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Document Structure 

This document is one of three deliverables specified by DCMS under its contract of services: Fifth 

generation mobile communications (5G) ɒ Research for a network mapping / planning tool.  

 
This document includes details of research to understand the impact of geospatial features and weather 

on 5G mmWaves. Its conclusions have been used to inform a planning guide for a 5G planning suite; a 

separate contract deliverable. 
 
This document: 

¶ provides details of the research undertaken by Ordnance Survey, 5GIC and the Met Office 

¶ defines a network planning tool based on the research 

¶ draws conclusions relating to the impact of geospatial and weather factors in rolling out 5G in high-
value geographies across the UK. 

 
 

For the avoidance of doubt, the liability of OS, 5GIC and the Met Office to DCMS for any loss arising out of 
or in connection with this report is subject to all exclusions and limitations of liability set out in the 

Contract for Services pursuant to which this report was commissioned. 
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Ȕ 
1 %R?=ONCP? 3OGG;LS  

This report sets out to address the following requirements: 
 

1. Confirmation of which geospatial data are important to deciding on the best siting of infrastructure 
for 5G deployment at frequencies exceeding 6GHz. A detailed explanation of the work and results 
that led to these conclusions. 

2. Setting out the learning gained from the project, including the scale of the challenge for 5G network 

deployment and evidence of the benefits the tool could deliver for operational 5G deployment. 

 
This report informs a Planning Guide for a 5G Planning Suite, also developed under this project. 
 

In the global 5G race, the government has a stated ambition for the UK to be a world leader1. The 
research undertaken in this project confirms that deployment of 5G mmWave solutions will need to take 
account of variables that do not apply NI NI>;SɇM FIQ?L @L?KO?H=C?MȻ The considerable densification of 

antennae necessary, especially in urban environments, and the significant impact on the performance of 
the network from obstructing physical objects and weather, are two very important differences. With so 

much engaging work being undertaken across all areas of 5G research, it is not surprising that the 
practical issues, supporting frameworks and standards relating to implementation of a 5G network have 

been overlooked to date.  

 

This report highlights the significance of appropriate spatial planning to make 5G an affordable 
proposition for the UK, including high-resolution geospatial data integrated with a range of other 

information types (particularly meteorological data) served via a functionally-rich planning tool. 
 

4I>;SɇM ?MM?HNC;FFS G;HO;F ;H> @L;AG?HN?> G?NBI>M I@ JF;HHCHA IH-site deployment of networks are 

too costly to be scaled up to the considerable densification of antennae required to deploy 5G 
throughout urban areas of the UK, and run the additional risk of not being sufficiently accurate to 
account for the higher frequencies used by 5G technology. The requirement is therefore to model (from 

the desktop as far as possible to minimise on-site investigation) the impact of change in the physical 

environment on the performance of the network both in the initial network deployment and its 
subsequent management.  
 

This research demonstrates the impact on performance of 5G networks from physical features not 
currently considered in network planning, including street furniture and vegetation, and the important 

role that weather conditions play. Having these data available and made easily accessible and usable 

through a planning tool has been shown as critical to a cost-effective 5G rollout. The solution 
recommended in this report (a combination of data and software) is an essential prerequisite to opening 
higher frequencies for 5G use ɒ not just in the UK, but globally ɒ meaning that the expertise developed 

here is exportable. 

                                                                 
1 Next Generation Mobile Technologies: A 5G strategy for the UK (https://www.gov.uk/government/publications/next-generation-mobile-

technologies-a-5g-strategy-for-the-uk) 



Executive  

summary 

       

        

  

The effect of the built and natural environment of millimetric radio wave 

Final Report © OS 2018 

            7 

 

The geospatial data requirements described in this report are consistent with the evolving government 

agenda around Smart Cities and Building Information Modelling (Digital Built Britain2), Connected 
Autonomous Vehicles (for example illustrated within the Atlas project3) and a number of the aspirations 

laid out in the Industrial Strategy green paper4. Ordnance Survey is actively working across government 
to advise on the geospatial infrastructure required to support the delivery of government policy.  
 

Specifying, acquiring, integrating and managing these types of data is complex, evidenced by the fact 
that we have incorporated over 30 datasets to create a single 3D view of Bournemouth, a typical high-

value UK urban area. To scale this task to the whole urban geography of the UK will require a single 
authoritative, consistent set of data specifications and standards supported by integrated, maintained 

and secure datasets. An important benefit of this approach is that it will support a range of additional 
government policies and drivers and maximise return on investment for UK plc, built on a principle of 

Ɇ=;JNOL? IH=?ȼ OM? G;HS NCG?MɇȻ 

 
The remainder of this report presents the detailed project work undertaken by a consortium of 5GIC 
(University of Surrey), the Met Office and Ordnance Survey. 

                                                                 
2 http://digital -built -britain.com/ 

3 https://www.ordnancesurvey.co.uk/about/news/2016/uk-given-green-light-driverless-cars.html 

4 https://beisgovuk.citizenspace.com/strategy/industrial-strategy/supporting_documents/buildingourindustrialstrategygreenpaper.pdf 
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ȕ 
2 0LID?=N IP?LPC?Q 

The Department of Culture Media and Sport (DCMS) commissioned Ordnance Survey (OS), the University 
I@ 3OLL?SɇM 5G Innovation Centre (5GIC) and the Met Office to undertake research into the enabling 

geospatial data and their associated granularity (level of detail) as well as weather data for use in cellular 
planning of 5G communication networks in spectrum bands above 6GHz. 
 

Current communication networks operating below 6GHz are conventionally planned using simple block 

designs to represent buildings and large areas of vegetation over large cell areas. At mmWave 

frequencies, unlike lower frequencies, obstructions can have a significant impact on propagation. For 
these higher frequencies, base stations may typically be deployed close to ground level as they have a 
range of only a few hundred metres. These findings represent a key challenge for 5G deployment. 

 
Because of this, 5G planners must have far more detailed data to plan their networks. Furthermore, 
weather considerations, and particularly rainfall, have significantly more impact on signal propagation 

above 6GHz. Understanding probable rates, timings and durations of rainfall is important to ensure 
reliable 5G coverage and capacity. 

 
We undertook this research project using the town of Bournemouth as our case study, and working in 

close partnership with Bournemouth Borough Council (Bournemouth BC). The results of this study 

provide insight into the minimum size of physical objects and the weather conditions that impact 

coverage which we have demonstrated in a prototype 5G planning tool.   
 

This report also aims to identify the scale of the 5G challenge and consider the benefits a 5G planning 
tool could offer. The work carried out included: 

 

¶ Research into the availability and suitability of geospatial datasets from new capture and existing 
sources including Bournemouth BC; 

¶ Generation of a 3D Digital Model of Bournemouth representing the built and natural environment; 

¶ Research into radio propagation phenomena, the use of existing measurement data, and further 

practical measurements to inform how geospatial objects impact cellular coverage dependent on 
their size and specification; 

¶ Simulation to analyse the behaviour of propagation in heavy rainfall conditions which cause 
limitations on the cellular range over which propagation can take place. Other effects such as gaseous 
absorption of radio and temperature effects on the system have been taken into consideration; 

¶ Formulation of a signal propagation model based on measurement data that can be utilised in the 

planning tool to determine power received by a mobile device that is transmitted from a base station, 
enabling the impact of geospatial objects and weather to be included in or removed from the 
analysis; 
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¶ Development of a software-based mmWave demonstrator tool combining the Digital Model, weather 

data and the propagation model to demonstrate the impact of physical objects and weather on 5G 

signals. The tool shows the coverage range not only in terms of the signal power received from a 
particular base station, but also the interfering power that is received from neighbouring base 

stations which should be relatively lower; 

¶ Simulations of the communication link, including signalling methods, intelligent antenna techniques 
and the coordinated scheduling of transmissions to mobile devices within a cell. The information 

obtained from these simulations enables the ability to determine what data rate in Gbits/s is 
delivered to the mobile from a base station and hence determine whether the planned cellular 

>?JFISG?HN QCFF G??N NB? =IGGOHC=;NCIH L?KOCL?G?HNMȻ 4I >I NBCMȼ NB? >;N; GOMN ɆEHIQɇ <INB NB? 
received power from the desired base station and the total interfering power from neighbouring base 

stations. This can subsequently enable the demonstrator tool to show locations where 
communication is insufficient due to the impact of geospatial objects; 

¶ Compilation of this report, setting out key findings in respect of the geospatial and weather data 

required to enable 5G planning; 

¶ Compilation of a planning guide for a 5G planning suite for national operational use. 

 
This work has clearly identified that the natural and built environment has a significant impact on high-

frequency signals above 6GHz which is as expected. However, this work has shown that the sensitivity of 

this impact is remarkable and has major implications for network operators, local authorities, 
infrastructure asset owners and policy makers. The supporting evidence is further outlined in the 
remainder of this document. 

 
The scale of this sensitivity is illustrated in the heat map in Figure 2-1 below which shows two base 

stations indicated with white poles: one in the foreground and the other in the background. The heat 
map shows the capacity available at each pixel which is high when close to the base station but 

decreases with distance. Importantly, the street signs and lamp posts highlighted in black cause 

significant drops in capacity in their shadows. The demonstrator planning tool developed for this project 
illustrates this level of geospatial sensitivity as well as the impact of changes in frequency and weather 
conditions.  

 

The demonstrator tool is distinct from commercially-available cell planning tools in that it can handle 
detailed geospatial information such as the type of façade of a building or the structure of a street-side 

object such as a road sign. This level of data, integrated with a suitable propagation model, enables the 
simulation of detailed phenomena such as surface roughness on a buildingɇM façade or the loss resulting 
from the shadow of a road sign. 
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Figure 2-1: Heat map of 5G signal capacity 

The impact of geospatial objects, weather and socio-economic factors is summarised in the following 

table, including an impact on propagation, data requirements and recommended further research.  
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Classification  Impact on Propagation or Communication Requirements Data/Research Requirements 

Weather Extreme rainfall and sleet can have a real impact on the 

communication range and reach at the cell edge. 

Other meteorological factors including temperature, snow, gas, 

fog, or wind have negligible impact on the signal propagation.  

Further research with the backing of measurement data is 

required to verify losses due to extreme rainfall and sleet 

conditions. 

