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2007d 3,714.9 1,301.0 9.2 3,568.5 697.3 7.8 1464 603.7
2008 4,220.1 1,311.6 0.8 4,352.7 735.2 5.4 -132.7 576.4
2009 3,635.3 1,209.5 -7.8 3,230.8 620.2 -156 404.5 589.3
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2017d 5,737.7 1,976.2 21.6 4,780.9 1,020.6 13.6 956.8 955.6
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| . P4 SAAHIA 3|H SHE

- 2015.128 | 2016.12% 2017.1@ 2017.2% 2017.38 2017.4%8 2017.5@ 2017.6% 2017.78 2017.8% 2
NSSA Ol=&3 | 58,935,081| 61,295,538| 61,518,184 61,769,144| 62,028,407| 62,253,218| 62,481,973| 62,663,686 62,875,569| 63,066,805| 6!
Wibro 775,997 583.717 568,149 551,215 530,474 510,671 489,926 469,994 454,222 433.216
Fi+38SY 309,893 286,314 283,595 277,876 276,880 275,706 274,359 274,325 270,378 267,621
FHSE 32,653 34,829 34,829 34.829 34,829 34,829 34.829 34.829 34.829 34814
SEE0E Sd 49,174 44,673 44,687 44,669 44,676 44,672 44,670 44662 44,663 44654
HE RUSH 19,872 16,695 16,402 16,102 15,951 15,818 15,049 14,881 14,836 14,587
# 0S8 AR BSX PC, 2 QOIEH 29, M2M ST 28
. OIsSSal JSHAMSE S|d S
> & 2015.128 | 2016.12% 201719 2017.2% 2017.38 2017.4% 2017.5% 2017.68 2017.78 2017.8% 2
SKT 2,455,465 1,979,138 1,951,591 1,923,183| 1.,896,043] 1,867,954 1,839,041 1,780,382| 1,721,568| 1,663,809
KT 0 0 0 0 0 0 0 0 0 0
CDMA LGU+ 1,781,447 1.307.188| 1,279,487| 1,249,719] 1,218,801 1,195,087 1,170.826| 1.141.647| 1,109,450| 1,078,604
MVNO 471,542 259,129 247,513 239,616 207,887 183,523 178,960 175,331 170,726 165,306
20 4,708,448 3,545,455 3.478,591| 3,412,518| 3,322,731 3.246,564| 3,188.827| 3.097.360| 3.001,744| 2,907.719] |
SKT 4,924,822 4,024,559] 3.937.154| 3.848.096] 3.748.802| 3.682.713] 3.611.066| 3.577.666| 3.524,592| 3.464.847| !
KT 3.033.836| 2.361,827| 2.,340,690| 2.324,073|] 2,322,768 2,315,440 2,313,633 2.310.731 2,308,040 2.306.418| |
ol SReE MVNO 4,577,974 5,053,435 5,080,834 5,092,245 5,112,721 5,147,191 5,164,475 5,182,064 5,182,012 5,192,045 !
s e, | 12,536,632 11,439.821| 11,358,678| 11,264,414 11,184,291 11,145,344 11,089,174 11,070,461| 11,014,644| 10,963,310| 1!
SKT 18,869,250 20,742,593 20,908,176| 21,084,786 21,250,088 21,384,696| 21,516,303 21,625,843| 21,767,608 21,903,632| 2i
& KT 12,239,286 13,348,414 13,436,884| 13,528,108 13,629,476 13,708,294| 13,778,470 13,828,033| 13,890,391| 13,947,377| 1.
LTE LGU+ 9,710,103] 10.691,230| 10,762,243| 10,849,919| 10,945,102 11,027,339 11,119,400 11,200,497] 11.,295,541| 11,378,835| 1
MVNO 871,362 1,528,025| 1,573,612 1,629,399| 1,696,719 1,740,981 1,789,799 1.841,492| 1,905,641 1,965,932| |
24 41,690,001| 46.310.262| 46,680,915| 47,092,212| 47,521.385| 47,861,310[ 48,203,972| 48.495,865| 48,859,181| 49,195,776 4!
SKT 26,249,537 26.746.290| 26,796.921| 26.856.065| 26.894,933| 26,935.363| 26.966.410| 26.983.891| 27.013.768| 27.032.288] 2
KT 15,273,122| 15,710,241 15,777,574] 15,852,181| 15,852,244 16,023,734 16,092,103 16,138,764| 16,198,431| 16,253,795| 1
eA LGU+ 11,491,544| 11.998,418| 12,041,730| 12,099,638| 12,163,903| 12,222,426| 12.290,226| 12.342.144| 12,404,991| 12,457,439| 1
MVNO 5,920,878| 6.840,589| 6,901,959 6,961,260| 7,017,327 7.071.695| 7.133,234| 7.198,887| 7.,258,379| 7.323.283|
A 58,935,081 61,295,538 61,518,184 61,769,144| 62,028,407| 62,253,218 62.481,973| 62,663,686| 62,875,569| 63,066,805| 6
SKT 90,916 78,047 77,323 76,550 75,685 74,879 74,147 73,432 72,778 72,129
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-8 2015.128 | 2016.12% 2017 @ 2017.28 2017.38 2017.48 2017.58 2017.68 2017.78 2017.88 2
SKT 152,935 188,846 221,187 226,133 211,056 163,934 166,011 160,762 154,966 168,971
KT 127,863 155,317 174,153 185,056 218,818 174,455 165,164 166,501 164,217 158,512
Sl LGU+ 146,627 124,583 113,021 133,869 144,549 123,706 132,058 126,799 126,784 121,039
MVNO 173,630 172,388 163.594 144,824 202,818 174,989 163,198 178,757 172,831 168,859
A 601,055 641,134 671,955 689,882 777,241 637,084 626,431 632,819 618,798 617,381
SKT 185,490 174,721 181,345 172,092 190,475 187,102 204,312 186,463 240,678 206,982
KT 149,127 132,716 139.068 128.627 135,892 132,109 146,048 133,059 170.745 144,318
BHE0IS LGU+ 136,485 124,092 129,366 122.019 134,657 137,443 141,352 130,587 162.495 140,784
MVNO 91,260 104,162 93,323 98,265 107,890 88,205 89,412 83,048 93,269 99,478
AN 562,362 535,691 543,102 521,003 568.914 544,859 581,124 533,157 667,187 591,562
SKT 407,837 391,366 354,024 338,448 339,118 498,513 372,309 356,853 461,905 352,860
KT 204,891 205,709 188,717 184,492 180.552 234,148 202,203 180,719 230,331 192,102
DA LGU+ 164,860 146,817 155,512 155,028 164,960 204,332 183,946 173,538 210,393 169,883
MVNO 1,990 4,145 3.808 4,494 4,486 4,287 4,273 4,588 5,784 6,007
2H 779,578 748,037 702,061 682.462 689,116 941,278 762,731 715,698 908.413 720,852
SKT 746,262 754,933 756,556 736,673 740,649 849,549 742,632 704,078 857.549 728,813
KT 481,881 493,742 501,938 498.175 535,262 540,710 513,415 480,279 565,293 494 932
& A LGU+ 447 972 395,492 397,899 410,916 444166 465,481 457,356 430,924 499,672 431,706
MVNO 266,880 280,695 260,725 247,583 315,194 267,481 256,883 266,393 271.884 274,344
& 1,942,995 1,924,862 1.,917,118| 1,893,347 2,035,271 2,123,221 1,970,286] 1,881,674 2,194,398| 1,929,795| ¢
& ABQUHY JIS R
-3 OIS®S SHECY)| RA AT 4
- 2015.128 | 2016.12% 2017.1%8 2017.28 2017.38 2017.48 2017.58 2017.60 2017.78 2017.88 2
SKT 20,622,367 21,876,776| 21,982,565| 22,088,123| 22,180,817| 22,233,216 22,340,177| 22,424,089| 22,541,568| 22,637.446| 2:
ADIER KT 13,407.355| 14,277.198| 14.327.461| 14.380.995| 14.435,349| 14.481.982| 14,516,017 14.,531.327| 14.570.476| 14.605.878]| 1«
LGU+ 9,638,077| 10,264,500| 10,317,791| 10,375,928| 10,429,933| 10.476,047| 10,544,430\ 10,605,781| 10,674.033| 10,735.779] 1«
| 43,667,799| 46,418,474| 46.627.817| 46,845.046| 47.046,099| 47.191,245| 47,400.624| 47.561,197| 47.786.077| 47.979.103| 4¢
SKT 6.056.346 5.330.492 5,288,973 5,257.484 5,201,079 5.178,186 5,111,605 5,049,193 4,972,922 4,895,088 ‘
. KT 2,848,858 2,398,462 2,384,617 2,366,347 2,370,748 2,376,705 2,377,210 2,384,592 2,386,275 2,382,779 p
rh LGU+ 1,087,655 752,361 726,569 701,984 665,084 636,229 615,930 595,855 572,688 549,946
g A 9,992,859| 8,481,315 8,400,159| 8,325.,825| 8,236,911 8,191,120 8,104,745 8,029,640 7,931,885 7,827,813 i
SKT 26,678,713| 27,207,268| 27,271,538| 27,345.607| 27,381,896| 27.411,402| 27,451,782| 27,473,282| 27,514,490| 27,532,534 2|
KT 16,256,213| 16,675,660| 16,712,078| 16,747,342| 16,806,097| 16,858,687| 16,893,227| 16,915,919| 16,956,751| 16,988,657| 1




