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Radio parameters for RATG1

Parameters Macro cell Micro cell Pico cell Hot spot

Application data rate (Mbit/s) 20 40 40 40

Supported mobility classes Stationary/ Stationary, Stationary/ Stationary,
pedestrian, pedestrian, pedestrian pedestrian
low, high low

Guard band between operators (MHz) 0 0

Minimum deployment per operator per 20 20 20 20

radio environment (MHz)

Granularity of deployment per operator 20 20 20 20

per radio environment (MHz)

(NOTE - This is a new parameter in

Recommendation ITU-R M.1768-1)

Support for multicast Yes Yes

Number of overlapping network 1

deployment

Radio parameters for RATG2

Parameters Macro cell Micro cell Pico cell Hot spot

Application data rate (Mbit/s) 50 100 1000 1000

Supported mobility classes Stationary/ Stationary/ Stationary/ Stationary/
pedestrian. pedestrian. pedestrian pedestrian
low, high low

Guard band between operators (MHz) 0

Support for nmlticast Yes

Minimum deployment per operator per 20 20 120 120

radio environment (MHz)

Granularity of deployment per operator 20 20 20 20

per radio environment (MHz)

(NOTE — This is a new parameter in

Recommendation ITU-R M.1768-1)

Number of overlapping network 1

deployment

Bl 3M.2290 #-3] %73 &« RATG - & 4%#c (radio parameters)
FAL &R D ITUM2290 23k » A4 &

Area spectral efficiency RATGI1 2020 (bit/s/Hz)

Unicast area spectral efficiency Multicast area spectral efficiency
(bit/s/Hz/cell) (bit/s/Hz/cell)
Radio environments Radio environments
Tele- Tele-
density | Macro | Micro Pico | Hot density | Macro | Micro [ Pico | Hot
cell cell cell | spot cell cell cell | spot
Dense Dense
urban 2 4 4 4 urban 1 2 2 2
Suburban 2 4 4 Suburban 1 2 2 2
Rural 2 4 4 Rural 1 2 2 2
Area spectral efficiency RATG?2 in year 2020 (Set 1)
Unicast area spectral efficiency Multicast area spectral efficiency
(bit/s/Hz/cell) (bit/s/Hz/cell)
Radio environments Radio environments
Tele- Tele-
density | Macro | Micro | Pico Hot density | Macro [ Micro | Pico Hot
cell cell cell spot cell cell cell spot
Dense e Dense - c e
Gt 4 5 5 73 st 225 3 3.75 45
Suburban 4 5 5 73 Suburban | 225 3 375 45
Rural 4 5 5 73 Rural 225 3 3.75 45

B 4 M.2290 #3473 & RATG 2 & % (spectral efficiency)
FA kR D ITUM.2290 3% » A3+ 5
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AR AL 20 B A4

* SE : Service Environment =f§ fi£ o 1345 T 18 * PRI: R0 X

i * & @& (Teledensity) ;, » 5 6 #f

* RATG : Radio Access Technology Group = £ > #-#
s s 4 % HY vz RATGL &~ 5 3G~RATG2 4 :

4G -

« RE : Radio Environment 1 £ > 2 Cell B B = ;% e 3
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® % SC-SE & w3zt @ﬁi%lfé_ (Traffic) :

BA O AURACETAS B R A LA 20 AR Service
Category (SC)-SC #.d 5 BRI+ x4 &% j?é_ A &2t
41 20 7 SC A~ #f -

PRAZ 55 A 12 e & @ﬁiﬂxﬁ)im% w45 5 & o

@%]f‘é_ Al % Pl A ITU-R 2% M.1079-2 ¢ 4 2 &
G4 fE o i3 4 AL B L N A RIR G BEER R
Conversational &_# 7 iv 3Fat 3] » @ Background B &_
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% 1SC fé47

Service Type Traffic Class
(@ ﬁe?’l #R) Conversational | Streaming | Interactive |Background
Super high multimedia
SC1 SC6 SC11 SC16
(100Mbps or 1Gbps)
High Multimedia
SC2 SC7 SC12 SC17
(30Mbps )
Medium multimedia
SC3 SC8 SC13 SC18
(2Mbps)
Low rate data & low multimedia
SC4 SC9 SC14 SC19
(144Kkbps )
Very low rate data
SC5 SC10 SC15 SC20
(16kbps)

T KR D ITU 23k M1079-2, ~3+F 2

BTk o 3 AAFIPRIERF T 5 BN E 3 A
Teledensity % _3& Service Environment (SE) o Bt k35 9 &
SE > 2 ig#gginen SE £33 > & 5248 SE-

Teledensity £33 3 £ E U B RBRLF > B AT BR
FREARMAL o R ¥ IRIFE SN EAp LR RSB R H 5
i 7545 0 7 Home~ Office 2 Publc Area = fé o #73} e
(75 fes Adpaginen® g 0 & Ragivenid © & F (QoS) -
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% 2 SE fé47

Teledensity
Service 4] * pattern TR S i
( Dense Urban )| ( Suburban ) (Rural )

Home SE1 SE4
Office SE?2 SE6

SES
Public Area SE3

FH &R 1 ITU 23 M2078, ~3+ 4 32
Bt Sl S T RN T E . E SESSC

4 z’v’?@@?li °

User density [users/km”2]

X

Session arrival rate per user [session/h/users]

X

Mean service bit rate [kbps]

X

Average session duration [s/session]

Traffic (Traffic per space) [kbps /km”2]

B 6 & SE~SC# 2 @& ant b4

FR AR AP RER
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[ 3 - ¥ 1 £ RATG, REH‘AI!!%IE ]

1 macro cell

1 micro cell
1 pico cell
L1 hot spot @ u
L= xR e B R
[ i P SESCAMIE » 5 & i £ 4f eHTeledensity 4 ] Dense Urban _Sub-Urban _rural
P

1 ARE#Z & ch kg £ 0 B 1 & RATG, Teledensity—
FHAOR R L)

6 - & Teledensity=+ % & ek~ % 5 & RATGH 15 % & XU macro, micro, max(pico, hs)
ST % ) A £ E B~ PRE

FHKR T EOBRFTHE AFFHUT

FWE 304 HIY o LR Ry~ 0 TS

% Radio Environment (RE) @ﬂﬁ]-}é_ ° 2 {53 56 T

B xR RS | 3R E G R

TR R B AR TP
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Bdeid 5 E - BT E L Mobility dhig * ¥ LA pBRE

B E R 2 auk F S Hotspot 10% ~ Pico cell 20% ~
Micro cell 40% ~ Macro cell 100% » 4 fe & & #f 283 5 T g
4o B 975+ o Stationary, Pedestrian #g 3] i< Mobility ¢ i
*E G 409 0 ALK Hot Spot & Pico Cell * i * s

Fofl A o oo e &7 BlP > Stationary ~ Pedestrian

<
T

g * & %3 30% ¥ AL Hotspot ~ Pico Cell fzih » $17T fx i

)

PR FEd BER MG IS - B Micro Cell %z
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Mobility +* & Celle A v g ¥ & & e REe B

Stationary/

%5‘: .li / Pedestrian
# i3 _ﬁ __ Hotspot 10% Hotspot 10%
+ Pico Cell 20% ationa
40% 0 ite(;estri%/
StationaryPiCO Ce” 20%
edestrian
Low . t
500 Micro Cell 40%
Micro Cell 40%
High Macro Cell 100%
EE— 0
10% High# Macro Cell 100%

Bl 8 ~pe Cell #5347 & W
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3. ITUM.2290 7] 2 S8k <

BEAR M.2290 ¥ el s o e 5 X L B E S &7
HAARBEF B T ARFTEARLET RS FEET 5 L
A0 FIP P BT 2 ITU #rdf Ez2 WS EHEEd ~ o
B o 20 fliod TS A BP0 R R T N
B pwl i (- ) Sector Area~ (= ) User Density ~ (=)
Distribution ratios among available RAT groups ~ ( = ) Population
Coverage Percentage~ 2 2 (7 )Number of network deployments -
DRSS z;jiﬁziﬁi%]/\ i e

Fobo d S ARIGE LR LG A RATERLIN AT
gkt B S B R B R (SE1-3) 2 g RGE LR
TS S R L RO L R

AR R AT BRI A .
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B4

User Density

ﬁ?ﬁﬁ&:

BART ST AN - g L

55 ITU 973K LR
SC R4 EH/HARF *

[users/lkm”2] Gt 7L E R K

3G2 4G * ¥ F LA AR A TdKE |

P B4

Sector Area | 2¥ c & E 6 72015 & 17 AaH 4
(Cell Area) | @ *» ARMEAS sk faday | FFAF cBERFE > ©
[km~2] B % s
Number of g\“ﬁ]ﬁf‘:‘:#‘ﬁ&i 364}1 5 5 2 #__,:!ﬁ
Network s v ) s

3 /\\‘ oy 4= /—f'—:-":’ [E >2 _L :: s R
Deployments | >3 *FIRFRETEIREL S H8E 1467 S RET 5

Distribution | & RATG (#E41]) @& * v 5 : 4G+ 2014 E B 5 0 14
Ratios among | 1A @ 2014 & 4G B 45 S E » £y | 262 %I IGHET &
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® Distribution ratios among available RAT groups :

O YRS BE 2B % 5 ME RATG
RIZ2 dp R TR H S A P R Y chi e L2 b

P BT BT S AR RRERS Nt G, 122
FasARRERE T S e NEE o ITU R 2
R S et WIF 24 0@ 2020 # 3G:4G * =t j
% 10:90; AW 4G Epup 2014 ER S isEEEE 2015 &
T 3G 4G * At i 75125 A KEDFE T &
gE e for a3 2 F g aFER 3G & 2G PRiE 0 F
2k E 2020 # RATGL : RATG2 2 i@ * v 55 20:80-