Vegetation Vegetation causes substantial propagation problems, especially 

leaves. Measurements confirm that this impact is substantial for 
all tree types. However, certainty of the precise loss caused is 

highly dependent on the volume of foliage and can vary by 
season. 

To obtain an estimate of the propagation loss through 

vegetation detailed datasets are required containing 
information not only about size and position of the plant but 

also type, i.e. coniferous or deciduous.  

Street furniture Street furniture has a significant impact on propagation. It can be 
categorised as:  
1. Standing objects (e.g. road signs, pillars or lamp posts 

especially with sign attached). Any standing object with a width 

exceeding 10cm at 26GHz and 5cm at 90GHz on a street will have 

substantial impact on coverage. 
2. Enclosed objects (e.g. bus shelters or telephone boxes). 

Propagation will be subject to penetration losses as well as loss 

due to reflections off the structure (known as scattering loss).   

A database of street furniture is highly desirable including 
detailed characteristics such as accurate position, object 
dimensions, material, structure and information of other 

objects attached to it including advertising banners, signs or 

seasonal decoration like hanging baskets or Christmas lights. 

Information about street furniture will enable the accurate 
determination of signal loss caused due to obstruction or 

blocking of the line of sight as well as additional loss due to 

reflections known as scattering. Accurate location of street 

furniture objects is also of vital importance in terms of siting 
of base stations as is more cost-effective to place antennae 
on, for example, a lamp post than a building. 

Building façades Building surfaces e.g. brick, concrete, wood, tinted windows or 
metal vary substantially in terms of the material roughness which 

effects mmWave signal propagation. The importance of 
roughness increases with frequency since the rough edges 

Substantial data is required to form a suitable set of 
groupings for different building façades, which have varying 

forms of material type and roughness. These groupings need 
to be identified such that a representative façade of a group 
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become bigger compared to the signal wavelength (which gets 

smaller as frequency increases). This is particularly important 
where a mobile device does not have a line of sight link with a 

base station and the only way a link can be established is to rely 
on reflections from a buildingɇM façade. 

type can be modelled onto a building front and give a reliable 

result of the expected reflections off that surface. 

Fibre connection 

points 

The position of fixed fibre network connection points has no 

direct impact on propagation. However, base stations without 

access to a connection point will need to be connected with fixed 

wireless links, and signal propagation will need to be modelled for 
these links. 

Locations of fixed network connection points, though out of 

the scope of this work, will be required in the cell planning 

process and the tool will need to establish which base 

stations are connected to fibre and which are not. 
 

Road and rail 

infrastructure 

 

Infrastructure along the road and rail networks has no significant 

impact on the signal propagation. However, physical structures 

(bridges, road signs and gantries) can be used to mount 

equipment. Information about those structures will simplify and 
improve planning processes and help make small cells 

deployment along the networks more efficient.  

Infrastructure information has been modelled for this within 

the Bournemouth Digital Model. There is scope for 

improvement if attribution is available from other sources. 

Population 
statistics and 

footfall data 

 

 
 
 

 

 

To help predict demand and improve network capacity, reliable 
population statistics and footfall data should be utilised to 

complement network planning processes. Information about how 

many people reside or work in any area of interest at different 

times will both improve the planning process and help to monitor 
MG;FF =?FFM H?NQILEM <S FI=;NCHA ɆBIN MJINMɇ I@ BCAB GI<CF? OM;ge. 

Population and footfall data will help network operators 
ascertain the level of demand for data and calculate the 

expected revenue from deployment in a given location.  

 

Footfall data could be harvested directly from small cells 
locations as part of the 5G rollout, providing important access 
to the pool of information about user behaviour and demand 

helping shape a more comprehensive network.    
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Traffic flow 

 
 

 
 

 

Traffic information is important because vehicles, as large 

metallic objects, have a substantial impact on 5G signals. 
Moreover, traffic information can be used to model demand along 

road/rail networks as traffic flows change over time. 

Traffic density data are important, and information on the 

prevalence of large vehicles including buses and lorries, 
would enable their impact on propagation to be modelled.  

 
Traffic information would also help predict demand from 

autonomous vehicles using 5G network, IoT applications and 

mobile devices used by road users. 

Property 

information  

Development sites. No urban location remains static after a 

mobile network has been deployed. New developments will 
change the propagation landscape and any development 
structures can obstruct previously cleared lines of sight. 

 

Property type. Residential and commercial properties will have 

different levels and patterns of demand for data due to the 

different nature of users occupying them, i.e. residential vs 
commercial premises. 

 
Listed buildings. Many small cells will have to be attached to 
building façades. Obtaining permission to mount radio 
equipment on listed buildings is notoriously difficult, so these 

data will help exclude them from consideration. 

Knowledge of building developments and the planning 

process must include consideration of their impact on a 
deployed network. This will enable 5G infrastructure 
adjustments to be made both for the construction phase and 

the resultant built environment.  

 

Detailed address data, including a classification of building 

function, will support initial demand analysis. 
 

 
Listed buildings datasets will improve the antenna 
deployment planning process at the desktop level. 
 

Table 2-1: Summary of the impact of geospatial objects, weather and socio-economic factors, including an impact on propagation, data requirements and recommended further research. 

 

The findings summarised above show that geospatial data requirements fit into two categories: dimensions and specifications. The scale of the challenge requires 
detailed knowledge of street objects in terms of their location, size and specification to reliably determine how they will impact propagation. Additionally, a 

classification of every building façade at street level is necessary to consider roughness effects on signals. At least ten times more geospatial detail is required for 

mmWave planning than for current cellular planning below 6GHz.
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Ȗ 
3 )HNLI>O=NCIH 

3.1 0OLJIM? I@ NBCM JLID?=N  

This 5G project forms a deliverable commissioned by the Department for Culture, 
Media and Sport (DMCS) in 2016. A team led by Ordnance Survey and consisting of 

NB? 5HCP?LMCNS I@ 3OLL?SɇM Ș' )HHIP;NCIH #?HNL? ;H> NB? -?N /@@C=? Q;M ;JJICHN?> NI 

undertake the project.  

3.1.1 Objectives 

The objectives of this report are: 
 

1. to confirm the necessity of geospatial data in an outdoor built environment when siting 
infrastructure for 5G deployment at frequencies above 6GHz; and 

2. to document the learning gained from the project to demonstrate how the usage of geospatial data 
is beneficial to use in the planning of an operational 5G deployment. 

 
The report contains several technical terms. For definitions, please refer to the Glossary in Annex D. 

3.1.2 Scope 

The scope of the project is: 

¶ to form a suitable path loss model specific to frequencies above 6GHz which is applicable to small cell 
deployment. The frequencies we have investigated are: 26GHz, 32GHz, 39GHz and 60GHz; 

¶ to analyse the impact of geospatial objects on the coverage of 5G signals, evidenced through 

available measurements; 

¶ to form a planning tool example that demonstrates the impact of frequency, geospatial objects and 
weather conditions on 5G coverage and capacity; 

¶ to deliver a document describing the work done on the project (this document). 

3.1.3 Study area 

4B? MNO>S ;L?; Q;M <;M?> ;LIOH> NB? NIQH I@ "IOLH?GIONB IH NB? 5+ɇM MIONh coast, in close 
collaboration with Bournemouth BC. Within the overall study area we also defined three regions for 
detailed analysis. The study area and the three regions are illustrated in Figure 3-1. 
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Figure 3-1: Bournemouth study area 

The three selected regions contained a variety of local geographic characteristics as set out below. 

 
Central Area (City centre) 

¶ Shopping areas 

¶ Public parks 

¶ Many street furniture items 

¶ Heavy traffic  
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¶ High movement of people at certain times of day 

 

Talbot Heath (University) 

¶ Dense residential areas 

¶ Public areas 

¶ High movement of people at certain times of day 

 

Hurn (Outer city) 

¶ Hospital 

¶ Public areas  

¶ High movement of people at certain times of day 

3.1.4 Assumptions 

The deployment of 5G mobile networks, due to the short-range nature of high-frequency signals and 
their vulnerability to the surrounding environment will be significantly more challenging than for 
previous generations of mobile networks. Based on the existing knowledge and experience within the 

project team, several starting assumptions were made about how high-frequency signals will behave in 
natural and man-made environments. 

 
Impact of Vegetation 

At high frequencies, coverage ranges are already limited by the laws of physics, and it becomes 

particularly important to understand and minimise all factors that might reduce ranges further. 

 

We assumed that attenuation through vegetation, particularly trees and hedges, varies according to the 

following characteristics: 

 

¶ Type of tree: there will be different levels of signal loss through coniferous and deciduous trees.  

¶ Foliage: depending on the time of the year, foliage will have significant (April-October) or less 
disruptive (November-March) impact on signal propagation.  

¶ Dimensions of the tree or plant: height and crown size will determine where best to place antennae to 

avoid or reduce blocking line of sight. 

 

Although hedges do not obstruct signal propagation on a macro scale, we assumed that they will have a 
significant impact at street level along property boundaries, pedestrianised areas and parks.  

 

Weather 

At high frequencies, weather conditions have a noticeable impact on the signal propagation. We have 
assumed that heavy rain and melting snow (not uncommon in the UK) cause loss to the radio signals 
propagating through them and affect connectivity. Though other weather factors such as temperature, 

mist, fog and falling snow may affect signal propagation, we assumed that only liquid water in the air, 
such as rain and sleet, will have a significant impact on high-frequency signals. 
 
Building façades 
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One of the key assumptions to investigate further was how different building frontage materials can 

markedly reduce the capability for high-@L?KO?H=S MCAH;FM NI ɆNL;P?FɇȻ 4BCM ;MMOGJNCIH CM <;M?> IH 

evidence in the available literature, which notably demonstrates how links can be impacted by reflection 

off a buildingɇM façade to a mobile device facing it. This has therefore been factored into the propagation 
analysis. For the purpose of this report, buildings were classified as follows: 
 

1. Glass façade (glass in particular reflects infra-red) 

2. Metallic façade 

3. Brick façade 

4. Façade based on a surface of wooden planks 

5. Vegetation (for example a hedge at the front of a building)  

 

It is important to compare these façades, not only because they are representative of the large majority 
of buildingsȼ <ON ;FMI <?=;OM? NB?S ;L? MCAHC@C=;HNFS >C@@?L?HN CH NB?CL >?AL?? I@ ɆLIOABH?MMɇȻ 'F;MM ;H> 

metallic façades are typically smooth, while a façade of wooden planks or vegetation is rough compared 

to the wavelengths of high-frequency signals. A brick façade can be considered as rough or smooth 
depending on the frequency; if the grooves between bricks are large compared to a wavelength, then the 
surface can be considered to be rough. This is particularly the case at around 90GHz where a wavelength 

is just over 3mm. 
 

