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Heterogeneous Wireless Networks (Cont’d)

Overlaid heterogeneous wireless networks
= Mobile nodes/networks equipped with multiple interfaces
= Cognitive radio environment on SDR terminals
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Common Radio Resource Manageme CRRM (Cont’d)

CRRM / JRRM (Joint Radio Resource Management) Cognitive radio communication functionalities
= Jointly manages radio resources among different Radio Access

Technologies (RAT) in an optimized way Application e ——————
. . e . Control ! Af 1 Requirements
= Brings significant benefits such as (—)I\ }(—C‘—>

» Load balancing Handoff N ) )
istributi Delay, loss ! Trar 1, Reconfiguration
« Interference distribution (—X'—): = :(—)

Routing Routing

Y N
information ! Netwark Layer i g nformation/__
ﬁ: : Reconfiguration
=

* Reduction of unnecessary handovers
» Reduction of blocking probability
= CRRM functions
« Initial RAT selection
» Vertical handover
* Common admission control
* Common congestion control
* Common packet scheduling

Spectrum i = i Spectrum

Mobility — . i Management

Function | b ) Function
1 Phiysical'llayer

I
: Spectrum
| Smmmmm =" Sensing

Sensing
Information

mformation
/Reconfiguration
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CRRM (Cont’d) CRRM (Cont’d)

CRRM interaction model CRRM interaction model (Cont'd)
= Information reporting function
« Static cell information

Information
. reporting — cell relations
CRRM ent]ty function . — capabilities and capacities
— available QoS

— max. bit rate for a given service
) ) — avg. buffer delay, etc.
Information reporting

function and RRM * Dynamic measurements

decision support — cell load
function

Information reporting
function and RRM
decision support

function :
— received power level

— transmitted power level
BRREM en'i! REM mﬁt, REM en'iy BREM Elﬁt! — interference measurements, etc.
= RRM decision support function
* CRRM centered decision making
» Local RRM centered decision making
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CRRM (Cont’d)

Function distribution across CRRM and local RRM
= No CRRM function

ezl R emifigy

i LalIR ATS
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CRRM (Cont’d)

Function distribution across CRRM and local RRM
= CRRM functions = Initial RAT selection & Vertical Handover

CRRM entity

RRM
measurement

information information

Nersel (R0 mify
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CRRM (Cont’d)

Function distribution across CRRM and local RRM

= CRRM functions += Common admission control & congestion control

CRRM entity

R
Hpeelm

RRM
measurement

information information

[ c el et
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CRRM (Cont’d)

Function distribution across CRRM and local RRM
= CRRM functions += Common packet scheduling & Horizontal handover

CRRM sntity

RRM RRM
measurement information easurement
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CRRM (Cont’d)

Interaction degrees between RRM/CRRM entities

Low

Hours / days Policy translation and configuration  Initial RAT selection, VHO,
Admission control,
Congestion control, Horizontal
handover, Packet scheduling,

CRRM (Cont’d)

CRRM Implementation
= CRRM server approach

CORE NETWORK

| j |
'BNQ RNC r B8SC  BSC ' BSC  ®sC
REM REM REM REW REM REM
enfity | entity endity | entity entity | enfity

IAQBA&B

REM REM
enfity | entity

Power control
Intermediate Minutes Policy translation and configuration, ~ Admission control,
Initial RAT selection, VHO Congestion control, Horizontal
handover, Packet scheduling,
Power control
High Seconds Policy translation and configuration, ~ Packet scheduling, Horizontal
Initial RAT selection, VHO, handover, Power control
Admission control, Congestion
control
Very high Milliseconds Policy translation and configuration, ~Power control
Initial RAT selection, VHO,
Admission control, Congestion
control, Horizontal handover,
Packet scheduling
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CRRM (Cont’d)

CRRM Implementation (Cont’d)
= Distributed CRRM approach

CORE NETWORK

RRM

REM RRM REM | entity
enlity | eniity § enfity

RAT Selection Algorithms

RAT selection algorithm
= |nitial RAT selection
= Vertical handover

Taxonomy

= Load balancing

= Service type

= Network characteristics
= Economical aspects
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RAT Selection Algorithms (Cont’d)