2020

Available Distribution ratio [%)]

RAT |RATG #1 |RATG #2 |RATG #3 |RATG #4
#1 100(- - -
#2 - 100]- -
#3 - - 100|-
#4
#1,#2 20 80|- -
#1,#3 10[- 90(-
#1,#4
#2,#3 - 50 50(-
#2,#4
#3,#4
#1,#2,#3 10 50 40]-
#1,#2,#4
#1,#3,#4
#2,#3,#4
#1,#2,#3,

B 21 sEpIAF 2020 # & RATG 2 @& * 1t &k
FTAL KR D ITUM2290 23k % > A3+ 4 2
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® Population Coverage Percentage :

Population Coverage Percentage = % Radio Environment
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A~ aCell; H ¢ Macro Cell ch# iz - &8 7 0 Fors @
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Population Coverage Percentage

Service Radio environments supporting service
environ [Macro cell| Micro cell | Pico cell | Hot spot
SE1 100 51 1 87
SE2 100 51 1 80
SE3 100 51 1 75
SE4 100 35 0 80
SE5 100 50 35 20
SE6 100 0 10 50
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Population Coverage Percentage

Service Radio environments supporting service
environ |Macro cell| Micro cell | Pico cell | Hot spot
SE1 100 90 20 80
SE2 100 90 20 80
SE3 100 95 40 40
SE4 100 35 0 80

SE5 100 50 35 20
\SEG 100 0 10 50 j

Population Coverage Percentage

Service Radio environments supporting service
environ |Macro cell Micro cell | Pico cell | Hot spot
SE1 100 51 1 87
SE2 100 51 1 69--80
SE3 100 51 1 75
SE4 100 35 0 80

SE5 100 50 35 20
SE6 100 0 10 50
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® Number of network deployments :

Number of network deployments = Fif 30 pR7%3% ut-i;‘f #c
T BARERRE 3G RIFDEHFTF 5 R Ay 46 %
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3 5

Number of network deployments for

RATG1 5
Number of network deployments for

RATG2 5
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Number of network deployments for Number of network deployments for
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Number of network deployments for Number of network deployments for

N — AN — =/
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Spectral efficiency
matrix [bits/s/Hz/cell]

3G~ 4G mﬁ’s‘xuiﬁfz*\@?]l‘i’ﬁ FrRaL <~ L2 > 1 ITU @
W AR AR R

AR * 2 F 5P ITU 5 A R PFEH 5 » ¥ & KK TF K
i3

Session arrival rate per
user [session
arrivals/h/users]

@ F R JRARNE H JF,Z 1] pFT3a5 =g % (Access) 2 3k o
it B B 4ok User Density — % » 1145 BcipRIx & 35 o & /T*»%L;m v &
SC ~ SE PR332 1 < Session arrival rate per user = 0.01 » PRF% 2 e
Session arrival rate per user = 0.015 - B|3% % % ¢9 Session arrival rate
peruser = 0.025° 3 B Ra\ ¥ % 7 L3742 & 0 [ A F UIEPRIF DR *
FEET R FRARET X o F LA ’:%;‘ZB’».E'I if A2
B G0 RIBARRIT R r o RETEFF AL AN RGEK
PppE o Pl * ITU 53E K i o

Mean service bit rate
[Kbps]

& Lo S el B id B2 dp e » 8T 4o Session
arrival rate per user — % > FART G X F TR EFRIERA T & o

FEGFEPRGEAT s Bl |ITU EPFE K B ©

Average session
duration [s/session]

13K
i % 1=xen Access w ¥y 5 0 PR 2 W E 2 d4p ik o £ Session
arrival rate per user 4p ¢ » & 3 K ;—‘g mEH/REFRE P ITU

ST 2K (o

Allowed blocking rate @ﬂi%]%“ IR KT B A DA RN TR
GEnfR o wg LF S SRR G L PEIFH AT R WG
LR >ED QIR 7R g AT & T+ - Allowed blocking
rate ¥ £33 end 54 2 F o U E N EBMAapHE Lo R L RY
PR T~ e > FIP T B R ITU gk E o

Mobility Ratio

SC~SE ¥ # 1t 2 #5enh » L b Ak fient (SM:0-5km/h) ~ <7 i
B A% ¥ A (LM: 5-50km/h )~ 3 & #% #> ch 4 (HM: 50-250k m/h) 2

g e AR 2 T FE T B g Bichp o S 40 ¢ 3] 5 Dense Urban
ITU ¢ % 7_Dense Urban % % (SE1~SE3) L& 5 T im % » SE1
(Home % #* ) = Mobility Ratio £ (SM:LM:HM= 89 % :10% :

1% ) - SE2(Office % #* ) &7 Mobility Ratio ¥_(SM:LM:HM=95% :
4% : 1% )> SE3( Public % ¢ )= Mobility Ratio _( SM:LM:HM= 82% :
16%:2%) ~FLEERZEAFFTHFLIET S~ ERT IR

FRIE e
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Service categories
served with circuit
switched or packet
based

A KBS R P o FE AT i R g e W e 5
=
E]

¥ =
R oo F o W U R RS g T3] D
Email PRIxFe Pz o3t — B3 G A5 2 FA A7 €% 34 8
b EE R R R GPRARF AT Y Sk 0 i Erlang B 50 o Ry
24z R4 SC {Féﬁ"‘ % wA Lo Erlang B 5t endp ik -

kg P o ITU ehif ik

o

Mean Packet size S/IN
[kbit/packet]

- e chldp Aol o S0 R Adte LA RS S LR
FEARY Ao A F Y BR Y ITU DR E -

Second moment of pkt
size S/IN2
[ (kbit/packet) 2]

e Eemoment2 X (BIHie LanLh2 2 L))o 50
B AHAOBRFL S0 hRFEa R Atk A5
#ig * |ITU endp R & o
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Mean Packet delay
[s/packet]
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F17 1ITUM.2290 43+ 5 A E I 2020 # & 3

41

Foo b St A FEAI S A E 0 B RAREAY 2020 £ 47
%F kL 1625MHz 5 43t ITU R 8 4 1340~1960MHz

Z & o

User Density

Population Coverage

FE BB ABAITHTALER Percentage
Number of network
deployments SERZERMERERRAL
P —— HEREH
3IGISEEL AGISRERA Population Coverage Percentage
Number of network depk}yn’ﬁn{s for Service Radio environments supporting senice
RATG1 5 enviren |Macre cell | Micro cell | Picocell | Hot spot
Number of network deployments for ::; :gg g: 1 :;
RATGZ 5 SE3 100 51 1 75
SE4 100 % i 80
SE5 100 50 S 20
Sector Area SEB 100 0 10 50

RETREEREEELHT

Distribution ratios among

Radio environment TeleRarii available RAT groups
DU suU RU
L e i T 1G 3 AL Rk BE X LIS D
Picocell 1.60E-03 1.60E-03 1.60E-03 .
Hot spot 650E-05 6.50E-05 6.50E-05 20 b 80

ITUE B4R %

ELEEE 3T E R
%A F3E 1340 MHz AP R ST Ed s

&R ZxkE 1960 MHZ 1625 MHz
(RATG1: 450 » RATG2: 1175)

B 27 f1* M.2290 #ic3|4e 8 A ® 2020 A 7 F2 B %

“~

FAL KRR ITUM.2290 #23] » A3+ 5 F2
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#-22 %25 Number of network deployments %-#c - & 48 5 2 |
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TS fe e ¢ 1 2K Micro Cell 2 Pico Cell 72 § 2 >
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i o

W 27 5 mE e > % g Distribution ratios among
available RATGs %-#cpF > 52 A A K 2014 & 4G B L ts &1
G 2 > e Y ARiEL 2G> 3G T EIEBBE LK 0 BHH
3 4G FETRRRE MR TR XAARG o 26
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Distribution
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available RATGs
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(1) = ® Ofcom %A 2014 # Study on the future UK

spectrum demand for terrestrial mobile broadband applications 3¢
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§ % 805-995MHz - (2) #® FCC *t 2010 #4[* Hp {7
7 ¢ 2. Top-Down Forecast #-3] > ** Mobile Broadband: The
Benefits of Additional Broadband #g 2 ¢ 3g/p| 2020 # pF#-7 &
1848MHz z_#g % - (3) ;2 A& 2011 # = Towards
2020—Future spectrum requirements for mobile broadband g £
¢ 4* M.2078 HoAI3E 0 H 2020 EHEE R R L 1720MHz -
(4) p &% 2013 #3& 21 40* M.2078 73|+ Rl > 2020 & 5
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1. User Density M
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§ 653

cALETE (N

1R
BEZ Rk

R LR AL RS T e
PRRAR R 0 K AU A A BB Y o @it
S

ERMEEAT R Y PTEFFAY o

iz &5 336 0 » & Jg single band operator
end IR o

Model & ) e 38 2 K7 »LT%,@?ZQ O ?
fehfiss < @ E R BB ER T FF
o BEFF P PRREER LD 6 PP AR
EBLT %L -

Y EHRP ARG 0 FAZMNEREELS RS
2020 # 2w (B &P )B4 @ % G S ¢ #2020
ESEA R TR SR T RO T 2
EOER o ATIE NS FR2EOER O Rt
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Hep B, £ % 2020 & 7 -
B 470~698 MHz %Eil),@;ﬁﬁf/\ v ARG o