Street furniture 

As spectrum at higher frequencies has a much shorter range compared to current mobile bands in use, 

greater consideration must be given to clutter and its effect when planning wireless links. Because future 
network antennae will be deployed at street level, we assumed that street furniture including bus 

shelters, road signs, bollards, traffic lights, lamp posts and seasonal adornments (such Christmas 
decorations and hanging baskets) will reduce the capability of radio signals to travel. 

 
Bus shelters will have a significant impact as they can cause penetration loss to signals, while reflected 

microwaves from points on a bus shelter in proximity to the mobile device will degrade data throughput. 

3.1.5 Constraints   

Because we are now exploring the use of the new high-frequency 5G spectrum, a wide range of 

unexpected constraints materialised and were overcome during the lifetime of this project, including: 
 

Software availability and compatibility 

We identified early in the project that there is currently no single commercially available software 
platform capable of ingesting the many and varied datasets required to deliver a comprehensive 

platform suitable for understanding mmWave propagation for 5G. The work that has been undertaken 
here makes it possible to consider the operational development of such an integrated software solution, 

to make it easier and cheaper to deploy in UK. 
 
Image capture and image equipment availability 

Due to the variability of the British weather, it was necessary to liaise with international image capture 

specialists to refine the quality of point cloud imagery (see Glossary Annex D) beyond what today would 
be regarded as state of the art. Further issues also arose regarding the availability of mobile mapping 

capability which is essential to deploy in certain areas, particularly where aerial imagery is unable to 
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capture any data (e.g. under bridges or tree canopies). Moreover, seasonal factors, including the impact 

of Christmas decoration clutter and seasonal vegetation factors, required rapid mobilisation to capture 

information quickly. 

 
 
 

Resources  

The project team adopted an innovative approach that did not simply rely on traditional empirical path 
loss models. To deliver more cost-effective and more accurate results we needed to build a team of 
leading academic and industry experts from very different backgrounds. The resultant interdisciplinary 
group, whilst extremely effective, consisted of resources which in the UK are currently scarce.  

 

Data issues 

A very real constraint was the varying quality, availability and interoperability of existing datasets. This 

included, for example, the cost and complexity of obtaining reliable and accurate footfall data at an 

affordable price, the variable quality and accuracy of highly variable local authority data assets and the 
dearth of fixed network operator assets.    

3.2 /OL ;JJLI;=B 

The reality for mobile operators seeking to deploy additional network sites today is that they must go 

through a hugely expensive, complicated and time-consuming process. They require inputs from many 
different specialisms including radio planners, acquisition specialists, legal experts, build managers, link 

planners and data build technicians. The interactions required between people, process and systems to 

achieve successful network deployments is expensive. The kinds of activities involved begin with a 

review of coverage targets, engineering and planning rules and the distillation of these into some form of 

nominal plan which is used to compile a list of option sites, after which a multi-skilled site visit is 

necessary to validate these options. This is all before any considerations is given to planning approval, 
wayleaves, leases, link and power budgets, installation, commissioning and launch.  

Nor is this the end of the story because this process only relates to radio assets. Further complexity arises 
QB?H @CR?> H?NQILE ;H> INB?L <;=EB;OF =IHMC>?L;NCIHM ;L? ;FMI @;=NIL?> CHȻ /@=IGɇM L?=?HN =IHMOFN;NCIH 

Ɇ7BIF?M;F? ,I=;F !==?MM -;LE?N 2?PC?Qɇ5 sets out the kinds of complexity that can be involved when 
provisioning fixed link backhaul which is not owned in-house.  

Therefore, our approach was not to begin by looking at spectrum propagation solutions alone, but by 

considering this problem in the round. Operators do not only wish to know about their infrastructure 
assets; they want a better understanding of the inter-relationships between their assets and those of 

other communications infrastructure providers to minimise cost and understand the revenue 

implications of their activities.  

There is no current single approach which helps operators deliver the cheapest and fastest solution. In 
this project, we have identified and incorporated a variety of data sources and embedded them in a 
technical demonstrator with a user-friendly interface. We also recognise the importance of keeping 

information current. The UK has a dense and highly-populated geography which changes rapidly, and 

                                                                 
5 Available at https://www.ofcom.org.uk/consultations-and-statements/category-2/wholesale-local-access-market-review-proposals-PIA 

https://www.ofcom.org.uk/consultations-and-statements/category-2/wholesale-local-access-market-review-proposals-PIA
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this is significant for network operators, where they will require advanced planning tools to monitor the 

cell planning in a dynamically changing environment. 

3.3 Ș' >?JFISG?HN =B;FF?HA?M 

5G communications will require highly densified networks with large numbers of mobile cells, which 
could cover only a few hundred metres depending on the frequency, substantially less than conventional 

4G cell ranges. There are two reasons for this. First, the limited propagation range of the candidate 

frequencies above 6GHz, and second, the need to better exploit the available spectrum by distributing 
several cells over a large number of users in a dense environment as opposed to handling all users from a 
single base station.  

3.3.1 Base station siting and deployment 

The densification and reduction in size of mobile cells requires more locations for base stations. Suitable 
locations include lamp posts, bus shelters and other street furniture. Base stations need to be placed at 
street level to propagate through the shorter ranges, while conventional 3G and 4G macrocells 
propagate with ease over 1km or more. The landlord of suitable 5G base station locations is often a local 

authority, which can grant access to multiple sites. This substantially eases the siting of small-cell base 

stations in comparison to placing on buildings, where each site requires negotiation with the owner. 

 
The need to deploy more base stations brings increased costs in acquisition and site rental, and carries 

more political obstacles. Information about the location and specification of potential sites (such as the 
height of lamp posts and what other objects, for instance road signs, are already attached to it) is 

becoming essential for cellular network planning. 

3.3.2 Importance of fixed wireless links 

In cellular network planning it is important to ensure a reliable link is maintained from the base station 

NI ; QCL?F?MM >?PC=?ȼ ;H> @OLNB?LGIL? ?;=B <;M? MN;NCIH GOMN FCHE NI ; ɆG;MN?Lɇ <;M? MN;NCon from which a 
link to a cabinet can be readily obtained. This can be achieved by a fixed high-frequency signal link from 
one base station to another which is a simple and cost-effective method where fibre cannot be readily 

installed. The reliability of these links and the impact of both geospatial objects and weather data are as 

important as the link from the base station to wireless devices. These links are commonly known as 

backhaul. 

3.3.3 Meeting the challenge for a planning tool 

In forming a planning tool, there are two factors to consider. The first is to use suitable radio propagation 

models which will not only determine the power received by the antenna of a wireless device when the 

base station is transmitting towards it, but also the power from other base stations causing interference. 
This will determine the distances over which there is a minimum signal strength that is suitably higher 
than the interfering signals. The second factor is capacity; it is important to ensure that demand can be 

met in terms of bit rate of data throughput from the base station to the mobile which can only be 

achieved when the signal is suitably stronger than the interference.  
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3.3.4 Propagation models and coverage 

To predict the received power at a distance from a transmitted source, the radio propagation needs to 

be accurately modelled. This is achieved by taking physical parameters such as frequency, distance, 
base station height and antenna characteristics to formulate the ratio of transmitted to received power, 

otherwise known as the path loss. Additionally, we need to understand not just how the received power 
decays over distance when there is a line of sight between the transmitter and receiver or how a signal 

penetrates through objects when there is no line of sight, but also how electromagnetic rays reflect off 
surrounding objects, as illustrated in Figure 3-2. These objects can also cause shadowing attenuation 
such as the propagation through vegetation illustrated by the dotted line in the figure. It is important to 

understand these characteristics as they not only affect the path loss but will also cause this path loss to 
become dependent on frequency, such that there will not be a constant path loss within a wide 

bandwidth used at frequencies above 6GHz. This phenomenon is known as frequency selective fading. 
 

 

Figure 3-2: Illustration of reflection from surrounding objects 

3.3.5 Deploying a cellular coverage plan 

Currently no software exists to ingest the many datasets required by this project, so we identified the 
need for a bespoke proof-of-concept interface within which to test the 5G propagation model and 
investigate the effect that various environmental factors have on the planning of a 5G network. 

 

We undertook a user-centred design process consisting of industry consultation workshops, user 

requirements specifications and interface design which led to a proof-of-concept build. The primary 
purpose of the proof-of-concept was to put the mathematical propagation model into a user-friendly 
environment to view its effectiveness and compare the model to real-world signal measurements. We 

also took the opportunity to gain insights into the value of the geospatial data and signal model, and 
how existing processes and practices within the network planning industry might be affected by a dense, 

small-cell network design. 
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3.3.5.1 Industry consultation 

As part of the user-centred design process we consulted with manufacturers and telco providers 

including conducting two workshops with industry-expert network planners from Telefonica and Arqiva 
to understand their real-world processes and gain insight into how current macro-scale planning 

processes might be affected by small-cell network planning. 
 

The workshops consisted of open discussion and the building of a process-flow describing the procedure 
used to plan and sign-off a network plan illustrated in Figure 3-3. Attendees were asked to think of the 
planning process from the point of view of planning a future 5G network and to consider the changes and 

adaptations that may result from planning the network with a greater density of cells and at higher 
frequencies. 

 
Network planners placed considerable expectation on a future 5G planning tool to ensure that it would 

minimise any further work or tuning of the network beyond deployment. To quote directly from them: 

Ɇ&IL MG;FF-cell networks like 5G, the more we can get right in the office, as opposed 

NI CH NB? @C?F>ȼ NB? <?NN?LȻɇ 

The antenna density required for a functioning 5G network, and the sensitivity of antenna range and 
placement, means that the more accurate the picture created by an office-based planning tool, the more 
costs may be saved in physically checking and building the final network. Given the number of sites that 

will be needed, this cost saving could be significant. 

