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Executive Summary

This document proposes a measurement methodology to assist Ofcom in a
benchmarking exercise to assess the validity of their approach to the
analysis of mobile network operators’ 3G rollout obligations.

The measurement methodology shows how to determine the errors due to
measurement, which are due both to basic accuracy of the scanning
receivers proposed, and also due to the requirement to take a sufficient
number of samples in a local area to enable the filtering out of the effects
of ‘fast fading’ whilst keeping the integrity of the measured signal level.
The analysis in this document has shown that it is possible to measure
local mean signal strength to an accuracy of +1.7dB.

This report also proposes how to plan a measurement campaign to help
determine the accuracy of the models used during the benchmarking
process The approach is in essence to:
Determine the areas where Ofcom and MNO models produce
contradictory predictions of coverage at the defined level — the
‘combined marginal’ areas.
Design a drive test passing close by population centroids, suitable
for linear prediction methods.
Perform a linear prediction process to predict the signal strength at
the population centroids near the drive routes.
For the areas that have been driven, calculate population coverage,
using the 2001 census data.
Calculate the ‘hit rate’ of the Ofcom implementation of P.1546-2 for
the areas driven, by comparing the predicted signal strengths at the
centroids with measurements.
Use the hit-rate to estimate population coverage in the combined
marginal areas that have not been driven.

The benefits of applying this methodology will be to give increased
confidence to the assessment methodology based on the engineering
analysis proposed by Ofcom. The incorporation of measurements into the
process as described in this document will allow an assessment of the level
of uncertainty in the engineering analysis to be made during the
benchmarking process, and will also allow this level of uncertainty to be
reduced. This benefit will be particularly significant during rollout
obligation determination if the assessed population coverage of any of the
operators is very close to the minimum prescribed by their licence
conditions.
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Disclaimer

Red-M Group Limited, Red-M Products Limited, Red-M Services Limited, Red-Access, Red-Alert,
Red-Alert PRO, Red-Audit, Red-Control, Red-Detect, Red-Secure, Red-Vision, Red-Predict, MbP
(Measurement-based Prediction) and the Red-M name, Red-M logo, Total Airspace Management
(TAM) logo and tagline ‘when wireless matters’ are trademarks or registered trademarks of Red-M
Group Limited. All other trademarks are registered to their respective owners. Copyright © 2007
Red-M Group Limited. All rights reserved. Information in this document is subject to change
without notice. Red-M assumes no responsibility for any errors that may appear in this document.

This document and any information contained therein is intended for the use of customers of the
Red-M Group of Companies only. No part of this document may be reproduced or transmitted to a
third party in any form or means without the prior written consent of Red-M. The information or
statements provided in this document concerning the suitability, capability or performance of the
mentioned hardware or software products cannot be considered binding upon Red-M. Red-M will
not be responsible for errors in this document or for any damages, incidental or consequential,
including any monetary losses that might arise from the use of this document or reliance upon
information contained within it.

Whilst Red-M use best-in-class methodologies and practices to ensure accurate gathering of all
wireless systems present on the bands of interest within the environment, the principles of radio
propagation and technology protocols mean that in certain circumstances wireless elements may
not be detected as part of any measurements. These measurements are only true and accurate for
the conditions encountered at the time of any survey. Red-M therefore accepts no liabilities for any
omissions.

Red-M requires customer sign off against any design works and any subsequent implementation
works will be against the agreed design. This may involve some compromises against the original
requirements where some requirements may be mutually exclusive.
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1.

Introduction

The 3G licensees have an obligation to provide a telecommunications
service to an ‘area where at least 80% of the population live’ by the 31st of
December 2007. Ofcom reiterated in the 3G Rollout obligations
statement published on the 27t of February 2007 that it expects all 3G
licenses to meet the requirements for rollout as stated in their licences.
This statement summarised the conclusions of the 2006 consultation in
which Ofcom proposed three basic methods to assess compliance, being

engineering analysis by Ofcom

physical field strength measurement by Ofcom or an agent
operator self-declaration (either based on prediction, measurement
or a combination).

Ofcom intends to use a methodology based on engineering analysis backed
up by measurements in the field to verify the results as necessary.

This report explains Red-M’s proposed measurement methodology to
support Ofcom’s engineering analysis.

Red-M has been asked to split the measurement support task into two
work packages
- WP1 — the production of the measurement methodology (this
document)
WP2 — undertaking measurements and processing results
according to the methodology. If and when these measurements
are taken, measurement reports would be produced.

In its recent statement, Ofcom has made it clear that they will assess
coverage based on:
- data about base stations supplied by the licensees, mapped to 5

standard antenna types
population data from the 2001 Census
predictions arising from a standard planning tool (XG-Planner)
using the ITU-P1546-2 model to predict 50% locations / 50% time
signal strength outdoors at 1.5m from the ground using 100m
resolution terrain data and assuming 10m clutter height
a predicted CPICH level of -110dBm or greater

The statement, attached in Appendix A: Ofcom 3G Rollout Obligations
Statement, also sets out a clear timetable for activity that will take place in
the run up to the determination of coverage in early January 2008. The
determination of coverage will be based on data supplied by the operators
at the end of 2007. In the run up to this determination, a benchmarking
exercise will take place. The benchmarking exercise will allow the
methodology to be refined in a sample area, which is an area measuring
100km x 100km in the South-West of England. In order to support the
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benchmarking exercise, drive test measurements undertaken according to
the methodology contained in this document may be required.

This report provides answers to four key questions:
what the objectives of measurements are
where the measurements should be taken
in what form the results should be presented
what should be done with the measurement results

Ofcom’s timetable also anticipates that additional drive tests may be
required in early 2008. These additional drive tests are out of the scope of
this project. Red-M anticipates that the methodology presented in this
report could also be applied to the 2008 drive tests, despite the fact that
the objectives of these latter drive tests would be ‘determination’ rather
than ‘benchmarking’.

The different objectives of the ‘benchmarking’ drive tests and the
‘determination’ drive tests will affect the choice and number of locations
measured, but the basic methodology for selecting drive test routes is a
deliverable of this report. During ‘determination’ tests (as opposed to
‘benchmarking’), Red-M considers that measurements will only be
relevant for operators such as ‘MNO C’ in Figure 1, whose assessed
coverage is a disputed/marginal fail within the uncertainty of Ofcom’s
engineering analysis.

100

BO —----s-smsmseooonososos el

60 -

40

% of population covered

20 -

MNO A MNO B MNO C

Figure 1 Three 3G operators: A- Fail, B — Pass, C — Result within
uncertainty of engineering analysis

Red-M’s proposed measurement methodology will allow the number and
extent of drive-tests potentially required in January 2008 to be assessed
as part of the benchmarking exercise.
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2. Recommended approach

The ultimate objective of Ofcom is to determine whether operators have
met their population coverage objective. This objective has a significant
impact on the appropriate drive test methodology.

In essence, the ultimate objective is to achieve a binary decision pass/fail
using a methodology accepted by stakeholders that treats each operator
the same way. Some potential drive testing methodologies fail to address
this objective efficiently as shown in Table 1.

Potential Potential Test Comment Potential
Objective Methodology Value?
Confirm Accuracy Drive by Random Operator data assumed No

of Operator Site Sample of Sites good and certainly not

Data (site ‘weakest link’. Intensive

transmitting, measurements required

orientation & for statistically significant

downtilt correct result

etc)

Tune Propagation Drive in ITU P.1546 model not No

tuneable under terms of
Ofcom'’s published
methodology. Intensive

Model representative
sample of clutter
types and assess

correction campaign required. If
mean/standard accuracy key requirement
deviation would probably use

operator tuned models.

Limited drive testin  Gives population coverage Yes
areas chosen from % and confidence interval

GIS with linear in measured areas only.
prediction based Potentially need extensive
interpolation to drive tests.

