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Enabling New Services through Convergence 
 

5G designed to enable entirely new domains of service. 
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Measurement
Exp. model (Am =29.34 dB, γ =2.48 dB/m)

Measurements 
ITU-R [P-833-8] based Foliage Loss Model 



Leading Channel Modeling Activity toward Outdoor Cellular Deployment 

 Universities & research centers 
 NYU, USC, KAIST 

 Research projects 
5G PPP mmMAGIC, COST IC1004 

 Standard 
 Rapporteur on 3GPP 5G Channel Model SI 

    for >  6GHz 
NYU campus 

 Calibration 
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NYU Measurement
New York Ray-Tracing
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Comparison of propagation models : 28GHz

 

 
Measurment Samples - NYU Campus
Measurement-based Pathloss Model (NLoS)
Ray-tracing Samples - NYU Campus
Ray-tracing-based Pathloss Model (NLoS)

 Channel modeling 

Pathloss Cal. 
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σn,Synthesized Omni-NLoS = 6.08dB

 

 

Synthesized Omni-NLoS
nSynthesized Omni-NLoS = 3.58
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Delay Spread in NLoS

 

 

E[σDS
Daejeon

] =55.4292 ns

E[σDS
Alpensia

] =60.4132 ns

Measurement (Daejeon NLoS)
Modeling (Daejeon NLoS)
Measurement (Alpensia NLoS)
Modeling (Alpensia NLoS)
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RX Azimuth Angle Spred in NLoS

 

 

E[AoA spreadDaejeon]=31.3912o

E[AoA spreadAlpensia]=43.1066o

Measurement (Daejeon, NLoS)
Modeling (Daejeon, NLoS)
Measurement (Alpensia, NLoS)
Modeling (Alpensia, NLoS)

Angle Spread Cal. 

Pathloss Model Delay Spread Angle Spread 
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X 
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 Measurement Campaign 

 2018 Winter Olympic Resort 

Tx 

NLoS  
Rx 
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An Alternative to Fiber for Delivering 5G Broadband to Homes and Offices 
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Pure foliage penetration loss 
Excess loss considering reflection and diffraction path need between Tx and Rx 
 

Pure foliage-penetrated path can 

be severely attenuated,  

as 7~10 [dB/m] 

 TX  RX 
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Dense Foliage Model

Measurement

Foliage Loss - Linear Model, L [dB]= 7d + 18

Foliage Loss - Freq.dependent Model
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can help other 

propagation pathway 

View of RX 



Power-Angular Spectrum Analysis on Foliage Loss 
- Full-scanning on foliage-penetration path over azimuth / elevation angles 
- Single-tree (depth 4.1m) and double-tree (depth 7.8) foliage penetration measurement 

 

TX view Single-Tree Foliage Loss 

TX 
RX 

TX RX RX view @ 2nd tree Double-Tree Foliage Loss 

TX 

RX 

Power-Angular Spectrum (PAS) of 
Single-Tree Foliage Loss 

(Azi, Ele) = (5, 10) 
PL = 94.2 dB 

(Azi, Ele) = (0, -5) 
PL = 95.5 dB 

(Azi, Ele) = (-5, -10) 
PL = 96.6 dB 

(Azi, Ele) = (-15, 5) 
PL = 96.5 dB 

(Azi, Ele) = (30, 5) 
PL = 103.2 dB 

(Azi, Ele) = (15, -25) 
PL = 103.2 dB 

(Azi, Ele) = (-5, 20) 
PL = 102.4 dB 

4.1 m 

7.8 m 



6.3 and 6.5 dB/m penetration loss was observed respectively for single tree and double tree 
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7.8m FSPL PAS 

Received PAS after single-tree penetration 

Received PAS after double-tree penetration 

(Azi, Ele) = (0, 5) 
-25.8 dB 

(Azi, Ele) = (5, 5) 
-51.1 dB 

Excess Loss 
10.5 dB @ (4.1m) 

Excess Loss 
17.9 dB @ (7.8m) 



Reflection path is one of major components of received signals 

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

330m 

TX 

RX 
RX 

RX @ 2m 
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Excess Loss Model

Measurement Points

Linear Fitted Loss Model

ITU-R P.833 Fitted Loss Model

Main propagation mechanisms on foliage are   
       1) surface-wave propagation over tree-top/bottom  
   2) forward-scattering within vegetation  
    3) ground-reflected path on tree-trunk 