The following all contribute to increasing the fidelity and reliability of any dense network plan, and 

therefore reduce the potential costs incurred during the planning stage: 

¶ accuracy of geospatial environment information; 

¶ accuracy of signal propagation model; 

¶ a reliable and comprehensive understanding of the location of assets where antennae can or might 

be placed; 

¶ a reliable and comprehensive understanding of location of assets that include backhaul or power 

connections; 

¶ a cost estimate of each placement. 
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Figure 3-3: Lifecycle of a 5G coverage plan, derived from consultation with the mobile industry. See full diagram in Annex C. 

3.3.5.2 Planning tool design 

From the industry expertise gathered at the workshops we identified that the proof-of-concept should 
<INB MBIQ NB? @C>?FCNS I@ NB? >;N; =;JNOL?> ;H> >?GIHMNL;N? ; ɆNBCH MFC=?ɇ I@ @OH=NCIH;FCNS ;=LIMM M?P?L;F 

areas of planning. The aim of the proof-of-concept was not to design a fully-fledged piece of planning 

software, but rather to demonstrate how the data and signal model could be incorporated into future 
planning software. 
 

The thin slice of functionality identified was: 

 

¶ Setting up a project and project defaults, including allowing the planner to define what they deem to 
be ;H Ɇ;==?JN;<F? MCAH;FɇȾ 

¶ Showing where network equipment could be located; 

¶ Allowing the placement of network equipment; 

¶ $CMJF;SCHA ; ɆKOC=E PC?Qɇ I@ mmWave network signal propagation; 

¶ Running a report to get a picture of detailed signal coverage; 

¶ Visualising signal coverage which clearly defines the edges of acceptable signal strength; 

¶ Understanding how bad weather might affect signal coverage; 

¶ Showing how clutter including street furniture and vegetation can affect signal propagation; 

¶ Providing an indication of cost of the proposed plan. 

3.3.5.3 Use of 3D in the planning process 

Larger-scale networks, where signal propagation is less sensitive to clutter, are often planned to an 

acceptable level of fidelity on a 2-dimensional stage. 5G networks, with their density and sensitivity 
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requirements, benefit from a high-fidelity 3-dimensional view so that a planner can more easily 

understand the relationship between the signal and the environment. For example, switching to 3D helps 

a planner predict whether a small-scale object (such as a lamp post or pole) will cause a signal shadow. 

3.3.5.4 Using an interface framework 

/L>H;H=? 3OLP?SɇM 5M?L %RJ?LC?H=? ;H> $CACN;F $?MCAH 4?;GM ;L? Q?FF versed in designing user-centric 
applications that utilise geospatial data which include map interactions and workflow functionality. 

They reviewed the results of the industry consultation workshops and designed initial versions of the 
mapping interface which they tested and reviewed with the wider team. Once it was clear that the 
designs were fulfilling the needs of the proof-of-concept, these initial designs were accepted for final 

design and build. 

3.3.5.5 Future improvements to the network planning process  

Several Ɇpain-pointsɇ and opportunities were identified during the industry consultation and proof-of-

concept build process. 
 

More accurate and comprehensive geospatial data reduce costs later in the 

planning process. 

 
4I B;P? =IH@C>?H=? NB;N ; JLIJIM?> H?NQILE JF;H =;H <? CGJF?G?HN?>ȼ IH? GOMN B;P? ɆAII>ɇ >;N;ȼ 

which in this context means they are accurate, comprehensive, detailed and recent. This will be explored 
further in this document. Existing network planning processes place the burden of accuracy later in the 
planning process by using site visits or further research. 

 

In the industry consultation workshops, network planners were keen to understand how much data 
could be front-loaded into any future planning tool. For example, knowing at least some legal ownership 

information about a potential antenna site up-front would influence how confident the planner was that 

the proposed site could be used. The types of data for which they would like to see an increase in fidelity 
within a 5G network planning tool are: 

 

¶ The location and type of assets where they know they can place their equipment cost-effectively ɒ e.g. 

the assets they own, or someone they have a relationship with owns; 

¶ Asset ownership details; 

¶ Backhaul asset locations; 

¶ The lay of the land; accurate surface and clutter modelling. 

 

Knowing the future reduces cost 

When planning a new network or monitoring an existing network, pre-warning of upcoming building 
developments, building works or other knowable changes to the built environment would highlight risks 
to the network before they occur.  
 

Local authorities (and others) could be incentivised to provide reliable asset information 
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Ɇ!MM?NMɇ ;L? JF;=?M QB?L? ;HN?HH; ?KOCJG?HN =;H <? JFaced. Network planners highlighted that 

businesses often ask how much their assets are worth to a networking company. And network planners 

will need a greater number of asset options where antennae can be placed for compact 5G networks. 

 
Proof of line of site is costly 

0F;HH?LM BCABFCABN?> NB;N ɆJLII@ I@ FCH?-of-MCABNɇ <?NQ??H ;HN?HH;? ;H> <;=EB;OF Q;M =IMNFS ;H> ;H IH-

site task. The addition of backhaul locations within a high-fidelity Digital Model of the landscape would 

enable microwave links for backhaul to be planned with greater confidence. To enable this, the location 
around backhaul sites should be included within the initial digital-twin survey. 
 
Backhaul location data can be inaccurate 

Network planners have low confidence in the accuracy and comprehensiveness of backhaul location 

data. In their experience, potential backhaul links can be inaccurate and difficult to obtain from 

companies that own the backhaul network. Again, considering the density of the antennae and backhaul 

links required to implement a 5G network, the cost of rollout can be reduced given better backhaul data 

to use during the planning process. 

3.4 4IIFM  

3.4.1 5GIC equipment 

The 5GIC has previously undertaken measurements of path loss and frequency selective fading 
characteristics in small cell environments using transmitter and receiver equipment. State-of-the-art 

channel sounding equipment, illustrated in Figure 3-4, was used to characterise path loss and frequency 
selective fading at 26GHz, 32GHz, 39GHz and 60GHz, which were of interest when conducting the 

measurements at the time and provide a suitably wide frequency range with which to inform the 

accuracy of the path loss prediction models used in this study. 

 

 

Figure 3-4: Illustration of channel sounding equipment used for path loss and frequency selective fading measurements 
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Measurements carried out using channel sounding were able to determine the path loss and frequency 

selective fading due to reflections off buildings and the ground. A vector network analyser was employed 

to measure the effect of geospatial objects such as lamp posts and bus shelters illustrated in Figure 3-5. 

These measurements were carried out to measure the extra path loss and frequency-selective fading 
that results from the presence of such objects. 
 

   

Figure 3-5: Illustration of measurements carried out to measure extra path loss and frequency selective fading from geospatial 

objects such as lamp posts and bus shelters 

3.4.2 Weather 

The proposed mmWave frequency bands will have an increased vulnerability to signal degradation due 

to weather elements compared to previous generations of mobile networks. This is because, at these 

frequencies, the wavelength of the electromagnetic (EM) radiation is comparable with the dimensions of 
intervening raindrops and other atmospheric phenomena known as hydrometeors which results in the 

increased absorption and/or scattering of the EM wave. 
 

The magnitude of this signal attenuation will increase with the path length of the signal and therefore 
the weather can be a limiting factor for the maximum separation of 5G assets, in particular in those areas 

where larger building separations may have otherwise allowed for a sparser network. A balance must be 

struck between reducing the frequency and severity of weather impacts on network performance and 
the significant cost of increasing network density to reduce this level of exposure. 

 
A common approach to the assessment of environmental exposure of infrastructure is to estimate the 

return period of a high-impact weather event (e.g. a 1 in 50-year flooding event). It is premature to 

attempt this for 5G networks because the response of a wide cellular coverage area to rainfall which is 
spatially distributed over the network is unknown at this point. However, it is useful to: 
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1. understand the likely magnitude of the impact of weather elements on the different frequency 

bands; 

2. prepare realistic representations of spatially varying weather and the associated signal attenuation 

NI Ɇ=B;FF?HA?ɇ =;H>C>;N? H?NQILE >?MCAHM <?@IL? NB?S ;L? <OCFNȻ 

3.4.2.1 Outline methodology 

As part of its role as the UK National 

Meteorological Service, the Met Office produces 
analyses of UK rainfall at a spatial resolution of 
2km over the UK every 5 minutes. These are 

derived primarily from operational radar data, 
supplemented where necessary with satellite 

data. These data are archived allowing access to 
recent historical real weather events. The 

resolution of 2km is chosen for practical reasons 
as the effective resolution of the radar 

measurement varies as a function of distance from 
the radars themselves. The UK is served by 15 
radars supplemented by others in Ireland and the 
Channel Islands as shown in Figure 3-6. 

 

  

Figure 3-6: The weather radar network. Darker colours indicate 
higher quality, more granular observations. 
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As the 2km rainfall values represent average values over a relatively large area (4km2), there will 

inevitably be sub-grid scale variability of rain rate at the smaller length scales associated with the 

expected separation of 5G antennae (10-100s of metres). A method to introduce this variability was 

identified and implemented, allowing the production of plausible 100m resolution rainfall datasets from 
the 2km archive. 
 

Several recent case studies were identified where heavy rain was experienced in Bournemouth and 

3QCH>IHȻ %;=B ȔȓȓG L;CH L;N? ɆJCR?Fɇ Q;M =IHP?LN?> NI @L?? J;NB ;NN?HO;NCIH P;FO?M ;N ?;=B I@ NB? @CP? 
proposed 5G frequency bands. The result was high resolution spatial datasets of meteorological 
parameters together with 5G attenuation values which were passed to project partners at 5GIC to be 
assimilated into detailed propagation models.  

The project has therefore been successful in representing the impact of weather at 

the street scale required for the planning of 5G networks. 

3.4.2.2 Identification of case studies 

The primary weather challenge to 5G will be from rainfall. While cloud liquid water at ground level (i.e. 
mist/fog) will interact with EM radiation at these frequencies, its attenuation impact is lower than would 

be expected from more frequently-occurring moderate amounts of rainfall. For that reason, a network 
designed to operate in the presence of typical UK rainfall will be resilient with respect to cloud at the 
surface and therefore we excluded fog case studies from the project. 

