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1.0

Executive Summary

This study examines the prospective use of the 5.925 to 7.125 GHz band (“6 GHz band”) in
India by license-exempt devices, such as Radio Local Area Networks (RLANs). 1 The
discussion includes three different types of RLANs (collectively referred to as RLANs in this
report):
● Low Power Indoor (LPI)
● Standard Power (SP) (indoor/outdoor) with Automated Frequency Coordination (AFC)
● Very Low Power (VLP) (indoor/outdoor)
This study sets out to determine whether such RLAN use is compatible with existing incumbent
services in the band.
To assist in answering these questions, RKF Engineering Solutions, LLC (RKF) along with
Broadband India Forum (BIF)2 analyzed the potential impact of license-exempt RLANs on two
types of incumbent users in the band: Fixed Satellite Service (FSS) and Fixed Service (FS). In
India, the 6 GHz band is shared primarily by two services: FSS uplinks3 and fixed microwave
(Fixed Service or FS) links.
This study was commissioned by BIF which functions as an independent policy forum and thinktank that works for the development and enhancement of the entire broadband ecosystem in a
holistic, technology-neutral, and service-neutral manner. BIF’s endeavor is to promote, support
and enhance all policy, regulatory & standards initiatives for the proliferation of high-quality
broadband in the country to empower consumers with efficient and economical broadband to
realize the true Digital India.
The three identified classes of RLANs are based on rules that have been proposed by other
regulatory authorities, including the US Federal Communications Commission (FCC), Ofcom in
the United Kingdom and by the Electronic Communications Committee (ECC) of the European
Conference of Postal and Telecommunications Administrations (CEPT). The technical
specifications of these device classes are intended to allow for coexistence between RLANs and
incumbent users of the band, including Fixed Service links (FS) and fixed satellite uplink (FSS).
This study examines the coexistence of RLAN usage in the 6 GHz band and incumbent FSS
satellite uplink services in India. In addition, this study examines the impact of RLAN usage for
18 representative FS links in a rural region and 421 representative FS links in an urban area. This
study carried out a statistical approach based on Monte-Carlo simulations to understand the
interference risk to FSS and FS operations from instantaneously transmitting RLAN devices in
the target regions which are considered typical in India.
This study created real-life RLAN operational conditions based on the population density in
India, as well as projected consumer and business RLAN usage patterns in terms of the time of
use and the location (indoor/outdoor). In addition, the study accounted for the impact of body
1

RLAN is a generic term used to describe a device that provides local area network connections between various
electronic devices. While Wi-Fi is one type of RLAN, this study applies to other RLANs with Unlicensed National
Information Infrastructure (U-NII) operating characteristics.
2
https://broadbandindiaforum.com/
3
Paired with FSS downlinks in 3.4 - 4.2 GHz band.
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loss, indoor use, and the bandwidth and channel distribution of the RLAN devices on
coexistence.
The analysis showed that RLAN operation in India for all three RLAN device classes (LPI,
SP, and VLP) in the entire 6 GHz band will not cause harmful interference to FSS or FS
incumbents.

1.1

RLAN Coexistence with Fixed Satellite Service (FSS)

In the 6 GHz uplink band, the aggregate Interference-to-Noise ratio (I/N) into a number of
satellite uplink beams was computed using Monte-Carlo simulations with random RLAN
deployments and two representative satellite Gain-to-System-Noise-Temperature (G/T) contours:
(1) a country-coverage (spot) beam over India, and (2) a regional beam covering India and
surrounding regions. The model assumed RLANs deployment in the entire India as well as all
neighboring countries within each satellite’s view. To ensure a conservative analysis, the satellite
beam over India assumed a high G/T, and the regional beam chosen was a satellite beam with a
larger coverage of the area (encompassing all areas within the satellite’s view).
The analysis has been applied to a satellite channel plan assuming 36 MHz channels with 40
MHz spacing on two polarizations. Each channel on each satellite has been subject to 10
independent RLAN deployments of a Monte Carlo simulation.
Simulations show that in all cases studied, the I/N for all satellites in all channels and simulation
iterations is less than -26.82 dB.
In conclusion, RLANs in the three device classes operating over a 20, 40, 80, or 160 MHz
channel bandwidth do not cause harmful interference to an FSS uplink in the 6 GHz band.

1.2

RLAN Coexistence with Fixed Service (FS)

Monte-Carlo simulations were performed with random RLAN deployments to understand the
interference risk to FS operations in India. The simulations were performed in two regions in
India - one representing a typical rural region (Alwar), and another representing a typical urban
region (Delhi-NCR). For each Monte-Carlo modeling iteration, active RLANs were randomly
placed, with their locations weighted according to the population density. The number of
simulation iterations was chosen to produce I/N > -6 dB or 0 dB occurrence probabilities that are
statistically significant4 down to 10-5. The simulation consisted of 100,000 RLAN deployment
iterations to gather stable, long-term interference statistics at each of 18 FS sites around Alwar
(the rural region). In Delhi National Capital Region (NCR) (the urban region), due to the much
larger number of FS (421) and higher density of RLANs, 1,000 RLAN deployment iterations
were first simulated. The simulation was used to gather stable average statistics over all the FS
sites. Subsequently, 100,000 RLAN deployment iterations were simulated for five FS in DelhiNCR with the highest interference levels to gather stable, long-term interference statistics for
each of those FS.
4

The assumption is that 10 events is statistically significant. So for a probability of 10 -5, the number of iterations
would be 10*(1/10-5)/(number of FS) = 1,000,000/(number of FS).
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Since the Standard Power (indoor/outdoor) class of RLANs operate under the control of an
Automated Frequency Coordination (AFC) tool, which protects the incumbent FS from
interference, these are not considered in the I/N analyses.
In Alwar, statistics were gathered for each FS, on the occurrence probabilities for both I/N > -6
dB and 0 dB. Because these metrics do not fully describe the interference risk, an additional
metric, increased FS unavailability due to RLAN interference, was used to assess degradation in
FS performance. This analysis assumed a typical FS design target of 99.999% availability
(unavailability=0.001% corresponding to 5.3 minutes/year). Results were compared to a target
increase in unavailability of less than 10% (availability with interference >99.9989%) sufficient
to allow continued robustness of FS links. Sensitivity to less than a 1% increase in unavailability
was also considered.
In Delhi-NCR, from the initial run, for the five FS with the highest I/N levels, 100,000 additional
RLAN deployment iterations were simulated to assess the impact of RLAN interference on the
FS unavailability – as described above.
The average probabilities over all FS, separately for I/N > -6 dB and I/N > 0 dB, in each Alwar
and Delhi-NCR were calculated. In Alwar, the probabilities were 0.015% and 0.002%
respectively, and in Delhi-NCR, the probabilities were 0.254% and 0.040% respectively.
For the FS availability analysis, the increase in unavailability due to RLAN interference of all FS
links was further analyzed in two steps. In the first step, a representative link margin required to
meet the target availability was calculated without considering the specific operational
parameters of each FS link. This simplified analysis allowed a large number of links to be
processed. In the second step, if the simplified analysis indicated an FS link did not meet the
target 10% unavailability increase, individual FS operational parameters were analyzed to
determine the actual increase in unavailability. This analysis provided a realistic assessment of
the long-term impact of the RLAN interference on FS stations and showed that all links did not
exceed the unavailability target of 10% as well as the sensitivity threshold of 1%.
In conclusion, our analysis shows that RLAN operation within the parameters of the three
device classes described in this report will not cause harmful interference to FS stations.
The analysis showed that the probability of an I/N > -6 dB occurrence was low and the
increase in unavailability was sufficiently low to allow continued robustness of FS links.

6

2

Introduction

Devices that employ Wi-Fi and other unlicensed standards have become indispensable for
providing low-cost wireless connectivity in countless products used by Indian consumers. Licenseexempt technologies are a critical element in delivering broadband connectivity to consumers and
businesses. Wi-Fi is needed to connect all devices in a household or business to a wired or wireless
broadband connection. As consumers continue to rely on more devices, reliable and fast Wi-Fi
connectivity has become essential. Globally, in recent times the dependency on Wi-Fi has
increased manifold during the epidemic as almost every connectivity requirement (school, office,
business, etc.) has moved to homes. However, despite the increasing reliance on license-exempt
technology, and the enormous growth in traffic demands being placed on the technology globally,
the spectrum allocated to Wi-Fi use remains limited to the 2.4 GHz and 5 GHz bands as it has for
many years.
The latest Wi-Fi technology—designed for speed, low latency and optimized for use by many
devices in the same location—uses much wider channelization to meet the far more intensive
broadband needs of consumers and businesses alike. For example, the latest generation of Wi-Fi
technology, Wi-Fi 6, can utilize radio channels as broad as 80 or 160 megahertz, and a future
generation of Wi-Fi technology that is already in development will utilize channels of 320
megahertz.5
For these reasons, on April 23, 2020, the Federal Communications Committee in the United States
(the FCC) adopted rules6 that made 1200 MHz of spectrum available in the 6 GHz band (5.9257.125 GHz) for license-exempt use. These new rules will expand license-exempt broadband
operations that promise to bring a wide range of innovative wireless applications to consumers
while protecting incumbent users in the band. As has occurred with Wi-Fi in the 2.4 GHz and 5
GHz bands, it is expected that the rules adopted for 6 GHz unlicensed devices will foster the
expansion of Wi-Fi hotspot networks to provide consumers access to even higher speed data
connections and growth in the Internet-of-things (IoT) industry—connecting appliances,
machines, meters, wearables, and other consumer electronics, as well as industrial sensors for
manufacturing. This capability will quickly become a part of peoples’ everyday lives.
In this study, on the 6 GHz band, RKF used a commonly accepted and proven methodology
using Monte Carlo simulation of coexistence. Similar methodology was used in the studies
submitted before to the US FCC and EU CEPT.
With respect to impact of RLAN use on FSS, the study focused on examining coexistence
between the three classes of RLANs (Standard-Power AFC, LPI, and VLP) and the uplink of
India’s representative FSS satellites in the 5925-6425 MHz band. To produce results for India,
5

“Wi-Fi 6 Certified, Capacity, efficiency, and performance for advanced connectivity,” Wi-Fi Alliance, https://www.wifi.org/discover-wi-fi/wi-fi-certified-6. There are a number of technological improvements contained in Wi-Fi 6 that make this
generation of technology the most spectrally efficient version of Wi-Fi in history, including multi-user MIMO, beamforming, and
“target wake time” to improve network efficiency and device battery life. When deployed in 6 GHz, Wi-Fi 6 will be called Wi-Fi
6E.
6

See Unlicensed Use of the 6 GHz Band, Report and Order and Further Notice of Proposed Rulemaking, ET
Docket No. 18-295, FCC 20-51 (rel. Apr. 23, 2020) at https://ecfsapi.fcc.gov/file/0424167164769/FCC-20-51A1_Rcd.pdf.
(“6 GHz Report and Order”).
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RKF used data based on the population distribution and density in India, as well as projected
consumer and business RLAN usage patterns in terms of the time of use and the location
(indoor/outdoor). In addition, the study accounted for the impact of body loss, indoor use, and
the bandwidth and channel distribution of the RLAN devices on coexistence.
In the absence of tabulated FSS uplink beam contours and their G/T levels, the India FSS uplink
data was constructed by using images in the public domain of beam contours covering India and
forming two worst-case beams.
For the FS study, the FS links and parameters around typical urban areas (Delhi-NCR) and rural
areas (Alwar) were generated by making reasonable assumptions based on available deployment
data.

2.1 Needs for 6 GHz Unlicensed Band in India
Wi-Fi is the workhorse technology for providing broadband to both consumer and businesses
worldwide. At the same time industry is on the precipice of technologies that promise more
immersive experiences such as virtual reality, high speed gaming, sensor networks and others
that will require unprecedented amounts of capacity. Proactive planning for this explosion is
important for seamless and rapid adoption of these technologies. The 6 GHz spectrum using next
generation Wi-Fi technology would provide the capacity and flexibility to keep up with the
demands of these new applications.
Wi-Fi is beneficial to both citizens as well as the economy. The Government of India has recently
launched the PM-WANI Public Wi-Fi Program to accelerate reach of broadband to the masses
through the proliferation of Public Wi-Fi. Due to the pandemic, dependence on Wi-Fi increased
manifold for a number of applications including, Working from Home (WFH), health care, and
education.
The following points provide perspective on India’s current broadband use.
1. India today has approx. 792.78Million broadband subscriptions (TRAI –Telecom
Subscription Data as on 30 June 2021). However, only about 60% of these are unique
broadband subscribers
th

2. India has less than one twentieth the number of unlicensed spectrum when compared to
other leading economies (about 650 MHz versus ~14000 MHz)
3. Existing mobile broadband speeds in India are less than a tenth of global values (average
download speed is roughly 18Mbps, as reported by Open Signal‘s August 2021 Report).
4. The prevalent situation is associated with:
I.
high and rising data usage;
II.
unique broadband subscribers being less than 40% of the total population; and,
III.
having heavier propensity to video downloads in rural regions (approximately
65% of total population) where literacy rates lag and whose population is
largely ‘unconnected’ to broadband.
8

Higher download/offload capacity is therefore essentially required through availability and
capacity from Wi-Fi spectrum bands (like 6 GHz) to complement Mobile Broadband capacity and
speeds. Proliferation of broadband services in Rural areas require additional spectrum for
experiencing better quality of service and delivering better citizen services
IoT, cloud services and new applications such as wireless mesh-nodes backhaul, video over WiFi, wireless mass-storage, Short Range Devices (SRDs) and multi-room AR/VR/Gaming are all
examples of usage which are only possible using the wider band channels that the 6 GHz spectrum
band could provide. As one India-specific use case, there is a much higher need for SRDs in rural
India to support the healthcare augmentation required in those areas.
Newer technologies like the use of Wi-Fi 6E would only be possible in the 6 GHz band. This
would help deliver optimum results in terms of very high throughputs and very low latency,
thereby complementing 5G Technology through Mobile Data Offload in Fixed Locations. This
also enables advanced applications like industrial IoT and Private Networks complementing New
Radio Unlicensed Band (NR-U). A relevant use case for India would be to support the
establishment of sophisticated manufacturing facilities in rural areas where 6 GHz based Wi-Fi 6E
private networks could play a key role.
Internationally, over 35 countries have chosen to delicense the 6 GHz. They include the United
States, UK, Korea, Brazil, UAE, Saudi Arabia and the countries in the EU. The rationale for
delicensing has been to enhance benefits to citizens while reaping the benefits of economic growth
in their economies. Notwithstanding the traditional allocation of 2.4 GHz and 5 GHz for unlicensed
use, the need for expanded bandwidth into 6 GHz to meet growing needs cannot be overstated.
Hence, the study was undertaken to determine whether RLANs could co-exist in the 6 GHz
band (in a delicensed manner) with the incumbent services, FSS and FS, after providing for due
protection to these services.

