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Executive summary
In September 2019 the UK Spectrum Policy Forum (SPF) suggested a possible innovative spectrum sharing
approach for the 5G pioneer band at 26 GHz. This sharing approach suggests that the UK is divided into:
1.

a relatively small percentage of the country containing all the areas with exceptionally high-demand
zones with exclusive spectrum for mobile broadband service providers to use to alleviate severe
congestion.

2.

the rest of the country with equal access for all on a first come first served basis. This would offer
low-cost access to an internationally harmonised mobile band over most of the country in which a
higher quality of experience could be maintained with greater certainty than is feasible in
unlicensed bands.

The proposal also included the pooling of unused spectrum (termed “Club Spectrum”) that an individual
licensee could access on an opportunistic basis which substantially improves the spectrum efficiency.
Real Wireless has been commissioned by the SPF to explore the approach in more detail and provide
evidence and insight that will help policy makers to potentially implement this.
As the first step we identified the potential future usage of the 26 GHz band which could include mobile
broadband and fixed wireless access, including deployment by verticals. There are also many potential
users from Mobile Network Operators (MNOs), new broadband providers (sometimes termed “altnets”),
building and venue owners. There is substantial bandwidth available, likely more than one entity will need.
Further, the short propagation range enables greater opportunities for sharing.
We have set out potential approaches to licensing and making spectrum available which aim to maximise
spectrum efficiency, enable opportunity for innovation, and deliver flexibility for the usage and ownership
of the spectrum to evolve as demand emerges. There are various options within these approaches that
could be selected, perhaps based on consultation with stakeholders.
Broadly we recommend:
•

The high-demand zones should comprise about 1% of the UK’s geographical area. This is inclusive of
MNO identified venues but excludes buffer zones. The entire 24.25-27.5 GHz band need not
necessarily have to be made exclusive in the high traffic areas and the need for exclusivity could be
achieved using around 1 GHz, taking into account the advantage of the Club Spectrum feature.

•

In the high-demand zones spectrum licences should be awarded on an exclusive basis with a
flexibility to “share” between licence holders in a “club spectrum” model to improve spectrum
efficiency.

•

In lower-demand areas (i.e. low-demand zone) we set out two possible approaches, one is to award
a local licence to the first entity demanding it and enabling first-come first-served in any remaining
spectrum, in the other a first-come first-served approach is adopted that allows for multiple entities
to share the spectrum, up to a maximum number that ensures a viable minimum spectrum for
those already using it, and reclaims spectrum that is not used by those who have applied for it.

•

The award mechanism for the exclusive licence areas needs to be proportionate considering the
complexity, time and effort needed to run an auction and participate in it. In addition to an auction,
which has the advantage of being fair, transparent and non-discriminatory, another option could be
administrative assignment.
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We believe all these options should be considered in the future management of the 26 GHz spectrum band
as this provides the best mix of certainty of access to spectrum whilst still providing maximum flexibility to
all stakeholders.
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Abbreviation

Definition

CBRS

Citizens Broadband Radio Service

DCMS

Department for Digital, Culture Media and Sport

eMBB

enhanced Mobile Broadband

FWA

Fixed wireless access

GAA

General access authorisation

IoT

Internet of Things

mmWave

Millimetre Wave

MCL

Minimum Coupling Loss

MNO

Mobile Network Operators

MOCN

Multi-Operator Core Network

PAL

Priority Access Licenses

RB

Resource Block

SPF

Spectrum Policy Forum

TDD

Time Domain Duplex

WRC-19

World Radiocommunication Conference 2019
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1. Objective and introduction
The 26 GHz Band (24.25-27.5 GHz) has been harmonised across Europe as one of the three pioneer bands
for 5G. There is also a requirement to make spectrum in the 26 GHz band available in the 2020 timeframe
[1]. The World Radiocommunication Conference 2019 (WRC-19) has identified the 26 GHz band for IMT
services globally which enables and accelerates the potential opportunities with 5G [2]. To meet this
requirement, regulators are exploring options to make 26 GHz band available for spectrum users.
The 26 GHz band has significant differences compared to the other frequency bands used for IMT services:
•

The amount of spectrum that could be made available to service providers is up to 3.25 GHz –
which, using 5G technology, could support wide channel bandwidths, up to 4001 MHz, providing
extremely high throughput capability.

•

The propagation characteristics of this spectrum band provides limited range and coverage that is
highly impacted by buildings, terrain and other clutter.

It is likely that MNOs will only deploy the 26 GHz infrastructure where the overall demand is more
efficiently served by 26 GHz spectrum or using the 26 GHz spectrum combined with the other mid and low
frequency spectrum bands. The deployment areas could include high-demand zones such as city centres
and potentially locations where large numbers of people congregate, such as transport hubs and
sport/event stadia.
In September 2019, the Department for Digital, Culture Media and Sport (DCMS) asked the SPF Cluster 2 to
provide them with advice on possible innovative spectrum sharing approaches for the 5G pioneer band at
26 GHz. In its response, the SPF proposed a very progressive sharing model in which the country would be
divided into relatively small (but widespread) areas containing all the exceptionally high traffic zones and
considerably larger areas comprising the rest of the country. In the small areas there would be exclusive
spectrum for mobile broadband service providers to use to alleviate severe congestion as it emerged.
Everywhere else would-be equal access for all on a first come first served basis. This offered low-cost access
to an internationally harmonised mobile band over most of the country in which a higher quality of
experience could be maintained with greater certainty than is feasible in unlicensed bands. What was
particularly advanced in the proposal was the pooling of unused spectrum (termed “Club Spectrum”) that
an individual licensee could access on an opportunistic basis. This delivers a substantial improvement in
local spectrum efficiency. Separate clubs would exist for each of the two area types. Overall, it was a high
spectrum efficiency model that also provided network planning certainty where it was likely to be needed
most. There was wide industry support for the new spectrum sharing model and interest in studying some
of its aspects in more detail.

1

Note 3GPP FR2 supports bandwidths up to 400 MHz. However, in the early stages MNOs are likely to deploy bandwidths up to 200
MHz
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Real Wireless has been commissioned by the UK SPF to explore the approach in more detail and develop
potential options to increase the utilisation and to improve the spectrum efficiency in the 26 GHz band. The
aim of this project is to provide evidence and insight that will help policy makers achieve this. Figure 1
shows the key objectives and the expected outcome of the study.

Figure 1: Objectives of the study
Due to the availability of a large amount of spectrum and the high propagation losses associated with the
26 GHz band, it is expected that the 26 GHz band will be largely used in the high-demand areas. The first
step is to identify the high-demand zone which is the focus in the section 2 of this report.
Having identified the high-demand zones and low-demand zones, the rest of the report (i.e. Section 3
onwards) focuses on exploring the options of increasing the spectrum efficiency in these zones. In
particular, the report provides the following information:
•

Identification of the likely use cases for 26 GHz.

•

Calculation of the size of exclusion zones required to support the use cases identified.

•

Assessment of how many co-located users might deploy at the same time.

•

Development of an interference avoidance mechanism.

•

Assessment of the licence durations in high and low-demand zones.

We note that “the responsibility for granting permission to use frequencies in the sub-band 26.5-27.5 GHz
rests with Defence” [3]. Any civil use of this band is subject to the need to protect essential defence use.
Our assessment in this report does not consider issues associated with MOD usage, but these will clearly
need to be addressed before any spectrum award.
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2. Part 1: Identification of the areas with the highest MBB demand.
The reason to identify the locations with highest MBB demand is to map the area in the SPF model where
spectrum should be assigned on an exclusive basis (along with the option of club spectrum sharing). The
justification for exclusive spectrum is that the 26 GHz band is intended as a “capacity” band to provide
relief in those parts of the network that come under extreme traffic pressure over the life of the mid-band
5G enhanced Mobile Broadband (eMBB) network. This reflects the expected relentless growth in mobile
broadband traffic and the possibility, to a first order, to predict the most likely places this will occur. If the
country is to have a high performing mobile broadband infrastructure to depend upon with high value
applications, the mobile operators need to have the planning certainty to be able to deploy a 26 GHz relief
channel at short notice. The objective here is to define a zone that shows these areas of highest traffic
(known as “high-demand zone”) based upon the mobile broadband traffic data accessible. We anticipate
that 26 GHz infrastructure deployment will take place initially in some parts of this high traffic zone.
Note that the infrastructure deployment depends on many factors such as service provider strategy, viable
business case, potential revenue etc. However, given the nature of the unique characteristics of the 26 GHz
band, it is reasonable to assume that the deployment may start from the areas with the highest demand as
a capacity relief in the network.
We use data extracted from Tutela [4] as an indication of the MBB demand. To define the high-demand
zone, we extracted MBB data (i.e. total amount of bytes sent and received) in a pixel size of 100 m x 100 m
areas across the UK. To avoid demand variations introduced by Covid-19, we used MBB demand data
gathered in November 2019.
We carried out the following steps to produce the map of high-demand zone:
•

Map MBB data 100 m x 100 m to pixels across the UK.