2001 census OA

centroids

Assess Population
Coverage in
Selected Areas

Table 1 Potential Drive Test Methodologies

Since drive testing is a relatively costly activity, Red-M’s approach is to
identify the minimum amount of drive testing commensurate with that
overall objective. Population coverage is to be determined by Ofcom on
the basis of coverage at the -110dBm CPICH level at the centroid of a 2001
census Output area (OA). Output areas vary greatly in size, depending on
population density, but in urban and suburban areas they are generally
smaller than a 3G cell.
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With respect to Ofcom’s objectives, four types of output areas could
potentially be encountered for any one of the five operators, as shown in

Figure 2.
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Figure 2 Types of output area coverage likely to be encountered. OA
type ‘B’ is at the edge of cell coverage

The four types of output area are:

A — area well in coverage — accuracy of Ofcom’s engineering

analysis does not affect %pop result

B — coverage at or around -110dBm
B1 — high population density — accuracy of Ofcom’s
engineering analysis could have significant effect on
population result
B2 — low population density — accuracy of Ofcom’s
engineering analysis not likely to have significant effect on
population result

C — well out of coverage — accuracy of Ofcom’s engineering analysis

does not affect %pop result

For areas of ‘Type A’ and ‘Type C’, assessing total population in coverage
will simply consist of summing up the OA populations in areas
determined by Ofcom’s engineering analysis to be of ‘Type A’. The added-
value of measurements will be to estimate the confidence with which the
model is accurately determining the coverage levels of the areas on the
edge of coverage (i.e. areas of ‘Type B’). Ideally, measurements should be
focussed on obtaining an estimate of the statistical uncertainty of the
engineering analysis predictions for the centroids of output area clusters
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of type Bl. Areas of ‘Type Bl are those with relatively high population

density, where the output areas are geographically smaller, and a given
length of drive test route will bypass a large number of OA centroids.

For benchmarking, all operators should be treated equally, and the
coverage of all operators’ networks should be tested. Since B1 type output
areas of each operator are unlikely to be exactly co-incident, additional
measurements may be needed to meet the objective for all operators
simultaneously. This measurement methodology will define how these
areas would be chosen bearing in mind the objectives of the benchmarking
exercise which are to validate Ofcom’s prediction methodology without
recourse to a large measurement campaign.

2.1 Selecting the measurement areas
2.1.1 Measurement uncertainty

The boundaries of the marginal coverage area determined by
measurement (i.e. the area for which the CPICH level is at -110 dBm) will
be affected by the uncertainty introduced by the measurement system.
One part of this uncertainty will remain constant throughout the
measurements (antenna gain, feeder loss, any receiver offset) and should
be eliminated by factoring in an offset into the measured data as part of
the system calibration.

There remains a residual measurement uncertainty. The overall
measurement variability will be a combination of the receiver accuracy
S i and of the uncertainty in the estimation of the local mean s ,,. Since

these two processes are independent of each other and both are
characterised by normal sampling distributions', the overall measurement
variability caused by both effects can be expressed as:

2

— 2
SMEAS_ SRX

*S v

Receiver accuracy s, is further characterised by two independent

processes - RF measurement variability over time & RF level and
variability associated with the quoted frequency/temperature range of the
instrument.

Uncertainty in the estimation of the local mean s ,, arises from the fact

that the estimate of the local mean is derived from a number of
measurements on signals subject to a Rayleigh fading channel. A better

! The sampling distribution is normal, even if the variable to be sampled is Rayleigh
distributed.
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estimate of the local mean is obtained when a larger number of samples
are taken in the area where shadowing remains fairly constant®.

Appendix B: Error Analysis assesses s ., for the proposed measurement
equipment, and calculates the sampling rate required to achieve a s ,, =
+1dB for a UMTS wideband signal®>. s, and s ,, are both assessed for

the 90% confidence interval. The total measurement variability at the
90% confidence level will therefore be:

S 1ol = \/S 2Rx(time/|e/) +S ZRX(freq/temp) +s%m = \/22 +22+2%2 =34 dB,

or +1.7 dB.

2.1.2 Area Selection process

Steps for selecting areas:

i. Compare MNOi CPICH coverage (where i is MNO index and varies
between 1 and 5) at -110dBm obtained by P.1546 (using site data
and parameters provided by MNOI) and coverage provided by
MNOI’ own planning tool. Coverage difference between the two
models will be obtained using the utility available in Maplinfo’s
Vertical Mapper as advised by Ofcom. In an ideal situation, both
coverage areas would be the same. It is recognised that P.1546 is
not a tuned model and so there will be differences between the two
sets of predictions.

ii. Superimpose the Census 2001 population geo-centres onto the area
where coverage from all five MNO’s models differ from that
obtained by Ofcom as discussed.

iii. Select from above the areas where clusters of high populations are
present.

iv. Design the routes to pass through most of the population centroids.

This approach assumes that P.1546 will provide a reasonably accurate
description of the mean received CPICH level for all operators. Should the
model be systematically out by a value that is much higher than the
measurement uncertainty (e.g. if Ofcom assumes a CPICH level that is
always lower or higher than what operators use, or if a particular clutter
environment is not particularly well resolved by P.1546) then there is a
potential risk that the models will disagree over a very wide area. If this is

2 Shadowing is caused by signal blocking due to geographic and man-made features
that are positioned along the radio path between the transmitter and the receiver.

3 Appendix B shows how the sampling rate required for a UMTS wideband signal can
be related to the Lee Criterion for narrowband signals, but that when the received
signal bandwidth is wider than the coherence bandwidth of the channel, a lower
sampling rate can be tolerated.

© 2007 | Red-M 12



Field Measurements to Assist Ofcom to Verify the
Approach to the Assessment of 3G Operator Rollout REd-M
CSG_1523/issue 1.3

the case, then step (iii) and (iv) above need to be more selective, so that a
reduced measurement area is targeted.

2.2 The Benchmarking Process

For the benchmarking process, the situation illustrated by Figure 2 is
made even more challenging by the fact that it is not just a single model
(with its own uncertainty) that is used to determine which areas are in
coverage and those that aren’t, but two models: Ofcom’s own P.1546
implementation (using operator’s site parameters) and each operator’s
predicted coverage output from their own “tuned” model.

Since the two models (i.e. P.1546 and each of the operators own model)
will be based on different physical assumptions, implementations and
underlying terrain and clutter data, it is very likely that the two models
will produce different coverage footprints for the -110dBm CPICH level
contours.

The approach that we propose is to target the areas where the majority of
MNQO'’s predictions disagree with P.1546 at the -110dBm threshold (to
within the uncertainty of the measurement). This way, the measurement
process will optimise the use of the drive data by ensuring that a larger
sample of data comes from areas where the models are in disagreement
and thus will allow Red-M to determine the level of accuracy of the
predictions.

In an ideal situation where the MNO and P.1546 predictions were exactly
the same and predicted accurately the -110dBm contour, measurements
would not be required but if, for hypothetical reasons they were required
for verifying the predictions, one would simply need to drive as closely as
possible to the -110dBm contour line on both sides to make sure that the
predictions were always above on one side of the line and below on the
other side.

Since there is an uncertainty in both MNO and P.1546 model, and that
measurements will also carry a certain amount of uncertainty, the contour
line becomes an area as illustrated in Figure 3.

© 2007 | Red-M 13
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Figure 3 For the benchmarking process, the combined marginal

coverage areas predicted by Ofcom’s and the MNO’s models will be
investigated

The process by which we would define whether a population centroid is
covered or not will be:
Sum up all the population in the areas where both MNO and
P.1546 predict no coverage and assume this subset of the
population not to be covered. (Areas of ‘“Type C’ from Figure 2)

Sum up all the population where both models predict coverage and
assume this sub-set of the population to be covered. (Areas of ‘Type
A’ from Figure 2)

In the “combined marginal” areas for which there are
measurements, use the processed and interpolated measurements
(see sections 2.4 Data Processing and 2.5 Data interpolation) to
determine covered population. (Areas of ‘Type B’ from Figure 2).
Add this to the population in areas of ‘Type A’

In the “combined marginal” areas for which there are no
measurements, use a model ‘hit rate analysis’ to determine the
likely population covered. The ‘hit rate analysis’ is an analysis that
compares the model to measured values in the marginal area, and
uses this to extrapolate in areas where no measurements have been
taken. In doing this we assume that the statistical performance of
the model is the same in areas where the hit-rate analysis has been
performed and in areas where no measurements have been taken
(in this case, both are in the marginal “type B” coverage area). The
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measurements will be compared to the model to predict the hit rate
of the model. If this comparison is done at three threshold levels: -
110 dBm, -111.7 dBm and -108.3 dBm, then the sensitivity of the
results to measurement uncertainty can also be assessed.

