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1 Introduction
In RAN#65, the study item of elevation beamforming and FD-MIMO for LTE was approved [1]. Compared with conventional MIMO schemes, the introduction of 2D antenna array makes it possible to fully exploit the degrees of freedom in the elevation dimension and enable eNB to adapt the beam pattern individually for UE in vertical direction.  Using a 2D antenna array, the elevation domain can be exploited either via some standard enhancements or in a standard-transparent manner.  The study item consists of two phases:

· Phase 1: Identify antenna configurations and evaluation scenarios, and evaluate the performance of Rel-12 downlink MIMO using 3D channel model with realistic non-full buffer traffic model.
· Phase 2: Study enhancements and assess the performance benefit of enhancements to the standard. Develop design principles for the identified techniques and identify potential specification impact.
Potential enhancements in Phase 2 including

· Defining additional measurement antenna ports up to 64 at maximum.

· Reference signal design enhancements (including SRS, CSI-RS, and DMRS).

· Enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).

· Enhancement of channel reciprocity based operation.

· Enhancement on diversity transmission scheme. 

· Control signalling enhancement for SU/MU-MIMO (including support of higher dimensional MU-MIMO).

· Support in the standards for eNB antenna calibration.

In this contribution, we discuss some potential CSI-RS and feedback enhancements for more than 8 TXRUs.
2 Potential enhancement of CSI measurement and feedback
It is noted that the standard transparent schemes may not fully utilize the benefits of the 2D antenna array and larger number of TXRUs.  In general, it is desired that the CSI enhancement shall not increase UE processing complexity drastically.  The overhead increase for both DL and UL shall be also acceptable.  It is also preferable that the enhancement shall be extendable to different number of TXRUs of 16, 32 or 64 and thus a scalable design framework shall be considered.  
Proposal 1: The CSI feedback enhancement shall be scalable and extendable to different number of TXRUs.

In this section, we discuss several potential enhancement of CSI measurement and feedback targeting 2D antenna arrays.  
2.1 CSI feedback based on per TXRU CSI-RS
One straightforward enhancement of CSI feedback to support 2D antenna arrays is to extend the number of CSI-RS ports and defining a new codebook for each TXRU array.  The UE can estimate the channel between each CSI-RS port (or each TXRU) and select a precoding matrix from the codebook.  

Two alternatives can be considered for the new codebook design. The first option is to design new codebooks for different number of antenna ports of 16, 32 or 64, which would require lots of specification work. Not to mention that this approach may lead to prohibitive overhead in UL feedback and increase the UE complexity drastically.  Since the codebook size needs to be increased significantly as the number of antenna ports getting large.  

Considering there is no change on azimuth dimension if the number of horizontal antenna ports is not increased to more than 8, the existing Rel-12 codebook can be reused for azimuth dimension and only vertical codebook needs to be defined.  The vertical precoding matrix and horizontal precoding matrix can be combined by using Kronecker product, e.g. the precoding vector for the rth layer can be constructed as follows:

wr = wV, r ⊗ wH, r 
For the new vertical codebook it shall be investigated whether the existing codebook can be reused.  If enhancement is needed one possibility is to consider the DFT-based codebook.  Since the channel characteristics is different in the vertical and horizontal domains different quantization methods may be considered also.  The impact of TXRU virtualization needs to be studied.  Since the TXRU virtualization is an implementation issue, the new vertical codebook shall not depend on any specific TXRU virtualization.  A unified vertical codebook design framework shall be considered to support various TXRU configurations.  The total codebook size shall not increase too much so that it is still possible to feedback CSI via PUCCH.

Proposal 2: The new PMI codebook design can leverage the existing codebook by using Kronecker precoding.

