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what	  is	  WebRTC?	  


•  WebRTC	  enables	  “Real-‐Time	  Communica6ons”	  through	  
web	  browser	  via	  simple	  JavaScript	  APIs	  and	  HTML5	  
without	  any	  preinstalled	  plug-‐in	  


•  Any	  device	  embedding	  a	  web	  browser	  such	  as	  
smartphones,	  tablets,	  PCs,	  or	  connected	  TV	  can	  do	  
voice,	  video	  and	  other	  forms	  of	  P2P	  data	  
communica6ons.	  	  
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standardized	  W3C	  API	  inside	  browsers	  


	  
	  
	  
	  
	  
	  
	  


	  
	  
Web	  Browser	  	  


Web	  Server	  
(Web	  Service)	  


WebRTC	  Web	  Client	  
(webapp	  HTML5)	  Media	  Stream	  


JS	  API	  
PeerConnec6on	  


JS	  API	  


XmlHZpRequest(XHR)	  JS	  
API	  


WebSocket(WS)	  
JS	  API	  


HTML5	  
<audio><video>,<canvas>	  


	  
Other	  JS	  API	  
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browsers	  implementa6on	  
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OS	   Desktop	  OS	   Android	  OS	   Apple	  
iOS	  


Windows	  
Phone	  


Browser	  


PeerConnec6on	  


GetUserMedia	  


Data	  channel	  


MediaRecorder	  


Audio	  quality	  


Video	  quality	  


Interoperability	  


Not	  implemented	  


Par6ally	  implemented,	  or	  implemented	  but	  not	  sufficiently	  stable	  to	  support	  live	  services.	  


Usable	  (stable)	  implementa6on,	  but	  some	  minor	  details	  may	  be	  missing	  compared	  to	  specifica6on	  







browser	  status	  &	  device	  support	  


Overall installed base 
of WebRTC-supporting 
devices  
 
in million 
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2005,	  html/javascript	  disrup6on	  	  WebApp / Browser paradigm for data services	  


2012,	  webRTC	  	  WebApp / Browser paradigm for real-time services	  	  


90ies	  	  Client/Server	  paradigm	  


the	  long-‐las6ng	  “webisa6on”	  trend	  


{U/N}NI = {User/Network}-Network Interface 
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browser	  


media streams 
(voice, video…) 


http 


  services	  rely	  no	  more	  on	  protocols	  but	  
on	  APIs,	  improved	  with	  HTML5	  (e.g.	  
websocket,	  local	  storage)	  


  communica6on	  between	  WebApp	  and	  
web	  server	  is	  commodi6zed	  (hZp)	  


web browser 


web app 
HTML/JavaScript 


WebRTC API 


media flows, 
codecs… 
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web	  app	  
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proprietary	  control	  plane	  


browser 


web page 
(HTML/JavaScript) 


WebRTC 
media 
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enabled 
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audio/video/data 


STUN/TURN 
server 
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not standardized signaling 
 JavaScript downloaded with web page 


“OTT” media plane 
 P2P media; Built-in NAT/FW traversal; Built-in 
ciphering; License-free codecs; Quality feedback for 
adaptive codecs; could deal with IP interface 
switchover (e.g. Wi-Ficellular) 


WebRTC API 
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legacy	  telephony	  
networks	  


non	  interconnected	  world	  


HTTP 


Client-side Client-side 


HTTP 


Client-side Client-side 


HTTP 


Client-side Client-side 


Web/ 
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Web/ 
SIPGW 


Web/ 
SIPGW 


Session 2 / WebRTC 8 







some	  issues	  in	  current	  services	  


•  feature-‐oriented	  standardiza6on	  
–  ini6al	  service	  requirements	  some6mes	  outdated	  	  
–  non	  func6onal	  proper6es…	  


•  many	  func6onal	  en66es	  in	  the	  signaling	  path	  
–  o.en	  with	  stateful	  implementa6ons	  
–  need	  of	  end	  to	  end	  control	  	  


•  devices,	  access	  network,	  CSCF,	  AS…	  
–  e.g.	  registra6on	  procedure	  


•  6ght	  coupling	  vs	  loose	  coupling	  
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some	  issues	  in	  current	  services	  


•  some	  discrepancy	  between	  protocol	  and	  architecture	  
choices	  
–  e.g.	  AS	  =	  B2BUA	  
–  6ght	  coupling	  between	  service	  and	  protocol	  


•  operator	  has	  to	  integrate	  mul6ple	  vendor’s	  solu6ons	  
–  device,	  core,	  AS…	  
–  lack	  of	  control	  of	  the	  user	  interface	  


•  cost	  in	  M€	  and	  delays	  in	  years	  
–  difficult	  to	  test	  a	  new	  service	  on	  the	  market	  
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architecture	  scenarios	  for	  
telcos	  


•  webRTC	  as	  a	  new	  access	  to	  IMS	  


•  webRTC	  for	  full	  web	  service	  
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IMS	  extension	  approach	  


•  ongoing	  work	  at	  3GPP	  
•  standardiza6on	  of	  a	  webRTC/IMS	  gateway	  


– signaling	  
– media	  
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requirements	  for	  a	  full	  web	  approach	  


•  loose	  coupling,	  extensibility,	  modularity	  
•  security	  
•  cost-‐driven	  
•  self	  organizing	  
•  mutualiza6on	  between	  services	  
•  …	  
 Service	  Oriented	  Compu6ng	  	  
 Plaporm	  as	  a	  Service	  
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possible	  architecture	  for	  telcos	  
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conclusion	  


•  new	  shi.	  in	  conversa6onal	  services,	  based	  on	  
web	  architecture	  


•  3	  mid-‐term	  disrup6ons	  for	  conversa6onal	  
services	  	  
– move	  towards	  IT	  evolu6ons	  (i.e.	  SOC,	  QoS	  and	  
security-‐enabled	  cloud…)	  


–  reduc6on	  of	  dependence	  on	  telecom	  standards	  
for	  launching	  services	  


– opening	  assets	  towards	  3rd	  par6es	  (ecosystem)	  
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Background	  


Summary	  &	  Outlook	  


Virtual	  Set-‐Top	  Box	  


Solu0on	  Approaches	  


Locally	  vs.	  Cloud-‐rendered	  UI	  


Key	  Challenges	  







Today:	  
•  Proprietary	  closed	  content	  delivery	  plaVorm	  
•  High	  cost	  for	  set-‐top	  box	  acquisi0on	  and	  


opera0on	  	  	  
•  STB	  processing	  constraints	  
•  Hardware	  deployment	  hassles	  
•  Limited	  UI	  capabili0es	  	  


Future	  Set-‐Top	  Box	  (STB):	  
•  Playout	  of	  every	  content	  format,	  applica0on	  


and	  graphically	  rich	  TV	  UIs	  without	  
performance	  penal0es	  


•  No	  expensive	  STB	  costs	  (inexpensive	  HDMI	  
s0ck)	  


•  No	  processing	  constraints	  (easy	  performance	  
scaling	  via	  server	  based	  virtualiza0on)	  	  


•  Unified	  UI	  on	  every	  screen	  	  	  
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Restricted	  business	  op:ons	  and	  service	  innova:on	  
due	  to	  the	  limited	  technical	  capabili:es	  


Significant	  cost	  reduc:on	  poten:al	  regarding	  
OPEX/CAPEX	  and	  flexible	  service	  innova:on	  


Current	  vs.	  Future	  STB	  


?	  







Virtual	  Set-‐Top	  Box	  Approach	  
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Cloud	  


IP	  


UI	  stream/H.264	  


RC	  Commands	  


001011


Virtual	  	  
Set-‐Top	  Box	  


Home	  


Target	  Solu:on:	  
•  Shi?	  of	  most	  of	  STB	  middleware	  func0onality	  (browser,	  …)	  to	  net-‐based	  media	  servers	  	  
•  UI	  rendering,	  service	  execu0on	  and	  composi0on	  is	  network	  based	  
•  Only	  H.264	  capable	  decoding	  device	  needed	  for	  play-‐out	  
•  Remote	  control	  command	  processing	  in	  the	  network	  







Virtual	  STB	  Func0onality	  
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Processing	  
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Storage	  
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Connected	  TVs	  


Smartphones	  
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modules	  
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EPG*:	  Electronic	  Program	  Guide	  
PVR*:	  Personal	  Video	  Recorder	  


	  







Thin-‐Client	  


•  Browser	  based	  client	  (HTML5)	  and	  full	  
Android/	  Linux	  OS	  on	  HDMI	  s0ck	  	  


•  Update	  management	  problems	  and	  costs	  as	  
with	  a	  „tradi0onal“	  STB	  or	  media	  streaming	  
box	  


•  Main	  Advantage	  –	  available	  on	  the	  market.	  


Zero-‐Client	  (vSTB)	  


•  Browser-‐less	  zero	  client	  on	  HDMI	  s0ck	  	  
•  No	  significant	  client	  update	  problems	  
•  Main	  Advantage	  –	  significant	  cost	  reduc0on	  


on	  device	  and	  opera0ons.	  Access	  to	  HTML/	  
web	  based	  eco-‐system	  for	  innova0ve	  
applica0on	  and	  services	  development	  	  
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Thin	  vs.	  Zero	  Client	  


RC
	  C
om


m
an


ds
	  


St
re
am


in
g	  


Applica0on	  Execu0on	  


UI	  Rendering	  


Applica0on	  Execu0on	  


UI	  Rendering	  


Video	  Decoding	   Video	  Decoding	  


Da
ta
	  


St
re
am


in
g	  


DRM	  


Service	  Probes	  


DRM	  


Service	  Probes	  


time 2013 2015 







Double	  Stream	  


•  Decoding	  box	  with	  dual	  DSP	  	  
•  UI	  rendering	  on	  the	  server	  	  
•  Composi0on	  of	  A/V	  streaming	  and	  UI	  in	  the	  


STB	  
•  Forwarding	  of	  RC	  commands	  via	  hip	  


Single	  Stream	  


•  UI	  rendering	  +	  service	  composi0on	  	  on	  the	  
server	  


•  GPU	  virtualiza0on	  	  (VM	  for	  displays)	  
•  Forwarding	  	  of	  RC	  commands	  via	  hip	  
•  Pure	  decoding	  box	  with	  H.264	  decoding	  


S1: The Virtual Set-Top Box: On the Shift of IPTV Service 
Execution, Service & UI Composition Into the Cloud 7 15-16 Oct 2013 


vSTB:	  Solu0on	  Approaches	  
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Client	  Stacks:	  today	  &	  future	  
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Key	  Challenges	  
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Open Architecture & 
Standards/ Decoupling of 


main IPTV system 
components 


Delivery of multiple 
Unicast connections into a 
single household/ Network 


optimization issues 


Service Composition: 
enablement and 


adaptation of services and 
combination of different 


services inside the cloud/ 
Services & Applications 


virtualization 


QoS /QoE  issues 


Evaluation of a 
compromise between zero 
and thin client/ Evaluation 
of high performance CPU 
and GPU intensive server-


side UI/UX generation 


Content protection on 
different user devices  







Summary	  &	  Outlook	  
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T-‐Labs	  have	  started	  to	  inves0gate	  the	  vSTB	  approach	  on	  technical	  and	  business	  
dimensions	  in	  2011.	  


A	  feasibility	  study	  and	  lab	  proof-‐of-‐concept	  resulted	  in	  further	  inves0ga0ons	  in	  
form	  of	  lab	  trials	  and	  network	  tes0ng	  under	  real	  world	  condi0ons	  


The	  next	  month	  will	  show	  when,	  how	  and	  where	  the	  described	  approach	  might	  
be	  implemented.	  


