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ApplicationNote

the channel gains over the entire 
route for each of the 384 mMIMO 
elements to four representative Rxs 
on the UE:

Front Windshield (see Figure 
2a). For most of the time, this Rx 
does not have a strong path from 
any mMIMO element, but typically 
has a channel gain determined by 
the sum of many diffuse scatter con-
tributions, which arrive from a mul-
titude of directions. As a result, one 
observes very fast fading for much 
of the time with rapid fluctuations 
in channel gain. There is a period, 
however, from t ≈ 0.5 to 1.0 s, over 
which the channel gain is relatively 
large for the mMIMO elements of 
one polarization. This is due to a 
strong reflection off the slow-mov-
ing bus that the UE is gaining on 
which exists over this period, allow-
ing significant power to reach the 
Rx.

Rear Windshield (see Figure 
2b). For this Rx, the characteristics 
of fading for the first ≈ 3.5 s are no-
tably different from the front wind-
shield Rx, as the gain is significantly 
increased and has a fading contri-
bution that fluctuates on a slower 
time scale. This is because a line-of-
sight (LOS) and one or more specu-
lar rays are incident on this Rx over 
this period. Beyond 3.5 s they are 
shadowed by one or both buses.

Driver and Passenger Side Rxs 
(see Figures 2c and d). These Rxs 
show similar behavior to the rear 

8 element pairs between the mMI-
MO gNB and the UE’s Rxs. Ray trac-
ing is performed at each of a dense 
series of time steps spaced by 2.5 
ms over a time interval between t = 
0 and 5.5 s.

New mobility features currently 
under development in the Wire-
less InSite propagation tool facili-
tate simulation of the motion of the 
UE along with other vehicles in the 
scene so that any geometry that 
can affect the propagation channel 
is accurately accounted for at each 
time step. Ray path trajectories 
which connect a transmit-receive 
(Tx-Rx) element pair can include 
up to six reflections, one diffraction 
and attenuation by foliage. In addi-
tion, diffuse scatter off the terrain, 
asphalt and nearby buildings is in-
cluded. Linear interpolation of ray 
path parameters (e.g., path length, 
path loss and phase shift) between 
time steps allows a reliable means 
to reconstruct ray path properties 
at arbitrary times. The parameters 
for each ray path at an arbitrary 
time can then be used to calculate 
the complex path gain and, by co-
herently summing over all complex 
path gains, the complex channel 
gain for each Tx-Rx element pair.

FADING AND SHADOWING
These results are used to pre-

dict channel fading for each Tx-Rx 
element pair as a function of time. 
Figure 2 shows the magnitude of 

chains, the gNB can simultaneously 
transmit four data streams to the UE. 
The gNB does so by employing dig-
ital beamforming using one beam 
from each panel selected from the 
precoding matrix. With these four 
analog-formed beams, the digital 
beamformer employs regularized-
zero-forcing (RZF)6 to determine 
the optimum complex weight coef-
ficients for transmitting each of the 
four data streams to an individual 
Rx on the UE, while simultaneously 
minimizing interference to the other 
three active Rxs not associated with 
a given data stream.

The UE travels along Park Av-
enue at a constant speed of 14.75 
m/s. Along the route, it overtakes a 
bus moving at 7 m/s in the adjacent 
lane and is proximate to oncoming 
traffic, a car (14 m/s) and a bus (13 
m/s). Figure 1 depicts the scenario 
at an initial time, t = 0 s, where the 
yellow dots which extend in front of 
each moving vehicle denote way-
points at equal time intervals for the 
given route.

DETERMINISTIC CHANNEL 
MODEL

Before considering the effects of 
latency on beamforming, first con-
sider the general characteristics of 
the fading channels for the scenario 
described above. Remcom’s Wire-
less InSite is used to evaluate the 
propagation channels by perform-
ing ray tracing for each of the 384 × 
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