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* Influence of one tree
* Influence of vegetation path length
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Introduction

5G enables new use cases with high performance,
reliability and QoS requirements

-> Consideration of external impacts on the signal
propagation necessary

Environmental factors (weather, vegetation) might
affect signal propagation

Existing studies mainly focus on higher frequencies
(>24 GHz), leaving gaps at mid-band (e.g., 3.7-3.8
GHz)

Understanding seasonal and environmental impacts
is critical for accurate network planning

Measurements help optimize 5G deployment,
reliability, and performance in real-world conditions
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Network Setup
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Measurement Setup

R&S TSMAG network scanner

e Passive measurements of SS-RSRP, SS-SINR, SS-RSRQ,

* Measurement error of < 1.5 dBm for 350 MHz to 6 GHz
* Antenna height of 1.2m, typical phone height for users

5G Router
* Quectel RM500 based on Qualcomm X55 chipset
* Active Measurements of upload and download throughput and latency

* Perf3 measurements

RTK Module

* |ocation measurement with cm accuracy

5G
antenna

TSMA
antenna
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Methodology - Objective

|

Objective * Sep—Nov 2024 N ."f
. S

* Analyze impact of seasonal & * Apr-Aug 2025
environmental factors on 5G ¢ Fixed measurement interval: 5

NPN performance minutes

Investigated Influences Location Selection Criteria

* Weather: precipitation, * Line-of-Sight (LoS) - isolate
humidity, temperature, air weather effects

pressure, wind speed * Non-Line-of-Sight (nLoS) >

* Air quality: VOC, NOx analyze vegetation blockage
* \egetation: density, type, * Reference LoS points near
water content vegetation sites

: e Varying vegetation density
Measurement Campaign (single tree - dense

* Timeframe: vegetation)
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Methodology —

Gain Calculation

* Parameters derived from:
* Azimuth (bearing)
e Elevation angle
* Distance (haversine formula)

Path Loss Modeling
* 3D antenna gain:
* GO @) =G(p)+G(O)

* Free Space Path Loss (FSPL):

+ FSPL =20log (%)

* Log-Distance Model:
+ L(d) = FSPL(d,) + 10nlog (<)
0
* Path loss exponent: n = 2.7 (urban)

Calculating Environment Loss

Received Power Model
C PT=Pt+Gt+GT_L

Environmental Loss Extraction
* Leny =Pt+Gt+Gr_Pr_Lpath
* Compensates for path length

* (Captures:
* Vegetation attenuation
* Shadowing effects

Measurement Controls
* Fast fading minimized (5-min averaging)
* Interference avoided (cells disabled)
* Rain excluded (analyzed separately)
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* No significant correlations between SS-RSRP - _ 5 - T
—_ o X X ¢ £
and the weather parameters E S S 2 - z
F © £ T I E D
. . . o (Fo 9 q 7 = c e o
e Limited significance, due to low number of 5 2 § 5 2 3 3
. [ [« . x 'g
included measurements Fa oz £ 85 ¢ & L
Day of Year 1.00 .0 1 4 -0.35 I
-> long-term measurements necessary o

SS-RSRP [dBm] : 0 g .23 -0.21 0.04 -0.35
Air Pressure [hPa] EUARRENGE 1.00 SRS . -0.29 -0.03 -0.62
rel. Humidity [%] ﬂ -0. . ) -0.27
abs. Humidity [kg/m?3] fUSecR R REeR ﬁ .15 0.23
\[e}'q:0.18 0.23 0.18 0.19 . 0.12 -0.17

Temperature [°C] QUESE P AR 0.21 -0.31
VOC ; -0.0 0. 0.12 -0. 31 -0.18

Wind Speed [km/h] BUSEREERINPI YA N b -0.18

Correlation matrix of the weather parameters and the SS-RSRP
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ITU-R rain model suggest rain should not affect
frequencies below 5 GHz as the wavelength (81
mm) is much larger than raindrop sizes (0.1-8
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Evaluation — Influence of Precipitation
* Location 1: SS-RSRP of up to 21 dB, with an E ‘g% | % - % Mk fnseiiﬁfe‘r’ﬁféféi”t
average decrease of 3.17 dB _ «% s o % % % { location 1 LoS
* Location 5: SS-RSRP of up to 13 dB, with an “ E % L f

