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1 Introduction

In last 3GPP RAN #71 meeting, the new WID proposal for enhancements on Full-Dimension MIMO (eFD-MIMO) for LTE [2] was approved with the following objectives for CSI feedback enhancements.
· 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
This contribution aims to discuss the hybrid non-precoded and beamformed CSI-RS based FD-MIMO operation and potential specification impact. 

2 Discussion
2.1 Necessity for Hybrid CSI-RS 
In Rel-13, two types of CSI-RS and the associated CSI reporting modes were defined for EB/FD-MIMO: 

· Class A eMIMO-Type: aimed for non-precoded CSI-RS with one CSI-RS resource of 8/12/16 CSI-RS ports
· Class B eMIMO-Type: aimed for beamformed CSI-RS with one or multiple CSI-RS resources and 1/2/4/8 CSI-RS ports in each CSI-RS resource.
For non-precoded CSI-RS, the full MIMO channel can be measured at the UE for CSI reporting. It is expected that the best performance can be achieved via implicit or explicit CSI feedback. However, the full ports CSI-RS may result in excessive utilization of CSI-RS resources when the number of antenna ports is increased. An efficient CSI-RS design is needed in order to fully exploit the benefits of the non-precoded CSI-RS. 
For class B eMIMO-type, the CSI-RS is beamformed either on cell specific level using a grid of beams or on the UE basis. The UE specific CSI-RS beamformer can be determined from uplink channel estimation for TDD system, such as using eigenvectors of the estimated spatial covariance from uplink SRS. For FDD in which the channel reciprocity is not available, the beamforming weights have to rely on UE feedback. An approach is to use the beamformed DRS to assist the eNB to determine the beamformer for the CSI-RS [2]. In other words, a two-step process is utilized. A UE firstly measures multiple beamformed DRS and repots a DRS index which indicates a DRS resource with the largest CSI-RSRP. Then eNB transmits the CSI-RS which is beamformed based on the DRS index feedback. However, the DRS based approach has some limitations. It incurs a delay of at least 40ms and also additional overhead for DRS transmission. The power based beam selection may not be accurate due to lack of consideration of interference. The maximum number of the reported DRS resources is 3 which is not sufficient for robust beam selection. 
Hybrid CSI-RS based scheme which utilizes both non-precoded and beamformed CSI-RS could be a promising technique to improve FD-MIMO performance. CSI reporting associated with the hybrid CSI-RS operation is performed in the following two stages.
· 1st stage: UE reports CSI measured on non-precoded CSI-RS. In response to reported CSI, eNB may adapt the beamformer for the UE specific beamformed CSI-RS.
· 2nd stage: UE measures beamformed CSI-RS and reports the short-term CSI including RI, CQI and/or PMI.
It can be seen that hybrid CSI-RS operation has the potential to reduce the CSI-RS overhead since the non-precoded CSI-RS can be transmitted at a lower rate if only the long-term/wideband PMI is required for 1st stage feedback. Although the beamformed CSI-RS is UE specifically configured to each UE, dynamic resource sharing among multiple UEs via TDM and FDM is possible by proper configuration, such as measurement restriction. As long as the number of active UEs is not too much, the total overhead associated with hybrid CSI-RS approach can be smaller than the non-precoded scheme.
However, it is noted also that the coverage of the non-precoded CSI-RS is smaller than that of the beamformed CSI-RS, which may degrade the performance for full MIMO channel measurement, so this needs to be further investigated.
Observation 1: Hybrid CSI-RS based FD-MIMO is one promising technique with potential capability to reduce CSI-RS overhead and improve FD-MIMO performance. 
2.2 Potential enhancements for Hybrid CSI-RS 
Hybrid CSI-RS may operate with either (1) multiple CSI processes; or (2) single CSI process.
When multiple CSI processes are used, eNB configures two CSI processes for UE, and acquires long-term CSI from one CSI process associated with the non-precoded CSI-RS, and short-term CSI from the other CSI process associated with the beamformed CSI-RS. The dependency between two CSI processes is not necessarily configured to UE. The adaptation of the CSI-RS beamforming in the CSI process with the beamformed CSI-RS can be implementation specific and transparent to UE. The benefit of this approach is to reuse the existing CSI reporting including W1/W2 codebook of class A and class B as much as possible. 
This approach may involve large CSI feedback overhead, and therefore one potential enhancement to allow UE not to report the W2 components and CQI for the non-precoded CSI-RS. This can be supported by introducing additional high layer signalling to indicate whether W2/CQI is included in a CSI report for class A with non-precoded CSI-RS.
One CSI process configured with both non-precoded CSI-RS resource and beamformed CSI-RS resource is another alternative for the hybrid CSI-RS operation as proposed in [3]. In this case, the existing CSI reporting designed for stand-alone non-precoded CSI-RS may be modified a bit for hybrid CSI-RS operation. For example, W1 report can be replaced with the CSI derived from the non-precoded CSI-RS resource and W2/CQI reports are based on the beamformed CSI-RS resource. 
Compared to Alt. 1 of two CSI processes based approach, Alt. 2, e.g., the single CSI process approach, does not require to report the W2/CQI based on the non-precoded CSI-RS. The same benefit can be achieved for Alt. 1 if additional signalling is used to indicate whether to report W2/CQI as discussed in the above. 