•

For each pixel:
•

Calculate the total data consumption (uplink and downlink) for each hour of the day for all
days in November 2019. This gives a single value for each pixel for each hour.

•

Find the 90th percentile2 of data usage during November for each hour.

•

The hour with the highest 90th percentile data consumption is considered as the busy hour for
that pixel (different pixels can have different busy hours).

•

Rank pixels according to reducing busy hour data consumption.

•

Select the highest ranked of pixels (those where data consumption is greatest) corresponding to
coverage of approximately x% of the UK land area.

Figure 2 shows maps of the high-demand zone (areas with the highest data consumption) coloured in red,
corresponding to 0.7%, 1% and 3% of the total UK land area. These demand maps show that the mobile
data consumption is concentrated in the areas where people live or travel. This is evident from Figure 3
which shows that the population distribution is uneven, and the population is concentrated in the major

2

E.g. if we have the following data consumption values for a single pixel and a specific hour: Day 1: 5MB, Day 2: 10 MB, Day 3: 15
MB, Day 4: 20 MB, then the 90th percentile would be 18.5 MB. This data consumption value is then used to rank this pixel with
respect to the other pixels.
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cities [5]. The population density ranges from 5,700 people per square kilometre across London to fewer
than 50 people per square kilometre in the most rural local authorities of the UK3.
Note that in practice it might be necessary to aggregate some high-demand and low-demand pixels with
the identified high-demand pixels in deriving the high-demand zone. This is because there will be a
sterilisation zone around high-demand pixels (where local licensing would not be permitted due to risks of
harmful interference), as discussed further below, and if this zone extends across say a low-demand pixel
and onto another high-demand pixel then it is more appropriate to re-label the low-demand pixel as highdemand. We have not performed such aggregation here, but this should be done prior to any award
process being implemented.

0.7% of the UK land area (i.e.
1698 km2) corresponds to 41% of
total data consumption

1% of the UK land area (i.e. 2425
km2) corresponds to 45% of total
data consumption

3% of the UK land area (i.e. 7275
km2) corresponds to 52% of total
data consumption

Figure 2 Map showing the high-demand zone (areas with the highest data consumption) corresponding
to 0.7%, 1% and 3% of the UK geographical area (Data courtesy
, tutela.com)

3

The population density map shows where people live. The MBB consumption “on-the-move” may not corelate well with the
population density map. However, as a high-level comparison, these two maps have a good correlation.

26 GHz - the opportunity for a fresh approach to licensing in higher frequencies
Issue date: January 2021
Version: 1.3

4

Figure 3 Population distribution in the UK [6]

Our observations indicated that if the considered sum of all pixel areas is lower than 0.7% of the UK land
area, this does not capture some known busy areas (e.g. Oxford Street and Covent Garden in London)
contiguously. This provides a potential lower bound for the high-demand zone. Although crowd sourced
data provides a good indication of where the high-demand locations are, there could be some differences
between the crowd sourced data and the MNO data. This difference could increase if the considered
percentage area selected is too small. Further, we do not expect MNOs to deploy a Millimetre Wave
(mmWave) small cell network to cover all of the high-demand zone. The deployment will depend on many
factors such as the business case, availability of backhaul, capacity from the surrounding sites etc.
Therefore, it is sensible to assume some flexibility for the service provider to choose the deployment areas
depending on the requirements. Figure 4 shows the number of small cells (rounded to the nearest 1000)
required to cover 0.7% ,1% and 3% UK land areas assuming cell range varies from 100 m to 150 m. Although
mmWaves could potentially achieve higher cell ranges, the realistic range in these areas could be limited
due to the capacity and characteristics of the environment i.e. high rise buildings. We used these indicative
cell ranges as a relative comparison to estimate the small cell numbers. The number of small cells to cover
3% of the UK area indicates that it is reaching the numbers that are hard to imagine in the UK (i.e. to cover
all of the 3% areas requires over 200,000 small cells, i.e. approximately 3 times more cells compared to the
1% areas). Our analysis of the relationship between the considered percentage of UK land area and the
corresponding percentage of total MBB data consumed did not show obvious breakpoints. In the absence
of a definitive answer, it is a compromise between making sure all the high-demand areas are covered and
overly-sterilising use for others. On balance, we think the areas with the highest data consumption
corresponding to 1% of the UK land area is a reasonable indicator of the “high-demand zone” but this
should be reviewed over time.
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Figure 4 Estimated number of small cells required to cover each of the UK land area areas
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3. Part 2: Improving spectrum efficiency
This section of the report focuses on the options to improve the overall spectrum efficiency in the high and
low-demand zones identified in the previous section. Spectrum efficiency can be improved by many options
such as deploying advanced and more efficient technology. Our focus is to explore the sharing options to
increase the spectrum efficiency in the 26 GHz spectrum in both high and low-demand zones. In particular,
we will explore the following options:
1.

Identification of the likely use cases for 26 GHz for high/low-demand areas.

2.

Calculation of exclusion zones.

3.

Assessment of the likelihood of licence holders deploying services at the same time in the highdemand zone.

4.

Assessment of interference avoidance mechanisms.

5.

Assessment of licence award and durations.

3.1.

Likely use cases for 26 GHz

One of the objectives of a flexible licensing approach is to encourage innovation leading to new concepts
that were not thought of at the time of initial band availability. Hence, we do not want to be too
prescriptive in setting out likely use cases. Equally, without any concept of potential uses it is very difficult
to design a licensing mechanism.
We note that deployments in this band, or in analogous bands (e.g. the 28 GHz band in the US and South
Korea) have primarily focused on:
•

Direct-to-mobile connectivity, using 5G mmWave solutions to provide the same service as
conventional mobile systems, albeit with a much greater capacity and much smaller cell size. These
tend to be in the areas of highest mobile demand which might include venues such as stadiums as
well as downtown areas.

•

Fixed wireless access (FWA), primarily to residential premises.

Trials and proof-of-concept deployments have also examined the use of these frequencies by “verticals” –
industries and organisations – to self-deploy solutions in their buildings or across their campus or similar.
These might be for:
•

Advanced Internet of Things (IoT) connectivity, delivering high data rates and low latencies to
critical machines.

•

Backhaul connectivity.

There is much possible variation within this category because of the wide range of verticals. For example,
this might include deployments:
•

Within a factory.

•

Across an oil refinery.

•

Throughout an airport.
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Finally, historically, mmWave systems have been used primarily by the communications sector for backhaul
from cell sites. The 26 GHz band could also be used for this purpose and there may be advantages of “inband backhaul” from cell sites using mmWaves for mobile coverage and the same frequencies for backhaul.
We are not aware of other deployments or potential use cases, understanding that the categories we have
proposed in this section are broad, and that there are many different specific concepts within them.
In the previous section we defined high and low-demand zones, with the high-demand areas corresponding
predominantly to city centre areas. In Table 1 we discuss how possible applications might be deployed
within each of these areas.
Table 1 High-demand Zone
Use case

Likelihood / density

Comment

MBB in venues
(stadium and
similar high
traffic density
areas)

Stadiums, concert venues and other similar locations
where people gather for entertainment are often found
in city centres. There may be tens or hundreds in a large
city. The use of mmWave is highly plausible as a way to
provide additional capacity and high-resolution video
and VR-type services. Hence, this service needs to be
accommodated.