Taxonomy: Load balancing
= Performance Evaluation of Common Radio Resource Management,
ICC, 2002
« Predetermined load threshold
« Directing a real-time user to another system: resulting in less blocking

« Directing a non-real-time user to another system: resulting in a higher
average throughput & smaller average delay

GERAN maot e nnia macra
nigh loeded gl naged
A—

WEDMA micro QoS class Cz_ipaciry gain Cz_xpaciry gain C'fxpacity gain

with 2 layers with 4 layers with 6 layers

Conversational 32 kbps: - 32 kbps: 4% 32 kbps: 6%
& Streaming 144 kbps: - 144 kbps: 11% | 144 kbps: 16%
‘ 384 kbps: - 384 kbps: 27% | 384 kbps: 40%
— Interactive Up to 40-100% Up to 70-140% Up to 90-180%

Trunking gain via load balancing
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RAT Selection Algorithms (Cont’d)

Taxonomy: Load balancing
= Adaptive Load Balancing between Multiple Cell Layers, VTC, 2002
» Adaptive load threshold rather than fixed one

* The load threshold of a cell is adjusted periodically according to the loads of
its inter-RAT neighboring cells

» The higher the loads in the neighboring cells, the higher the threshold

Load reason handovers & No load reason handovers
CM measurements (WCDMA) nor CM measurements

<Z 0 ~ ?‘%

Max. capacity

emll 'blockmg 1hreshcld) E\"—
Fmed load
thtesholds
Tuned load
thresholds
GSM WCDMA M WCDMA
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RAT Selection Algorithms (Cont’d)

Taxonomy: Load balancing

= Force-based load balancing in co-located UMTS/GSM networks, VTC,

2004
* The cell with largest force value is selected
» Force value is the weighted sum of the followings
— Load force: the free capacity in the target cell
— QoS force: the difference in the provided QoS between source and target cell
— Migration attenuation force: the time since the last VHO occurred
— Handover cost force: the signaling overhead of VHO

preferred i S
target cell
) 1o target

cell ™
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RAT Selection Algorithms (Cont’d)

Taxonomy: Load balancing
= Exploiting Vertical Handoffs in Next Generation Radio Resource
Management, ICC, 2006
+ Bandwidth Adaptation (BA)
» Forced Vertical Handoff Module (FVHM)

Before — Adaptation is not
I I I I passible. supporting network can
accommodate three users.

Before — System
I 4 I 4 I 4 I 4 I 4 I accommodates
five 4bu users.

_ l FVHM
l_ Adaptation After — System

accommodates 4

4bu users and
Llzl « [« 10w L1 1 1 1 |
After — Three users are moved to

I I I I I supporting network. system can
accommodate one more user.
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RAT Selection Algorithms (Cont’d)

Taxonomy: Load balancing + Network characteristics
= On Managing Multiple Radio Access Congestion Events in B3G
Scenarios, VTC, 2007

» Congestion detection in GERAN: Reduction Factor (RF)

» Congestion detection in UTRAN: load factor

* When both networks are in congestion state,
— Bit Rate Reduction (BRR) in UTRAN
— Vertical HandOver (VHO) from GERAN to UTRAN

‘Congestion in UTRAN

i
Excess Load
.

RF increase due to VHO
i
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RAT Selection Algorithms (Cont’d)

Taxonomy: Load balancing + Economical aspects
= Dynamic Pricing for Decentralised RAT selection in Heterogeneous
Scenarios, ISPIMRC, 2006
+ Adjusting the prices of different RATs periodically
» The price of the high load RAT is increased
» Users always choose the cheapest RAT

k3
o ——, -F":"“"m..\_\_
T — o
M= =y -a
—;:______L n"_,d-f- )—‘N _Ti____h__];ill_f_____ﬂ.-v
I

Py(t=Pyt-aft2* Aprice

: PP -at)-20
Bligbivat-apae || Pio=E-ag-apeica || Bio=Fig-at-apeice A i

Pilt)=P{t-afrraprice
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RAT Selection Algorithms (Cont’d)

Taxonomy: Service type + Network characteristics

= Policy-based Initial RAT Selection Algorithms in Heterogeneous
Networks, MWCN, 2005

