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e Mainframes dominated, until

Learning from PCs (1)

PCs took over when
computers were extended to
the mass market.

(IBM 1972)

An operating system based
on windows had a crucial
importance in the spread of
PCs.

Easiness of use is essential
for the mass market.

(Wikipedia, 1972)

"“'FHJEI:L- "

(PhotosCom, 2008) (Nokia, 2007)
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Learning from PCs (2)

e |nitially, PCs had performance
metrics that were orders of
magnitude below the current
ones (ZX Spectrum, 1982,

3.5 MHz, 16 kB, 0 GB).

e There’s a race in wireless systems
between services made available
to users and data rates made
available by terminals/networks.

(Nadine Meade, 2000

)



W Learning from Cars
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“u@| o |n the beginning, the goal was for

A faster cars.

N .
e Then, cars evolved for increased

comfort and safety of
passengers.

e Nowadays, cars are being sold for
energy efficiency.

e Speed is no longer important!
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Which Perspective?

e The Olympic Games
motto applied to ‘ '
current systems (i.e.,
more of the same, but

just better), is a too
shortfall goal.

Now, more than ever,
one should have a
disruptive view of the Higher

future. Stronger)

ter
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-~ o Terminals are varied, serving different usages and

AR services:
S\

(techclones, 2013)
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More Terminals

Toujours
plus loin



W Information Access
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-~ o The paperless society will have a huge impact on
A networks:

e media is being consumed
in portable devices;

e daily commuters will need
a lot of information on an
instantaneous basis.

(musingsfrommedway, 2010)
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e |Location based services are being

) introduced these days, upon user
A\ demand.

(Unwired, 2007)

e The opposite is being introduced
as well, i.e., the environment

being aware that the user is — | :
—— h..
present.

(Minority Report, 2002)
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W Internet of Things

TECNICO
LISBOA

S| o Today’s systems are still based on
) a person being the end user.
AW

(Kenwood, 2007)

e Future systems are considering
machine-to-machine
communications as being,
potentially, more important.

(DHD, 1998)

e Sensor networks are emerging as
one of the “killer” network
y structures of the future.

(SensorProd, 2007)




W Vehicular Communications

TECNICO
LISBOA

—u| e \lehicular communications are a major area under
PN development:

e vehicle-to-vehicle;

e vehicle-to-infrastructure.

(awe, 2011) (car2car, 2008)
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w Smart Cities
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~w¢| o Smart Cities are getting a lot of
ES) attention lately, encompassing:

crow

e Public information and training

e Emergency warnings

e Health, inclusion and assisted
living

e |ntelligent Transportation
Systems

e Environment, Energy Efficiency,
and Smart Grids.

(photoaki, 2010)

13




W What services? (1)
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“u=*| o Mobile 3D Internet:

N visualisation of 3D images from a
QAW .
terminal.

e Real-time ad hoc communities:

extending social networks into
happenings on the spot.

St et S

(FutureLab, 2008)

e Prosumers:

users playing a decisive role as
producers and consumers of

__ =

con t en tS . (enriquedans, 2006)

14
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What services? (2)

e Context aware mobile web:

physical and social awareness of
users’ experience.

e |nteractive context aware games:

games adapted to the user’s
physical environment.

e Augmented reality:

combination of virtual with real
life objects.

(Spectrum, 2008)
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Current Perspective

e Today’s wireless systems are still very much used in
the perspective of “one size fits all”.

e We're no longer in the era
of voice centric networks,
hence, service differentiation
must be used.

(AutomationClinc, 2013)
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e How to “break the laws of physics”?

F
ﬁlo | v Traffic Volume

Operator Costs — Current Model

Voice Dominates
-t -

Operator Revenue
Customers

Data Dominates

A
Y

Time
17 (Accenture, 2013)
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e Networks will be virtualised at both the radio and
) fixed components.

Physical
Infrastructure

Virtualized
Substrate

Provisioning of Virtual Networks
(on-demand instantiation of virtual networks
7 N I, /I /(\ v

Virtual

Virtual Network

Network

Management of Virtual Networks

18 (4WARD, 2008)
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e Cloud computing and networking will provide a very
) efficient means to process and distribute
AW’ information.

CloNe-
enabled node
Router

Q)
Router NetInf % 2D data flow 3D data flow
CloNe-
based
server

19 (SAIL, 2010)
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Objectives

Virtualisation of network resources, enabling the
deployment of many virtual networks, with
different requirements, over physical networks.

Optimisation of physical resource usage over a
cluster of heterogeneous wireless resources.

Complete splitting between physical functionalities
(radio) and signal processing ones (computers) in
the network, by taking a cloud architecture.

Optimisation of processing resource usage over a
pool of computer processors in data centres.