 

2;CH@;FF CH NB? 5+ =;H <? =;N?AILCM?> ;M ɆMNL;NC@ILGɇ əQCNB F;LA? BILCTIHN;F ?RN?HN ;H> OMO;FFS NB? L?MOFN I@ 

large features such as low pressure systems ;H> @LIHNMɚ IL Ɇ=IHP?=NCP?ɇ əGIL? FI=;FCM?> ;H> MBIQ?LS >O? 
to local atmospheric instability caused by heating of the surface or the impact of local terrain features). 
The former tends to be more protracted in time and more common in the autumn and winter months, 

the latter more short-lived but often delivering more intense rainfall and more common in the spring and 

summer. In certain summer situations, =IHP?=NCIH G;S <?=IG? GIL? ILA;HCM?> əCHNI ɆG?MIM=;F? 
=IHP?=NCP? MSMN?GMɇ IL -#3Mɚȼ =L?;NCHA F;LA?L ;L?;M of more persistent and very heavy precipitation 

which may also result in flash surface flooding. 
 

For this study, separate convective events were identified for the Bournemouth and Swindon study 

;L?;MȻ &IL NB? MNL;NC@ILG =;M?ȼ Ɇ3NILG !HAOMɇ əȔȜNB .IP?G<?L 2016) was used for both locations. For each 
case study, three time steps at hourly intervals were used to demonstrate how rainfall attenuation might 

change with time. In addition, a severe convective event over the SE of England from the early hours of 
23L> *OH? ȕȓȔș əɆ2?@?L?H>OG $;Sɇɚ Q;M OM?> NI >?GIHMNL;N? NB? CGJ;=N I@ ; Gore organised convective 

event. Table 3-1 lists the dates and time steps used. 

 

Location Date Times Type 

Bournemouth 2015/07/03 2100, 2200, 2300 Convective 

London 2016/06/23 0100 Convective 

Swindon 2016/06/24 1400, 1500, 1600 Convective 

Bournemouth 2016/11/19 2100, 2200, 2300 Stratiform 

Swindon 2016/11/19 2100, 2200, 2300 Stratiform 
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Table 3-1: Location, date and times for the selected weather cases 

3.4.2.3 Generation of spatial rainfall datasets 

The starting point for the generation of the 100m spatial rainfall dataset was the Met Office archive of 

2km rain rate values. As these fields effectively represent mean rain rate values at this scale, we would 
expect that at the smaller scale of 100m both higher and lower rain rates will be found. To represent this 
variability, for each single 2km grid box, a more granular 20-by-20 grid (i.e. 400 elements) was produced, 

OMCHA NB? M;G? Ɇ>IQHM=;FCHAɇ JLCH=CJF?M NB;N ;JJFS NI NB? ?MNCG;NCIH I@ MG;FF M=;F? QCH> NOL<OF?H=? CH 

larger scale wind flows. 
 
Turbulent wind flow structures exist over a wide range of scales in the atmosphere, from the planetary 
~10,000km scale to the 1km scale, and even down further to the millimetre scale. These fluctuations in 

QCH> P?FI=CNSȼ QB?H PC?Q?> ;M ɆMJ?=NL;ɇ CH NB? @L?KO?H=S >IG;CHȼ =;H OMO;FFS <? =B;L;=N?LCM?> <S MCGJF? 

ɆM=;FCHA F;QMɇȾ NSJC=;FFSȼ NB? Q;P? JIQ?L >?=L?;M?M ;M ; JIQ?L law with decreasing length scale, as 

described by the Kolmogorov6 theory. 

 

2;CH@;FF CHN?HMCNS CM ; ɆJ;MMCP? NL;=?L I@ NOL<OF?H=?ɇȾ NB;N CMȼ CN CM ;@@?=N?> <S NB? NOL<OF?HN GINCIH I@ 
atmospheric eddies but has no effect on the turbulence itself. As a result, it can also have scaling 
behaviour, as demonstrated recently at scales down to ~1m by Lovejoy and Schertzer7. The scaling 

exponent for a given rain image (in our case a 2km rainfall rate analysis) was estimated empirically and 
extrapolated to 100m scales, enabling the blending-CH I@ MSHNB?NC= MNLO=NOL? NI ;=BC?P? ; Ɇ>IQHM=;F?>ɇ 

image with realistic variability; this is best demonstrated by Figure 3-7. We validated this downscaling 
approach against radar data from close to a radar installation where the radar pixels were of a typical 

size of 75m.  
  

                                                                 
6 Kolmogorov, A.N., 1941. The local structure of turbulence in incompressible viscous fluid for very large Reynolds numbers. In Dokl. Akad. Nauk 

SSSR, 30(4), pp. 301-305. 

7 Lovejoy, S. and Schertzer, D., 2008. Turbulence, raindrops and the l1/2 number density law. New Journal of Physics, 10(7), p.075017. 
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In addition to the 100m rainfall values, associated values of temperature, humidity and wind speed (in 

both E-W and N-S directions) were also generated. For these additional parameters downscaling was not 
necessary. Instead, the 2km data were simply mapped onto their associated 100m pixels. 
 

All the downscaled and remapped fields were prepared in fully self-described, geo-referenced netCDF 
format files. 
 

(a) 

(d) (c) 

(b) 

Figure 3-7: Creating a 100m rainfall map from a 2km analysis for the [top row] Storm Angus Bournemouth and 
[bottom row] London case study. The area shown is approximately 100km and 200km in each direction for each case 
respectively. Figures (a) and (c) show original 2km data; (b) and (d) demonstrate the impact of down scaling to 100m. 
Note that the >16mm/h colour band contains a small number of pixels >200mm/hr 
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3.4.2.4 Generation of associated attenuation parameters 

As they traverse the atmosphere between antennae, radio frequency signals interact with both gaseous 

constituents (primarily oxygen and water vapour) and weather elements such as rain, snow and cloud 
liquid water. The strength of this interaction varies significantly across the range of potential 5G 

frequencies and it is essential to factor this in to any propagation model. 
 

The attenuation problem becomes particularly complex at 5G wavelengths because the sizes of the 
hydrometeors are comparable to the EM signal waves themselves. In this instance, small changes in the 
sizes and internal composition of the individual hydrometeors may have a large impact on the efficiency 

with which they remove power from signal by absorption (where the signal energy is dissipated in the 
hydrometeor itself) and scattering (where the signal is redistributed in many directions, predominantly 

away from the receiving antenna). The sum of the absorption and scattering contributions is known as 
Ɇ?RNCH=NCIHɇȻ 4B? MOGG;NCIH I@ ?RNCH=NCIH ?@@?=NM ;FIHA NB? JLIJ;A;NCIH J;NB CM NB? ;NN?HO;NCIHȻ 

 

It is necessary to make simplifying assumptions to make the problem of estimating 5G attenuation 

tractable. These assumptions and their implications are summarised in Table 3-2. 
 

Assumption Impact 

Hydrometeors are all 

liquid phase (i.e. no 

ice) 

For the case studies in this study, this is a valid assumption. More generally,  

it is well understood that liquid hydrometeors will have a greater extinction 

efficiency than their fully frozen equivalents (hail or snow). Rainfall therefore 
offers a very useful worst-case to challenge the network. The key exception  

is in marginal near-freezing conditions when melting snowflaE?M əMF??Nɚ ɆFIIE 

FCE?ɇ P?LS F;LA? L;CH >LIJM ;N Ș' @L?KO?H=C?M ;M NB?S <?=IG? =I;N?> CH Q;N?L 

just prior to their collapse, which has the potential to significantly increase  

the amount of attenuation. The limitation of this assumption and its  

relevance to the conclusions of the study are discussed in Section 5. 

All raindrops are 

spherical 

Real raindrops become oblate (squashed in the vertical) as they fall,  

this being more apparent for larger raindrops associated with higher rain 
rates. The result is that the attenuation of horizontally polarised EM waves  
is greater than for vertical polarisations. The study does not capture this 

second order effect, rather it looks at the primary issue of the magnitude  

of signal attenuation. This does not affect the conclusion of the study given  
in Section 5. 

The refractive index of 

water does not change 
with temperature 

The refractive index of water is important because it determines the degree to 

which it refracts on interaction of the EM wave with the raindrop. For these 
case studies, we have chosen a representative value that is reasonable for all 

the case studies. The sensitivity to this assumption is discussed in Section 5. 

The rain droplet size 

distribution (number 
density with size) can 
be described 
accurately by simple 

parameterisations with 
respect to rain rate 

5G extinction efficiency is a very sensitive (and non-linear) function of the  

ratio of the wavelength of the EM wave to the rain droplet size. Therefore,  
the total extinction from a volume of air containing large numbers of 
hydrometeors is very strongly dependent on the assumed size distribution 
(and also the wavelength under consideration). The study has used two  

very different size distribution assumptions to understand the uncertainty  
in the results due to this. This is discussed in Section 5. 
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Table 3-2: Simplifying assumptions made in this study 

Given these assumptions, we can convert any rain rate to an equivalent 5G attenuation value using well 

established models for single particle extinction and integrating the impacts over the assumed drop size 
distribution. In particular, the impact of a single spherical raindrop on an incident EM wave can be 
calculated accurately using Mie8 theory, which has been coded by many researchers. It is, however, very 
inefficient to perform this calculation explicitly every time. For that reason, an existing Met Office 

capability ɒ the Havemann-Taylor Fast Radiative Transfer Code (HT-FRTC) ɒ was repurposed for this 
project.  
 
HT-FTRC was originally developed to enable the rapid calculation of hyper-spectral infrared radiances 

from vertical profiles of temperature, humidity and cloud using a principal component analysis 
approach. (This was necessary to enable the exploitation of the new generation of satellite and airborne 
hyperspectral instruments used for atmospheric research and operational weather forecasting). The key 
feature of the capability is that it enables offline training of the model so that near real-time calculations 

may be done with high integrity, but many orders of magnitude faster than would otherwise be possible. 

 
For the 5G project, HT-FRTC was trained using approximately 25,000 vertical profiles of weather 

parameters from numerical weather prediction models (further supplemented by cases of more extreme 
rainfall rates) so that extinction parameters at any arbitrary frequency across the 5G spectrum could be 

calculated for any rain rate. The result was that for any set of values of temperature, humidity and rain 
rate both the gaseous and rain-related extinctions could be calculated at the frequencies of interest. 

 
The extinction parameters were calculated for each of the 5 frequency bands of interest, with each band 

represented by a low, middle and high frequency. These are given in Table 3-3. 

