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1. Introduction
A New Radio Access Technology (NR) is currently under standardization by 3GPP [1], which is envisioned to operate in frequencies up to 100 GHz to serve a broad range of application, e.g. enhanced mobile broadband (eMBB), massive/critical machine type communication (mMTC), and ultra-reliable and low latency communication (URLLC). One important component of NR is the channel state information (CSI) measurement and feedback, which can enable UE to determine the preferred digital and/or analog beam weight, select the appropriate modulation and coding scheme (MCS), and the number of transmission layers. In this contribution, we provide our views in the CSI feedback framework that should be supported by NR.

2. CSI for beamformed and non-precoded CSI-RS
In the LTE system, two types of CSI feedback modes are supported based on the measurement of the beamformed or non precoded CSI-RS. In the first mode CSI feedback is calculated based on the measurements obtained on CSI-RS transmitted with narrow beam forming, where the beam forming weights on CSI-RS are transparent to UE. Due to beamforming applied on CSI-RS, the number of measured antenna ports of the beamformed CSI-RS resource is typically limited, e.g. to at most eight antenna ports. On the other hand, the CSI feedback mode based on non-precoded CSI-RS is obtained based on CSI-RS transmitted without beam forming or with sector wide beam.  As the result the maximum number of antenna ports for non-precoded CSI-RS resource is typically large comparing to beamformed CSI-RS resource. 
In the beam formed CSI-RS mode, the beam forming gain is provided for CSI-RS, which can enable UE to more accurately estimate the channel due to improved SINR on CSI-RS. In the high frequency band, e.g. above 6GHz, the severe path-loss becomes a crucial limitation to guarantee the sufficient coverage. Under these scenarios, the reliable non-precoded CSI-RS transmission without beam forming may be challenging comparing to beamformed CSI-RS transmission. As a result, from the perspective of unified CSI feedback the beam formed CSI-RS feedback mode is more preferable. At the same time the CSI feedback mode based on non-precoded CSI-RS offers several advantages comparing to CSI feedback mode based on beamformed CSI-RS. More specifically, due to full channel knowledge at the UE, the high-granularity CSI feedback can be provided by the UE without increasing CSI-RS overhead. Hence CSI feedback based on non-precoded CSI-RS may be considered for NR specification for non-coverage limited scenarios.

Proposal 1:
· Beamformed CSI-RS based CSI feedback mode should be supported in NR 
· The non-precoded CSI-RS based CSI feedback mode can be additionally considered to support non coverage limited NR deployments.

3. Codebook design considerations for CSI feedback
In the NR system, the antenna panel architecture is introduced to support analog beamforming with acceptable RF complexity.  The multiple panels deployed at the TRP side can be utilized for the data transmission to one UE. Depending on the beamforming selection on the antenna panels different MIMO transmission schemes can be realized. For example transmission with higher rank can be used to improve the peak data rate of the UE and may require different beam selection on the TRP antenna panels. The high gain / narrow beam transmission can be provided for coverage limited UEs by using the same analog beamforming and joint precoding across TRP antenna panels.  Considering various beamforming options for antenna panels, the beamforming on CSI-RS antenna ports as well as the codebook structure should be carefully designed to support all MIMO transmission schemes in the NR system. 
In NR system with multiple beams, CSI feedback should support beam selection. For beamformed CSI-RS the beam selection can be realized by assigning different beamforming for the CSI-RS antenna ports within CSI-RS resource. In this case one or multiple selected beams can be reported by the UE through the beam selection codebook indicating the selected CSI-RS port indexes by using PMI report. In this approach, the beam selection codebook can be further extended to support joint precoding across the selected beams (or CSI-RS antenna ports). For example Kronecker product based codebook can be used on the beam selection entries of the PMI to perform 2D precoding across the selected beams. In this case a single codebook can be used to support high rank transmission without joint precoding across beams or high gain transmission with joint precoding across the beams. The actual subset of the codebook entries that should be used can be configured by the TRP depending on the beam configuration and selected transmission scheme 
It should be noted that support of CSI with beam selection and non-coherent precoding may be also beneficial to support some NR scenarios. More specifically, depending on implementation multiple antenna panels at the TRP may not bet coherent to support joint precoding discussed above. In addition the panels can be deployed at the different TRPs to perform coordinated multi-point transmission to the UE. To support these scenarios, the codebook can be further enhanced to support independent beam selection on multiple CSI-RS antenna ports. 
In some scenarios CSI-RS antenna ports spacing within CSI-RS resource can be non-uniform that may require special consideration in the precoding vectors design. For example, the codebook with dual co-phasing structure can be considered to support two stage joint precoding across CSI-RS antenna ports of one spacing and across CSI-RS antenna port groups with another antenna spacing.
The codebook structure may also support beam patterns with different beam width. For example the narrow beam PMIs may be required for low rank transmission to provide sufficient beamforming gain, while the need of supporting wide beam PMIs arises in the scenarios with higher rank transmission (e.g. 3-4 layers) to increase probability of the higher transmission rank selection without significant loss. The use of widen beam may be also preferable in high mobility scenario for more robust selection of the precoding at the.  
Proposal 2: 
· Codebook for CSI feedback should be designed to support different MIMO transmission schemes such as high rank transmission, beam selection, beam diversity, coherent and non-coherent joint transmission from multiple beams / transmission points, transmission with beam broadening.
4. Beamforming configuration on CSI-RS
  TRP and UE beams are paired and typically orientated to the same channel clusters. Beside beamforming corresponding to the dominant channel cluster, as illustrated in the Figure 1, other candidate beam pairs pointing to another channel cluster directions also needs to be measured. Along with the time going on, the link quality of the candidate beam pair may become better due to UE movement/rotation, surrounding environment change, or blockage.  In this case, TRP and UE should support fast and synchronous beam switching by adopting the candidate beam pair as new transmission beams. To facilitate fast link adaptation on the new selected beam pairs the CSI feedback should be provided on CSI-RS corresponding to candidate beam pairs. In this case the UE beams for CSI-RS reception should be aligned with the TRP beam applied on CSI-RS for transmission. Furthermore, at one given time, only one specific UE beam can be generated for one panel, so the CSI-RS resource corresponding to different beams should be measured at different OFDM symbols.

 
Figure 1: Example of transmission and candidate beam pairs for CSI-RS transmission
Proposal 3: 
· UE beamforming can be applied to conduct the channel measurements based on beamformed CSI-RS
· NR should support CSI feedback corresponding to more than one beam pair
5. Summary
   In this contribution, the framework of CSI feedback is discussed, including:
Proposal 1:
· Beamformed CSI-RS based CSI feedback mode should be supported in NR 
· The non-precoded CSI-RS based CSI feedback mode can be additionally considered to support non coverage limited NR deployments

Proposal 2: 
· Codebook for CSI feedback should be designed to support different MIMO transmission schemes such as high rank transmission, beam selection, beam diversity, coherent and non-coherent joint transmission from multiple beams / transmission points, transmission with beam broadening
Proposal 3: 
· UE beamforming can be applied to conduct the channel measurements based on beamformed CSI-RS
· NR should support CSI feedback corresponding to more than one beam pair
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