








Simulation results
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Simulation results

= 281 cell sites possible to apply ring concept
= 50 lists of cell sites combinations

= 410 wireless link required

N of cable 92 Max 143
N of Wireless Link 208 410
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Assessment of the Planning Results
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Conclusion

» The given algorithm can plan wireless backhaul network automatically in ring
shapes.

» More stable operation is guaranteed against link failure due to the redundant
traffic paths.

» The highest modulation and coding scheme defined in IEEE is applicable on
>99 % of the planned wireless backhaul links regardless of given weather
conditions even using 50 GHz band width.

» ~73 % of backhaul links can be replaced by wireless connections instead of
fibre connections

? 17 Sep.2021 | Bo Kum Jung | Automatic Planning of Wireless Backhaul Links |13/14



Thank you for your attention!
CEREHOHYNESTTVFELLE:

WASEDA University hehicty n'n:=
SHEFEAS B '
FEITEXE

CHIBA INSTITUTE OF TECHNOLOGY

SEklu IR<]"CP Z Fraunhofer T. o R o~¢ AR

IAF GIFU UNIVERSITY

Université
de Lille

\

C OMP ONENTS

Bo Kum Jung, M.Sc.

TU Braunschweig
bokumjung@ifn.ing.tu-bs.de

u_IFJHC)R

This project has received funding from Horizon 2020, the European Union’s Framework Programme for Research and Innovation,
under grant agreement No. 814523. ThoR has also received funding from the National Institute of Information and
Communications Technology in Japan (NICT).




March 2022 doc.: IEEE 802.15-21-0131-02-03ma-Proposal_RIFS_extension
Project: IEEE P802.15 Working Group for Wireless Speciality Networks (WSN)

Submission Title: Proposal to extend RIFS in IEEE Std 802.15.3d/e

Date Submitted: 4 March 2022

Source: Thomas Kiirner TU Braunschweig(1), Keitarou Kondou HRCP(2), Fumihiro Nishiyama
HRCP(3)

Address (1) Schleinitzstr. 22, D-38092 Braunschweig, Germany (2)(3) 1-24-2 Taito Taito-ku Tokyo,
Japan

Voice: (1)+495313912416 (2) +81-334140206, FAX: (1)+495313915192 (2)+81-368060906, E-Mail:
(1) (2) hrcp.jp (3) Fumihiro.Nishiyama@hrcp.jp

Re: doc. 15-22/0071, 15-21-0398

Abstract: This document describes the required changes to extend RIFS in IEEE Std 802.15.3d/e to
allow transmission at larger distances

Purpose: Input to Call for Proposal

Notice:  This document has been prepared to assist the IEEE P802.15. It is offered as a basis for
discussion and is not binding on the contributing individual(s) or organization(s). The material in this
document is subject to change in form and content after further study. The contributor(s) reserve(s) the
right to add, amend or withdraw material contained herein.

Release: The contributor acknowledges and accepts that this contribution becomes the property of
IEEE and may be made publicly available by P802.15.

Submission Slide 1 Thomas Kiirner (TU Braunschweig).



March 2022 doc.: IEEE 802.15-21-0131-02-03ma-Proposal RIFS_extension

Proposal to extend RIFS in IEEE Std
802.15.3d/e

Thomas Kurner (TU Braunschweig)
Keitarou Kondou (HRCP)
Fumihiro Nishiyama (HRCP)

Submission This inout is based on results fronsiike ThoR project. ThoRhbass kKe&@eiv@&d Braunschweig
funding from Horizon 2020, the European Union’s Framework Programme for



March 2022 doc.: IEEE 802.15-21-0131-02-03ma-Proposal RIFS_extension

Starting Point

* Indoc. 15.21/0398 it was reported, that the current settings of
the Retransmission Interframe Space (RIFS) is to short to cover
the typical distances occurring at backhaul applications.

« The IEEE 802.15.3e chipset used in the ThoR project has been
adapted to allow longer transmission distances

 RIFS is currently defined in Table 11a-20

« doc. 15.21/0398 suggests to increase RIFS by a factor of 10
and include new formulas to calculate RIFS
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Current Definition in IEEE Std 802.15.3d/e

= Section 13.2.6 provides references to section
11a.2.6.1 and Table 11a-20

MAC Parameter Corresponding PHY Parameter m

SIFS pPHYSIFSTime 11a.2.6.3
RIFS PRC 2*pPHYSIFSTime + 3,01 us 7.4.1
DEV 4*pPHYSIFSTime + 9,05 us
S|Fs3'01=tHdlr SIFS I gips —HI  siFs
PRC [ Tx o 1y koS 7y ‘ﬂ: RIFS(PRC) = 2 SIFS + tHdr
_ RIFS(PRC) ; 1 RIFS(PRC) ‘ =2 SIFS +3.01 us
=2SIFS + tHdr  ~ © =2SIFS + tHdr
tHdr tHdr tHdr

SIFS SIFS SIFS SIFS, RIFS(PRC) = 4 SIFS + 3tHdr
nonPRC |: ;Il = 4 SIFS + 9.05us
RIFS(nonPRC)

=4SIFS + 3tHdr

‘
7
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July 2013 doc.: IEEE 802.15-21-0131-02-03ma-Proposal RIFS_extension

Considering propagation delay

tpd = propagation delay

tHdr tHdr tHdr tHdr
PRC S AT o S N T S S T A N R
IIII( =SIFS + 2tpd LI‘

_ RIFS(PRC)=2SIFS + tHdr + 2tpd

tHdr tHdr tHdr tHdr
nonPRC [ Tx ot R P T et R o Tx ]

L RIFS(nonPRC)=4SIFS + 3tHdr + 4tpd X

If 1-km link 1s assumed, tpd shall be 3.3us. Then RIFS should be increased by 6.7 us
for PRC and 13.3 us for PRDEV
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Suggested changes

= Add a new table, which should be used for applications with
transmission distances > 100 m

* tpdis setto 33.3 us, which supports up to 10 Km in distance.

MAC Parameter Corresponding PHY Parameter m

SIFS pPHYSIFSTime 11a.2.6.3
RIFS PRC 2*pPHYSIFSTime + 69.7 us 7.4.1
DEV 4*pPHYSIFSTime + 142 us

= Add aflag in PRC/PRDEV capability and Pairnet operating parameters
in section 6.4 Information IE for enabling longer distance
operation.
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Suggested changes contd.

= Basic idea of RIFS modification are,

. 1. Section 6.4.12/6.4.13/6.4.14. Add “Long RIFS support” at reserved bits in PRC capability IE and
PRDEV capability IE and Pairnet Operation Parameters IE. Then add a text to PRC capability IE section as
following,

. “Long RIFS support field shall be set to one if the DEV supports longer RIFS duration defined in xxx, and
shall be set to zero otherwise.”

. Then, for PRDEV capability IE and Pairnet Operation Parameters IE,
. “Long RIFS field is defined in yyy. *
. 2. Add “Long RIFS” to the IFS parameters table and add explanation about this, for example,

. “Values described in Long RIFS shall be applied when “Long RIFS support” filed in Pairnet Operation
Parameter IE is set to one, and values described in RIFS is selected otherwise.”
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Multiband Transmission with IEEE 802.15.3d

H2020 ThoR project demonstrates a multiband transmission for
wireless backhaul links [1]

IEEE 802.15.3d defines channels with a bandwidth from 2.16
GHz t0 69.12 GHz

Transmit power spectrak density (PSD) mask prevents inter-
carrier interferecen (ICl)

Which transmit pulses comply with the defined transmit spectral
mask of IEEE 802.15.3d7?

Channel

bandwidth |CHNL_ID=1 Default channel CHNL 1D=32
[GHz] ('hannels from 2 to 31 .
2.16 X 1

=2. 16 fIGHz]

AA&A&AAAAAA&&AAA
“f;‘ﬁj |/ 49 y 50 \f 51 \/ 52 \/ 83 E{ 54 \‘{ 55 \/ 56 }[f,(,m]
216 X 6. |( 57 \/ s\ \/ 60, \‘/ 61\ | f161z]
s zgﬁl/ \Z T \/ \L/ \Ifl'uuzl

2.16 X 12
—2592'

' fIGHz]

2.16 X 24

=51.84; . fIGHz]

2.16 X 32,

=69.1 JSIGHz]

2501 255 200 265 270 275 280 285 290 295 300 305 310 315 320
252.72 GHz 304.56 GHz 321.84 GHz

IEEE 802.15.3d channel plan [2]
(© 2020 IEEE, reproduced with permission)
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Link Level Simulations with SiMoNe

Link level simulator in SiMoNe [3] was extended by a multi-carrier mode
Independently configurable subcarriers can be transmitted in parallel

: : : :

L ]
Sampling

ejZthlt

ej2nf1t
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Spectrum of RECT and SINC pulse

2.16 GHz channel, 1.76 GBd symbol rate

rectangular pulse shaping
= High inter-carrier interference

» |EEE 802.15.3d transmit spectral mask in red

PSD [dB]

sinc pulse shaping
» Pulse duration corresponds to 128 times of the symbol

duration
= No practical use

PSD [dB]
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Spectrum of RRC pulse with different roll-off factor a
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Spectrum of RRC pulse with different roll-off factor a

a > 0.3 does not comply with the power spectrum masks o
anymore

-10[—

How does the transmit pulse affect the bit error rate?

-20[—

-30

PSD [dB]
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Multiband configuration

» Channel IDs 1-24, 33-44, 49-54, 62-64, 68

= Subcarrier symbol rates 1.76 GBd, 3.52 GBd, or
7.04 GBd, 14.08 GBd, 42.24 GBd
= 16-QAM modulation |
= No channel coding 0
» Perfect channel without AWGN
» RRC pulse with different roll-off factors @ -30-
= 10 Mbit transmitted
-40-
-50-
3 20 10 0 10 20 10

Frequency [GHz]

Exemplary PSD of CHNL IDs 62-64
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Bit error rate from inter-carrier interference
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Bit error rate

ROF/CHNLBW 216 GHz ___[432GHz ___|864GHz ___|1728GHz __|5184GHz
0

0 0 0 0 0
0.1 0 0 0 0 0
0.2 0 0 0 0 0
0.3 0 0 0 0 0
0.4 0 0 0 0 0
0.5 415-10°8 3.31-1078 1.64-1078 0 0
0.6 2.01-107* 1.81-107* 1.49-107* 7.55-107° 0
0.7 3.5-1073 3.1-1073 2.5-1073 1.3-1073 0
0.8 1.3-1072 1.2-1072 9.3-1073 48-1073 0
0.9 2.7-1072 2.5-1072 2.0-1072 1.1-1072 0
1.0 43-1072 4.0-1072 3.3-1072 2.0-1072 0
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Conclusion

» Transmit spectral mask prevents inter-carrier interference
» Root-raised cosine with roll-off factor < 0.3 agrees with the transmit spectral mask
» Roll-off-factors > 0.4 lead to inter-carrier interference
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ThoR approach: Demonstrating the Capability of 300 GHz Backhaul/
Fronthaul links

Gb ThoR THz link
Ethernet

Gb

Ethsrnet RS

Photonic
LO
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Networking Interface and Baseband Modem

» The ThoR demonstrator uses a super-heterodyne
concept where the RF signal of modems oeprating
at 60 GHz and 70/80 GHz, respectively are used as
the IF signal for the subsequent 300 GHz RF Front-

» TDD modems (HRCP modems)
= operating at 60 GHz and at a bandwidth of 2.16

GHZ Network Baseband IF

Interface Modem RF >
= used to demonstrate, that IEEE Std 802.15.3¢e
with an extension of the IFS value is working for
backhaul applications

{
end User Data E N " Bassband i IF
* |n the ThoR hardware demonstrator two types of “ ] P RF b
modems have been used: ' ' 5
__________________________________ o
= FDD modems f |l = L §7
. Network Baseband |
= oeprating at 70/80 GHz Interface || Modem " L ole | N
= Up to for 4 2x2 GHz channels are aggregated S D R ntenns
2 =
- o
(@]
O

Source: ThoR Deliverable D3.5 available at
https://thorproject.eu/results/deliverables/.Testing "Report of 60 GHz
TRX Module"
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Concept of demonstration system employing V-band modem

Up converter * The ThoR system with 60-GHz module is
prepared to demonstrate wireless link that is

: z — o e 300GHz Out . . .
Loza0sacHz T | [ i quasi-compliant with Terahertz standard,

23 IEEE 802.15.3d,

by employing an existing HRCP wireless
module that is compliant with IEEE
802.15.3e, which shares same MAC and part of

V-band Modem

. 1 DD TRX] PHY architecture with IEEE 802.15.3d.
HRCP 60GHz Wireless
User 10GbE it 85 8 e THz Wave
data T Almost common between 15.3d/e
HRCP TRX Signal Path 2 {60GHz RE. BB MAC & IF) - —
TDD TRX2

LLC sublayer
MAC sublayer

Data link

PLCP sublayer

PHY
PMD sublayer

LO 240.84GHz — 300GHz Input

OSI Reference model

Down converter

Source: K. Kondou: “Development of the ThoR 60 GHz transceiver module” ThoR

Example Of THZ transceiver Wlth V'band mOdemS Final Workshop https://thorproject.eu/events/thor-final-workshop-and-demo/
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HRCP module(2nd version) overview

REF Reference clock HRCP 6OGHZ Chlp
0sc T RERx Mixed Signal 802.15.3e PHY 802.15.3e MAC I/F
N 4 % USB<->| | Debug
% == T I I I e Serial [ | (USB)
RF Amp. | | MixerBuf. - | DMA
INA ST =—= VGA
WR-15 i FAU R data 8 Power Power
- { B g Circuit [ | (USB)
: RF g
Wave Guide Lo— Local &
RF TX | (€= SeI’/DFes e——>1—
srAM [€—>
:% 6 Ccs>r\:tsrol
8 Vv
. [
60GHz Wireless Module oCle
Card Edge
PCle
Connector
SFP+
10GbE i
Optional Repeater 10GBase-T
Connector
10GbE board T
Source: K. Kondou: “Development of the ThoR 60 GHz transceiver module” ThoR Final Workshop https://thorproject.eu/events/thor-final-workshop-and-demo/
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HRCP TransferdJet X SoC

* RF/PHY
v RF Bandwidth: 2.16 GHz
v" RF channel: 60.48 and 62.64 GHz
RAM [_]«—> SPIUART v Built-in Fractional PLL supports 19.2 to 52 MHz of
- CPU ROM [ J«— referen lock
Antenna<—{ |  goGHz RF a EPROM plerence C.OC- :
(optional) v" Modulation: Single carrier, up to 16 QAM
Local Data v" PHY rate up to 6.9 Gb/s
Cache v' User-data rate: 1.5 to 6.1 Gbps
Ref. clock«—[ | PLL ADC/
DAC UFS M- e UFS . MAC
ﬂ PHY [T Storage v Dedicated HW for enabling Fast link-setup

v' Supporting bi-directional data transfer with TDD

PCI &N v" Encryption support: AES 128bit with GCM

% 1 HOST I/E v" Built in RISC CPU with on-chip RAM and ROM
802.15.3e USB | & H ™ T ocie 54
PHY/MAC ( . USB3.1 . IF

10GE 10Gb Ether v PCl express 3.1 device I/F
v USB 3.2 gen 2 device I/F
v' UFS 2.1 host I/F for optional data cache

TJX SoC functional Block Diagram v IEEE 802.3-2005(10GE) with IEEE 1588 PTP function

Source: K. Kondou: “Development of the ThoR 60 GHz transceiver module” ThoR Final Workshop https://thorproject.eu/events/thor-final-workshop-and-demo/
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Ethernet bridging with TJX SoC

Once the SoC is configured to Ethernet Bridge mode,
all frames are transmitted through 60GHz without any external control.

