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Problem space

3GPP
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Problem statement:
Road infrastructure - car communication

Time to wait for traffic Sl aeee Obstacles at the right

light change — = .. Side of the crossroads

State of the traffic light
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Challenges (1)
real time aspects

1ms

out of scope

90 km/h

10 ms

100 s
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Challenges (2)
performance
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BW1 / V(N.log(N))
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Challenges (3)
scalability

ocoo-ooco--ooc.-oocco-oocoo-ooco--occ.-oocoo-ooco--ooc.-oocco-ooc..-ooco--occ.-oocoo-ooco--ooc.-ooccAlcateI.LUcent @
AT THE SPEED OF IDEAS™ /
COPYRIGHT © 2014 ALCATEL-LUCENT. ALL RIGHTS RESERVED.



Challenges (4)
budget: SW engineering and infrastructure deployment

application 1 application 2
reuse Cost to Gain to party X reuse Cost to Gain to party y
consortium A consortium B
time to market code reuse code delta To society code reuse code delta To society
(safety) (safety, ...)
- infrastructure infrastructure To GNP infrastructure infrastructure To GNP
scalability reuse delta (traffic jams) reuse delta (traffic jams, ...)
: test reuse test delta To business test reuse test delta To business
time to market (value added (value added
services) services)
network reuse network delta network reuse network delta
-0 cost < gain ? -0 cost < gain ?
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Solution

single crossroads functional architecture

use flow vectors

traffic light control component

use camera gated zones
set traffic light state

car_object_component
send trajectory pos1(tl) pos2(t2) pos3(t3)
send trajectory pos4(t3) pos5(t4)

RF infrastruct component
RF link status control and
monitoring

subject_component

traffic li omponent

ght c
P! update light

car_subject_component
connect to infrastructure
LDM proxy receiving gated zones, POI
receive max_speed, optimal_speed
calculate optimal speed
set speed control
update GUI

I

csacv
visualisation and alerting

] g
tratfic light

052 —
T o
NP e ,
zone2 T_
anchor - ca

zonel

TLC2IA

inf rastructure application component
receive car_unigue_id trajectories

receive traffic camera zone occupation and movement

receive traffic light phases

continuously calculate all gated zones

update flow vectors (LR, LT, LB, TL,TR,TB, RT,RL,RB, BR,BT, BL)
calculate optimal_speed (global scale)

spawn subject_handler_components

) camera
camera component
send object trajectories or gated zones

|

IAZSi//

subject_handler_component

SH2IMS

subject_handler_component
aggregate gated zones

LDM server for subject unique_id
sync gated zones, POI to proxy

send max_speed, optimal_speed

IMS2CS

infrastructure message scheduler

prioritise/discard messages
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Solution
Component runtime — implementation concepts

Our application architecture supports modularity: component concept
A component can be individually designed, tested, deployed
A component runs code scheduled by timer or message callback

Car_pOSition - Car_trajeCtory

Components are interconnected by channels
A channel carries messages that are strongly typed
(Apache Hadoop AVRO)

The interconnection graph of {components, channels} defines an application

Applications can be deployed on the runtime by instantiating components
and channels

AT THE SPEED OF IDEAS™ 10
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Solution
component runtime - deployment
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Real-time aspects performance
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Solution

single crossroads network architecture

“ : IP from core -
- - B - .
« B L& : roaming ok
V : latency nok *
Lessssssssmmmnnn L]
UMTS modem

IP from core
roaming ok
latency nok

LIPA
roaming ok
latency ok

local breakout
roaming nok
latency ok

data traffic to traffic server

public access network I
_— local breakout function
- ' ALU femtocell
.
local IFW
public IP address
traffic application server
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Solution
network - 3GPP local breakout

« Femto obtains IP address from local DHCP server
ﬁ(‘f\\ «  Femto sets up IpSec tunnel towards Mobile Core
* 3G client obtains IP address from local DHCP server,
which will not support roaming

+ target has local IP address

Local network

-target

Mobile Core

3G client femto — target 3G client femto core
PPP =~ PPP PPP =~ PPP | | GTP/UDP GTP/UDP

IPSEC/UDP == IPSEC/UDP

escescescescessesscsscsscsscsscsscsssescessessessessesscsscssssscssssscssssssssscsscsscsscsscsscsses Alcatel-Lucent @
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Solution
network - 3GPP(2) LIPA

