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A simplified Doppler test
We graphically show the general Doppler scenario below.

[image: image1]
We notice that as the mobile moves from point -Do to Do, the angular slant range R between the mobile device and the source is changing in a nonlinear manner where
v = velocity of the observer device

R = slant range between the mobile and source
-Do = the starting point

t = time

L = standoff distance.

The Doppler shifted frequency for a moving mobile and a stationary source is given by
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where

vR = relative slant range velocity between the mobile and the source
c = speed of light

f0 = nominal center frequency
f = Doppler frequency
We can derive vR as
· 
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The Doppler shift is then given as

· 
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Numerical Examples
Example 1:  1 meter standoff
Determine the Doppler shift for the case where

D0 = 10 meters

v = 2 m/s
L = 1 meters
f0 = 60 GHz
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Example 2:  3 meter standoff 
Determine the Doppler shift for the case where

D0 = 10 meters

v = 2 m/s

L = 3 meters

f0 = 60 GHz
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Suggested Simplified Simulation Test for Doppler
While this test does not reflect any particular real physical deployment, it does provide a simulation test environment for relative comparison of PHY proposals. 
1. Assume an AWGN channel with an Eb/No of TBD.
2. Establish a continuous packet exchange between the source and the mobile

3. In the simulation environment, mathematically vary the source carrier frequency according to the equation
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with the parameters

D0 = TBD meters

v = TBD m/s

L = TBD meters

f0 = 60 GHz

4. Record the impact on the performance (either BER or PER … TBD).

A simplified angular velocity test

In conjunction with the Doppler test, we can also simultaneously show that the antenna pointing algorithms are tracking the time varying angle of arrival.
 
[image: image12]
The angle of arrival at the mobile is given as 
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and the angular velocity (rads/sec) is given as
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Example 3 – 1 meter standoff
Determine the time varying angle and the angular velocity for the case where

D0 = 10 meters

v = 2 m/s

L = 1 meters

f0 = 60 GHz

[image: image16.emf]0 1 2 3 4 5 6 7 8 9 10

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

Angle

seconds

rads


[image: image17.emf]0 1 2 3 4 5 6 7 8 9

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Angular Velocity

seconds

rads/sec


Suggested Simplified Simulation Test for Angular Velocity
While this test does not reflect any particular real physical deployment, it does provide a simulation test environment for relative comparison of PHY proposals. 

1. Assume an AWGN channel with an Eb/No of TBD.

2. Establish a continuous packet exchange between the source and the mobile

3. In the simulation environment, mathematically vary the angle of arrival according to the equation
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with the parameters

D0 = TBD meters

v = TBD m/s

L = TBD meters

4. Record the impact on the performance (either BER or PER … TBD).
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