RAM 7
€ CPU ROM%
[—MZ RF !
Local Data -
Control Host SW
Cache
] pLL |JARC PCLxt” PCL = PCL
DAC UFS |M-PHY[ ]
PC DME**/FCSL*
wn
I-n -
802.15%3¢e usB | & [ - TJX SoC
PHY/MA m
10GE *1 Protocol Conversion Layer
*2 Open Binary Exchange
_ *3 Mass Storage Class

*4 Device Management Entity
*5 Frame Conversion Sub-Layer
*6 Universal Flash Storage

Source: K. Kondou: “Development of the ThoR 60 GHz transceiver module” ThoR Final Workshop https://thorproject.eu/events/thor-final-workshop-and-demo/
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Issue found on RIFS value in IEEE 802.15.3d/e

In this project, we also found that some modification required to current IEEE specification, for
achieving long-distance link.
The modification to RIFS is also proposed to current standardization activities in IEEE 205.15 TG3ma.

What is RIFS?

« Retry Inter Frame Space(RIFS) is a time between an frame and its retransmission frame.
« All frames are retransmitted when no response is observed from receiver.

g~ retransmission Ny,

N-th packet (N+1)th packet (N+1)th packet
tHd tHd
SIFS SIFS L SIFS > _giFs
Tx Rx(Ack) Tx > Tx
) RIFS(PRC) > |
< ﬂ RIFS =2 SIFS + tHdr

=2SIFS + tHdr | =2%x2.5+3.01 (us)

Source: K. Kondou: “Development of the ThoR 60 GHz transceiver module” ThoR Final Workshop https://thorproject.eu/events/thor-final-workshop-and-demo/
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Considering long propagation delay

ideal case

3.01=tHdr

SIFS SIFS The timer value might be shorter with actual implementation
Tx Rx Tx

| (we have to switch RF in advance to transmission)
'Maximum 8 us of retry timer|

1-Km delay considered Unexpected retransmission will happen

|
|
propagation delay, tpd=3.3us ‘L \“dr tHdr

TX \ ____“' RX SIFS TX

SIFS + 2 tpd = 9.2

- K

Retry timer should be set longer

Somehow, RIFS should be set to be more longer time duration than current specification.
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Pre-Demo Lab Test of HRCP modems with RF-Front-Ends

Data-rate (Mbps)

6000 r - 1 - . - .
TDD HRCP modems: operation at 302.16 GHz
5000 4 after up/down transmission over THOR FE N
952 50606 00
4000 - 8Bo0o® og 000, ]
'e) O
3000 - g ° i
0 cvecs’ e . . » wPlen
2000 | - -
= T1-R1 over THOR FE
000d | ° T2-R2 over THOR FE . |
o  T1-R1 (B2B 60 GHz) .
o T2-R2 (B2B 60 GHz) o
{} T r T . T ; T o -
0 10 20 30 40 50

System margin (dB)

Source: ThoR Deliverable D4.7 to be published at https://thorproject.eu/results/deliverables/.Testing "Final report of the RF front-end developments"
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Final Demo Set-up at Campus of TU Braunschweig

ThorProject.eu
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Link set-up and data transmisson of 1 Gbps has been successfully demonstrated

Screenshot of the successfull transmision

Demo of the complete ThoR Hardware demonstration is available at
https://cloudstorage.tu-braunschweig.de/getlink/fisSAwVviey4ykfeKH99KyXjQ/
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ASIA-PACIFIC TELECOMMUNITY Document No:

The 26th Meeting of the APT Wireless Group AWG-26/INP-11

(AWG-26)

14 — 18 September 2020, Virtual Meeting 04 September 2020
Japan

PROPOSED MODIFICATION TO WORKING DOCUMENT TOWARDS A
PRELIMINARY DRAFT NEW APT [RECOMMENDATION/REPORT] ON
‘MODEL[S] FOR FWS LINK PERFORMANCE DEGRADATION DUE TO WIND’

1. Introduction

At the AWG-23 meeting held at Da Nang Vietnam in April 2018, TG-FWS started to develop a
preliminary draft new APT [Recommendation/Report] on model(s) for FWS link performance
degradation due to wind. At the AWG-24 meeting held at Bangkok Thailand in September 2018,
Japan input the model for FWS link performance including the influence of dynamic factor, i.e.
wind, in addition to the static load of antenna and pole. We propose, by this contribution, the
model more closely simulate the actual FWS link performance degradation. At the AWG-25
meeting held at Tangerang, Indonesia in September 2019, TG-FWS received some comments
from ITU-R, in which some mismatched expressions in the axis titles of figures in the working
document were pointed out.

2. Proposal

Japan proposes to correct some expressions in the working document towards a draft new APT
[Recommendation/Report] (AWG-25/TMP-10) as attached. Some figures and expressions in the
texts are modified according to the comments from ITU-R. By these corrections, the
[Recommendation /Report] will be able to provide more accurate information.

Attachment: 1

Contact: NAME Email:
Organization, Country



ATTACHMENT

WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW APT
[RECOMMENDATION/REPORT] ON ‘MODEL(S] FOR FWS LINK
PERFORMANCE DEGRADATION DUE TO WIND’

[Editor’s note: Through the discussion at the AWG-23 meeting, the members agreed that
whether to set the goal as a recommendation or a report should be decided according to the
future inputs and discussion. The following is the skeleton of main body in the case of the
recommendation.]

The Asia-Pacific Telecommunity (APT),

considering

a) that many Asia-pacific region countries are often under severe weather conditions
including tropical cyclones, hurricanes, and typhoons which the maximum wind speeds are
very large;

b) that when antennas are exposed to strong winds and their antenna supporting structures
start to vibrate, and sometimes the directions of the main beams deviate from their desired
directions;

C) that the above antenna fluctuation causes the degradation of link performance;

d) that if methods to compensate the degradation of link performance are recommended, it
would becomeis-an easier for communication infrastructure manufacturers to implement any
one of them to guarantee their link performance;

e) that it is necessary to have effective and easy to install techniques for the systems to
realize above methods;

noting

a) that APT Report No. APT/AWG/REP-81 on FWS LINK PERFORMANCE UNDER
SEVERE WEATHER CONDITIONS reports the severe weather conditions in APT
countries, impact of severe weather conditions on link performance of fixed wireless
communication, the mitigation techniques for those impact of severe weather
conditions, and the case study of one of its techniques;

b) that there is no APT Recommendation specifically addressing the link performance
under wind conditions before this Recommendation.

recognizing
the needs of countries to complement the degraded FWS link performance due to strong winds.

recommends that APT administrations:

1 use the appropriate attenuation model shown in Annex 1 when an antenna is vibrating
due to wind for link analysis;
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[2 adopt the technique(s) as shown in Annex 2 to improve or compensate the degraded
FWS link performance due to wind.]
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Annex 1

Attenuation Models under Wind Conditions

1. Background

As the increasing number of small cells to satisfy the traffic need per area, it is unavoidable to
install radio equipment even on low and vibrating structures (utility poles, street lamps, walls of
buildings, etc.), in addition to the conventional high-strength steel towers. In such cases, the
equipment installation would be in bad condition, and that leads to the concern of radio quality
degradation. Especially when installing antennas with narrow beams in millimetre-wave on an
unstable pole, it is necessary to consider the influence of the wind.

2. Measurement system

We observed the influence of wind to the millimetre wave devices on the pole for 6 months at
85.5 GHz. A parabolic antenna with a diameter of 350 mm, a radio equipment, a weather sensor
and an acceleration sensor were installed on a steel pole with a thickness of 89 mm and a length
of 5 m. Figure 1 shows the measurement system.

Figure 1 Measurement system

We assume the static load given to the pole and the antenna due to wind and consider it as
follows. The calculation model is described in Figure 2.
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Figure 2 Calculation model

Figure 3 shows an example of the relationship between RSL(Received Signal Level) and wind
speed. In this figure, the RSL is composed of two components. One is a static component and
the other is a dynamic component like vibration. The inclination of the pole due to static and
dynamic wind load is evaluated based on this thought and the model of the degradation of RSL

is made. In this measurement system, the inclination of one side is small relative to the other side
so the degradation of RSL is estimated.

20

4 15

1 10

Wind speed [m/s]

Rx level [dBm]

46 L I | |
13:16:50 17:00 17:10 17:20 17:30 17:40 17:50 18:00 18:10 18:20
Time (2017/1/22 13:16:50-13:18:20)

Figure 3 RSL and wind speed

3. Static component of the inclination due to wind

The inclined angle of the pole assuming the static load taken on the pole and the antenna due to
wind is derived as follows.

The velocity pressure when the wind velocity is v is shown as follows.
1
g =1pv? (1)
q: Velocity pressure [N/m?]
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p: Air density (=1.226[kg/m’])

v: Wind speed [m/s]
The static load F; applied to the pole and the static load F, applied to the antenna are shown as
follows.

Fy = qCi A, F, = qCA; (2)
F,: Wind load applied to the pole [N] F,: Wind load applied to the antenna [N]
C;: Drag coefficient of the pole C,: Drag coefficient of the antenna

A;: Wind receiving area of the pole [m?] A,: Wind receiving area of the antenna
[m?]

Inclination angle 6 is shown as follows.

Fy 12 Fyl2 pl?
Os = =5 55 = (F1 +3F) [rad] = (GiA; + 3CA;) v

E: Young’s modulus [Pa]
I: Second moment of area [m*]
l: Length of the pole [m]

12 180
2—

deg] (3)

From the above, the inclination angle 6 is proportional to the square of the wind speed. The
parameter in the mesurement system are shown in Table 1. For simplification, (3) is expressed
as (4). The static wind load coefficient C, in the mesurement system is 4.2 x 10 deg/(m/s)>.

Table 1 Parameter of the measurement system

Item Value

Ci: Drag coefficient of the pole 0.8

A;: Wind receiving area of the pole 0.445[m?]

C>: Drag coefficient of the antenna 1.1

A>: Wind receiving area of the antenna 0.07[m?]

E: Young’s modulus 2.05 x 10!!'[Pa]

I: Second moment of area 1.01 x 10%[m*]

l: Length of the pole 5[m]
0 = (C1A; + 362,42)1”2—sz 2= v? [deg] (4)

4. Dynamic component of the inlicliation due to wind

In the next place, the vibration of the pole is analysed from the measurement results. The pole
was vibrating by wind at natural frequency which is 2.3 Hz and the inclination of the pole is
derived from the dynamic amplitude which is filtered from measurement results. Maximum
value of wind speed and amplitude every ten seconds are adopted. The dynamic inclination angle
6, of the pole is proportional to the square of the wind speed as static wind load. The coefficient
C, that shows relationship between wind speed and the dynamic inclination is expressed as (5).
The C, from the measurement result is 4.6x10™ deg/(m/s)?.

04 = Cy-v? [deg] )
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5. FWS link performance degradation

From the above, the inclination of the pole due to static and dynamic wind is modelled. Radiation
pattern g(6), where 6 is deviation angle, is expressed as (6). Where J; is Bessel Function of the
first kind and 6py, is half power beam width. Figure 4 shows an example of radiation pattern.
Its Oy is 0.9 deg. For simplification, this formula may be changed for polynomial
approximation. The degradation of RSL due to wind R(V) is expressed as (7). This formula
indicates the worst value of RSL against certain wind speed. Regarding the inclination of the
pole, misalignment angle of 8, should be considered when the antenna is installed.

9(6) = 20l0g {2257} [ap] ©)
, 60m
u =——sinb
Opw
0
2 s
=
]
o
2
5 _10}
&
-15 : :
0 0.2 0.4 0.6 0.8 1
Angle [deg]
Figure 4 Example of Radiation pattern
R(@) = g(8y + (Cs + C4)v?) [dB] (7)

Figure 5 shows maximum wind speed vs. minimum RSL by every ten seconds. The effect of
each term and approximate curve of measurement values are also shown on the figure. According
to the figure, the degradation of RSL due to misalignment of the measurement system is about
1.2 dB which corresponds to 0.28 deg. One of the factors of this differences between the two
cures is that the effect of the opposite site is not considered. The coefficient C; is similar to the
coefficient Cs. Both coefficients depend on the structure of the pole therefore high correlation is
expected and C; can be approximated to Cj.
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Figure 5 Maximum wind speed vs. Minimum RSL

Regarding opposite site, minimum RSL is calculated as well. Therefore the worst RSL of the
FWS link is estimated as sum of minimum RSL of both site (8). Where R;and R,are minimum
RSL of respective site.

Riotar = R1 + R, (8)

From the above, the measurement results of the inclination of the pole corresponds to the
calculation model thus FWS link performance degradation can be estimated from some
parameters and coefficients of the FWS link configuration.

Furthermore, probability of the RSL is estimated from wind speed as follows. The probability
(cumulative probabiity-distribution function, CDF) of wind speed is expressed by the Weibull
distribution as shown in (9). An example result of this measurement is shown in Figure 6.
Weibull coefficient, scale factor k£ equals to 0.86 and shape factor ¢ equals to 1.03. The wind
speed corresponding to the probability of 99.999% was 17.8 m/s.

p(v) =1—exp {— (E)k} 9)
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Figure 6 Wind speed distribution

Probability [%]

The wind speed is expressed by (10) derived from (9). The relationship between cumulative
probability and the degradation of RSL is derived from (10) and (11) considering the initial
misalignment of the antenna as shown in (12).

v(p) = c{—log,(1 — p)} 7k [m/s] (10)
6(p) = 6, + v2(0)(Cs + C4) [deg] (11)
R(0) = g{0(p)} [dB] (12)

Figure 7 shows the probabiityCDF of gain degradation derived from the relationship between
wind speed and the degradation of RSL. The initial alignment error 8, is considered. The model
corresponds to the measurement results relatively though still some differences remain.
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Figure 7 Antenna-CDF of gain degradation (6,=0.28 deg.)

In conclusion, the measurement results of the inclination of the pole corresponds to the
calculation model thus FWS link performance degradation can be estimated from some physical
parameters and coefficients of the FWS link structure.

6. Calculation example

Six cases for calculation example are shown as follows. Table 2 shows the parameters of each
case. The differences of the cases are diameter and length of pole, antenna diameter and initial
alignment error.