AT ERG
1428 %
it

PR AR B LR B R AT
2T F E2 L o

FAERA 0 A FPMT Y REA B omA 0 B A
RV AU RE AR 0 - B EET MR
FRAE I BAFE R A R AT

e LR ] SRR F 1 TR
PR Y P FI G R b HE R
G

Mok s BEFLL PR AT £
RS AEPE i b P R LCR) RAE S PO R
%R gl B2 T o

R i 2MERT D
= e sl
2y @t

B Y FIR Bk TR AR ER ALY 3
LA hEAL}ELERE- RS o

FA KR AP R
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T BRI

AT ST OB FTR AL ETACFTHRE APH
v >~ ATRERRE RFRRDL R AR M BT E
Hp$13748% 5 j¢_ 3GPPRelease #1 7]z » ¢ Fp £t i
*ou R 2R ¥ ¢ % sk 3 en CA (Carrier Aggregation) ~ SDL
(Supplemental Downlink) % H s s e o P78 #7313
e #F ¥ £ % (Spectrum Sharing) £ 4 3 PR A £ @ *
(Uulicenced-LTE) & {8 AR 7 & F e 2 5 5] - ALY #f
B (TV White Space) &R FE* Liwz A k4E% -

Fﬂ,%quﬁgﬁ%ﬁmF,%% AT R M AT RO
4o EHF & % #f £ F g H itk * ~4G VOLTE~UHD TV %2 Hbb
TV & B R o

AL EERE O RS EG EBG NARA KA
B OTRAR B TP o LT TR T G fRih

FFH %\ °
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(- ) Carrier Aggregation

AEERTRBETR 25, PRI/ LTE Y ™ 760
@,ﬁg?l*z % > 3GPP Release 10 ¥ 3# 4 7 ;“ # F & (Carrier
Aggregation, CA)= %4 » 5 LTE-Advanced % < Hftrz. — o
i UL R E P = B (component carrier) ¥ 3¢ e A £
PRBEE CEFAFRFEFRRY TR FFT R

PEZBEEIRE B EROEERE S X *PE"W}‘\?\ 5 o

\F‘lﬂ

B Wk S S

Model:48 B] 48 % Py 4 #F g9 A8 Mode2: 7R 7] 38 5 P9 48 AR 0y 4834 Mode3 © 7R B 48 F v LIRS 6948 &
sz OAMR om0\ MR — | )

=X | T Bma1 s T pamdr X2 Band 1 Band 2

A7 . .
" T L LT bir

FAT

JlOMHZ‘ZOMHZ| ‘20MHZ|2OMHZL JZOMHZ 2OMHz| |20M:HZ‘ ‘ZOMHZ‘ ‘20M:HZ|20M:HZ‘ |20MH_2‘

B 106 = #g Carrier Aggregation #-5% 7 &,
TR &R A F R

N

CA & SDL 2 £ & £ & > % (o F ik 4l LA 5
HSPA+H ez ¢t » CA B rde - B AL ¥ L 32 FDD
5 TDD > % #0477 @ -

Pt x5 29 W49 ?\iﬁ #2323 2015 # 10 &)
F1#* CA B jtrgc* LTE-Advanced fRi%+- 2 ¢ 3 20 %’\iiﬁ S 4

3] 3GPP Cat6 #&# » 3% 7™ {7:# ¥ & % 300Mbps # LTE-A R
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7%, M 44T 73 X 5B 450Mbps ¢ 3GPP Cat9 £ > p
T ORFFEERIRE R o 27 RS SKT, KT 12
LG U+ = ~ ¥ % B% 3 & R4E (ri-band CA
technology) z e f g 15 Bl3E ¢ o
MEE R R E R M e T R - o R kg
Carrier Aggregation i » #-+ iv 4 e 3 Lkt 5 R
& ;@ LTEFDD % LTE TDD #ii¥5% H 35 ehi B 2 — eh
PSR S i FDD 4Ffgr TDD #FECR & Uk o0 CA #
WEE LB ST ER L2 LR FH Ak CA 24 R
MR F B R A e R AR R L RRBPAF A
TR FIPARAAFERENE 2 DR RN E AT
A E o A FFRARNEZE RERBE 0 LA RF LG

EET PSR IRt X
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% 683GPP ¥ Carrier aggregation =k 5 3% o 2 4 & ke &

Carrier aggregation bands in 3GPP Rel-10

CABand

CAC1 Intra 1 1

CA_C 40 Intra 40 40
CA_1-5 Inter 1+5 1 5

Carrier aggregation bands in 3GPP Rel-11

CA Band ‘ Intra/Inter Combination ‘ Requested by freq. 1 ‘ freq. 2 \
CA _1-19 Inter 1+19 NTT DOCOMO 1 19
CA 3-7 Inter 3+7 Telia Sonera 3 7
CA 4-13 Inter 4+13 Verizon Wireless 4 13
CA_4-17 Inter 4+ 17 AT&T 4 17
CA_7-20 Inter 7+ 20 Orange et al 7 20
CA 5-12 Inter 5+12 US Cellular 5 12
CA 4-12 Inter 4+12 Cox Communication 4 12
CA_2-17 Inter 2+17 AT&T 2 17
CA_4-5 Inter 4+5 AT&T 4 5
CA 5-17 Inter 5+17 AT&T 5 17
CA 3-5 Inter 3+5 SK Telecom 3 5
CA_4-7 Inter 4+7 Rogers Wireless 4 7
CA 3-20 Inter 3+20 Vodafone 3 20
CA 8-20 Inter 8+ 20 Vodafone 8 20
CA_1-18 Inter 1+18 KDDI 1 18
CA_1-21 Inter 1+21 NTT DOCOMO 1 21
CA_11-18 Inter 11 +18 KDDI 11 18
CA_3-8 Inter 3+8 KT 3 8
CA_2-29 Inter 2+29 AT&T 2 29
CA_4-29 Inter 4+ 29 AT&T 4 29
CA C 41 Intra 41 (2DL/2UL) | Clearwire, CMCC,... | 41
CA_C_38 Intra 38 (2DL/2UL) CMCC 38
CUC, CT, Telenor et
CA C 7 Intra 7 (2DL/2UL) o 7
CA_NC_B25 Intra 25 (2DL/1UL) Sprint 25
CA_NC B41 Intra 41 (2DL/1UL) CMCC 41
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Carrier aggregation bands in 3GPP Rel-12

CA Band ‘ Intra/Inter Combination ‘

Requested by

freq. 1 ‘ freq. 2

CA 1.3 Inter 143 China Unicom, China L 3
- Telecom

CA_1-7 Inter 1+7 LGU + 1

CA 1-8 Inter 1+8 Softbank 1

CA 1-11 Inter 1+11 Softbank 1 11
CA_1-18 Inter 1+18 KDDI 1 18
CA_1-26 Inter 1+ 26 KDDI 1 26

CA 24 Inter 2+4 TMO-US 2 4

CA 25 Inter 2+5 AT&T 2 5
CA 2-12 Inter 2+12 US Cellular 2 12
CA 2-13 Inter 2+13 Verizon 2 13
CA 3-19 Inter 3+19 NTT DOCOMO 3 19
CA _3-20 Inter 3+20 Telekom Austria 3 20
CA_3-26 Inter 3+26 KT 3 26
CA_3-27 Inter 3+27 KT 3 27
CA _3-28 Inter 3+28 eAccess 3 28
CA_4-12 Inter 4+12 TMO-US 4 12
CA 4-27 Inter 4+ 27 NIl Holdings 4 27

CA 5-7 Inter 5+7 LG Uplus 5 7
CA 5-25 Inter 5+25 US Cellular 5 25
CA_7-20 Inter 7+20 Telekom Austria 7 20
CA _7-28 Inter 7+28 Telefonica 7 28
CA 8-11 Inter 8+11 Softbank 8 11
CA 8-20 Inter 8+ 20 Vodafone 8 20
CA_12-25 Inter 12 + 25 US Cellular 12 25
CA_19-21 Inter 19+ 21 NTT DOCOMO 19 21

20 + 32 (in
CA_20-32 Inter UTRA BI + Orange 20 32
BXXXII)
CA_23-29 Inter 23+ 29 Dish 23 29
CA_39-41 Inter 39+41 CMCC 39 41
CA _41-42 Inter 41 + 42 China Unicom, China 41 42
- Telecom

CA C B3 Intra 3 (2DL/2UL) Chin Unicom 3
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CA_C B7 Intra 7 (2DL/2UL) Orange 7
CA_C B23 Intra 23 (2DL/1UL) Dish 23
CA_C _B27 Intra 27 (2DL/1UL) NIl Holdings 27
CA_C B39 Intra 39 (2DL/2UL) CMCC 39
CA_C _B40 Intra 40 (3DL/1UL) CMCC 40
CA_C _B42 Intra 42 (2DL/2UL) | CMCC, NI, Bollore 42
CA _NC B2 Intra 2 (2DL/1UL) Verizon 2
CA_NC B3 Intra 3 (2DL/1UL) SK Telecom 3
CA_NC_B4 Intra 4 (2DL/1UL) TMO-US 4
CA_NC_B7 Intra 7 (2DL/1UL) Telecom ltalia 7

CA_NC _B23 Intra 23 (2DL/1UL) Dish 23
CA_NC_B25 Intra 25 (2DL/1UL) Telus 25
CA_NC_B42 Intra 42 (2DL/1UL) | CMCC, NI, Bollore 42

Carrier aggregation bands in 3GPP Rel-12 (FDD+TDD)

