Ny, BIEILAS

e < éﬂ__fz $

Departm of Computer Science and Infor

mation Engineering,

Chapter 7:
A Hybrid Spectrum Mobility and Handover

‘Protocol In 3GPP Cognitive LTE Systems

Prof. Yuh-Shyan Chen

Department of Computer Science and
Information Engineering

National Taipei University



Outline

e Abstract

e Introduction

o Related works

e Motivation and basic idea

e Our proposed protocol

e Performance analysis and simulation results
e A system demo

e Conclusion and on-going works

N)o _@‘TFZQZA@ .
¢ = &HAMILESR

Department of Computer Science and Information Engineering, NTPU



&R pEa s (98~100

BHFE>H

LR R

S N
O % w83l 30 % IMSH% s Je e A4

—_—

®

POTS

POTS
@: 1000
MGW

IMS Core — ims.ndhu.edu. tw
Push-To-Talk Server
Video on Demand Server

IMS Core — ims niv.eduiw

@Eﬁ )\ }’E‘\E j:-r'f:% ﬁf/é, b 1:;37 4 :‘:% E‘;’ ,‘;”_’? E%% ;\: ‘:& \‘{Illnrllh I._;I\';c.lllrll'rlll-ﬁr:ljl- 64 fll). h

AL - 2 —2 N T TR UE
e %frﬁ Pt F 2. 4G-IMS&E M -T 5 oo

m:i=%
O: ’f#}t #1Pv62_ Inter-Domain 4G-IMS i
SAEREPIFRET L oo
O: % VoIP ~ PoC ~ VoD ~ IPTV ~ IMP ~
LBSEIMS 7 488 R * PRI* o

"\

O T EARTAATHT o -

O~ %) d % @ 4% Security ~ QoS -
Mobility % AL e /7 % 43 3 -

2000:0:4K1 21

J
3 Enhance SIM-Based ARA
AAA Server = i
\'||n Solaris § 4 3

1 NDHLU-4G

Linux 200 0%, 1002:64 -
\[L‘_. 16 WiMAX
(g
(ipl)
2.1.150 S SEG
Indoor 2001460 1::3 01:0:0288
AP

NIUHG Testhed ST phone NPHU-IMS Core Internet IMS Kphone  NIU-IMS Core

Client Client
i 1 imun

Software Defined Radio
for Cognitive and Cooperative networks

Cognitive & Cooperative Engine

‘ Measure / Adapt l

\ GNU Radio |

BIRlEX®

Hl LESR

Department of Computer Science and Information Engineering, NTPU




Ry LEAIEEE RS 4GNS

)
\NTP e- 4

+3dr BER ATERE 4 AG-IMSHE AR 2

l\\

§3k (B K R s 4 4G IMS e
By A TRk ¥ B

Ny, BIELAS
¢ < FMIERR

Department of Computer Science and Information Engineering, NTPU



1. Abstract

I
e “To consume only when necessary” (spectrum, energy,

hardware) is the key issue for the “Green
Communication”.

e The whole world of telecommunications and information
communities is facing a more and more serious challenge.

e One side the transmitted multimedia-rich data are exploding at an
astonishing speed and on the other side the total energy
consumption by the communication and networking devices and
the relevant global CO2 emission are terribly increasing.

e CR (also called smart radio) is defined as a wireless radio
device that can adapt to its operating environment via
sensing in order to facilitate efficient communications.

e The emerging Cognitive Radio (CR) system and technology are
potentially capable of contributing to solve the abovementioned
problem for realizing "Green Communications”".
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1. Abstract

While the use of information and communications
technology (ICT) is considered to be a facilitator for global
energy savings (teleworking, smart logistics, smart
buildings, etc.), the volume of network traffic will also
Increase.

It was estimated that 3 percent of worldwide energy
consumption was caused by the ICT infrastructure that
generated about 2 percent of the worldwide CO2 emissions.
Cognitive radio (CR) is a promising paradigm proposed to
be a possible solution of Green ICT.

