Mobile Virtualization:
Impact on the Mobile
Ecosystem

Market Study
First Quarter, 2013

AG




ALIGR

Mobile Virtualization: Impact
on the Mobile Ecosystem

A Market Study

Published First Quarter, 2013
Version 1.0
Report Number: 1Q2013-09

iIGR

12400 W. Hwy 71
Suite 350 PMB 341
Austin TX 78738



Table of Contents

LI o (=3 T 00T 1} =] 1) U |
1 0 T 1 - Y o1 U |

EXECULIVE SUMMANIY ..ccouiiiniiieiiiienireeerenereenernesseesesenseerasesenssrenseressesnssssnssssnssssnssssnsssensene 3

Three types of mobile virtualization defined............ooovveieiiiiiiiiicccrer e 3
Mobile Virtualization Business Models ........ccceeuiiiiiiniiiiiinniiniiiiiiienes 3
Mobile application VIrtUaliZation ......ccoceeeeeeeei e e e e e e e e eeeens 3
Mobile access VIrtUalization..........eiiiiiiiciiiii e e e 4
Mobile core VIrtualiZation ........ceeii e e e e e s s e e e e 4
Key Components of Mobile Virtualization ........cccceveeeirieiiiieniieeniieeiericerncsreeeeeenereenereenceensne 5
Shared spectrum MOdEl..... ..ttt reeerree e rree s een e renseseassensesensessensensnsssensanes 5
Mobile Virtualization Vendors ........ccceeiiiieiiiiiiiiiiiiiniiiiiiiisimesmesesssenses 6
SWOT ANAlYSIS ceuuirrenirrenirieniereeireaireasereeseernssseesssrensessasessassssnssssnssessnsessassssnssssnssssassessnssssnsssen 6
Outlook for Mobile Virtualization .........ccceeiiieeeiiiiiiniiiiieniiiiieeeenneaesnneessssneneesens 7

IMEthOOIOZY ....cieeuniriiniieieeneitteneetreaneerennseeeeenseerenssesesnssessenssesssnssesssnssesssasssssnssessansnesed

What is Mobile Virtualization?........ccccccoiiiiiieiiiiiiiiiinniiiinininneniinnineeeesenneees 10
Three types of mobile virtualization defined......c.ccceeeireeiiieniiriiiiirirrcrreccrrecrree e eenenes 11

Mobile Virtualization Business IMOEIS ........ccceeerurenirenirerenireeirereeseeseeesraseeessensssseeases 12

Mobile application Virtualization ......c.ceeeeciieeiiieeiiieieienirrerreer e cerreereesesensessaseernsnsensnssenns 12
Figure 1: Mobile apps & data Virtualization...........coooveriiiieeeeeeeerrr e 12
Mobile access Virtualization........ccoiveuiiiiiniiiiiieiiiiiiinsnsnrrss s teesssssseessssssenns 13
Figure 2: Mobile Access Virtualization .....ccccoeeeeiiiiiiiiiceeceeeeee e 13
Figure 3: Mobile Access Virtualization with two mobile operators.......ccccceeeeeeeeeeeeeeeeeennnnnn. 14
Mobile core Virtualization .......ccccceiieeiiiiiiiiiiiiiinnsrrrss e resessssresesssssenssssssanes 14
Figure 4: Mobile Core VirtUalization ....cccooeeeeeeee i e e 15
Figure 5: Mobile Core Virtualization with @ Third Party........ceeeeuveiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee, 16
Figure 6: Mobile Core Virtualization with two mobile operators and a third party ............. 17

Mobile Virtualization Standards......ccccceeeeireeereernereeereneresreesrencrsssesssessrsssssssessssssssssensss 18

Mobile application virtualization standards ........c.ccceeeeiiriirieiireccririrrrc e reeneeenns 18
OpPENFIOW WOrld CONGIresS PAPEr ...ccucieuuereererrenirrenereesceresersessernsessasessasssrnsssenssssensessnsessnnnss 19
Mobile network virtualization standards ........ccccceiriuiiiiiiiiiiiiicniiiice e 19

Enterprise Virtualization vs. Mobile Virtualization .......ccccceeeeereereenccrreenncereencereenneennnn. 21
Table 1: Enterprise Virtualization vs. Mobile Virtualization..........cceeeicieiiiiiiiiiinieeeeeeeeeeee, 21

