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Growth of Connections, Data/Cloud Traffic, and Terminals world-wide

Mobile Trend

/ Mobile \ / Mobile

Connections!

Bytes /Month

/ Connections

Data Trafficiu

NETELIN

~

[1] VNI Glebal Mobile Data Traffic Forecast 2013-2018, Cisco, 2014

[2] The Mobile Economy, GSMA, 2014
[3] Internet of Things, Cisco, 2013
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German Frequency Allocations to Mobile Broadband / Wireless Services

e Red: UL,
2010 : DL’
2012 : TDD - unpaired
frequencies
2015 e Blue: ISM Band for
wireless services
zuklnftig
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Frequenz [MHz] e 1.427 -1.518 MHz
e 3,4-3,6 GHz
for mobile broadband. In
total 50 MHz per mobile
I operator.
WRC-15 has not opened TV
I bands (470-690 MHz) for
I mobile service.

WRC-23 will consider these
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WRC-19: Candidate Frequency Bands for 5G (>= 2025)

2010 Blue: ISM Band for
wireless services

2012 Grey: 5G candidate
bands

2015

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 100
Frequenz [GHz]

WRC-19 is expected to identify further spectrum beyond 6 GHz.

BNetzA of Germany has reserved a total of 16 GHz in mm-wave bands beyond 25,5 GHz
for mobile service. WRC-19 most probably will identify less than a 5 GHz of this fur 5G

Spectrum preferred by NGMN* (not matching WRC-19 candidate bands):
a. 6 — 20 GHz (e.g. 5.9 - 8.5 GHz, 9.9 - 10.6 GHz)

b. 20 GHz — 30 GHz (e.g. 21 - 23.6 GHz, 24.5 - 29.5 GHz,

c. 30 — 86 GHz (e.g. 31.8 - 33.4 GHz, 40 - 43.5 GHz, 66-76 GHz, 81-86 GHz.
*Next Generation Mobile Networks: Worldwide operators forum.
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Introduction Phases of 5G Systems

]:I'rﬁe time schedule fur development of 5G and successor systems is as
ollows:

e 5G Phase 1 Technique will be introduced in 2018/20, where
frequency spectrum below 6 GHz assigned by WRC-15 will be used.
This system will be called ,5G".

e 5G Phase 2 Technique will be introduced in between 2025 and 2030,
WheOrle frequency spectrum assigned by WRC-19 above 6 GHz will be
used.

o F(Srgm 2030 on 5G Phase 2 is followed by system technique known as




Parameters and Key Technologies of 5G Phase-2 Systems
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Cell Spectral
Efficiency

Key Technologies

Tech. for Above 6 GHz
Adv. Coding & Modulation
Adv. MIMO & BF
Enhanced D2D

Adv. Small Cell

Interf. Management

Flat Network

Multi-RAT Interworking
Mobile SDN




NGMN: Parameters to Characterize 5G Phase-2 Systems

e 1000-fold capacity and ability to connect 100 Billion MTs

e About 1 GHz additional frequenc s ectrum beyond 6 GHz (German
operator currently is licensed about 0,25 GHz)

e 20-fold peak data rate of 20 Ghit/s

e 10-fold guaranteed mean user data rate of 100 Mbit/s,

e 10-fold density of mobile terminals , i. e. 10 Tsd. Terminals/km?,

e 10-fold processing power of radio network of 10 Mbit/s/m?,

e Increased mobility of mobile terminals: 350 km/h -> 500 km/h,

e 10-fold reduction of latency: 10 ms -> 1 ms,

e 100-fold energy efficiency/(1 kbit data packet): 1 mJoule -> 10 pJoule,

e 3-fold increase of spectral efficiency: 1,5 bit/s/Hz -> 4,5 bit/s/Hz.




Contributions by Technologies to Increase 5G Performance

Enhanced M\/  Advanced IO Interference BB
D2D Small Cell Management

Peak Data Rate
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* Frequencies >6 GHz improve all performance parameters shown in picture (left).

 New modulation & coding schemes: increase cell and cell edge capacity.
MIMO/Beamforming: cost efficient; increase cell and cell edge capacity.

 D2D communication: increase spectrum efficiency by saving transmission events.

« Small Cells (wireless backhaul/relay): cost efficient; increase cell and cell edge capacity.
* Interference management: increase cell edge capacity and spectrum efficiency.
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Capacity Required depends on Operations Area

If the frequency spectrum licensed to
“Blanket coverage” an operator suffers to serve the Hot
Spot scenario,

then (considering wave lengths of
spectrum assigned to operators)

Het net deployment

Capacity demand

all other scenarios shown in the

picture can be served without any

problems (using larger cells),
_since the traffic load/sgm is much
Indoor/hot spot Urban Suburban = Iess, there.