This talk introduces a cross-layer protocol of spectrum
mobility (layer-2) and handover (layer-3) in cognitive LTE
networks.

f( ence and Information Engineering, NTPU



2. Introduction

I
e Wastage of spectrum resources

e While some of the spectrum bands (unlicensed band) have been
increasingly usage, most of the other spectrum resources (licensed
band) are underutilized.

e Wireless network bandwidth constraints

e [t can not fully take advantage of all of the radio spectrum
resources for mobile devices and power supply can not continue to
use, and the free and unutilized radio spectrum resources is very
frequent to lead the low utilization of the radio spectrum.
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Low spectrum utilization

e Spectrum utilization

o According to Federal Communications Commission

(FCC) , temporal and geographical variations in the
utilization of the assigned spectrum range from 15% to

85%

Maximum Amplitudes

Heavy Use

Heavy Use

Amplitude (dBm)

Sparse Use

Medium Use

Frequency (MHz)

References: FCC. "ET Docket No 03-237 Notice of inquiry and notice of proposed Rulemaking”.

{ November 2003.



The cognitive radio (CR)

I
e Dynamic spectrum access

e Allow unlicensed users equipped with cognitive radios to
opportunistically access the spectrum not used by licensed users.
e In CR networks, there are two types of users; one is
licensed user (primary user or PU), and the another is
unlicensed user (secondary user or SU).

e PUs can access the wireless network resources anytime and
anywhere.

e SUs equipped with cognitive radios to opportunistically access the
spectrum not used by PUs.

e \When a PU reclaims the radio spectrum resources, the SU detects
the reclamation (spectrum sensing) and immediately moves away
the current radio spectrum resources (spectrum analysis and
decision) and switch to idle radio spectrum resources (spectrum
mobility).
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Cognitive Mobile Networks

Prima
Coordinator

Primary
network

network

Li-Chun Wang, Chung-Wei Wang, and Fumiyuki Adachi, “Load Balancing Spectrum

Decision for Cognitive Radio Networks,” IEEE JSAC, 2010.
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Cognitive Ad Hoc Networks

S - -

C.F. Shih and W.J Liao, “Exploiting route robustness in joint routing and spectrum
allocation in multi-hop cognitive radio networks,” IEEE Wireless Communications and
Networking Conference (WCNC 2010), April. 2010.
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Cognition cycle

CR can adapt to its operating environment via sensing in order to facilitate

efficient communications.

Preprocess

Sensor
readings

Feed bac

Learn

Allocate
resources

Directives

Decision rules

-Priorities
-Constraints

Gurkan Gur and Fatih Alagoz “ Green Wireless Communications via Cognitive

Dimension: An Overview,” IEEE Network « March/April 2011.
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Cognitive user architecture

Secondary User

N

Qo
Primary User

Application Layer

Application Layer

Transport Layer

Transport Layer

Network Layer

Network Layer

Application Layer
Transport Layer
Network Layer
MAC <«—>{| Spectrum mobility |
SDR | Spectrum decision |
LTE

(SC-FDMA) [+

PHY

| Spectrum analyzsis |

| Spectrum sensing |

MAC <—>| Spectrum mobility |

SDR | Spectrum decision |
LTE :
(SC-FDMA) (<> | Spectrum analyzsis |

PHY | Spectrum sensing |

Link/MAC Layer

Physical Layer

Transceiver
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LTE

I
e LTE is developed based on the universal terrestrial radio

access (UTRA) and high speed down-link packet access
(HSDPA) and further strengthen its communications
capacity to upload in order to enhance its quality of service.
LTE have to coexist with 2G/3G systems, WLAN, WiMAX,
etc.

e \With the development of wireless network technology, the wireless
mobile access has been progressed by second-generation (2G)
and third-generation (3G) cellular systems.

e The Third Generation Partnership Project (3GPP) has proposed a
3G long term evolution (LTE) toward 4G cellular systems.
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The 3GPP LTE system architecture

IP networks

i Evolved
PCRF S7 ~ : \Packet Core
\ IASA

|I=m==g===== I

36 : SAE : WLAN 3PGG
: Anchor : < IP ACCESS
I I
| S5b |
I I

S4 ! 3GPP I
| Anchor :

