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Global LTE Commitments

LTE networks commercially launched in 162 countries

U 691 operator commitments in 185 countries (of
U 88 LTE and LTE-Advanced networks commercially launched in (hE pasl yeal
J LTE1800 lband 3 1800 MHz) is commerctally launched in 104 countries

ns wcrld.wde Q4 2015

US Cellutar, USA
* Verizon Wireless, USA

Source: Global mobile Suppliers Associ /
Evolution to LTE report (May 11, 2011) B Countries with commercial LTE service -
= e piar
TE wiat Suppliers.
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Figure 3-6: 5G Service & Infrastructure Management and Orchestration Architecture
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Evolution of User Equipment

I 3G 4G & Beyond I

UE: Phone, Tablet, PC,

UE: Smart Phone M2M Devices, etc.

2 states: Active & Idle due to background traffic

I:> Most likely Always ACTIVE
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Mobile IP Tsunami?

[ Mobile IP TSUNAMI ]
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Solutions

Invest in Speed

* Today’s backbone will be

Upgrade network nodes

Design a scalable network

* To accommodate peak hours

© Tarik TALEB 2016 A?

How ready are Operators to invest more?

Traffic

Rapid traffic growth .
* Videa service ata traffic

* Cloud service, etc

»

Fixed #ofusers Balance

Global profite charge saturation disruption '
EBITDA Mar I *
36.9% ! B Revenue growth 24314
- 36.4% : slow-down '
1

* Saturation of # of users
* Mot Qualityes Price

Bit-cost reduction
* Almost same at 10G/M40G7
* Mot improve by 100G 7

Bit-cost

Low Average Revenue per User vs traffic growth

[Cisco, “Operator’s network data and analysts”, 2008

“The Mobile Economy 2015”, GSMA
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Current Mobile Operator NW Arch.

Service Network
Infrastructure > > Infrastructure (e.g.
(e.g. AS, Content & / N Mobility Anchor)

Servers/Caches)

N Network resource and processing
Rty ~===1 bottleneck
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Decentralize & Offload

Selective IP Traffic Offload through Det.:entralize the mobile core
offload points nearby the RAN By moving gateways to network edge
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Build & Decentralize Mobile CDN

Decentralization

© Tarik TALEB 2016

Placing content close
to the network edge

$ $
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Trend towards Distributed Reg&lnal DCs

Apple building super datacenters all over
the w B e
says KNOWLEDGE
W8 oar cenrer
6. o v AoL Gets 8 KNOWLEDGE
.| Posted 8y Rich
Solar-Powered Hicr_o l?at? C_bl_lFel’ at Rutgers 7
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| Transform mobile networks Fagdls @,
into virtualized software R el
components w58
"‘3“/\.\’\0‘% s
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“:’,5‘\ ~—
-~
. y
* Enable the creation —
W @ ol @

& lifecycle
management of
diverse network
slices for different

verticals
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What to Virtualize: Full vs Partial Virtualization

GGSN or GGSN or
PGW/SGW PGW/SGW

Control Plane (GTP-C,

session management, Control Plane (GTP-C,

session management,

mobility, etc.) and User "~
mobility, etc.)

Control |
Protocol i Physical L2/3

switch

<+ Si i oeu Si i User Plane
| (GTP-U)

T. Taleb, M. Corici, C. Parada, A. Jamakovic, S. Ruffino, G. Karagiannis, and T. Magedanz, "EASE: EPC as a A‘,
© Tarik TALEB 2016 Service to Ease Mobile Core Network," in IEEE Network Magazine, Vol. 29, No. 2, Mar. 2015. pp.78 - 88. .

EPCaaS Architecture Options

T. Taleb, M. Corici, C. Parada, A. Jamakovic, S. Ruffino, G. Karagiannis, and T. Magedanz, "EASE: EPC as a A',
© Tarik TALEB 2016 Service to Ease Mobile Core Network," in IEEE Network Magazine, Vol. 29, No. 2, Mar. 2015. pp.78 - 88. s



http://www.soqube.com/tariktaleb/public_html1.1/Library/jrl_papers/jrn_new/07064907.pdf
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EPCaaS Architecture Options
1:N Mapping

FE (Front End): load Balancer/Scheduler

service
W (Worker): implements the logic of that
(b) 1:N Mapping specific NF, stateless

SDB (State Database): contains live
session state

“Pool of
resources”
seen as one i
entity from @
external entity —
Pool
I [
|
| ,'
((f«;g\mj) K L
2\
@ ; " w |
— eNB «— oW —— FGW ——
Data; CTE S ool CFE I pool

