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Sensing & Imaging
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& Imaging

Outline ...

* Meeting 6G challenges/Key Performance Targets
* End-to-end RAN, Backhaul and Core

* Existing versus New Spectrum (THz?)

 Self-organization becoming even more pertinent as spectrum landscape
widens

* Estimating the holistic impact
* Energy/Spectrum/Utilization Efficiency



RAN and
Backhaul —
both can be
wireless
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Inside the radio wave spectrum fmaging
Almost every wireless technology — from cell phones to garage door openers — uses radio waves to communicate. Most of the white
Some services, such as TV and radio broadcasts, have exclusive use of their frequency within a geographic area. areas on this chart
But many devices share frequencies, which can cause interference. Examples of radio waves used by everyday devices: are reserved
Auctioned for military, federal
Me |tone 2.4 GHz band government and
spectrum Used by more than 300 industry use
consumer devices, including
D Garage Wireless microwave ovens, cordless
BroadcastTV  door Cell medical Cell phones and wireless Wi-Fi  Satellite Security
Channels 2-13 openers phones telemetry phones networks (Wi-Fi and networks TV alarms
{ Bluetooth)
3 500 1 15 2 3 4 5 50 300
kHz MHz GHz GHz GHz GHz GHz GHz GHz GHz
L L 1 1 1 L L L5 ] L 1 L 1 | L 1 1 L 1 J
| N I
| 5 Signals in this
* = ﬁ zone can
only be
AM radio Remote- BroadcastTV GPS Satellite Weather CableTV Highway Police sent short
535 kHz controlled UHF channels (Global positioning radio radar  satellite toll tags radar unobstru ctéd
to 1,700 kHz toys 14-83 systems) transmissions g
distances
PERMEABLE ZONE SEMI-PERMEABLE ZONE LINE-OF-SIGHT ZONES
Frequencies in this range are considered Difficult for signals
more valuable because they can penetrate to penetrate dense : P
dense objects, such as a building made objects Signals in this zone can
out of concrete travel long distances, but
could be blocked by trees
and other objects
Visible
Microwaves Infrared light Ultraviolet X-rays Gamma rays .
Lowesl '3 = = 1 —— 05!
frequencies ‘ ] RADIO WAVE SPECTRUM frequencies
3 kHz wavelength 300 GHz wavelength .
9 o What is a hertz?
The electromagnetic spectrum L POV ol L
Radio waves occupy part of the electromagnetic { owir ‘ fre qg ency issefh%n distg:\éz flr%rvr:av\v/:\iéi::gsct ?o
spectrum, a range of electric and magnetic waves reque/(iye\

=3 = _ == aWalll
of different lengths that travel at the speed of light; B el A Crest

other parts of the spectrum include visible light and ‘ ‘ 1 kilohertz (kHz) = 1,000 hertz
x-rays; the shortest wavelengths have the highest i Wavelength 1 megahertz (MHz) = 1 million hertz
frequency, measured in hertz Distance from crest to crest

1 gigahertz (GHz) = 1 billion hertz

Source: New America Foundation, MCT, Howstuffworks.com
Graphic: Nathaniel Levine, Sacramento Bee © 2008 MCT

https://theconversation.com/wireless-spectrum-is-for-sale-but-
what-is-it-11794 :
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Diverse applications with diverse and
challenging requirements

A new dimension to be added:
URLLC
MMTC
eMBB

Ultra Intelligence

Sustainability and Equitability
¢ ?

Move further closer to the vertices
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6G End- to- end view Z)CSI
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User centnc cell association JJCSI
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Let S, be the physical channel quality (e.g. RSRP)

Conventional cell association:

Macro-cells
RX=SX
Rm>Rsc12Rscp>Rscs
Wl
Small cells I
Determine R, =S, + CREO, Mutifarious
Backhaul
options

... and decide cell association using modified rank list
Rsc12Rsc>Rscs2Ry

o e e e e e e S M e e mmm M e e Mmm M e e mmm M M e Mmm M e e e e e e o

\_______________________________________—

__________



Learning based dynamic CREO <) CSI
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;©  RRH/Small Cell 1 ) N \
KPI= Key Performance Indicator | I I/ \‘
QoE-= Quality of Experience ! :
CREO= Cell Range Expansion Offset I @ | E !
| Dynamic O I ]
. ) CREOs o 1 |
BH link status : | -
settings I | :
. J I I
\ N e e e e e e e = = : D ' :
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Measured dynamic NETWORK KPI

Measured dynamic USERS’ QoE



7/
SON — Q-learning c'n%ngst'ln

Imaging

[ Initialise Q ] Actions are possible settings of CREOs
Selected action is the one that gives the
—>[ Choose action from Q ] minimum cost

A 4

[ Perform action ]

Ultra high cost if backhaul max T (B)
capacity constraint is

exceeded, T(B) = 2 T.(B.) = Z z Ty e
c=1 c=1u=1

else, cost is the QoE gap -
weighed by users’ Ke=Tq(B:) 0, <0
preferences, U

A 4

[ Measure COST ]

Q' . — 0O,

< WL 1..-'!-!‘

= .
else, cost is the difference Z “

between backhaul capacity
and corresponding constraint K.

