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1. Introduction
It is well-known that beamforming technology can improve the signal to interference plus noise ratio (SINR) by concentrating the transmission energy to the user of interest and minimizing the interference leakage to the others. Beamforming is employed by multiuser multiple-input multiple-output (MU-MIMO) antenna systems in LTE, and increases not only the received signal quality but also the number of users served simultaneously. As the number of antennas increases, these two advantages are magnified. In [1], a LTE Rel-13 study item is approved for elevation beamforming and full-dimension MIMO. In this contribution, we give our high level views on schemes that may achieve the potential system throughput gain inherent to a large antenna array (such as a two dimension antenna array) with many electronically adjustable antenna transceiver units (TXRU).
2 Elevation Beamforming/FD-MIMO
In conventional beamforming/MIMO systems, the transmitter is only able to adjust the transmission beam direction along one dimension, e.g. the azimuth dimension. In the zenith dimension, fixed beam pattern is applied. Typically the fixed beam pattern in the zenith dimension has narrow beam width and is down-tilted to optimize the coverage for the UEs on the ground. However, in reality, UEs may be located on high floors [2]. For those UEs on the high floor, the fixed down-tilted beam can only offer best-effort coverage. Sometimes, this best-effort coverage may not be sufficient to provide high quality of service (QoS).
One way to improve the QoS of high floor UEs is to create a dedicated vertical cell using an up-tilted beam pattern. Together with the original town-tilted cell, the network offers dedicated coverage for the UEs on the ground and UEs on the high floor using two vertical cells. Since vertical sectorization is standard-transparent technology, it is usually considered by 3GPP as one scheme to start with when discussing whether anything new is required in the standard. In [3], we provided initial evaluation analysis for vertical sectorization. Also depends on antenna configuration, vertical sectorization can be used with more advanced techniques such as FD-MIMO.
One step further from vertical sectorization, eNB may adjust the beam direction in the zenith dimension for each UE individually by UE-specific elevation beamforming. The potential benefit of UE-specific elevation beamforming is dependent on the distribution of zenith angle. Unlike the azimuth angle distribution which is usually distributed evenly across the cell, the zenith angle distribution is more concentrated around the horizon direction because there are usually more UEs located at cell edge than in the cell center. In addition, the zenith angle is also dependent on the ratio between building height and eNB antenna tower height. As a result, we reported higher gain in 3D-UMi than 3D-UMa for UE-specific elevation beamforming [4].
Compared to UE-specific elevation beamforming, the major difference in FD-MIMO is in implementations. In [4], we depicted one way to implement UE-specific elevation beamforming and FD-MIMO. Both technologies are able to exploit the zenith dimension in addition to the azimuth dimension, which is inherent to the 2D antenna array. eNB can only adjust beamforming pattern in zenith and azimuth dimension separately using UE-specific elevation beamforming. However, eNB can adjust beamforming pattern in zenith and azimuth dimension jointly using FD-MIMO. Thus, FD-MIMO has better performance than UE-specific elevation beamforming. 
For both UE-specific elevation beamforming and FD-MIMO technologies, we believe CSI feedback needs to be enhanced. In addition, the standard support for elevation beamforming or FD-MIMO technologies should be scalable and flexible enough for different antenna arrays. This can ensure the support of Rel-13 for future antenna arrays. As such we make observation and proposal below:
Observation and proposal 1: Both elevation beamforming and FD-MIMO technologies require the enhancement of the CSI feedback. The performance benefits need to be compared against vertical sectorization in the study item phase. The standard support should be scalable and flexible enough for different antenna arrays.
3 Elevation beamforming for SU-MIMO and MU-MIMO

Compared with beamforming in the azimuth dimension, there is a major difference in zenith beamforming. The served UEs are not distributed evenly in the full zenith span unlike the full span in azimuth dimension. UEs are concentrated around horizon direction in zenith dimension. Only UEs close to the eNB  can have large offsets from the horizon direction. For those far away UEs, even they are located on high floor they still are close to the eNB’s horizon direction. On the other hand, the interference nature in SU-MIMO is also different from the interference nature in MU-MIMO. In SU-MIMO, the major interference source is from neighboring cell. On the other hand for MU-MIMO, the major interference can be from co-scheduled users. Thus when designing elevation beamforming, it is better to consider both signal strength and interference leakage to the neighboring cell in SU-MIMO. But for MU-MIMO it is better to consider only the signal strength. We give more details in [5].
Observation and proposal 2: Compared with beamforming in azimuth dimension, UEs are not evenly distributed in the zenith dimension. Due to the different interference natures in SU-MIMO and MU-MIMO, it is beneficial to optimize elevation beamforming in SU-MIMO and MU-MIMO separately.
4 DMRS based Open loop MIMO
While closed loop MIMO operation is enhanced using elevation beamforming/FD-MIMO technologies, we feel it is necessary to enhance open loop MIMO under the CSI-RS/DMRS based RS structure. It was discussed in the past that open loop MIMO outperforms closed loop MIMO in medium to high Doppler scenario or while the CSI feedback is not reliable. For CRS based open loop MIMO, we have already defined transmission mode 3 (TM3) in Rel-8. While for DMRS based transmission mode, currently we can only rely on the random beamforming up to eNB implementation. We feel it is beneficial to introduce one DMRS based open loop MIMO mode in the standard. With such a mode, the network can evolve more smoothly when the number of antennas increases and RS structure evolves from CRS to DMRS/CSI-RS. We give more details in [6]. As a result, we have the third observation and proposal:
Observation and proposal 3: Open loop MIMO outperforms closed loop MIMO in the presence of high Doppler and unreliable CSI feedback. Standardization is needed to define DMRS based open loop MIMO operation to allow smooth migration from CRS based network to CSI-RS/DMRS based network.
5 Conclusion
In this contribution, we give our high level views on feasible schemes for elevation beamforming/FD-MIMO study item. In order to leverage the capability of antenna array with large numbers of electronically adjustable TXRUs, we believe that at least the CSI feedback needs to be enhanced. We have three observation and proposals below:
Observation and proposal 1: Both elevation beamforming and FD-MIMO technologies require the enhancement of CSI feedback and the performance benefits need to be compared against vertical sectorization in the study item phase. The standard support should be scalable and flexible enough for different antenna arrays.

Observation and proposal 2: Compared with beamforming in azimuth dimension, UEs are not evenly distributed in the zenith dimension. Due to the different interference natures in SU-MIMO and MU-MIMO, it is beneficial to optimize elevation beamforming in SU-MIMO and MU-MIMO separately.
Observation and proposal 3: Open loop MIMO outperforms closed loop MIMO in the presence of high Doppler and unreliable CSI feedback. Standardization is needed to define DMRS based open loop MIMO operation to allow smooth migration from CRS based network to CSI-RS/DMRS based network.
6 References
[1] RP-141644, New SID Proposal: Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE, Samsung, Nokia Networks.
[2] RP-141207, Study on 3D channel model for LTE, v2.1.0
[3] R1-143779, Initial Performance Evaluation of Vertical Sectorization, Intel

[4] R1-143780, Initial Evaluation of Elevation Beamforming and Full Dimension MIMO, Intel

[5] R1-144094, Elevation Beamforming for SU-MIMO and MU-MIMO, Intel

[6] R1-144095, UERS Based Diversity Transmission for Large Antenna Array, Intel
PAGE  
Page 1 of 3