The hit rate [see * for more detail] is a statistical means of providing a
measure of the extent to which two processes agree (here the model
prediction and the measurements). For the hit rate analysis, we will
compare at each 100m pixel of the “combined marginal” area where
measurements are available whether the model and the measurements are
both above the selected threshold.

The output of the hit rate analysis will be a percentage value (at each
threshold) that expresses the number of pixels where both P.1546 and
measurements agree.

Table 2: Hit Rate Analysis

Model Measurement Hit?
Prediction Prediction
(P.1546)
covered covered Y
not covered covered N
covered not covered N
not covered not covered Y

The percentage value at -110 dBm will provide the median which will be
used to weight the percentage of population in the “combined marginal”
area that would be in coverage. The percentage values at -111.7 dBm and -
108.3 dBm will provide the confidence interval for the measurement
uncertainty.

Hit rates could be determined against the “nearest” measurement point
(bearing in mind that the predictions are over a 100m resolution grid),
against the mapped measurement data (see section 2.4.4), or against the
interpolated measurement data (2.5).

“A.S. Owadally, E. Montiel and S. R. Saunders, "A comparison of the accuracy of propagation
models using hit rate analysis"”, IEEE Vehicular Technology Society Conference, Fall 2001.

"1
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Figure 4 Example output from a hit rate analysis

Figure 4 shows an example of the output to be expected from a hit rate
analysis. This summary curve does not distinguish between the ‘model
covered / measurement not-covered’ and ‘model not-covered /
measurement covered’ cases in Table 2, though in practice these are
distinguished during the analysis. The red and blue curves will represent
the analysis using the nearest measured data point and the interpolated
data respectively for example. Examination of the collected data will be
used to determine the best comparison data. At each of the three selected
thresholds, each curve will yield a hit rate value that will be used to weight
the total population in the “combined marginal” area.

The ‘hit rate’ analysis gives a quantitative assessment of the quality of the
model as well as providing the mechanism by which the measurements are
used to improve overall prediction accuracy. There is, however, a limit to
the degree to which a poorly performing model can be improved in this
manner. If the hit-rate analysis showed that the P.1546 model was
performing poorly, then improved accuracy in the population coverage
estimate would be achieved if a more accurate model were used for the
underlying predictions. After measurements have been taken, it is a fairly
simple operation to redo the hit-rate analysis using a different model
when predictions from that model for the same geographical area are
available. An example of an alternative model that could easily be
compared to P.1546 using hit-rate analysis would be an extended
COST231/HATA like model. Red-M would undertake a hit-rate analysis
of a different model if Ofcom determined that this would be a useful
exercise following assessment of the results of the P.1546 hit-rate.
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2.3 Survey methodology
2.3.1 Drive route design

The drive route should be as extensively and as evenly distributed across
the area of interest as can possibly be achieved under the timescales and
other constraints of the data collection.

A route will be chosen that best attempts to drive across the area in a
meshed pattern, passing through as many population centroids as
possible. An example is shown in Figure 5.

_Graph cf All_Peopls S5

S Cr ooyenn Cogryrighll 2004 . Al righls Reservad OF Licenos no. AL 100015448 <170

Figure 5: lllustration of a drive route design passing through most OA
centroids with the highest populations. Some centroids (circled in
reds) will not be driven by because of their remoteness or lack of
nearby road. The centroids are colour-coded (scale on the right)
according to population number.

Driving along Motorways and A-roads will be avoided where possible
(except for access or transfer between areas) as these would generally be
less populated than secondary roads.

In rural areas where the road network might be less dense than in a
suburban or urban areas, the drive route should cover a large proportion
of the routes available to drive, bearing in mind that only populated roads
should be targeted.

The following output should be provided with each drive route:
Summary of test details.
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2.3.2

2.3.3

Measured data containing the co-ordinates of the measured
location and the signal strength of the dominant CPICH. Signal
strength data represent the moving local mean over a 40
wavelength window, centred on the recorded coordinates (see B.2.2
Estimation of the Local Measurement Mean for more detail on the
relationship between vehicle speed and local mean estimation).
Map plot of coverage levels using a colour scheme showing the -
110dBm level and the 90% confidence interval limits. A 1:50,000
scale map should preferably be included as background.

Detailed format of the data file is described in Appendix C.

Drive route density

Every attempt should be made to drive through or near population
centroids, with the aim to drive a minimum of ~80% of the centroids in
each selected location within the Benchmarking area (see Appendix D:
Benchmarking Area for a description of the area).

Density (i.e. the number of roads that need to be driven within the same
location) is not a major issue since the linear prediction method (see
section 2.4 Data Processing) is able to handle missing sections of roads
provided data is collected in the vicinity. Priority will therefore be to
evenly distribute the drive route rather than concentrate all the driving to
a particular area.

There is a minimum density to be satisfied that depends on the
concentration of OA’s and on the population in those OA’s. From the
census 2001 data, we can conclude that population numbers are
approximately the same between OA’s but that the area of OA’s will be in
roughly inverse proportion to the population density. As a result,
population centroids will be more closely distributed in highly populated
areas and less so in rural areas.

The other factor that will have an influence on the choice and density of
drive routes is the resolution at which the benchmarking is being
conducted. According to Ofcom’s benchmarking procedure, the model
predictions will be generated over a grid of 100m resolution. As a result, if
a given area has multiple roads that are separated by a distance smaller
than the benchmarking resolution, only one of those will need to be driven

by.

Mix of clutter

If the area targeted for measurements consists of two or more distinct
types of clutter, non-evenly distributed across the total area (e.g. a
suburban environment on one side and an open area on the other side), it
is recommended to drive in all types of clutter accessible around the site in
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2.4

2.4.1

2.4.2

order to capture any variability in the coverage that might not have been
resolved by the model.

This approach should primarily apply to target areas where significant
portions of the area fall within two or more clutter categories. No
particular attention will need to be taken in instances where there are
small pockets of distinct clutter (e.g. Open parks in a predominantly
suburban area) as these are likely to represent only a small proportion of
the targeted population.

This will ensure that resources are used efficiently and that the local
variability is captured by the process.

Data Processing
Distance averaging

Distance averaging of the measured data (with travelled distance) with a
view to removing the fast fading component from the measurements is
taken care of by the scanning receiver, aiming to achieve +1 dB for 90%
confidence as explained in Appendix B Error Analysis.

Averaging should be triggered by a pulse sent by the survey vehicle’s
odometer so that when the vehicle is stationary (e.g. at traffic lights) the
receiver should not output a data point at that location.

Removing measurements from untypical locations

Every care should be taken to identify areas where the measured CPICH
levels are not representative of the levels in the area. This generally
happens in locations where there is a strong interference activity, or when
the drive route is more (or less) exposed than the surrounding area, such
as over or under bridges, in tunnels, flyovers or deep trenches. These
instances will be rare and far apart but, more importantly, would not be
representative of the CPICH levels at “street” level.

Every care should be made to avoid routes which would significantly bias
the results. An example of such a route in the West Country would be
narrow rural road surrounded by high earth banks with wall and
hedgerow on the top. The signal strength on these routes is not
representative of the signal in the area, and including a large number of
measurements of this type could bias the model ‘hit rate analysis’.

The prediction model used by Ofcom (P.1546) would not be capable of
resolving these man-made features and would therefore result in
underestimating (or overestimating) the levels at those locations, leading
to a distorted representation of the CPICH levels at the pixel
encompassing the feature.
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2.4.3

We would therefore recommend filtering out all measurement points that
were captured in these types of location.

This filtering is accomplished in practice in three ways
Drive Route Design. The route is designed to avoid routes which
appear on the map to be unsuitable. An example in this case would
be the narrow rural road surrounded by high earth banks.
Post Processing. The measured levels are plotted over an Ordnance
Survey map, and large local variations in signal strength associated
with tunnels and bridges can be identified visually. For
interpolation purposes, these data points can be easily removed
from the drive test data manually using a proprietary tool.
Marking Up Routes. Where large sections of route are tainted, and
where this was not anticipated during drive route design, or the
drive route has to follow undesirable routes due to local road layout
(e.g. road works, one-way restrictions), affected routes are marked
manually on a map by the drive test team. Affected data points are
removed from the drive test data before processing using the
proprietary tool.

