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Background

| Research on future Internet is too numerous to mention
©® NSF (USA), FP7 (Europe), AKARI (Japan), ...
@ Clean slate approach due to current Internet limitations
| Important requirements for the future Internet from AKARI
activit
® Large capacity: Peta-bps class backbone NW

Yy .
- Peta- e ]- Efficiency
® Scalability: 100 billion devices, M2M communications

® Robustness: Essential services (medical care,

transportation, emergency services), 99.99% reliability
@ Safety: Privacy, banking services, food supply, ...
® Energy efficient: Ecology and sustainable society

@ Ubiquity: Monitoring of global environment and human Mobility
society

Efficient and Reliable System

including Mobility Functions is Essential
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Problem Statement and Proposal Summary

| OpenFlow is a promising OpenFlow
technology for the future Internet Cont af e

® Programmable and software defined
network per user basis

1 flexible path management

OpenFlow <y *4S Protocol

| signaling cost or scalability issue Switch

; 1 : SW  seae B
® Centralized control configuration Cran 6l " g8\ flow basis
| possibility of single point of failure e packet

transmis ®n

| Attractor selection is a
promising mechanism robust
againstenvironmental changes  dsilj"| """ sl | S|

We propose an extension of attractor selection onto

OpenFlow network for the future mobile network design

Attractor Selection Mechanism

| Biologically-inspired self-adaptive control mechanism

® Simple selection mechanism with feedback-controlled
randomness

® Accurately attractor-based selection and randomly noise-
based selection at the same time

® Robustness against the external fluctuations

dm Noise fluctuation produces a chance
. A = to shift to another attractor
| Model: — = f(M)-a+7j

dt Potential

: Activity (goodness of the current state)

a
7l

: Noise (randomness for a better state)

—, . . Attractor A Attractor B
m : State (candidates for selection)

=) Activity increase

f (M) : Potential function for the states m— Activity decrease
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Future Mobile Network w/ Attractor Selection

| Attractor selection mechanism is adapted to [GF Switch: OpenFiow

OpenFlow network for future mobile network Switch
eNB: enhanced NodeB

BS: Base Station
® Dynamic clustering management to alleviate inter- | AP: Access Point

domain HO % Attractor Selection

® Best radio interface selection in multi-mode MN

L /]
Controller %
Mobile Agent

OpenFlow domain #1 Lm‘ OpenFiow domain #2 &

—= — A 7
ljmj_dl — _Switch Mobile Agent

(1) Best Radio Interface Selection Image

| The best radio interface on the current condition is
selected according to the attractor selection equation
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(1) Best Radio Interface Selection Model

dam, =f(m)xa+n, 1<k<K Best interface is selected based on
dt statistics of real-time link quality
amy, _ s(a)

=— A"  _d(@)m,+7n, j=1..M
dt L+max(my,...m, )2 —m, @mytn, 1=

__ L5}
s(@) =alpa’ +142), d@)=a Q=[{le<Eb/No)‘}/a/(Eb/No)ﬁ

(2) Dynamic Clustering Management Image

| To change clustering dynamically according to the attractor selection
equation in order to reduce signaling cost for inter-domain handover

~
ontroller B
_|_Mobile Agent

OpenFlow Domain 42 >

__(©>0 OpenFlow Domain #
B 1+ex(—G-Q)'(Q> ) 5 _
a=qi+exp {ZWK(BW)k}/ R, I(BW). |/2 oF | oF |/ oF ) ( oF ) oF
0:(Q=0) ke Switch Switch | [ Switch Switch Switch Switch
Parameter Content | | | I I
k Media interface type eNB AP BS i eNB L BS w BS
Mk Evaluation value (probability) for each access media “k” on device “j” (LTE) | WiFi (WiMAX) ; (LTE) (WIMAX) [(WiMAX)W
Beta, Gamma  Control parameters . — A
Q Satisfaction degree against condition . m
Eb/No Real-time traffic amount per single bit energy Alleviate inter-domain :{{/ <:> o
Eta Noise = natural AWGN (Additive White Gaussian Noise) Handover signaling cost F,'equem movement
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; ; Selection Algorithm Example
(2) Dynamic Clustering Management Model A9 imp
(Best radio interface selection)
dﬂ =f(m)xa+n Best controller domain to join is selected based I L Select new radio interface at random |<'
dt on the ratio of control signaling to user traffic v
dm, s(a) >| 2. Store packet transmission statistics I
‘X:—H*d(a)m,x+'], x=1..,M W
dt Lemax(my,..., My )° —mj, ’ - - - -
(ﬂ \/7) I 3. Measure real-time Eb/No by using packet loss information I
s(a)=alpa’ +1/N2), d(a)=« — D
= = R= 2W(| NT)/N(E) DP/NCT/C). I 4. Measure real-time available bandxdth by using packet loss information I
[1{1+ ep( -G - R)}: (R > 0) = : y using p
a = —
[0 ((R=0) Yuragi controller
Parameter Content
m, Probability to select Group “X” = OpenFlow controller “x”

