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Discussion
1
Introduction
In [1], we highlighted the importance of considering the different requirement to select the channel coding scheme or schemes for next generation radio technologies [2-4]. Key requirements of each usage scenario of 5G New Radio can be identified as in Table 1. 
Table 1: Requirements for channel coding in 5G new Radio

	eMBB
	mMTC
	URLLC

	Good error performance with high throughput 
	Good error performance with low throughput
	Very good error performance with low/medium throughput

	High energy efficiency
	Simple implementation 
	Low latency encoding/decoding

	High chip area efficiency 
	High energy efficiency
	Very low error floor

	Low latency encoding/decoding
	
	


In [1] we also emphasised that the eMBB should be given the priority when selecting the coding scheme, and all other usage scenarios can consider around the eMBB coding scheme. In this contribution, we propose an evaluation methodology to select the channel coding candidate for 5G new Radio. 

2 
Discussion
In general, the process of selecting the channel coding scheme/schemes may lead to many directions unless we follow clear guidelines. Here, we propose such guidelines to for the study of channel coding for 5G New Radio: 

1. Channel coding candidates for 5G New Radio 

· Identify possible coding candidates for all usage scenarios. 

2. Simulation assumptions to evaluate coding schemes 
· Link level simulation to determine the coding candidates for each usage scenario of 5G new Radio

3. Implementation aspects related to coding candidates 

· Investigate key implementation aspects related to the selected coding candidates. 
4. Flexibility of developing transmitter/receiver chain. 

· Selected coding schemes should be capable of providing solution for transmitter and receiver chain considering code segmentation, rate matching, HARQ, and all other features.
In the following we elaborate on the different aspects of evaluation methodology identified above.
3 
Evaluation methodology

Objective 1: Channel coding candidates for 5G New Radio
It is possible to identify the following coding candidates which fulfil various requirements of each usage scenario. Many aspects related to these schemes are discussed in [1].
Table 2. Coding candidates for each usage scenario

	eMBB
	mMTC
	URLLC

	Low-density parity check (LDPC) 
	Convolutional codes
	Convolutional codes

	Turbo coding
	LDPC 
	LDPC

	Polar coding 
	Polar
	Polar


In addition to the aforementioned schemes, there can be many other coding candidates that are capable of satisfying channel coding requirements. After finalizing potential coding candidates, we need to adopt an evaluation criteria to assess these coding schemes. 

Objective 2: Simulation assumptions to evaluate coding schemes
For eMBB scenario, it is reasonable to assume following simulation assumptions to evaluate the block error rate (BLER) performance versus SNR. LDPC and polar codes should adopt flexible criteria to support various block sizes. The iteration number can be decided based on the complexity analysis in [5]. Investigating performance over wider range of block lengths and code rates are important for eMBB usage scenario. Similarly, we can summarize the simulation assumptions for mMTC and URLLC scenarios as in Table 3 and 4. In particular, differences for mMTC and URLLC appear in the code block sizes and code rates. 

Table 3: Simulation assumptions for eMBB usage scenario

	Channel
	AWGN

	Channel estimation
	Ideal

	Modulation 
	QPSK, 16 QAM, 64 QAM

	Coding Scheme
	Turbo
	LDPC
	Polar

	Code rate 
	1/3 – 5/6
	1/3 – 5/6
	1/3 – 5/6

	Decoding algorithm
	Max-log-MAP
	Sum-Product/ min-Sum
	Successive cancelation/ List-32 CRC 

	Iterations
	8
	15
	NA

	Block lengths (information bits)
	128 – 7200
	128 – 7200
	128 – 7200

	Bandwidth
	100 MHz

	Carrier frequency
	15 GHz

	Number of antenna
	8 TX and 2 RX


Table 4: Simulation assumptions for mMTC usage scenario

	Channel
	AWGN

	Channel estimation
	Ideal

	Modulation 
	QPSK, 16 QAM

	Coding Scheme
	Convolutional codes
	LDPC
	Polar

	Code rate 
	1/12 – 1/2
	1/12 – 1/2
	1/12 – 1/2

	Decoding algorithm
	Viterbi
	Sum-Product/ min-Sum
	Successive cancelation/ List-32 CRC 

	Iterations
	NA
	15
	NA

	Block lengths (information)
	40 – 200
	40 – 200
	40 – 200

	Bandwidth
	100 kHz

	Carrier frequency
	1 GHz

	Number of antenna
	1 TX and 1 RX


Table 5: Simulation assumptions for URLLC usage scenario

	Channel
	AWGN

	Channel estimation
	Ideal

	Modulation 
	QPSK, 16 QAM, 64 QAM

	Coding Scheme
	Convolutional codes
	LDPC
	Polar

	Code rate 
	1/12 – 1/3
	1/12 – 1/3
	1/12 – 1/3

	Decoding algorithm
	Viterbi
	Sum-Product/ min-Sum
	Successive cancelation/ List-32 CRC 

	Iterations
	NA
	15
	NA

	Block lengths (information)
	40 – 600
	40 – 600
	40 – 600

	Bandwidth
	10 MHz

	Carrier frequency
	1 GHz

	Number of antenna
	4 TX and 2 RX


Objective 3: Implementation aspects related to coding candidates

According to Table 1, all three usage scenarios of 5G New Radio have requirements related to implementation aspects. For example, chip area-efficiency and energy efficiency are key parameters when deciding the coding scheme for eMBB. In [5], we discussed several implementation efforts of eMBB channel coding candidates. All these codes have relatively complex implementations and utilize substantial chip area. Therefore, it is always good to adopt a single code for the eMBB scenario. 

For mMTC and URLLC usage scenarios, the same coding scheme should be adopted as for eMBB. However, a different channel coding scheme can be introduced if compelling benefits are identified. In that case, the main focus should be given to adopt simple channel coding scheme, and hence implementation aspect needs to be taken into account in the valuation evaluation when deciding the coding schemes. 
Objective 4: Flexibility of developing transmitter/receiver chain
Channel coding for 5G new Radio will also have to consider the whole transmitter/receiver procedure. The coding candidate should be able to provide flexibility for code segmentation, CRC attachment (if required), zero padding (if required), interleaving, and rate matching (puncturing and repetition methods) procedures. Moreover, supporting HARQ schemes without performance degradation is another important feature that we have to check when finalizing the coding scheme. 
Based on the considerations above we make the following proposal:

Proposal: Consider objectives 1-4 for the evaluation methodology of channel coding for 5G New Radio. The performance evaluations should focus on the candidate channel coding schemes listed in Table 2, with the simulation assumptions listed in Tables 3-5. 
4
Conclusion
In this contributions, we proposed the way forward for evaluation of the channel coding for 5G New Radio. We highlighted important requirements and objectives required to select the most suitable channel coding scheme(s).  Proposed way forward objectives are as follows: 
Objective 1: Channel coding candidates for 5G New Radio

Objective 2: Simulation assumptions to evaluate coding schemes

Objective 3: Implementation aspects related to coding candidates

Objective 4: Flexibility of developing transmitter/receiver chain
We also make the following proposal:
Proposal: Consider objectives 1-4 for the evaluation methodology of channel coding for 5G New Radio. The performance evaluations should focus on the candidate channel coding schemes listed in Table 2, with the simulation assumptions listed in Tables 3-5. 
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