 
 

Low (GHz) Middle (GHz) High (GHz) 

Band 1 24.25 25.75 27.25 

Band 2 31.80 32.60 33.40 

Band 3 40.50 42.00 43.50 

Band 4 66.00 71.00 76.00 

Band 5 81.00 83.50 86.00 

Table 3-3: Frequencies for which extinction parameters were calculated 

The calculated attenuation parameters were the extinction coefficient kext, and the absorption coefficient 

kabs . kext may be understood as follows: 

 
The amount of signal lost by extinction along a given path is proportional to the intensity of the signal 

itself and to the length of the path. The constant of proportionality is the extinction coefficient kext . So, if 

the extinction coefficient is kext =0.01 m-1 then, along a path of 1 metre, 1% of the initial radiation is lost. 
The absorption coefficient kabs is simply the component of kext that is due to absorption loss (the 
remainder being due to scattering).  
 

The values of kext and kabs were also included in the netCDF files that contained the rainfall information. 

                                                                 
8 Mie, G. (1908), Beiträge zur Optik trüber Medien, speziell kolloidaler Metallösungen. Ann. Phys., 330: 377ɒ445. doi:10.1002/andp.19083300302 
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Key results from the Met Office component of this report are presented in Section 5. 

3.4.3 Software platforms 

For this project Ordnance Survey built a 3D geospatial dataset, or Digital Model, of Bournemouth. A full 

market analysis of the wide range of software packages was out of scope for this project. The following 
commercially-available software packages were used in this work. 

 
Skyline TerraExplorer Pro 

The project required software that would enable us to attribute and move geospatial data within a 3D 

environment, including point clouds, mesh models, raster data and vector data, as well as enabling us to 
capture new data for telecom boxes, street furniture, lamp posts and bus shelters on the terrestrial point 

cloud and aerial mesh models.  

 
We adopted Skyline software to build the Digital Model as it can integrate, display and analyse multiple 
data sources within an expansive 3D world model. It can integrate attribution information about feature 

data into a mesh model, allowing any 3D environment to be easily understood in a very intuitive way, 
providing a useful platform for assessing line-of-sight visibility for 5G antenna placement. 

 
Safe Software FME 

We used a variety of FME workbenches at various stages of the project, primarily to interrogate the data, 

attribute point clouds and create 3D objects. The primary benefit of using FME was to automate 

processes and create a replicable working environment. 
 
Esri ArcMap, ArcScene and ArcPro 

ArcMap software was used to capture, attribute, manipulate, process and visualise a broad variety of 

raster and vector geospatial datasets. 
 

In addition, Esri ArcScene and ArcPro were used to view and analyse data in a 3D environment.  
 

Global Mapper, QT Reader, Sure (nFrames) Trimble Trident and Trimble Realworks 

These software packages were used to work within a point cloud environment, specifically for: 

 

¶ accessing data within native survey formats; 

¶ classifying mobile mapping point cloud data; 

¶ classifying aerial point cloud data; 

¶ extracting features from aerial point cloud data; 

¶ generating and visualising. 

 

ContextCapture 

Software from Bentley, used for 3D mesh creation from imagery. 
 
MapInfo, QGIS 
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We used MapInfo and QGIS software to evaluate and prepare data provided by Bournemouth BC in a 

variety of formats. 

 

Further information about the use of these software packages is presented in Annexes A and B. 

3.4.4 Unity 

This software was used to build the 5G planning tool. Unity is a cross-platform 3D game engine and 

development environment. It is designed to enable rapid prototyping, but also sufficiently scalable to 
build production-ready software. Using a game engine provides much functionality relevant to the tool, 
including rendering of 3D environments, physics interactions and user interface development. The cross-

platform feature is also advantageous as it allows the software to be targeted for a number of platforms 
including Windows, Mac and HTML5 which will enable the facility to run both through client software and 

web-based applications. 
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4.1 &LIG ȕ$ NI Ȗ$ 

2D mapping has proved adequate for planning networks at low frequencies where the geospatial 
landscape has limited impact on signals, but the new high frequency spectrum is particularly sensitive to 
small changes in geospatial features and requires a better understanding of the environment. 

 

3D mapping is now coming of age. Since the advent of LiDAR and digital photogrammetry, the potential 
to generate rich 3D content modelling the real world has begun to be realised. These capabilities have 

matured over the last decade and are still evolving. 
 

To generate a 3D environment suitable for 5G planning meant modelling the urban environment at new 

levels of granularity and this necessitated adopting new approaches to data extraction. To this end, 
research teams learned new techniques for automating the extraction of 3D data where possible and 
undertook manual extraction when automation was not viable. 

 

The generation of the Digital Model of Bournemouth is the result: a 3D model which is rich in attribution 

and has a sufficient level of detail to represent objects that may interfere with mmWave 5G signals. 

4.2 $;N; @IL <OCF>CHA NB? $CACN;F -I>?F 

4.2.1 Published data 

Addressing data 

Within the project we used AddressBase Premium, a comprehensive register of addresses in Great 
Britain. It contains data from multiple sources including local authorities, Ordnance Survey, Royal Mail 

and the Valuation Office Agency. 

 
The data contain a hierarchical address classification, at the highest level distinguishing commercial and 
residential addresses, and also categorising commercial usage ɒ an example is shown in Figure 4-1. 
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Figure 4-1: AddressBase Premium record of the Bournemouth International Centre; as an event venue, it represents periodic 

high demand for mobile services. 

AddressBase Premium also contains non-postal address records, including electricity substations which 

may prove valuable when planning 5G infrastructure. Figure 4-2 below illustrates substation locations in 

a part of Bournemouth. 
 

 

Figure 4-2: Overview of the location of existing mast infrastructure and electricity substations in central Bournemouth 
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Population data 

We used the National Population Database from Health and Safety Laboratory. The Residential layer 
provides valuable information, referenced to AddressBase Premium, about statistically-estimated 

populations at their usual place of residence based on four different scenarios: 
 

¶ Usual resident or night time population; 

¶ Night time non-term time; 

¶ Day time term time population; 

¶ Day time non-term time population. 

 
These data provide planners with intelligence to help model demand more accurately. Figure 4-3 
illustrates the information available within the Residential layer. 
 

 

Figure 4-3: The Digital Model attributed with AddressBase Premium and National Population Database Residential Layer 

 
5G is a key enabling technology for a future smart digital economy. Mobile phones, tablets and smart 
home appliances, plus IoT devices, Connected Autonomous Vehicles and other pieces of smart 
infrastructure will all make extensive use of this technology. 
 

Deploying 5G network capability where devices are not affordable to the majority of the population will 
not bring adequate return on investment to network operators. For this reason, we enhanced the 

demonstrator with the English Indices of Deprivation  data published by the Office of National Statistics. 
Government will require data of this kind to assess where policy interventions may be needed to 

minimise social exclusion. 
 
This dataset is based on 37 separate indicators, organised across seven distinct domains of deprivation 

which are combined, using appropriate weights, to calculate the Index of Multiple Deprivation. 
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Road data 

OS MasterMap Highways Network was used for street information. It includes asset management 
information which identifies the authority responsible for maintaining a road, how a road should be 

restored following street works and whether there are any conditions that the local highway authority 
has associated to a road. It supports data sharing for compliance with the New Roads and Street Works 

Act, enabling mobile network operators to share information via the USRN (Unique Street Reference 
Number) with contractors and highways authorities to manage the impact of road closures from their 
desktop.  

 

Flood zone data 

As fixed assets will play an important role in 5G rollout, operational and maintenance costs must be 
minimised to maximise operational efficiency. Therefore, protecting and securing assets against physical 
damage will be highly important for network operators and local authorities. We used Flood Zone data 

from the Environmental Agency in the demonstrator. This enables network operators to reduce the risk 

of damage to their networks. The Flood Zone dataset, illustrated in Figure 4-4, depicts the extent of land 

at risk of flooding when flood defences are not considered. 
 

 

Figure 4-4: Flood Zone polygons in central Bournemouth 

Built and natural environment data 

We used OS MasterMap Topography Layer; a detailed, maintained model of the built and natural 

landscape of Great Britain. It models the real world at metre-level resolution and includes height values 
for buildings. It is also used to reference the more detailed geography from point clouds and other data 

sources together.  
 
In addition to Ordnance Survey and local authoritiesɇ content, we used the Listed Buildings dataset from 

Historic England to assist desktop-based network planning. When a building is recognised as being of 
MJ?=C;F ;L=BCN?=NOL;F IL BCMNILC= CHN?L?MN CN CM ;>>?> NI NB? MN;NONILS Ɇ,CMNɇȻ "OCF>CHAM IH NB? ,CMN ;L? ACP?H 
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one of three grades which denote their level of importance, Grade I being the highest and Grade II the 
lowest. The listed buildings in central Bournemouth are illustrated in Figure 4-5. 

 

Figure 4-5: An example of listed buildings in central Bournemouth 

This information is valuable for planning the placement of access points, many of which will have to be 
attached to the building façades. The process of applying for the permissions required is time-

consuming and costly. Knowing where listed buildings are located will help network planners to 
estimate the probability of gaining approval at alternative site locations.  

4.2.2 Bournemouth data preparation project 

To meet the requirements for highly accurate 3D data within urban and suburban environments, OS 
undertook bespoke data capture in the Bournemouth study area.  

 

During this project, some of the boundaries of aerial imagery exploitation have been explored. Image 
capture resolution is a limiting factor, as is the identification of features located in areas of deep shadow. 
An alternative solution is required, and in this regard mobile mapping technologies have shown 

significant potential. 
 

Point clouds from aerial imagery are valuable for both 3D visualisation and data processing, notably for 
the classification of ground points, buildings, vegetation and particularly tree models, which has added 

considerable value to the overall 3D model.  

 
Generating a 3D mesh model from imagery is a relatively new technique. It employs the principle of 
analysing many images of a scene taken from slightly different viewpoints and automatically detecting 
pixels corresponding to the same physical point.  

 
The data preparation project was allocated into five activities split into Phase 1 and Phase 2, with the 
objectives listed below. 
 
Phase 1 (Data Preparation): 
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¶ To prepare data in a known and consistent format for use in a 3D environment with all relevant 
attribution maintained from the available data; 

¶ To extract highways asset information from Bournemouth BC; 

¶ Create accurate geospatial datasets for each selected region, including metadata; 

¶ To understand what different types of attribution characteristics we could extract successfully and 

what we cannot. 

 
Phase 2 (Data Acquisition): 

¶ To extract a point cloud and classify it using the Bournemouth BC data; 

¶ To enhance the Bournemouth BC data by moving feature records into their correct position within the 
point cloud; 

¶ To automate as many of the manual processes employed so they can be easily replicated in the 

future. 