Traffic distribution

Figure 4. Capacity demand and deployment strategies for non-homogenous

Source: J. Zander, P. M&honen: Riding the Data Tsunami in the Cloud: Myths and Challenges in Future Wireless
Access, IEEE Communications Magazine, March 2013, 145-151
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Off-loading of 4/5 G Traffic to Unlicensed Bands at 5 GHz

LTE for Unlicensed Bands (aka LTE-U)
Licensed-Assisted Access using LTE

Licensed Licensed
downlink - uplink * Unique combination of licensed + bands

* Licensed band provides reliable connection and quality of
service for mobility, signaling, voice and data

* Unlicensed band boosts data rates - "Opportunistic use”
1 * LTE-U to be integrated into small cells beside Wi-Fi
* Note: downlink: uplink asymmetry 10:1 in LTE networks

Downlink
aggregation
200 MHz 255 MHz 125 MHz
5150 5350 5470 5725 5850
Band A Band B UNII-Upper
indoor 30-200mw | 120 MHz outdoor 1W Band C 5725 5825

Sharing of the 5 GHz ISM Band for off-loading of non-real-time data traffic

from 4/5 G, preferentially, in downlink direction is currently not permitted.
LTE-U (LTE Rel.15) specifies ,Listen before talk“ compatible MAC protocols.
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Off-Loading of LTE traffic is relevant mainly in hot spot small cells.

LTE-Systems have a DL-to-UL Asymmetry of 10 : 1.
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Relation of licensed bandwidth to cell diameter

The shorter an operator in terms of frequency bandwidth is, the smaller
the diameter of its cells to carry the traffic load, e.g. in Hot Spots.

Restrictive licensing of frequency bandwidth by a regulator enforces
deployment of small cells not only at Hot Spots but also in scenario
,urban®, e.g. by operating heterogeneous networks.

5G systems will be deployed in highly dense populated areas only,
providing rare coverage to suburban. 5G will be much more spotty in
radio coverage than 4G systems are, today.

Rural areas are not in focus of 5G systems, at all. [*]

Frequencies above 6 GHz are useful for small cells, only.

[*] M. Eriksson, J. van de Beek: Rural 5G: Oxymoron or Opportunity?, ComSoc Technical News, November 2015




Relation of licensed frequency bandwidth to cell size, Cont‘d

To meet capacity demands of Hot Spots by 5G (assuming LTE radio interface) an
operator holding 3 GHz licensed spectrum can deploy cells with 400 m
diameter, whilst an operator holding 1 GHz only must deploy 200 m cells.

WRC-19 is expected to
result in ~1GHz per
operator beyond 6 GHz.

Spectrum Reguirements (GHz)

Om 400m .. . 300m A00m
Int:':ra-lte Dmtan:elrrnetersr
At > 6 GHz only small cells can be deployed.

A German operator currently is licensed ~255 MHz.
[*] D. Castor: Future Wireless Opportunities for mm-Wave Systems, 19" European Wireless Conf., Guildford, UK, 4/2013
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Heterogeneous Networks built from differen RAT Standards

Small Cells are extremly costly in terms of

- CAPEX (capital expenditure) ((( D)
- OPEX (operations expenditures

Typical parameters in 2020: £

BS type Coverage radius (m) ff

Macro cell about 400 1 Microcall o
Micro cell about 200 NG
Pico cell about 40 Q‘Emlﬂﬂ) )
Hot spot about 10 —

HetNETs combine macro, micro, pico and femto cells to meet the local
capacity requirements.

Macro- / Micro-, Pico- and Femtocells may operate in different
frequency bands and may be based on different RAT standards.
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Traffic Distribution 2020 to Radio Access Technologies and Cell Types

In 2020
25% of all traffic is carried by WLANs. Percentage of Small Cells is 90 %.

Traffic distribution of different RATGs  17affic distribution of deployments in one

RATG

Radio WLAN
Pico

Access Tz
Technology 46
Group iG .
RATG

Macro

5G traffic predicted for 2025 will require more than 90% to be carried in Small Cells.
The share of Macro- / Microcells in the number of cells will be less than < 5%.

[*] L. Piurucci : The Quality of Experience Perspective Towards 5G Technology. IEEE Wireless Communications, August 2015, 10-16
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5G Small Cells will replace Macrocells

5G systems need a much higher capacity than 4G: The solution is Small Cells.
The absolute number of macrocells will reduce.