These are specific places,
often with good isolation
provide by building
structure.

MBB in cities
(indoors and
outdoors)

Some US operators have already started to deploy these
solutions in cities; hence they are clearly highly likely.
The extent of deployment is unclear, but coverage could
extend across part of a city, and this type of deployment
needs to be accommodated.

Hotspot coverage of an area
from a small cell network
with non-directive
transmissions from mobiles.

Fronthaul /
Backhaul

Somewhat likely depending on the extent of direct-tomobile deployment as noted above. We anticipate that
most small cells will have fibre backhaul but that the
capability to use mmWave must be made available to
license holders in this band.

Some small cells may not
use 26GHz, others may have
one or multiple daisychained links, potentially
very high bandwidth, pointto-point.

MBB in private
indoor
locations

Generally, city centres are home to offices rather than to Unclear on the extent of
factories. Some mmWave deployment might occur in
demand.
such locations (and can already be deployed under
Ofcom’s current innovative access rules).

FWA

FWA is predominantly a residential solution or used by
N/A
SMEs working from small home-offices. The highest
density city areas tend to have limited residential
occupancy, and also tend to have good provision of fixed
broadband via fibre, cable or high-speed copper
connections. Instead, we consider FWA more likely
outside of these areas, discussed below.
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Use case

Likelihood / density

Comment

MBB in private
campus
locations

There are few campuses or similar in dense city areas.
N/A
University campuses may be an exception in some cases,
but in city areas these tend to comprise buildings but
not open areas between them. Again, this does not
seem to be a model important to cater for in this region.

As a result, in high-demand zone we consider the main applications are likely to be MBB in
entertainment/sporting venues, MBB in cities and use for fronthaul/backhaul.
Table 2 Low-demand Zone
Service

Likelihood / density

Comment

Fronthaul /
Backhaul

Although there may not be many small cells in these areas,
backhaul is somewhat likely for conventional cells. At present,
other mmWave frequencies such as 39 GHz, are used for this
purpose and it is unclear that 26 GHz has any particular
advantages, so we anticipate relatively low usage, which must
be accommodated where it occurs.

One backhaul per cell
where used, potentially
very high bandwidth,
point-to-point.

FWA

It is unclear how the FWA market in the UK will develop. If
FWA is to be deployed it may be at 60 GHz where there is
nearly five times as much bandwidth available as well as a
strong eco-system of equipment. However, if 26 GHz is made
available in a manner that provides more certainty than 60
GHz, but lower costs than a national licence, it may prove
popular. Hence, we need to accommodate this usage model.

Point-to-multipoint but
with directive antennas

MBB in
venues

Stadiums, concert venues and other similar locations where
people gather for entertainment are often found in a wide
range of locations. There may be thousands, tens of
thousands or even hundreds of thousands across a country.
The use of mmWave is highly plausible as a way to provide
additional capacity and high-resolution video and VR-type
services. Hence, this service needs to be accommodated.

A number of specific
places, often with good
isolation provide by
building structure

MBB in
private
indoor
locations

There may be many thousands of these including factories,
warehouses, research centres and many more. They may be
located in towns or in business parks or elsewhere. This usage
needs to be accommodated.

In general, there will be
isolation provided by the
building but given the
variety of use this cannot
be guaranteed.

MBB in
private

There may also be thousands of these. mmWave might be
Deployments might be
used inside the buildings but also in the spaces between them relatively extensive, eg
for a variety of purposes.
across a refinery, with no
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campus
locations
MBB in
towns

“hard” boundary around
the campus.
We consider this mode of deployment very unlikely since the
user density will not be sufficient to justify the cost.

N/A

As a result, in the low demand zone we consider the main applications are likely to be MBB in
entertainment/sporting venues, MBB in private deployments (both indoors and campus), FWA and
fronthaul/backhaul.

3.2.

The size of exclusion zones

Having identified the use cases that are likely to be deployed in 26 GHz band (in section 3.1), we now
consider the deployment aspects of the use cases. In principle, this section provides the information on the
size of the exclusion zone required for the co-channel deployment of the identified use cases. From this, we
will be able to determine the minimum exclusion zones required for co-channel deployment around 26 GHz
5G sites and how this might vary depending on the channels being utilised by the victim and aggressor, the
environment and the use case(s).
Note that size of the exclusion zones provides an indication of the separation distances required for cochannel deployment if the aggressor and the victim use the same service. The exclusion zones do not
impact the spectrum sharing approach, but they set a buffer zone around deployments where others are
not allowed to deploy using the same frequencies. As more is learnt over time, it may be possible to reduce
the size of these zones, and this can be changed by the regulator at any point.
We carried out high level calculations using the minimum coupling loss (MCL) method to calculate the size
of the exclusion zone required. The MCL method is a widely used method to calculate the exclusion zones
required. It is a reliable method that provides the worst-case analysis. Time variations in signal levels
associated with the advanced features used by emerging technologies such as 5G (i.e. beamforming) could
pave the way to relax the conditions, since the probability of interference is likely to be lower compared to
the worst-case scenario. We used relevant and typical parameters of the systems commonly used by the
mobile industry and considered additional factors which will influence the interference levels. Once the
required isolation is calculated, we applied standard propagation models to calculate the size of exclusion
zones required.
3.2.1. Aggressor and victim definition
We assume that the aggressor (interferer) is a 26 GHz spectrum band user (i.e. 24.25-27.5 GHz), who
transmits and receives with Time Domain Duplex or TDD. We assume that the victim is also a 26 GHz
spectrum band user, who utilises the same channel in TDD where the UL and DL transmissions of interferer
and victim are time-aligned. We seek to calculate the physical separation to ensure that the victim’s
operation is not impacted by the aggressor’s interference.
For the purpose of the MCL analysis in this work we ignore interference from adjacent channel users. This is
because the objective of this study is to understand the opportunities for co-channel spectrum sharing
between the users within the 26 GHz band.
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3.2.2. Formulation
The MCL method calculates the isolation required between interferer and victim to ensure that there is no
harmful interference. The victim receiver is assumed to be continually operating 3 dB above reference
sensitivity. Interference must be limited to the noise floor to maintain the victim’s protection ratio. A path
loss formula must be chosen to determine how much isolation can be attained through physical separation.
[7]
The unwanted emissions analysis equation is:
𝐼𝑠𝑜𝑙𝑎𝑡𝑖𝑜𝑛 = 𝑃𝐼𝑁𝑇 + 𝑑𝐵𝐵𝑊 + 𝑀𝐶𝐼𝑁𝑇 + 𝐺𝑉𝐼𝐶𝑇 + 𝐺𝐼𝑁𝑇 − (𝑆𝑉𝐼𝐶𝑇 − 𝐶⁄𝐼

𝑉𝐼𝐶𝑇

) + 𝑓(𝑑𝐵𝑐𝐼𝑁𝑇 , 𝑃𝐼𝑁𝑇 )

where:
•

PINT is the maximum transmit power of the interferer

•

dBBW is the bandwidth conversion factor between interferer and victim

•

MCINT is the multiple carrier margin to account for when the interferer is a base site and has more
than a single carrier being transmitted

•

GVICT is the gain of the victim antenna (inc. cable loss)

•

GINT is the gain of the interferer antenna (inc. cable loss)

•

SVICT is the sensitivity of the victim

•

C/IVICT is the protection ratio of the victim

•

f(dBcINT,PINT) is a function defining the power of the wideband noise at the frequency offset being
considered relative to the interferer’s carrier power

Below is a discussion of the relevant parameters used for the analysis:
•

Bandwidth conversion factor between interferer and victim: We interpret this factor as 0 dB. This is
because we assumed that both aggressor and victim utilise the same channel bandwidth.

•

Multiple carrier margin: We interpret this factor as 0 dB. This is because we assume that both
aggressor and victim utilise the same channel. In this MCL analysis we ignore interference from
adjacent channel users.

