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Weareina growth industry! AT AR IR LER KB

Mobile data traffic grew 56 percent between Q1 2019 and Q1 2020 #zhki
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— Value of Mobility #z#ht i
— Wide Area k&=
— Nomadic gt
— Localized A&z,
— Need for Ubiquity TeatA7E i 7 5k
— Speculative case of IoT % ik i

— Continued Growth in Traffic W4 &#rges K

— Video, Voice and Data wi#i. &% . $k

— Increased in Resolution and Quality &m&. =4¥%

— Emerging of Data Intensive Applications ¥ %z i
— Economic shift from built networks to exploitation
of multi-purpose infrastructure 5% /i 4 FIHR 2 % Ty RS Rk it 20 5 s 71
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Technology Push 5G Radio Access Network srssscrss v

— Use of mmWave Spectrum— For Fixed and Mobile =i m s mmwv R

— Higher Bandwidth—Many Gbps Speeds s cbps s bl

— Very Dense Deployments =z sz 3 GHz

— Increases in Spectral Efficiency s
— Advanced Antennas System: it 24
— High Gain Beamforming sz sk 2

— Self-Backhauling g

— Low Latency and Jitter wrraessiz)




WRC-19 AI.13: IMT identification mmWave

WRC-19 AI1.13 # 1R T IMTRIZ KBS

Global IMT identification &EKIMTHR1A
24.25-27.5 GHz

57.0 —43.5 GHz

66 — 71 GHz

Regional IMT identification X IHIMT #5iR
47.2 —48.2 GHz: ~100 countries
455 — 47.0 GHz: 60 countries

Notes: ITU-R WP5D made the DRAFT NEW REPORT ITU-R
M. IMT.ABOVE 6GHZ for technical feasibility of IMT in bands above 6GHz before WRC-15
[ ITU-R WP5D- - 7E20 15 WRC- 158 58 J& Il it 1 22K nl AT PR BRI 7o 4l
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Technical conditions for mmWave in RR z
AT RN E 2K AR EER
24.25 - 27.5 GHz 37 —43.5GHz 24.25 —27.5GHz; 42.5 - 43.5
EESS protection 23.6-24 GHZz vusussmus s EESS protection 36-37 GHz GHZ; 47.2 - 48.2 GHZ
= Before September 1, 2027 zr. s = -43dBW/MHzand * Practical measure to ensure that
-33 dBW/200MHz BS -23dBW/GHz (obligatory) Antennas pointing are below the horizon
-29 dBW/200MHz UE = -30 dBW/GHz (recommended) Mechanical is tilt below the horizon %2
= After September 1, 2027 ze27. on1s « Asfar as practicable select sites for BSs
-39 dBW/200MHz BS with >30 dBW/200 MHz EIRP per
-35dBW/200 MHz UE beam so that direction of maximum
radiation is separated from
EESS protection @50.2-50.4 GHz and geostationary satellite orbit within line-
52 6-54.25 GHz ' ' of-sight by +/-7.5 degrees it # 1 T2 i)
' ' 3E+/-7.5 FEASRE R R R 30dBW/200MHzZ
= Encouragement to apply Cat B EIPR
(SM.329) spurious limits » Encourages to keep base station

antenna patterns within the limits of
approximation envelope according to
M.2101 sifih i Fe st KL R AT FEM. 210 1R I T

EESS (passive) protection T sk % (e i In band satellite protection e



mmWWave spectrum availabilityzsxpesmism
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24000 24500 25000 25500 26000 26500 27000 27500 28000 28500 29000 29500
Austria
Belgium
Bulgaria [ | Licensed to test/trial
Czechia I Llicensed
Estonia 24000 24500 25000 25500 26000 26500 27000 27500 28000 28500 29000 29500 B Auction/licensing in progress
G;:Zﬁj — Arge”““f" Auction/licensing planned
Greece Bra:' Consultation
Ireland Caz:”: Considering
Ko:zl;, Colombia B reserved
Luxembourg Costa Rica Shared spectrum/local licences
Norway Mexico Outline indicates that precise range is
Poland Peru unknown
Portugél Uruguay ]
roman® usA N I
Slovakia
Slovenia
Spdai” 24000 24500 25000 25500 26000 26500 27000 27500 28000 28500 29000 29500
Sweden
UK Australia
China |
. Hong K .
26/28GHz (or parts of): pioneer 5G mmWAve bands globally o
Large number of licenses to be issued during 2020-2021 Indonesia
26/28GHz (HILER I HE) Z5GE KB I BB, 2020-2021 45k Japan I |
AR A SR I R Macau
Malaysia
. . . New Zealand
37-43.5GHz (or parts of) will come next globally, Auctioned in US| uiic of kores ———
37-43.5GHz (B &7 M) K24 TR IR, HAERE C &L Singapore
Taiwan |
Synchronization recommended, unless enough phetend
ietham

