Ny, BIEILAS

°t @HITIRER

Department of Computer Science and Information Engineering,

Chapter 8:
Relay-Assisted Protocol of Spectrum Mobility

and Handover in Cognitive LTE Network

Prof. Yuh-Shyan Chen

Department of Computer Science and
Information Engineering

National Taipel University



Outline

e Introduction

e Related works

e Motivation and basic ideas

e A relay-assisted protocol of spectrum mobility and handover
e Simulation results

e Conclusions

Ny, BIELAS
¢ < FMIERR

Department of Computer Science and Information Engineering, NTPU



Introduction

e Cognitive radio
e Military network
e Integration of leased wireless networks

e Spectrum utilization
e 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)

Medium Use

Sparse Use

Frequency (MHz)

‘ References: FCC. ”ET Docket No 03-237 Notice of inquiry and notice of proposed Rulemaking”. November
2003.



LTE systems

WLAN
IP ACCESS

S %

(a) LTE systems core architecture

1 slot (0.5ms)

(b) LTE systems spectrum architecture

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 4
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Introduction (cont.)

e Relay
e Improve performance without extra bandwidth
e Static relay
e Dynamic relay (mobile user act as relay node)

sy Relay link

(‘f)i w—r Access link

Extend coverage

ik
Owvercome excessive shadowing

References: Teyeb et al. ’Handover Framework for Relay Enhanced LTE Networks”. 2009.



Cognitive user (SU and RN) architecture

SU RN
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Network Layer

MAC
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Software defined radio (SDR)

e SDR components
+ USRP+RFX2400
+ GNU radio

e SDR applications
+ Access different network by reconfigurable technique
¢ Spectrum sensing
¢ Spectrum analysis
¢ Spectrum decision
¢ Spectrum mobility

References: “USRP & RFX2400%, http://www.ettus.com
“GNU radio”, http://gnuradio.org 7
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Implement environment

e IMS server e MN, HA, and AR
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References: “USRP & RFX2400%, http://www.ettus.com
“GNU radio”, http://gnuradio.org
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‘ Spectrum sensing and spectrum distribution

Frequency

g\ new eNB

3*RB
(RN;) ~
SH, 1 slot (0.5ms)
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Related works

e There are some literatures for layer 2 and relay-assisted channel

selection 1n cognitive radio.

e Jo et al, "Efficient Spectrum Matching Based on Spectrum

Characteristics in Cognitive” IEEE Wireless Telecommunications
Symposium (\WTS 2008)

— According the service required time select a spectrum hole.

o Jia et al., ”Cooperative Relay for Cognitive Radio Networks” IEEE
International Conference on Computer Communications

(INFOCOM 2009)

— According history information to predict the spectrum hole idle time and
selection.
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Jo et al., ”Efficient Spectrum Matching Based on Spectrum Characteristics in
Cognitive” IEEE Wireless Telecommunications Symposium (WTS 2008)

e / denotes the spectrum hole holding time.
e B denotes the spectrum hole bandwidth.
e Every user has service data, respectively.
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Jia et al., ”Cooperative Relay for Cognitive Radio Networks” IEEE
International Conference of Computer Communications (INFOCOM 2009)

e S denotes the source node and R denotes the relay node.
e T1 denotes the time slot 1 and P1 denotes the packet 1.

e Every source node uses a relay node to transmit data.
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Motivation and basic ideas

e Most literatures are not consider layer 3 handover issue.

e In the flexible bandwidth condition, the transmission rate of
every spectrum holes 1s different, the maximum idle time
spectrum hole selection scheme may decrease the successful
transmission rate and increase the transmission time.

e Improve performance through relay-assisted.

e According to located area, the proposed scheme evaluates the
expected transmission time of all spectrum holes (free and RN)
with the channel characters and user condition to achieve the
layer 2 spectrum mobility and layer 3 handover.
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System model

IMS | ternet
Server ° SGi
()
g5 AA_SS
MME,/S-GW, @@Eﬁ MME,/S-GW,
SHa Sha
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Overview

IMS
Server *

S5 S5
MME,/S-GW, %ﬂs& MME,/S-GW-

CHq
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CH.
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Protocol Comparison — max idle time

2 CH;

2

= CHs

=

5 CHy

2.

