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Introduction
At the RAN1 #81 meeting, the SI on elevation beamforming and full-dimension (FD) MIMO for LTE was successfully completed [1]. Several specification based enhancement are identified for enabling high system performance with 3D MIMO.  At the RAN #68 meeting, the WI, elevation beamforming/full-dimension (FD) MIMO for LTE, has been approved with the objective shown as follows [2].· Specify enhancements on reference signal in the following areas [RAN1]
· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· Beamformed CSI-RS
· SRS capacity improvement
· Support for SRS transmission with 4TX antennas as a second priority
· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
· Specify enhancements on CSI reporting in the following areas [RAN1]
· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 
· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports
· Specify higher layer support of enhancements listed above [RAN2]
· Specify the necessary UE (if any) core requirements [RAN4]

One of the fundamental topics is to design beamformed CSI-RS based 3D MIMO transmission. In this contribution, we discuss beamformed CSI-RS based enhancement for elevation beamforming and FD-MIMO.
Use Case for Beamformed CSI-RS
In the 3D MIMO SI, beamformed CSI-RS based schemes were intensively discussed together with the non-precoded and hybrid CSI-RS based schemes. It was concluded that the best choice between different precoding schemes may depend on factors including the number of TXRUs. In Table A, we show some system-level simulation results, which are extracted from the 3D MIMO TR [1]. The table shows that non-precoded CSI-RS based scheme tends to achieve better performance for smaller number of TXRUs. On the other hand, the trend is reversed for larger number of TXRUs, since CSI-RS overhead increases proportional to the number of APs for non-precoded CSI-RS based scheme. Hence, enhanced scheme such as UE-specific BF CSI-RS should be studied for systems with a large number of TXRUs. Followings and Fig. 1 show an example operation for the beamformed CSI-RS based scheme.
· Step 1: eNB transmits multiple BF CSI-RSs to cover entire cell (cell-specific BF CSI-RSs)
· Step 2: UE selects a preferred beam and feeds back as a beam index (BI)
· Step 3: eNB transmits CSI-RS beamformed by the selected beam (UE-specific BF CSI-RS)
· Step 4: UE feeds back CSI, i.e., RI, PMI and CQI, which is derived based on the UE-specific BF CSI-RS
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Figure 1: Example of beamformed CSI-RS based scheme
In order to reduce the CSI-RS overhead, cell-specific BF CSI-RSs can be transmitted with low duty cycle. In addition, UE-specific BF CSI-RS can be transmitted only towards selected beam direction. Here, for TDD systems, 1st and 2nd steps can be omitted and replaced by channel reciprocity based CSI acquisition.
As presented above, beamformed CSI-RS based scheme should be optimized for the systems with larger number of TXRUs and the system design should be flexible in order to easily support different TXRU numbers. More specifically, system should support various numbers of cell-specific BF CSI-RSs. This numbers can be small, e.g., 4 or 8, for Rel. 13 but it may further increase, e.g., to one hundred, in the future system.
Specification Impact for Beamformed CSI-RS Based Scheme
· Cell-specific beamformed CSI-RSs and beam selection
In this part, beam selection is conducted based on a set of cell-specific CSI-RSs. Firstly, it is necessary that a UE is informed of a set of cell-specific CSI-RSs used for beam selection. As presented in our companion contribution [3], these CSI-RSs can be configured with the same manner as that for non-precoded CSI-RS. Specifically, a UE is configured with multiple CSI-RS configurations and assumes each of them is an individual BF CSI-RS. In addition, mechanism for beam index feedback should be also designed. Considering that BI can be used for long-term channel tracking, it can be fed back long-term and wideband.
Proposal 1: Mechanism to configure a set of cell-specific CSI-RS should be introduced.
· This can be configured by multiple CSI-RS configurations.
Proposal 2: Long-term and wideband beam index (BI) feedback should be introduced.
· UE-specific beamformed CSI-RSs and CSI feedback
This operation can be mainly realized by Rel. 12 aperiodic CSI reporting mechanism. Fig. 3 and 4 show example model and operation for UE-specific BF CSI-RS. In the model, we assume two active UEs (UE A and B) and they select beams 2 and 4, respectively.
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Figure 3: Example model for UE-specific beamformed CSI-RS
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Figure 4: Example operation for UE-specific beamformed CSI-RS
As shown in Fig. 4, both UEs are configured with the same CSI-RS configuration with the transmission period of 5 ms, i.e., two UEs share same CSI-RS resource. In subframe #0, eNB transmits UE-specific BF CSI-RS toward UE A together with corresponding CSI request for UE A. Similarly, in subframe #5, eNB transmits UE-specific BF CSI-RS toward UE B together with corresponding CSI request for UE B. In this example, precoder may change in different subframes. For instance, applied precoders may be different as they are intended for different UEs. As another case, applied precoders may change even for the same UE due to the channel variation or UE mobility. Hence, for UE-specific BF CSI-RS, averaging CSI measurements across different subframes should be disabled for some case. Followings are candidate solutions for resolving the CSI averaging issues.
· Alt. 1: CSI averaging across subframes is disabled, i.e., a UE always performs CSI measurement with single subframe.
· Alt. 2: UE assumption for the CSI averaging window is dynamically signaled via DCI.
· Alt. 3: CSI averaging window is pre-defined, e.g., every 100 ms.
Proposal 3: Disabling of CSI averaging across subframes is introduced for UE-specific BF CSI-RS with the following alternatives.
· Alt. 1: CSI averaging across subframes is disabled, i.e., a UE always performs CSI measurement with single subframe.
· Alt. 2: UE assumption for the CSI averaging window is dynamically signaled via DCI.
· Alt. 3: CSI averaging window is pre-defined, e.g., every 100 ms.
Summary
[bookmark: _GoBack]In this contribution, we discuss the beamformed CSI-RS design for elevation beamforming and FD-MIMO. Based on the discussion, we made the following proposals.
Proposal 1: Mechanism to configure a set of cell-specific CSI-RS should be introduced.
· This can be configured by multiple CSI-RS configurations.
Proposal 2: Long-term and wideband beam index (BI) feedback should be introduced.
Proposal 3: Disabling of CSI averaging across subframes is introduced for UE-specific BF CSI-RS with the following alternatives.
· Alt. 1: CSI averaging across subframes is disabled, i.e., a UE always performs CSI measurement with single subframe.
· Alt. 2: UE assumption for the CSI averaging window is dynamically signaled via DCI.
· Alt. 3: CSI averaging window is pre-defined, e.g., every 100 ms.
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Appendix
[bookmark: _Ref394499956]Table A: System-level performance for non-precoded and beamformed CSI-RS based schemes
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3D-UMi 2GHz

