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1	Introduction
In this contribution, we propose antenna models for elevation beamforming and FD-MIMO.
2	Two-Dimensional Antenna Array
Compared to legacy MIMO schemes which adapt the channel in horizontal domain only, the degrees of freedoms in vertical domain will also be exploited in either elevation beamforming or FD-MIMO.  Hence, it is a common view that two-dimensional arrays will be employed instead of those one-dimensional linear arrays used in traditional MIMO systems. 
Since legacy MIMO schemes have been extensively studied and evaluated in the past, they can serve as baseline schemes for the evaluation of either elevation beamforming or FD-MIMO.  In order to make a fair comparison of various MIMO schemes, antenna array models need to be defined properly.  Basically, there are two methods to model the antenna array, 
·  (Port-based modeling) Modeling the pattern and gain of each antenna port and its effective geometrical location of each antenna port; and
·  (Element-based modeling) Modeling the pattern and gain of each array element, the physical geometrical location of each array element, and the mapping between antenna ports and elements.
In [1], the port pattern is defined for performance evaluation of prior releases, while recently the element-based approach is adopted by RAN4 in [2] to define active antenna arrays (AAS).  Essential, both modeling methodologies are equivalent.  The element-based modeling provides a low-level abstraction of the antenna system which allows precise control of the synthesized beam pattern.  However, channels between each pairs of TX/RX antenna elements need to be maintained during the simulation.  The port-based model, on the other hand, simplifies the simulation effort by fixing the mapping between elements and ports.  No matter which modeling approach is adopted, we need to make sure that the use of antenna arrays for various MIMO schemes should bring us “comparable” simulation results.  Some metric can be used to measure the “fairness” of two antenna patterns.  For example, one can use the total radiation power of the antenna array as a metric.  Given an antenna pattern, we define the normalized total radiation power as an integral over a unit sphere,

· For isotropic radiator, we have, which leads to.  For any real world antenna with efficiency less than one, should always be less than 1.  In 
In Table 1, we apply this metric to both the port pattern in [1] and the element pattern in [2].  For consistency, the electrical downtilt in [1] is set to zero, which doesn’t change the value of the metric.  Note that the normalized total radiation power of the ITU antenna is larger than 1 which means the ITU antenna model may overestimate the radiation power.  The variation of the metric over different antenna patterns suggests that antenna models for legacy schemes, elevation beamforming, and FD-MIMO should be defined in a unified way.  Using port patterns in [1] w/o any modification as the baseline may mislead the evaluation. 
· Observation: For fair comparison, antenna models for different MIMO schemes should be defined in a unified way.
Considering that
· AAS are more likely to be used in FD-MIMO, and that
· Antenna ports in elevation beamforming can be synthesized by applying fixed weights on subsets of antenna elements in an AAS,
we propose that 
· Proposal 1: Reuse the same AAS antenna element model in [2] to synthesize antenna arrays for legacy MIMO schemes (as baseline), for elevation beamforming, and for FD-MIMO.
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	Port Pattern in [1] (ITU)
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	Normalized total radiation power
	0.5720
	1.8628
	0.6568



[bookmark: _Ref352339093]2	Modeling Antenna Ports for Elevation Beamforming
Since fixed weights are used to map antenna elements to antenna ports, it is unnecessary to maintain the channel for each antenna element.  Instead, the channel can be maintained on a per-antenna-port basis.  It’s beneficial for legacy schemes and elevation beamforming where the number of antenna ports is much smaller than the number of antenna elements. 
Consider a  planar array with identical elements as shown in Figure 1.  Denote the horizontal- and vertical element spacing as  and , respectively.  Denote the element field pattern as , where   is the element gain pattern,   is the polarization slant angle.
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[bookmark: _Ref352577386]Figure 1  Illustration of planar array.
The steering vector the array is , where , , ,  stands for the Kronecker product.  Assume a linear mapping, , is employed to transform the -element array to antenna port , where ,  is complex valued weighting applied to the th element to synthesize port p.  From the UE’s perspective, the effective field pattern of the antenna port p is

Notice that  is a complex scalar, we can rewrite  as

where  is the effective antenna port pattern,  is the direction dependent phase shift of the pth antenna port.  Hence, the effective port pattern  can be used in place of element pattern, which significantly simplifies the simulation.
· Proposal 2: For the sake of simplicity, channels are generated on a per-antenna-port basis for legacy MIMO and elevation beamforming evaluations.
For the calibration purpose, we also suggest that
· Proposal 3: RAN1 should agree on a set of fixed weighting vectors to generate linear arrays from AAS.  These linear arrays could serve as the baseline with legacy MIMO schemes. 
3	Conclusion
In summary, this contribution has made the following proposals: 
· Proposal 1: Reuse the AAS antenna element model in [2] to synthesize antenna arrays for legacy MIMO schemes (as baseline), for elevation beamforming, and for FD-MIMO.
· Proposal 2: For the sake of simplicity, channels are generated on a per-antenna-port basis for legacy MIMO and elevation beamforming evaluations as well.
· Proposal 3: RAN1 should agree on a set of fixed weighting vectors to generate linear arrays from AAS.  These linear arrays could serve as the baseline with legacy MIMO schemes. 
References
[1] [bookmark: _Ref352001785][bookmark: _Ref351989238]3GPP TR 36.814, “Further advancements for E-UTRA physical layer aspects.” 
[2] [bookmark: _Ref352002112]3GPP TR 37.840, “Study of radio frequency (RF) and electromagnetic compatibility (EMC) requirements for active antenna array system (AAS) base station.” 
[3] [bookmark: _Ref352575006]R1-130026, “Discussion on 3D antenna model with 2D antenna array,”	Huawei, HiSilicon.



1/3
image1.emf
x

z

y

d

H

d

V

(3, 2)

(1, 1)

O

ϕ 

θ 

r

mn

k


