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1. Introduction
In 3GPP RAN Plenary #71, a novel work item is approved to further enhance FD-MIMO for LTE [1]. In the WID, one of the objectives is to support CSI reporting mechanism that jointly utilizes different types of CSI-RS types:
· Extend specification support for CSI reporting in the following areas [RAN1]
· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D
· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded
In this contribution, we analyse the potential benefit of jointly utilizing different CSI-RS types and propose the direction for further standardization.
2. General Observations and proposals
In R13 FD-MIMO, different CSI-RS types are designed and associated with different types of CSI processes. Class A CSI process supports 16 ports at the maximum and is typically broadcasted over the whole cell. For UE configure with Class A process, it would report according to the novel R13 codebook. For Class B (K>1) configuration, K differently (but cell specifically) beamformed CSI-RS resources are broadcasted and the UE selects the favourite beam and reports the CRI. For Class B (K=1), it is common understanding that beams are constructed UE specifically. The beam would be much finer compared to Class B (K>1). UE would report the selected fine beam with PMI2.
With R13 FD-MIMO specification, it is already possible for jointly utilizing different types of CSI-RS. For example, UE could be configured with Class A and Class B (K=1) processes at the same time. The PMI report in Class A process implies the beam that the UE prefers. But the beamwidth is wider and the gain is less than the optimum beam the antenna array is able to construct. However, the eNodeB could take advantage of the Class A PMI report and construct the much finer UE specific beams in Class B (K=1). Joint utilization at this level makes sense that UE-specifically beamformed Class B (K=1) CSI-RS provides more gain but is sensitive to channel variation, while Class A is the “complementary part” that makes the system work.
Considering the extra amount of standardization work to define novel type of CSI process that contains both non-beamformed CSI-RS and beamformed CSI-RS(cell specific or UE specific), we are more inclined to define novel UE behaviour with current three types of CSI process.   Joint utilization of different CSI process types would lead to joint utilization of different CSI processes. However, the currently possible joint utilization is still limited in the sense that the CSI could only be reported based on the assumptions made within the same process. For example, UE could only report CQI/PMI based on the CRI reported within the same process for Class B (K>1) and CQI is calculated based on the fine beam selected within the same Class B (K=1) process. If different CSI-RS types are configured, the potential advantage of joint utilization would not be exploited to its full extent if the above limit remains the same. 
Thus we have the following observation: 
Observation 1: The main limit that hampers fully joint utilization of different CSI processes is the correlation assumption (within the same process) when calculating CRI, PMI and CQI.
3. CSI-RS Configuration and Reporting Mechanisms for Joint Utilization
The main benefit of jointly utilizing different types of CSI-RS is to complement each other from the perspective of gains and robustness. Generally, wider beams mean robustness and finer beams lead to higher gain. Joint utilization should provide smooth trade-off between these two aspects. Schemes specified should follow this line. 
Non beamformed CSI-RS are broadcasted over the whole cell. The reported PMI within Class A CSI process reflects the wide beam that the UE prefers. The reported beam could be used as the reference for UE-specific beam construction. In this procedure, the accuracy of UE specific beam is mainly limited by the reported PMI. In reality, there is some gap between the reported PMI and the real channel. The gap is due to the following factors: 
· Limited UCI bits
· Compound channel with beams from different directions
· Delay between measured instance and CSI-RS instance
· Low SINR when UE at the cell edge
If the eNodeB directly uses the reported PMI, then the above factors would influence the constructed UE-specific beams and the reported CSI would be impaired. 
The reported PMI could be used instead as a reference and multiple Class B (K=1) processes could be configured at the same time. Although there might be 4 beams configured within one Class B (K=1) process for R13 FD-MIMO, it might not be enough when the beam is meant to provide the largest beamforming gain for large antenna array. Thus it is useful to provide the possibility that multiple CSI-RS processes are combined for the UE to measure and the gains of the each UE-specific beams are maximized. This provides more possibilities for smooth trade-off between robustness and gains mentioned above.



Fig. 1 UEs configured with multiple UE specific CSI-RS, 
jointly utilize the different CSI-RS to report CSI
For the combined CSI-RS processes to work, it is necessary for the UE to be able to make use of resources within all configured CSI-RS processes and report the measured results in multiple processes. But the current CSI report mechanism only allows CSI calculation within the same process. Thus novel CSI-RS configuration and reporting mechanisms should be designed. 
The following scheme is an example. The non beamformed CSI-RS (Class A) could be linked with multiple UE-specific CSI-RS (Class B, K=1) through RRC configuration. The UE needs to report which UE specific CSI-RS process or processes are preferred and within each process which micro-beam is selected. Based on the measurement on all the resources linked together, preferred UE-specific CSI-RS process is reported in the Class A process while selected micro beam is reported in each Class A process. CQI is also feed-backed on Class A assuming transmission on all the selected micro beams in the preferred Class B process.
Proposal 1: For joint utilization of different CSI-RS types, CSI calculation assumption and the corresponding CSI process configuration should be revisited based on proposed schemes.
4. Conclusions
Observations:
Observation 1: The main limit that hampers fully joint utilization of different CSI processes is the correlation assumption (within the same process) when calculating CRI, PMI and CQI.
Proposals:
Proposal 1: For joint utilization of different CSI-RS types, CSI calculation assumption and the corresponding CSI process configuration should be revisited based on proposed schemes.
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