T. Taleb, M. Corici, C. Parada, A. Jamakovic, S. Ruffino, G. Karagiannis, and T. Magedanz, "EASE: EPC as a Af,
© Tarik TALEB 2016 Service to Ease Mobile Core Network," in IEEE Network Magazine, Vol. 29, No. 2, Mar. 2015. pp.78 - 88. »

EPCaaS Architecture Options
N:1 Mapping

(c) N:1 Mapping

Discovery |
|

+ Light EPC (i.e., less functionalities)

+ Reduced internal interfaces

+ Eliminating encoding, decoding,
interface synchronization (e.g, over
Diameter, GTP)

SDB
|

)
|

((((t.- D
==
ﬁ.—. eNB

T. Taleb, M. Corici, C. Parada, A. Jamakovic, S. Ruffino, G. Karagiannis, and T. Magedanz, "EASE: EPC as a A',
© Tarik TALEB 2016 Service to Ease Mobile Core Network," in IEEE Network Magazine, Vol. 29, No. 2, Mar. 2015. pp.78 - 88. s
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Aalto Contribution to Standardisation

| ETSIPoC based on SIGMONA testbed submitted in cooperation with Nokia, Coriant, EXFO
and Telecom ltalia.
| Objectives:
® |Integration of SDN and NFV functions in mobile backhaul
® Show with off the shelf devices (Nokia eNBs, Coriant MPLS switches, EXFO Monitoring) the
mobility and network adaptation during congestion or link breaks

® http://nfvwiki.etsi.org/index.php?title=Virtual EPC_with_ SDN_Function_in_Mobile_Backhaul_Netwo
rks

Virtual EPC

mmmmm Data Plane
= = EPCControl Plane
- = = SDN Control Plane

© Tarik TALEB 2016 A?
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NW Softwarization:
System Orchestration
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http://nfvwiki.etsi.org/index.php?title=Virtual_EPC_with_SDN_Function_in_Mobile_Backhaul_Networks

* Load

Mobile SerwcelAplecénon

Algorithms for VNF placement considering API T
Provider ‘

* Geographical proximity

»  User mobility/behavior e
* Service usage cartography [
»  VNF relocation avoidance S
*  Service type g
* Performance constraint
* Reliability constraint Service
. T Orchestrator

+ Coalition game
» Nash bargaining
* Markov modeling
* Nonlinear optimization
Co Tl
'+ M. Bagaa, T. Taleb, and A. Ksentini, “Efficient Tracking Area Management Framework for 5G Networks”, in IEEE 'i
Trans. on Wireless Communications. (to appear)
* F.Z.Yousaf and T. Taleb, “Fine Granular Resource-Aware Virtual Network Function Management for 5G Carrier

Cloud,” in IEEE Network Magazine. (to appear)
« F.Z.Yousaf, P. Loreiro, F. Zdarsky, T. Taleb, and M. Leibsch, “Cost Analysis of initial deployment strategies of a

Virtual Network Infrastructure in a Datacenter”, in IEEE Communications Magazine, Vol. 53, No. 12, Dec. 2015, pp. 60 EPCaaS Lt
- 66. I s
* A. Ksentini, M. Bagaa, T. Taleb, and I. Balasingham, “On using bargaining game for Optimal Placement of SDN ﬁ%
controllers,” in IEEE ICC’16, Kuala Lumpur, Malaysia, May 2016. 1
* M. Bagaa, T. Taleb, and A. Ksentini, “Efficient Tracking Area Management in Carrier Cloud,” in IEEE Globecom’15, {
San Diego, USA, Dec. 2015.
« T.Taleb, M. Bagaa, and A. Ksentini, “User Mobility-Aware Virtual Network Function Placement for Virtual 5G Network
Infrastructure,” in Proc. IEEE ICC 2015, London, UK, Jun. 2015
* M. Bagaa, T. Taleb, and A. Ksentini, “Service-Aware Network Function Placement for Efficient Traffic Handling in
Carrier Cloud,” in Proc. IEEE WCNC'14, Istanbul, Turkey, Apr. 2014.
* T.Taleband A. Ksentini, “Gateway Relocation Avoidance-Aware Network Function Placementin Carrier Cloud,” in
Proc. ACM MSWIM 2013, Barcelona, Spain, Nov. 2013.
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oftwarization: Vision a2

