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Elic University of
Smart Internet Lab BRISTOL

Smart Internet Lab

« Brining academics and researchers together from

« Communication Systems & Networks (CSN) Research Group

 High Performance Networks (HPN) Research Group

 Photonics Research Group

 Research Institutes

Smart

Internet

* Creating an Urban 5G Innovation Platform -
to address grand societal and industrial challenges,
and to meet continuing cultural demand

for improved technological infrastructure and performance.
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Elic University of

. BRISTOL
5G - An Introduction Smart Internet Lab
Enhanced Mobile Broadband (eMBB)
Ultra Reliable Low Latency Communications (URLLC)
Massive Machine Type Communications (mMTC
* Radio and Hardware e Software and Virtualisation
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Elic University of

Technology BRISTOL

Smart Internet Lab
Network slicing
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TIME-DIVISION ~ FREQUENCY-OIVISON L
£ N
(@)

DUPLEX DUPLEX DUPLEX
'-;-'.'-'f»‘;?} {ii.'!i-ilr-:fﬁ:
n
&3 \ Vﬂiswmmumw
B\ &

BO0DRD

Edge Computing

Edge computing

|
(t

8

Beamforming

Low power o ) .
P ) S loT Massive MIMO
consumption T =

@bristol_smart #5GBristol - 5GUK Test Network 4 29/01/2019 bristol.ac.uk/smart


http://www.bristol.ac.uk/smart

. .Vé University of
Heterogeneous Integration & BRISTOL

Smart Internet Lab

LTE-A M2M  Wi-Fi Li-Fi 5G NR  Fixed line
* 5G will be a multi-RAT solution <6GHz  700MHz 24,5, 6x10"*Hz 3.5 GHz Fibre etc.

60GHz
e All managed by the core network

f"\
* 2G, 3G, LTE, LTE-A _ﬁ\ ((‘ ’)) ?
* 5G NR (massive MIMO & mmWave) A «(@)» L

* Wi-Fi ac and ax, WiGig n
* Fixed line, LiFi, etc
* Evolution from discrete and separately
managed networks

e Big step to combine IEEE with 3GPP

* Flexible and adaptive core

An intelligent core network is imperative
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.wé University of

. . &I BRISTOL
Enabling Technologies Smart Internet Lab
Radio and Hardware Software and Virtualisation
* mmWave * Network Function Virtualisation
* Masive MIMO e Software Defined Networking
* Beamforming  Multi-Access Edge Computing
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Network Slicing

Yellow Customer
++++ URLLC
++ eMBB
+ MMTC

Red Customer

+ URLLC
++ eMBB
+++ MMTC

Emergency Wireless
CCTV

Elic University of
BRISTOL

Smart Internet Lab

Green Customer

++ URLLC
++++ eMBB
++ MMTC
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.Vé University of

University of Bristol Test Network layers D& BRISTOL

Smart Internet Lab
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.wé University of
Technology (& BRISTOL

Smart Internet Lab
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Elic University of

Massive MIMO (indoor radio propagation) BRISTOL

Testing at Wills Memorial Building

« Evaluated the new Over The Air
(OTA) sync method

* Demonstrated 12 video streams in
UL & DL

» Ensured Reliability of Service

* Qutdoor radio propagation was
also carried out before the public
demonstration

Smart Internet Lab

— e
e =

M-MIMO 3.5GHz Physical Layer

12 User Clients
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Safety

BS EN 50385: 2017

* Product standard to demonstrate the compliance of base station
equipment with radiofrequency electromagnetic field exposure
limits (110 MHz - 100 GHz), when placed on the market for -
General public

IEC 60950-1/EN 60950-1/UL 60950-1/CSA C22.2 No. 60950-1:

* Information technology equipment - Safety -Part 1:
General requirements

IEC 60950-22/EN 60950 22:

* Information technology equipment - Safety - Part 22:
Equipment installed outdoor

United Kingdom Public Health England’s (PHE’s):

« Concerned citizen can contact PHE for health related enquiries:
https://www.phe-protectionservices.org.uk/nir/contact

