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I, Steve Turner, of 1 Lyonpark Road, Macquarie Park NSW 2113, say:

| am the Director of Spectrum Strategy and Management at Singtel Optus Pty Limited
(Optus).

This statement is made in relation to the application for authorisation lodged with the
Australian Competition and Consumer Commission (ACCC) by Telstra Corporation
Limited (Telstra) and TPG Telecom Limited (TPG) on 23 May 2022 (Application) for
sharing active infrastructure and spectrum in regional Australia (Proposed Transaction

or MOCN arrangement).

| make this statement to the best of my knowledge and belief based on over 27 years of
experience in telecommunication networks, including in relation to spectrum. Except
where otherwise indicated, the matters set out in this statement are based on my own
knowledge. | have also directly and indirectly made enquiries of Optus employees.
Where | refer to matters on the basis of information provided to me, | believe those

matters to be true and correct.
In this statement | cover the following topics:
(@) First, | summarise my qualifications and experience.

(b) Second, | define terms and concepts used in this statement.
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(c)

(d)

(e)

(®

(9)

Third, | analyse relevant spectrum holdings and mobile sites currently held by
each of the three mobile network operators (MNOs), Optus, Telstra and TPG, and
the spectrum availability and site access that would result if the Proposed
Transaction were to proceed. This analysis shows that with the Proposed
Transaction, Telstra will have access to significantly more spectrum than Optus in

the regional area.

Fourth, | address impact of the significant spectrum advantage that Telstra will
achieve if the Proposed Transaction proceeds, including the reasons why Optus

would not, in practice, be able to mitigate that.

Fifth, | explain spectrum holdings as between Optus and TPG if the Proposed
Transaction did not proceed and Optus entered into an arrangement with TPG

that includes spectrum sharing.

Sixth, having reviewed the Applicants' response to Optus' submission dated

28 July 2022 (Applicants' Response), | address claims made about the utility of
mid band spectrum on Telstra's network, and the ability of Telstra to utilise its
currently under-utilised mid band holdings to achieve coverage and capacity in

the regional area without the Proposed Transaction.

Seventh, having reviewed the expert reports provided by the Applicants, in
particular the Aetha report dated 27 July 2022 (Aetha Report), | respond to a
number of matters that | regard as significant to the analysis and which, based on
my experience, | consider to contain inaccuracies or errors. In my view those
inaccuracies and errors make the conclusions reached by Aetha entirely

unreliable.

5. In a number of parts of this statement | refer to analysis which has been performed by

my team or at my instruction. That work has been primarily led by Wilson Zheng,

Director of RAN Strategy. | have reviewed all analysis that is referred to in this statement

and consider it to be true and correct.

ME_203585283_1
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1. Qualifications and Experience

6. | hold a Bachelor of Engineering (B.Eng) degree in Electronics, Communications and

Computer Engineering from the University of Bradford, England.

7. | have held my current role as Optus' Director of Spectrum Strategy and Management
since April 2018. In that role | report to Kent Wu Zeyi, VP, Access Network Strategy,
Planning and Quality.

8. In my current role | am responsible for the following:

(@) managing a team of spectrum experts;

(b) providing technical expertise and advice to Optus' Regulatory, Legal and technical
teams as well as senior leadership within Optus;

(©) assessing Optus’ product, commercial and network requirements for the purposes
of developing and delivering Optus’ spectrum strategy;

(d) technology coordination of, and assessment of, Optus’ spectrum needs;

(e) acquiring and trading spectrum assets in accordance with business and spectrum
strategies;

()] leading and delivering responses to consultations, technical committees and
related bodies, relating to spectrum;

() delivering technical and regulatory analysis and information on behalf of Optus
and in support of the Australian Mobile Telecommunications Association (AMTA)
to the Australian Communications and Media Authority (ACMA), the ACCC and
government departments that oversee matters concerning telecommunications;

(h) overall spectrum governance and ensuring compliance with spectrum licence
conditions and other regulatory obligations;

(M management of interference between Optus and neighbouring spectrum users;

)] management of spectrum auction activities, including business case
development, consultant management, spectrum valuation, bid strategies and
other associated activities;

(k) industry-wide consultation and advocacy in support of Optus’ and AMTA'’s
requirements, including in respect of a harmonised spectrum and licencing
framework to support 5G and beyond.

9. | have worked in the telecommunications industry since 1995, Prior to commencing at

Optus, | have held roles in the telecommunications sector including:

ME_203585283_1
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(@)

(b)

From 2010 to 2018 | was employed by NBN Co, performing a number of different
roles in wireless, fixed line, cross-domain technical and strategy functions. As the
first member of the NBN Fixed Wireless team, | was responsible for the planning,
governance, design, dimensioning and initial architecture of the fixed wireless
network. This involved network and site dimensioning, customer experience
planning, product design, link budgets, base station and network architecture,
coverage assessment, site design and multiple other radio frequency (RF)
functions. In the course of my role | assessed NBN’s spectrum requirements and
made recommendations on price, volume and geography for the acquisition of
NBN'’s 2.3GHz and 3.4GHz spectrum holdings. | subsequently managed the
Fixed Wireless Access (FWA) team'’s planning and cross-domain teams before
moving to a number of differing roles in other parts of the business, culminating in
the corporate strategy office where | managed the high-level planning function for

non-fixed line technologies.

Prior to my role at NBN Co, from 2007 to 2009 | was employed by Hutchison 3 as
a technical strategist for the radio networks team. | primarily worked on general
radio strategy, network features, roadmap planning and Telstra/3GIS liaison

under the Hutchison and Telstra MOCN network sharing arrangement.

10. During my years in the industry | have been involved in spectrum auctions / valuation

processes including:

(@)

(b)

(c)

(d)

(e)

ME_203585283_1

In 2000/2001 | was involved in the spectrum valuation and bid strategy support for

Vodafone Australia's acquisition of 2.1GHz spectrum.

In 2011-13 | managed the specification, valuation and acquisition of 2.3GHz and
3.4GHz spectrum for NBN Co's F\WWA network.

In 2018 | managed the team responsible for valuing and acquiring regional
3.6GHz spectrum at Optus.

In 2021 | managed the team responsible for valuing and acquiring metropolitan

and regional mmWave spectrum at Optus.

In 2021 | also managed the team responsible for valuing and acquiring national
900MHz spectrum at Optus as part of the 850/900 MHz band spectrum auction,

which is sometimes referred to as the 2021 'low band' auction.
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2. Relevant concepts

11. In this section | explain a number of terms and technical concepts that are relevant to the

matters that | address in my statement.
12.  There are a number of key terms that | refer to in my statement, which | define below:

(@) An apparatus licence is a type of licence that is applied for and then issued by
the ACMA, allowing the applicant to operate in the band granted and at the place
or in the area that it is issued for. An apparatus licence can be issued for a period
of up to 20 vears, but is generally renewed annually. Apparatus licences differ
from spectrum licences, which would normally be auctioned on a longer term
basis (up to 20 years), allowing the licensee to register and operate devices that
comply with the conditions of that spectrum licence anywhere in the bandwidth

and geography for which the licence is awarded.

(b) Band is a description of the operating band for the equipment or the network. For
example, in this statement examples of 'low band' spectrum are provided in the
following 'hands': 750MHz, 850MHz and 900MHz.

(c) Bandwidth is the amount of spectrum that a spectrum licensee holds, and is
indicative of the rate at which data can be transferred between a user's device
and the mobile network (that is, the more bandwidth in MHz held by an MNQO, the

more data can be transferred on their network).

() Contiguous spectrum means spectrum that is immediately adjacent within the
same spectrum band. An example is provided in Figure 1 below showing the
before and after state of the lower part of the 3.5GHz band. This is a project | led
in 2019 and 2020 in my current role. The goal of that project was to defragment
Optus' and NBN Co's 3.5GHz spectrum holdings so that they moved from non-

contiguous to contiguous holdings.

Figure 1

Non-contiguous holdings (before Optus/NBN defragmentation)

Bandwidth 5N HE 67 5MHz SO0 HE 32.5MHE

i
Sydney/ Melbourne Metro

Sydney/ Melbourne Metro C

(@) FDD stands for Frequency Division Duplex and is also known as 'paired
spectrum’. It is a technique used to send and receive data using different
frequencies within the same spectrum band. Specifically, the base station

transmit (UE receive) operates in a different part of the spectrum band from the
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(b)

(©)

(d)

(e)

(f)

(9)

(h)

@

1)
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base station receive (UE transmit). There is a spectrum gap between the base

station transmit and receive in terms of the parts of the band that are utilised.

LTE stands for Long-Term Evolution technology, which is a standard used for the
4G network.

NR stands for New Radio and is a new radio access technology for the 5G

hetwork.

Peak downlink rates and uplink rates are a typical measure of maximum
network speed. The higher the peak data rate is, the greater the network capacity
and the higher the user data speed. Downlink rates relate to download capacity

and speeds, while uplink rates relate to upload capacity and speeds.

SA1 as defined by the Australian Bureau of Statistics (ABS) means Statistical
Areas Level 1. They are geographic areas designed to maximise geographic
detail for the census population and, being the smallest ABS statistical area,
generally have a population of about 200 to 800 people. In my view, because of
the geographic detail shown in SA1s, they are helpful in showing the vast
differences in population density in a geographic area. Yhere | have referred to
SA1s in this statement to describe the regional area more broadly, | am referring

to the total or aggregate SA1s that cover that area.

Sector means the antenna(s) oriented in one direction and the area covered by
that or those antenna(s). Typically a base station has three antennas which are
oriented in different compass bearings or directions to serve the areas

surrounding the base station. In that scenario there would be three 'sectors’.

SIO refers to 'services in operation', and is used as a measure of the number of

customers that an MNO has at any point in time.

TDD stands for Time Division Duplex and is also known as 'unpaired spectrum’.
Unlike FDD which uses separate frequencies for transmission and reception of
data on a device, TDD is a technique that sends and receives data using different
time slots within the same portion of spectrum. Specifically, base transmission
and reception to and from the base station (or UE) occur on the same set of
frequencies but at different times to ensure that the transmit and receive signals

do not collide.

UE stands for 'User Equipment’. UE may include a mobile phone or other

compatible radio device that is used by end-users to connect to the network.

WCDMA stands for Wideband Code Division Multiple Access technology, which is
a third-generation (3G) standard.
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13.

14.

18

16.

