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It was agreed in the RAN1 #86bis meeting [1] that the channel coding scheme for eMBB data channel is LDPC, at least for information block size larger than  bits. The value of  is to be determined, while its range is between 128 bits and 1024 bits. The channel coding scheme for eMBB data channel for information block size less than or equal to  bits will be discussed and determined in RAN1 #87 meeting. 
In this contribution, we present our views on the potential channel codes for eMBB data channel for small block size.  
2	Discussion
In the process of selecting channel coding schemes for eMBB data channel, some observations on the three candidate channel codes, i.e., LDPC, turbo, polar, were agreed in RAN1 #86bis meeting. These observations are on the aspects of performance, flexibility, CC- and IR-HARQ support, implementation complexity, latency and other considerations. 
Flexibility and HARQ support
It was observed [1] that all these three coding schemes have acceptable flexibility, in terms of code rate and code block size support. Turbo code has shown its capability of supporting CC- and IR-HARQ in LTE systems. The techniques for LDPC code and polar code to support CC- and IR-HARQ have been proposed in several contributions. Though some companies may have concerns about the complexity related to HARQ for LDPC code and polar code, we think both CC- and IR-HARQ could be supported by LDPC code and polar code, with some potential refinements of the existing techniques. 
Latency
Due to its highly-parallelized decoding nature, LDPC code could achieve NR latency requirements. Some parallelization decoding techniques could also be applied to turbo code to reduce its decoding latency. Other design techniques to reduce decoding latency are also available for polar decoding. 
Consider the target of eMBB user plane latency is 4 ms for uplink and downlink [2]. Although this 4 ms latency includes the time spent from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point, it still leaves enough time budget for channel decoding. Hence, the NR channel decoding latency requirements could be achieved by all three codes, especially for small information block size.
Implementation complexity and performance
The implementation complexity of channel coding candidates was extensively examined in RAN1 #86bis meeting. The concerns on implementation complexity of each candidate channel code were listed in [1]. For example, the area efficiency of LDPC code reduces for lower coding rates and the complexity of LDPC increases with increasing flexibility, while the area efficiency of polar code reduces for shorter block lengths and lower coding rates, and the decoding complexity of turbo code increases as the constraint length, etc. 
Note that implementation complexity is closely related to code performance. This connection is bridged by the decoding algorithm. In general, a more advanced decoding algorithm results in increased implementation complexity and better performance, while a less advanced decoding algorithm results in reduced implementation complexity and worse performance.
Due to different views on their implementation complexity, the observations on the performance of LDPC, polar and turbo codes were not agreed in RAN1 #86bis meeting. Still, RAN1 is encouraged to strive to draw additional observations and conclusions on the code performance.
Based on our observations of channel code performance, we believe polar code with advanced decoding algorithms has pretty good performance for small block size. 
Proposal 1: Polar codes should be considered for eMBB data channel with small block size. 

In LTE systems [3], a total of 12 UE categories are defined. These UE categories imply different UE radio access capabilities. For a UE category requiring low throughput, some channel coding schemes with low implementation complexity could be considered, while for a UE category requiring high throughput, some channel coding schemes with high implementation complexity could be considered. Here, different channel coding schemes could be applied to different UE categories, while not increasing the complexity of each individual UE. 
Note that all the analysis of implementation complexity focuses on decoding algorithms. The encoding algorithms for all these channel coding schemes are in general much simpler than decoding algorithms. In some cases, it might be beneficial to de-couple the uplink coding schemes from the downlink coding schemes. For example, downlink transmission of small blocks could be based on polar code for its performance advantage, while uplink transmission of small blocks could be based on turbo code for its proven flexibility and HARQ performance. This de-coupling of uplink coding schemes and downlink coding schemes might be further combined with UE category. 
Proposal 2: The selection of channel coding schemes in eMBB data channel with small block size might consider UE category and link direction. 
3	Conclusion
In this contribution, we presented our views on the channel coding schemes for eMBB data channel with small block size. We have the following proposals: 
Proposal 1: Polar codes should be considered for eMBB data channel with small block size. 
Proposal 2: The selection of channel coding schemes in eMBB data channel with small block size might consider UE category and link direction. 
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