
Einführung in die Vorlesung

User-in-the-loop spatial and
temporal demand control

for sustainable cellular networks
and beyond (Energiewende)
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Honesty?
Political correctness overdone?

What causes the problems of this world ?

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762#

Post-factual arguments (lies), Religion
Populism (Trump, Berlusconi)
Nationalism (Poland, Hungary)
Quasi Dictatorships           (Erdogan    …        Putin)
Fear of the complexity of this world and ignorance

or desire for for an „easy solution“ or saviour 

Climate change
Globalization
Digitization
IT savvy => job
NSA espionage
Privacy sacrifice
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Exponential Growth – the marker of instability: Population

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762Source: ourworldindata.org , shortcut4life.com
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Exponential Growth – the marker of instability

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762Source: ourworldindata.org , shortcut4life.com
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Bevölkerungsentwickung weltweit

https://en.wikipedia.org/wiki/World_population
http://www.worldometers.info/world-population/

https://en.wikipedia.org/wiki/World_population
http://www.worldometers.info/world-population/
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Exponential Growth – the marker of instability: Energy

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762

Energy consumption



Prof. Dr.-Ing.Rainer Schoenen
Fakultät Technik und Informatik

 Informations- und Elektrotechnik
7

Exponential Growth – the marker of instability

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762

Energy consumption
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Exponential Growth – the marker of instability

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762
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Exponential Growth – the marker of instability

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762
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Annual Mean Global Carbon Dioxide Growth Rates → 

Klimamodelle / Ökologie

Year  ppm/yr  Unc.  
1959   0.96   0.31
1960   0.71   0.27
1961   0.78   0.27
1962   0.56   0.27
1963   0.57   0.28
1964   0.49   0.27
1965   1.10   0.26
1966   1.10   0.28
1967   0.61   0.34
1968   0.99   0.32
1969   1.32   0.29
1970   1.13   0.32
1971   0.73   0.30
1972   1.47   0.31
1973   1.46   0.31
1974   0.68   0.31
1975   1.23   0.27
1976   0.97   0.28
1977   1.92   0.29
1978   1.29   0.24
1979   2.14   0.26
1980   1.71   0.17
1981   1.15   0.12
1982   1.00   0.08
1983   1.84   0.09
1984   1.23   0.11
1985   1.63   0.08
1986   1.04   0.14
1987   2.70   0.09
1988   2.23   0.09
1989   1.38   0.09

1990   1.18   0.08
1991   0.73   0.09
1992   0.69   0.10
1993   1.23   0.07
1994   1.66   0.12
1995   1.97   0.11
1996   1.07   0.07
1997   1.97   0.07
1998   2.82   0.10
1999   1.34   0.07
2000   1.25   0.10
2001   1.85   0.10
2002   2.36   0.07
2003   2.28   0.10
2004   1.56   0.05
2005   2.45   0.07
2006   1.74   0.06
2007   2.11   0.07
2008   1.77   0.05
2009   1.67   0.10
2010   2.39   0.06
2011   1.69   0.09
2012   2.40   0.09
2013   2.51   0.09
2014   1.90   0.09
2015   2.73   0.09

http://www.esrl.noaa.gov/gmd/ccgg/trends/global.html#global_data

Mean Global Carbon Dioxide Concentration:

The graph shows recent monthly mean carbon dioxide globally averaged over marine 
surface sites. The Global Monitoring Division of NOAA/Earth System Research Laboratory 
has measured carbon dioxide and other greenhouse gases for several decades at a globally 
distributed network of air sampling sites [Conway, 1994]. A global average is constructed by 
first fitting a smoothed curve as a function of time to each site, and then the smoothed value 
for each site is plotted as a function of latitude for 48 equal time steps per year. A global 
average is calculated from the latitude plot at each time step [Masarie, 1995].

http://www.esrl.noaa.gov/gmd/ccgg/trends/global.html#global_data
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Klimamodelle / Ökologie

http://www.esrl.noaa.gov/gmd/ccgg/trends/global.html#global_data

http://www.esrl.noaa.gov/gmd/ccgg/trends/global.html#global_data
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Exponential Growth – the marker of instability: Economy

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762
https://ourworldindata.org/economic-growth

https://ourworldindata.org/economic-growth
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Exponential Growth – the marker of instability: Electronics

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762
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computations

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762

https://ourworldindata.org/technological-progress/

https://ourworldindata.org/technological-progress/
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wireless traffic demand versus capacity

Average Demand Per User Versus Average Capacity Per User 

Cisco Global Mobile Broadband Data Projection 

per user traffic:
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wireless traffic demand versus capacity

Cisco Global Mobile Broadband Data Projection 

per user traffic:
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Good Reason for Exponential Growth?
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Solutions? Really only Exponential Growth of Supply?

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762

Sustainability won't be achieved by technological progress [MIT study]

Magee, C.L., Devezas, T.C., A simple extension of dematerialization theory: Incorporation of technical
progress and the rebound effect, Technol. Forecast. Soc. Change (2016), http://dx.doi.org/10.1016/j.techfore.2016.12.001

http://dx.doi.org/10.1016/j.techfore.2016.12.001
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Communication Magazine
February 2014

ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6736762
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Wikipedia: User in the loop

https://en.wikipedia.org/wiki/Wikipedia_talk:Articles_for_creation/User-in-the-loop
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What is congestion?
- traffic overload
  - short term
  - long term
- failed or no CAC
- queue overflow
- lost packets
- over-delayed packets
- TCP hiccups
- application failures
- user dissatisfaction
- revenue reduction

- congestion
  - in time
  - in space
  - 4-dimensional modeling

Solutions:  Over-provisioning, CAC, Demand Control, flow Control
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Simulation of the Congestion Situation:
Operating Region in BE Congestion

2010

supply

demand

carried 
traffic
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                                                                                                   MORE POWER
LESS GREEN

MORE CAPEX
MORE OPEX

What can we do?