frequency/geographical separation &3k Lo sk /Mg R, HEH R
A4l

*Source: GSA
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Spectrum usage overvIew s ik

Deployment drivers #3855

Localized Area

W56 : :
WG High bands &3 Very High Capacity
W 3G e.g. 26/28, 39 GHz AR

M2G

I NR Spectrum combination

Wide Area High

Mid bands A3 .
e.g. 3.5GHz capacity
A
Coverage
Low bands &35 ok

e.g. 700, 800MHz

2017 2018 2019 2020 2021 2022 2023-2025

Mid-bands: At least 100 MHz contiguous spectrum per MNO B NG S RIELSL100MHz Additional Mid/High band spectrum required for MNOs /MR E STt BT =TS
High bands: ~ 1 GHz contiguous spectrum per MNO BB MEE miELL1GHz
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5G Deployment scenarios se s

3GPP Use Performance Characteristics %44 P fg
options cases
e Cell edge performance =
4G EPC }i E E 1 .!I Capacity/Speed |
' eNB . Latency [ |

LTE Baseline ZRELTE

High
mmWave
e.g. 26/28, 39 GHz

Mid
e.g. 3.5GHz

Low

Dense urban Urban Suburban Rural

TR B # wH
Dual connectivity I Carrier Aggregation M NR B LTEMN 2G 3G
WUEHE WIRE



4
>

5G Deployment scenarios se s

(D] :

gNB | 3GPP Use Performance Characteristics
“““ options cases
‘ Cell edge performance  m
U P 1 il Capacity/Speed mm
i “'||” : 3 - Latency N
L eNB Add 5G on mid-band, #5655
) non-stand alone NSA
High
mmWave

e.g. 26/28, 39 GHz

Mid
e.g. 3.5GHz
Low
Dense urban Urban Suburban Rural
BEEIIX X 2B V3]

Dual connectivity ICarrierAggregqtion M NR B LTEMN 2G 3G
WUEHE WIRE
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5G Deployment scenarios se s

gNB | 3GPP Use Performance Characteristics
“““ options cases
‘ Cell edge performance  mm
B 1 il Capacity/Speed N
: “'||” : 3 - Latency N
L eNB . Spectrum sharing on low band,
. non-stand alone {RFAFEILE
High NSA
mmWave

e.g. 26/28, 39 GHz

Mid
e.g. 3.5GHz

Low

oo st |

Dense urban Urban Suburban Rural

IDuoI connectivity ICarrierAggregation M NR B LTEMN 2G 3G
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5G Deployment scenarios

gNB | 3GPP Use Performance Characteristics
“““ options cases
‘ Cell edge performance  mm

B 1 il Capacity/Speed EEN

: “'||” : 32 - Latency EEN
&N Add 5G on high bands,

dual-mode Core #in&s, Wi
High Nz

mmWave
e.g. 26/28, 39 GHz

Mid
e.g. 3.5GHz

Low

oo st |

Dense urban Urban Suburban Rural

IDuoI connectivity ICarrierAggregation M NR B LTEMN 2G 3G



4
>

5G Deployment scenarios

3GPP Use Performance Characteristics

options cases
Cell edge performance  mmm

il Capacity/Speed EEN
- Latency EEE

Spectrum sharing on mid-band,
dual-mode Core H 4L L

High
mmWave
e.g. 26/28, 39 GHz

Mid
e.g. 3.5GHz
Low
Rural

Dense urban Urban Suburban

IDuoI connectivity ICarrierAggregction M NR B LTEMW 2G 3G
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5G Deployment scenarios