2.2 Background on Three Classes of RLANs
This analysis included the three classes of RLANs and the same class framework of the RLAN
devices has been established by the FCC in the US7 as well as by the regulatory bodies in the
United Kingdom8 and Europe.9
Standard Power with AFC: The AFC system determines the frequencies on which Standard
Power access points operate without causing harmful interference to incumbent microwave
receivers and then identifies those frequencies as available for use by Standard Power access
points.
7

See 6 GHz Report and Order (adopting low power indoor and standard power with AFC and proposing VLP in its
Further Notice of Proposed Rulemaking).
8
The UK adopted LPI and VLP in the lower 500 MHz of the 6 GHz band. Statement: Improving Spectrum access for

wifi—spectrum use in the 5 and 6 GHz bands (24 July 2020) available at
https://www.ofcom.org.uk/__data/assets/pdf_file/0036/198927/6ghz-statement.pdf
9
The Electronic Communication Committee approved the ECC Decision 20(01) and the CEPT Report 75 during its plenary
meeting 16-20th November 2020. This Decision supports LPI and VLP in the lower 500 MHz of the 6 GHz band.
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Low Power Indoor: These devices do not require a professional installer and do not rely on the
AFC system for determining the frequencies available for use. These low-power access points
will be ideal for connecting devices in homes and businesses, such as smartphones, tablet
devices, laptops, and IoT devices, to the Internet. Using these advanced Wi-Fi technologies and
wider channels (up to 320 MHz) available in the 6 GHz band, unlicensed devices promise to spur
innovations and allow consumers to experience faster internet connections and new applications
well beyond what is possible with 2.4 GHz and 5 GHz bands.
Very Low Power portable: These are portable (indoor/outdoor) devices in the 6 GHz band at 14
dBm EIRP. Portable VLP devices will expand innovation even further and will be critical for
supporting indoor and outdoor portable use cases such as wearable peripherals including
augmented reality/virtual reality as well as in-vehicle applications and other personal-areanetwork applications.
Operating characteristics for these devices are defined in Section 3.2.

2.3 Status of 6 GHz RLAN Regulations Worldwide
Sharing and compatibility studies as part of the EU CEPT process – ECC Reports 30210 and
31611 – have shown that sharing is feasible (with easily implementable coexistence conditions)
between RLAN devices and the FS or FSS. The parameters and assumptions in these studies are
agreed by Administrations, the Wi-Fi industry and incumbent users (in the 5925-6425 MHz
range) based on projected deployments in 2025.
More specifically, LPI devices can share spectrum with incumbent services as long as their
operations are limited to indoor use with a maximum EIRP of 23 dBm and a maximum EIRP
density of 10 dBm/MHz. VLP devices can operate indoors and outdoors with EIRP levels of 14
dBm and EIRP density levels of 1 dBm/MHz without causing harmful interference to incumbent
systems.
In the 5925-7125 MHz band, comprehensive technical studies in the US involving random
deployments of indoor and outdoor RLANs has led to the conclusion that LPI devices can
coexist with the fixed service by virtue of the low transmit power and building attenuation; VLP
devices operating both indoor and outdoor will coexist with fixed service based on the extremely
low operating power; and all Standard Power devices can operate indoors and outdoors and
protect incumbent services through a lightweight spectrum database solution called AFC.
Technical analyses performed by the US’ Federal Communications Commission have shown that
LPI access points can utilize the entire 5925–7125 MHz band without causing harmful
interference to other systems as long as their maximum EIRP is kept below 30 dBm and their
maximum EIRP density is kept below 5 dBm/MHz. Client devices connected to LPI access
10

CEPT ECC, Report 302: Sharing and Compatibility Studies Related to Wireless Access Systems Including Radio
Local Area Networks (WAS/RLAN) in the Frequency Band 5925-6425 MHz (May 29, 2019),
https://docdb.cept.org/download/cc03c766-35f8/ECC%20Report%20302.pdf (“ECC Report 302”).
11
CEPT ECC Report 316, Sharing studies assessing short-term interference from Wireless Access Systems
including Radio Local Area Networks (WAS/RLAN) into Fixed Service in the frequency band 5925-6425 MHz
(May 2020),
https://www.ecodocdb.dk/download/8951af9e-1932/ECC%20Report%20316.pdf (“ECC Report 316”).
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points are harmless to incumbents if their EIRP is below 24 dBm and their EIRP density is below
-1 dBm/MHz. Standard power access points can transmit at a maximum EIRP of 36 dBm and
EIRP density of 23 dBm/MHz, while client devices connected to these access points have a
maximum EIRP of 30 dBm at 17 dBm/MHz EIRP density. Standard power devices controlled by
an AFC can protect incumbent services from harmful interference.
Table 2-1 summarizes these regulatory parameters in Europe as well as other administrations
world-wide. Figure 2-1 provides the status of spectrum allocation for the 6 GHz RLAN devices
as of September 15, 2021.
Table 2-1 – Regulatory parameters for license-exempt worldwide use of 6 GHz (AP=Access Point, CL=Client)

Region

Country

Permissible
operation

Frequency range

Maximum
mean EIRP
for in-band
emissions

Maximum mean
EIRP density for inband emissions

Maximum mean
EIRP density for
out-of-band
emissions

23 dBm

10 dBm/MHz

-22 dBm/MHz (below
5,935MHz)

14 dBm

1 dBm/MHz
10 dBm/MHz (for the
narrowband usage)

-45 dBm/MHz (below
5,935MHz)

LPI
EU/CEPT
Region 1
UK

US

Canada

VLP
LPI
VLP

5,925 – 6,425 MHz
6,525 – 6,875 MHz

LPI

5,925 – 7,125 MHz

SP

5,925-6,875 MHz

LPI

Region 3

Brazil

14 dBm

11 dBm/MHz

36 dBm (AP)
30 dBm (CL)
30 dBm (AP)
24 dBm (CL)

23dBm/MHz (AP)
17 dBm/MHz (CL)
5 dBm/MHz (AP)
-1 dBm/MHz (CL)

36 dBm

23 dBm/MHz

30 dBm

5 dBm/MHz

14 dBm

-8 dBm/MHz

30 dBm (AP)
24 dBm (CL)

5 dBm/MHz (AP)
-1 dBm/MHz (CL)

17 dBm

-5 dBm/MHz

30 dBm (AP)
24 dBm (CL)

5 dBm/MHz (AP)
-1 dBm/MHz (CL)
5 dBm/MHz (AP)
-1 dBm/MHz (CL)

5,925 – 7,125 MHz

30 dBm (AP)
24 dBm (CL)
30 dBm (AP)
24 dBm (CL)

LPI

5,925 – 7,125 MHz

24 dBm

2dBm/MHz

VLP

5,925 – 6,425 MHz

14 dBm

1dBm/MHz

LPI
VLP

5,925-7,125 MHz
5,925 – 7,125MHz

Peru

LPI

5,925 – 7,125 MHz

Chile

LPI

5,925 – 7,125 MHz

Costa
Rica

LPI

South
Korea

24 dBm

5,945 – 6,425 MHz

SP

VLP
Region 2

5,945 – 6,425 MHz

VLP

In accordance with
directive 2014/53/EC

-27 dBm/MHz
(outside operational
range)

-27 dBm/MHz
(outside operational
range)

14 dBm
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-27 dBm/MHz
(outside operational
range)
-34 dBm/MHz
(outside operational
range of the VLP
mode)

Figure 2-1 – Status of 6 GHz license-exempt spectrum allocation worldwide as of September 15, 2021

2.4 Band Assessment
Allocation and associated regulatory provisions in the 6 GHz band (5925 – 7125 MHz) in India
are as in Table 2-2 below.
Table 2-2 - Spectrum Allocation in India

Spectrum Band

Services

Remarks

5925 – 6700 MHz

Fixed
Fixed Satellite (Earth-to-space)
Mobile

Note 1

6700 – 7075 MHz

Fixed
Fixed Satellite (Earth-to-space)
(space-to-Earth)
Mobile

Note 1
Note 2
Note 3

7075 – 7125 MHz

Fixed
Mobile

Note 1

Note 1: In the band 6425-7075 MHz, passive microwave sensor measurements are
carried out over the oceans. In the band 7075-7250 MHz, passive microwave sensor
measurements are carried out. The needs of the Earth exploration-satellite (passive) and
12

space research (passive) services in their future planning of the bands 6425-7075 MHz
and 7075-7250 MHz should be kept in mind.
Note 2: In making assignments in the band 6700-7075 MHz to space stations of the
fixed-satellite service, administrations are urged to take all practicable steps to protect
spectral line observations of the radio astronomy service in the band 6650-6675.2 MHz
from harmful interference from unwanted emissions.
Note 3: The space-to-Earth allocation to the fixed-satellite service in the band 6700-7075
MHz is limited to feeder links for non-geostationary satellite systems of the mobilesatellite service.
While considering the frequency bands for IMT, in accordance with Resolution 245 (WRC-19),
India along with other Region 3 countries did not support 6425-7025 MHz band for IMT.
Currently, in India, there are existing FS links (Microwave Backhaul and Point to Point links).
There also exists some FSS (Earth-to-space) links and feeder links. The satellite services include
DSNG (INSAT-2E, INSAT-3C, INSAT 3E, GSAT-10, GSAT-16, GSAT-18, Chinasat-12,
Thaicom-5, Asiasat-5, etc.), Commercial VSAT (Bharti Airtel, Hughes Communications, HCL
Comnet, Tatanet, Infotel Satcom, etc.), Teleport (Dish TV, Entertainment TV, Broadcast
Equipments, Indo Teleports, Planetcast, etc.), Captive VSAT (MHA, AAI, ERNET, Coast
Guard, DRDONTRO, MoD, INCOIS, ISRO, etc.) and HITS (Noida Software Technology Park –
IS902 and Grant Investrade – IS-39).

2.5 Approach
A detailed simulation of the interference environment was developed. The simulation was
designed to be a conservative representation of the interference environment with the following
assumptions:
1) Analyzing FS in typical urban and rural environments whose finds can be extended
nationwide;
2) Analyzing FSS beams that result in highest interference levels. A spot beam with a
high G/T over India as well as a regional beam covering multiple continents with a
high G/T was analyzed;
3) Using realistic but conservative RLAN operating and deployment assumptions as
described in Section 3.0. These were based on existing and projected market data,
usage, and performance;
4) Using worst case scenarios to represent possible situations; and,
5) Executing numerous different scenarios with a wide variation of propagation paths
and RLAN deployment configurations to ensure statistically significant results.
Indian 2011 Census definitions are used to establish urban and rural areas in India and
the GWPv.11 India population density along with the UN World Population Project
in 2025 were used to randomly deploy RLANs for each simulation iteration.

13

Gridded Population of the World V4 (GPWv4.11) from NASA’s Socioeconomic Data and
Applications Center (SEDAC) were utilized. GPWv4.11 utilizes country specific information. In
the case of India, it utilizes Census 2011 for population, administrative divisions and GIS data to
assist population density computations. GPWv4.11 provides a global composite raster grid of
population density at 30 arcsecond resolution (approximately 1 km at the equator) using
population estimates for the years 2000, 2005, 2010, 2015 and 2020. The population of India, as
well as the remainder countries in Asia and other countries in the view of the simulated satellites,
in 2025 has been calculated on the basis of the 2019 edition of the United Nations (UN) World
Population Prospects.
An I/N of -6 dB was used as a comparison threshold for the FS in this study with the
understanding that the analysis in this report is very conservative and did not consider many
factors that would lower the aggregate I/N.
Simulation results and sharing studies with FSS uplinks are covered in Section 5.1, and FS links
in Section 5.2.
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3

RLAN Deployment and Operating Assumptions

This section describes the analysis and methodology for assigning source quantities to the
proposed 6 GHz band RLANs and their operating parameters.

3.1 RLAN Deployment Assumptions
3.1.1 Number of Active RLANs and Deployment Distribution
Table 3-1 depicts the parameters and calculations used to develop the numbers of active RLANs.
As noted above, this study applies to Wi-Fi Access Points (AP) and stations and all RLAN
classes below:
● Indoor (98%):
o LPI (80.04%)
o Standard-Power (7.96%)
o VLP (10%)
● Outdoor (2%):
o Standard-Power (1%)
o VLP (1%)
At a first level, the deployment of RLANs is assumed to be closely associated with population
density, and therefore geographically allocated according to the population distribution in India.
The basis of the active device analysis is an estimated India population of 1.44 billion in 2025.
We assumed 31% of the population in India are in Urban and 69% are in Rural areas.12 Next,
within each area, RLAN usage is broken up into corporate, public, and home use. As indicated in
Table 3-1, for Rural, we further assume 90% of the users to be home, and the remainder to be
equally divided between corporate and public. For Urban, it is assumed that home users would
constitute 85% of the users and 10% would be corporate users, leaving the remaining 5% for
public installations. An airlink model was developed to estimate the number of devices deployed
and the number of devices simultaneously transmitting. This model is described in more detail
below.

