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1. Introduction

In the RAN#71, a study item on New Radio Access Technology was approved [1]. The SI will study and evaluate key technologies targeted for meeting new 5G requirements under the new scenarios identified in [2]. Since MIMO has been a key component in meeting the system throughput requirements and 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 CSI measurement and feedback for NR MIMO 

2. MIMO Features in the Current LTE Specification
With evolution and standardization of MIMO technologies in LTE, there are a number of CSI feedback related configurations in Release 13, which are listed in Table 1. Most of these configurations and their corresponding features are introduced for the design goal of a specific feature, such as to support certain antenna configuration and specific transmission technique or improve the efficiency of feedback. These MIMO CSI feedback configurations (different reporting types, different feedback modes, PUCCH based periodic CSI feedback and aperiodic CSI feedback) are often assumed to work independently and cannot be easily combined for performance enhancements.  It is desirable to utilize these different configurations jointly to acquire CSI which is more accurate or suitable for the application. Currently LTE triggers different CSI feedback with different CSI processes with varied configurations but it is not efficient and flexible enough to combine the use of multiple CSI feedbacks.
Table 1 Feedback Modes and Types for CSI
	Feedback mode 
	PUSCH Mode 
	3-0,2-0,3-0;  1-1,3-1;  1-2,2-2,3-2;

	
	PUCCH Mode
	1-0,2-0,1-1(submode1 and 2 for dual PMI ),2-1

	CSI-Reporting-Type
	Class A,  Class B K=1, Class B K>1,  no Class

	PMI/RI reporting 
	With RI/PMI,   w/o RI/PMI,   w/o PMI

	RS for CSI Measurement 
	CRS, Non-precoded CSI-RS, Beamformed CSI-RS

	Feedback channel and trigger method
	PUSCH
	aperiodic

	
	PUCCH
	periodic

	Codebook Type
	Single PMI 
	Rel-8 2,4Tx,

	
	
	Rel-13 2,4,8Tx(Class B K=1)

	
	Dual PMI
	Rel-10 8Tx, Rel-12 4Tx 

	
	
	Rel-13 8/12/16Tx (Class A)

	Codebook parameter
	O1, O2 N1 N2,  Config(1,2,3,4), CSR and CSR-1/2/3

	CSI Process 
	No process, Normal process, 'RI-reference CSI process'

	CSI subframe sets
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	Measurement Restriction
	Interference part
	       ON/OFF

	
	Channel part
	       ON/OFF


At the early stage, it is impractical to identify all the requirements and application scenarios for 5G NR MIMO, general designs that can adapt to various situations should be adopted. Therefore, we think the CSI measurement and feedback design of 5G NR should have good support for joint operation and future extension.

Observation 1:  CSI feedback configurations of LTE MIMO is complicated and the support for joint operation of multiple CSIs and future extension is not flexible. 

Proposal 1：CSI measurement and feedback design of NR should have good support for joint operation of multiple CSIs and future extension 
3. Multi-components/levels CSI 
In NR, the design of multi-components and multi-level CSI measurement and feedback can be considered to obtain the final CSI by selecting and merging these component CSIs.

Multi-Components

NR can define some basic CSI components and these components should have good support for joint operation. Some examples are as follows:
The eNB configures multiple component CSIs, different component CSIs corresponds to the channel condition of different rays/virtual sectors/TPs. Based on these component CSIs, the eNB can decide the number of transmission layers and the transmission scheme of each layer flexibly, and each layer can correspond to one or multiple rays/virtual sectors/TPs.

Alternatively, eNB can configures multiple component CSIs, with some of the component CSIs corresponds to base band beams and the others corresponds to RF beams. To achieve the appropriate MIMO beamforming and multiplexing gain, eNB can choose to utilize RF beams, baseband beams or a combination of RF and baseband beams for transmission according to these component CSIs. For MU-MIMO, the network can utilize baseband orthogonal beams or RF orthogonal beams flexibly to distinguish different users.   
Different CSI components can also correspond to different antenna groups. One well known way to group antennas is horizontal antennas and vertical antennas. If the antennas are dual-polarized, the CSIs in horizontal and vertical domains can be combined to form the final CSI. Moreover, horizontal antennas and vertical antennas can be further classified into multiple antenna groups and each of the groups corresponds to a CSI component. According to the CSI feedback of the components, the network can flexibly utilize horizontal beamforming, vertical beamforming or 3D beamforming. To enhance performance, more antenna groups and CSI components can be configured for finer CSI information.