CA Band ‘ Intra/lnter Combination Requested by freq. 1 freq. 2
CA_8-40 Inter 8+40 KT 8 40
CA 1-42 Inter 1+42 NTT DOCOMO 1 42
CA_19-42 Inter 19 + 42 NTT DOCOMO 19 42
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Carrier aggregation bands in 3GPP Rel-12 (3DL CA)

CA Band Intra/lnter Combination Requested by g.1 freq.2 freq.3
CA_1-3-5 Inter 1+3+5 SK Telecom 1 3 5
CA_1-3-8 Inter 1+3+8 KT 1 3 8
CA_1-3-19 Inter 1+3+19 NTT DOCOMO 1 3 19
CA_1-3-20 Inter 1+3+20 Vodafone 1 3 20
CA_1-5-7 Inter 1+5+7 LGU + 1 5 7
CA_1-7-20 Inter 1+7+20 Vodafone 1 7 20
CA _1-19-21 Inter 1+19+21 NTT DOCOMO 1 19 21
CA _1-42-42 Inter 1+42+42 NTT DOCOMO 1 42 42
CA _2-2-13 Inter 2+2+13 Verizon Wireless 2 2 13
CA_2-4-4 Inter 2+4+4 TMO-US 2 4 4
CA _2-4-5 Inter 2+4+5 US Cellular 2 4 5
CA _2-4-13 Inter 2+4+13 Verizon Wireless 2 4 13
CA_2-5-12 Inter 2+5+12 US Cellular 2 5 12
CA_2-5-30 Inter 2+5+30 AT&T 2 5 30
CA_2-12-12 Inter 2+12+12 AT&T 2 12 12
CA_2-12-30 Inter 2+12+30 AT&T 2 12 30
CA 2-29-30 Inter 2+29+30 AT&T 2 29 30
CA 3-3-7 Inter 3+3+7 TeliaSonera 3 3 7
Orange, Deutsche
CA_3-7-7 Inter 3+7+7 3 7 7
- Telekom
CA 3-7-20 Inter 3+7+20 Vodafone 3 7 20
CA 4-4-12 Inter 4+4+12 TMO-US 4 4 12
CA _4-4-13 Inter 4+4+13 Verizon Wireless 4 4 13
CA_4-5-12 Inter 4+5+12 US Cellular 4 5 12
CA_4-5-30 Inter 4+5+30 AT&T 4 5 30
CA_4-12-12 Inter 4+12+12 AT&T 4 12 12
CA_4-12-30 Inter 4+12+30 AT&T 4 12 30
CA_4-29-30 Inter 4+29+30 AT&T 4 29 30
CA _19-42-42 Inter 19 +42 + 42 NTT DOCOMO 19 42 42
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Carrier aggregation bands in 3GPP Rel-13

Intra/Inter Combination‘

Requested by

‘freq.l freq. 2 freq. 3

Inter 8+ 27 KT Inter-band CA 2DL/1UL 8 27

Inter 3+8+27 KT Inter-band CA 3DL 3 8 27
Inter 7+22 Orange, Ericsson Inter-band CA 2DL 7 22

Inter 5+13 Intel Inter-band CA 2DL 5 13

Inter 2+2+5 Intel Inter-band CA 3DL 2 2 5
Inter 4+4+5 Intel Inter-band CA 3DL 4 4 5
Inter 2+5+13 Intel Inter-band CA 3DL 2 5 13
Inter 4+5+13 Intel Inter-band CA 3DL 4 5 13
Inter 1+3+26 China Telecom Inter-band CA 3DL 1 3 26
Inter 1+18+28 KDDI Inter-band CA 3DL 1 18 28
Inter 2+2+12 U.S. Cellular Inter-band CA 3DL/1UL 2 2 12
Inter 4+7+12 Rogers Wireless Inter-band CA 3DL/1UL 4 7 12
Inter 4+4+7 Rogers Wireless Inter-band CA 3DL/1UL 4 4

Inter 3+3+8 CHTTL Inter-band CA 3DL/1UL 3 3

Inter 39+41+41 China Mobile Inter-band CA 3DL/1UL | 39 41 41
Inter 41 + 42 + 42 Huawei Inter-band CA 3DL/1UL | 41 42 42
Inter 1+41+41 KDDI Inter-band CA 3DL/1UL 1 41 41
Inter 26 +41+41 KDDI Inter-band CA 3DL/1UL | 26 41 41
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Carrier aggregation bands in 3GPP Rel-13 (Work in Process)

Intra/lnter Combination‘ Requested by freq. 1 freq.2 freq.3

Inter 3+28 Nokia Networks Inter-band CA 2DL/1UL 3 28

Inter 2+28 Huawei Inter-band CA 2DL/1UL 2 28

Inter 4+ 28 Huawei Inter-band CA 2DL/1UL 4 28

Inter 20 + 40 Ericsson Inter-band CA 2DL/1UL | 20 40

Inter 1+40 KT Inter-band CA 2DL/1UL 1 40

Inter 3+40 KT Inter-band CA 2DL/1UL 3 40

Inter 20+ 31 Huawei Inter-band CA 2DL/1UL | 20 31

Inter 3+31 Huawei Inter-band CA 2DL/1UL 3 31

Inter 5+40 SK Telecom Inter-band CA 2DL/1UL 5 40

Inter 25 +41 Alcatel-Lucent Inter-band CA 3DL/1IUL | 25 41

Intra-band contig.CA
Intra 42 CATT 42
3DL

Inter 39+39+41 China Mobile Inter-band CA 3DL/1UL | 39 39 41
Inter 8+41+41 China Mobile Inter-band CA 3DL/1UL 8 41 41
Inter 2+2+29 AT&T Inter-band CA 3DL/1UL 2 2 29
Inter 38 +40 + 40 Samsung Inter-band CA 3DL/1UL | 38 40 40
Inter 2+4+29 Huawei Inter-band CA 3DL/1UL 2 4 29
Inter 2+5+29 Huawei Inter-band CA 3DL/1UL 2 5 29

T kR D 3GPP ~ A3t g AT
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(=) Supplemental Downlink

R ERIR A 2 02 S B e 4 0 g i
B0 FHAR BB ) L B S R R R A B Y - A

=X g 4 7T 3 (downlink) s 5 % o

Supplemental Downlink

Supplemental spectrum Downlink Uplink
(Unpaired) (Paired) (Paired)

EACA
.

Data
Device Upload

Data Download

M 107 SDL #i3 7 & W
KR AR

Supplemental Downlink (SDL) e iz 2 4 4 £ R
Qualcomm = & & MWC 2011 (3GPP Release 9) *® # 41 » % 4
Bk a5 HSPA+ 2 LTE ® > FDD $t /v 4447 £
ﬁfﬁﬁ“ﬁ%’ﬂﬁﬁfﬁ@ﬁiiﬁii?’%ﬁéﬂT

FAEE ER ARG 0 7V Rk f2A FDD HiEP b T A4 R
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FRORFAPRET PAUMEH AT R R % o & TDD H
HERH P BRI RV R gt AR R R g R R
%% Guard Band 7 it + 3§ 452 o
SDL Hojbarie * engp *h4E % F 5 LRPARER S 2 H |

% TR 3 286 o &5 A& Qualcomm #% J13% R

. L-Band (Band 32, 1452-1496MHz, downlink only) i % & %%
2.1GHz # ™ (73 ¢4 % ¢ * o Qualcomm 7 2008 & pF 12 8300
FEaiRE m R L-Band doipzdid ¥ 58 0 if Bdeie et
f1#* % ¢ 40MHz (1452-1492 MHz) # & SDL H e B 7 &
4 - 2013 & 2 * > Orange ~ Ericsson 12 2 Qualcomm *+ ;= B+

(A I & ) o -

Hirefot £ S B > ECC # 22013 & 2 7 > 5d 2B %N
kg B & L-Band o enfEk @ * o @ o RE AR T
#1245 p) Ofcom R & 2014 & 10 » & ;8% * L-Band %3
SDL ¢ * 2 ;3RHEF3FH 2 SRR > FU > FRHMEE X3
% - @@ L-Band ¥ 5 SDL FHpreni® R ™ TEH B
iR Re §RFIE -
g en L-Band RAEL = i R 4% (Digital
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Audio Broadcasting) FR7% > ik FER AL FHE VO
- BT R RIS SRR 0 PRI Y hdng E
#pdp| (aeronautical telemetry) b o & R ptAF B B TR * pF
YT €FAJE T S LT AL DT ER
0 2 g A% SDL i * pr > e pre & 4] 2 in-band
# Z ¥4 sout-of-band 3 52410 2 B+ SDL R =8 F L4 F >
7ok + #ﬁm#ﬂ ¥ o Ofcom 773t 3 B BF AR iT e ) T A ¢ AL
(fixed links) =7 2x6 MHz #g % -

SDL“,% T * L-Bandz b fp A7rp 3 F R F 14759
- 1495.9 MHz>Band 11 Downlink 84 ¥ 5 & * 45 FL it 3
m DIGITALEUROPE Eﬁ%‘«”#«’t g * 470-694 MHz » 3+ &
FETARAELTLIRY L SRHALTFAEEY > T
Has s enig g o ¥ b > & Qualcomm % Ericsson + 3GPP
# 1199 RP-131635 ¢ > BI4%:& # W+ I * & 34 B« 5725-5850
MHz i % Secondary Cell » 4523 $4 fe e LTE #F £ 17 &

Primary Cell & * # SDL st o
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(=) Unlicensed LTE

Unlicensed-LTE (LTE-U)» ~ # 5 Licensed-Assisted Access,
(LAA) > = Supplemental Downlink % Carrier Aggregation H: 47
A MR B0 0 I LSRR R A B AT 4 BRAE B F oD
7 R . SDL T ¢ % enLTE-U-> R BAEEH L & 47 &_LTE
TEAER A oM CAREMETALTE-UR] s bt (3
@ﬁi%l o @ LTE-U % non-standalone it > Jf 2 LTE 3 AR £ 1%

PARUL O ARBHEE L LEREFRY .