12

Census of India 2011. https://censusindia.gov.in/ (“Census of India 2011”).
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Table 3-1 - RLAN Active Device Distribution in India
TOTAL
Population (%)
User Type
Type (%)
Device Population

URBAN

100.0%

31%

69%

Corporate
10
137,440,310

Public
5
68,720,155

Home
85
1,168,242,633

Corporate
5
1 5 2,957,764

Public
5
1 52,957,764

Home
90
2,753,239,754

High Activity Device Population
(% of Total)

10%

10%

10%

10%

10%

10%

Data per device per hour
(MBytes)
Device Rate(Mbps)
Link Speed (Mbps)

1000

500

2000

1000

500

2000

2.22
1000

1.11
1000

4.44
1000

2.22
1000

1.11
1000

444
1000

Duty Cycle per Device

0.22%

0.11%

0.44%

0.22%

0.11%

0.44%

30,542

7,636

519,219

33,991

16,995

1,223,662

90%

90%

90%

90%

90%

90%

1

1

1

1

1

1

0.0022
1000
0.00022%

0.0022
1000
0.00022%

0.0022
1000
0.00022%

0.0022
1000
0.00022%

0.0022
1000
0.00022%

0.0022
1000
0.00022%

Instantaneous Number of
Transmitting 6 GHz Devices
(Subtotal, High Activity)

All
All
4,433,558,380

RURAL

1,832,045

Low Activity Device Population
(% of Total)
Data per device per hour,
(Mbytes)
Device Rate (Mbps)
Link Speed (Mbps)
Duty Cycle per Device
Instantaneous Number of
Transmitting 6 GHz Devices
(Subtotal, Low Activity)

8,867

275

137

2,336

306

306

5,506

Instantaneous Number of
Transmitting 6 GHz Devices
(total)

1,840,912

30,817

7,773

521, 555

34,297

17,301

1,229,169

Assuming an average RLAN device count of 10 per person, the total RLANs in operation over
India is estimated to be 14.45 billion in 2025 and the market penetration of 6 GHz capable
RLANs is assumed to be 45%. Because 6 GHz capable RLANs are expected to also operate in
the 2.4 and 5 GHz bands, and assuming spectrum loading will be even across all the
contemplated channels in the unlicensed bands, 68% of 6 GHz enabled RLANs are estimated to
be using the 6 GHz band. As shown in the following equation, the resulting number of RLANs
connected to a 6 GHz network is 4.43 billion in India:
Total 6 GHz Attached Devices = Total Population (people) x Devices per Person x Market
Penetration x (target 6 GHz Spectrum) / (total 2.4 + 5 + 6 GHz Spectrum)
(3-1)
Total 6 GHz Attached Devices = (1,445,011,620 x 10 x 0.45 x 1200/1760) = 4.43 Billion (3-2)

To estimate indoor versus outdoor deployments, we used Figure 3-1 which depicts the ratio of
indoor vs. outdoor Wi-Fi AP shipments from 2011 to 2021, including both historical actual
shipment figures for Wi-Fi APs through 2016 as well as a forecast for future years. Outdoor unit
shipments in 2021 are estimated at 0.6% of all Wi-Fi APs.
16

Figure 3-1 – Worldwide Indoor vs. Outdoor Wi-Fi Shipments. Source: Dell’Oro Group July 2017 Wireless LAN report
(thousands)
100%
99%
98%
97%

96%
Outdoor 95%
(%)
94%
Indoor
93%
(%)
92%
91%
90%

While this study considers RLANs generally, a conservative model for outdoor 6 GHz RLANs
may consider both Wi-Fi and 3GPP based technologies such as Licensed Assisted Access
(LAA). This is because many small cell deployments are expected to be outdoors. Table 3-2
depicts data from the Small Cell Forum and shows a forecast of 1.5 million outdoor small cells
deployed in 2021.13
Applying the same 45% market penetration for outdoor small cells that are LAA and 6 GHzcapable, yields figures that are slightly lower than the outdoor Wi-Fi AP market. The combined
forecast of Wi-Fi and small cell outdoor shipments is approximately 1% of total units in 2021.
Doubling this figure yields a conservative ratio for indoor vs. outdoor RLANs in all sub-markets
of 98% and 2% respectively.14
Table 3-2 - Small Cell Forum Forecast for Outdoor Small Cell Shipments (thousands)

2014

2015

2016

2017

2018

2019

2020

2021

CAGR

Indoor

176

310

794

1,080

1,901

2,946

3,420

3,239

52%

Outdoor

47

78

251

441

937

1,387

1,466

1,596

66%

Total

223

388

1,045

1,521

2,838

4,333

4,886

4,835

55%

For the peak usage analysis (busy hour), an activity level was assigned to represent the amount
of data consumed wirelessly. For this analysis, the activity on these RLANs was distributed
around two primary modes (i.e., bi-modal):

13

This data is based on a forecast made in 2018.
5G Americas and Small Cell Forum, Multi-operator and Neutral Host Small Cells: Drivers, Architectures,
Planning and Regulation, Dec. 2016, http://www.5gamericas.org/files/4914/8193/1104/SCF191_Multioperator_neutral_host_small_cells.pdf.
14
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-

“High activity” mode – Typical of RLANs in active use by a person. For this simulation
we assumed one device per person, a more conservative model than typical assumptions.

-

“Low activity” mode – Typical of RLANs making periodic or intermittent transfers of
data, such as RLANs connected to the network but not in direct use (idle), or RLANs that
make small data transfers typical of “Internet of Things” (IoT) connected devices.

To determine the worst-case time of interference into incumbent systems, busy hours for
corporate, public, and home usage were studied. The study assumed worst-case RLAN usage
during the day across India. It was assumed that on average every person in India is actively
using one RLAN during the busy hour while owning an average of nine other RLANs that were
not being actively used. As a result, the percentage of devices in the High activity mode was
assumed to be 10% and 90% were assumed to be in the Low activity mode. 15,16
For devices in the High activity mode, usage is based on video streaming applications modeled
as 2.0 Gbytes/hour (4.44 Mbps) for the home user, 1 Gbytes/hour (2.22 Mbps) for the corporate
user, and 500 Mbytes/hour (1.11 Mbps) for public (hotspot connected) users. For devices in the
Low activity mode, usage was modeled to be 1 Mbyte/hour (2.2 kbps).
As a final step in this derivation, the efficiency of high bitrate modulation techniques offered by
modern unlicensed wireless technologies is considered. It is expected that new, 6 GHz
technology will deliver an average application layer throughput rate of 1 Gbps as achieved in
current 5 GHz technology. It is also expected that this capability will be deployed for the types
of 6 GHz devices in use during the busy hour for applications like video streaming. Based on the
available over-the-air rate of the AP, the data required per device per hour and the required duty
cycle can be assigned per device as follows:
Device Duty Cycle (% of available airtime) = Data per Device per Hour (Mbytes) x (8 bits / 3600
secs) / Average Rate (Mbps)
(3-3)

For example, for the Home Market active device model
Device Duty Cycle = 2000 MBytes x (8/3600) / 1000 Mbps = 0.44 %

(3-4)

The number of instantaneously active devices included in the model over all of India is the sum
of the low and high activity mode devices for all markets (urban, rural) and environments
(corporate, public, home) as follows:
Instantaneous Transmitting Devices = Total Devices Using 6 GHz x Duty Cycle

(3-5)

Note that the device duty cycle is calculated and assigned for all RLANs in each of the above
market types and environments and for both low and high activity mode devices. Table 3-1
15

ITU document Revision 1 to 5A/TEMP/236, Sharing and compatibility studies of WAS/RLAN in the 5 150-5 250
MHz frequency range, Section 5.1.1.4.2.5, stated busy hour demographic factor was 71%, 64%, and 47% for urban
suburban, and rural populations. This simulation assumed 90%.
16
While the ITU-R Working Party 5A concludes that busy hour participation is 62.7%, this simulation uses 90%.
ITU-R, Annex 22 to Working Party 5A Chairman’s Report: Use of Aggregate RLAN Measurements from Airborne
and Terrestrial Platforms to Support Studies Under WRC-19 Agenda Item 1.16 (Nov. 16, 2017) at 3, available at
https://www.itu.int/md/R15-WP5A/new/en (ITU-R 5A/650 (Annex 22)-E).
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shows the resulting input quantities of instantaneous transmitting devices for each of these
markets and environments.
3.1.2 Population Density
Sharing analysis for this report used an estimated 2025 population density, based on the UN
World Population Prospects, to randomly distribute the active RLANs estimated in Section
3.1.117. Population density thresholds were derived over India by dividing India into 31% urban,
and 69% rural18 geo areas. These percentages were used to derive a population density threshold
that is applied to India’s population density grid database per below:
● if population density ≥ 1294.78 people/km2, it is urban;
● else, it is rural.
Above population percentages were used in the simulations to randomly distribute the number of
RLANs estimated in Section 3.1.1, in India, for sharing analysis with the existing uplink FSS and
FS services in the 6 GHz band.
For the FSS uplink simulations, RLANs in the countries outside of India are dropped assuming
they are divided into 50% urban, 27% suburban and 23% rural19 to derive the number of RLANs
dropped in each environment.
For the FSS uplink simulations, where RLANs are dropped in countries outside of India that
have a view to the satellite, the following total population in 2025 are assumed:
● Europe and Asia (but not India): 4,123,409,109
● Africa: 1,508,935,203
● Australia: 26,879,753
Using the same assumptions as in Table 3-1, except (per ECC Report 30220) assuming 50%
urban, 27% suburban and 23% rural as well as allocating all devices to the Home user type, the
number of RLAN active devices are per Table 3-3 below for each of above regions.

17

Socioeconomic Data and Applications Center, Gridded Population of the World (GPW), v4 Rev 11, NASA,
http://sedac.ciesin.columbia.edu/data/collection/gpw-v4/maps/gallery/search?facets=theme:population (last visited
August 16, 2021).
18
Census of India 2011
19
Per ECC Report 302
20
ECC Report 302, page 25

19

Table 3-3 - RLAN Active Device Distribution in Europe and Asia (but not India), Africa, and Australia

Region

Total

Urban

Suburban Rural

Europe & Asia
(but not India)

5,648,134

2,824,067

1,524,996

1,299,071

Africa

2,066,899

1,033,449

558,063

475,387

Australia

36,819

18,410

9,941

8,468

3.2 RLAN Operating Assumptions
To perform a thorough simulation of RLAN sharing of the 6 GHz band, reasonable statistical
operating assumptions were developed to account for the myriad possibilities of RLAN use
given the deployment models in Section 3.1. As described in that section, we are considering
urban, suburban and rural environments21 with corporate, public, and home submarkets. Within
each of these nine submarkets, key operating parameters that affect the received interference
level include RLAN source EIRP, bandwidth and channel usage, and installed height. Because
these operating parameters can vary statistically, distributions are derived for use in the
simulations.
3.2.1 Distribution of Source LPI and Standard Power with AFC RLAN Power Levels
To develop the statistical LPI and Standard Power with AFC RLAN source power, or EIRP, we
looked at typical use cases, RLAN peak power, and busy hour usage weights for LPI and
Standard Power with AFC RLANs (referred to “RLANs” in this section). Since RLAN locations
and antenna orientations tend to be random and RLANs generally have a wide range of available
output power and operating characteristics, randomization of the RLAN source EIRP values is a
valid approach for the broad statistical analysis of this report.
As stated in Section 3.1, both indoor and outdoor RLAN installations were randomized based on
population density and therefore can be installed anywhere relative to a victim receiving
location. In each installation, the orientation of the RLAN antenna is in general not fixed.
Therefore, in the analysis we assumed an equal weight assigned to all values in the E-plane
pattern. Outdoor RLAN antennas most likely will be oriented such that the omnidirectional
pattern is horizontal with respect to the ground at the installation site and, as shown in Figures 35 through 3-7, will be designed to limit maximum EIRP to 1 Watt above 30o in elevation (9 dB
higher than currently allowed in U-NII-1 rules). Even though indoor RLAN antennas have
similar elevation patterns (E-plane) as outdoor RLANs, an isotropic radiating pattern for all
indoor RLANs was used in the simulations to define a worst-case scenario.
Given these basic assumptions, the expected RLAN EIRP levels can be represented by a
distribution. The distributions are derived from a weighted sum of the RLAN antenna patterns
for the following seven typical submarkets described in Section 3.1.1.

21

Indoor Enterprise AP, Indoor Consumer AP, and Indoor High-Performance AP

Except for India, where only urban and rural environments are considered.
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Indoor/Outdoor Client



Outdoor High-Power AP, Outdoor Low Power AP

Table 3-4 provides the peak power of these use cases in the elevation patterns (E-plane) depicted
in Figures 3-2 through 3-7. For this analysis, the horizontal patterns (H-plane) were assumed to
be omnidirectional.
Table 3-4 – Peak Power (EIRP) of Typical LPI and Standard Power with AFC RLAN Use Cases

Conducted
Power (dBm)
Peak Antenna
Gain (dBi)
MIMO Gain
(dB)
Total Peak
EIRP (dBm)

Indoor
Enterprise
AP

Indoor
Consumer
AP
Figure 3-3

Indoor
High
Performance
Gaming Router
Figure 3-4

Figure 3-2
13.5

12.5

4.1

Indoor/
Outdoor
Client

Outdoor
High Power
AP

Outdoor
Low Power
AP

Figure 3-5

Figure 3-6

Figure 3-7

24

12

27

14

5.3

5.3

3.5

5.3

5.3

6.0

6.0

6.0

3.0

3.0

4.8

23.6

23.8

35.3

18.5

35.3

24.1
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Indoor Enterprise Access Point EIRP
Probability based on E-Plane
Directivity
36 dBm ≤ 30 dBm
0.00%
< 30 dBm ≤ 24 dBm
0.00%
40.17%
< 24 dBm ≤ 20 dBm
< 20 dBm ≤ 17 dBm
34.07%
< 17 dBm ≤ 11 dBm
22.16%
< 11 dBm ≤ 0 dBm
3.32%
< 0 dBm
0.28%
Total
100.00%

Figure 3-2 - Indoor Enterprise Access Point, Typical
Pattern (EIRP)

Indoor Consumer Access Point EIRP
Probability based on E-Plane
Directivity
36 dBm ≤ 30 dBm
0.00%
0.00%
< 30 dBm ≤ 24 dBm
< 24 dBm ≤ 20 dBm
11.19%
< 20 dBm ≤ 17 dBm
4.16%
< 17 dBm ≤ 11 dBm
16.90%
< 11 dBm ≤ 0 dBm
58.73%
< 0 dBm
8.31%
Total
100.00%

Figure 3-3 – Indoor Consumer Access Point, Typical
Pattern (EIRP)
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Indoor High-Performance Gaming
Router Access Point EIRP
Probability based on E-Plane
Directivity
36 dBm ≤ 30 dBm
14.13%
8.86%
< 30 dBm ≤ 24 dBm
< 24 dBm ≤ 20 dBm
30.19%
< 20 dBm ≤ 17 dBm
21.33%
< 17 dBm ≤ 11 dBm
17.45%
< 11 dBm ≤ 0 dBm
7.20%
< 0 dBm
0.83%
Total
100.00%

Figure 3-4 - Indoor High-Performance Gaming Router,
Typical Pattern (EIRP)

Indoor and Outdoor Client EIRP
Probability based on E-Plane
Directivity
36 dBm ≤ 30 dBm 0.00%
0.00%
< 30 dBm ≤ 24 dBm
< 24 dBm ≤ 20 dBm
0.00%
< 20 dBm ≤ 17 dBm
6.93%
< 17 dBm ≤ 11 dBm
45.71%
< 11 dBm ≤ 0 dBm
47.37%
< 0 dBm
0.00%
Total
100.00%

Figure 3-5 - Indoor and Outdoor Client, Typical Pattern
(EIRP)
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Outdoor High-Power Access Point
EIRP
Probability based on E-Plane
Directivity
36 dBm ≤ 30 dBm
14.13%
8.86%
< 30 dBm ≤ 24 dBm
< 24 dBm ≤ 20 dBm
30.19%
< 20 dBm ≤ 17 dBm
21.05%
< 17 dBm ≤ 11 dBm
17.73%
< 11 dBm ≤ 0 dBm
7.20%
< 0 dBm
0.83%
Total
100.00%

Figure 3-6 - Outdoor High-Power Access Point, Typical
Pattern (EIRP)

Outdoor Low Power Access Point
EIRP Probability based on E-Plane
Directivity
36 dBm ≤ 30 dBm
0.00%
0.83%
< 30 dBm ≤ 24 dBm
< 24 dBm ≤ 20 dBm
11.36%
< 20 dBm ≤ 17 dBm
4.43%
< 17 dBm ≤ 11 dBm
19.11%
< 11 dBm ≤ 0 dBm
56.23%
< 0 dBm
8.03%
Total
100.00%

Figure 3-7 - Outdoor Low-Power Access Point, Typical
Pattern (EIRP)
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The mix of indoor and outdoor RLANs is conservatively estimated at 98% and 2%, respectively
(Section 3.1.1). Table 3-5 provides busy hour weights for indoor use cases. Note that device weights
correspond to a 1:1 ratio of downlink to uplink traffic for corporate and public users, and a 2.3:1 ratio
for home users.
Table 3-5 - Busy Hour Weights Assigned to Use Cases, Indoor Environments (by submarket)

User Type
Corp.