« Service type
— VG (Voice GERAN) policy
— VU (Voice UTRAN) policy
— VG*VU policy

» Network characteristics
— IN (indoor GERAN) policy
— VG*IN policy
— IN*VG policy

« Simulation result
— VG outperforms VU when the cell radius larger than 1km

— VG*IN outperforms IN*VG when the number of interactive users are much higher
than the number of voice users

— IN*VG outperforms when the number of voice users increases
— IN*VG achieves much better load balancing than VG*IN
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RAT Selection Algorithms (Cont’d)

Taxonomy: Network characteristics

= Network-Controlled Cell-Breathing for Capacity Improvement in
Heterogeneous CDMA/TDMA Scenarios, WCNC, 2006
+ NCCB
— Control the effective cell radius of the CDMA-based system
— The interference level of the CDMA-based RAT is reduced

— The target coverage area is assured by means of the cooperation of
FDMA/TDMA-based RATs

R
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RAT Selection Algorithms (Cont’d)

RAT Selection Algorithms (Cont’d)

Taxonomy: Network characteristics

= Network-Controlled Cell-Breathing for Capacity Improvement in
Heterogeneous CDMA/TDMA Scenarios, WCNC, 2006 (Cont'd)

PATLAL RAT SELECTION

g
wable in
DAATDM,
Block aill el " ¥
r IMATINS
+ *

-
Ind T
. . VADE
Select Sebect
FIMATIMA conA FOMATONA

RATS Algorithm VHO Algorithm

Taxonomy: Network g [m i H@
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characteristics e
= RAT Selection in 3GPP-based B e et
Cellular Heterogeneous e —
Networks: from Theory to e e
Practical Implementation, e
WCNC, 2007 (
* Analysis model of the scheme
in the previous slide
 Practical implementation on E )
real systems : e ) —
5 e e
£
a ===
g GEM AR Handover Comgele.
§ =
[ ©C (M, Angner, Cornedt. ) ]
[ prop—— I
I T T 1
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RAT Selection Algorithms (Cont’d)

RAT Selection Algorithms (Cont’d)

Taxonomy: Network characteristics

= Performance Analysis of Common Radio Resource Management
Scheme in Multi-service Heterogeneous Wireless Networks, WCNC,

2007
* “Always WWAN” scheme o) New Call
R » R st
* “WLAN if coverage” scheme e
« Adaptive algorithm
Hot-spot
o -~
Move out of Prediction?
Hot-spot Move out of

Move into Hot-spot

NRT Long Hot-spot Short
Session Type? o
RT

Move out of
Location’

Hot-spot
Prediction? @
Stay in Hot-spot

VHO Algorithm

Taxonomy: Network characteristics

= Performance Analysis of Common Radio Resource Management
Scheme in Multi-service Heterogeneous Wireless Networks, WCNC,
2007 (Contd)

» Simulation result
— Adaptive algorithm outperforms the other two in terms of call blocking probabililty
— “Always WWAN" scheme outperforms “WLAN if coverage” when most of the
users are outdoor
— “WLAN if coverage” scheme outperforms “Always WWAN” when most of the
users are indoor

Mobile & Embedded System Lab.
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RAT Selection Algorithms (Cont’d)

Taxonomy: Economical aspects

= A Novel Joint Radio Resource Management Approach with
Reinforcement Learning Mechanism, IPCCC, 2005
« Consider both technical and economical aspects
* Three main blocks
— Fuzzy neural algorithm: Fuzzy Selected Decision, 0 < FSD < 1
— Reinforcement Learning
— Multiple decision-making

| REINFORCEMENT LEARH MG |
wLa— 2 + (P, FEEL, L)
! PIZZFER [— “Eli.a';’E:E—il:EFLIZIFEI
LT RAT
MLLTIFLE| soforind]
DEC BN [
ELUELDG | pamarng
FLEZZY MELIRAL .
I0RORCR) L
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Preliminary Study on CRRM

Integrated RAT selection

= When a new user comes to a network, CRRM chooses target network
by objective function

Integrated vertical handover
= If a network has not efficient capacity for incoming new user

= CRRM chooses candidate target nodes and networks according to
objective function
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Preliminary Study on CRRM (Cont’d)