LTE-U by Supplemental Downlink LTE-U by Carrier Aggregation

PR ZIBHAE IR FIBHA

anary\\ /’I Secondary Primary\'\ (," /’J
carrier carrier carrer Y2 e ’ Secon.dary
(downlink only) - carrier
(both up & down)

Bl 108 §|* SDL % CA $ it/ 7 1 LTE-U 7
TR kR A

LTE-U =& % £ < Carrier Aggregation » # 3GPP Release
10,1112 e 2488 > 384+ % (F R~ s~ 7 W2 Fr
B)ehig* ¢ R RMGIE T FRIPNDEFFERE

e "¢ ¥ LBT (Listen Before Talk) *#~#4] 2 > & LBT # 3 (%

2P AE)FRYAVRADLAARE - - SAp i LAA R 7
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7 4 :g 14 7p] (Clear Channel Assessment) #jtr > & LAA & {7
A LA * 45 % 5L (discovery signals) & p R 4F ¥

Al guEag o LAA HpFh 2014 & 9 7 pFxt 3GPP release 13
? k7] 5 A Study ltems Bt - 3= #-¢ B 2015 & 6 ¢ B (7%

T2 ] TR SRR B 2016 # w0 X A o

Example of LAA/Wi-Fi coexistence in the same channel
(LAA design based on LBE)

CCA
si(c::ss Idle period Period
Channel occupancy - '20usec
! time: 1~10msec — g
LAA 5 &
(LBT/CCA) Failed CCA . i
Failed CCA
CCA success

Random l
Time

B 109 LAA 3 & * CCA vt (7 2 M Rl R Wi-Fi ¥ %7 &
7R %R ¢ Qualcoom

BhHPLTEEUFT @ % T o H BRI TEA Lo A p D
¢ e p 4 BCE_B 4 e Small Cell 5GHz # £ 5 d *Y 5GHz
BRI s WIFi &t % @ X 36T i i & QOS VR A -
HEFehI pF 4R g Rie- Aol Ao @ (F
ExR~EFLZEOT) Boos L4 ™ o LTE 2 Wi-i
LA BCHZ AR B R 33 2 R AR R % »cF > 2 Nokia

HAS GBI 0 A i i T e LTE-U Fei g R 1

Wi-fi e 5 ’Ffré 90% 14 F o
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BT B BGHZ MBI 0 4 R Rt i€ ISM
#g B o ISM (Industrial, Scientific & Medical) bands &_F*% F 3¢ ¥
BAE P FR R SR DR R

Bt R F G ISMuses » B bldode i T A B R (Mok g
%)~ & F % %4 (medical diathermy machines) ~ % 4 £ 41 %
eiTE R FW M T R4 > ISM band » Ai ¥ f- EE

il

—~

N

A2 1

(P

PEOFHEFFOUA LSO EARTFECET T
A (NFC) 22 |EEEDO2.11/Wi-Fi & @ * - pfa* s

non-1SM uses -
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069 & Rt 2 ISMHE
HEFF IR v 4F & R
6.765 MHz 6.795 MHz 30 kHz 6780 MHz | ¥ » 2z
13.553 MHz 13,567 MHz 14 kHz 13560 MHz | 2+ %
26.957 MHz 27.283 MHz 326 kHz 27120 MHz | > %
40.660 MHz 40.700 MHz 40 kHz 40680 MHz | > &
7 Regionl ¥ i
433050 MHz | 434790 MHz | 174MHz |  433.920 MHz
E R4
% Region 2(z &
902.000 MHz | 928.000 MHz 26 MHz | 915.000 MHz '
2.400 GHz 2.500 GHz 100 MHz 2450GHz | 2¢ %
5.725 GHz 5.875 GHz 150 MHz 5800GHz | > %
24.000 GHz 24250 GHz | 250 MHz 24125GHz | 2+ R
61.000 GHz 61.500 GHz | 500 MHz 61.250 GHz | i =+ %
122.000GHz | 123.000 GHz 1GHz | 122500GHz |  ## = R %
244000 GHz | 246.000 GHz 2GHz | 245000GHz | ¥ =R
TARKR SR TR AFHFER
R T Y o LI RAEHE * o LTE-U %7 e
PR RE IR I AR~ B S R L S B R e o
Eh iz oo e 0T 2B gk ad R g 4 o
Bkl RAEE L @ adbe Wi-FI & H 8 JirE %
1. #f:g £ # (Channel Selection) : LTE-U ¢ p 7 &4} iz

49 st BN E % SGHz 456 ¢ 1 20MHz #1 %

P i R E A

PO E PE el AR o
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2. Time-domain coexistence techniques : LTE-U #-% ¢ &
Bk LREE TR il LBT R % o
LTE-U ¥ $t L R BATE & * B aciiend 5 a &F LBT
Hfp i T BIAHAEE R TR AR P a2
FaR oA faS N0 FEARNPFEFTLLES

OFFRE > g fhiEIgE -

3. Opportunistic Secondary Cell operation : # % /it & FF »
LTE-U #-¢ #3%cid L Ut i U RAE A 338w T3
PR BB (71l &R o

9 Dynamically select clear channel: channel selection based on interference

Unlicensed 20
S GHz band /%
LS

o S00 MH2

available

34
5z

6 Mitigate if no clear channel is available: co-channel co-existence features

LBT Before based
Adaptive on/off duty cycle with CSAT depending on channel utilization
1I0msd
~100+ ms long £39 < 10 ms shoet gap >~
U soff LTEE o0
N 5
Ser > Caithag chann ——
Se - Sensing chance
availa
Carrler Sensing Adaptive Transmission (CSAT) for fair co-existence Optimized LTE waveform for n-Before-Talk targeting 3GPP R13

with W .‘-rwthi(F‘HkUHl’f'v'\"lB regions e.g U Korea, China

to meet regulatory requirements for LBY regions eg F pan

6 Release unlicensed channel at low traffic load: fall back to licensed spectrum operation on

Bl 110 #= fi A o8 Pt 1 LTE-U g =+ + 382 = &
74 %k Qualcomm
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B f5 4 3 ¢ 7= (Dynamic Spectrum Management) > »~ A& i

% B AL 47 2 324 ( Dynamic Spectrum Access ) » & — et At
TR > AR B G RREN RAH ] A RRENER
BRI m P e PR B A A e R iR DA RE B

LA B ARER G oes P F R RFH

BRIEHEE s > HERI UG AR ISR
R N AU T Eok SRCRCE IR O R AT S L
o TER SR o2 EE ) i d| ik 7 TR R
PR T R AR A g o By RL R T 80 primary
user ¥ v € 7% i = primary user * 3§ ff= [Fl ' 2 %7 secondary
user £ * PZHEE OV (T4 @ KBTI B D B2
AR E DFNT o BIRE - TR T R FF B

41 -
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———————————

| System A | _____ ' System B | I System C | A T TR AR AR

—+ B A HEE
B
P , \ £ % (Heterogeneous) 7!
'S 1

System A _ | SystemA‘L |“' Syste‘mB |“l Sys’}emC |“ﬂ: -
- alk 5 T Aezmns L 5
459 i I TP
...... BRETRAR L EMMAA A EEMAELREE SREFITRIBRAFNEME LG RBEALERER
R a9 B A > s ARG B e SR A AT RS H B A S P RE AL BRI ATES

Bl 111 g @ BT HE T2 AN S + 4 N\
TAL KR A A

2013 & 6 * > # fu A W 2 € (The Dynamic Spectrum

Alliance) ¢ 23 %X A7 P 2P 2 M o2 p X+ 5 2 - K

—

CLERE T R S Y IV IRy s
B ATHICE AR Y R RonTinfa) o 35 B AT i Y 41
FRERE R g 2 R g5 0 2018 £ 3 BE R
St h 2014 & vmgh e R ¥t 2015 5 0 TR e

EPREFR=ZXF%EE o
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AR HEROELE L RS

1L ARBARHRB P ERDEI %G (Adaptive
modulation and coding ; AMC) &_4345 % =4 4- Node-B # & 1%
o A R omB i o i H G Ak U RN el
FAER o — A * A2 D EHED S E (modulation type)
% E 4 242 %iE (FEC) o

2. MEER

3. 2 BEAALAEILERN

4. ¥R S WA %S (dirty paper coding) dp AU i
o S S By R A AR I 8 B S RJL R
o AR DR T o S SRR &G g D 2 R R T
B REHLPET SR G BET O R A R S~ S

ks (MIMO) e 3 & o A %8 5 2L 58 -

4k R & L 4apt F £ (Link Aggregation) » * - Trunk »

o

Ldp -5 B H oLt - 4o & 5 - BRER > R
MEELELE SRR DA PR SRR
Hop AR AT LR B R B T

# o
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(I) BB 4T F ez o

%% #f (Extremely High Frequency, EHF) a4 & % 30 ~
300GHz # Rz RRM » L& WA TRt RS

WHAE A lom ~ Imm 2 ¢ #E SN e R AR ®
R AR B o

MRS REEFDTEL P REOTEA T F YRS
WEEA F Aok EF 3 F (R R ™ > 5 4 F 3 jo
60 GHz, 118.75 GHz ; -k & 3 sz : 22.235 GHz, 183.31 GHz,
325153 GHz)» FI* § MB R FF > T X T F B4R F €
S A BT DT EL B IREF S RETRF W
PR A MR AR > 4 R0 B R A 2R AR B
(Line-Of-Sight, LOS) = ‘g {7 @ﬁia?] o fe H WBBE BT BE A
MR ik LFRC) gk K B R (Beam Width) o @ H
ek 2Bk E o7 iE 10Gbps b5 ¥ hd v H R KR
BEFEYE G e BT S ok 0T AR
3 ;4 g, (Cellular Network) H #1 % edp & & 45 % § B4

