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Computer and control science

Ambient *Teleoparators
. B
Intelligence fryiectidivarel

Electronics engineering
Sensors

« Microslectronics o \

Telecommunications
*Mobile communications

*TLC networks

*Signal processing
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Components

System

- Smart materials

- MEMS tech. & sensor tech.
-Embedded Systems

- Ubiguitous Communications
-1/O device technology

- Adaptive software

AMBIENT INTELLIGENCE

- Natural interaction

- Contextual awareness
- Emotional computing

- Media management & handling

- Computational intelligence

uosiad/1asn

Platform design

L | Software & Service Architectures, Design, Engineering and

Integration

Experience prototyping

INTEGRATION

* Robot-Robot Communication
= Supervision and control of Service & Mobility &

production processes

= Virtual Environments
= Smart Home

= Smart Office

* Digital Assistance

= Digital Cinema

= Wireless Networks

= High-speed Networks
= User Interface Design

<® 229> Aml 28 7|&E TRE

Manufacturing Logistic

Home&  Ambient LfeSdience &
Work Intelligence
Infotainment & Civil Defense &

Education Environmental
Protection

* Navigation (global and local)
= Supply Chain Management
* Smart Objects

* Monitoring of patients

* In Body Navigation

* Wearables / Smart
Clothing

= Sensors (Smart Dust)
= Biometric Devices

= Tracking

= Life Cycle Monitoring

<2¥ 2-30> Aml $-§ BREF 4~8 V&
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Components for Ambience

Components for Intelligence

Smart materials that can emit light efficiently; e.g.
electronic wallpaper or large synthetic foils that
can emit light, materials that can be used for
touch and tactile movement, and synthetic
materials that enable mass storage and
processing of digital data, and that can be
integrated into fabrics

MEMS and sensor technology, including ultra low
power (mechanical) effectuators, sensor devices
bridging befween the physical world and the
cyberworld, i.e., fouch, vision, smell, and
technology for the integration of smart materials,
micro systems, and microelectronics into systems.

Embedded Systems development technology for
re-configurable real-time embedded computing
platforms, for remote diagnostics and repair of
embedded systems, and o build in security and
trustworthiness to embedded systems.

Ubiquifous communication including ubiquitous
pico-radio networks for active and passive
tagging, Internet accessibility for any physical
object, and ubiquitous broadband access fo
content and dafa.

1/0 device technology that supports ubiguitous
hands-free speech control, ubiquitous touch pads
and whiteboards, and can turn any sutface into a
display.

Adaptive soffwarethat is self-managing or has
self-adjusting capabilities that can detect and
adjust fo the health or otherwise of its
environment, re-allocating resources as required
and automating much of the system configuration
work that now has to be done manually

Media management and handling including
presentation languages that support “produce
once” and “present anywhere”, methods and
tools fo analyse content and enrich it with
metadata, and tools to exploit the Semantic Web.

Natural inferaction that combines speech, vision,
gesture, and facial expression into a fruly
infegrated multimodal inferaction concept, that
allows human beings to interact with virtual worlds
through physical objects, and that enables
people to navigate the seemingly infinite
information they will be able to access.

Computational intelligence including
conversafional search and dialogue systems,
behavioural systems that can adapt to humcnn
behaviour, and computational methods fo
support complex search and planning fasks.

Contextual awareness, for instance systems that
support navigation in public environments, e.g., in
fraffic, in airports and in hospitals, service
discovery systems that enhance the shopping
experience, and confexi aware control and
surveillance systems.

Emotional computing that models or embodies
emotions in the computer, and sysiems thaf can
respond o orrecognise the moods of their users
and systems that can express emotions.
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User-centric participation

Aml environment aware of:
e user
* application
¢« environment
+ performance constraints

Technically feasible
Usable, acceptable & useful

Adding social & economic value
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“Efficient”

1: Maria: 3:Carmen:
personal traffic
ambient optimisation

communicator

Individual Community

2: Dimitrios: 4: Annette and
connecting Solomon: social
people and learning by connecting
expressing people and creating a

identities “Sociable, community memory
humanistic”
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3 Hj2-9] AAT FHTh — Artificial Intelligence Group in the Informatics Department, University of
Minho
2o AAA Aml #AE dF 223 Fa Ao E] Z2o|th — AmlI-07-European Conference on Ambient Intelligence

— Sensami-a congress on ambient intelligence

Alcatel-Lucent Research & Innovation. Ambient Services Group. — AITAmI-Workshop on '"Artificial Intelligence Techniques for Ambient
AmlVital. Spanish project to develop intelligent services for elderly and Intelligence"

disabled. — IJACI-The International Journal of Ambient Computing and Intelligence
Autonomous University of Madrid - AmiLab. — JAISE-The International Journal of Ambient Intelligence and Smart
Carnegie Mellon University. CyLab - Ambient Intelligence Lab. Environments

University of Deusto, MoreLab -- Mobility Research Lab. — AISE-Book Series on Ambient Intelligence and Smart Environments
Fraunhofer Institute. Ambient Assisted Living — Io-T.org-Internet of Things :mainly based on Ambient intelligence

Fraunhofer Institute. InHaus

European research project on ambient intelligence middleware

Kingston University London, Ambient Intelligence Research Group. 4, A5 2vE T
MAmI -- Modelling Ambient Intelligence -- UCLM, Spain.
MIMOSA project - Microsystem Platform for Mobile Services & Application - ARUE AFE 24

MINAmI project - Mlcro-Nano integrated platform for transverse Ambient

Intelligence applications AFUEE AR Sre daAdd A AlghEe] BY T TEY wAAE
MERL. Ambient Intelligence for Better Buildings. 71 Al e Bdo® AHoE=d, o Al A AFUBREE Aeule
MIT Media Lab. Ambient Intelligence group. 2 dZ8e 289 ARFUER AgsE gk e olH AR mde fuH
University of Palermo. Department of Computer Engineering. Distributed B2 738 A AEsle] Algtm AFE dulolA el AH|AE0] fr)FoR
Artificial Tntelligence group. Afste] ARUE B Pk U AAZO RN, Mase DAY AR
NTT Research. Ambient Intelligence Research Group FAlol 2FA ARAE AT & J=E YT

Philips Research. Ambient Intelligence Research in ExperienceLab.

