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Introduction
In RAN #71[1], the study item description on "Next Generation New Radio Access Technology" has been approved. URLLC (Ultra-Reliable and Low Latency Communications) is one of the scenarios for the new radio access technology (NR). The channel coding scheme for URLLC scenario is required to meet  high reliability and  low latency requirements.
[bookmark: OLE_LINK4][bookmark: OLE_LINK10]In RAN1#84b [2], the following simulation assumptions are agreed for the URLLC scenario: 
	Channel*
	AWGN

	Modulation 
	QPSK, 16 QAM

	Coding Scheme
	Convolutional codes
	LDPC
	Polar
	Turbo

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

	Decoding algorithm**
	List-X Viterbi
	min-sum
	List-Y 
	Max-log-MAP

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



In RAN1#85 [3], performance evaluation of non-binary LDPC codes was provided. 
In this contribution, the basic concepts of non-binary LDPC codes are introduced. Performance comparisons are provided following the simulation assumptions agreed in RAN1#84b [2]. Performance comparisons in fading channels are also presented for more general comparison.
Non-binary LDPC codes
Non-binary LDPC codes are a class of linear block codes which is based on high order finite fields GF(q). Non-binary LDPC codes with short or moderate code length can achieve better performance in the  waterfall and error-floor regions of BLER vs SINR curve. Due to the  constraints of high order finite fields, non-binary LDPC codes have the capability of correcting burst errors and are suitable for encoding in combination with high order modulations. 



Consider the finite field GF(q), where q is a power of a prime. Let  be a primitive element of GF(q). The q powers of , form all the q elements of GF(q). A non-binary LDPC code C[n,k] over GF(q) is defined by the null space of an (n-k)×n  parity check matrix H over  GF(q).  The following is an example of the  4×6  parity check matrix for a non-binary LDPC code C [6,2] over GF(16):



Performance in AWGN channels
The evaluations are mainly performed based on the agreed simulation assumptions in [2]. Following notations are used for convenience:
k：Information length (bits)
R：Code rate

1.1 k=20, R =1/3
Simulation Parameters for Figure 3.1:
	Code Type
	k
	R
	Decoder
	Channel
	Modulation
	CRC
	Remark

	Non-binary LDPC GF(16)
	20
	1/3
	FFT-QSPA
	AWGN
	QPSK
	No
	

	Polar
	20
	1/3
	List 32
	AWGN
	QPSK
	16 bits
	Similar with the performance in [4]



[image: ]
Figure 3.1  k=20, R =1/3, QPSK, AWGN






















1.2 k=40, R =1/3
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Simulation Parameters for Figure 3.2:
	Code Type
	k
	R
	Decoder
	Channel
	Modulation
	CRC
	Remark

	Non-binary LDPC GF(64)
	42
	1/3
	FFT-QSPA
	AWGN
	QPSK
	No
	

	Non-binary LDPC GF(16)
	40
	1/3
	FFT-QSPA
	AWGN
	QPSK
	No
	

	Turbo
	40
	1/3
	max-log-map
	AWGN
	QPSK
	No
	

	Polar
	40
	1/3
	List 32
	AWGN
	QPSK
	16 bits
	Similar to the performance in [4]



[image: ]
Figure 3.2  k≈40, R =1/3, QPSK, AWGN



























1.3 k=200, R =1/3
Simulation Parameters for Figure 3.3 and Figure 3.4:
	Code Type
	k
	R
	Decoder
	Channel
	Modulation
	CRC
	Remark

	Non-binary LDPC GF(64)
	192
	1/3
	FFT-QSPA
	AWGN
	QPSK
	No
	

	Non-binary LDPC GF(16)
	192
	1/3
	FFT-QSPA
	AWGN
	QPSK/16QAM
	No
	

	Turbo
	200
	1/3
	Scaled max-log-map
	AWGN
	QPSK/16QAM
	16 bits
	

	Polar
	200
	1/3
	List 32
	AWGN
	QPSK/16QAM
	16 bits
	Similar to the performance in [4]



[image: ]
Figure 3.3  k≈200, R =1/3, QPSK, AWGN

[image: ]
Figure 3.4  k≈200, R =1/3, 16QAM, AWGN





1.4 k=600, R =1/3
Simulation Parameters for Figure 3.5 and Figure 3.6:
	Code Type
	k
	R
	Decoder
	Channel
	Modulation
	CRC
	Remark

	Non-binary LDPC GF(64)
	576
	1/3
	FFT-QSPA
	AWGN
	QPSK
	No
	

	Non-binary LDPC GF(16)
	576
	1/3
	FFT-QSPA
	AWGN
	QPSK/16QAM
	No
	

	Turbo
	608
	1/3
	Scaled max-log-map
	AWGN
	QPSK/16QAM
	16 bits
	

	Polar
	600
	1/3
	List 32
	AWGN
	QPSK/16QAM
	16 bits
	Similar to the performance in [4]



[image: ]
Figure 3.5  k≈600, R =1/3, QPSK, AWGN
[image: ]
Figure 3.6  k≈600, R =1/3, 16QAM, AWGN

Observation 1: non-binary LDPC code has attractive performance under the simulation assumptions agreed in RAN1#84b [2] in AWGN channels.




