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1. Introduction
In the RAN1#78bis meeting and subsequent email reflector discussions, the deployment scenarios and evaluation methodology for Elevation BF and FD-MIMO for LTE have been thoroughly discussed [1].  It was agreed to have a same priority between Homogeneous and Heterogeneous scenarios for Elevation BF/FD-MIMO, and the following was agreed.
· Homogeneous scenarios
· 3D UMa with 500m ISD, 2GHz

· 3D UMa with 200m ISD, 2GHz (Mandatory) and 3.5GHz (optional)

· 3D UMi with 200m ISD, both 2GHz and 3.5GHz

· Heterogeneous scenarios with separate frequency bands
· EBF/FD-MIMO antennas for small cell only
· Macro cell is used for cell association only
In this contribution, we discuss the remaining details on deployment scenario and evaluation methodology for EBF/FD-MIMO for LTE.
2. Remaining Details on Deployment Scenario

2.1. Co-channel Heterogeneous scenario 

Two co-channel Heterogeneous scenarios are proposed in [2] and [3] for EBF/FD-MIMO study. The two proposals have different assumptions on the small cell antenna configuration and the coordination between the macro and small cells. In [3], the 2D AAS antennas are used in both the macro and small cells and necessary coordination is required between the macro and small cells for load balancing and interference mitigation. But in [2], the legacy omin-directional antennas are used for small cell and the motivation for introducing this scenario is to investigate the flashlight effect on the small cell UEs that are not in the CRE region when EBF/FD-MIMO is used at the macro cell. Considering that the target of this EBF/FD-MIMO study is to identify potential standard enhancements for 2D antenna array, potential enhancement for MIMO operation shall be the focus. Also from actual deployment of view it is more realistic to deploy AAS only at the macro cell for co-channel heterogeneous scenario. Therefore we have a slight perference to agree on [2] as the co-channel heterogeneous scenario.
Proposal 1: If the co-channel Heterogeneous scenario is agreed for EBF/FD-MIMO study the legacy omni-directional antennas are used for small cell.
2.2. Heterogeneous scenario with separate frequency bands

According to the email reflector discussion of [78bis-16], the working assumption for the small dropping rule was agreed for heterogeneous scenario with separate frequency bands. The cluster based dropping as proposed in [4] is used to drop the small cell with 2D directional antenna array. The remaining issue is to specify the minimum distance separation between small cell centers and whether to support 10 small cells per cluster. During the discussion, it was noted that the dense deployment of small cells in a 50m cluster may exaggerate interference situation especially when 2D AAS antenna array of up to 32 elements is deployed in the small cell. Furthermore, the increased simulation complexity and time for 10 small cells per cluster deployment cannot be ignored. Therefore, the motivation to introduce 10 small cells per cluster for heterogeneous scenario needs to be well justified. 
Proposal 2: For Heterogeneous scenario with separate frequency bands, there are at most 4 small cells per macro sector.
3. Remaining Details on Evaluation Methodology 
3.1. TXRU Modeling and Antenna Virtualization
A guideline for TXRU modeling and antenna virtualization in [5] was agreed in principle in RAN1#78bis meeting. Regarding TXRU mapping to antenna elements, TXRU model 1 was proposed where a TXRU is mapped to antenna elements in vertical domain with the same polarization and two antenna virtualization options were discussed, e.g. subarray partition model and full connection model. It is noted also that other TXRU models are not precluded, such as 2D antenna virtualization and the association of a TXRU with both polarizations. Figure 1 shows one example of 2D TXRU virtualization where an element array of (M,N) = (2,4) is 2D virtualized into two TXRUs in the same row. As shown in Figure 1, two independent vectors, one for the vertical and one for the horizontal direction are combined using Kronecker product to construct the TXRU virtualization weight vector/matrix, e.g. [image: image1.png]w=wy Q wy