University of Reading, Ambient & Pervasive Intelligence Research group. 71Z9] Bal AFE HHS o]&-5td] o83t AT AU AE st} s, AR
SERENITY Security & Dependability in Aml, + AHl2r a7+ dinket o2 A AE S8 ZRIOWS A %}6}0401: sk, o] &
SWAMI: Safeguards in a World of Ambient Intelligence. 4 ZRIOML AMH|at Aestelol she BE ¥ 2 2 i AHE BRAL 5
Tampere University of Technology, New AMbient Multimedia Research S35tofol g} olnf AT A H|A e BEFEL} HE-S wET] st AH|~
(NAMU) Lab. £ ARUER mdgFgonn Mujze 9F EACAY JFFE & YEs Mus
GECAD - Knowledge Engineering and Decision Support Research Center A8 S AlFstn, G AFel diste AEoR fA"E 4 J=E AFUE
CETpD AFE AlxFo] g Vs AYSEE sk B 2¥H Fo] ARUE AF
GREC - Qualitative Reasoning and Learning Systems Research Group B 2dg o443 AFUE AFE A" A4 2 Fie Fgozrne A4ggg 7
LST - Life Supporting Technologies Akl Au)2 ERE A3 ARFUEE 94, ARUE /A9 HH S T3l
Ajou University, CUSLAB - Well-Being Life Care Research Aulx B E 2%tk aeln O AnE g4kl o U AMHls BRE 445
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A1A Edd @ Es sad 4E W
— A 8] 2 FF(Service Category: SC)= AMH|2x e} EY /e o=
2 OJEEA MEAZS IMT2000 MENZE A3 48 ~9ege 23t FoR oA Aul2d Fsd A Holy £Ed Edy Zande T
71 918 ITU-R M.1390 @Aicte] RAF A o 7)o WAE wHoz M2023 A% 238l7] 4% Zolth & <& £, SC19 A Au2 Fels Hu vE 7
groll ] 2ol Ed sg@o] MM 2 o We 7 #7432 BN EEE7F 30Mbpsell A 1Gbpsell o] == “Za1& dEmH "o a B F
o) AHlzE ByAow Agatas 7 #7 YelAel 72 Auzd g Jd £ R OaE ot ohg Bt A Feg 2aE SRl BE Aus
A e w3 B tste] 2dEYe FHA ey Antt 2dF 540 ol
e SE 9 g4F Ao YEAZE TATC e FU4E BEHOR o
AAZ F= ek HHd il EFAE £ AdEgg 2gds] dAd) <E 41> AF= 2R
M1768 B et A= ANE HH-S AT Traffic clasg Conversational| Streaming Interactive | Background
Service type
Super-high  multimedia SC1 SC6 SC11 SCl6
A & An2E A% FHE LR %S FAE7] Al [TURAA 44 % High _multimedia sC2 sc7 sC12 sc17
~ B _ _ ~ Medium  multimedia SC3 SC8 SC13 SC18
Tl (beyond IMT-2000)2 ¢ A3 2 EY LS Avtels S Fa 9o ILow rate data and low multimedia SC4 SC9 SC14 SC19
WPANSE 359 44T o] EEAL 295 AE A& AF8" Zoloh AdE Very low rate data"’ SCs sC10 SC15 SC20
W ocagel A AAE dgdl v B4 A8E Jton du
— Au|x e pRe e mel 7o)
e A ol gue) pre oe Ee 2
_ e
A A <E 42> AHlx sl 250 A HES
,7/\11180112 olel o
e % 29 A Service type Peak  bit rate
- 2¥ER AL dus Very low rate data < 16 kbit/s
Low rate  data and low multimedia < 144 kbit/s
. = - ° - Medium multimedia < 2 Mbit/s
EF Ao EY AN PHe) ARAA Bge ol a6l gt
High multimedia < 30 Mbit/s
Super-high multimedia 30 Mbit/s to 100 Mbit/s/1 Gbit/s
— 19A: AH2 FH, AH2 @, A § ATG A €]
— 287 A" AA dolH 24 - By 2R TR 0w BT}
— 38 Al AN a2 TR g8 8FHe EdE A o W8 Aua (4 23 5
~ 4RA: 2HN S RATGE 24 PR Aus (@ A, AR Aels] B4 F)
- sed EdE e Adster Bad Asd £3 24 . mmam AEa
— 62 RATG 29 3k AHEH 4~ QF o WA A2 (67, SMS 5)
- 72 2o% 24 ALEINY, B¢ AA, HAAa 75 2 ER B
- 8&A: AAEY 287 A
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Step 1: deflinitions

a) scrvice categorics (SCs)

b)service environments (SEs)

¢)radio environments (REs)

d) radio access technology
groups (RATGs)

v

Step 2: analyse the collecled

market data

Step 3: compute traffic demand by
scrvice environments and scrvice

categorics

Step 4: distribute traffic among
RATGs and within each RATG

RATG No. 1

J RATG No. 2

Step 5: determine system capacity
required to carry traffic

!

Step 6: spectrum requirements for
RATG No. 2

Step 7: apply necessary adjustments
guardbands

—multi operator

— minimum deployment spectrum...

A

Step 8: calculate aggregate
spectrum requirements

Step 9: speetrum requirements

1768-02

<a¥ 41> ~HdEH A e
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of

£ w@o]Y olFEEd wE olF4 FF PR e 2

AA/HY (0 ~ 4km/h)
A% (4 ~ 50km/h)
4 (50 km/h ~ )

— A2 37 (Service Environment: SE)-& AL-&-2}71 A B 22 AME-3e A3
O AYe] EdY 220dS TR TF AH LS A A 21S
eEh ], A AR FEjel B Az 2F o R FeHch AH| A ALE

2l

e
TE %

b

9 % (Tele-density: AH&2$k AR o] W) WE BRe thd7 72k

EEER=RE
9] Fel 7}
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o) BF R4S meld ANs 87 PED ANs 838 A8a g
S8 Al aE A7 olde] ¥E 9 2o
<H 43> A~ B TR
Teledensity Dense urban Suburban Rural
Service
usage pattern
Home SEl SE4 SE6
Office SE2 SE5
Public area SE3
<XE 44> AH| 2 FAH S B2 ALz 25 EE 4
User groups Applications
SEl | Private user, business user Voice, Internet access, games, e-commerce,
remote education, multimedia applications
SE2 | Business user, small and medium size Voice, Internet access, video  conferencing,
enterprise e-commerce, mobile business applications
SE3 | Private user, business user, public service Voice, Internet access, video conferencing,
user (e.g. bus driver, emergency service), mobile business applications, tourist
tourist, sales people information, e-commerce
SE4 | Private user, business user Voice, Internet access, games, e-commerce,
multimedia applications, remote education
SE5 | Business user, enterprise Voice, Internet  access, e-commerce, video
conferencing, mobile business  applications
SE6 | Private user, farm, public service user Voice, information application

o
=3}
e

=P T A . )
%)

%7 (Radio Environment: RE)-2- A 8] 2 E7 ol 4] AFE-RLo|A] A H] A
F8ky] A A 1= #AE Aotk jm R, violm R, H=, A
A AZSRE AoE ~"ER AL Al
A A A WL gy 2o

<¥ 45> REZ Hr] 4 B4 (km’)

RE Tele-density (/kmz)
Dense urban Sub-urban Rural
Macro cell 0.65 1.5 8.0
Micro cell 0.1 0.1 0.1
Pico cell 1.6E-3 1.6E-3 1.6E-3
Hot spot 6.5E-5 6.5E-5 6.5E-5

7 A BT AH

rig

7

of W3 AH&A 7w A WG|t o

A WAg AR, 747ke) 3

714 00] elmlalE AL dW REZ}F @ SElM PEEA ghischs Aol
<H 4-6> 7} SBellA d% 75 @A At AWM A WES
(20151 <) 7471<=)
SE RE
Macro cell | Micro cell Pico cell Hot spot
SEL 100 90 10 80
SE2 100 90 20 80
SE3 100 95 30 25
SE4 100 ki 0 80
SE5 100 50 ki 20
SE6 100 0 10 50
— RATG(Radio Access Technique Groups)2 3| o]%F B Al&4S FE3=
Aol 2 FRE oo 2ok
o IF 1. IMT o|& A"zl IMT-2000 Al2El 2 O 3% 3 Al2E
e I1F 20 IMT-2000 o]F A]AE
© 0% % 71EY RAAN 2 nms Asg
- 05 4 OA" $5 AsdH 2 Es Asd
S HEL 77 38 2RATG 2)¢F 22 3(RATG 3)dll s ZAHAEA dein
HEo|t}.
<® 47> RATG29] 3t g73E A sdetmgs
Parameters Macro cell Micro cell Pico cell Hot spot
Application data rate (Mbit/s) 50 100 1 000 1 000
Supported mobility classes Stationary/ Stationary/ Stationary/ Stationary/
pedestrianlow | pedestrianlo pedestrian pedestrian
high w
Guard band between 0
operators (MHz)
Support for multicast Yes
Minimum deployment — per 20 20 120 120
operator per radio
environment (MHz)
Number of  overlapping 1
network deployment
ARl G0 A §4e ~dAEd A Ald ElE mejselel dot whet