Table 2 Parameter examples
Item Unit| Case 1 | Case2 | Case3 | Case4 | Case 5 | Case 6
Parameter of the pole
Ci: Drag coefficient of the pole 0.8 0.8 0.8 0.8 0.8 0.8
l:Length of the pole m 5 5 10 5 5 10
Diameter of the pole mm| &9 89 165.2 89 89 165.2
Thickness of the pole mm| 4.2 4.2 10 4.2 4.2 10
;lé:IeWind receiving area of the 2 4.451x10'4.451x10' 1.65 4.451x10' 4.451x10' 165
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E: Young’s modulus GPa| 205 205 205 205 205 205
4 [1.01 x1071.01 x1071.47 x1071.01 x107|1.01 x1071.47 x10
I: Second moment of area m 6 6 5 6 6 5
Parameter of the antenna
C>: Drag coefficient of the 11 11 11 11 11 11
antenna
Diameter of the antenna m 0.32 0.32 0.32 0.65 0.65 0.65
A2: Wind receiving area of the | , [8.04 x1078.04 x1078.04 x1073.32 x1073.32 x1073.32 x10°
antenna 2 2 2 ! ! !
Beamwidth of the antenna |deg | 0.9 0.9 0.9 0.45 0.45 0.45
C.: Static wind load coefficient 4.404x10'4.404x10'3.074X10' 1.033x10' 1.033X10'4.684x10'
Ca: Dynamic wind load 4.40 x1074.40 x1073.07 x1071.03 x1071.03 x1074.68 x10°
coefficient 4 4 4 3 3 4
6o: Initial alignment error deg 0 0.2 0.2 0 0.2 0.2

The calculation results are shown as follows. Wind speed vs. inclination of the pole is calculated
from (11) and its results are shown in Figure 8.

Inclination of pole [deg]
o [ N w N [¥;] [e)] ~J o

0 10 20 30

Case 4,5

40

wind speed [m/s]

Case 1-3,6

50

—Case 1

—Case 2

-Case 3

—Case 4

—Case 5

60

Case 6

Figure 8 Inclination of pole

Antenna
diameter
0.3m
0.3m
0.3m
0.6m
0.6m
0.6m

Pole
length
5m
5m
10m
5m
5m
10m

Initial
alignment
error
Odeg
0.2deg
0.2deg
Odeg
0.2deg
0.2deg

Figure 9 shows gain degradation. In this figure, 0 dB means gain degradation of 0.6 m antenna.
As the wind speed becomes strong, the gain degradation of the 0.6 m antenna becomes larger

than the one of 0.3 m antenna.
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Figure 9 Gain degradation
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The evmulative probability-distributien-CDF of gain degradation is calculated from (12) and its

results are shown in Figure 10. The probability of gain degradation is not good for the 0.6 m
antenna, however good for the 0.3 m antenna under the strong wind condition.
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Figure 10 Probability-CDF of gain degradation

In these examples, a more robust pole is required for the 0.6 m antenna.
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[Annex 2

Technique(s) to improve or compensate the degraded FWS link performance due to
wind]

The severe weather conditions include tropical cyclones, hurricanes, and typhoons which the
maximum wind speeds are very large. Therefore, the FWS link performance is degraded due to
the degradation of received power or increasing of BER (leading to the degradation of C/I). To
deal with this issue, we can use following techniques:

1. Automatic Transmit Power Control ATPC

Traditionally, automatic transmit power control (ATPC) techniques have been utilized in
microwave radio links in order to combat rain fading (attenuation). This is also sometimes
referred to as power diversity. Initially, the link is designed such that the transmitter power is
sufficiently large to achieve a given quality of service goal, such as bit error rate, under clear sky
conditions. When the link experiences an attenuation due to rain, the transmit power is increased
gradually and up to the maximum transmission power limit set by a government authority. The
particular technique used in increasing or decreasing power at the transmitter, and the method of
estimating power at the receiver, can be used to differentiate ATPC techniques or algorithms.

Automatic Transmit Power Control (ATPC) is a feature of a digital microwave radio link that
adjusts transmitter output power based on the varying signal level at the receiver. ATPC allows
the transmitter to operate at less than maximum power for most of the time; when fading
conditions occur, transmit power will be increased as needed until the maximum is reached. An
ATPC equipped system has several potential advantages over a fixed transmit power system,
including less transmitter power consumption, longer amplifier component life, and reduced
interference into other microwave systems.

If the maximum transmit power in a ATPC system is needed for only a short period of time, a
transmit power less than maximum may (if certain requirements are met) be used when
interference calculations are made into other systems. On the other hand, because the maximum
power is available when deep fades occur, C/I interference calculations into the ATPC system
may assume the "maximum power" carrier level. Thus, ATPC usage may offer an advantage in
the resolution of low level interference cases without compromise to the fade margin of the
ATPC equipped system.

2. Automatic Coding and Modulation ACM.

Link adaptation, or Adaptive Coding and Modulation (ACM), is a term used in wireless
communications to denote the matching of the modulation, coding and other signal and protocol
parameters to the conditions on the radio link (e.g. the pathloss, the interference due to signals
coming from other transmitters, the sensitivity of the receiver, the available transmitter power
margin, etc.). For example, EDGE uses a rate adaptation algorithm that adapts the modulation
and coding scheme (MCS) according to the quality of the radio channel, and thus the bit rate and
robustness of data transmission. The process of link adaptation is a dynamic one and the signal
and protocol parameters change as the radio link conditions change.

The goal of Adaptive Modulation is to improve the operational efficiency of Microwave links

by increasing network capacity over the existing infrastructure — while reducing sensitivity
to environmental interferences.
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Adaptive Modulation means dynamically varying the modulation in an errorless manner in order
to maximize the throughput under momentary propagation conditions. In other words, a system
can operate at its maximum throughput under clear sky conditions, and decrease it
gradually under rain fade or wind. Prior to the development of Automatic Coding and
Modulation, microwave designers had to design for “worst case” conditions to avoid link outage.

In this case, when the FWS link performance is degraded due to wind, this link can change from
1024QAM or 256QAM down to QPSK to keep “link alive” without losing connection.

Adaptive modulation provides many parameters that can be adjusted relative to the channel
fading, including data rate, transmit power, instantaneous BER, symbol rate, and channel code
rate or scheme. The question therefore arises as to which of these parameters should be adapted
to obtain the best performance.]
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ASIA-PACIFIC TELECOMMUNITY Document No:

The 26th Meeting of the APT Wireless Group AWG-26/INP-12

(AWG-26)

14 — 18 September 2020, Virtual Meeting 04 September 2020
Japan

PROPOSAL TO UTILIZE MEASURED DATA OF D-BAND ANTENNA RADIATION
PATTERN

1. Background

At the AWG-25 meeting held at Tangerang, Indonesia in July 2019, TG-FWS received the
liaison statement (AWG-25/INP-06) from ITU-R WP5C. In the L/S (“Fixed wireless system
antenna patterns above 86 GHz”), ITU-R WP5C asked AWG to provide measurements of
antenna radiation pattern in the frequency range above 86 GHz.

At the AWG-25 meeting, TG-FWS confirmed that the required data were not included in the
reports developed in this TG in the past, and reserved the response.

TG-FWS is also developing the working document towards a preliminary draft new APT
[Recommendation/Report] on ‘Model[s] for FWS link performance degradation due to wind’
(AWG-25/TMP-10) which focuses on millimeter-wave link.

2. Proposal

Japan proposes to utilize the measured data of D-band (130 — 174.8 GHz) antenna radiation
pattern to make a response to ITU-R WP5C.

Also by input of the measured data into the working document, the beamwidth narrowness of
millimeter-wave antenna can be shown.

The data is in the attachment.

The antenna was designed for point to point radio prototype systems.

Attachment: 1
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under a contract with the Ministry of Internal Affairs and Communications, Japan.
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ATTACHMENT

MEASURED DATA OF D-BAND ANTENNA

The measured D-band antenna radiation pattern is shown in Figure 1. The measurement
conditions and results are presented in Table 1. The antenna type is Gaussian Optics Lens-
Horn Antenna.

15

T
L

60 45 30 A5 0.0 15 30 45 6.0
Figure 1. Measured radiation patterns (V: Relative gain [dB], H: Angle [deg])

Table 1. Measurement conditions and results.

Item Value Misc.

RF Frequency 157 [GHz] Range : 150-170 [GHZ]
Diameter 150 [mm)]

Gain 44.9 [dBi] Error : +/- 0.5 [dB]
3dB Beamwidth 0.81 [deg] Error : +/- 0.1 [deg]
Cross-Polarization 27 [dB] Between V and H
Discrimination (XPD)
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ASIA-PACIFIC TELECOMMUNITY Document No:

The 28th Meeting of the APT Wireless Group AWG-28/INP-19

(AWG-28)

6 — 14 September 2021, Virtual/Online Meeting 30 August 2021
Japan

PROPOSED MODIFICATIONS TO THE WORKING DOCUMENT TOWARDS A
DRAFT NEW APT RECOMMENDATION ON MODELIS] FOR FWS LINK
PERFORMANCE DEGRADATION DUE TO WIND

1 Introduction
At the meeting of AWG-27 held in March 2021, TG-FWS/GBPR discussed a proposal to update of a preliminary draft
new APT [Recommendation/Report] on model(s) for FWS link performance degradation due to wind and provided
the temporary document AWG-27/TMP-31. The WD includes attenuation models when an antenna of FWS is
vibrating due to wind for link analysis, and three kinds of techniques to improve or compensate the degraded FWS
link performance due to wind.

2 Proposal

Japan proposes the revision to the working document in order to add the link budget evaluation based on precise
model calculations as an Annex 3. Japan also proposes this revised working document will be upgraded from the
preliminary draft new APT [Recommendation/Report] to a draft new APT Recommendation.

Attachment: 1

Contact: Pham Tien Dat, Atsushi Kanno, Tetsuya Kawanishi Email:
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WORKING DOCUMENT TOWARDS A PREEIVHNARY-DRAFT NEW APT
RECOMMENDATION ON “MODEL[S] FOR FWS LINK PERFORMANCE
DEGRADATION DUE TO WIND2

[Editor’s note: Through the discussion at the AWG-23 meeting, the members agreed that
whether to set the goal as a recommendation or a report should be decided according to the
future inputs and discussion. The following is the skeleton of main body in the case of the
recommendation.]

The Asia-Pacific Telecommunity (APT),

considering

a) that many Asia-pacific region countries are often under severe weather conditions
including tropical cyclones, hurricanes, and typhoons which the maximum wind speeds are very
large;

b) that when antennas and their antenna supporting structures are exposed to strong winds,
the mechanical stress can generate vibrations and mechanical distortions which, in some cases,
give raise to temporary deviations of the main beams from their desired directions;

c) that the above antenna fluctuation causes the degradation of link performance;

d) that the definition of methods to compensate link degradations are advisable to facilitate
installation of communication infrastructure so that link performance objectives are met;

e) that the practical implementation of the above methods should be effective and should be
kept, as much as possible, easy to be realized on real installations;

noting

a) that APT Report No. APT/AWG/REP-81 on FWS LINK PERFORMANCE UNDER
SEVERE WEATHER CONDITIONS reports the severe weather conditions in APT
countries, impact of severe weather conditions on link performance of fixed wireless
communication, the mitigation techniques for those impact of severe weather conditions,
and the case study of one of its techniques;

b) that there is no APT Recommendation specifically addressing the link performance under
wind conditions before this Recommendation.

recognizing
the needs of countries to complement the degraded FWS link performance due to strong winds.

recommends that APT administrations:

1 use the appropriate attenuation model shown in Annex 1 when an antenna is vibrating
due to wind for link analysis;

2 adopt the technique(s) as shown in Annex 2 to improve or compensate the degraded FWS
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link performance due to wind;-}
3 refer to Annex 3 for link budget evaluation for fixed-accesswirelessFWS links.

AWG-28/INP-19 Page 4 of 30



Annex 1

Attenuation Models under Wind Conditions

1. Background

As the increasing number of small cells to satisfy the traffic need per area, it is unavoidable to
install radio equipment even on low and vibrating structures (utility poles, street lamps, walls of
buildings, etc.), in addition to the conventional high-strength steel towers. In such cases, the
equipment installation would be in bad condition, and that leads to the concern of radio quality
degradation. Especially when installing antennas with narrow beams in millimetre-wave on an
unstable pole, it is necessary to consider the influence of the wind.

2. Measurement system

We observed the influence of wind to the millimetre wave devices on the pole for 6 months at
85.5 GHz. A parabolic antenna with a diameter of 350 mm, a radio equipment, a weather sensor
and an acceleration sensor were installed on a steel pole with a thiekness-diameter of 89 mm and
a length of 5 m. Figure 1.1 shows the measurement system.

Figure 1.1 Measurement system

We assume the static load given to the pole and the antenna due to wind and consider it as follows.
The calculation model is described in Figure 1.2.
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/ Antenna
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Wind direction \

Figure 1.2 Calculation model

Figure 1.3 shows an example of the relationship between RSL_(Received Signal Level) and wind
speed. In this figure, the RSL is composed of two components. One is a static component and the
other is a dynamic component like vibration. The inclination of the pole due to static and dynamic
wind load is evaluated based on this thought and the model of the degradation of RSL is made. In
this measurement system, the inclination of one side is small relative to the other side so the

degradation of RSL is estimated.
20

4115

1 10

Wind speed [m/s]

R level [dBm]
5o

.46 . L L . "
13:16:50 17:00 17:10 17:20 1730 1740 1750 18:00 1810 18:20

Time (2017/1/22 13:16:50-13:18:20)

Figure 1.3 RSL and wind speed

3. Static component of the inclination due to wind

The inclined angle of the pole assuming the static load taken on the pole and the antenna due to

wind is derived as follows.

The velocity pressure when the wind velocity is v is shown as follows.
q = pv? o)
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q: Velocity pressure [N/m?]
p: Air density (=1.226[kg/m’])
v: Wind speed [m/s]

The static load F; applied to the pole and the static load F, applied to the antenna are shown as
follows.

Fy = qCA,, F, = qG4, 2)
F;: Wind load applied to the pole [N] F,: Wind load applied to the antenna [N]
C;: Drag coefficient of the pole C,: Drag coefficient of the antenna

A1: Wind receiving area of the pole [m?]  A,: Wind receiving area of the antenna
[m?]

Inclination angle 6 is shown as follows.
0, = 25 + 2L _ (5 4 3F,) L [rad] = (C,A; +3C4,) 250222 [deg]  (3)
ST 6Bl ' 2EI 1 2’ 6E1 171 2%27 017w 9
E: Young’s modulus [Pa]
I: Second moment of area [m*]

1: Length of the pole [m]

From the above, the inclination angle 65 is proportional to the square of the wind speed. The
parameter in the mesurement system are shown in Table 1.1. For simplification, (3) is expressed
as (4). The static wind load coefficient Cg in the mesurement system is 4.2 x 10 deg/(m/s)>.