A CH, | 1=6s.T;=5s (3*RB) o

CH,
L CH,

(a) Select channel with the maximum idle time

1=10s,T;=65 (2*RB)
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Protocol Comparison — min expected transmission time

CH,
CH;
CH.
CH; | Te=5s(3*RB)

Spectrum bands

CH,
L CH,

(b) Select channel with the minimum expected transmission time

Ty=6s (2*RB)
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Protocol Comparison — proposed scheme
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Contribution

e Layer 3 handover with the adaptive spectrum resources and
before the signal strength down to the threshold.

e Layer 2 spectrum mobility with the characters of spectrum holes
to avoid frequently spectrum mobility.

o The relay-assisted minimum expected transmission time predicts
the spectrum holes usage and availability 1s efficient than the
selection scheme with the maximum 1dle time.

e Improve performance through relay-assisted which with rich
resource.
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Outline

e A relay-assisted protocol of spectrum mobility and handover
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A relay-assisted protocol of spectrum mobility and
handover in LTE systems

|
e There are three operation phases

e Environment observation

Information of
spectrum hole.

e FEvaluation and transmission SU requirement,
and RNs.

e Computation and analysis

Environment observation
phase

Spectrum mobility
or handover Evaluation Computation
(through RNs) & &
--------------------------------------- transmission analysis
phase phase

-~ - Available

spectrum holes
and RNs.
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Environment observation

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

e d,: current service data size IMS

e /m: the number of resource block
be occupied in unit time in

spectrum hole i.

£ 3
o

= £ , N
= T T g SHi R
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Computation and analysis (cont.)

|
e In this phase, the transmission rate, required time of data

transmission, and the probability of spectrum hole unoccupied 1s
analyzed.

e Some communication formula 1s needed.
e Signal strength to SNR

dB = 10log SNR

e Shannon theorem

C = B x logy(1 + SNR)

e Poisson distribution
k
(AT)" _\r

Pk, T) = e

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. 23



SU located in the far away from overlapped area
I .
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SU close to the overlapped area
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Evaluation and transmission in the first case

e The expected transmission time of SU service data T,

if SU located in the far away from overlapped area then
for all spectrum holes of free and RN, do
if specturm holes of RN, then

evaluation T;(SH,) = 1y, + e jlq) z +(1= B (m,t, )< Ty
else
evaluation Ty (SH,) = — & (1= B, (1, £0)) < Ty
£, (my, rreq) <R
end if
end for

end if
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Evaluation and transmission in the second case

e The expected transmission time of SU service data T,

elseif SU close to the overlapped area then
for all spectrum holes of free and RNs(include RN, and RN,)) do
if specturm holes of RN, then

, d , ,
evaluation T(SH.) = 1., +— ! +(1-P(m.t_)~T
E( i FA -FLUJ'{;-, !'L,,eq) . R:- ( uL P yag /- LlH
elseif spectrum holes of RN, then
1 I 1 (f 1 1 I
wvahation T.(SH,) = ., +—— -+ (1-P(m t, N<Tyo +T
€ E( i RN, .([L(Hfj.,fmq)ij ( u( i Treg S lpag LifF
else
valuation T,(SH,) & +(1—-P(m.,t_))<T
eval S .) = — - X
B i %(”fj-,rmq) XR:. u P Tyag /- LlH
end if
end for
end if
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Evaluation and transmission in the third case

e The expected transmission time of SU service data 7',

else
for all spectrum holes of free and RNs(include RN, and RN ) do
if specturm holes of RN then

d

evaluation T.(SH.) = t.,, + d +(1-P (m, .t «T
E( z) RN Pu (Hfz--, rmg) "RE. ( u( i re‘q)) LiH
elseif spectrum holes of RN then
. . : d C
evaluation T,(SH,) = 1, +——— -+ (L-F (b, )< Ty + T,
» P (mg,t, )< R
elseif spectrum holes of free and located in serving eNB then
d
evaluation T,(SH,) = ! +( =P, (m.,t, ))~T,
: By ) R ) e
else
d C
evaluation T,(SH,) = ——— 4+ (L-B,(n b, ) < Ty 0n + 1T,
; B 1) R o Lomr Tdpam
end if
end for

end if
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Example — close to the o

verlapped area

N

Signal strength = 10 dB
SNR,, =10log,,(10/5) = 3.01

Data =10 Mb

Ay=095
}u.3=95

Ry= 1440 (Kbps)

