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1,000 X in mobile data volume per geographical area L 1000TIMES €= 20 BILLION

HUMAN-ORIENTED TERMINAL

reaching a target > 10 Tb/s/km?2
1,000 X in number of connected devices reaching a r'-\\ ’.L 32
= 5D ' g

density 2 1M terminals/km?2

100 X in user data rate reaching a peak terminal data
rate > 10Gb/s

Guaranteed user data rate >50Mb/s
1/10 X in energy consumption compared to 2010

1/5 X in end-to-end latency reaching 5 ms for e.g.
tactile Internet and radio link latency reaching a target o
<1 ms for e.g. Vehicle to Vehicle communication

1/5 X in network management OPEX

1/1,000 X in service deployment time reaching a
complete deployment in £ 90 minutes r
Q@

Mobility support at speed > 500km/h for ground
transportation

Accuracy of outdoor terminal location £ 1m

W, <BMS LATENCY

Source: 5G Infrastructure Association: Vision White Paper, February 2015,
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Service / Use Case (ref 1) Traffic Density (DL) Peak Throughput (DL)
Indoor Hotspot 15 Thps/km? 1 Gbps

Stadium 10 Thps/km? 20 Mbps

Large Outdoor Event 900 Gbps/km? 30 Mbps

Dense Area 750 Gbps/km? 300 Mbps

Traffic Jam 480 Gbps/km? 100 Mbps

\ehicle 100 Gbps/km? 50 Mbps

Broadband Everywhere EOG%EE/slifnTz(éil::;;rban) 50 Mbps

Latency in the air link <lms

Latency end-to-end (device to core) <10ms

Connection density 100x compared with LTE
Area capacity density (average target) 1Thit/s/km2

System spectral efficiency 10bit/s/Hz/cell

Peak throughput (downlink) per connection 10Ghit/s

Energy efficiency >90% improvement over LTE
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Backhaul network Fronthaul network Mobile Access

= 5G C-RAN architecture consists of three major components:
e RRHs - BBU pool - CO
e Each connection define the front-haul and backhaul part of the network.
e Backhaulis typically fibre-based, Front-haul can be fibre or wireless link based

4 B
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Consolidated CO

ZWF Passive

BBU pool
(VNF based)

W

Fronthaul network

" Processing is performed at the CO.

= Physical BBUs are removed and the BBU sites are consolidated in an edge cloud (mini-
DC) located at the CO.

= Actual BBUs can be replaced by virtual BBUs implemented with VNF.
e Some HW functions are still needed (encryption, HARQ, FEC, Beam forming)

5 B
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Name:  [blueSPACE] - Building on the use of Spatial Multiplexing 5G Network
Infrastructures and Showcasing Advanced Technology and Networking
Capabilities

Topic: ICT-07-2017 — 5G PPP Research and Validation of critical technologies and

systems
Duration: June 2017 — May 2020

Budget: 6.655.127€ SPACE
Effort: 755 PMs
Partners:
echnische Universitei S\w’/’é
T U/ Eir?i%g?s‘ﬁ%loLfJTechn:lo;y :) AD‘-I.A §/ﬂ\\§ Optoscrlbe
Optical Networking
ff?@-m}??'t :i(\?,_ AIT 4 l
%é/ .:E-’. OF EXCELLENCE "ﬁ\\ o 0 I"TRACOM NTIEQQEH.SNAI@

F& roRRESEARCH C TT (TELECOM
e TN c q rour of courantes COSMOTE
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ENGINEERING FORWARD

% Universidad
§ Carlos III de Madrid

¥ g UNIVERSITAT CORNING

DE VALENCIA
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6. Resource sharing and optimum allocation

Multi-service and
multi-operator CO
Cco

Operator
OLT

Operator MCF w. SMF cores or
oLT MCF w. FMF cores

Operator [ ' ,. Ultra-high capacity low
OLT ._ latency backhauling

: support + massive MIMO

+ Beam steering

/(((O)) Il cell
2 all ce
(())) (((()))) e wronment

2d stage
passive RN

15t stage
passive RN

Total capacity:
M cores x L As/corex R Gb/s

SsS9dJe olpey

S9JIAIDS }AOMION

| |
3. Definition of functions 1. ODN design and dimensioning
. . Sensor network loT
4. Processing 2. MCF adapters — Bundles of fibres

5. Interfacing

8. RoF solutions 9. Beam forming

10. MIMO processing 11. Power distribution solutions

Horizon 2020
European Eur pe n Union fun d g

Commission for Research & Inn
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Key technical characteristics

Targeted network segment:
e Front-haul infrastructure based on SDM enabled ODN
Operating band:

e The 26GHz band in EU (24.25 — 27.5 GHz) for commercial
5G deployments from 2020

Data transport technologies
e Novel Analogue Radio over Fiber techniques
e Comparison with emerging digital techniques (eCPRI, NGFI)

