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1. Introduction

In 3GPP RAN1#65, ‘Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE’ was approved for Release 13 [1]. Continuing on from the study on 3-D channel model [2], the study item on E-BF and FD-MIMO is focused on the evaluation of these technologies and related specification support to fully realize the benefits of 2-dimensional antenna arrays. This contribution discusses Samsung’s views on how 2-dimesional antenna array can be efficiently taken advantage of and briefly summarizes potential areas of specification enhancement.
2. FD-MIMO and Elevation Beamforming
FD-MIMO and elevation beamforming differs from conventional MIMO or beamforming in two fundamental aspects:

· Two-dimensional antennas arrays with antenna ports with both horizontal and vertical axis
· Larger number of TXRU’s
Dedicated TXRU’s feeding different antennas in the 2-dimensional antenna array allow the transmitted signal to be steered not only in the horizontal direction as in conventional multi-antenna systems but simultaneously in both the horizontal and the vertical direction. Such capability allows more flexibility in shaping beam directions from an eNB to a UE. Combining this flexibility with larger number of TXRU’s, an eNB would be able to direct its signals to a specific 2-dimensional location within a cell resulting in more energy being received at the UE side. Furthermore, when used for simultaneous transmissions to multiple UEs, the 2-dimesional antenna array and the larger number of TXRU’s can be utilized to separate the signals for different UEs. In other words, signal separation for MU-MIMO becomes more feasible allowing more UEs to be co-scheduled compared to what we have in conventional LTE systems. Figure 1 shows a comparison of transmissions from conventional 1-dimensional and 2-dimensional antenna array.
Another alternative for utilizing 2-dimensional antenna array is vertical sectorization (VS). In VS, additional sectors are created using antennas positioned on the vertical axis of the 2-dimensional antenna array. Due to these additional sectors, there is a trade off between a higher area splitting gain and higher percentage of UEs being located in cell edges (i.e. locations where different sectors overlap with each other). In our companion paper [3], we show that while VS may slightly improve average performance, cell edge performance is not improved at all (worsened in majority of cases). Additionally, VS can be implemented without any further specification support in LTE/LTE-A. For such reasons, we will focus on the utilization of 2-dimensional antenna arrays for dynamic beam controlling and spatial multiplexing for multiple UEs in this paper.
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Figure 1. Comparison of different eNB transmissions utilizing 1-dimensional/2-dimensional antenna arrays.
3. Considerations for Efficient FD-MIMO Operation
Full Dimension MIMO is characterized by 2-dimensional antenna arrays and larger number of TXRU’s. In order to fully utilize the benefits of these features, it is important that simultaneous transmission to multiple UEs using spatial separation (i.e. MU-MIMO) is efficiently supported. In terms of specification support, the following features need to be considered to achieve this goal:
· Accurate measurement of channel status
· Efficient and accurate channel status reporting
· Accurate channel estimation for demodulation
· Channel status reports for MU-MIMO transmissions
Accurate measurement of channel status is a necessary requirement in any MIMO systems. Compared to what we have in LTE/LTE-A systems, a UE may have to measure a larger number of antenna ports given that FD-MIMO has more TXRU’s. Considering the fact that the study item includes up to 64 TXRU’s, it could mean that the measurement burden on the UE side is 8 times what we have in Rel-12 UEs. Obviously, simply increasing the UE’s measurement burden should not be the only alternative for consideration. Another fact that needs to be taken into account is the placement of antennas on a 2-dimensional panel. Although the number of TXRU’s has increased, the structure of the antenna placements can be taken into account in designing the specification to support the measurement of these TXRU’s.
In addition to accurate channel status measurement, specification should allow the UE to report the channel status information while avoiding excessive uplink overhead. Currently, LTE/LTE-A’s channel status information consists of RI, PMI, and CQI. Even with a larger number of TXRU’s, the impact on RI and CQI reports would not be significant (for example in terms of bit width). However, it is quite different for PMI reports. Given the larger number of TXRU’s, the bit width of PMI might need to expand as well in order to accurately indicate UE’s preferred precoding information. Obviously, there is a trade off between the uplink overhead and the accuracy of precoding information. RAN1’s task would be to find the right balance of these factors.
As noted above, spatially multiplexing multiple UE’s signals is an important requirement of FD-MIMO’s performance enhancement. In order to achieve this, channel estimation performance on DMRS should be sufficiently guaranteed. Currently, LTE/LTE-A provides orthogonal DMRS ports for up to 2 UEs (each with rank 1). As a result, for MU-MIMO transmission beyond rank 2, it is not possible to maintain orthogonality between DMRS ports assigned for different UEs. One might argue that since FD-MIMO systems have larger number of TXRU’s compared to legacy LTE/LTE-A systems, better signal separation would be possible and further enhancements on DMRS is not necessary. However, given the fact that DMRS channel estimation performance is the bottleneck for LTE/LTE-A’s downlink receiver performance, we think that it would be worthwhile to investigate this aspect in the course of this study item.
One of the key discussion points related to MU-MIMO in previous releases was the specification support for CSI that allows the eNB to perform link adaptation when spatially multiplexing signals for different UEs. A number of different schemes have been proposed and discussed. Some of the schemes include the following: multiplexing MU-CSI with SU-CSI reports, MU-CSI reports computed under MU hypothesis, and interference measurement supporting MU-MIMO interference measurement. Each of these schemes has its own merits and limitations. Considering that the study before Rel-13 has been with at most 8 TXRU’s, we think that it is important to re-assess the schemes for FD-MIMO and find a competitive solution for efficiently supporting high order MU-MIMO.
4. Conclusions
In this contribution, we describe how 2-dimensional antenna arrays can be utilized for the purpose of enhancing system performance of LTE/LTE-A. We propose that RAN1 focus on study specification issues on measurement of channel status, channel status information reporting, channel estimation for demodulation, and channel status reports enabling MU-MIMO transmissions.
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