17.

| describe other key concepts under subheadings below.

Network attributes needed for quality service

In my experience, mobile networks typically consist of the following components:

(@) Spectrum, which | describe at paragraphs 23 — 30 below. In summary, spectrum
is comprised of invisible electromagnetic radiation waves, which allow devices to
communicate with mobile networks. The role of spectrum in a network is to
conhnect users to the physical network equipment and allow for data transmission.
It is a finite resource. The amount and bands of spectrum held by an MNO will

impact the quality of the service they are able to provide from their network.

(b) The base station or 'mobile site', which transmits and receives wireless signals to
user devices from a single physical location. A base station achieves this through
several components including antennas, radio units and base band subsystems,
and connects to the core network via the transmission networks. A single network
will generally comprise many base stations. For example, the respective

networks of Optus and Telstra each consist of several thousand base stations.

(© Radio access networks (RAN) are a major component of a wireless
telecommunications system. They connect individual devices to other parts of a

network through a radio link.

(d) Core networks, which are a central part of the overall mobile network that allows
subscribers to get access to the services that they are entitled to use. The core
network is responsible for critical functions such as subscriber profile information,
location, service authentication and necessary switching tasks. The RAN will

connect into and through the core network via the transmission network.

(e) Transmission networks (also referred to as backhaul networks) which generally

connect the RAN to the core network, transport user data and control information.

From a technical perspective, | consider there to be three key elements required in order

to deliver a quality service over a mobile network.

The first element is 'coverage’, being the geographic area over which a network is
capable of delivering a service. | have read the Application and understand that the
Proposed Transaction primarily relates to a zone referred to as the 17.4% population

Zone.

For the purposes of considering the Application, the Applicants' Response and the Aetha
Report, and preparing my statement, | consider that mobile coverage across Australia
can be divided into the following 'zones":
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18,

19.

20.

21.

22.

(@) Metropolitan zone covering metropolitan and major suburban areas. Around
81% of the population is serviced by MNOs in this area. Optus has coverage

across this zone.

(b) Regional coverage zone or 'RCZ’ covering regional and fringe urban areas.
17.4% of the population is serviced by MNOs in this area. Optus has coverage
across the majority, but not all of this zone. | understand based on the Application
that the Proposed Transaction relates primarily to this zone. Where | refer to the
RCZ in this statement it is based on my estimate of what that area covers, as | am
not privy to the precise geographic boundaries of the Proposed Transaction. |

also refer to the RCZ in parts of this statement as the 'regional area’.

(© Rural and remote zone covering rural and remote areas. | understand that
Telstra has exclusive coverage in this zone. Less than 1% of the population is

covered by this zone. Optus has no coverage in this zone.

The second element is 'capacity', being the total amount of data (or 'network traffic") that
can be transmitted over the network at any peint in time. A lack of capacity can lead to
what is commonly referred to as 'network congestion' and can impact both the ability of a
user to connect to the network and the speeds achievable on a network once a

connection is established.

The third element is 'capability’ or 'speed’, being the speeds that can be achieved on
the network. The speeds achievable on a network are, in par, dependent on the ability
of the network to deliver capacity and coverage where customers need it. The network
capability or 'speed’ is typically measured by the peak data rate of a sector aggregated
across the network. The peak sector data rate is calculated by multiplying the spectrum
bandwidth available to an MNO (MHz) at a site, by the peak spectral efficiency (bps/Hz)
for each spectrum band available, and aggregating that across all the spectrum bands to
the specific sector per site level. The result shows the peak data rate of a single sector
on the base station. The peak data rate for multiple sectors can then be aggregated to

show the peak data rate for an entire base station or region on that network.

The higher the sector peak data rate, the greater the network capacity and therefore the

speeds achievable for customers in the area served by that sector.

The ability of an MNO to deliver on each of the above three elements will impact the

quality of service that can be provided to customers across that MNO's mobile network.

The coverage, capacity and capability achievable by a mobile network is dependent on a

mix of the number and location of mobile sites (including the types of equipment used on
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23.

24.

25.

26.

those sites), the technologies deployed and the amount of spectrum, at varying ranges,

that an MNC has access to. | expand on these factors below.

Spectrum and how it impacts service quality

Spectrum is comprised of invisible electromagnetic radiation waves. These waves allow
mobile phones and other devices to communicate with mobile networks. Without

spectrum, mobile phones and other devices cannot connect to mobile networks.

There is not an infinite amount of spectrum. Spectrum is a limited and valuable
resource. As a result, the right to transmit signals over particular spectrum bands is
licensed by government pursuant to telecommunications and radiocormmunications

regulatory frameworks. The ability to use spectrum can be obtained through:

(a) An auction process that is overseen by the ACMA. Depending on the particular
regulatory arrangements and rules concerning a particular auction, MNOs

typically bid for spectrum at the national, metropolitan and regional levels.

(b) Applying to the ACMA for an apparatus licence (defined at paragraph 12(a)

above).

(© Offers on the secondary market where MNOs may on-sell rather than deploy

spectrum they hold on their own network.

(d) Third party authorisations, where one licensee grants another permission to use
all or part of their spectrum to provide services. An example of this is the existing
arrangement between Telstra and TPG in the 3.5GHz band, where TPG has
authorised Telstra to use some of its spectrum in several capital cities (based on
publicly available information in ACMA's Register of Radio Locations (RRL)

database).

Typically, large amounts of spectrum are acquired through the auction process described
at 24(a) above, although it is not uncommeon for spectrum to be acquired by apparatus
licence or for licensees to exchange and loan smaller amounts of spectrum, often in

geographically constrained areas, using the other mechanisms | described above.

Spectrum and apparatus licences are subject to geographical licence boundaries. This
means that spectrum can only be used in the geographical areas stipulated in the
licence. In some instances that geographical area is Australia-wide. Typically, however,
it is limited to a particular region. Regardless of the way in which any spectrum is
acquired, all conditions associated with a licence for a portion of the spectrum (including

licence boundaries) remain in force.
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27. At a general level, the potential capacity and speed of a mobile network may be

increased by acquiring more spectrum. VWhere everything else is equal, more spectrum

will enable a network to have greater capability and capacity. However, the spectrum

layering that each MNO chooses to apply at mobile sites will impact the variability in

capacity and speed that customers experience in the areas serviced by those sites.

28.  The reason for this is because spectrum exists in a number of megahertz (MHz) ranges.

Those ranges are commonly categorised as 'low band', 'mid band' or 'high band', with

each category having different attributes:

(a)

(b)

ME_203585283_1

Low Band is generally used to describe spectrum bands below 1GHz (i.e.
700MHz, 850MHz, 200MHz). Low band spectrum can carry signals over larger
distances than mid band or high band spectrum, making it particularly useful in
sparsely populated regional areas where sighals may be required to travel further
between mobile networks and devices. By using lower band spectrum, fewer
sites are required to provide coverage over ah area relative to the number of sites
required when using mid or high band spectrum. Low band spectrum generally

also provides better in-building penetration compared with mid or high band.

However, while having more low band spectrum can better an MNO's 'worst
possible performance’ in terms of capacity and speeds, it does not enable the
same speeds and capacity as higher bands that do not travel as far. That is
because there is generally more spectrum available for use at higher frequencies
and, in my experience, MNOs tend to build sites using that higher frequency

spectrum closer to population centres where there is a demand for capacity.

Mid Band is generally used to describe spectrum above 1GHz and below 6 GHz
(1,800MHz, 2,100MHz, 2,300MHz, 2,600MHz, 3.5GHz, 3.6GHz). VWhile mid band
spectrum does not carry signals as far as low band spectrum, it does carry signals
further than high band spectrum. Mid band achieves higher capacity and speeds
than low band but less than high band spectrum.

Mid band spectrum is an important ingredient when seeking to increase network
capacity in regional areas in circumstances where mobile sites are close enough

to populated areas for the mid band spectrum to carry or travel to those areas.

For example, Optus’ live network statistics in regional Australia show that mid
band spectrum in the 1,800MHz and 2,100MHz bands can serve customers in a
range of up to 6.6km-14.5km from network sites, and spectrum in the 2,600MHz
band can provide network capacity for customers in a range of 3.5km-6.6km from
relevant sites in regional areas. Approximately - of Optus' regional mobile

regional customers are within 6.6km of relevant sites. This is illustrated in Figure 2
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below, which | instructed my team to prepare using Optus' live network statistics
and 3GPP timing advance measurements. 3GPP timing is a measure of the time

taken for a signal to travel from a mobile site to a mobile device. This can be

used to calculate the distance from the mobile site to that device.

(c) High Band is generally used to describe spectrum bands above about 13GHz
(e.g. 26Ghz spectrum) and is otherwise known as mmWWave spectrum. High band
spectrum does not travel as far as mid band spectrum, but has more capacity and

can deliver faster speeds due to the very high bandwidths available.

29. Tosummarise, as the frequency of spectrum in use increases, it achieves less
geographical coverage but can sustain greater volumes of user traffic (capacity) and
achieve greater speeds (capability) due to the availability of larger bandwidths at those
higher frequencies. Figure 3 below shows the benefits of the various spectrum bands as

described above.

Figure 3

Propagation distance (indicative)

Si /\/\/\/\/\/\/\/\
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30.

31.

32

33:

34.

As a result of the attributes of particular spectrum bands, in my experience, a 4G and 5G
network in regional areas currently benefits from a mixed holding of low and mid band
spectrum. Low band spectrum assists in resolving coverage problems, as well as
capacity issues at the edge of the network (ie for customers who are connected to the
network exclusively on low band spectrum). In areas of extreme demand, there may be
instances in the regional area where the deployment of mmWWave spectrum is necessary
to meet customer expectations, but this has not yet been observed by Optus. Based on
my experience and understanding, the main spectrum for achieving capacity and
capability for the provision of 5G in regional areas is expected to be mid band 3.5GHz
spectrum due to its combination of relatively high bandwidth and adequate propagation
characteristics. | address the ability of mid band spectrum to service densely populated

regional areas later in this statement.

Contiguous spectrum and cartier aggregation

Capability and capacity can be improved by access to more spectrum, particularly at
higher bandwidths. That is particularly the case where an MNO holds contiguous
spectrum in a single band, because the spectrum can 'bind’ together and achieve a
greater overall bandwidth to be deployed in the relevant area. If spectrum is not
contiguous then the acquisition of more spectrum may increase capacity but not

necessarily capability.

