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1. Introduction
At the RAN#65 meeting, the study item [1] on Elevation Beamforming (EBF) and Full Dimension MIMO (FD-MIMO) was approved. This contribution outlines a high level framework for classifying the various schemes for FD-MIMO for the purpose of facilitating the evaluation of methodologies with and without standardized enhancements. We propose classifying FD-MIMO techniques operating with the 2D array defined in [1] using a sectorization criteria which is directed primarily towards whether the 2D array performs vertical sectorization and secondarily how the antenna ports are arranged within each azimuth/vertical sector.
The goal of the classification is to limit the number of simulation cases and standardize terminology/assumptions across companies. The classification is based on the virtualization method of measurement antenna ports to antenna elements. For a given 2D array of antenna elements and TXRU configuration, one or more classes of techniques may be applicable. 
At a high-level the following is our vision of structuring the evaluations in this SID.
Step 1: Categorize the EBF/FD-MIMO techniques into a few categories (this is addressed in this contribution)

· The goal is to limit the number of simulation cases and standardize terminology/assumptions across companies
· The categorization is driven by the virtualization method of the antenna ports to the antenna elements
· For a given 2D array of antenna elements + TXRUs one or more categories may be applicable
Step 2: Agree on deployment scenarios, antenna modeling and virtualization parameters for each scenario and category (this is addressed in [3]).

· It is desirable to agree on a common TXRU to  antenna element virtualization
Step 3: Evaluate the performance of standard specific enhancements for each applicable category for a given 2D array of antenna elements and TXRU configuration according to steps 1, 2.

· A comparison is considered fair if both are allowed by the same 2D array of elements+TXRUs
2 FD-MIMO – Classification of techniques
We consider 2D antenna arrays that are deployed at a macrocell or a picocell to serve a single azimuth sector area (e.g., 120° for a macrocell, 360° for a pico-cell).  Antenna virtualization methods can then be used with the 2D antenna array to further sub-divide an azimuth coverage area in elevation, which is referred to as a “vertical sectorization” strategy.  With such a strategy, virtual antenna ports are created to cover one vertical sector (e.g., one that points down) and other virtual ports are created to cover a second vertical sector (e.g., one that points up).  Figure 1 in the appendix shows an example of vertical sectorization with an array consisting of a single column of cross-pol physical antenna elements.  The left diagram in Figure 1 shows the antenna aggregation formed on each polarization, whereas the right diagram shows a side view of the coverage area in which two vertical sectors (E=2 in the left diagram) are formed, one to point up and one to point down.
In the following we classify FD-MIMO schemes according to the number of vertical sectors that are deployed by a planar 2D array as described in TR 36.873 within a azimuth coverage area.  The schemes are as follows: 

Type 1 – Single (vertical) sector per 2D array:  This comprises of schemes where all the measurement antenna ports corresponding to a 2D array belong to a single vertical sector. This implies that there is no sectorization in elevation within the azimuth sector area of the array. This type is further sub-divided as follows:
Type 1A – Azimuth-only adaptation within the sector:  All the measurement antenna ports are arranged in the azimuth dimension. This includes the case of a 1D horizontal array. An example arrangement of measurement ports corresponding to this category is shown as (1A) in Figure 2. The virtualization beam associated with each antenna port can be described as a wide-beam in the elevation dimension (as defined in [3]). 
Type 1B – Adaptation in azimuth and elevation within the sector:  The measurement antenna ports are arranged in a 2D fashion in azimuth and elevation dimensions. This allows adaptation via MIMO precoding/beamforming in the azimuth and the elevation dimensions. An example arrangement of measurement ports corresponding to this category is shown as (1B) in Figure 2. The virtualization beam associated with each measurement antenna port can be described as a wide-beam in the elevation dimension (as defined in [CITE-bishwarup]).  
Type 2 – Multiple (vertical) sectors per 2D array:  This comprises of schemes where different measurement antenna ports corresponding to a 2D array belong to different (vertical) sectors. This type is further sub-divided as follows:
Type 2A – Azimuth-only adaptation within a sector:  All the measurement antenna ports belonging to a given sector are arranged in the azimuth dimension. An example arrangement of measurement ports corresponding to this category is shown as (2A) in Figure 2. The virtualization beam associated with each measurement antenna port can be described as a narrow-beam in the elevation dimension (as defined in [CITE-bishwarup]).  

Type 2B – Adaptation in azimuth and elevation within a sector: The measurement antenna ports belonging to at least one given sector are arranged in a 2D fashion in both azimuth and elevation. This allows adaptation via MIMO precoding/beamforming in the azimuth and the elevation dimensions in this sector. An example arrangement of measurement ports corresponding to this category is shown as (2B) in Figure 2. The virtualization beam associated with each measurement antenna port in this sector can be described as a moderate-beam in the elevation dimension (as defined in [CITE-bishwarup]).  
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Figure 2: Sectorization-Types:  (1A) = one vertical sector per 2D array with an azimuth-only port arrangement. (1B)=one vertical sector per 2D array with a 2D port arrangement.  (2A)= two or more vertical sectors per 2D array with an azimuth-only port arrangement per vertical sector.  (2B)=two or more vertical sectors per 2D array with a 2D port arrangement for at least one vertical sector.

NOTE 1: We do not consider cases where the 2D antenna array performs sectorization in azimuth. In other words we assume that a 2D array is serving a single azimuth sector area.

NOTE 2: This classification does not impose restrictions on the application of legacy CoMP features. We assume that the assignment of PCID/VCID to the different sectors falls within the realm of standard transparent enhancements.
3 Conclusion
In this contribution, we proposed a classification of  EBF/FD-MIMO techniques for the purposes of facilitating the evaluation of schemes in RAN1 going forward.  
  Proposal: Consider the following classification of EBF/FD-MIMO techniques for facilitating the evaluations in RAN1:
Type 1 – Single (vertical) sector per 2D array
· Type 1A – Azimuth-only adaptation within the sector 
· Type 1B – Adaptation in azimuth and elevation within the sector
Type 2 – Multiple (vertical) sectors per 2D array

· Type 2A – Azimuth-only adaptation within a sector

· Type 2B – Adaptation in azimuth and elevation within a sector
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Figure 1: Vertical Sectorization example via antenna virtualization with a single column cross-pol antenna array.  Example on right is a side view of elevation beam patterns implementing E=2 vertical sectors.  A one-to-one mapping from TXRUs to measurement ports is assumed.
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