M SLMU|A SA 82 20174E) \

|. 7 SUAHHIA ST S8

=¥ 2014.12% | 2015.12% | 2016.128 | 2017.18 2017.28 2017.38 | 2017.48 2017.58 | 2017.6W 2017.78 2017.88
AlLH & 3% 16,939,308 16,341,489| 15,745.961| 15.694,569| 15,653,507| 15,604,197 15,563,437| 15,533,998 15,480,309| 15,403,065| 15,314,278
ENS0IHYW 19,198,934 20,024,930| 20,555,683| 20,604,107| 20,724,595| 20,794,042 20,855,606 20,893,969 20,943,436| 20,995,642| 21,045,093
I Y& 3} 12,453,932| 12,458,208| 12,215,859| 12,206,296] 12,193,711 12,220,352| 12,201,483| 12,182,539| 12,171,794| 12,109,340| 12,012,762
I, AILHE St D12 At %=
8 2014.12% | 2015.128 | 2016.128 | 2017.1@ 2017.28 2017.38 | 2017.48 2017.5@ | 2017.6® 2017.78 2017.88
KT 13,712,765 13,149,712| 12,691,098 12,650,123| 12,613.684| 12,581,141| 12,554,143| 12,517,717| 12,478,669 12,414,127| 12,333.866
SKEZLHEC 2,731.880| 2.686.657| 2.556.125| 2.540,494| 2.528.357| 2.509.104| 2.494.341| 2.503.907| 2.493.362| 2.481,211| 2,470.714
LGU+ 494 663 505,120 498,738 503,952 511,466 513,952 514,953 512,374 508,278 507,727 509.698
g 16,939,308| 16,341,489| 15,745,961 15,694,569| 15,653,507 15,604,197| 15,563,437| 15,533,998| 15,480,309 15,403,065| 15,314,278
- KT | HStESHAIYE HIZR), FUEB A, ISONS B =12
- SKEZRCEE I Qe (AR HIZE), FUBY, ISDNE Bapt =T
- LGU+
CETad(Ee e, Yeens)
. BMH& I DID/OCDA K(E W =), DODTE H (MW =)
& DIDER SHEE NUATMA BA(KT, SKB, LGU+ =8)
& 2017 8W LGU+ AILIT S DRI TS R0 AN =25 HAIRLUCH(S= 5270059 — 5 8% 500.668%)
. ZDS0EHY O L +
= 2014.12% | 2015.128 | 2016.128 | 2017.1@ 2017.28 2017.38 2017.48 2017.58 | 2017.6% 2017.78 2017.88®
KT 8,129,482| 8,328,419| 8,516,496 8,525,896 8,546,988| 8,573,344 8,598,734| 8,619,656 8,639,823| 8,655,250 8,680,327
SKEZCHC 2,749,600 2.691,735| 2,672,905 2,670,779| 2.733,820| 2,736,449 2,739,967| 2,737.175| 2,738,991| 2,743,380| 2,746,043
SKT(THZ0H) 2,060,893| 2.344.322| 2.534,590| 2,544,797| 2.559.678| 2,573,656| 2,584,639 2,594,492| 2.604,978| 2.621,546| 2,635,977
LG U+ 3,014,196| 3,483,244| 3,611,199 3,631,386 3,652,584| 3,672,016 3,690,247| 3,701,956 3,719,236| 3,736,106| 3,747,991
g8t 7d 3,157,512| 3.110,211| 3,160,330 3,171,175| 3.,177,358| 3,184,820 3,188,491| 3,187,453| 3,187,559| 3,186,687| 3,184,202
JE 87.251 66,488 60,163 60,074 54,167 53,757 53,528 53,237 52,849 52,673 50,553
& 19,198,934| 20,024,419| 20,555,683| 20,604,107| 20,724,595| 20,794,042| 20.855,606| 20,893,969| 20,943,436 20,995,642| 21,045,093