Where an MNO does not hold contiguous spectrum in a band and, if the separation
between the holdings is large enough, more equipment may be needed on its base
stations to aggregate the spectrum and achieve similar speed and capacity outcomes.
For some bands it is not possible to aggregate spectrum at all where the separation

between holdings is large

The process by which spectrum is bound together is referred to as 'carrier aggregation’'.
Carrier aggregation is a technique that combines and simultaneously makes available to
a user, different frequency bands within the same sector on a base station to increase

the total spectrum bandwidth to serve a mobile user.

Carrier aggregation is easier to achieve with 4G technology (where the maximum carrier
bandwidth is 20MHz) than it is with 5G (which is delivered on carrier bandwidths of
100MHz and above) due to the breadth of frequency ranges within a band, and
limitations of the equipment involved in 3G technology. It is very difficult to achieve

carrier aggregation on 5G if the bandwidth channels are far apart, which is why
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35.

36.

contiguous bandwidth in 5G is, in my view, crucial in order to maximise speed and
customer experience. This is illustrated in Figure 4 below.

Figqure 4

Large carrier separation

* 100MHz bandwidth available, but cannot be aggregated due to large carrier
separation and equipment limitations,

&
T— Cannot aggregate | ——— « Maximum speed and CX is limited by the capability of the 680MHz channel

Contiguous spectrum
Contiguous 100MHz

+ Contiguous 100MHz bandwidth available, allowing access to the full capability,

speed and CX afforded by the bandwidth held

= Maximum speed is now only limited by the total amount of spectrum held as the

equipment does not need to overcome a large spectrum separation

Further, the effectiveness of carrier aggregation depends on the capability of both the

network and the end user devices, as not all mobile devices can support aggregated
spectrum. That means having contiguous spectrum also improves the likelihood of any

given user being able to take advantage of the additional speed that the extra spectrum
enables (when compared to the delivery of a service that relies on carrier aggregation).

One further disadvantage of carrier aggregation over access to contiguous spectrum is

that camrier aggregation involves additional system overheads in terms of computational

power. The process of aggregating also marginally reduces the spectral efficiency. For

that reason, holding contiguous bandwidths of spectrum creates cost efficiencies.
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37.

38.

39.

40.

41.

Spectrum holdings and site access with and without the Proposed Transaction

Below | set out the spectrum holdings of each MNO with and without the Proposed
Transaction. As the Proposed Transaction does not involve high band spectrum sharing,

in this section | focus on spectrum holdings in the low band and mid band ranges.

In the course of reviewing the Application, the Applicants' Response and the Aetha
Report, and though my involvement in preparing and verifying certain parts of Optus'
submission to the ACCC dated 27 June 2022 (Optus’ Submission), | have identified

that parties have, at different times, referred to differing spectrum holdings.

There are a number of reasons for these differences, some of which | point out below.
However, | consider that these differences are minor and do not have any material
impact on the matters that | refer to in this statement, including deficiencies that | refer to
in the Aetha Report. | consider that if the Proposed Transaction proceeds, it will increase
the spectrum that is accessible to Telstra. The effect will be to place Telstra in a
dominant position to service customers in the RCZ that, in my view, Optus will be unable

to match.

For completeness, some of the minor differences in spectrum holdings which have been
referred to include the following:

(a) Optus' 900MHz (national licence), in particular:

(i 2 X 25MHz is what Optus will hold from 1 July 2024 and be able to use
{almost) all of from 18 June 2028.

(i) 2 X 20MHz is the realistically useable amount for a full NR carrier up to 18
June 2028 unless Optus agrees on an early downshift arrangement with
Telstra and TPG.

(b) Telstra 2,100MHz in regional and remote areas, in particular:
(i 2 X 10MHz spectrum licenced holdings, which Aetha has referred to.

(i) An additional 2 x 10MHz accessible to Telstra under an apparatus licence

which Aetha omitted, but which Optus has included in its calculations.

| also note at this point that the Applicants' Response at [69] suggests that the
calculation presented at paragraph [5.47] of Optus' Submission treated TPG's 1,800MHz
spectrum as forming part of the Proposed Transaction. | was involved in preparing that
analysis and verify that it did not consider TPG's 1,800MHz as part of the MOCN

arrangement.
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42.  As | describe below, in my experience the true advantage that can be achieved by
competing MNOs through spectrum access depends not only on total spectrum holdings,
but also the areas in which that spectrum can be used and on access to mobile sites.
Overall spectrum holdings are, however, an important measure of an MNO's ability to

provide service quality because:

(@) the greater the amount of spectrum held, the greater the capacity and speed
achievable by each mobile site in the area where that spectrum is licensed for

use; and

(b) spectrum is a finite resource, and so, unlike mobile sites, which subject to capital
expenditure constraints can be built or upgraded at any time, there are fixed limits

on how much spectrum can be accessed by any one MNO at a particular time.

For these reasons, MNOs view spectrum as a key strategic asset. In my experience,

Optus uses overall spectrum holdings as a key indicator of how competitive it can be.

43.  This section shows the spectrum advantage that Telstra already enjoys, and which will
increase should the Proposed Transaction proceed. While the Applicants' Response
provides that Telstra does not have the rights of use and control over TPG spectrum
through the Proposed Transaction (at [58]), in my view, Telstra stands to gain more out
of the spectrum pooling. That is because, according to their own SIO figures, Telstra
services approximately 70% of the regional area, whereas TPG only serves
approximately 6%. In my view that means the additional spectrum under the MOCN

arrangement will largely be to Telstra's benefit.

A Low band spectrum

44.  Table 1 shows the amount of low band spectrum currently held by each of Optus, Telstra
and TPG in regional areas (hoting some of it is not accessible until a later point in time

which is identified in the note below). | have sourced this data from the ACMA.

Table 1

Optus 2 x 10MHz 2 x 25MHz** 2 x 30MHz
Telstra 2 x 20MHz 2 x 25MHz* 2 x 45MHz
TPG 2 x 15MHz 2 x 5MHz 2 x 20MHz

* Optus’ 900MHz and 2x10MHz of Telstra's 850MHz spectrum is available post June 2024. The lower
SMHz block in the 200 MHz band cannot be fully utilised until downshift occurs, which is currently
mandated for 2028.
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A Only 2 x 20MHz of this 900MHz Optus spectrum can be fully utilised prior to downshift occurring
(currently mandated for 2028). Until that point the lower 5 MHz of this 900MHz spectrum cannot be fully

utilised.

45.  Table 2 shows useable low band spectrum access in regional areas if the Proposed
Transaction proceeds. The pooled spectrum indicates spectrum available to both TPG
and Telstra, and the spectrum listed separately against TPG and Telstra shows spectrum
that each MNO will retain after the Proposed Transaction for their exclusive use. | have

prepared this table using information sourced from the ACMA and the Application.

Table 2

Optus 2 x 10MHz 2 X 20MHz** 2 x 30MHz
Telstra 2 x 10MHz* 2 x 10MHz
TPG 2 x SMHz** 2 x 5MHz

Pooled 2 x 30MHz 2x 20 MHz 2 X 50MHz

“cannot be used for public mobile services.
* Spectrum that is retained for exclusive use by Telstra / TPG post MOCN.

**The lower 5MHz block in the 900 MHz band cannct be fully utilised until downshift occurs, which is

currently mandated for 2028.

46.  The access that Telstra will have to low band spectrum in regional areas with the

Proposed Transaction will mean that Telstra's low band spectrum access will:

(a) represent 66% of all available low band regional spectrum - Optus will have 33%,

and TPG will have access to 55%;
(b) increase from 1.3 to 1.7 times Optus' spectrum holdings.

47.  Telstra's access to a significant pool of additional low band spectrum will provide
additional capacity and capability for LTE, meaning that it can service higher speeds with
the Proposed Transaction as a result of access to contiguous 2 x 30MHz spectrum in
both the 700MHz and 850MHz bands (see Figure 8 below which addresses TPG/
Telstra contiguous spectrum). This is compared to Optus' 2 x 10MHz at 700MHz as well
as 2 X 20MHz at 900MHz which is accessible after July 2024 and increasing to 2 x
25MHz in 2028.
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B. Mid band spectrum

48. Table 3 shows the amount of mid band spectrum currently held by each of Optus, Telstra

and TPG in regional areas

Table 3
1800MHz* 2100MHz 3.5GHz**

Optus 2x 20-25MHz | 2 x 15MHz* | 2 x 20MHz 30-35MHz*** 140-155MHz

Telstra | 2 x 40MHz 2 x 20MHz 2 x 40MHz 50-80MHz 250-280MHz

TPG 2x 10-15MHz | 2 x 15MHz 20-40MHz 80-100MHz

*Varies by regional area
** 3.5 GHz refers to the 3400 — 3700 MHz range.
**=* excluding Regional WA due to restrictions of use.

A The spectrum holdings for each of Telstra and Optus in the 2,100MHz band include the 2 x 10 MHz

apparatus licences held by each MNO that are acquired on a year-by-year payment arrangement

49.  Table 4 shows useable mid band spectrum access in regional areas if the Proposed
Transaction proceeds. The pooled spectrum indicates spectrum available to both TPG
and Telstra, and the spectrum listed separately against TPG and Telstra shows spectrum

that each MNO wiill retain after the Proposed Transaction for their exclusive use. This

table was prepared using information sourced from the ACMA and the Application.

Table 4
1800MHz* 2100MHz 3.5GHz**

Optus | 2 x 20-25MHz 2x 15MHz* | 2 x 20MHz 30MHz*** 140-155MHz

Telstra | 2 x 40MHz 80MHz

TPG 2 x 10-15MHz 20-30MHz

Pooled 2x35MHz | 2 x 40MHz 90-120MHz***# | 240-270MHz

*Varies by regional area
** 3.5 GHz refers to the 3400 — 3700 MHz range.
*** excluding Regional WA due to restrictions of use.

A The spectrum holdings for each of Telstra and Optus in the 2,100MHz band include the 2 x 10 MHz

apparatus licences held by each MNO that are acquired on a year-by-year payment arrangement.

# The areas where Telstra hold S0MHz of 3.5GHz spectrum are geographically different from where TPG

holds 20MHz spectrum, making the minimum of this range 90MHz.
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50.  The access that Telstra will obtain to mid band spectrum in regional areas if the

Proposed Transaction proceeds will mean that Telstra's mid band spectrum holdings will

increase from 1.9 to 2.3 times Optus' spectrum holdings.