@bristol smart #5GBristol - 5GUK Test Network 12
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Smart Internet Lab

Health Physics April 1998, Volume 74, Number 4

_‘
0
S

(@)

(D
"o

<
Jl
(%]

—"
O

-
o
X
B

> O -

0w

c
pyn
~

il
I

__i___

general public
s i peak g.p.
——=—= occupational

-------- peak occup.

https://www.icnirp.org/cms/upload/publications/ICNIRPemfgdl.pdf
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.Vé University of
Safety — Example A& BRISTOL

Smart Internet Lab

3.5GHz M-MIMO General Population / Occupational / 1
Macro Base Station Uncontrolled Controlled
e.g. total 200W RF power Exposures Exposures D “
rd au
Maximum Permissible 10 W/m? 50 W/m? DE P Df b
Exposure (Power density) <IN ™~
Ref: ICNIRP Guidelines RF exppsure
o compliance
Distance in front ~15m ~7m v d boundary
(Df) / around the
. . Ay antenna
Distance to the side ~Om ~4m ?’a.d
(Ds)
Distance below and above ~3.5m ~1.5m
(D a,d and Da,u)
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Spectrum BB BRISTOL

Smart Internet Lab

LTE Band 7 (FDD Uplink) _LTE Band 38 (TppD) ____LTE Band 7 (FDD Downlink)
2500 2520 2535 2570 2595 2620 2640 2655 2690

3 x 5MHz FDD
Channels
4 x 5MHz TDD

Channels 2640 2645 2650 2655

3 x 5MHz FDD
Channels

2520 2525 2530

2.3GHz - Band 40 3.5GHz 5G ‘Pioneer’ Band 42

___________

TDD

Telefonica
40MHz

Total

Telefonica

3520
Frequency (MHz)

2350 2370 2390

26GHz Band 5G ‘Pioneer’ band

University of Bristol Test and Development License

24250 25875 27500
Frequency (MHz)
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Phase O
Vé University of

Architecture B BRISTOL

Smart Internet Lab

Bristol 5G Testbed System Architecture (Physical ) High Performance Network Group Lab
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-Vé University of
Public Engagement (A& BRISTOL

BBC News Channel - Click, OM5G Smart Internet Lab

BB O '

https://www.youtube.com/watch?v=5hfZxsGc\WB4
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Phase 1

5G Smart Tourism - Conce
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— Q = e tram
45 EPC equipment will - |

be installed during
Phase 1 56 Testbed
and Trial. This will
be upgraded to 5&
core when available.
Existing equipment
will connect to new
Testbeds

Mokia 7750 router BIO fibre

ring

Fibre backhaul
from Bath to
Bristal

Bath City Cenire & The Pump Rooms

A addirianal
EBL since Bath
Local datacentre / rackspace

1dkm awoy
AirScale BBU
Existing MEC
BAMNES Wi-Fi -
used to Q
provision —
inclusive

gl irScale Hub
connectivity.

Add another
SS5ID

SS Great Britain

5& Micro
RRH

Combined 56 RRH
and Wi-Fi small cell

—

d

Local datacentre / rackspace

AirScale Hub

ESd

wé University of
Y BRISTOL

Smart Internet Lab

M-Shed Museum

Local datacentre / rackspace

Hull level

AirScale Hub

ol

o)

! A f 5& Micro RRH mounted
W’:‘?Igﬁ?ﬂmgﬁ :::-H v |I outside the Baths complex
location/exhibit. Including onjadijacentgbuilding
restaurant and spring room | '

Discretely
mounted Wi-Fi

in Baths area

Two 56 Micro
RRH on roof
illuminating
Steam
Railway and
Dock area

45 RRH &
wi-Fi
Small Cell

8 x

MNokia

8 = ccs [l

8 x

Ruckus

Wi-

1 x Combined Micro RRH +
Fi Small Cell per

location/room

The museum
comprises multiple
exhibition rooms and
conference venues

*(WTC) This is an existing 56 Testbed
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5GUK Network Expanded
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4G LTE-A & 5G NR :
e Remote Radio :
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- Micro server :
3 cloud

