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1. Introduction
In the last RAN1 #89 meeting, we made following agreements [1]:
	Agreements:
· For DL: 
· J’ = 3 or 6, to be downselected at June adhoc
· J’’ = 0
· At least some of the J + J’ bits are appended
· FFS until June adhoc:
· how the J + J’ bits are obtained 
· If J’=6, working assumption that at least some of the J + J’ bits are distributed (including to support early termination in the code construction) (Consideration of J’=6 proposals without distributed J+J’ bits are not precluded.)
· If J’=3, FFS until June adhoc whether some of the J + J’ bits are distributed (including to support early termination in the code construction)
· Consideration of distribution of bits shall consider complexity versus benefit and comparison to implementable purely implementation based methods for early termination


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. 
As in [2], 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 [2], 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
· : 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 with following criterion.
· For decoding index  , check if 

· If the above condition is failed, stop decoding and declare an error
On the other hand, early termination can be achieved by standard support as in [3][4]. 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)

[bookmark: _GoBack]For comparison, we evaluate two schemes supporting early termination of decoding:
· Scheme 1: J+J’=19, which consists of 16-bit CRC (J=16) and 3-bit CRC (J’=3). 3-bit CRC is calculated with information bits having relatively lower input index of encoder
· Scheme 2: 19-bit CRC which is distributed over encoder inputs
· Scheme 2A: 3-bit CRC is located in lower input index of encoder and the remaining 16-bit CRC is located in higher input index of encoder
· Scheme 2B: All 19-bit CRC is distributed over encoder input
It is very desirable to get more gain from jointly performing implementation-based scheme and standard support-based scheme. The following shows an example of using CRC (e.g., Scheme 1 and Scheme 2).
· At decoding index , perform
1. 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

The evaluation assumptions are summarized in Table 1. 

Table 1 Evaluation assumptions for early termination
	Channel
	AWGN

	Modulation
	QPSK

	Mother code size
	256

	Code rate
	1/2

	Decoding algorithm
	List-8

	Info Block length
	128 (including CRC bits)

	CRC length
	19 bits
- Scheme 1: 3-bit CRC and 16-bit CRC
- Scheme 2: 19-bit CRC

	Threshold value for implementation based early termination
	0.18

	False alarm evaluation
	No signal in polar decoder input (AWGN only)



The BLER performance is shown in Figure 2. As can be seen in Figure 2, the early termination jointly using CRC bits and implementation based method causes performance degradation about 0.1~0.3 dB at a BLER of 1 %. Scheme 1 shows slightly better performance than Scheme 2A and Scheme 2B. Note that early termination schemes without implementation based method (e.g., using only CRC bits) show the same BLER performance. 
[image: ]
Figure 2 BLER performance when employing early termination.
The latency reduction effect is shown in Figure 3. When calculating the latency, we assume processing time ratio of frozen bits and information bits is 1:3. As can be seen in Figure 3, we can get higher latency reduction by jointly using CRC bits and implementation based method. Even if more latency reduction can be obtained with Scheme 2 without implementation based method, the achievable gain is very marginal.
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Figure 3 Latency reduction effect when employing early termination.

The false alarm rate is shown in Table 2. As can be seen in Table 2, Scheme 1 shows higher false alarm rate than Scheme 2. 
Table 2. False alarm rate when employing early termination.
	
	Scheme 1
	Scheme 2 (2A/2B)

	False alarm rate
	
	



Observation 1: Scheme 1 shows better BLER performance than Scheme 2.
Observation 2: Early termination by jointly using CRC bits and implementation based method can achieve more latency reduction. Without implementation based method, the early termination gain is limited. 
Observation 3: Scheme 1 shows higher false alarm rate than Scheme 2.

2. Conclusion
In this contribution, we discuss several aspects of early termination of polar code and we obtain the following observations:
Observation 1: Scheme 1 shows better BLER performance than Scheme 2.
Observation 2: Early termination by jointly using CRC bits and implementation based method can achieve more latency reduction. Without implementation based method, the early termination gain is limited. 
Observation 3: Scheme 1 shows higher false alarm rate than Scheme 2.
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