It’s imperative to decrease operators’ costs!
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Physical Network Architecture

Service Provider 1 Service Provider 2

VirtualResourceAllocation

Capacity [Mbit/s]

Other Functions Virtual Network Enabler

Capacity [Mbit/s]

PhyNet 1) PhyNet 2 )

Other Funct. Other Funct.
o~ N~
RRM RRM

}

RAT1¥ RATZA
Radio )

PhyNet 3

Other Funct.}
N~

% % Resource %
| Units | |
8

) —
19
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Virtual Logical Network Architect.

Service Provider 1

Capacity [Mbit/s]

Ot:her Functions

VNet 1 o

Ot_her Functions

VirtuélResourceMgr

2 \\ Capacity
naq g  [Mbit/s]

VirtuélResourceMgr
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Virtual Wireless Access

/ \ Vlrtual links / \
7\

/
[ ;Lzs_.\\j \§VBSZ1\

Capacity [Mbit/s] .'

‘PhyNet1 . | (PhyNet2 ..y [ “.PhyNet3)

éRAT1 é °-,.°:éRAT2 é; éRAT3 é
- Radio % %
Resource

Units

Physical links
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-w.;vg'le,sad é‘l-
LsDoa a A
5 ]
,\ g Y
~N °
A \“g S Virtual Radio Resource Management (VRRM)
K\ \ g

usuodwo) |eaisAyd
>
>
<«—>

Physical Links
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Heterogeneous vs. Virtual RANs

S S — S —— Virtual-RAN
v v v
VNO#1 VNO#2 | - VNO#n

Slice allocation [Mbps]

VRRM

A

Total available capacity [Mbps]

CR;QM Het-Net

RAT selection & Load balancing
,,
§ 1 Managing 1 5
§ ‘ | localRRUs | ‘
LRRM LRRM LRRM LRRM
GSM UMTS LTE WiFi
Service request . N, Service request
inVirtual-RAN [ | ...... in Het-Net
tgemeefeccccacccccaccccaccccacccaaaa. [

—— Users ——
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Virtualisation vs. Sharing

Operating System ‘ 0s ‘ : 05 | .

Vhware
Hardware

Hardware

Machine Sharing Machine Virtualisation

Core ‘ Cors . Corz | | Core -
A B # C || D
Ll [ | E |

VRAN | | vRan |

Virtual Manager

Physical RANs

RAN Sharing

Physical RANs

RAN Virtualisation



W Challenges in Virtualisation

TECNICO
LISBOA

~ | o The achievement of an efficient resource usage is
ES) very challenging, since:

'I-.||||
e radio resources are subject to fading and

interference, so their performance needs to be
characterised from a statistical viewpoint;

e different services have different requirements,
depending on usage and application, which
impose different constraints;

e different VNOs may have different SLAs, which
lead to different conditions of operation.

27
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e Each base station has its own processing capabilities.

28
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e There’s a joint processing of base stations.

29
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Cloud-RAN Architecture

e The main functional split is of the base station into:
e RRH: Remote Radio Head;

e BBU: Base-Band processing Unit.

C-RAN Core
Network

Central Office
Data Centre

Fronthaul Backhaul




W The Splitting of Functionalities

TECNICO
LISBOA

TR lis g‘lgéscﬂ

e The functional split depends on the architecture

B perspective.
N

<~ Partial Full vy
centralized centralized tenna
GPS : :
v | | Base- | ==y
_EJ—E,ZE N Main (}—:D band sﬂibﬂigital?nansmitter’?— F;A
work ?EE:TI: : Prfli*::‘? : IF —_| /Receiver |__ INA
| |

|
BBU RRH

31
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— | e Pools of BBUs increase processing efficiency.

32
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e The required processing capacity for each function
S needs to be taken into account.
AW

From MAC To MAC
Channel state UP, UpP
information LR : UR »
I
l l—-——--‘ljn--...:..-._h..l e _l___“___I
Channel P Channel :
coding | decoding |
L *
i
] _!j""l_ et [ttt Rty
=] Baseband . Baseband i
@ modulation [} demodulation |!
i ;
% MIMO ) MIMO .| Channel
precoding || decoding —! | estimation
: T
¥ .} i
IFFT and CP CP removal and
insertion (OFDM FFT (SC-FDMA)

I !

User processing RRH RRH

Common BBU

33 processing {a) Downlink {b) Uplink
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The Latency/Distance Problem

e The latency in between RRH and BBU can be a
problem, imposing a maximum distance in between
them.