Table 1.1 Parameter of the measurement system

Item Value
C;: Drag coefficient of the pole 0.8
A;: Wind receiving area of the pole 0.445[m?]
C>: Drag coefficient of the antenna 1.1
A>: Wind receiving area of the antenna 0.07[m?]
E: Young’s modulus 2.05 x 10'![Pa]
I: Second moment of area 1.01 x 10%[m*]
1: Length of the pole 5[m]
0 = (Cidy +3C,A) 2022 = - v [deg] 4)

4. Dynamic component of the inlicliation due to wind

In the next place, the vibration of the pole is analysed from the measurement results. The pole was
vibrating by wind at natural frequency which is 2.3 Hz and the inclination of the pole is derived
from the dynamic amplitude which is filtered from measurement results. Maximum value of wind
speed and amplitude every ten seconds are adopted. The dynamic inclination angle 6, of the pole
is proportional to the square of the wind speed as static wind load. The coefficient C; that shows
relationship between wind speed and the dynamic inclination is expressed as (5). The C; from the
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measurement result is 4.6x10* deg/(m/s)?.

04 = Cyq-v? [deg] %)

5. FWS link performance degradation

From the above, the inclination of the pole due to static and dynamic wind is modelled. Radiation
pattern g(8), where 6 is deviation angle, is expressed as (6). Where J; is Bessel Function of the
first kind and Oy is half power beam width. Figure 1.4 shows an example of radiation pattern.
Its Ogy is 0.9 deg. For simplification, this formula may be changed for polynomial
approximation. The degradation of RSL due to wind R(V) is expressed as (7). This formula
indicates the worst value of RSL against certain wind speed. Regarding the inclination of the pole,
misalignment angle of 6, should be considered when the antenna is installed.

] !
9(6) = 20l0g {2289 [B] )
, 60m
u' = ——sind
Bw
0
=
z 5
£
o
[=2]
2
5 0/
QU
o
- 15 i
0 0.2 0.4 0.6 0.8 1
Angle [deg]

Figure 1.4 Example of Radiation pattern

R() = g(8o + (Cs + Ca)v?) [dB] (N

Figure 1.5 shows maximum wind speed vs. minimum RSL by every ten seconds. The effect of
each term and approximate curve of measurement values are also shown on the figure. According
to the figure, the degradation of RSL due to misalignment of the measurement system is about 1.2
dB which corresponds to 0.28 deg. One of the factors of this differences between the two cures is
that the effect of the opposite site is not considered. The coefficient C; is similar to the coefficient
C,. Both coefficients depend on the structure of the pole therefore high correlation is expected and
C4 can be approximated to Cs.
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Figure 1.5 Maximum wind speed vs. Minimum RSL

Regarding opposite site, minimum RSL is calculated as well. Therefore the worst RSL of the FWS
link is estimated as sum of minimum RSL of both site (8). Where R;and R,are minimum RSL of
respective site.

Reotar = R + R, (8

From the above, the measurement results of the inclination of the pole corresponds to the
calculation model thus FWS link performance degradation can be estimated from some parameters
and coefficients of the FWS link configuration.

Furthermore, probability of the RSL is estimated from wind speed as follows. The probability
(cumulative distribution function, CDF) of wind speed is expressed by the Weibull distribution as
shown in (9). An example result of this measurement is shown in Figure 1.6. Weibull coefficient,
scale factor k equals to 0.86 and shape factor ¢ equals to 1.03. The wind speed corresponding to
the probability of 99.999% was 17.8 m/s.

p) = 1-exp{-(2)'] ©
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Figure 1.6 Wind speed distribution

The wind speed is expressed by (10) derived from (9). The relationship between cumulative
probability and the degradation of RSL is derived from (10) and (11) considering the initial
misalignment of the antenna as shown in (12).

v(p) = c{~log,(1 — p)} /k [m/s] (10)
8(p) = 6 + v2(p)(Cs + Cg) [deg] (11
R(0) = g{6(p)} [dB] (12)

Figure 1.7 shows the CDF of gain degradation derived from the relationship between wind speed
and the degradation of RSL. The initial alignment error 6, is considered. The model corresponds
to the measurement results relatively though still some differences remain.

100
99.99
99.98
99.97
99.96
99.95
99,94
99.93
99.92
99.91

99.9

Model

CDF [%

Approximate for measurement

1 2 3 5 10 20

Gain degradation [dB]

Figure 1.7 CDF of gain degradation (8,=0.28 deg.)
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In conclusion, the measurement results of the inclination of the pole corresponds to the calculation
model thus FWS link performance degradation can be estimated from some physical parameters
and coefficients of the FWS link structure.

6. Calculation example

Six cases for calculation example are shown as follows. Table 1.2 shows the parameters of each
case. The differences of the cases are diameter and length of pole, antenna diameter and initial
alignment error.

Table 1.2 Parameter examples

[tem Unit| Case 1 | Case2 | Case3 | Case4 | Case 5 | Case 6
Parameter of the pole
C;: Drag coefficient of the pole 0.8 0.8 0.8 0.8 0.8 0.8
l:Length of the pole m 5 5 10 5 5 10
Diameter of the pole mm| &9 89 165.2 89 89 165.2
Thickness of the pole mm| 4.2 4.2 10 4.2 4.2 10
A;: Wind receiving area of the 2 4.451x10'4.451x10' 165 4.451x10'4.451x10' 1.65
pole
E: Young’s modulus GPa| 205 205 205 205 205 205
1.01 x1071.01 x1071.47 x1071.01 x1071.01 x101.47 x10"
I: Second moment of area m* 6 6 p 6 6 p

Parameter of the antenna
C>: Drag coefficient of the
antenna
Diameter of the antenna m 0.32 0.32 0.32 0.65 0.65 0.65
A>: Wind receiving area of the 2 8.04 x1078.04 x1078.04 x1073.32 x1073.32 x1073.32 x10"
antenna 2 2 2 ! ! !
Beamwidth of the antenna  |[deg | 0.9 0.9 0.9 0.45 0.45 0.45
4.40 x1074.40 x1073.07 x1071.03 x101.03 x104.68 x10"

1.1 1.1 1.1 1.1 1.1 1.1

C: Static wind load coefficient 4 4 4 3 3 4

Cg: Dynamic wind load 4.40 x1074.40 x1073.07 x107/1.03 x1071.03 x1074.68 x107]
coefficient 4 4 4 3 3 4

0p: Initial alignment error deg 0 0.2 0.2 0 0.2 0.2

The calculation results are shown as follows. Wind speed vs. inclination of the pole is calculated
from (11) and its results are shown in Figure 1.8.
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Figure 1.8 Inclination of pole
Figure 1.9 shows gain degradation. In this figure, 0 dB means gain degradation of 0.6 m antenna.

As the wind speed becomes strong, the gain degradation of the 0.6 m antenna becomes larger than
the one of 0.3 m antenna.

Initial
Antenna Pole  alignment
o diameter  length error
o
g Casel 0.3m 5m Odeg
é Case2 0.3m S5m  0.2deg
% Case3 0.3m 10m 0.2deg
2 ----- Case4  0.6m 5m Odeg
B13 | gl N GesRid CaseS  0.6m Sm  0.2deg
----- Case 6 0.6m 10m 0.2deg

wind speed [m/s]

Figure 1.9 Gain degradation
The CDF of gain degradation is calculated from (12) and its results are shown in Figure 1.10. The

probability of gain degradation is not good for the 0.6 m antenna, however good for the 0.3 m
antenna under the strong wind condition.
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Figure 1.10 CDF of gain degradation

In these examples, a more robust pole is required for the 0.6 m antenna.
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7. Practical planning and installation rules to minimize E-Band links degradation caused
by wind

Experience gathered in large scale deployment of E-Band links indicates that it is recommended
to follow specific rules for the planning and installation for this kind of FWS links to avoid
performances degradation.

7.1. E-Band Antenna Characteristics

In E-Band frequency range, i.e. 71 - 76 and 81 - 86 GHz, the typical gain of the antenna tends to
be very high and, consequently, the RPE beam width becomes very narrow.

An Fehler! Verweisquelle konnte nicht gefunden werden.Fabled,3, typical E-Band Antennas

gain and 3dB beam width figures are reported. In any case, the RPE beam width is lower than
1.0 deg, for 30 cm antenna type, and it reduces to around 0.5 deg for higher gain antenna types.

For comparison, a typical 60 cm antenna at 38 GHz shows 0.9 deg beam width and 45 dBi gain,
so the beam width is as narrow as the 30 cm E-Band antenna.

Table 1.3 Typical specs of parabolic antenna at midrange frequency
Antenna Diameter Gain [dBi] 3dB Beam Width
[cm] [deg]

30 =43 0.9
60 =50 0.5

The antenna RPE, representing the maximum gain in different angles guaranteed by the
manufacturer, shall be below the masks limit lines stated by ETSI 302 217-4.

As in E-Band range, the antenna directivity is very high; the antenna gain/RPE is going down
sharply. This may cause link budget reduction when the antennas are misaligned from the main
pointing direction.

By analyzing the real radiation patterns of antennas, it is possible to point to narrow and deep
radiation pattern depressions (null) between the main lobe and the first side lobes. The attenuation
value in these points is variable from antenna sample to antenna sample, according to production

11,

In E-Band, the angle where the minimum level is positioned can be around 0.5 - 0.7 deg from the
center for a 60 cm antenna and 0.8 - 1.0 deg from the center for a 30 cm antenna.

AWG-28/INP-19 Page 14 of 30

g - - {Formatiert: Deutsch (Deutschland)

BN { Formatiert: Deutsch (Deutschland)

A\
\\T Feldfunktion gesndert

{Formatiert: Deutsch (Deutschland)

(N Y




VHLP2-80 HCo (W) [T P ——

PR,

O

Figure 1.11 E-Band antenna real radiation pattern

ETSI 302 217-4 provides requirements for installation on trellis or towers, this results in a
maximum angular deviation of the antenna main beam axis not higher than 0.3 times the Half
Power Beam width (HPBW) under the conditions specified in Fehler! Verweisquelle konnte
nicht gefunden werden.Fable1-4.

Table 1.4 Environmental condition under which the antenna kit maximum deviation is specified

Wind Velocity Ice Load
Antenna Type
[m/s]([km/h]) (density 7[kKN/m?])
Normal duty 30 (110) 25 mm radial ice
Heavy duty 45 (164) 25 mm radial ice

The antenna and corresponding mounting kit are designed to maintain a limited deviation even in
harsh conditions and for E-Band cases the resulting figures are reported in Fehler! Verweisquelle

- {Formatiert: Deutsch (Deutschland)

o ‘[Formatiert: Deutsch (Deutschland)

It is worth to restate that these requirements refer only to max antenna deviation respect to the
pole/tower and it does not include pole/tower twist/sway effects.

Table 1.5 Antenna kit maximum deviation allowed by ETSI
HPBW 0,3 times -HPBW -3 dB Angle
Antenna Type
[deg] [deg] [deg]
30 cm, 80GHz 0.9 0.3 0.5
60 cm, 80GHz 0.5 0.15 0.25
7.2. Tower sway characteristics

As defined in previous paragraph, the maximum RSL attenuation in the link is caused when the
tower sway due to wind reaches about 0.5 deg for a 60 cm antenna and about 0.8 deg for a 30 cm
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antenna.

Tower and poles static calculation are performed to evaluate the resistance of the structure against
the wind load on the structure itself and on the installed antennas and equipment.

Different types of structures offer different resistance against the wind pressure and therefore the
angle of sway that results is variable from tower to tower and is also depending on the height of
the installation position of the antenna (as explained in chapter 6 of this document).

Some examples of deviation calculations (done for a reference wind of 120 km/h.) for both a
Lattice tower structure and for a Monopole structure are reported in Fehler! Verweisquelle

. | Feldfunktion gesindert

In the case of the Lattice Tower example, maximum antenna deviation is 0.5 deg at around 20 m
height, while in the case of the Monopole example the maximum deviation for the parabolic . | Formatiert: Deutsch (Deutschiand)

(N N Y

antenna is about 0.8 deg at around 33 m height. { Formatiert: Deutsch (Deutschiand)
Table 1.6 Examples of calculations for Lattice tower
Lattice tower
Height of
o Angle of sway
Antenna type mounted on tower position on
(Degrees)
tower (cm)
n°1 120 cm parabolic antenna 462 0.03
n°1 60 cm parabolic antenna 900 0.06
n°1 60 cm parabolic antenna 1215 0.12
n°6 2/3/4 G Antennas 1340 0.16
n°1 60 cm parabolic antenna 1600 0.23
n°3 2/3/4 G Antennas 1750 0.23
n°1 60 cm parabolic antenna 2030 0.50
Table 1.7 Examples of calculations for Monopole structure
Monopole
Height of
o Angle of sway
Antenna type mounted on tower position on
(Degrees)
tower (cm)
n°3 2/3/4 G Antennas 298 0.73
n°1 60 cm parabolic antenna 310 0.77
n°1 30 cm parabolic antenna 320 0.79
n°2 60 cm parabolic antenna 330 0.80
n°3 2/3/4 G Antennas 350 0.82
n°3 2/3/4 G Antennas 380 1.07
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7.3. Practical planning and installation rules for E-Band links
Microwave signal attenuation due to rain is much higher in E-Band compared to traditional bands.

As an example, Figure 1.12 reports the comparison between 15 GHz and E-Band attenuation per
km according to ITU-R standards used for link planning.

Attenuation vs. rain rate (dB/km)

o (8 /)

—+— B0 GH: Attenustion [d8/km]  —8— 15 GHz Attenaation {d8,/km]

Figure 1.12 Rain Rate vs. Attenuation according to Recommendation ITU-R P.838-3

As a consequence, E-Band links are usually designed with a very high fade margin to counteract
to the attenuation introduced by rain event.

The typical fade margins at highest ACM modulation are about 10 - 20 dB.

Therefore, limited variation of RSL due to wind pressure of the structure does not have effect on
the performances of the link because the link can still work at maximum modulation level (unless
there is contemporary presence of strong wind and heavy rain events).

As defined in 7.1., the maximum RSL attenuation in the link is caused when the tower sway due
to wind reaches about 0.5 deg for a 60 cm antenna and about 0.8 deg for a 30 cm antenna.

To avoid high variation of RSL and degradation of performances it is recommended to plan
carefully the position of the antenna on the tower, trying to keep it in the lowest position that can
guarantee the LOS clearance.

For the Lattice Tower in example Table 1.6 any position can guarantee that a 60 cm antenna is
subjected to sway less than 0.5 deg even in case of very strong wind.

On the other side, on a flexible structure like Monopoles (see Table 1.7), it is risky to place a 60
cm antenna above 15 - 20 m, because there is a high probability of having consistent RSL
attenuation in case of strong wind.
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[Annex 2
Technique(s) to improve or compensate the degraded FWS link performance due to wind]

The severe weather conditions include tropical cyclones, hurricanes, and typhoons which the
maximum wind speeds are very large. Therefore, the FWS link performance is degraded due to
the degradation of received power or increasing of BER (leading to the degradation of C/I). To
deal with this issue, we can use following techniques:

1. Automatic Transmit Power Control ATPC

Traditionally, automatic transmit power control (ATPC) techniques have been utilized in
microwave radio links in order to combat rain fading (attenuation). This is also sometimes referred
to as power diversity. Initially, the link is designed such that the transmitter power is sufficiently
large to achieve a given quality of service goal, such as bit error rate, under clear sky conditions.
When the link experiences an attenuation due to rain, the transmit power is increased gradually
and up to the maximum transmission power limit set by a government authority. The particular
technique used in increasing or decreasing power at the transmitter, and the method of estimating
power at the receiver, can be used to differentiate ATPC techniques or algorithms.

