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Discussion and Decision
1
Introduction
In LTE system, DL MIMO has been evolving in each release, however, due to system design constraint and backward compatibility, each release just has small enhancement on top of previous specifications. Hence, in NR system, it is possible to have one unified MIMO mode design to be adapted to different use cases and requirements from the beginning. Also, this MIMO mode should be scalable in term of different frequency band [1].  
The motivation to design one transmission mode is to simplify the system design and increase the flexibility to fit for different application scenarios. Since NR system shall meet the requirement of diverse use cases and scenarios, one unified and scalable MIMO mode is necessary. In this contribution, the requirement and motivation are presented, meanwhile, detailed description about this MIMO mode is also given.  
2
Motivation and requirement to simplify MIMO design 
The LTE operation is based on transmission schemes and transmission modes. The basic building blocks are formed by transmission schemes, while the LTE transmission modes were the next level of construction in terms of defining UE procedures. In DL MIMO transmission schemes, the main ingredients contain the way in which UE feedback is utilized (open/closed loop), it differentiated the type of feedback as well in terms of used codebook. The way in which interference is computed is not part as such of the transmission scheme, but can be seen as another important component. Different transmission schemes/modes, require RAN4 testing, hence adding another layer of complexity. 

As shown in the figure 1, there are 10 DL MIMO transmission modes from LTE Rel-8 to Rel-11. Each MIMO mode has special identity with unique property. The drawback of this kind of design is to just have incremental optimization for each evolution, not defining one clear and overall vision for MIMO transmission from the beginning. If one new unified MIMO mode can carry the expectation to overcome defects of legacy design, it will be promising and desired. Release 13 FD-MIMO has taken a somehow different path, where the introduction of a new transmission modes (apparently needed) has been avoided by reutilizing existing transmission modes with the reinterpretation of the existing DCI formats by higher layer signalling. This is one potential solution in NR could consider in order to simplify the design of the DL signalling as well in conjunction with simplified transmission schemes/modes. 
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                          Figure-1 MIMO mode evolving for NR
There can be several reasons for designing one unified DL MIMO framework:
· Avoid transmission mode handover for different scenarios and broaden technical applicability   
· Reduce standardization efforts, simplify UE behaviours and related test cases
· Provide performance benefits over legacy transmission mode

Proposal 1: A single unified MIMO mode could be considered in 5G new radio interface.
3
Unified MIMO mode    
Following the section 2 discussion, this unified MIMO mode at least should cover the following characteristics:

· Closed loop and open loop MIMO operation
· SU-MIMO and MU-MIMO operation
· Single cell/Transmission point MIMO and multi-cell/transmission points MIMO 
In addition to transmission scheme support, CSI feedback, reference signal utilization, interference measurement and DCI structure should be targeting one complete and consistent design.  
In order to fulfil the design target, several key components within this unified mode are proposed, including unified CSI feedback, reference signal utilization and DCI structure. In the following paragraphs, the detailed description are presented. 
3.1 Unified CSI feedback 
In legacy LTE system, different transmission mode is corresponding to different CSI feedback mode. This caused a fixed mapping between feedback modes and transmission mode. In the NR MIMO operation, it is desired to enforce more flexibilities, for example, the transmission mode could operate with multiple feedback mode/hypotheses corresponding to different transmission schemes. According to BS indication, UE will be aware of the specific transmission scheme and related CSI feedback mode. The benefit of this new configuration mode is to allow BS to apply suitable transmission scheme and CSI feedback mode without transmission mode switching. Within one transmission mode, UE is possibly selecting and indicating suitable transmission scheme and certain feedback mode based on channel status by assistance, and meanwhile, BS may configure appropriate operation based on the traffic and interference conditions, and UE indication as well. Each feedback mode could be corresponding to one CQI hypothesis and one CSI feedback accuracy. It is possible to have multi-granularity feedback schemes. In order to simplify the design, different feedback instances will share same feedback framework and one single feedback type, either explicit feedback, or implicit feedback. In order to provide clear gain over legacy MIMO transmission, advanced and high resolution CSI quantization scheme may be considered. In the accompanied contribution [2], some performance evaluation has been investigated.
In case of unified CSI design, it calls for one unified feedback framework, not limited to one single feedback format. For open-loop transmission, it requires robust CQI feedback and rough channel information acquisition. But for close-loop transmission, it will be highly relying on feedback accuracy to channel information. SU-MIMO and MU-MIMO operation will share more commonality for CSI feedback, however, if with justified gain, new enhancement for MU-MIMO can be considered. Furthermore, single cell CSI feedback and multiple cell CSI feedback mode should be leveraged. One simple implementation is to configure one or multiple hypotheses to address one or multiple cells/transmission points. 
According to above analysis, key points for CSI feedback should cover: 
· One unified CSI feedback framework with configurable CSI feedback mode

