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1 Introduction 
While the aim of the current channel model SI [1] is to develop a channel model covering frequency band from 0.5GHz to 100GHz, antenna model is required for calibration.  In the ad hoc meeting on channel model in March 2016, the following agreement regarding the BS antenna model was reached [3]. 

· For the BS antenna model is uniform rectangular panel array, comprising MgNg panels, as illustrated below: 

· Uniform rectangular element array with (M,N,P) and (dH, dV) as defined in TR36.873 is used as a single antenna panel.

· Mg is number of panels in a column

· Ng is number of panels in a row

· Antenna panels are uniformly spaced in the horizontal direction with a spacing of dg,H and in the vertical direction with a spacing of dg,V.

· FFS: MS may have two antenna panel arrays pointing to opposite directions. 
· The BS antenna element radiation pattern is the same as defined in TR 36.873 [2]. 
In this contribution we present our opinion on some details of the assumption of antenna configurations for channel model calibration. 

2 Discussion

2.1 Frequency dependency of antenna configurations

When the carrier frequency becomes higher, the wavelength becomes shorter and more antenna elements can be fit into the same form factor. Increasing the number of antenna elements also helps mitigate increased pathloss at higher frequencies. We expect very different antenna configurations at low frequency and at high frequency. It is not uncommon to have 256 or even higher number of antenna elements at 28GHz or higher.  It is necessary to define different antenna configurations, including the number and the arrangement of the antenna elements for different frequencies. Given the popularity of the high frequency bands proposed for 5G, at least the antenna configuration for 28GHz and 70GHz bands should be defined.   

Proposal 1: Define different antenna configurations for different frequency range. 

2.2 Antenna configuration for different MS types

5G terminals are expected to have more diverse types than current terminals. Terminals with different sizes, power capabilities, and application requirements are likely to have different antenna configurations. For example, car-mounted MS equipments can have large antenna arrays and no power consumption limitations, therefore affording more complicated antenna configurations. Antenna configurations for PC type devices are likely to be different than for handheld devices or AR/VR goggles. It is hard to find a one-size-fit-all solution. Such diversity of MS types should be reflected. Therefore we have the following proposal:

Proposal 2: Consider defining multiple antenna configurations corresponding to different types of MS.  

2.3 Antenna radiation pattern

As the carrier frequency becomes higher, the popularity of microstrip antennas increases, especially at the MS side. Compared with dipole antennas, the radiation pattern of microstrip antennas show more directivity, and is more sensitive to the carrier frequency. Figure 1 and Figure 2 show the radiation pattern of microstrip antennas at 2.5 GHz and at 28 GHz respectively. It is clear that the beam width becomes narrower as the carrier frequency increases. We believe the frequency dependence of the radiation pattern needs further investigation. 
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Figure 1. Radiation pattern of a microstrip antenna at 2.5GHz.
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Figure 2. Radiation pattern of a microstrip antenna at 28GHz.
Proposal 3: Frequency dependent antenna radiation pattern is FFS. 

2.4 Antenna port to antenna element connectivity

As the number of antenna elements increases with the carrier frequency, it promises more beamforming gain and multiplexing gain. The system reaches its full capacity when the signal from each antenna element can be processed in the baseband, allowing full use of all the degrees of freedom. This full connectivity model where each baseband antenna port is mapped to an antenna element, albeit has the most complexity, should be the baseline for the channel model calibration. In reality, each baseband antenna port is often connected to multiple antenna elements in order to reduce the baseband and RF complexity. Analog-digital hybrid beamforming is an effective method to strike the balance between the need for more antenna elements and the need to manage the baseband processing load. The RF signal may have its phase, and sometimes amplitude modulated before being fed to the antenna elements. However, there are multiple ways to connect the antenna elements with hybrid beamforming schemes and such details should be left as implementation of the antenna system. If hybrid beamforming is to be introduced in the antenna model, more detailed study and justification is needed. 

Proposal 4:  The full connectivity model is the baseline. Hybrid beamforming is FFS. 

3 Conclusions
We have analyzed different perspectives of antenna assumption for calibration of the channel model. We have the following proposal:

Proposal 1: Define different antenna configurations for different frequency range. 

Proposal 2: Consider defining multiple antenna configurations corresponding to different types of MS.  

Proposal 3: Frequency dependent antenna radiation pattern is FFS. 

Proposal 4:  The full connectivity model is the baseline. Hybrid beamforming is FFS. 
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