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1. Introduction 
The ITU-R has identified three usage scenarios for 5G: (1) Enhanced mobile broadband (eMBB), (2) Massive machine-type communications (mMTC), and (3) Ultra-reliable and low-latency communications (URLLC) [1]. In particular, URLLC applications demand specific features of packet transmission with low latency and extremely low error probability. The maximum tolerable latency of the end-to-end transmission usually depends on the block error rate (BLER) and code block length (N). 
2. Discussion 
In RAN1 #84bis meeting, the NR channel coding candidates were identified as convolutional codes, LDPC, Polar, and turbo codes. In particular, the following agreements were made for evaluating channel coding candidates [4].
· Common simulation assumptions are required to evaluate theoretical performance of proposed coding schemes
· Selection of the coding scheme should also consider various other aspects

In [5], the BLER performance of URLLC coding candidates with the agreed simulation assumptions in RAN1 #84bis meeting has been studied.
In this document, we mainly focus on the latency due to BLER performance of candidate coding schemes. The higher the BLER, the more retransmissions would occur and thus the packet transmission latency increases. To understand the number of retransmission, we study the probability distribution for different number of block errors per frame transmission. 
· BLER and retransmission

Define the following system parameters, 


The probability distribution function of the number of block errors per frame transmission can be expressed as ,


Each block error would then demand retransmission through HARQ precedure. 
· Latency and Retransmission Penalty

The HARQ procedure is used for packet retransmission .The retransmission penalty increases the latency of the transmission. To account for penalty of packet errors, we consider some the following factors.


The total time to transfer the frame would be


The retransmission penalty induced from the retransmission can be obtained as



3. Numerical Evaluation 
To evaluate the BLER effect to the system, we study the probability distribution of the number of block errors for the large frame (for representing the eMBB scenarios) and for the small frame (for representing the mMTC) scenarios.  The retransmission penalty to the latency is also studied.
(1) eMBB
The eMBB usage scenarios demands larger volume of data transmission. In this evaluation, we use the example of 10MB of data in a frame and evaluate the retransmission behavior due to the BLER. The system parameters of the simulation are listed in Table 1 and Table 2.

Table 1. System parameters for large data 
	
Block error rate, 
	1.00E-01 ~1.00E-04
	

	Data Quantity (data byte in a frame), Q
	10M bytes
	

	
Number of codewords,  
	19531 
	

	Length of codeword, N   
	4096 bits
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(a) BLER =1.00E-01, Data Quantity=10MB                             (b) BLER =1.00E-02, Data Quantity=10MB
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(c) BLER =1.00E-01, Data Quantity=10MB                             (d) BLER =1.00E-02, Data Quantity=10MB

Fig. 1. Probability distribution of # of block errors per frame transmission, (a) BLER=1.00E-01, Data Quantity=10MB, (b) BLER =1.00E-02, Data Quantity=10MB, (c) BLER =1.00E-01, Data Quantity=10MB, (d) BLER =1.00E-02, Data Quantity=10MB

The retransmission penalty increases the latency of the transmission. The total time to transfer the frame is evaluated based on the system parameters in Table 2. 


Table 2.  System parameters for large data retransmission penalty evaluation
	
Number of codewords in a frame, 
	19531
	

	
Cycles per iteration,
	64
	

	
Cycle time (ns), 
	3.3
	

	
Average number of decoding iterations, 
	4.5
	

	
Max number of iterations, 
	32
	

	
Penalty cycles for each block error,
	3000
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Fig. 2. Transmission latency at different number of block errors.

(2) mMTC
The mMTC usage scenarios demands smaller volume of data transmission. In this evaluation, we use the example of 100KB of data in a frame and evaluate the retransmission behavior due to the BLER. The system parameters of the simulation are listed in Table 3 and Table 4.

Table 3. System parameters for small MTC data frame
	
Block error rate, 
	1.00E-01 ~1.00E-04
	

	Data Quantity (data byte in a frame), Q
	100K bytes
	

	
Number of codewords in a frame,  
	200 
	

	Length of codeword, N   
	4096 bits
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(a) BLER =1.00E-01, Data Quantity=10KB                             (b) BLER =1.00E-02, Data Quantity=10KB
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(c) BLER =1.00E-03, Data Quantity=10KB                                  (d) BLER =1.00E-04, Data Quantity=10KB

Fig. 3. Probability distribution of # of block errors per frame transmission, (a) BLER =1.00E-01, Data Quantity=10KB     (b) BLER =1.00E-02, Data Quantity=10KB, (c) BLER =1.00E-03, Data Quantity=10KB     (d) BLER =1.00E-04, Data Quantity=10KB

Table 4. System parameters for small MTC data retransmission penalty evaluation
	
Number of codewords in a frame, 
	200
	

	
Cycles per iteration,
	64
	

	
Cycle time (ns), 
	3.3
	

	
Average number of decoding iterations, 
	4.5 
	

	
Max number of iterations,  
	32 
	

	
Penalty cycles for each block error,
	3000
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Fig. 4. Transmission latency at different number of block errors.
4. Conclusion
[bookmark: _GoBack]In this contribution, we analysed the behaviour of retransmission related to the BLER. The number of retransmissions increases significantly when the BLER is as high 10^-1 or 10^-2.   For URLLC, latency can be the critical issue in many aspects. The retransmissions is critical to the latency for both eMBB and mMTC scenarios. 
Proposal 1. BLER simulations down to 10-4 is recommended (to reduce the number of retransmission) for URLLC
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