· Decouple the transmission schemes from the transmission mode

3.2 Reference signal and interference measurement  

Within this new transmission mode, it is better to utilize UE specific DMRS as demodulation reference signal. DMRS will enable BS to apply different precoding operation transparent to the UE. It will be beneficial to support flexible transmission scheme utilization within one unified MIMO mode. With DMRS, it is possible to let UE only be aware of rank indication without additional identification to real transmission scheme. From UE point of view, it will simplify the receiver complexity.  

For CSI measurement, zero-power CSI-RS and non-zero power CSI-RS should be adopted to facilitate CSI feedback to be adapted to different transmission scheme. Hence, for channel information measurement and interference measurement, then one single processing mode is feasible. When beam selection technique is used, then beam specific RS would be necessary to provide early feedback for beam association. In TDD system, SRS is another component which is likely to complement the CSI availability at the BS side. Therefore, for reference signal and interference measurement, the key point should be emphasized for this unified MIMO mode:
· DMRS for data demodulation no matter which transmission scheme is used 

· One single interference measurement procedure for all transmission schemes  
3.3 DCI structure  

For downlink control indicator, it is meaningful to design one single DCI format to support all kinds of transmission schemes. Then it becomes simple to differentiate between different operating modes inside one DCI. In order to support different transmission schemes, the DCI content should at least comprise of rank, antenna port, codeword, resource assignment and etc. It may exist redundancy for some transmission schemes, so further optimization could be considered. As specified in legacy LTE system, there is one fall back transmission mode associated with each transmission mode. Fall back mode is intended to support robustness transmission, normally with single layer transmission. Hence, in this fall back mode, some indication content can be omitted, and then one lower overhead DCI will be used. Actually in small packet transmission, even in the signalling information transmission, normally rank 1 transmission and performance reliability is firstly considered. Then one large DCI to support various transmission scheme and one small DCI to support small packet and fall back mode would be desired from system flexibility prospective. 
Proposal 2: In order to support the unified MIMO mode, the following components should be supported:

· A unified CSI feedback framework with configurable CSI feedback mode

· Decouple the transmission schemes from the transmission mode

· DMRS for data demodulation no matter which transmission scheme is used 

· A single interference measurement procedure for all transmission schemes  

· Configure one large payload DCI and a small payload DCI to fit different use cases
4
Conclusion
In this contribution, the motivation and requirement of optimizing the DL transmission mode have been analysed, and provide the concrete design framework for one new unified MIMO transmission mode. The following proposals are suggested for 5G new radio interference design:
Proposal 1: A single unified MIMO mode could be considered in 5G new radio interface.
Proposal 2: In order to support the unified MIMO mode, the following components should be supported:

· A unified CSI feedback framework with configurable CSI feedback mode

· Decouple the transmission schemes from the transmission mode

· DMRS for data demodulation no matter which transmission schemes is used 
· A single interference measurement procedure for all transmission schemes  

· Configure one large payload DCI and a small payload DCI to fit for different use case 
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