The	  vSTB	  approach	  can	  be	  combined	  with	  „classical“	  browser-‐based	  solu0ons	  
and	  is	  therefore	  also	  a	  key	  candidate	  for	  migra0on	  scenarios	  or	  roll	  out	  for	  
specific	  services	  (e.g.	  VoD,	  Apps,	  …)	  


Start	  2011	  	  


PoC	  &	  Test	  


Implement	  


Zero	  +	  Thin	  







12 


The	  End	  
Alexandra Mikityuk 







vSTB	  Innova0ons	  


•  Re-‐loca0on	  of	  STB	  func0onality	  to	  the	  Cloud	  
•  CPE:	  standard	  H.264	  decoding,	  group	  wide	  DRM	  and	  feedback	  


channel	  to	  the	  Cloud/vSTB	  
•  Services	  based	  on	  standard	  Web	  technologies	  (HTML5)	  
•  Injec0on	  of	  vSTB	  	  decoupling	  of	  main	  IPTV	  system	  


components	  +	  openness	  of	  all	  interfaces	  
•  ROI	  for	  exis0ng	  IPTV	  middleware	  +	  easy	  future	  exchange	  of	  


middleware	  (not	  an	  E2E	  change	  )	  
•  Quick	  and	  cost-‐efficient	  scaling	  and	  new	  services	  launches	  via	  


virtualized	  vSTB	  components	  


S1: The Virtual Set-Top Box: On the Shift of IPTV Service 
Execution, Service & UI Composition Into the Cloud 13 15-16 Oct 2013 







Prototypical	  HTML5	  Services	  
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App Portal Live TV 


VoD  


Core Menu 


EPG 







Content	  Protec0on	  
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Hardware	  	  


Driver	  Layer	   Opera0ng	  System	  


Hardware	  	  Abstrac0on	  Layer	  	   Se
cu
re
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Li
nk
	  


Client	  Applica0on	  	  


Content	  
Protec0on	  


HTTP/	  UDP	  Player	  Session	  Mgmt	  


Content	  
Protec0on	  







Bandwidth	  Consump0on	  
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Decoupling	  
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vSTB	  
Backend	  


IPTV	  SDP	  &	  
middleware	  


Decoupling Decoupling 


HDMI	  S:ck	  
Connected	  TV	  
Second	  Screen	  
Legacy	  STB	  


CDN	  
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Technology	  Trends	  
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More and more powerful 
Users’ devices (e.g., for 
video streaming services) 
 
“Things” with Embedded 
communications (e.g. IoT) 
 
Coming solutions for D2D 
and M2M communications 
 


Growing availability of 
Open Source SW solutions 
 
SW developments of L3-L7 
network functions (e.g. 
middle-boxes)… SDN, NFV 
 
Emergence of ecosystems 
to develop and customize 
Open Source  


Performance increase of 
standard HW (e.g., x86) 
 
Costs reductions of IT 
processing and storage 
systems 
 
D i saggregat ion o f IT 
servers in components 
(e.g., CPU, SSD, HDD) 


HARDWARE SOFTWARE SMART DEVICES 







Traffic	  Drivers	  


Session / Manifesto of Edge ICT Fabric 3 15-16 Oct 2013 


Internet video and Web browsing 
will drive the market... 
Nearly one-third of traffic will 
come from TVs, Handsets, and 
other non-PC devices by 2016  
Common characteristics: 
•  it will be generated by a few 


popular files, accessed in an 
asynchronous way; 


•  demand will have predictable 
distributions (what, when and 
where will be requested); 


•  It will delay tolerant, variable 
quality, suited for best-effort. 


G. Caire, The Role of Caching in 5G Wireless Networks , IEEE ICC – Budapest 06-10/13-2013 







Paradigms	  and	  Indicators	  
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S D N : d e c o u p l i n g S W 
control plane from HW 
(data forwarding), and 
moving logic and states to 
programmable controllers. 


NFV: virtualizing some 
network functions that can 
run on standard HW, and 
that can be moved  and 
instantiated in various 
locations of the network. 


Software Defined Network 


Network Function Virtualization 







Paradigms	  and	  Indicators	  
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FOG COMPUTING: 
extending the Cloud 
Computing up to the 
edge of the network. 
 
Main characteristics:  
•  proximity to Users, 
•  dense distribution; 
•  support for mobility. 
 
Services (and Data) 
can be hosted at the 
edge , up to Users 
devices. 


Source: Cisco 







Paradigms	  and	  Indicators	  
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http://www.opencompute.org/ 


“Open Compute Project 
is looking to break up 
servers’ systems design 
in to i t s component 
parts” 


I/O 


CPU SSD 


HDD 


Link 







…towards	  an	  hyper-‐connected	  World	  
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Systemic interdependencies of the socio-economic variables of the hyper-connected 
world we are living in (credit: World Economic Forum) 







Visions	  and	  Biz	  Models…	  


•  Hyper-‐connected	   World	   =	   a	   “small	   and	   complex”	  
World;	  


•  “Complexity	  comes	  at	  a	  cost,	  it’s	  hard	  to	  turn	  back”	  (*):	  
–  approaches	  for	  pursuing	  sustainability	  based	  on	  conservaAon,	  
pricing	  and	  opAmizaAon	  are	  valid	  in	  the	  short	  term,	  then	  they	  
are	  bringing	  to	  the	  collapse;	  	  


–  Roman	  Empire	  was	  an	  clear	  example;	  
–  long-‐term	   sustainability	   depends	   on	   solving	   key	   problems	   of	  
society,	  but	  this	  requires	  increasing	  further	  the	  complexity;	  


–  …	  but	  this	  will	  bring	  to	  a	  shiY	  of	  paradigm.	  	  


Session / Paper Title 8 15-16 Oct 2013 


(*) Joseph A. Tainter Human Resource Use: Timing and Implications for Sustainability  







Visions	  and	  Biz	  Models…	  
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Bla, bla, bla … 
This is the “Vision” ! 


Looks really great ! 
Now, throw it away… 







Vision:	  Edge	  ICT	  Fabric	  
“Edge ICT Fabric” 


•  Looks like distributed Data Centers, at the edge;  


•  It includes the sheer number of processing, storage 
and communication resources which are amassing 
around Users; 


•  Pools of VMs are executing dynamically network functions 
(L3-L7) and ICT services, as apps, on standard hardware; 


•  Data are cached locally. 
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Why this name ? 
•  “Edge”: part of the network from the aggregation nodes up to the CPE, 


machines, Users’ devices and smart things…; 


•  “Fabric”: a distributed system of loosely coupled storage, networking 
and processing functions interconnected by high bandwidth links; … also 
DC network, optimized for “server-to-server connectivity”. 







Network	  Scenario	  
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“Clouds of Virtual Machines at the Edge”,  IEEE Com. Mag. Future Carriers Networks, July, 2013 


Core Network (WAN) 


Internet 
Data Center(s) 


Residential 


Other Networks 


Service 
PoP  


“Chaining and Orchestration” 
of VMs executing Network 
Functions and ICT services 
(Global Controller and NBD) Service 


PoP  
Service 


PoP  


Business 


Aggregation (Routing, Caching, Processing) 


Access (FTTH, xDSL, P2P Fiber, LTE, 
SDH, Ethernet) 


Cells sites WiFi hotspots 


Migration of Intelligence 


Edge ICT Fabric 
(DCs at the Edge) 







Business	  Scenario	  


•  It is about shifting the focus of SDN/NFV “from the 
core network to the edge”: because it will cost less 
and it will lead to short term revenues;  


•  Deploying SDN/NFV for core networks would mean: 
•  a dramatic impact on Operations (OSS, BSS);  


•  investing upfront and hoping to generate revenues (with 
current business models…); 


•  a change of “culture” and organization in Telcos.  


•  …but unleashing the “power of the edge” would mean 
“open innovation” and new business opportunities ! 


Session / Paper Title 12 15-16 Oct 2013 Session / Manifesto of Edge ICT Fabric 







The	  “power	  of	  the	  edge”	  
•  A	  Smartphone	  has	  200	  Mflops,	  a	  PC	  	  some	  tenth	  of	  Gflops,	  a	  


PlaySta8on	  hundreds	  of	  Gflops…	  à	  hundreds	  of	  petaflops	  of	  
distributed	  processing	  capacity	  “at	  the	  edge”;	  


•  Near	   future	   Users’	   devices	   having	   100	   GB	   of	   memory:	   a	  
density	   of	   5000	   people/km2	  à	   500	   TB/km2	   of	   distributed	  
storage	  capacity.	  
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Flops: floating point operations per second 


Titan: 18 Petaflops …a few Petaflops 


Edge ICT Fabric 


…hundreds of Petaflops 







	  A	  shiY	  of	  paradigm	  	  
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“The	   most	   profound	   technologies	   are	   those	   that	  
disappear.	   They	   weave	   themselves	   into	   the	   fabric	   of	  
everyday	  life	  un8l	  they	  are	  indis8nguishable	  from	  it.”	  


Marc	  Weiser	  


Arthur	  C.	  Clark	  







Red	  Ocean	  vs.	  Blue	  Ocean	  
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This	  shiX	  of	  paradigm	  brings	  towards	  a	  Blue	  Ocean…	  







Blue	  Ocean:	  Open	  Source	  
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Standard	  Hardware	  and	  
Open	  Source	  are	  key	  enablers	  !	  	  







Example	  of	  Node	  Prototype	  -‐	  1	  
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Example	  of	  Node	  Prototype	  -‐	  2	  
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•  Edge	  Node	  concept	  
–  Standard	  HW;	  
–  Open	  source	  SW;	  
–  Architecture	   should	   be	  


sca lab le	   f rom	   Users ’	  
devices,	   to	   CPEs	   up	   to	  
aggregaDon	  nodes;	  


–  Stateless	   processing	   of	  
network	   funcDons	   (as	  
apps)	  by	  pools	  VMs;	  


–  SeparaDon	   stateless	   part	  
from	   stateful	   part	   of	   the	  
node.	  







Experimental	  results	  
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Link capacity and page dirty rate of the apps 
are the major factors impacting VMs migration 
(non-linear effect on performance). 


Live move of VMs (executing functions) across the Edge 
Algorithms for live moving of a VM 







Use	  Case:	  the	  Metaverse	  
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•  Long-‐term	  sustainability	  depends	  on	  
solving	  key	  problems	  of	  society,	  but	  
this	   requires	   increasing	   further	   the	  
complexity;	  


•  ICT	  should	  disappear	  into	  the	  fabric	  
daily	   acDviDes	   and	   businesses	  
should	  go	  virtual;	  


•  Socio-‐economic	  impacts	  on:	  
–  EducaDon	  
–  Health	  care	  
–  Agriculture	  processes	  
–  Industry	  and	  ProducDon	  processes	  
–  Infotainment	  
–  E-‐commerce	  


Metaverse is the integration of the 
physical and virtual worlds 


achievable by creating a fabric of 
ICT resources around Users. 







Conclusions	  
•  Edge	  ICT	  Fabric	  


•  Looks	  like	  distributed	  Data	  Centers	  at	  the	  edge;	  	  
•  It	   includes	   a	   sheer	   number	   of	   processing,	   storage	   and	   communicaDon	  


resources	  which	  are	  amassing	  around	  Users;	  
•  Pools	   of	   VMs	   execuDng	   dynamically	   network	   funcDons	   (L3-‐L7)	   and	  


ICT	  services,	  as	  apps,	  on	  standard	  hardware;	  
•  Local	  caching	  of	  data.	  


