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1 Background
Study on the 7 – 24 GHz frequency range was discussed in RAN4 #90 Bis in Xian and RAN4 #91 in Reno. A few WF documents related with UE RF aspects were agreed [1]-[4]. In this contribution, we provide our views on the UE antenna architecture and deployment scenario in this spectrum at 15 GHz which is an example frequency based on RAN4 agreements [5].   
2 Discussion
Beamforming vs Spatial Multiplexing
The UE architecture has been discussed in a previous contribution [6]-[7], where the pros and cons of choosing beamforming architecture or spatial multiplexing architectures have been briefly discussed. In this section, we continue the discussion further particularly at 15 GHz and elaborate it with measurement results. 
Beamforming has been used for FR2, which is above 24 GHz. During development of the specification it was assumed that each antenna panel is composed of 4 antenna elements for a handheld mobile device (PC3) in FR2. If the same antenna array configuration is used at 15 GHz, it would result in an antenna panel which is about 10mm x 40mm. In addition, a single antenna panel in a handheld mobile device typically has a semi-hemisphere coverage, and thus more than one antenna panels are usually needed to realize a good spherical coverage. 
Currently, a handheld mobile device is composed by 4-8 antennas for FR1, and 2-3 antenna panels for FR2, resulting in a very limited space left for dedicated 7-24 GHz antennas. One possible implementation for 7-24 GHz is to use an array with fewer elements, for example, two-element array. A two-element array can offer 3dB array gain in theory, but it is questionable whether such a limited array gain is necessary for a cellular communication system.  Besides, more complicated RF chains are typically needed for an array compared to a single antenna, which can result in a higher implementation loss. Therefore, utilizing antenna arrays at a medium frequency within the 7-24 GHz, e.g., 15 GHz, is questionable and could only be motivated in specific applications.

Observation 1: If beamforming antenna systems would be used at 15 GHz, the array architecture must be compromised with the UE space and implementation loss.  

On the other hand, using spatial multiplexing or MIMO antennas offers higher flexibility in terms of antenna design than antenna arrays, since it does not require specific antenna radiation pattern, polarization or inter-element distance. Such flexibility also eases the multi-band antenna design. However, the performance of spatial multiplexing is limited by the channel property, which requires that the channel can offer a high number of ranks. In order to the investigate the possibility of using spatial multiplexing/MIMO antenna system on the UE at a medium frequency in 7-24 GHz band, a measurement campaign, shown below, was carried out at 15 GHz.
2.1.1 Measurements of channel rank at 15 GHz
The measurement was carried out in an indoor studio hall, where multiple objects with different materials exist (see Fig. 1). Two transmit points (TPs) are mounted on the internal wall of the hall, and the UE is moved along a closed route within the hall, as shown in Fig. 2. Three UEs are measured in this campaign, where each of them has four antenna ports. Two identical SONY UEs are used, which is placed vertically and horizontally, respectively.  Each SONY UE is equipped with 4 single polarized antenna elements which point to four different directions, as shown in Fig. 1. The UE is placed both vertically and horizontally during the measurement. The tested UE is compared with a reference UE which has omni-coverage with dual-polarization on the horizontal plane. Each TP has two beams with dual polarizations for each of them.
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Fig. 1. The measurement environment in the hall space and the illustration of the SONY UE antenna radiation patterns at 15 GHz

The measured channel rank is shown in Fig. 2. It can be observed that for such an environment, regardless of the UE antenna configuration, the rank of the channel is larger than 1 in most of the time, and in more than 60% of the time the rank of the channel reaches 3 or higher. This measurement result shows that the possibility that spatial multiplexing through UE pattern diversity is valid, at least for 15 GHz band. Optimization of antenna design on both UE and TP side may also further increase the rank of the channel.
Observation 2: the rank of wireless channel is more than 1 at 15 GHz in an indoor hall space. This offers the possibility to use spatial multiplexing antenna system in UE.
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Fig. 2 The measurement route and the measured rank number distribution.







Shadowing loss at 15 GHz.
In addition to the antenna configuration, the deployment scenario of mobile networks is limited by the propagation channel as well. From the same measurement as described above, we can also capture some insight on how to deploy a cellular network at 15 GHz. The RSRP at the reference UE antennas is also shown in Fig. 3. It can be observed that when the UE moves to the NLOS region, the RSRP drops about 30 – 40 dB. 
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Fig.3 The measured RSRP of the reference UE over the measurement route in the hall.
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			                                       without the user                                                                       with the user
Fig.4 The measurement setup with a real user; the measured radiation pattern with and without the user.

The user body shadowing effect is also critical but FR2 bands are still lacking body effect evaluation. Therefore, we have also measured the shadowing loss due to the user body blockage at 15 GHz. Due to the lack of standard body phantoms, a real user was holding a SONY UE in data mode portrait position.  Measurements were performed in an MVG SATIMO chamber. The measured far field of antenna 2 in the SONY UE is shown in Fig. 4. A clear user body shadowing region can be observed, and a loss due to the user body blockage around 20 – 25 dB can be observed in this measurement.
This significant diffraction and shadowing losses due to the objects and user body will limit the deployment scenario of cellular networks at 15 GHz. There is possibly a similar situation in FR2.

Observation 3: The shadowing and diffraction loss is critical at 15 GHz. The deployment scenarios at 15 GHz deployments might be severely limited, similar to FR2.


3 Conclusion
In this contribution we have discussed the pros and cons of different UE antenna architecture, which is elaborated with measurement results. In addition, the limitation on the deployment scenario from the channel perspective has also been discussed. The following observations have been given:
Observation 1: If beamforming antenna systems would be used at 15 GHz, the array architecture must be compromised with the UE space and implementation loss.  

Observation 2: the rank of wireless channel is more than 1 at 15 GHz in an indoor hall space. This offers the possibility to use spatial multiplexing antenna system in UE. 

Observation 3: The shadowing and diffraction loss is critical at 15 GHz. The deployment scenarios at 15 GHz deployments might be severely limited, similar to FR2.
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