Proposal 3: The new PMI codebook shall not depend on any specific TXRU virtualization.
2.2 CSI feedback based on precoded CSI-RS with existing codebooks
Another potential solution for CSI enhancement is to transmit multiple precoded CSI-RS groups.  Each CSI-RS group contains up to 8 CSI-RS ports.  Each UE can be configured with at least one CSI-RS group for CSI feedback.  Within a CSI-RS group, the CSI-RS ports shall have a linear array structure.  So UE can reuse Rel-12 codebooks to feedback PMI of each group.  But due to the limitation on CSI-RS configuration defined in Rel-12, the number of configured CSI-RS groups may not be enough to provide sufficient coverage in some scenarios.  Some specification changes are needed.  On the other hand, the CSI-RS precoding can also be done in a semi-static manner based on the network loading and UE distribution.  This allows better coverage and can also improve the performance.  To enable semi-static CSI-RS precoding, some signaling need to be defined.

 Proposal 4: Consider using static or semi-static precoded CSI-RS with existing codebooks for CSI feedback to support group-specific elevation beamforming.
2.3 CSI feedback based on precoded CSI-RS with new codebooks
If existing codebooks are used with precoded CSI-RSs, the elevation beamforming is performed at a group level.  Compared to group-specific elevation beamforming, UE-specific elevation beamforming may provide extra performance benefits.  The CSI feedback based on per TXRU CSI-RS can provide the best UE-specific elevation beamforming performance for a given codebook. However, the UE complexity for CSI measurement and feedback may be prohibitive. As a performance-complexity tradeoff, the CSI feedback can based on a precoded CSI-RS group with up to 16 ports with a 2D structure.  With such feedback, the beamforming in elevation can be implemented in two-stages. The first stage is a group-specific coarse beamforming and the second stage is an intra-group UE-specific fine beamforming.
Proposal 5: Consider using static or semi-static precoded CSI-RS with 16 port codebooks for CSI feedback to support UE-specific elevation beamforming.
3 Performance evaluation

To evaluate the performance benefit of CSI feedback enhancement discussed in Section 2, system-level evaluation has been performed.  We have simulated the first two schemes for 64 TXRUs virtualized from an (8, 4, 2) cross-polarization 2D antenna element array. For scheme 2.1, we use 8 DFT beams to construct vertical PMI codebook.  Four DFT beams are used for CSI-RS precoding for scheme 2.2. In both schemes, horizontal PMI codebook is based on Rel-12 8Tx codebook. Single CSI feedback is assumed for both schemes. For scheme 2.2, UE is configured with one precoded CSI-RS group for CSI reporting. The selection of CSI-RS group is based on long-term received signal power of the CSI-RS ports. Full buffer traffic model is used. Other simulation assumptions follow the Phase 1 evaluation assumption.  The simulation results are summarized in Table 1. 
Table 1  Performance benefits with CSI feedback enhancement in 3D-UMi, 200m ISD, 2GHz
	Schemes
	5%-tile UE throughput gain
	50%-tile UE throughput gain

	Baseline (84°/96°)
	100%
	100%

	Scheme 2.2 of 4 precoded CSI-RS groups 
	139%
	114%

	Scheme 2.1 of 64 CSI-RS with DFT vertical codebook
	168%
	126%


Observation:
· Compared to baseline, both Schemes 2.1 and 2.2 provide significant gain at both cell-edge and cell-center.

· Compared to per TXRU CSI-RS with DFT vertical codebook, scheme 2.2 of groups-specific precoded CSI-RS with existing codebook leads to performance loss due to lack of UE-specific elevation beamforming.
· Considering UE complexity for CSI measurement, precoded CSI-RS could be a promising enhancement of CSI feedback.

4 Conclusions
In summary, we discuss some potential CSI-RS and feedback enhancements targeting 2D antenna arrays and study their performance.  We have following proposals.
Proposal 1: The CSI feedback enhancement shall be scalable and extendable to different number of TXRUs.
Proposal 2: The new PMI codebook design can leverage the existing codebook by using Kronecker precoding.

Proposal 3: The new PMI codebook shall not depend on any specific TXRU virtualization.

Proposal 4: Consider using static or semi-static precoded CSI-RS with existing codebooks for CSI feedback to support group-specific elevation beamforming.
Proposal 5: Consider using static or semi-static precoded CSI-RS with 16 port codebooks for CSI feedback to support UE-specific elevation beamforming.
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