genie); 
· The L-th erroneous path among the remaining 2L – 1 erroneous paths (the best path among those L paths which are intended for pruning).
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Figure 1. Normalized path metrics distributions of correct path and L-th erroneous path for N=64, K=22, CRC=3, CA-Polar
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Figure 2. Normalized path metrics distributions of correct path and L-th erroneous path for N=64, K=22, CRC=3, PC-CA-Polar

Intuitively, the area of intersection of the distributions of correct and L-th erroneous paths indicates the probability of the event that the correct path is improperly pruned. In fact, the area of intersection is an upper bound on this probability. Based on the path metrics distributions, we compare such areas for the cases of CA-Polar and PC-CA-Polar. 
We firstly plot the curves of expectations of them in one chart (Fig. 3)[footnoteRef:1]. One can observe that the path metric difference between the correct and incorrect paths is larger for PC-CA-Polar than that of CA-Polar. Thus, PC-bits help a decoder to choose correct path by increasing penalty for erroneous paths.  [1:  Observe that particular realization is strictly non-increasing process. Figure 3 represents expectations.] 

[image: ]
Figure 3. Average path metrics of correct path and L-th erroneous path for CA-Polar and PC-CA-Polar codes

Observation-1: Average path metrics of the L-th erroneous path for PC-CA-Polar is lower than that of CA-Polar.
We extend our study to analyze the areas of intersections of the distributions of path metric of the correct path (hereinafter plot in yellow) and path metric of L-th erroneous path for CA-Polar (hereinafter plot in blue) and PC-CA-Polar (hereinafter plot in red). This time, we check an intermediate decoding phase. We consider an instance at 53 bit position where a peak can be observed (Figures 2 and 3).
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[bookmark: _GoBack]Figure 4. Path metrics distributions of correct path and L-th erroneous path for CA-Polar and PC-CA-Polar codes at 53-th bit. Dash lines restrict areas of µ±σ, µ±2σ, µ±3σ for each curve
Figure 4 shows the intersection area (with magnification) between the correct path and L-th erroneous path for 53-th bit (one of peaks). These plots correspond to cross-section from Figures 1 and 2. The plots also ensure no intersections in 3σ area. 
According to divergence, the area of intersection decreases for any bit positions after into bits occur, but mostly demonstrated in peaks on the expectation curve.
Observation-2: For PC-CA-Polar code the intersection area in the path metric distributions between the correct path and L-th erroneous path is less than that of CA-Polar code for all bits.

Now we explain how this phenomenon affects decoding errors.
For PC-CA-Polar and CA-Polar a decoding error is possible in the following cases:
· if the correct path is not in the list (the metric of L-th erroneous path is greater than the metric of the correct path);
· if at the last decoding step the correct path is not the first one from selected by CRC checks.
[image: ]
Figure 5. Path metrics distributions of correct path and the best wrong path for CA-Polar and PC-CA-Polar codes at 64-th bit. Dash lines restrict areas of µ±σ, µ±2σ, µ±3σ for each curve

Figure 5 shows the intersection area between the correct path and the best erroneous path in the list for 64-th bit.
From Figures 4 and 5 it is seen that the intersection area has been reduced with aid of PC-bits.
Observation-3: For PC-CA-Polar intersection area between the correct path and the best erroneous path is about two times less than that of CA-Polar for the terminating (64-th) phase of decoding.
To confirm this fact in Table 2 we show the percentage of the number of trials when a correct path is worse than an erroneous path (hereinafter in terms of metrics). Count of these cases for PC-CA-Polar code is less in more on 25% than that for CA-Polar. This table corresponds to Figures 1–5.
Table 2. Percentage of cases when a correct path is worse than an erroneous path
	
	PC-CA
	CA

	Percentage of the events: Correct path is worse than the best erroneous path, all channels
	14.96
	19.57

	Percentage of the events: Correct path is worse than the best erroneous path, 64-th channel
	0.75
	1.04

	Percentage of the events: Correct path is worse than L-th erroneous pruned path, all channels
	0.01
	0.003


Observation-4: Portion of occurrences where a metric of the correct path is worse than that of the erroneous path for PC-CA-Polar is less in 25% and even more than that of CA-Polar.
Observation-5: The usage of PC bits increases penalty for erroneous paths, and therefore the probability of event: ‘‘the true path is discarded from the list’’ decreases.

The results in Table 2 are confirmed by error correction performance. Figure 6 shows the BLER performance of PC-CA-Polar code and CA-Polar code. At BLER=1e-3, PC-CA-Polar code is better than CA-Polar code for about 0.25dB.
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Figure 6. BLER performance for Polar and PC-CA-Polar codes

As a concluding result of our study, Figure 6 shows the BLER performance of PC-CA-Polar code and CA-Polar code. It’s seen than on FER level 1e-3 PC-CA-Polar code is better than CA-Polar code about 0.25dB.
Observation-6: The usage of PC-bits can improve performance of 0.25dB in comparison with CA-Polar code.

Conclusion
In this document, we align the PC-CA-Polar design with the agreement in RAN1#89 meeting and compare the path metric distribution between PC-CA-Polar and CA-Polar. We have the following observations:
Observation-1: Average path metrics of the L-th erroneous path for PC-CA-Polar is lower than that of CA-Polar.
Observation-2: For PC-CA-Polar code the intersection area in the path metric distributions between the correct path and L-th erroneous path is less than that of CA-Polar code for all bits.
Observation-3: For PC-CA-Polar intersection area between the correct path and the best erroneous path is about two times less than that of CA-Polar for the terminating (64-th) phase of decoding.
Observation-4: Portion of occurrences where a metric of the correct path is worse than that of the erroneous path for PC-CA-Polar is less in 25% and even more than that of CA-Polar.
Observation-5: The usage of PC bits increases penalty for erroneous paths, and therefore the probability of event: ‘‘the true path is discarded from the list’’ decreases.
Observation-6: The usage of PC-bits can improve performance of 0.25dB in comparison with CA-Polar code.
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