Key Components of Mobile Virtualization......ccccceeeeceieeecrieenceieenneniennreeeeenereensneeeenns 23
L LY7o LT VY T 23
Mobile Application Management (MAM) and Mobile Device Management (MDM)........... 23

Mobile Virtualization @nd LTE .....c.cieireieeeireeireecrnreeireeceeesessseesssssesssessssssssssssssssssasssases 20

Quoting information from an iGillottResearch publication: external — any iGillottResearch information that is to be used in press releases, sales
presentations, marketing materials, advertising, or promotional materials requires prior written approval from iGillottResearch. iGillottResearch
reserves the right to deny approval of external usage for any reason. Internal-quoting individual sentences and paragraphs for use in your
company’s internal communications activities does not require permission from iGillottResearch. The use of large portions or the reproduction of
any iGillottResearch document in its entirety does require prior written approval and may have some financial implications.

Copyright © 2013 iGillottResearch, Inc. Reproduction is forbidden unless authorized.
FOR INFORMATION PLEASE CONTACT IAIN GILLOTT (512) 263-5682.



LTE virtualization and the MVNO .........coiiuiiiiiiniiiiiiniiiiiiieiineiiseiessesssseens 25
Shared spectrum MOdel........c. it rreerres e rre e reanesensereasessnsesrnsssenssssansennnnnns 25
Figure 7: Shared SPectrum POOL.... ... e e e e e e e e 26

Impact on current mobile eNVIroNMENt ........ccceiirieiiireeeriertenerieneeeeeenseerennseeceenseeneess 28
Table 2: Systems involved with Mobile Virtualization ............eevviviiiiiiiiiiiiiiiiee e, 28

Mobile Virtualization VENAOIS ...c.ccieereeeeireeirenernerencreecrnsseesrescesssesssessssssssssesssssessssessss 30

Table 3: Mobile Virtualization VENAOIS ....coooeeiiiiiiieeeeeeee e 30
SWOT Analysis: Mobile Virtualization .........ccceceeeeeeeiieencerieencereeeneeneeeseeeeenseesennseeceenneees 32
FIBUIE 8: SWOT ANAIYSiS.ceuiuiiriiiiiiiiiiiiiiiieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeerrearerar e aeaeseesaeaasaaaaseens 32
Outlook for Mobile VIirtualization ........ccccceeeeeeereienieiieenceieneneereeeneereeeneeceensecsennseeseenseees 39
NEXt 12-24 IMIONTRS .....ceeiiieiieeiieeereeeerieerreeeteneereasesensssrnsssenssssassersassssnsssensessasssrnsssensnssnnne 35
Table 4: Outlook for Mobile Virtualization, 12-24 MonthsS..........cveeeviiiiiiiiiiieiiieeiicee e, 35
24-88 IMIONTRS ...cueieeiiieiiiteerticerteeereaerennereaseernssensssasssresssrsssssensesensessnsessnssssnssssansessnsensnnnns 36
Table 5: Outlook for Mobile Virtualization, 24-48 MoONthS..........uvviiiiiiiiiiiiiiieieeeeeeeeeeeeeee, 37
Mobile Virtualization VENAOKS .......ccceeeereenierieenieerenneeteeneereensessenssecssasseesensseesssnsesenss 38
CeIIFOX «eeneirenireeirtenirreerteneereneerneereaserensereasessnsssenssssnsssrassensnsssensssensessnssssnssssnssssansasensennnnnns 38
Brief OVEIVIEW ..ot s e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeaea e st st a e eneeeeeeeeeaaanaeaeens 38
Basic products and services — Mobile Virtualization...........ceevveveiiiiiiiiiiiiiiciiieeeeeeeeeeeeeee, 38
Figure 9: Cellrox ThinVisor ArChit@CIUIE ....ccoeeeeiiiiiieeceeeeeeeeeee e 39
(OLUE o] 0 =T SR 39

o T [T PP 39
Y=ol oL A AN LY SR 40
1 of o R 40
Brief OVEIVIEW ..ottt e s e e e e e e e e e e e e e e e e e e e e et e eeeeeeeeaeae st s e eaeeaeaaeeaaaaaaaaeens 40
BaSiC ProdUCES @Nd SEIVICES ..vvvvuuuuiiiiiieieeeeeee et eeeeeee e eeeeeeeee et se e e e e e e eeeeaeaaaaaaaaaens 40
Mobile Virtualization SOIULIONS......uuuiicieieee e e e e e e e e e e e 40
Figure 10: Cisco Virtualization Experience Infrastructure (VXI) Smart Solution ................... 41
Y=ol oL A =TSR 42
(OLUE o] 0 =T SR 42

