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1. Introduction
The study item of “New Radio Access Technology” (RAT) was approved in RAN Plenary Meeting #71. According to the study item description (SID) [1], potential technologies aimed at meeting key 5G requirements in future 5G deployment scenarios and applications will be studied and evaluated. In current wireless communication systems, MIMO has been indispensable for meeting system throughput requirements. It is expected that MIMO will continue to be an essential feature for this new RAT.  
In this contribution, we provide our views on the MIMO technology for new radio (NR) with a focus on sub-6GHz scenarios, i.e., effective multiuser transmission should be supported to fulfil the high spectral efficiency requirement in 5G NR. MIMO design for above 6GHz is discussed in a companion contribution [2]. 

2. MIMO block diagram 
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Fig. 1. Block diagram of a MIMO system
UE specific pilot signals can be directed towards individual UE using beamforming techniques, and are used by the UE to detect the desired signals which the BS transmits from the same antenna port, i.e., the same beamforming is applied to both the UE specific pilot signal and the desired signal. The block diagram of a MIMO system in which UE specific pilot signal is used for data transmission is depicted in Fig. 1, where the blocks in green and yellow colors correspond to the behaviors of BS and UE, respectively. In the first three blocks, each UE estimates its channel vector from the common downlink common pilot and then feeds this information back to the BS. The BS makes the scheduling decision, including determination of scheduled users, precoder selection, MCS level assignment, etc., by means of the CSI feedbacks provided by UEs. Once the BS has computed the precoders, coherent detection of data at each UE is enabled by an additional round of downlink UE specific pilot transmitted along each precoder. In a TDD system, where uplink and downlink share the same frequency band in time-division, the downlink channel can be learnt by the BS from uplink pilot symbols provided that the coherence time is significantly larger than the concatenation of an uplink and downlink slot and hardware calibration. 
LTE has evolved from CRS based 4TX MIMO in Rel-8 to 32TX FD-MIMO using 2-dimensional antenna array in Rel-14. In FD-MIMO, a large number of antenna ports can be supported. There are areas in LTE MIMO that require enhancement in order to fully utilize the benefits provided by a large number of antenna ports to tackle the high spectral efficiency challenge of 5G eMBB. One such area is the support of efficient multiuser transmission. In the next section, we discuss the enhancements required in 5G NR to realize it. 
3. Support of efficient multiuser transmission
In contrast to SU-MIMO, where the spatial multiplexing gain is confined to the number of UE receive antennas, multiuser transmission allows multiple users to be co-scheduled on the same radio resources to exploit this gain among two or more UEs. In the following, we discuss the support of efficient multiuser transmission from several aspects.

3.1
Transparent or non-transparent MU-MIMO
MU-MIMO in LTE has been designed with the high-level concept of transparency. In transparent MU-MIMO, a UE is not informed whether it is co-scheduled with other UEs in the same radio resource. The reason for transparent MU-MIMO design is based on the tradeoff of practical performance and implementation complexity. A non-transparent MU-MIMO design allows advanced UE receiver algorithms to perform more sophisticated intracell interference cancellation/suppression. On the other hand, practical restrictions such as resource allocation misalignment in the frequency domain and control signaling overhead may limit the effectiveness of a non-transparent MU-MIMO design in a real system. 

The philosophy of transparency for MU-MIMO has influence on the design of control signaling and UE CSI feedback. In control signaling, the DL control signaling for scheduled UE contains no information regarding the existence of co-scheduled UE. Therefore, a UE cannot tell whether it is being scheduled in SU-MIMO or MU-MIMO mode. In UE CSI feedback, the CQI reporting for MU-MIMO does not take into account any interference from transmissions to co-scheduled users. The CQI values reported are therefore equivalent to those that would be reported for SU-MIMO. It is left to the BS to estimate a suitable adjustment to apply to the MCS if multiple UEs are co-scheduled.  
In 5G NR, the concept of transparent MU-MIMO should be reevaluated owing to the following reasons:

· The number of antenna ports increases

· Requirement of high spectral efficiency

· No backward compatible issues: some specifications in earlier releases may impose restrictions on the effectiveness of a new scheme. Take LTE for example, the control region is restricted at the first three OFDM symbols of a subframe; signaling overhead resulting from non-transparent MU-MIMO may consume too much radio resource and becomes a bottleneck of the system throughput. 5G NR can be designed in a way to facilitate efficient multiuser transmission from day one. 
3.2
CSI feedback and beamforming
As shown in Fig. 1, exploitation of MIMO channel spatial multiplexing can be done with two steps. The first step (first three blocks of Fig. 1) may involve identifying one or more beams which best suit a UE. These beams could be selected from a set of pre-determined beams, e.g., a set of beams corresponding to a codebook. Another method is to enable vendor specific solutions for multi-beam beamforming by means of beamformed pilot signals. The above methods are known as implicit feedback. It is also possible to use explicit feedback. This kind of CSI feedback better facilitates multiuser multiplexing and gets around the mismatch of single-user and multiuser SINR inherent in implicit feedback. Some examples of explicit feedback are quantized channel, covariance matrix, or eigenvector of the channel matrix. Another aspect of CSI feedback is the CQI experienced by UE in the presence of multiuser transmission. Although multiuser CQI can be approximately predicted by the BS based on the single-user CQI report, new CQI definitions capturing some average CQI degradation with multiuser hypothesis may also be considered as part of feedback enhancements.
The second step is to precode and aggregate multiple beams to realize the desired transmission rank. In a MIMO transmission scheme based on UE specific pilot signals, the selection of beamformers can be vendor specific, and a UE measures the effective channel matrix composed by the beamformer and the wireless channel using the dedicated pilot signal. 
3.3
UE interference cancellation
It is expected 5G NR will often operate in the interference limited scenarios. To manage this interference issues at the UE receiver, the advanced interference cancellation and suppression techniques should be considered. Such UE receivers should be able to cope with interference not only from the downlink transmission of neighboring cells, but also from the serving cell operating in the single-user and multiuser transmission.
The NR should be designed in a way to facilitate UE interference handling. Some features in LTE making UE interference handling difficult should be avoided in the design of NR. For example, the channel coding in LTE involves many UE specific parameters so that codeword level interference cancellation is quite complex to implement. Moreover, the mapping of coded bits to the radio resource makes resource allocation misalignment in the frequency domain of the desired and interfering signals an obstacle to apply codeword level interference cancellation.  
Although advanced receivers promise a huge theoretical gain, there still remain a number of practical issues we need to consider toward the real implementation. These issues include realistic interference condition, practical receiver architecture, CSI reporting required to realize the gain of advanced interference management, and so on.
4. Conclusion
In this contribution, we expressed our view that efficient multiuser transmission should be supported in 5G NR MIMO systems to fulfil the high spectral efficiency requirement. To realize efficient multiuser transmission, the design concept of transparent MU-MIMO in LTE should be reevaluated. Moreover, enhancement of CSI feedback and transmission beamformer is needed. Furthermore, the NR should be designed in a way such that more advanced UE interference handling techniques can be applied economically.
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