51.  As set out above, spectrum holdings are subject to licence boundaries that determine

where the spectrum can be used. Table 5 below outlines the position of the MNOs in

relation to 3.5GHz spectrum by region with and without the Proposed Transaction. It

demonstrates the extent of the difference between the Applicants and Optus that would

result if the Proposed Transaction proceeds in relation to 3.5GHz spectrum.

Table 5
MCOCN % difference with
Telstra
Pooled Optus

Launceston 35 825 40 122.5 250%
Regional
NSW 30 65 30 95 216%
Regional VIC 35 50 40 90 157 %
Regional SE

35 50 40 a0 157 %
QLD
Regional

30 50 40 Q0 200%
QLD
Regional SA 30 75 20 95 116%
Regional TAS 35 50 40 g0 157%
Regional WA

65 80 45 125 92%
- West
Regional WA

65 80 45 125 92%
— East
Regional WA

0 80 45 125 92%
- Moora

52. The impact of Telstra's access to significant amounts of mid band spectrum with the

Proposed Transaction was described at paragraph [5.27] of Optus' Submission. | have

reviewed paragraph [5.27] and consider it to be accurate. It provides that:

'...access to a disproportionate amount of mid band spectrum means that Telstra is able to

outperform any competition on a capacity basis without the need to invest in expensive spectral

ME_203585283_1
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53.

o5,

efficiency equipment. Even [F Opius or other new enfrarts had the will ahd abiiity to lnvest in hew
mobile Infrastruciue to challehge Telstra's position, they would not be able (o deliver the same

nefwork quality (nor achieve similar uni cost levels) as spectrom is hot avallable.’

Access to a dispropartionate amount of 3 5GHz spectrum in particular, provides an
advantage in respect of regional 5G roll out because the superior bandwidths will mean
that Telstra will enjoy awery sianificant speed advantage on %G in this band. That
advantage will make it impossible for Optus to compete in regional areas in relation to
oG speeds.

Total low hand and mid band spectrum holdings

| instructed my team to prepare Figure 5. |t shows the total low and mid band MHO
spectrum holdings inthe RCZ, including spectrum holdings accessible to Telstra if the
Froposed Transaction proceeds. It is expressed in MHz held by each MNO within the

bands of spectrum noted.

Figure &

Spectrum holdings in 81.4-98.8% coverage zone

120 130
.'l('l ;r.'

Mid-Band Qnly Low-Band + Mid-Band
W Telstra m Telstra (plus MOCH spectrum pooling)
W Telstro+TPG (all spectrum combined) B Optus

As set out in Table 6 below, Telstra currently holds 1.7 times the combined low and mid
band spectrum holdings of Optus in regional areas (1.3 times in low band spectrum and
1.9times in mid band spectrum). Ifthe Proposed Transaction proceeds, using the
spectrum figures in Tables 1to 4 above, | calculate that this will increase to 2.1 times
Optus' low and mid band spectrum holdings. In circumstances where Telstra already
holds a considerable spectrum advantage, access to this additional spectrum wiould
further strengthen Telstra's dominant spectrum holdings in the RCZ.
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£6.

a7

68.

Table &

Comparative spectrum bandwidth ratio

Telstra Telstra (MOCN Teistro & TPG (oll
Spectrum Bands spectrum pooling) spectrum combined)
¥& Optus vs Optus vs Optus
Low Bomd onky 13 T 19
Mid Bond Oinly 19 13 25
Low Bond + Mid Band 17 21 23

Based on the haoldings and pooled spectrum identified in Tahles 1 to 4 above, if the

Froposed Transaction proceeds, Telstra will have access to combined spectrum totalling
around B5% of the regional spectrum available in Australia {(across all spectrum bands).
Telstra's current spectrum holding accounts for around 46% of all the regional spectrum

available in Australia (across all spectrum bands).

As| set out above, spectrum is a key strateqic asset which drives significant advantages
toits holder. All else being equal, the MMNO with the lamgest gquantity of spectrum waill be
able to offer the best netwark quality to its users. Accordingly, where spectrum haldings
are significantly skewed, in my experience, this impacts the ahility of MNOs to compete

effectively.

How Telstra and Cotus currently wse thelr low and mid band spectrum holdings

Tahle 7 below illustrates Optus' spectrum usage as at April 2022, As Cptus has now
largely completed a 3G spectrum re-farm, Optus currently uses its regional low and mid

band spectrum as follows:
(a) TOOMHzZ, used exclusively for 4.

(k) Q00MHz, currently used for 3G (and some 45) under PTS licences enabling 2 x
2 4MHz nationally and planned to be used for 55 in areas where early access can

be obtained.
(c) 1,800MHz, used for 45 technology anly.
(d) 2 100MHz, used predominantly for 45, with some limited 5G use.
(e] 2 BOOMHz, used for 45,

(f) 3 5GHzZ, used for G anly.
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Table 7

. T ; -
i e et Spectrum Available # o;:’d;i:::lltcs # of Macro Sites Spectrum Installed by Optus (April 2022)
(unit: MHz) b 1 WCDMA LTE NR Total (% to available sites)
Available
700MHz (FDD, paired) 20 2274 2239 2239(98.5%)
900MHz (FDD, paired) “’fég,';g;’;;” 2274 2264 2244(98.7%)
1800MHz (FDD, paired) 50 2029 766 T66(37.8%)
2100MHz(FDD, paired) 30 2090 598 390 46 B42(40.3%)
2600MHz (FDD, paired) 40 2274 101 IO 44.5%)
3500MHz(TDD, unpaired) 30 219 2 2(0.1%)

Note: 2100MHz may have multiple technologies deployed on a same site, so the toral site count is less than the sum of all technology units
59. Table 8 below shows that Telstra, to the best of my knowledge, currently uses its

regional low and mid band spectrum as follows:

(a) 700MHz, used exclusively for 4G.

(b) 850MHz, used primarily for 3G.

(c) 1,800MHz, used for 4G only.

(d) 2,100MHz, used predominantly for 4G with some limited 3G use.

(e) 2,600MHz, used for 4G and 5G.

(f) 3.5GHz, used for 5G only.

Table 8
e N b Spectrum Available # of Macro Slz: ‘ # of Macro Sites Spectrum Instolled by Telstra’
(unit: MHz) Spectrum Available [ wepma [ LTE NR Total (% to available sites)
700MHz (FDD, paired) | 40 3752 [ 3369 | 3359 (89.8%)
___850MHz (FDD, paired) | 503 3752 | 3248 1 45 | 3673 (97.9%)
| 1800MHz (FDD, paired) 70-80 3065 1013 1012 (33.1%)
2100MHz(FDD, paired) | 404 3752 [ 38 327 | 365 (9.7%)
2600MHz (FDD, paired) | 80 _ 3752 [ 364 | 30 394 (10.5%)
3500MHz(TDD, unpaired) | 50-82.5 3250 [ |z 442 (13.6%)

Note T Macro site count is calculated br Opr.us bused on RFNSA uu\ dar.n information (April 2022), public ACMA spectrum and Telstro wholesale coverage map:

htpss/www tolstrowholas /cover

Nato % Smcllum installed is bnsed an RFNSA Jle dcn'.u m!Drmcn'.lon {Apnl 2027). Telstra does not install the full spectrum bandwidth in some mid-bands based on Optus drive testing report
Nate I This includes Telstra's Extended 850 MHz Band (804-814MHz/849-859MHz) which Telstro won at the auction in 2021 and will be available from July 2024

Note 4: W00MHz opparatus icenses are included

E Regional site access with and without the Proposed Transaction

60. As | have identified above, the quality of a network depends not only on spectrum
holdings, but also how those spectrum assets interact with the number and location of

mobile sites that an MNO has access to, and the technology installed at those sites.
61.  Typically, there are three types of mobile sites:

(a) Macro sites, which are the first sites MNOs generally build in a new area. They
provide base line coverage and capacity, with additional macro sites added when
needed for capacity purposes (ie neighbouring macro sites are located at or near
conhgestion where upgrade paths on existing macro sites have been exhausted).
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(b)

(c)

Small cells (also known as micro cells) which are closer to the ground than macro
sites and are generally designed to relieve pressure on macro sites by soaking up

capacity.

In-building cells {(IBC), which assist with solving coverage problems deep inside

buildings.

62. Telstra has the most sites in the RCZ of all the MNOs. Table 9 shows the mobile sites

that each MNO has access to with and without the Proposed Transaction. These figures

are drawn from Optus' own data and information provided in the Application.

Table 9

m Without Proposed Transaction | With Proposed Transaction

Optus sites 2,374 (comprised of 2,274 2,374
macro sites and 100 IBC /
small cells)

Telstra sites 3,930 (comprised of 3,752 4,099 (access to around 169 TPG
macro sites and 178 IBC / sites primarily inside the RCZ)
small cells)

TPG sites 737 (comprised of 727 macro 4,099 (access to 3,930 Telstra

sites and 10 IBC / small cells) | sites and transfer 169 sites to
Telstra in the RCZ as a result of

the Proposed Transaction)

63. Telstra has a number of cost and time-based advantages in terms of its total number of

mobile sites and their location in regional areas. My understanding, based on publicly

available information, is that those advantages include:

(a)

(b)
(c)

ME_203585283_1

Telstra's history as a former state-owned enterprise which was the first to roll out

telecommunications infrastructure.
Significant government funding it has received for regional mobile sites.

Unlike Optus, Telstra does not have Huawei equipment on base stations. As a

result of the government's decision to ban Huawei RAN equipment, Telstra has
obtained a time and cost advantage over Optus in not having to replace Huawei
equipment to provide 5G services. This is because Telstra did not use Huawei

equipment in its 4G roll out. For completeness, TPG faces the same issue in

terms of Huawei RAN equipment.
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64. These advantages have contributed to Telstra having more sites and in more optimal
locations than Optus, to serve the RCZ. Combined with Telstra's spectrum dominance,
including if the Proposed Transaction proceeds, Telstra's regional network will be able to
achieve greater coverage, capability and capacity in the RCZ than any other MNO. |
consider that the spectrum advantage that Telstra will achieve if the Proposed

Transaction proceeds will make it near impossible for Optus to compete effectively.
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65.

66.

67.

68.

69.

