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1. Introduction
Elevation beamforming (EB) and full-dimension (FD) MIMO schemes should be designed such that they can provide reasonable performance gain in practical deployment situations, without significant increase of network overhead such as RS resources due to extensive measurements on a large number of transmit antennas. Considered enhancement schemes should be described by a clear mapping relationship among antenna ports per RS, TXRUs, and antenna elements, so that fair comparison and analysis between schemes can be possible under a common constraint, e.g., the same total number of antenna elements. 
Depending on implementation, there can be two types of EB and FD-MIMO transmission schemes. One is relying on only horizontal-domain CSI feedback with reasonable complexity, and the other is utilizing a vertical-domain feedback in conjunction with horizontal-domain feedback to fully exploit the elevation domain of channel and achieve the highest performance. This contribution provides high-level view on EB and FD-MIMO schemes considering these aspects.

2. Discussions
2.1. Relation between TXRU and antenna elements/ports
The approved SID objectives [1] include the terminology of transceiver unit (TXRU) which is defined in RAN4 requirement on active antenna system (AAS) [2]. A TXRU is considered as the active unit taking baseband signal as input and providing RF TX as output, which can independently control an amplitude and phase of transmit symbol, and may be mapped to multiple transmit antenna elements by corresponding phase shifters. For an eNB equipped with NU TXRUs and allowed with P[W] maximum power, it is desirable in terms of cost efficiency that each TXRU has its own maximum power constraint as P/NU.
Assume there are 32 antenna elements on the transmitter in a cell as an example, where K=8 vertically placed elements (one column) connected to a single TXRU, and there are 4 columns which are horizontally placed so that total 4 TXRUs are implemented. In this case, there can be various ways of RS port virtualization across the 4 TXRUs depending on which type of RS is considered such as CRS, CSI-RS, and DMRS. For example, one CSI-RS configuration with 4 CSI-RS ports can be configured to a UE, where each CSI-RS port corresponds to each TXRU. If 2 CRS ports are used in the cell, one CRS port may correspond to 2 TXRUs, and the other CRS port may correspond to other disjoint 2 TXRUs, satisfying the above mentioned power constraint of P/NU per TXRU. DMRS port virtualization can also be various depending on the number of layers per DMRS-based transmission. Considering this kind of various mapping candidates among antenna ports per RS, TXRUs, and antenna elements, it is desired to have some representative cases commonly considered in RAN1 discussion, so that fair comparison and analysis between schemes can be possible under a common constraint.
Proposal 1: It is desired in RAN1 discussions to pre-define some representative configurations for antenna ports, TXRUs, and antenna elements, with satisfying the power constraint per TXRU.
2.2. Elevation beamforming
One standard-transparent technology that exploits the elevation domain would be so-called vertical sectorization within a cell. Assuming the same example of antenna configurations mentioned in section 2.1, for instance, two vertical sectors can be formed using the total 32 antenna elements, where each vertical sector i is operated by disjoint Ni = 4 TXRUs out of total 8 TXRUs in this case for the cell, meaning twice number of TXRUs may be required for operating the two vertical sectors. Each vertical sector may have its own CRS with independent physical cell-ID virtualized by corresponding Ni TXRUs, and may configure the relevant Ni-port CSI-RS configuration for CSI feedback for the vertical sector i. In this usage scenario, it is worth investigating the benefit when each vertical sector tilting angle can be varied semi-statically for load balancing effect and interference managements.
Proposal 2: Consider benefits of changing vertical sector tilting semi-statically for load balancing effects and interference management.
2.3. Full-dimension MIMO
As mentioned in the previous sections, each TXRU can be mapped to multiple antenna elements (subarray) or a single antenna element. To achieve FD-MIMO, one-to-one mapping between a TXRU and an antenna element would result in the best performance, but a kind of subarray structure that maps one TXRU to multiple elements may have practically much of importance. For FD-MIMO, each antenna port of a CSI-RS is in general mapped to a single TXRU, and each antenna port of CRS can be mapped to a single TXRU or multiple TXRUs (virtualized).
One type of EB or FD-MIMO schemes as mentioned earlier would be relying on only horizontal-domain CSI feedback with reasonable complexity. In order to exploit the elevation domain in this case, an additional CSI-RS can be configured and measured by UE to report per-port received power level or best N antenna ports selection result, for determining a long-term best vertical direction for the UE. Here, each CSI-RS port transmitted in the cell is virtualized across K vertically spaced antenna elements for reflecting a certain target vertical direction. Then, the UE performs the existing horizontal-domain short-term feedback on the CSI-RS precoded by such target vertical direction. Considering CSI-RS resource overhead for such operations, an aperiodic CSI-RS transmission relevant only to the UE or a certain UE group needs to be considered.
Proposal 4: Consider schemes relying on existing short-term feedback on the CSI-RS precoded by a desired long-term vertical direction.
Another type of considered FD-MIMO schemes is utilizing a new vertical-domain feedback in conjunction with existing horizontal-domain feedback to fully exploit the elevation domain of channel and achieve the highest performance. For the new vertical codebook, it needs to be investigated whether DFT-based codebook structure is sufficient or not. More specifically, the vertical domain may have different characteristics from conventional horizontal domain, in that the target codebook ranges for vertical-domain feedback may not need to cover the full range of vertical angles but would be sufficient to cover a certain range of angles. For example, it is not needed to target the beam direction toward the sky, e.g., excluding zenith angles lower than 90 degree in 3D-UMa case, and is desired to focus more on a relevant range of angles where UEs are vertically placed. To achieve this, a kind of codebook subset restriction or angle restriction codebook needs to be considered.
Proposal 5: Consider a new vertical-domain feedback in conjunction with existing horizontal-domain feedback to fully exploit the elevation domain of channel.
It also needs to be investigated how many vertical ranks can be exploited in practical scenarios based on the elevation domain channel characteristics, and whether vertical rank needs to be restricted to one. Closed-loop transmission schemes based on both of the vertical-domain and horizontal-domain feedback needs to be studied, and depending on channel conditions, open-loop transmission schemes are also to be investigated to utilize both vertical- and horizontal- domain feedbacks, which are elaborated more in our companion contributions [3], [4].
3. Conclusion
We provided in this contribution our high-level view on EB and FD-MIMO schemes:
Proposal 1: It is desired in RAN1 discussions to pre-define some representative configurations for antenna ports, TXRUs, and antenna elements, with satisfying the power constraint per TXRU.
Proposal 2: Consider benefits of changing vertical sector tilting semi-statically for load balancing effects and interference management.
Proposal 3: Consider schemes relying on existing short-term feedback on a CSI-RS precoded by a desired long-term vertical direction.
Proposal 4: Consider a new vertical-domain feedback in conjunction with existing horizontal-domain feedback to fully exploit the elevation domain of channel.
______________________________________________________________________
References
[1] RP-141644, New SID Proposal: Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE, Samsung, Nokia Networks.
[2] 3GPP TR37.842, E-UTRA, UTRA and GSM/EDGE; Radio Frequency (RF) requirement background for Active Antenna System (AAS) Base Station (BS).
[3] R1-144047, RS design enhancements for supporting EB and FD-MIMO, LG Electronics.
[4] R1-144048, Enhancements on codebook and feedback mechanism, LG Electronics.


1