Client
Enterprise AIP

Consumer AP
High-Perform a.nee
Gaming Router
l 1 'otaJ no.ctoorl

50%,
50 1 1/o
0%
0%

10,0,

URBAN
Public

Home

SO%
S0'%i
0%

25%

0%

]00

0%
70%
5%

100

I
I
I
I
I

I

I

Corp.

SUBURBAN

50 4 !/o

SO%

50 4 !/o
(11,lfi

Public-

I

so 1x,
0%

0%

0%

100

100

Home

Corp;

25%.,

SOC¾,

0 4 1/o

70%

I

5%

100

SOL¼,
0%
0%

100

RURAL
Public

50%
50%
0%

Home
25,%
(lllfi

70'l¼i

0%

5%

100,

100

Since outdoor RLAN usage is not expected to vary significantly by submarkets, all use cases were
assigned the same weights in all submarkets (Table 3-6) and, for all outdoor scenarios, a 1:1 ratio of
downlink to uplink traffic was used.
The combination of the use case busy hour weights of Tables 3-5 and 3-6, with the E-plane patterns
shown in Figures 3-2 through 3-7, results in a power distribution for the source RLANs as shown in
Table 3-7 and Table 3-8 for LPI and Standard Power indoor RLANs respectively and Table 3-9 for
Standard Power outdoor RLANs. This results in weighted average EIRPs for LPI and Standard Power
indoor RLANs of 17.11 dBm and 22.42 dBm respectively, outdoor RLANs of 22.73 dBm, and
combined indoor/outdoor of 17.55 dBm are used in the simulations. It is noted that although these
weighted average EIRP values were independently derived by the methods described above, the
resulting values are consistent and slightly conservative compared to EIRP values used for previous
RLAN sharing studies.22,23,24
Table 3-6 - Busy Hour Weights Assigned to Use Cases, Outdoor Environment (all sub-markets)

URBAN

SUBURBAN

RURAL

Outdoor High-Power AP (Figure 3-8)

20%

20%

20%

Outdoor Low Power AP (Figure 3-9)

30%

30%

30%

Outdoor Client (Figure 3-7)

50%

50%

50%

Total (Indoor)

100%

100%

100%

The distributions in Tables 3-7 to 3-9 represent the probability of the specified EIRP occurring in any
random direction from an active RLAN. For the purposes of simulation, the continuous values in
between each breakpoint shown in the tables are represented as the maximum value. For example, the
22

ITU document Revision 1 to 5A/TEMP/236, Sharing and compatibility studies of WAS/RLAN in the 5150-5250 MHz
frequency range, Section 5.1.1.4.2.1, average EIRP is 18.9 dBm for indoor RLANs, 21.2 dBm for outdoor RLANs, and 19
dBm for indoor and outdoor.
23
ITU document Revision 1 to 5A/TEMP/236, Sharing and compatibility studies of WAS/RLAN in the 5150-5250 MHz
frequency range, Appendix 2, Section 5.1.4.2.1, states average power used in the analysis was 19 dB with average.
24
The ITU-R concludes that a mean EIRP of 19 dBm should be used for 5 GHz RLAN studies. ITU-R 5A/650 (Annex
22)-E at 3.

25

probability of a 250 mW EIRP from Table 3-7 for LPI RLANs of 8.69% is inclusive of all continuous
EIRP probabilities greater than 100 mW, up to and including 250 mW, and were then included in the
simulation as 250 mW sources with an 8.69% probability of occurrence. Finally, for Indoor RLANs,
EIRP values were limited to a ceiling of 1W. Because the distributions of Tables 3-7 to 3-9 already
assume the RLAN antenna orientation to the victim receive locations are random, no further
adjustment is provided in the analysis for directivity effects of the RLAN sources. This is equivalent to
stating that the above EIRP values are treated isotropically (radiate equally in all directions) once
seeded into the model for a given source location.
EIRP values above 1W up to and including 4W are limited (truncated) to 1W at elevation angles above
30° for outdoor RLANs as described above.
Table 3-7 - LPI Source EIRP Distribution (mW)

Weighted EIRP Distribution (mW)
Indoor Use Case

Weight

1000

250

100

50

13

1

Total

Client

26.66%

0.00%

0.00%

1.19%

11.82%

13.65%

0.00%

26.66%

Consumer AP

73.34%

0.60%

8.69%

3.03%

12.24%

42.73%

6.06%

73.35%

Sub-Total

100.00%

0.60%

8.69%

4.22%

24.06%

56.38%

6.06%

100.00%

Table 3-8 - Standard Power with AFC Indoor Source EIRP Distribution (mW)

Weighted EIRP Distribution (mW)
Indoor Use Case

Weight

1000

250

100

50

13

1

Total

Client

23.42%

0.00%

0.00%

7.85%

14.22%

1.35%

0.00%

23.42%

Enterprise AP
High-Performance Gaming
Router
Sub-Total

27.48%

0.00%

10.86%

9.48%

6.25%

0.79%

0.10%

27.48%

49.10%

6.03%

16.66%

12.01%

9.98%

3.97%

0.45%

49.10%

100.00%

6.03%

27.52%

29.34%

30.45%

6.11%

0.55%

100.00%

The weights shown in Table 3-6, that applies to LPI and Standard-Power Indoor devices, were
obtained by combining the use cases of Table 3-5 with the active device populations shown in Table 31. For example, the indoor client weight of 26.32% is obtained as the weighted sum of the active
devices inclusive of all submarkets as derived in the equation below.
Indoor Client Weight = {Table 3-5 [Urban (Corporate, Public, Home)] x Table 3-1 Device Population
[Urban (Corporate, Public, Home)] + Table 3-5 [Suburban (Corporate, Public, Home)] x Table 3-1
Device Population [Suburban (Corporate, Public, Home)] + Table 3-5 [Rural (Corporate, Public,
Home)] x Table 3-1 Device Population [Rural (Corporate, Public, Home)]} / {Table 3-1 [Total Active
Devices]}
(3-6)

The weights shown in Table 3-9, that applies to Outdoor Standard-Power devices, are the same as
Table 3-6 for all outdoor devices because there is no variation assumed in the proportion of active
devices for each use case across the sub-markets.
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Table 3-9 – Outdoor Standard Power with AFC RLAN Source EIRP Distribution (mW)

Weighted EIRP Distribution (mW)
Outdoor Use
Case
High Power AP
Low Power AP
Client
Sub-Total

Weight

4000

1000

250

100

50

13

1

20%

2.83%

1.77%

6.04%

4.21%

3.55%

1.44%

0.17%

30%

0.00%

0.25%

3.41%

1.33%

5.73%

16.87%

2.41%

Total
20.00%
30.00%

50%

0.00%

0.00%

0.00%

3.46%

22.85%

23.68%

0.00%

50.00%

100.00%

2.83%

2.02%

9.45%

9.00%

32.13%

41.99%

2.58%

100%

For the FSS simulation, interference results are presented as the aggregate interference from a
deployment of all RLAN device types.
For the FS simulation, interference results are presented as the aggregate interference from a
deployment of all non-AFC RLAN device types (i.e., LPI and VLP devices) since the Standard Power
(indoor/outdoor) devices are coordinated with the FS via AFC.
3.2.2

Body Loss for LPI and Standard Power with AFC Indoor and Outdoor devices

RF signal attenuation that is caused by the human body is typically taken into account in sharing
studies with mobile client devices. A fixed body loss value of 4 dB is applied when the modelled LPI
or Standard Power with AFC RLAN device is a client, while body loss is assumed to be non-existent
for Access Point devices. The percentage of client devices is given as 26.32% and 50% for indoor and
outdoor deployments, respectively, in Section 3.2.1. Hence, the following methodology25 is applied in
the Monte-Carlo simulations for LPI and indoor and outdoor Standard Power with AFC devices:
a) For indoor devices, apply 4 dB additional loss for 26.32% of the devices (clients)
b) For outdoor devices, apply 4 dB additional loss for 50% of the devices (clients)
3.2.3

Distribution of Source VLP Power Levels including Body Loss

For VLP devices where the body interacts with the device (because the device is closer to the body),
for higher accuracy, the full distribution of body loss is used. Antenna gain measurements were made
in proximity of the human body considering various use case device positioning, static vs. dynamic
conditions, device orientations, and the physical characteristics of the human body. The comprehensive
on-body over-the-air measurements and analysis of the associated body loss distributions applicable to
the indoor and outdoor VLP device are described in the Wireless Research Center of North Carolina
study attached to the RLAN Group Comments, and shown in Figure 3-8.26 In the Monte-Carlo
simulations, antenna gain values (GFarField in Eqn. 5-1 and Eqn. 5-2) are selected randomly from the

25

per ECC Report 302, Section 5.6
Wireless Research Center of North Carolina, On-Body Channel Model and Interference Estimation at 5.9 GHz to 7.1
GHz Band at Fig. 26 (June 2020).
26

27

distribution in Figure 3-8 and added to a fixed value of 14 dBm to get the net EIRP level that includes
antenna mismatch and body loss for indoor and outdoor VLP devices.

Figure 3-8 – Probability of VLP device far-field gain > x-axis: measurements versus simulated distribution

3.2.4 Bandwidth and Channel Distribution
RLANs modeled in this report are assumed to operate in 20 MHz, 40 MHz, 80 MHz, and 160 MHz
bandwidth channels. To determine the number of channels, and how those channels may overlap with
FSS and FS receivers, the following channel plan outlined in Figure 3-9 was assumed27.

Figure 3-9 -Assumed RLAN Channel Plan

The bandwidth distribution in Table 3-10 is based on the assumption that RLAN systems will operate
with larger channel sizes to maximize airtime efficiency, resulting in lower latency, higher throughput,
and improved battery life.
Table 3-10 – RLAN Channel Distribution

Bandwidth
Percentage
27

20 MHz
10%

40 MHz
10%

80 MHz
50%

160 MHz
30%

Note that the 20-MHz channel from 5925-5945 MHz (channel index 2) was not included in the model.
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3.2.5 Distribution of RLAN heights
Outdoor VLP devices are worn on mobile users, and a large majority of these use cases are with the
VLP device below 1.5 m.
To assign an RLAN transmit source height to the remaining RLAN classes (i.e., LPI, indoor VLPs and
indoor/outdoor Standard Power with AFC devices - here-in after referred to “RLANs” in this section),
a height distribution was separately prepared for the urban, suburban and rural indoor environments.
In addition, a common outdoor height distribution was used for all environments. The starting point of
the height distribution is the building construction type probability for each environment, shown in
Table 3-11. 28
Within multi-story buildings, the distribution of RLANs is assumed to have an equal probability of
occurring on any floor up to ten stories. A height of ten stories was selected as the maximum because
the probability of RLANs on higher floors diminishes significantly even when taller buildings are
considered. Stated differently, studying taller buildings does not impact the analysis in any significant
way. This is due to the assumed equal spreading of RLANs on all floors of a tall building, which
results in the combined distribution being heavily weighted toward lower floors.
Table 3-11 - Building Construction Type Probability by Environment

Urban Indoor
Building
Story

Suburban Indoor

Rural Indoor

Outdoor

Height
(m)

Corp

Public

Home

Corp

Public

Home

Corp

Public

Home

1

1.5

69.0%

69.0%

60.0%

69.0%

69.0%

60.0%

70%

70%

70%

95%

2

4.5

21.0%

21.0%

30.0%

21.0%

21.0%

30.0%

25%

25%

25%

2%

3

7.5

7.0%

7.0%

7.0%

7.0%

7.0%

5%

5%

5%

5%

2%

4

10.5

0.7%

0.7%

0.7%

0.7%

0.7%

5%

0%

0%

0%

0.5%

5

13.5

0.58%

0.6%

0.6%

0.58%

0.6%

0%

0%

0%

0%

0%

6

16.5

0.50%

0.5%

0.5%

0.50%

0.5%

0%

0%

0%

0%

0%

7

19.5

0.43%

0.4%

0.4%

0.43%

0.4%

0%

0%

0%

0%

0%

8

22.5

0.35%

0.4%

0.4%

0.35%

0.4%

0%

0%

0%

0%

0%

9

25.5

0.28%

0.3%

0.3%

0.28%

0.3%

0%

0%

0%

0%

0%

10

28.5

0.2%

0.2%

0.2%

0.2%

0.2%

0%

0%

0%

0%

0.5%

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

Total
28

U.S. Energy Info. Admin., 2012 Commercial Buildings Energy Consumption Survey: Building Questionnaire - Form
EIA-871A, https://www.eia.gov/consumption/commercial/data/2012/pdf/questionnaire.pdf; NAHB, The Number of Stores
in Single-Family Homes Varies Across the Country, Aug. 5, 2016, http://eyeonhousing.org/2016/08/the-number-of-storiesin-single-family-homes-varies-across-the-country/.
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For example, the 28.5m height assumed for RLANs on the 10th floor of a ten-story building comprises
only 0.02% of all RLANs in the Urban environment. It is noted that the inclusion of the 10-story
building in the analysis, while placing 0.02% of RLANs at this height, increases the probability of
RLANs at heights on floors one through nine by 10% of the ten-story building type probability. For
example, the likelihood that an RLAN will be on the first floor in an urban environment is the sum as
follows:
RLAN on 1st Floor Probability = 1 Story Building Probability + 2 Story Building Probability/2 Floors
… +10 Story Building Probability/10 Floors
(3-7)