5G Deployment Scenarios
Existing 4G Deployments 4G Deployment

] . :
D'iv ------- 4G base stations
i Y =
: D 5 -

5G Deployment Scenarios

Gradual Coverage Expansion
Full capability standalone 5G systems covering most areas

Remaining large
coverage 4G macro cell

- l‘.ﬁ.‘} : 5 (fE‘-' y '?-!3-_.. L
: ﬁ.\} !

Remaining large
coverage 4G macro cell
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Massive MIMO: Key Technology for 4/5G GHz macro cells

- >100 antennas at BS and multi-user MIMO (precoding/decoding),

- Simultaneous service of >50 of low complexity MTs per cell

- Cell-wide same quality of service in (sub-)urban and rural scenarios,

- Small-scale fading avoided at MT; more regular time behavior of radio channel,

- TDD operation for channel estimation: only channel coherence time limits channel capacity,
- Power gain some 10 dB -> 10-fold capacity gain,

- Hardware < 6 GHz is available and cheap,

- Signal power of macrocell is dramatically reduced.

EESNENNEA RN REERERRREEE Wave length at 3 GHz is 10 cm:

:::::::::::::::::::::-.:' Horizontal width of 25 elements antenna is < 2 m.

'IIIIII.*H:‘.I‘I‘II‘I*HII“FJ"
IEREREREER
iEfARAARENER
IENERRNEREN
ifigERANAERER
EFEAERRAERNE
AERERERERE

mMIMO Antenna (160 antenna elements)
for < 6 GHz

[Resurrection of 5G: In defense of Massive MIMO, ComSoc Technology News, Issue: January 2016, A. Gatherer, Chief Editor
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2014-Darstellung des 1985 vorgeschlagenen 60 GHz Systems

Millimeter Wave Hotspots for Backhaul

mm¥y
The Technology Solution for 5G
Small Cell Access and Backhaul

backhaul
* Capacity growth beyond what
emerging Small Cell and Spectrum
Sharing solutions can provide

100% — 1000x growthl|

=228 ol _ > Pl wianld
1 =5 Bl 0 B

fl | STEP1 _
Heterogenes Mobilfunknetz aus 3GPP-System und mm-Wellen basiertem Mobilfunk fir Hotspots

basierend auf drei Technologien: Bleistift-Beamforming, Vermaschung von Zugangspunkten
(backhauling of BSs) und mobile Funkschnittstelle. Quelle: D. Castor (InterDigital): 56 mm-Wave, PIMRC, Sept. 2014
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First ever Mobile Broadband System at 60 GHz Proposed 1985:

4/5 G-like: TDMA, Demand Assigned MA, Packet Switching, Beam Steering, Multi-hop

60 GHz WLAN IEEE 802.11ad (plus mesh): template of 4/5G small cell networks:
,o0me Gbit/s in 2 GHz wide channels®.

[ } " E ; - -
- :) (,.g ﬂ " Fig. #: Reuse of slot t1 with-

in radius r of 52

Fig. 3: Example of station’s
fan beam management

|
|
1
In 1985 net data rate was 160 kbit/s. Fig. 7: Example of slot useage

Following Moore it would be >10 Gbit/s today. with fan beam antennas
far the links of Fig.5 ¢t

B. Walke, R. Briechle: A local cellular radio network for digital voice and data transmission at 60GHz, Proc. Cellular &
Mobile Communications International, London, Nov. 1985, 215-225

- ] Benedikt Wolz, ComNets 24/12




Historic Consideration

Mobile radio for anyone (GSM phone network) exists since only 25 years
(from 1990 on)

Since 2000 we have packet-switching based mobile Internet access
(GPRS /UMTS/LTE))

-> Internet became omni present 15 years ago.
e 5G Phase 1 will start in 2018/20 and 5G Phase 2 at ~2025 using mm-waves.

o Digitalization of society and economy will be enabled, leading to the fourth
industrial revolution, especially in the
- automotive,
- transportation,
- healthcare,
- energ%/, _
- manufacturing,
- media and entertainment sectors.




FFV-Workshop Aachen Panel Slide (B. Walke)

* Mobile communication enables a steady growth of new applications (“APPS”);

» A revolution of processes is expected for
 Humans through sensor / actuator networks
e Production / automation (Industrie 4.0),
« Healthcare / Judiciary system (law), etc.
* Public service /administration, logistics, public traffic, etc.

* Internet is unsafe like the operating systems of computers connected.

* Internet eases world-wide security attacks and non-prosecuted criminal actions.
« All this will dramatically change culture and living style - more then TV did (1960)
* Are we prepared for this — who is taking responsibility to control this?
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