The amount of affected data that is removed is normally less than 5% of
the total number of measured points.

Taking into account receiver limitations

Red-M intends to use two multi-channel scanning receivers in its system
set-up. Each scanning receiver has a digital front-end capable of scanning
up to 4 separate UMTS channels and decoding up to 20 CPICH codes on
each RF channel. This means that up to 8 separate UMTS channels can be
scanned simultaneously, allowing measurements to be performed on all
five 3G operators in the UK.

This type of approach will also have the advantage of limiting
discrepancies in system error (offset, feeder loss, antenna gain) between
operators. lIdeally, a single receiver would be used for the surveys, but
that would require scanning with very high sampling rate in order to cover
all 5 operators and satisfy the minimum sampling rate required to
measure the local mean with adequate confidence.

One of the limitations of using a multi-channel scanning receiver, besides
the “sharing” of the maximum sampling rate between the RF measured
channels, is the desensitisation effect on the receiver caused by its large,
but finite dynamic range. This effect is most prominently observed when
one of the RF channels is much stronger than the other channels. Under
these conditions, the receiver may not be able to detect the weaker signals
with quoted accuracy.

The receivers Red-M intends to use have a 55dB desensitisation level,
which means that none of the channels with a power 55dB below the
strongest measured channel would be detected. For the purpose of the
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2.4.4

rollout validation, a CPICH threshold of -110dBm is set, which means that
the methodology that is being discussed in this report is concentrated on
marginal coverage areas where the signal level will be at or near -110dBm.
As a result of the desensitisation effect, if the RF power on any of the
scanned channels is above -110+55=—-55dBm, none of the channels with a
power at or near the threshold would be detected. The likelihood of being
in such a situation is very small and would only generally happen close to
one of the base stations in a line-of-sight to the transmit antennas.

As a precautionary step, Red-M will proceed with the filtering out of all
measurement data points (regardless of the operator) where one of the RF
channels is measured at or higher than -55dBm. This will result in the
removal of an insignificant proportion of the data (if any) but will ensure
that no distorted data is used in the analysis.

Mapping the data onto the Benchmarking grid

The exact locations at which drive data will be obtained will depend on the
route but also on the speed of the vehicle, the sampling rate of the receiver
and the size of the averaging window. As discussed elsewhere in this
report [Appendix B.2.2 Estimation of the Local Measurement Mean], a
sliding averaging window of 40 wavelengths (or ~6m) will be applied.

As a result, it is very likely that more than one data point will be obtained
within any 100m grid pixel defined in the Benchmarking area as
illustrated in Figure 6.

N Key:

= Drive route

o Data point

100m

v

100m

< >

Figure 6 Each 100m pixel is likely to contain more than one
measurement data point

Preliminary analysis of survey data showed that on average 10-12 data
points will be measured in a 100m pixel, with peaks exceeding 50 data
points in certain circumstances (e.g. very slow traffic).

Red-M recommends calculating, for each 100m pixel, the following
variables:
The mean CPICH level (per operator) in dBm value
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The number of samples obtained at the pixel

The total number of people whose centroids falls within the 100m
pixel

The % of samples that fall below the threshold -110dBm

% of samples that fall below the threshold -110-xdBm where x (dB)
is the measurement uncertainty

% of samples that fall below the threshold -110+xdBm

As measurements will generally be non-uniformly distributed over the full
pixel area because of how road networks are designed, Red-M suggests
that a pixel will be considered not to be in coverage at a given threshold
provided 90% or more of the samples in any given pixel are measured
below that threshold.

The percentage of samples (90%) was chosen to remain consistent with
the percentage location variability at the cell edge® used by Ofcom when
setting the fade margin of the path loss prediction model.

Format for a typical data file are presented in Appendix C.

2.5 Data interpolation

Red-M has developed mathematical techniques necessary to turn linear
drive test data (for example, taken from roads), into area coverage
predictions with associated statistical error estimates at required points
(in this case potentially the centroids of the relevant 2001 census output
areas within the measurement area). These general techniques are
generally known as linear regression interpolation. In 2-dimensions,
these techniques are suitable for radio propagation modelling over area
surfaces. Red-M'’s use of these techniques have proved to be very valuable
for extrapolating radio signal strength in areas that were not driven-by
with good confidence, and these existing tools will be made available for
use on this project. An example of this technique applied to sparse
measurements is shown in Figure 7.

® Section 3.17 of Ofcom’s 3G Rollout Obligations Statement, 27 February 2007. For
convenience, this document is contained in Appendix A.
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Figure 7 The CPICH level measured along the drive route could be
interpolated over a raster grid encompassing the drive area

The key advantages of using this method in relation to the current project
are that:

it will be more cost-efficient to apply a linear regression technique
to estimate the signal strength at a centroid than to measure the
actual signal strength at each centroid (which may be inaccessible),
giving rise to an efficient population coverage estimate in selected
areas

at the same time signal strengths at the points driven by will have
low “prediction” uncertainty (the only uncertainty at these points
will be the measurement inaccuracy) for comparison with Ofcom
modelling predictions.

Figure 8 shows the interpolated and measured local mean signal strength
along an arbitrary line drawn in the measurement area. The line intersects
the drive route at a number of places. At these points measurement data
provide the ‘correct’ value for the local mean, and the measured value
(shown as blue squares), the interpolated value (red line) and 90%
confidence interval estimates (green lines) are coincident.
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Figure 8 lllustration of interpolation error in 1-D

At the measured points, uncertainty in the measurement is related to:

measurement error, such as calibration of antenna and receive
chain, and the fundamental accuracy of the scanning receiver, and
error in estimation of the local mean from measurements taken in
a fading channel (illustrated as a rapidly varying local signal shown
in the blue circle in Figure 8).

Between the points of observation, where the interpolation gives an
estimation of the result, there is a greater uncertainty in the ‘measured’
value, and the red and green lines diverge. Because correlation decreases
rapidly with distance with varying degrees depending on the local clutter,
the uncertainty will generally be small close to measurement locations and
large where no measurements were made. The challenge in designing the
drive routes will therefore be to enable sufficient data locations to be
surveyed to ensure the interpolation method yields accurate results while
keeping the cost of surveying within allocated budgets.

Red-M’s interpolation method uses a linear prediction algorithm that
takes into account the correlation signature of the area whilst also
generating a measure of the variance by which the interpolated value was
obtained.

Fields required and corresponding formats for the interpolated data are
described in Appendix C.
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3. Selecting the measurement locations in the
Benchmarking Area

This section shows an example of selection of areas to measure described
in paragraph 2.2 The Benchmarking Process and an example drive route
design using the process described in paragraph 2.3.1 Drive route design.

In order to make the example process as clear as possible, we have based
the exercise in this section on imaginary data. For clarity, a small area of
the overall benchmarking area shown in was analysed. Figure 9 shows the
imaginary coverage data for this small area overlaid on the output areas
from the 2001 census.

The area shown in Figure 9 has a good mixture of clutter, as it includes
coastal areas, urban and suburban areas surrounding Brixham, Paignton
and Torqguay, the smaller town of Totnes and rural areas including the
hinterland behind Torbay and the lower slopes of Dartmoor. In Figure 9,
coverage areas (of 100m x 100m resolution) are shown in a scale of
colours, with blue corresponding to the lowest signal strengths and red
signifying the highest signal strengths. White areas are those predicted by
the model data to have less than -110dBm signal strength.

The total area selected for the benchmark exercise is 100km x 100km, and
contains 4065 ‘Output Areas’ (OA) in the 2001 census. The total
population in the benchmarking area is 1,174,213, giving an average of 289
people per output area.

The evaluated area in Figure 9 consists of 510 output areas with area and
population as shown in Table 3. As explained earlier in the report, the
most densely populated areas within Figure 9 are those where the OA’s are
the smallest in size.
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Figure 9 Subset of Benchmarking Area - Torbay, Totnes and Dartmoor
(part)

Table 3 Subset of Benchmarking Area — Population and Area
Statistics for 510 Output Areas

Field Sum Average per OA
Hectares 26,826.25 52.6
Total population 143,015 280

Figure 10 shows the same area as in Figure 9, but with signal strengths
modified manually to represent a second model. The data in Figure 10 has
been generated so that it is, on average, 10dB below that in Figure 9 at the
-110Bm level, and a uniformly distributed random element of +2dB has
been included to attempt to represent the variability associated with
different implementations of terrain and clutter loss.

