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1. Introduction
The work item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was approved in the 3GPP RAN#68 meeting [1]. In this contribution, the measurement resources and CSI process definition are discussed.
2. Enhancement of CSI Process Definition
2.1. CSI process definition before R13
CSI process definition was introduced in TM10 to support CoMP transmission. A UE in TM10 can be configured with one or more CSI processes per serving cell by higher layers. Each CSI process is associated with a NZP CSI-RS resource and a CSI-IM resource. The NZP CSI-RS is used for channel measurement, and the CSI-IM is used for interference measurement.
2.2. CSI process enhancement for non-precoded CSI-RS-based schemes
For non-precoded CSI-RS-based schemes, one of the objectives of EB/FD-MIMO WI is to specify enhancements on CSI reporting for support of {8,12,16} CSI-RS ports and associated necessary channel state information, using full-port mapping [1]. There are different arrangements for 2D antenna arrays with {12,16} CSI-RS ports. Take the 16 CSI-RS ports for example, the arrangements of the 2D antenna arrays can be {8H1V,4H2V,2H4V,1H8V}. A simple way to support the different arrangements is to use the combination of current 2/4/8 ports CSI-RS resources instead of designing new 12/16 ports CSI-RS pattern. This could be achieved by configuring multiple NZP CSI-RS resources in a single CSI process and each of them has 2/4/8 CSI-RS ports. One example is shown in figure 1, for 16 CSI-RS ports of 8H1V or 4H2V, two NZP CSI-RS resources can be used and each of them has 8 CSI-RS ports. For 16 CSI-RS ports of 2H4V, four NZP CSI-RS resources can be used and each of them has 4 CSI-RS ports. For 16 CSI-RS ports of 1H8V, eight NZP CSI-RS resources can be used and each of them has 2 CSI-RS ports. The current specification can be easily extended to support this mechanism. For each NZP CSI-RS resources in a single CSI process, the current 2/4/8 codebooks can be reused and needs no enhancements. The elevation precoder can be selected according to the phase difference among different NZP CSI-RS resources in a single CSI process.
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Figure 1. Multiple NZP CSI-RS resources in a single CSI process for different arrangements of 2D antenna arrays with 16 CSI-RS ports
Proposal 1: For non-precoded CSI-RS-based schemes, configuring multiple NZP CSI-RS resource in a single CSI process could be considered.
· Number of CSI-RS ports in each NZP CSI-RS is according to number of horizontal TXRU, and number of NZP CSI-RS is according to number of vertical TXRU.

2.3. CSI process enhancement for beamformed CSI-RS-based schemes

2.3.1. Cell-specific beamformed CSI-RS
For cell specefic beamformed CSI-RS-based schemes, UE needs to measure one or multiple beamformed CSI-RS resources. This would be achieved by configuring multiple NZP CSI-RS resouces or multiple CSI processes, and each NZP CSI-RS resouce or each CSI process corresponds to a narrow beam. 
· If multiple NZP CSI-RS resources are configured in a single CSI process for a UE, UE performs measurement and selects one beamformed CSI-RS resources first. Then UE performs measurement to derive the CSI including RI, PMI and CQI for the selected NZP CSI-RS resource. In this case, UE needs to report the NZP CSI-RS resource index and corresponding CSI information. 
· If multiple CSI processes are configured for a UE and each with only one NZP CSI-RS resource, UE performs measurement and selects one CSI process first. Then UE performs measurement to derive the CSI including RI, PMI and CQI for the selected NZP CSI-RS resource. In this case, UE needs to report the CSI process index and corresponding CSI information. 
Proposal 2: For cell-specific beamformed CSI-RS-based schemes, configuring multiple NZP CSI-RS resource in a single CSI process or configuring multiple CSI processes could be considered. CQI/PMI/RI reporting would be based on only one NZP CSI-RS resource (or only one CSI process). 
2.3.2. UE-specific beamformed CSI-RS
It is possible to configure multiple CSI-RS resources for UE-specific beamformed CSI-RS, where each CSI-RS resource corresponds to a slightly different spatial direction. However, concerning that CSI-RS overhead is proportional to number of UEs in this case, the number of NZP CSI-RS resource per UE should be limited. In our opinion, one NZP CSI-RS resource per UE is sufficient; if sharp CSI-RS beam may be concerned, solutions can be found in our companion paper [3]
In addition, EB/FD MIMO using 2-dimensional antenna array is able to direct the signals to a specific UE to increase the energy received by the UE. This capability can be utilized to seperate the signals for different UEs when MU-MIMO is used. However, MU-MIMO transmission is implemented based on CSI provided by UE assuming SU-MIMO transmission in the previous LTE releases. As a result, eNB has to recalculate RI/PMI/CQI taking in to account the co-scheduled interference. In order to fully utilize the benefits of EB/FD-MIMO, it is important to enhance the interference measurement and CSI feedback for MU-MIMO in the specification. For non-precoded CSI-RS-based schemes, a number of approaches for MU-MIMO have been disscussed in the past LTE releases, e.g., define MU-CSI reports computed under MU hypothsis. It is also a good staring point for beamformed CSI-RS-based schemes. Enhancements on CSI-IM may be needed to take into account the co-scheduled interference, e.g., the beamformed CSI-RS configured for a UE can be informed to another UE to measure co-scheduled interference under some MU hypothesis.
Proposal 3: In order to fully utilize the benefits of EB/FD-MIMO, enhancements on CSI-IM may be needed to take into account the co-scheduled interference for UE-specific beamformed CSI-RS-based schemes.
3. Conclusion
In this contribution, the CSI process definition and enhancements are discussed. We propose:

Proposal 1: For non-precoded CSI-RS-based schemes, configuring multiple NZP CSI-RS resource in a single CSI process could be considered.
· Number of CSI-RS ports in each NZP CSI-RS is according to number of horizontal TXRU, and number of NZP CSI-RS is according to number of vertical TXRU.
Proposal 2: For cell-specific beamformed CSI-RS-based schemes, configuring multiple NZP CSI-RS resource in a single CSI process or configuring multiple CSI processes could be considered. CQI/PMI/RI reporting would be based on only one NZP CSI-RS resource (or only one CSI process). 
Proposal 3: In order to fully utilize the benefits of EB/FD-MIMO, enhancements on CSI-IM may be needed to take into account the co-scheduled interference for UE-specific beamformed CSI-RS-based schemes.
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