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1. Introduction
In the RAN#71 meeting a new study item on New Radio (NR) Access Technology was approved [1]. The main objective of the study item is to develop and evaluate the technologies for the NR system to support a broad range of the use cases including enhanced mobile broadband (eMBB), massive MTC (mMTC), and URLLC. In this contribution we provide our views on the related NR multi-antenna technology such as antenna architecture, MIMO design principles and unified CSI feedback. Specifically, this contribution focuses more on downlink, and the companion contribution [2] presents more details on uplink MIMO schemes. 
2. Discussion
2.1 Scope of NR multi-antenna schemes 
Multi-antenna techniques have been extensively developed and adopted in the LTE system to increase the system and UE throughput and link reliability by virtue of multi-layer MIMO and UE specific beamforming, respectively. According to [1], NR shall be able to operate in both low and high frequency bands. It is natural that all the advanced MIMO techniques supported in LTE shall be supported in NR as well. As described in [3], NR is aimed to achieve more challenging KPIs for eMBB, mMTC and URLLC services. In principle, MIMO techniques for NR shall be developed to take the requirements and KPIs of all these services into account. However, it is not clear at the moment whether the mMTC and URLLC would require new MIMO techniques wrt to eMBB. As such, it seems to be reasonable to focus on eMBB service for the MIMO technology development of NR at least in the first phase.  
Proposal 1: MIMO development for NR shall focus on eMBB service at least for the first phase of NR development.
2.2 Antenna architectures  
It is envisioned that NR TRP operating in both low and high frequency bands may be equipped with antenna arrays, consisting of several tens to thousand antenna elements, depending on the deployment scenarios [3]. For NR at the low frequency band both digital and hybrid beamforming schemes may be considered. Furthermore, for the high frequency bands, due to the challenging channel condition, it is very crucial to support beamforming technique to achieve reliable link quality with reasonable link budget. Due to the larger system bandwidth to be supported in NR, e.g., minimum 100 MHz, the power consumption of fully digital beamforming at high frequency band can be prohibited high. As a result, the hybrid beamforming consisting of a number of TXRUs, each of which drives a analog beamformer using digitally controlled phase shifters, can be considered for NR operating at high frequency band with the digital precoding applied across the TXRUs to achieve the additional diversity or spatial multiplexing gain. 
Proposal 2: Both digital and hybrid (analog and digital) beamforming techniques shall be considered for NR. 

2.3 Design principles of NR multi-antenna schemes 
Figure 1 illustrates the envisioned MIMO transmission scenarios that should be supported by NR technology to support various use cases including high data rate throughput for eMBB and also highly reliable communication for URLLC. 
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Figure 1: Envisioned DL/UL transmission scenarios for NR MIMO technology
Proposal 3: MIMO transmission modes illustrated in Fig. 1 should be supported in NR.
The multiple antenna technology is essential part of NR and should support MIMO operation in the wide range of spectrum including low and high frequency bands. To support flexible and energy efficient NR operation for better forward compatibility, MIMO technology for NR should largely rely on the UE-specific beamforming, which can be enabled by the use of the demodulation reference signals (DMRS) and channel state information reference signals (CSI-RS). The usage of the DMRS signals in NR MIMO technology (for both control and data channels) enables various transmission scenarios for single-point and multi-point operation (see Figure 1) under the common framework. The usage of the DMRS signals also facilitates dynamic ON/OFF operation, which is critical in achieving high energy efficiency of the system and enabling NR support in the scenarios with unlicensed / shared license access. Moreover, to have better forward compatibility semi-static and/or dynamic scheduled CSI-RS seems to be attractive approach to optimize the network power consumption.
Proposal 4: NR MIMO should be supported by using DM-RS signals and (dynamically and semi-static scheduled) CSI-RS.
NR should support seamless and transparent mobility to maximize the network scheduling flexibility and to reduce interruption time during handover. The usage of the UE-specific reference signals concept (without association to the TRPs) with possibly minimum physical layer signalling assistance would allow to achieve these goals. For example, the possible beam switching associated with TRP switching at the high frequency band can be handled with minimum signalling assistance that can be provided on the physical layer.
Proposal 5: TRP switching in NR should be supported with minimum signalling overhead.
2.4 CSI feedback framework
For NR MIMO two types of CSI based on non-precoded and beamfomed CSI-RS should be defined to support a variety of CSI feedback and associated MIMO schemes. For NR with non-precoded CSI-RS, the CSI feedback based on the codebook should be supported. The NR codebook should be designed for new NR antenna architecture with configurable number of antenna ports, beam width and spatial granularity of the beamforming. The maximum number of the antenna ports that should be considered for the NR codebook should be at least 32 and in principle the larger number of antenna ports should be considered. The CSI feedback for beamformed CSI-RS in NR should be also defined to support the beam selection and beam combining procedures.
Proposal 6: CSI feedback based on non-precoded and beamformed CSI-RS should be supported for NR. The maximum number of antenna ports for non precoded CSI-RS should be at least 32.
In the presence of channel reciprocity, e.g., TDD systems with calibrated Tx and Rx chains at eNB or UE, MIMO schemes or procedures can be improved or simplified, especially for large number of antenna ports at eNB. Therefore, MIMO schemes for NR relying on the channel reciprocity should be supported.   
Proposal 7: NR MIMO schemes should support MIMO schemes relying on reciprocity of the channel.
3. Conclusions
In this contribution we have provided our views on the antenna related technology for NR. The following are proposed:
Proposal 1: MIMO development for NR shall focus on eMBB service at least for the first phase of NR development.
Proposal 2: Both digital and hybrid (analog and digital) beamforming techniques shall be considered for NR. 
Proposal 3: MIMO transmission modes illustrated in Fig. 1 should be supported in NR.
Proposal 4: NR MIMO should be supported by using DM-RS signals and (dynamically and semi-static scheduled) CSI-RS 
[bookmark: _GoBack]Proposal 5: TRP switching in NR should be supported with minimum signalling overhead.
Proposal 6: CSI feedback based on non-precoded and beamformed CSI-RS should be supported for NR. The maximum number of antenna ports for non precoded CSI-RS should be at least 32.
Proposal 7: NR MIMO schemes should support MIMO schemes relying on reciprocity of the channel.
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