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1. Introduction
In last RAN1#86 meeting, there was discussion on channel coding selection of eMBB scenario and following conclusion was made [1].
· The eMBB data channel coding scheme will be chosen at RAN1#86bis
· including agreeing on the observations that led to the decision. 
· Companies are encouraged to:
· continue analysis and comparison in order to inform the final decision at RAN1#86bis
· provide any remaining details, especially focusing on LDPC (in view of the situation in this meeting) 
· provide any remaining details of the flexibility requirements and how they can be satisfied, and corresponding implementation complexity and any impact on performance
· Note that consideration of combinations of coding schemes is not precluded. 
· In case of changes to proposals already available, companies are encouraged to provide them at least 1 week before the normal submission deadline for RAN1#86bis. 
In this contribution, we discuss channel coding selection of eMBB scenario. 

Discussion on channel coding selection
Based on the complexity analysis in [2], it is challenging to meet the peak rate requirement, 20 Gbps, with LDPC and turbo code. Even if LDPC can achieve the peak rate requirement more efficiently, LDPC should have restriction on the flexibility. For example, the level of flexibility (e.g., number of lifting values or set of lifting values) should be limited for real implementation considering the area and power consumption. The combination of inflexible LDPC for high data rate and turbo code for low-to-medium data rate will be the best choice [2]. Hence, it is reasonable to consider separate coding schemes in high and low-to-medium data rate, respectively.
Proposal 1: Consider separate coding schemes in high and low-to-medium data rate, respectively.
Turbo code may be beneficial in the range of low-to-medium data rate considering NR UE supporting multiple standards. Current modem solution in UE (e.g., smart phone) supports multiple standards (e.g., GSM/WCDMA/LTE). When NR network would deploy in near future, it is highly probable that NR UE will also support multiple standards. If turbo code would be supported in eMBB scenario, the legacy turbo decoder can be shared with NR turbo decoder. However, if only LDPC code would be supported in eMBB scenario, the required decoder modules in NR UE may be at least turbo decoder for WCDMA/LTE support and LDPC decoder for NR support. Thus, overall NR UE complexity will be increased. 
Turbo code may be also beneficial considering operating mode in NR: non-standalone and standalone modes. Assuming NR UE supporting non-standalone mode, NR UE should have functionality to communicate with LTE protocol, which means that turbo code should be supported in non-standalone mode NR UE. If only LDPC rather than turbo code would be supported, the overall complexity of NR UE will be increased with the same reasoning as that of NR UE supporting multiple standards. Non-standalone mode can be interpreted as a special case of multiple standards. 
Turbo code is a mature coding scheme to give full flexibility as can be seen in standards such as WCDMA and LTE. Furthermore, since turbo code is well described in the current WCDMA/LTE specification, we can significantly reduce standard effort if we decide to support turbo code in NR eMBB scenario. 
Proposal 2: Turbo code should be supported in the range of low-to-medium data rate of NR eMBB scenario.

3. Combination of turbo code and LDPC 
In this section, we show possible alternatives of combination of turbo code and LDPC in eMBB scenario. At first we focus on downlink case.
· Alternative 1: the channel coding scheme for NR physical data channels according to their throughput and/or code rate
Alternative 1 is shown in Figure 1. As can be seen in Figure 1, the channel coding is determined in the scheduling instance of transport block (TB) according to coding rate and/or throughput. For example, LDPC can be used in high throughput and/or high coding rate, and turbo code in other cases. Assuming IR-HARQ support, LDPC may support lower coding rate, too. In Alternative 1, NR UE should implement turbo and LDPC decoder and NR cell should support both turbo code and LDPC. 
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Figure 1 Alternative 1: channel coding scheme for NR physical data channels according to their coding rate and/or throughput.
· Alternative 2: channel coding scheme for NR physical data channels according to a system parameter
Alternative 2 is shown in Figure 2. As can be seen in Figure 2, channel coding scheme is fixed in cell specific manner. Typical example may be dual connectivity (e.g, non-standalone NR mode). In non-standalone NR mode, turbo code should be supported for legacy LTE connection and LDPC suitable to achieve high throughput may be supported for data boosting. The parameters to differentiate channel coding scheme per cell may require further discussion. In Alternative 2, NR UE should implement turbo and LDPC decoder and NR cell should support one of turbo code or LDPC in cell specific manner.
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Figure 2. Alternative 2: channel coding scheme for NR physical data channels according to a system parameter.
· Alternative 3: channel coding scheme for NR physical data channels according to a UE class/category
Alternative 3 is shown in Figure 3. As can be seen in Figure 2, channel coding scheme is fixed according to UE class/category. In Alternative 3, NR UE should implement one of turbo or, turbo and LDPC decoder depending on its UE class/category. NR cell should support both turbo code and LDPC.
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Figure 3. Alternative 3: channel coding scheme for NR physical data channels according to UE class/category.
Proposal 3: Possible combinations of turbo code and LDPC should be further discussed.
Secondly, we consider uplink case. The peak data rate requirement in uplink is lower than that of downlink. Furthermore, the decoder complexity in NR Node B may not be a significant issue compared with that of downlink. Therefore, turbo code can be a good candidate for uplink channel coding scheme since turbo code has been already implemented and provides full flexibility. In addition, assuming base station supporting multiple standards (e.g., WCDMA/LTE/NR), turbo code support in uplink has clear benefit in terms of complexity. 
Proposal 4: Turbo code should be adopted as a single channel coding scheme in uplink.

1. Conclusions
In this contribution, we discuss channel coding selection of NR eMBB scenario. We have following proposals: 
Proposal 1: Consider separate coding schemes in high and low-to-medium data rate, respectively.
Proposal 2: Turbo code should be supported in the range of low-to-medium data rate of NR eMBB scenario.
Proposal 3: Possible combinations of turbo code and LDPC should be further discussed.
Proposal 4: Turbo code should be adopted as a single channel coding scheme in uplink.
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