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1 [bookmark: _30j0zll]Introduction
[bookmark: _sk8ifmgz5y0p]CRC Aided (CA) polar codes are selected for eMBB control channels; however, there is no consensus on URLLC channel coding scheme which requires more reliable transmission and shorter latency. Design constraints for URLLC are described in [1] as the following:
· [bookmark: _mfdp7sg4obmq]Information packet length is 32 bytes.
· [bookmark: _hzyetpfgpqnv]User plane latency is at most 1 ms.
· [bookmark: _1c2wojn07wvg]Error-floor-free BLER as low as with or without HARQ support during 1 ms period.
[bookmark: _1fob9te]In this contribution, a comparison of polar and LDPC codes under these design constraints is given. Simulations are performed with QPSK modulation, AWGN channel and MIMO configuration with one transmit and two receive antennas.
2 [bookmark: _3znysh7]Discussion
2.1 [bookmark: _t1oc04xyk6zm]Polar Code
Code Construction: CA polar codes with 24 bit CRC are used. The maximum polar code block length is . The code construction of the length- polar code is performed according to the construction method defined in [2]. For smaller length- polar codes  the least reliable N bit indices of length- reliability indicators are chosen as introduced in [3]. CRC attachment (with 24C polynomial), block segmentation, sub-block interleaving and rate matching (puncturing and repetition) methods in [3] are applied. Different from [3], code segmentation is used when the number of coded bits (E) is greater than . For the number of information bits ,  is fixed to 8192. For , two different  and  values are utilized for comparison. 
Decoding: Polar decoder utilizes successive cancellation list (SCL) algorithm with adaptive list sizes, , , , ,  and . If the list-L decoder has a bit error, then list-2L decoder becomes operational and the list size increases recursively until  
2.2 [bookmark: _g5zlulsdj74v]LDPC Code
LDPC code simulation results are taken from [4] as benchmark performance.



[bookmark: _Ref521332329]Table 1: Polar code and LDPC code simulation parameters

	Number of Information
Bits (A)
	Target Rate (R)
	
#PRBs Allocated
	
#REs Allocated
	
Number of Coded
Bits (E)


	
LDPC (with 16 bits CRC)

	Polar (with 24 bits CRC)

	
	
	
	
	
	Encoding Rate
	Polar Code Block
Length (N)
	Number of Code
Segments
	Encoding Rate
	Rate Matching Method

