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1	Introduction
In NR study, the support of mobility for above 6 GHz is essential. It is still required for verifying the feasibility practically by conducting the filed measurement, and it is not fully investigated yet. This contribution provides recent field measurement results carried out by the University of Southern California with the collaboration with Samsung Electronics. In this contribution, we provide brief investigation on the mmWave mobile feasibility based on intensive outdoor measurement campaign. Based on the observations, we propose the overall design principle for NR mobile operation for above 6 GHz.
2	Measurement Campaign and Environment
In this campaign, we used a switched-beam, wide-band mmWave sounder with 400 MHz real-time bandwidth [1-3]. The sounding signal is a multi-tone signal which consists of equally spaced 801 tones covering 400 MHz. Both the TX and the RX have phase arrays capable of forming beams which can be electronically steered with 5° resolution in the range of [-45°, 45°] in azimuth and and [-30°, 30°] in elevation. This decreases the measurement time for one RX location from hours to milliseconds for sounding all directions of radio links between TX and RX. During this measurement campaign, elevation angle was fixed to 0 degree (horizontal on the ground) for both TX and Rx and 19 azimuth angles was used and steered both for the TX and the RX. With an averaging factor of 10, the total sweep time is 14.44 ms for 361(=19x19) total beam pairs. Since phased arrays cover 90° sectors, we rotated the RX to {0°, 90°} to cover wider angles while using a single orientation at the TX in NLoS route. Consequently, for each measurement location, we obtain all BPL’s channel response matrix of size 19 by 37 for NLoS and size 19 by 19 for LoS. Moreover, thanks to the beam-forming gain, the TX EIRP is 57 dBm, and the measurable path loss is 159 dB without considering any averaging or processing gain. By using GPS-disciplined Rubidium frequency references, we were able to achieve both short-time and long-time phase stability. Combined with the short measurement time this limits the phase drift between TX and RX, enabling phase-coherent sounding of all beam pairs even when TX and RX are physically separated and have no cabled connection for synchronization. Consequently, the directional power delay profiles (PDP) can be combined easily to acquire the omnidirectional PDP. Table I summarizes the detailed specification of the sounder and the sounding waveform. References [1-3] discuss further details of the sounder and the validation measurements.
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Table 1. Specification of Channel Sounder
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(a) View from TX RFU on the scissor lift (5m height), red line is approximately the LoS RX route
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(b) View from RX RFU at NLoS transition route, TX is almost blocked by the surrounded trees
Figure 1. Environment of measurement campaign
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Figure 2. Measurement Environment
The measurements were performed on the University Park Campus, University of Southern California, in Los Angeles, CA, USA, in an area that resembles a typical urban environment. The TX was placed on a scissor lift at the height of 5m while the RX was on a mobile cart with the antenna height of 1.8 m. The view of TX-side is shown in Figure 1. One MIMO channel snapshot (i.e., all beam pair combinations) is captured in every 200 ms as we moved the RX with an approximate speed of 0.15 m/s on straight lines resulting in a spatial sampling with an average rate of 3 cm per sample. As the RX moves, a laser distance meter records the distance to a reference object placed at the start of the route. On the post-processing, we emulated fast-moving UE speed. It is assumed that UE moves constantly with the average vehicle moving speed 36 km/h, for a convenience, then the time index of all channel snapshot is scaled to emulate the UE moving speed (i.e., 1cm moves in 1 ms).
The two measurements were conducted in LoS route and NLoS transition route, and the investigated route for mobility feasibility is a mixed-route of 53m LoS route and 40m NLoS transition route which is marked with light-blue color arrow line in Figure 2. All measurements on 93m route were conducted [-45°, 45°] azimuth sweeps at both the RX and the TX, while the bore-sights of the arrays facing towards to possible paths of propagation. In LoS route, the RX sector facing towards TX direction (i.e., 0° orientation). For the NLoS transition, two runs was conducted to include both 90° sectors when the RX sector is oriented at 0° (i.e. same orientation with LoS) and 270° (i.e. facing towards the LoS route).

3	Feasibility Study for mmWave Mobile
The directional power-delay profile (PDP) data per BPL is processed for obtaining the omni-directional pathloss between TX and RX. The detailed post-processing can be found in [2], and the pathloss receiving all direction are presented in Figure 3. The pathloss on the LoS route is well matched to the pathloss model defined in TR38.901 UMi LoS in [4]. One interesting observation is that the pathloss is attenuated with a pattern of oscillation on the way to the LoS route, and the receiving power changes are up to 10 dB. The phenomenon is caused from the ground reflection effect, which is also observed in the typical two-ray path channel model with similar distance separation from null to null. 
The received power per BPL is also analyzed. In Figure 4, 11 BPLs out of total 703 BPLs, which has been selected for best BPL once along the route, are plotted. In this analysis, the oscillation of the received power in LoS route is more noticeable. In Figure 4, it is also assumed that the UE is moving along the route with 36 km/h speed (typical vehicle moving speed in urban area) and the moving distance is converted to the time scale to emulate the moving speed. After the point of turning to the NLoS route (around 78 m TX-Rx distance, 5200 ms in time index), the reception of signal power in Figure 3 is rapidly decayed entering the transition and NLoS area where more blocking from trees and foliage are occurred. However, the alternative path from building reflection along the cross-corner direction are dominated after some point (around 6500 ms in time index), then the received signal keeps in a certain received power level.
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Figure 3. Pathloss of the measurement (LoS and NLoS)
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Figure 4. Received power level of best BPLs on the testing route

Observation 1: In LoS route, mmWave beamformed channel might suffer from the oscillation of the received power from the ground-reflection effect.
Observation 2: In NLoS route, rapid power decaying on the signal reception up to 30 dB in 1000 ms in moving vehicle speed. 
Observation 3: The beam changes are occurred in the order of 100 ms. Transition area has rapid beam changes on BPL, however, the order of BPL’s power on LoS and NLoS area is not changed rapidly.

AMC, H-ARQ is ones of the essential feature for supporting mobility, and it is also an important role in conventional cellular system. Furthermore, considering mmWave system above 6 GHz, the adaptive beam-forming technology is another key essential feature on hybrid beamforming system. The feasibility of these features will be investigated for further analysis and will be shared in following contributions on the next meeting.
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3	Conclusion
This contribution made the following observations:
Observation 1: In LoS route, mmWave beamformed channel might suffer from the oscillation of the received power from the ground-reflection effect.
Observation 2: In NLoS route, rapid power decaying on the signal reception up to 30 dB in 1000 ms in moving vehicle speed. 
Observation 3: The beam changes are occurred in the order of 100 ms. Transition area has rapid beam changes on BPL, however, the order of BPL’s power on LoS and NLoS area is not changed rapidly.
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Hardware Specifications

‘Center Frequency 2785 GHz
Instantancous Bandwidth 400 MHz
Antenna array size 8 by 2 (for both TX and RX)
Horizontal beam steering 45 10 45 degree
Horizontal 3dB beam width 12 degroes
Vertical beam steering 30 10 30 degree
Vertical 3dB beam width 22 degrees
Horizontal/Vertical steering steps 5 degrees
Beam switching speed s
TX EIRP 57 dBm
RX noise figure <5dB
ADC/AWG resolution 10/15-bit
Data streaming speed 700 MBps
Sounding Waveform Specifications
Wavelorm duration Tps
Repetition per beam pair 10
Number of tones. 01
Tone spacing 500 kHz
PAPR 0448
Total sweep time. 1444 ms
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