SR i
S3
SGSN MME/UPE
\ /
Gb lu
] )
GERAN UTRAN LTE Non-3PGG

References: 3rd Generation Partnership Project TS36.300 , “Evolved Universal Terrestrial Radio Access (E-UTRA) and
Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Overall description, Release 8, v8.8.0
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The spectrum architecture of LTE

Spectrum Hole (SH,)
Spectrum Hole (SH;)

77777777777777777777777777777777777777777 Spectrum Hole (SH,)
. Spectrum Hole (SH,)
#2\ -
Resource block{  #] >
(RB)=180 KHz L ) T

e
1 slot (0.5ms)

(OFDM-based) Orthogonal frequency-division multiplexing
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‘ Inter-cell interference coordination
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Software Defined Radio (SDR)

I
o Software Defined Radio (SDR) is a revolutionary

technology to implement the CR networks.

e The SDRis the first development to integrate different
communication capabilities.

e To upgrade the inconvenience and inflexibility of hardware
architecture, a SDR with the programmable and reconfigurable
modules is integrated with different communication protocols.

e A mobile terminal (SU) with SDR device uses the sensing
device in the physical layer to periodically sense the
current signal strength and the idle spectrum
resources. With the sensed information, the SU
dynamically selects a suitable spectrum hole for the
spectrum mobillity.
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Cognitive user architecture

Secondary User

N

Qo
Primary User

Application Layer

Transport Layer

Network Layer

Application Layer Application Layer
Transport Layer Transport Layer
Network Layer Network Layer
MAC <[ Spectrum mobility | MAC | Spectrum mobility |
SDR | Spectrum decision | SDR | Spectrum decision |
LTE : LTE -
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Software defined radio (SDR)

e SDR components

+ USRP+RFX2400
+ USRP (Universal Software Radio Peripheral)
+ GNU radio

+ GNU/Linux operating system

e SDR applications |
+ Access different network by reconfigurable technlque ‘

+ Spectrum sensing — ;

+ Spectrum analysis g iz

+ Spectrum decision j T — Ty -

+ Spectrum mobility

References: “USRP & RFX2400%, http.//www.ettus.com B
{ “GNU radio”, http://gnuradio.org e ee— ——— 20



USRP Motherboard

e Four 64 MS/s 12-bit analog to
digital Converters

e Four 128 MS/s 14-bit digital to
analog Converters

e Four digital downconverters with
programmable decimation rates

e Two digital upconverters with
programmable interpolation rates §
e High-speed USB 2.0 interface |
(480 Mb/s) __
o Capable of processing signals up
to 16 MHz wide |
e Modular architecture supports

wide variety of RF
daughterboards
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RFX2400 2.3-2.9 GHz Transceiver

I
e 50mW output (17dBm)

e with a bandpass filter around
the ISM band (2400-2483
MHz).

e The filter can be easily
bypassed, allowing for
coverage of the full frequency
range.
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Spectrum sensing and spectrum distribution

IMS g Internet
Server SGi
(&R) \
ss A ss \
\
MME,/S-GW, Q@@ MMEy/S-GW, \\
S6a <X S6a \
(&2)
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__________________________ (WY
] Y\
x SH; = 0
%% X %; _____________________________ \ _\'\\
P old eNB new_eNB Ay
2 : PU 2 \
\ PU; @ =\
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Contribution

I
e To our knowledge, this work is the first study to consider

the handover problem over CR networks.

e The main contribution of this paper is to present a cross-layer
protocol of spectrum mobility (layer-2) and handover (layer-3) in
cognitive LTE networks.

e This result "A Cross-Layer Protocol of Spectrum Mobility and
Handover in Cognitive LTE Networks," is accepted by
Simulation Modelling Practice and Theory, (SCIE, EI)
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3. Related works

| . ..
e There are some literatures for layer 2 channel selection in

cognitive radio.

e Jo et al., "Efficient Spectrum Matching Based on Spectrum
Characteristics in Cognitive” IEEE Wireless Telecommunications
Symposium (WTS 2008)

— The prediction is based on service required time.