3GPP Use Performance Characteristics 4% 4 i

options cases
Cell edge performance  mmm

il @ Capacity/Speed EEN
- Latency EEE
FWA on high bands =i & 4%
£ IN
High
1 =3

e.g. 26/28, 39 GHz

Mid
e.g. 3.5GHz
Low
Rural

Dense urban Urban Suburban

IDuoI connectivity ICarrierAggregation M NR B LTEMN 2G 3G
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5G Deployment scenarios

3GPP Use Performance Characteristics
options cases

Cell edge performance  mmm

1 il |/((\.I n""’] Capacity/Speed EEE

32 Latency EEN

c-MTC for Industrial Sites T Mk
RFEZEMTC

High
mmWave
e.g. 26/28, 39 GHz

Mid
e.g. 3.5GHz

Low

oo st |

Dense urban Urban Suburban Rural

IDuoI connectivity ICarrierAggregction M NR B LTEMN 2G 3G



5G Deployment scenarios

High
mmWave
e.g. 26/28, 39 GHz

Mid
e.g. 3.5GHz

——— -

3GPP
options

Use

\\

Performance Characteristics

cases

Cell edge performance  mmm

|/((\-I n""’] Capacity/Speed EEN

Latency

Start refarming 2G/3G 2G/3G E#t

=53 H B
1 [
H B

Low

Dense urban

Urban

Suburban

IDuaI connectivity I Carrier Aggregation

Rural

M NR B LTE W 2G, 3G



London LTE 0.8, 2.6 + NR 3.5GHz, 26GHz coverage

-
o
I\ B = -
/
52 80OMHz+NR 3.5GHz+26GHz 78 55
600 =258 Mbps
>1088 Mbps
400 68-258 Mbps
498-1088 Mbps
200 | 3@-68 Mbps
108-488 Mbps
0 10-30 Mbps
58-108 Mbps
200 .
18-58 Mbps 5-18 Mbps
400 (7 5 1-5 Mbps

1-18 Mbps

600 P p
Out of coverage Out of coverage

T T T 100 T - ]

90 - 50% of indoor users - 90 | 1

go- above 1Gbps 50%= 1 80 | 1

70l H =T 1Gbps | 0l |

g 60 - B '°§‘ 60 - |

b 50 1 w50 .
a .l | a 50% of outdoor|users
a0 above 220Mbps 50% =

30 - 90% of outdoor 7 30 S i T-220Mbps|

20+~ uUsersa —All 1 20 - —All T

Outdoor|
10 indoor | 1 f users above Outdoor
0 ' : 2 =2 .5Mbps ' '

0 500 1000 1500 2000 2500 0 50 100 150 200 250 300 350 400
Downlink throughput [Mbps] Uplink throughput [Mbps]
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mmWave Technology CharacteristicSaxusnss: —

High Bandwidth s
( 400 MHz — 1GHz ] NR
«lly & e ( 100 MHz | *N NR

f=2.6GHz El 20 MHz * N LTE
B e H H 5MHz *N WCDMA

Capacity and Coverage are related to S/N ratio and available spectrum (BW) & 1B 5 515 M L ATA] S A o<
Max (Shannon) Capacity per communication channel: C= BW(Log,(1+S/N)) @55 BB AR E (BERAR)

Large capacity increase in NR from extra spectrum NRK % & K R JE T 817k AT
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mmWave Technology Characteristics— sk
Beamforming and AAS usammrueira 7

S/N increases with s %R
— Number of Tx/Rx Antennas i % 5 £ %

— Reduced Interference T4k
(( I I )) f=3.5GHz — Beamform towards wanted Transmitter /
Receiver KA a1 3 a1
— Nullform towards unwanted J&H 77 =4 T AAS

f=2.6 GHz — Antenna Gain K25
— Transmit Power %itzh#%
f=18 GHz S/N decreases with 24
— Higher frequency #iiZ s

— Greater Distance fEgg#4K
— Obstacles/Buildings B4/ 5%

— Interfering users +#t

AAS improves S/N with beamforming. AAS also exploits improved S/N with MIMO techniques to increase capacity x
SEBEIIRER R GBI R IR BB E R L, [F]BiE I MIMOH AR K1 A &