Tx Rx 



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 

Tx-Tree distance, 11m Tx-Tree distance, 125m 

Foliage Loss Measurement at 20 GHz  in  [1] 
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Excess Loss Model

Measurement Points

ITU-R P.833 Fitted Loss Model

Foliage Loss Measurement at 28 GHz in Daejeon, Korea 
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Excess Loss Model

Measurement Points

ITU-R P.833 Fitted Loss Model

Long Tx-Tree distance Short Tx-Tree distance 



Pathloss at 232m distance is 138 dB and Max. excess loss is around 30 dB 
[ TX View ] 

Excess Loss 
       ~   5  dB 

   5  ~ 10 dB 

  10 ~ 15 dB 
  15 ~ 20 dB 
  20 ~ 30 dB 

  30 dB ~  

[ RX 20 View ] 

122 dB loss @ 180m 
(Ex. Loss 16 dB) 

[ RX 26 View ] 

128 dB loss @ 231m 
(Ex. Loss 19 dB) 

138 dB loss @ 232m 
(Ex. Loss 29 dB) 

[ RX 27 View ] 
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Urban SFU - Mid Foliage

Free-space Pathloss
Measurement

Fitted Urban Model

PL [dB] = 2.43*10log10(d) + 66.3

Tx 
Tx 

Tx 

Excess Loss 

Ant. 
7.5m height 



In vegetated LoS, LoS direction path usually gives strong power 
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In NLoS 
(obstructed by 
bldg.), many 
diffracted and 
reflected paths 
are observed 

C-angle view D-angle view A-angle view B-angle view 
LoS  
Angle 

Max Power Path Direction Other Path Direction ant.  
7.5m height 



 
 

Ant.#1 
Ant.#2 Ant.#3 

Ant.#4 

TX View 
Pathloss measurements in main drive path 
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Data Ant[1,4]
Fitted [1,4]
Fitted [1,4] + Margin
Data Ant[2,3]
Fitted [2,3]
Fitted [2,3] + Margin

Ant. #2 and Ant. #3 

Ant. #1 and Ant. #4 

1200m 
~130dB 

~150dB 
~140dB 

Measurements indicates several hundreds meter can be supported even in NLoS    
Nearby Standford Univ. 

TX ant. 1m height 
25 degree beam  
by horn antenna 



 
 

Measurements indicates several hundreds meter can be supported even in NLoS    

Side Road 1 
Side Road 2 

Side Road 1 

Side Road 4 

420m 

280m 

Side Road 1 
Side Road 2 

2nd 도로 

350m 

420m 

~120dB 

~140dB 
~130dB 

~145dB 

Santa Clara  Santa Clara  
TX ant. 3m height 
55 degree beam  
by horn antenna 

TX ant. 3m height 
55 degree beam  
by horn antenna 



TX 

330m 

TX 

410m 

Over 400Mbps 

Over 1Gbps  

Below 400Mbps 

Over 400Mbps 

Over 1Gbps  

Below 400Mbps 

Ant. 3m height 
Ant. 3m height 



TX 

220m 

TX 

210m 

Over 400Mbps 

Over 1Gbps  

Below 400Mbps 

Over 400Mbps 

Over 1Gbps  

Below 400Mbps 



Handover Test with SKT (Sept., 2016) Pyeongchang  Spec. 1st Call  with KT (Oct., 2016) 



Trial with Docomo (Nov., 2016, Fuji Speedway) Trial with KDDI (Feb., 2017, Tokyo) 

Base 
Station 

Mobile 
Station 

Beam 
tracking 

Vehicle 

Vehicle travelling over 150km/h 

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

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



※ Verizon, “Verizon Trials Driving 5G Ecosystem” (https://youtu.be/XFjmrzw-9EM) 

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

Samsung 
Basking Ridge, NJ 

Trial with Verizon (Feb., 2016, New Jersey) Verizon Press Release (Feb., 2017) 





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

• vRAN 
• vCore 
• MEC Apps 
  =============== 
• NFV/SDN Platform 

Backbone 
Network 

Internet 

Transport SDNC 

E2E Service Orchestrator 

• vIMS 
• vHSS, vPCRF 
• VAS VNFs 
• vEMS 
  =============== 
• NFV/SDN Platform 



Thank You 
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