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1. Introduction
In RAN1#85, RAN1 achieves the following agreement of CSI acquisition for the study and design on NR multi-antenna schemes [1]:
· In NR multi-antenna schemes, studies on RS design and CSI acquisition considering following use cases
· Non-UE-specific RS use case for CSI measurement 
· UE-specific RS use case for CSI measurement 
· Note: functionally may be analogous e.g.: to R13/14 UE-specific beamformed CSI-RS (with dynamic beamforming)
· Note: maybe relevant to UE receiving beam sweeping
· Use of a joint operation among multiple RS from the same or different use cases 
· RS for interference measurement use cases
· RS for channel reciprocity use cases
· Other use cases is not precluded
In [2], we give a high-level description on the design concepts of multi-level and multi-component CSI acquisition for NR MIMO. In this contribution, we discuss the detailed design on beam selection and CSI feedback.
2. Multi-level and multi-component structure for beam selection and CSI acquisition 
Overall structure
For NR MIMO, hybrid beamforming, which combines digital baseband beamforming and analog RF beamforming, is a potential technology considering different aspects including performance, cost, overhead and flexibility [3]. The general structure of hybrid beamforming is depicted in Fig. 1.


Fig. 1 Hybrid beamforming
As shown in Fig. 1, digital beamforming FBB maps data streams to ports, and analog beamforming FRF maps the signal in each port to antenna elements. To acquire the best beamforming, BS and UE need to perform hybrid beam selection.  Due to the constraint that the same analog beam is applied to each TXRU in a panel  across the entire bandwidth, multiple OFDM symbols are required to switch analog beams in each panel. Moreover, as digital beams can be configured flexibly in the frequency domain, multiple sub-bands are required for sub-band CSI acquisition. Hence the RS should be configured in multiple time/frequency resources to acquire accurate 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 CSI
NR can define some basic CSI components and these components should have good support for joint operation. The BS configures multiple component CSIs, different component CSIs corresponds to the channel condition of different rays/virtual sectors/TPs. Based on these component CSIs, the BS 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, BS 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, BS can choose to utilize RF beams, baseband beams or a combination of RF and baseband beams for transmission according to these component CSIs. 
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. 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. BS can also merge multiple CSIs to obtain the CSI for MIMO transmission.  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 BS 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. 
Note that 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.
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 CSI
Multi-level can refer to different levels of beam granularity, frequency granularity, etc. In details, for the case that multi-level refers to different level of CSI granularity, the following three-level structure is recommended:
Level 1: Coarse beam selection 
Due to the high path loss and penetration loss of the HF channel, beam selection should be performed starting from initial access. In our companion contribution [4], the beam selection design for initial access is discussed and analyzed. After initial access, BS has acquired coarse beam information for the UE, which can be regarded as the first level CSI. 
Level 2: Beam refinement
The second level CSI is beam refinement. Specifically, BS and UE perform finer beam selection based on the results of the coarse beam information. 
Level 3: Further CSI acquisition
After the UE feeds back the fine beam information, BS configure reference signals for further CSI, such as channel quality, channel matrix, channel rank and so on, which can be seen as the third-level CSI.  Depending on the use cases, this level may also refer to further beam refinement/tracking.
The multi-level structure increases the efficiency of beam selection. In the level-1 coarse beam selection and level-2 beam refinement, the total number of beams to be selected can be decreased compared with the one level beam selection to achieve the same fine beam. The beam selection efficiency is critical in NR since the beam selection procedure costs multiple resources as analyzed above. Furthermore, we discuss the detailed design of the beam selection procedure and level-3 CSI acquisition in the next sub-section. 
Proposal 1：Support multi-level and multi-component CSI for NR MIMO.

Multi-level CSI acquisition
Based on the illustration above, the first and send level CSI focuses on the acquisition of hybrid beams with multi-level granularity. On the other hand, the third level CSI acquisition deals with how the beam information is utilized to obtain further CSI. If the third level CSI and the beam information are jointly optimized, the overall CSI acquisition will be robust, accurate and efficient. Hence the key problem is how the beam acquisition cooperates with further CSI acquisition in NR MIMO.
One simple approach to cooperate the beam acquisition and further CSI acquisition is Class B K>1 in LTE Rel-13. K CSI-RS resources are configured by the network and measured by the UE. Then UE feeds back the selected CRI and the corresponding PMI/CQI/RI. This approach is simple by performing beam information feedback and further CSI feedback in the same stage. However, it is not flexible enough since the number of CSI ports for each resource is determined by the network and the UE only feeds back one resource. Another approach is the hybrid CSI-RS approach discussed in LTE Rel-14 currently. For hybrid CSI-RS with Class B K>1 and Class B K=1, CRI is reported in the first stage, and further PMI/CQI/RI is reported in the second stage. In this approach, only the best beam is reported in the first stage, so the network cannot acquire the full knowledge of UE’s beam information. Hence the performance of the joint optimization of this two-stage CSI feedback is constrained. 
We propose a method for joint optimization of beam acquisition and further CSI acquisition in Fig. 2. It follows the steps as shown in Fig. 2:
· BS configures multiple resources for RS to acquire beam information firstly. 
· Then UE feeds back one or more beams based on the measurement of multiple beams. 
· After collecting the beam information from multiple UEs, the BS configures the RS for further CSI flexibly. The configuration of the RS for further CSI can be associated with the feedback, and the BS also has the flexibility to adjust. 
· Then the configured RS is sent for further CSI. 
· Moreover, after the BS has already got the beam information of different UEs, it can perform user scheduling and MU pairing based on the beam information. As a matter of fact, in this way, beam information is used to increase the MU performance, whereas further CSI is used to optimize the performance for each user.