•  Edge	  ICT	  Fabric	  is	  shiXing	  the	  focus	  of	  SDN/NFV	  “from	  the	  core	  network	  to	  
the	  edge”	  
•  it	  will	  cost	  less	  and	  it	  will	  lead	  to	  short	  term	  revenues;	  	  


•  Processing	  and	  Caching	  “at	  the	  edge”	  has	  a	  great	  poten8al	  in	  the	  short	  term	  
•  it	  relaxes	  the	  constraints	  on	  the	  backhaul	  (savings);	  
•  it	  execute	  services	  closer	  to	  the	  Users	  	  (beder	  performance);	  
•  it	  creates	  new	  biz	  ecosystems	  (new	  revenues).	  
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Thanks and Arrivederci !


hdp://www.blog.telecomfuturecentre.it/	  
antonio.manzalini@telecomitalia.it	  
 








Network	  Func-ons	  on	  the	  Move	  
What	  LTE	  Policy	  Control	  Features	  can	  
Operators	  execute	  to	  differen-ate	  
themselves	  from	  OTT	  Players?	  


	  
	  


Ruth	  Brown	  BT	  Research	  &	  Innova-on	  
Jon	  Hart	  BT	  Research	  &	  Innova-on	  







Contents	  
•  History,	  Drivers	  &	  Trends	  


–  LTE	  Industry	  Background	  
–  Mobile	  Core	  Network	  Evolu-on	  
–  Evolu-on	  &	  Key	  Drivers	  for	  Policy	  Control	  
–  Policy	  Control	  Enabled	  Services	  


	  
•  Policy	  Control	  


–  Evolved	  Packet	  Core	  Architecture	  –	  func-onal	  elements	  
–  Key	  LTE	  QoS	  parameters	  
–  Excessive	  Usage	  Example	  


	  


•  Future	  of	  Policy	  Control	  /	  Opportuni-es	  for	  Operators	  







	  
Global	  Mobile	  Data	  Traffic	  expected	  to	  increase	  13	  x	  by	  2017	  
Radio	  technologies	  evolving	  to	  provide	  higher	  speeds	  and	  capacity	  	  


–	  Average	  global	  mobile	  network	  speed	  3.9Mbps	  by	  2017	  
	  


LTE	  provides	  higher	  spectral	  efficiency	  and	  new	  spectrum	  available	  
Aggregate	  bandwidth	  of	  150Mbps	  per	  cell	  


Ofcom	  granted	  preliminary	  approval	  for	  EE	  to	  reuse	  their	  1800	  MHz	  launching	  30th	  October	  2012	  


O2	  and	  Vodafone	  launched	  in	  the	  UK	  on	  29th	  August	  2013	  


LTE	  -‐	  	  industry	  background	  


 
“GSA	  confirms	  200	  LTE	  networks	  are	  commercially	  launched	  
in	  76	  countries”	  –	  GSA	  August	  2013	  
	  







Mobile	  Core	  Network	  Evolu-on	  


Network Functions on the Move / What LTE Policy Control Features can Operators execute to 
differentiate themselves from OTT Players? 
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•  Core	  mobile	  networks	  are	  evolving	  to	  a	  new	  architecture	  –	  the	  Evolved	  Packet	  Core	  
(EPC)	  


•  EPC	  -‐	  	  flat	  all-‐IP	  architecture	  providing	  beaer	  support	  for	  large	  amounts	  of	  data	  traffic	  


15-16 Oct 2013 







Evolu-on	  &	  Key	  Drivers	  for	  Policy	  Control	  


Limited	  mobile	  data	  traffic	  demand	  


Key	  revenue	  sources	  under	  full	  MNO	  control	  


2/3G	  data	  access	  latency	  &	  delay	  


Limited	  device	  capability	  	  


Real-‐-me	  traffic	  handled	  separately	  	  
end-‐to-‐end	  


2/3G networks 


Limited	  need	  for	  Policy	  Control	  
in	  2/3G	  (mostly	  charging)	  


“Mobile	  Data	  Tsunami”	  


Increasing	  pressure	  from	  OTT	  providers	  on	  
MNOs	  


Latency	  and	  delay	  improvements	  on	  LTE	  


Device	  capabili-es	  rapidly	  evolving	  


All	  traffic	  carried	  over	  the	  data	  (shared)	  
access	  


4G networks 


Gradually	  increasing	  need	  for	  
Policy	  Control	  in	  4G	  


Network Functions on the Move / What LTE Policy Control Features can Operators execute to 
differentiate themselves from OTT Players? 15-16 Oct 2013 







Policy	  Control	  Enabled	  Services	  


Consumer Family Business	  
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•  Employee	  Data	  Plans	  
•  Bring	  Your	  Own	  


Device	  To	  Work	  
•  QoS	  Enabled	  HD	  


Voice/	  Video	  
Conferencing	  


•  Family	  Data	  Plans	  
•  Parental	  Controls	  
•  Parental	  No-fica-on	  


of	  Usage	  
•  QoS	  Enabled	  IPTV	  


•  Fair	  Usage	  
•  Bill	  Shock	  Preven-on	  
•  Turbo	  Boost	  
•  Time	  of	  Day	  
•  Bundling	  of	  Popular	  


Services	  
•  QoS	  Enabled	  Gaming	  







Evolved	  Packet	  Core	  Architecture	  –	  func-onal	  elements	  
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Policy & 
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HSS 
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PGW 
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Key	  LTE	  QoS	  parameters	  


•  Bearers	  QoS	  parameters:	  
–  Quality	  of	  Service	  Class	  Indicator	  (QCI)	  	  
–  AllocaVon	  and	  RetenVon	  Priority	  (ARP)	  


•  Service	  Data	  Flow	  Filters	  	  
–  Uplink	  (UL),	  Downlink	  (DL)	  or	  both.	  	  
–  Match	  on	  IP	  address,	  port	  number,	  protocols	  e.g.	  UDP,	  HTTP,	  etc.	  
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PDN	  	  
session	  	  


Dedicated	  Non-‐GBR	  Bearers	  


Guaranteed Bit 
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Maximum Bit 
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Excessive	  Usage	  Example	  
•  A	  user	  who	  has	  a	  contract	  specifying	  a	  data	  allowance	  of	  40	  Mbytes	  per	  


month.	  
•  Defining	  how	  a	  user	  can	  consume	  their	  data	  allowance	  with	  a	  fine	  level	  of	  


granularity	  &	  control.	  


Technology	  evalua-on	  
work	  at	  BT	  Adastral	  Park 


Month 2 Month 1 
4Mbps 4Mbps 
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1Mbps 
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(Bandwidth used) 


X W Y Z


0MB 


Network Functions on the Move / What LTE Policy Control Features can Operators execute to 
differentiate themselves from OTT Players? 15-16 Oct 2013 







Future	  of	  Policy	  Control/	  Opportuni-es	  for	  Operators	  
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Quality	  of	  Experience	   Event	  Driven	  Policy	  


Mul6-‐Access	   Loca6on	  Based	  Policy	  


Targe6ng	  Services	  to	  
the	  Individual	  


Focused	  Quality	  of	  Experience	  as	  a	  
key	  service	  differenVator	  	  


Consistency	  of	  Policy	  across	  different	  
access	  mechanisms	  


Service	  Upsell	  	  


Policy	  Events	  triggered	  by	  a	  User’s	  
LocaVon	  Sophis6cated	  


charging	  by	  LTE	  
Operator	  
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Part	  I	  
WebRTC	  technologies:	  current	  state	  of	  the	  art	  


Part	  II	  
WebRTC	  technologies:	  current	  problems	  and	  future	  trends	  


Part	  III	  
Kurento:	  a	  media	  server	  architecture	  for	  Future	  Internet	  RTC	  


Part	  IV	  
Media	  API	  concepts	  


Part	  V	  
Developing	  WebRTC	  applica<ons	  with	  Kurento	  


Part	  VI	  
Conclusion:	  present	  and	  future	  of	  the	  Kurento	  project	  







Real	  Time	  Communica<ons	  
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Mass market 
video-conferencing 


Long-tail of specific purpose 
RTC applications and services 
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RTC	  Video	  Services:	  Problem	  I	  
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Fragmentation of services 







RTC	  Video	  Services:	  Problem	  II	  
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Disrup<ng	  the	  RTC	  market	  
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•  Framework,	  protocol	  and	  API	  that	  provide	  real-‐<me	  voice,	  video	  and	  data	  in	  
web	  browsers	  and	  other	  applica<ons	  (by	  Salvatore	  Loreto)	  


WebRTC:	  a	  defini9on	  


• Capabili<es	  are	  exposed	  to	  web	  developers	  in	  an	  abstract	  manner	  and	  adap<ng	  
to	  HTML5	  philosophy	  


• Basing	  on	  standards:	  WebRTC	  Working	  Group	  of	  the	  W3C	  for	  JavaScript	  APIs	  


WebRTC	  as	  an	  API	  


•  Technological	  capabili<es	  enabling	  RTC	  on	  web	  browsers:	  Codecs,	  NAT	  
traversal,	  security,	  transports,	  etc.	  	  


• Basing	  on	  standards:	  RTCWeb	  Working	  Group	  of	  the	  IETF	  for	  protocols	  


WebRTC	  as	  a	  framework	  







Part	  II:	  WebRTC	  lacks	  &	  trends	  
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• P2P	  RTC	  between	  compa<ble	  browsers,	  but	  beyond	  that	  …	  there	  be	  dragons	  


WebRTC	  if	  fine	  for	  …	  


• No	  standardized	  mechanism	  for	  suppor<ng	  group	  communica<ons	  
• Only	  solu<ons	  based	  on	  simple	  “room”	  models	  (no	  push)	  


..	  but	  lacks:	  group	  communica9ons	  


• No	  standardized	  WebRTC	  media	  gateway/middleware	  
• Limited	  interoperability	  capabili<es	  


…	  but	  lacks:	  interoperability	  with	  legacy	  infrastructures	  


• Media	  recording,	  media	  playing	  …	  are	  they	  possible	  beyond	  the	  client?	  
• Future	  Internet	  capabili<es:	  Computer	  Vision,	  Augmented	  Reality	  …	  huge	  integra<on	  
efforts	  


…	  but	  lacks:	  value	  added	  mul9media	  capabili9es	  







WebRTC	  risk:	  again	  fragmenta<on	  
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Services	  are	  
growing	  as	  
isolated	  
“cloud”	  islands	  


Tokbox,	  Lynckia,	  Crocodile,	  Bistri,	  …	  


…	  provide	  group	  communica<ons	  and	  recording	  but	  	  


WebRTC	  does	  
not	  standardize	  
a	  signaling	  
plane	  


SIP,	  XMPP,	  REST,	  …	  


…	  no	  simple	  ways	  of	  making	  them	  to	  interoperate	  


Commercial	  
pressures	   Microsoh	  is	  pushing	  alterna<ve	  standards	  …	  


…	  what	  about	  telcos?	  


