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1 [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
In RAN1#88 meeting, it was concluded [1] 
Conclusion: 
For very small block lengths:
· For evaluations to be submitted to RAN1#88bis of channel code for very small block lengths, evaluate both BLER and error detection capability for comparison
· FFS the error detection targets
· FFS whether the receiver knows in each case whether a codeword is transmitted and the format thereof
· FFS whether the coding scheme is the same on control and data physical channels
· FFS the details of the selection criteria
In this contribution, we discuss the error detection capability and BLER performance of the PC-Polar codes for very small information block. 
Notations: 
K: 	information block length 
M: 	code length 
N:   power-of-two mother code length, N =  
L: 	List Size 
2 Discussion 
In this contribution, we evaluate Polar code and LTE-RM code for very small blocks (1 bit <=K<=22 bit). For Polar code, assistant bits are utilized for error correction purpose. The code construction consists of assistant bit positions and generator registers, both of which are stored in the tables. These tables are acquired by an exhaustive search algorithm to maximize the minimum-coding-distance. In [2], the search algorithm and examples of the acquired code construction and performance evaluation are provided. 
2.1 Error Detection Capability
Although not explicitly specified in the LTE standard, error detection capability is preferred for such short block length. Due to the absence of CRC bits or any other error detection outer code, self-error detection capability is sought from an error correction decoder. Considering RM FHT decoder as an example, error detection capability can be achieved on a set of pre-defined thresholds of some derived decoding metric in [3]. It should be noted that achieving this kind of error detection capability is at the cost of the performance of the error correction.
Similarly to RM FHT decoder, Polar SCL decoder is also capable to provide error detection capability from its decoding metrics, such as the list path metric that indicates the measure of the possibility of this path. A set of pre-defined thresholds can be used:  
· θi: the path metric value of i-th best survival path, i = 1,2,…8.
· m0 = |θ2 - θ1| / average of { θ2, θ3,…, θ8}
· if m0 > threshold  positive (valid codeword)
· if m0 <= threshold  negative  (invalid codeword)
· FAR type-I: 
FAR = # of events of wrong decodings with m0 > threshold / # of events of wrong decodings
· FAR type-II (no signal mode): 
In RAN1#87 Ad Hoc meeting, it was agreed that FAR, with AWGN input to the decoder, is one performance metric, which needs to be considered [4]. 
· MDR (Miss Detection Rate): 
MDR= # of events that m0 <= threshold /# of events of all decodings
Given (K, M), the threshold value can be calculated in terms of target FAR of 5% and BLER of 1%. Note that there are several methods or metrics to define the threshold values in a decoding implementation.
 In order to compare the BLER, MDR, and FAR between Polar code and RM code, similar notations and definitions are applied to a typical RM FHT decoder [3]: 
· θmax1: the highest magnitude value for all the candidate codewords after FHT.
· θmax2: the second highest magnitude value for all the candidate codewords after FHT.
· m0 = θmax1 / θmax2 
· if m0 > threshold  positive
· if m0 <= threshold  negative
Figures 1-3 show BLER, MDR and FAR for Polar code and RM code with information block length of 4, 6 and 8 bits and code length of 20. 
[image: ] 
Figure 1: BLER, MDR and FAR performance for K=4, M=20
[image: ]
Figure 2: BLER, MDR and FAR performance for K=6, M=20
[image: ] 
Figure 3: BLER, MDR and FAR performance for K=8, M=20
From the above figures, Polar code shows better FAR performance than RM code. A tradeoff exists between MDR and FAR performance. If the purpose of the post-decoding test is to exploit the self-detection capability of the code, the receiver has to suffer from a high MDR. Moreover, if this test is the only criterion to decide whether or not to process the decoding results further, the receiver will stop processing when the test is not passed. In other words, the BLER at the receiver is 2dB worse than the normal BLER at the working point of 0.01. 
The error detection capability (FAR type-II) of both Polar code and RM code is weakened when compared to that with normal signal received mode.
Observation-1: Polar code has comparable error detection capability to RM code.
Observation-2: The miss detection rate should be taken into account when considering error detection capability.
Observation-3: The error detection capability of both polar code and RM code is weakened when AWGN is considered as input to the decoder.
2.2 BLER
We compare PC polar code with the following coding schemes at different block lengths.
Table 1. Simulation assumptions for very short information block length
	Channel/Modulation
	AWGN/QPSK