 

The overall project methodology is illustrated in Figure 4-6. 

 

Figure 4-6: Bournemouth data capture project methodology 

4.2.3 Bournemouth data 

The characteristics of high-frequency radio, with its short range, will significantly affect the chosen 

location for access points and antennae. A small-cell infrastructure network has to be designed with 
greater resolution and accuracy, and many site options need to be available for network planners to 
assess for suitability before they can roll out or enhance a network. To reduce costs, existing 

infrastructure must be utilised as far as possible, and knowing in advance what is available around the 
deployment area will significantly improve that process by keeping planning costs to the minimum.  

 
Objects captured were: 
 

¶ lamp posts, telegraph poles and traffic lights where antennae could be installed to provide street 

level network coverage; 

¶ telco cabinets, which indicate location of the fixed assets (dark fibre) in relation to street furniture 
used to locate small cells; 

¶ CCTV infrastructure; in many cases this is connected with fibre optic cables, and moreover CCTV 

cameras can provide line of sight information which may help to deploy small cells more effectively; 
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¶ electricity network infrastructure to provide information on the nearest source of power. 

 
As one of the requirements is to provide mobile coverage along major road and rail networks, we 

modelled physical road-side structures such as bridges, road signs and gantries (Figure 4-7). Accurate 
information about the location, size, shape and material of these structures will simplify and improve the 

planning process and furthermore help network operators to mount equipment on existing structures 
more efficiently and safely. 

 

Figure 4-7: An example of network utilities and street furniture modelled within the Digital Model 

Bournemouth BC provided further datasets to enhance the model and to enable quality checks against 

data captured during the survey. Specifically, the data included: 
 

¶ traffic and parking regulations (traffic lights, street lighting, traffic signs); 

¶ street furniture (bus stops, bus shelters, lamp posts, Christmas decorations); 

¶ telecom boxes and infrastructure; 

¶ electricity networks; 

¶ tree preservation order data; 

¶ walls; 

¶ planning records relating to existing mobile and other transmission towers and masts, fences and 

CCTV cameras. 

 
Further information on this subject is provided in Annex A. 

4.3 (IQ AL;HOF;L >I NB? >;N; H??> NI <?ɂ 

First, it is important to understand that aerial photography will offer a specific degree of resolution 
depending on flying height and how the imagery is captured, by NADIR or Oblique. Similarly, mobile 
mapping can be undertaken at different scan resolutions. Combining these two capture methods allows 
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us to be build a 3D environment at a level of granularity suitable for implementing in the model. 
Selecting different levels of resolution for each method of capture will allow us to define acceptable 

granularity for analysis.  

 
The data granularity, or detail, of a 3D model will have an impact on the modelled viewshed of a 5G 

signal depending on its frequency and associated propagation factors. For example, a simple 3D mesh 
GI>?F CM IHFS ;<F? NI >?GIHMNL;N? ; ɆNIJ >IQHɇ L?MOFN CH ; PCMC<CFCNS ;H;FSMCMȼ QB?L?;M ; N?LL?MNLC;F JICHN 
cloud typically contains fine detail and can yield precise results. Other key parameters are the cost of 

acquisition and the ability to contain relevant attribution. 

 
The following examples of viewshed analysis show how models built on various data sources perform for 
an antenna placed on a lamp post with a giP?H ɆFIIEɇ >CL?=NCIHȼ JCN=Bȼ BILCTIHN;F ;H> P?LNC=;F @C?F> I@ 
view. 

 

1. OS MasterMap Topography Layer with building heights, street asset data, digital terrain model (DTM) 

 
These datasets can only offer a simple assessment of the scene (Figure 4-8). The data do not include 
complex vegetation or street furniture and therefore may not be suitable for modelling the propagation 

of high frequency signals. 

 

 

Figure 4-8: An example of viewshed analysis based on OSMM Topography Layer, digital terrain model and building height 

attributes. The red colour shows the area where line of sight is blocked by the objects. Green indicates clear line of sight. 

2. Digital surface model (DSM) 

 

A DSM will, according to its resolution, depict all above-ground features including buildings and 
vegetation, and is frequently viewed in conjunction with imagery or raster mapping (Figure 4-9). A DSM 
offers a 2.5D rather than 3D representation. As it is usually generated from NADIR aerial imagery, 
obscured features, for instance below canopies, are not represented. 
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Figure 4-9: An example of viewshed analysis based on a digital surface model. The red colour shows the area where line of sight 

is blocked. Green indicates clear line of sight 

3. Mesh model  

 
Like the DSM, the mesh model shown here is generated from NADIR aerial imagery but can include minor 

overhangs as it is a 3D rather than a 2.5D model (Figure 4-10). 
 

 

Figure 4-10: An example of viewshed analysis based on a mesh model. The red colour shows the area where line of sight is 

blocked. Green indicates clear line of sight. 
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4. Oblique mesh 

 
A mesh model generated from oblique imagery has a wider effective field of view than NADIR imagery 

and therefore can generate a more consistent 3D model (Figure 4-11). 
 

 

Figure 4-11: An example of viewshed analysis based on an oblique mesh model. The red colour shows the area where line of 

sight is blocked. Green indicates clear line of sight.  

5. Point cloud 

 
Using the same NADIR imagery as used in the DSM and mesh examples, a point cloud can be used to 

model a scene from a top-down perspective (Figure 4-12). The limitations here are common to all data 

generated from NADIR aerial imagery, although the visualisation result is not affected by the draping 

effect of the DSM or mesh where an elevated feature is connected to the ground surface. 
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Figure 4-12: An example of viewshed analysis based on a point cloud model. The red colour shows the area where line of sight is 

blocked. Green indicates clear line of sight. 

6. Terrestrial Point Cloud 

 
Point cloud data based on mobile mapping provide a higher level of street-side detail. The scene is more 

granular as the data are captured close to ground level (Figure 4-13). They enable the analysis of 

additional features and allow consideration of impacts to a viewshed, for instance from street furniture 
and vegetation. However, the point will also represent other transient features, such as vehicles and 

pedestrians, which are not required. 

 

 

Figure 4-13: An example of viewshed analysis based on a terrestrial point cloud model. The red colour shows the area where line 

of sight is blocked. Green indicates clear line of sight. 
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4.4 #IHMNL;CHNM ;H> FCGCN;NCIHM 

The software packages used in this process had various data format limitations. However, this did not 
prove to be a significant obstacle, and in all cases we were able to accept and produce data in the 

required format.  
 
The data collection task demands a considerable amount of effort and planning, and the effort required 
to process raw collected data into a usable state can be substantial. This is especially true if the data are 

to be maintained for use beyond just 5G. The street asset data supplied by Bournemouth BC have been 

highly valuable, but we found that they contained many omissions and have some significant positional 
accuracy problems. For more information on this, see Annex A. In particular, the unavailability of 
telecoms infrastructure meant that new methods of data identification and capture were required.  
 

!M /3ɇM =IHP?HNCIH;F L?GIN? M?nsing processes are based on stereo aerial imagery, we quickly 

discovered that this posed limitations in developing a 3D model. Although stereo image capture 

methods are adequate for the extracting data to current OS data specifications, much of the data 
required for 5G planning require further levels of detail. It is nearly impossible to capture features under 

vegetation and building canopies or in areas of deep shadow. The 10cm resolution of the stereo imagery 
is such that features with dimensions of less than 30cm are difficult to accurately identify and extract. For 

this reason, it was decided to employ terrestrial mobile mapping data sources to assist the capture of 
street-side features.  

 

Our mobile mapping data were collected using 3DLM's StreetMapper prototype, Leica Pegasus 2 and 

Trimble MX-8 systems. 
 

The 3DLM StreetMapper survey was carried out in an extensive area both on and off the highway 

including some park and pedestrian areas. The data were processed in conjunction with ground control 

points, thoroughly tested for accuracy against independent instrumentally-controlled data and are 
considered  good benchmarks for subsequent data capture in the Bournemouth area.  

 
The Pegasus 2 and MX-8 surveys were restricted to the highways only, but both include associated 

imagery. The advantages are that the resultant point cloud data have imagery embedded and can be 
used as a 3D picture for easy identification of features. Both datasets are positioned via the on-board 
positioning/navigation systems and therefore offer a lower level of confidence in positional accuracy. 
 

One factor which should be considered when employing mobile mapping data in understanding the 
MNL??N M=?H? CM NB;N I@ OHQ;HN?> Ɇ=FONN?Lɇ MO=B ;M J?IJF? ;H> P?BC=F?MȻ $OLCHA NBCM QILEȼ Q? B;P? not had 
access to available software to achieve the removal of all clutter in the terrestrial point cloud. 

4.5 $;N; JLI=?MMCHA G?NBI>IFIAS  

During this project we have assessed many datasets from various sources for their value in building the 

Bournemouth Digital Model. We have sought novel approaches in using these data and developed new 
methods of data extraction. Data spanning aerial imagery, point clouds and highways inventory data 
have all been restructured into a single, coherent dataset. 

 
We have assessed data extraction tasks for their potential to be automated, and those that could not be 

automated have been streamlined. Efficiencies in the use of new approaches to software and data have 
been considered throughout and in this section. In more detail in Annexes A and B, recommendations 

are made on where further research could improve processes and eliminate unnecessary procedures.  
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The results of the data capture, extraction and modelling processes show how the Digital Model has been 

generated, where issues have been encountered and in some cases solved to produce a 3D model that 

meets requirements. We have also reached conclusions on how planning processes for data capture can 
be improved and how future efficiencies might be realised. 

 
ContextCapture so@NQ;L? @LIG "?HNF?S ONCFCM?M <INB ; =IGJON?L QILEMN;NCIHɇM #?HNL;F 0LI=?MMCHA 5HCN 
ə#05ɚ ;M Q?FF ;M NB? 'L;JBC=M 0LI=?MMCHA 5HCN ə'05ɚ JLI=?MMCHAȼ ?RJFICNCHA NB? QILEMN;NCIHɇM @OFF =;J;=CNS 

for extracting a 3D model from imagery. Processing the Bournemouth data block on a single-licence 

workstation with a suitable configuration took around 8 days. However, once the initial mesh model is 
created, output data for an entire block can be generated in a matter of hours, depending on the 
required densities and levels of detail. 
 