A EfE fas AR @4d st gt 2y dA 29 E" 48



= Z+7ve] RATGS 71538 A3 dAd tis) AadEch ~9E=" 29+ 7+ B4 Service environments
=1 X AL 5 %] o) = o A AEo wE EAN @g N Dense urban  Dense urban  Dense urban Suburban Suburban Rural
A5 WA A A AEH 28 dAFe B2 F4 g2 dd HomeSE1  OfficcSE2  Public SE3 ~ Homc SE4  Public SES SE6
A2 29 FAA TP 2 gol HaHt mekA Ans gFAY EdTe . ol
ralfic
A gste 54l ?E]El?“ﬂ @'ﬂ'%q —L Hohﬁ o] 1‘4—% ‘j'la:! o 01]/\]5—401 9;)]\]—4' ‘Iraffic distribution
RATG among RATGs
2. A& Ag A Traffic Al B2
T " Tralfic distribution
REs within a RATG
g Ag AR £4% 2o Besit U4 BdE §os 50 o . =
raffic
23 2 1 1
Aggrcgation of
* S8 (@pplication): 3h1he) $§& BE MUAES AU BRE 2 taffc over ST in
cach tcledensity
o Al shtel S8 SYHom FASRE AHMAER THED. 3
L AHE BRA d7EHe BE AMHAES AR S44d4 Fdstn Spectrum !
=949 SASS 2ed -
Choose maximum T,‘hoose maximum
o AF &4 s E: SR A AR A% ARREH g 5 Specttum rquirements
for a teledensit
g)\q—. = = y -
_ EIRES
« EdF &4 FavE: MHl20 EE SA4d BAHY Ved FES | le .
2 ; Speetrum Spectrum
B A3 3} Ao}, = requirements requirements
B deldn of RATG 1 of RATG 2
1768-03
Og 2de A ARE BAse H4S At . <19 42> SE RATG, RE Apeldl o =a% £
Step 2:
o 1t % o
ble > Specity tratfic > o Mg
List up ttribute val £ each Specily market attribute
Applications/Services atiribute vaiuies ol eac values of cach service
service
Step S: Step 4:
Calculate market le—] Map the services into
attribute values per each service category per cach
SC and SE SE
1768-04
<a% 43> A% AR B9 dwd 33
# 9, gg B 8/AN2 BRe 2w 244 g oo
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<F 48> oAl SE&/ MU ERe} 25

o Ay 44

Applications Services Traffic_attributes
Mean service |Average session
bit rate duration
Existing \Voice (multimedia and  low rate data/ 64 kbit /s
applications ~ [conversational)
Video phone (medium  multimedia/ 384 kbit/s
conversational)
IPacket M, 1 kbit /s
le-mail
(very low rate data/background)
\Video mail 512 kbit /s
(medium multimedia/background)
Mobile broadcasting 5 Mbit /s
(high multimedia/streaming)
Internet access 10 Mbit/s
(high multimedia/)
Town monitoringVoice (multimedia and  low rate data/ 64 kbit/s
systems conversational)
\Video communication 384 kbit/s
(medium multimedia/conversational)
Medium rate data  transmission for town 384 kbit/s
information monitoring
(medium multimedia/interactive)
ILow rate data  transmission for Reservation 1 kbit/s
of restaurants, etc. (very low rate
data/interactive)
File transfer  (super-high multimedia/ 50 Mbit/s
[packground)
oe EE 7 AUAE Aus g 2dE R BR @ Aotk o xol
}o mE ANAES E 416 WRHolo} sck o] FelAE 7 Anzd] g
A &4 FE BoFa ok 4 dAdAE 24 SC, SE, 717t Wi A &4
Fhol AxtE.
<E 49> 201599 SCI3 2 =& 74 Aol Wi stgg = A 54
SC | SE User Session arrival Mean Average Mobility ratio
a | m density rate per user service session | Station | Low High | Super-
(users/k | (sessions/h/us bit rate | duration ary high
m?) ers) (kbit/s) (s)
13 1] 299945 2.65E+00 1372.5 623 66.1 23.4 104 0.0
13 2| 858085 3.24E+00 13725 539 67.0 279 51 0.0
13 3| 56159.5 2.89E+00 13725 644 36.7 45.2 18.1 0.0
13 4 6601.8 3.45E+00 870.3 44.8 62.5 25.0 125 0.0
13 5| 17283.8 3.72E+00 888.5 44.8 400 20.0 35.0 5.0
13 6 1312.5 3.44E+00 936.2 46.0 36.0 15.0 400 9.0

AZNA AN BREOS A AEe WY Aus BRe BRHE 2 A

20 ARgAE A geltt. U, = 4 AH 2 3t e dEe AHA dE ot

Um,t,n = ZUm,t,s

sen
A2 F/H] AMEAE AR HAES o] AHlA EFd B A AqHke
AgabR AR AR AFRZE FAA ggeltk 4 Mulzd ti stEA=
AR BRolth. Q2 7 AH|2d] i ddEE AM EAg ot

ZUm,t,st,t,s

Um,t,n

HE
o
e
o
N
o
i
N
>
=

>4
k=)
o
£
o,
i,
fr
Y
o
~N
)
o
I

_ Um,l,st,l,s

Wmtn = Zwm,t,sum,t,s Wint,s = U
m,l,an,l,n

v
m
=

= 2 EdY
W AlbEer HAStE BE AAY Ho 7|k Felth Q.= 7 AH]2d
g ddse doly Mg
— - U,
Tmitn = zwm,t,Srm,t,s Wmt,s ZM
Sen ’ Um,l,an,l,n“m,z,n
AH) 2 BRe] o] FE (mobility ratio)® I AHA BE Ese 2 AH| 29
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k. MR_market, = Z+ A R]220] 3 A5 o] F T o).