We consider, for the purposes of this illustration, that the imaginary data
in Figure 9 represents the data obtained from predictions with a tuned
MNO model and Figure 10 represents the Ofcom implementation of ITU
P.1546-2 applied to the same area.
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Figure 10 Subset of Benchmarking Area - Torbay, Totnes and
Dartmoor (part) — second model

Having generated some imaginary data the area selection process outlined
in paragraph 2.2 of this report can now be applied. Figure 11 shows the
subset of the evaluated area where both ‘MNO’ and ‘Ofcom’ models
predict no coverage.
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Figure 11 Subset of Benchmarking Area — Not Covered

Figure 12 shows the subset of the evaluated area where both ‘MNO’ and
‘Ofcom’ models predict coverage at a level above -110dBm.

Figure 12 Subset of Benchmarking Area — Covered

Figure 13 shows the subset of the evaluated area where there is
disagreement between the models as to the extent of coverage at the
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-110dBm threshold. In this report, this area is called the ‘Combined
Marginal’ area.

Figure 13 Subset of Benchmarking Area — ‘Combined Marginal’ Area

The extent of the ‘not-covered’, ‘covered’ and ‘combined marginal’ areas
shown in Figure 11, Figure 12 and Figure 13 respectively are summarised
in Table 4 where we have categorised the areas depending on the
classification of coverage at the population weighted centroid of the
output area.

Table 4 Summary of Covered, Not Covered and Combined Marginal

Areas
OA # of | Average Average Total Area | Total Average
Centroid | Centroids | Signal Signal (Hectares) | Population | population
Strength at | Strength at per OA
Centroid Centroid
(MNO (Ofcom
Prediction) | Prediction)
(dBm) (dBm)
Not 9 -117 -128 4,410 2,755 306
Covered
(Figure
11)
Covered — | 380 -90 -101 14,008 106,153 277
(Figure
12)
Combined | 121 -102 -113 11,113 35,056 290
Marginal
(Figure
13)
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The key areas to be considered for a measurement campaign are those
‘combined marginal’ areas shown in Figure 13, because these are the areas
where there is disagreement between the predictions as to the extent of
coverage at the -110dBm threshold.

Table 5 Subset of Benchmarking Area — Population in ‘combined
marginal areas’

Field # of | Pop. Pop.
OAs Sum Average
per OA

Population in an OA with at least one 100m x 100m | 257 74,071 288
square in ‘combined marginal areas’ (Figure 14 —
left)

Population in an OA with the population weighted 121 35,056 290
centroid in a 100m square which is a ‘combined
marginal area’ (Figure 14 — right)

Population in an OA cluster (inside the two green 95 27,558 290
circles in Figure 14 — right) where the population
weighted centroid is in a ‘combined marginal area’

Table 5 shows population and area statistics for those areas coloured red
in Figure 13. Although roughly 50% (257) of the output areas under
evaluation have some ‘combined marginal’ areas within them, only the
subset of 121 output areas listed in Table 4 have their population weighted
centroid in a ‘combined marginal area’. Graphically, this can be
understood by reference to Figure 14. In Figure 14 — left all 257 output
areas are coloured yellow, whereas in Figure 14 — right, only the subset of
121 output areas are coloured yellow.

¢
I

k ant

Figure 14
Output Areas

The areas shown yellow in Figure 14 — right, are those areas which have
the largest effect on the benchmarking population coverage result. Closer
inspection shows that in this case, the population weighted centroids (the
red dots in the figure) cluster in two areas (shown in green circles):
around Paignton and Brixham, with a smaller cluster in Torquay. The
outlying rural areas to the southwest of Totnes (yellow shading around a
single red dot) may cover a larger surface, but contain so few people that it
is not cost-effective to survey them.
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If just the main clusters of output areas from Figure 14 — right in
Paignton and Brixham are selected, then 95/121»80% of the ‘combined
marginal’ population weighted centroids of the area under evaluation
would be driven. Since output areas are all of similar population, this
would also cover approximately 80% (27,558/35,056) of the population in
these ‘combined marginal’ areas, as shown in Table 5.

Figure 15 shows the Paignton cluster of ‘combined marginal’ OA centroids
at larger scale, and superimposed on the OS 1:50,000 map. The
population centroids are shown as red squares. A drive route following
the guidelines given in section 2.3 Survey methodology, has been
superimposed on the map. This drive route is shown by the green lines.
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Figure 15 Drive Route Desi

This section has shown how to follow the procedure to select
measurement locations and design a route based on a comparison of
imaginary predictions for a fictitious operator. To enable the process to be
followed easily and re-created using real data from all the real operators
the sample Maplnfo data and queries are included in this report as a .zip
file in Appendix F.

To determine the actual drive test regions for benchmarking, the process
described above will be repeated for each operator, and over the whole
benchmarking area. The extent of clustering of OA centroids in combined
marginal areas and the extent to which the clusters from each operator are
co-incident remains to be determined.
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It is also possible that the 100m pixel by 100m pixel data used in this
example will not be available for all operators. Although this pixel-by-
pixel data is the most desirable, other forms of data can also be processed.
A Maplnfo ‘Vertical-Mapper’ file containing only the coverage contour at
-110dBm contains much less information than the pixel-by-pixel
predictions, but still allows the ‘combined marginal’ area to be determined
with similar accuracy. It is possible that some operators may only be able
to produce bit-map images of coverage at the -110dBm contour level. This
type of information is the least desirable type of input since it is hardest to
process automatically, but bit-maps can still be geo-referenced and
combined using the colour of the covered area, and hence used to aid the
manual selection of combined marginal areas. If manual selection like
this is necessary, the process will only be able to identify combined
marginal area clusters, which would then be used for further processing.
The process will not be able to accurately identify individual population
weighted centroids, and the application of the hit-rate analysis will
therefore be negatively impacted.

"1
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4. Conclusion

This document has proposed a measurement methodology to assist Ofcom
in a benchmarking exercise to assess the validity of their approach to the
analysis of 3G rollout obligations.

The measurement methodology has shown how to determine the errors
due to measurement, which are due both to basic accuracy of the scanning
receivers proposed, and also due to the requirement to take a large
number of samples in a local area to remove the effects of ‘fast fading’,
whilst maintaining the integrity of the measured signal. The analysis in
this document has shown that it is possible to measure local mean signal
strength to an accuracy of £1.7dB.

The document has also proposed how to plan a measurement campaign to
help determine the accuracy of the models used during the benchmarking
process. The approach is in essence to:

1. Determine the areas where Ofcom and MNO models produce
contradictory predictions of coverage at the defined level — the
‘combined marginal’ areas.

Target clusters of these areas with high population density.

Design a drive test passing close by population centroids, suitable

for linear prediction methods.

Collect and report on drive test measurements.

Perform a linear prediction process to predict the signal strength at

the population centroids close to the drive route but that have not

been driven by.

Report on linear prediction results.

For the areas that have been driven, calculate population coverage,

using the 2001 census data.

8. Report on population coverage.

9. Calculate the ‘hit rate’ of the Ofcom implementation of P.1546-2 for
the areas driven, by comparing the predicted signal strengths at the
centroids to predictions.

10. Report on model ‘hit rate’

11. Use the hit-rate to estimate population coverage in the combined
marginal areas that have not been driven as part of the
benchmarking exercise.

12. Report on application of ‘hit rate’ analysis to predicted results.

13. Perform an error analysis of the process.

w N

o

No

The benefits of applying this methodology will be to give increased
confidence to the assessment methodology based on engineering analysis
proposed by Ofcom. The incorporation of measurements into the process
as described in this document will allow an assessment of the level of
uncertainty in the engineering analysis to be made during the
benchmarking process, and will also allow this level of uncertainty to be
reduced. This benefit will be particularly significant if the assessed
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population coverage of any of the operators is very close to minimum
prescribed by their licence conditions.

