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1 Background
The UE architecture has been discussed in previous contributions and been captured in [1], where the pros and cons on choosing beamforming architecture or spatial multiplexing architectures have been briefly discussed. In addition, indoor measurements at 15 GHz have also been shown, where 15 GHz is an example frequency based for studying the spectrum [2].  
In this contribution, we further provide some outdoor measurement and ray-tracing simulations to further elaborate on possible deployment scenario.
2 Discussion
Outdoor measurements at 15 GHz with a reference omni coverage UE. 
An outdoor channel measurement at 15 GHz is carried out in Kista, Stockholm, Sweden, which is an urban environment with multiple office buildings around. The channel is measured with a prototype test system which is consisting of two transmit points (TPs) and one mobile terminal. The mobile terminal antenna is installed on top of a van at a height of 2.9 m (see Fig. 1), which has roughly omni-directional coverage in horizontal plane. The two TPs are installed on the walls of two office buildings as shown in Fig. 1, and heights of each TP is 8.5 m (TP1) and 12 m (TP2), respectively, and with an inter distance of 82 m. Each TP has an antenna with a maximum gain of 15 dBi, azimuth half power beam width (HPBW) of 90º, and elevation HPBW of 8.6º. The detailed information of the measurement can be found in [3]. 
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Figure 1. Photo of the test area, antennas for mobile terminal and TPs’ location.

Fig. 2 shows the received signal strength for each TP over streets and a scanned square. As can be seen, on the square and along adjacent streets within LOS the coverage is quite good with received signal strength above -65 dBm. However, in NLOS conditions the coverage is limited since the received signal strength quickly decreases towards the noise floor with the present configuration of the test system, i.e. -75 dBm.
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Figure 2. Received signal strength and outdoor coverage area overview from TP1 (left) and from TP2 (right). Yellow arrows illustrate TPs’ positions and horizontal pointing directions.

Outdoor simulation at 15 GHz and 28 GHz with antennas in a UE with phone form factor. 
The same area as described in previous section has been modeled in order to carry out a 3D ray-tracing simulation with some antenna designs in a smartphone form factor UE device at both 15 GHz and 28 GHz. The radiation pattern of the UE antennas used in the ray-tracing simulations comes from the measurements of real mockup. The ray-tracing simulation setup is shown in Fig. 4. The ray-tracing simulation has been verified with measurements which are reported in [4]. The UE antenna configuration at 15 GHz is the same as we presented in previous contributions [5], but antenna 3 is not used in this study. The 28 GHz antenna designs are the same but scaled up to higher frequency. The device is placed vertically without rotation during the simulation. The ray-tracing simulations can offer a better dynamic range than the measurements in previous section and therefore can clearly indicate feasible deployment scenarios. 
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Fig. 3. The 3D model of the study area in ray-tracing simulations and the schematic pictures of the proposed antennas in the phone prototype.
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Fig. 4. The coverage overview with three different antenna design in a mobile device at (a) 15 GHz and (b) 28 GHz.

The simulated coverages with UE antenna 1, 2, 4 at both 15 GHz and 28 GHz are shown in Fig. 4, where, in this case, the base station antenna is simplified as an omni-directional antenna, and the position of it is the same as the TP1 in the previous section. Comparing 15 GHz to 28 GHz, it can also be observed that the smaller free space path loss at 15 GHz (5 dB) gives a better coverage in the LOS and the LOS-NLOS transition regions than 28 GHz. However, regardless of the antenna type or the operation frequency, with the proposed communication system it is very difficult to cover the NLOS region, where the received signal strength drops dramatically compared to the LOS regions due to the building blockage. 

Observation 1: 15 GHz can offer a larger coverage compared to 28 GHz especially in the LOS to NLOS transition region of a micro urban environment. 

In the ray-tracing simulation, there are neither roughness nor random scatterings included. Therefore, the number of multiple components in the channel is usually underestimated. Even though, it can be observed that there is a difference between the three antenna ports in the UE, especially in the LOS-NLOS transition region, which means that the spatial diversity gain in the UE can effectively increase the cell coverage. In addition, for a rich scattering environment (which is likely to be the case in dense urban micro), for example with some cars around, the number of multiple components is still quite rich (see Fig.5), which offers the possibility to use spatial multiplexing to increase the data rate. 
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Fig. 5. Angle of arrive on horizontal plane in a park lot with cars around in the ray-tracing simulation. 