I:l-(]l-!.rl-

A 4

[ Update Q ]

T.(B.) - O,
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User Centric
Improvement

* Glasgow + Surrey + BT Collaboration:
M Jaber, M Imran, R Tafazolli and A Tukmanov

IEEE Transactions on Wireless Communications, 17(5),
pp. 3095-3110

doi:10.1109/TWC.2018.2806456

IEEE Access, Vol.4, pp.2314-2330;
doi:10.1109/ACCESS.2016.2566958
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https://doi.org/10.1109/ACCESS.2016.2566958
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Exploring New Spectrum Opportunities e

10...100 10...20
Gblt/S Gbit/s
j 7
(£
Intra- Dewc_e
Communication Kiosk downloads
10..100
Gblt/S 10...100 Gbit/s
Backhaul/Fronthaul links Additional Wireless

Links in Data Centers

Source: https://standards.ieee.org/standard/802_15 3d-2017.html terapod
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THz Research areas Commupication,

Internal Morphology of Leaves using Terahertz
Dayl (THz) Sensing at Cellular level Day2

Loss in moisture content (MC) and other synthesis
2\ atmolecular level affects the freshness of leaves
with passage of days

Further loss
observed on
ction of air Day4 day3
rand some
sticides

Synthesis  Pesticides Air
(Carbohydrates Cavity
or protein)

ter
Moisture cells
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Managlng EX|St|ng Spectrum Better Sensing & Imaging

g Spectrum Management and Analyses

& RF Device Identification
T 00 EDIE

2 23
- o

Fealure exracton ’ Chustenng Idertitying known devices |
. %

Fig. Geographical areas and RF landscape for RF device identification and shared spectrum

13
management at University of Glasgow’s smart campus
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Spectrum landscape Glasgow testbed K maging

LF T VT T M

University of Glasgow — Licensed and Unlicensed RF Assets
868MHz / 915MHz 1.8 GHz 2.4 GHz : { $ 24.25~-52.6 GHz

S (@) = (@) =

LTE- (D) 5G
NR

NR

Fig. Licensed and unlicensed RF assets at the University of Glasgow

High Performance Compute RF Security Management
IT Managers
Fi i o Transceiver RF Cybersecurity
‘ mg‘e P |.n Identification Spa
= Classification
‘ RF Signal __ RF Capture
-® 3 Scanning and Filtering Spectrum Management
Software Defined Radio RF Spectrum RF Spectrum MNOs MVNOs

ld

Fig. RF scanning and spectrum and security management framework
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Dynamic spectrum portal ... Communication,
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Negotiations

. with Incumbent
® ‘ Centrall Spectrum
() Comm|55|on|ng of ® Yy
Holders
Private or Pop up Managed )
Radlo Networks Database

/Q"’ Trading &
! Acquisition of

Spectrum
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Block-chain for spectrum trading Commupication,

Fair, reliable and real-time trading platform

Energy & Infrastructure Communication Computing

4

Energy Sharing

Spectrum Sharing Gomputing Resource Sharing

(@) ()

Operator A Operator B

i8] o

Distributéd Power Users

—asssmmpEdge Computing[DistriButed Storage

Blockchain Broker A Blockchain Broker C

o 10T
Communication Flow N—
@ cation W Computing loT

ﬂ mmmmmn Blockchain Transaction

—E s Energy

Our Beep-trace Framework
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Conclusion Summary o neng

* Self-organized networking to ensure end-to-end mapping of user
requirements with wireless link capabilities can ensure better user
experience on following KPIs

* Throughput —around 20% more users satisfied;

e Latency —around 8% more users satisfied;

* Resilience —around 2% more users satisfied

* Energy efficiency — most energy efficient links selected

* This may be at the cost of sacrificing some global metrics
* Need to optimize conventional spectrum used for wireless comms
* Need to explore and efficiently use the new spectrum e.g. THz/VLC
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