Legacy	  
technologies	   Flash,	  silverlight	  …	  


…	  a	  frac<on	  of	  browsers	  only	  support	  those	  







Part	  III:	  Defea<ng	  fragmenta<on	  and	  
catalyzing	  the	  long	  tail	  	  
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• Open	  standards	  
• Open	  source	  


Defeat	  fragmenta9on	  through	  an	  open	  philosophy	  


• Developers	  are	  the	  cornerstone	  of	  successful	  long-‐tail	  services	  
• No	  more	  RTC	  development	  nightmare	  


Simplify	  development	  process	  and	  developer	  work	  


• WebRTC	  fragmenta<on	  is	  coming	  from	  the	  network	  side	  of	  the	  service	  
• Need	  to	  consider	  “rare”	  network	  side	  services	  …	  IoT,	  CV,	  AR	  


Consider	  the	  network	  side	  and	  not	  only	  the	  client	  side	  


• Don’t	  impose	  a	  specific	  signaling	  plane	  
• …	  but	  make	  really	  simple	  to	  base	  applica<ons	  on	  a	  given	  (standard)	  one	  
• ..	  but	  make	  simple	  to	  interoperate	  different	  signaling	  schemes	  


Don’t	  impose	  …	  reinforce	  







Kurento	  architecture	  
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Applica9on	  logic	  
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Kurento	  App.	  Server	  
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Based	  on	  JBoss	  
Java	  EE	  
microcontainer	  


All	  Java	  EE	  capabili<es	  are	  available	  (long	  tail)	  


Provides	  built-‐in	  signaling	  APIs	  (SIP&HTTP	  Servlets)	  


APIs	  are	  
created	  on	  top	  
of	  it	  


App.	  developers	  only	  interact	  with	  the	  AS	  


Fast	  development	  based	  on	  well-‐known	  Java	  technologies	  


Seamless	  
WWW	  &	  IMS	  
integra9on	  


JBoss	  &	  Spring	  WWW	  development	  capabili<es	  available	  


Mobicents	  extensions	  (Diameter,	  SS7	  GW)	  for	  IMS/Telco	  


Open	  Source	   LGPL	  


Very	  ac<ve	  community	  







Kurento	  Media	  Server	  
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Base	  on	  
GStreamer	  


Support	  for	  the	  most	  popular	  codecs	  and	  formats	  


Support	  for	  common	  RTC	  transports	  	  


Fully	  
abstracted	  


App.	  developers	  are	  not	  in	  contact	  with	  it	  


Low	  level	  complexi<es	  are	  abstracted	  


Proxies	  
and	  RPCs	  


Media	  capabili<es	  are	  controlled	  through	  proxies	  in	  the	  AS	  


Thrih	  RPCs	  are	  used	  for	  controlling	  the	  MS	  from	  the	  AS	  


Open	  
Source	  


LGPL	  


Very	  ac<ve	  community	  







A	  WWW	  inspired	  API	  
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Create HTML 
-  DDBB access 
-  Transactions 
-  Security tools 
-  Etc. 


HTTP request:  
I want this resource 


HTTP response: 
The resource 


Create Media 
-  Media API 
-  DDBB access 
-  Transactions 
-  Security tools 
-  Etc. 


Signaling request:  
I want this media 


Signaling response: 
The media is here 


Intuition behind a  
traditional WWW  


application 


Intuition behind Kurento  
development  


APIs 







Part	  IV:	  Core	  Media	  API	  concepts	  
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 Media Element 
•  Provides a specific media functionality 


›  Building block 


›  Send/receive media 


›  Process media 


›  Transform media 


•  The Media API provides a toolbox of 
media elements ready to be used. 
•  New media elements can be added 


 Media pipeline 
•  Chain of media elements implementing 


the desired media logic. 
•  The Media API provides the capability of 


creating media pipelines by joining media 
elements of the toolbox 
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WebRTC	  integra<on	  
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Media	  pipelines	  
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Kurento Media Server Infrastructure 
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Part	  V:	  Developing	  for	  WebRTC	  	  
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• No	  differences	  with	  common	  WebRTC	  applica<ons	  
• …	  PeerConnec1on	  
• …	  Media	  Stream	  
• …	  Data	  Channel	  
•  Server	  infrastructure	  is	  just	  another	  WebRTC	  end-‐point.	  


At	  the	  client	  side:	  PeerConnec9on	  API	  or	  similar	  


•  Powerful	  logic	  available	  at	  the	  applica<on	  sever	  
• Database	  integra1on,	  JMS,	  SIP	  Servlet,	  REST,	  SOAP,	  JCR,	  etc.	  


• App.	  Logic	  defines	  and	  instan<ates	  the	  media	  pipeline	  in	  real	  <me	  
•  Inspired	  on	  JSR	  309	  
• Developer	  instan1ates	  the	  desired	  media	  elements	  	  
• Developer	  “connects”	  media	  elements	  in	  the	  way	  she	  likes	  
• What	  happens	  to	  media	  formats	  through	  the	  pipeline?	  Agnos1c	  media	  


At	  the	  server	  side:	  Java	  EE	  +	  Kurento	  Media	  API	  







WebRtcMediaService	  example	  
@WebRtcMediaService(name = "MyWebRtcService", path = "/pathToService")	
public class MyWebRtcService implements WebRtcMediaHandler {	
	


	public void onMediaRequest(WebRtcMediaRequest request) {	
	 	MediaPipelineFactory mpf = request.getMediaPipelineFactory();	
	 	MediaPipeline mp = mpf.createMediaPipeline();	
	 		
	 	JackVaderFilter filter = mp.createFilter(JackVaderFilter.class);	
	 	RecorderEndPoint recorder = mp.createRecorder("file:///myFile.webm");	
	 	connect(filter, recorder)	


	
	 	HttpEndPoint httpEndPoint = mp.createHttpEndPoint();	
	 	connect(filter, httpEndPoint);	


	
	 	request.startMedia(filter, filter); 		
	}	
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Media	  element	  toolbox	  


•  Transport	  
–  WebRtcEndPoint	  
–  RtpEndPoint	  
–  HlpEndPoint	  


•  Repository	  
–  PlayerEndPoint	  
–  RecorderEndPoint	  


•  Group	  communica<ons	  
–  MainMixer	  
–  GridMixer	  
–  RoundRobinMixer	  


•  Filters	  
–  FaceRecogni<onFilter	  (events)	  
–  JackVaderFilter	  
–  ZBarFilter	  (QR/Barcode	  detector	  with	  events)	  
–  PlateRecogni<onFilter	  (events)	  
–  CDVAMo<onDetectorFilter	  (events)	  
–  CDVAObjectRecogni<onFilter	  (events)	  
–  Sub<tleFilter	  
–  ColorTrackingFilter	  (events)	  


•  And	  growing	  …	  
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Part	  VI:	  Future	  of	  Kurento	  
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• Kurento	  has	  been	  selected	  by	  the	  European	  Commission	  for	  providing	  
mul<media	  capabili<es	  to	  FI-‐WARE:	  the	  most	  important	  R&D	  project	  in	  
Europe	  in	  the	  FI-‐PPP	  arena.	  


• hlp://www.fi-‐ware.eu	  


Kurento	  and	  the	  Future	  Internet	  


• Cloud	  infrastructure	  for	  FI-‐WARE	  open	  to	  developers	  
• More	  than	  800K€	  in	  awards	  for	  developers	  
• More	  than	  100M€	  in	  funding	  for	  SMEs	  start-‐ups	  and	  entrepreneurs	  
• hlp://www.fi-‐ware.eu/lab/	  


Kurento	  shall	  be	  available	  at	  the	  FI-‐LAB	  


• LGPL	  released	  (hlps://github.com/kurento)	  
• www.kurento.org	  


Kurento	  is	  and	  will	  be	  FOSS	  
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RCS	  context	  


•  RCS	   =	   standardized	  mobile	   technology	   for	   rich	  
communica5ons,	   centered	   around	   messaging	  
as	  a	  response	  to	  over-‐the-‐top	  compe55on	  
– Based	  on	  SIP/IMS	  +	  MSRP	  (HTTP	  introduced)	  
– GSMA-‐driven	  standardiza5on	  
– Group	  Chat,	  File	  Sharing,	  Rich	  Call	  as	  core	  features	  
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•  Customer-‐face	  branding	  =	  ‘joyn’	  
•  Numerous	  na5ve	  devices	  (Sony,	  HTC,	  Samsung)	  
•  Ongoing	  deployments	  (Europe,	  US,	  Asia)	  	  
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WebRTC	  /	  RCS	  quick	  comparison	  
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	  	  	  WebRTC	   	  	  	  	  	  	  	  RCS	  
nature	   WebRTC	  is	  a	  technology!	   RCS	  is	  a	  service!	  


current/target	  footprint	   na5ve	  in	  web	  browsers	   na5ve	  in	  smartphones,	  
downloadable	  applica5on	  


stakeholders	   mostly	  soZware	  companies	   mostly	  MNO	  and	  vendors	  	  


key	  features	  
audio	  and	  video	  sharing,	  	  
file	  sharing,	  generic	  data	  


channel	  (virtually	  any	  usage)	  


audio	  and	  video	  sharing,	  
file	  sharing,	  group	  chat,	  vCard	  


exchange,	  rich	  call	  


call	  management,	  signaling	   dedicated	  JavaScript	  app	   SIP/IMS	  (standardized)	  


API	   WebRTC	  is	  programmable!	   terminal	  API	  (Android),	  
UNI/B2B	  API	  (network-‐side)	  
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Roadmap	  
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•  RCS	  5.1	  version	  4	  and	  RCS	  6.0	  (Q4	  2013,	  2014)	  
will	   cons5tute	   the	   referen5al	   documents	   for	  
future	  releases	  of	  the	  joyn	  service:	  
–  ‘Crane’	  (12/2013) 	  UX	  fixes,	  central	  message	  store	  
–  ‘Dove’	  (2014)	   	  Advanced	  mulE-‐device	  


•  UNI/B2B	  API	  roadmap	  constrained	  only	  by	  joyn	  
regional	  deployments,	  not	  by	  technology.	  


•  Terminal	  API	  Android	  ongoing	  standardiza5on.	  


•  WebRTC	  browsers	  increase	  footprint	  steadily.	  
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Operator-‐centric	  con5nuity	  
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•  Generic	  use	  case:	  Offer	  the	  joyn	  experience	  to	  a	  
mobile	  subscriber	  from	  a	  web	  environment.	  
– mobile	  iden5ty	  used	  for	  authen5ca5on	  
– WebRTC	  +	  RCS	  UNI	  API	  as	  key	  enablers	  


•  Mid-‐term:	   RCS	   mobile	   app	   con5nuity	   on	   the	  
web?	  (i.e.	  terminal	  API	  portability	  on	  WebRTC)	  
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MNO	  
	  
	  


terminal	  B	  


RCS	  UNI	  API	  


terminal	  A	  emulator	  


WebRTC	  
front	  end	  


	  
	  


Internet	  


any	  WebRTC	  browser	  


user	  A	  


RCS 







Web-‐centric	  con5nuity	  


Session / Paper Title 6 15-16 Oct 2013 


•  Generic	  use	  case:	  A	  customer	  service	  (e.g.	  CRM)	  
is	  reachable	  by	  mobile	  end-‐users	  using	  joyn.	  
– B2B2C	  model	  to	  be	  proposed	  by	  MNO	  to	  3rd	  par5es	  
–  requires	  an	  RCS	  B2B	  API	  (a.k.a	  ‘Wholesale	  API’)	  


•  Usages	  to	  foster,	  wherever	  RCS	  ensures	  greater	  
reachability	   (‘always	   on’,	   compared	   to	  
browser).	  	  Session 2 / Some WebRTC Opportunities for RCS 


MNO	  
	  
	  


end-‐user	  


RCS	  B2B	  API	  


corporate	  number	  


WebRTC	  
front	  end	  


	  
	  


3rd	  party	  
intranet	  +	  
CRM	  core	  


any	  WebRTC	  worksta5on	  


agents	  


RCS 







Short-‐term	  challenges	  
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•  Standardiza5on	   +	   deployment	   of	   the	   Network	  
Address	   Book	   as	   an	   enabler	   of	   mul5-‐device	  
experience	  and	  mobile	  social	  networking.	  