Mobile access connectivity
e Novel SDM-enabled beam forming scheme

Control plane
e SDN/NFV control with PNF and VNF extensions
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= Network design concept: Make the best use of the two wireless bands
at sub-6GHz and 26GHz

e Sub-6GHz to provide: Core

Network

— basic connectivity and services =
e 6GHz to provide:
— high bandwidth connectivity when required
e Referred originally as the Phantom Cell concept EEE eNodeB
— Proposed by NTT Docomo
% E& ‘/” | Add-on cell

e.g. 3.5GHz f “
e.g. 2.1GHz _A1eA

= New ways in handling services and allow future migration:
e Enhanced sub-6 GHz DRoF for basic BB services and user tracking/control

e Small cells for high bandwidth services
— DRoF (eCPRI, NGFI) for reliable services with strict requirements (+ compatibility)
— ARoF for ultra-high capacity services (+ future expansion)

e Deployment based on increasing demand (considering also PON).

Hori 2020
European Eur eal funding
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Digital or Analogue fronthaul?
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Move towards
new CPRI forms
in which PHY
processing
complexity is
carried back to
the RRH so 5G
can scale to
larger data rates

IP_backhauling
v
core ) (@) PDCP
T EPC = B, RLC | MAC | PHY RF }«—-
2 4 variable classical eNB
split within L2 W
0dy)
core PDCP ’ @
network EPC < ‘pic | MAC < > B, = MAC = PHY @ RF ’q—bg
./ central unit (cluster) variable slim eNB
split within L1 w)
(0dy)
core PDCP @ )
i EPC < o c MAC  PHY k PRT » PHY RF }'ﬁg
€.g. L. CPRI —
_ central unit (cluster) fixed extended RRH
CPRI fronthauling
l o Ve
core PDCP " >
T EPC <+ pic | MAC PHY = CPRI < Beon » CPRI | RF }q—b
B/ central unit (cluster) fixed RRH
Analog RoF
()
core PDCP ) (@) -
o EPC %—- RLc = MAC | PHY | RF o » PD Hg
- : . CPRI —
B/ central unit (cluster) fived
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M elements !.'TIERNAT.ONA@
N sub-bands antenna THALES

‘EULHMEIR =
b

RF, —— E/O ——

<€) IntRACOM
RF . [TELECOM]

T — Optical / o _<

beamforming

RF; ____ E/O network MCF fiber O/E —<

RF;
RF,
RF,

RF, — _ E/O ___ O/E
26-28 GHz cenfral Similar to lens focusing (Fourier transform operation)
frequency - Beamformer operates a space to angle transformation

= Beam forming principle assisted by the delivery of signals in space to different
antenna elements.

= Full reuse of spectrum with the addition of antenna arrays

= Smaller number of antenna elements (reduced power consumption) compared to
typical wireless schemes

= Allows reconfigurable beams to be created and steered
= OBFN development over low-cost low-loss TriPleX™ platform by LioniX
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=  Multiple controllable elements at the access point and the CO +
multiple resources
e Resources: RF Spectrum, RF format, A-spectrum, space
= Added complexity if both Wireless and PON access sides are to be
controlled
Cloud
= SDN Control framework for abstraction and efficient slicing _/
= VNF for controlling and optimizing the higher layer functions at the —
BBU pool
= PNF for controlling the physical layer allocations at the BBU pool (e
<
:_]5;::::.:“ =P
RF — “;i VEPC
H RF % g€ s
RRU (analog) -:.-" lh‘" —1 (analog) computing VIE
CPRI t:’D"J 5G SDM g o e CPRI
RRU | (TDM) DRo._l-‘: '- g : fronthaul - g RO (TDM) ;:g
== v > network o DSignal
5, (IDM)
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BlueSPACE control framework
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= blueSPACE targets a disruptive yet realistic and scalable
approach for the fronthaul part of the 5G networks, able to
address efficiently and in a scalable and future-proof manner
the high capacity and flexibility requirements imposed by
advanced 5G services.

= The approach includes the following key attributes:

e Promote a SDM-based optical front-haul design that

— flexibly extends the overall network capacity

—> supports spatial diversity in the RF and optical domain (for massive MIMO
processing support at the CO)

— enables the use of RF beam steering from the optical domain
e Allow the centralized location for the management and processing

functions in the BBU pool at the CO
— with the adoption of reconfigurable spatial/spectral resource allocation by means
of SDN/NFV
— and leveraging on the use of analogue RoF transmission techniques
e Support the full integration with other existing approaches

— including both PON solutions (in the access part) and flexible back-haul
interfacing (in the metro-core part).
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Many thanks for your attention

For more details contact:
Dimitris Klonidis: dikl@ait.gr

loannis Tomkos: itom@ait.gr
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