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A Study on New Radio Access Technology was approved in RAN#71 meeting [1]. One area to be studied is the channel coding schemes. To meet the higher data rates and the more diverse requirements of 5G that includes use scenarios such as eMBB, mMTC, and URLLC [2], [3], channel coding is one of the fundamental components for the new radio access technology. The coding rate, block length, decoding throughput, and decoding performance for 5G may require new coding schemes since the existing LTE coding schemes have not been designed for these new requirements. Moreover, implementation complexity is clearly an important factor to be taken into account. 
In this contribution, we analyze the existing LTE channel coding schemes in relation to the requirements for the 5G NR interface in order to understand if a new coding scheme is needed. A preliminary evaluation of the different schemes has been submitted in [4].  

On the necessity of new channel coding scheme(s) 
In this section, we discuss the requirements on channel coding for different usage scenarios, and analyze the existing LTE coding schemes.  
5G Requirements 
The multitude of envisioned new services can be grouped into usage scenarios such as eMBB, mMTC, URLLC and possibly the combinations thereof. Table 1 shows the key requirements for these scenarios.

Table 1 Key requirements for NR usage scenarios.
	Usage Scenario
	eMBB
	mMTC
	URLLC

	Key requirements  
	Support a large range of data rates up to 10Gbps to 20Gbps
With reasonable implementation cost 
Improved receiving quality of control channels 
	Improved error correction capabilities for small packets 
	Ultra reliability for mission-critical small packets 



Each of these scenarios has specific requirements on the channel coding scheme. 
· eMBB: The channel coding scheme should support a large range of data rates: from very high data rates, in the range of 10Gbps to 20Gbps or even higher (for example, carrier BW of mmWave applications may extend to 100MHz), to very low data rates, for example tens of bits for instant messages or control signalling. In this sense, the coding scheme should be flexible in terms of rate matching and incremental redundancy to efficiently deal with different data block sizes and data rates under different channel conditions. Also the different requirements on latency for data and control planes should be satisfied, hence imposing constraints to encoding/decoding complexity.   
· mMTC: The channel coding scheme usually needs to support small (tens to hundreds of bytes) packets, with energy-efficient encoding and decoding which is necessary for massive long-life devices. 
· uRLLC: The channel coding scheme demands high reliability on small packets with very low latency. 
Latency and reliability requirements may lead to divergent KPIs. Channel codes designed to improve one aspect may degrade performance for another aspect. Channel coding schemes should be analyzed by considering latency, reliability, performance, and encoding/decoding complexity aspects together to find solutions that can easily be adapted to multiple use-cases and KPIs. 

LTE-Turbo Code 
Low throughput for large-size packets 
To support the high data rates required in some 5G NR scenarios, large block sizes need to be processed. In [5], a LTE Turbo-Code (LTE-TC) decoder supporting a throughput of about 2.3 Gbps is given, which is far below the 10 to 20 Gbps peak data rate required by eMBB services. Since the size of a 5G payload may be much beyond the range of LTE block sizes, these large block sizes present significant obstacles for long-block turbo decoder due to large-memory operations like interleaving and long iterative latency. 
As for other coding schemes, a large transport block can be segmented into smaller blocks. Segmentation allows the receiver to decode the code blocks in parallel and achieves higher decoding throughput. Each decoder is an iterative decoding architecture in which two SISO decoders are linked by an interleaver. The decoding throughput of each decoder is determined by decoding throughput of its SISO decoder and interleaver. Currently, a radix-4 algorithm is widely adopted for SISO decoding because of its reasonable implementation cost. The overall turbo decoding throughput is mostly determined by that of SISO decoder within the range of current LTE block length. Several techniques have been studied and applied to optimize the parallel decoding operations for LTE-TC, as for example the use of a quadratic permutation polynomial (QPP) interleaver that can provide contention-free permutations, windowing method to process overlapped segments , a circular buffer for rate matching, etc.
Although advanced techniques are available and can be used to optimize the handling of several code blocks obtained by dividing the large code block at the input, considering the huge data rates that need to be supported in 5G the number of code blocks that would need to be processed in parallel is large and it will be challenging, especially on the terminal side, to implement a large number of parallel turbo decoders efficiently. 
Evidently, to reach over 10 Gbps to 20Gbps data rates for 5G scenarios, we need to study some new FEC schemes other than LTE-TC. 
Lower performance for small-size packets
mMTC, uRLLC, and control-channels of eMBB all demand small-packet transmission with as good performance as possible. However, LTE-TC has poor BLER performance on small-size packets. For example, there are only 29 information bits in PDCCH (format 1A) of LTE. This 29-bit packet is too short for LTE-TC to yield enough performance gain. This is one of the reasons why these small-packets are encoded by LTE-TBCC rather than LTE-TC in 4G. Thus, it is necessary for us to study a new FEC scheme for these small-packet transmissions. 
Suboptimal performance on lower/higher coding rate
LTE-TC punctures or repeats coded bits to match targeted coding rates from its mother 1/3 coding rate. For some coding rates much lower or much higher than 1/3, their performances are not as optimal as those closer to 1/3 rate. However, some 5G applications may request as good FEC decoding performance as possible at very low or very high coding rates.     
Error floor 
We observe that the BLER of LTE-TC has an error floor due to minimum distance of the constituent encoders. The URLLC scenario requests a BLER in the order of 10-5 to 10-6 with small packet (<hundred of bytes). This error-floor can make it difficult to apply LTE-TC to URLLC scenario.  

LTE-Tail-Biting-Convolutional-Code
In 4G, LTE-TBCC was adopted for most control channels for two major reasons: LTE-TC has not sufficient performance gain with small packets and CC decoder is much more economical than the turbo decoder from the point of view of performance-implementation efficiency. In order to achieve the 5G requirements for control channels, such as the high reliability of control channels for URLLC scenario, or for mmWave applications used for beam tracking, a more powerful coding scheme for small block sizes should be chosen.        

Summary 
As Turbo Code and TBCC have been used for many years, their features and decoding algorithms are well-known in the industry. Any further optimization and improvement of TC and TBCC for 5G requirements might not be easy due to their mature decoding algorithms and architectures. 
Shortcomings of the LTE-TC coding schemes for 5G applications, such as TC performance for small and very large packets, TC error floor phenomenon, and demand for less complexity in the decoder might not be solved by the ever-growing low-level ASIC technology. Similarly, the performance and complexity of TBCC are already optimized by its mature decoding algorithm and architecture, which makes it difficult to further improve performance with this coding scheme. 
A new FEC scheme may provide an alternative way to solve the shortcomings of the existing coding schemes in supporting the new 5G requirements. This motivates the study of a new FEC for 5G NR interface.
The new FEC scheme shall consider the following factors: 
· higher decoding throughput for large packets than LTE-TC decoder 
· better error correction performance on small packets than LTE-TC and LTE-TBCC
· encoder/decoder complexity 


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In order to support 5G requirements, a new FEC coding scheme shall be studied. We propose:    
Proposal:  The new FEC scheme shall consider the following factors: 
· higher decoding throughput for large packets than LTE-TC decoder 
· better error correction performance on small packets than LTE-TC and LTE-TBCC
· encoder/decoder complexity 
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