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Introduction
In the TR on Study on Scenarios and Requirements for Next Generation Access Technologies [2], a rural macrocell scenario (RMa) is defined for deployment of 5G. While spectrum below 6 GHz is most likely to be targeted at initial deployments in rural environments, it is likely that higher frequencies will be suitable for traffic hot-spots in rural towns and villages, particularly as the demand for higher bandwidth services increases over time.
In RAN1#84bis a channel model for 3D RMa supporting up to 7 GHz carrier frequency has been agreed as a working assumption with parameters given in Appendix A in R1-163909 [1].
There is currently a lack of measurement data in higher frequencies in an RMa scenario. In this contribution, we present results from a measurement campaign in an RMa scenario at 24 GHz. We find that foliage loss from just one or two trees can be above 20dB.  Average path loss and AOA spread is close to predictions from the RMa NLOS model in [1], indicating that this model can be extended to higher frequencies.

 Measurement setup
The measurement campaign was performed by Victoria University in collaboration with Telstra and Ericsson in and around sport fields in Footscray in Melbourne, Australia. The environment was open with sparse obstructions and is considered to be a good representation of an RMa NLOS scenario. 
A narrow-band continuous-wave transmitter was mounted at the corner of a building, transmitting into a horn antenna with ±5° beamwidth. The horn was oriented in the general direction of the measurement locations as indicated by the red arrows in Figure 1. Three receiving locations were selected at distances of 200 to 500 m from the transmitter. A horn antenna with ±10° beamwidth was used at the receiver, mounted to a robotic rotation system able to step in 7° increments in the azimuth. Receiver measurement bandwidth was 50 kHz.
[image: ]
Figure 1. Map of transmitter and receiver locations. Red arrows indicate the orientation of the transmitting horn antenna used with each measurement location.
Two transmitters were used, mounted at different heights at the building (first and second floors). The transmitters operated at 24.050 GHz and 24.051 GHz respectively. The heights were chosen such that the path to the rowing club measurement location from the first floor was obstructed by a tree near to the transmitter, while the path from the second floor had a clear line of sight (LOS) to the measurement location. Figure 2 provides a visual indication of the two different paths.
[image: ]
Figure 2. Top and bottom transmitter locations providing path unobstructed / obstructed by tree
At each measurement location, positions were chosen that covered a range of LOS, NLOS (shadowed by the building at the measurement location), outdoor and some indoor. As discussed above, the path to the lower transmitter was typically blocked by a tree.
Table 1. Approximate distances to transmitter from each measurement location
	Location
	Distance

	Footscray rowing club
	250 m

	Footscray cricket club
	360 m

	Edgewater suburbs
	520 m



Postprocessing
At each measurement position, a set of received power measurements were collected by the measurement robot in 7° increments. Each individual measurement was taken as an average over 12 separate samples. Representative samples of individual measurements are presented in Appendix A.
A scatter plot shows the measured path loss compared to free-space and the WF RMa path loss models [1] for LOS and NLOS RMa channels (Figure 3).  The WF RMa path loss model is stated as validated between 450 MHz and 6 GHz but here it is used at 24 GHz. The free-space path loss is the top line and the RMa LOS just below it.  The two lower lines are the RMa NLOS lines for Rx antenna heights of 2.8 m and 6.1 m.  All our measurement positions fell within this height range.  Most locations were strictly NLOS because of nearby physical structures (boat club) or trees.  The tree density was low, but when operating over extended ranges it is surprising what you hit. 
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Figure 3.  Path gains for all locations.  LHS with Tx antenna at 16.2m and RHS Tx antenna at 11.8m
To gain insight into the attenuation caused by foliage, a comparative analysis of the difference in path loss observed from the two transmitter locations was carried out, as shown in Figure 4.  The upper transmitter (htx = 16.2) generally experiences much less attenuation due to foliage.  Omni curves measure signals from all directions, and therefore collect more power than when receiving in the peak direction only.   The CDF plots show the additional shadowing loss is about 7.5 dB (Omni) and a little less for the Peak power scenario.  Some individual measurement locations showed differences as large as 20 dB.
[image: ]
Figure 4. Additional loss beyond free space. Difference in path loss observed between the two transmitter locations, primarily caused by trees.
The measurement of angular spread was limited by the 20° half power bandwidth of the measuring horn antenna. A CDF of the rms azimuth angle of arrival (AOA) spread is shown in Figure 5.  Only a few positions have a strongly directional component.  Many locations were shadowed and had angular spreads close to the uniform value of 180/pi degrees. For comparison, the WF RMa models the NLOS rms AOA spread with a median of 33 degrees [1].
[image: ]
Figure 5. RMS angular spread at the Rx. Red: htx = 11.8m and Blue: htx=16.2m.  

Discussion
Figure 3 indicates the potential to extend the WF RMa model to higher frequencies.  From Figure 4, the median peak power is 26 dB below the free-space value (ht = 16.2).   We note that this is just a little larger than the 24 dB separation between free-space line and the NLOS lines at the 350 m mark in Figure 3 LHS.  This indicates the potential to extend the WF RMa model from the current 6 GHz to 24 GHz at least and maybe to even higher frequencies.   
Details of the measurement scenarios are shown in Appendix A along with notes on each scenario. 
Observation: pathloss measurements at 24 GHz in a rural macro environment agree on average with the WF RMa pathloss model
The comparison between upper and lower transmitter locations at 24 GHz indicates attenuations by foliage in the order of 20 dB in some locations. Position 6 (see Appendix A) shows clearance for the upper Tx and foliage blockage for the lower Tx.
Observation: in isolation, tree foliage can cause up to 20 dB attenuation
[bookmark: _GoBack]Measurements of AOA spread show agreement with the WF RMa model indicating the potential to extend the model to 24 GHz for fast fading also.
Observation: AOA spread measurements at 24 GHz in a rural macro environment agree on average with the WF RMa pathloss model

Conclusion
Observation: pathloss measurements at 24 GHz in a rural macro environment agree on average with the WF RMa pathloss model
Observation: in isolation, tree foliage can cause up to 20 dB attenuation
Observation: AOA spread measurements at 24 GHz in a rural macro environment agree on average with the WF RMa pathloss model
Proposal: Extend the applicability of the new RMa path loss model in R1-163909 [1] to 24 GHz
Proposal: Consider extending the applicability of the new RMa fast fading model in R1-163909 [1] to 24 GHz
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Appendix A
A representative sample of measurements at individual measurement positions may be found in the attached PDF.
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