« Hoyhtya et al., "Performance Improvement with Predictive Channel
Selection for Cognitive Radios” IEEE Cognitive Radio and
Advanced Spectrum Management (CogART 2008)

— The prediction is based on spectrum hole idle time.

N, BURLEXS
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4. Motivation and basic idea

I
e |In layer 3 handover issue, the layer 2 information is not

considered in handover procedure.

e |n the flexible bandwidth condition, the maximum idle time
spectrum hole selection scheme with narrow bands may
decrease the successful transmission rate.

e The prediction of the idle time does not consider the channel and
user characters.

e The proposed scheme uses the expected transmission
time as our new prediction strategy.

Ny, BURIXKS
@

TERTRER 31

Department of Computer Science and Information Engineering, NTPU



System model

IMS Internet

MME,/S-GW, MME,/S-GW,
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Protocol Comparison

IMS g Internet

Server Gi
(R)
S5 % S5
MME,/S-GW, g@@ MME,/S-GW,
Sé6a < Sé6a
st & sl
HSS
PU, W
< S5 P>
PU,
old eNB new_eNB
o
S
PU,
CH &
SU
CH Tiqie= 8s
3 (7 RB)
CHy4
CH Tiqe= 10s Sense & switch | Remaining idle time
3 |
(5 RB) | |
CH, |
; ]
Tiae= 158 —e— Tl —
CH1 idle
(2 RB) «—Ton— TorF———

(a) The prediction is based
on maximum
spectrum idle time

IMS

Internet
Server

MME,/S-GW,

Ty=6s (7 RB)

CH4

CH; | Ty=4s (5 RB) |
treq E
CH,
_ —[f——
CH1 TE—SS (2 RB) TO TOFF

(b) The prediction is based on
minimum expected transmission time
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Basic Ildea

I
e We adopt the minimum expected transmission time to

predict the spectrum holes usage and availability.
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5. Hybrid spectrum mobility and handover
| protocol in 3GPP cognitive LTE systems

e Three phases
e Environment observation phase
e Computation and analysis phase
e Evaluation and transmission phase

Observe environment
(mobile terminals)

Process
Sensor

Allocate
resources

T Directives '
; - _
—  Decide }- ~ Goals

readings

-Goals
-Priorities
-Constraints

Decision rules

Switch spectrum hole
or handover base station

Evaluation and
transmission

Computation and
analysis

Available spectrum holes
And characters

Information of radios
and SU requirements
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Protocol Overview

PU,

PU, PU,

PU,

SH;

[

SH,

MME,/S-GW,

S1

IMS K Internet
Server & ,
SGi
S5 S5
P-GW MME,/S-GW,
Sé6a S6a
st
HSS

\&\old eNB~/

D-s

X2

S

S
LLLL& new_eNB

SU SU
SH; SH;
SH,
SH, SH,

PU,
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1. Environment observation phase

e Observed information
e q: received signal strength (dB)

e d;: current service data size o £ nteme
e Am: the number of resource block ss L _ss
) ) .. ) MME,/S-GW, LG MME,/S-GW,
be occupied in unit time in
. Sl Sl
spectrum hole i. HSS
P1 @W
PUY old eNB newe&
«dd & Y
PU,
& Data=d, Mb
SH, SU
SH;
. Am;
SH, :/12 m*RB
SH 2

‘Vr BURiXR

: 2
¢ cHHIESR
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Observed results

Spectrum bands  ——|

l_

=

old eNE / \JE‘W_ENB
= N

f 15 dB 1.".:."..- |
W WE]

\ sty

SH: 4*RE - H___;J,_F g5 I

.]ng 05

J,=125

Tal Tl =120

SH, 3*RB A

\'\\ }ng?{}

SH, 2*REB N A-=70

. \\\ \\\ l?L].=4'8

" J-=33

. 3.1=30

Unit time: 1000 (5)
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2. Computation and analysis phase

e Divided into two case
e SU is in the non-overlapped area
e SU is in the overlapped area

Internet

IMS

Internet
Server

MME,/S-GW,

S1

new_eNB

N, BURLEXS
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Computation and analysis (cont.)

e In this phase, the transmission rate, the required time of
data transmission, and the probability of spectrum hole

unoccupied are analyzed.

e Some communication formulas,
e Signal strength to SNR

dB = 10log SNR

e Shannon theorem

C = B x logy(1 + SNR)

e Poisson distribution
k
A s
k!

