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1. Introduction
In RAN#69, the SI for channel model above 6GHz was agreed and subsequently there was initial RAN email discussion on related issues. Companies provided views on different issues including deployment scenarios, channel modeling methodologies, additional new features for channel model at very high frequency bands. In this document we study a phenomenon of human blocking and its impact on channel parameters through measurements at 26GHz frequency band.
2. Discussion  
To study human blocking phenomenon we setup a measurement environment as below:
1. Frequency band: 26GHz
2. Measurement bandwidth: 500MHz, 1GHz
3. Tx/Rx antenna: horn antenna both at 1.3 meters height
4. Distance between transmit and receive antenna: 15 meters
5. Size of blocking persons: 
	
	Front (m)
	Side (m)

	Person 1
	0.44
	0.20

	Person 2
	0.50
	0.24

	Person 3
	0.52
	0.24


Measurement campaigns:
1) One person crossing, front and side blocking
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In this case, one person walks past in the middle between transmitter and receiver crossing the LOS path on front and side ways. Measurements are taken with a person walking from 1 meter left of LOS path to 1 meter right with the step of 0.1 meter until the distance to LOS path is 0.5 meter. Between 0.5 meter left of LOS path and 0.5 meter to the right, the measurement step is 0.05 meter.  

2) Two persons crossing, front and side blocking
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In this case, two persons walk past the LOS path in parallel one at the distance of 5 meters from Tx and other at the distance of 5 meters from Rx. Measurement steps are same as in case 1.
3) Three persons crossing, front and side blocking
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This case is similar to case 2 except there are 3 persons walking in parallel at even distance.
4) One person walking along LOS path, front and side blocking
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In this case, one person walks along the LOS path starting from 3 meters to Tx until 1 meters to Rx, measurements are taken at the step of 1 meter. Two measurements are carried out with the person walking directly facing Rx and walking sideways.
5) Two persons walking along LOS path, front and side blocking
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In this case, there are two persons walking along the LOS path moving simultaneously, “Person 2” starting from 3 meters and “Person 1” starting from 5 meters from Tx until “Person 1” reaches the point which is 1 meter from Rx. Measurements are taken at the step of 1 meter for both walking directly facing Rx and walking sideways.
3. Measurement results
In this section, measurement results are provided for different cases mentioned in section 2. 
1) One person crossing, front and side blocking
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Fig. 3-1, one person crossing, front blocking           Fig. 3-2, one person crossing, side blocking  
2) Two persons crossing, front and side blocking
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Fig. 3-3, two persons crossing, front blocking           Fig. 3-4, two persons crossing, side blocking
3) Three persons crossing, front and side blocking
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Fig. 3-5, three persons crossing, front blocking           Fig. 3-6, three persons crossing, side blocking
4) One person walking along LOS path, front and side blocking
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Fig. 3-7, one person walking along LOS, facing Rx           Fig.3-8, one person walking along LOS, sideways
5) Two persons walking along LOS path, front and side blocking
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Fig.3-9, two persons walking along LOS, facing Rx            Fig.3-10, two persons walking along LOS, sideways
4. Conclusions
In this contribution, we presented a set of human blocking measurement results. We observe that there is significant attenuation of signal strength due to human blocking at 26GHz frequency. The impact of human blocking should be considered in the channel model for >6GHz frequency. Potential models of human blocking are discussed in companion contribution [3]. 
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6. Appendix
1) Fresnel model
Antenna height is shorter than human, unlimited height and limited breadth of human is assumed, e.g. as shown in figure below.
[image: image23.png]Fig. 1. Model geometry including local cartesian coordinate frame.




Figure A.1, human blocking model
No penetration loss considered, signal from transmitter arrives at receiver from both sides after diffraction，blocking plane crosses the LOS path in any angle, diffraction gain as below:
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where,
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is Fresnel integral.
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is Fresnel- Kirchhoff diffraction coefficient, where [image: image28.png]


 is wave length, [image: image30.png]


 is depth of the blocking plane, [image: image32.png]
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 are distance from transmitter and receiver to the plane respectively.
[image: image36.png]


 is diffraction field, and diffraction gain at the receiver is:
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where, [image: image39.png]
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 are depth of diffraction, and sum is equal to width of the blocking plane.
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Figure A.2, one person crossing, side blocking, Fresnel
2) Volger model
Figure below is the blocking model assumed by Volger.
[image: image43.png]Figure 1. Representative path profile and geometry for
equation (1).




Figure A.3, transmission path and blocking objects model
Where, [image: image45.png]


（[image: image47.png]


）is radius of curved blocking objects, [image: image49.png]


 is diffraction angle,[image: image51.png]


is distance between blocking objects, [image: image53.png]


 is electromagnetic parameter which is a function of radius, permittivity including obstacles, wave length [image: image55.png]


 and polarized wave. Below is the fading model with N blocking objects between transmitter and receiver:
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where,
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 is a continuous variable.
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Figure A.4, one person crossing, side blocking, Volger
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