Telstra's spectrum advantage from the Proposed Transaction

| have described above that Telstra is already in a dominant position in regional areas,
both in terms of the number of sites and the amount of low and mid band spectrum it
holds. In combination, the impact of the Proposed Transaction will be to significantly
enhance Telstra's ability to provide better capacity and speeds to customers in regional

areas.

The additional low band spectrum available as part of the Proposed Transaction will
provide Telstra with larger baseline capacity and capability (or capacity and capability at
the edge of the network). That is due to the 2 x 50MHz combined 700MHz and 850MHz
spectrum that Telstra will have access to with the Proposed Transaction. That has the
potential to increase to 2 x 60MHz should the Proposed Transaction be medified to
include the additional 2 x 10MHz of 850MHz spectrum acquired by Telstra in 2021. By
contrast, Optus will have access to a combined 2 x 30MHz useful low band spectrum
until 2028 and 2 x 35MHz thereafter (using 700MHz and 900MHz bands).

Until 2028, this means that Telstra customers could, if attached to low band spectrum
only, enjoy a capacity and speed advantage of 100% over Optus'. After 2028 that
advantage could still be 71%. These percentages assume that Telstra gains access to
its 850MHz extension spectrum at or before 1 July 2024 and Optus makes full use of its
lower SMHz block of 900MHz spectrum only after 2028.

My team was involved in preparing analysis to consider the impact of the Proposed
Transaction on Telstra's ability to deliver better capacity and speeds in regional areas.
My team prepared Figures 6 and 7 below which show the downlink and uplink sector
peak data rates of each MNO in the regional area calculated based on industry practice.

In particular, those calculations were arrived at in accordance with the following:

(a) With respect to 4G, Chris Johnson, Long Term Evolution In Bullets (2nd Ed),
2012.

(b) With respect to 5G, Harri Holma, Antti Toskala, Takehiro Nakamura, 5G
Technology 3GPP New Radio, 2020.

The following assumptions were also made in preparing Figures 6 and 7, which | regard

as reasonable:

(a) In 5 to 10 years, all MNO mid band holdings will be utilised to deliver 5G services.
The low band holdings on which 4G services are currently being delivered (ie,
Telstra and Optus 700MHz and TPG 850MHz) will not be re-farmed.

(b) MNO spectrum holdings post-July 2024 are used in these figures, including

spectrum acquired in the course of the 850/900MHz low band spectrum auction.
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70.

71.

The analysis shows that with access to additional spectrum through the Proposed
Transaction, Telstra has the potential to increase its:

(a) downlink peak sector data rates on low and mid band spectrum combined in the
regional area from 1.8 times that of Optus' currently, to 2.4 times that of Optus;
and

(b) uplink sector peak data rates on low and mid band spectrum combined in the
regional area from 1.6 times Optus' cumrently, to 2 times that of Optus.

Figure 6

Downlink sector peak data rate in the regional area

Unit: Mbps
5,387

4,713
4167

3,660

1,872

x1.8
1, 386 x2 1609
674
Low-Band Mid-band Low-Band+Mid-band

Optus M®TPG MTeswa MWTestra (Plus MOCN spectrum pooling)

Figure 7

Uplink sector peak data rate in the regional area
Unit: Mbps

861

430
283

47 W0 168
62
=il 'm
Low-Band Mid-band Low-Band+Mid-band
Optus ®TPG ®mTeasua M Tdstra (Plus MOCN spectrum pooling)

The in-band adjacency of the pooled MOCN spectrum assets is a factor that further
impacts what can be achieved with those assets. As | set out at paragraph 36, it is more
cost effective to combine contiguous than non-contiguous spectrum. Combining in-band
adjacent spectrum holdings enhances the potential capacity and speed benefits that
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Telstra would gain from the Proposed Transaction for reasons | have already described

above.

72.  TPG and Telstra have several contiguous regional spectrum bands. This is reflected in

the high level illustration in Figure 8 below.

Figure 8
700 | TELSTRA PG
850/850e TELSTRA TPG TELSTRA

900 | |

1800 | |
2100 | TELSTRA TPG

2600 | |
3500 R TPG |

73.  The contiguous spectrum of Telstra and TPG in the 3.5GHz spectrum band will be
particularly useful for the delivery of 5G services in regional areas if the Proposed
Transaction proceeds. This is because the 3.5GHz spectrum band provides the
necessary channel bandwidth to deliver the high speeds and low latency necessary for
5G technology, as per my earlier explanation of capability and customer experience. As
the table at paragraph 48 illustrates, Telstra already has a significant share of the
3.5GHz spectrum band in regional areas (40%-52%), and the magnitude of Telstra's
share of 3.5GHz will only increase through pooling under the Proposed Transaction (to
72%-78%). | also describe later in my statement, the utility of mid bands such as 3.5GHz

in the regional area.

74 Asa result of such substantial spectrum holdings, especially when those holdings are
contiguous and in the absence of further 'native’' 5G bands (i.e. 3.5GHz, which was
structured for 5G compatibility), no competitor will be able to provide equivalent 5G
capacity (due to total available bandwidth) or speed (due to total contiguous bandwidth).
This will substantially impact the ability of other MNOs to compete with Telstra because
capacity and speed are almost linear functions of the spectrum bandwidth (they improve

as the bandwidth increases).

75.  Assuming full deployment of spectrum holdings, a competing MNO would, in my view be
unable to meaningfully compete with a TPG-Telstra pooled network on capacity and
speed due to the sheer imbalance in the holdings. |nthe absence of sufficient spectrum

holdings (which as | have described is a finite resource), the only way to compete would
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76.

be to build additional infrastructure which is time consuming, costly, and based on my
experience and understanding, difficult for Optus to justify in regional areas where
Telstra is already at a significant advantage.

To illustrate this, | instructed my team to prepare a similar comparison to those above,
but in respect of 5G 3.5GHz and 3.6GHz peak data rates only. Specifically Figures 9
and 10 below compare the downlink and uplink sector peak data rates of those bands
between Optus, Telstra and the proposed MOCN arrangement, using the same industry
references noted at paragraph 68. The results show that Telstra already has a 2.6 times
speed advantage over Optus in the regional area on 3.5GHZ/3.6GHz spectrum. With the
Proposed Transaction, that will increase, with Telstra gaining the potential to achieve
approximately 4 times the peak data rate of Optus in terms of downlink and uplink peak
sector data rates in the regional area.

Figqure 9

5G 3500/3600MHz downlink peak data rate in the

regional area
Unit: Mbps 2,160

1,440

n0

540 |

mOpws =sTPG m Telstra Telstra (Plus MOCN spectrum pooling)

3500/3500MHz(TDD)

Figure 10

5G 3500/3600MHz uplink peak sector data rate in the

regional area
Unit: Mbps

124.8

83.2

86
32

mOptus wTPG = Telsua Talstra (Plus MOCN spectrum pooling)

3500/3500MHz(TDD)
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A

7.

9

aa.

Potential use of TPG's spectrum by Optus

| cansider thatin the absence of the Proposed Transaction there would be a numbhber of
alternate use cases for TP G's spectrum in circumstances where TPG does not itself use
its existing spectrum holdings.

While | expectthat there may be ather commercial use cases for TRPG's spectrum, | have

focused on the henefits to O ptus and TRG if their respective spectrum holdings were
shared in regional areas.

FPooling Optus' and TP G's spectrum in regional areas would resuftt in spectrum hioldings
set out in Tables 10 and 11 below. Specificalty, Table 10 shows that pooling O ptus' and
TPG's regional spectrum would bring the parties closer to Telstra's current spectrum
hioldings. In particular:

A Telstra currently holds approximately 1.3 times O ptus' [owe hand spectrum
holdings. An Optus and TRPG spectrum pooling arrandement would reduce
Telstra's advantage to 0.9 times Qptus’ low band spectrum holdings.

1)} Telstra currently holds approximately 1.9 times O ptus' mid band spectrum
holdings. An Optus and TRG spectrum pooling arrandement waould reduce
Telstra's advantage to 1.1 times QOptus’ low band spectrum holdings.

Tahle 10

Comparative spectrum bandwidth rotio

Telstra Telstra TBLEEI:ru
Spectrum Bands G;:ug TI'::"EG Optus &TF"G [E;pectrum
pooling )
Low Band only 13 2.3 8
Mid Band Only g 28 gl
Low Bond + Mid Band 1.7 2.4 1.1

Tahle 11 showsthe current spectrum holdings of each MBO inthe RCZ. Tahle 11 also
showys the holdings that a future Optus-TP G pooling arrangement has the potential to
denerate. Inrespect of the last column in this table, | have assumed that TPG's 2 ¥

amHz holdings in the YO00MHz hand would remain set aside by TPG for private netaarks.
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Table 11

Band Band Type Telstra TPG Optus (Ep?cm:\‘p::l?n =
700MHz (FDDY Low Band 2 x 20MHz 2 x 15MHz 2 x 10Mz 2 x 20Mz
850MHz (FDD) Low Band 2 x 25MHz 2 x SMHz 2 x 5MHz
900MHz (FDD3 Low Band 2 x 25MHz 2x 25MHz
1BOOMHz (FDD) Mid Band 2 x 40MHz 2 x 15MHz 2 x 25MHz 2 x 40MHz
2100MHz (FDD)? Mid Band 2x20MHz 2 x15MHz 2 x 15MHz 2 x 30MHz
2600MHz (FDD) Mid Band 2 x 40MHz 2x 20MHz 2 x 20MHz
3500/3600MHz iTCID’) Mid Band BOMHz LOMHz 30 MHz 70 MHz

MNote t: FDD - Frequancy Division Duplex, typecally with paired downlink and uplink spectrum. TDD - Tima Division Duplax, typically downlink and uplink shored the soma unpaired spectrum
Note 2: ZI00MH: apparatus Bcenses are indludad
Mote 3: All spectrum pooled axcapt 2x 5MHz TOOMHz band, which will likely ba retained by TPG to provide monaged private natworks to enterprises in the regional area

81. My team has, in the context of considering the Proposed Transaction (and alternatives
should it not proceed), also considered the speeds that Optus and TPG would be able to
achieve in the RCZ if their spectrum were to be pooled, as compared to Telstra operating
without the MOCN arrangement. The same industry references refemred to at paragraph
68 were used to determine the peak sector data rates shown in Figure 11 and 12 below.