 5G Public Safety
: Zeetta Networks :

E&C(}Mobl’le Roman Baths

Millennium Square

Pump Rooms
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Elic University of
BRISTOL

Smart Internet Lab
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Phase 1

Network Coverage

University of Bristol
5GUK Access Points

.%; Y - n,

‘) = BristoliVA-Lab V If

- ' Bristol Aquarume

e e o & -
]
g

Yy :
Fiitey i

3 iz |
ip b Bristol Harbour Rallway

.

T
—mr

bristol smart #5GBristol - 5GUK Test Network

it o ) ..'...1_ . T
. _ E.-- o s _ N &
ol Srnoc-l'.l ) w' g
R ey =

iy

L-"’

npﬂm{ S- Mlllennlum Sq.

A, ;___ == V- VR Lab

W- Watershed
M- M-shed
B— Roman Bath

-Vé University of
BB BRISTOL

Smart Internet Lab
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. . . .wé University of
University of Bristol B niversiyof

Control Plane Architecture Smart Internet Lab

@ Experimentor user access

University of Bristol 5GUK Test Network

i - S Open Source
B Lo [OFRG aanG ruocia fl nocia
I Play Ground [User Interfacej osM Clientj
{ Orchestration j I CL%’DBAND b
N [ Service -
SF Endpoint Orchestratorj "ﬁ Multi-access

Mgmt & Control /
= VNF Monitor VNC Conflguratlon Resource Edge
Manager Manager Orchestrator CloudBand Computing

Service Function

=

| | =

=

=

£3 openstack NetOS ~oaia Jlo<ia JIE
Openstack SDN Controller Nokia VIM Nokia VIM §

_ = -

ce e T @D &

Optical Circuit Packet Switch Wi-Fi 4G LTE-A 5G NR WiFi Compute

Switch
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Connecting Across the SGUK Test-Networks B | BRISTOL

Smart Internet Lab
— @ User and Management Interface (UMI)

[ 5GUK Exchange (5GUKEX) }
t t t
Island 5GIC H Island UoB ! Island KCL !
OSM API OSM API OSM API
S === .
NFV MANO NFV MANO NFV MANO
Virtual | © Virtual i  Virtual N
Infrastructure | | SDN Control | Infrastructure | | SDN Control | Infrastructure | | SDN Control
_Manager (VIM) | _Manager (VIM) _Manager (VIM) ' ® o o
VNF VNF VNF
{ 3 { N / Further test
. Physical infrastructure . . Physical infrastructure . Phy5|ca| infrastructure networks
[ Inter-island infrastructure ]

@bristol_smart #5GBristol - 5GUK Test Network 21 29/01/2019 bristol.ac.uk/smart



http://www.bristol.ac.uk/smart

Example of Network Slicing (1/2)

Exchange Datapath

S Islani “oitrol Plane
I k |
. [ openstack. _ 3 openstack. =
B == ==t

Island ? Controd '-’1:? R

MANO ¥
| 1
H T 1 | HAT Gatessy | |_| I
' o
""""""""""""""""""""" | I ]
] [ ]
1 | ]
| . .
| | Combined Management and NAT Datapath Metwork
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Smart Internet Lab

5GUKex

Island 1 —

Island 2 —=
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Example of Network Slicing (2/2)

Inter-domain service provisioning through the 5GUKex

« Brokering inter-domain NS requests through 5GUKex to
Islands’ OSM

* VNF (VM) deployment by Island OSM (OpenStack)
* Inter-island service interconnection through 5GUKex ODL
» Security use case deployed in two islands

* Media and Proxy server, IDS, FW,
media client as VNFs

@bristol_smart #5GBristol - 5GUK Test Network
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Elic University of
BRISTOL

Smart Internet Lab

5GUKex

Open Spurce

VLC

]
Server ég
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Thanks You
&
Question Time

.Vé University of
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Smart Internet Lab
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