Y ce BT oo MR N DS APE R

V. ZDS0EHY J|sYAE 2T = )
2= 2014.128 | 2015.12% | 2016.128 | 2017.1% | 2017.28 | 2017.3% | 2017.48% | 2017.58% | 2017.68® | 2017.78 | 2017.8%
xDSL | 1,259,405| 1,067,764 834,421 818,819 802,959 783,199 766,782 751,800 736,903 723,631 711,436
LAN 2,881,216| 2,972,966 3,094,598 3,101,201 3,113,904| 3,128,555 3,140,870 3,151,207| 3,159.848| 3,169,683| 3,179,312
KT HFC 0 0 0 0 0 0 0 0 0 0 0
FTTH | 3,988,521 4,287,408 4,587,339 4,605,749 4,630,000| 4,661,469 4,690,963| 4,716,546 4,742,984 4,761,899 4,789,553
s 340 281 138 127 125 121 119 103 88 37 26
xDSL 183,619 167.646 147,595 145,051 142,063 138,845 135,677 132,992 130,386 127,807 125,373
LAN 1,013,378 1.020.390| 1.078.393| 1.083,524| 1.090.763| 1.099.131] 1.107.886| 1,111.317| 1.117.119[ 1,123,692 1.128.702
SKEZCHC HFC 775.723 700,818 629,516 623,024 611,702 605,643 601,655 597.340 594,077 591,684 588,533
FTTH 776,880 802,881 817,401 819,180 889,292 892,830 894,749 895,526 897,409 900,197 903,435
#4 0 0 0 0 0 0 0 0 0 0 0
xDSL 162,906 173,308 168,239 167,063 165,560 163,412 160,439 158,061 155,683 153,514 150,994
LAN 895,550 1,037,981 1,173,476] 1,182,733| 1,194,788| 1.207.743| 1,219,255 1,228.944| 1.238,223] 1,250,775| 1.261,701
SKT(THE0H) HFC 412,608 433,449 421,332 417,875 416,623 415,720 415,512 415,372 415,512 416,469 417,331
FTTH 589,829 699,584 771,543 777.126 782,707 786,781 789,433 792,115 795,560 800,788 805,951
e 0 0 0 0 0 0 0 0 0 0 0
xDSL 0 0 0 0 0 0 0 0 0 0 0
LAN 1,779,035 1.841.488| 1.883.177| 1,892,685 1.901.009| 1.808.615| 1.916.711| 1,921,255 1.928.610| 1,936,446| 1,940.898
LG U+ HFC 881,953 857.724 881,469 885,488 889,665 894,439 898,358 900,651 904,061 906,726 907.798
FTTH 353,208 784,032 846,553 853,213 861,910 868,962 875,178 880,050 886,565 892,934 899,295
#4 0 0 0 0 0 0 0 0 0 0 0
xDSL 31.781 28,553 25,978 25,919 25,747 25,669 25,326 25,266 24,918 24,394 24,152
LAN 688,672 756,405 847,694 857,703 864,523 879,134 887,112 889,712 897,108 904,681 909,531
Zesd HFC | 2,401,094 2285200 2.155.883| 2.156.382| 2.155.741| 2,148,230 2.143,752| 2,139.906| 2.127.796| 2.119,232| 2,111,478
FTTH 35,965 40,053 130,775 131171 131,347 131,787 132,301 132,569 137.737 138,380 139.041
k) 0 0 0 0 0 0 0 0 0 0 0
xDSL 1,638 1.507 1,339 1.337 1,006 290 992 990 987 978 848
LAN 45,633 26,589 24,019 23,918 23,933 23,776 23,598 23,457 23,241 23,149 21,634
JIEt HFC 34,847 33.112 32,022 31,995 26,482 26.220 26,101 25,941 25,763 25,640 25,295
FTTH 5,133 5,280 2,783 2,824 2,746 2,77 2,837 2.849 2,858 2,906 2,776
e 0 0 0 0 0 0 0 0 0 0 0
xDSL | 1,639,349| 1,438,778 1,177,572| 1,158,189| 1,137,335 1,112,115 1,089,216 1,069.109| 1,048,877| 1,030,324| 1,012,803
LAN 7,303,484| 7,655,819 8,101,357| 8,141,764| 8,188,920| 8,246,954| 8,295432| 8,325.892| 8.364,149| 8,408426| 8,441,778




[71=]

CRPNHET

DHIYYEY3
} + 83O 3D
Beam Forming

I NMaEile I MoEile Mobile

ernet Internet I Internet
a e | el

£ 8 EV-DO, i LTE-

: i 8

k3

ok 7 OFDMA /| & Mukiband?| &

ar I Portable Mobile

S Internet I Internet

® |l |l

! WiBro ) WIiBro
il (Mobile WIiMAX) Evolution
g B Internet | % lInternet Only
= — |

ww _ Circuit J/ Circuit/Packet ’l/ —— |
g n Switehing ) . N b Packet Switching &
™ =
.8 COMA, OFDMS| Band Ext 7|2