yx Evaluation value (probability) for each device “y” to belong to “x” Grp

Beta, Gamma Control parameters

R Difference ratio between traffic volume on C-ch and T-ch
i Edge number that the nodkehas | || ~oo---__YeSY§{_________________Y | _______
N(T) , N(C) Traffic volume of T-ch and C-ch v —
. | 5. Select new one of the most appropriate interfaces |
Eta Noise = AWGN T
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Configuration (Best Radio I/F Selection)

| Equation of the Yuragi controller is driven, based on the real-
time radio link quality

Mobile node IF#1

f
Packet Selector"\

counter

IF#2
.
Realtime Realtime
Eb/No(BER)| Bandwidth
calculation calculation

Controller

Simulation scenario and parameters

I A swcenario with sudden degradation of either radio link

< £ [dB] Interface #0 —

RN A———— I [ ——

E é Interface #1 7

25 0 600 1000 1500
= Simulation time [step]
Number of radio interfaces 2

Spreading code length 31 chip

Data transmission rate & Chip rate
Data decision method

1 Mbps & 32 Mcps
Maximum likelihood decision (matched filter)
Carrier frequency 20 MHz

Transmission line model Additive White Gaussian Noise

Two path Rayleigh fading (Delay=1chip)

Min. threshold for Eb/No & Bandwidth 10dB & 100 Hz
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Simulation Model

| Data transmission model with Additive White Gaussian Noise
and Multipath Rayleigh Fading on a transmission line

Transmission line

Simulation Results (1)

| Transition of the selected best radio interface
® To cope with the sudden degradation of radio link quality

/A ittt \ —_—
PSK+ " ' 29 —selected
IF#1|COMA 1! [Rayieigh] \ g S5 interface '"Ejelg‘;atcoes‘izz?ege
f Fadi 1
) J .' ‘| Iﬂl |AWGN| | E g quality difference
v Rayleigh| /TN I. - 0
T |: | | Fading I U/ 1 BS
Mobile P : 0 500 ~ano 1500
node PSK+ " /M ! time [step] ~
IF#2] CDMA 1 ! |Rayleigh| Vo BS - To cope with the sudden
(f,) J 1 I. | Fading | I| #2 < £[dB]] Interface #0—, quality degradation on #0
1 " c
Vo - 1 Quality |3 & 49
1 Rayleigh| 3 7] I 3% B m e - -
N . , 32 "o 600 1000 1500
= Simulation time [step]
| % Page 13 © NEC Corporaiion 2012 WONS2012 Sl ' | = | Page14 © NEC Corporation 2012 WONS2012 R Y| = =
Simulation Results (2) Conclusion
|Transition of Bit Error Rate on each radio interface | Summary

® The interface to have a better BER is selected

® Proposed concepts to adapt attractor selection

035 mechanism into future mobile network
£ o3 ——BtR on slected interface | - To select the best radio interface among several
5 0.5 ——BERon interface #0 interfaces on one mobile node
5 0.2 BER on interface #1 + To formulate the best cluster to alleviate signalling cost
3 o015 for inter-domain handover
v . . .
E o1 ® Evaluations by simulation
E‘i 0.05 « Our proposed method can cope with a sudden change
0 ‘ of radio link quality in case of the radio I/F selection
0 500 1000 1500 I Future Work
time [step] . . .
® More evaluations on different scenarios
| " Pagels © NEC Corporaiion 2012 WONS2012 Sl v ' | = | Page1s ©NEC Corgoration 2012 WONS2012 ST Y| = o