•  Other	   challenges:	   all	   RCS	   features	   mul5-‐user,	  
RCS	  API	  deployment,	  IMS	  op5miza5on.	  
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MNO	  


local	  address	  book	   joyn	  network	  address	  book	  







Beyond	  
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•  Two	  parallel	  assump5ons:	  
– WebRTC	   is	   renewing	   the	   experience	   of	  web-‐based	  
social	  media	  (na5ve	  in-‐browser	  sharing	  features).	  


– RCS	   (+	   RCS	   NAB)	   =	   building	   block	   of	   a	   virtually	  
worldwide	  decentralized	  mobile	  media.	  
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is it a social wall? 


…or is it a group chat? 







Conclusion	  
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•  Beyond	   natural	   threats	   and	   opportuni5es	   for	  
operators,	  WebRTC	  prepares	  a	  revolu5on	  in	  the	  
user	  experience	  that	  will	  bolster	  new	  rich	  social	  
media	  on	  the	  web.	  


•  The	   mobile	   ecosystem	   has	   an	   opportunity	   to	  
build	   a	   similar	   experience,	   large-‐scale,	   na5ve,	  
and	   interoperable	   with	   the	   web	   ecosystem	  
thanks	  to	  the	  WebRTC	  +	  RCS	  tandem.	  


•  …	  in	  other	  words,	  a	  Facebook	  of	  operators.	  
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Quote	  
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•  “An	   idea	   that	   is	   not	   dangerous	   is	   unworthy	   of	  
being	  called	  an	  idea	  at	  all”	  (Oscar	  Wilde).	  
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The	  End	  
Romain Carbou 
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Outline	


  Introduc=on	  
–  HTML5	  impact	  on	  Telcos	  
–  Related	  Work:	  Office	  on	  Demand	  


  Proposed	  PlaIorm	  
–  Concept	  
–  PlaIorm	  &	  Architecture	  
–  Demo	  Applica=ons	  


  Quality	  Evalua=on	  
  Summary	
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1.   Possibility	  to	  restructure	  current	  OTT	  driven	  App/Contents	  markets	  
2.   New	  business	  opportunity	  using	  its	  scale	  merit	  of	  “One-‐source-‐mulO-‐devices”	  


nature	  
3.   Providing	  novel-‐UX	  services	  combining	  with	  RTC	  and	  Web	  


HTML5	  impact	  on	  Telcos	


S2:WebRTC/Office	  in	  the	  Cloud:	  Web-‐based	  
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•  Independent	  from	  OS	  and	  machines	  
•  Ability	  to	  realize	  similar	  na=ve-‐applica=ons	  	  
•  Enabling	  browser	  based	  RTC	


Benefits	







Related	  Work:	  Office	  on	  Demand	


S2:WebRTC/Office	  in	  the	  Cloud:	  Web-‐based	  
Cloud	  PlaIorm	  for	  Telcos	  Services	   4	  15-‐16	  Oct	  2013	  


NGN	  
(Voice,	  Data,	  Internet	  access)	


CaaS	  
• Hosted	  PBX	  
• Teleconf.	  IVR	  	


SaaS	  
• Office	  &	  Business	  Apps	  
• Internet	  mail	  and	  Web	  


FTTO	 3G/LTE	


CaaS	  +	  SaaS	  
• Call	  &	  Schedule	  
• UC,	  etc.	  


Office	  on	  Demand(OoC)	  solves	  Small	  and	  Medium	  Business(SMB)	  user’s	  desire	  	  	  
  OoD	  is	  a	  FTTO-‐based	  conven=onal	  FMC	  cloud	  service	  for	  SMB	  users.	  
  OoD	  provides	  CaaS(Communica=on	  as	  a	  Service),	  SaaS,	  and	  CaaS	  +	  SaaS.	  


Market	  Place	


•  To	  be	  able	  to	  prepare	  an	  ICT	  infrastructure	  
quickly	  


•  To	  use	  network	  services	  without	  the	  need	  for	  
complex	  sedngs	  like	  network	  route	  sedngs	  


•  Lower	  costs	  for	  communicaOon	  services	







Office	  in	  the	  Cloud(OiC)	  	  Concept	
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Home	Park	Out/Away	 Hotel	


Any	  Network	  
(Public	  Wi-‐Fi	  /	  NGN	  /	  LTE	  /	  etc...)	


OiC	  makes	  services	  available	  anywhere	  and	  without	  requiring	  any	  specific	  device	  
  OiC	  is	  a	  HTML5	  based	  novel	  service	  which	  establishes	  a	  virtual	  office	  in	  the	  cloud	  
  All	  office	  staffs	  work	  together	  virtually	  using	  any	  HTML5	  browser	  equipped	  devices	  


from	  remote	  (i.e.,	  nomadic	  working).	  







OiC	  Concept	  Movie	  (2min	  15sec)	
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OiC	  Pla:orm	
OiC	  is	  the	  web-‐applicaOon	  pla:orm	  based	  on	  OOD	  Architecture.	  
  The	  most	  difference	  of	  parent	  OOD	  Prototype	  is	  that	  applica=ons	  on	  


OiC	  plaIorm	  running	  on	  browser	  only.	  
  The	  OiC	  plaIorm	  enable	  developers	  to	  deploy	  “Real-‐=me	  web	  


applica=ons”	  they	  developed	  to	  Telco’s	  cloud;	  it’s	  powered	  by	  
node.js.	  


  We	  use	  WebRTC	  for	  realiza=on	  of	  the	  essence	  of	  OOD	  Architecture	  
to	  combine	  SaaS	  with	  CaaS.	  
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OiC	  Screen:	  Dashboard	
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OiC	  Screen:	  ApplicaOon	  List	
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Architecture	
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Frontend	


AuthenOcaOon	 Equipment	  
coordinaOon	 Presence	


Web	  App	  ExecuOon	  Middleware	  (Node.js)	


Backend	  Services	  as	  a	  Plugin	  for	  Various	  ApplicaOons	


CommunicaOon	  Pla:orm	Various	  Engines	Various	  Data	  store	


App	 App	 App	 App	


Provisioning	  Portal	


Developer	  
InformaOon	


ApplicaOon	  
InformaOon	


Users	  	  
InformaOon	 Marketplace	


Deploying	  
ApplicaOon	


Socket.io	  API	  


Office	  	  
Administrators	


Developers	 Users	Alice	 Bob	


HTTP	  GET	  /	  Socket.io	  	  HTTP	  IF	







ApplicaOon	  ExecuOon	  Sequence	
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Browser	 OiC	  Front	  End	


ApplicaOon	


2.	  Authen=ca=on	  Applica=on	  
Download	  (200	  OK)	


11.	  HTTP	  GET	  Request	


AuthenOcaOon	  ApplicaOon	


4.	  Login	  (HTTP	  POST)	
5.	  200	  OK	


7.	  REDIRECT	
8.	  GET	  Applica=on	  List	  (HTTP	  POST)	


6.	  Session	  Established	


9.	  Applica=on	  List	  
Download	  (200	  OK)	ApplicaOon	  List	


User	


3.	  Input	  ID	  &	  PW	


10.	  Choose	  an	  Applica=on	


12.	  Client	  Applica=on	  
Download	  (200	  OK)	Client	  ApplicaOon	


10.	  Create	  Socket.io	  Connec=on	  Request	


12.	  Socket.io	  connec=on	  Established	


1.	  Request	  Login	  Page	  (HTTP	  GET)	


11.	  Generate	  session	  associated	  	  
socket.io	  connec=on	  
	







Demo	  ApplicaOons	  Examples	


  SaaS	  Demo	  
1.  File	  Share	  Applica=on	  w/	  WebRTC	  
2.  Whiteboard	  Applica=on	  w/	  WebRTC	  


  CaaS	  Demo	  
1.  WebRTC-‐SIP	  Interworking	  Conference	  


Applica=on	  
2.  Extension	  Telephone	  Applica=on	
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Demo	  ApplicaOons	  Examples	


  SaaS	  Demo	  
1.  File	  Share	  Applica=on	  w/	  WebRTC	  
2.  Whiteboard	  Applica=on	  w/	  WebRTC	  


  CaaS	  Demo	  
1.  WebRTC-‐SIP	  Interworking	  Conference	  


Applica=on	  
2.  Extension	  Telephone	  Applica=on	
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WebRTC-‐SIP	  Interworking	  Conference	  	
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  There	  are	  the	  conference	  applica=on	  server	  that	  have	  both	  SIP	  and	  
WebRTC	  capability	  in	  the	  cloud.	  


  When	  a	  browser	  or	  SIP	  terminal	  can	  connect	  to	  this	  server,	  there	  can	  
start	  conference	  mutual	  immediately.	  


Browser	 SIP	  Phone	


Conference	  
ApplicaOon	


ROAP	  Signaling	


SIP	  Signaling	


Web	  UI	


JavaScript	  
IF	


OiC	  offer	  it	  as	  
“backend	  services”	  
to	  developers.	







Extension	  Telephone	  App	
  This	  applica=on	  enable	  browser	  to	  be	  a	  telephone	  belonging	  to	  the	  


hosted-‐PBX	  in	  the	  cloud.	  	  
  This	  hosted	  PBX	  provides	  outbound	  call	  services.	
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Browser	 PSTN	  Phone	


SIP	  o/	  ws	  
Signaling	


Web	  UI	


Hosted	  
PBX	


PSTN	
JavaScript	  


IF	


OiC	  offer	  it	  as	  
“backend	  services”	  
to	  developers.	







Quality	  EvaluaOon	  (pre-‐examinaOon)	
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The	  test	  as	  a	  less	  than	  complete	  basic	  test	  to	  make	  sure	  there	  are	  a	  
possibility	  of	  providing	  WebRTC-‐based	  services.	  
  degree	  of	  the	  latency	  of	  the	  sound	  
  frequency	  of	  occurrence	  of	  sound	  interrup=on	  


–  it	  have	  been	  omioed	  in	  slides	  since	  it	  did	  not	  occur	







WebRTC	  vs.	  SIP	  Soiphone	
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  In	  the	  case	  of	  browser,	  the	  result	  is	  came	  out	  the	  about	  half	  =mes	  of	  
sopphone;	  	  is	  it	  cause	  that	  WebRTC	  is	  the	  P2P	  architecture?	  


  WebRTC	  have	  sound	  fluctua=on	  problem;	  it	  seems	  to	  depend	  on	  
current	  implementa=on	  of	  the	  browser.	  


Delay	  Time	  (ms)	


No	 Browser	  
(WebRTC	  P2P)	


asterisk	  and	  SIP	  sopphone	  
(media	  server	  termina=on)	


1	 147	 238	


2	 139	 238	


3	 122.5	 238	


4	 126	 238	


5	 128.5	 238	


6	 123	 238	


7	 135.5	 238	


8	 132.5	 238	


9	 141	 238	


10	 147	 238	


Average	 132.8	 238	


There	  are	  fluctua=on.	







WebRTC-‐SIP	  Interworking	  Conference	  ApplicaOon(15p.)	  test	  
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Delay	  Time	  (ms)	


No	 asterisk	  and	  SIP	  sopphone	 WebRTC	  w/	  Prototype	  
(2call	  only)	


WebRTC	  w/	  Prototype	  
(2call	  +	  40	  call	  load)	


1	 238	 307.5	 331.5	


2	 238	 313.5	 317.5	


3	 238	 306	 323.5	


4	 238	 299	 329.5	


5	 238	 305	 315.5	


6	 238	 322	 321.5	


7	 238	 319	 327.5	


8	 238	 305	 333.5	


9	 238	 311.5	 319	


10	 238	 326	 319	


Average	 238	 311.45	 323.8	


  In	  the	  case	  of	  this	  applica=on	  on	  two	  calls	  only,	  it	  is	  similar	  structure	  of	  to	  call	  SIP	  
phone.	  