AAS combats the physics, with coverage and capacity benefits AASTEIRIFLIR S, #5ok 78 o5 12 B (1T b
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Digital vs Analogue Beamforming sesmsscs

Digital beam forming Analog beam forming

Streams

Digital X
precodingHd TX '

One DAC/ADC per subarray —/>7ff — i e — One DAC/ADC per antenna panel 4/~ K 4 i font i — S e e
— Baseband access to each individual antenna element — The same signal is fed to each antenna and then
TAN AN R— N R TG analog phase-shifters are used to steer the signal in the time domain
— Allows different powers and phases to different antennas MIFERES KGR, IS ARALPE TR IR 15 5 TEAF B AR
TR L SR [ TSR R o — One beam per time unit per polarization &/ SR AL 7 e R — AR

Different streams can get different beam weights rRm @ s AR mpsm— One beam per antenna panel &4 R Lk mOw R — 45
Flexible =%
Multiple beams per antenna panel &4 K 4&m =4 AR
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Why mmWave Using Analogue Beamformingaxussesissass

- One D/A and IFFT per beam instead of one per antenna modulation o
BN R —AND/ARIIFFT, AN 2 5N K 2%
- Lower cost and power dissipation #r & AK D 4E

- Lower load and baseband processing 1 f £ fiiE 3 45 kb 52 Digital Beamforming |
Cons: #& m—' - -
- Not possible to do frequency selective scheduling(FSS) or

Multiple beams (layers) per symbol (multi-user scheduling)

ANBEMOI AR PR B BT 5 2 BOR (2 R ED

mmWave: =X Coding and w .,
- Large BW and many antennas ks £ K2k modulation | ¥

_ Y
- Less multipath and lower delay spread, LoS propagation :
DI AR TR 3 JE,  MLRR A% I Analogue Beamforming |
- Lower probability for high channel rank &k T gg fi £ i
- More important with polarization multiplexing & & % {1 2 #z4t. & H
- Higher coherence bandwidth =+
- Less need for FSS, full BW can be allocated &k 7 i i 35 % g A 3, 5 AN 98 W] LA

Pros: 7l
Coding and Layer to IFFT — J




HybridBeam forming and comparison of different antenna architectures

SRR AR I UL T

Hybrid Beamforming: Several parallel analog
Networks that allow multiple beams/layers

simultaneously

Digital
base
band

LLﬂLL

Full flexibility, multiple beams
per time unit

Adaptable to multi-path and
frequency-selective fading
FEARIE, BN AT 2R
SN 2 G0 1 B S vk £ 5= 3

Coding and
modulation
Coding and SN
modulation

Hybrid Beamforming

Digital
base
band

;

Digital
base
band

One beam per time unit per
polarization for the entire
frequency band

One beam per antenna panel
AR BRI TR] B TR AL
J7 T8 — M EOR

S OOS®

h

A few beams per time unit

Not adapted to multi-path or
frequency selective fading
BRI IA] BTG ) LANBOR, AN
EZEVIILTESIREg s

\\



\Why beam management? s

High band, analog beamforming =35, #alsskma

— Analog beamforming listens or sends in one
direction at the timesumusmmsmim Rage— o i ks

— Wide beam that cover the whole cell will have
too short reachssssicrmssi nix, @z

— Narrow beam that reaches users will have too
NArrOW COVeraqe s s Eie i

[XOOXXXXX

WB

NB

HH

\\



Beam managementss

— Procedures for adding/updating a beam pair
are supported s/ sk

— A beam pair is updated by transmitting DL RSs
— CSI-RS or SS block st %L Rssskeitt 7 skt 7

— The gNB and/or the UE updates its beams gns
UESE B AT TR R

(1 DS
Voo
( I‘I )
()]l )
x@
(clfl)
[4

“P1 procedure”

+ UE BidiEERIFERAREA

“P2 procedure”

3m, BAFTXI
. ;E éﬁﬁﬂm@lﬁw&ﬁiﬁﬁi&ﬁ

“P3 procedure”

\\



Frequencies &
Deployments sz i

— Usability depends on deployment and
interworking with lower bands =k 1%
FH BT S AR L [RE
— Mid-bands are very valuable on existing
grids when used together with lower
bands FATE LA 2845 e AR A M E 43S
fEAT— 2
— mmWave bands in deployments with
good coverage kil i E 757 o L U 1
— Examples: Line of sight to building,
fixed wireless, outdoor-to-outdoor,

indoor-to-indoorfi ik, ek
2. BANRIEAS, BNBIE N KL

*Note: The figure is a rough summary of several simulation-based studies.
Exact results depend on distances, building types, datarate requirements etc.

