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1. Introduction
The study item on elevation beamforming and FD-MIMO was approved in RAN#65[1]. In phase 2, the performance benefits of potential standard enhancement for FD-MIMO shall be evaluated. In RAN1#80 meeting, potential enhancements on CSI-RS and CSI feedback were discussed with the following agreements:
Agreements:
· “High level categories” (sections for the TR) agreed in principle: 
· Potential CSI-RS and feedback enhancements
· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

In our contribution [2], the performance of FD-MIMO implemented by beamformed CSI-RS was evaluated for different number of TXRUs. It can be found that significant gain can be achieved from beamformed CSI-RS based scheme compared to Phase 1 MIMO. In this contribution, potential standard enhancement required to acquire the performance gain of this scheme is discussed.
2. Discussion

With beamformed CSI-RS, the vertical beamforming is transparent to UEs and the CSI feedback mechanism in Rel-12 can be mostly reused. In this section, the potential standard enhancement for CSI-RS beamforming is discussed considering different CSI feedback mechanisms.
2.1. Enhancement to beam selection
For CSI-RS beamforming, eNB should first determine the candidate beams used in a cell and then select the beam(s) for each UE. It would be better if a UE locates in the main lobe of the configured beam. To achieve this, certain information is needed at eNB. Generally, two methods can be used to acquire the information for the beam selection in eNB.

Reciprocity based beam selection

If channel reciprocity (short-term or long-term) is available, the UL CSI can be exploited for DL beam selection. In our contribution [3], the performance of channel reciprocity based vertical beam selection is provided. In TDD system, this mechanism can achieve most gain of CSI-RS beamforming if SRS resources are sufficient, while in FDD, there is some performance loss if the frequency separation is large (e.g. 200MHz at 2GHz carrier frequency). To ensure the performance of CSI-RS beamforming based FD-MIMO, two aspects should be further considered:
· SRS capacity enhancement to ensure the channel reciprocity
· UE feedback based beam selection to ensure the performance when reciprocity is unreliable
The latter aspect is more necessary when channel reciprocity is unavailable. Furthermore, reciprocity based scheme requires antenna calibration at eNB. If the antennas are not calibrated to enough accuracy, UE feedback based beam selection schemes shall be used.
RSRP based beam selection
RSRP report from UEs can also be exploited to select the beams for UEs. UE can report the RSRP measured on each configured beamformed CSI-RS to reflect the beamforming gain, and eNB can select the beams with best RSRP. To reuse the measurement in Rel-12, multiple non-zero power CSI-RS resources can be configured as discovery signal for RSRP measurement without any standard impact. Since the UE capability on DRS based RSRP measurement is limited in Rel-12, to select the beams in a larger range (e.g. 8 candidate beams), the RSRP measurement mechanism may be extended to support measurement on more beams. Accuracy of RSRP measurement has major impact on system performance. It should be studied whether current accuracy of discovery signal measurement is sufficient to support beam selection. If significant performance degradation is observed due to inaccuracy of RSRP measurement, further improvement should be considered.
2.2. Enhancement on CSI feedback
With reciprocity or RSRP based beam selection, eNB can select one beam for each UE and then configure one beamformed CSI-RS for UE to report CSI. However, the beam updating of a UE needs the reconfiguration of the CSI-RS resource.. To avoid frequent reconfiguration, CSI feedback based on multiple beamformed CSI-RS can be adopted, and then the beam can be flexibly updated and the reconfiguration interval can be further increased.
eNB can configure multiple CSI-RS resources which are beamformed by different vertical beams with multiple CSI-processes. Each CSI-process is associated with a CSI-RS resource. UE would measure and report the CSI for each CSI-process and then eNB can select the corresponding beam with best CSI, e.g. best CQI. In TM10, 3 CSI-processes can be configured to support selection from 3 candidate beams. This method can provide best flexibility for vertical precoding in eNB, and needs no specification effort if the number of configured beams is not larger than 3. For example, eNB can exploit the reported multiple CSI to perform UE matching to restrict the interference among multiplexing UEs, and the vertical beam for data can update in each feedback period. However, it would significantly increase the feedback overhead as well as the UE complexity to measure the CSI for multiple processes, which is not desirable for CSI feedback.
To overcome the drawbacks of the above method, the vertical beam can be selected by UEs based on multiple CSI-RS resources. That is, UE could only report the CSI corresponding to the beam with largest vertical beamforming gain. To reduce the complexity, the selection of the CSI-process to be reported can be also based on RSRP measurement mentioned above, and UE only measures the CSI on the CSI-RS resource with largest RSRP. For eNB to perform vertical beamforming, the index of the CSI-process (CSI-RS resource) corresponding to the reported CSI should also be reported to eNB. This method only slightly increases the UE complexity and feedback overhead and allows fast beam update in eNB. A new feedback mechanism should be standardized for UE to report only one of multiple configured CSI-processes and corresponding index. To further increase the flexibility of CSI feedback and ensure backward compatibility, the number of CSI-processes UE would report among all the configured CSI-processes can be configured by eNB. Then eNB can control UEs to report one or multiple CSI corresponding to different beams. 
Proposal: The following potential enhancement should be studied for beamformed CSI-RS based FD-MIMO:
· SRS capacity enhancement.
· Enhancement on UE capability and accuracy of DRS based RSRP measurement.
· Introduction of new feedback mechanism for UE to report information of the selected beam(s) and corresponding CSI.
3. Conclusion

In this contribution, we discussed potential standardization enhancement for CSI-RS beamforming to support UE feedback based beam selection and reciprocity based beam selection. To fully achieve the gain of CSI-RS beamforming especially in scenarios without channel reciprocity, some standard enhancement should be considered in Rel-13. Our proposal is:
Proposal: The following potential enhancement should be studied for beamformed CSI-RS based FD-MIMO:
· SRS capacity enhancement.
· Enhancement on UE capability and accuracy of DRS based RSRP measurement.
· Introduction of new feedback mechanism for UE to report information of the selected beam(s) and corresponding CSI.
4. References

[1] RP-141644, “New SID Proposal: Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”, Samsung, Nokia Networks, Edinburgh, Scotland, 9th – 12th September 2014

[2] R1-150118, “Evaluation of beamformed CSI-RS with 16 - 64 TXRU”, CATT, Athens, Greece, 9th – 13th February 2015

[3] R1-151365, “Beam selection for CSI-RS beamforming”, CATT, Belgrade, Serbia, 20th - 24th April 2015