(ISD = 200 m)

Non-precoded (NP) CSI-RS Beamformed (BF) CSI-RS

RU 20 RU 50 RU 70 RU 20 RU 50 RU 70

(8, 4, 2, 16) Mean 5.0 10.5 10.3 0.8 2.3 3.2

5 % 11.2 25.8 40.2 3.2 12.0 16.0

(8, 4, 2, 32) Mean 4.0 7.4 12.3 -0.1 2.9 6.8

5 % 12.2 34.6 49.1 7.6 20.1 22.2

(8, 4, 2, 64) Mean -0.2 3.7 2.9 2.6 10.0 3.3

5 % 10.0 17.1 23.5 10.2 10.5 24.9

3D-UMa 2GHz

(ISD = 500 m)

NP CSI-RS BF CSI-RS

RU 20 RU 50 RU 70 RU 20 RU 50 RU 70

(8, 4, 2, 16) Mean 4.8 12.1 18.3 2.2 6.2 8.4

5 % 8.6 22.6 25.0 12.2 15.2 14.7

(8, 4, 2, 32) Mean 1.9 12.5 9.1 0.5 2.4 2.5

5 % 4.4 24.3 32.0 1.5 4.3 4.4

(8, 4, 2, 64) Mean -0.6 0.2 3.6 3.3 19.1 32.7

5 % -1.2 -0.3 5.8 -34.5 22.9 55.5
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