MNO 1 Mobile Service/Application

Provider
==
¥ HSS, HLR, etc =
§4 PDN-GW, GGSN, Serving GW — ]
=0
&) MME, PCRF, TDF, TOF, etc
Service

IPTV, IMS, VoD, Video Caches oy Orchestrator

1]
@ <= AllOptical ng y. |
Q/ & Macro

© Tarik TALEB 2016

6/18/2016

11


http://www.soqube.com/tariktaleb/public_html1.1/Library/jrl_papers/jrn_new/carrier-cloud.pdf
http://www.soqube.com/tariktaleb/public_html1.1/Library/jrl_papers/jrn_new/TA-MNGM-WTC.pdf
http://www.soqube.com/tariktaleb/public_html1.1/Library/jrl_papers/jrn_new/zarrar-NW.pdf
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http://www.soqube.com/tariktaleb/public_html1.1/Library/conf_papers/nw_conf/user-bargaining.pdf
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http://www.soqube.com/tariktaleb/public_html1.1/Library/conf_papers/nw_conf/user-aware-vnf.pdf
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NW Softwarization - Step by Step 1/2

Mobile Service Virtual Infrastructure Res. Ctrl ‘

Provider
1
Carrier [ MRAN- CSP Res. Ctrl w 3VMs @ Location 1
Cloud - / 2VMs @ Location 2

i p N 2 VMs @ Location 3
Service { MCN - CSP Res. Ctrl J
Platform .
Link all
Resource \
PDN — CSP Res. Ctrl.
Controller | ) 4
Translating this into
2 Cloud Resource Requirements
1 DB @ Location 1
3 1PGW @ Location 1
2 SGWs @ Location2 -3
1MME @ Location 1
2eNBs @ Locations 2-3
T. Taleb, “Towards Carrier Cloud: Potential, Challenges, & Solutions,” in IEEE Wireless A')
© Tarik TALEB 2016 Communications Magazine, Vol. 21, No. 3, Jun. 2014. pp. 80-91. -

NW Softwarization - Step by Step 2/2

Datacenter @ Location 1 "~ Soft PDN-GW

Soft MME

1 1
[ Virtualization Platf. ] [ Virtualization Platform [ Virtualization Platf. ]

[ Virtual N\W Tech ] [ Virtual NW Tech ] [ Virtual NW Tech ]

LTEaaS EPCaaS PDNaaS

Soft MME |

=

Datacenter @ Location 3 Datacenter @ Location 2

T. Taleb, “Towards Carrier Cloud: Potential, Challenges, & Solutions,” in IEEE Wireless A‘)
© Tarik TALEB 2016 Communications Magazine, Vol. 21, No. 3, Jun. 2014. pp. 80-91.
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NW Softwarization: A NW slice for every

‘mobile service
el \
P ﬂ
/ L -:.Q_i 94 ) \
W @ Ci)?-@' Q;x 8
3 INTERNETr -
‘ioIHlNGS,@,se’
s-ﬁ‘é'_; ®

virtual Mobile CDN
on the Fly
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Mobile vCDN on the fly 2/3

7
T. Taleb, A. Ksentini, and R. Jantti, “Anything as a Service for 5G Mobile Systems”, in IEEE
Network Magazine.

Mobile Content Distribution Network as a Service [
Traffic Offload as a Service =
=

} o 1",3 o || I| Orcsrsenslititor

= AIlOpticaINWg g Ty - as oa

\ g?EEiEQL?C

&%ﬁ %ﬁ o ==
L

CDNaaS

e
P e ———

l
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Virtualization Platf.
Virtual N\W Tech

Location / Log /
Push Module

Log Processing al(l:k
Serv N

[T
=
N[— -]
> =
[
SPN/ Video Management Module
ActiveMQ

Application Update Module
Advertisement Management Modules
enSta(k Remote Control Module
Congestion Management Module

© Tarik TALEB 2016 A?
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CDN at the Edge

T. Taleb, S. Dutta, A. Ksentini, and M. Igbal, “Mobile Edge Computing Potential in Making
Cities Smarter,”in IEEE Commun. Mag.

