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1. Introduction

In RAN#71, a study item on New Radio Access Technology was approved [1].  The goal of the SI is to study and evaluate key technologies targeted for meeting new 5G requirements under new scenarios identified in [2].  MIMO has been an important technology for meeting system throughput requirements in LTE.  It can also be used to extend system coverage or enhance robustness.  We believe that it will continue to be one of the essential features for new RAT.  In this contribution, we show our views on aspects of NR(New RAT) MIMO design for sub-6GHz scenarios.
2. Motivations and Challenges
In LTE system, MIMO is one of the important techniques.  From LTE to LTE-Advanced Pro, MIMO has been evolved and enhanced to support rich features.  These features consider more antennas, more accurate CSI feedback for advanced MIMO techniques like MU-MIMO and CoMP and enhancements from 2D to 3D beamforming.   Most of these features enable higher beamforming and MIMO multiplexing performance.  However, as the standardization evolves, the room for further performance improvement is limited by backward compatibility and standardization complexity.   For NR, backward compatibility is not considered.  This gives higher flexibility on the system design and hence enables larger room to achieve higher MIMO gain.  The motivations are to reach higher MIMO capability, more optimized design and better forward compatibility.  We discuss the following motivations.  There are challenges to satisfy these motivations in NR.
· Support massive MIMO with higher number of antennas
In [2], for around 4GHz, up to 256 Tx and Rx antenna elements are assumed, for around 700MHz, up to 64 Tx and Rx antenna element are assumed.  Compared to LTE, the number of antennas significantly increases.  CSI with higher dimension and higher accuracy is required.
· Support different type of antenna configurations 
Different configurations including antenna topology, spacing, polarization, TXRU virtualization method and weight should be considered.

· Support different type of beamforming/precoding 
Digital/Analog/hybrid beamforming should be supported in the same framework.  It has certain challenge to support different types in transparent manner but we should strive for that.
· Higher dimension SU-MIMO/MU-MIMO

Should optimize higher rank codebook for useful application/scenarios.  CSI and interference measurement for MU-MIMO can be further studied in NR.
· Consider more applications/scenarios
e.g.  Virtual MIMO scenarios as shown in Figure 1.   Coordination among UEs can be considered.
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                     Figure 1 SU-MIMO,MU-MIMO, and virtual MIMO for wireless backhaul
· Support control channel with MIMO

MIMO/beamforming should be considered for both UL and DL control channels in NR.  More flexible beamformed control channel should be supported.
· Compact design for more general use 
In LTE, there are too many transmission modes/ CSI feedback modes.  In NR, we should avoid this.  CSI feedback should be agnostic to transmission mode/schemes.  
· More consistent design for UL and DL MIMO
If the waveform for UL/DL is the same, common design can be considered to be shared by UL and DL MIMO.
· Compatible design with new NR features

Since changes on some basic design e.g. on frame structure/numerology are expected for NR, consideration of MIMO design e.g. RS and control signalling would be different from LTE.
3. Design Principles 

A. Unified MIMO framework
Unified framework for transmission and CSI feedback considering digital/analog/hybrid beamforming should be strived for. Allowing flexible configuration of reference signals and CSI feedback would enable meeting different requirements in different frequency bands, different antenna configurations/virtualization and different scenarios. It is likely that different transmission schemes including open-loop/semi-open-loop MIMO, closed loop SU-MIMO, MU-MIMO and CoMP are supported in NR.   Dynamic switching between these schemes should be considered under a unified transmission mode.  CSI feedback should be designed in a way to adapt different transmission schemes in a unified feedback framework.

MIMO/beamforming should be supported in control channel as well.  It can be considered to share the same framework and use the same reference signal and CSI feedback design.  

When we design the MIMO framework, it should be flexible and applicable to different use cases e.g. including backhaul/D2D links/virtual MIMO.