The mobile mapping systems were chosen as being good examples of their type. Other systems are 

available that will generate both imagery and point clouds at a street level and technology in this field is 

progressing at a rapid rate. 
 
The result is a dense 3D mesh model which represents surfaces with textures at a very high level of detail. 

Accuracy thresholds can be considered at factor of 3 times the original image pixel size; in this example, 

the measured point in the mesh is accurate to within 30cm of an independently measured control point, 

against a source image pixel size of 10cm. Figure 4-14 shows an example of a mesh model created from 
oblique imagery with oblique camera positions. 
 

 

Figure 4-14: An example of photo centres for oblique camera positions used to generate 3D mesh model with ContextCapture 

There are cloud-based software solutions available which can generate mesh data of similar quality. The 
benefit of cloud processing is speed. Where a block of imagery may take a week or more to process on a 

single workstation, the same process on cloud servers can be completed in a matter of hours. However, 

the process of uploading large images to the cloud may negate this benefit. 
 
Image acquisition parameters have a crucial bearing on suitability for creating a 3D model. The available 
aerial imagery of Bournemouth was captured at a resolution of 10cm, comprising nearly 500 images and 
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with high redundancy (overlap) both along the flight strip and between flight strips (see Figure 4-15). 
Redundancy is important factor in determining the value of imagery for extracting 3D data. 

 

 

Figure 4-15: Flight plan for capture of Bournemouth aerial imagery 
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Figure 4-16 below sets out the overall data extraction process. 
 

 

Figure 4-16: Data generation methods 

4.6 #B;FF?HA?M ?RJ?LC?H=?> CH NB? >;N; =;JNOL? JLI=?MM 

¶ We experienced complications with data being broken up during conversion from TAB format; some 

of the data sets were split into several shapefiles, which was impractical. 

¶ The positional accuracy and attribution of some datasets were incomplete and required manual 
rectification, a highly time-consuming process. For instance, all 4667 lamp post records needed to be 

repositioned, some by as much as six metres. 

¶ Some Bournemouth BC datasets were incomplete and there was a lack of consistent attribution in the 

data provided. For instance, only 40% of the available data records for lamp posts contained 
attribution.  

¶ A significant length of time was spent improving Bournemouth BC data accuracy. 

¶ Mono imagery proved to be inadequate to identify street-side features; stereo imagery is required. 

¶ 3D editing processing time can be lengthy when repositioning features in a point cloud environment 

and requires high-specification hardware. 

¶ Automation was limited. Some of the data records from Bournemouth BC had random positional 

errors which made automation difficult and required manual intervention. 

 
In summary, the development of the 3D Digital Model has proved very valuable in identifying which tools 

and techniques are best to apply and where there are opportunities to automate or seek out alternative 
solutions. It also brings to light the importance of sourcing reliable and consistent data which may prove 
=B;FF?HACHA ;=LIMM NB? 5+ɇM FI=;F ;ONBILCNC?M.  
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We believe that automation of manual methods could today yield labour and 

processing cost savings of around 60%.  
 

This has been taken into account in our calculations when forming the National Planning Guide. 
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The development of the meteorological component of the tool provided useful insights into the relative 

importance of different weather elements on future 5G networks. The nature of the interaction of 
electromagnetic (EM) radiation with atmospheric constituents at these frequencies is complex, primarily 
because the wavelengths involved are on the same scale as the sizes of the hydrometeors themselves. 
This means that there is a very strong sensitivity to the details of individual particle composition and 

shape as well as the assumptions made about the variation of hydrometeor number density with size.  
 
Before drawing the key conclusions of the study on weather in the final part of this section, we found 

that rainfall is the only significant hydrometeor with any measurable impact on propagation for 5G small 

cells. Other mitigating factors due to weather are discussed first, namely gaseous absorptions from air 
and fog and the impact of extreme temperatures. 

5.1 4?GJ?L;NOL? ?@@?=NM 

Where there is extreme temperature in a radio communication system, the receiver will always be 
subject to receiving background noise. In fact, by the laws of physics there is natural background noise in 
the environment which corresponds to temperature. In warm weather conditions this background noise 

will therefore increase. The receiver will increase in temperature due to radiation from the sun. The 

L?=?CP?LɇM N?GJ?L;NOL? QCFF ;FMI =;OM? CN NI ;>> ;>>CNCIH;F HICM? ;M Q?FF ;M NB? <;=EALIOH> HICM? NB;N 
arrives at the receiver. Through studying the data sheets of amplifiers available in bands above 6GHz, the 

volume of noise added by the receiver does not change by a significant quantity as temperature changes.  
 
Considering both changes in background noise and noise added by the receiver, either at the base 

station or the mobile device, the difference this makes to signal quality is not measurable. The main 

reason for this is that the interference that the device will receive from other base stations in 
neighbouring cells is substantially higher compared to the noise. Any changes in the noise, which are 
small in any case, are negligible in comparison to the interference which has a more substantial impact 

on signal quality and will be discussed in Section 6.  

5.2 ';M?IOM ;<MILJNCIH ?@@?=NM 

The effect of gas and moisture absorptions at frequencies above 6GHz are known and information is 

widely available in the literature. Figure 5-1 shows the position of the central frequencies on a spectrum 
of gaseous attenuation, that is, with no cloud or precipitation present. At these frequencies, the primary 
sources of gaseous attenuation are water vapour and oxygen. The candidate 5G frequencies lie largely 
QCNBCH ɆQCH>IQMɇ <?NQ??H NB?M? <;H>Mȼ ;FNBIOAB HIN;<FS NB? 70GHz has the highest attenuation due to 

its position closer to the centre of the oxygen absorption maximum. In addition, Table 5-1 shows the 
percentage loss to gaseous absorption over different path lengths in each of the frequency bands where 
it is found that the percentage of power is less than 1% in the majority of frequencies and distances. In 

the worst-case at 66GHz, it does not rise beyond 10%. Therefore, any impact of absorption is negligible. 
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Figure 5-1: The position of the central frequencies of the 5G bands used in this study. The figure shows the attenuation due to 

the absorption of energy by gaseous water vapour (blue line) and oxygen (green), with the total also shown (dotted)9. The 

vertical axis uses a logarithmic scale representing the fact that the absorption varies with frequency over several orders of 

G;AHCNO>?Ȼ 4B? JIMCNCIHCHA I@ NB? Ș' <;H>M QCNBCH Ɇ;NGIMJB?LC= QCH>IQMɇ əi.e. lower absorption) is clear. 

Frequency 
(GHz) 

Power lost at 
50m range  
(%) 

Power lost at 
100m range 
(%) 

Power lost at 
200m range 
(%) 

24.25 0.15 0.30 0.59 

25.75 0.12 0.23 0.46 

27.25 0.10 0.20 0.39 

31.8 0.09 0.18 0.35 

32.6 0.09 0.18 0.36 

33.4 0.09 0.18 0.36 

40.5 0.14 0.27 0.54 

42.0 0.15 0.30 0.60 

43.5 0.17 0.34 0.68 

                                                                 
9 C.C. Chen (1975), Ɇ!NN?HO;NCIH I@ ?F?=NLIG;AH?NC= L;>C;NCIH <S B;T?ȼ @IAȼ =FIO>Mȼ ;H> L;CHɇȼ 2?JILN R-1694-PR for Rand Corporation, 41P. 
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Frequency 
(GHz) 

Power lost at 
50m range  

(%) 

Power lost at 
100m range 

(%) 

Power lost at 
200m range 

(%) 

66.0 2.45 4.85 9.46 

71.0 1.57 3.11 6.12 

76.0 1.07 2.13 4.22 

81.0 0.34 0.67 1.34 

83.5 0.33 0.67 1.31 

86.0 0.34 0.67 1.34 

Table 5-1: The percentage loss due to the absorption by water vapour and the other atmospheric gases, predominantly oxygen, 

over three different paths of 50m, 100m and 200m. The values are for the US Standard Atmosphere10. 

5.3 !H;FSMCM I@ L;CH@;FF ;NN?HO;NCIH 

This section provides the main conclusions of the study in which rainfall and sleet are found to be the 
sole contributing factors. Each conclusion is emphasised in bold followed by explanatory text. Before 
covering the conclusions, the concept of extinction of radio waves is explained and illustrated in Figure 

5-2. 

 
The extinction causes attenuation of radio waves with the result that they are weaker than they would 
propagate through free space where no rainfall is present. The attenuation takes place in two forms: the 

first due to absorption where the radio is attenuated due to losing energy as heat, and the second case 
due to attenuation from scattering where some radio waves are reflected or refracted in different 

directions. Either way, this results in attenuation. 
 

                                                                 
10 US Standard Atmosphere, 1976. US Government Printing Office, Washington DC. 
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Figure 5-2: The extinction of radiation by rain droplets is due to two processes: absorption and scattering. On the left of the 

figure the process of the absorption by raindrops is depicted in which the radiation is turned into heat. Scattering by raindrops 

(on the right) also results in a loss of radiation from the incoming beam as the radiation is being redirected in other directions. 

The occurrence of heavy rain in the UK has the potential to significantly attenuate 5G 
signal strength, even over the relatively short path lengths envisaged due to line-of-

sight constraints. The impact is most severe at the higher frequencies (71 and 

83GHz). 

 

The primary parameter to describe attenuation is the extinction coefficient kext. For the purposes of 
JL?M?HN;NCIH CH NBCM L?JILNȼ Q? B;P? =IHP?LN?> NBCM CHNI ; GIL? CHNOCNCP? ɆJ?L=?HN;A? JIQ?L loss over a 
ȔȓȓG J;NB F?HANBɇȻ Figure 5-3 shows the 100m loss for the lowest and highest frequency bands for the 

stratiform case (Storm Angus) and the more extreme London case. 
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Figure 5-3: Percentage power loss over 100m for the [top Row] Bournemouth Storm Angus case at (a) 25GHz & (b) 83GHz and for 

[bottom Row] London case at (c) 25GHz & (d) 83GHz. These are the same cases as discussed earlier in this report. Note the 

physical dimensions of the London case (~200x200km) are twice that of the Bournemouth case (~100x100km) and the colour 

scale has been changed to accommodate the much larger areas of higher attenuation in the more severe London case. 

 

An alternative representation of this uses cumulative distribution graphs. Figure 5-4 compares the 

percentage signal loss for the same cases as Figure 5-3 (one line for each plot). 

 

 

(a) 

(d) (c) 

(b) 




