3GPP TSG RAN WG1 Meeting #89                         R1-1707673
Hangzhou, China, 15th – 19th May 2017

Agenda Item:	7.1.4.2.1.1
Source: 	LG Electronics
Title: 	Design of Polar code for control channel
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In the last RAN1 #88bis meeting, we concluded to study the early termination feature until RAN1#89 [1]:
	Conclusion:
· Study until RAN1#89 polar code construction techniques to facilitate early termination (i.e. before decoding all the information bits) without degrading BLER performance or latency (especially considering the time for deinterleaving the information and assistance bits) compared to purely implementation based methods such as path-metric based pruning
· e.g. assistance bits distributed in the codeword in such a way that error detection can be performed after partial decoding
· Investigate performance, complexity and FAR impacts
· Study of use of data-independent scrambling to facilitate early termination is also not precluded


In this contribution, we discuss several aspects of early termination feature for polar code design.
Discussion
Since polar code was adopted for control channel, it will be highly beneficial to reduce the decoding latency and power consumption in case of PDCCH blind decoding. Hence, the early termination feature should be carefully investigated. 
Early termination can be achieved by standard support as in [2][3]. The principle of standard support-based early termination can be shown in Figure 1. For early termination, the generator matrix of an error detection code (e.g., G1 and G2) should be the form of upper triangular matrix. With the help of the error detection code, we can detect the error by decoding only a part of information bits and stop the decoding. 
[image: ]
Figure 1. Principle of early termination with standard support

						(1)

						(2)
As in [4], the early termination can be achieved by implementation without any standard support. Here, we give one possible implantation-based method to achieve early termination. Similar to [4], path metric of polar decoder is used for early termination. We use following notation:
· N: codeword length
· K: information block length
· L: list size of polar decoder
· PM[i, l], i=1,2,…,N, l=1,2,…,L: l-th path metric for the i-th input index, the sum of path metrics are normalized as the maximum value is 1
· : start input index to check the early termination criterion
· : window size to check the early termination criterion
· Thr: threshold value for early termination
· max: function to find maximum value of arguments
Then, the early termination can be done using the path metrics with following criterion.
· For decoding index  , check if 
					(3)
· If the above condition is failed, stop decoding and declare an error

A final approach is to use path metrics at the same time as standard support. The following shows an example of using 3bit CRC.
· At decoding index , perform
1. 3-CRC check with the some part of information bits + CRC-check bits
2.  (condition 2), where  includes the path indices to pass the CRC-check
3. Stop decoding when either ”all paths fail the CRC-check” or “condition 2” fails

Simulation results
We compare the performances of 2 cases for K=171 (including 19-bit CRC in the last to reserve FAR), N=256, R=2/3, L=8, iTH=64, iTH+Δ ≤N, and Thr=0.2. 
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Figure 2. BLER performances of implementation w/ and w/o additional CRC bits.
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Figure 3. Early termination probabilities of implementation w/ and w/o additional CRC bits
Figure 2 shows BLER loss due to 3bit-CRC overhead. For early termination probability in Figure 3, the 3bit CRC gain is up to 10% (at SNR 2.5dB), but the implementation gain is more than 10% (maximum about 20%) at the lower SNR (at -1~1.5dB). Considering the blind detection, the early termination probability at low SNR may be more important. 
[bookmark: _GoBack]Early termination based on good channel index can be checked after some information is decoded. Assuming that early termination is performed at the index of the least good channel to which information bits are mapped (index = 60), the latency is fixed at 60 when early termination occurs. Given the early termination probability from figure 3, figure 4 represents the average latency gain of the implementation method.
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Figure 4. Average latencies of implementation w/ and w/o additional CRC bits
Observation 1: The implementation method may be sufficient to support early termination for blind decoding. 

2. Conclusion
In this contribution, we discuss several aspects of early termination of polar code and we obtain the following observation:
Observation 1: The implementation method may be sufficient to support early termination for blind decoding.
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