MR_marketm,t,n = Z;Vm,t,sMR_marketm,s

sen

<FE 410> MH| 2GRN Auls BFel e A A=

Service category| Service environment
SE1 SE2 SE3 SE4 SES SE6
SC1 ULt 2,1 uUé.t,1
QL1 Q2,1 Q6,1
ult1 u2,t,1 ué.t,1
rlt,1 2,t,1 r6,t,1
MRIt,1 | MR2t,1 MR6,t,1
SC2 ULt2
QLt2
ul,t2
R1,t2
MRI,t,2
SC3

Z g7
dch webA SER Ef¥e RATGH Efj¥os T 22d 5 gtk Efy 221
< A8 oo AREe) AHgHT
* H 469 AMH2= B4 Ao A4
° X 479 RATG A< 34
e F 4109] ol& 41ZH SC¢ SEol o3 =AY HE
© X 4129 7F5F RATGE Alolo] Bibg

SC7b #A Balow ~AFYHE A, SE molAel SC nel FAE WE
&7} RATG rats} RE po] 4l/AE]| @ A&7 t2 2477} Az

i,

(1) 7lFs ¥ RATGAlo] 9] #4545 A%t

— 99 —

ol®l RATGS RE®] o] Fol4l SEolA Fold Auxs BHE A
o}.
o] SES} 6709) SC, Shibe] RATG, hbel A&A7ke] Bk & o o]

£AE AW o AL BAEel 0oln, bsd 2Fe 10

<E 411> 194 EfE 22 &A% F,

ko] RATGSF A 44 7

=

3 7k5 3 SC, SE, RE9] =

Service SE1 SE2 SE3
category|Macro| Micr | Pico | Hot [Macr| Micr| Pico | Hot |Macr|Micr | Pico | Hot
o spot| o | o spot| o | o spot
SCi 1 1 1 0 1 1 1 0 1 1 1 0
SCx 0 0 1 0 0 0 1 0 0 0 1 0
SCs 0 0 0 0 0 0 0 0 0 0 0 0
SCy 0 0 0 0 0 0 0 0 0 0 0 0
SCs 0 1 1 0 0 1 1 0 0 1 1 0
SCs 0 0 0 0 0 0 0 0 0 0 0 0
T B2 RATGE Ateld] Edy £4F A& ¢330 RATG #4182 7t
T ¥ 2t RES} SElA 9] 7hdk RATGH #AHTh o B AFER 4ES 9
¢ o8 dAeuEolr.
<E 412> 5% RATGAR] o] 418 o
Available RATGs Distribution ratio (%)
RATGI1 |RATG2 | RATG3 |RATG4|
1 100 - - -
2 - 100 - -
3 - - 100
4 - - - 100
1,2 20 80 -
1, 3 20 - 80
1, 4 10 - - 90
2,3 - 20 80
2, 4 - 10 - 90
3, 4 - - 10 90
1,2,3 20 20 60
1,2, 4 10 10 - 80
1,3, 4 10 - 10 80
2,3, 4 - 10 10 80
1,23 4 10 10 10 70
(2) REGIA ] &3k-& A%t
olFmet AMAA MEL 7S E, RES Atole] Ed® EiH-E Ao
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Epicotehs = MIN(Xpico + X, MR_s11)
Emicro = M Xirg, (MR_sm + MR_Im) = &picosns)

"i-::s = ipz(o&f:s . A‘(E:S"H‘(_}(_s::o e 4\,5)

= = 7 I8 M el
Spico ;pzfo&?-.s ' A_szco-‘ (:\_.:;:'ro ‘Y-:s)

3 il — . -
Smacro 1 “picodhs — ‘—micro

71 Xt 7 REGl o3t AHeAt AweA MR gols, MRE 7t ¥ 2]
# OJFE W&E UEdt Pl 2545 Y REA AL WRE b
=

=3
ol AALL, o]F=It F55 AT £E olFde] & Aotk

SC n, SE m, RATG rat, RE p, A1zt 72t toll i3t & ®
o5 2

Y

g A

2ed
HE
o
o
flo

Pm)r;n;mt;p = Smnratp [—-"m;m ' (;),mi;n

A7 U, = 72 SColl s gsts AMHlAE] AMEAF "Ee Foli, Q2 A
421 AH WA E(session/(s user))olth & W, AT AH HAL 2w
).

Pf

mut.anrat,p

=P

m.tnrat,p

’ ‘4(/' P

A7M AyE A WA () e

(4 2= =¥ A5
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\ r
Td.r.n.i‘m.p - Z Pm.r.nJ'(rr.p“'m.r.n]m.r.n
med

AN py B AR 71 7H(sec/session)o) L, 2 HE Muls A

o,

o

e
R

Eal

=
>
=)

EF% ~AEY F3F ALY

Z+ SC n¢] QoS S8 FA}

7}
Fg AR

7} RATG rat, RE p, 4 9% d, Al 4 to] sl
re

FEs: wAHE 2T e AAS] A% As9 &

fox

1 AR An|zd A AL
AME AAM thF AHRES TP ST

© M/G/1 #Y RS A%
o EPAA LA Az
olel Azl 27

A =27 e A=

g AR A A

s AP A AEE VIEFH

o« ZHIP HA 9 Ao FEE Fo Av A A A

. SC etnHES Al AHEF

[RUREE SO A

AP 97 BAEE e B 7N s, & B A7 27](bit/ packet)]
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5 _ Td.f.nnmtnp
Mdtnrat,p =

v — = £ al )
Ca Lrat,p.ps — max (€, Ch...., C Nps )

IP 7 Al Dne oy A% o] AxH §3 CE ol &alt SCnol e, 3

9 Al A Dn(Cndl 2Z=E= SCnol 348 A
& ZolM Cnd & FHTh

@ QoS ¥, $AA

_ Cdffnﬁp
d.trat,p= N ot
d,rat,p
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047]/\ﬂ nd.mf,.p% ijj]E

il
=

agATE o

o
=3}

ol <Jghet.

< 413> 2015 RATG20] that ~HEH F& A4

Spectrum Usage)-2> §13L,

gtk o] wo AR

Fd,mm.p:

shubel Fx RF 943 B g nodsw o

=Fa; rat,p’ ..A?\Fo

Hxwel Ad g Foloh

2

£ A 59

Fatrap=MinSpec,q p [F dtratp MINSpec,;, p—|

sz sage A

smA mE %ol MW 5 gon=, RE B WS I

7} B

-

=
5=

HA e,

gz gt 2ok o714

A=gg A

EEEFERUREE R

Tele-density Radio environments
Macro cell | Micro cell | Pico cell | Hot spot
Dense urban 425 55 7 8.25
Suburban 425 55 7 8.25
Rural 425 5.5 7 8.25
5. Wad =4
AR AL Alele]  BdI RATG Alele] Af=g ~HEH ALE(FSU: Free

3ok of

Nj= ARALL) S0l

i

1 o

ol
o

Fd,m*m = Fd,mmzacm *+ FdJ, ratmicro lllaX(Fd,I‘,)‘m,pl'CCl» Fd[,mz,fwzxpor)

s 719] Abeiate] 58
2o,

FE AR He Atele] w

Fa{ trat

Fa’,t,m:

= Fa’;n rat - Np

= Fd,r,mt +(No— 1) Gry
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FSU7L obd gl disld Az watat §41 mwe] hal ~=w sa i
Zo Fardch A wd BAdE An 9T WA AL JFoR 3
3, 54 9T o4 Ax g9Eg Wew sk AdY JFow ddh T o
Hetet old] §4 AN 2 G E FAM b 2 g dadc

NS O BFA A AT B

ALk & AWHED 22y 9 3 Mul2e F45 dEAE el AMula FE(-
2Mbps)o]ar A H 5 =

(SC 13)°ll 3ﬂ%"5]' , THERA °]°ﬂ g FAS BT = A 7 Mujx
7t BdgE +

A7) e N B4 MulzdA WPANG #AE 48 FH5FE Aoz, 7
3t @7 RE pollAls AHlz @73 SE mell Adaglol stagted sl@dch. o o

WPAN 323 B4 99 Hol= 100 m 2 714 $ho}.