As such, including buildings of taller heights provides limited additional insight into the question of
aggregated RLAN interference because each additional building height of n stories that is included
provides only a 1/n contribution to the distribution of RLANs at that height, while the rest are
distributed as 1/n to each of the lower floors.
Using the above-described method based on the building construction type probability and equal
assignment of RLANs to each floor of a multi-story building results in the distribution of source
heights shown in Table 3-12.
Table 3-12 - RLAN Source Height Distributions

Urban Indoor
Building
Story

Suburban Indoor

Rural Indoor

Outdoor

Height
(m)

Corp

Public

Home

Corp

Public

Home

Corp

Public

Home

1

1.5

82.35%

82.35%

77.85%

82.35%

82.35%

77.92%

84.17%

84.17%

84.17%

95.00%

2

4.5

13.35%

13.35%

17.85%

13.35%

13.35%

17.92%

14.17%

14.17%

14.17%

2.00%

3

7.5

2.85%

2.85%

2.85%

2.85%

2.85%

2.92%

1.67%

1.67%

1.67%

2.00%

4

10.5

0.52%

0.52%

0.52%

0.52%

0.52%

1.25%

0.00%

0.00%

0.00%

0.50%

5

13.5

0.36%

0.36%

0.36%

0.36%

0.36%

0.00%

0.00%

0.00%

0.00%

0.00%

6

16.5

0.24%

0.24%

0.24%

0.24%

0.24%

0.00%

0.00%

0.00%

0.00%

0.00%

7

19.5

0.16%

0.16%

0.16%

0.16%

0.16%

0.00%

0.00%

0.00%

0.00%

0.00%

8

22.5

0.09%

0.09%

0.09%

0.09%

0.09%

0.00%

0.00%

0.00%

0.00%

0.00%

9

25.5

0.05%

0.05%

0.05%

0.05%

0.05%

0.00%

0.00%

0.00%

0.00%

0.00%

10

28.5

0.02%

0.02%

0.02%

0.02%

0.02%

0.00%

0.00%

0.00%

0.00%

0.50%

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

Total
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4

Propagation Models

The interference paths from a large deployment of RLANs to other services will vary considerably
with terrain, local ground clutter, and the location of the RLAN installation (e.g., indoor or outdoor,
building heights, building type, density of buildings, etc.). Interference estimates therefore require
statistical propagation models that can account for this large variability and random nature of some of
the propagation effects.
Section 4.1 describes propagation models used by RKF to calculate path loss for RLAN interference to
the FSS. Section 4.2 describes propagation models used to calculate path loss for RLAN interference
to terrestrial services.

4.1

RLAN to FSS Propagation Models (Earth to Space)

Figure 4-1 shows possible interference paths from terrestrial sources to satellites on the
geosynchronous (GEO) arc. Paths from indoor devices will experience penetration losses through
buildings. Some paths will then interact with terrain, while others will suffer from local end-point
clutter (e.g., buildings), and still others will have line-of-site (LOS) visibility to the GEO arc.

Figure 4-1 - Typical Interference Paths toward the GEO Arc

Figure 4-1 Key
Indoor RLAN
Outdoor RLAN
LOS Path
Paths that interact with terrain and/or
suffer from end-point-clutter

Paths from indoor RLANs to terrestrial systems experience penetration loss calculated using
Recommendation ITU-R P.2109 (P.2109) as the path exits a building. P.2109 is a heuristic model
based on many measurements with users located randomly within a building. It considers the elevation
angle of the signal leaving the building to the affected receiver. Two types of buildings are defined:
traditional and thermally efficient. Penetration losses through thermally efficient buildings are higher
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than traditional buildings. The models conservatively assume 80% of buildings are traditional and 20%
of buildings are thermally efficient.29
Local end-point clutter is added using Recommendation ITU-R P.2108 (P.2108), Section 3.3 (for
Earth-space paths). This is a statistical clutter model for urban and suburban areas. It accounts for the
elevation angles from the transmitters to the satellites. According to guidance from ITU-R Study
Group 3, the model is currently used only for frequencies above 10 GHz.30 This is because building
penetration is not taken into account. However, it is reasonable to assume that at 6 GHz, buildings will
be mostly opaque (i.e., large losses will occur transmitting through buildings). This is verified using
P.2109 for indoor users, where average penetration loss through traditional buildings at 6 GHz and at
an elevation angle of 30° is about 20 dB.
To estimate rural clutter loss, Recommendation ITU-R P.452 (P.452) was used with RLANs deployed
predominately in village centers. P.452 assumes that in village centers clutter height is 5m and the
distance to the clutter is 0.07 km which equals an angle of 2.86o. Therefore, in the simulations, when
the rural RLAN height is 1.5m, a clutter loss of 18.4 dB was added when the look angle to the FSS
receiver was ≤ 2.86o. When rural RLAN heights are above 1.5m, the clutter loss is assumed to be
negligible and is not calculated.
For LOS paths, the radio horizon is defined using 4/3 earth assumptions. Free space path loss is used
when there is no blockage from the transmitter to the satellite. Conservatively, atmospheric loss, which
is small, was ignored in this calculation.

4.2

RLAN to Terrestrial FS Propagation Models

Possible interference paths from RLANs to terrestrial FS systems are similar to those described in
Section 4.1 for paths from terrestrial systems to satellites on the GEO arc, with the addition of a terrain
model (as described below). Like Section 4.1, paths from indoor RLANs to terrestrial systems
experience penetration loss calculated using P.2109 as the path exits a building.
The terrestrial propagation model P.452, along with the Shuttle Radar Topography Model (SRTM) (3
arcsec) terrain database, is used to model terrain interactions. P.452 is a physics-based model that
includes diffraction theory over terrain (using the SRTM terrain elevation data) to calculate the path
loss.
The analyses use propagation models adopted per the FCC’s 6 GHz Report & Order.31 As a function of
the separation distance between the RLAN and victim receiver. The models adopted by the FCC are as
follows:
● “[F]or separation distances of 30 meters or less, the free space pathloss model is the appropriate
model.”32
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Note that in the US, the 6 GHz Report and Order used 70% traditional and 30% thermally-efficient.
5A/337-E, 3 April 2017, Working Parties 3K and 3M, LIAISON STATEMENT TO WORKING PARTY 5A,
PROPAGATION MODELS FOR COMPATIBILITY STUDIES REGARDING WRC-19 AGENDA ITEM 1.16.
31
6 GHz Report and Order.
32
Id. ¶ 64.
30

32

● “Beyond 30 meters and up to one kilometer from an unlicensed device to a microwave receiver,
we find that the most appropriate propagation model is the Wireless World Initiative New
Radio phase II (WINNER II).”33
● “For separation distances greater than one kilometer . . . the Irregular Terrain Model combined
with a clutter model depending on the environment is the most appropriate model.”34
Note that for distances above 1 km, P.452 is used in place of the Irregular Terrain Model to be
consistent with ITU recommendations.
These models are summarized in Table 4-1 below:
Table 4-1 - Summary of Propagation Model

Distance (Slant Range) from RLAN to Victim
Receiver
Up to 30 meters
30 meters to 1 km

Above 1 km

Propagation Model
Free Space Path Loss (FSPL)
Combined LOS/NLOS Winner II
● Urban RLAN: Winner II Scenario C2
● Suburban RLAN: Winner II Scenario C1
● Rural RLAN: Winner II Scenario D1
P.452 + Clutter model
Clutter model
● Urban/Suburban RLAN: ITU-R Rec. P.21080 (Section 3.2.2)
● Rural RLAN: ITU-R Rec. P.452 Village
Center Clutter

The combined median path loss model is computed using Eqn. 4-1 for distances between 30 m and 1
km.
PLCWII (dB) = PLLOS (dB) x ProbLOS + PLNLOS (dB) x {1-ProbLOS}

(4-1)

where,
● PLLOS and PLNLOS are the Line-of-Sight (LOS) and NLOS Path Losses per Table 4-4 in
WINNER II Report35
● ProbLOS is the LOS Probability per Table 4-7 in WINNER II Report
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See id. ¶ 66 (referencing the urban, suburban, and rural WINNER II channel models as C2, C1, and D1, respectively).
See also WINNER & Information Society Technologies, WINNER II Channel Models Part 1, Table 2-1 Propagation
scenarios specified in WINNER and Table 4-4 Summary table of the path-loss models,
https://www.cept.org/files/8339/winner2%20-%20final%20report.pdf (“WINNER II Channel Models”).
34
See 6 GHz Report and Order ¶ 68 (referencing the Irregular Terrain Model Guide). See also G.A. Hufford et al., A
Guide to the Use of the ITS Irregular Terrain Model in the Area Prediction Mode, NTIA Report 82-100 (1982),
https://www.ntia.doc.gov/files/ntia/publications/ntia_82-100_20121129145031_555510.pdf.
35
See WINNER II Channel Models.
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In addition to the combined median path loss term, the Winner II LOS and NLOS Path Loss
components include a random lognormal shadowing term that is included in the simulations.
For distances above 1 km, P.452 with the SRTM 3-arc-seconds Terrain Database is used. The P.452
village center clutter loss of 18.4 dB is used for the 1.5m RLAN device when the following conditions
are met:
● RLAN elevation angle towards the victim FS receiver ≤ 2.86° (corresponding to an RLAN
deployed at an average distance from a village building of average height); and,
● RLAN distance to victim receiver ≥ 0.7 km.
Note that for the propagation models that are geo-area specific (urban, suburban and rural) – for
example, WINNER II, P.2108 or whether to apply P.452 Clutter loss – the following population
density thresholds36 at the RLAN location are used to determine which propagation models to use:
● if population density ≥ 513 people/km2, the urban propagation models are used;
● if population density is < 513 and ≥ 227 people/km2, the suburban propagation models are
used; and,
● if population density is < 227, the rural propagation models are used.
These were used instead of the population density of 1294.78 people/km2 derived based on 31% urban,
69% rural split in India (per Section 3.1,2) as that results in an inaccurate application of those
propagation models.

36

These population density thresholds were used in the US and Mexico studies where they correlated well with the
corresponding propagation models.
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5

Sharing Results

5.1 FSS Uplink Sharing
This section reports the results of an aggregate I/N calculation into two satellite uplink beams using the
RLAN deployment per Section 3.1.1. The two uplink beams are designed from publicly available
satellite data and have the characteristics in Table 5-1. These beams were designed to find the
maximum uplink interference at the satellite. The spot beam over India has a high G/T centered over
large population centers with a high density of RLANs. The regional beam has a lower G/T, but it has
a bigger cover area seeing a larger number of deployed RLANs.
In the absence of G/T levels and tabulated G/T contours for the FSS uplink beams in India, the
following assumptions were made:
● The spot beam is shown in Figure 5-2. The boresight is at the center of India and has a peak
gain of 27.75 dBi. The beam contour is defined by a minimum gain of 23 dBi based on the
design link budget (including 3 dB of margin). The peak G/T of the beam is 1.73 dB/K
assuming a satellite system noise temperature of 400 K.37
● The regional beam is shown in Figure 5-4. The satellite beam coverage was designed after
Intelsat-39 located at 62° East. The large coverage area includes India, Africa, most of Asia and
Europe and part of Australia. This beam has a peak gain of 22.54 dBi and a peak G/T of -3.48
dB/K.
The satellite channel plan (Figure 5-1) has transponders separated by 40 MHz using 36 MHz channels
on two polarizations. For each beam, 10 independent simulations were performed. In each simulation,
RLANs are randomly deployed and the aggregate interference at the satellite is determined. Details of
these simulations are discussed in the next section. Table 5-1 gives the worst I/N value found for each
beam across all channels. The table shows that, in all cases, the I/N is lower than the absolute value of
-26.82 dB.
Table 5-1 - Summary worst-case I/N into FSS uplink

Type of Beam

Satellite
Longitude

Satellite Peak
G/T (dB/K)

Populations included in
calculation

Worst aggregate
I/N (dB)

