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Introduction
The following evaluation assumptions were agreed in ‎[1] for URLLC and mMTC:
· Evaluate BLER performance versus SNR
	Channel*
	AWGN

	Modulation 
	QPSK, 16 QAM

	Code rate 
	 1/12, 1/6, 1/3

	Info. block length*** (bits w/o CRC)
	20, 40, 200, 600, 1000



While the channel coding schemes for eMBB data and control channels have been determined, no decisions have been made so far for URLLC transmission scenarios.
URLLC (Ultra-Reliable and Low Latency Communications) imposes a different set of requirements for the channel coding scheme, compared to eMBB:
· Very high transmission reliability: BLER requirement of 10-5
· Very low decoding latency (with and without HARQ)
· Relatively low code rates and small code lengths, compared to eMBB data channels

In this contribution, we evaluate performance of Polar codes in URLLC scenarios, based on the evaluation assumptions above, and analyze the latency performance of the Polar decoder.
This contribution is revised from ‎[2].

[bookmark: _Ref488832695][bookmark: OLE_LINK6]BLER Performance
Simulation details:
· CA-Polar code construction, with 16-bit CRC used for all codes
· PW sequence was used for mapping information and frozen bits
· For each code configuration, we picket the rate-matching scheme as the one that brought to best BLER, among bit-reversed shortening, block-puncturing and repetition.
· List sizes profiled: List 8 and List 32
· Information payload sizes profiled: K = 40, 200, 600, 1000
· Maximal mother polar code size used was 8192 


Figure 1 to Figure 4 depict the BLER results of Polar code. The abbreviations in the legends correspond to rate-matching schemes: NATP stands for block (“natural”) puncturing, BIVS for bit-reversed shortening, and REP for repetition.
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[bookmark: _Ref488250587][bookmark: OLE_LINK4]Figure 1. Polar code BLER performance for K=40
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Figure 2. Polar code BLER performance for K=200
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Figure 3. Polar code BLER performance for K=600
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[bookmark: _Ref488772899]Figure 4. Polar code BLER performance for K=1000



Observation 1:  Polar codes have good BLER performance with no signs of error floor. 
[bookmark: OLE_LINK19]Observation 2:  Using list size 32 contributes additional SNR gain of ~0.5dB over SCL with list 8 (at target BLER = 10-5).

Comparing the results to URLLC performance shown in previous contributions ‎[3]‎[4]‎[5], we conclude that:
Observation 3: Polar codes outperform LDPC codes for short and medium payload sizes (values of K), with significant performance gains for short payloads, and have comparable performance for higher values of K.
 
Note that the BLER performance of polar codes may be further improved considering the following approaches:
· The combination of PW sequence[footnoteRef:2] and rate-matching schemes is suboptimal for high values of K. [2:  Note that PW is no longer a sequence candidate for eMBB control channels] 

· It is FFS whether using a single sequence can provide BLER performance close enough to optimum.
· Using less CRC bits[footnoteRef:3] can significantly improve BLER for low values of K. [3:  if allowed by URLLC FAR requirements] 

· Additional techniques (including codeword segmentation) can be examined to reduce maximal mother polar code size and / or polar decoder memory size.
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Decoding Latency
Table 1 presents assessments of decoding latency of selected URLLC codes, for different polar decoder architectures, for a system clock of 1GHz. SSCL decoding latency assessment was obtained using the latency model presented in ‎[7], for different numbers of LLR processing elements (NPE), for list size 8 and 32. Results presented by Huawei in ‎[6] are shown, as well.

	Info Payload size (K)
	40
	200
	200
	600
	600
	600
	1000
	1000

	Code Rate
	1/12
	1/3
	1/6
	1/3
	1/6
	1/12
	1/3
	1/6

	Codeword size (M)
	480
	600
	1200
	1800
	3600
	7200
	3000
	6000

	Mother polar code size (N)
	512
	1024
	2048[footnoteRef:4] [4:  Note that this code differs from the one actually simulated for BLER performance in Section ‎2 (N=1024, using repetition) ] 

	2048
	4096
	8192
	4096
	8192

	Decoding Latency of ‎[6] (µs) 
	List8
	N/A
	1.19
	1.78
	2.45
	N/A
	N/A
	3.71
	N/A

	SSCL Decoder Latency   (µs)
	List 8
NPE=64
	0.38
	1.08
	1.54
	2.79
	3.77
	5.28
	4.32
	6.92

	Tsofun Decoder Latency (µs) 
	List 8
NPE=64
	0.22
	0.66
	0.98
	1.71
	2.44
	3.63
	2.81
	4.67

	Tsofun Decoder Latency (µs) 
	List 8
NPE=32
	0.33
	0.98
	1.67
	2.85
	4.24
	6.63
	4.71
	8.44

	[bookmark: _Hlk488835663]SSCL Decoder Latency   (µs)
	List 32
NPE=64
	0.61
	2.00
	3.93
	6.66
	9.91
	15.90
	11.14
	19.82

	Tsofun Decoder Latency (µs)
	List 32
NPE=64
	0.37
	1.41
	2.71
	4.25
	6.79
	11.53
	7.90
	14.03

	SSCL Decoder Latency (µs)
	List 32
NPE=128
	0.43
	1.38
	2.30
	4.07
	5.76
	8.75
	6.74
	11.11

	Tsofun Decoder Latency (µs)
	List 32
NPE=128
	0.25
	0.83
	1.43
	2.24
	3.50
	5.88
	4.16
	7.15


[bookmark: _Ref488831654]Table 1 Decoding latency of different polar decoding architectures

Assuming that the latency requirement for URLLC data decoding is around 8us, we reach the following conclusions:
Observation 4:  For list size 8, SSCL - based polar decoder architectures meet URLLC latency requirement, with NPE ≤ 64.
Observation 5:  For list size 8, further optimized decoder architectures meet URLLC latency requirement, with NPE ≤ 32.
Observation 6:  For list size 32, further optimized decoder architectures meet URLLC latency requirement, with NPE ≤128.
Observation 7:  Tsofun optimized polar decoder architecture significantly reduces decoding latency, without degrading performance.

[bookmark: OLE_LINK2]Proposal 1: Polar Codes should be considered as a candidate for URLLC channel coding (for both control and data channels).

Conclusions
Observation 1:  Polar codes have good BLER performance with no signs of error floor. 
Observation 2:  Using list size 32 contributes additional SNR gain of ~0.5dB over SCL with list 8 (at target BLER = 10-5).
Observation 3: Polar codes outperform LDPC codes for short and medium payload sizes (values of K), with significant performance gains for short payloads, and have comparable performance for higher values of K.
Observation 4:  For list size 8, SSCL - based polar decoder architectures meet URLLC latency requirement, with NPE ≤ 64.
Observation 5:  For list size 8, further optimized decoder architectures meet URLLC latency requirement, with NPE ≤ 32.
Observation 6:  For list size 32, further optimized decoder architectures meet URLLC latency requirement, with NPE ≤128.
Observation 7:  Tsofun optimized polar decoder architecture significantly reduces decoding latency, without degrading performance.

Proposal 1: Polar Codes should be considered as a candidate for URLLC channel coding (for both control and data channels).
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