82.  Figures 11 and 12 show that an Optus and TPG spectrum pooling amrangement of the
hature set outin Table 11 above would result in Optus and TPG:

(a) just surpassing Telstra in low band sector peak data rates; and

(b) almost matching Telstra in mid band sector peak data rates and combined low
and mid band sector peak data rates,

in the regional area for both downlink and uplink sector peak data rates.

Figure 11

Uplink sector peak data rate in the regional area

(Optus + TPG vs Telstra)
Unit: Mbps

693 oo
503
2 230
190 208 )
147 90 168
fomy

Low-Band Mid-band Low-Band+Mid-band
Optus WTPG ®Tesua MW Optus+ TPG (Spectrum pooling®)

* All spectrum pooled except 2x5MHz 700MHz band. which will likely be retained by
TPG to provide managed private networks to enterprises in the regional area
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Figure 12

Downlink sector peak data rate in the regional area

(Optus + TPG vs Telstra)
Unit: Mbps 4167
3,660

3,258
2,264
1,872
1386 1,609
507 560
- I

Low-Band Mid-band Low-Band+Mid-band
Optus ®TPG #®Telsra ®Optus+TPG (Spectrum pooling®)

3,818

* All spectrum pooled except 2x5MHz 700MHz band, which will likely be retained by
TPG to provide managed private networks to enterprises in the regional area

83. A combined Optus and TPG spectrum sharing amangement in the RCZ would also
benefit from in-band contiguous spectrum in the 1,800MHz and 3.5Ghz bands. As | have
already set out in further detail above, spectrum assets which are contiguous are more
valuable as they bring efficiencies in network deployment and enable MNOs to achieve
greater speeds and capacity. | consider that the pooling of these spectrum bands would
be of particular value for Optus.

84.  Access to an additional 40MHz of TPG's 3.56GHz spectrum would enable the gap on
Telstra to be closed in this spectrum band which, as set out at paragraph 73 above,
would be valuable in the rollout of 5G technology in regional areas. In the following
section, | address the particular uses and benefits of mid band spectrum in the context of
network deployment in regional areas.

85. While Optus would require additional radio equipment on its base stations to make use of
additional TPG spectrum, | understand Telstra would also need additional radio units to
use TPG spectrum on its mobile sites.
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86.

87.

Utility of mid band spectrum

In this section | address aspects of the Applicants' Response which suggest that Optus
has overstated the role of mid band spectrum in regional and rural networks deployment.

In summary, | consider that mid band can be utilised to achieve coverage and capacity in
regional networks and that Telstra is not fully utilising its current mid band spectrum
holdings in the RCZ . In my view, this is particularly relevant in considering the
Applicants' claim that addressing congestion issues, as well as achieving higher quality
services in more locations are key commercial drivers for Telstra in pursuing the
Froposed Transaction: Application at [22]-[23], [227]-[272]. For the reasons | set out
below, | consider that these commercial objectives can be readily achieved by Telstra
without the Proposed Transaction were Telstra to fully deploy its existing mid band
spectrum holdings.

A The utiity of mid band spectrum in regional nefw ork depiovment

88.

89.

90.

The Applicants' Response suggests that Optus has overstated the role of mid band in
redional and rural networks deployment. | explain below the reasons why | do not agres
with that assessment and why | consider mid band to be important in this context.

First, the Applicants' Response at paragraph [56(a)] suggests that Optus ‘'wouw'd appear
o accept that it is not useful fo depioy mid band specirum on fowers outside of
population cantras’ In making this statement the Applicants appear to rely on the
assertion that Optus has only deployed 3 5GHz spectrum at around 20 sites in the RZZ.

| consider that it is incorrect to address Optus’ deployment in the RCZ by referring to only
one mid band spectrum range (3. 5GHz). As at April 2022, Optus had deplayed mid band
spectrum at over 1,000 sites in the RCZ. Tables 12 and 13 below compare the spectrum
bands deployed on macro sites by Telstra, and by Optus in the RCZ. By way of
gxample, these tables show that Optus has deployed 2 600MHZ spectrum on 1,011
regional sites, while Telstra only deployed 2 B00MHZ spectrum at 394 sites.

Table 12
# of M Sites Spectrum Instalied by Telstra?
Telstro's Spactrum Bands Spectn.:?:\‘\;lulluble 5# u: Mm;m SIIID:.T : acro Sites Spectrum Installed by Telstra
fun z) pectrum Avaliable [ wepma | LTE MR Totol (% to ovailable sites)

TOUMHz (FDD. poired) &0 3754 3369 3350 (B9.89)

BEOMH: (FOD, paired) T 3752 3248 £35 3573 (BT 99

IB00OMHz (FOD. paired} 70-B0 3065 013 1013 (33.7%:)

FI00MHZ (FOD. pared) &0F 3752 ] 37 3EE (97 %)

2600MHz (FDD. paired) 20 3752 356 30 394 (10.5%3
3500MHz (10D, unpaired) SO-B25 3250 £42 G472 (13.6%

Mote 1 Moo site count s coiculozed by Oprus based on RFENSA sita domo infonmarion (Apdl 2037) publc ACMA spacoum boundaories and Talsero wholesak coveroga map:

Mote 2: Spactrum instofied is bosad on EFNSA sme dowa inf

ouion (Aaril 2022). Talsoro does not instoll the full specorum bondwidth in soma mid

bonds bosed on Cprus drive tesdng repor:

Mo 3: This includes Telstra's Extanded ES0 M Bond (EO&-314MHz,/34%- BSFMHz) which Telstra won ot the ouczion in 2021 ond will ba avoilobic from July 2004
Moo &: 2100MH: apparotus loenses ore included
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Tabhle 13

# of Maocro Sites # of Macro Sites Spectrum [nstalled Optus (April 2022)

Liptils s spactim Bupess Smﬁrrlf:g Q‘lﬂ;uble et weoma LTE : R b'};m: I (% :: ovalioble sites)

70:0MHz (FDD, patred) 20 2274 2739 2239(98.5%)

900MHz (FDD, pairad) "5'5_%':.;:\(3;‘;2?" 274 2284 JT44(7BT %)
1B00MHz (FOD, paired} 50 2029 Thé THE(IT BW)
2100MHz(FDD, paired) 30 2090 498 390 &b BE2(40.3%)
2600MHz (FDD, paired) &40 13Th 101 101 (54.5%)
3500MHz(TDD, unpaired) 30 e 2 2(0.1%)

Mote: Z100MHz may hove multiple technologies deployed on o same site, so the total site count is less than the sum of all technology units

91. Second, the Applicants' Response at paragraph [82] provides that mid band spectrum is

largely ineffective in providing reliable outdoor coverage at 6.6km (or down to 2km) from

a tower, and that any in-building coverage from that distance will be rare. Further, the

Applicants' Response states that at 14.5kms from a tower, mid band spectrum is

completely ineffective for delivering reliable outdoor and indoor service.

92. | do not agree with the Applicant's position regarding the coverage propagation of mid

band spectrum outlined in the Applicants' Response. In paticular:

(@

(b)

ME_s0Z625283_1

Optus' live network statistics and 3GPP timing advance measurements (which |
explain above at paragraph 28(b)), show that 1,800MHz and 2,100MHz bands
can serve customers in a range of 6.6km-14.5km from mobile sites, and that
spectrum in the 2,600MHz band can provide network capacity for customers in a
range of 3.5km-6.6km from mobile sites inthe RCZ. Optus' statistics also show
that-- of Optus' regional mobile customers are within 6.6km and

14 .5km respectively of an Optus base station, with mid band spectrum playing a
key role in the capacity offloading in Optus' regional network. This is shown in
Figures 13 and 14 below.

At paragraphs 95 to 106 below | use various case studies to show the ability of
mid band spectrum to cover populated regional towns, including Optus' drive
testing results in the city of Dubbo at paragraph [98].
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93. Thirdly, at paragraph [83] of the Applicants' Response, the Applicants use a map of
Dubbo to, as | understand i, illustrate the assertion that Optus has overestimated the
role and capabilities of mid band spectrum in regional areas. | provide further detailed

information below as to why | consider this to be incorrect. However, in summary:

(a) Australia's regional population is largely centralised to town areas. For example,

according to Australian Bureau of Statistics (ABS) 2016 census data,
approximately 70% of the population in the RCZ is located within 0.32% of the
total RCZ area. That is represented by Table 14 and Figure 15 below.
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SA1 distribution in the 17% Population Coverage Zone?3

Table 14

# of SA1 Geogrophical Area Population Size

SA1 Population Density # % of total sgkm % of total # % of total
4000+ per sqkm & 0.03% 042 0.00% 1919 {.05%
3000-4000 per sqkm 28 0.24% 448 0.00% 14,257 0.35%
2000-3000 per sgkm 768 4.55% 138.81 0.01% 315,382 7.66%
1000-2000 per sqkm 2,300 19.62% &£48.67 0.03% 916,803 22.26%
500-1000 per sqkm 1,739 14.83% 955.40 0.04% 471,086 16.29%
200-500 per sqkm 1,494 12.74% 1,780.48 0.07% 558,867 13.57%
50-200 per sgkm 1194 10.9% 4 D45 46 017% 416,667 10.12%
10-50 per sgkm £196 35.79% 2,368,172.81 99.68% 1,223,604 29.71%

Grand Total n723 100.00% 2,375,746.52 100.00% 418,585 100.00%

Ncﬂ:e 1 Sugr ificant '.I"bﬂl' #rﬁﬂ (SUA} tieﬁnad h)r AB‘- 2016 csﬂ :us

Mair9hI0E

LAY

Mote 2: Statu stu::ll Areu Lelv;.ll 1 sm, Stﬂ'lstlttﬂ Anea Leuql 2 \SA?) ABS 2616 cansus datao.