Another potential benefit for Alt. 2 is that both W1/W2 associated with different types of CSI-RS will be jointly reported in the same subframe for aperiodic PUSCH report when following the legacy CSI reporting for the standard alone non-preocoded CSI-RS. However, this benefit is not so meaningful considering W1 changed less frequently.

Therefore, as we see there is no fundamental difference between Alt. 1 and Alt. 2 except that the related specification impact could be different. The adoption of Alt. 1 or Alt. 2 shall be based on the overall specification efforts.  
In [3] it was also proposed to introduce a channel direction information (CDI) for W1 report associated with the non-precoded CSI-RS. The CDI report may indicate a set of orthogonal or quasi-orthogonal precoding vectors which can also be DFT vectors. The difference between the CDI and PMI is that the CDI is rank independent while PMI is dependent on a rank. Currently, the benefit to have a CDI report is not clear. If CDI is to be supported, the related specification efforts can be very high. For hybrid CSI-RS operation, it is preferable to reuse the existing W1/W2 codebook as much as possible. 
Proposal 1: Consider the following two alternative approaches for enhancing hybrid CSI-RS operation:

· Alt. 1: Two CSI processes are configured: one is configured with Class A with non-precoded CSI-RS and the other is Class B with beamformed CSI-RS

· Alt. 2: One CSI process with two configured CSI-RS resources: one for non-preocded CSI-RS resource and the other for the beamformed CSI-RS resource

Proposal 2: W1 reports for the non-precoded CSI-RS for hybrid CSI-RS operation shall reuse Class A W1 codebook as much as possible.
3
Conclusion

In this contribution, we discuss the hybrid CSI-RS operation for FD-MIMO and examine potential enhancements. We have the following observations and proposals:

Observation 1: Hybrid CSI-RS based FD-MIMO is one promising technique with potential capability to reduce CSI-RS overhead and improve FD-MIMO performance. 
Proposal 1: Consider the following two alternative approaches for enhancing hybrid CSI-RS operation:

· Alt. 1: Two CSI processes are configured: one is configured with Class A with non-precoded CSI-RS and the other is Class B with beamformed CSI-RS

· Alt. 2: One CSI process with two configured CSI-RS resources: one for non-preocded CSI-RS resource and the other for the beamformed CSI-RS resource

Proposal 2: W1 reports for the non-precoded CSI-RS for hybrid CSI-RS operation shall reuse Class A W1 codebook as much as possible.
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