Performance in fading channels
The evaluations are mainly performed based on the agreed simulation assumptions in [2]. Following notations are used for convenience:
k：Information length (bits)
R：Code rate
Fd：Doppler shift
Ts：symbol period
	
	


The normalized Doppler shift= Fd* Ts

1.5 k=40, R =1/3
Simulation Parameters for Figure 4.1 and Figure 4.2:
	Code Type
	k
	R
	Decoder
	Channel
	Modulation
	CRC
	Remark

	Non-binary LDPC GF(16)
	40
	1/3
	FFT-QSPA
	Independent Rayleigh fading channel
	QPSK/
16QAM
	No
	No interleaver

	Non-binary LDPC GF(16)
	40
	1/3
	FFT-QSPA
	Correlated Rayleigh fading channel
	QPSK/
16QAM
	No
	No interleaver;
Fd*Ts=0.1

	Turbo
	40
	1/3
	max-log-map
	Independent Rayleigh fading channel
	QPSK/
16QAM
	No
	No interleaver

	Turbo
	40
	1/3
	max-log-map
	Correlated Rayleigh fading channel 
	QPSK/
16QAM
	No
	No interleaver;
Fd*Ts=0.1

	Turbo
	40
	1/3
	max-log-map
	Correlated Rayleigh fading channel
	QPSK/
16QAM
	No
	bit interleaver;
Fd*Ts=0.1



[image: ]
Figure 4.1  k=40, R =1/3, QPSK, Fading 
[image: ]
Figure 4.2  k=40, R =1/3, 16QAM, Fading 

1.6 k=200, R =1/3
Simulation Parameters for Figure 4.3 and Figure 4.4:
	Code Type
	k
	R
	Decoder
	Channel
	Modulation
	CRC
	Remark

	Non-binary LDPC GF(16)
	192
	1/3
	FFT-QSPA
	Independent Rayleigh fading channel
	QPSK/
16QAM
	No
	No interleaver

	Non-binary LDPC GF(16)
	192
	1/3
	FFT-QSPA
	Correlated Rayleigh fading channel
	QPSK/
16QAM
	No
	No interleaver;
Fd*Ts=0.1

	Turbo
	200
	1/3
	max-log-map
	Independent Rayleigh fading channel
	QPSK/
16QAM
	No
	No interleaver

	Turbo
	200
	1/3
	max-log-map
	Correlated Rayleigh fading channel l
	QPSK/
16QAM
	No
	No interleaver;
Fd*Ts=0.1

	Turbo
	200
	1/3
	max-log-map
	Correlated Rayleigh fading channel
	QPSK/
16QAM
	No
	bit interleaver;
Fd*Ts=0.1


[image: ]
Figure 4.3  k≈200, R =1/3, QPSK, Fading
[image: ]
Figure 4.4  k≈200, R =1/3, 16QAM, Fading
1.7 k=600, R =1/3
Simulation Parameters for Figure 4.5 and Figure 4.6:
	Code Type
	k
	R
	Decoder
	Channel
	Modulation
	CRC
	Remark

	Non-binary LDPC GF(16)
	576
	1/3
	FFT-QSPA
	Independent Rayleigh fading channel
	QPSK/16QAM
	No
	No interleaver

	Non-binary LDPC GF(16)
	576
	1/3
	FFT-QSPA
	Correlated Rayleigh fading channel
	QPSK/16QAM
	No
	No interleaver;
Fd*Ts=0.1

	Turbo
	608
	1/3
	max-log-map
	Independent Rayleigh fading channel
	QPSK/16QAM
	No
	No interleaver

	Turbo
	608
	1/3
	max-log-map
	Correlated Rayleigh fading channel l
	QPSK/16QAM
	No
	No interleaver;
Fd*Ts=0.1

	Turbo
	608
	1/3
	max-log-map
	Correlated Rayleigh fading channel
	QPSK/16QAM
	No
	bit interleaver;
Fd*Ts=0.1


[image: ]
Figure 4.5  k≈600, R =1/3, QPSK, Fading
[image: ]
Figure 4.6  k≈600, R =1/3, 16QAM, Fading
Observation 2: non-binary LDPC codes can achieve  better performance compared with other codes in fading channels.  

Implementation Complexity
Decoding complexities of  non-binary LDPC , Polar, Turbo codes are summarized in Table 1.

Table 1: Decoding complexity of different codes
	Decoding 
algorithm
	Multiplication
	Addition
	Look-up table

	FFT-QSPA algorithms for non-binary LDPC
	

	

	


	List+CRC algorithms for Polar
	

	
	

	Log-MAP for Turbo
	

	

	


	Max-Log-MAP for Turbo
	

	

	-


Note: v is the memory length of component code, L is the List size of Polar code 

Conclusions
In this contribution, we provide the performance evaluation results of non-binary LDPC codes for NR. According to these evaluation results, we observe the non-binary LDPC code has attractive performance under the simulation assumptions agreed in RAN1#84b [2] in AWGN channel. More importantly, non-binary LDPC codes can achieve much better performance compared to other codes in fading channels. The excellent performance of non-binary LDPC codes makes they are particularly suitable for URLLC scenario. 
Observation 1: non-binary LDPC code has attractive performance under the simulation assumptions agreed in RAN1#84b [2] in AWGN channels.

Observation 2: non-binary LDPC codes can achieve better performance compared with other codes in fading channels.  

Proposal 1: Non-binary LDPC codes have good performance of correcting the robust error for the applications in URLLC scenario. 
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