(Frequency Reuse Distance) » j* > #8317 §& ] e+ 3§ -
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10 100 400

Frequenz in GHz

Bl 112 = KR et f ¢ A e E (5
4L kiR Dantor » »3hF R

EHAEELET R AAEET (RAT L - IERR
R R (FAAHERERH T 3 DT EF v b

BEZXFH ) %5 2 % B(40-70 GHz> MMW or EHF Thearopy -
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3 70 AR A

#g B (Band) #g % (frequency)
L Band 1-2GHz
S Band 2-4GHz
C Band 4 -8 GHz
X Band 8 -12 GHz
K, Band 12 - 18 GHz
K Band 18 — 26.5 GHz
K, Band 26.5 -40 GHz
Q Band 30 -50 GHz
U Band 40 - 60 GHz
V Band 50 - 75 GHz
E Band 60 — 90 GHz
W Band 75-110 GHz
F Band 90 — 140 GHz
D Band 110 - 170 GHz

SEFH LA LOBTH AP EEE

TA BT R MG EA 0 P 2 386 — 400
GHz #7 £ 2 k™ % iF & 4 Mok Hodhid 4 enfU R B (7 18
¥ 5t 71-76,81-86,92-95GHz S £ 554 ¢ A F =
Te2 HEEC > B LA R RS SRR B D O BB B B
BB @S R 10Gbpse A ¥ ALHRALR Y 6
ok L ehp) Lk ISM 4 £ h 60GHZ 474 (57 - 64 GHz) » %
TP e G hdttkitd 2 @® % ¢ chg R Backhaul &% i 0 4o
2 ¢ CEREH R R By 4 o Wireless HD £ 47 e B i 4 e

WiGig (IEEE 802.11ad) % SR A4k B iT e ji o T 238 4 J2
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® \WirelessHD :

CFH P E AR @EOT & 2 5 (1080p 11 1)
Riferdfde > @ % EH L PATT LR i S B &
{ e 3 P zéﬁiﬁﬁ@‘@‘-mr‘s ZE KRR

Wireless HD # =7 2008 # ¢ SIBEAM (2011 # 4
Silicon Image & > @ Silicon Image B & 2015 # 4% Lattice
Semiconductor & p) # 4 > 1% 60GHz #g £ ¢ e 7GHz =
JHMEE U ERRC AR EEE RS %@‘{ﬁm HD A &
R e AR @ﬁiﬂ ’ @%J«? BRedl@ibme~ 27 3 25~28Ghps
i % Jpre dht R4 = 44 (adaptive beamforming) 4 2 &
if He_(beam tracking) #ojts= smpojpras © H @ ﬁig,lﬁmgi £ LOS »
x i * Digital Transmission Content Protection (DTCP) Hjis3&
A pfr o H Pl AP " A 2L 5 (phased array) 5
5N kA 10 W e E s > ikdg 5+ at ¥ (Effective
Isotropic radiated Power, EIRP) » 122t # Hig s pFl 1 10 = <
v+ 5 @ beam-tracking BltREt iRIF B @S H 2 B Rwy B

WirelessHD 4] * & < #g » % 1 (Orthogonal Frequency

Division Multiplexing, OFDM) Hjisde k-8 /v & % M & 2.
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At o f1* ISM 60 GHz Band 157 — 64
GHz # & #-H > & 45 216GHz T owpg v * 279 1.76
GHz &g 57> 11 2 5121 4.957 MHz % «h&| ' & (subcarrier) -
I @d g e i * 19 Gbps chw A iR M B F
(Quadrature Phase-Shift Keying, QPSK) & 16 4p =1 < & t5#h
% 3.8 Gbps (16-Phase Quadrature Amplitude Modulation,
16QAM) ; i £ #sS Rl @ * 128 B 92 MHz T ehgl it > &
* 25 — 40 Mbps hiE i 4p =ik 4 3 % (Binary Phase-Shift

Keying, BPSK) it {731 & o
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® WiGig (IEEE 802.11ad) :

WiGig 5 IEEE 802.11 322z WLAN & % 2> 5\

7
~

- > fI* 60 GHz #f &8 (7 @gig?] Dol AT AR K

(Media Access Control Layer) {2 > V23 $gi7 > Fpt v &2

Ea A * 24GHz & 5GHz = 1la/b/ginfac £ EE5F T 4p % o
o R H s & o0 Wireless Gigabit (WiGig) Alliance @ #2013

£ Wi-Fi 3P &EzS o

WiGig 4] * = s*L 7] (antenna arrays) #% &k & = 311 2

R S R e i LR LUER Rt

-

W

» Bl % ISM 60 GHz Band #7157 - 64 GHz #ff > &~ 3]+ 5 4
B 216 GHz Tosgs » 1% T JHEA 5 1607 58 > i Bwh

Bt fc 7 Gbps engesd @ i H - JUilany R

FTHRE 46 Gbps chp k@ ARG F 0 T B ERE R EE

(Advanced Encryption Standard) i& {7 4c %

v o
H

2 R4 M e Wilocity £ 60 GHz WiGIg #is 5 i &

B ERF 0 P E 2 Qualcomm 4 & i #li 44 IEEE

802.11 = #gE s (2.4GHz ~ 5GHz ~ 60GHz) cficle o
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# 713K 60GHz % 5 j & M vz 1 & Pojies B g

Wireless HD - -
i wlrelessiam

Wireless Gigabit
Alliance
(WiGig)

o 32008 & 1 F pri Al 1.0 % 0 ik
UiE 5 25 Gbps > 7 *%i¢ 4 Gbps & i
i, 22010 & 5 * &4 1.1 5% > BI24
&L & 3 28 Gbps

. IEEE802153c+ﬂ.%’i$=%f%_ P
# R @%Iﬁ ZEE R R

Mg e ih g R 2 4] (adaptive
beamforming) * #Ljie ok uf © 1@ g 5
oo 10 2 FRP) T BRERGE
AREE S AP A DR fRITRAE 6

« 41 * Digital Transmission Content
Protection (DTCP) Hjkigr 4. H f?;ﬁig?lﬁv
O SV

s 3 1080p 2t > 3| 4K~120Hz~3D
AT

©OBEFRURRRF AL E RS
SIBEAM % ¢ » ¢ 7z Sony ~ Toshiba
Philips ~ Samsung %

« 2011 # SIiBEAM 4% Silicon Image &
PLis » WIHD :z & % UltraGig

2009 # 5 " &2 > g 12 7 F 3V
WiGig 1.0 ## & % > 4 & @5 &
7Gbps

2013 & & ~ Wi-fi mp2 @ » 0 IEEE
802.11ad # it 5 +% 0w » # 60GHz #f
ﬁ,u,\;; 4 fLa; 2.16-GHz % & > H- %
B TR g ﬁ%l
4.6Gbps

2010 &2 £ 1 H AV fo /O i 5 ts 2
it & & (protocol adaptation layer> PAL)
AR R EARRRYS VLR
HDTV 4 & frﬁ e :‘g T Bk
PLAXFRF RS TH
AE2BAT 1080p

WP AR T R iao 3
Dell ~ Intel ~ Nvidia ~ Microsoft % > 7=
7P SR RPREL WIHD = A
Powg BPHRSRFTTEHELE
2.4GHz ~ 5GHz 2 2 60GHz = B #f £

#Q"]I dp F

%4 FH : WIHD » WiGIg B 2 B Tl A%
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2013 & t e X% B 7 4% 28GHz #7# % 38GHz #f & » $5fe
Bipre AR R A S|P BRI AT &K P AONTT
DoCoMo » & R™ - % Jki & 175 3> 2014 & B Ec g p Rl o
TApst i 2015 # (7 2 thipRE 0 Rty UHF gt o

d SHF | EHF #F R e m S Ui * 2 ¥ s & o

—\

Ak 5G ATPMTEFE R o P RIFRET R MR FHFF
Small Cell 2. 2 4t (Heterogeneous Networks = 3%) > $5fe 3
Frequency Reuse g fiez $jte> © §p BAEE G { 7 L84 4 &
2R SHEBEFHEA LB EES R ARG R
FHREgHEFEFEY > PR FARFZERT R F Small

Cell 27 i {4 » riad = J30fado 374 rg B 2 4 LR o

BLA AT BRATREHET
e r o N
UHF Low SHF High SHF EHF
Ex. 800MHz, 2GHz F-6GHz 6-30GHz > 30GHz
ﬂ n i q._—/ — ! r.'l {f (! >
Freguency
5GHz Band 15GHz Band 28GHz Band 70GHz Band
Alcatel-Lucent @ FUﬁTSU NEC = o> i erh
a4 H ERICSSON H - 2&
EIRE A BEERaE | SORREY N BTk | ToEEAE
A o T 0 B AL B R E PR BEHET L8
MM | ETFHEER | o e 8 Mass ARARBE | (el
kR | Maipa | (medomaim)ig | LGS AMassive | gy | BEARS
F AR 2B MIMO ;8| = AR

B 113NTTDoCoMo ¥+ <~ @ & HB IR EFZFHRPM 7
T4 kR - NTT DoCoMo » 43+ 4 £
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(=) TV White Space

