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Arrays can focus the
transmit power

16-element array 1

Arrays are a rate
multiplier

Arrays enable better
spectrum sharing

Arrays are small
@mmWave

Going out of band

How different are propagation characteristics
between different bands?
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Spatial
characteristics What if

across comparing
frequencies on sub-6GHz and

the order of few S A T L
MHz are similar

Well established in
the 90s [I]
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Measurements from legacy
WiFi have been used to
configure 60 GHz WiFi [3]

We have estimated DL
correlation of mmWave

systems using sub-6 GHz
correlation [4]

Translating channel information between vastly
different bands has many challenges
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. . mmWave
the size of the correlation
matrices is very different

the angle spread, the center angle of

arrival and the received power Ccan
be slightly different

MmWave large arrays

Robert W. Heath Jr.

Configuring the arrays from Implicit or
explicit channel estimation leads to high
overhead

|IEEE 802.1 lad beam training can take up
to 50 ms for beamwidth of 10° *

BEAM —
Compressed estimation
can reduce overhead

TRAINING

COMPRESSED

CHANNEL ESTIMATION\/

First'solutions Recent solutions Still, too much overhead

Overhead

Exploiting OOB commun. signals

Covariance translation from sub-6 GHz to
mmWave

Construct an estimate of the
mmWVave spatial correlation
matrix Sub 6 GHz spatial

mmWVave spatial
correlation matrix

correlation matrix

Non-Parametric - Parametric

Exploit correlation structure
Use interpolation/extrapolation

to obtain Ry, R], ; = 220500 (27 A(i — ) sin(f)ay)
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Correlation to be
reconstructed

known ccylat'on
AN i

Compressed beam search with OOB info

Random beam patterns Replace random beam Structured random
patterns with strucured

random from OBB
\ . l
Direction estimate

from OOB Direction estimate from

OOB

Random b&ampatt

for compressed Possibly low gain in the
beam search ‘ strong channel direction

Hierarchical beam search with OOB info

OOB-aided
2ub 6 GHz hierarchical search
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Noise level
eplace coarse
direction

estimate from OOB

Fair gain in the\strong channel
direction from OOB

Conventional
hierarchical search

Replace mmWave coarse search with OOB

Noise level

Millimeter Wave Communication with Out of
Band Information (OOB)

The potential of using OOB info

POSITION
INFORMATION

| Fast beam
configuration

SIGNALS FROM
COMMUNICATION
SYSTEMS AT LOW FREQUENCIES

SIGNALS
FROM SENSORS

Channel info extracted without taxing the communication resources!

Exploiting sensor information

Sensor aided mmWave

mmVVave sensors at the automotive
sensing BS UE sensors

. — lidar i
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camera radar
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inertial sensor

Sensors everywhere...
Why not to exploit sensing info to aid mmVWave communication?

Radar aided mmWave V2X

Radar beam in another band

mmWave BS
supporting

V2X+radar
. antennas

—©— Com Signal at 65 GHz —©6— Com Signal at 65 GHz
— »%— - Radar Signal at 76.5 Ghz — »%— - Radar Signal at 76.5 Ghz

* N. Gonzalez-Prelcic, Roi Mendez-Rial, and R.
W. Heath Jr, ”Radar aided beamforming in
mmWave V2| communications support antenna
diversity," ITA 2016 .

TOP
ANTENNA

Relative Path Gain

Hbybrid precoder & combiner design
based on covariance
information of the radar signal

Position aided mmWave Y2X

96% of 802.1 lad beam training overhead

flocti . :
Reflection can be saved using fingerprint

off building
could be used
in NLOS
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