Integrated RAT selection

CRRM
entity

T
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Preliminary Study on CRRM (Cont’d)

Integrated RAT selection algorithm
Input b, Sy, Be (1< k < K)
Ouput : A = (a,,a,,,ay)

O ={k|l<k<K}a =01<k <K)
while ® =0and b, >0 do

Bremk X I, ‘
L0 =% ) 1= S a)

j=k., < max{f,(k)|vkc®} " "
i by B, then a, =by,
else a = Brem,j endif breq Bandwidth requested
Bremyj _ Bremyj —a, 5k Signal strength at network k
breq _ breq B aj Brem’k Remaining bandwidth of network k
i K Number of networks
end WhiIG(;) =0-{i} A Allocation vector

Mobile & Embedded System Lab. 32




Preliminary Study on CRRM (Cont’d)

Objective function for integrated RAT selection algorithm
= RAT cost
* RAT which has lower cost can have larger value
= RAT signal strength
« RAT which has higher signal strength can have larger value
= RAT bandwidth
» RAT which has larger available bandwidth can have larger value
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Preliminary Study on CRRM (Cont’d)

Integrated vertical handover

Mobile & Embedded System Lab.
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Preliminary Study on CRRM (Cont’d)

Integrated vertical handover algorithm

i A= o 05 5035210
Ouput :H Number of users
é‘i’k Signal strength of user i at network k
Breg =Preq *7 A Allocation matrix
Search Q={H|H =|h;,|1<i<N1<k <K} H Handover execution matrix
such that b, < ZN: Z B X @
= 1{ 184 b
where h,, =1 if handover f(H) =ﬁi§4 é{( T kmax ﬂ)“(l Come )
h,, =0 otherwise emi If Ny 20
H,, < min{f,(H)|VHeQ} mm)p {o if h, =0
lifh, =0
- {o if hy, =0
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Preliminary Study on CRRM (Cont’d)

Obijective function for integrated vertical handover algorithm
= RAT network cost
» The network which has lower cost can have larger value
= RAT signal strength
» The network which has higher signal strength can have larger value
= Select minimum number of vertical handovers
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Preliminary Study on CRRM (Cont’d)

Simulation model

= Network coverage & bandwidth
» CDMA2000: 2km, 2Mbps
* UMTS: 1.7km, 3Mbps
« WiBro: 1km, 5Mbps
* WLAN: 0.1km, 10Mbps

= Signal strength

-

Simulated network coverage
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Preliminary Study on CRRM (Cont’d)

Simulation evaluation model (Cont'd)
= Service characteristics
* VoIP (25%)
— Data rate : 12.2kbps
— Service time : 60s (expntl)
— Interarrival Time : 300s (expntl)
« VOD (25%)
— Data rate : 64kbps
— Service time : 60s (expntl)
— Inter arrival time : 300s (expntl)
- WEB (25%)
— Data rate : 128kbps
— Service time : 5s (expntl)
— Inter arrival time : 10s (expntl)
- FTP (25%)
— Data rate : 256kbps
— Service time : 10s (expntl)
— Inter arrival time : 50s (expntl)
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Preliminary Study on CRRM (Cont’d)

Simulation result
= Blocking probability according to the number of users

Blocking probability

—, =00

—a,p=05

w,p=10

Blocking prabability

= NoCRRM (signal)

ya

1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000
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Preliminary Study on CRRM (Cont’d)

Simulation result (Cont’d)
= Network utilization according to a

WLAN WiBro

UMTS
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Preliminary Study on CRRM (Cont’d)

Simulation result (Cont'd)
= Network utilization according to 8

WLAN WiBro

- / —a-0
—a=025
—a=05

—a=075

- —a=10
w0 %
0% o
0 p=03s 05 B=075  p=1 5=0 015 o =075 Be1
5%
30%
25% / —=0
2% / —a=02s5
15% —a=05
10% —a=075
5% —a=19
o
B=0  B=025 B=0. o B=1
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Summary & Future Work

Summary
= Introduction to CRRM/JRRM concept
= Survey on RAT selection algorithms
= Preliminary study on CRRM

Future work
= Common admission control
= Common congestion control
= Common packet scheduling
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