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1. Introduction

In RAN#71 meeting, the WID for eFD-MIMO [1] has been approved with objectives shown in the following:
	· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 

· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 

· 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

· Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas [RAN1]
· Necessary CSI reporting scheme, including with and without PMI; and/or

· Necessary open-loop transmission scheme


In this contribution, we discuss hybrid CSI-RS based enhancements which can be classified into joint utilization between non-precoded CSI-RS and beamformed CSI-RS, as well as joint utilization between different types of beamformed CSI-RS.

2. Joint utilization between NP and BF CSI-RS 
One type of hybrid CSI-RS based schemes is joint utilization between NP CSI-RS (Class A) and BF CSI-RS (Class B). Note this can already be utilizable by configuring two Rel-13 CSI processes, one with Class A, and the other with Class B. Specifically, the first CSI process with Class A can be configured with a NP CSI-RS resource which has relatively larger periodicity, and the second CSI process with Class B can be configured with a BF CSI-RS resource which has a short periodicity. UE’s CSI feedback is performed independently per CSI process, but eNB may utilize the reported PMI from the first CSI process to be used for beamforming coefficients applied to the BF CSI-RS in the second CSI process.
In Rel-14 eFD-MIMO, it needs to be discussed how to further optimize this well-understood hybrid operation using two CSI processes into one unified CSI process for more efficient CSI reporting, in consideration that the actually needed CSI feedback component from the first CSI process would be PMI information, not CQI, because CQI reporting from the second CSI process is actually the relevant CQI in a short term level of CSI for link adaptation.
One possible design of the unified CSI process for hybrid CSI-RS based operation is that it consists of at least two CSI-RS resources, e.g., NP CSI-RS1 and BF CSI-RS2 with MR-ON, where W1 reporting is performed based on NP CSI-RS1, and RI/W2/CQI reporting is performed based on BF CSI-RS2. Aperiodic CSI reporting for the unified CSI process can be performed based on the latest measurements on CSI-RS1 and CSI-RS2, meaning W1 derived from the latest NP CSI-RS1 may not be reflected yet to BF CSI-RS2, but the reported W1 can be utilized for determining next BF coefficients to be applied on BF CSI-RS2 by eNB implementation.
For periodic CSI reporting, one full report can still consist of 3 reporting instances, but W1 derived from NP CSI-RS1 may need to be reported in the first instance. Here, CSI derivation from NP CSI-RS1 can be interpreted as always rank-1 restricted, since the needed information here is the preferable beam direction information. The second and third reporting instances can correspond to RI reporting and W2/CQI reporting, respectively, derived from BF CSI-RS2. Note the periodicity of W1 reporting can be an integer multiple of RI reporting periodicity. For subband reporting mode, a similar reporting order of the necessary CSI types can be defined. If legacy mode 2-1 is to be reused, only the W1 reports are derived from NP CSI-RS1 and the rest of CSI reporting types are derived from BF CSI-RS2. In this periodic CSI reporting chain, reporting intervals between W1 and other CSI need to be guaranteed to be sufficiently separated in its configuration such that eNB can utilize the latest reported W1 to be applied on BF CSI-RS2 transmission.
Proposal 1: One unified CSI process for joint utilization between NP and BF CSI-RS can be designed for efficient CSI reporting with reduced feedback overhead. 

3. Joint utilization between different types of BF CSI-RS 

Another type of hybrid CSI-RS based schemes is joint utilization between different types of BF CSI-RS (Class B). Note this can already be utilizable by configuring two Rel-13 CSI processes, one with Class B K>1 with low duty cycle, and the other with Class B with K=1 UE-specific BF CSI-RS and MR-ON. Specifically, the first CSI process with Class B and K>1 can be configured with K BF CSI-RS resources which have relatively larger periodicity, and the second CSI process with Class B K=1 can be configured with a BF CSI-RS resource which has a short periodicity. UE’s CSI feedback is performed independently per CSI process, but eNB may utilize the reported PMI and the corresponding CRI from the first CSI process to be used for beamforming coefficients applied to the BF CSI-RS in the second CSI process.

In Rel-14 eFD-MIMO, it needs to be discussed how to further optimize this hybrid operation using two CSI processes into one unified CSI process for more efficient CSI reporting, in consideration that the actually needed CSI feedback component from the first CSI process would be PMI and corresponding CRI information, not CQI, because CQI reporting from the second CSI process is actually the relevant CQI in a short term level of CSI for link adaptation.

One possible design of the unified CSI process for the hybrid BF CSI-RS based operation is that it consists of K+1 BF CSI-RS resources, where UE’s CSI feedback is based on a default CSI-RS resource, and CRI reporting is based on the remaining K CSI-RS resources. Aperiodic CSI reporting for the unified CSI process can be performed based on the latest measurements on the K+1 BF CSI-RS resources, meaning applied beam direction corresponding to the reported CRI from the K CSI-RSs may not be reflected yet to the default BF CSI-RS, but the reported CRI information can be utilized for determining next beam coefficients to be applied on the default CSI-RS by eNB implementation.

For periodic CSI reporting, only the CRI reporting from the K CSI-RSs can be added on a separate reporting instance or jointly on an existing RI reporting based on the configured periodic CSI feedback chain for the default BF CSI-RS.
Proposal 2: The unified CSI process can also be configurable to be used for joint utilization between different types of BF CSI-RS including a default BF CSI-RS resource used for legacy CSI feedback.

4. Conclusion
In this contribution, we discussed hybrid CSI-RS based enhancements for eFD-MIMO. The proposals based on the discussion are given below:
Proposal 1: One unified CSI process for joint utilization between NP and BF CSI-RS can be designed for efficient CSI reporting with reduced feedback overhead. 

Proposal 2: The unified CSI process can also be configurable to be used for joint utilization between different types of BF CSI-RS including a default BF CSI-RS resource used for legacy CSI feedback.
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