In case the measurement activities during benchmarking are insufficient
to allow all parties to agree on the results of the actual coverage
determination in early 2008, a further set of measurements using this
methodology would enable additional accuracy to be incorporated into the
overall process.

e
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Appendix A Ofcom 3G Rollout Obligations Statement

This statement is included as an Adobe Acrobat document. Please click on
the link to open the document.
w

Ofcom 3G Rollout
Obligations Statemen
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Appendix B Error Analysis

B.1

Figure 16 Sources of error

Figure 16 illustrates the different sources of error associated with the process
of identifying the number of people that are in coverage. The boxes
highlighted in green were handled by Ofcom and discussed in their “3G
Rollout Obligations” document recently issued.

In this section, we will focus on the errors originating from:
Receiver equipment: scanning receiver accuracy and offset, feeder loss,
antenna gain
Data processing including data filtering
Survey methodology and the impact of the vehicle speed and scanner
performance on the estimation of the local mean

These errors fall into two categories: systematic errors which will be
eliminated at the post-processing stage, and measurement error which will be
built into the procedure for determining the percentage of population
covered.

Systematic errors

A systematic error will be introduced into the measurements by the fact that
the signal will be subjected to a gain at the receiver antenna, and a loss
through cable and connectors. The receiver might also have a fixed offset.
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B.2

B.2.1

B.2.2

The sum of these errors should however remain constant at a given
frequency, received level and ambient temperature. Red-M will therefore
apply a correction factor to the measured levels in order to remove this error.

The error will be quantified prior to the commencement of the surveys using
a signal injection test into the full chain (from the RX antenna input to the
receiver) to determine the total loss of the system including any receiver
offset.

In this test, a signal of known power will be injected at all test frequencies
and the reading on the receiver will be recorded. The power will be varied
between the lower and upper limits of the receiver in steps of 5dB.

Measurement variability
Receiver Accuracy

The manufacturer of the receiver Red-M intends to use for the measurements
guotes an absolute accuracy of £1 dB in Basic RF Input Power Range, with an
additional £1 dB over the RF Frequency Range and operating temperature
range. From these specifications, we conclude that the 90% confidence
interval limits will be approximately 2 dB for Basic RF Input and 2 dB for the
other effects.

We can conclude that since the receiver will be used to scan over a set of
frequencies from more than one operator and that RF input levels will be
expected to cover the full dynamic range of the receiver that the overall
receiver uncertainty at the 90% confidence interval limits will be

V1% +17 = +1.4dB for the receiver only.

Further variability will be introduced by the sampling rate applied during the
surveys as discussed in the next section.

Estimation of the Local Measurement Mean

Fading signals in mobile radio systems are made-up of three main
components: a mean component which is primarily linked to how far the
receiver is from the transmitting base-station, a slow fading component (also
known as log-normal fading) which is caused by the physical characteristics
of the local propagation environment (size of buildings, vegetation,
orientation of the streets, geographic features along the path...) and a fast
fading component (also known as Rayleigh fading), which is caused by the
constructive and destructive inference of multiple signal paths from objects in
the environment close to the receiver.

When trying to re-create the mean of the signal power from measurements
(i.e. removing the “unpredictable” fast fading component), sufficient samples
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are required. The number of samples recorded will have a direct impact on
the uncertainty of the mean.

A number of different methods of determining this local mean exist. The
most common one is generally termed the Lee Criterion [?], although other
criteria are also available (e.g. the Parsons Criterion ["]). These criteria
generally specify that a number of samples, N, are required to be averaged
over a particular distance, d. The exact values of N and d depend on various
parameters and the acceptable uncertainty in the results. The net result
however is that a scanning receiver with a fixed time based sample rate will
imply a particular maximum drive speed.

The length of the local mean, d, is critical, if it is set too short, then some of
the fast fading will still be present, however if it set too long, then some of the
longer period, slow fading will be averaged out, and some of the detail of the
system coverage which the test is aimed at revealing is lost.

Lee’s calculations to estimate the minimum required number of samples were
developed with narrowband® signals in mind. There is a fundamental
difference between narrowband and wideband signal because, different
portions of the wideband signals will to experience fast fades at different
locations. In the case of a narrowband signal the signal in its entirety will
either be in a fast fade or not. We will first describe the narrowband case.

Lee Uncertainty in Number of samples
estimation of the local required per average
mean
1dB 36
1.5dB 16
2dB 9

Table 6 Number of samples required for a selection of uncertainties as
calculated by Lee for a narrowband signal

Lee calculates that the averaging distance must be between 20l and 40l .
This relates to the typical distances over which the ‘log normal’ shadowing
remains fairly constant outdoors (i.e. typical widths of buildings and other
features). Lee’s calculations were derived for a narrowband signal and the
results, for uncertainties of 1, 1.5 and 2dB are reported in Table 6.

By using Lee criterion with a Lee uncertainty of 1dB in estimation of the local
mean, we estimate that the probability of our measured local mean being less
than 1dB from the true mean is 90%. When using receivers that have a

6 Lee, W.C.Y. “Estimate of local average power of a mobile radio signal”, IEEE Trans., VT-34, No.1,
pp. 22-27 (1985)

’ Parsons, J.D. “The Mobile Radio Propagation Channel”, Wiley,2nd Edition

8 ‘Narrowband’ in this context is where the signal bandwidth is narrower than the
coherence bandwidth of the channel. ‘Wideband’ in this context is where the signal
bandwidth is wider than the coherence bandwidth of the channel.
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constant sample rate in time, the number of samples (36) required per
average leads directly to a maximum vehicle speed.

Lee calculates the 90% confidence interval of the estimated value of local
mean being within xs dB of the true value as:

i<s dB

JN
s is termed the uncertainty in the estimation of the local mean. The value for
s that is suggested by Lee is 1dB, which implies that N = 36.

Although Lee suggests the use of a £1dB uncertainty with a requirement for
36 samples every 40l of driven distance, decreasing the number of samples
(e.g. where vehicle speed cannot be kept low such as on motorways/dual-
carriageways) is still possible at the expense of the signal uncertainty.

An extension to Lee’s work carried out in 2006 [°] shows that for a wideband
signal, fewer samples would be required to achieve the same level of
uncertainty. These findings stem from the fact that a wideband signal such as
in UMTS can be regarded as a combination of multiple independent Rayleigh
fading components. When these are combined coherently, as in the case of
the scanning receiver, the resulting power distribution approaches a normal
distribution. In other words, as the bandwidth of the signal exceeds the
coherence bandwidth of the signal, parts of the signal will be in a fading
phase while other parts won’'t when averaging over a number of samples.

As a result, the number of samples required to achieve the same level of
uncertainty is reduced. Figure 17 shows the difference in the required
number of samples between a narrowband and a UMTS WCDMA signal for a
given vehicle speed.

® Kurt, T., Y. Le Helloco and B. Breton, Wideband local mean estimation, Electronics Letters, Feb
2006, Vol. 42, No. 3.
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Figure 17 Required sampling rates as a function of vehicle speed for
narrowband and UMTS signals

The graph in Figure 17 shows that ~6 times fewer samples per second are
required for a wideband signal than for a narrowband one. The minimum
required number of samples/s for typical vehicle speeds in the UK to achieve
a =1 dB accuracy estimate of the local mean the 90% confidence level are
given in Table 7.

Vehicle speed Minimum required
[mph] number of
samples/sec

30 15
40 20
60 29
70 34

Table 7 Minimum required number of samples/sec for the local mean
estimation to +1 dB of a UMTS signal at typical vehicle speeds.

The scanning receiver that Red-M intends to use for the performance of the
WP2 drive surveys can achieve a maximum of 16 samples/sec/RF channel
(see datasheet in Appendix E: Measurement System for more detail). This
rate meets the minimum requirements at the lowest speed illustrated in Table
7. As a result, we can safely claim that, provided the vehicle is driven at a
speed of about 30mph, the measurement uncertainty associated with the
determination of the local CPICH mean will be £1 dB or better (i.e. the 90%
confidence interval is 2dB). Since the benchmarking process has identified
the most populated areas as being the target survey areas, speed limits in
these areas will be at either 30 or 40mph in any case.
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Appendix C Data Formats

This section provides detail of the format for the various data sets required
for the benchmarking. The actual data given in these format examples is
imaginary.