Jo— 125
b= 120

=170
=10

> P, (SHs, tre)) = 0.045——» Ty (SHs, t,eg) = 158
treg =711 (s) (SHs  fre) £(SH: beg)

Ry = 1080 (Kbps)

%, — 48

| Spectrum bands —|

> A =33

> PF SH‘),I,-.., =01684FT SH ,E =5649
breq =948 (s) /(SH: q] £ (SH,; H’G]

R, = 2¥180%logy(1+3.01)
=720 (Kbps) -~ - LN = EL x14.2)

\"\ }L| =30
Unit time : 1000 (s)

Data =10 Mb H

4f Signal strength = 15 dB

SNR 45 =1010gyo(15/5) = 4.77

3*%h

o Pu SH 4 E,-ﬂ = mx ’ 1000
1 =10 (Mb) /720 (KB L+ te) = e e
~14.2(s) = 0408

—_— TE (SH] N t."r.'q) =34.82

SH,
RN i
( -%/,f’ 79:;= ig R = 5%180%log,(1+4.77)
; 4= = 1980 (Kbps ppy
SH, 1_ 5*RB =15 : _;l?‘“’) P (SH' £10) = 0.714 ——»| T4 (SH's. 1)) = 7.625
-E‘ SH; (RNZ) ?L;I 15 rrﬂq e (S)
S e
g ) 4*RB \\\
'E SHI (RNJ) .
% i Ay 10 R 5= 1584 (Kbps)
- . WA= 75 = s e e e
SH \ 3 P (SH Y, 1) =0.216 —— T (SH, tre) = 30.327
J_ 1 \\ kg=gg f;w =6.46 (S) ( 2 ;) E( w.r)
=

Unit time : 1000 (s)
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Example -- 1n the overlapped area

Signal strength =10 dB
& g Data = 10 Mb H

SNR,, =10log,, (10 /3) = 3.01

R3= 1440 (Kbps)

> P (SH, , 1) =0.045 — T{SH;) = 158

=34.82

T troy = T7.11(8)
%
5
3 Ri = 2%180*l0g:(1+3.01)
! g = 720 (Kbps)
E - » P, (SH, . t,.) = 0.408 — T;(SH,) = 0+ 10(Mb) / (0.408 * 720)
2 treq = 10 (Mb) /720 (Kb) +(1 = 0.408) * 0.05
& = 14.2(s)
4

Signal strength =15 dB
' : Data =10 Mb
SNR 45 =10log)g(15/5) = 4.77

-‘/A,x’ §§= {8 R = 5%180*log,(1+4.77)
S = 1980 (Kbps
1_ S*RB =15 : _;l?pb) > P (SH ., 1) = 0.714—» T((SH?) = 7.625
s gr| &N Ere IPEETIT
2 e
= s gﬁ Y . 1584 (Kbps)
8 2 s =75 2= D) b SH ) - 0216 TW(SH%) = 10(Mb) / 540(Mb)
& I . [ A=60 (e = 6.46 (5) «(BH2, L) =0 +10(Mb) / (0.216 * 1584)
n ol ag=32 +(1-0.216) * 0.05 +0.35
SHi|  4*RB =0 = 30.327
e Ri=1584(Kbps) oo
. =0 e =646(s) TS " \TH(SH )= 0+ 10(Mb) / 1584 + 0.35
“N[AE0 - 6.8146

Unit time : 1000 (s)
Unit time : 1000 (s)
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Outline

Simulation results
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Simulation results

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

Parameter

Value

BS transmission range

50 km

Network size

300x300 km

Secondary users sensing range

1 km

Secondary users speed

0-50 km/hr

Number secondary user

0-20

Spectrum sensing period 40 ms
Spectrum switching delay 10 ms
Transfer delay 10 ms