~AEY 209% AHS] AANE A BF Anae] A AusE A
&4 ghEol TAlAel BTk E 492 o FEA ARl HF AF £4 Folnz
A

Sk geh A #7 Auat FUES Jwe

U dolHe AME 5 9,,11‘4-. T3+ Bluetooth=

v 2% A FHelA A EGT YA

-2 RATGH gk A5 steke|gddl, 97]- = WPAN Fd Bluetoothel] tf

g A5 S EHE AT WA FUdlA AMEEHE FUE FAl o 0% ©
=7] 7} BluetoothE A|-P3lar ¢l o™, WiBro ©Z7]¢] ALz WAHe 9laz, =
EXR AFHAE Bo] WA= FAcl7] WEolth @A WPAN W2 ZFd 7174
o] A=t e AME-HE WA Anh, &8 maEalde] x| ¢fo} AR Filo] H
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A s g gelth Wibro 49 B obd Abg]
<

<X 4-14> WPANZ| Bluetoothel] tdt &4 Ietng

Bluetooth
Attribute Value

Cnit Hot Spot
Application ~ data rate Mbit/s 0.723(rka)
Supported  mobility classes Stationary/ pedestrian
Guardband  between operators MHz -
Minimum deployment —per operator MHz 84
per radio environment (7] =715 2.400-2.4835GHz)
Number of overlapping network No. -
deployment
Possibility to flexible spectrum usage Boolean No
(BU)
FSU  margin Multiplier
Area  spectral efficiency bit/s/Hz/cell 0.0052
Area spectral efficiency for multicasting bit/s/Hz/cell
Typical operating frequency MHz < 6,000
Support  for multicast Boolean possible

the EE 1Y B3 ANAE 9 WPAN(S S, Bluetooth®] 79) Wad 4
8 FRs qGBL $EFH] 4D 4D 54 gEolth BF 99 AMAE 3
b

A9 HEE o g5 28 FAFE AL Wol, o FEANH L o5t
g o FEsh RE] Ulg $ik&, AdAzl wE Asg §3 AdRd 2,
HEAE, # BEse deE, wae, B4 9%, G2 54 g6 g 2
Ag B2 melsA @t 0g E 4168 HolE A4gol 723Kbpsel WA 19]
Bluetooth® A-8F 75, A9 #73 An2E A% 2 A2 BHNA 8] WPAN
N R R
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<% 415> A9l 373 Mu|~E 9]5 WPANO] thdt A

& &4 % M)

App

A )
.pp Services SE X
licat . Market  attributes
. s: index m
0ons
) Mobility rati
Bessilon Average ’ l(i’/y) e
U densit arrival Mean . & MRO
ser censtty rate/user service bit | ooon i
Umngs Q i duration
2 mt,s s
(s | oo =| @) Hnts | Stationary
) (s/session)
user
1 3 3 723,000 3 100
2 8.6 3 723,000 3 100
1AW FA A4 /43 73 5.6 3 723,000 3 100
G7H/14124) z 0.6 3 723,000 3 100
5 1.7 3 723,000 3 100
6 0.1 3 723,000 3 100
B} , 3 5.6 0.04 723,000 3 100
ek = 014 /A A
27b AA A4 /44 5 1.7 0.04 723,000 3 100
(170/2441 2F) 6 0.1 0.04 723,000 3 100
3= A 3 5.6 0.08 723,000 2 100
HEVEE:
(171/121 28) 5 1.7 0.08 723,000 2 100
6 0.1 0.08 723,000 2 100
1 3 0.04 723,000 33 100
2 8.6 0.04 723,000 33 100
43N A A 3 5.6 0.04 723,000 33 100
(IMB*37/ 2441 71) 4 0.6 0.04 723,000 33 100
5 1.7 0.04 723,000 33 100
6 0.1 0.04 723,000 33 100
1 3 0.25 723,000 2 100
2 8.6 0.25 723,000 2 100
;ﬁ 522 /A 1A Fl 3 5.6 0.25 723,000 2 100
T (17441 %) 4 0.6 0.25 723,000 2 100
ki 5 1.7 0.25 723,000 2 100
2 6 0.1 0.25 723,000 2 100
9 / 2 86 0.16 723,000 2 100
A | eLeMolEF A% 3 5.6 0.16 723,000 2 100
3 (13/6417}) 5 1.7 0.16 723,000 2 100
& 6 0.1 0.16 723,000 2 100
= - 3 5.6 0.08 723,000 5 100
B A Z s A A
754 igf’i 5 1.7 0.08 723,000 5 100
(131/12413t) 6 0.1 0.08 723,000 5 100
S s An 1 3 5.6 0.04 723,000 2 100
J 5 1.7 0.04 723,000 2 100
(131/24412F) 6 0.1 0.04 723,000 > 100
2 8.6 0.16 723,000 3 100
9.AANE/ AL S [ 3 5.6 0.16 723,000 3 100
(13)/6413}) 5 1.7 0.16 723,000 3 100
6 0.1 0.16 723,000 3 100
1 3 0.16 723,000 11 100
2 8.6 0.16 723,000 11 100
1025 A% 3 5.6 0.16 723,000 1T 100
(IMB/641 7) 4 0.6 0.16 723,000 11 100
5 1.7 0.16 723,000 11 100
6 0.1 0.16 723,000 11 100
L e
; . X
(48714871 2) 6 0.1 1 723,000 2 100
. 3 5.6 0.02 723,000 3 100
125398 A5 y
(1514812 5 1.7 0.02 723,000 3 100
a 6 0.1 0.02 723,000 3 100
F 2 8.6 0.125 723,000 3 100
E 1844 2 3 5.6 0.125 723,000 3 100
Bl (131/8413) 5 17 0125 723,000 3 100
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licat Ser.nces B Market  attributes
. s: index m
0ns
Session N Mabll;y ratio
. arrival Mean Ver.age (%)
User density . . session MR
rate/user service bit X
Ungs duration
1100m?) Quts rate g N }
(s (sessions/(h x| (bit/s) mts | Stationary
(s/session)
user))
6 0.1 0.125 723,000 3 100
1 3 0.33 723,000 2 100
2 8.6 033 723,000 2 100
142 Y (F)2e 3 5.6 0.33 723,000 2 100
(13]/34 7 1 0.6 0.33 723,000 2 100
5 1.7 0.33 723,000 2 100
6 0.1 0.33 723,000 2 100
2 8.6 0.33 723,000 2 100
15.0] 4] PC H.<¢F 3 5.6 0.33 723,000 2 100
EVERED) 5 1.7 0.33 723,000 2 100
6 0.1 0.33 723,000 2 100
] = 3 5.6 0.04 723,000 3 100
16‘(‘1,%)&“ - 5 1.7 0.04 723,000 3 100
(121/244121) 6 0.1 0.04 723,000 3 100
Q 2 8.6 0.08 723,000 5 100
= 17. 27 e 3 5.6 0.08 723,000 5 100
(13171241 71) 5 1.7 0.08 723,000 5 100
6 0.1 0.08 723,000 5 100
2 8.6 0.08 723,000 5 100
1845 FF <l 3 5.6 0.08 723,000 5 100
(13171241 71) 5 1.7 0.08 723,000 5 100
6 0.1 0.08 723,000 5 100
qn o |2 8.6 0.02 723,000 3 100
RAT=I /AT 5 5.6 0.02 723,000 3 100
B B 5 1.7 0.02 723,000 3 100
(13]/484171) 6 0.1 0.02 723,000 3 100
3 5.6 05 723,000 2 100
2059 Hebdel 5 17 05 723,000 2 100
(131/2713) 6 01 05 723,000 2 100
1 3 0.02 723,000 3600 100
= 2 86 0.02 723,000 3600 100
B, 202 34 4 0.6 0.02 723,000 3600 100
(13748471 5 17 0.02 723,000 3600 100
6 0.1 0.02 723,000 3600 100
P 1 3 0.02 723,000 1800 100
(%T/\i Sf]l ;) 4 0.6 0.02 723,000 1800 100
u 6 0.1 0.02 723,000 1800 100
1 3 0.33 723,000 2 100
2 8.6 0.33 723,000 2 100
23.AA/7+=% W AA 3 5.6 0.33 723,000 2 100
AR (13]/341 31 4 0.6 0.33 723,000 2 100
P/ 5 1.7 0.33 723,000 2 100
Py 6 0.1 0.33 723,000 2 100
= 2 8.6 0.02 723,000 2 100
= 243 Fmg 3 5.6 0.02 723,000 2 100
(1314841 71) 5 1.7 0.02 723,000 2 100
6 0.1 0.02 723,000 2 100
2 8.6 0.08 723,000 2 100
25.%338/014d &7 |3 5.6 0.08 723,000 2 100
(1311241 71) 5 1.7 0.08 723,000 2 100
6 0.1 0.08 723,000 2 100
2 8.6 0.04 723,000 2 100
26,015/ deE B2 | 3 5.6 0.04 723,000 2 100
(13172471 71) 5 1.7 0.04 723,000 2 100
6 0.1 0.04 723,000 2 100
A 1 3 0.16 723,000 1200 100
o | 27ACIESI] Mul 2 Ty 86 016 723,000 1200 100
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App .
licat Ser.nces e Market  attributes
. s: index m
ions
Session venee Mablz;y) ratio
. arrival Mean . 8 0
User density . . session MR
rate/user service bit .
Un,es duration
/100m> Qmes rate 1
(s | oo =| @) Mnts | Stationary
(s/session)
user))
3 5.6 0.16 723,000 1200 100
= 4 0.6 0.16 723,000 1200 100
* X &
(231270 /244138) 5 17 0.16 723,000 1200 100
= 6 0.1 0.16 723,000 1200 100
<
o/ 1 3 0.06 723,000 10 100
E 3 .06 X
A 2sgATE ME
# 5] * ©) 2 8.6 0.06 723,000 10 100
B (1§‘] 107H/7E) 3 5.6 0.06 723,000 10 100
4 0.6 0.06 723,000 10 100
5 1.7 0.06 723,000 10 100
6 0.1 0.06 723,000 10 100
_ 1 3 0.5 723,000 3 100
Bl 2 8.6 0.5 723,000 3 100
2| 2927 g e 3 5.6 05 723,000 3 100
Eu (1§]/2/\] Zl') 4 0.6 0.5 723,000 3 100
B 5 1.7 0.5 723,000 3 100
6 0.1 0.5 723,000 3 100

