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SGYwn SAMSUNG

5G Vision

| Enabling New Services through Convergence
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5G designed to enable entirely new domains of service.
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Innovation

2016
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Challenges and Opportunities

Challenges for mmWave

* Lager Path-loss

* Atmosphere loss, rain attenuation, foliage blocking

* Outdoor-to-indoor penetration loss

* Support of high-speed mobility

Path Loss Model in Urban Environment
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SG... SAMSUNG

Realizing 5G mmWave

\ Samsung developed the World’s 15t mmWave Prototype

/ to verify the feasibility of mmWave mobile communications
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mmWave Channel Modeling (2011~ )

| Leading Channel Modeling Activity toward Outdoor Cellular Deployment

-

Measurement and Simulation
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Samsung’s Activity
on Channel Modeling

B Universities & research centers
NYU, USC, KAIST

B Research projects
5G PPP mmMAGIC, COST IC1004

B Standard
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SGYwn SAMSUNG

Fixed Wireless Access as First 5G Use Case

| An Alternative to Fiber for Delivering 5G Broadband to Homes and Offices

T
.....

Home Security 5G Access Unit

mart Home Smartphone Smart TV Laptop
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Typical FWA Environments (US)
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Previous Studies for Foliage Loss

Model Expression
1.33 x fU2¥4g0555  14m < d < 400m
Weissberger Lw (dB) = fD 284 -
045 x f7°d Om<d<14m
model [10] . . . .
f is frequency in GHz, and d is the tree depth in meter
ITU-R LJ’T[.’-R (dB} =0.2 x fD'adD'B
) f is frequency in MHz, and d is the tree depth in meter
model [11]
(d < 400m)
26.6 x f~02d"° out-of-leaf
COST235 L dB) =
cost (dB) { 15.6 x f~0-00940.26 i1 Jeaf
model [12]
f is frequency in MHz, and d is the tree depth in meter
0.37 x fO184%%%  out-of-leaf
FITU-R Lypyru.r(dB) =
rrry-g (4B) { 0.30 x 0394025 in_leaf
model [13] . . . .
f is frequency in MHz, and d is the tree depth in meter
Laa(dB) = Ay [1 — exp(—Rod/Ar)]
MA A, is the maximum attenuation, Ry is the initial
model [14] gradient of the attenuation rate curve, and d is
the tree depth in meter
Lyzc (dB) = Rod + k (1 — exp { BB}
NZG d is the tree depth in meter, By and K., are the initial
model [14] and final specific attenuation values in dB/m, and & is
the final attenuation offset in dB
Lpe (dB) = —ngﬁw d+ % (1 — exp {—)-_'[HDEH"‘“ -w‘:d})
The same definition for d, R, Re ., and & with NZG
DG model, f is frequency in GHz, w is the maximum
model [15] effective coupling width between the transmitting
and receiving antennas, and a, b, ¢, are estimated
constant.
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Foliage Loss : Average of [10], [11] and [13]
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Foliage Loss ?

| Pure foliage penetration loss

SGYwn SAMSUNG

| Excess loss considering reflection and diffraction path need between Tx and Rx
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S5Gum SRMSUNG
Penetration Loss (1/2)

| Power-Angular Spectrum Analysis on Foliage Loss
- Full-scanning on foliage-penetration path over azimuth / elevation angles
- Smgle tree (depth 4.1m) and double tree (depth 7. 8) foliage penetration measurement

PAS - Max power [Rx pnt :0181m]

jAZi, Ele) = (5,.10) (Azi, Ele) = (-5, 20)
PL = 94.2 dB .PL = 102.4 dB
le) = (30, 5) \ |

PL = 96.6 dB

Rkt srge focyse]

Power-Angular Spectrum (PAS) of

T —— Single-Tree Foliage Loss
RX view @ 2" tree e 10
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Penetration Loss (2/2)

| 6.3 and 6.5 dB/m penetration loss was observed respectively for single tree and double tree
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Excess Loss — Reflection Path

| Reflection path is one of major components of received signals

Reflection
Loss

56.9 dB

© 2017 Samsung Electronics 12
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Excess Loss — Typical Roadside Trees (1/2)

| Foliage loss is increasing along foliage depth, but “not linearly”

Excess Loss Model
= N — .. - % o, i __:_._ i 1. & x |l ,-;u%: 60 _ o
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Main propagation mechanisms on foliage are
1)

2) forward-scattering within vegetation
3) ground-reflected path on tree-trunk

© 2017 Samsung Electronics




SGL... SAMSUNG

Excess Loss — Typical Road5|de Trees (2/2)

| Foliage loss is not extremely increased
- Foliage loss measurement at 20 GHz [1]
- Tendency matches with previous results