C.1 Filtered survey data

The filtered data from each drive survey will be provided in the following
format:
Each data file will consist of 3 columns: Eastings, Northings, CPICH
level
Data provided in comma separated values (CSV) format
The (Eastings,Northings) co-ordinates will be provided in OSGB36
map projection
The signal strength of the dominant CPICH will be provided in units of
dBm. Signal strength data should represent the moving local mean
over a 40 wavelength window, centred on the recorded coordinates.
Signal data should be normalised to represent a OdBi receive antenna
gain with O dB receive feeder loss (see B.2.2 Estimation of the Local
Measurement Mean for more detail on the relationship between
vehicle speed and local mean estimation).
One set of data will be provided per drive route and per operator

Table 8 shows an example output for an operator. There will be one such file
for each operator.

Eastings Northings CPICHLev_MNO1
291729 93430 -77.4
291735 93433 -82.5
291741 93436 -78.6
291748 93438 -74.6
291755 93442 -68.2
291762 93445 -75.6
291772 93450 -74.5
291791 93459 -78.6

Table 8 Example output from the drive survey

C.2 Survey data mapped onto the benchmarking grid

Following analysis, the survey data will be mapped onto the 100m resolution
benchmarking grid. As a result of this analysis, the measurements will be
expressed in a different way to the “Filtered data” discussed in the previous
section. The analysed data should be provided in two different formats: a
plain text format (csv) for ease of transfer and a grid format ready for import
into Maplnfo. The content of the files for each of these two formats is
explained below.

© 2007 | Red-M C-1



Field Measurements to Assist Ofcom to Verify the

Approach to the Assessment of 3G Operator Rollout Red-M

CSG_1523/issue 1.3

C.2.1 In csv format

For the plain text format, the files should contain the following data:
There will be a single CSV file per operator for the entire
benchmarking area
Each file will consist of 8 columns:

Eastings and Northings of the pixel position

Total population in the pixel

Total number of measurements in the pixel

Mean CPICH level at the pixel

% of measured samples at a CPICH level less than -110dBm
% of measured samples at a CPICH level less than -111.7dBm
% of measured samples at a CPICH level less than -108.3dBm

Typical output from this process should resemble the illustration shown in
Table 8 (commas between the fields have not been shown for clarity, mean
CPICH level column not shown).

TOTAL TOTAL % OF SAMPLES <- % SAMPLES % SAMPLES <
Eastings Northings POPULATION SAMPLES 110dBm <-110+xdBm 110+xdBm
526600 134600 0 39 74.4 100 0
526700 134600 0 27 44.4 100 3.7
526600 134700 0 13 38.5 100 0
526700 134700 0 15 26.7 100 0
526600 134800 0 5 20 100 0
526600 134900 0 8 125 100 0
526500 135000 0 5 20 100 0
526600 135000 0 7 0 85.7 0
526400 135100 0 1 100 100 0

Table 9 Example output from mapping the survey data onto the
benchmarking grid.

C.2.2 In grid format

The above data will also be provided in a grid format ready for import into
Maplnfo’s Vertical Mapper tool. The grid import format selected is the one
defined in Vertical Mapper as ASCII Grid (see Vertical Mapper’s User Guide,
version 3.0, 2005, pp73). This format is reproduced in Figure 18 from the
user guide.

The files will be provided in text format and will consist of:
- One ASCII Grid file per operator and per field.

Fields include: total population, number of measured samples, Mean
measured CPICH level, % samples measured at less than -110dBm, % of
samples measured at less than -117dBm and % samples measured at less
than -108.3dBm.
Areas not measured at will have their value set to the standard
NO_DATA_VALUE user by MapInfo (generally -9999).
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C.3

C.3.1

Comments ASCIH Grid Format
Mumber af columns and rows —— [ ncals 10
I: nrows 10
# and ¥ position of the centre ¥llcenter 1520000.0

af the lawer left nade. T | ylicenter 8490000.0
cellsize 50.0
Cell spacing /___—F MNODATA value -9999
/ 427 414 397 41.3 383 306 399 3.1 7.8 372
Mull value, 41.4 397 413 383 386 399 361 378 372 366
41.3 383 427 414 337 386 3785 37.2 389 381
Cell values. 39.9 381 378 372 427 414 397 41.3 383 386
&‘\“\—‘\ 427 386 399 381 414 397 413 383 78 72
427 414 397 41.3 383 386 399 381 378 372
414 397 413 383 386 399 381 378 72 6ER
41.3 383 427 414 337 386 3785 37.2 389 381

399 381 378 372 427 414 387 M.3 3853 3686
427 386 39.9 381 414 387 4135 383 578 372

Figure 41 Example of a grid file fllustrating the construction of an A3CTT grid file.

Figure 18 Extract from Vertical Mapper v3.0 User Guide (p73) with detail
of the ASCII grid format.

Interpolated data

Interpolated data should be provided in the same formats as the grid-mapped
data described above, i.e. in CSV and in ASCII grid formats. The interpolation
is done at the same grid resolution and definition as the prediction grid.

The required fields are described below.

In csv format

The attributes of the CSV file are:
There will be one CSV file covering the entire benchmarking area and
containing the interpolated values for all 5 operators
The CSV file will consist of 12 fields:
§ Eastings, Northings of the pixel position
§ The interpolated CPICH level for MNOL1 at the pixel
§ The uncertainty of the interpolated CPICH level at the pixel
represented by the variance of the interpolation process for MNO1
§ Same as the above two fields for MNO2, MNO3, MNO4 and MNO5
(i.e. 4 x 2 fields)

An example CSV file is shown in Figure 19. In this file, all 12 fields described
above are shown. Note that in this example, MNO2 (columns 5 and 6) has no
data and interpolated values are therefore represented by the
NO_DATA_VALUE.
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CPICH_ CPICHvar CPICH_ CPICHvar CPICH_ CPICHvar CPICH_ CPICHvar CPICH_ CPICHvar
Eastings Northings  OP1 _OP1 OoP2 _OP2 OP3 _OP3 OP4 _OP4 OP5 _OP5
524600 136400 -89.5 5.6 -999 -999 -91.3 4.0 -98.8 3.9 -83.0 2.1
524600 136500 -90.4 5.5 -999 -999 -92.2 4.2 -99.9 4.0 -83.7 2.9
524600 136600 -88 5.5 -999 -999 -89.9 35 -97.3 4.3 -81.5 25
524600 136700 -86.2 5.5 -999 -999 -87.6 3.6 -96.2 3.7 -79.5 2.4
524600 136800 -85.7 5.4 -999 -999 -86.8 4.0 -95.7 4.1 -78.7 2.0
524600 136900 -87.9 5.4 -999 -999 -89.7 35 -97.6 3.6 -81.2 2.4
524600 137000 -88.6 5.5 -999 -999 -90.2 4.3 -97.8 3.9 -81.7 2.9
524600 137100 -86.9 5.5 -999 -999 -88.0 4.1 -96.6 4.1 -79.9 2.9
524600 137200 -88.9 5.6 -999 -999 -90.4 4.3 -98.6 4.4 -81.9 2.4

Figure 19 Example CVS file containing the fields from the interpolated
results (commas have been omitted for clarity).

C.3.2 In grid format

The same grid format presented in Figure 18 should be used to enable loading
of the interpolated data onto MaplInfo’s Vertical Mapper tool. Contrary to the
CSV format file described in the previous section, one ASCII Grid file will be
required per field and per operator, making a total of 10 files covering the
entire benchmarking area each.

Each file will relate to a single operator and there will be one file per each of
the following fields:

The interpolated value of the CPICH level at the pixel

The uncertainty (in dB) of the interpolated value at each pixel
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Appendix D Benchmarking area

A detailed description of the extent and location of the Benchmarking Area was
provided by Ofcom[*°]. In this appendix, we provide the key features of this area.

Ofcom selected an area 100km x 100km in the south west of England
(Figure 20) to apply the methodology developed in this report.

‘Red-M

# POP-centroid

AL10001 5445

Figure 20 Extent of Benchmarking Area showing the population centroids
from the Census 2001 data

For the purpose of the model predictions, the area is extended 20km
out of the one shown in Figure 20 (i.e. 120km x 120km) in order to
include any coverage provided by sites located outside the
Benchmarking area.