Centralized
Data Centers

<«——> Core to edge orchestration

<«——> Edge to edge orchestration

dye Cloud

© Tarik TALEB 2016 - i

VNF Performance in Virtual Environments:
NGINX HTTP Server - Startup Times

14
12
I
10 —
0
T 3 -
c
o
(8]
Q 6 ——
n
4 [
2 A
0
docker kvm
P. Frangoudis, L. Yala, A. Ksentini, and T. Taleb, “An
architecture for on-demand service deployment over a telco
CDN,” in IEEE ICC’16, Kuala Lumpur, Malaysia, May 2016. ',
© Tarik TALEB 2016 A_-,,
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VNF Performance in Virtual Environments:
NGINX HTTP Server - HTTP Request Throughput

mini-size object requests

120000
100000 | &V\Mﬂb&é
@ vm-1 vCPU
80000
@ loCker-1 vCPU
2
R
g 60000 kvm-2 vCPU
o @ docker-2 vVCPU
40000
20000 -
o . . . . . . . . . ‘
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
# parallel connections
P. Frangoudis, L. Yala, A. Ksentini, and T. Taleb, “An
architecture for on-demand service deployment over a telco
CDN,” in IEEE ICC’16, Kuala Lumpur, Malaysia, May 2016. ”
© Tarik TALEB 2016 A_-m

VNF Performance in Virtual Environments:
NGINX HTTP Server - HTTP Request Throughput

Video traffic
1vCPU

18000

16000

14000

10000 \ —_—
8000 {—N\

6000

Req/s

4000 — et ocker-LowQ video
e kvm-LowQ video

2000
docker-HighQ video
0 T T T T T T T T T ] @@=k yvm-HighQ video
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
# parallel connections

P. Frangoudis, L. Yala, A. Ksentini, and T. Taleb, “An
architecture for on-demand service deployment over a telco
CDN,” in IEEE ICC’16, Kuala Lumpur, Malaysia, May 2016. ”

© Tarik TALEB 2016 A_-w
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VNF Performance in Virtual Environments:
NGINX HTTP Server - Response Time

Response time distributions
1 vCPU, mini-size object requests

# docker-100 conn.
kvm-100 conn.

Adocker-1k conn.

Xkvm-1k conn.

Percentage of req. [%]

5 10 15 20 25 30 35 40 45 50
Response time [ms]

T. Taleb, A. Ksentini, and R. Jantti, “Anything as a Service for 5G Mobile )
© Tarik TALEB 2016 Systems:,” to appear in IEEE Network Magazine. A_

VNF Performance in Virtual Environments:
NGINX HTTP Server - Response Time Distribution

1vCPU Lo
docker, low-quality video, 1k conn.
100 #2VCPU

* ¢ 100

% # — %0 [

9 ” -
60 i
50 { [
40
30 {
20 I
10
. |
400 600 800 1000 1200 0 10 20 30 40 50 60
Response time [ms]

kvm, low-quality video, 1k conn.

Percentage of req. [%]
Percentage of req. [%]

Response time [ms]

T. Taleb, A. Ksentini, and R. Jantti, “Anything as a Service for 5G Mobile
© Tarik TALEB 2016 Systems:,” to appear in IEEE Network Magazine. A?
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Enabling Technologies

C OpenFlow

J UJ U openmano

openstack / CiEdbnp

LOUD SOFTWARE
b Apache

Nen
docker

&) vmware

OpenFlow enabled

Switches 5= _77/ ’
a : F Eucalyptus
F QPEN NETWORKING Openiebula.org
OF enabled

vmware
(':oollers ..‘-" fﬁ vSphere }kf

o7 I N
ey Floodlight Occi
SDN-enabled Data * O D E N
Center kubernetes
© Tarik TALEB 2016 A?

- EU-Japan Collaboration Project Proposal

SG!Pagoda 56'*"-‘%

= PAGODA

Federating Japanese and European 5G Testbeds to Explore Relevant Standards and Align Views on
5G Mobile Network Infrastructure Supporting Dynamic Creation and Management of Network Slices
for Different Mobile Services.

P—E R CTe A T A ZABIRARL « EEBMEEO KT &L L% B L 4 5 BRGESE 5G BBl
(BEMT % Py K

{ network slice for every service”

Call: EUJ1-2016 - 5G - Next Generation Communication Networks
Coordinators: Tarik Taleb and Akihiro Nakao

E-mails: tarik.taleb{@aalto.fi and nakao(@nakao-lab.org

Phone: +358-50-435-2325 and +81-3-5841-2384
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Conclusion

I5G
® Requirements: Elasticity, flexibility, agility, short latency!
® Cloud potential

| Network Sotwarization / Mobile Cloud Networking
® Many advantages to offer
® Key enabling technologies
* NFV
* SDN
® Yet many challenges to tackle

| Use Case: VCDN on the fly

© Tarik TALEB 2016 A?
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