~ T T rﬁpwr-
g ) - I =/ -ll rasd lntlgrnet a1
or v ) )
ot 4 WLAN WLAN WLAN
D o 9 (802.11 a/b/g) 4 (802.11n) ) (802.11ac)

(M| 2]
- 26}l QIEY

* ALE RIEA

- 0|SSt 7|=2| MUl FE2 F2 FUTEI|=2] il 2f5t0] 28




 Wireless Access Generations

The foundation of Mobile telephony The foundation of The evolution of st T ECCRSS

! mobile broadband mobile broadband S anyt!me,
mobile telephony for everyone anyone, anything

NMT, AMPS, TACS WCDMA
HSPA

~1980 ~1990 ~2000 ~2010 ~2020

Industry leaders in the development and delivery of networking, mobile, and cloud
work together to create the networks of the future

Growth | Innovation | Speed

Enterprise Realization of the

Service Provider Transformation Experience Intemet of Things
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ICT Megatrend

Explosion of Advent of new bandwidth-
1 Mobile Data Traffic consuming devices and services
2 Rapid Increase Connecting People, things, data
in Connected Devices and even processes

3 Everything on the Cloud Accelerating transformation of legacy
biz to cloud-based convergence services

4 Proliferation of Hyper- Hyper-realistic media such as UHD+
realistic Media Services and 3D, Hologram
5 Knowledge as a Services New value creation through
through Big Data Analysis context-aware capabilities
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ITU-R Key Capability

€ Key capabilities of IMT-Advanced — the capabiliies of previcus sysemn

- -y M T=- 2000
r \ Dashed bine indicates

m-m\ Mist the exact dats
INT. 2000 “ \ rates associated with
N systems beyond IMT-2000
are not yet determined

+ Peak data rate
« Mobility

= Mobile Internet -

Peak useful data mate (Mbit's)

€ Key capabilities of future IMT

User Connection
Parameter | experienced Pearla(t:ata Mobility | Latency . em fmm

[100Mbit/s —
1Gbit/s]
100 Mb [2/3/5

Value f abary o o 1ms 107kmz 190 fimes T times IMT-

ﬁ:u‘::ln‘:T L L GL'rUs] kmh . (radio (scenario Efor 0 Advanced] 10 Mbps/m?
e interface)  needed)  petwork) (scenario
hotspots needed)
1 Gbit/s?]

- loT(Internet of Things) Added =




0BG e >

5G Usage Scenarios Embodied into Triangular Diagram in ITU-RWP5D

Augmented User Experience
(> 20Gbp/peak & > 100Mbps/user)

Enhanced Mobile Broadband

Gigabytes in a second _l_.

3D video, UHD screens

Work and play in the cloud

Smart HomeiBuilding

Augmented reality

; Industry automation
‘ Mission critical application,

e e

Voice .

Future IMT

: e.g. e-health
Smart City

Self Driving Car Thi

Low Lat.ency
(Ims radio delay)

Massive loT Connectivity
(108 devices/1km?2)

Massive Machine Type Ultra-reliable and Low Latency

Communications Communications
Robot/ Drone
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~ Key Capability of LTE & 5G

User Experienced
Peak Data Rate Data Rate
[Gbps] [Mbps]

Area Traffic Spectrum
Capacity 4 Efficiency
[Mbps/m?] 10 [2x/3x/5x]

Network
Energy Efficiency

Mobility
[km/h]

Connection Density Latency
[#/km?] [ms]
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§ E&5G AlgAHIA

o AEMH[A 7 2E(1668)

2015 2016 2017 2018 2020
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laare eas) | @y ne guan | 56 ¥8 NEY 22

1%} Test Event 2K} Test Event BE 56 MH|A 5G &8 AMu|A

R,

Sync View
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Interactive Multi View

Multi Site E=1%
Live

Time Slice Omni View




'e

——— v — e —— ———— N -p-—-——-wq

‘,ll35li7u9 . m. ‘ e -4

ICT Megatrend

) use Muia
Intelligent

LIS olFE--

A8 A UBEY MHIA

User-Centric Computing
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714 / Use Cases

AFEZ} LIX = &d Biglol o2l Zglst HEQa 4 S MHIAE S

User-centric Computing Crowded Area Services

4G 5G
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ICT Megatrend

SA wE sEho] ggle S0l B2|otn XSt 1S AMHIA A&

Self Driving Car Traffic Control
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Traffic Safety
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ICT Megatrend

718 / Use Cases: Drone & Roba

Drone

= Surveillance Network: 2HIY CCTV Het 22 Ao 718t My|A
= » Tele-operation: |HOIN 2R AHOE
= AL Al EZ20] o2l RAHO0IA Est &, EAI 71 A2
ALt ot HY, X S * Smart Industrialization: 2% 7|dt
= BF U3 M|~ At b= MHIA

- DA X AR LA, X S
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718 / Use Cases  Publc Safsty

= Disaster Monitoring
> MAME E 2L 0l 2 AE TLIEHTY

= Public Safety/Private Security
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v
5G
Network
Requirement —

—

- .

L .

High data rate

Massive connectivity
High reliability

Ultra low latency

High mobility

High energy efficiency
High cost effectiveness

5 G Mega Trends of
Mobile Service

Data Traffic 2| ZW=x 57}

Device 2| 24X 7}

Cloud Computing 2|&4 &7}

Big Data ?|¢t X|4] MH|A &7}

Mobile 7|} SRI0|C|0{AH|A S

XY 56 MH|A
Intelligence

APEXL B HRE MulA

User-Centric Computing

U B2 MHA
] Crowded Area Service
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Internet of Things(Smart Person/Building/City)
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Q BcN (Broadband convergence Network)

O USN (Ubiquitous Sensor Network)
O IPv6 (Internet Protocol version 6)

WiBro

5MB T . Service
ome Networ — P
Telematics
RFID

AERLIECO O © © © © ©

(@)

5G Mobile Communication
Digital TV

Home Network

IT SoC

Next Generation PC
Embedded SW

Digital Contents and S/W
Solution

Telematics

Ubiquitous Robotic

Companion
loT
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J Analog signal