021 —Outdoor-to-Indoor +—
020—-0utdoor-to-Outdoor 6 -
02W-Outdoor-to-Window £ A rough feasibility assessment >
120 — Indoor —to-Indoor P .
LoS — Line-of-Sight % of frequencies and deployment
)
((A’)) O2I nLoS A
’ High-band in
W dense networks
and with MB/LB
«“ A interworking
\K A
o Outdoor
O2I foliage
D) Dense deployment
A \*\«" needed for indoor CPE
02I LoS
~|as Low-loss
((‘A’)) building
020 LoS
121

2 5 10 30 70
Frequency [GHZz]



mm\\Vave use cases =kprimiiti
- high throughput and capacity at low latency and small form factor s, wemmisiers

streaming / broadcast
WA AL B R R

. |
Everywhere AR/VR
B AIAR/VR

Surveillance and video

Crowded area capacity

RN AR

Smart Factory
Industry 4.0 #aE L) L
4.0

Last-mile fiber/cupper complement

i Ja— o BB

Street Macro applications
1E7IX 7% ik 87 FH

\\



Live mm\Nave networks ==k s iy,

AT&T achieves 1.3 Gbps @ 180m

AT&T3$141.3Gbps@180m

AT&T 5G live in 21 markets
AT&T S5GELMZE21HL X ERE

First commercial 5G launch Dec
21t 2018 2018412 H21 5% 5%
SIS GRS #E

NETGEAR® Nighthawk 5G
Mobile Hotspot & S10 5G

Average speed record
June/July tests (PCMag)

Gi

igabit speeds, Chicago, May 16th
Verizon 245 [ 165 76 2 i af sz
Gigabit j# %

— % Dl

&), 5GUWB1 |

© DOWNLOAD Mbps UPLOAD Mbps

1,09 600

Ping 25ms Jitter 3ms

Verizon 5G live in 15 markets

Ve

rizon 5G I EEAELS T
Smartphone launch April 31 & f¢
FH12019F4H 35 kT

Moto Z3, 724,510 5G, LG V50 &
Inseego MiFi Hotspot

NFL and NBA stadiums (NBA 3718 )

T-Mobile 5G coverage, New York
City, June 28t 246/ 28 H T-Mobile
1E A L)L 5 G K 7 o

New York

T-Mobile 5G live in 6 cities

T-Moible 5G BLMIEREFE6N IR T
Launched June 2019 in 28 GHz
201946 H #ii% [1128GHz

— Samsung S10 5G

— Target to be 1st on nationwide
coverage (600 MHz) HFrzt ik

—5K600MHZ [ WX 4%

\\



mmWWave live deployment measurements sz

\\

Good OUtdoor/Street coverage in live 21 S —

28G 400Mis 5, 12 378 i ) 1km?
N - \ Ay i ::A

DR

EVIVREX ENERRFIE:

* RSRP <-80dBm * DL speed ~ 400-500 Mbps
o U R FEZ12Gbps « UL speed ~ 24 Mbps
fe e B el 8
27th-50th 115 ‘ Py Zivs duter Gams Lo ~%

eets-
Rockefeller

-120
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mm\\Vave end-user experience =k

Y2, LT

Moving in and out of some tree cover
speeds varied between 687-763 Mbps
F ik AR AR 7 o ) ) A2 AE687-763

50m 100m 200m MbpsZ [A]48 4L,
Speed in mbit/s 1320 1159 762
Latency in ms 24 23 18




mm\WWave deployment considerations sk s

30m~98ft] |\ v LN s s

\ \ AR \ .

‘\ ‘\ © =208 degtilt .
©=35deg 83m N >
43m \ 52 m, 71

\ 2 N
71m™ N, 98m N
Ve

<

180 m ~ 590 ft

\\