<HE 416> /A FAH AMH|2E 93 7 Aju2 T A 9 WPAN A8 Fub
(723kbps 2] Bluetooth Ver.1.0-2 AF&3 o o)

SEp | Unitn| Unt Qmt | Qmin Homtn Tmin | Unin @men |Unin @min * Fy
MminTmin (Hz)
1 33 0.004058 0.000123| 64.88706 723,000 0.00405833) 190,390 21,856,667
2 172 0.014201] 8.26E-05 47.59882 723,000 0.01420194 488,745 56,107,654
3 [151.2 0.012016| 7.95E-05 27.82071 723,000 0.01201666 241,708 27,747,914
4 6.4 0.000811) 0.000123 64.8870¢ 723,000 0.00081166 38,078 4,371,333
5 | 47.4 0.003657| 7.68E-05 37.04519 723,000 0.00365736 97,958 11,245,474
6 2.9 0.000215| 7.44E-05 41.5859¢ 723,000 0.00021569 6,485 744,498
o)A T ANMY 428 FHF 4E FAHE GEA WPANY A FA 7b
% Ao 100m*(10m X 10m)2 =322 7 SE nodl g 428 Fi4 o=
S 7t B Wmel A 2 dart gtk &, didd =41, we =4, A=A
ool wel 7t Aua B WE 48 FiE dUEse 4T WLl gk
weba] A9l FH AMEAE g WPAN 428 Fo4 fldZe 7k Auls @4
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<E 417> A A MH 25 A 7 qu A A 2] WPAN 48 o
(3Mbps 9] Bluetooth Ver.2.0+EDRS A1-§-3F o d))

SE |Untn| Unt @mt| Qmin Fmin Tmtn | Untn Qmin |Unin @min ® Fy
HmtnTmin (Hz)
1 3B 0.00406 | 0000123 16222 | 3,000,000 0.00406 197,500 5,530,000
2 172|  0.01420 | 8.26B-05 11.900 | 3,000,000 0.01420 306,997 14,195,913
3 [1512 | 001202 | 7.95E-05 6955 | 3,000,000 0.01202 250,734 7,020,557
4 66 | 0.00081 | 0000123 16222 | 3,000,000 0.00081 39,500 1,106,000
5 476/|  0.00366 | 7.68E-05 9261 | 3,000,000 0.00366 101,616 2,845,240
6 29| 000022 | 744E-05 10.39% | 3,000,000 0.00022 6,727 188,367
2 A BA ANAE AF oFEEAN =AY 2 £ qIE ¥
A &7 Aulzask ol 5B A2 TS B o] nAL FFE AFeA] 9
8 WA oldlel ® 4183 2ol & A 87 Aulzd g3t o] BEA =
]
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<HE 418> A &4 AH|2e olFF4 EE fLa

Applications Services s: index | FEEAN For
1Ay FA A4/84 (F1/17) 01
224 A A4/ 4 (17124413 01
3ERW A A4/47F (171/12413Y) 01
43494 A F4 (IMB*37/24417H 01
5.8/ AH 14 29l (17 /4417h) 0.1
Azaz,  |edvolHE AY (18/647h) 01
JAAR 72317 WAL (13]/1247D) 05
85324 8 (13]/2443h) 03
93418 /A4 b (13/6413h) 03
10X 8 A7 (IMB/6417H) 0.1
1L ERAE $3/AF (487174842 01
125948 A5 (13]/4847) 01
1337 A (13/8417h 02
uzd@ae 18/347) 02
15.0]4 4] PC et (1373421 0
AR e [16GLF) AT ¥R (151/2443) 02
17.27] T (13]/1243h 02
1845 FF <l (13)/1247h) 02
198942 =27]/v F (135]/48417h) 0
20539 Betde] (13]/247h) 0.1
21TV, 299 A (1§]/48/‘]Zl—) 0.1
22TV AY (13] /48471 01
Ayes  |DALEE AAA (1317342 0.1
24 FE (131/484 7 01
25.F55/0l4 27 (18]/12/47) 0.1
26,015/ L BT Be] (1512447 01
AolEglol; |27 A1ESN0] N A (28*27)/244] 2H) 1
AR B 284 A g vl 2 (13*107]/74) 1
73 29.2% 4 #= (13/2413h 01