•

Sensitivity of the victim: The 3GPP standard [8] defines the reference sensitivity for 4 power classes.
We propose to ensure victim protection of all power classes. Victim sensitivity is 3 dB above
reference sensitivity according to [7].

•

Protection ratio of the victim: Similar to [7], we assumed a protection ratio of 9 dB.

•

Power of the wideband noise at the frequency offset: We interpret this factor as 0 dB. This is
because we assumed that both aggressor and victim utilise the same channel.

•

Other parameters we considered:
•

TDD activity factor: The duplex mode of Band 3GPP n258 or 26 GHz band is TDD, and hence
the victim user terminal receives interference from the aggressor base station only when both
aggressor and victim are in the downlink direction. Consider the example of TDD activity
factor at 80%, meaning that the band is used for downlink 80% of the time. As a worst case, all
aggressor downlink symbols could overlap with all victim downlink symbols, and in this case
the victim receives 100% of the aggressor’s interference. As a best case, the amount of
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downlink symbol overlap between aggressor and victim is 80%-(100%-80%) = 60%. As an
intermediate case, the amount of overlap is the average between these two extremes, i.e. 80%
overlap. In this particular example of 80% TDD activity factor, we propose to multiply the
interference power by 80%, effectively introducing an additive parameter of -0.97 dB into the
equation.
•

network loading factor: From our experience in assessing the loading levels in a network, we
note that individual cells can approach 100% loading for short periods of time and that a
loading level of 50% over a larger number of cells is not atypical during the busy hour. We
assume 50% loading at aggressor BS for the MCL calculation, similar to [9]. With 50% network
loading, any given Resource Block (RB) is scheduled by the aggressor with 50% chance. Hence,
we multiply the interference power with 50%, effectively introducing an additive parameter of
-3 dB into the equation.

•

off-axis gain parameter: In mmWaves the antennas are beamformers with a number of
narrow beams and orientations that switch rapidly in time. For example, the half-power
beamwidth of a 196-element beamforming antenna is 15 deg in azimuth and 11 deg in
elevation, compared to about 60 deg azimuth of a conventional non-beamforming sector
antenna. With this example, the probability that the victim is within the main beam of the
aggressor’s beamforming antenna is roughly 4 times smaller than compared to the case of
non-beamforming antennas. We acknowledge that the statistical nature of beamforming
antennas can be quantified via a Monte Carlo inference assessment, but this is beyond the
scope of the simple MCL analysis. In our analysis we consider a practical off-axis gain
parameter and also assume that the victim does not point at the interferer.

•

atmospheric gas losses: Whenever the free space loss is used, we propose to consider the
atmospheric gas losses. Assuming a dry air pressure of 1013 hPa at 15 degrees Celsius, and a
water vapour density of 7.5 g/m^3, the atmospheric loss is estimated at 0.14 dB/km [10]. We
note that on wet days the victim will be protected additionally by rain and fog associated
losses.

•

empirical path loss model: We consider a path loss model that has been derived empirically
for mmWave channels, and endorsed by 3GPP, as described in [11]. With this choice of model,
the atmospheric gas losses are inherently considered, as the model was empirically derived
based on measurements.

Table 3 shows the outcome of the co-existence analysis.
Table 3 The size of exclusion zones
Use case

Exclusion distance

MBB in venues

360 m

MBB in cities &
MBB in rural areas

640 m (for urban areas) &
3 km (for rural areas)

Fronthaul / Backhaul

820 m

MBB in private indoor locations

360 m

FWA

1.5 km (for urban areas) &
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3.1 km (for rural areas)
MBB in private campus locations

640 m

These results show that the exclusion distance varies between 360 m and 820 m in urban areas except for
FWA where the exclusion distance is 1.5 km. In rural areas, additional separation is required since the open
nature of the environment results in signal propagating a longer distance.
Backhaul service requires separation distance of 820 m in urban areas. This could mean only one backhaul
service provider is able to operate in a given channel within the busiest areas in the city. This is also the
case for MBB-Direct-to-mobile service operators since the required separation distance is 640 m, which is
likely to be a similar size of a typical hotspot.
We note that exclusion zone calculations are often conservative as they cannot account for all the blocking
and usage patterns of real life and it may be that there are opportunities to reduce these distances,
perhaps as experience is gained with deployments. The solution suggested for spectrum licensing, below,
allows for this to happen over time.

3.3.
Will licence holders in high-demand areas deploy at the same
time?
As we start to consider optimal licensing approaches, the next step is to understand the extent to which
multiple operators might deploy in the same area. We have no way of knowing this for certain – there is no
evidence available yet that can demonstrate this. Hence, instead we set out our conjecture, discussing how
we reached out conclusions.
Table 4 Assumptions – Dense areas i.e. high-demand zone
Service

Discussion

MNOs

Others

Stadium and
similar

At present, all MNOs seek to provide high-capacity coverage within
stadium in current mobile bands and this is likely to also be true with
mmWave. It is unlikely that stadiums would want to deploy their own
private network in addition.

4

0

Fronthaul /
Backhaul

Given that all MNOs will be using similar small cells sites in dense areas 4
and face the same constraints and economic considerations when
selecting fronthaul / backhaul then we consider it likely that they will
come to similar conclusions. We noted earlier that we think backhaul
is relatively unlikely in these bands in dense areas, but were it to occur
it is likely to be deployed by all MNOs in the same geographical area,
although not necessarily to identical end-points, enabling greater
reuse through coordinated sharing.

0

MBB

We note in the US that different MNOs have adopted different
strategies, predominantly depending on their access to other 5G
spectrum bands. Hence, there is some likelihood that the same might
occur in the UK. For example, MNOs with larger spectrum holdings in

0
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C-band or elsewhere might decide that they do not need the
additional capacity from mmWave deployments. We have suggested
here that all of the MNOs might deploy, although there is a reasonable
probability that any number from 0 to 4 might actually do so.
MBB in
private
indoor
locations

It seems highly likely that where there is deployment, either by the
vertical or on their behalf by an MNO, it will be under the control of
the owner of the building, or similar, and they will deploy one
network. The possibility of someone else wanting to deploy another
network in the same building (or being allowed to) seems small.

0

1

FWA

We did not consider this likely.

0

0

MBB in
private
campus
locations

We did not consider this likely.

Unclear Unclear

Where there is likely to be more than one user in the high-demand areas, this will most likely always be
MNOs. Given that MNOs have exclusive licenses in these regions then the implications for the sharing
approaches adopted are relatively limited, other than, where one or more MNOs does not actually deploy
there may be scope for others to use more spectrum. This is a concept often termed “club spectrum” where
those in the “club” – for example, the mobile operators – are able to pool and share spectrum between
them, allowing some to use more than their assigned spectrum where others are using less. This is clearly
beneficial for spectrum efficiency and interference reduction as well as giving greater flexibility for club
members.
3GPP standardised Multi-Operator Core Network (MOCN) solution provides an example implementation
option for MNOs who wanted to share the spectrum within the club. In MOCN, the radio access networks
and spectrum are shared between multiple MNOs.
Table 5 Assumptions – Other areas i.e. low-demand zone
Service

Discussion

MNOs Others

Stadium and
similar

As for dense areas.

4

0

Fronthaul /
Backhaul

As for dense areas.

4

0

Direct-tomobile

We did not consider this likely.

0

0

MBB in
private
indoor
locations

It seems highly likely that where there is deployment, either by the
vertical or on their behalf by an MNO, it will be under the control of the
owner of the building, or similar, and they will deploy one network. The

0

1
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possibility of someone else wanting to deploy another network in the
same building (or being allowed to) seems small.
FWA

Generally, FWA providers aim not to deploy in areas where there is
competition. On this basis it seems unlikely that two FWA operators
would deploy in the same area as it would materially impact their
business case.

0

1

MBB in
private
campus
locations

It seems highly likely that where there is deployment, either by the
vertical or on their behalf by an MNO, it will be the under the control of
the owner of the campus, or similar, and they will deploy one network.
The possibility of someone else wanting to deploy another network in
the same campus area (or being allowed to) seems small.