Solution 1

« terminal has 2 APN, separate GGSN and local IP address

* no NAT required

» femtocell needs to replicate some SGSN/GGSN functionality for local IP address allocation

Solution 2

+ Femto obtains IP address from local DHCP server

* Femto sets up IpSec tunnel towards Mobile Core

+ 3G client obtains IP address from GGSN, which supports roaming
 target has local IP address

« NAT functionality

- fully transparent, at the expense of some compute effort in the femtocell

Solution 3 (3GPP2)

« mobile IP foreign agent - home agent

« foreign agent needs to support local network access
« also requires modification to the home agent

AT THE SPEED OF IDEAS™ “
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Solution
network — LIPA in a 3GPP architecture

target

ETA based
packet scheduling

fast DHCP
notification

|
o
ignalling
ata
: : \. Internet <

Femto obtains IP address from local DHCP server

Femto sets up IpSec tunnel towards Mobile Core

3G client obtains IP address from GGSN/Mobile Core (roaming ok)

X implements NAT-like functionality (latency ok due to local access)
« can be bidirectional, access controlled per service / client

3G client femto i X |NaTH target 3G client femto X core

PPP = PPP | | GTP/UDP GTP/UDP | | GTP/UDP GTP/UDP

PPP = PPP | | GTP/UDP GTP/UDP

IPSEC/UDP = |PSEC/UDP IPSEC/UDP IPSEC/UDP| (IPSEC/UDP s (|pSEC/UDP

Local service
access

GPP control
snooping
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Solution
scaling at the local crossroads

 Network scaling
- Nmacrocell > Nfemtocell, throughput=BW1 /V(N.log(N))
- femtocell + femtocell + ...

area = areal area = N x areal

conns = N x connsl (*) conns =N x connsl (*)

throughput = throughputl throughput = N x throughputl
& | QOO0 |

* Application scaling
- single runtime can handle hundredths of graphs

- data flow model allows easy aggregation of functionality at
higher hierarchical layers of computing

- fine-grained elasticity within runtime (car arrival/departure)

.................................................................................................... A|cate|.|_ucent
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Solution
scaling geographically

Hierarchy of
processing nodes Crossroads

security

public services

License plate
messaging

Local Crossroads
control
L V hc.rtl)ssroa.df Crossroads
ehicle positions security
P
]

Traffic wave

control

Traffic code

. License plate
assistant p

Traffic code
assistant

| Infrastructure cloud

3rd party services

messagin
S Road speed
control
Local Crossroads Traffic wave
control control
ossoads Road speed
Vehicle positions
control

lenvironmenta
sensors

vehicle
position

vehicle

locality, private services
vector |atency aggrega'[lon

Car
sommunication —::>
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Demonstrator

ALU 3G SIV

* local (Dutch language) TV coverage

19216852 1 i ALU3G

PPP server

192168 10 100

German
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Local operator SIM

Zigbee /
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162168101 | TraffiE Fwer /
192.168.10 1[0-9)+ DHCP server 8023
N
PPP client
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USE 8023
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Local operator \Si\M

\

- http://media.tvl.be/archief/20111013-008-2967.mp4

AT THE SPEED OF IDEAS™

18

COPYRIGHT © 2014 ALCATEL-LUCENT. ALL RIGHTS RESERVED.

Alcatel-Lucent @




Deployment is feasible

* Cellular has established solutions for authentication, roaming,...

 Higher latency functions can be provided by existing macrocell cellular
infrastructure (green wave, traffic flow management,...)

 Low latency functions or heavily increased traffic lead to additional investment in
femtocell and access network assets (incremental cost, much smaller than typical
road infrastructure deployment)

 Application can be deployed based on laaS technology
“you pay exactly for the compute cycles you need”

» Car client can be deployed on cheap handheld after market devices
(including Android smart phones)

.................................................................................................... A|cate|.|_ucent @
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Sensetale ADEP goes beyond ITS

SmartlP Zwerm city game
http://www.europecommons.org/app/zwerm

Sensetale for Smart Energy Applications
M2M Innovation World Congress Nice 2013
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/

DR management
Z supply(t) = Z consumption(t)

MIN_energy consfraints MAX_current oonstraints.
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