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1
Introduction
In the RAN#69, a SID for above 6GHz channel modelling was approved in [1]. One of the aspects of modeling the above 6GHz channel is the modeling of human interactions with the wireless channel. In this contribution we provide some measurements and modeling of the human body blockage (at intermediate distance and near-field blocking from the human hand) at 28 GHz. There is significant impact from these phenomena and it is important to accurately model the effect of human blocking in the >6GHz channel models.
2
Effects of Human body blocking at intermediate distances
2.1
Measurement Setup
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The human body blockage measurements were setup as follows:
· Antennas
· Transmitter – Horn antenna (20dB gain, 15⁰ beamwidth) down tilted by 8⁰ and pointed towards the seating area from 6.6m
· Receiver – Linear track placed ~4” behind the middle seat of the front row 

· Omnidirectional antenna or Horn antenna (20dB gain, 18⁰ beamwidth) 

· Measurements with just one person or with a group of persons were performed

· Two staggered rows of seats emulating a stadium setting
· Four people in the back row and three people in the front row; Back row elevated above the front by 4 inches
· Metal chairs with vinyl cushioning
· Measurements were made with both V and H polarizations

· Absorbing panels placed behind the back row to avoid reflections
· Ground bounce was mitigated by absorbing panels on the floor
· Types of measurements
· Linear track
· Antenna moved every ¼ wavelength over 40 wavelengths
· Three measurements for each location at intervals of ~10s to detect temporal variability
· Spherical scan
· Elevation:-30⁰ to 90⁰, Azimuth: 0⁰ to 360⁰ 
2.2
Linear track measurements with 7 humans in close proximity
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The average blocking loss in the presence of many humans was ~10.7 dB (with antennas 4 inches behind the person in front). It is also observed that the path loss is quite flat over displacement. Temporal variations over 10s were significant (5-6dB).

2.3
CDF of channel path loss in various scenarios
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The effect of nearby humans significantly improved the received signal (median of -19.2 dB vs -10.7 dB) implying the importance of not only modeling the human blockage but also the reflective aspects. The energy from nearby humans was also fairly directional as demonstrated by the angular measurements in the following figure.
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The following table provides a summary of the blocking losses in various conditions. 

Table 1: Blocking Loss (Median)

	Test Setup
	Receiver
Antenna
	Polarization
	Mean Blocking Loss [dB]

	7 people
	omni
	V
	10.7

	
	horn
	V
	15.5

	
	
	H
	21.2

	1 person, no chairs
	omni
	V
	19.1

	
	horn
	V
	24.5*

	
	
	H
	22.9*

	1 person, 7 chairs
	omni
	V
	14.6

	
	horn
	V
	22.1

	
	
	H
	-


3
Effects of hand blockage at distances close to the UE
The human hand when in close proximity to the antennas can significantly influence the received signal. To study the effect of such near field hand blockage, we electrically model the human hand (assuming a homogeneous dielectric constant of εr=16.5 and conductivity σ=25.8 S/m) holding a mock-up of a UE (with antennas in various orientations and patterns) and simulate the antenna gain in each azimuth and elevation angle using a commercial EM simulation software. 
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Figure 5: Various orientations of the hand blockage (a) Portrait and (b) Landscape
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(b)

	[image: image15.png]F(x)

Blocking Loss CDF

09

0.8

0.7

06

05

0.4

0.3

021

0.1

X -1555 -
Y:0.1014

20

; ; ;
18 16 14 2 10 -8

Blocking Loss [dB]





[image: image11.png]



(c)


Figure 6: Antenna gains in elevation and azimuth with and without hand blockage at 28 GHz,     

(a) Without hand, (b) Portrait mode, (c) Landscape mode
We observe that the presence of the hand causes significant outage. The dark blue regions correspond to deep outages which are in the angles right behind the hand. The plots in Figure 7 show that specific subarrays that get blocked undergo deep outages in specific angles although there are other angles where those subarrays are still usable. 
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Figure 7: CDF of maximum gains from individual subarrays in landscape mode

4
Conclusion

The effect of human or hand blockage between the transmitter and receiver is a significant aspect of millimetre wave wireless channel. It is important to capture these effects in a simple but effective manner in the >6GHz channel models. 

· To model the effect of humans in intermediate distances, it is important to consider both the shadowing and reflective aspects of human body. 
· To capture the near field effects of hand blockage, one may introduce an angular blocking probability to model the blocked clusters due to the presence of the hand. Alternately, one may also consider specific subarrays to become inactive or unavailable due to blocking.
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Figure � SEQ Figure \* ARABIC �1�: Human body blockage measurement setup





Figure � SEQ Figure \* ARABIC �2�: Track measurements





Figure � SEQ Figure \* ARABIC �3�a: Blocking loss with 7 occupants, 3b with only one occupant, 3c one occupant and chairs





Figure � SEQ Figure \* ARABIC �4�: Angular distribution of human blocking
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