Maote IThe number of SATis determined by whether or not its centroid is locoted within the 77% Populotion Covercge Zone polygon produced by Optus bosad on the
publicly ovoilable covercge mops from Telstra. The total SAT count may include lowpopulation SAls outside the 17% Coveroge Zone The number of SATis very close to
Telstra-TPG's 11,415 due to the slight difference betwean Optus’ estimoted 17% Populotion Coveroge Zone polygon ond the proposed MOCN pobygon, The population

difference to Telstra-TPG's 4,471,800 should be mainty from the populotion growth since 2016 AUST, However, it is not statistically significant to this anolysis

Note 2: Stotistical Areo Level 1(SAT), Statistical Area Level 2 (SA2), ABS 2016 census dato,

Note 3The number of SAT is detarmined by whether or not its centroid is located within the 17% Population Coverage Zone polygon produced by Optus bosed on the
publicly ovailoble coverage maops from Telstra, The total SAT count may include low-population SAls outside the 17% Coveroge Zone The number of SATis very closa to
Telstra-TPG's 11,415 due to the slight difference between Optus’ estimoted 17% Population Coverage Zone polygon ond the proposed MOCN pofygon. The population
difference to Talstra-TPG's 4,477,800 should be mainly from the population growth since 2018 AUST. However, it is not statistically significant to this analysis

(b)

50%
g
Q 40%
©
c
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g
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)
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Figure 15

SA1 Population density vs geographical area ratio??

(17% Population Coverage Zone)

46.6% Pop.

500-6,000 per sgkm

(4839 SA1s)
High pop. area

e

70.3%
\

23.7% Pop.

0.25% of
toral geo.
~area

50-500 per sgkm

(2688 SAls)

Medium pop. area

29.7% Pop.

99.68% of
total geo.
area

0-50 per sqgkm
(4796 SAls)

Low pop. area

In my experience, MNOs tend to serve these densely populated regional areas
through multiple mobile towers. A query of the ACMA RRL database will show

that MNO mobile sites in densely populated regional areas in Australia are on

average between 1.5km and 2.5km apart from each other. The examples | use

below demonstrate that Telstra's sites in regional areas, and the mid band

spectrum which is available to it, would allow Telstra to serve the majority of the

regional population on mid band spectrum.

94.  In assessing this issue, | have considered the coverage map of Dubbo at paragraph [83]

of the Applicants' Response. | consider that this mapping does not accurately or fully

ME_203565285_1
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represent coverage achieved by Telstra using mid band spectrum in Dubbo. Thatis
because it anly contemplates coverage achieved through ane particular mobile site. The

fact there are ather sites is acknowledged at footnate 92 of the Applicants’ Response.

85, Telstra has nine macro sites in Dubbo. In my experience, these nine sites should be
considered together in determining the coverage that can be achieved by Telstra in
Dubbo using mid band spectrum. The nine sites are illustrated in Figures 16 and 17
below. Al nine of Telstra's macro sites in Dubbo have installed 1 8300MHz and 35GHz

mid band spectrum, and eight of those sites also have installed 2 FOOMHz spectrum.

Figure 16
1
- 1|
Dubbo |
1 =X "
4 P
‘m
r
||
Moo site counl
Optus: [
. Iedgtra: 9
A Tpo: 2
Figqure 1/
Telstra site list in Dubbo (April 2022)

MSA D | ‘Site Type | Stotus State LA {Exigting Technology Units
2HI00T mMacre ExiSting NSW Dubba UOE-LULIBL 26-MUENIS
SE3O005 Mocre Existing MSW Dublba OE-L O TEL L S-S MG
JHINO0E Moacro Existing NSW Dubba UOE-LOMLIELIIL 25-HWOENIS
LHFUILS Macrs Existing NSW Dubba UDE-LOTLIBLAIL 26-NOSNAS
JHIA0Y Mocras Existing NSW Dubba ULE-LOTLYE-NOEMIS
2833017 IBL: Existing NSW Dubba UCE-L1BL36-M35
2030020 | Maers Exclsting MEW Dubba UOS-LOFLISL 1L 26-N0
B30T Mocra Existing NSW Dubba UGE-LAOTLISLIIL26- W
JEIO0EE Macre Existing NSW Dubba UDS-LOTLIBLIL 36 MOSNIS
2H3HIG IBLC Ex%isTing NSW Dubla Uig-L18-

|2as006e | Mocre | Esisting RS Dubba | O T ) J6-hOENAS

Source: Macra site information is illustrated by Optus bosed on RFNSA site dota
rfarmation (April 20212) P —————

95, Further,the conclusions drawn from the coverage map at paragraph [33] of the
Applicants' Hespanse reflects an assumption of uniform population distribution. As can
be seen in Figure 18 below which has been prepared by my team based on RFN=A data
(Aprl 2022 and ABS 2016 census data, population densty across Dubbo is not

uniformly distributed. Regional customers are generally centralised to a town area.
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a7.

98.

Based on my knowledge and experience, it is common practice for MNOs to build mobile

sites close to populated areas.

® Optus sites
B Telstro sites

Tektra coveroge
LTEA00_HANDHELL

E Telstra o wETDE
LTE1S00_HANDOHELD

SA1_M0T_SmA Ly Fimieiely S50

-

-::lh’l. i |
i I

| #
2 ; - s
o oow e 20 n o

RS F,

o | F
| - - //
1 e % | AT

|

Telstra's official coverage map per frequency band (derived from the ACCC's 2021
Mobile Infrastructure Report) and reflected in Figure 19 below, illustrates that Telstra's
LTE1800/2600 and NR3600, using all nine Telstra macro sites, are capable of fully

covering the Dubbo population centre.

Figure 19

Telstra LTE2600_HANDHELD coverage (2022)

Telstra LTE1800_HANDHELD coverage (2022)

Telstra NR3500_HANDHELD coverage (2022)

Optus' own data shows a similar outcome but provides further detail which is instructive.
Specifically, Optus conducted drive testing in the Dubbo area from 14 to 22 September
2022. Drive testing is common industry practice in which data is derived from vehicles
with antennae and appropriately configured calibrated and operated testing equipment
attached to measure signal strength around a particular region. The results of Optus
drive testing shows that Telstra has coverage over the entire population centre of Dubbo

with its 1,800MHz band spectrum. That drive testing data is depicted in Figure 20 below.
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100.

101.

Figure 20

LTE1800MHz fa L

The Reference Signhal Received Power or 'RSRP' thresholds described in the key to
Figure 20 identify the level of outdoor and indoor coverage that a customer will receive in
a particular area. Based on Optus' live network statistics, the typical 4G serviceable
signal strength, as measured by RSRP in dBm units, is considered to be - or
higher for outdoor signal. To serve indoor customers, based on my experience, a
penetration loss from outdoor to indoor must be accounted for, which is generally around
-. In my view, this means the necessary sighal strength to achieve typical 4G

serviceable signal strength indoors _or above.

Optus' drive testing as set out in Figure 20 shows that Telstra's network achieves at
least >-105dBm throughout Dubbo (with some very small exceptions), with the majority
of Dubbo achieving >-90dBM from Telstra's network. On that basis, | consider that
Telstra's network achieves 4G serviceability on 1,800MHz mid band spectrum
throughout the entire city of Dubbo (both indoors and outdoors).

The Applicants' Response at paragraph [84] also includes mapping of the relative
coverage achieved between low and mid bands across a range of existing Telstra towers
in regional and rural areas. An example of the Murray Bridge area is in Figure 5 of the
Applicants' Response which | extract below for ease. It notes assumptions that low band
spectrum has a cell radius of 6.3km and that mid band has a cell radius of 1.5km.
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Figure 5. Murray Bridge low-band and mid-band relative coverage map illustration

S

¥ I.j ' \ﬁ % y
b S
4

102. Together with my team | have considered Figure 5 and the analysis is at odds with the
conclusions reached by the Applicants. Again, using drive testing to measure the Telstra
signal in the Murray Bridge area from 19 to 21 September 2022, the results show that
Telstra’'s LTE 1,800MHz spectrum reaches well beyond what is shown in Figure 5 of the
Applicants' Response. In particular, the results of the drive testing indicate a reach of
over 15km from Telstra's sites, 10 times the Applicants' claim of a 1.5km cell radius. In
addition, Telstra's 3500MHz spectrum reaches up to 4km from its sites (again higher
than the suggested 1.5km mid band cell radius). This is captured in Figures 21 and 22.

Figure 21

o Telstra illustration of
mid-band coverage
Telstra real mid-band
ccccc ge measured by Optus

Telstra LTE band 3 - 1800 MHz
{Channel 1300} signal strength (scanner plot)

Note 11 Based on Optus drive testing result, 19 September to 21 September 2072
Note 2 -T10dBm defined as the sonvice coverage threshold (10dB in car penetration koss applied) OPT US
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[ 1]

g

Telstra fllustrotion of
mid-band coverage

Telstra real mid-band
coverage measured by Optus

™ s

é.—_ Telstra NR band 78 - 3500 MHz (Channel

"' 640032) signal strength (scanner plot)

Noto 1: Based on Optus drive testing result, 19 Septomber to 21 September 2022
Note 2 -100dBm definad as the oge threshold (20dB i car lerss axpplied) OPTUS

103. This demonstrates the value of mid band spectrum in regional areas.

104. Table 15 and Figures 23 to 27 below further illustrate that mid band is appropriate for
achieving coverage and capacity in regional areas. Table 15 shows the population of the
top 10 populated towns in the RCZ based on 2016 ABS data and the estimated portion
of the RCZ that this constitutes in terms of geographic area. Based on this data the top
10 towns account for 13.36% of the total population in the RCZ but only 0.07% of the
RCZ's geographical area.

105. Figures 23 to 27 then show the mobile site locations on SA1 population density maps
(using 2016 ABS data and RFNSA data as of April 2022) in the top 5 populated towns
within the RCZ, against Telstra's own coverage prediction on mid band spectrum in
those areas. Putting aside the results of Optus' drive testing noted above, these Figures
show that Telstra's own mid band coverage predictions provided for in Figure 5 of the

Applicants' Response would entirely cover the population centres of the relevant towns.