B. Multi-level and Multi-Component CSI feedback
Under the current LTE system, the CSI measurement and feedback are designed to be individual which means the CSI feedback often can work independently without any link between multiple CSI reports especially considering aperiodic CSI feedback.  This design principle has the benefit of avoiding any error propagation but it doesn’t fully exploit correlation and differentiation between CSI reports to only feed back the essential part so as to obtain high resolution CSI with reasonable overhead.   For NR, we design CSI feedback to support MIMO schemes in different scenarios and requirements.  Some of them may not been well identified.  So it is not desirable to do the CSI feedback design particularly for each MIMO scheme.  The design should be flexible enough so that it can adapt to different currently well-known MIMO schemes as well as the future schemes with different requirements.
To have high flexibility to adapt to different CSI requirements, we propose to have multi-component and multi-level CSI feedback framework and show some examples in [5].  We should strive to make the physical meaning of each component transparent to the UE.  It is desirable to have each component work independently.  At the same time, the network can combine multiple components to obtain higher resolution/dimension CSI.  The basic component can also be combined with channel reciprocity.  There can be redundancy between components.  
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                                              Figure 2 Multi-components/levels CSI measurement and feedback
For each component, we can have multi-level feedback.   Multi-level design can enable efficient adaptation in terms of both reference signals and CSI feedback overhead to different requirements in CSI granularity.  Multi-level can refer to different levels of beam granularity, frequency granularity, etc.    It also exploits the channel correlation in time to reduce the feedback overhead.  We show more details of our design consideration of multi-component and multi-level CSI framework in [5].  
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                                   Figure 3 multi-level CSI-RS and CSI
C. Self-Contained Design 
In LTE, CSI feedback is based on the corresponding subframe in the reference resource for time domain.  CSI triggering, channel  measurement, interference measurement and CSI reporting happen in different subframes.  This makes each processing of one CSI spread over multiple subframes.  For frequency domain, it is based on wideband CSI-RS and the UE needs to measure and feed back wideband CSI.  This requires the UE to measure the frequency resources which even are not consistently scheduled to the UE.  In NR, it should be considered to have self contained design.  It is desirable to have at least one mode to support CSI triggering, channel/interference measurement and CSI reporting in the same subframe.  This enables the flexibility for the network to configure the measurement RS and trigger the CSI component/level according to the need.  In addition to time domain, self-contained resources can be frequency domain resources or beam/port resources.
Considering the above design principles, we have the following proposals:
Proposal 1:  Strive for a unified MIMO framework for sub-6GHz and above-6GHz NR systems.  Multi-component and multi-level CSI feedback framework can be considered.
Proposal 2:  Support self-contained design to have CSI triggering, CSI measurement and CSI reporting in the same subframe.
4. Design Aspects 
Data Transmission
In LTE, many MIMO transmission modes are specified for the evolution of MIMO techniques.  To make the spec neat and to consider forward compatibility, it is preferable to have one unified MIMO transmission to support different MIMO schemes e.g. open/semi-open/closed loop SU-MIMO, MU-MIMO, single point and multiple point transmission.  The same transmission mode can be used for digital/analog/hybrid beamforming to support different frequency bands. 
It can be further studied the maximum number of layers and the layer to codeword mapping. When more number of layers is supported, more than 2 codewords can be considered in a MIMO transmission.   Different layers/codewords can be coming from different TPs.    
Proposal 3:  Strive to use one unified transmission mode for dynamic switching among different MIMO schemes and different beamforming types.
Reference signal

CSI-RS：Multi-level CSI-RS can be considered.  The first level can be for coverage and resource allocation e.g. for level 2 CSI-RS and data.  The second level can be more for UE specific operation e.g. UE specific beam refinement.  It can be considered to have level-2 CSI-RS only transmitted in the allocated resources together with data.  It should be flexible to configure CSI-RS dynamically in time/frequency/port domains.  
DMRS： In LTE, DMRS port allocation is quite flexible and scalable.  We can continue to have such scalable design with more flexibility especially when we consider multi-point transmission.  In LTE, data and demodulation symbol are multiplexed in time and frequency resources.  This limits the demodulation efficiency.  To support on-the-fly decoding, time-domain multiplexing can be considered e.g. in the same symbol.  This reduces the latency of data demodulation and decoding.   DMRS now is fixed in the same location.  More flexible configuration can be considered to adapt to different requirement of granularity.  To support transparency of different beamforming types, we propose the structure of multi-shot DMRS symbols in [6]. 
CSI measurement and feedback
In LTE, there are many configurations of CSI feedback including multiple feedback modes, feedback class, periodic/aperiodic, with/without RI/PMI, different codebook configurations etc.  This makes spec complicated and sometimes confusing.  Some of these configurations are targeted for particular MIMO scheme.  This is partly due to implicit CSI feedback design in which a transmission scheme has to be assumed for CSI derivation.  This approach has certain benefit of making the CSI information matched with the transmission scheme if the same transmission scheme is used in the actual transmission. However, it is often not the case when MIMO technologies evolve. For instance, CSI feedback is based on SU-MIMO transmission but the actual transmission may be MU-MIMO. Therefore, the benefit diminishes if we consider advanced MIMO technologies. In NR system, CSI feedback can be considered to be decoupled from the transmission scheme.  This makes CSI feedback universal and applicable to any future MIMO transmission schemes and ensures better forward compatibility.  Explicit CSI feedback and beam selection/training are the candidates we can consider.   To adapt to different MIMO requirements in the future, flexible configuration on the CSI granularity/resolution should be considered. 
Control channel
In additional to data channel, design of MIMO framework should also consider support of beam based control channel, broadcast channel and synchronization signal.   It would be a challenge to consider coverage and robustness for control channel.  It is harder to semi-statically configure parameters of control channel.  We can consider two types of control channel. The first type is to inform the essential parameters for control channel like PCFICH with more robust MIMO transmission e.g. transmit diversity or using wide beam.  The second type can use narrower beam.  Multi-component and/or multi-layer MIMO can be considered in control channel [7] and each layer can carry different control signalling from different TPs/virtual sectors. 
3. Conclusion

In this contribution, we show our views on aspects of NR(New RAT) MIMO design for sub-6GHz scenarios.  Motivations and challenges are discussed.   Design principles and different design aspects are also discussed.  With our analysis and discussion, we have the following proposals:
Proposal 1:  Strive for a unified MIMO framework for sub-6GHz and above-6GHz NR systems.  Multi-component and multi-level CSI feedback framework can be considered.
Proposal 2:  Support self-contained design to have CSI triggering, CSI measurement and CSI reporting in the same subframe
Proposal 3:  Strive to use one unified transmission mode for dynamic switching among different MIMO schemes and different beamforming types.
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