[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting NR Ad-Hoc#2	R1-1711125
Qingdao, China 27th - 30th June 2017

Source:	NTT DOCOMO
Title:	Performance evaluation of DSPC-Polar codes
[bookmark: Source]Agenda Item:	5.1.4.2.1
[bookmark: DocumentFor]Document for: 	Discussion
Introduction
In RAN1#89 meeting, it was agreed that when designing Polar codes, the following issues should be considered [1].
	Agreement: 
· 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


The structure of Polar codes is shown in Fig. 1. In [2, 3], we have proposed DSPC-Polar codes. The codes have the competitive BLER and FAR performance with other methods and can support early termination with low complexity. In this contribution, we provide performance evaluation results of DSPC-Polar codes.


Fig. 1 The structure of Polar codes for NR
The following notations are used in this contribution.
K:		information block size
M:		codelength

N:		mother codelength, 
K1:		number of input bits of the basic encoder
ui:		input bits of the basic encoder
pi:		simple parity check of Polar codes
xi:		coded bits of the basic encoder
J:		number of CRC bits
J’:		number of additional bits for reducing the FAR
Performance evaluation
In this section, the BLER, FAR and early termination performance of the proposed scheme is shown.
Early termination
The early termination performance can be measured by complexity reduction ratio. In this subsection, we show the complexity reduction ratio of DSPC-Polar codes. For comparison, the performance of distributed CRC is also provided. All the information bits and frozen bits are considered to have the same calculation complexity which can be seen as the worst case of early termination performance.
The evaluation assumptions for early termination evaluation are shown in Table 1 and the evaluation results are shown in Fig. 2.
Table 1 Evaluation assumptions for early termination
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	DSPC-Polar, distributed CRC [4]

	Code rate
	1/6, 1/3, 1/2, 2/3

	Decoding algorithm
	List 8

	Assistant bits
	J = 16, J’ = 3

	Info. block length (bits w/o CRC)
	48, 64, 80,120



[image: ]
Fig. 2 Early termination performance of DSPC-Polar codes and distributed CRC Polar codes
It can be seen that, for the worst case, the proposed DSPC-Polar codes outperform distributed CRC Polar codes.
Observation 1: Distributed simple parity check Polar codes have better early termination performance than distributed CRC Polar codes.
Another method that can be applied for early termination is path-metric based method. As we have shown in [3], the threshold of this method may be depended on coding rates, code lengths, or even SNR and indices of information bits, which makes this method unpractical for implementation. However, we found that if DSPC-Polar codes are combined with path-metric based method, the path-metric based method can perform stably even with fixed threshold. The complexity reduction ratio can be significantly increased even for the worst case. In Fig. 3, a simplified path-metric based method is combined with DSPC-Polar codes. The threshold is a single FIXED value for all coding rates, code lengths, SNR values and indices of information bits.
Note that it is because that we combine the DSPC-Polar decoding and path-metric method, such that the threshold can be fixed. Generally, for path-metric only method, the threshold cannot be fixed.
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Fig. 3 An early termination performance of DSPC-Polar codes by different kinds of decoder
It can be seen that, the combined method can give a significantly gain in terms of early termination.
Observation 2: Distributed simple parity check Polar codes can have a complexity reduction ratio larger than 50%.
FAR performance
The evaluation assumptions for FAR evaluation are shown in Table 2 and the evaluation results are shown in Fig. 4 and 5.
Table 2 Evaluation assumptions for FAR
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	DSPC-Polar

	Code rate
	1/6, 1/3, 1/2, 2/3

	Decoder inputs
	Random noise

	Decoding algorithm
	List 8

	Assistant bits
	J = 8, J = 16; J’ = 3

	Info. block length (bits w/o CRC)
	48, 64, 80,120
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Fig. 4 The FAR performance of DSPC-Polar codes
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Fig. 5 The FAR performance of DSPC-Polar codes
It can be seen that the FAR performance of the proposed scheme is the same as CA-Polar codes.
Observation 3: Distributed simple parity check Polar codes have the same FAR performance as CA-Polar.
Undetected error probability
The undetected error probability is evaluated by simulating the scheduled signals and noise, and to check the number of undetected erroneous blocks. For comparison, the performance of distributed CRC is also provided. The evaluation assumptions for undetected error probability are shown in Table 3 and the evaluation results are shown in Fig. 6.
Table 3 Evaluation assumptions for FAR
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	DSPC-Polar, distributed CRC