@ continuous? 90| (0|& :analogous)
® CHCIC] IASIAIGIA M7= AlS
¢ Sd, Sd9d, 25, d8¥AREH S0Rle 3,

o |l =3c]]
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A Digital signal
# discrete?] 9l0|(0{& digit)
& Hr elZFl(artificial)®MEZ 714
& 22X, 59 ¥4, Compact Disk
& Ct2] . bit, byte, etc....
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1.2.1 Ol2 0 NI
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O RI=F(amplitude)
® ASO| A7
® OIR(maximum amplitude) : BistsH= YxI7F 71
® Z(minimum amplitude) : B3l HR7E 7™ W2 R
¢ TZ CHQI(AM7IAZ) : volts(AE), amperes(XF), watts(XH)

0 v
TR

F71(period) ¢t Fat(frequency)

® 7| : AlS7L B AIOIZ=S 2Hd6h=O Hels Al

& Et9] : second(s), millisecond( ms=103s ),
microsecond( ,L15=10-6S ), nanosecond( ns=10"s ),
picosecond(  ps=10"s )

& FOE : 1X Sol0) ST 2L

—

& Et9l : hertz( Hz ), kilo-hertz( KHz=10’Hz ),
mega-hertz( MHz=10°Hz ), giga-hertz( GHz=10°Hz ).
tera-hertz ( TH7=10%Hz; )
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d49 J(Phase)

® Al =0] OF™OIAN AlSo A7 ol RCIR| =3
¢ CtY . Y (degrees) Z& clCICH(radians)

& Z (amplitude) £l Z (amplitude)
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J o} & (Wavelength)
¢ OIS0 OIENXIS 7elLt, S0 S7HR1S9 72|

® MEAS T (propagation speed)@t AlSO| 7|12 B
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dot=tz=27 Al : F7|(period), FLal4(frequency)= Hed

A CIREY Al : HIE FHbit interval), HIEZ(bit rate)=2
0ol
® HIE 7t : StLIC HIEE HELH7] ol ot Al
¢ HEg : X BLHOX|= HIES <At
® AV O R bps(bits per second)E2 &Y

HIEE ; 8bps
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HEEp{]= Alf:'__l cfX;

& ool M E 2dGH=0 0 EO0ISILC}.

Distance 1 Distance 2 Distance 3 Distance 4 Distance 5
Original Some signal Degraded Signal is badly  Amplification to
pulse signal distortion signal degraded regenerate pulse
| |
1 2 3 4 5

Propagation distance
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¢ CIRE 2127t 2O O ARlg 5 A0 AEGHH SHES

Ol FEshH=0 JAOIM EO0I|SILCE.
® JammingOll dgt &&= XL RUCH .
% jamming : EAI0 YLOIAM EICIO|I AF=ZRICG] AlSO]
OlExoz E0127{LI ALER}L A0l Aol

o= AT E 40l ¥= A

¢ CIXE OIOIEHC] X2l 8 &0l <lCt.




¢ CIRIEHO| ord 20} 71y S&E7F S ALt

¢ CIRAEY AT E Helsh7| HoiME= B71-el EA7L 2R
ex) A/D Conversion, Sampling, etc.

& SAUSH IHE 71X E= ASOl QUOIN otttz AS Tt
AX|SH= Y =2CH CIRIE A7 ZAR|SH= CHY=0| o
3Lk,

® CIXE E4I0] AT Helol= S712H(synchronization)
MNHAO0| &5 EQGICE.

e =718 . EAMAIAHIO U0 CIOIEHS AIREE YW= 1™
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Al THelo] Al S
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1.2.4 F

A Fiake AHEF (spectrum)
® Ful5 Y (domain)OlM AT E Fd6l= Fale d2
A A9 CHY = (bandwidth) : Ful$s AT EZO| =
® Y= = x| Fulset XY Fuls9 X2 HZod

X =
=

—

A

CHE = =5000- 1000=4000Hz




d ESMAAEHS =il AY

4 AM Radio && ; 530 - 1700 KHz

® FM radio &¥& ; 88 - 108MHz

& MEp OlsE4dl ; 824 - 894 MHz
<% 7|1ZX1=:869-894 MHz |/ 0|==:824-849 MHz

@ PCS O|l=E4l ; 1850 - 1990 MHz (LTE A=)
< 71ZX1=:1850-1910 MHz / Ol==:1930-1990 MHz

@ IMT-2000 ; 1885~2025 MHz, 2110~2200 MHz

e 2 HE 3 HE 4 MHE 5 MHE 6

P

6MHz

54MHz ~ 60MHz 88MHz




1.2.4 FOk ABERD} OIS

o
2 TV TV | AHi} TV
CH2 CH3 CH4 CH5 CHi - DMB (CH 14~60)
..
6MHz
=[A 54~72 76~88 174~216 470-740 2630-2655
MHz MHz MHz MHz MHz

dISM (Industrial Scientific and Medical) Band
® AMHE, tstg, oglgo R olgklEs Fuls=E Aol GiL.

4 6(GHz)

902~928MHz 2.400~2.4835GHz 5.725~5.850GHz

26MHz 83.5MHz 125MHz

QoMH) | ( ) ( )

S M o 2 o

SHE szeA 2a0/CH
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< Ao} cjy ot >
728 748
<700M:z>| (A ) 40M:=F
783 803
1715 1725 1730 1735 1740 1745 1755 1765 1770 1780
[~}
L8> SKT KT (B =-E-) LGU+(2G)
20Mz= | cu:rg
1810 1830 1835 1840 1850 1860 1870
1920 1930 1960 1980
<2.16z>| LGU+ [(C 25) SKT 60M=Z = 20M:= ZOi~ KT
2110 2120 2150 2170
2500 2520 2540 2550
E =5
<2.66z>| (D =28) 40M:= LGU+ g
2620 2640 2660 2670
=1 A = s
LTE%‘—LLI‘T = 2=X 4&'9 '='§7}




oo ACER Aues W Rl A e e .