. The virtualization weight in elevation dimension can use the DFT weight vector agreed in [5], e.g. [image: image3.png]1 B
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 and the virtualization weight in azimuth dimension needs to discussed. The DFT weight vector may change the antenna pattern in the azimuth direction and thus not a good solution. One possibility is to use the CRS virtualization weight given in [6], e.g. WH = [1 1 1 -1] and [1 1 -1 1] so that one TXRU is virtualized by two adjacent columns antenna elements.
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Figure 1. 2D TXRU virtualization with both polarizations
However, it is noted that the 2D TXRU virtualization will reduce the number of TXRU or antenna ports in the horizontal direction. As shown in [7], with the same amount of TXRUs increasing the number of TXRUs in the azimuth dimension could achieve better system performance. Secondly, the 2D virtualized TXRU will be less correlated in azimuth dimension due to the increased distance between TXRUs. The uncorrelated TXRU would have an impact on azimuth codebook design and the existing codebook for Rel-12 MIMO may not be reused for EBF/FD-MIMO. Therefore, we propose to consider only 1D virtualization of TXRU model 1 in [5] for phase 2 study. The two types of antenna virtualization of subarray partition model and full connection model should be supported. 
Proposal 3: Only TXRU model 1 is considered in phase 2 and both antenna virtualization approaches shall be supported. FFS the benefit of 2D TXRU virtualization
3.2. Antenna Configuration
In RAN1#78bis meeting, it was agreed that the vertical element spacing and number of antenna elements with the same polarization in each column (dV , M) can be (0.8λ, 8) and (0.5 λ, 4). For phase 1 evaluation the number of column N is fixed to 4. The value of N in phase 2 was not determined. It is noted that a large value of N may lead to better performance due to better beamforming adaptability in azimuth direction, however, the restriction of base station form factor shall be considered. It is preferred that the current antennas in service can be reused for EBF/FD-MIMO. Therefore, a larger value of N such as 8 and 16 shall not be considered for EBF/FD-MIMO.
Proposal 4: The number of column N for phase 2 evaluation is no larger than 4. 

Table 1 shows possible antenna configurations for {8, 16, 32, 64} TXRUs for phase 2 evaluation based on TXRU mode 1 and subarray partition virtualization model for M=8. Due to the variety of antenna virtualization, there are multiple antenna configurations for the same number TXRU and down-selection of antenna configurations may be needed. For example, the value of N is fixed and can be determined separately for different M, e.g., N = 4 and 2 for M =8 and 4 separately. In other words, antenna configurations for {8, 16, 32, 64} TXRUs can be based on the same element array with different antenna virtualization. 
Proposal 5: Antenna configurations for {8, 16, 32, 64} TXRUs shall only consider element array (M, N, P) = (8, 4, 2), (4, 2, 2) and (4, 4, 2). 

Table 1:  Antenna configurations for {8, 16, 32, 64} TXRUs with M = 8
	Element array
	8 TXRUs
	16 TXRUs
	32 TXRUs
	64 TXRUs
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3.3. Antenna Port Virtualization

A port virtualization model defines the relation between the signals at the antenna ports and the signals at the TXRUs. Different from TXRU virtualization, the port virtualization is done in the digital domain thus with more flexibility. Each TXRU can be connected to a logical antenna port such as CRS or CSI-RS ports with one-to-one mapping and the antenna ports can constitute a 1D/2D port array. However, if the number of TXRUs is larger than the number of antenna ports supported by UE then it is necessary to define the antenna port to TXRU mapping. In general, the approach for TXRU to antenna element mapping can be used also for antenna port to TXRU mapping. In this case, either 1D or 2D virtualization based on subarray partition model or full connection model can be used for TXRU to antenna port mapping. It shall be noted that antenna port to TXRU mapping and corresponding virtualization is implementation specific. It is beneficial that a simple approach can be agreed for the purpose of evaluation of EBF/FD-MIMO performance. For example, CRS port 0 is associated with the first TXRU only for cell association purpose. The CSI-RS port virtualization is associated with CSI feedback and shall be determined together with the CSI feedback mechanism. 
Proposal 6: CSI-RS port virtualization can follow the same approach as the TXRU to element mapping and antenna virtualization and the detailed modeling can be further discussed during the phase 2 study with the CSI feedback mechanism.
Proposal 7: A simple approach can be used for CRS port virtualization, e.g. CRS port 0 is associated with the first TXRU only for cell association purpose.

4. Summary
In this contribution we discussed the remaining details on deployment scenarios and evaluation methodology for Elevation beamforming and FD-MIMO. We propose:

Proposal 1: If the co-channel Heterogeneous scenario is agreed for EBF/FD-MIMO study the legacy omni-directional antennas are used for small cell.

Proposal 2: For Heterogeneous scenario with separate frequency bands, there are at most 4 small cells per macro sector.

Proposal 3: Only TXRU model 1 is considered in phase 2 and both antenna virtualization approaches shall be supported. FFS the benefit of 2D TXRU virtualization

Proposal 4: The number of column N for phase 2 evaluation is no larger than 4. 

Proposal 5: Antenna configurations for {8, 16, 32, 64} TXRUs shall only consider element array (M, N, P) = (8, 4, 2), (4, 2, 2) and (4, 4, 2). 

Proposal 6: CSI-RS port virtualization can follow the same approach as the TXRU to element mapping and antenna virtualization and the detailed modeling can be further discussed during the phase 2 study with the CSI feedback mechanism.

Proposal 7: A simple approach can be used for CRS port virtualization, e.g. CRS port 0 is associated with the first TXRU only for cell association purpose.
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