Handover delay

200 - 350 ms

Packet size

1500 bytes

Simulation time

100-1000 s
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Simulation scenario

MME/S-GW MME/S-GW

| NB @ ¢NB .
| | |

MME/S-GW

(a) Scenario 1 (b) Scenario 2
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Comparison

|
e Scenario 1: proposed scheme, min expected transmission time

and max 1dle time scheme
v" Total transmission time (TTT)
v" End-to-end delay (EED)
v" Throughput (TP)
v" Overhead (OH)(number of spectrum mobility)

e Scenario 2: proposed scheme, min expected transmission time
and MIPv6 scheme
v" Total transmission time (TTT)
v" End-to-end delay (EED)
v" Throughput (TP)

v" Overhead (OH)( number of spectrum mobility and handover) — proposed
scheme and min expected transmission time

Ny BUREXS
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Scheme comparison - TTT

e Total transmission time vs. data in scenario 1 and 2.

12000 T T T T T T 20000 L I I I
| —=— Proposed scheme —=— Proposed scheme
— 10000 1{ —%— Min expected transmission time - 1 —=— Min expected transmission time /
3 H —8— Max idle time £ E 15000 H —HB— MIPV6
2 sow & | e .
= /Ef'/ £ 'z
= -
5 o - N = - s
0 S | E
E 4000 /'/%ﬂ/ _’é:::__,---' I 0
- F, _,-o-'_'___.--'r_"_' c
g A’Eg E 5000
[T 2000 q/ifﬁf _,TE
° = (]
S :
0 T T T . : 0 . . .
10 15 20 25 20 35 40 45 50 10 15 20 25 30 35 45 50
Data size (Mb) Data size (Mb)
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Scheme comparison - EED

End-to-end delay (ms)

e End-to-end delay vs. number of primary users in scenario 1 and

2.

125

Proposed scheme

—+=— Min expected transmission time

=
(4,

T 5 Max idle time /
)/ ]

e

\\

27

Number of primary users

(ms)

End-to-end delay

510

1l Proposed scheme /
450 | —=—Min expected transmission time

—E— MIPv6

450 /B//JZI'
420 /,[a/ /

T e, oA

T
390 7 y=u
P
) A 7

260 = E—— o

1 2 3 4 5 5] [ B 9

Number of primary users
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Scheme comparison - TP

e Throughput vs. number of primary users and data size in scenario
|1 and 2.

9 L L L 8 I I I I I I

—— Proposed scheme H ——— Proposed scheme
8 —*— Min expected transmission time —~2— Min expected transmission time
—B— Max idle time - —=— MIPv6

— P 1 | |

5 .y i —

—— i N
(.
-— w
—?—{\ﬂ————_m —
.

-

Throughput (Mbps)
/%
/
Throughput (Mbps)

1 2 3 4 5 6 7 ] g8 10 10 15 20 25 30 35 40 45
Number of primary users Data size (Mb)
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Scheme comparison - OH

e Overhead vs. data size in scenario 1 and 2.

50

50 T T T T 40 I I I I I I
—— Proposed scheme —— Proposed scheme
2wl —=— Min expected transmission time /E | —=— Min expected transmission time /A
% —F— Max idle time /E?r’ . 30 /f“’f_,
E % NEy S b
‘r."E; /Ey//:fyf = 2 ; ﬁ
a P S Ay
m 20 e o ot
E 0 /EV > 10 XHP_J_:.
N = B
= W- — ?:f
04+— . . . : . 0 : . . . .
0 15 20 25 30 3 40 45 50 10 15 20 25 30 36 40 45
Data size (Mb) Data size (Mb)
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Conclusions

|
e The relay-assisted expected transmission time of spectrum holes

is not only for layer 2 switching the spectrum bands, but also for
layer 3 to determine the handover base station with the minimum
expected transmission time of spectrum hole.

e The protocol consider the remained service data size and the
flexible spectrum hole size. The result of the selected spectrum
hole may get more opportunity to finish the data transmission.
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