0

1

In the low-demand zone, many of the deployments are in constrained locations, such as stadium, where
there is a clear owner. It may well be that coordination of multiple MNOs, or restriction to a single network,
takes place at this level, and there is little need for additional control from a spectrum access solution.
These assumptions are now taken forward into the development of optimal licensing and sharing
approaches.

3.4.

Development of an interference avoidance mechanism

The implications of the analysis from the previous sections are that:
•

In the high-demand zone MNOs have a variety of deployments they might pursue including mobile
broadband, backhaul and venues. All MNOs may deploy the same solutions in the same area or only
some may deploy. This suggests a licensed approach coupled with “club spectrum” where they can
access more than their licensed spectrum if others are not using all of theirs (the rules of how this
might work are defined below).

•

The likelihood of others (non-MNOs) deploying in the same high-demand zone seems low.

•

In the low-demand zone, there are many uses that are in specific locations such as stadium,
buildings or campuses where there is likely to only be a single user (typically the building or
business owner).

•

There may also be uses not constrained by a location including backhaul and FWA which may
overlap but will have the benefit of directional links, reducing interference.

A simple approach to awarding the spectrum might be to license all the available spectrum in the 26GHz
band in the high-demand zone and to make spectrum licence-exempt everywhere else. While this has the
virtue of simplicity, it has some disadvantages:
•

In the high-demand zone there may be locations where fewer than all of the MNOs deploy, leaving
unused spectrum that could be used by those MNOs who do deploy.

•

In the low-demand zone there may be locations where there is only one entity deploying, and little
likelihood of others deploying, but limited ability to provide any form of certainty.

•

In some cases in either of the areas there may be interference unless there is some form of
coordination.
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•

In both zones, lack of certainty of access by new entrants other than MNOs may prevent these
emerging.

•

Once spectrum has been made licence-exempt it is very difficult to modify or reverse the decision
should it be judged appropriate to do so.

In this section we seek a solution that overcomes these disadvantages while avoiding complexity and
unnecessary implementation costs. We start by setting out some schemes currently used around the world
in various bands, then discuss principles we believe should help inform the auction design process.
3.4.1. Innovative approaches to spectrum award
Broadly, spectrum allocations fall into one of three classes:
1.

Licensed spectrum where bands are typically auctioned, and the winners typically have exclusive
use of the band.

2.

Unlicensed approaches (more correctly “licence exemption”) where bands are open to all subject to
rules of entry such as maximum power levels.

3.

Flexible licensing, which falls between these schemes, and through gathering information on usage
can adopt and optimise assignments and usage.

As noted above, licensed approaches may not deliver an ideal outcome in low-density areas. Equally,
unlicensed approaches are unlikely to deliver the certainty of access that MNOs and others require to
invest in network deployment. Hence, it is the third strand, flexible licensing, that offers scope for
innovation while also enabling certainty of access.
Flexible licensing schemes could include:
1.

Simple registration of location of usage.

2.

Systems that aim to reduce interference between registered users, for example, by preventing new
registrations that might interfere with existing registrations.

3.

Systems that dynamically allow use, perhaps for limited time periods based on other users in the
band.

The most efficient flexible licensing approaches increasingly make use of databases as these can provide
more flexibility, deliver greater control of the band and provide important feedback on levels of actual
usage. Importantly, it can also make it simpler and quicker for users, for example they could automate their
request process such that their network planning tool automatically sends requests to the regulator’s
database, which in turn automatically processes them and based on an understanding of previously
approved requests returns responses, all in a matter of seconds and without any human intervention.
Further evolution can be imagined using AI and 6G concepts.
The term “databases” covers a wide range of implementations including:
1.

A simple database that registers specific deployments, such as individual fixed links, initially
accessible only by the regulator but increasingly on-line so users can directly enter uses.

2.

A database that runs a verification process before approving and entering an assignment, for
example, validating a new fixed link against existing links, before returning confirmation to a user,
perhaps through an on-line portal.

3.

A database that links to equipment, such that the equipment automatically sends a request to a
database on initial deployment, and automatically receives approval from the database.
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4.

A dynamic database that links to equipment, granting short-term requests from the equipment
perhaps on an annual, weekly or even daily basis.

These are listed in approximate order of complexity in implementation and operation. All of these have
already been implemented in some countries, with examples of the most complex arrangements being “TV
white space” management in the UK and the new Citizens Broadband Radio Service (CBRS) database
deployed in the US. Of these, CBRS is the most innovative offering a three-tier approach whereby:
•

The incumbent (in this case the US Navy) is offered complete protection for their use, which is timevarying and unpredictable.

•

Those buying rights (termed “priority access licenses” or PALs) are granted rights subject to
incumbent usage on a relatively small geographical basis.

•

Those wishing to access on a non-paying basis (termed “general access authorisation” or GAA) are
able to do so where neither of the incumbents or PALs wish to.

•

Rights can be traded or leased, for example from PAL users to GAA users.

CBRS is innovative, but not directly aligned with what is needed in the 26 GHz band – for example it does
not facilitate club spectrum.
We conclude that there is no existing scheme that perfectly fits the situation in the 26 GHz band. Equally,
CBRS and other approaches demonstrate that there is great flexibility in designing a scheme tailor-made to
a given situation. This is the approach we intend to follow, starting with an explanation of the principles we
believe are important in this band.
3.4.2. Principles

4

•

Avoid the need to require payment for all modes of access. This is because collecting payments is
likely to be bureaucratic and many payments will be de minimis. This implies mechanisms will be
needed to avoid hoarding and anti-competitive “land-grabs”.

•

Avoid the need for MNOs and other similar entities to publicly reveal their deployment plans. This
implies the scheme must maintain confidentiality and when opportunistic requests are not granted
that no reason is provided as to why this is so.

•

Where a flexible licence is awarded alongside a standard licence, aim for sufficient certainty of
access to make deployments worthwhile – quite how long this is will depend on a range of factors
but it will certainly be multi-year.

•

Automate the process as much as possible to remove any transactional friction and to enable
modifications to plans over time. In its recent Spectrum Management Strategy4 [12] Ofcom note the
importance of automated spectrum management tools.

•

Allow rules to evolve as the usage of the band becomes clearer – but without decreasing effective
access rights for those already investing.

•

Allow for licence holders to deploy shared networks, to make use of neutral host networks or other
similar commercial models.

para 7.34 of [12]
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•

Allow for deployed equipment to report back to the regulator on interference levels - such feedback
can be used to automatically flag issues as well as all the regulator to evolve the size of exclusion
zones on an evidential basis.

We think that the implications from previous sections coupled with our principles mean that:
•

Different rules will need to apply in the high-demand zone and in the other areas. (This aligns with
Ofcom’s spectrum management strategy which notes that “provision of national mobile services
may not always require national licensing in every band used, if, for example, certain bands are
used only for extra capacity in certain locations”)5 [12].

•

Rules will be needed to ensure that spectrum is used where access is reserved including penalties to
discourage inappropriate behaviour.

This leads us to suggest the following rules.
3.4.3. Rules
3.4.3.1.

Rules for the high-demand zone

•

Allocate initial rights to part or all of the 26 GHz band. The potential award process is discussed
further in the next section.

•

Despite having a dedicated licence, licence-holders (or their proxies such as neutral host operators)
have to register each deployment in a database which might be operated among themselves6
according to rules they collectively agree. If the spectrum is already in use (e.g. by another clubspectrum user) then the registration has a [6 month] notice period, if not it can be used
immediately. A deployment might be an individual fixed link or the coverage area of a multi-cell
direct-to-mobile system. The advantage of this for the licence-holder is that it may enable them to
access additional spectrum if others have not registered in the same area. The notice period should
be set such that it does not materially impact MNO deployment plans but equally maximises the
notice to others who are opportunistically accessing the club spectrum (see below).

•

Access to unused licensed spectrum is restricted to those in the “club” – other license holders.