Automatic Transmit Power Control (ATPC) is a feature of a digital microwave radio link that
adjusts transmitter output power based on the varying signal level at the receiver. ATPC allows
the transmitter to operate at less than maximum power for most of the time; when fading
conditions occur, transmit power will be increased as needed until the maximum is reached. An
ATPC equipped system has several potential advantages over a fixed transmit power system,
including less transmitter power consumption, longer amplifier component life, and reduced
interference into other microwave systems.

If the maximum transmit power in a ATPC system is needed for only a short period of time, a
transmit power less than maximum may (if certain requirements are met) be used when
interference calculations are made into other systems. On the other hand, because the maximum
power is available when deep fades occur, C/I interference calculations into the ATPC system
may assume the "maximum power" carrier level. Thus, ATPC usage may offer an advantage in
the resolution of low level interference cases without compromise to the fade margin of the ATPC
equipped system.

2. Automatic Coding and Modulation ACM.

Link adaptation, or Adaptive Coding and Modulation (ACM), is a term used in wireless
communications to denote the matching of the modulation, coding and other signal and protocol
parameters to the conditions on the radio link (e.g. the pathloss, the interference due to signals
coming from other transmitters, the sensitivity of the receiver, the available transmitter power
margin, etc.). For example, EDGE uses a rate adaptation algorithm that adapts the modulation and
coding scheme (MCS) according to the quality of the radio channel, and thus the bit rate and
robustness of data transmission. The process of link adaptation is a dynamic one and the signal
and protocol parameters change as the radio link conditions change.
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The goal of Adaptive Modulation is to improve the operational efficiency of Microwave links
by increasing network capacity over the existing infrastructure — while reducing sensitivity
to environmental interferences.

Adaptive Modulation means dynamically varying the modulation in an errorless manner in order
to maximize the throughput under momentary propagation conditions. In other words, a system
can operate at its maximum throughput under clear sky conditions, and decrease it
gradually under rain fade or wind. Prior to the development of Automatic Coding and Modulation,
microwave designers had to design for “worst case” conditions to avoid link outage.

In this case, when the FWS link performance is degraded due to wind, this link can change from
1024QAM or 256QAM down to QPSK to keep “link alive” without losing connection.

Adaptive modulation provides many parameters that can be adjusted relative to the channel fading,
including data rate, transmit power, instantaneous BER, symbol rate, and channel code rate or
scheme. The question therefore arises as to which of these parameters should be adapted to obtain
the best performance.]

3. Intelligent Beam Tracking antenna

3.1 Introduction

Antenna de-focusing caused by structure deflection caused by wind pressure has been elaborated
in previous chapters of this document.

In case of installation of E-Band FWS on Monopole type of structure, another effect may force
the pole to sway causing degradation of the RSL of the link.

When the sun hits on one side of the Monopole, a temperature difference is established between
the sunny and the shadowy side of the pole. In this case, the linear thermal expansion on the two
sides is not the same, forcing the pole to bend.

Intelligent beam tracking antenna could compensate the degraded FWS link performance due to
wind or exposure to sunlight, by keeping the antenna central beam steady in the right direction,

without degradation of system performance.

The working principle of intelligent beam tracing antenna is shown in Fig 2.1.
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Tower/Pole Stays Still

T antenna

Fig 2.1 Working principles of an intelligent beam tracing antenna

When the tower/pole where a passive antenna is installed shakes due to wind or exposure to
sunlight, the beam of the passive antenna deviates from its original transmitting direction, causing
RSL deterioration at the receive end.

An intelligent beam tracing antenna could detect the direction parameters of antenna shaking. The
direction parameters include the direction that the antenna is shaking and the angle that antenna is
shaking.

When the structure is swaying, the intelligent beam tracing antenna could adjust its reflector or
sub-reflector according to the direction that the antenna is shaking and the angle that the antenna
is shaking, and the feed source is kept still. Therefore, the beam of the intelligent beam tracing
antenna deflects in the direction opposite of the antenna is shaking.

In this way, intelligent beam tracking antenna can minimize the degradation of FWS link
performance.

3.2 Field trial

The intelligent beam tracking antenna was made with adjustable range of+1.5°. In order to verify
the compensation effect of intelligent beam tracking antenna, field trial was done in Russia.

The link information is in Fig 2.2 and the sites information is in Table 2.1. And the antenna
installation is shown in Fig 2.3.
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Fig 2.2 Link information

Table 2.1 Sites information

Site 1 Site 2
Site type Monopole self-Supporting Tower
Link distance 4.3 km
Link configuration 1+0 E-band
Antenna size 0.6 m
Antenna height 36 m 27 m

IBT antenna

Fig 2.3 Antenna installation
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Field trial was done in Dec 2020 and Jan 2021. Link with intelligent beam tracking ability enabled
was tested in Dec 2020, and then link with intelligent beam tracking ability disabled was tested in
Jan 2021. The RSL was detected and recorded separately as shown from Fig 2.4 to Fig 2.5. (Red
line represents the maximum RSL level recorded in the 15 minutes interval and the blue line
represents the minimum level recorded in the same period).

(dBm)  Legend: IsMin = IsMax = RsMin == KsMax = Monitoring Period:13min ~ PowerReceive
10

10

12007 12:49 12/08 05:38 12/08 22:21 12/09 15:16 12/10 08:05 12111 00:54 1211 17:43 1212 10:32 1213 03:21 12113 20:10

Fig 2.4 RSL test in Dec 2020 with intelligent beam tracking ability enabled

(I N

Fig 2.5 RSL test in Jan 2021 with intelligent beam tracking ability disabled

From the results of the test in Fig. 2.5 (done with disabled intelligent beam tracking), degradation
due to wind (blue circle when red line is constant and blue line is dropping due to antenna quick
movement caused by wind gusts) and to solar radiation (red circle when both lines are slowly
moving up and down at the same time) were reaching level of about 20 dB.

Fig. 2.4 shows instead that link performances became stable with RSL fluctuation in range of 3
dB, when intelligent beam tracking ability was enabled.
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Annex 3

Link budget evaluation

Herein, the effects of atmospheric environment, including atmospheric attenuation, rain
attenuation, and wind effect, on fixed wireless links are evaluated. Examples of link budget

evaluation in terms of signal-to-noise ratio and maximum channel capacity for fixed point-to-point
wireless links are described.

1. Clear atmospheric attenuation

Even in a clear atmosphere the electromagnetic waves are attenuated owing to oscillations of

atmospheric gas and water molecules initiated by the electromagnetic waves. Since these
molecules are a basic part of the atmosphere, this attenuation cannot be avoided. The amount of

the attenuation in the clear atmosphere depends on the frequency difference between the
electromagnetic wave and the resonance of the molecules. If the frequency of the wave coincides
with the resonance frequency, the attenuation becomes a relative maximum.

The gaseous attenuation 4., (dB) is calculated following Recommendation ITU-R P.676 as,

"

Agas =Y = (Vo + yw) ‘T = {0-1820f[N(;xygen(f) + NWater Vapor(f)]} ‘7o (3-1)
where fis the carrier frequency, ryis the transmission distance, ¥is the specific attenuation which
is the accumulation effect from oxygen (or dry air, %) and water vapor (%.). N oween(f) and N waser
Vapor, are the imaginary parts of the frequency-dependent complex refractilities which can be
expressed as follows

N(;xygen(f) = Z SiF; + ng(f)
i(Oxygen) (3.2)
Nyater Vapor U) = Z SiF;

i(Water Vapor)
where S; is the strength of the i oxygen or water vapor line, F; is the line shape factor of the
oxygen or water vapor, N p)(f) is the dry continuum from pressure-induced nitrogen absorption
which can be expressed by,
Sitoxygen) = @1 X 1077 -p - 63 - expla, (1 - 6)]
Si(water vapor) = bl x107t-e- 93'5 : exP[bz(l - 9)]
_L[ Af =6(fi = f) N Af =8(fi + 1) ]
i LU= 2N (i + )2+ (4f)?

" £ p2.)614x107% | 14x107'2.pg"" )
Npy(f)=f-p-0 {d‘[u’(f)z] T
d

F; 3.3)

where the parameters are described as follows,
p:dry air pressure (hPa)

__PT ;

e= 3167 :water vapor partial pressure (hPa)
300
T

T:absolute temperature (K)

Af:width of the line

4:correction factor
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d:width parameter for the Debye spectrum
a;:spectroscopic data for oxygen attenuation
b;:spectroscopic data for water vapor attenuation
Other parameters inside S;, F; and N p)(f) functions are as follows
A oxygeny = a3 X 107+ [p- 0©8=2) 1+ 1.1 . e - 0] = /(4f)2 + 2.25 X 107°
Af(water vapor) = b3 x107*- [P : 9b4 + bS ce: gbe]

21316 x 10712 - f;?
]

=0.535-Af + J0.217 (A% + 34) /

A/

Stoxygem) = (as +ag-0) x107*- (p +e) - 6°8
6(water vapor) — 0
d=56x10"* - (p+e)- 6°8
Using equation (3.1), clear atmospheric attenuations for different transmission distances in a
standard atmosphere (temperature of 288.15 K and air pressure of 1013.25 hPa) for fixed wireless
links at carrier frequencies 75.375 and 85.375 GHz are calculated as shown in Fig. 3.1.

0 T T T T
only air conditions are concerned

sy
c
.0
5 -2t
=]
c
g
® 3|
5
] ——75.375 GHz_std
é 4L |——85.375 GHz_std i

_5 1 1 1 1

0 2 4 6 8 10

Distance (km)

Figure 3.1. Clear atmospheric attenuation.

2. Rain attenuation

The attenuation due to rain 4,.» (dB) can be calculated using Recommendation ITU-R P.838 as
follows

Arain = VRT0 = kRarO (35)
where 7y is the transmission distance, % is the rain-related specific attenuation, R is the rain rate
(mm/h). Parameters & and ¢ can be calculated from the following equations:

_(10910f—bj>2

logiok =Xj-1|a; e yl +my - logyo f + ck

, 3.6
_(10910 f_bj>2 (3.6)

a=3%_,|a-e < +mg - logio f + Cq
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bl

where:

f:frequency (GHz)

k:either ky (horizontal polarization) or ki, (vertical polarization)

a:either ay (horizontal polarization) or a; (vertical polarization)

a;, bj, ¢j, my, ¢, Mg, cq:coefficients for calculating ky, ky, ay, ay
The rain attenuations of fixed wireless links using carrier frequencies at 75.375 and 85.375 GHz
for different distances are shown in Fig. 3.2.

0 T T T T

60} only rain conditions are concerned |

[——75.375 GHz_5 mm/h

Rain attenuation (dB)
AN
)
S

-140 ]
Lo/ 75-375 GHz_53.6 mm/h
—85.375GHz_5 mm/h
1801 85375 GHz_53.6 mm/h ]
-200 T T T N
0 2 4 6 8 10

Distance (km)

Figure 3.2. Rain attenuation of fixed wireless link.

3. Wind effect

As described in Annex 1, when concerning the wind effect, the static inclination angle due to wind
can be expressed as follows

pl? , 180

0; = (C1A; +3C,4,) - DRV = Cs - v? (deg), 3.7)

where:
C; = 0.8:drag coefficient of the pole
A; = 0.445 (m?):wind receiving area of the pole
C, = 1.1:drag coefficient of the antenna
A, = 0.0804 (m?):wind receiving area of the antenna
E = 2.05 x 101 (Pa):Young's modulus
I =1.01 x 107¢ (m*):second moment of area
[ = 5 (m):length of the pole

In addition to static inclination angle, the pole also vibrates by wind at a natural frequency of 2.3
Hz, which results in a dynamic inclination angle. The dynamic inclination angle &; can be
expressed as,

0, = Cyq - v? (deg)
_ —4 (_deg
Cq=46x10"* ( (m/s)z)
where Cy is the dynamic wind load coefficient. Additionally, the initial alignment error & also
affects the inclination angle. Therefore, the accumulated inclination angle can be expressed by,

(3.8)
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0=0y+0,+6,=0,+(Cs+Cyp) [v(p)]% (3.9
The wind speed is related to probability which can be expressed by the Weibull distribution as
follows

v k
p() =1—e (&) (3.10)
Using the mentioned equation, a maximum wind speed of 17.8 m/s can be obtained for an
accumulated probability of 99.999%,
v(p =99.999%) = 17.8 (m/s) (3.11)
Considering the parameters of Case 2 in Table 1.2 of Annex 1, the inclination angle for this specific
case can be calculated as,
6, = 0.2(deg: initial axis misalignment)
6 =6, + (Cs + Cg) - [v(p)]?
pl? 180
12E] m

=06+ [(ClAl +3C,4,) - + Cq| - [v)]?

= 0.2+ [(0.8 x 0.445 + 3 x 1.1 x 0.00804) 1.226 x 52 180

o o S 12x205x 100 x L0l x 106 = T*
x 107*| x 17.82

= 0.4314 (deg)

= 0.00752935039 (rad)
The overall inclination angle owing to wind effect can be calculated to be 0.4314 deg for a
maximum wind speed of 17.8 m/s. Figure 3.3 shows the rms value of the inclination angle with
respect to the wind speed in a measurement system. The calculated inclination angle from above
mathematical models without the initial alignment error ) is also included in the figure, showing
a good agreement with the measured data. Notably, the small difference between calculated and

measured data could be attributed to the fact that the measurement system might include an initial
alignment error.

~0,3597 - " SR —
| 20m/s {
Oiddeg@'.’Om/s

Ti‘s

s

03 | 0.2314 deg
P S 7
0.1 '  ooss9

Inclination [deg)

0.001 [20099 40 . | | 17.8 m/s

0.0005 ! A | YY YWY . J

0.1 0305 1 3 5 10 30 50 100
Wind speed [m/s]

Figure 3.3. Measured inclination vs. wind speed and calculated values.

Next, as described in Annex 1, the gain degradation G(6) due to wind effect can be expressed by.
G(8) = G(O)max (3.12)
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where

"
0) = 20 - log |———=| (dB):gain degradation
9(6) g[z_h(u)]( ):8 g
., 60m
u =——siné
98W

J1:Bessel function of the first kind

kA
Oy = i :half power beam width

k = 70 for typical parabolic antenna
d = 0.3 (m):diameter of the antenna
A753756Hz = 3.980 X 1072 (m)
Agsa7serz = 3.514 X 1073 (m)
Using the mentioned equations. the gain and gain degradation of the antenna with wind effect at
different carrier frequencies are calculated as follows,
9753756120 = 0.4314 deg) = 2.6728 (dB)
Jss.a7scuz(0 = 04314 deg) = 3.4859 (dB)
G75.375602(0 = 0.4314 deg) = 40.3272 (dB)
Ggs.3756H2(0 = 0.4314 deg) = 39.5141 (dB)

In addition to the gain degradation by wind effect, as shown in Fig. 1.5 of Annex 1, the received
signal level would also be degraded by an additional amount owing to natural vibration, which
was not considered in above mathematical models. In the link budget calculation, thus, an
additional link margin of 5 dB is reserved to compensate for the gain degradation by natural
vibration.