o T [T PP 42
L1 1 ) RN 42
Brief OVEIVIEW ..coieieeeeeeeeeeeeee et e s e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeaeae st s e b e eaeeeeeaeeaaaaaaaaeees 42
BaSiC ProdUCES @Nd SEIVICES ..vvvuuiuiiiiiiieieieeeeeeeeeeeeeeee e e e re e e e e e e eeeeaeaaaaaaaaeens 43
Mobile Virtualization SOIULIONS ......uueiicieieee e e e e e e e e e 43
Figure 11: Citrix Receiver and CloUudGateWay ..........ooovvveeveiiieiviiiiicrcrere e e e e e e e e e e e e eeeeeens 44
[T o] 0 4 =T S U 45
T 1 U= T OO OPPRPR 45
RECENT INBWS ettt e e e e et e e e eaa e e e ebe e e eaa s eaaaaeeasaseeeaasaeananseesnn 45
(8007 01 T=T o1 =T o 1 T 46
Brief OVEIVIEW ..ot r e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeaeae s e e b e b aaaeeeeeeeaaaanaaaeees 46
BasSiC ProdUCES @Nd SEIVICES ..vvvuuueuiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeee et ese e e e e e e eeeeaeaaaaaaanaens 46
[T o] 0 4 =T PO 46
Y 1 U= T PO 46

Quoting information from an iGillottResearch publication: external — any iGillottResearch information that is to be used in press releases, sales
presentations, marketing materials, advertising, or promotional materials requires prior written approval from iGillottResearch. iGillottResearch
reserves the right to deny approval of external usage for any reason. Internal-quoting individual sentences and paragraphs for use in your
company’s internal communications activities does not require permission from iGillottResearch. The use of large portions or the reproduction of
any iGillottResearch document in its entirety does require prior written approval and may have some financial implications.

Copyright © 2013 iGillottResearch, Inc. Reproduction is forbidden unless authorized.
FOR INFORMATION PLEASE CONTACT IAIN GILLOTT (512) 263-5682.



RECENT NBWS ..ttt e ettt e e e e ettt e e e e e et baa e s eeeerena e seaeesnnansseesensnnns
General Dynamics Broadband / Open Kernel Labs (OK Labs) ........cccoevrrrrmmeennieerineeeneeeennnennns
Brief OVEIVIEW oeiiiiiiiiiiiece et e s e e e e e e e s e s st et e e aeeeeeeesessnnssnsenneees
BasSiC ProdUCES @Nd SEIVICES ..vvvuuuuiiiiiiieieeeeeeee e e e e eeeeeeeeeeeeeeeee e ese e e e e e e eeeeaeaaaaaaaaaens
Mobile Virtualization SOIULIONS ......cciiiiiee e e e
Figure 12: General Dynamics Broadband OKL4 SOIULION ......cevvveveiiiiiiiiiiicicieeeeeeeeee e,
(OLUE o] 4 1= T SO PPPPPPPPT TP
o | o [T PP P PP P PP PPPPPPPR
RECENT INBWS ..t e ettt e e e ettt e e e e et ebaa e s e eeebena e seaeesnnansseesensnnns
Red Bend SOftWArE ......ciiieeiiiiiniiiiiieiiiiinieiireeiirnessssienessssinnessssssnesssssessssssssnsssssssssssssanns
Brief OVEIVIEW oeiiiiiiiiiiiec et e e e e e e e s e s st abaeeeeeeeeeeessnnsnnsenneees
BaSiC ProdUCES @Nd SEIVICES ..vvvuuuuiiiiiiieieeeeeee et eeeeeee e eeeeee e e se e e e e e e eeeeaeaaaaaaaaaens
Figure 13: Red Bend Software vDirect Mobile SOlUtioN..........cevvveiiiiiiiiiiiiciiccceeeeeeee e,
Figure 14: Red Bend Software Management and Analytics Solution .....ccccceeeeeeeeniii,
Mobile Virtualization SOIULIONS ......cooiviiiciee e
Figure 15: Red Bend Software vLogix Mobile Virtualization Solution........cccccceeeeveeiiinnnnn,
(OLUE o] 4 1= T SO PPPPPPPPT TP
o | o 1T PP P PP PP PPPPTPPR
RECENT INBWS ..t e ettt e e e ettt e e e e et ebaa e s e eeebena e seaeesnnansseesensnnns