•

All opportunistic users accessing any spectrum which was not licensed (if any) have to show
evidence of usage. The preferred evidence is a record of data volumes transmitted by the primary
node (e.g. the base station for direct-to-mobile, one end of the link for a fixed link) provided on a
[weekly] basis into a database. Other approaches to providing evidence will be considered on their
merits. If there is no usage within [6 months] of making a reservation, then the reservation is lost
and a penalty applied. This penalty will be that the user is banned access to making further
reservations for [1 month], with the period doubling for each subsequent lack of evidence of
usage7.

•

An opportunistic user can ask for as much unlicensed spectrum as they desire, up to the total
unlicensed available (if any). If other opportunistic users subsequently request access in the same
location then the total spectrum available is shared equally among them (unless one wants less

5

para 4.34 of [12]
There is an argument that such an MNO-owned database should be accessible by Ofcom as the usage information might be
valuable for future spectrum management decisions.
7 This broadly aligns with Ofcom’s Shared Access Licenses where users must start transmitting within six months, and continue to
be operational afterwards. If spectrum is not used in this timeframe or is subsequently no longer used, Ofcom may revoke the
licence with one month’s notice.
6
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than this) to the point that they each have the guaranteed minimum bandwidth. After this point no
new entrants are allowed.
Licence holders can either agree “club” rules between them, or if they are unable or unwilling to do so they
can request that the regulator defines these rules on their behalf. They can also decide whether any
necessary coordination measures, such as a database, should be provided by themselves or whether they
would prefer the regulator to define and provide them.
3.4.3.2.

Rules for other areas

We have set out two possible approaches here, which each have advantages and disadvantages. In the first
approach - “all opportunistic” - all use is opportunistic which should allow for maximum spectrum efficiency
and low probability of blocking of spectrum by one entity. In the second approach – “single licence
available” – then certainty of access is increased potentially assisting investment, but the risk of inefficient
use is higher. We can see merits in both approaches and suggest further discussion and consultation to
choose between them.
All opportunistic
•

Anyone can access spectrum by making a database request for each deployment.

•

All opportunistic users (which includes those holding licenses in dense areas) have to show evidence
of usage. The preferred evidence is a record of data volumes transmitted by primary node (e.g. base
station for direct-to-mobile, one end of link for fixed link) provided on a [weekly] basis into the
database. Other approaches to providing evidence will be considered on their merits. If there is no
usage within [6 months] of making a reservation, then the reservation is lost and a penalty applied.
This penalty will be that the user is banned access to making further reservations for [1 month],
with the period doubling for each subsequent lack of evidence of usage.

•

An opportunistic user can ask for as much spectrum as they desire, up to the total available. If other
opportunistic users subsequently request access in the same location then the total spectrum
available is shared equally among them (unless one wants less than this) to the point that they each
have the guaranteed minimum bandwidth of [25%] of total band. After this point no new entrants
are allowed.

•

Licence holding at the minimum bandwidth has an indefinite timespan up to a maximum of the
licence duration for the dense areas, subject to continued evidence of usage.

Single licence available
•

A user (e.g. a factory owner) can make a request for a licence in a small area where they are
guaranteed as much spectrum as they request (up to the entire bandwidth of the band or
alternatively up to some cap, say 75%8 of the band, to ensure an opportunity for at least a second
player at the same location should there be one). They will be charged a fee for this which may be
minimal and set according to anticipated demand in the area.

•

Opportunistic users can only access any spectrum remaining on the same basis as the “all
opportunistic” approach.

8

This level of 75% is used in Hong Kong to trigger payments for bands considered to be congested and hence may be a suitable
level for this scheme.
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•

All users have to demonstrate usage, and the licence can be withdrawn if it is not being used, or its
bandwidth reduced if not all of the requested bandwidth is used.
3.4.3.3.
Rules for areas adjacent to high demand areas that may be subject to
interference

In areas outside of the high-demand areas but close enough to them that interference may occur to or
from them there may need to be a modification to the rules. These areas will not be extensive – likely a
“doughnut shape” with radius of a few hundred metres around high-demand areas. There are two
potential issues:
•

Interference from use outside the high-demand zone might impact use within the area. However,
since the database will be aware of usage or licenses within the high-demand zone, it should not
allow any assignments that cause such interference.

•

Interference from within the high-demand area might impact users who believed that they had the
rights associated with being outside of this area. In particular, they might anticipate indefinite
access to spectrum at the minimum guaranteed bandwidth only to discover after some period of
time that a new deployment inside the high-demand area causes them interference.

The second issue can be resolved by labelling the intermediate areas as if they were high-demand zone
from the point of view of opportunistic access and hence prohibiting deployment in any spectrum licensed
in the high-demand zone. However, users with a licence for the high-demand area can access the same
spectrum as they have been licensed in these areas as if they were high-demand areas but they will not
have the same level of interference protection that they would be provided inside the high-demand areas.
Implementation implications for regulators and users
These rules require that:
1.

There be a central database that records usage and processes requests.

2.

Users extract usage information from their equipment and send this to the database periodically.

3.5.

Licence award and durations in high and low-demand zones

Licence award for the high-demand zone could proceed in two ways:
•

A conventional auction.

•

Direct assignment to the MNOs but with some payment mechanism for usage.

We can see merit in either approach. As the amount of spectrum awarded via licence reduces – both to a
small geographical area such as 1% of the country and potentially to part of the band, such as around 1GHz
in total – then the complexity and cost of an auction becomes disproportionate. In such circumstances,
directly assigning spectrum to each MNO and then charging, perhaps annually for the entire high demand
zone or according to the actual level of usage might be more appropriate and align better with a currently
uncertain model of deployment and hence value for the band. Also, if not all of the band is awarded in this
manner then this direct assignment does not exclude other users who can access opportunistically.
If single-licensing is used in the lower-demand areas then a payment according to coverage area and
bandwidth should be made, perhaps aligned with any fee charged to the MNOs subject to adjustment for
factors such as population density.
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Our default assumption for licenses in the dense areas are that they should align with other licenses issued
by Ofcom for mobile usage as far as possible. This would imply an indefinite duration unless sufficient
notice is given with good reason.
We see no reason for opportunistic access not to align with these license durations under the conditions
set out above which includes being subject to continuous usage. Exclusive spectrum licensees can set their
own rules for their pooled “Club Spectrum”.

4. Conclusions and further work
This section summarises our key findings from this study and recommendations for the UK SPF for further
investigations which would enhance the arguments we presented.

4.1.

Conclusions

Future usage of the 26 GHz band remains uncertain. There are many potential applications from mobile
broadband and fixed wireless access including deployment by private entities. There are many potential
users from MNOs, altnets, building and venue owners. There is substantial bandwidth available, likely more
than one entity will need. Further, the short propagation range enables greater opportunities for sharing.
Based on the uncertainty and the range of uses we have set out potential approaches to licensing and
making the spectrum available which aim to maximise spectrum efficiency, enable opportunity for
innovation and deliver flexibility for the usage and ownership of the spectrum to evolve as demand
emerges. There are various options within these models that could be selected, perhaps based on
consultation with stakeholders.
Broadly we recommend:
•

The country be divided into high-demand and low-demand zones, with high-demand comprising
about 1% of the geographical area. This is inclusive of spatial smoothing and MNO identified venues
but excludes the buffer zones. The entire 24.25-27.5 GHz band need not necessarily have to be
made exclusive in the high traffic areas and the need for exclusivity could be met by around 1 GHz,
taking into account the advantage of the Club Spectrum feature.

•

In high-demand zones MNOs should be awarded licenses for exclusive channels. However, they
should “share” these bands between themselves in a “club spectrum” model to improve spectrum
efficiency. There may be a scope to further improve club spectrum efficiency through technical
means such as dynamic spectrum access.

•

For a 1% high-demand zone a spectrum auction for exclusive channels at 26 GHz looks
disproportionate in time, effort and effectiveness, and some sort of administrative pricing could be
more appropriate.

•

Flexible licensing applications should be fully automated and online. Opportunistic access to
spectrum should be made dynamic, reducing the bandwidth available as more entities request
access down to a guaranteed minimum set at a level that provides certainty of sufficient access.

•

Flexible licencing rules should make due allowance for the lead time to implement an assignment
taking into account things like planning delays.

