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1 [bookmark: _Ref503448710]Introduction
One of the most important novelty of NR is native support of a wide range of services within one technology, such as eMBB and URLLC. Co-existence of the services requires well-designed radio interface, which should have correct set of parameters for optimization of a system in certain scenario. NR inherits a lot of experiences from LTE, which was designed for broadband services and lately adopted for VoIP, IoT, etc. But in addition, NR is being developed completely new in the scope of LTE scenarios, such as URLLC [1].
For support of ultra-reliable services, new, lower BLER targets than that of eMBB need to be achieved. Another URLLC specific property is short transport block sizes. These features require a study of channel coding techniques for URLLC to ensure that sufficiently good BLER performance is achieved within the latency constraint. 
In this contribution, we examine the performance of adopted LDPC and Polar codes for the URLLC service of NR. 
2 [bookmark: _Ref178064866]Discussion
For comparison between LDPC and Polar codes, we use the following simulation assumption.
· Number of coded bits: N = Kinfo / Rinfo. The same set of { Kinfo, Rinfo, N} is used by both LDPC codes and Polar codes.  This ensures that both LDPC and Polar codes use the same amount of resources for transmission, regardless of CRC attachment.
· For LDPC encoder/decoder, the code rate seen by the encoder is Renc = (Kinfo + 16) / N, where 16 CRC bits are attached to Kinfo information bits before LDPC encoding. According to the adopted CRC attachment procedure for data, for transport block sizes smaller than or equal to 3824 bits, 16 TB-CRC bits are attached for the TB. It is expected that for URLLC service, the TB size does not exceed 3824 bits (=478 bytes), since the typical URLLC payload size from higher layer is 32 bytes. Together with the inherent error detection of LDPC codes, the 16-bit CRC is expected to achieve the error detection capability equivalent to that of 24-bit CRC.
· For Polar encoder/decoder, the code rate seen by the encoder is Renc = (Kinfo + Nsegments*27) / N. This takes into account that for Polar codes, segmentation is applied when serving a large block of payload bits (e.g., possible when supporting UCI), resulting in Nsegments segments. Each segment is processed with the Polar coding chain individually, including CRC attachment, core Polar encoding, rate matching, and channel interleaving. Assuming a Polar decoder with list size = 8, (24+3)-bit  CRC is attached to each segment to achieve the per-segment error detection capability equivalent to that of 24-bit CRC. 
· Modulation: QPSK
· MIMO configuration: single-layer transmission, 1Tx, 2Rx antennas.
· Channel type: AWGN
· Reliability down to at least BLER=10-5

In this study, the LDPC code uses the parity check matrices of BG2, due to the smaller packet sizes and lower code rate expected to be used by URLLC service. The LDPC decoder uses “Layered normalized min-sum” algorithm, with the normalization factor 0.7, and 25 decoding iterations.
The Polar code construction uses the CA-Polar designed for UCI, where the existing design features, e.g., info sequences and rate matching scheme, are used. As for UCI with more than 19 payload bits, plain CA-Polar is assumed where the CRC bits are attached as a block behind the information bits without interleaving, and no PC bits are inserted. The Polar decoder is successive cancellation list decoder (SCL) with list size 8. 
For the 5 simulated TB sizes, the details of simulation setup are collected in the Table 1.
[bookmark: _Ref462125875]Table 1. Simulation assumption summary
	TB size
	Target info coding rate
	#PRBs allocated
	#REs allocated
	Number of Coded bits N
	Rinfo
	LDPC
Renc
	Polar

	
	
	
	
	
	