2A8 AB7L ofdlsh 2ok
A Edo] wes ol 4 o FE

(ITU-R Report M.2072) o] 5 Xu|=d] 23 %
AL 48 2FERH g Fo] hEdE Feth. ® 4194 2 AH|Zd tE] <]
87 A agke] Bt BAE 0] ik
<E 419> 44T O BEA 4R FoE AE A ndH Aus BF
Seq. Representative name of Seq. Representative name of
— application/service - application/service
1 Voice telephony 50 Game data download
2 Voice service 51 Download service, e newspaper
3 VoIP 1 52 Music download
4 VoIP 2 58] Video streaming and download 1
5 VoIP for long distance 54 Video streaming and download 2
6 Videotelephony 1 55 Download media
7 Videotelephony 2 56 Video upload
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8 Hi-quality video phone 57 Interactive gaming 1
9 High quality videotelephony 58 Interactive gaming 2
10 Videoconference 59 Slow scan surveillance
video/Industrial controls
11 High rate 60 Low data rate transaction e.g. RFID
multimedia/Videoconference
12 Video interactive, videoconferencing | 61 Medium  data rate monitoring and
transactions
13 High quality videoconference 62 Machine to machine services
14 Multimedia phone 63 Telemetering
15 SMS 64 Health monitoring
16 Alarms, Voice control 65 Monitoring ~ for uploading video data
17 Voice messaging 66 Telemedicine
18 Low  priority e-mail, SMS, MMS 67 Health care/health check, remote
diagnostics, medication information,
medical data  provision
19 Low  priority e-mail, SMS, MMS, 68 Exercise monitor and  instruction
LBS
20 Photo messages 1 69 Exercise  monitor, uploading
bio-medical or physical data
21 Photo messages 2 70 e-learning, conversational  service
22 Communication/ messaging 71 e-learning,  video streaming service
(MMS/IMS/SMS)
23 MMS 72 e-learning,  background service
24 Video  messaging 73 Life/education/ /remote
monitor/control, information search,
e-learning, news/weather
25 Communication/Web browsing 1 74 P2P file transfer
26 Web browsing 2 75 Collaborative ~ work including
multimedia information exchange and
file sharing
27 Browsing 3 76 Collaborative working  (application
sharing) 1
28 Browsing 4 77 Collaborative  working
(applicationsharing)2
29 Browsing 5 78 Collaborative  working
(applicationsharing)3
30 Business intranet/extranet 79 High  volume business applications
31 Mobile Internet/intranet/extranet 1 80 High volume business applications
and collaborative working
(applicationsharing)4
32 Mobile Internet/intranet/extranet 2 81 Collaborative ~ working
(applicationsharing)5
33 Lottery  and betting services 82 High volume business applications,
file transfer and collaborative working
(application sharing) 6
34 Secure  M-commerce, M banking 83 High rate data transfer
and business applications (upload/download)
85) M-payment 84 Business applications 1
36 Mobile commerce 85 Business applications 2
37 Public/electric  vote, E-government 86 Personal/asset/fleet tracking
38 ITS (navigation) 87 ITS  probe, back ground service
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39 Location information service 88 ITS probe, interactive service
40 Location  based service/location 89 Observation/surveillance by video
search, navigation, traffic information, camera (Network-camera)
point of interest
41 Location base service/browsing 90 e-emergency  rescue, streaming service
42 Mobile  TV/broadcast IP TV 91 Emergency/disaster/ disaster
prediction/notification, emergency
information
43 Mobile HDTV and video 2 e-emergency  rescue, wideband
conversational service
44 Internet radio 93 Robot security
45 Video/audio/TV streaming 94 Consumer  and business mobile
Internet
46 IP  broadcast HDTV and video 95 Low rate data transmit e.g.
monitoring
47 High volume streaming 96 Secured transactions  (biometrics)
48 Entertainment/movie (video 97 IP Web radio
streaming)
49 Entertainment/broadcasting ~ program
(video streaming)

® 4183 195 wms] Y, /Y FF MulxEs Ay~ 543 WPAN #
olFF4l HMEN=Y o] B HFHA, 4 o)sFA AulaE me ¥
ZRo TRHE AL & F Urk wEkA A FA Auj et 440 o] F T Al
B 2o Qa AAE £ & glom, B3 44 o5 T4l Mulae g F
o AN &7 Aulze Ygol dukg T3H JeAS & F goh weky 2
AFels AR EF Auzrt A o)FETAE Fag g E FA A wAs
das BAstE Zlo] otz Ha dlolH AE £E7F 1.3Mbpsed 71 $HE A
B 25 4 o]F5A A2EdA AT Fd 285 Fi4 dgEgs
Axrditt 22 fgE9 AR 7124 AEE 44 ) FEAN FH5 HYE
Well E3Hslo] gle Aotk /A &7 Mulzd Had a4t 05548 Fo4
£ ES) A o B9 ol A &4 S HR et o FelA AR |
= B dolE &%, olEE ITUY AE (3] Hd9S AMgdh

O FEAE Fure A s B2 42871 e Fo] A7t 9iH =ARY
olm, o] MY Ze] A= A8 Fug UlgZo] Hum, A 4 Mujse] Ao
= 294" =4 Ao Ak A 3 w2 ko] B44 g o)&dTh A
Ao e AulzlA MRS T ool F46 FHS ALk T3 mE Au|sd hF
dlol8 Mg £=7b AEsd, 49 FHER 408 Fus YE2S A 9 o
o X ITUA A ~HER B840 AHEHTH
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<E 420> A B AAE AF o) EFA AL 4 @
(2015 w2 7hdA W=e] A5
App .
licat Ser.nces B Market  attributes
. s: index m
ions
SeS§ian Mezm || Avems Mobility ratio (%)
arrival . . MR
User service | session
. rate/user . .
density Umy Q bit duration Stafio super
(users/lkmz) mt rate 1 Mn low | high ; _P
(sessions/( (kbit/s) | (s/sessi nary high
h x user)) it/s) | (s/session)
1 29995 0.3 1372 15 0.66 | 0.23 0.1 0
1A F2) A4/44 [ 2 35808 03| 1372 15| 067 | 028 | 0.05 0
(107/0.54] 24 3 56160 03| 1372 15| 037 | 045 ] 0.18 0
2.2k Al elal/dA 3] 56160 | 0004 | 1372 ] 15] 037 ] 045 ] 018 ] 0
(570/6413)
3= 24 /4 3] 56160 | 0.008 | 1372 ] 1] 037] 0457 018 ] 0
(171/0.541 )
1 29995 0.004 1372 16 0.66 | 0.23 0.1 0
LA} A DL 2 85808 0004 | 1372 16| 0.67 | 0.28 | 0.05 0
(@MB*107/24/] 7} 3 56160 0.004 | 1372 T6| 037 | 045 0.18 0
r 1 29995 0.025 1372 1 0.66 | 0.23 0.1 0
B 591/ 914 2 35808 0025 | 1372 1] 067 | 0.28 | 0.05 0
kg (17H,/0.241 21) 3 56160 0.025 | 1372 1] 037 ] 045 018 0
N
A/ sagmoe= ad 7] 85808 | 0016 | 1372 | 1] 0.67 ] 028 0.05 0
. - 3 56160 0.01 1372 1 0.3 045 | 0.18 0
K R T ol 172 ] 057 0s5 [ 0rs]
Xj TEAA] dRAL 3] 56160 | 004 | 1372 | 25 037 ] 045 ] 048] 0
® (1351/84134)
x. S AR EH 3] 56160 | 0012 [ 1372 | 1] 037 045] 048] 0
(15]/873)
7] 85808 | 0048 | 1372 | T5] 0.67 ] 0.28 | 0.05 ] 0
93412 /A4l :
e = 3 56160 0.048 1372 15
fEr e [ Solo0 | 1] R N N
1 29995 0.016 1372 55 0.66 | 0.23 0.1 0
1075 A 2 85808 0.016 1372 55 0.67 | 028 | 0.05 0
(10MB/24 1) 3 56160 0.016 | 1372 55| 037 ] 045 018 0
TuEAs 234/A=% | 51 56160 | 01 1372 | T] 037] 045 0.8 | 0
(AA/0.241 )
DEAZ Q> 3] 56160 | 0.002 | 1572 | 15[ 037 | 045 ] 0.18 | 0
(131/1241 )
7] 85808 | 025 | 1572 | 15[ 067 | 028 ] 0.05 ] 0
13.8x}F AA : - A
b 3 56160 0.25 1372 15 0. 045 | 018 0
ke oo 172 07| o [ 015
29995 0.066 1372 1 0.66 | 0.23 0.1 0
14294 (&)2e 85808 0.066 1372 1] 067 | 028 0.05 0
(18] /14131) 3 56160 0.066 1372 1 037 ] 045 ] 018 0
7] 85808 | 0] 1972 | 0] 0.67 ] 0.28 | 0.05 ] 0
15.0]4 4] PC H<F :
AF 2 = 3 56160 0 1372 0 0.3 045 | 0.18 0
G TR [ So1o0 | 172 ] 05705 [ 015
Ve
/ 16.( )84T 9% 3 56160 | 0.008 | 1372 | 3] 037 ] 045 ] 018 ] 0
d P \ \ 7 07 | 028 [ 005 ]
iy 2 85808 0.016 1372 25 0.67 | 0.28 | 0.05 0
= 17.274 e r - =
= RETIRE 3] 56160 | 0016 | 1372 | 25| 037 | 045 0418 | 0
N 7] 85808 | 0016 | 1372 | 25 067 | 028 ] 005 ] 0
18.4% FF <kl :
bt = 3 56160 0.01 1372 25 0.3 045 | 0.18 0
i e [ Sele0 | o | 1372 ] 037 0% [ 015 |
7] 85808 | 0] 1372 | 0] 067 ] 0.28 [ 0.05 ] 0
193982 7] /v et 3] 56160 | 0] 1372 | 0] 037 ] 045] 018 ] 0
(1] /1241 74y