4. Signal-to-noise ratio of fixed wireless links

The received signal-to-noise ratio (SNR) can be calculated as,
SNR(dB) = PFW + GFW + GAP - Afree - Agas - Arain - Nthermal —-F - Awind (3-13)
where:
Py, (dB): transmitted power
Gryw (dB): Tx gain
G4p(dB): Rx gain
Aprec(dB): free space loss
Agqs(dB): gaseous loss
Arqin(dB): rain loss
N¢jermar(dB): thermal noise
Ayina (dB): gain degradation by wind effect
F (dB): noise figure of the system, which is assumed to be 10 dB in the calculation.
The free space loss and thermal noise can be expressed by,

41ch- ro)

Afree =10+ loylo(
(3.14)

k-B-T
Nipermar = 10 - logyo (W)

where:
f:carrier frequency
Ty:transmission distance
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c:speed of light

k = 1.381 x 10723:Boltzmann's constant
B:signal bandwidth

T:absolute temperature (K)

Using the previously described formulas and parameters, the received SNRs of a fixed wireless
link can be calculated for different cases as follows,

- Case 1: no wind effect

In this case, only attenuation due to clear atmosphere and rain are considered. The calculated
SNRs for fixed wireless links at 75.375 or 85.375 GHz are shown in Figs. 3.4 (a) and (b)
respectively. A channel bandwidth of 2.16 and 4.32 GHz is considered in this calculation.

70 T T T T 70 T T T T
75.375-GHz Carrier 85.375-GHz Carrier
60 . | | . J
no wind ——2.16-GHz_Omm/h (no rain) 60% no wind ———2.16-GHz_0mm/h (no rain)
50 ———2.16-GHz_5mm/h ] 50 ———2.16-GHz_5mm/h
2.16-GHz_53.6mm/h [ 2.16-GHz_53.6mm/h 1
—_ ——4.32-GHz_Omm/h (no rain) —_ ———4.32-GHz_Omm/h (no rain)
[-1] - i .|
3 40 ———4.32-GHz_5mm/h 5‘5_ 401 ———4.32-GHz_5mm/h 1
% 30l 4.32-GHz_53.6mm/h % 30l 4.32-GHz_53.6mm/h
w w
20 20}
10 10}
0 L L L 0 L L L L
0 2 4 6 8 10 0 2 4 6 8 10

Distance (km) Distance (km)

Figure 3.4. (a) SNR vs. transmission distance | Figure 3.4 (b). SNR vs. transmission distance
for 75.375 GHz link (without wind effect). for 85.375 GHz link (without wind effect).

- Case 2: wind effect at both transmitter and receiver antenna

In this case, all the attenuations by clear air, rain, and wind are considered. For the wind effect, a
gain degradation of 2.6728 or 3.4859 dB are calculated for each antenna at the carrier frequency
of 75.375 or 85.375 GHz, respectively. In addition, an additional margin of 5 dB is reserved to
compensate for the natural vibration by wind effect. The received SNR are shown in Figs. 3.5 (a)

and (b).
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60 double wind effect 1
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Figure 3.5 (a). SNR vs. transmission distance

Figure 3.5 (b). SNR vs. transmission distance of

of 75.375 GHz link (with wind effect).

85.375 GHz link (with wind effect).

5.  Maximum channel capacity of fixed wireless links

The fixed wireless link is linear and can be seen as an additive white Gaussian noise channel. In

such a channel, the maximum channel capacity is defined by its capacity which can be calculated

with the Shannon formula as

€ = Blog,(1+ SNR),

(3.15)

where B is the available bandwidth of the channel.

Using_the calculated SNRs described above, the expected maximum channel capacity can be

estimated as shown in Figs. 3.6 (a) and (b) for the case of without wind effect and Figs. 3.7 (a)

and (b) with wind effect. The channel bandwidths in these calculations are 2.16 and 4.32 GHz.
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w
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Figure 3.6 (a). Maximum channel capacity vs.

Figure 3.6 (b). Maximum channel capacity vs.

transmission distance for 75.375 GHz link

transmission distance for 85.375 GHz link

(without wind effect).

(without wind effect).
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ASIA-PACIFIC TELECOMMUNITY Document No:

The 29th Meeting of the APT Wireless Group AWG-29/0UT-25
(AWG-29)
21 — 29 March 2022, Virtual/Online Meeting 29 March 2022

Working Group on Terrestrial

DRAFT APT RECOMMENDATION ON MODEL(S) FOR FWS LINK
PERFORMANCE DEGRADATION DUE TO WIND

The Asia-Pacific Telecommunity (APT),

considering

a) that many Asia-pacific region countries are often under severe weather conditions
including tropical cyclones, hurricanes, and typhoons which the maximum wind speeds are very
large;

b) that when antennas and their supporting structures are exposed to strong winds, the
mechanical stress can generate vibrations and mechanical distortions which, in some cases, give
raise to temporary deviations of the main beams from their desired directions;

c) that the above antenna fluctuation causes the degradation of link performance;

d) that the definition of methods to compensate link degradations are advisable to facilitate
installation of communication infrastructure so that link performance objectives are met;

e) that the practical implementation of the above methods should be effective and should
be kept, as much as possible, easy to be realized on real installations;

noting

a) that APT Report No. APT/AWG/REP-81 on FWS LINK PERFORMANCE UNDER
SEVERE WEATHER CONDITIONS reports the severe weather conditions in APT countries,
impact of severe weather conditions on link performance of fixed wireless communication, the
mitigation techniques for those impact by severe weather conditions, and the case study of one
of its techniques;

b) that there is no APT Recommendation specifically addressing the link performance under
wind conditions before this Recommendation.

recognizing
the needs of countries to complement the degraded FWS link performance due to strong winds.

recommends that APT Members:

1. use the appropriate attenuation model shown in Annex 1 when an antenna is vibrating
due to wind for link analysis;

2. adopt the technique(s) as shown in Annex 2 to improve or compensate the degraded FWS
link performance due to wind;

3. refer to Annex 3 for link budget evaluation for FWS links.

Contact: Email:



Annex 1

Attenuation model under wind condition

1. Background

When the number of small cells is increased to satisfy the traffic need per area, it is unavoidable
to install radio equipment even on low and vibrating structures (utility poles, street lamps, walls
of buildings, etc.), in addition to the conventional high-strength steel towers. In such cases, the
equipment installation would be in bad conditions, and that leads to the concern of radio quality
degradation. Especially when installing antennas with narrow beams in the millimetre-wave
band on an unstable pole, it is necessary to consider the influence of wind.

2. Measurement system

We observed the influence of wind to the millimetre-wave devices at 85.5 GHz on a pole for 6
months. A parabolic antenna with a diameter of 350 mm, a radio equipment, a weather sensor,
and an acceleration sensor were installed on a steel pole with a diameter of 89 mm and a length
of 5 m. Figure 1.1 shows the measurement system.

Figure 1.1 Measurement system.

We assume the static wind load given to the pole and antenna, and the calculation model is
described in Figure 1.2.
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Inclination @

Wind direction
. Antenna

i

Figure 1.2 Calculation model.

Figure 1.3 shows an example of the relation between the received signal level (RSL) and wind
speed. In the figure, the RSL is composed of two components: one is static and the other is
dynamic , such as vibration. The inclination of the pole due to static and dynamic wind load is
evaluated based on this assumption and the model of the degradation of RSL is made. In this
measurement system, the inclination of one side is small with respect to the other side when
estimating the degradation of RSL.

20

15

10

Wind speed [m/s]

Rx level [dBm]

46 | I | 1 L I | |
13:16:50 17:00 17:10 17:20 17:30 17:40 17:50 18:00 1810 1820
Time (2017/1/22 13:16:50-13:18:20)

Figure 1.3 RSL and wind speed.

3. Static component of inclination due to wind

The inclination angle of the pole by the static wind load given to the pole and the antenna is
derived as follows.

The velocity pressure for a wind velocity v is shown as follows:
1
q=pv’ (1)
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q: Velocity pressure [N/m?]

p: Air density (=1.226[kg/m?])

v: Wind speed [m/s]
The static load F; applied to the pole and the static load F, applied to the antenna are calculated
by:

Fy = qCAq, F, = qC;A; (2)
F;: Wind load applied to the pole [N] F,: Wind load applied to the antenna [N]
C;: Drag coefficient of the pole C,: Drag coefficient of the antenna

A;: Wind receiving area of the pole [m?] A,: Wind receiving area of the antenna
[m?]

Inclination angle 6 is calculated by,

Fy 12 Fyl2 12 pl?
95 _ E +E — (Fl + 3F2)@['rad] = (ClAl + 362142)@17

E: Young’s modulus [Pa]
I: Second moment of area [m*]
l: Length of the pole [m]

2 180

[deg] (3)

From above equations, the inclination angle 6 is proportional to square of wind speed. The
parameters of the mesurement system are shown in Table 1.1. For simplicity, (3) is expressed as
(4). The static wind load coefficient C in the mesurement system is 4.2 x 10 deg/(m/s)?.

0. = (CA; +3C,A) L5 28 = .2 4 4
s = (C14; + 22)1251vn_5v [deg] 4)

Table 1.1 Parameter of the measurement system

Item Value
C1: Drag coefficient of the pole 0.8
Ar: Wind receiving area of the pole 0.445 [m?]
C>: Drag coefficient of the antenna 1.1
A2: Wind receiving area of the antenna 0.07 [m?]
E: Young’s modulus 2.05 x 10" [Pa]
I: Second moment of area 1.01 x 107 [m*]
[: Length of the pole 5 [m]

4. Dynamic component of inclination due to wind

Next, the vibration of the pole is analysed based on measurement results. The pole was vibrated
by wind at a natural frequency of 2.3 Hz, and the inclination of the pole is derived from the
dynamic amplitude filtered from the measurement results. The maximum values of wind speed
and amplitude are calculated every ten seconds. The dynamic inclination angle 8, of the pole is
proportional to square of wind speed as in the case of static wind load. The relation between
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wind speed and dynamic inclination is expressed in (5). The C; coefficient from the
measurement is 4.6 x 10 deg/(m/s)>.
0q = Cq-v? [deg] (%)

5. FWS link performance degradation

Based on above calculations, the inclination of the pole due to static and dynamic wind is
modelled. Radiation pattern g(6), where 8 is the deviation angle, is expressed in (6), where J;
is Bessel Function of the first kind and 6py, is the half power beamwidth. Figure 1.4 shows an
example of radiation pattern for a Oy, value of 0.9 deg. For simplicity, this formula can be
changed to a polynomial approximation. The degradation of RSL R(v) due to wind is expressed
in (7), which indicates the worst value of RSL against a certain wind speed. Regarding the
inclination of the pole, a misalignment angle of 8, should be considered when the antenna is
installed.

9(6) = 20l0g {228} 1aB] ©)
60m

u' = ——sinf
HBW

R(w) = g(6, + (Cs + Cx)v?) [dB] (7)

Relative gain [dB]

=15

0 0.2 0.4 0.6 0.8 1
Angle [deg]

Figure 1.4 Example of radiation pattern.

Figure 1.5 shows the relation of maximum wind speed and minimum RSL for every ten seconds.
The effect of each component and approximated curve of the measurement values are also shown
in the figure. From the figure, the degradation of RSL due to misalignment in the measurement
system is approximately 1.2 dB, which corresponds to 0.28 deg. The differences between the
two curves can be attributed to the fact that the effect of the opposite site is not considered.
Coefficient C, is similar to coefficient C;. Both coefficients depend on the structure of the pole;
therefore, a high correlation is expected, and C; can be approximated to Cj.
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Figure 1.5 Maximum wind speed versus minimum RSL.

Regarding the opposite site, the minimum RSL is also calculated. Therefore, the worst RSL of
the FWS link is estimated as a sum of the minimum RSL of both sites as described in (8), where
R;and R, are the minimum RSL of each site.

Riotar = Ry +R; )

As shown in Figure 1.5, the measurement results of the inclination of the pole and the calculation
model matched well; thus, the performance degradation of FWS links can be estimated from
some parameters and coefficients of the FWS link configuration.

Furthermore, the probability of the RSL is estimated from wind speed. The cumulative
distribution function (CDF) of wind speed is expressed by Weibull distribution as shown in (9).
An example of the measurement is shown in Figure 1.6. Weibull coefficient, scale factor £ equals
0.86 and shape factor ¢ equals 1.03. The wind speed corresponding to a probability of 99.999%
was 17.8 m/s.

p(v) =1—exp {— (z)k} )
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Figure 1.6 Wind speed distribution.

From (9), the wind speed is expressed by (10). Considering the initial antenna misalignment,
the relation between the cumulative probability and degradation of RSL is derived from (10) and
(11) as shown in (12).

v(p) = c{~log,(1 — p)} /k [mys] (10)
8(p) = 6y + (Cs + C)v*(p) [deg] (11)
R(8) = g{6(p)} [dB] (12)

Figure 1.7 shows the CDF of the gain degradation derived from the relation between wind speed
and degradation of RSL. The initial alignment error 6, is also considered. Although there are
remained differences, the model and the measurement results matched quite well.

100
99.99
99.98
99.97
99.96
99.95
99.94
99.93
99.92
99.91

99.9

CDF [%]

Approximate for measurement

1 2 3 5 10 20
Gain degradation [dB]

Figure 1.7 CDF of gain degradation (68,=0.28 deg.).
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In conclusion, the measurement results of the inclination of the pole and the calculation model
matched well; thus, the performance degradation of FWS links can be estimated from some
physical parameters and coefficients of the FWS link structure.

6. Calculation example

As the calculation examples, six cases are considered as follows. Table 1.2 shows the parameters
of the cases. The differences between the cases are the diameter and length of the pole, antenna,

and initial alignment error.

Table 1.2 Parameter examples

[tem Unit| Case 1 | Case2 | Case3 | Case4 | Case 5 | Case 6
Parameter of the pole
Ci: Drag coefficient of the pole 0.8 0.8 0.8 0.8 0.8 0.8
[: Length of the pole m 5 5 10 5 5 10
Diameter of the pole mm| 89 89 165.2 89 89 165.2
Thickness of the pole mm| 4.2 4.2 10 4.2 4.2 10
Ar: Wind receiving area of the 4.45 4.45 4.45 4.45
pole ¢ m | 10" | x10! 1.65 x101 | x107! 1.65
E: Young’s modulus GPa| 205 205 205 205 205 205
I Second moment of area o 1.01 1.01 x | 1.47 x | 1.0l x | 1.01 x | 1.47 x
x10°6 106 10° 106 106 10°
Parameter of the antenna
frft’e]z;zg coefficient of the 1.1 1.1 1.1 1.1 1.1 1.1
Diameter of the antenna m 0.32 0.32 0.32 0.65 0.65 0.65
A2: Wind receiving area of the | , | 8.04 % | 8.04 x | 8.04x | 3.32x | 332x | 3.32x
antenna 102 102 102 107! 107! 107!
Beamwidth of the antenna |deg | 0.9 0.9 0.9 0.45 0.45 0.45
L . 440 x | 440x | 3.07x | 1.03x | 1.03 x | 4.68 x
Cs: Static wind load coefficient 104 L0 104 102 103 10
Ca: Dynamic wind load 440 x | 440 = | 3.07x | 1.03x | 1.03 x | 4.68 x
coefficient 10 10+ 10 103 103 10
Oo: Initial alignment error deg 0 0.2 0.2 0 0.2 0.2

The calculation results are shown as follows. Wind speed versus inclination of the pole is
calculated using (11), and the results are shown in Figure 1.8.
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Figure 1.8 Inclination of pole.
Figure 1.9 shows the gain degradation. In this figure, 0 dB is the gain degradation of a 0.6 m
antenna. When the wind speed increases, the gain degradation of the 0.6 m antenna becomes
larger than those of a 0.3 m antenna.