- 30~35 dB excess loss up to 50m depth

| Distance between Tree and Transmitter

- Long distance is likely to have other

propagation pathway

- Short distance may block reflected pathways

- Dual-gradient model

Foliage Loss Measurement at 20 GHz in [1]
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Sub-urban Measurements (1/4)

I Pathloss at 232m distance is 138 dB and Max excess Ioss is around 30 dB
[TXV|ew]
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Sub-urban Measurements (2/4)

| In vegetated LoS, LoS direction path usually gives strong power

A-angle view N A-angle view

| In NLoS
(obstructed by
bldg.), many
diffracted and
reflected paths
are observed
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Sub-urban Measurements (3/4)

| Measurements indicates several hundreds meter can be supported even in NLoS
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Sub-urban Measurements (4/4)

| Measurements indicates several hundreds meter can be supported even in NLoS
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Rural Measurements (1/2)

SFU with Straight Road

. 3 II .:.:Lié. H -
X } .
Ant. 3m height™ -

Over 1Gbps
@ Over 400Mbps
Below 400Mbyps

SGYwn SAMSUNG

SFU with Slightly Curved Road

Ant. 3m height

Over 1Gbps
@ Over400Mbps
Below 400Mbps
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Rural Measurements (2/2)

SFU with Curved Road SFU with Highly Curved Road

Over 1Gbps
@ Over400Mbps
Below 400Mbps

Over 1Gbps
@ Over400Mbps
Below 400Mbps

© 2017 Samsung Electronics 20
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Field Tests in Korea

Handover Test with SKT (Sept., 2016) Pyeongchang Spec. 15t Call with KT (Oct., 2016)
SKT-AFEMAL A A bG o= o AR 43 KT—AHME AL 5G HE 142 HOHEM A5
G}LIOI‘-‘EI‘"G @E_E%jl =3 LA 20161026 09:06 | O A chaos@edaily,cokr IR CHE FIMED
JAEE 2016-09-20 08:51 | J|AIRIE ] E=rir B
=xnoz  HEXS ] R 2 M4 8+ —
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Field Tests in Japan

Trial with Docomo (Nov., 2016, Fuji Speedway)

5G Development Moving Quickly; NTT
Docomo, Samsung Achieve 2.5 Gbps
at 150 km/h

11M16/16 at 3.54 PM by Andrew Burger

Base =P = Vehicle travelllng over 150km/h

Station

http://www.telecompetitor.com/5g-development-moving-quickly-ntt-docomo-samsung-
achieve-2-5-gbps-at-150-kmh/

SGL... SAMSUNG

Trial with KDDI (Feb., 2017, Tokyo)
BUSIMESS / TECH | ADVANCES IN PROGRESS
With blazing speeds and better connectivity,
next-generation 5G network may lay
‘foundation’ for the future

BY SHUSUKE MURA

l ary KDEM-@@F;-, announced it had

aut-an-cutdeor expeciment

y 4 2 WD

http://www.japantimes.co.jp/news/2017/03/12/business/tech/blazing-speeds-better-
connectivity-next-generation-5g-network-may-lay-foundation-future/#.WNicelXyhhE

© 2017 Samsung Electronics 22



Field Tests in US

Trial with Verizon (Feb., 2016, New Jersey)

7l
a

miokin' 56 speeds

CNET takes a ride with Verizon as it tests tomorrow's

wireless network. The van may be slow, but the
connection sure isn't.

© 2017 Samsung Electronics
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Verizon Press Release (Feb., 2017)

Verizon to test 5G in 11
US cities in 2017,
Samsung to help

NEW .--"JJJ & Ty Andrew Grush February 22

SAMSUNG

B s

http://www.androidauthority.com/verizon-5g-samsung-751503/
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5G Service Scenarios

Mission Critical Service

- full reliability & high availability

- Real-time responsiveness

- On-the-fly coverage scalability
for disaster situations

................................

Vendin"g-main
' A)\

Massive loT

- Connectivity for a new wave of device types
- High density deployments
- Networks-as-a-Service to meet
each service provider’s needs
- Robust QoE / QoS management
- New revenue opportunities

..............

© 2017 Samsung Electronics
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Fixed Broadband

- Next-generation broadband
- Multi-Gbps peak throughputs

PR - Alternative to costly fibre

- New VAS possibilities for
fresh revenue generation

B Bt | A Mobile Broadband

- Multi-Gbps peak throughputs

- Universal gigabit connectivity

- Unparalleled mobility support

- New service / application enablement
- Advanced big data analytics

24
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5G End-to-End Systems

| Samsung is Developing an E2E Portfolio of 5G Products : UE, Access, and Core

I— E2E Service Orchestrator
{ |
| Transport SDNC
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Thank You
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