  The	  issue	  for	  prac=cal	  is	  performance	  improvement	  because	  influence	  of	  the	  load	  
appeared	  on	  only	  40	  call	  load.	  


	  







Summary	  and	  Further	  Works	
  OiC	  is	  novel	  web	  applica=on	  plaIorm	  based	  on	  OOD	  architecture.	  


–  OiC	  enable	  web	  browser	  to	  execute	  SaaS	  +	  CaaS	  for	  SMB	  user	  using	  WebRTC.	  
–  Developers	  become	  to	  be	  able	  to	  deploy	  their	  web	  applica=ons	  to	  Telcos	  cloud	  


by	  OiC.	  


  The	  evalua=on	  has	  proved	  prototype	  systems	  using	  WebRTC	  have	  
possibility	  of	  to	  realize	  real-‐=me	  communica=on	  services.	  
–  The	  fact	  of	  our	  prototype	  system	  have	  sufficient	  possibility	  has	  be	  shown.	  
–  The	  implementa=on	  of	  web	  browser	  has	  seemed	  to	  affect	  the	  performance	  of	  


WebRTC	  strongly;	  it	  is	  very	  uncontrollable	  to	  Telco.	  


  Further	  works	  
–  Security	  considera=on	  
–  Carrier	  grade	  services	  
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Agenda	  


•  Cloud	  provisioning	  scenario	  and	  mo3va3on	  for	  
joint	  discovery	  of	  compu3ng/networking	  
resources	  


	  


•  Quick	  overview	  of	  the:	  
– Next	  Genera3on	  Network	  (NGN)	  architecture	  	  
–  Path	  Computa3on	  Element	  (PCE)	  framework	  
	  


•  Contribu3on:	  the	  cloud-‐enabled	  NGN	  architecture	  	  


•  Performance	  and	  conclusion	  
2 15-16 Oct 2013 


Network Transformation using Cloud  
Cloud-enabled NGN Architecture with Discovery of End-


to-End QoS Resources  







Paper	  objec3ve	  


•  Cloud	  architecture	  for:	  
–  Joint	  discovery	  of	  QoS	  compu/ng	  and	  networking	  	  resources	  	  


–  Provisioning	  of	  cloud	  services	  based	  on	  QoS	  features	  of	  both	  
compu3ng	  and	  networking	  resources	  


3 15-16 Oct 2013 
Network Transformation using Cloud  


Cloud-enabled NGN Architecture with Discovery of End-
to-End QoS Resources  


Cloud&
domain&A&&


&Network&
domain&E&


&User&access&
network&&


Cloud&
domain&B&&


&Network&
domain&F&


Cloud&
domain&C&&


Mul$-‐cloud,	  mul$-‐
domain	  scenario:	  	  
Availability	  of	  mul$ple	  
alterna$ve	  resources	  







Mo3va3on	  


Conclusion:	  QoS	  cloud	  services	  need	  joint	  discovery	  of	  
compu7ng/network	  resources	  with	  QoS	  


4 15-16 Oct 2013 
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Cloud-enabled NGN Architecture with Discovery of End-
to-End QoS Resources  


Example:	  	  
-‐Cloud	  C	  has	  the	  best	  
compu$ng	  resources	  
-‐Network	  F	  cannot	  provide	  
QoS	  delivery	  
	  	  


Cloud&
domain&A&&


&Network&
domain&E&


&User&access&
network&&


Cloud&
domain&B&&


&Network&
domain&F&


Cloud&
domain&C&&


•  What	  if	  Cloud	  A	  has	  to	  rent	  resources	  to	  scale	  out	  its	  infrastructure?	  	  
•  It	  is	  beLer	  to	  use	  resources	  of	  cloud	  B	  delivered	  through	  network	  E	  







The	  Next	  Genera3on	  Network	  (NGN)	  
architecture	  


•  IMS	  (IP	  mul7media	  subsystem)	  to:	  
–  Register	  with	  applica3ons	  
–  Ac3vate	  applica3ons	  
–  Interact	  with	  remote	  NGN	  systems	  


IMS	  core	  
control layer  


HSS	  
user 


or other  
NGN system 


Applica3on	  1	   Applica3on	  n	  ……. 


ISC ISC 


Diameter 


NGN system 
transport layer  


Transport	  
func3ons	  


application layer  


•  Transport	  layer	  func7ons	  to:	  
–  Provide	  	  connec3vity	  to	  deliver	  


the	  applica3on	  service	  
	  







The	  Next	  Genera3on	  Network	  (NGN)	  
architecture	  


IMS	  core	  
control layer  


HSS	  
user 


or other  
NGN system 


Applica3on	  1	   Applica3on	  n	  ……. 


ISC ISC 


Diameter 


NGN system 
transport layer  


Transport	  
func3ons	  


application layer  


Internal	  Interfaces:	  
•  The	  SIP	  (Session	  Ini7a7on	  Protocol)	  for	  the	  IP	  mul3media	  Subsystem	  


Service	  Control	  (ISC)	  Interface	  	  
•  Diameter	  applica7ons	  to	  communicate	  with	  transport	  func3ons	  	  	  







The	  Path	  Computa3on	  Element	  (PCE)	  
framework	  
•  Objec3ve:	  computa3on	  of	  the	  op3mal	  intra	  and	  inter-‐domain	  paths	  


sa3sfying	  a	  set	  of	  QoS	  constraint	  
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Cloud-enabled NGN Architecture with Discovery of End-
to-End QoS Resources  


(4)	  Resp.:	  {PB	  ||	  PC	  }	  	  


	  network	  domain	  A	  


PCE	  C	  PCE	  B	  


(1)Path	  computa3on	  	  Req	  


PB	  
PA	  


Pc	  


source destination 


(5)	  Computed	  
path	  


{PA	  ||	  PB	  ||	  PC	  }	  


	  network	  domain	  B	   	  network	  domain	  C	  


(2)Path	  computa3on	  	  Req	  


(3)	  Resp.:	  {PC	  }	  	  
PCE	  A	  


•  PCE	  servers	  to	  compute	  intra	  and	  inter-‐domain	  paths	  	  







Cloud	  enabled	  NGN	  architecture	  
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Cloud-enabled NGN Architecture with Discovery of End-
to-End QoS Resources  


IMS	  core	  


control layer  


HSS	  
user 


or other  
NGN 


system 


…. 


transport layer  


Transport	  
func3ons	  


application layer  


Applica3on	  
1	  


Applica3on	  
n	  







Cloud	  enabled	  NGN	  architecture	  
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Cloud-enabled NGN Architecture with Discovery of End-
to-End QoS Resources  


IMS	  core	  


control layer  


HSS	  
user 


or other  
NGN 


system 


…. 


transport layer  


Transport	  
func3ons	  


application layer  


Cloud	  control	  sub-‐system:	  
discovery	  of	  compu3ng	  


resources	  


Enhanced	  PCE:	  
discovery	  of	  network	  


resources	  


Applica3on	  
1	  


Applica3on	  
n	  


Cloud	  applica3on:	  
service	  composi3on	  	  


SIP interfaces 
Diameter interface 







Handling	  users’	  cloud	  service	  requests	  


IMS	  core	  


control layer  


HSS	  
cloud  


end user 


…. 


transport layer  


Transport	  
func3ons	  


application layer  


Cloud	  control	  sub-‐system:	  
discovery	  of	  compu3ng	  


resources	  


Enhanced	  PCE:	  
Discovery	  of	  network	  


resources	  


Applica3on	  
1	  


Applica3on	  
n	  


Cloud	  applica3on:	  
service	  composi3on	  	  


2


2 Request/response for discovery of 
computing resources  


3


3 Request/response for discovery 
of networking resources  


4


4 Service composition and selection 


1 User’s cloud service request 


1 







Local	  and	  remote	  discovery	  of	  
compu3ng	  resources	  


11 15-16 Oct 2013 Network Transformation using Cloud  
Cloud-enabled NGN Architecture with Discovery of End-


to-End QoS Resources  


•  Each	  cloud	  has	  local	  DBs	  with	  informa3on	  about	  
real-‐3me	  state	  of	  local	  compu3ng	  resources	  


•  The	  cloud	  control	  sub-‐system	  can:	  
– Look	  for	  resources	  in	  the	  local	  DB	  
– send	  discovery	  requests	  to	  control	  sub-‐systems	  of	  
remote	  clouds	  if	  resources	  have	  to	  be	  rent	  







Parallel	  discovery	  toward	  mul3ple	  
remote	  clouds	  


•  Compu3ng	  and	  network	  discovery	  	  toward	  each	  des3na3on	  cloud	  


12 15-16 Oct 2013 Network Transformation using Cloud  
Cloud-enabled NGN Architecture with Discovery of End-


to-End QoS Resources  


Network	  
A	  


Network	  
C	  


Network	  
D	  


Network	  
B	  


Source	  cloud/
user	  broker	  


Des3na3on	  
cloud	  c	  


Des3na3on	  
cloud	  b	  


Des3na3on	  
cloud	  a	  


Server with cloud enabled NGN architecture 
PCE server 


•  Composi3on	  of	  mul3ple	  services	  and	  selec3on	  of	  the	  best	  one	  







Resource	  discovery	  signaling	  


Three	  main	  steps:	  
	  


1.  Offline	   registra3on	   of	   the	   source	   with	   the	  
remote	  en3ty	   (des3na3on	  cloud)	   for	  discovery	  
of	  compu3ng	  resources	  


2.  Online	   dynamic	   discovery	   of	   compu3ng	  
resources	  


3.  Online	  dynamic	  discovery	  of	  network	  resources	  	  
13 15-16 Oct 2013 


Network Transformation using Cloud  
Cloud-enabled NGN Architecture with Discovery of End-


to-End QoS Resources  







Step	  1:	  Offline	  Registra3on	  -‐-‐	  with	  
IMS	  signaling	  


15-16 Oct 2013 
Network Transformation using Cloud  


Cloud-enabled NGN Architecture with Discovery of End-
to-End QoS Resources  


Cloud control 
subsystem IMS/HSS 


Source cloud 


REGISTER: 
-resource 
discovery ID 
(ICSI) 


REGISTER: 
-resource 
discovery ID 
(ICSI) REGISTER 


200 OK 


200 OK 200 OK 


Destination cloud 


Cloud control 
subsystem IMS/HSS 


source	  domain	  registra3on	  with	  ICSI	  in	  HSS	  


Cloud	  subsystem	  loca3on	  through	  ICSI	  
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Step	  2:	  Online	  discovery	  of	  compu3ng	  
resources	  	  -‐-‐	  with	  IMS	  signaling	  


Destination cloud 


Cloud control 
subsystem IMS/HSS Cloud control 


subsystem IMS/HSS 


Source cloud 


200 OK: 
-resource discovery 
response 


resource	  lookup	  	  


registra3on	  verifica3on	  and	  control	  
module	  loca3on	  through	  ICSI	  


INVITE: 
-ICSI; 
-resource 
discovery request 
 


INVITE: 
-ICSI; 
-resource 
discovery request 
 INVITE: ICSI; 


-resource discovery 
request 
 


200 OK: 
-resource discovery 
response 


200 OK: 
-resource discovery 
response 







Step	  3:	  Online	  Discovery	  of	  network	  
resources	  -‐-‐	  with	  Diameter	  and	  PCE	  


