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The COMBO consortium
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 COnvergence of fixed and Mobile BrOadband access/aggregation networks
- Large scale integrating project

* Work programme topic: ICT- 2011.1.1 Future Networks

* Web page: http://www.ict-combo.eu
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COMBO FMC: Network Convergence is in focus

Today‘s network architecture

Fixed and mobile networks —

= developed independently

= [|imited joint usage of
infrastructure

* independent network operation,
control and management

= convergence only at service level
(e.g. IMS)

Fixed Fixed Core

access

Aggregation
Network

Radio /| _ __———-__
access
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Potential converged architecture

Common architecture requires —
= Structural convergence

=  Common use of infrastructure,
technology, interfaces, transport
mechanisms

= Functional convergence

»  Unification of fixed and mobile
network functions and services

Functional
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Why network convergence is needed

* Increasing number of users and e Unified hardware resources —
connected devices for both fixed and mobile services

e Access any content any time * Cost and energy savings
anywhere from any device * Increased revenue

* Demand for video streaming — for * Improved customer experience
fixed and mobile customers * Network infrastructure with

* Increasing Wi-Fi traffic end-to-end management and

* Tight price pressure on telcos: Reduce orchestration capabilities
CAPEX/OPEX, Generate new revenue,
Improve user experience

Broadband subscribers Traffic
Connected devices
Video contents
Online services

New technologies

increase
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Huge variation in

St Today’s segmented networks BESGEENEES

and technologies have separated

control, operation
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Potential for network optimization through —
« Converged network control and operation — functional convergence
« Converged transport for mobile and fixed network — structural convergence
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Different IP edge

solutions per technology




Network convergence reference framework
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Approximate numbers of several 1,000s to a few 10,000s to 1,000,000s
customers per service area 10,000s ~100,000
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Target benefit:
Converged access and aggregation technologies

New access/aggregation Node Backbone
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Objective:
* universal access and aggregation technology
* scaling for traffic growth

* scaling for number of user equipment
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Target benefit:
Universal access bundling for residential gateway

Wi-Fi

Access Point
| ——— 1 Hybrid
| Homes : Connection
| : - / Fixed Access Gateway
| “ : ' Network
| i | NT
' i 3 : .- (Converged) IP Backbone
I . ' Fixed .
| Businesses | NT | Aggregation
: == : ReW Fixed Access Network .
| ; I Mobile Nod Mobile
T | NT 0% IP Edge

Provisioning
Platform

Radio Access
(:Ai)) Network Seerce

Base Station

Objective:
* Integrated hybrid access to residential end-users
* Dynamic bandwidth using fixed and mobile technologies

* Benefits:
* One authentication for the customer — not per technology
* More efficient network management for the operator
* Improved network performance and user experience
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Definition of a “Universal Access Gateway”

Fixed AN

uAUT |

Subscriber
Equipment
(CPE or UE)

T

>~ |

uDPM

UAG interface

— Subscriber interfaces

e |
P DATA PLANE *
: / uDPM
=" uac
Mobile AN S g
S ) UAG Universal Access Gateway
Control interfaces AN Access Node
Network interfaces AAA Authentication Authorization Accouting
CPE Customer Premises Equipment
UE User Equipment
UAUT  Universal Authentication
uDPM  Universal Data Path Management

UAG’s data plane is IP edge for all access

networks

* jtincludes a SGW/PGW for mobile traffic
* |tincludes the BNG for fixed traffic
* it may include a MPE (with MPTCP)

* it may interface with content caches
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UAG’s control plane

* Interfaces with the uAUT

* Includes the MME

* Includes security and policy control

* May interface with content distribution
functions



Very Tight Coupling between
LTE and Wi-Fi
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Very dense deployment of Wi-Fi access points in cities
Generalisation of community networks
All smart-phones have Wi-Fi and cellular interfaces
Wi-Fi is already an offload solution for 3G/4G
But
- The attachement and security procedures should be made on Wi-Fi
« The decision to use Wi-Fi is taken by the terminal

* For reliability reasons, moving terminals are kept on the cellular
network

Wi-Fi is not fully used (as it could be) to offload cellular
networks
Need for mechanisms :

* where the decision to use Wi-Fi can be taken by the network (with
assistance by the terminal) which can have a better global view of
the current load

« that have fast Wi-Fi link set up procedures
* that can be used for moving terminals
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Session continuity when connecting to WiFi beside LTE
« Dual WIFI/LTE connection
The decision to set up a WiFi connection is taken by the

network ;
« Can be assisted by the terminal (measurement reports,
GPS,..)

- Compatible with ANDSF ;

Very fast attachment to WiFi access points (APs) : WiFi can
be used even by fast moving UES;

- Take advantage of WiFi APs already widely deployed :
No WiFi APs new deployments are needed ;

Target : no modification of the hardware and minimum
modification of the software of RGWs ;
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B Very tight coupling between LTE and WiFi

RGWs are 10.40.0.0
co(ppected to eNBs

Converged
Accvess/Aggregaticn

(ESM | A RGW connected to one or
o eI LA several eNB is called a CeAP
- sefection ' \ +—»-RDCP .
(e E_Rsf: e (Cellular Offload Access Point)
== wmac | Eth MAC |
WiFi| LTE ph WiFi| LTE ph
UE
« RGWs are connected to eNBs - Only 1 IP address for the two interfaces - session continuity
provided

o Reuse of LTE security procedures (PDCP layer) on WiFi = Very fast handover WiFi attachement
and connection while keeping LTE connection (dual connectivity)