Initial
Antenna Pole  alignment

m diameter  length error
=
\5 Case 1 0.3m 5m Odeg
§ Case2 0.3m 5m  0.2deg
% Case3 0.3m 10m 0.2deg
el A s Case4  0.6m 5m  Odeg
L’E ----- Case5 0.6m 5m  0.2deg

--Case 6 0.6m 10m 0.2deg

wind speed [m/s]

Figure 1.9 Gain degradation.

The CDF of the gain degradation is calculated using (12) and the results are shown in Figure
1.10. The probability of gain degradation is large for the 0.6 m antenna; however, it is small for
the 0.3 m antenna under the strong wind condition. In these examples, a more robust pole is
required for a 0.6 m antenna.

AWG-29/0UT-25 Page 9 0of 26



100

2% Initial
= iai Ll ALl
99.97
= 99.96 —Casel 0.3m 5m  Odeg
= 99.95 —Case2 0.3m 5m  0.2deg
0 99.04 Case 1 Case 3 0.3m 10m 0.2deg
99.93 ——Case4 0.6m 5m Odeg
99.92 ——Case5 0.6m 5m  0.2deg
99.91 Case 6 0.6m 10m 0.2deg
99.9

0.1 0.3 0.5 1 3 ] 10 30 50

Gain degradation [dB]

Figure 1.10 CDF of gain degradation.

7. Practical planning and installation rules to minimize E-Band link degradation due to
wind

From the experience of large-scale deployment of E-Band links, it is recommended that specific
rules should be followed in planning and installation of FWS links to avoid performances
degradation.

7.1. E-Band antenna characteristics

In E-Band frequency range, i.e., 71 - 76 and 81 - 86 GHz, the typical gain of the antenna tends
to be very high. Consequently, the radiation pattern envelope (RPE) beamwidth becomes very
narrow.

Fehler! Verweisquelle konnte nicht gefunden werden..3 shows gains and 3-dB beamwidths
of typical E-Band antennas . The RPE beamwidth is less than 1.0 deg for a 30 cm antenna type,
and reduces to approximately 0.5 deg for higher gain antenna types.

For comparison, a typical 60 cm antenna at 38 GHz has a 0.9 deg beamwidth and a 45 dBi gain,
so the beamwidth is as narrow as a 30 cm E-Band antenna.

Table 1.3 Typical specs of parabolic antenna at midrange frequency
Antenna diameter Gain [dBi] 3dB beamwidth [deg]
[cm]

30 ~43 0.9

60 ~ 50 0.5

The antenna RPE, which represents the maximum gain in different angles guaranteed by the
manufacturer, should be below the masks limit lines stated by ETSI 302 217-4.

In the E-Band, the antenna directivity is very high, the antenna gain/RPE reduces rapidly. This
may cause link budget reduction when the antennas are misaligned from the main pointing
direction.
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By analyzing the actual radiation patterns of antennas, it is possible to point to narrow and deep
radiation pattern depressions (null) between the main lobe and the first side lobes. The
attenuation value in these points varies from one antenna sample to another, depending on the
production procedure, and is typically from 20 to 30 dB from the center of the main lobe (Figure
1.11).

In the E-Band, the angle where the minimum level is positioned from the center can be
approximately 0.5 - 0.7 deg for a 60 cm antenna and 0.8 - 1.0 deg for a 30 cm antenna.

VHLP2-80 HCo (V)

mgits 18]

(D

e —

7y

Figure 1.11  E-Band antenna real radiation pattern.

ETSI 302 217-4 provides requirements for installation on trellis or towers; thus, the maximum
angular deviation of the antenna main beam axis is not higher than 0.3 times the half power beam
width (HPBW) under conditions shown in Fehler! Verweisquelle konnte nicht gefunden
werden..

Table 1.4 Environmental condition under which the antenna kit maximum deviation

Wind velocity Ice load
Antenna type
[m/s] ([km/h]) (density 7 [KN/m?])
Normal duty 30 (110) 25 mm radial ice
Heavy duty 45 (164) 25 mm radial ice

The antenna and corresponding mounting kit are designed to maintain a limited deviation even
in harsh conditions, and for E-Band cases, the resulting figures are indicated in Fehler!
Verweisquelle konnte nicht gefunden werden. (max. deviation is less than HPBW).

Notably, these requirements refer only to max antenna deviation with respect to the pole/tower
and it does not include pole/tower twist/sway effects.

Table 1.5 Antenna kit maximum deviation allowed by ETSI
HPBW 0.3 times -HPBW -3 dB angle
Antenna type
[deg] [deg] [deg]
30 cm, 80 GHz 0.9 0.3 0.5
60 cm, 80 GHz 0.5 0.15 0.25
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7.2.  Tower sway characteristics

As defined in the previous paragraph, the maximum RSL attenuation in the link is caused when
the tower sway due to wind reaches approximately 0.5 deg for a 60 cm antenna and 0.8 deg for
a 30 cm antenna.

Tower and poles static calculation are performed to evaluate the resistance of the structure
against the wind load on the structure and on the installed antennas and equipment.

Different types of structures provide different resistance against the wind pressure; therefore, the
angle of sway, which varies from tower to tower, is also dependent on the height of the
installation position of the antenna (as explained in chapter 6 of this document).

Examples of deviation calculations (for a reference wind speed of 120 km/h) for a Lattice tower
structure and a Monopole structure are described in Fehler! Verweisquelle konnte nicht
gefunden werden. and Fehler! Verweisquelle konnte nicht gefunden werden., respectively.

In the case of Lattice tower, the maximum antenna deviation is 0.5 deg at approximately 20 m
height, while in the case of Monopole tower, the maximum deviation for the parabolic antenna
is approximately 0.8 deg at 33 m height.

Table 1.6 Examples of calculations for Lattice tower
Lattice tower
Height of
- Angle of sway
Antenna type mounted on tower position on
(Degrees)
tower (cm)
n°1 120 cm parabolic antenna 462 0.03
n°1 60 cm parabolic antenna 900 0.06
n°1 60 cm parabolic antenna 1215 0.12
n°6 2/3/4 G Antennas 1340 0.16
n°1 60 cm parabolic antenna 1600 0.23
n°3 2/3/4 G Antennas 1750 0.23
n°1 60 cm parabolic antenna 2030 0.50
Table 1.7 Examples of calculations for Monopole structure
Height of
Antenna type mounted on o Angle of sway
position on
tower (Degrees)
tower (cm)
n°32/3/4 G Antennas 2980 0.73
n°1 60 cm parabolic antenna 3100 0.77
n°1 30 cm parabolic antenna 3200 0.79
n°2 60 cm parabolic antenna 3300 0.80
n°32/3/4 G Antennas 3500 0.82
n°32/3/4 G Antennas 3800 1.07
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7.3.  Practical planning and installation rules for E-Band link

Microwave signal attenuation due to rain is much higher in E-Band compared to conventional
microwave bands.

As an example, Figure 1.12 shows the comparison between the attenuation per km for a 15 GHz
and E-Band link according to ITU-R standards used for link planning.

Attenuation vs. rain rate (dB/km)

@
=
(=]

50.0 -
-

Attenuation (dB/km)

40.0 /
30,0 it
20.0

10,0

0 20 40 60 80 100 120 140 160 180 200

Raln Rate mm/h)

—a— B0 GHz Attenuation (dB/km) —a— 15 GHz Attenuation (dB/km)

Figure 1.12 Rain rate versus attenuation according to Recommendation ITU-R P.838.

Consequently, E-Band links are usually designed with a very high fade margin to counteract to
the attenuation induced by rain.

A typical fade margin at the highest adaptive coding and modulation (ACM) are approximately
10 to 20 dB.

Therefore, a small variation of RSL due to wind pressure of the structure does not degrade the
link performance because the link can still work at the maximum modulation level (unless there
is a contemporary presence of strong wind and heavy rain events).

As defined in 7.1., the maximum RSL attenuation in the link is caused when the tower sway due
to wind reaches approximately 0.5 deg for a 60 cm antenna and 0.8 deg for a 30 cm antenna.

To avoid high variation of RSL and degradation of link performances, the antenna position on
the tower should be carefully placed, keeping it at the lowest position that can guarantee a line-
of-sight clearance.

For the Lattice tower example in Table 1.6, any position can guarantee that a 60 cm antenna is
swayed by less than 0.5 deg even in the case of very strong wind.

In contrast, on a flexible structure like Monopoles (see Table 1.7), it is risky to place a 60 cm
antenna above 15 - 20 m because there is a high probability of having consistent RSL attenuation
in case of strong wind.
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Annex 2
Technique(s) to compensate performance degradation of FWS link due to wind

Severe weather conditions include tropical cyclones, hurricanes, and typhoons in which the
maximum wind speeds are very large. Therefore, the FWS link performance is degraded due to
the reduction in the received power or increase in bit error rate. To deal with this issue, the
following techniques can be used:

1. Automatic transmit power control

Traditionally, automatic transmit power control (ATPC) techniques have been utilized in
microwave radio links to combat rain fading (attenuation). This is also referred to as power
diversity. Initially, the link is designed such that the transmit power is sufficiently large to
achieve a given quality of service goal, such as bit error rate, under clear sky conditions. When
the link experiences an attenuation due to rain, the transmit power is increased gradually up to
the maximum transmission power limit set by a government authority. The specific technique
used to increase or decrease the power at the transmitter, and the method to estimate the power
at the receiver, can be used to differentiate ATPC techniques or algorithms.

ATPC is a feature of a digital microwave radio link that adjusts transmitter output power based
on varying signal level at the receiver. ATPC allows the transmitter to operate below the
maximum power for most of the time. When fading conditions occur, the transmit power will be
increased as needed until the maximum value is reached. A system using an ATPC technique
has several advantages compared to a system using a fixed transmit power, including consuming
less transmitter power, longer amplifier life, and causing less interference to other microwave
systems.

If the maximum transmit power in an ATPC system is only needed for a short period of time, a
transmit power of less than the maximum value can be used to calculate interference to other
systems (if certain requirements are met). On the other hand, because the maximum power is
available when a deep fade occurs, the calculations of interference to the ATPC system can
assume the "maximum power" carrier level.

2. Adaptive coding and modulation

Link adaptation, or adaptive coding and modulation (ACM), is a term used in wireless
communications to denote the matching of modulation, coding, and other signal and protocol
parameters to the conditions on the radio link (e.g. pathloss, interference by signals from other
transmitters, sensitivity of the receiver, available transmitter power margin, etc.). For example,
EDGE uses a rate adaptation algorithm that adapts the modulation and coding scheme, and thus
the bit rate and robustness of data transmission, according to quality of the radio channel. The
process of link adaptation is dynamic, and the signal and protocol parameters change depending
on the conditions of radio links.

The goal of adaptive modulation is to improve the operation efficiency of microwave links

by increasing the network capacity compared to existing infrastructure and reducing the impact
of interferences from environment.
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Adaptive modulation is to vary the modulation dynamically in an manner without causing an
error to maximize the throughput under momentary propagation conditions. In other words,
a system can operate at its maximum throughput under clear sky conditions and decrease the
throughput gradually under rain or wind effects. Before development of ACM, microwave
designers had to design for “the worst case” conditions to avoid link outage.

In this case, when the FWS link performance is degraded due to wind, this link can change from
1024 QAM or 256 QAM to QPSK to keep “link alive” without losing connection.

In adaptive modulation, there are many parameters that can be adjusted with respect to the
channel fading, such as data rate, transmit power, instantaneous BER, symbol rate, and channel
code rate or scheme. Therefore, it is important to determine which parameters to be adapted to
achieve the best performance.

Notably, in practical systems, ACM is activated after ATPC. If heavy wind starts to cause
attenuation increases, and fade margin drops accordingly, ATPC will be activated to compensate
the drop of fade margin and keep the link performance and availability. In the case that fade
margin drops outside the range of ATPC compensation, and the link performance and
availability decrease accordingly, then ACM will be activated to compensate the degradation of
link performance and availability. Therefore, a combination of these two techniques can be used
to deal with the performance degradation of FWS link due to wind.

3. Intelligent beam tracking antenna
3.1 Introduction

Antenna de-focusing caused by structure deflection due to wind pressure was mentioned in
previous chapters of this document.

In case of installation of E-Band FWS on Monopole type of structure, another effect can force
the pole to sway, causing degradation of the RSL of the link.

When the sun hits one side of the Monopole, a temperature difference is established between the
sunny and the shadowy side of the pole. In this case, the linear thermal expansion on the two
sides is not the same, forcing the pole to bend.

An intelligent beam tracking antenna can compensate for the performance degradation of the
FWS link due to wind or exposure to sunlight by keeping the antenna central beam steady in the

right direction without degradation of the system performance.

The working principle of an intelligent beam tracing antenna is shown in Fig 2.1.
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Fig 2.1 Working principles of an intelligent beam tracing antenna.

When a tower/pole on which a passive antenna is installed shakes due to wind or exposure to
sunlight, the beam of the passive antenna deviates from its original transmitting direction,
causing RSL deterioration at the receiver end.

An intelligent beam tracing antenna can detect the direction parameters of antenna shaking. The
direction parameters include the direction and angle that the antenna is shaking.

When the structure is swaying, the intelligent beam tracing antenna can adjust its reflector or
sub-reflector according to the direction and angle that the antenna is shaking, and the feed source
is kept still. Therefore, the beam of the intelligent beam tracing antenna deflects to the direction
opposite to the shaking.

In this way, the intelligent beam tracking antenna can minimize the degradation of FWS link
performance.

3.2 Field trial

An intelligent beam tracking antenna with an adjustable range of +1.5° was produced. To verify
its compensation effectiveness, a field trial was done in Russia.

The link information is indicated in Fig 2.2 and the sites information is in Table 2.1. The antenna
installation is shown in Fig 2.3.
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Fig 2.2 Link information.

Table 2.1 Sites information

Site 1 Site 2
Site type Monopole self-Supporting Tower
Link distance 4.3 km
Link configuration 1+0 E-band
Antenna size 0.6 m
Antenna height 36 m 27m

A field trial was done in Dec 2020 and Jan 2021. The link with the enabled intelligent beam
tracking ability was tested in Dec 2020, and with disabled intelligent beam tracking ability was
tested in Jan 2021. The RSL was detected and recorded separately as shown in Fig 2.4 and Fig
2.5, respectively. (Red line represents the maximum RSL level and the blue line represents the

minimum level recorded in every 15 minutes).

