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1	Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Selection of a suitable channel coding scheme is crucial when fulfilling different requirements of next generation radio access technologies [1-3]. In general, this selection mostly depends on the use case, which are generally categorized by three usage scenarios: enhanced mobile broadband (eMBB), massive machine type communication (mMTC), and ultra-reliable low latency communication (URLLC). The focus of this contribution is to highlight important channel coding requirements of these three usage scenarios and propose guidelines to select the best channel coding scheme or schemes.

2	Requirements for channel coding
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Channel coding schemes are always used when data transmission occurs in imperfect channel environments. Therefore, all the usage scenarios of next generation access technologies will have channel coding as an essential functionality. Even though only three main usage scenarios are highlighted for next generation radio technologies, it is possible to identify related use cases or sub usage scenarios even within the main usage scenarios. Channel coding is a key hardware component where we have the least flexibility to change the coding scheme depending on all these usage scenarios. Therefore, the focus should be adopting channel code/codes which are quite flexible to match and satisfy most of these requirements. The selection of the channel coding scheme shall mainly be influenced by the requirements of the eMBB usage scenario given that the very high data rate capability requires the most from the implementation performance and complexity. The other usage scenarios should preferably use the same channel coding scheme as eMBB, and different schemes should only be introduced if compelling benefits are identified. 
Proposal 1: Different requirements of usage scenarios shall be considered to select the channel coding scheme or schemes for next generation radio technologies. 
2.1	Channel coding for eMBB 
General requirements of eMBB scenario in next radio access have a broader definition. In particular to channel coding in eMBB, most of these requirements can be simplified into a smaller group of requirements. For example, eMBB requirements of peak spectral efficiency, bandwidth, cell spectral efficiency, and area traffic capacity lead to a single requirement, which is good error performance at high throughputs. Similarly, it is possible to justify the energy efficiency and low latency requirements of the channel coding candidate. Implementation aspects are also important when delivering high throughputs of eMBB usage scenario.

Considering excessive energy consumptions and chip area of existing LTE turbo decoders, we expect a substantial increase in energy consumption and chip area with turbo codes when the data rates go in multi-gigabit range. Therefore, the implementation aspects, considering area-efficiency, i.e. encoded/decoded throughput per given chip area (Gbps/mm2), and energy-efficiency, joules per bit in encoding/decoding (pJ/bit), play a significant role when deciding the coding candidate for next generation radio access technologies. For example, to support 20 Gbps throughputs with 1 W baseband power at the UE would require energy efficiencies around 50 pJ/bit, which is not possible with available turbo decoder implementations.




Therefore, key requirements to consider when deciding the channel coding for eMBB usage scenario are 

1. Good error performance with high throughput
2. High energy efficiency
3. High chip area efficiency
4. Low latency encoding/decoding
In [4], we have identified possible channel coding schemes to meet above requirements and considered performance, complexity and implementation related discussion. In particular, we discuss turbo, LDPC and polar codes for eMBB usage scenario. All these codes have relatively complex design requirements and utilize substantial chip area. Therefore, it is always good to adopt a single code for the eMBB scenario. 
Proposal 2: Single channel coding scheme from Turbo, LDPC, and Polar shall be selected for eMBB.  
2.2	Channel coding for mMTC 
mMTC requirements are understandably quite different from the eMBB usage scenario. The key requirements for mMTC use case are mainly to design low complex/low cost design which could operate for years while serving smaller throughput requirements. For many mMTC scenarios, the device might operate only with battery power and require to communicate over a longer period of time. Moreover, the cost of the device should be lower in order to deploy in massive numbers.

Most capacity approaching coding schemes, e.g.: turbo, LDPC, and polar perform well when the block-length is larger. When block sizes are small their performances are not significantly better compared to simple coding schemes like convolutional codes. Considering decoder complexities associated with turbo, LDPC, and polar codes, it is likely that we have to look into some other codes for mMTC. Even though transmitting at higher code rates can achieve higher throughputs, it is not that critical for mMTC. High code rate transmissions could lead to retransmissions and cost in terms of battery life. There are mature coding options to handle this type of communications and convolution codes are one of those options. In summary, the key requirements for mMTC channel codes are, 
1. Good error performance with low throughput
2. Simple implementation
3. High energy efficiency
2.3	Channel coding for URLLC 
The ultra-reliable low latency communication usage scenario requires careful selection of error correction coding. The most important requirements for the URLLC usage scenario are low latency and very high reliability of the communication. This requires channel coding scheme to have low latency in encoding/decoding process and extremely low error floors.  Low encoding/decoding often can be achieved by adopting small to moderate blocklength. In consequence, the system will work far away from the Shannon limit stated for very long codes. Assuming short-to-moderate throughput requirements of URLLC usage scenario, this could still be an acceptable outcome. An extreme error floor for a channel coding scheme is important to achieve ultra-reliability as some channel coding schemes, for example turbo codes, suffer from the error floor that can be observed in the decoding curves especially if very low BER/BLER values are to be obtained. Considering these aspects, key requirements for the URLLC channel coding scheme can be identified as, 
1. Very good error performance with low/medium throughput
2. Low latency encoding/decoding
3. Very low error floor 

Moreover, there are many other methods that we could use to achieve ultra-reliability. When the channel coding candidate has extremely low error floor, diversity techniques could be useful to obtain very high error performance. When coding candidate does not have an extremely low error floor, repetitions could be also useful to achieve very low error rates. Still, adopting complex coding schemes different from the one adopted for eMBB is not preferable considering the fact that there are many other key issues to be addressed for the eMBB scenario.    
Proposal 3: mMTC and URLLC usage scenarios should consider the channel coding scheme to be adopted for eMBB as the baseline, and adopting a different channel coding scheme than for eMBB should only be introduced if compelling benefits are identified.

Proposal 4: mMTC and URLLC usage scenarios shall adopt simple channel coding scheme if it is different from the eMBB channel coding scheme. 
3	Conclusion
Proposal 1: Different requirement shall be considered to select the channel coding scheme or schemes for next generation radio technologies. Key requirements of each usage scenario of next radio access can be identified as in the table 1. 
[bookmark: _GoBack]Table 1: Key requirements for 5G New Radio channel coding
	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
	
	



Proposal 2: Single channel coding scheme from Turbo, LDPC, and Polar shall be selected for eMBB.  
Proposal 3: mMTC and URLLC usage scenarios should consider the channel coding scheme to be adopted for eMBB as the baseline, and adopting a different channel coding scheme than for eMBB should only be introduced if compelling benefits are identified.

Proposal 4: mMTC and URLLC usage scenarios shall adopt simple channel coding scheme if it is different from the eMBB channel coding scheme. 
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