	Code rate
	1/6, 1/3, 1/2, 2/3

	Decoder inputs
	Signal + noise

	Decoding algorithm
	List 8

	Assistant bits
	J = 8, J’ = 3

	Info. block length (bits w/o CRC)
	48, 64, 80
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Fig. 6 The undetected error probability performance of DSPC-Polar codes
It can be seen that, for undetected error probability, the proposed DSPC-Polar codes outperform distributed CRC Polar codes.
Observation 4: Distributed simple parity check Polar codes have better undetected error probability than distributed CRC Polar codes.
0. BLER performance
The BLER is calculated by Nerror/Nall, where the Nerror and Nall are the number of error blocks and the number of all the transmitted block, respectively. The error block Nerror is counted if one of the following is met.
1. The decoded block is early terminated
2. The decoded block does not pass the CRC and DSPC check
3. The decoded information without CRC is not identical to the original information bits without CRC
The probability of passing the checks and the probability of early termination will both affect the BLER performance. For comparison, the performance of distributed CRC and CA-Polar codes are also provided. The evaluation assumptions for undetected error probability are shown in Table 4 and the evaluation results are shown in Fig. 7 ~ 11.
Table 4 Evaluation assumptions for BLER
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	DSPC-Polar, CA-Polar, distributed CRC

	Code rate
	1/6, 1/3, 1/2, 2/3

	Decoding algorithm
	List 8

	Assistant bits
	J = 8, J = 16; J’ = 3

	Info. block length (bits w/o CRC)
	48, 64, 80, 120
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Fig. 7 The BLER performance of DSPC-Polar codes and distributed CRC Polar codes with K = 48, J = 8, J’ = 3
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Fig. 8 The BLER performance of DSPC-Polar codes and distributed CRC Polar codes with K = 64, J = 8, J’ = 3
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Fig. 9 The BLER performance of DSPC-Polar codes and distributed CRC Polar codes with K = 80, J = 8, J’ = 3
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Fig. 10 The BLER performance of DSPC-Polar codes and distributed CRC Polar codes with K = 48, J = 8, J’ = 3
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Fig. 11 The BLER performance of DSPC-Polar codes and CA-Polar codes with J = 16, J’ = 3
It can be seen that the BLER performance of the proposed scheme is better than distributed CRC and is the same as CA-Polar codes.
Observation 5: Distributed simple parity check Polar codes have better BLER performance than distributed CRC Polar codes.
Observation 6: Distributed simple parity check Polar codes have the same BLER performance as CA-Polar.
[bookmark: _GoBack]Based on the above performance verification and comparison observations, w.r.t. the early termination, FRA and BLER. 
Proposal 1: Distributed simple parity check Polar (DSPC-Polar) codes are supported in NR.

Summary
In this contribution, we show the performance evaluation results of DSPC-Polar codes, which has the same BLER and FAR performance with CA-Polar codes and have good early termination performance. Based on the evaluation, we have the following Observations and Proposal.
Observation 1: Distributed simple parity check Polar codes have better early termination performance than distributed CRC Polar codes.
Observation 2: Distributed simple parity check Polar codes can have a complexity reduction ratio larger than 50%.
Observation 3: Distributed simple parity check Polar codes have the same FAR performance as CA-Polar.
Observation 4: Distributed simple parity check Polar codes have better undetected error probability than distributed CRC Polar codes.
Observation 5: Distributed simple parity check Polar codes have better BLER performance than distributed CRC Polar codes.
Observation 6: Distributed simple parity check Polar codes have the same BLER performance as CA-Polar.
Proposal 1: Distributed simple parity check Polar (DSPC-Polar) codes are supported in NR.
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