Spot Beam

78.5° East

1.73

India, remainder of Asia,
Europe, Africa, and Australia

-26.82

Regional Beam

62° East

-3.48

India, remainder of Asia,
Europe, Africa, and Australia

-29.69
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Per LS from ITU-R WP4A to WP5D, WP5D/0734 (https://www.itu.int/md/R19-WP5D-C-0734/en), satellite system
noise temperature ranges from 400 K to 900 K. Lower system noise temperature results in higher sensitivity to interference,
and as such the minimum value of 400 K was chosen in this analysis.
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5.1.1 FSS Simulation Methodology
The various probability distributions in Section 3 are used to generate the random RLAN deployments
used in the Monte Carlo simulations for calculating the aggregate interference into the FSS satellite
receiver.
The basic structure of the simulation is as follows:
1. Data setup:
a. Define the simulation region and create a database of population density at points within the
simulation region;
b. Transform population data over the simulation region into an active RLAN device
population probability distribution over the simulation region;
c. Specify the orbital slot of the FSS satellite receiver and the G/T values over the simulation
region; and,
d. Specify the list of FSS satellite channels to simulate.
2. Monte-Carlo iterations:
a. Generate a random layout of RLANs using the device population probability distribution;
b. Generate a random transmit EIRP, height, body loss, RLAN channel, clutter loss and
building entry loss values between each RLAN and FSS satellite receiver in accordance
with the RLAN distributions in Section 3.2 and propagation modelling set out in Section 4;
c. Compute the aggregate interference from all co-channel RLANs into the FSS satellite
receiver for each of the simulated FSS channels.
3. Iterate:
a. Repeat Step 2 for the total specified number of iterations;
b. Record I/N values for each FSS channel on each iteration and write results to a file.
4. Average the recorded aggregate I/N values (over the performed iterations) to create a plot of
average I/N versus FSS channel number.
Steps 1 and 2 above are further elaborated below.
Step 1: Data Setup
A population matrix file is created. Each row/line of the matrix contains a Longitude (LON)/Latitude
(LAT) coordinate and the population density at that location. Furthermore, there is a region ID that
specifies if the point is in India, Europe-Asia (but not India), Africa, or Australia. The matrix
resolution is 30 arcseconds for both LON and LAT coordinates.
Note that the collection of all points in the population density file defines the simulation region and the
simulation region is, in general, not rectangular. Grid points that are in the ocean or other locations that
are not part of the simulation are omitted from the population density file. Each grid point is classified
as being URBAN, SUBURBAN or RURAL depending on the population density value for the grid
point and threshold values that are inputs to the simulation.
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The population density file is used to produce the active RLAN device population probability
distribution over the simulation region. The first step is to convert population density values into
population values for each grid point by multiplying the population density by the area of the 30 arcsec
x 30 arcsec region centered at the grid point. These population values are then summed for each of the
regions India, Europe-Asia (but not India), Africa, and Australia.
Let PI, PE, PA and PS be the populations of India, Europe-Asia (but not India), Africa, and Australia
respectively. Let NI, NE, NA, and NS be the number of active RLAN devices in each region
respectively. These values are inputs to the simulation.
For each grid point, the population value is converted to the average active RLAN device count by
multiplying by (NI/PI), (NE/PE), (NA/PA), or (NS/PS) depending on whether the grid point is in India,
Europe-Asia (but not India), Africa, or Australia. This is then converted into a large discrete
probability distribution function where each grid point is assigned a probability equal to the average
RLAN device count at that grid point divided by the total active RLAN device count. A random RLAN
position is generated by generating a random grid point using this discrete probability distribution, then
selecting a location uniformly distributed over the 30 arcsec x 30 arcsec region centered at the grid
point.
The satellite G/T over the simulation region is specified as a lookup table where G/T for each
LON/LAT is specified.
The list of FSS channels simulated is specified by the channel bandwidth, center-to-center channel
spacing, start center frequency and number of channels simulated. Figure 5-1 shows the nominal FSS
transponder plan between 5925 to 6425 MHz. Each transponder has a bandwidth of 36 MHz and is
spaced 40 MHz apart. Over this 500 MHz band there are 24 transponders, 12 in each polarization. The
channel center frequencies for each polarization are staggered by 20 MHz. The start frequency is 5927
MHz.

Figure 5-1 - Representative FSS Transponder Frequency Plan (fc, Separation=40MHz per polarization (Pol))

Step 2: Monte Carlo Iterations
For each iteration of the simulation, a random layout of active RLAN devices is generated one RLAN
at a time. Each RLAN device is assigned a random longitude/latitude position generated using the
device population probability distribution described above. Each RLAN device is assigned a random
height, EIRP, body loss, and building type using discrete probability distributions according to Section
3.2. Building type designations are outdoor (meaning no building attenuation), indoor-traditional or
thermally efficient (respecting a 20% thermally efficient/ 80% traditional balance). Each RLAN is
assigned a random bandwidth using a discrete probability distribution as in Table 3-10 and a random
37

center frequency as in Figure 3-9. The center frequency is generated by considering all possible center
frequencies for the selected bandwidth and using a uniform distribution.
For each RLAN, a 4/3 earth model is used to determine whether the satellite is in view or over the
horizon. RLANs for which the satellite is not in view are considered blocked and ignored in the
interference calculation.
For each FSS channel in the simulation, interference from all RLANs for which the satellite is in view
is computed and aggregated. The RLAN bandwidth and center frequency along with the FSS channel
bandwidth and center frequency are used to compute the fraction of the RLAN bandwidth that overlaps
with the FSS channel. If there is no overlap, the RLAN contributes no interference to the FSS channel.
In addition, a random body loss is generated using discrete probability distributions described in
Sections 3.2.2 and 3.2.3.
A random building entry loss is computed using Recommendation ITU-R P.2109-0 using the building
type and elevation angle from the RLAN to the FSS satellite receiver orbital slot. Note that for outdoor
RLANs the building entry loss is 0 dB. Random path clutter values are generated per Recommendation
ITU-R P.2108 for urban and suburban RLANs and per Recommendation ITU-R P.452 for rural
RLANs (as described in Section 4).
The path loss is computed using Free Space Path Loss (FSPL), per Recommendation ITU-R P.619-3,
from the RLAN position to the FSS satellite orbital slot. Polarization loss of 3 dB is added. The FSS
satellite Figure-of-Merit (G/T) is computed at the RLAN position as described above. The I/N
contribution for a single RLAN into an FSS channel is computed by equation below:
𝐼
𝐺
= 𝐸𝐼𝑅𝑃 + 𝐺𝐹𝑎𝑟𝐹𝑖𝑒𝑙𝑑 − 𝐿𝐵𝑜𝑑𝑦 − 𝐿𝐵𝑙𝑑𝑔 − 𝐹𝑆𝑃𝐿 − 𝐿𝐶𝑙𝑢𝑡𝑡𝑒𝑟 − 𝐿𝑃𝑜𝑙𝑎𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛 − 𝐿𝑆𝑝𝑒𝑐𝑡𝑟𝑎𝑙𝑂𝑣𝑒𝑟𝑙𝑎𝑝 +
𝑁
𝑇
− 10𝑙𝑜𝑔10 (𝑘𝐵)
(5-1)

Where,
● 𝐸𝐼𝑅𝑃 (dBW) = RLAN EIRP (Table 3-7, Table 3-8 and Table 3-9 for LPI and Standard Power
Indoor and Outdoor; 14 dBm for VLP) within RLAN channel bandwidth (Table 3-10)
● 𝐺𝐹𝑎𝑟𝐹𝑖𝑒𝑙𝑑 (dB) = VLP far field gain that includes body loss (see Section 3.2.3); 0 dB for LPI
and Standard Power RLANs
● 𝐿𝐵𝑜𝑑𝑦 (dB) = LPI and Standard Power Body Loss (see Section 3.2.2); 0 dB for VLP
● 𝐿𝐵𝑙𝑑𝑔 (dB) = Building Entry Loss
● 𝐹𝑆𝑃𝐿 (𝑑𝐵) = 92.45 + 20*log10(RLAN center frequency in GHz) + 20*log10(RLAN distance
to FS Rx in Km)
● 𝐿𝐶𝑙𝑢𝑡𝑡𝑒𝑟 (dB) = Clutter Loss
● 𝐿𝑃𝑜𝑙𝑎𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛 (dB) = Polarization Loss of 3 dB
● 𝐿𝑆𝑝𝑒𝑐𝑡𝑟𝑎𝑙𝑂𝑣𝑒𝑟𝑙𝑎𝑝 (dB) = 10*log10(spectrum overlap between RLAN channel and victim channel
/ RLAN bandwidth), also called frequency-dependent rejection
𝐺
● 𝑇 (dB/K) = Satellite receiver Figure-of-Merit (dB/K)
● 𝑘 (J/K) = Boltzmann’s constant = 1.3806488 × 10-23
● 𝐵 (Hz) = FSS channel bandwidth (Hz)
This I/N is aggregated over all RLANs for each FSS channel in the simulation.
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5.1.2 RLAN Populations used in the Simulations
The following total population projections for 2025 from 2019 UN World Population Prospects, for
each region, have been used in generating RLAN deployments in the simulations.
1.
2.
3.
4.

India, Total population: 1,445,011,620
Europe and Asia (but not India), Total population: 4,123,409,109
Africa, Total Population: 1,508,935,203
Australia, Total Population: 26,879,753

Using the total populations per above and the same assumptions as Table 3-1 and Table 3-3, Table 5-2
shows the number of simultaneously transmitting RLAN devices that are simulated in each region
within the satellite footprint. Note that the number of active RLAN devices analyzed is an
overestimation38 as there will be a delay in the deployment of RLANs worldwide.
Table 5-2 – Number of active RLAN devices simulated

Region

2025 Population

Number of instantaneously
transmitting RLAN devices

India

1,445,011,620

1,840,912

Europe and Asia (but not
India)

4,123,409,109

5,648,134

Africa

1,508,935,203

2,066,899

Australia

26,879,753

36,819

5.1.3 Results by FSS Satellite Beam
5.1.3.1 Spot Beam (78.5° E)
The representative satellite at 78.5° east has a spot beam with a peak uplink gain of 27.75 dBi (hence,
peak G/T of 1.73 dB/K). The satellite uplink gain contours are shown in Figure 5-2 below.
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For example, the number of active devices in Africa was divided by factor of 4 in ECC Report 302, Page 87 to reflect the
delay in maturity of RLANs deployment at 6 GHz, while this reduction was not done in this analysis.
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Figure 5-2: Spot Beam Uplink Gain Contours

The aggregate I/N across the 24 modelled FSS channels, averaged over 10 simulation iterations is
shown in the figure below. The calculation includes RLANs in India, Asia (but not India), Europe,
Africa and Australia.

Figure 5-3: Spot Beam I/N per channel

The maximum I/N found in a single iteration is -26.82 dB. The maximum averaged over 10 iterations
is -27.06 dB.
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5.1.3.2 Regional (62° E)
The representativesatellite at 62° east has a regional beam with a peak uplink gain of 22.54 dBi (hence,
peak G/T of -3.48 dB/K). The satellite uplink gain contours are shown in Figure 5-4 below.

Figure 5-4: Regional Beam Uplink Gain Contours

The aggregate I/N across the 24 modelled FSS channels, averaged over 10 simulation iterations is
shown in the figure below. The calculation includes RLANs in India, Asia (but not India), Europe,
Africa and Australia.

Figure 5-5: Regional Beam I/N per channel

41

The maximum I/N found in a single iteration is -29.69 dB. The maximum averaged over 10 iterations
is -29.81 dB.
5.1.4 FSS Link Budgets
A link budget calculation predicting the aggregate FSS interference from the India Spot Beam is
shown in Table 5-3. The budget uses average values from the simulation. The purpose of this budget
is to demonstrate that the simulation results are accurate by showing that the hand calculation provides
similar results.
As indicated in this table, the average Building Entry Loss, Clutter Loss, Free Space Path Loss and
G/Ts are the averages over the values used by the Monte Carlo simulation amongst all the RLANs
within the corresponding region. Averaging for the transmit powers and simulation parameters
(building entry losses, clutter losses and G/T values) are done in the linear domain. Note that this
results in much lower building entry and clutter losses than their mean values, i.e., 50th percentile.
The link budget matches the Monte Carlo simulation results within about 1.6 dB for this satellite. The
differences are due to the coarse approximation of the link budget versus the very detailed precise
calculations in the Monte Carlo simulation.
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Table 5-3 – India Spot Beam (at 78.5° East) link budget

Parameter

Unit

India

Source

Number of Active RLANs

1,840,912

Table 5-2

Number of Active RLANs
contributing to I/N

1,840,97939

RLANs within the coverage area

Total Average EIRP per RLAN

mW

32.66

Includes body loss for LPI and Standard
Power Client devices per Section 3.2.2 and
Average (in linear domain) far-field gain
for VLP devices per Section 3.2.3

Traditional Building

dB

-18.39

Simulation; Average in linear domain

Thermally Efficient Building

dB

-23.55

Total Aggregate Average EIRP (all
RLANs)

dBW

Bandwidth Correction
Total Aggregate Average EIRP
(bandwidth correction)

dBW

36

Includes Building Loss

0.031

= Satellite Noise Bandwidth / Total RLAN
Band (5945 to 7125 MHz)

21

Average Free Space Path Loss (FSPL)

dB

-199.94

Polarization Loss

dB

-3

Average Clutter Loss

dB

-0.57

Total Aggregate Interference Power at
Satellite

dBW

Satellite Receiver Antenna Peak G/T

dB/K

Satellite Receiver Antenna Avg. G/T

dB/K

Boltzmann’s Constant
Satellite Noise Bandwidth

dBW/K/Hz
MHz

Simulation

Simulation; Average in linear domain

-182.67
1.73

Not used;

1.20

Simulation; Average in linear domain over
the area

-228.60
36.0

Calculated Average I/N

dB

-28.44

Simulated Max I/N

dB

-26.82

“Calculated Average I/N” –
“Simulated Max I/N”

dB

-1.62
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Simulation

The reason for the higher number of active RLANs dropped in India (compared to Table 5-2) is due to the random
fluctuations about the mean. India comprises 19.2% of the total number of RLANs dropped in India, Asia, Europe, Africa
and Australia. As described in Section 5.1.1, in the simulation, random RLANs are generated and each RLAN has a
probability of 19.2% being in India.
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5.1.5 FSS Sharing Conclusions
Simulations show that in all cases studied, the I/N for all satellites in all channels is less than -26.82
dB. It can be concluded that RLANs in the three device classes operating over a 20, 40, 80, or 160
MHz channel bandwidth do not cause harmful interference to an FSS uplink in the 6 GHz band.

5.2 Fixed Service (FS) Sharing
This Section describes analyses performed to investigate the impact of RLAN interference on FS links.
A detailed Monte-Carlo simulation of the interference environment was performed for the FS in two
regions in India: a rural region (Alwar) and a dense urban region (Delhi National Capital Region
(“NCR”)). In the absence of the FS database, the FS links were constructed using the FS towers in this
band and the generic requirements for the FS set by India’s TEC (Telecommunication Engineering
Center). As such, these could represent potential FS links in these regions.
The Monte-Carlo simulations were performed over a large number of independent events to establish
long-term statistical properties in the environment.
5.2.1 FS Data
This section describes how the FS data was constructed in a Rural region (Alwar) and a dense Urban
region (Delhi-NCR).
Using the location of FS towers in the 6 GHz band from the available deployment data and the study
region boundaries (Alwar and Delhi NCR), the FS towers within those regions were selected. This
resulted in 10 FS towers in Alwar and 858 FS in Delhi-NCR.
Next, the FS links (i.e., assigning an FS transmitter (Tx) to each FS receiver (Rx)) are created with
realistic link parameters using the Telecommunications Engineering Centre (TEC) generic
requirements as referenced below.
In Alwar, the rural FS required a link distance ranging between 7 to 11 km. As shown in Figure 5-6
below, due to the locality of the FS towers, FS ID 2-9 and 11 are connected bi-directionally with FS ID
10 resulting in 18 FS links (or 9 bi-directional links). Four of the bi-directional FS links were assigned
to 28 MHz bandwidth and the remaining five FS links were assigned to 40 MHz bandwidth40. The 40MHz channels were chosen from the FS channel plan in the upper 6 GHz band from 6,430 to 7,110
MHz.41 The 28-MHz channels were chosen from the FS channel plan in the lower 6 GHz band from
5,931.2 to 6,418.79 MHz. FS with link distances of 7 to 9 km were assigned to 3.0m antenna diameter
and those with link distances of 10 to 11 km were assigned to 3.7m antenna diameter, and

40

Telecommunications Engineering Centre, “Generic Requirement No. TEC/GR/R/MWE-001/01.MAR-15 Hybrid
Microwave Radio Equipment for upper 6 GHz frequency band.” (TEC-MEW)
41
Id, table in Annexure-1.
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subsequently the respective Rx antenna gains were used42. For the antenna height above-ground-level
(AGL), the FS were assigned to 30m or 40m.

