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1 Introduction
At the RAN#65 meeting, the study item [1] on elevation beamforming/full-dimension (FD) MIMO for LTE was approved.  The purpose of this study item is to understand the performance benefit of standard enhancements targeting two-dimensional (2D) antenna array operation.  The study item consists of two phases.  The objectives of Phase 1 study are identified in [1] as follows.

· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SI.

· Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.

· Decide how to model virtualization of antenna elements per single TXRU. 

· Identify target operating frequency range considering practical antenna size limitations.

· Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models.

· Number of TXRUs for evaluation is 8, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array. 

In this contribution, we discuss details of antenna configurations for 2D antenna arrays for the feasibility study.
2 General consideration for antenna modeling
In general, it is preferred to model the 2D antenna array with various TXRUs in a unified approach.  In the study item [2] on 3D-channel model for elevation beamforming and FD-MIMO studies for LTE, 2D antenna array modeling was discussed.  As described in [3], the 2D planar antenna array is defined by an element array and a proper complex weight for antenna port virtualization.  The antenna elements are uniformly placed in the vertical direction with a spacing of dV and in the horizontal direction with a spacing of dH.  Antenna modeling parameters are provided in Table 7.1-1 [3].  The parameters are divided into two clauses.  In Clause-1, the following parameters are FFS.

· Horizontal antenna element spacing

· Omnidirectional horizontal radiation pattern of antenna element for 3D-UMi and LPN deployments
In Clause-2, it is noted that assumptions in [3] for the following parameters are for calibration of channel modeling.
· Vertical antenna element spacing
· Number of antenna elements with the same polarization in each column

· Complex weight for antenna element in elevation
Since the antenna model in [3] has been thoroughly discussed during the 3D-channel model study.  We propose to take it as a baseline and refine the FFS parameters in Clause-1 and the parameters in Clause-2.
Proposal 1: The antenna model in [3] should be considered as the baseline.  Refine the FFS parameters in Clause-1 and the parameters in Clause-2.

3 Refinement of parameters in Clause-1
In [3], both cross-polarized and co-polarized arrays are modeled.  For the same number of antenna elements, cross-polarized arrays are preferred in practical deployment due to its compact form factor.  Hence, the cross-polarized arrays should have higher priority in the feasibility study.

Proposal 2: The cross-polarized arrays should be higher priority in the feasibility study.

Due to the form factor limitation, compact antenna arrays are preferred in practical deployment.  We propose use 0.5λ as the baseline horizontal antenna element spacing.  
Proposal 3: The baseline horizontal antenna element spacing is 0.5λ.

For heterogeneous network deployments, LPN usually adopts omnidirectional antennas to serve hot zones.   We propose reuse the omnidirectional horizontal antenna element radiation pattern.
Proposal 4: For LPN, omnidirectional pattern is adopted as antenna horizontal radiation pattern.
4 Refinement of parameters in Clause-2

As reported in Table 5.4.4.2.1-1 in [4], dV = 0.9λ and M = 1, 5, 10, and 15, in typical passive antennas.  In order to model the antenna virtualization of {8, 16, 32, 64} TXRUs in a unified approach, M = 2L is preferred.  In such case, the value of M could be 2, 4, 8 or 16.  Again, considering the form factor limitation, we suggest take M = 8.  The antenna port associated with a single TXRU could be virtualized by a sub-array of antenna elements.  A sub-array consists of K antenna elements with the same polarization in the same column, K = 1, 2, 4, 8.  The refined parameters are summarized in Table 1.  
Proposal 5: Adopt the antenna modeling parameters in Table 1.
Table 1  Refined antenna modeling parameters.

	Parameter
	Values

	Vertical antenna element spacing dV
	0.9λ

	Number of antenna elements with the same polarization in each column M
	8 (mandatory)
2, 4 (optional)

	Complex weight for the mth antenna element in a sub-array
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, m = 1, …, K,
where [image: image4.png].



 is the electrical vertical steering angle. K = 1, 2, 4, 8.


Notice that a subset of antenna elements may be virtualized to multiple TXRUs.  Figure 1 and Figure 2 show two possible types of virtualization from an 8V×4H cross-polarization antenna element array to 16TXRUs.  In Type 1 virtualization, the antenna elements virtualized to different TXRUs are not overlapped. For example, half column (K = 4) of antenna elements with the same polarization is virtualized to one TXRU.  In Type 2 virtualization, a full column (K = 8) of antenna elements with the same polarization is mapped to 2 TXRUs with two sets of complex weights {wm} and {w’m}, respectively.  The complex weights {wm} and {w’m} can be based on different electrical vertical steering angles.  Both types of virtualization shall be supported.  
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	Figure 1: TXRU virtualization Type 1
	Figure 2: TXRU virtualization Type 2


For {8, 16, 32, 64} TXRUs, several possible antenna configurations with Type 1 virtualization for M = 8 are summarized in Table 2.  Due to the variety of antenna configuration with Type 1 virtualization, down-selection of antenna configurations may be needed.
Proposal 6: Support both Type 1 and 2 antenna virtualization.  For Type 1 virtualization, antenna configurations may be further down-selected.  

Table 2  Type 1 antenna configurations for {8, 16, 32, 64} TXRUs with M = 8.
	N
	Element array
	8 TXRUs
	16 TXRUs
	32 TXRUs
	64 TXRUs

	1


	8Vx2H
X

X

X

X

X

X

X

X
	Config 8-1

Cross-pol, K = 2

X

X

X

X
	Config 16-1

Cross-pol, K = 1

X

X

X

X

X

X

X

X
	
	

	2
	8Vx4H
X X

X X

X X

X X

X X

X X

X X

X X
	Config 8-2

Cross-pol, K = 4
X X

X X


	Config 16-2

Cross-pol, K = 2

X X

X X

X X

X X
	Config 32-1

Cross-pol, K = 1

X X

X X

X X

X X

X X

X X

X X

X X
	

	4
	8Vx8H
X X X X

X X X X

X X X X

X X X X

X X X X

X X X X

X X X X

X X X X
	Config 8-3
Cross-pol, K = 8

X X X X
	Config 16-3

Cross-pol, K = 4

X X X X

X X X X
	Config 32-2

Cross-pol, K = 2

X X X X

X X X X

X X X X

X X X X
	Config 64-1

Cross-pol, K = 1

X X X X

X X X X

X X X X

X X X X

X X X X

X X X X

X X X X

X X X X


Note: 
1. A set of antenna ports are virtualized by a 2D antenna element array with M rows and N columns.

2. Each TXRU is connected to an antenna port which is virtualized by K antenna elements with the same polarization in a column. 
5 Conclusion

In summary, we discuss details of antenna configurations for 2D antenna arrays.  We propose
Proposal 1: The antenna model in [3] should be considered as the baseline.  Refine the FFS parameters in Clause-1 and the parameters in Clause-2.

Proposal 2: The cross-polarized arrays should be higher priority in the feasibility study.

Proposal 3: The baseline horizontal antenna element spacing is 0.5λ.

Proposal 4: For LPN, omnidirectional pattern is adopted as antenna horizontal radiation pattern.

Proposal 5: Adopt the antenna modeling parameters in Table 1.

Proposal 6: Support both Type 1 and 2 antenna virtualization.  For Type 1 virtualization, antenna configurations may be further down-selected.  
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