P(k,T) =

—>

SH, | fISNR,RB)=R; d iz
A <
Predict function
‘ |

>
d TL3H

Spectrum
MOblllty (TL2H)

|

L — L
Pu(Shistreg) *Ri - Pu'(Shi,treg) ¥Ry

min Tx(SH;)

Reference: CE Shannon. "A mathematical theory of communication”. ACM SIGMOBILE Mobile Computing and

Communications Review, 5(1):3-55, 2001.

L. Bortkiewicz " Das Gesetz der kleinen Zahlen”.. BG Teubner, Leipzig, 1898.
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SU in non-overlapped area

I MS

S Ry Internet
erver SGi
S5 S5
MME,/S-GW, P-GW MME,/S-GW,
S6a S6a
Sl S1

@ HSS

PU, @’W i
PU; old eNB new_eNB @
~

PU,
Data = d,
SU
~
~

my

Pu(SHi treg) = || Pa(0,treq) = [ ] (e7*r)
n=1

n=1

: Probability of spectrum hole SH, unoccupied

by PU within time period of t

SH,

SH; S~ 2 my,
: Rn ;treq 5
St SHn mn*RB » 2 2
SH, i 1

\ .

\ :

\

N y
AN R; =m*RB*log,(1+SNR) i

\ SH; m*RB > :
\ teq=di/ Ri A

\ M

\
\

\ A
\ 3
SH, | m*RB o e S T

\

SH] mj *RB Rl ;treq i 5
A1
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P, u(SH n,t req)

R;.(SH-ie tw’q) =

e_(/\IXf1-rq) X 6_{}“.’><tr‘arq) X e X e_(/\m,-xh‘nq)

P, u(SH 2, treq)

P, u(SH 1 ,treq)
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‘ SU is in the non-overlapped area
I

Signal strength=15(dB) | Data= 10 Mb I

SNR =101
= 31.6 _
,// .-‘1..4_ 95
g Ja= 95 R3=3620 (Kbps)
’ =125 _ > P (SH3, Ireq) 0.3
s - = - rm_ 28 (S) —
/=120
= SH; 4*RB P
5 T ASTTO L R = 2715 (Kbps)
£ 12=T70 > P, (SH, teg) 0.7
= 1,=48 fog= 3.6 (s)l
& SH, 3*RB ,f"/
______ — R;=2*180 * log,(1+31.6)
L SH, 2*RB A;=33 = 1810 (Kbps) (G —a56)
. A=

/ =3 =Pu SH,?J,, = X o
13301 o vy / 1810 (Kb -+ S )

I =5.6(s) :
;
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SU is in overlapped area

I IMS Internet
Server
S5 S5
MME,/S-GW, < =) MME,/S-GW,

A
Ri =m;*180*log(1+SNR) An R g ’T
. ————— 3 , ,
SH;| m*RB _ > : Py(SHi treq) = , , ; Py (SH treg)
i treq= d,/ R; A, e~ (M1 %treq) ; e x = OmXtreg) SH'; m'; *RB A 2
J ’
A1 !
RZ;treq ; g i J
g 4
SH2 WI2*RB I J 3 ,
2, | PSH: ) 2utrn A%
7. Stz | ma KB s U | Pt
1
Al
SH] ml*RB Rl:treq R 1
_ As Py (SH; teq) SHY | *RB 1,freq .
A, ! ' ; 2 Py (SH') lreg)
1
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3. Evaluation and transmission phase
‘ (non-overlapped area)

|
e The expected transmission time of SU service data T,

dy

T e 1 — P’U, SHZ) tre X T
" P,(SH; treq) X R, + ( 7)) L2H
o SH | ASNRRB) =R o/ iy
l <
Predict function

|

| |
1-Pu(SHi ey

> Tran

Spectrum
MOblllty (T L2H)

l

1-Pu (SI_II, treq) *T L2H,

dt t
L3H
Pu(SH; ty00) *Ri/ / Pu'(SH} i) *R;'
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Evaluation and transmission phase
‘ (overlapped area)
I

e MN is performed the spectrum mobility if

Pu(m,,;,?:eg)xRi F (1 — Pu(mis treq)) X TLon
Pl (m] t..)XR; (1 — P, (m t;“eq)) X Trog > Ti3n