KWL R AR (S > iE TR R E R U R

A AR R B o ERRTAATR Y el A

FEFEIEH B TENE BADRIEBEE L AR
S R TR SR B a4 R R 0 2 B

ALY BER TERP R BT AR BRI o
TV White Space srjis * @ &t R % 8387 5 35 plipy £

PhTd o MU A IR WP & B TV White Space i #* 3% ¢

® i & TV White Space & * %
2 ®WE_p w3 TV White Space 12 2 H AR L R R A
¥ 0 FCC 3548 4 i 3% 50 i > % M TV White Space 2 ¥

flig - BR2RMEOFHRFE 0 1 5 28 A H TV White Space

o

RREPRBFFIOLIRNLE BT ERAKRER DA E2 -
44 > FCC % # B 2% White Space # F i & # f H3% & 1id
* & £ >4k White Space & % i i 5 - S ¥ B HBA]
FALE SR AT R RARE A mAK A -

FCC p 2002  if B 431 TV White Space 4] * 77 i; 4% o
FCC S %M AL AR TN 2 BRKAE 2 TEE

database i {7 online £ Frenf-n™ ¥ L ok FHEF 4 o AT
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2009 & 1 * 2% = TV White Space #5*% i # 2 2 International

_‘ﬁ

TV White Spaces Fellowship and Training Initiative ;> ¥ p 2009
2102 22> FCCH TV @ H#FT %R FHRAB > s 2T L
B AR R o

FCC g it 5 #eridsh B 9T % > 2010 # 9 % 1
FUAR A R4 2 TV White Space & 2t 5 % @ * 5 A 2011
£ 10 S ARERET* 2 TARGHE - FCC oF 1 Google
*10 gen TVWS T E &R > R % F75d HFHE k5t
B LT ARE TR Y M E S FE 27 > FCC I Vi iF
Incentive Voulantary Auction = % » # ¥ it v mzﬁ#;ﬁﬁxwﬂ =
120MHz g %5 e & 2 g 4] > & 2013 & o- =x 2t #p 18 > 2014
£ 10 ¥ L R sl > oz 2015 & % 3 {7 0 Incentive
Auction z£ £ 2016 & o

ZRh 2@ > 2011 & > 4 Humboldt County £ Yurok Tribe

B M BH ERE Carlson Wireless (& ivT E F TV White

F_&

Space spl3& ;2012 &£ 1 % » 2 ® % - B TVWS § * JRI:3T4
e U TVWS HE Bie 7 | WS AR B cnfp 4] & Bl 5 2013

£ 47 > s nEl Dorado County = 2 2 B % — B¢ * TVWS
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BEFTHRERSE R FETY G RERTAEL L F

2002/11 » g AL 2006~2008 - 2008/11 » 4> 2000/6 - 2009/10 » 2010/9 » />
I Spectrum Policy HETV A A B ped STVWSE P
Task Force ;| (it White Space TV White WS A FHTGE B TV White
B do & eI A & #% B A Space#y 77 &f iﬁch’ T EHARA Space#, B
— a— <
——— > 2009 ‘> 2010 >
1
2004/10 »
IEEER # #% 20%9&2%{_5@
£ 802.2248, s A
% 802.11af

201171 » 7> 2011/2 - FCC#& £ 2014/10 - J& A 2015%

# & EData Incentive voluntary auction ¥+ 2 47 &9 Incentive
Base#)10% acti#:g - BEATVEZE Auction 3£ Z 2016 (2013

ST AT RER)

2013 > 2014
] |

—

J £%

L 4 120MHZz 4 2
-
?011 >

Y2012 >
I

2011/7 - IEEE

5% A, 802.22

IETF B 4% B 2
PAWS*3 &

2012/1: 2B % —M@
TVWS# B JE B IR

# 37, (North Carolina
#9 Wilmington )

2013/4 » 4k Aa H &9 EL

Dorado County sz, & £

Bl —EARATVWS
REFTHERES

2013/7 BEEEE

AEFRATVWSI 4

B R H A EBAR
#

B 114 £ B TVWS % E e 42
FTHER IFCCr & 2B FH ~ A3t




® FE -~ ®RE 4 £+ TV White Space 4] #* zLi%

R E ROFE TR R > H e BE RIS TV White
Space 41 * R AT ER Y EI RS -

WP i R RS s &7 TV White Space %% + /% %3 en
BB (T2 - g * g+ 2 FEE 30— T #*
MR T ) T B R FEBERG R Tl ki
AR rE AP T] TV White Space 17 3 (538 v 4 %% o

# R FER B 2o Ofcom 7 4+ 2007 # 12 * > & T Digital
Dividend Review | % -+ B *x TV White Space ¢ * » ¥ %+ 2009
#£ 77 BTV White Space #g £ 7 & * 3 PR e @ MK & -
BERHAF 2011 £ 6 2 > %:“sz’l?f]ﬁ'u%% % » d Microsoft
43 > Adaptrum ek 1 4 H 5 4o Nokia ~ BSkyB ~ BBC 12
2 BT SRFIFEEAE S BF T - 235 £RE - 3
B OERIES > JI* White sapce #r#k B e £ P Hah- 5
Xbox @& ix 7 — £ Live g jiak#f - = = 7 A A& Xbox/Kinect
A Brx o

£+ p 2006 & 6 ' A=FR B~ B4 2 TV White Space
FHBIN R T R IRIR e £ S Py £ 57 52011 & 8 7
BE - =t~ R A58 (Consultation on a Policy and Technical
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Framework for the Use of Non-Broadcasting Applications in the

Television Broadcasting Bands Below 698 MHz 3+ %) » o & % =

o ¥ TV White Space 2 g% 2 L o

® o ~ TV White Space f] * ;%

P A FrE p 2009 £ 12 P Ao 2T 372 a T A R B
% B IR 0 & A7k TV White Space s * 5 3% BAp & * 2%
Fent R o BIFAH 6B REFAMT T TR FRAD
P R e TAR HEE G AR A R i ¥ Ao I o BE (S
£2009&12% 2010 1% T3 asT = F R RAEE
o B E & TV White Space e %% £ 3+ 50 B H =3 41 % 100
B &R

FE bR ER T A RART ST R P KRG
2010 # 8 * # 17 TWhite Space # % #5352 - 193204
BAxE 2011 & 4 0 4127 25 % " White Space £ % 0 & A~
AETBER FEBRFHREG LB a0 p AR
T8 12013 £ 5 & TVWS 38 # 28 R 4] e 8 FE30 o

mRPABRRE N AEE R e s A0l ET Y B
U e Ap BHAEE F1* TV White Space &g £ 00 F Bk i85 b ch

P R AP M AR 2 2012 & 4 7 > TV White Space #:itFerig 2
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Bl PR R N EBHIR 0§ E 67 > 73X Sacas B

7 % — 5k TV White Space — k3 F 3z b en3y R 5 ALis >

BB TIEEEEEL - - B
20 A A L - ALK b iE R

Frdpid A g s (NICT)2 2 p o= 5

FEHE B APE 0 @

[ afd#d

]

2000e-Tapangg % » 20024
BHRBEEGE FAMAR
# ubiquitous networki+ € -
st - FEBHS TR

2

bl & 70 i

-~

Ubiquitous Network4g
A & 1999 £ NRIFF 42
HERE

-

Fool @ AR BAEE | 7~ & 2013 &

4E #vision & 4 SRS

THFAREEHARAESN

ﬁﬂe m#ff;;f%%z‘mﬁ BREENR LREE 2010/8 - & 2011/4 - B3 2011/4 - W%
R A - & White B RER # White HEE BSEEHE
Cogm'tive Radiod f 5 % Space 75 White SpacedR & T White White Spaces®

BAHHE Space & A % Space# & | B
T
s 2002 > 2009 I | > 2010 > IZDH >
ri

2004/10 IEEER] 45
# E B02.2248 4%

2009/10 » IEEE
802.11af

|

ST

]

2011/7 » TEEE% A&

ki
PAWS#.7&

2013/1 » & &
TVWSE Al 3

2011/9 » Neulz~
F M2M protocol
" Weightless |

: 2012

>

\

FHKR: P ARG~ L 2B T A3 F

2012/6 - ;3% Sacas
R T HF—ETV
WS— kb FH

BeIHE

i% 40Mbps

Bl 115 p ~ TVWS % E & 4%
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(_:

) VOLTE

RIp B AG LTE PR3%5 w|*v i3 2G GSM %2 3G CDMA #

FoOARGEGGELL - AA K SCRBENIRIFELL

1. Over- The -Top (OTT) : Over the top H 8 i * T
3 (4o P kg App B IR A EPRFE ) L IP F
FHEnT NP NP T S o HOREEE P w4 e iiig
e 2> PEPRELF O PRBTTLFUFE > T

27 g g% His e w4 H#-2G 2 3G o E R D
R PSR T ARTERRG THEEB/L A
AP Ea g {ER i PR RIRBFEF S
OTT ¥4 &t B 0 > 1% OTT PRARB- ik S
EIRFR A KT ¥ 3¢ A o

2. Simultaneous Voice and LTE (SVLTE) : SVLTE % g+ &
FH > - A LW IR 25%ksim+ > 2 - B
263G (TH BRI ¥ - BAGF HLE (7 F 4 o
HEBEAS D 57 T S RRRERE KR, N R

FEIRTRM S TT @ LB AN E s T A
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FRALTEEFHRC DT e ¥ S Ry
PR #F3RLF1IEBM - TRFEF R FTEPR
ot it