	
	Nsegments
	Renc

	104
	1/4
	3
	216
	432
	0.2407
	0.2778
	1
	0.3032

	
	1/6
	5
	360
	720
	0.1444
	0.1667
	
	0.1819

	
	1/12
	9
	648
	1296
	0.0802
	0.0926
	
	0.1011

	256
	1/3
	6
	432
	864
	0.2963
	0.3148
	1
	0.3276

	
	1/6
	11
	792
	1584
	0.1616
	0.1717
	
	0.1787

	
	1/12
	22
	1584
	3168
	0.0808
	0.0859
	
	0.0893

	408
	1/3
	9
	648
	1296
	0.3148
	0.3272
	2
	0.2468

	
	1/6
	17
	1224
	2448
	0.1667
	0.1732
	
	0.1887

	
	1/12
	34
	2448
	4896
	0.0833
	0.0866
	
	0.0944

	1032
	1/3
	22
	1584
	3168
	0.3258
	0.3308
	3
	0.3513

	
	1/6
	43
	3096
	6192
	0.1667
	0.1693
	
	0.1797

	
	1/12
	86
	6192
	12384
	0.0833
	0.0846
	
	0.0899

	1672
	1/3
	35
	2520
	5040
	0.3317
	0.3349
	5
	0.3585

	
	1/6
	70
	5040
	10080
	0.1659
	0.1675
	
	0.1793

	
	1/12
	140
	10080
	20160
	0.0829
	0.0837
	
	0.0896



The link-level simulation results are shown in Figures 1-5 for the five transport block sizes.
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Figure 1.	Codes performance of LDPC and Polar codes, TBS=104 bits, AWGN
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Figure 2.	Codes performance of LDPC and Polar codes, TBS=256 bits, AWGN
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Figure 3.	Codes performance of LDPC and Polar codes, TBS=408 bits, AWGN
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Figure 4.	Codes performance of LDPC and Polar codes, TBS=1032 bits, AWGN
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[bookmark: _Ref462987397]Figure 5.	Codes performance of LDPC and Polar codes, TBS=1672 bits, AWGN
Based on the simulation results, we have the following observation:

Observation 1 The adopted LDPC codes exhibit good BLER performance for URLLC data down to target BLER=10-5 without error floor. 
Observation 2 The adopted LDPC codes have comparable performance as Polar codes for short TB sizes (e.g., shorter than 256 bits = 32 bytes).
Observation 3 The adopted LDPC codes have considerably better performance than Polar codes for larger TB sizes (e.g., larger than 408 bits=51 bytes).

It is noted that the performance of the Polar codes simulated here does not achieve the best performance possible by a CA-Polar construction. One limitation is that the Polar code as defined for UCI is assumed, which uses segmentation for large payloads, and that max code size <= 1024 bits for each segment. A re-design is necessary if the best possible performance of Polar codes is desired, including new info sequence, potentially new rate matching algorithm, and potentially new channel interleaver.

3 Conclusions
In this contribution, the simulation study is done for URLLC data, comparing BLER performance of LDPC codes and Polar codes. The simulation results show that the LDPC codes as adopted for NR eMBB service works well for URLLC as well. The simulation results lead to the following observations:
Observation 1 The adopted LDPC codes exhibit good BLER performance for URLLC data down to target BLER=10-5 without error floor.
Observation 2 [bookmark: _GoBack]The adopted LDPC codes have comparable performance as Polar codes for short TB sizes (e.g., shorter than 256 bits = 32 bytes).
Observation 3 The adopted LDPC codes have considerably better performance than Polar codes for larger TB sizes (e.g., larger than 408 bits=51 bytes).

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref476919366][bookmark: _Ref494439014]R2-1700393, URLLC Overview, Ericsson, 3GPP TSG-RAN WG2 NR Ad Hoc, Spokane, USA, 17th – 19th January 2017.
RP-172817, “NR High-Reliability URLLC scope for RAN1/RAN2,” Ericsson, December 2017.
	2/6	
image1.png
BLER

10

—5— LD code_rate = 174
| LDPC codk_rate - 116
= L0 codk_rate - 1112

—4— POLR, code_nte = 114
| POLAR.code._nte - 1/6
| PoLAR, code e = /12

m 10 9 s 7 5 s
SNR [dB]





image2.png
BLER

10

10

TBS 256

R
Ve
= 0P codk-rate - 1112
—H— oLk, code_te = 13
| PoLAR.code_rte

| PoLAR, code e

o
SNR (d8]





image3.png
BLER

10

TBS 408 bits

—o— LD code.rate
| LDrC codk_rate - 116
= 0P codk-rate - 1112
| —t— oLk, code rte = 1/3 ||
| POLAR.code._nte - 1/6

| poLAR, code e = /12

R

SNR (d8]




image4.png
BLER

TBS 1032 bits

—5— (07 code_rate = 173
| LDrC codk_rate - 116
= 0P codk-rate - 1112
—t— oLk, code. e

| PoLAR.code_rte
| PoLAR, code e

5
SNR (d8]





image5.png
BLER

10

107

107

TBS 1672 bits

ik -

—o— (0P cote e
0P, coderate =
= L0PC, codk a1

e POLAR,code e = 113
|+ oLk, code ate = 1/6
| roLAR,code e - 1122

m 10 9 s 7 5 s 4
SNR (d8]