The currently existing ideas are:

- Expand capacity per cell
  - Optimize the radio network: potential in PHY+MAC layer
  - Sectorization
- Roll out new generations faster (4G, 5G)
- Buy more spectrum
- Offload data to WiFi and femtocells
- Deploy metropolitan picocells or mesh networks
- Sideload content (transfer huge data using cable or WiFi)
- Introduce traffic shaping (QoS specific prioritization)
- Expand range of data tariffs (caps on flat data plans, block video at busy hour)
- Compress data content
- Improve application design (network traffic aware)
- Improve operating system design (program updates done on cable only) 
[Source: 10 ways to deal with mobile data capacity crunch – www.amdocs.com]

New impulses:
- Where is the user in this picture?
- Why do we spend so much effort and money on the supply side (4G,5G)
  if the average user is not willing to pay more per month?
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Closed Loop Control

controller

measurement

+
Controlled valuetarget value

measured value

delta

-

+

disturbancies

system
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User in the loop for
spatial control

controller

measurement

+
• Controlled valuetarget value

measured value

delta

-

• +

disturbancies

system

system user
wireless

equipment
wireless
channel=

controller

Mobility or
tariff control

user-friendly
display of

suggestion

=

[ IEEE Communications Letters 2011 May issue; APCC'2010 by R.Schoenen ]
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Jersey Scenario

map: base station and relay positions MI that can be achieved after movement

MI / bits/s/Hz
[ APCC'2011 paper ]
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Jersey Scenario Results

required movement distance [meters] movement direction (gradient)

[ APCC'2011 paper ]



Prof. Dr. R. Schoenen Page 28

Spectral Efficiency Results

without UIL and UIL for data traffic: video and voice traffic:

up to 27% .. 241% gain

[ EW'2012 paper ]
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Android App

without UIL and UIL for data traffic: video and voice traffic:

up to 27% .. 241% gain

[ EW'2012 paper ]

OpenSignal.com
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User in the loop for
demand shaping (temporal UIL)

controller

filtering

+
Controlled valuetarget value

sustainable
data rate

measured value

delta

• -

• +

disturbancies

system

system user
control of

application
traffic

wireless
resource

usage
=

controller

usage based
price

calculation

user-friendly
display of

costs to come

=

• Compared to all conventional approaches
• this is extremely fast and thus allows
• training the user by immediate feedback

Of course this is:
- optional (acceptance thresholds can be set in options) 
- free choice (user can still choose $$$ flat rate)
- no bill shock proof (monthly limits, parental control)
- fair (because it feeds back to the very cause)
- transparent (all expenses known in advance)

• This transaction
• will cost you

• 0.50 $/minute or
• 2.50 $    in total.

• ACCEPT   • CANCEL    

[ GreenCom 2011 paper by R.Schoenen ]
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Demand Response
Elasticity (by survey)
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Traffic prediction & UIL

time in
months

Traffic load variations over one week with serious demand 
overload

zoomed into one week
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Transient Congestion over 7 days

uncontrolled load

controlled load
using UIL

voice

video

data

[ PIMRC'2012 paper by R.Schoenen ]
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 UIL Demand Control requires Smart Data Pricing

 Source: Cisco Report 2012 [9]
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Smart Data Pricing requires MONOTONIC billing

average rate r ~
monthly volume

cost per month

linear tariff

flat rate

flat rate with cap

logarithmic
pricing

useless
payment

Flat-Rates
are evil !

Flat-Rates
are evil !

(x-axis)  r = monthly traffic volume
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Mobile Data Usage CCDF [Cisco report forecast 2014-2019]

Next steps:
Quantitative data
Simulate users' 

consumption
Calculate bill
Get statistics
Emulate eBit metric
Compare to baseline
Evaluate happiness
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Fairness of the Unit Price ($/bit, $/eBit)

Fairness is measured using
Jains fairness index:

p
u

2 p
u
2)
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Applications of UIL in the Smart Grid

Tariff warning:
current use = $1/h Temp warning:

5ºC = $2/day

Temp warning:
25ºC = $10/day

Recharging at night
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User-In-The-Loop Demand Control Implementation for Controlling Consumption
of Scarce Resources like Water and Energy [BSc Cristian Zara 2016]

Immediate UIL feedback prototypes:
Water flow sensor device

Energy device
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Climate System Theory 
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 UIL for controlling user impact   

implications

feedback

C
T
R

too
slow



Prof. Dr.-Ing.Rainer Schoenen
Fakultät Technik und Informatik

 Informations- und Elektrotechnik
42

Summary and Conclusion

 Exponential growth of supply comes with similar growth of power consumption
 Each increase of supply is and will be used up by demand soon
 Flat rate tariff concepts fuel exponential increase of demand
 Smart Data Pricing (SDP) enables a responsible consumption economy
 Effective Quantum (eBit) pricing is an enabler for Smart Data Pricing (SDP)
 User-in-the-loop demand control can regulate demand and thus ultimately

reduce energy consumption and make this world more sustainable
 Rather than voluntary action,

environmental laws may recommend implementation
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Thank you for your attention !

Dr.-Ing. Rainer Schoenen
rainer.schoenen@haw-hamburg.de

http://userintheloop.org
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