Figure 5-6: 18 bi-directional FS links in Alwar (Rural)

In Delhi NCR, the 421 (or 84243 divided by 2) point-to-point FS links (connecting towers) needed to be
defined. The urban FS required a link distance ranging between 3 to 5 km. As such, for each FS
operator, the towers that met the distance rule were matched (76% of the links) and the remaining after removal of FS towers that would exceed the number of FS links - were assigned an FS Tx in
random azimuth. For this study, 421 FS were assumed to be using a 28-MHz channel bandwidth and
channel center frequencies per the tower database. For the 76% of FS links with FS Tx chosen from
the FS tower database, link distances of 3 to 4 km were assigned to 1.8m antenna diameter and those
with link distances of 4 to 5 km were assigned to 2.4m antenna diameter. For the remaining 24% of the
FS link, 50% of the FS were assigned to 1.8m (and link distance of 3 km) and 50% were assigned to
2.8m (and link distance of 5 km). Based on the antenna sizes, the respective Rx antenna gains were
used44. Finally, for the antenna AGL height, Rx FS were assigned to 40m and Tx FS were assigned to a
height that would result in close to zero degrees elevation angle to Rx FS.

42

Telecommunications Engineering Centre, “Generic Requirements No. TEC/GR/PI/ANT-006/05/DEC-14 6 GHz High
Performance Antenna,” pg. 2.
43
16 (=858-842) of the FS towers were removed due to having longer length (10km and 39km) or the other FS pair
appearing to not be in the database (due to having unique frequencies).
44
Telecommunications Engineering Centre, “Generic Requirements No. TEC/GR/PI/ANT-006/05/DEC-14 6 GHz High
Performance Antenna,” pg. 2.
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Table 5-4 summarizes the FS link characteristics in Alwar and Delhi-NCR.
Table 5-4 – FS link characteristics

Parameter

Alwar (rural)

Delhi-NCR (dense urban)

Total simulated FS Links

18

421

Siting of FS Rx

existing FS towers

existing FS towers

Siting of FS Tx

existing FS towers

existing FS towers: 76%
random azimuth: 24%

Channel Bandwidth

28 MHz: 8 (44.4%)
40 MHz: 10 (55.6%)

28 MHz

Center Frequency

5974.85 to 6375.14 MHz (28
MHz bandwidth)
6460 to 7040 MHz (40 MHz
bandwidth)

6744 to 7011 MHz

Link Distances

7 to 9 km: 8 (44.4%)
10 to 11 km: 10 (55.6%)

3 to 4 km: 216 (51.3%)
4 to 5 km: 205 (48.7%)

Tx and Rx Antenna Diameter

3.0m: 8 (44.4%)
3.7m: 10 (55.6%)

1.8m: 216 (51.3%)
2.4m: 205 (48.7%)

Tx and Rx Antenna Gain

6.43 | 6.77 | 7.11 GHz
3.0m | 43.1 | 43.6 | 44.0
3.7m | 45.0 | 45.4 | 45.9

| 6.43 | 6.77 | 7.11 GHz
1.8m | 38.5 | 39.3 | 39.7
2.4m | 41.4 | 41.8 | 42.3

Rx Antenna Height above
Ground

30m: 38.9%
40m: 61.1%

40m

5.2.2 Key Modeling Assumptions
5.2.2.1 RLAN Device Deployment
As described in Section 3.1.1, the RLANs were randomly distributed throughout India based on
population density. The drop process is detailed in Step 2 of Section 5.1.1.
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5.2.2.2 FS Receiver Antenna Performance
ITU-R Recommendation F.124545 was used to model the FS antenna sidelobe performance. As shown
in Figure 5-7, commercial antennas (such as UHX10), portrayed by the red line in the figure,
significantly outperform F.1245. By using F.1245 this analysis overstates the interference and provides
very conservative results.

Figure 5-7 - Comparison of ITU-R 1245 and Ultra-High-Performance Antenna (UHX10) Radiation Patterns

5.2.2.3 FS Simulation Methodology
Monte-Carlo simulations were performed to calculate RLAN interference to each of the 18 FS stations
in Alwar and 421 FS stations in Delhi-NCR. For each iteration, active RLANs were randomly placed,
with their locations weighted according to the population density. The aggregate interference power to
each of the FS stations was then calculated. One hundred thousand simulation iterations were then
performed to gather statistics on the interference for the FS in Alwar and the top five FS in Delhi-NCR
with highest interference from the one thousand simulation iterations of the 421 FS.
The interference power, I, is computed per Eqn. 5-2 below:
I = EIRP + GFarField – Lbody – LBldg – LPropagationPath – LSpectralOverlap - LPolarization – Lfeed + GRx-to-RLAN

(5-2)

Where,
●

I (dBW) = Interference Power from an RLAN device (LPI, VLP indoor or VLP outdoor)

45

International Telecommunication Union, F.1245: Mathematical Model of Average and Related Radiation Patterns for
Point-to-Point Fixed Wireless System Antennas for Use in Interference Assessment in the Frequency Range From 1 GHz to
86 GHz, Recommendation F.1245 (2019), available at https://www.itu.int/rec/R-REC-F.1245/en.
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●

EIRP (dBW) = RLAN EIRP (Table 3-7 for LPI RLANs; 14 dBm for VLP) within RLAN channel
bandwidth (Table 3-10)

●

GFarField (dB) = VLP far field gain that includes body loss (see Section 3.2.3); 0 dB for LPI RLANs

●

Lbody (dB) = LPI RLAN Body Loss (see Section 3.2.2); 0 dB for VLP

●

LBldg (dB) = Building Entry Loss

●

LPropagationPath (dB) = Propagation Path loss including Clutter loss (Table 4-1)

●

LSpectralOverlap (dB) = 10*log10(spectrum overlap between RLAN channel and victim FS channel / RLAN
bandwidth), also called frequency-dependent rejection.

●

Lpolarization = Polarization Loss of 3 dB46,47

●

Lfeed (dB) = Feederloss of victim FS receiver of 2 dB48

● GRx-to-RLAN (dBi) = Gain of victim FS Rx towards RLAN based on the angle off-boresight
The I/N is the ratio of the interference power and the receiver (Rx) noise power. The receiver noise
power is calculated, for each victim FS Rx, using Eqn. 5-3 below:
𝑁 = 10(𝑘𝑇0 𝐵) + 𝑁𝐹 (dBW)

(5-3)

Where,
●

𝑁 = Victim FS Rx noise power at receiver input (dBW)

●

𝑘 = Boltzmann’s constant = 1.38064852 × 10-23 m2 kg s-2 K-1

●

𝑇0 = 290 K

●

B = Victim FS Rx Bandwidth (Hz)

● 𝑁𝐹 = Victim FS Rx Noise Figure of 5 dB49

46

International Telecommunication Union, Working Document Towards a Preliminary Draft New Report ITU-R M.[RLAN
SHARING 5150-5250 MHZ] - Sharing and Compatibility Studies of WAS/RLAN in the 5 150-5 250 MHz Frequency Range,
Appendix 2, Section 5.1.6.7 (Nov. 2017) (noting that with regard to polarization mismatch, a value of 3 dB is considered
according to what has been supported by France during TG-5.1), available at https://www.itu.int/md/R15-WP5A-171106TD-0236/en.
47
VLP on-body device measurements were made with two orthogonal polarized detectors and the combined total gain
reported. These antennas are roughly circularly polarized, whereas traditionally FS microwave stations employ linear
polarization. Thus, an average polarization loss of 3 dB is reasonable.
48
See International Telecommunication Union, F.758: System Parameters and Considerations in the Development of
Criteria for Sharing or Compatibility Between Digital Fixed Wireless Systems in the Fixed Service and Systems in Other
Services and Other Sources of Interference, ITU-R F.758-6 (2019), available at https://www.itu.int/rec/R-REC-F.758/en.
49
ECC Report 316, Table 12.
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For each FS in the simulation, this I/N is aggregated over all LPI and VLP RLANs.
Next, for these FS stations, the resulting increase in FS unavailability was calculated and analyzed.
5.2.3 Aggregate Interference Simulation
5.2.3.1.

Alwar

One hundred thousand simulation iterations were performed to determine the aggregate I/N at each of
18 FS receive locations in Alwar. Together these simulations represent 1,800,000 different RLAN-toFS interference morphologies with more than 9.544 billion total number of active RLANs dropped in
Alwar simulation region50, which represent an excellent statistical model of expected interference. The
occurrence probability for aggregate I/N > -6 and 0 dB was computed. To ensure inclusion of every
RLAN that could affect a receiver, while avoiding the unnecessary complexity of modeling every
RLAN in India for every receiver, all RLANs operating within 150 km of the receiver were considered
in the calculation.
Figure 5-8, Figure 5-9, and Table 5-5 show the probability of I/N (aggregated over the aforementioned
morphologies) exceeding an I/N level (x-axis) due to the deployed active LPI and VLP RLANs. Of the
1,800,000 different RLAN-FS morphologies simulated, there were 275 instances where the aggregate
I/N for an FS receiver exceeded -6 dB, giving a probability of 0.015%. Further investigation into these
275 instances revealed that all of them were caused by a single RLAN. Further, of these I/N > -6 dB
occurrences, over 43% were due to an RLAN in the main beam51 with all those RLANs being more
than 1 km from the FS receiver. Furthermore, there are additional topologies that resulted in a single
RLAN device causing an I/N value greater than -6 dB such as: indoor RLAN devices with very small
building penetration loss, RLAN with minimal loss in the far-field gain (VLP), and RLAN devices
having small path loss values that are statistically in the tail of the path loss probability distribution
function. In fact, out of the 4 VLPs that caused interference, 2 of them had a positive far-field gain
(rather than a loss). The simulation included RLANs as close as 30 meters from the FS Rx. For all the
threshold exceedance instances analyzed, none had a significant impact on FS link availability (see
section 5.2.4).

50

Simulation region is defined as a rectangular area that encompasses the 150 km-radius circles from all FS.
An RLAN was considered as being “in FS receiver’s main beam” if it was within FS receiver’s 3dB beamwidth, which
corresponded to the RLAN being at an angle off-boresight from the FS receiver as large as 0.58° for these FS.
51
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Figure 5-8 - Probability of Aggregate LPI and VLP RLANs I/N Exceeding I/N Values on X-axis for 1,800,000 RLAN-FS morphologies in
Alwar (18 FS/iteration x 100,000 iterations)

Figure 5-9 - Probability of Aggregate LPI and VLP RLANs I/N Exceeding I/N values on X-axis for 1,800,000 RLAN-FS morphologies in
Alwar (18 FS/iteration x 100,000 iterations) Zoomed In
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Table 5-5 - Interference statistics from 100,000 Independent Simulations of FS in Alwar

I/N threshold (dB)

Aggregate
(LPI + VLP)

-6

0.015%

0

0.002%

5.2.3.2 Delhi-NCR
Initially, one thousand simulation iterations were performed to determine the aggregate I/N at each of
421 FS receive locations in Delhi-NCR. Together these simulations represent 421,000 different
RLAN-to-FS interference morphologies with more than 146,196,000 total number of active RLANs
dropped in Delhi-NCR, which represent an excellent average statistical model of expected interference.
The occurrence probability for aggregate I/N > -6 and 0 dB was computed. As with Alwar simulation,
to ensure inclusion of every RLAN that could affect a receiver, while avoiding the unnecessary
complexity of modeling every RLAN in India for every receiver, all RLANs operating within 150 km
of the receiver were considered in the calculation.
Figure 5-10, Figure 5-11, and Table 5-6 show the probability of I/N (aggregated over the
aforementioned morphologies) exceeding an I/N level (x-axis) due to the deployed active LPI and VLP
RLANs. Of the 421,000 different RLAN-FS morphologies simulated, there were 1,068 instances
where the aggregate I/N for an FS receiver exceeded -6 dB, giving a probability of 0.254%. Further
investigation into these 1,068 instances revealed that the majority (96.5%) of them were caused by a
single RLAN. Further, of these single-entry I/N > -6 dB occurrences, over 41% were due to an RLAN
in the main beam52 with only one RLAN in the main beam of the FS receiver and less than 1 km from
the FS receiver. Furthermore, there are additional topologies that resulted in a single RLAN device
causing an I/N value greater than -6 dB such as: indoor RLAN devices with very small building
penetration loss, RLAN with minimal loss in the far-field gain (VLP), and RLAN devices having small
path loss values that are statistically in the tail of the path loss probability distribution function. For
instance, 32% of the single-entry I/N > -6 dB occurrences had a path loss equal to FSPL. The
simulation included RLANs as close as 30 meters from the FS Rx. For all the threshold exceedance
instances analyzed, none had a significant impact on FS link availability (see section 5.2.4).
Note that the average number of in-band RLANs within 150-km of the 421 FS in the Delhi-NCR
simulation was 14,060 which is almost a factor of 2 times higher than this metric in Alwar (8,088). The
lower density of RLANs in Alwar together with the narrower FS beams in Alwar and the different
geometry of Alwar FS with respect to RLANs compared to the Delhi FS result in much lower
interference occurrences in Alwar.