•

Applicants for flexible licenses should be able to ask for the spectrum they need with effective
means to claw back unused assignments and perhaps a cap of 75% of the band for any one
applicant.
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We believe this approach provides the best mix of certainty of access and flexibility.

4.2.

Further work

•

Precise determination of the high and low demand zones. This could include the development of
polygons combining all adjacent and nearby high demand pixels. Note that our study shows the
high-demand zone based on the current traffic from a panel of users. A consideration needs to be
given to the potential variations of the high-demand locations as a result of new use cases and
private networks. Further corroboration of high-usage locations from datasets supplied by
operators should also be used to corroborate and refine the locations.

•

Identify all potential interference scenarios and optimisation of the exclusion zone distances, or
agreement that these will evolve within the database with experience.

•

Selection of the award mechanism. A detailed cost benefit analysis is required to determine the
optimum approach for the award mechanism. This would include developing a detailed economic
cost benefit model that will compare the cost, complexity and benefits of each award mechanism.
This could also include a deeper look into the use cases that benefit from this band and the
assessing the deployment costs and the benefits to determine the most sensible approach.
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Appendix A Details of the co-existence analysis
A1

MCL: MBB in venues and private indoor locations

A1.1

Aggressor and victim situation

We consider the interference caused by an indoor ground floor base station mounted on the ceiling to an
outdoor mobile handset.
•

Maximum transmit power of the interferer: We assume that the maximum transmit power of the
interferer is 10 dBm/200 MHz per antenna element, similar to [13]. With a 256-element antenna of
5 dBi element gain [14], this power corresponds to 39.1 dBi/200MHz EIRP.

•

Gain of the victim antenna (including cable loss): We assume that the UE is equipped with 32element antennas of 5 dBi each, similar to [14]. This implies that the gain of the victim antenna is
20.1 dBi. We assume that the cable loss is 0 dB, similar to [14].

•

Gain of the interferer antenna (including cable loss): This parameter is not needed in the equation.
This is because the interference power is expressed in EIRP which inherently includes the gain and
cable loss of the interferer antenna.

•

Sensitivity of the victim: The most stringent (Power class 1) features reference sensitivity at -91.51
dBm/200MHz [8]

•

Other parameters:
•

We assume that the interference path is through a single glass window, and that the
associated penetration loss is in the middle of the 3-20 dB range [16], at 11.5 dB.

•

We assume that the TDD activity factor is 80%, similar to [13].

•

We also introduced the network loading factor to make the system closer to practical
networks. The loading factor we assumed was 50%, similar to [9].

•

We also assume a practical off-axis gain parameter and propose to introduce the additive
parameter of -13 dBc into the equation.

•

We assume that the BS is at 3 m (similar to [14]) above ground level and that the UE is at 1.5 m
above ground level

A1.2

Minimum coupling loss analysis result

Considering the above parameters, we calculate the physical isolation required between interferer and
victim as follows
Isolation = PINT + dBBW + MCINT + GVICT + GINT - (SVICT - C/IVICT) + f(dBcINT,PINT)
= 39.1 + 0 + 0 + 20 + 0 - (-88.51 - 9) + 0 = 156.6 dB
Assuming free space loss and ignoring the atmospheric loss, the above isolation corresponds to about 63
km.
We considered additional parameters which effect the isolation distance as summarised in Table 6 and our
proposal for isolation distance is provided in bold.
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Table 6 Minimum coupling loss analysis results, MBB in venues and private indoor locations
Parameters

Isolation

Isolation
distance
63 km

Free space loss, ignoring atmospheric loss
156.6 dB
3GPP 38.901 UMi and window penetration loss, 80% TDD factor, 50% loading
factor, -13 dB off-axis gain, isolation distance increased to the level that LoS
130.4 dB 360 m*
probability drops to 5%
* Value calculated assuming 95% cell-area coverage-confidence and LOS probability of 5%. As a
consequence, a 360 m isolation distance is inadequate to provide protection in the less likely event of the
aggressor-victim being within LOS or in <5% of locations.
A2

MCL: Fronthaul/Backhaul

A2.1

Aggressor and victim situation

We consider the interference caused by an outdoor fixed wireless backhaul transceiver to a fixed wireless
backhaul transceiver. We assume that the interferer and victim are at the same height above ground level,
and we assume that this height is above clutter. We further assume that the interferer and victim antenna
boresights do not point directly at each other.
•

Maximum transmit power of the interferer: We assume that the maximum transmit power of the
interferer is 59.76 dBm/100MHz EIRP, similar to [15].

•

Gain of the victim antenna (inc. cable loss): We assume that the gain of the victim antenna (inc.
cable loss) is 23 dBi, similar to [15].

•

Gain of the interferer antenna (inc. cable loss): This parameter is not needed in the equation. This is
because the interference power is expressed in EIRP which inherently includes the gain and cable
loss of the interferer antenna.

•

Sensitivity of the victim: We propose to assume -54.35 dBm/100MHz (which corresponds to 64QAM and 29.83 dB SINR), similar to [15].

•

Other parameters:
•

We assume that the TDD activity factor is 80%, similar to [13].

•

We also introduced the network loading factor to make the system closer to practical
networks. The loading factor we assumed was 50%, similar to [9].

•

We also assume a practical off-axis gain parameters and propose to introduce the additive
parameter of -23 dBc into the equation. This value represents the average case scenario,
where the interference is calculated from the average across all angles. It is reminded that the
average value of any antenna pattern is 0 dB and that the antenna gain is 23 dBi [15].

Note that in the backhaul use case the antenna pattern is invariable with time, since the communication
endpoints are stationary. This creates opportunities for point to point interference calculations, avoidance
of beam/lobe alignment and null-insertion in the antenna pattern. For these reasons, we support that the
practical off-axis parameter for backhaul (-23 dBc) is different from that of other use cases in which the
antenna pattern varies extensively with time (-13 dBc).
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A2.2

Minimum coupling loss analysis result

Considering the above parameters, we calculate the physical isolation required between interferer and
victim as follows
Isolation = PINT + dBBW + MCINT + GVICT + GINT - (SVICT - C/IVICT) + f(dBcINT,PINT)
= 59.8 + 0 + 0 + 22.8 + 0 - (-54.35 - 9) + 0 = 145.9 dB
Assuming free space loss and ignoring atmospheric loss, the above isolation corresponds to about 18 km.
We considered additional parameters which effect the isolation distance as summarised in Table 7 and our
proposal for isolation distance is provided in bold.
Table 7 Minimum coupling loss analysis results, fronthaul/backhaul
Parameters

Isolation

Free space loss, ignoring atmospheric loss
145.9 dB
Free space plus atmospheric loss, 80% TDD factor, 50% loading factor, -23 dB
119.1 dB
off-axis gain
A3

Isolation
distance
18 km
820 m

MCL: MBB in cities and rural areas

A3.1

Aggressor and victim situation

We consider the interference caused by an outdoor lamppost mounted base station to an outdoor mobile
handset, in an urban environment. We also consider the interference caused by an outdoor tall base
station to an outdoor mobile handset, in a rural environment.
•

Maximum transmit power of the interferer: We assume that the maximum transmit power of the
interferer is 10 dBm/200 MHz per antenna element, similar to [13]. With a 256-element antenna of
8 dBi element gain, this power corresponds to 42.1 dBi/200MHz EIRP.

•

Gain of the victim antenna (inc. cable loss): We assume that the UE is equipped with 32-element
antennas of 5 dBi each, similar to [14]. This implies that the gain of the victim antenna is 20.1 dBi.
We assume that the cable loss is 0 dB.

•

Gain of the interferer antenna (inc. cable loss): This parameter is not needed in the equation. This is
because the interference power is expressed in EIRP which inherently includes the gain and cable
loss of the interferer antenna.

•

Sensitivity of the victim: The most stringent (Power class 1) features reference sensitivity at -91.51
dBm/200MHz [8].

•

Other parameters:
•

We assume that the TDD activity factor is 80%, similar to [13].

•

We also introduced the network loading factor to make the system closer to practical
networks. The loading factor we assumed was 50%, similar to [9].