Different CSI components can correspond to the same channel part but have different interference assumption. The network can decide which CSI component reflect the actual channel condition according to scheduling results and utilize to guide MIMO transmission. eNB can also merge multiple CSIs to obtain the CSI for MIMO transmission.
CSI components can also be utilized to support beamformed CSI-RS, with each CSI component corresponds to a precoding matrix. The precoding matrix can be baseband precoding matrix, RF precoding matrix, or a combination of both. If the precoding matrix is set as identity matrix, it can fall back to non-precoded CSI-RS. According to CSI on these beamformed CSI-RS, the network can choose the precoding matrix for transmission. The network can also merge the feedbacks of different CSI components to obtain more accurate CSI. This scheme can support both closed loop transmission and semi open loop transmission. 
There are many other applications of component CSI. The advantage of component CSI is that it can be used to guide MIMO transmission directly or merged to obtain more accurate or more complicated CSI information. The CSI information provided by component CSI can also be merged with the channel information eNB acquires via channel reciprocity. There can also be redundancy in the information from different CSI components. High redundancy can be adopted for better robustness while low redundancy is used to optimized feedback efficiency. The structure of CSI components and how to merge information from different CSI components could be the research topic of NR MIMO.
Multi-component CSI is similar to multiple CSI processes in some cases.   Compared to multiple CSI processes, the design of multi-component should be more flexible to support dynamic configuration of CSI components e.g. in the self-contained structure.  Therefore, it can be seen as there is basically no limitation on the number of CSI components.

Proposal 2：Support multi-component CSI for NR MIMO
Multi-Levels 

CSI component should have good scalability, includes scalability in accuracy and scalability in the dimension of CSI. To further improve the flexibility and scalability, each CSI component should also support multi-level feedback.  The key difference between multi-component and multi-level is that multi-level considers different levels of granularity and the formation of the current level is based on upper level.  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.    Some examples are provided as follows:

The first level CSI feedback can be used for the channel information of wide beams while the second level CSI is used for the channel information of narrow beams. This structure is already supported in LTE but the flexibility is not sufficient. As the number of antenna is expected to increase for NR and the beams also become narrower, more levels can be introduced. For example, beam refining at the time of data transmission is also possible. 
The level can also be determined by the bandwidth. At first, wide-band CSI (first level CSI) is fed back and MIMO transmission can start with it. The second level CSI can be triggered at the frames utilized for data transmission and only reflect the channel on the resource blocks used by the UE.

UE first feeds back CSI corresponding to different beams and directions. The network can select one beam for transmission and multiple beams for non-coherent transmission. The network can trigger the second level of CSI feedback to obtain the combination weights of different beams for coherent transmission.
For explicit feedback, different levels of feedback accuracy and spatial subspace could be introduced. At the first level, only one or two eigenvectors are fed back using medium level accuracy. At subsequent levels, feedbacks can have higher accuracy and higher eigen-subspace dimension for applications such as interference mitigation. Subsequent feedbacks may indicate how to expand the eigen-subspace fed back at the first level to obtain high dimension feature spaces.

The first level feedback can be the average CSI of several possible interference assumptions to provide coarse information to start transmission. The second level CSI may reflect the actual interference condition to guide more efficient transmission.

Proposal 3：Support multi-level CSI for NR MIMO 
An example flow chart of using multi-component and multi-level is plotted in Fig. 1. Considering there are many feasible configurations, a CSI process should be able to set the configurations dynamically at the time of CSI feedback, such as changing the CSI-RS and CSI-IM resources utilized in different frames. The CSI components and levels defined in each Release should have good scalability and could work jointly with those in the previous and following Releases. Subsequent Releases can support new functions and scenarios by introducing new components/levels. 
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                                              Figure 1 Multi-components/levels CSI measurement and feedback
3. Conclusion

In this contribution, we discuss the MIMO support of the current LTE specification.  The concepts of multi-component and multi-level are introduced.   We have the following observations and proposals:
Observation 1:  CSI feedback configurations of LTE MIMO is complicated and the support for joint operation of multiple CSIs and future extension is not flexible. 

Proposal 1：CSI measurement and feedback design of NR should have good support for joint operation of multiple CSIs and future extension
Proposal 2：Support multi-component CSI for NR MIMO 
Proposal 3：Support multi-level CSI for NR MIMO 
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