N BIRlEX®

é_ﬂlfz%-i 45

. Department of Comput S cience and Information Engineering, NTPU



Example

Signal power

=10dB
RB3
RBi, 90
RB
SHy|  4*RB ! %0
=
RBy 120
——> R
RB
SH,| 3*RB —, 7
RB¢ 50
RB;s 70
SH,| 2*RB RB, 43
RB, 33
RB; 30
Signal power
=12dB
RB;; 95
RB,, 95
> RB]] 90
SH;' 5*RB RBjg 90
RBg
——> RB; 50
RB 4
SHy | 4*RB | ] R36 42
5
RB,4 35
RB;
SH,' 2*RB
[ RB: 40
RB; 35

R3 =
2491 (Kbps)
_»

treg=4 (8)

R2:

1868 (Kbps)
R

lreg=3.4 (8)

R] =
1245 (Kbps)

-

treq:8 (S)

R3 =
3667 (Kbps)
1e=2.7 (5)

Rz =
2934 (Kbps)
treg=3.4 (8)

R1 =
1466 (Kbps)

lre=6.8 (5)

Pu(SH3 B treq)

Cols T4=22.343

PuSH: teg) ) T.213.086

=0.41
Te(SH,) =
Py(SH, ,treq) 10(Mb) - -
=0.6 ! 06x2m15(kh) T (1-0.6) x 0.05
= 13.407

Pu(SH' treg) —A 77,9789
=0.29

Py(SHY ,treg)—» | T'=6.569
=0.55

Ty(SH) =
10{ Mb)
0.6 1466{ ]Kb)

— 11 739

Pu(SHl' ;treq)

=0.6 +0.354 (1 —=0.6) x 0.05
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Performance analysis

e An analytic model is developed to analyze the total
transmission time and the throughput for our proposed
scheme.

e The Markov chain model is adopted.
e The Markov chain is represented as a directed graph

The state transition information is given below.

o SH; to HRB;: indicates that the previous packet was completely transmitted completely and
the next packet starts to be transmitted.

My

» BEB; to RB,.1: RB; has the probability of £\ Tumu Kbreq) if fB; is not reclaimed by a PU.

. - . . ; — =k xreg) .
e RB; to "spectrum mobility to SHy": RB; has the probability of 1— Ji_; ¢ ‘a7 if the

R B; 1= reclaimed by a PU and BB to A#B;—1 are not reclaimed by the PU.

A
« RB_ to SH;: B, has the probability of HE;] F_[T:;H”"] if BB, 158 not reclaimed by a PU.

Thizs implies that all m RB; are not reclaimed by a PU and the SU, can continually uses the
SH;.
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Relation between resource blocks in the
scenario one.

[ I . I

_—

I
! l |
original decision of spectrum mobility spectrum mobality
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I
Theorem 1 If there are j (1 < i < j) spectrum holes, from SHy to SH;, and N_data_packets
ranging from Fy to Pyn_1. to be transmitted from a SU, to the serving eNB. Thele:cpected total

|tmn3mi35i9ﬂ tﬂ'me,lTTTT, 18

1< | dy

TTTT = EZ((I - Pu(SHi:treq)) X TL-EH + treq)u where 1 <1< Js E:i"»zq B (8)

R;

i=1

Proof. Based on Lemma 2 and Lemma 3, the transmission time of one packet is calculated as

To1a.eNB + Thon—spectrum mobility- Using Eq. 5, the expected total transmission time is Tprr =

i
51. i—l ? 11 Tone packet- Then, we have the following result.

. 1~ e T | dy d,
Trrr = 7;;'[(1—‘._‘:’451{?;.%)“ (TL2H+R ) + Pu(SHi treq) X R ?v]

— —Z(TLQH —I—f'req P (EJH frgq) X TL?H)
i=1

,!
- TZ(U = Pu(SHi,treg)) X Trot + treg), where 1< < jtreg = -
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Relation between resource blocks in the
scenario Two.