•

We also assume a practical off-axis gain parameter, and propose to introduce the additive
parameter of -13 dBc into the equation.
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•

A3.2

To consider an urban environment we assume that the BS is at 6 m above ground level [13].
To consider a rural environment we assume that the BS is at 25 m above ground level. We
further assume that the UE is at 1.5 m above ground level.
Minimum coupling loss analysis result

Considering the above parameters, we calculate the physical isolation required between interferer and
victim as follows
Isolation = PINT + dBBW + MCINT + GVICT + GINT - (SVICT - C/IVICT) + f(dBcINT,PINT)
= 42.1 + 0 + 0 + 20 + 0 - (-88.51 - 9) + 0 = 159.61 dB
Assuming free space loss and ignoring the atmospheric loss, the above isolation corresponds to about 88
km.
We considered additional parameters which effect on the isolation distance as summarised in Table 8 and
our proposal for isolation distance is provided in bold.
Table 8 Minimum coupling loss analysis results, MBB in cities and rural areas
Isolation
distance
Free space loss, ignoring atmospheric loss
159.6 dB
88 km
640 m*
3GPP 38.901 UMi, 80% TDD factor, 50% loading factor, -13 dB off-axis gain
142.4 dB
urban value
3GPP 38.901 RMa, 80% TDD factor, 50% loading factor, -13 dB off-axis gain,
3 km**
161.1 dB
isolation distance increased to the level that LoS probability drops to 5%
rural value
* Value calculated assuming 95% cell-area coverage-confidence which corresponds to 8.1 dB slow-fade
margin. According to the UMi path loss model [11] at 640m there is 2.8% LOS probability. As a
consequence, a 640 m isolation distance is inadequate to provide protection in the less likely event of the
aggressor-victim being within LOS or in 5% of locations.
** Value calculated for LOS probability of 5%, which corresponds to additional isolation distance
requirement of 161.1 - 142.4 = 18.7 dB. As a consequence, a 3 km isolation distance is inadequate to
provide protection in the less likely event of the aggressor-victim being within LOS or in <5% of locations.
Parameters

A4

Isolation

MCL: FWA

A4.1

Aggressor and victim situation

We consider the interference caused by an outdoor rural high base station to an outdoor wall mounted
Consumer Premises Equipment (CPE). We also consider the interference caused by an outdoor urban base
station to an outdoor wall mounted CPE.
•

Maximum transmit power of the interferer: For this parameter we looked into the responses to
Ofcom’s call for inputs on ‘5G spectrum access at 26 GHz and update on bands above 30 GHz’. We
interpreted the transmit power input [16] as the interferer transmit EIRP, at 68 dBm/800MHz. We
interpreted this value to be 65 dBm/400MHz EIRP.

•

Gain of the victim antenna (inc. cable loss): We propose a victim antenna gain similar to [16], at 17
dBi.
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•

Gain of the interferer antenna (inc. cable loss): This parameter is not needed in the equation. This is
because the interference power is expressed in EIRP which inherently includes the gain and cable
loss of the interferer antenna.

•

Sensitivity of the victim: The most stringent (Power class 1) features reference sensitivity at -88.51
dBm/400MHz [8].

•

Other parameters:
•

We assume that the TDD activity factor is 80%, similar to [13].

•

We also introduced the network loading factor to make the system closer to practical
networks. The loading factor we assumed was 50%, similar to [9].

•

We also assume a practical off-axis gain parameter, and propose to introduce the additive
parameter of -13 dBc into the equation.

•

We assume that the BS is at 25 m above ground level to represent a wide-area FWA service
provision and a worse case of interference. We assume that the CPE is at 3 m above ground
level (similar to [16]).

A4.2

Minimum coupling loss analysis result

Considering the above parameters, we calculate the physical isolation required between interferer and
victim as follows
Isolation = PINT + dBBW + MCINT + GVICT + GINT - (SVICT - C/IVICT) + f(dBcINT,PINT)
= 65 + 0 + 0 + 17 + 0 - (-85.51 - 9) + 0 = 176.51 dB
Assuming free space loss and ignoring the atmospheric loss, the above isolation corresponds to about 620
km.
We considered additional parameters which effect the isolation distance as summarised in Table 9 and our
proposal for isolation distance is provided in bold.
Table 9 Minimum coupling loss analysis results, FWA
Parameters
Free space loss, ignoring atmospheric loss

Isolation Isolation distance
176.5 dB
620 km
3.1 km*
3GPP 38.901 RMa, 80% TDD factor, 50% loading factor, -13 dB off-axis gain 159.3 dB
rural value
1.5 km**
3GPP 38.901 UMa, 80% TDD factor, 50% loading factor, -13 dB off-axis gain 159.3 dB
urban value
* Value calculated assuming 95% cell-area coverage-confidence which corresponds to 7.4 dB slow-fade
margin. According to the RMa path loss model [11], at 3.1 km there is 4.5% LOS probability. As a
consequence, a 3.1 km isolation distance is inadequate to provide protection in the less likely event of the
aggressor-victim being within LOS or in 5% of locations.
** Value calculated assuming 95% cell-area coverage-confidence which corresponds to 5.5 dB slow-fade
margin. According to the RMa path loss model [11], at 1.5 km there is 1.2% LOS probability. As a
consequence, a 1.5 km isolation distance is inadequate to provide protection in the less likely event of the
aggressor-victim being within LOS or in 5% of locations.
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A5

MCL: MBB in private campus locations

A5.1

Aggressor and victim situation

We consider the interference caused by an outdoor high street asset mounted base station to an outdoor
mobile handset.
•

Maximum transmit power of the interferer: We assume that the maximum transmit power of the
interferer is 10 dBm/200 MHz per antenna element, similar to [13]. With a 256-element antenna of
8 dBi element gain [14], this power corresponds to 42.1 dBi/200MHz EIRP.

•

Gain of the victim antenna (inc. cable loss): We assume that the UE is equipped with 32-element
antennas of 5 dBi each, similar to [14]. This implies that the gain of the victim antenna is 20.1 dBi.
We assume that the cable loss is 0 dB, similar to [14].

•

Gain of the interferer antenna (inc. cable loss): This parameter is not needed in the equation. This is
because the interference power is expressed in EIRP which inherently includes the gain and cable
loss of the interferer antenna.

•

Sensitivity of the victim: The most stringent (Power class 1) features reference sensitivity at -91.51
dBm/200MHz [8].

•

Other parameters:
•

We assume that the TDD activity factor is 80%, similar to [13].

•

Hence, we effectively introduce an additive parameter of -0.97 dB into the equation.

•

We also introduced the network loading factor to make the system closer to practical
networks. The loading factor we assumed was 50%, similar to [9].

•

We also assume a practical off-axis gain parameter, and propose to introduce the additive
parameter of -13 dBc into the equation.

•

We assume that the BS is at 10 m (similar to a micro site height in [14]) above ground level and
that the UE is at 1.5 m above ground level.

A5.2

Minimum coupling loss analysis result

Considering the above parameters, we calculate the physical isolation required between interferer and
victim as follows
Isolation = PINT + dBBW + MCINT + GVICT + GINT - (SVICT - C/IVICT) + f(dBcINT,PINT)
= 42.1 + 0 + 0 + 20 + 0 - (-88.51 - 9) + 0 = 159.61 dB
Assuming free space loss and ignoring the atmospheric loss, the above isolation corresponds to about 88
km.
We considered additional parameters which effect the isolation distance as summarised in Table 10 and
our proposal for isolation distance is provided in bold.
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Table 10 Minimum coupling loss analysis results, MBB in private campus locations
Parameters
Isolation Isolation distance
Free space loss, ignoring atmospheric loss
159.6 dB
88 km
3GPP 38.901 UMi, 80% TDD factor, 50% loading factor, -13 dB off-axis gain 142.4 dB
640 m*
* Value calculated assuming 95% cell-area coverage-confidence which corresponds to 8.1 dB slow-fade
margin. According to the UMi path loss model [11],at 640 m there is 2.8% LOS probability. As a
consequence, a 640 m isolation distance is inadequate to provide protection in the less likely event of the
aggressor-victim being within LOS or in 5% of locations.
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