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1. Introduction
In this contribution, we provide our view on downlink multiple access (MA) in NR, i.e., how different downlink transmissions to be carried out in parallel are jointly mapped to the time-frequency radio resource. Our opinion is downlink non-orthogonal MA is a fact in current systems and will continue being so in NR. The problem is how NR will handle the interference resulting from the simultaneous non-orthogonal downlink transmissions. 
2. Discussion
A natural way to categorize downlink MA schemes is dividing the schemes into orthogonal MA and non-orthogonal MA from the perspective of whether or not at the receiver side there is mutual interference between the parallel transmissions. Non-orthogonal MA has its advantage in that information theory research has proven non-orthogonal MA achieves the system capacity in downlink MIMO channels. 
2.1 
Downlink MA in Current Networks

In the following, MA from the scopes of “across cells” and “within a cell” is discussed.
MA across Cells: For the purpose of efficient spectrum usage, frequency-reuse-1, i.e. non-orthogonal MA, is used among cells. To deal with the mutual interference from neighboring cells, several techniques e.g., ICIC, eICIC, FeICIC, COMP, NAICS in LTE, are developed. 
MA within a Cell: Besides orthogonal MA methods such as TDMA, FDMA, and CDMA, spatial multiplexing has been widely used since the invention of MIMO technology. The MA scheme based on MIMO spatial multiplexing is MU-MIMO. Although spatial multiplexing is often considered as a spatial-domain orthogonal MA scheme, this is true only when the transmitter has perfect knowledge about the channel matrices of parallel users. Note that an MA scheme is orthogonal or not shall depends on whether mutual interference is observed at the receiver. Moreover, in LTE Rel-14 MUST, a new non-orthogonal MA scheme in the power domain is under discussion.   
Based on above, downlink non-orthogonal MA is a fact in current systems. We believe these non-orthogonal MA schemes, which have been proved useful, will continue being used in NR. 
Observation: Downlink non-orthogonal MA, including MU-MIMO, is a fact in current cellular networks. 

2.2 
Downlink MA in NR
As described above, non-orthogonal MA is expected to continue being used in downlink NR. Besides those in current networks, new non-orthogonal MA schemes may be possible or more feasible in NR than in conventional systems since there is no backward compatibility issue. The problem needs attention is how NR will handle the interference resulting from non-orthogonal MA for both scopes of “across cells” and “within a cell”. 
Among the non-orthogonal MA schemes already used in current systems, MU-MIMO deserves the most concern. In RAN1#85, related discussion was carried in the agenda item of multi-antenna scheme. For other non-orthogonal schemes already in use or new non-orthogonal methods if approved, associated interference management shall be discussed in related subjects widely spread in the whole NR design. 

Forward compatibility is one of the key requirements of early phase NR air interface design. It is mentioned in [1] the following decisions on NR design principles at RAN1#84bis  

· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 

· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource 
assure possibility of future non-orthogonal MA be implemented on radio resources separated from those with conventional MA schemes. However, there are some features which are related to the support of non-orthogonal MA shall be consistent throughout the era of NR without changes over releases. 
Two examples in LTE are given below. In LTE, PDCCH are put in the first a few variable number of OFDM symbols of a subframe and are spread over the whole occupied bandwidth. In two neighboring cells, the number of OFDM symbols occupied by PDCCH may be different. With this PDCCH resource allocation design, the PDSCH of a user in a cell may collide with both PDCCH and PDSCH from a neighboring cell. This complicates the receiver processing for non-orthogonal MA across cells. Another example is with regards to codeword level interference cancellation (CWIC). The operation of rate matching and scrambling of LTE is related to a number of user specific parameters. Some of the parameters can hardly be blindly detected, e.g., C-RNTI, UE category, etc. To perform CWIC, large network signaling overhead makes it less attractive in spite of the superior performance. 
Proposal: Some features which are related to the support of non-orthogonal MA shall be consistent throughout the era of NR without changes over releases. These features should be designed with interference management of non-orthogonal MA taken into account from the first release.    
3. Conclusion
In this contribution, we gave our view on downlink MA in NR. Our opinion is downlink non-orthogonal MA has been a fact in current systems and will continue being so in NR. Some features related to the support of non-orthogonal MA should be consistent throughout the era of NR without changes over releases. Therefore, the management of the interference resulting from the simultaneous non-orthogonal downlink transmissions is an important issue to be investigated from the first release of NR. We have the following observation and proposal: 
Observation: Downlink non-orthogonal MA, including MU-MIMO, is a fact in current cellular networks. 

Proposal: Some features which are related to the support of non-orthogonal MA shall be consistent throughout the era of NR without changes over releases. These features should be designed with interference management of non-orthogonal MA taken into account from the first release.
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