I

T
original decision of spectmum mobility or handover spectnim mobility or handover
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I
Theorem 2 If there are j (1 < i < j) spectrum holes, from SH1 to SH;, and N data packets,

ranging from Py to Py_1. to be transmitted from a SU, to the serving (old) eNB or the next (new)
eNB. Thelexpected total transmission timel Trrr, is

1 i
TTTT — 52[(1 — Pu(SHi: treq)) X (TLQH + Rzew_ENB X TLSH) + tTEq]u

i=1

where 1 < i < j,t,0q = g—
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Proof. Based on Eq. 10 and lemmas 3, 4, and 5, it can be derived the final result as follows.

Trrr = ;; gnmma % (1= Pu(SHi,treg)) % (Too + 7))
d
H(Prewen B % (1= Pu(SHi, treg)) % (Toaw + Tran + 5——2))
d
Py (SH. 1, -
1 J
= 32 [(Patdon s % (1= Pu(SH;; treg)) % (Thah + treg))
i=1
+(Pocwe B % (1 — Pu(SH treg)) % (Tpag + TL3H + )
+ Py (SH;, treg) * treg)
1 J
= FZ[THH + treg — Pu(SHi treg) % Tran
i=1
+-Pn-|:w_:.|"|l'ﬂ x '[1 - Pll.l:'Sth trcq_]:l x .TI.EIH
+ Py (SHi ) % treg]
1 J
= =% [(1 = Pu(SHi,treg)) % Tran + Preweng % (1 — Fu(SH;, treg)) % Tpan
J i=1
+!:r:q|
RS : . . dy
= =311~ PalSHistreg)) % (Tizt + Pacuas X Tistr) + trgly Where 1 < j and by = 13-
i=1 1
'o‘ ilﬂl:ib:&!
¢ BMIERR 52
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T!heorem 3 Assumed that the data size of a SU, is d; and the total transmission time of d; is Trpr,
where Trrr is derived from from Theorem 1 for the case of the SU, _is in_the non-overlapped area
and Theorem 2 for the case of the SU, is in the overlapped area, the|throughput|T' Py (the SU, is in
the non-overlapped area) and T Py (the SU, is in the overlapped area], are derived as follows.

TP = — e X J f (14)
g:l((l - PH(SHI)) X TL?H + t-req)
dy X j
Th =3 , . . (15)
gzl((l - Pi(*SHi- treq)) X (TLQH + Pnew_eNB X TLEH) + f-req)
where 1 < < j, treg = 5.
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Simulation results

e Simulation environment
+ NS2 2.31, cognitive radio module, and EURANE module

Parameter Value

BS transmission range 50 km
Network size 500500 km
Secondary users speed 0-100 km/hr
Number secondary user 0-20

Spectrum sensing period | 40 ms

Spectrum switching delay | 10 ms

Handover delay 200 - 350 ms
Packet size 1500 bytes
Simulation time 100-1000 s
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Simulation scenario
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The performance metrics

The total transmission time (TTT) is the time interval of the data transmission between a
pair of a SU and a corresponding node, C'N, through the old eNB or new eNB. The TTT is
estimated from the first packet transmitted from C'N until the final packet received by SU
through the old eNB or new eNB.

The end-to-end delay (EED) is the average delay time of every packets of a data which be
transmitted from a SU to a C'N by the old eNB or new eNB. If data sizes are same, the F'E'D
is large that represents the T'r of spectrum hole which be selected by SU is higher.

The throughput (TP) is total number of data packets which can be transmitted and received

between a pair of SU and C'N per unit time.

The number of spectrum mobility (NSM) is the total number of spectrum mobility during a

data transmission between a pair of SU and C'N.
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Number of spectrum mobility
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‘ A System Demo

T—  p—

Scenario 2 DEMORJH 7y
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Conclusion

e In this talk, a cross-layer protocol of spectrum mobility (layer-2)
and handover (layer-3) in cognitive LTE networks is introduced
for the “green communications”.
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