- 114 -




App P
licat Ser.nces H2 Market  attributes
. s: index m
ions
- po —
Sesfimn Miem || Avens Mobility ratio (%)
arrival . . MR s
User tofuser | SETVice | session
density Up, raQ ] bit duration Sific super
(users/lkmz) m rate g Mgt low | high | .p
Gesics (kbit/s) | (s/session) nary high
h x user)) M
20293 Borae 3 56160 005 | 1372 1] 037 | 045 ] 018 0
(151/1412)
= 1] 29995 | 0002 | 1372 | 1800 | 0.66 | 023 | 01 ] 0
21TV, 2t A3
’ 2 85808 0.002 1372 1800 0. 0.28 | 0.05 0
N | | 172 057 [ 0351 035 |
22TV AY 1] 29995 | 0.002 [ 1372 ] 900 | 066 ] 023 ] 0] 0
(13] /244 74
1 29995 0.033 1372 1 0.66 | 0.23 0.1 0
23,49/ 71 WA 2 35808 0033|1372 1] 0.67 | 0.28 | 0.05 0
A 121/1417t) 3 56160 0.033 | 1372 1] 037 ] 045 018 0
aL /
o — 7] 85808 | 0.002 | 1372 | T] 067 ] 0.28 ] 0.05 ] 0
o 243w 3 : - 3
2 (131720 21) 3] 56160 | 0.002 | 1372 | 1] 037 045 ] 048] 0
— B} 7] 85808 | 0.008 | 1372 | T] 067 ] 028 ] 0.05] 0
25858/ /0|4d 27] - =
{51/ 1412) 3] 56160 | 0.008 | 1372 | 1] 037] 045 0.8 | 0
- o 7] 85308 | 0.004 | 1372 | T] 067 ] 028 ] 0.05] 0
26,015/ f 52 BT ; ] 3
(=117 2) 3] 56160 | 0.004 |_1372 | 1] 037 045 ] 048] 0
1 29995 0.16 1372 900 0.66 | 0.23 0.1 0
A 27 A o Esllo] Au] A 2 85308 016 | 1372 900 | _0.67 | 0.28 | 0.05 0
a] (23)*67H /2471 7F) 3 56160 016 | 1372 900 | 037 | 045 | 018 0
1=
4 1 29995 0.06 | 1372 51 066 | 023 0.1 0
o]/
B sgAR Au
A (18)%1074 /72)
Eu 2 85808 0.06 1372 5 0.67 | 0.28 | 0.05 0
B 3 56160 0.06 1372 5 037 | 045 | 018 0
A 1 29995 0.05 1372 15 0.66 | 0.23 0.1 0
A 29. 27 e B 2 &ESOS 0.05 1372 15 0,97 0.28 | 0.05 0
s (13]/27124) 3 56160 0.05 1372 15 037 | 045 ] 018 0
El
<E 421> $UMAE AHEY FL4 (bit/s/Hz/cell)
Tele-density Radio environments
Macro cell | Micro cell Pico cell | Hot spot
Dense urban 425 55 7 825
o]

FEAY B4 AL Sageld sz vhelazdoli o2z
= ASexs dvh webd F4 Ed¥o) o $Re Mm RPUHDE o
o e wE ol meh 2ol melwh.

<X 422> 7} REAol9] o)B% A4k

SE 1 SE 2 SE 3
X, 08 08 025
e 01 02 03
Xoiwo | 09 0.9 095
Epicogns | MN0.9.0.66)=0.66 min(1.0,0.67)=0.67 min(0.55,0.37)=0.37
s 0.66x0.8/0.9=0.60 0.67x08/1.0=0.54 0.37x0.25/055=0.17
Epico 0.66x0.1/0.9=0.07 0.67x02/1.0=0.13 0.37x0.3/0.55=0.2
Enmiero min(0.9,0.66+0.23-0.66)=0.23 min(0.9,0.67+0.28-0.67)=028 | min(0.95,037+0.45-0.37)=0.45
maero | 1-0.23-0.66=011 1-0.28-0.67=0.05 1-0.45-037=0.18

99 2% shebeesh A

mlo
o

oz B, AM TASE
FolthdA FAR Ed
WA 7],

w e}

<% 423> 7} SEol W2 dgvg gE9 At

SE, Unin|Unt Q| @mtn|  Hant Tmin| Umin Qmin Unin Qmin *
HmtnTmtn
1 329945 60| 18E-05 14276 1,572,000 60 1,171,755,642
2 1716160 256 | 15E-05 94.11 1,572,000 o 3,311,443,224
3 1516320 202 | 1.3B-05 7046 1,572,000 202 2,096,464 843
SE"’ ghs £Trm 67717',."7'0 £mn,r7'o Pmtnhs . Ay Pmtnpim . A Pmtnmf,rm . Ay mitnmacro « A,
1 06 0.07 023 011 0.002 0.001 0138 0428
2 0.54 013 028 0.05 0.009 0.005 0718 0.8
3 017 02 045 018 0.002 0.006 0911 2.369

<X 424> 7} SE9] EdiH-& 7

wek i g F AR Fas AL

RE P Tdtnp n thp (HZ) Tdfop ( )
hot spot 1,850,961 8 224,359

pico 1,490,886 7 212,984

micro 214,011,708 55 38,911,220 LR

macro 436,688,820 4.25 102,750,311
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