average decrease of 6.28 dB 8 5 i '
6 INo Rain

mm), limiting direct interaction with rain el i %E TTEL T TSGR | SS-RSRP of different
[ E E: HEE Csnow measurements on
* Observed SS-RSRP degradation is therefore likely gi% 52 2E g5 % location 5 LoS
caused by environmental changes, such as wet 58 E Eg % %5 io é |
trees and buildings altering multipath fading s b o S % l o;g
e Variations in “dry” measurements may also result * 2024§2025 : 7
from surfaces remaining wet after earlier rainfall T



':/‘::; ‘“-\
\/» 2) WICON

T l j Rheinland-Pfalzische
Technische Universitat

P Kaiserslautern
Landau

Evaluation — Influence of one Tree

* From the measured SS-RSRP the environmental

loss is calculated

* For location 1 nLoS loss is mostly greater than
LoS loss. The maximum is 11.5 dB with a mean

loss of 2.82 dB

* For location 5 nLoS loss is mostly greater than
LoS loss. The maximum is 11.5 dB with a mean

loss of 5.44 dB

* Aseasonal trend of the nLoS path is not

discernible

e Correlation with water content of the leaves is

not discernible
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Average environmental
loss due to one tree at
location 1

Average environmental
loss due to one tree at
location 5
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Evaluation — Influence of Vegetation Path Length

. ) ) . | ' ] SS-RSRP over time at
* SS-RSRP is fluctuating over time, likely caused 1 locations 1 to 4
by wind-driven movement of leaves and _.g
branches &
()]
. . 4
* LoS location also showed fluctuations B -85 f—nlos, 5m.
. 90F  3nLoS, 60 m
* |Longer vegetation path corresponds to . _ B | | | | ]
0 0 50 100 150 200 250 300
higher path loss Time [s]
* Location 3 shows only 39 dB loss, path loss - 8
. . . - 50 F .
exponent might be incorrect for this location — ? o ;
o L ]
! . 45 1 1 (nLoS) 50m 40dB
* Locations 1, 2 and 4 are almost equidistant 2 |9 - i
from the transmitter antennas, therefore Qg 4or T 1. 2(nLos) 140m  41dB
multipath fading may have different effect 35| J_ — ]
— | { 3 (nLoS) 60.0 m 39dB
\>,°°’ @9(" m{\\f"’ ,bo\Pc’ b‘,,\\\?% 4 (nLoS) 25.0m 45dB
Environmental loss for Vegetation path length

locations 1 to 4
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* No discernable impact on performance limited
networks

* Networks with power-limited coverage have to
take attenuation due to environmental changes

and vegetation into account %
: : —
-> [ncrease fading margins
Red
"""" | PNV B B B LA BN R NN BN B 7
F——50.0 MHz ] 3
o [T—100.0 MHz : 1
10% F=—200.0 MHz |
i b 400.0 MHz 1
S el : ss RSRP [dBm]
= ] bandwidth- | W <-120
2107} : limited W-120to-110
8 ] 3 W -110 to -100
6
S W0F j -100 to -90
105 L power-limited | ; -90 to -80
E nnnn | I BT T S T l:jljlilxl.llll]llllllg -80to-70
130 -120 -110 100 -90 -80 -70 -60 -50 m>-70
SS-RSRP [dBm]
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Conclusion

No significant correlation between weather parameters and SS-RSRP have been found

Precipitation had a measurable influence on SS-RSRP (up to 21 dB at location 1 and mean 6.28 dB
at location 5)

* The impact of one treeis up to 11.5 dB with a mean of loss of 3.87 dB
* Longer vegetation paths corresponds to higher path loss

-> Use higher fading margins when planning outdoor networks



= R

-é"‘ 3 le Rheinland-Pfélzische
‘\ib; I‘ | WI ON Technische Universitat
\ N\ s | C .
.C’/ P Kaiserslautern
Landau

Future Work

e Automate campus measurements
* |nstall fixed setup for long-term measurements

e Record wet environments in the measurement dataset



Thank you for your attention!
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