VMW T . cuiiieiinieieirereeerecerereeesresesresassssasessssessssasnssssassssassssssassssasassssassssassssssassssnsnssasassnsnnns

Brief OVEIVIEW oeiiiiiiiiiieec ettt e e et e e e e e s e s st e beeeeeeeeeeeesssnsansenneens
BaSiC ProdUCES @Nd SEIVICES ..vvvuuuuuiiiiiieieeeeeeeee et e eeee et re e e e e e e eeeeaeaaaaaaaaaens
Mobile Virtualization Products .....ceiei it
Figure 16: VMWare HOrizoON MODIIE .....ceieieee e e e
(OLUE] (o] 4 1= T S PP P PP PPPPPPPP PN
o | 0 1T T PP P PP PP TR TOPPPTPPR

47

50

57

[0 1= 31 3 T 4 Y LU . ¥ |

=T 41T - P
DBVICE TP S cuuireereenerrenereencrrantrensereaseernsssenssssessesensessasssrnsssenssssnsssrssssssnsssensessnssssnsssennnssnnne

=1 oV =

[\ =Y AVVT0T o ' I=Yol o1 o] (o -4V Y

61
61
62
63

LYo TV PP .-

[0 1T ol =11 1 1= S

Quoting information from an iGillottResearch publication: external — any iGillottResearch information that is to be used in press releases, sales
presentations, marketing materials, advertising, or promotional materials requires prior written approval from iGillottResearch. iGillottResearch
reserves the right to deny approval of external usage for any reason. Internal-quoting individual sentences and paragraphs for use in your
company’s internal communications activities does not require permission from iGillottResearch. The use of large portions or the reproduction of
any iGillottResearch document in its entirety does require prior written approval and may have some financial implications.

Copyright © 2013 iGillottResearch, Inc. Reproduction is forbidden unless authorized.
FOR INFORMATION PLEASE CONTACT IAIN GILLOTT (512) 263-5682.

68



Abstract

Mobile virtualization is a hot topic in the wireless industry today. However,
there is considerable lack of knowledge as to what constitutes mobile
virtualization and how and when it will be implemented by mobile operators.
Mobile virtualization will also enable new business models for mobile network
operators, device OEMs and a new type of MVNO.

There are also potential downsides for the mobile network operators with
mobile virtualization — without careful consideration for the business models,
the operators could be pushed more into a ‘bit pipe’ role. However, with
careful deployment and consideration for the overall impact, mobile
virtualization could also allow the mobile network operators, and the vendors
that support them, to realize new opportunities.

iGR defines three types of mobile virtualization, which are described in detail in
this report:

* Mobile application virtualization is when an application is separated from
the other apps and services running on the mobile device.

* Mobile access virtualization occurs when the mobile device connects to
multiple radio access networks (RAN) transparently to the user.

* Mobile core virtualization is when the evolved packet core (EPC) is fully
virtualized and run in a data center with off-the-shelf hardware.

This report provides an introduction to mobile virtualization, the potential
impact on the current mobile ecosystem, profiles of the major virtualization
vendors and solution providers, discussion of major threats and opportunities
and a forecast of the likely mobile virtualization developments in the next 48
months.

Key questions addressed in this report:

=  What is mobile virtualization?

=  What types of mobile virtualization exist and how do they differ?
=  Whatis the function of the hypervisor in mobile virtualization?

= What are the key components required for mobile virtualization?

= What are the current standards efforts associated with mobile
virtualization?
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=  What new business models are enabled by mobile application virtualization,
mobile access virtualization and mobile core virtualization?

=  What is the potential opportunity for companies such as Apple, Amazon,
Microsoft, Barnes & Noble, Samsung and HTC?

=  What are the opportunities for MVNOs enabled by mobile virtualization?
= What are the strengths of and opportunities for mobile virtualization?

=  What are the major weaknesses and threats associated with mobile
virtualization?

= What are the potential opportunities for virtualization solution providers
such as Citrix, Cellrox, Cisco, Connectem, General Dynamics Broadband, Red
Bend Software and VMware?

=  What is the potential impact of mobile virtualization on the mobile
infrastructure OEMs such as Alcatel-Lucent, Ericsson, Cisco, Nokia Siemens
Networks, Samsung, ZTE and Huawei?

Who should read this report?

= Mobile network operators

=  Mobile infrastructure OEMs

= Device OEMs

= MVNOs

= Virtualization software and solution vendors

= Financial analysts and investors.
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