« Compatibility with EPC offload solutions (SIPTO,...) -
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Example of implementation in a decentralized
- universal access gateway

}@j % RRH: Remote Radio Head
AT Wy BBU: Baseband unit

Main CO Core CO
Acess Network (15Km) Aggregation Network (up to 200 km)

- -
- L L

N\ UAG§

oLT

BBU

IP Backbone

BBU

L LT

S5GW

UAG = Universal
Access Gateway

« X2 and S1 are internal interfaces
e PGW can be inside or outside the UAG
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Example of implementation in a Centralized

B universal access gatewa
i
Wy, Ay

Main CO Core CO
Acess Network (15Km) ! Aggregation Network (up to 200 km)

- -1
'

-

\ E
€ ONT — OLT
@ /b |

BBU

(SGW, éRAs)

BBU

« BBU hotels cannot be in the UAG = delay constraints (0.4us ~ 40km)
« RGW/BBU connectivity provided by both the access and the aggregation network
(VLANSs configuration to ensure isolation between users and between services and

QoS management)
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Very tight coupling: protocol stack (user plane

\.\ \
Access Network Ay Aggregation Network iy EPC

- > Main CO = > Core CO - -

UAG

PGW
1P IP
D PDCP_[~mmmmmmmmmmmmmmm e [APDCP | GTP F--m—mmmmmmmmmmmmmmm oo GTP
¥ Adapt. "Adapt. | UDP UDP
P = S — IP
WiFi [~~~ WiFi Eth Eth
Eth L Eth Eth Eth
Phy Phy Phy Phy Phy Phy Phy Phy
RGW/CeAP
RIC |-~ = ] RLC
tempAC, LTE MAC
Py LT Phy LTE Phy LTE CeAP =cellular-offload AP
-------- [Phy LTE | CPRI like ---------------|CPRI like
LTE RRH LTE BBU

« Path decision taken by the UAG

« Interface selection done by the sender: UE in the uplink and UAG in the downlink.

« Verysimple Adaptation layer: includes only essential information (RNTI, LCID,...)
Bretagne
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- Very tight coupling: architecture
Residential Gateways (RGWs): Unctional entities:
Subscriber gateway, Community
WiFi, DHCP, DNS, ...

+

CeAP : Layer 2 forwarding onl

New !l

Subscriber WiFi
SSID: set by customer
Security: enabled

TELECOM
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Very tight coupling: eNB building blocks
eNodeB

Monitoring Decision engine CeAP database e

CeAPs info. (BSSID, Hosting

. L RGW Mac address,...)
UEs positions, Policies e Position (LTE
— s oa computation == measurement, GPS,...)

e QOther parameters (e.g.
K Load in function of hour of

the day)

Users current states

For each user: Policy to use for each
QCl + ...

Decision execution QCl: Quality Channel Indicator

BSSID (Basic Service Set ID)
LTE WiFi
retagne




Typical scenario

UE periodically sends its
position (LTE measure
GPS,...)

Papi 1 User current states
€riodical | T¢ Measy o

; UE T [Mments (+GPs)

UE: 100% LTE

-
AT
Tﬁ"ﬁﬂfiﬁﬂ i

\
= N
L

!

O

eNB

o CeAP’sends periodical info.
ad,...) using Access
Network Query Protocol
(ANQP over Ethernet);

« CeAP/eNB interface through

FMC aggregation network
TELECOM
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Typical scenario

CeAP DB

UE Is getting into
AP coverage !

mpute new c
policies '® I
ate UE policies in User
current state table

UE:
QCl 7 (video) = 90% LTE, 10% WiFi
QCl 6 (email) = 15% LTE, 85% WiFi
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Typical scenario

eNB sends
information about
the CeAP and asks
the UE to attach to it

R

(X
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Typical scenario

UE directly tries to
attach to the CeAP
using this info even if
it does not yet
fetect it
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Typical scenario

UE applies the new
policies

The attachment is
successful, the eNB
sends the new
policies to UE;

UE applies
new policies

R

(A
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Typical scenario

UEs sends data
according to the ne
policies;

nterface selection
acution in

Interface selection
execution In

Data over
WiFi

FMC aggregation
network to/from
eNB/CeAP
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Wi-Fi offloading is efficient on borders of LTE cells

« Due to shadowing, the serving base station is not always
the same at the same location

Offloading capacity when

« the CEAP is connected to only one (the closest) or more
base

1~
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On-progress work
* Implementation on

nAIr In rf fﬂ_ﬁ—f’”__—__—'- UE to eNB traffic
Ope . te ace (,«*""'--f LZLl_tESI( \ eMB to UE wraffic
« Step 0 : simulation / C oo N T Commonuaf
- Next step : emulation | o | Task =thread
P . \ M} / Tap device = virtual
then full radio ANy interfaces
: . ~ 802.11
link with USRP ~ " | =
Yy
— _“ﬁ-,ﬁ_\
{; WiFi_task #;j

Listening on tap_eNB...@*w Listening ontap_UE...
— T - —

L /--__,_H"-'-
simulated s Task_wiﬁ_UE>—
network S

—\_\___,_,—'—“'-

~—

|{f Task_wifi_eNB
\\‘h.

1 Tap_eNB
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.
Beyond Very Tight Coupling
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Very tight coupling can be extended
« To fixed networks

Convergence has been identified as an important
Issue for 5G

Needs for a really seamless multi-technology
access network
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Thank you !
Questions ?
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