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Introduction
There are three usage scenarios for NR, which are eMBB, URLLC, and mMTC. In the RAN1 #87 meeting, it was agreed that LDPC code is adopted as a channel coding scheme for eMBB data channels and polar code is adopted as a channel coding scheme for eMBB control information except for some cases [1]. Now, it is a proper time to discuss about the channel coding scheme(s) for URLLC scenario.
The main requirements of URLLC channel coding are low latency and low error floor. In this contribution, we discuss decoding latency of channel coding schemes and present LDPC performance evaluation results for URLLC scenario.

Discussion
1. 
1. 
1. Decoding Latency Requirement
If we consider fast HARQ-ACK known as “self-contained structure,” the maximum allowable decoding time for each subcarrier spacing fsc can be calculated as follows [2]:
Table 1:  Decoding latency requirements
	fsc (kHz)
	Guard Period (µs)
	Decoding time (µs)

	15
	67
	30.16

	30
	33
	13.16

	60
	16
	4.66



1. Decoding Latency of Channel Coding Schemes
In this section, we summarize the decoding latency of channel coding schemes in [2], [3].

LDPC Code with Row-Parallel Architecture
The row-parallel architecture provides a very high throughput and a very low latency, while its routing complexity can still be kept low. When the number of effective row blocks is L (= the number of layers in layered decoding) and the number of decoding iteration is I, the latency can be obtained as follows [4], [5]:



where Ns denotes the number of processing clocks at each layered decoding step. 


LDPC Code with Block-Parallel Architecture
The block-parallel architecture is suited for the implementation of LDPC code with flexible proto-matrix. However, it has reduced parallelism and requires programmable routing network that connects the L-value memories to the node computation units. When the number of ones in the proto-matrix is N1 (degree-1 variable nodes are excluded) and the number of decoding iteration is I, the latency can be obtained as follows:
 


where full-stage pipelining is assumed.


Polar Code
Polar codes can be decoded by successive cancellation (SC) decoding or improved by SC list (SCL) decoding. We assume the parallel sorter such as radix 2L sorter [6] that can complete a single sorting in one clock cycle whatsoever at the price of complexity increase. Then the decoding latency is given as

 [clock cycles]

where N is block length of mother polar code (the power of two) and K is the information length.


If we consider LDPC code provided in [7] and general Polar code, decoding latency according to information length can be given as Figure 1 when code rate is 1/3 and clock frequency is 600 MHz.
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Figure 1: Decoding Latency (R = 1/3, fclk = 600 MHz) 

Only the LDPC decoder with row-parallel architecture can meet the latency requirements described in Section 2.1 for all subcarrier spaces from 15 kHz to 60 kHz. Polar code with SCL decoder satisfies the latency requirements only with small information sizes.


Observation 1: Summary of condition to meet the given decoding latency requirements when code rate = 1/3
	
	LDPC (row-parallel)
	LDPC (block-parallel)
	Polar (SCL)

	K=3000
	60 kHz
	Satisfied
	Unsatisfied
	Unsatisfied

	
	30 kHz
	
	Satisfied
	

	
	15 kHz
	
	
	

	K=1000
	60 kHz
	Satisfied
	Unsatisfied
	Unsatisfied

	
	30 kHz
	
	Satisfied
	

	
	15 kHz
	
	
	Satisfied

	K=500
	60 kHz
	Satisfied
	Unsatisfied
	Unsatisfied

	
	30 kHz
	
	Satisfied
	Satisfied

	
	15 kHz
	
	
	

	K=200
	60 kHz
	Satisfied
	Unsatisfied
	Satisfied

	
	30 kHz
	
	Satisfied
	

	
	15 kHz
	
	
	



1. Performance Evaluation Results
In this section, performance evaluation results of LDPC codes are provided for URLLC scenario. Details of the parity-check matrix are given in the excel sheets attached separately which have the same proto-matrix of the LDPC code proposed in [7]. The updated LDPC codes show very similar BLER curves up to 10-3 with LDPC codes in [7]. They also support stable BLER performance up to 10-5. Therefore, the decoder for eMBB data channel can be reused for URLLC data channel without additional complexity if LDPC is selected as a coding scheme for URLLC scenario.
Simulation assumptions are summarized in the following table.

	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	LDPC

	Code rate
	1/12, 1/6, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm
	Sum-product algorithm with layered scheduling (iter=50)

	Info. block length
	64, 96, 128, 160, 192, 224, 
256, 288, 320, 352, 384, 416, 448, 480, 
512, 576, 640, 704, 768, 832, 896, 960, 
1024, 1152, 1280, 1408, 1536, 1664, 1792, 1920, 
2048, 2304, 2506, 2816, 3072, 3328, 3584, 3840, 
4096, 4608, 5120, 5632, 6144, 6656, 7168, 7680, 8192
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Figure 2: Required SNR Curves (R = 8/9)
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Figure 3: Required SNR Curves (R = 5/6)
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Figure 4: Required SNR Curves (R = 3/4)
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Figure 5: Required SNR Curves (R = 2/3)
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Figure 6: Required SNR Curves (R = 1/2)
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Figure 7: Required SNR Curves (R = 2/5)
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Figure 8: Required SNR Curves (R = 1/3)
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Figure 9: Required SNR Curves (R = 1/6)
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Figure 10: Required SNR Curves (R = 1/12)


[bookmark: _GoBack]Observation 2: The proposed LDPC code supports a stable performance up to BLER 10-5 according to the change of information block sizes and code rates.
Observation 3: The decoder for eMBB data channel can be reused for URLLC data channel without additional complexity if LDPC code is selected as a channel coding scheme for URLLC data channel.

Proposal 1: LDPC code is selected for a URLLC channel coding scheme.

Observations and Proposals

Observation 1: Summary of condition to meet the given decoding latency requirements when code rate = 1/3
	
	LDPC (row-parallel)
	LDPC (block-parallel)
	Polar (SCL)

	K=3000
	60 kHz
	Satisfied
	Unsatisfied
	Unsatisfied

	
	30 kHz
	
	Satisfied
	

	
	15 kHz
	
	
	

	K=1000
	60 kHz
	Satisfied
	Unsatisfied
	Unsatisfied

	
	30 kHz
	
	Satisfied
	

	
	15 kHz
	
	
	Satisfied

	K=500
	60 kHz
	Satisfied
	Unsatisfied
	Unsatisfied

	
	30 kHz
	
	Satisfied
	Satisfied

	
	15 kHz
	
	
	

	K=200
	60 kHz
	Satisfied
	Unsatisfied
	Satisfied

	
	30 kHz
	
	Satisfied
	

	
	15 kHz
	
	
	



Observation 2: The proposed LDPC code supports a stable performance up to BLER 10^-5 according to the change of information block sizes and code rates.
Observation 3: The decoder for eMBB data channel can be reused for URLLC data channel without additional complexity if LDPC code is selected as a channel coding scheme for URLLC data channel.

Proposal 1: LDPC code is selected for a URLLC channel coding scheme.
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