AWG-29/0UT-25

Fig 2.3 Antenna installation.

IBT antenna
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Fig 2.4 RSL test in Dec 2020 with enabled intelligent beam tracking ability.
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Fig 2.5 RSL test in Jan 2021 with disabled intelligent beam tracking ability.

From the test results shown in Fig. 2.5 (with disabled intelligent beam tracking), a degradation
due to wind (blue circle when red line was constant and blue line dropped due to antenna quick
movement by wind gusts) and due to solar radiation (red circle when both lines slowly moved
up and down simultaneously) of approximately 20 dB was observed.

In contrast, Fig. 2.4 shows a stable link performances with the RSL fluctuation in a range of 3
dB when the intelligent beam tracking ability was enabled.
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Annex 3

Link budget evaluation

Herein, the effects of atmospheric environment, including atmospheric attenuation, rain
attenuation, and wind, on fixed wireless links are evaluated. Examples of link budget evaluation
in terms of signal-to-noise ratio and maximum channel capacity for fixed point-to-point wireless
links are described.

1. Clear atmospheric attenuation

Even in a clear atmosphere the electromagnetic waves are attenuated owing to oscillations of
atmospheric gas and water molecules initiated by the electromagnetic waves. Since these
molecules are a basic part of the atmosphere, this attenuation cannot be avoided. The amount of
the attenuation in the clear atmosphere depends on the frequency difference between the
electromagnetic wave and the resonance of the molecules. If the frequency of the wave coincides
with the resonance frequency, the attenuation becomes a relative maximum.

The gaseous attenuation Agas (dB) is calculated following the ITU-R Recommendation P.676 as
follows:

Agas =Yr = (Vo + YW) T = {0-1820f[N5xygen(f) + NV’I'/ater Vapor(f)]} "To (3.1)
where fis the carrier frequency, rois the transmission distance, yis the specific attenuation which
is the accumulation effect from oxygen (or dry air, %) and water vapor (%). N 0xgen(f) and

N water vapor)(f) are the imaginary parts of the frequency-dependent complex refractivities which
can be expressed as follows,

N(;xygen(f) = z SiF; +Nl;(f)
i(0Oxygen) (3 2)

NI;[/ater Vapor(f) = Z SiF;
i(Water Vapor)
where S; is the strength of the i oxygen or water vapor line, F; is the line shape factor of the
oxygen or water vapor, N (p)(f) is the dry continuum from pressure-induced nitrogen absorption
which can be expressed by,
Sl(oxygen) =a; X 1077 - p- 63 - exp[az(l —6)]
l(watervapor) - bl X107t -e- 035 exp[bz(l - 9)]
I Af =6(fi— 1) N Af =8(fi+ 1) l
(i f)2 +@f? (fi+ )2+ 4f)?

(3.3)

4 6.14x 1075 14x10712.p.91" ¥

Np(f)=f-p-6? Ld'[1+<£>zl+1+1-9X10_5'f1'5J'

d

where the parameters are described as follows,
p: dry air pressure (hPa)

T

_ P
e= 167" : water vapor partial pressure (hPa)

300

T
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T: absolute temperature (K)

Af: width of the line

4: correction factor

d: width parameter for the Debye spectrum

a;: spectroscopic data for oxygen attenuation

b;: spectroscopic data for water vapor attenuation
Other parameters inside S;, F; and N (p)(f) functions are as follows,

Af(oxygen) = a; X 10~4 - [p .008-as) y 11.¢- 9] = \/(Af)z +225% 10-6
Af(water vapor) — bs X 107*- [p - 6P+ + bs -e- 9b6]

2.1316 x 10~12 . f;
0
S(oxygen) = (as +ag-0) x107* - (p +e) - 6°8
6(water vapor) — 0
d=56x10"*-(p+e)- 0°8
Using equation (3.1), clear atmospheric attenuations for different transmission distances in a

standard atmosphere (temperature of 288.15 K and air pressure of 1013.25 hPa) for fixed
wireless links at carrier frequencies 75.375 and 85.375 GHz are calculated as shown in Fig. 3.1.

= 0.535-Af + j0.217 C(Af)? + (3.4)

0 T T T T
only air conditions are concerned

A
c
2
® -2}
=
c
3
® 3]
5
S ——75.375 GHz_std
§ 4} ——85.375 GHz_std .

_5 1 1 1 1

0 2 4 6 8 10

Distance (km)

Figure 3.1. Clear atmospheric attenuation.

2. Rain attenuation

The attenuation due to rain A.i» (dB) can be calculated using the ITU-R Recommendation P.838
as follows,

Ayain = YrTo = kR (3.5)
where 7o is the transmission distance, ) is the rain-related specific attenuation, R is the rain rate
(mm/h). Parameters & and « can be calculated from the following equations:
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) (3.6)

1091of b)
logqo k a; - e

loglof b])

=

&Q

e +mgy-logio f + ¢,

i

j=1

where:

f: frequency (GHz)

k: either kj (horizontal polarization) or ky, (vertical polarization)

a: either ay (horizontal polarization) or @y (vertical polarization)

a;, bj, cj, my, ¢, My, Co coefficients for calculating ky, ky, ay, ay
The rain attenuations of fixed wireless links using carrier frequencies at 75.375 and 85.375
GHz for different distances are shown in Fig. 3.2.
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Figure 3.2. Rain attenuation of fixed wireless link.
3. Wind effect

The performance degradation due to wind of a fixed wireless link using a general pole structure
is described by in Annex 1. Other types of structure have different parameters and wind gusts
will have other consequences on the received power attenuation. Here, to give an example of
applying the model in the link budget calculation, we present the calculation for a specific pole
structure with the coefficients described by Case 2 in Table 1.2 of Annex 1. For other types of
pole structure, it is possible to apply the model for the calculation by using corresponding
coefficients that represent the structure.
As described in Annex 1, when concerning the wind effect, the static inclination angle due to
wind can be expressed as follows,
2

0, = (C,A; + 3C,A,) - 121151 2 1:30 C, - v2 (deg), 3.7)
Where the coefficients for the specific case described in Table 1.2 of Annex 1 are as follows,

C; = 0.8: drag coefficient of the pole

A; = 0.445 (m?): wind receiving area of the pole

C, = 1.1: drag coefficient of the antenna

A, = 0.0804 (m?): wind receiving area of the antenna

AWG-29/0UT-25 Page 21 of 26



E = 2.05 x 101 (Pa): Young's modulus
I =1.01 x 107% (m*): second moment of area
[ = 5 (m): length of the pole

In addition to static inclination angle, the pole also vibrates by wind at a natural frequency of 2.3
Hz, which results in a dynamic inclination angle. The dynamic inclination angle @ can be
expressed as,
04 = C4 - v? (deg)
Cy=46x10~* ((md%z)

where Cq is the dynamic wind load coefficient. Additionally, the initial alignment error € also
affects the inclination angle. Therefore, the accumulated inclination angle can be expressed by,

0=0,+6,+0;=0,+ (Cs+Cp)-[v(p)]> (3.9
The wind speed is related to probability which can be expressed by the Weibull distribution as
follows,

(3.8)

wmnk
p(v) =1—e (@ (3.10)

Using the mentioned equation, a maximum wind speed of 17.8 m/s can be obtained for an
accumulated probability of 99.999%,

v(p =99.999%) = 17.8 (m/s) (3.11)
Considering the parameters of Case 2 in Table 1.2 of Annex 1, the inclination angle for this
specific case can be calculated as,
0, = 0.2(deg: initial axis misalignment)
0 =0 + (Cs + Ca) - [v(p)]?

pl2 180
=0y + [(61141 + 3C,4,) - 25 o +Cy| - [v(p)]?
= 0.2+ (0.8 X 0.445 + 3 x 1.1 x 0.00804) 1.226 x 5° 180,
o S ST 12x205x 100 x L.01x 1076« @
x 107*| x 17.82
= 0.4314 (deg)

= 0.00752935039 (rad)

The overall inclination angle owing to wind effect can be calculated to be 0.4314 deg for a
maximum wind speed of 17.8 m/s. Figure 3.3 shows the rms value of the inclination angle with
respect to the wind speed in a measurement system. The calculated inclination angle from above
mathematical models without the initial alignment error & is also included in the figure, showing
a good agreement with the measured data. Notably, the small difference between calculated and
measured data could be attributed to the fact that the measurement system might include an
initial alignment error.
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Figure 3.3. Measured inclination vs. wind speed and calculated values.

Next, as described in Annex 1, the gain degradation G(6) due to wind effect can be expressed
by,

G(G) = Gmax - g(@) (3-12)
where
u

0) = 20 -log |———| (dB): gain degradation
9(6) 9[2'11(11)]( ): 8 g

., 60m
u =——sinb

Osw

J1: Bessel function of the first kind

Ogyw = i half power beam width

k = 70 for typical parabolic antenna
d = 0.3 (m): diameter of the antenna
A753756Hz = 3:980 X 1073 (m)
Ags 3756z = 3.514 X 1073 (m)
Using the mentioned equations, the gain and gain degradation of the antenna with wind effect
at different carrier frequencies are calculated as follows,
975375¢u2z(0 = 0.4314 deg) = 2.6728 (dB)
Iss.3756H2z(0 = 0.4314 deg) = 3.4859 (dB)
G753756H2(0 = 0.4314 deg) = 40.3272 (dB)
Ggs.3756H2(0 = 0.4314 deg) = 39.5141 (dB)

In addition to the gain degradation by wind effect, as shown in Fig. 1.5 of Annex 1, the received
signal level would also be degraded by an additional amount owing to natural vibration, which
was not considered in above mathematical models. In the link budget calculation, thus, an
additional link margin of 5 dB is reserved to compensate for the gain degradation by natural
vibration.

4. Signal-to-noise ratio of fixed wireless links
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The received signal-to-noise ratio (SNR) can be calculated as,
SNR(dB) = PFW + GFW + GAP - Afree - Agas - Arain - Nthermal e Awind (3'13)
where:
Pry (dB): transmitted power
Gry (dB): Tx gain
G4p(dB): Rx gain
Afree(dB): free space loss
Agqs(dB): gaseous loss
A, qin(dB): rain loss
Nipermair (dB): thermal noise
A,yina(dB): gain degradation by wind effect
F (dB): noise figure of the system, which is assumed to be 10 dB in the calculation.
The free space loss and thermal noise can be expressed by,

4rnf -7,
Afree = 20 - logqo < c 0)
o (3.14)
Nipermar = 10 - logyo (W)

where:
f: carrier frequency
7y: transmission distance
c: speed of light
k = 1.381 x 10723: Boltzmann's constant
B: signal bandwidth
T: absolute temperature (K)

Using the previously described formulas and parameters, the received SNRs of a fixed wireless
link can be calculated for different cases as follows,

- Case 1: no wind effect

In this case, only attenuation due to clear atmosphere and rain are considered. The calculated
SNRs for fixed wireless links at 75.375 or 85.375 GHz are shown in Figs. 3.4 (a) and (b),
respectively. A channel bandwidth of 2.16 and 4.32 GHz is considered in this calculation.

80 - 75.375-GHz Carrier 80 | Carrier

70|- no wind —2.16 GHzOmm/h | 70 |- no wind —2.16 GHz 0 mm/h

60 | 2.16 GHz 5.0 mm/h | 60 H 2.16 GHz 5.0 mm/h ]

“ 2.16 GHz 53.6 mm/h =5 | 2.16 GHz 53.6 mm/h

_cg 50} — 4.32GHz0 mm/h a — 4.32GHz0 mm/h
EZ'E a0 — 4.32GHz5.0mm/h | < 40 — 4.32GHz5.0mm/h -
n 30l 4.32 GHz53.6 mm/h | w 30l 4.32 GHz 53.6 mm/h ]

20} N 20r S T ===

~
10
10 = ~ = ~
0 1 1 =~ S5 1 0 . . = . .
0 2 4 6 8 0. ° ?I'ransmisiion Dist:nce (km;; w0
0 Transmission Distance (km) ii)

iii) Figure 3.4. (a) SNR vs. transmission dista iv) Figure 3.4 (b). SNR vs. transmission dist
nce for 75.375 GHz link (without wind eff ance for 85.375 GHz link (without wind
ect). effect).
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- Case 2: wind effect at both transmitter and receiver antenna

In this case, all the attenuations by clear air, rain, and wind are considered. For the wind effect,
a gain degradation of 2.6728 or 3.4859 dB are calculated for each antenna at the carrier frequency
of 75.375 or 85.375 GHz, respectively. In addition, an additional margin of 5 dB is reserved to
compensate for the natural vibration by wind effect. The received SNR are shown in Figs. 3.5
(a) and (b).

80 75375.GHz Carrier 80 Carrier T
70 |- wind effect —2.16 GHz 0 mm/h g 70 - wind effect —2.16 GHz 0 mm/h 4
col. 2.16GHz5.0mm/h | ol 2.16 GHz 5.0 mm/h
! 2.16 GHz 53.6 mm/h | 2.16 GHz 53.6 mm/h
@50 A — 4.32GHzO0mm/h =50, — 4.32 GHz0 mm/h
n2= 40 | — 4.32 GHz 5.0 mm/h nz: 40 L — 4.32GHz5.0 mm/h -
% 2ol 432GHz53.6mm/h | 4 o1 4.32 GHz 53.6 mm/h |
20| 20 +
N = -~ -~
10} ~ - 10 N - - 1
~ ~N
0 1 LS 1 1 0 1 \l 1 1
0 2 4 6 8 10 0 2 4 6 8 10
Transmission Distance (km) Transmission Distance (km)
Figure 3.5 (a). SNR vs. transmission Figure 3.5 (b). SNR vs. transmission distance
distance of 75.375 GHz link (with wind of 85.375 GHz link (with wind effect).
effect).

5. Maximum channel capacity of fixed wireless links
The fixed wireless link is linear and can be seen as an additive white Gaussian noise channel. In
such a channel, the maximum channel capacity is defined by its capacity which can be calculated
with the Shannon formula as,

C =Blog,(1+ SNR), (3.15)
where B is the available bandwidth of the channel.
Using the calculated SNRs described above, the expected maximum channel capacity can be

estimated as shown in Figs. 3.6 (a) and (b) for the case of without wind effect and Figs. 3.7 (a)
and (b) with wind effect. The channel bandwidths in these calculations are 2.16 and 4.32 GHz.
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Figure 3.6 (a). Maximum channel capacity vs.
transmission distance for 75.375 GHz link
(without wind effect).
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Figure 3.7 (a). Maximum channel capacity vs.
transmission distance for 75.375 GHz link
(with wind effect).
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Figure 3.6 (b). Maximum channel capacity vs.
transmission distance for 85.375 GHz link
(without wind effect).
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Figure 3.7 (b). Maximum channel capacity vs.
transmission distance for 85.375 GHz link
(with wind effect).
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