52

An RLAN was considered as being “in FS receiver’s main beam” if it was within FS receiver’s 3dB beamwidth, which
corresponded to the RLAN being at an angle off-boresight from the FS receiver as large as 0.9° for these FS.
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Figure 5-10 - Probability of Aggregate LPI and VLP RLANs I/N Exceeding I/N Values on X-axis for 421,000 RLAN-FS morphologies in
Delhi-NCR (421 FS/iteration x 1,000 iterations)

Figure 5-11 - Probability of Aggregate LPI and VLP RLANs I/N Exceeding I/N values on X-axis for 421,000 RLAN-FS morphologies in
Delhi-NCR (421 FS/iteration x 1,000 iterations) Zoomed In
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Table 5-6 - Interference statistics from 1,000 Independent Simulations of FS in Delhi-NCR

I/N threshold (dB)

Aggregate
(LPI + VLP)

-6

0.254%

0

0.040%

Next, for the top five FS with the highest I/N, one hundred thousand simulation iterations were
performed to gather additional statistics on the expected interference to use in the availability analysis.
5.2.4 FS Availability Analysis
The availability analysis assumed a typical FS design target of 99.999% availability
(unavailability=0.001% corresponding to 5.3 minutes/year). Results are compared to a target increase
in unavailability of less than 10%, as established by the ITU,53 that is sufficient to allow continued
robustness of FS links.
The increase in unavailability due to RLAN interference was further analyzed, using a two-step
process, by looking at the 18 FS stations in Alwar and 421 FS stations in Delhi-NCR the specific
impact on unavailability due to RLAN devices.
First, a fade margin required to achieve the target availability of 99.999% was determined using ITU-R
Rec. P.530-17 (P.530). Then, the increase in unavailability in the presence of interference was
assessed.
Second, if an FS link’s unavailability increased more than 10% in Step 1, the actual operating
parameters were examined to determine the available fade margin. These links were then reassessed to
determine if they would meet the 10% target.
The fade margin probability density function (pdf) is obtained from P.530 (section 2.3.2 Eqn. 18) using
FS unavailability and the multipath occurrence factor, 𝑝0 . 𝑝0 provides the fade margin required for the
average worst month and is computed using P.530 (section 2.3.2, Eqn. 11), with input parameters from
the FS data. The input parameters are the FS Transmitter (Tx) and Receiver (Rx) terrain height,
antenna height above ground level, link distance, and center frequency.
Given the fade margin pdf and the pdf of the degradation due to RLAN interference for a specific FS
(i.e., (I+N)/N from the 100,000-iteration simulation for Alwar and the 5 highest-I/N FS in Delhi-NCR,
and the 1,000-iteration simulation for Delhi-NCR), the impact on FS link unavailability can be
determined directly from the combined distribution. The convolution provides the correct answer to
this question under the assumption that the two random variables (fading and interference) are
independent. This independence is a conservative approximation. In fact, there is an inverse
relationship between RLAN device activity and when multipath fading occurs. As multipath fading
occurs between midnight and 8 am,54 while RLAN usage will primarily be from 7pm to 10pm (for
53

International Telecommunication Union, F.1094-2: Maximum Allowable Error Performance and Availability
Degradations to Digital Fixed Wireless Systems Arising from Radio Interference from Emissions and Radiations from
Other Sources (2007), available at https://www.itu.int/rec/R-REC-F.1094/en.
54
See NTIA Report 05-432.

53

LPI) or during daylight (for VLPs). This inverse correlation means that the sum of interference and
fading is statistically smaller than what is modeled.
Furthermore, for accuracy, the full I/N distribution is used in the analysis including all aggregate
interference events.
In Step 1, results showed that the 10% unavailability target was met for all 18 FS in Alwar and 403 FS
(out of 421) in Delhi-NCR. The increase in unavailability for these 18 Alwar FS and 403 Delhi-NCR
are shown in Figure 5-12 and Figure 5-13 respectively. As indicated, the Alwar FS had less than 0.12%
increase in unavailability and the 403 Delhi-NCR FS had less than 8.4% increase in unavailability.

Figure 5-12 – Increase in unavailability for all 18 FS in Alwar that meet the 10% target.

Figure 5-13 – Increase in unavailability for 403 FS in Delhi-NCR that meet the 10% target.
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The analysis in Step 1 assumes that each FS link has the exact margin to achieve the target availability.
However, given that amplifiers and antennas only come in certain sizes, it is unlikely that these links
achieve this margin exactly. In Step 2, the 18 Delhi-NCR links that failed to meet the 10%
unavailability target are examined more closely. As indicated below, after considering the actual FS
link operating parameters at the links’ modulations in Step 2, they all meet the 10% target.
These 18 Delhi-NCR FS all had very small 𝑝0 ’s (0.001 to 0.016) that resulted in very low fade margins
(9.7 to 14.2 dB), which made them sensitive to interference. All these links are also short-haul links (≤
5 Km) which have higher link margins and can generally accept interfering signals 1-10 dB or more
above long-haul performance requirements and not affect long-term performance.55
Table 5-7 shows the link characteristics of these FS stations. The FS Tx Power is assumed to be 21
dBm56 (or 0.126 Watt) which is the lowest power (for 1024-QAM modulation) - resulting in lowest
C/N level for worse-case analysis.
Table 5-7 - Link characteristics of the Delhi-NCR FS with Increase in Unavailability > 10% using theoretical link characteristics

FS ID

FS Tx EIRP
(dBm)

FS Tx Power
(Watt)

FS link
distance (km)

47

60.3

0.126

3.30

72.70

0.005

51

60.3

0.126

3.20

72.96

0.003

91

60.3

0.126

4.08

70.84

0.011

122

62.8

0.126

5.00

74.07

0.007

184

62.8

0.126

3.73

76.63

0.004

376

63.3

0.126

3.20

78.63

0.001

377

60.7

0.126

3.85

71.84

0.009

386

63.3

0.126

3.33

78.28

0.002

427

60.7

0.126

3.21

73.40

0.008

436

63.3

0.126

3.77

77.21

0.005

446

63.3

0.126

3.11

78.89

0.002

461

60.7

0.126

4.34

70.79

0.006
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Received
C/N (dB)
(Eqn. 5-4)

Multipath
occurrence factor,
p0 (ITU-R P.530)

National Telecommunications and Information Administration, Interference Protection Criteria Phase 1 - Compilation
from Existing Sources, NTIA Report 05-432, 4-8, 4-9 (2005),
https://www.ntia.doc.gov/files/ntia/publications/ipc_phase_1_report.pdf (“NTIA Report 05-432”).
56
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503

60.7

0.126

3.00

73.98

0.004

505

60.7

0.126

4.64

70.20

0.006

506

63.3

0.126

4.61

75.46

0.016

547

60.7

0.126

3.41

72.87

0.002

675

60.3

0.126

3.01

73.29

0.002

784

62.8

0.126

4.86

74.32

0.011

The FS data information (as compiled per Section 5.2.1) was used to compute the C/N at the receiver,
shown in Table 5-7, using Eqn. 5-4 below:
𝐶
(𝑑𝐵)
𝑁

= 𝐸𝐼𝑅𝑃 (𝑑𝐵𝑊) − 𝐹𝑆𝑃𝐿 (𝑑𝐵) − 𝐿𝑓𝑒𝑒𝑑 (𝑑𝐵) + 𝐺𝑅 (𝑑𝐵𝑖) − 𝑁 (𝑑𝐵𝑊)

(5-4)

Where:
●

EIPP (dBW) = FS EIRP from the FS data

●

FSPL (dB) = 92.45 + 20*log10(FS link distance [km]) + 20*log10(center frequency [GHz])

●

Lfeed = FS Rx Feederloss from the FS data

●

GR = FS Rx Gain (dBi) from the FS data

●

N = Noise Power (dBW) = -228.6 dB(W/K/Hz) + 10*log10(T) + Noise Figure + 10*log10(B [Hz])

●

T = System temperature = 290 K

●

Noise Figure = 5 dB

●

B = FS channel bandwidth (Hz)

The actual FS fade margin, Fa, is then computed as shown in Eqn. (5-5).
Fa (dB) = C/N (dB) – (max) C/Nreq (dB)

(5-5)

As mentioned above, for a worst-case analysis, 1024-QAM modulation was assumed for all FS. The
C/Nreq for 1024-QAM of 32.50 dB is derived from the receiver threshold at antenna port for 1x10-6
BER of -92 dBW57 and subtracting the Noise Power (per Eqn. 5-4).

57

TEC-MEW at section 3.2.2.8
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Table 5-8 summarizes the key performance parameters for each link including the Fade Margin (FM)
at the 99.999% availability target, the received C/N (Eqn. 5-4), C/Nreq, and Fa (Eqn. 5-5). The actual
link fade margin is then compared to the FM at 99.999% availability and the difference is the “Actual
Margin Above FM” (column C5). Notice the calculated “Actual Margin above FM” is very high for
these links (>24.93 dB).
Next, the additional margin to meet the 10% target is determined and is shown in column C6 in Table
5-8 below.
Finally, the “Actual Margin above FM” (C5) is compared against the “Increase in FS link margin to
meet the 10% target” (C6). The results show that the actual operating parameters on these 18 links led
to more than sufficient margin to meet the 10% target.
To further demonstrate the robustness of this analysis, 1% increase in unavailability was studied as a
sensitivity analysis and shown in column C7. As indicated in C6 and C7, the overall interference risk
from RLAN operations is so low that nearly the same margin is necessary to achieve both 10% and 1%
increase in unavailability.
In addition, there are 207 Delhi-NCR FS links that meet 10% increase in unavailability but not the 1%.
Similar analysis as in Table 5-8 shows that the “Actual Margin above FM” (20.45 to 36.57 dB) is
much higher than the “Increase in FS link margin to meet the 1% target” (0.0001 to 0.159 dB) for these
links.
Finally, repeating the above analysis for the five FS in Delhi-NCR (with highest interference levels in
the 1,000 run) using the 100,000 simulation iterations results, the increase in unavailability reduced
significantly. These five FS are amongst the 18 in Table 5-8 that didn’t meet the 10% target without
consideration of the link operating parameters. Using the 100,000 simulation iterations results, two of
the five FS (FS ID 47 and 506 in Table 5-8) met the 10% target and one of them (FS ID 47) even met
the 1% sensitivity. The results are shown in Table 5-9, further validating conclusions made above that
comparing columns C6 and C7 against C5, these links have sufficient margin to achieve both 10% and
1% increase in unavailability.
This shows that all the 18 Alwar and 421 Delhi-NCR FS links meet the 10% increase in
unavailability target as well as the sensitivity analysis down to 1% increase in unavailability.
Table 5-8 - Delhi-NCR FS with Increase in Unavailability > 1% had “Actual Margin beyond FM” (C5) >> “Increase in FS Link
Margin to meet 10% target (C6) and 1% sensitivity (C7)” - (1,000 simulation iterations)

FS ID

FM (dB)
@
99.999%

Received
C/N (dB)
(Eqn. 5-4)

C/Nreq
(dB)

Fa (dB)
(Eqn.
5-5)

C1

C2

C3

47

11.74

72.70

51

10.86

91

13.41

Column

C5=C4C1

Increase in FS
Link Margin
(dB), 𝑥, to
meet 10%
target

Increase in FS
Link Margin
(dB), 𝑥, to meet
1% (sensitivity)

C4=C2C3

Actual
Margin
(dB)
above
FM

C6

C7

32.50

40.19

28.45

3.96

4.04

72.96

32.50

40.46

29.60

3.48

3.55

70.84

32.50

38.34

24.93

1.18

1.32
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122

12.43

74.07

32.50

41.57

29.14

0.33

0.49

184

11.21

76.63

32.50

44.12

32.91

1.83

1.92

376

9.70

78.63

32.50

46.13

36.43

1.30

1.39

377

12.92

71.84

32.50

39.34

26.41

0.44

0.60

386

10.46

78.28

32.50

45.77

35.32

0.04

0.18

427

12.69

73.40

32.50

40.90

28.21

5.52

5.60

436

11.65

77.21

32.50

44.71

33.06

0.81

0.94

446

10.41

78.89

32.50

46.38

35.98

0.53

0.66

461

12.16

70.79

32.50

38.29

26.12

1.21

1.32

503

11.25

73.98

32.50

41.48

30.23

0.01

0.17

505

12.15

70.20

32.50

37.70

25.54

1.28

1.39

506

14.22

75.46

32.50

42.96

28.74

0.69

0.86

547

10.31

72.87

32.50

40.37

30.06

0.16

0.30

675

10.43

73.29

32.50

40.79

30.36

0.90

1.00

784

13.26

74.32

32.50

41.81

28.55

0.11

0.30

Table 5-9 - Delhi-NCR FS with Increase in Unavailability > 1% had “Actual Margin beyond FM” (C5) >> “Increase in FS Link
Margin to meet 10% target (C6) and 1% sensitivity (C7)” - (100,000 simulation iterations)

FS ID

FM (dB)
@
99.999%

Received
C/N (dB)
(Eqn. 5-3)

C/Nreq
(dB)

Fa (dB)
(Eqn.
5-4)

C1

C2

C3

51

10.86

72.96

91

13.41

427
506

Column

C5=C4C1

Increase in FS
Link Margin
(dB), 𝑥, to
meet 10%
target

Increase in FS
Link Margin
(dB), 𝑥, to meet
1% (sensitivity)

C4=C2C3

Actual
Margin
(dB)
above
FM

C6

C7

32.50

40.46

29.60

4.93

4.93

70.84

32.50

38.34

24.93

0.19

0.36

12.69

73.40

32.50

40.90

28.21

4.51

4.51

14.22

75.46

32.50

42.96

28.74

N/A (met 10%
target)

0.08

5.2.5 FS Sharing Conclusions
To assess the interference impact from RLAN devices to FS stations, 100,000 Monte-Carlo simulation
iterations were run for 18 FS in Alwar (a representative rural region) and 1,000 simulation iterations
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were run for 421 FS in Delhi-NCR (a representative urban region). Furthermore, 100,000 additional
simulation iterations were run for the 5 FS in Delhi-NCR with the highest interference level.
The simulation results indicated low average I/N > -6 dB and 0 dB occurrence probabilities of 0.015%
and 0.002% respectively in Alwar. In Delhi-NCR, these figures were 0.254% and 0.04% respectively.
To accurately assess the impact of RLAN interference on FS performance, the increase in FS
unavailability was computed for all 18 Alwar and 421 Delhi-NCR FS. The increase in FS
unavailability analysis showed that using ITU derived fading distributions and considering the
operating parameters of the FS, the increase in unavailability did not exceed the 10% target and the 1%
sensitivity threshold for all FS.
In conclusion, RLANs in the three device classes operating over a 20, 40, 80, or 160 MHz channel
bandwidth do not cause harmful interference to an FS link.

END
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