Cloud 
discovery 


application 


Enhanced 
PCE 


Enhanced 
PCE 


network domain A  


DIAMETER  
Network discovery 
request 


PCE: Computation 
request for network 
discovery 
 PCE: computation 


response 


network domain B  


PCE: Computation 
request for network 
discovery 
 


PCE: computation 
response 


DIAMETER 
Network discovery  
response 


Source cloud 


Enhanced 
PCE 
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The	  Diameter	  interface:	  the	  Diameter	  
QoS	  path	  discovery	  applica3on	  


•  A	  novel	  Diameter	  
applica3on	  with	  AVPs	  to	  
map	  in	  PCE	  objects	  


  Implemented	  	  with	  Open	  
Diameter	  


17 15-16 Oct 2013 
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Cloud-enabled NGN Architecture with Discovery of End-
to-End QoS Resources  


Diameter Attribute Value Pairs and PCE objects 
AVP Attribute Name Corresponding PCE object 


Path-Source End-points 
(Source of the PCE path) 


 
Path-Target 


(target addresses with nodes 
or domains along one or more 


paths) 


Include Route Object (IRO) 
(List of domains to cross) 


Explicit Route Object (ERO) 
(Set of available paths) 


End-Points 
Path-Parameters Request parameters (RP)  


(Path priority, etch. ) 
QoS-Attributes 


(Path constraints per target) 
Bandwidth, Metric 


Load-Balancing, End-Points 


Discovery-Failure PCEP-Error, No-Path, 
Notification, Destinations  







Performance:	  effect	  of	  parallel	  path	  
discovery	  on	  the	  PCE	  servers	  


18 15-16 Oct 2013 


NSFNET: 
-increasing number of clouds 
attached to the network 
-looking for QoS paths toward 
1,2 and 5 destination clouds 


Internet-like networks: 
-increasing number of domains 
-50 clouds 
-looking for QoS paths toward 
1,2 and 5 destination clouds 
 







Contribu3on	  and	  conclusion	  	  


19 15-16 Oct 2013 
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Cloud-enabled NGN Architecture with Discovery of End-
to-End QoS Resources  


•  We	  have	  designed	  an	  architecture	  for:	  
–  Automa3c	  discovery	  of	  compu3ng	  and	  networking	  resources	  
–  Composi3on	  of	  cloud	  services	  based	  on	  QoS	  of	  both	  compu3ng	  
and	  networking	  resources	  	  


•  It	  is	  an	  extension	  of	  the	  well	  known	  NGN	  architecture	  and	  makes	  use	  
of	  the	  exis3ng	  IMS	  and	  PCE	  for	  	  discovery	  of	  compu3ng	  and	  
networking	  resource,	  respec3vely	  


•  We	  have	  implemented	  the	  Diameter	  interface	  to	  control	  PCE	  and	  
verified	  scalability	  on	  the	  PCE	  systems	  


•  In	  our	  future	  work	  we	  will	  use	  Open	  Diamter,	  PCE	  Emulator	  and	  Open	  
IMS	  to	  build	  a	  test	  bed	  for	  further	  tes3ng	  
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Scenario	  


•  Network	  with	  data	  centres,	  users	  


•  Requests	  are	  served	  at	  different	  
sides	  
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Scenario	  


•  Network	  with	  data	  centres,	  users	  


•  Requests	  are	  served	  at	  different	  
sides	  
•  Benefits:	  Costs,	  Latency,	  …	  


•  Load	  changes	  over	  /mes	  
	  need	  to	  successively	  adapt	  


Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 4 15-16 Oct 2013 







Adap/ve	  Deployment	  


•  Process	  
– Monitor:	  Load	  or	  performance	  indicators	  


•  CPU,	  bytes/s,	  or	  Req./s	  


– Logic:	  Reconfigura/on	  


– Execute	  


•  Successive	  process	  	  
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Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 







Big	  picture	  
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•  Diverse	  applica/ons	  
– Mul/-‐/er	  
– Stateful	  


•  Diverse	  adapta/ons	  
– Goals,	  Triggers,	  Algorithms,	  …	  
– Focus:	  Network-‐proper/es	  
	  


•  SwiUly	  adapt	  
– Automa/on	  







Big	  picture	  –	  and	  today	  	  
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•  Diverse	  applica/ons	  
– Mul/-‐/er	  
– Stateful	  


•  Diverse	  adapta/ons	  
– Goals,	  Triggers,	  Algorithms	  
– Focus:	  Network-‐proper/es	  
	  


•  SwiUly	  adapt	  
– Automa/on	  


Hardware	  Virtualiza/on	  


No	  run/me	  changes	  


Obstacle:	  Isola/on	  


Manuel	  integra/on	  
Missing:	  Generic	  solu/on	  


Labor-‐intensive	  task	  
	  


Missing	  system	  
	  










Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 







Adapta/on	  today	  
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•  Diverse	  applica/ons	  
– Mul/-‐/er	  
– Stateful	  


•  Diverse	  adapta/ons	  
– Goals,	  Triggers,	  Algorithms	  
– Focus:	  Network-‐proper/es	  
	  


•  SwiUly	  adapt	  
– Automa/on	  


Hardware	  Virtualiza/on	  


No	  run/me	  changes	  


Obstacle:	  Isola/on	  


Manuel	  integra/on	  
Missing:	  Generic	  solu/on	  


Labor-‐intensive	  task	  
	  


Missing	  system	  
	  















Hardware	  Virtualiza/on	  


No	  run/me	  changes	  


Obstacle:	  Isola/on	  


Manuel	  integra/on	  
Missing:	  Generic	  solu/on	  


Labor-‐intensive	  task	  
	  


Missing	  system	  
	  


Adapta/on:	  Tomorrow	  
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•  Diverse	  applica/ons	  
– Mul/-‐/er	  
– Stateful	  


•  Diverse	  adapta/ons	  
– Goals,	  Triggers,	  Custom	  
– Focus:	  Network-‐proper/es	  
	  


•  SwiUly	  adapt	  
– Automa/on	  


Hardware	  Virtualiza/on	  


Cont.	  changing	  deploy.	  


Bypass	  Isola/on	  


Topology	  
Plugin	  


Self-‐managed	  
	  


Framework	  
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Automa/c	  applica/on	  adapta/on	  
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EC2,  
OCCI,  
… 


Applica/on	  Deployment	  
Toolkit	  
(ADT)	  
	  
	  










Automa/c	  applica/on	  adapta/on	  


Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 
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EC2,  
OCCI,  
… 


ADT	  
	  
	  
	  
	  


Plugin	  
	  
	  










Automa/c	  applica/on	  adapta/on	  


•  How	  to	   ? 	  	  


Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 







13 15-16 Oct 2013 


EC2,  
OCCI,  
… 


ADT	  
	  
	  
	  
	  


Plugin	  
	  
	  


























VM	  
	  
	  










Steering	  


Automa/c	  applica/on	  adapta/on	  








•  How	  to	   ? 	  	  


Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 
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•  Three	  kind	  of	  reconfigura/ons	  


ADT	  
	  
	  
	  
	  


Plugin	  
	  
	  


VM	  
	  


Steering	  


2) Infrastructure-level 


3) Network services 
(e.g. DNS) 


1) Application-level 


Automa/c	  applica/on	  adapta/on	  


Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 
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•  Focus:	  Network	  
– Topology	  


ADT	  
	  
	  
	  
	  


Plugin	  
	  
	  


VM	  
	  


Steering	  


Network operator (ALTO),  
Probing, Internet coordinates,… 


Automa/c	  applica/on	  adapta/on	  


Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 
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•  Example:	  	  
1.  Interac/ve	  Web-‐


Applica/on	  (latency)	  


	  


Automa/c	  applica/on	  adapta/on	  


Plugin	  
	  
	  


	  
VM	  


Steering	  


Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 
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•  Example:	  	  
1.  Interac/ve	  Web-‐


Applica/on	  (latency)	  
2.  New	  Users	  appear	  


	  


Automa/c	  applica/on	  adapta/on	  


Plugin	  
	  
	  


	  
VM	  


Steering	  


Network Transformation Using Cloud 
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•  Example:	  	  
1.  Interac/ve	  Web-‐


Applica/on	  (latency)	  
2.  New	  Users	  appear	  
3.  Adapt	  deployment	  


	  


Automa/c	  applica/on	  adapta/on	  


Plugin	  
	  
	  


	  
VM	  


Steering	  
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•  Example:	  	  
1.  Interac/ve	  Web-‐


Applica/on	  (latency)	  
2.  New	  Users	  appear	  
3.  Adapt	  deployment	  


	  


Automa/c	  applica/on	  adapta/on	  


Plugin	  
	  
	  


	  
VM	  


Steering	  










	  
VM	  


Steering	  
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•  Con/nuously	  changing	  environment	  
– Mul/-‐/er	  
– Stateful	  


Automa/c	  applica/on	  adapta/on	  


DB	  


Logic	  
Server	  


Web	  
Server	  


Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 
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•  Example	  adapta/on	  


Automa/c	  applica/on	  adapta/on	  


DB	  
LS	  


LS	  


WS	  
WS	  


WS	  


WS	  


WS	  










Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 







22 15-16 Oct 2013 


•  Component	  (re)configura/on	  
–  Interconnec/on	  	  (FS	  -‐>	  DB)	  


•  Deployment	  sequence	  
•  No/fy	  infrastructure	  events	  


–  Destroy	  VM	   rescue	  state	  
– Migrate	  VM	   switch	  into	  a	  robust	  state	  


Automa/c	  applica/on	  adapta/on	  


	  
WS	  


Steering	  


	  
DB	  


Steering	  


Plugin	  
	  
	  


WS	   DB	  
“ “ 
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•  Framework,	  Plugin	  
– Support	  for	  diverse	  applica/on,	  adapta/ons	  
– Ongoing	  process	  of	  	  


•  Monitor/aggregate	  performance	  data	  	  
•  Compute,	  reconfigure	  deployment	  


– Enable	  Network-‐dependent	  adapta/ons:	  
•  Topology	  Manager:	  Exchangeable	  implementa/ons	  


•  Available	  online:	  h=p:///nyurl.com/o69vnn4	  
•  Live	  demonstra/ons	  


– Different	  applica/ons,	  remote	  data	  centres	  


Summary	  


Network Transformation Using Cloud 
A Topology-Aware Adaptive Deployment Framework for Elastic Applications 
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Thank	  you	  for	  	  
your	  a=en/on!	  


Matthias Keller 
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Intensive public involvement 
inhibits private investments and 


destroys existing market conditions 


Can cooperation between private telco companies 
 contribute to Next-Generation Access deployment? 


• Next-Generation Access networks are widely associated with economic 
growth 


• Improving national broadband  availability is a substantial interest for most 
countries 


In our paper we aim to assess how cooperation between telco and utility companies 
can contribute to Next-Generation Access provisioning. 


Measures 
• Telecommunication infrastructure 


provided by public companies 
• Public funding 
• Strict regulatory measures for 


market participants 
 


Measures 
• Less public funding per capita 
• Stimulation of private 


investments 


 Regulation authorities and public 
investment are seen as driving 


forces of broadband provisioning 


1 2 


Relevance of 
broadband 


provisioning 


Countries  
differ in their 


mindsets about 
broadband 


provisioning 
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We use the resource-based view for assessing sustainable  
competitive advantage of cooperation 


 
Resource-based view 
 
•General assumption: A  firm‘s competitive advantage stems from the resources the firm 
disposes of  
 
•Resources may be controlled or possessed by other organizations. Thus, organizations need to 
interact in order to acquire and maintain the resource mix necessary to survive 


Assessing sustainable competitive advantages in cooperation 


We assume that telecommunication companies and utility companies will only 
cooperate if this creates sustainable competitive advantage.  
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We aim to assess cross-industry infrastructure  
provisioning with the concept of the resource-based view 


Research 
questions 


1. How can utility companies foster cooperative provisioning of information 
infrastructures with telecommunication companies? 