Fig. 2 Joint optimization of beam acquisition and further CSI acquisition
Proposal 2: NR should support joint optimization of beam acquisition and further CSI acquisition in the multi-level CSI framework. 



[bookmark: _GoBack]Rx beamforming
In NR, UE may also need to perform Rx beamforming aiming at further improving the receive SINR. Hence the beam selection procedure should also support Rx beam selection. This can be accomplished by BS’s repeated RS transmission with the same Tx beam. Then the final results of the beam selection include Tx-Rx beam pairs. Fig. 3 shows an example about the results of Rx beamforming. As we can observe, Tx beam 1,2,3,5,8 and 9 are the best five Tx beams, and Rx beam 1, 3 and 5 are the best three Rx beams. Moreover, Rx beam 1 is the best Rx beam for Tx beam 1, 2 and 3, Rx beam 3 is the best beam for Tx beam 5, and Rx beam 5 is the best Rx beam for Tx beam 8 and 9.


Fig. 3 Beam grouping based on Rx beamforming
After UE feeds back the best Tx beams after beam selection, the BS can configure the beams used in the further CSI acquisition and data transmission flexibly. However, different Tx beams may correspond to different Rx beams and the UE has to determine the Rx beam before data reception. Hence to achieve better performance, the UE receive beamforming cannot be perfectly transparent anymore. One efficient approach is to use the beam grouping feedback. Specifically, the selected Tx beams are classified into several groups, and the Tx beams in each beam group correspond the same Rx beam. UE also feeds back the beam group information with the Tx beam information. The grouping information gives BS more knowledge on the correlation among different beams, which is beneficial for data multiplexing or diversity transmission. Moreover, when the BS transmits RS or data with the selected Tx beam, BS needs to indicate the UE which Tx beam group is used. Since the number of Tx beams is typically larger than the number of Rx beams, the feedback overhead and signaling overhead for the beam group information is expected to be lower compared to the Tx beam information. Therefore beam grouping feedback is an efficient approach to support UE beamforming.
Proposal 3: NR should study beam grouping feedback to support Rx beamforming.

Enable DMRS for CSI measurement and feedback
In current LTE, DMRS is only used for data demodulation. If DMRS can be employed to measure and report CSI, the accuracy and latency of the CSI acquisition is improved since the DMRS-based CSI reflects the channel condition in data transmission directly. The DMRS-based CSI can be regarded as the fourth-level CSI as a complement to the multi-level CSI mentioned above. Due to the high accuracy and low latency, the DMRS-based CSI can be used for link monitoring and fast transmission scheme adjustment. DMRS can be used for CSI refinement. One simple example is to support DMRS-based CQI refinement so that the network can obtain the quality of the link rapidly.  In addition to CSI feedback, the network often uses HARQ feedback for MCS refinement.  As described in [5], Outer Loop Link Adaptation (OLLA) can be extended to the enhanced scheme called soft HARQ where HARQ ACK/NACK is jointly coded with CSI.  Soft HARQ feedback indicates how much room it has to increase the MCS or power when ACK is fed back.  Similarly, it indicates how much more power it needs to reach the target BLER when NACK is fed back.   The network then can determine the granted MCS based on CSI feedback and soft HARQ feedback. With soft HARQ feedback, self-contained feedback can be considered.  
Moreover, in order to evaluate the signal receive quality of multiple potential beams or combination of multiple beams[6]  used currently, DMRS can be transmitted with these beams. UE measures the channel and feeds back the best one or more beams based on DMRS. By doing this, the network can adjust not only MCS but also beam refinement with very low latency.
Propose 4: NR should study enabling DMRS for CSI measurement and feedback.
3. Conclusions
In this contribution, we discuss the detailed design of the feedback schemes for the multi-level and multi-component CSI. Based on the discussion, we have the following proposal.
Proposal 1：Support multi-level and multi-component CSI for NR MIMO.
Proposal 2: NR should support joint optimization of beam acquisition and further CSI acquisition in the multi-level CSI framework.
Proposal 3: NR should study beam grouping feedback to support Rx beamforming.
Propose 4: NR should study enabling DMRS for CSI measurement and feedback.
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