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In the RAN Plenary #68 meeting, the WI of elevation beamforming/full-dimension (FD) MIMO for LTE has been approved [1] [2]. Specifying enhancements on CSI report including extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports is one of the objectives of this WI. In this contribution we discuss our views on CSI-RS measurement and report for elevation beamforming and FD-MIMO. 
 Some issues when considering the CSI reporting
The study results of Elevation Beamforming/Full-Dimension (FD) MIMO for LTE SI have been summarized in TR36.897 [3].  
From TR36.897, we know there are three main types of the CSI-RS enhancements for FDD: first the beamformed CSI-RS-based schemes, second the non-precoded CSI-RS-based schemes and third the hybrid beamformed CSI-RS and non-precoded CSI-RS enhancements. Some specific schemes have been further studied in the SI stage for each type of the CSI-RS enhancements.
We will not compare the pros and cons of those enhancement schemes, but we want to point out that the tradeoff between the overhead and the transmission performance is an issue that needs to be taken into account when considering the CSI-RS enhancements. The important thing is first to strive to improve the performance without or with a small increase in the overhead.
Proposal 1: CSI-RS enhancements that improve performance without or with a small increase in overhead should be first considered.
It can be intuitively understood that the transmission performance, e.g., the throughput, can be improved by using FD-MIMO. However, not all UEs need to further improve their transmission performance. For example, some UEs that are very near to the eNB may be able to achieve sufficient performance even using legacy 1D antenna array CSI process.
Observation 1: Legacy 1D antenna array CSI process may be enough for some UEs to achieve sufficient performance. 
Furthermore, legacy UEs may be not able to deal with the FD-MIMO CSI processes, which of course depends on the results of this WI. Thus, the compatibility with legacy UEs should be taken into account as well when considering the CSI-RS enhancements.
Observation 2: Legacy UEs may be not able to deal with the CSI-RS enhancements for FD-MIMO and thus the compatibility is an issue. 
Two-step CSI reporting
Based on the discussion in Section 2, we propose two-steps CSI reporting scheme for consideration. The following section describes the scheme. 
As discussed in the above section 2, the legacy 1D antenna array should be considered as part of the design. Hence, the legacy CSI process standardized for 1D antenna array can be used as the 1st step for the CSI measurement and report. That is, the eNB first transmits the legacy 1D antenna array CSI-RS; and the UE measures the channel and sends a feedback to the eNB consists of the CSI (PMI, CQI, RI) based on the measurements. Then based on the UE reported CSI, the eNB decides the MCS and starts to transmit data.
In the 1st step CSI measurement and report, since only legacy CSI process is used, no additional overhead will be introduced and also the legacy UEs can work normally.
The 2nd step CSI measurement and report is carried out only for some specifically selected UEs. In the 2nd step, the eNB transmits the 2D AAS beamformed UE-specific CSI-RS to the selected UEs.
First, the eNB selects UEs according to some pre-defined criteria. The UEs are selected from the set of UEs which are capable of 2D AAS CSI-RS process (indicated by RRC UE capability information exchange), or/and UEs which request higher throughput data transmission. The pre-defined criteria can be either UE-related transmission performance criteria (e.g., expected throughput) or cell-related performance criteria (e.g., cell traffic status) or both of them.
Then, the eNB requests an aperiodic CSI report from the selected UEs and transmits the 2D AAS beamformed UE-specific CSI-RS to the selected UEs based on the CSI report obtained in the 1st step.
In response to the 2D AAS beamformed UE-specific CSI-RS, the selected UEs measure the channel again and report a new CSI to the eNB. Based on the new CSI report, the eNB decides a new MCS (including necessary precoding) and transmits the data with the new MCS.
In the 2nd step CSI reporting, since the 2D AAS beamformed UE-specific CSI-RS is used, which usually results in higher resolution measurement result, a transmission performance improvement is achieved in the statistical sense. The benefits of the two-step CSI enhancement are summarized as follows:
- Legacy UEs can work normally, i.e., compatible with legacy UE.
- No additional overhead will be introduced for UEs that do not need 2D AAS CSI-RS.
- Required transmission performance can be expected with small increase in overhead, i.e., realize the best tradeoff between the performance and the overhead.
Proposal 2: Two-step CSI reporting should be considered to achieve the best tradeoff between the performance and the overhead, and realize the compatibility with legacy UEs.
Conclusions
In this contribution, we discussed our consideration on CSI measurement and report for Elevation Beamforming/FD-MIMO. Based on the discussion, we have the following observations and proposals:
Observation 1: Legacy 1D antenna array CSI process may be enough for some UEs to achieve sufficient performance.
Observation 2: legacy UEs may be not able to deal with the CSI-RS enhancements for FD-MIMO and thus the compatibility is an issue.
Proposal 1: CSI-RS enhancements that improve performance without or with a small increase in overhead should be first considered.
Proposal 2: Two-step CSI reporting should be considered to achieve the best tradeoff between the performance and the overhead, and realize the compatibility with legacy UEs.
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