Fronthaul Link
RRH Data Centre

Oprr < 150 s

6RRH 6BBU
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Challenges in Cloud

e The achievement of an efficient resource usage is
very challenging, since:

e the number of users, and the usage of services is
very dynamic, requiring a statistical viewpoint;

e one needs to design the network for the “busy-
hour”, and the design of data centres capacity
needs to done in an optimised way;

e |atency, hence, distance, is a key constraint;

e the design of the network should take advantage
of the low (human) usage during the night.



i Scenario for an
s Optimised Allocation

-~ o Gjven a heterogeneous network, mixed of cellular
) (e.g., GSM, UMTS, LTE, and 5G) and WLAN (WiFi),
N the goal is to get an optimised and fair allocation of
resources, for a given configuration of:

e VNOs,

e data centres,
e services,

e users’ profiles,

e network configuration.

36
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e Three general VNOs’ SLAs types can be considered:
B e Guaranteed Bitrate (GB);

A\l e Best effort with minimum Guaranteed (BG);

e Best Effort (BE).  Datarates

Total capacity
of the system

Maximum
guaranteed

Minimum
guaranteed

37
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Services’ Classes

Service Conver- |Strea- Inter- Back-

class sational |ming active ground
Real time Yes Yes No No
Symmetric Yes No No No
Switching CS CS PS PS

Satégranteed Yes Yes No No
Delay Minimum|Minimum|Moderate| High

Fixed Variable |Variable | Variable

Buffer No Yes Yes Yes
Bursty No No Yes Yes
Example voice |video-clip| www email
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Voice / Video Calls

@

Smart Metres

Email

Messaging

39
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Human Service Usage

e Network deployment and management need to
take advantage of human service usage, which is
very much associated with daily activities.

300

- ) M
n o wn
o o o

Network Load [GBph]

-
o
o

50

| RS I | (NN NG| S| S S S
012345678 91

0111213 141516 171819 20 21 22 23 24
Time[hour]
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VNO Types at Virtual Base Stations

e Guaranteed (GRT) at the VBS:

VBS
len

e Minimum Contracted Data Rate,
e Penalty: p™ = Z p

e Best Effort (BEF) at the VBS:

e Reference Contracted Data Rate, Z?S
N

° Penalty: prr =3 p &,

where

RT _ BEF
o p™, pP*": penalties in time frame i, of N ones.

e &, :out of contract time frames, [%].
ref
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e Three approaches can be considered:

@, e Optimistic (OP):
b 0.5 RI"** < R, < R, all RRUs
e Realistic (RL)
0.5 R < Ry < R)***, half RRUs
0 < Rp < 0.5 R)**, half RRUs

e Pessimistic (PE)
0 <R, <0.5 R, all RRUs

42
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D _ =8 FF

(7))

Q.

= | | ' |

= | | | | |

3 \ Streaming | | | I

® | | | |

(S | | | |

& | | | |

o I | ' '

U N | | |

S nteractive ™ | | |

g — o

- Background | ' | |

g — \' '

a
Conversational \{
- 1\ $ >

43 Number of global offered users
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Impact of Network Deployment

e The location of data centres has to be optimised.

Residential (35.3 %) | Office (39.4 %)| | Mixed (25.3 % ) | 19 Pools

((ﬁ)} ﬁﬁ]} Point 7 :
W P‘&@EA ((31) Point 27 GBD ey Gg@ -F'olrltﬁ
053)) Point 10 cﬁﬁ Pgﬁg @ P% w 333333
ﬁgﬂ Point 75 a! @ P{:im@ @ﬂﬁ
-(.fﬁ)) O ¢

ﬁﬁ)} 323 Foint sﬁﬁﬁ Point 2
)

Point 37

3 @ Pgint 76
Poi

Point 19



Latency Constraint
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~ | e At the national level, latency  Pesaible BBU Pool

ﬁl. | imposes important
constraints.

45
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Savings can be Important

e Important savings can be achieved.

CAPEX

76.5 M€

80
70
60
50
40
30
20
10

Local

H Haul

W Sites Construction
M Cabinets

M Base Band

66.2 M€

M Haul
MW Energy
OPEX M Renting
B Maintenance
. 5.6 M€
4.9 M€

Local C-RAN
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e The evolution of services usage and profile impose

) major changes in network architectures, new
N perspectives being required.

e Virtualisation of radio resources, together with
cloud networking, are definitely solutions for the
evolution of heterogeneous networks.

e Relevant gains can be obtained with these new
approaches.
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e This presentation is based on contributions from:
@ e Lucio Ferreira

e Luisa Caeiro

e Sina Khatibi

e Behnam Rouzbehani

e Mojgan Barahman

e Tiago Monteiro

e Hugo da Silva
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EN Prof. Luis M. Correia
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Tel.: +351-213 100 434
Fax: +351-213 100472
Email: luis.m.correia@tecnico.ulisboa.pt
URL: http://grow.tecnico.ulisboa.pt

Detailed readings can be found at
http://grow.tecnico.ulisboa.pt/research/publications
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