The resolution at which the predictions are carried out is 100m.

10 3G Rollout Benchmark Procedure (draft), 30 March 2007, Ofcom
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Appendix E Measurement System

The in-car measurement configuration is shown diagrammatically in Figure
21. There are two UMTS antennae mounted on the roof of the vehicle, one
for each scanning receiver. A GPS antenna is also mounted on the roof, and
connected via the patch-panel to a Trimble 455 unit with dead-reckoning
capability. Measurements are downloaded from the scanning receivers to
data-logging PCs running TEMS investigation software.

UMTS GPS UMTS

roof mounted
antennas

boot mounted patch panel

\ Trimble 455 with
GPS dead reckoning

_'J {._ PCTel SeeGull LX

Single PC running
TEMS Investigation

N

Figure 21: Measurement Configuration

The key features and specifications of the scanning receiver are shown in
Figure 22 and Figure 23 respectively.

e —
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RF Solutiona Group

TECHNICAL SPECIFICATIONS

SeeGull® LX WCDMA/GSM
Including HSDPA & GPRS/EDGE ireess 1est sajutions

PCTEL. RF Solutiona Group's GSMMWCDMA, scenning recaher
enakies simufteneous scenning and data collection across
WODMAHSDPA and GEM/GPRS/EDGE networks, This scan-
rar g evellable for both

- WODMA 2100 and GSM 9001800 and

- WODMA 1900 - GSM 8501800 marksts.

Operstors can dive once and collect all the dats necassary o
cptimize and manage muitiple networla a3 one “syaterm™.

PCTELS scanning recehvers ane used giobally to optimize wire-
leas network performancs in conjunction with drive test and
measurameant, tower sita survey, basa station monitorng, and
wireless anahyals and post procesaing tools.

Operational Modes

RS81 Sean

beasuras and reports RSS! for a given channel list, The meas-
urement bandwidth s selectable a3 efther 200 KHz or 3.84 MHz
for WCDMA, or 30 kiHz or 200 kHz for GSM,

Spectrum Analyzer

Messures and reports powser gpectral density. Fraguency span
In the RF Band, resolution bandwidth (5, 10, 20, 40, and B0
kHz), and eweep avaraging (1, 2, 4, B, and 16} are aduatabls,

Multipla Concurrent Measuremants
Trousands of diffierent concument maasurements in diferont
operational mades can be perfonmed on diffierent frequencies.

Intarference Measuremants
Measures CRICH Signal to interfarence Ratic (S5R) in WODMA
and G in G3M,

Bullt-in GPS
The internal GFE recaiver ia controlled through the LISE intar-
fmca,

HSDPA, GPRS and EDGE Maasurmants
For optimization of wirsless data profocols this scanner meas-
urez CPICH power for HSDRA and BCCGH GA for GPRS/EDGE.

WCDMA Features

Rake Finger Count

Detects up to 51 multipath components (Fiake Fingers) of
recahad gignal. Accuracy ks + 1 finger.

WCDOMA/

35M (SeeGuli* LX) Technical Specifications W

raless Tast Solutions

WEOMA,
o ]

Top M Pilot Scan

Returnz top N Pot {CPICH) in descending Ec/io order
where M < 32, Same meagurement paramaters ame svall-
ghols a3 with the CPICH scan. =

Pllat (CPICH) Scan
Messures and reports Ecflo for spechiied pilots in the Mg
Cormmon Pilot Channel {CPICH), RSCP (Receive Strength —
Coda Power), siso known B3 Ec, can be derved from the:
reported Ec/io and ko, Pesk Ec/lo, Aggregate Ecflo, Detay
Spread, Rake Fnger Count, SIR, Time Offsat, PSCH_Eclo,
S8CH_Eco, and lo are measurable perametens for thiz

SCan

Timesiot (SCH) Scan
Messuree and reports Epadio (PSCGH_Eofd) of the
gyncheonization channel (SCH) at uniiorm Instances of tme
during one timesiot (2560 chips),

5IR Measuremants

Measures Commean Pilot Channal (CPICH) Signal to
Interfarence Ratio (SIR),

GSM Features

ek
GEW

o

BSIC Decoding

The BSIC I8 decoded in the recelver and can be
used for idantiying the tranamitting bese stetion.
BEIC sengithvity |3 80% detection at 2dB CA,

G/l Measurements Option
Prevides co-channgl intarference messurements.

BCCH Decoding Option
Enabiss decoding of BOCH Type 3 message,

inchuding Cel 1D, MCC, MMC, and LAC parsmetars and
Type 2 Melghbor List.

--u—n-E-pI_

Figure 22: Scanning Receiver Key Features (from manufacturer

datasheet)
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SeeGull® LX WCDMA/GSM including HSDPA & GPRS/EDGE

Specifications

Overview
Intermodulation Spurious Response Attenuation
RSS! Bandwidth Frequency saparation of 00 kHz grester than 55 dB
30:200 kHz (CWAVIdS) -GEM for signais input up o -43 dBm
2003840 iz (CWAIde) - WCDIMA
Mmmw i
e up 0 -
S e e nes D e
of the Bchnology
RSS Maasurement Rate
150v500 ChiSec (CW/AIds) -GSM Intarnally Genarated Spurious Responss
5007250 ChiSec (CWANIds) WCDMA -115 dBmy Meaedmaum
Absobuts Accurssy Protection Against Spurious Responss
1.0 dB In Basic RF Power Interferancs
* Input Rangs el

Relative Accuracy
+ 1.0 dB fr Eclo = 17 dB
+10dBir 17 B >8R =-17dB

Desensitization
55 dB Adjacent and 65 dB Altemate Channal

BSIC False Detection - GSM AF Input Power Range

=0.1% -15 dBm Medmum foperating in-band)
-5 dBm Madmum foperation out-of-band)

CPICH False Detections - WGDMA _

<01% Physical

Minimum Detectabls WGDMA, Signal Input Power

-21.5 dB relathe, -116 dBm absoluta +8 to +18 VDG (Megsative Ground)

2.5 A Max @ 12 VDO

CPICH Measuremeant Time
B0 ma jmindrmumy) Communications Interface
use
Input Frequency Tolarance
2 ppm Siza
85" Lx 400" W 558" H
BSIC Dataction Sansitivity - GSM 215.8mm L x 101 6mm W x 141.7mm H
90% detection at 2dB CA
Weight
Hardware B.0hs /2.7 Kiograms
RF Frequancy Ranges (Forward Channels) Temperature Range
WA 1800 1030 MHz to 1000 MHz Operating: 0°C to +50°C
WCDMA 2100 2110 MHE 10 2170 MHe Storage: -40°C o 880
GEM 850 B0 MHz to 804 MHz -
GEEM 800 625 MHz to 650 MHz nactors
GSM 1800 1805 MHz to 1880 MHz i2) AF Input (Bcannen) SMA Female (30 Ohmj
GSM 1900 1830 MHz to 18080 MHz (1) RF Input ([GPS)  SME Mala (50 Chm)
(1) Data and Power  Custom USEPower Cable
Frequency Accuracy
+ (L05 ppm GPS Locked Certification  { €
& 0.1 ppm GPS Uniocked (room temperaturs)
Conducted Local Osclllator
-T5 diBm Mexdmum
PCTEL Maryland, Ino. 1 ORECT-08.
20410 Obsmrvaiion Dewve, Garmariown, Mandand 30678 US4 [
PCTEI__ Prona; +1.301 5160098 Fec +1,301 5160087 Sarauy DO0E
RF Sadedians Groug wiwrw poialooam Speoiicaions Subject i Chanpe Withou! Notios.

Figure 23: Scanning Receiver Specifications (from manufacturer
datasheet)
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Appendix F MapInfo Area Selection Files

The Maplnfo data and queries used for the example area selection process in
SectiOn 3 - Selecting the measurement locations in the Benchmarking Area
are included in this section as a .zip file. Opening the workspace file (WOR)
from within Maplnfo should open all linked tables and display the thematic
graph for the combined marginal areas.

Selecting
Measurement Locatio

© 2007 | Red-M F-1
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