728 733 738 743 743 - 814
g - LG U+
o (=3
2= 1§43 2(5
783 788 793 798 803 - 359 864 800 874 594
UTRACH | BAND 28 | | BAND 28 [ BAN05
885 800 295 900 905 910 915
zz= | [ o KT
c=ais LTE
925 930 935 940  ©45  ©50 955 080
uRacH | BAND 8 I
1710 1715 1720 1725 1730 1735 1740 1745 :750 1756 1760 1765 1770 1775 1780 1785
e
s LTE
1805 1810 1815 18 1825 1830 1835 1840 1845 1850 1855 1880 1365 1870 1875 1880
utRACH | BAND 3 |
1920 1625 1930 1935 1940 1945 1950 1955 1960 1985 1970 1975 1080
LG U+ SKT KT KT
LTE LTE LTE 3G
2110 2115 2120 2125 2130 2135 2140 2145 2150 2155 2180 2185 2170
utRacH | BAND 1
00 SKT WiBro [ KTWiBro [T
2305 2310 2315 2320 2325 2330 2335 2340 2345 2350 23158 2380 2355 2
UTRACH BAND 40 (TDD) r
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FOOUTR ACH l BAND 7 l
TODUTR A CH l BAND 28 l
0D HAS M EEHE
® 2 3GHz TOD Band 40 THS: . 2327~2331.5MHz 9} 2358 5~2283MHz= B4l ZHoE 7] /S JIS ©C 202 &Z0| S8 2L,

Yoz

SIS

&206= St ==L0 .




0 AISUEZZO0| E19|(dB)

¢ HIREE £ MBS0 AfEQl T
# Decibel: 148 =10x og,, %
1
P i MO OIARI(HE)

& T30 HIRIGH= AlECl ¥ wies T
ex) Az 10000HH FHZl Ag]
— MU oL 40HI TR ABIE Q14
0 dBAIEZS| 20|

& JHEtst GAHCH &40 d3 0I18)
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110 dB

100 dB

90 dB

80 dB

70 dB

60 dB

50 dB

40 dB

30 dB

20 dB

10 dB

0 dB

AFEIO] 2IR|gt 5 Q=
Ae|E9 AHEel 27|




O ABO| ALHZQl 27
o AT p ool CHBE AR © T7IE B

< dB =10 Iogi
P

0

2 dB(for volts) = 20 Iog\\;—l

0

®GIAl 1 fO=0lv— h(t) — g(t)=>5v

2 20 Iog% = 34 dB

® OIAl 2 f(t)=5v —{ h(t) |— g(t)=0.1v

% 20 Iog% = -34 dB




0 AIS9| dBUOl E% SO= S0/Y B

— Y (positive) U2 E TH : 0I5

0 AISO| dBROl UM Soz =0lE BL

> S5 (nhegative) Yoz BEH | &4

05 AlZo| 40| ZS A7IS 7T US S

— 0 dB&2 =@l




= 3.01 dB

P
& dB =10log ZXFOJ 10log?2

0

® 3dB : ™EIL0| 244
¢ -3dB : XSO0l 1/2(0.5)4H

Vi 1oV gqg7
Y

¢ 6dB : A0l 2HH

¢ -6dB : ™ol 1/2(0.5)4H

@ GlAl) 3V AISOoll CHOH =0l 1/2dH01™ et 2.12V
LB 0| 2401 HSE 4.242V




ddB We2REH 1O Moo ARl Yis Aot &&E

& X=80| 47

P
Pl _ PO X1OdB value / 10 P() — 1

1OdB value / 10

» Hgo] B
Vl

1OdB value / 20

Vl :VO XlOdB value / 20 V() —

< OlAl 2) 41571 13dBE=0] =0l 1.2WS= LIEF LHKALCE.
Hollol Ml QW= dotelzt?

<« Ol 3) 0.2W A7t gI2E ENst £ 22dBY 0152
7IRCHH X E ™Y Q=2 doteiot?




QS AlS g

¢ dBm EtH=Z 1mWOIl CHE Also] 27| Td
A= AS g
& dBW EtIZ 1WOoll CHgt Ao A7 &
Q& ¢ 1VOll Chet ez dBV7E ALE
QAo dif d=
& AMTO| HNHQ UE =F
® QIE (Watt) S22 ge|QtE(milliwatt)oll CHigt dB2 &3

Power (b) dBW =10xlog Power

(a) dBm=10xlog

ImwW




O &E US| dBm HiEts

Power in Watts Power in dBm
0.1mW -10dBm

TmW 0dBm

Twatt 30dBm
1000watts 60dBm

d dBAIZS]
& 1mW = 0dBm = - 30dBW, 1W = 0dBW = 30dBm
<+ (A dB) = (B dB) = (A £ B)dB
% (A dBm) + (B dB) = (A + B)dBm
% (A dBm) — (B dBm) = (A — B)dB




d oizl4) &S A7 40dBm, &lB7 2dBWLII A< B0
CHet Al AS] HEE=?

d oAl 5) 200mWE dBmE& LIEHLHM?

Q GilA 6) QL2 Y=o ==0] 7 dBWOIH O HE[UI2?

d oAl 7) Al 4ol 8.2V E dBVE LIEHHAIL.




ddB Bt : 5 Al$o| MY, KOS HIE HIEAH A=
Q2o ¥
¢ 10dB : 104y =71 3dB : 2ull =71
-10dB : 1/10di A -3dB : 1/2uf LA
<+ ex1) 13dB(10+3)<] OIS
10dB(10di) <t 3dB(2dl), = 20ui<| HMEH|E LIERMHLCE.
< ex2) 36dB(10+10+10+3+3)<9 OIS
10, 10, 10, 2, 22 & 4000di<e] &= H|
<+ ex3) 7dB(10-3)4 oI5
10 It (1/2)9] ZS = 5HIS| MEHIE LIERAHLCE.




I S o g od g B
¢ 20dB : 104l =7} 6dB : 24 =7}
-20dB : 1/10df LA -6dB : 1/200 LA
< 46dB(20+20+6)
— Ol 104, 104, 2dHi= 2004HS] & Eid|
< 34dB(20+20-6)<] &gl 0I5
— 10dH, 10dH, (1/2)ui=E 509 Zgl OIS= LIEMMLCE.