	Code length
	20, 24, 32, 48

	Info block length
	1
	2~4
	5~22
	1~22
	1~22

	Coding scheme
	Repetition
	Simplex
	LTE-RM
	New RM[7]
	PC-Polar

	Decoding algorithm
	ML
	ML
	FHT (ML)
	FHT (ML)
	PC-SCL
List ≤ 8



We evaluated the BLER performance of information block length from 1 bit to 22 bits in [2]. For block lengths from 1 bit to 13 bits (M=20 and M=32), the code construction is provided in the Appendix Table A.1, A.2 and A.3. For longer information block length (e.g., 12<=K<=22 and M=48), the construction is described in [5]. 

In LTE, a dual-RM code concatenates two M=24 codewords into one M=48, whereas a polar code constructs (in [6] ) one M=48 codeword directly. It should be pointed out that by using the design principle in [2] a polar code for M=24 can be constructed, as shown in the Figure A.4 in Appendix A.
The performance of polar code in term of block lengths (K) from 1 bit to 11 bits (M=32, M=20 and M=24) are illustrated below. The code construction is provided in the Appendix Table A.1, A.2, A.3 and A.4. For longer information block length (12<=K<=22, M=48), the PC/PC-CA Polar described in [2][6] is applied and without adding CRC bits to assist decoding.
 [image: ]
Figure 4: M=20, K=2 to 13
 [image: ]
Figure 5: M=24, K=2 to 11
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Figure 6: M=32, K=2 to 11
 [image: ]
Figure 7: M=48, K=12 to 22
From the above figures, we observe that Polar codes have comparable or better performance than LTE-RM and the new RM. For M=48, the gain of Polar code over LTE-RM or new RM can be larger than 1 dB.
Observation-4: When Info length <=11 bits, PC-Polar with SCL-8 decoder can achieve similar or better performance than LTE-RM and Simplex code. 
Observation-5: When Info length >=12 bits, PC-Polar with SCL-8 decoder can achieve large gains over LTE-RM.
3 Conclusion
In this contribution, we discuss the channel coding scheme for very small block lengths. We have the following observations:
Observation-1: Polar code has comparable error detection capability to RM code.
Observation-2: The miss detection rate should be taken into account when considering error detection capability.
Observation-3: The error detection capability of both polar code and RM code is weakened when AWGN is considered as input to the decoder.
Observation-4: When Info length <=11 bits, PC-Polar with SCL-8 decoder can achieve similar or better performance than LTE-RM and Simplex code. 
Observation-5: When Info length >=12 bits, PC-Polar with SCL-8 decoder can achieve large gains over LTE-RM.

Based on the analysis and evaluation, polar code should be adopted as the channel coding scheme for very small block lengths.  
Proposal-1: Adopt Polar code for control information with very small block lengths.
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Appendix A: Code configuration
The PC-Polar code construction table for very small block is given below. Figure A.1 is an example of how a code construction is interpreted. 
· Blue slot denotes a frozen bit position
· Green slot denotes an information bit position
· Red slot denotes a shortened/punctured bit position
· Yellow slot denotes a PC-frozen bit position
The slot with number(s) denotes its associated parity check function number(s). For example, the information slot tagged “1,2” is checked by both the 1st and the 2nd PC-frozen bits; the information slot tagged “2” is only checked by the 2nd PC-frozen bit. Moreover, the PC-frozen slot tagged “1” is the check bit of the 1st parity function, and so on.


Figure A.1: An example of code construction

Specifically, the code constructions for K=2,3,4,5 and M≥2K-1 are given in Table A.1. The code constructions for M=32, M=20 and M=24 are given in Table A.2 ,Table A.3 and Table A.4, respectively.
Table A.1 Code construction for K=2,3,4,5 and M≥2K-1
[image: ]
Table A.2 Code construction for M=32
[image: ] 
Table A.3 Code construction for M=20
[image: ]
Table A.4 Code construction for M=24
[image: ]
Appendix B: BLER Performance
· BLER Curves: {M=20, K=1 to 13}
[image: ]
· BLER Curves: {M=24, K=1 to 11}
[image: ]
· BLER Curves: {M=32, K=1 to 11}
 [image: ]
· [bookmark: _GoBack]BLER Curves: {M=48, K=12 to 22}
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