. Circult Switched Fallback (CSFB) : CSFB &_p = 4 jix =

FoMARG A 4G R L 2 F w2 36 RRIERG

A nPEEE S koo By B BT PRI (T R L IRARPE

*OAG RREFTRA > B AFEFUER O AK€ IR
vl 2 3R EFIRE 26 & 36 RRLEFEER

oINS P W S HcE G 3G 2 4G R %

R K TR T L EEPE L e R G R ek B

=t

= 1262 3G RAF R RS- TpRE
PZHMTEHER 0 4 i SR Y oS L T R o
. Voice Over VTE (VOTLE) : VOLTE #_® £ * 4G 3§

17 5F R AL GE RIS 0 ARG A KA B n e
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% T24GPFAFF a3 2 v ik
H e e [ 13 i Bh %L
1L IS4 af EiEEg e OTT
ot T 2. 262 3G. | & FEFRE | EFeEEE
(Over-The-Top) (VoIP) ST R 2. WFERFEC %> 2 F a4
R S ¢ PRI
SVLTE s 1 L7V SR
- e b e HT B RERES s
( Simultaneous e ok A P .
: &£ 8 R -
Voice and LTE) 2. 4T
i 35 b}:xﬂ:
P8 L Ll SHLTE S % 2 " P &
( Circuit Switched ) AR .. ,
2G/3G # WAL G ER S R
Fallback ) iR R
1. 262 3Gz |1 agmEsx |gFLTEY 2 &
,t};‘j;‘g‘ée'—:ﬁ 5l 3’?#&"‘ z % "%‘:‘%:;j;%_ﬂ y
OHIE e | [ B A
(ales @uer ILITE) 2. 3 7% 2. WBHRES | T A RL
3. BEE AT prnd
FHAR: L 0BT AR AT
VOLTE € 4] % LTE enpcnites 4 kA 4 55 18 5%
~ #i % TIMS Profile for Voice and SMS | » #& & & 3535 4 ~ T p+

A 2 F RSB R EE LGN S A PR o

HIRFET o 3t FH ~ Fhoprr ~ &2

K F Ao F foala i g
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VOLTEf% %5 :

L9835 & (HD Voice) BAGRER Tt % 16 4 2438 35 F 5
| soorz-s 0 | 31 I

; “ 8- V2 \F;’*

_ - & @8

BT

-
-

\/

VoLTE#z 25 -

LTEi% # % % #80% L L X% FRAERD

w8

Bl 116 VOLTE H AFTLps £ ifis Bt
F# kR NTTDoCOMo ~ & 2B F#d  h3- % #m

VOLTE 3 3 7% (HD Voice) ~ 383 BBl » @ o ¥ IRAE

2wt * 4G R 0 2G 2 3G HEERT MG e A ©F

AN GERE AR Y 4G BB 0 ¥ 3 § A 4 be CSFB cid 35 pF

g T kR o o B0 N RS e TR AU
FxpoBa o FAMEXES 0% TRFLZ A

FREECBREORSERT Y AR 1B BRI T 200
LB AGPRIFORP AL » IF v E B2 FL 2 o fzrjﬁ%gﬁ
w e i—ﬁ- » VOLTE 7 § = 5 & K f#;4 4G PF (38 s Fpeid 2 4f
W - Ak
P (2015 #£4- )R+ £ 4 9 W 20 B4 F 7 #& & VOLTE

FURRI T 2 EB0 FAE T I RS TR
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% 73 B Fz WLTE 2 ¢ &7

B H G F R

B e FER PRG3R Fx p i#* AE B
AT&T 2014.05 Band 17 ~ Band 2 ~ Band 4
MetroPCS 2014.08 Band 12 ~ Band 2 ~ Band 4
T-mobile 2014.05 Band 12 ~ Band 2 ~ Band 4
\erizon 2014.09 Band 13 ~ Band 2 ~ Band 4
be £ 4 Rogers Wireless | 2015.03 Band 17 ~ Band 7 ~ Band 4
R Vodafone 2015 Band 20 ~ Band 7
KT 2012.10 Band 8 ~ Band 3
3 iE SK Telecom 2012.08 Band 5 ~ Band 3 ~ Band 1
LG U* 2012.08 Band 5~ Band 1 ~ Band 7
Band 19 ~ Band 21 ~ Band 9 -~
NTTDoCoMo 2014.06
Band 1
p A
KDDI 2014.12 Band 18 ~ Band 11 ~ Band 1
Softbank 2014.12 Band 1 ~ Band 41 (TDD)
Csl 2014.10 Band 3 ~ Band 7
3 HK 2014.05 Band 20
Bk
SmarTone 2014.08 Band 8 ~ Band 3
HKT-PCCW 2014.05 Band 7
SingTel 2014.05 Band 3 ~ Band 7
Frivy
StarHub 2014.08 Band 3 ~ Band 7
T EE Altyn Asyr 2014.09
%25 R 47 | Vodafone 2014.11 Band 20 ~ Band 3
TR KR OB FTHR S A FER
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(~) UHD TV £ Hbb TV

® UHDTV:
UltraHD TV 4 p #3zi# 15 € (NHK)-# R4 # 2 7@ (BBC)
2EAJIRHHERARL P (RA) S 7iE % s> £d ITUR
Recommendation BT.2020 (Rec. 2020) % & H &+ 44 -
RFETIAMT 4K 8K A ffE47 & > 4K TALZ 347 R
= 3840p x 2160p (8.29 megapixels) » % {7 % #F = 4L 1920p x
1080p 2. 4 & ; 8K Tz f2t7 /& 5 7680p x 4320p (33.18

megapixels) » % {7 F F AL 16 & o

4320

2160

1080

576
or 480 SD

Bl 117 16:9 fiz 45 & v i
FTHKR P ARRYE L OBRTH Y A EER
2003 # > % — 2 4K &3 33 Dalsa Origin o 4c £
Dalsa =~ #4ad) ; p & Toshiba A2.2011 # + - * 424 % - % 4K
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TARL > FEEP B 2017 & pF 4K #-2 5 T AL P TR o
2013 # w ¥ s4e £ 4 Bulb TV gads 7 % — 4K § A
2014 & = " »ERHIGHTVH®R E1 % - B> X 3 4KTV#E -

2013 # 2 * > p & Astro Design & % - 5 8K &3 L #9145 5

@m P w3 P A Sharp~Panasonic 2 3 e LG &7 7 8K T 4R
ki 3E3E R A € 1 % 02014 E - Vo p AiEtE € (NHK)

7 = 8K 2 i

TV eiplids 4 & 4% g £ 5 500-700 MHz edic = 3 ARAE £ 5

B=p+ 6K 10 7

L\

g

m 8KTV Rd P iEs BER R -

% 74 ®% DTT 8K T ALBIRE 7551

Qﬁ;?]ﬁ”/?‘ﬁé" 1:,\: Ij" %—8Ki€r—g % %ﬁ"gg fg\f‘gﬁ%] 27 km i

KEF e A7 # (DTT) 0 4K

AELEEE | AR i A s
B e Gy REFR | ¢ omr | owmx | ! 14
Lo mE i g 1 i
NHK . 671MHz 320p59.94f | MPEG-4
) ) City of ) MPEG-4A
p A Hitoyoshi ) | (Ch46in 6 MHz 91.0 Mb/s rame/s 8 AAC384
) Hitoyoshi VC/H.264 o
Station Japan) bits/pixel kb/s
Technical
Research
Institute
785 MHz
. Building | Yeoeuido, )
¥& B (Ch66in 6 MHz 50.0 Mb/s HEVC - -
of Korean Seoul
] Korea)
Broadcasti
ng System
(KBS)
Kkih 2 2BEFA S AP AR




=+
~

75 R'% DTTAK TARRI# B 75 4

X s MELE | AR Sl 3 A B
B Fe Te REFF #Ex R ip & R4
# 5 Gatia W
761 MHz
(Ch 62 in
Korea)
) 701 MHz
Kwan-Ak [Metropolitan
) (Ch52in
Mountain |area,of Seoul K
= Variabl HEve |ssaoeteop| o
ariable X
o ( ials |Main10Level|60 frames/ F; AAC-LCor
; some trials (Main10OLeve rames/s
iR (Ch53in | g Mz v |51 nmeos | biworzo | POYAC?
at 25~ .1 Max its or
Korea) o Max 5.1Ch
761 MHz Mb/s) Mb/s bits/pixel Max 600 Kbs
Nam Central area ]
(Ch 62 in
Mountain of Seoul
Korea)
West 707 MHz
Yong-Moon ] ]
~ |Metropolitan| (Ch 53 in
Mountain
area of Seoul|  Korea)
Two
programmes
514 MHz 3840x2160p,
carried:one at HE-AAC 192
pERE| Eiffel Tower | City of Paris| (Ch26 in 8 MHz HEVC 50 frames/s,
] 22.5 Mbls, o kb/s
Region 1) 8 bits/pixel
one at,17.5
Mb/s
) 35
ETSI Ciudad 754 MHz 3840x2160p,
) S ) Mb/s,(other
@ ¥L7  |Tele-comunic|Universitaria| (Ch56 in 8 MHz ) HEVC 50 frames/s, | E-AC-35.1
) ) ) bit rates also o
acion Madrid Region 1) 8 bits/pixel
tested)
3840x2160p2
) 618 MHz
Stockholm City of ) 9.97
EE S (Ch39in 8 MHz 24 Mb/s HEVC
Nacka Stockholm ) frames/s, 8
Region 1) o
bits/pixel
Greater . Mixture of
586 MHz Variable
, Crystal London ) ) 3840x2160p,
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