1.3 Fxo| EHT} X

Q&R . BAIM(uncertainty)e 7014
QAL : ol AHHO| ol 4~ U= EE9| Y4
& 4 FH( X, )71 el ==0| p(X;)=p; & my
A7 1825
I (X;)=log,(1/p;)=—log, p, bits

® A7 1d2Z2A(Average self-information)

H(X) = E[I (Xj)]:Z P; |ng(l/ pj) :_Z_: P; Iogz P;

¢ U EZL|(Entropy) : dE9| @@

N N
H =2 p;log, 1/ p;) =~ p;log, p,
J:

J:




¢ JE 21|
H :—(pI092 p+q|092 Q)
% 262 FPHEEE= duplo] HEZL|=?

261 1 .
H=-) —log,(—) =4.7bits/character
§__ o6 92(26)

¢ Ol ARRIR0IAM dopElo] =XE IAISIAOL 25
2 ZEs YRR G dAnpioich XkRISsH= H|=0]
Ct=2CH0 gSiCt. a, e, o, t= 0.19 &= LIELILD, h,
i,n, r,s=007,c,d f, I, mp, u y= 0.02, b,
g, i, k, av, w, x, z= 0.019 &= LIEIICID
SiC}. O] 3% 4uiHI=E st 2X7F MORJ S I OlR|=
JdE=znl= daiLt =E=71?




1.3,1 F=ot Yy

® 8bit Gray scale 349 ™XR| Q4o dHZ!
% OHEl) 512 x 512 x 8bit = 2 x 108 = 2Mbits

® color dX| Qaio| dHZ
% OHEl) 512 x 512 x 8bit x 3 =6 x 108 = 6Mbits

¢ HD TvY g2
< OHEH) 1408 x 960 x 8 x 3 x 30 = 973,209,600bits

@ Ol =71 200dpiCl A4EXI9 S
< OiEl) 8.5inch x 200 x 11inch x 200 = 3,740,000bits

® o=y SHRo 2 O|F0{RI AIE2(4081xH)o| AEZS
< OHED 2byte x 400,000 = 800Kbyte




£1.3.2 a1z .x_i—é

or< 27 GlolE /M /J\M

- | otg=2 485
(S41h . e >
&3]

CIXIE dlolE | |_| |_| |_ J\r\./\/\J\/\,\ otz As
Ol&l &2t HA Bt& =1t
(binary voltage pulses) > v > (carrier frequency)

2
CIXIg dls - 8 EAS =ME LIEHH OIOIH

olgEAs M X, J I_I I_I | JHEes

T Yl (codec)

CIXE &S | |_| |_| [ | |_| |_| L CXE &S
=

CIXIE &S0

v



O =& OiAl
& S8 MY ECIHO HE2E Oiet A7IZ2 XEL
¢ Al=2EH = iAol et MEE, Y9x5 S92 §d0] B
® 7| OhAl AX| H|E0] B0l ELCL.

¢ Oe CHHEl Mo HEO| 7ts

=) SAI AIATIO] 7|2 2441 QITRlE B0| 7

KM ESE CHE = 2|o|E 2t
OlELIM 622Mbps 250Mhz 2~ Bkm
E=H0oIE 800Mbps 400Mhz 1~2km
=R 10Gbps/800Gbps 40Thz 80km




® O|= LIM (twisted pair)
% CIE SAM oAl dish 712401 A9
Fed 2 Helo g01d 20 E4 ofAlZ 7HE B0l AlE
5 S EAHC 7 M2 &2 M2 |50 AR A=

L)

e

*

4

’ :

*

S




< 1.3.3 ALHA00A |

Noise source

2 2l0) W

Noise effect = 16 units

lm

Receiver

Noise effect = 12 units

14-14=0

Ik

Receiver

i

The total effect is }

Sender




= 1.3.3 IS0 ¢ =

® == A0l1E(coaxial cable)
o OHED} HITEO F MOl MEAZ A
o AlEiIHEo] HitE =AM0| AAHAME AIOIO 510 =415

UL o1z TMES UM HElR 2y




¢ & MK (fiber optics)
+QEIL} SRIAE|CZ bl Qo] HENS AITE M
L7HsT QOB @ MSE WS MUSHs F0I2 OIS UME
=4d20| CIE KelL EctAE oz = Sefdoez 2y
CENFE=E S718 AUEGH| ol HH=EZ UMY U0, QU=
HAM=Z CIAl UMPAH EICE.

Q= Xp2A tH IH

i
<
2




d FMO0A - FM CHHOIM SAIE st MRV |H AHEF

VLF Very low frequency VHF Very high frequency

LF Low frequency UHF Ultra high frequency

MF Middle frequency SHF Super high frequency

HF High frequency EHF Extremely high frequency
3 KHz 300 GHz

24 S4l(Radio communication)
Radio, microwave, satellite

3KHz \30KHz / 300KHz/ 3MHz \ 30 MHzZN\ 300 MHz / 3 GHz \\30 GHz / 300 GHz
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VLF LF MF HF VHF UHF SHF EHF
3kHz 30kHz 300kHz 3MHz 30MHz 300MHz 3GHz 30GHz
30kHz 300kHz 3MHz 30MHz 300MHz 3GHz 30GHz 300GHz
2 MEA(Radio communication)
Radio, microwave, satellite
VLF ZFtn} VHF Z oot
LF At UHF 2 xcho}
MF =nt SHF MIE|O|E{It
HF i} EHF Za|o|s ot
b4
(Hz) 102 108 104 10° e WMot 1o o2 100N elE 02 1012 1014 1015
ELF ] SLF ‘ ULF | VLF LF | MF ] HF VHFl UHF| SHF EHF’
| | -~ < -~
a2t S
irrom g A 2 M IKradio) oto|=Lzm} Q| ZbAl
Sot =tx| 2te| 22t TV 2|0l lolx =
= oto|az= TxpE= SEchut Qe REOIAY
=3 = Ex B2 FXpt Hal|EH- 7|
MEE YA
O|=LtM —————
= BHR
- =S FCIE
—— T
AM Hia FM Bl X|-atat
TV Hs& 4o s
| | L 1 | L | | 1 1 | 1
T 1 I T I 1 I I T T T
‘(‘f’c‘;’ 106 105 104 103 102 10! 10 107" 102 102 104 105 10°®
m

i

[22! 1-26]