 


2. Which utility resources reinforce or inhibit cooperative infrastructure provisioning? 


In our paper we aim to assess preconditions for improving cross-industry infrastructure 
provisioning.  


Motivation 
and Goal 


Theoretical 
foundation 


The resource-based view of the firm represents a theoretical framework that aims to 
explain how firms create competitive advantage and formulate sustainable competitive 
strategies. 
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The exploration of inter- and intra-firm cooperation  
drivers requires the conduction of interviews with practioners 


Contact to the participants of the 
group Interoperability at the 


NGA-Forum 


Establish further contacts 
within the participant‘s 


company 


Establish contacts to existing 
cooperation partners 


33 Interviewees are represented in: 
• Company management 
• Cooperation departments 
• Management with a technical 


background 
 


The constellation allows to incorporate 
technical and strategic views on 


cooperation. 


Overview on the assessed carrier types 


Interview Identification Process 


Data Overview 


The assessment of the research questions requires the exploration of inter- and intra-firm drivers and 
inhibitors of competition and cooperation. This requires: 
• The conduction of interviews with practitioners 
• Additional assessment of internal documents which are related to cooperation 
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The combination of Grounded Theory and Case Study Research  
provides a framework for assessing cooperative broadband provisioning 


Research 
Frameworks 


• Conduction of semi-structured expert interviews 
• Researcher is required to be passive when conducting the interviews 
• Seven general categories: telecommunication value chain, 


cooperation initiation, cooperation design and success factors of the 
broadband provisioning 
 


Interview as primary unit of analysis 


Grounded Theory 
Glaser & Strauss 1967 


Case Study Research 
 Yin 1994 


Identification of general concepts which may be applied to a similar context  


(Halaweh, Fidler and McRobb, 2008) 


Framework 
integration with 
Resource-based 


view 


Propositions on 
cooperative IS 
infrastructure 
provisioning 


Within-case analysis Cross-case analysis 


Case study analysis 


Open coding Axial coding 


Grounded theory 


Selective coding 


Resource-based view 


as case-study methodology 


as guiding paradigm 
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National carriers  


Some national carriers are generally willing to incorporate  
active network components of utilities into their network  


 
 


Characteristics 
• Aggregated market share > 60% in Germany 
• Fully integrated service providers 
• Large companies with many potential cooperation interfaces 


Physical 


Organizational 


• Networks in process of modernization 
• Available ductwork capacities 
• Passive infrastructure 


• Capabilities to gain access to public funding 
• Experience of demployment of non-telecommunication networks 


Human 


• Collection of property right agreements  
• Maintenance of passive fiber infrastructure 
• Generally, national carriers are willing to incorporate active products into their 


networks  
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Metropolitan carriers  


Metropolitan Carriers are very experienced with respect to cooperation  
with utility companies and aim to operate active equipment themselves 


 
 


Characteristics 


• Market entry of more than seventy metropolitan carriers after the German market 
opened to competition followed by strong market consolidation and development 
of more differentiated business models 


• Among the most successful are subsidies of metropolitan utility companies 


Physical 


Organizational 


• Ductwork capacities hold by the utilities are potential source of synergies 
• However, synergies might be overestimated and need to be reevaluated for 


every deployment project 


• Capabilities to gain access to public funding Human 


• Maintaining passive fiber infrastructure 
• Utilities as predestinated to take over excavation work 
• Capabilities regarding the active network management such as the operation of 


active network layers are seen critically 
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Business carriers 


As network aggregators business carriers are very skeptical  
with respect to utility companies that operate active equipment 


 
 


Characteristics 


Physical 


Organizational 


• Provider of broadband services whose customer base is dominated by business 
customers (B2B) 


• Typically operate as wholesalers to other telecommunication companies and as 
retailers to business entities outside the telecommunications industry 


• Spare ductwork infrastructure and passive fiber networks 
• In their role as aggregators business carrier can help utilities to maximize 


network utilization 
• Very skeptical regarding utilities which aim to operate active equipment  


• Experience with employment of non-telecommunication networks Human 


• Utilities’ capability to collect property rights agreements from landlords is a strong 
facilitator of broadband deployment 


• Utilities as predestinated to take over excavation work 
• Utility takes over the infrastructure maintenance 


C
o


o
p


er
at


io
n


 d
ri


ve
rs


 &
 in


h
ib


it
o


rs
 


12 15-16 Oct 2013 Towards Cross-Industry Information Infrastructure Provisioning  


–  A Resource-Based Perspective 







Agenda 


Motivation and Theoretical Foundations 
1 


Research Question and Methodology 
2 


Results 
4 


Case Study Description 
3 


Conclusion and Outlook 
5 


13 15-16 Oct 2013 Towards Cross-Industry Information Infrastructure Provisioning  


–  A Resource-Based Perspective 







Telecommunication carrier types differ in their perception of 
co-operation enforcing and inhibiting resource types 


+ + strong evidence that a factor contributes to  
co-opetitive performance 
 
– – strong evidence that this factor does not contribute to 
co-opetitive performance 
 
+, o, – intermediate levels  


• More cooperation drivers than 
inhibitors 
 


• National carriers identified the largest 
number of cooperation enforcing 
conditions 
 


• Causal conditions which inhibit 
cooperation where more often 
identified by carrier categories 
Metropolitan and Business 
 
 


Observation 
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Based on our analyses we derive four propositions for 
cross-industry infrastructure provisioning 


1. Unless a utility company exhibits a stronger local brand than the telecommunication company, cooperation is 
more likely to evolve if the telecommunication company is accountable for service operation and marketing.  


2. Utility companies that operate active telecommunication equipment and provide the corresponding services are 
more likely to establish cooperation with national telecommunication carriers than with metropolitan or business 
telecommunication carriers. 


3. Utility companies can foster cooperation with telecommunication companies by focusing on the provisioning of 
physical infrastructures and related organizational capabilities. 


4. Utility companies can facilitate cooperative infrastructure provisioning by unburdening access to public funding 
and customer premises. 


 
 


Approach 


Resource-based View 
• for assessing cross-industry infrastructure 


provisioning and sources of competitive 
advantage 


 
 


Research questions 


1. How can utility companies foster cooperative 
provisioning of information infrastructures with 
telecommunication companies? 


 


2. Which utility resources reinforce or inhibit 
cooperative infrastructure provisioning? 


Propositions 
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Limitations and Outlook 


• This paper focused on the assessment of the German Next-
Generation Access market. 


 


• Caution is advised  in generalizing the results of our analysis for other 
countries as national broadband provisioning processes can differ 
largely due to country specific preconditions (cf. Ragoobar, Whalley 
and Harle 2010).  


Limitations 


• Further research will be aimed at assessing the utility perspective on 
cross-industry information infrastructure provisioning.  Outlook 
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Thank you! 
 


Any  Questions? 
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Contact information 
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Network	  Transforma/on	  using	  Cloud	  	  
	  


Designing	  Carrier’s	  Online	  Storage	  “Family	  
Cloud”	  for	  Enhancing	  Telecom	  Home	  Services	  


A.	  Fukayama,	  H.	  Iwamoto,	  M.	  Motegi,	  H.	  Sato,	  H.	  Takenaka,	  
M.	  Tsuchikawa,	  N.	  Uchida,	  M.	  Shimomura,	  and	  N.	  Uchida	  


	  


NTT	  Service	  Evolu/on	  Labs.,	  
	  Nippon	  Telegraph	  and	  Telephone	  Corp.	  







Fixed	  operator’s	  circumstance	  


•  Number	  of	  FTTx	  subscribers	  is	  satura/ng.	  
•  Subscriber	  reten/on	  is	  an	  urgent	  issue,	  
especially	  for	  home	  segment.	  


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 
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Growth of FTTx / DSL subscribers in Japan.	







Project	  objec/ve	


•  To	  create	  telecommunica/on	  services	  that	  
contributes	  to	  retain	  home	  broadband	  
subscribers,	  especially,	  for	  elderly	  and	  family	  
users.	


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 


•  Service	  examples	  
•  Family	  cloud	  concept	  
•  Architecture	  







Factors	  of	  subscriber	  loyalty	  


•  Service	  experience	  


•  Rela/onal	  benefit	  


•  Switching	  barrier	  


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 







Approach:	  Service	  experience	  


•  Limited	  opportuni/es	  for	  subscribers	  to	  feel	  
the	  broadband	  value.	  
– Complicated	  opera/ons.	  
– New	  devices,	  new	  apps,	  …	  


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 


Weave	  the	  services	  into	  daily	  home	  life.	  
– Minimum	  user	  opera/ons.	  
– Extend	  exis/ng	  home	  telecom	  services.	  	  







Service	  example	  (1)	
•  Voice	  photo-‐frame	


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 


Digital  photoframe
Digital  
camera


Her wedding 
party was …	


… went to the 
amusement park …	


Auto-‐‑‒
tagging







Service	  example	  (1)	


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 







Approach:	  Rela/onal	  benefit	  


•  How	  to	  realize	  such	  services	  that	  the	  longer	  it	  
is	  used	  the	  more	  valuable	  it	  becomes.	  


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 


Customiza/on	  of	  services	  to	  fit	  each	  
customer’s	  situa/on.	  







Service	  example	  (2)	
•  Abstrac/on	  video	  phone	
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Storage “Family Cloud” for Enhancing Telecom Home Services 







Service	  example	  (2)	


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 







Approach:	  Switching	  barrier	  


•  Open	  technologies	  are	  lowering	  the	  barriers.	  
– Portability	  of	  contacts	  and	  e-‐mails	  in	  handset.	  
– Data	  (image,	  video,	  etc.)	  migra/on	  between	  clouds.	  	  


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 


Adding	  extra-‐values	  to	  stored	  user	  data	  with	  
cu[ng-‐edge	  technologies.	  
– Audio	  /	  image	  recogni/on.	  
– Lifelog	  learning.	  







Service	  example	  (3)	  
•  Smart	  cloud	  player	  


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 


Familyʼ’s  
interest  model


Familyʼ’s  
lifelog







Service	  example	  (3)	
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Family	  cloud	  concept	  


•  Residen/al	  op/cal	  broadband	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +	  family-‐dedicated	  cloud.	  


•  A_aching	  cloud	  services	  onto	  telecom-‐domain	  
services.	  


•  Seamless	  data	  transfer	  between	  family	  cloud	  
and	  home	  devices.	  


•  Enablers	  for	  adding	  extra-‐values	  on	  stored	  
cloud	  data.	  


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 







Func/onal	  architecture	  


Network Transformation using Cloud / Designing Carrier’s Online 
Storage “Family Cloud” for Enhancing Telecom Home Services 


Storage	  Manager


Data	  storage


IDaaS


User	  Profile	  
Management	  


Family	  Cloud


Device	  
Abstraction


DeviceDeviceDeviceDevice


Home


Data	  
Processing


Device	  
ManagementDevice	  	  I/O


User	  DB


3rd Party	  
Service


Service	  
Agent


Application	  
Server


Media	  
Server


Network	  Connectivity


SM


PE
PEEM Policy	  DB


UP


ES2


ES1


RE1


Rule	  
Engine


Rule	  
DB


External	  Service	  Interface
IS


NC


RE2







Summary	  


•  Introduced	  home	  service	  examples	  designed	  
for	  contribu/ng	  to	  subscriber	  reten/on.	  


•  Proposed	  family	  cloud	  concept	  and	  pla`orm	  
architecture	  to	  facilitate	  those	  home	  services.	  
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The	  End	  
Atsushi Fukayama 