	
104
	1/4
	3
	216
	432
	0.2778
	512
	1
	0.2963
	Puncturing

	
	1/6
	5
	360
	720
	0.1667
	1024
	1
	0.1778
	Puncturing

	
	1/12
	9
	648
	1296
	0.0926
	1024
	1
	0.0987
	Repetition

	256

	1/3
	6
	432
	864
	0.3148
	1024
	1
	0.3240
	Puncturing

	
	1/6
	11
	792
	1584
	0.1717
	2048
	1
	0.1768
	Puncturing

	
	1/12
	22
	1584
	3168
	0.0859
	2048
	1
	0.0884
	Repetition

	408
	1/3
	9
	648
	1296
	0.3272
	2048
	1
	0.3333
	Puncturing

	
	1/6
	17
	1224
	2448
	0.1732
	4096
	1
	0.1765
	Puncturing

	
	1/12
	34
	2448
	4896
	0.0866
	4096
	1
	0.0882
	Repetition

	1032
	1/3
	22
	1584
	3168
	0.3308
	4096
	1
	0.3333
	Puncturing

	
	1/6
	43
	3096
	6192
	0.1693
	8192
	1
	0.1705
	Puncturing

	
	1/12
	86
	6192
	12384
	0.0846
	8192
	1
	0.0853
	Repetition

	1672
	1/3
	35
	2520
	5040
	0.3349
	8192
	1
	0.3365
	Puncturing

	
	1/6
	70
	5040
	10080
	0.1675
	16384
	1
	0.1682
	Puncturing

	
	1/12
	140
	10080
	20160
	0.0837
	16384
	1
	0.0841
	Repetition

	1672
	1/3
	35
	2520
	5040
	0.3349
	4096
	2
	0.3413
	Puncturing

	
	1/6
	70
	5040
	10080
	0.1675
	8192
	2
	0.1706
	Puncturing

	
	1/12
	140
	10080
	20160
	0.0837
	8192
	2
	0.0853
	Repetition


3 Simulation Results
Figures in this chapter are the results of the simulations that are performed according to the parameters given in Table 1. The LDPC codes proposed in [4] are used for comparison with the polar codes with adaptive list size. The list size of the polar code is indicated under the simulation curves.
BLER versus SNR performance results of polar and LDPC codes with 104 information bits are depicted in Figure 1. As it can be observed from Figure 1, the polar code with list size 8 performs more or less the same with the LDPC code for all given code rates.
[image: ]
[bookmark: _Ref521332540]Figure 1 LDPC vs Polar (List-1, 2, 4, 8, 16, 32) for A = 104, AWGN channel
BLER versus SNR performance of polar and LDPC codes with 256 block size are depicted Figure 2 which shows that the polar code with list size 8 has slightly better performance compared to the LDPC code for all given code rates.
[bookmark: _GoBack][image: ]
[bookmark: _Ref521332604]Figure 2 LDPC vs Polar (List-1, 2, 4, 8, 16, 32) for A = 256, AWGN channel
BLER versus SNR performance of polar and LDPC codes with 408 information bits are depicted in Figure 3 which shows that the polar code with list-16 has comparable performance with the LDPC code for all cases.
[image: ]
[bookmark: _Ref521332652]Figure 3 LDPC vs Polar (List-1, 2, 4, 8, 16, 32) for A = 408, AWGN channel
BLER versus SNR performance of polar and LDPC codes with 1032 information bits are depicted in Figure 4 which shows that the polar code with list- has almost the same performance with the LDPC code, for all given code rates, when the target BLER is smaller than .
[image: ]
[bookmark: _Ref521332826]Figure 4 LDPC vs Polar (List-1, 2, 4, 8, 16, 32) for A = 1032, AWGN channel



BLER versus SNR performance of polar and LDPC codes with 1672 information bits are depicted in Figure 5 which shows that the polar code with list-32 has the same performance with the LDPC at 1/6 and 1/12 code rates when BLER is smaller than .
[image: ]
[bookmark: _Ref521332875]Figure 5 LDPC vs Polar (List-1, 2, 4, 8, 16, 32) for A = 1672, AWGN channel
BLER versus SNR performance of polar and LDPC codes with 1672 information bits are depicted in Figure 6. If the polar code is transmitted in two code segments, the LDPC code outperforms the polar code for all cases at  BLER.
[image: ]
[bookmark: _Ref521332923]Figure 6 LDPC vs Polar (List-1, 2, 4, 8, 16, 32) for A = 1672, AWGN channel




Sufficient list size for polar SCL decoder in order have comparable performance with the LDPC code at BLER 10-5 is depicted in Table 2 which shows that segmented polar codes with 1672 information bits are outperformed by benchmark LDPC codes. However, if the segmentation is not utilized, the performance loss of polar codes can be recovered.
	
	Number of Information Bits (A)

	
	104
	256
	408
	1032
	1672
	1672*

	Code
Rate
(R)
	1/3
	4t
	8
	16
	16
	>32
	>32

	
	1/6
	8
	8
	16
	16
	32
	>32

	
	1/12
	8
	8
	4
	8
	32
	>32


t Target information code rate is 1/4.
* Number of segments is 2.
[bookmark: _Ref521332997]Table 2 Sufficient list size of polar code to outperform LDPC code at BLER 

Observation 1: The polar codes with list-32 SCL algorithm without segmentation perform slightly better than LDPC codes at code rates, 1/12 and 1/6.
Observation 2: The polar codes become inferior to LDPC codes under segmentation.
Observation 3: Although the benchmark LDPC codes experience noticeable performance degradation at target URLLC BLERs, the simulated polar codes do not experience such degradation.
4 [bookmark: _el9su1h264js]Conclusions
In this contribution performance of the CA polar codes under SCL decoding algorithm are evaluated. Simulation results show that proposed polar codes with list-32 has comparable performance with the LDPC codes which is proposed for URLLC scenarios. Thus, polar code is a promising candidate for URLLC channel coding.
Observation 1: The polar codes with list-32 SCL algorithm without segmentation perform slightly better than LDPC codes at code rates, 1/12 and 1/6.
Observation 2: The polar codes become inferior to LDPC codes under segmentation.
Observation 3: Although the benchmark LPDC codes experience noticeable performance degradation at target URLLC BLERs, the simulated polar codes do not experience such degradation.
Proposal 1: CRC optimization should be carried out for each case depending on different number of coded bits.
Proposal 2: Proposed polar codes are a promising candidate for URLLC.
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