SMHHOIM SAIS

£

st

X7 | AHE

ot




@ VLF(very low frequency)
o FE Z7ILE, oi+E Soll AP BhoE dY
o HEAl B2 UME AL, dolLt @7iet 42 7] 29
ZZ0l 2IUSHA BtE
< FE E7el 2l UHIAIOIMOILE o S&l0 AlE

® LF(low frequency)
o FE XFEHOoZ FEL
» A7l elC| navigationO|Lt navigator locators 0l
=3

< AAHEO0N 9t ut9] 571 E7iEl= 9 AILCHOl HA E7t




1 3.3 3 Eﬁ%ﬂﬂxﬂ

¢ MF(middle freguency)
< troposphereOlA &i}, ionosphereGiN S5
% XL 7els troposphere(CHRA : 10Km O|ZHOIA BIALE
= 450l ol AH
< Yol MOe S£71 71 THE20l 7IAMe R HE
o FZ AM BICI2, Y SIC|2 2 H|AE Fils=z2 Al

® HF (high frequency)
% Zel=(ionosphere : ES7HAD LA £E0IAM Dt
< OHIIzxR0] el (8 eiCie), Melg Fulsbi(citizen's

band), 3A& 2t&(international broadcasting), &3S,

Ml S0l ALE




1.3.3 3

® VHF (very high frequency)
< VHF 2d|&™, FM 2iCI2 Y dId710iMe] AM 2ifie 9
YUzl AR S0l AL
® UHF (ultra high frequency)
< UHF ElgidIX, ol=s A&, 010132 o182 33 S0l Ate
@ SHF (super high frequency)
o 7NN =g @F Z7H9| Julz2 AIE

< FE Y ooz doje 8 gloict Ealol 0l

® EHF (extremely high freqguency)

+QF Hmol ALSEIOIRIN, HOICH, 91 U Matx /N =
N ol Al




O HM&E&L&2H(transmission impairment)

‘ Impairment I

‘ Attenuation I ‘ Distortion I ‘ Noise I




d LA (attenuation)
® MEAMSTI HEDHHIE Soll MHYEE=
71 D2 W0 OHRIE 246H= A
® AAMH O R O|ELIMOILE, BNRE9]
I AEHO0|0 MIE Aol UME BEHGIY| Holl E=7|
Lt EA171(repeater)E AIEGI0] BAE B

Original Attenuated Amplified

MOWAIE ol

/A/\/\/ /\/\/\,/\/\A/
VAR LATA LY

- . Amplifier '
Point 1 Transmission medium Point 2 Point 3




4A AAF I/

b

O 2= (distortion)

o Clgpt Zat4E PANE AT M2 S Sof Xte
Al O AlSO| 22fo] FOpS AT NESS CIE Me 4

=2 JHIA 101 EAF AIZI0l 242 CH2 0l & Al
o WEN7 HGHH = BN

VAV /N
NN
MWMW = WYY L A% 0% po'intZAWVWW g W




HE &y

d &= (noise)

¢ 2= S4 ANABOIE &4 AOI0l= 3GHA g= &S
O| CEOHRICE.
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® ZHI(SNR; Signal to Noise Ratio)
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® 4 &= (Thermal noise)
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— ElM ZI=Z (white noise)

o %ﬁ% :NO =kT
N, & 288U S(watts/Hz)
kK ‘==0F A4=13803x10" J/K
T A =2E@U25)=2BtA=(degrees Celsius)+273

Fuls Y BHzOIMS A &S &858 N=KkTB =N, B
dB-wattsZ2 =% N =10logk +10logT +10log B
~ —228.6dBW +10logT +10log B
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o Sd20IM9 d &S 8E ¢ T=17°C 2t 7F46HH
N, = KT = 1.38 x 10 x 290
= 4.0 x 10 * (W/Hz)
= -204 dBW/Hz
= -174 dBm/Hz
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< AHg Fals7t 1.23MHzC! CDMACI 3¢ £ 4 &

= -174 dBm/Hz x 1.23MHz

= -174 +10log(1.23 x 10°%)
= -113dBm/1.23 MHz
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® Fult A7 ES(inter-modulation noise)
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® 59H(EZM, crosstalk)
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® SUX™ ZI=Z (Impulsive noise)
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& & O Al (transmission medium)
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Datareceived 0 1+ O 1 1 O 1 1 1 0 O 1 0O 0 O

Originaldata 0 1 o0 1 1t 0 O0 1 1 0 0O 1 0 1 O
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® HXESE (propagation speed)
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® K& Al Hpropagation time)
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(1= %J(channel capacity)
® Nyquist’s formula(19204LCH)

C=2Blog, M B :Bandwidth M :binary level
» AMSCH ZSHlol oo A™
C=B log,1+S/N) S:As2dx N:&=SZd%

* TOIZ B} AH=0| 24|

Power =S/N : 30.1d8( \ POWER
B=1MHz
C 10 Mbps

Power = S/N : 0 dB ( ok ( Band Width Capacity
A

C = 10Mbps




¢ Signal to Noise Ratio : E /N, = HE#
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® Fial4 & (bandwidth efficiency)
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1.3.4.3 21 8

d GlIAl) 20kbpsS] HIE ™MEER Xt S5t {0 SiCl., 1 MEUA =
300Hz~3400HzC| HAeH9=S 71X Al [ &EH|= 40dBO|CE. 2
H XMEUAE 600HZz~2800HzS] MENFZ=ZE 71X D el Al [H
£3SHl= 30dBE 7K QUL O & 71X dE&UA = ol dE&U2A 0|
o Aot & = JAWE7I? AH=9 24|12 &0l A'HO 20olat.
o 1 MAWA

Bandwidth = 3400 - 300 = 3100Hz
SNR = 40dB =10000
C =310010g(10000 +1) = 41.2Kbps

& 2B MBA

Bandwidth = 2800 - 600 = 2200Hz
SNR = 30dB =1000
C = 220010g(1000+1) = 21.9Kbps

& 20| 'UAMO| O JAHHC dSUAMRE & 5+ RULCL.