Observation 2: Spatial multiplexing and spatial diversity antenna technology are feasible to be used in a UE for urban micro deployment scenario.  

Output Power for Handheld Device in Spectrum from 7-24 GHz
Considering the high diffraction loss and shadowing loss that have been reported in this contribution and previous works [2], climbing up to 15 GHz with spatial multiplexing/MIMO antenna topology requires that output power of PA should be as high as reasonably possible (to overcome link budget at higher frequencies). Considering the similarity with FR1 antenna topology, the high-power UE, e.g. 26 dBm UE, should be considered for the spectrum of 7-24 GHz in urban macro/dense urban/indoor hotspot.

In addition, using larger bandwidth is a general trend when we move into higher spectrum. Multiple non-contiguous bands could potentially be used. Therefore, PA should be inherently broadband in order to address a wide range of perceivable band combinations without requiring too many separate PA devices. 

Observation 3 To overcome the increasing propagation loss with frequency, high power UE will be beneficial for the system. PA with high output power, large bandwidth and good efficiency is preferred. 
3 Conclusion
In this contribution we have discussed the limitation on the deployment scenario from the channel perspective. In addition, the UE antenna architecture has also been further analyzed.  The following observations have been given:

Observation 1: 15 GHz can offer a larger coverage compared to 28 GHz especially in the LOS to NLOS in a micro urban environment transition region. 

Observation 2: Spatial multiplexing and spatial diversity antenna technology are feasible to be used in a UE for urban micro deployment scenario.  

Observation 3 To overcome the increasing propagation loss with frequency, high power UE will be beneficial for the system. PA with high output power, large bandwidth and good efficiency is preferred. 
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ZHAO et al.: CHANNEL CHARACTERISTICS AND USER BODY EFFECTS IN OUTDOOR URBAN SCENARIO
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Fig. 1. User shadowing gain patterns based on (a) measurement with a real
user in CTIA data mode at 15 GHz and (b) 3GPP self-blocking model in

portrait mode,

highly impacted by the instantaneous beamforming patterns
of antenna arrays at the Tx and the Rx [25]. Ideally, a channel
model should include both large-scale and small-scale features
of the channel, as well as the impact of arbitrary array Fig. 2. 3-D model of the study area in ray-tracing simulations.
configurations and antenna elements. Antenna radiation pattern
requirements are provided in the 3GPP TR 38.901 channel
model for frequencies from 0.5 to 100 GHz [26]. However,
the cellular channels can also be drastically impacted by the
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of the downlink for a single user case at 15 and 28 GHz
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L INTRODUCTION

The next generation of cellular networks, 5G, will target
radically improved capacities and peak data rates compared to
those achievable in current networks. Substantially larger
bandwidths are foreseen to be needed to meet these
requirements. One way to access such large bandwidths is to
exploit the rather idle spectrum at higher frequencies, up to and
including millimeter wave frequencies [1-2]. In addition, due to
the smaller wavelength at higher frequencies, many of the
state-of-the-art multiple-antenna technologies, such as spatial
beamforming, spatial multiplexing, etc., can be implemented
using antennas with smaller form factors [3]. Hence, currently
plenty of research is being carried out in academia, industry,
and in their joint collaborative projects, such as METIS [4],
MIiWEBA [5], and MiWaveS [6], in order to study mobile
backhaul and radio access networks at higher frequencies.

A main bottleneck for operating at higher frequencies,
compared to current cellular frequencies, is a significant
increase in the pathloss which is caused by the reduction of the
effective antenna area as the frequency increases. This effect
will degrade the link budget unless antenna directivity is used
to compensate for that [1]. In addition, higher blocking and
penetration loss at these freauencies make the coverage
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objects can turther restrict the Indoor coverage. As a means to
improve the coverage, we evaluate the potentials of
beamforming using simulations.

The rest of the paper is organized as follows: Section II
describes the measurement setup and system parameters of the
5G prototype. Section III presents the experimental procedure

Figure 1. Central test area and antenna locations; antennas for TP1 and TP2
are mounted 8 5 m and 12 m ahove oronnd level resnectivelv while for the
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