Table 15
No. |SUA_NAME 2016 STATE  [Population size s oie o POP- 11 17% fgg:ﬂ:wsns sl il
1 Launceston [TAS 84,204 2,015 4£35.4 0.0105%
2 Bundaberg GLD 49,021 1.65% 305.1 0.0073%
3 |Coffs Harbour INSW $8.538 1.64%)| 505.5 0.0122%
& Waogga Wagga NSW 54,457 1,305 1921 0.0044%
5 Hervey Bay jQLD 52,064 1,25% 93.2 0.0022%
& Mildura - Wentworth NSW 50,227 1.20% 588.9 0.0142%
7 __ |Shepparten - Mooreogna \VIC 49,698 1.19% 2489 0.0060%
B |Port Macquarie NSW 45397 1.09% 946.3 0.0023%
9 IGladstone - Tannum Sands QLD 43,893 1.05%; 246.1 0.005%%
10 [Tamworth NSV 41,007 0.98% 240.7 0.0058%
Total 558,506 13.36% 2,952 0.07%
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Figure 23
Telstra's sites and mid-band coverage in Launceston, TAS

Telstra's coverage prediction on LTE1800/2600 (2022)

¥

@ Oprus sives{15)
. Telstra sitos(7)

ann
1o
1800
e
™
)
- | B«
=
Source: RENSA, April 2022 LTEIR0O0 LTE2S00
Source: ACCC Mebile infrostructur T, llable ot httpsydatn.aoe.ou/dotaset/ds-
dao-4b47701l-d0fa-409c-094g-¢ L i LL

Telstra's sites and mid-band coverage in Bundaberg, QLD

Mobile Site vs SA1 Map Telstra's coverage prediction on LTE1800/2600 (2022)

: : = L TEWBO0 LTE2400
Seurve RENSL A 202 Source: ACCC RKR Mobile infrastructure report, available at

<-dag-hbaTIg 18 G0fg- S0P 99k
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Figure 25

Telstra's sites and mid-band coverage in Coffs Harbour, NSW

Mobile Site vs SA1 Map

Telstra's coverage prediction on LTE1800/2600 (2022)

o 5 0
—
o o
& Oyt wtonl20) 0
Tk wnss15) Y
.
Coffs Harbiour
Source: RFNSA, Aped 2022
Figure 26

Telstra’s sites and mid-band coverage in Wagga Wagga, NSW

Mobile Site vs SAT Map

W Telstro wtes(T)

Source: RFNSA, Apeil 2077

Telstra's coverage prediction on LTE1800/2600 (2022)

= | TEE00 LTE2600
Source: ACCC RYR Mobie infrastructure report, available at
b 300-4bt F7aT-A 0 o-ADC- ke

Figure 27

Telstra’s sites and mid-band coverage in - Hervey Bay, QLD

Moabile Site vs SA1 Map

Telstra's coverage prediction

on LTE1B00/2600 (2022)

@ Opous stes(10) A
- Tolstro wroa(10) ' [

Source: RENSA, April 2022
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106.

Finally, to further demonstrate that the examples provided above are not anomalies, |
instructed my team to assess RFNSA data from April 2022 regarding Telstra's mobile
site locations in regional Australia. In particular, data shows that 100% of the high
population SA1 locations and 97% of the medium population SA1 locations in the RCZ
have one or more Telstra sites built within a 6.6km distance of the population centre (ie
within reach of the 1,800 / 2, 100MHz cell radius on Optus' estimates). Further 99% of
the high population SA1s have Telstra sites with 3.5km reach (ie within reach of 3.5GHz
cell radius). Taken together, | consider this to show that the majority of regional
populations can be served by mid band spectrum from Telstra sites. Figure 28 below
illustrates this.

Figure 28

SA1s with one or more Telstra sites within a certain
distance(Source: RFSNA, April 2022)

= 0-1.5km = 1.5-3.5km 3.5-6.6km
100% %
9%

80%
0
&
c
=]

0 60%
b
V)]
o

S40%
“
o
®

20%

0%

£00-6,000 per sgkm 50-500 per sgkm
(4839 SA1s) (2688 SA1ls)

Notel: The distance is calculated between the SA1_AUST2016 centroid and the location of Telstra sites

B. The significance of mid band spectrum in regional network deployment

107.

108.

The analysis above illustrates the ability for MNOs to use mid band spectrum to provide
coverage and capacity in regional areas. Telstra could achieve greater capacity and
coverage by deploying its heavily underutilised mid band holdings in the regional area.

To explain this further, | assisted in preparing paragraphs [5.52], [5.55] and [5.58] of
Optus' Submission, which | consider to be accurate. In particular, those paragraphs
provide:

"Telstra does not lack spectrum to support the capacity demand for its customers
in the regional areas’,
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‘Mid hands such as 1800 MHz and 27100 MHz provide greater coverage in
regional areas due fo less propagation loss than in the metropolitan areas. Mid
bands are the ey spectrum o offer network capacity. Telstra currently holds 1.7
fires rore mid band soectrumithan Cplus in the regional areas Telstra may
cizim that even though mid band can travel furdher In regional areas, the
popwiation remains too fragmented for efficient wse of this spectrum. Oetus’

analsis finds that any such ofaim is false’

HE 15 clear from Ofus’ analvsis that Telstra could iF it chose to, depioy s
extensive mid band holdings fo alleviate congestion on #s reglonal network. The

fact that i chooses not o dermonstrates the inefficiency of Telstra's spectral use’

109, Telstra currently has access to mid band spectrumin regional areas that it does not fully
utilize. To demaonstrate this, | instructed my teamto prepare Figures 29 to 31 below to
demonstrate overall regional mid band spectrum deployment, and the location of
Telstra's non-government funded sites, and use of mid band spectrum on those sites
(again using RFNSA data from April 2022, public ACMA spectrum boundary infarmation

and Telstra's wholesale coverage map).

110, Figure 29 shows Telstra's current mid band spectrum is deployed on just 10 — 33% of its

regional mohile sites,

Fiqure 29

Telstra spectrum bands deployed

{in the MOCMN zone, as of Apr 2022}

752 752 752
e 3250
g =
E‘ E m
DM BSOMH BO0OMH 100MHz 2800MHz 3 Mt
e of Mocro Sieswhera 23] & of Moo Sims with

spacrrum avoilobia specorum degloyad

111, Figures 30 and 31 belows break that down further by distance from SA71 locations.
Specifically, that data shows that 57% and 70% of Telstra non-government funded sites
are located wathin 3. 3km (2600/3500MHz cell radius) and B Bkm (180072 100MHz cell
radius) of their nearby A1 locations respectively. Despite this, Telstra has not deployed

mid bands on the vast majority of these regional sites, including within 1 8km distance of
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the nearby SA1 locations. While | do not have access to information regarding Telstra's

network deployment strategy, in my experience and based on the analysis | have set out

above, mid band spectrum could provide exceptionally good coverage and capacity in

such areas.

50%

¥ 0§ B

% of total ssites

<)
®

409%

5

%

% of total ssites

10%

Figure 30

Telstra non-gov funded sites where 1 or more SAls in a
certain distance (Source: RFNSA, April 2022)

85% of total
sites

70% of total
sites

15.0% 151%

ba e 13.3%

503
240

0-1.5km 1.5-3.5km 3.5-6.6km 6.6-14.5km 14.5km+

Distance to the centroid of SAls

Figure 31

Telstra non-gov funded sites where 1 or more SAlsina
certain distance (Source: RFNSA, April 2022)

£1.9% B % of total LTE1800 sites
= % of total LTE2600 sites

14.7% 133% 15.0% 15.1%
1.8% 0.4%
0-1.5km 1.5- 3 Skm 5-6.6km 6.6-14 5km 14.5km+

Distance to the centroid of SAls

Mote 1: Telstra site count is obtoned bosed on the proposed MOCN cover oge palygon developed by Cptus from the publicly avalable Telstra's coveroge maps and Optus-TPG eV sharng boundary. It may
ivvalve rvinar rree but is very insignificont. This site count = Lv"ol""‘ﬂ[& lo elctru 5 mbhc annomcer’wnt of -3, FCIO 5l te-:

Note 2 ACCC mobile Infrastructure repart 2022, hitgs /o
Note 3: Optus estimoted 3,752 Telstra macro sites] within © r\e prapo:ea MD._N mue‘uge m: #‘3 sn’ec 'm n? t-ecr c@ furﬂad Ly rheq:m-rrhmnt < mobile black spot program since 2015 in the remote areas.

Hence only non-gov funded 3,139 sites are included in thes analysis

112.  Further, | understand that there are additional technologies and approaches that Telstra
could deploy to expand capacity on its existing mobile sites and the speeds achievable

by its regional networks without the Proposed Transaction. For example Massive

ME_203565285_1
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Multiple-Input Multiple-Output (m-MIMO) and multi-sector twin-beam antenna technology
could enhance Telstra's use of mid band spectrum. | understand that Telstra has not
introduced these technologies or methods in regional areas, which would enhance
network capacity and capability if mid band spectrum were being fully deployed by

Telstra.
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7. Network capacity and the Aetha Report

113. | have carefully reviewed and considered the public version of the Aetha Report. In my
view and based on my experience, | consider there to be a number of significant
deficiencies with the underlying assumptions, methodology and conclusions in the Aetha

Report.

114. Inthis section, | have addressed what | regard as the most significant issues that | have
identified with the Aetha Report. However, that does not mean that | otherwise agree
with or endorse the balance of the Aetha Report. For the reasons that | outline in further
detail below, | consider that there are significant shortcomings with it. It sets out
modelling that | consider to be incorrect and | would not rely upon it in the course of my

role as Director of Spectrum Strategy and Management.
115. In particular, | explain below that the Aetha Report compares MNOs in two distinct ways:

(a) First, comparing MNO spectrum holdings using a method Aetha refers to as the
'site-weighted average effective downlink' (SWAED), and applying that method to
various different metrics. This is hot a method | have encountered in my 27 years
of experience working in the telecommunications sector, nor is it a method | would
consider to be a reliable means by which to assess spectrum availability and

network capacity. | explain this issue further at paragraphs 117 to 139 below.

(b) Second, by developing a network dimensioning model to forecast network
capacity over a five year period. There are a humber of errors in the assumptions
underlying Aetha’s network dimensioning model which | regard as significant. |

explain this in further detail from paragraphs 140 onwards.

116.  As a result of these deficiencies in the Aetha Report, | consider the conclusions reached

in it to be incorrect and unreliable.

A. The SWAED method and its application in the Aetha Report

117. The Aetha Report uses a number of metrics to compare the aggregation of Telstra and
TPG spectrum as a result of the Proposed Transaction against Optus' spectrum. This
includes SWAED spectrum per SIO and 'SWAED spectrum per SIO per site’. | consider

both of these metrics further below.

118. Before | consider those metrics, | first assess the methodology that Aetha employs for
averaging spectrum. Specifically, Aetha applies an averaging method that it refers to as
SWAED spectrum. Based on Aetha's explanation, | understand that SWAED spectrum
is calculated by summing the total effective downlink spectrum available at each site, and
dividing that by the number of sites that the MNO has access to in the whole RCZ:; Aetha
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Report, pg 17. Aetha concludes that TPG / Telstra combined has an average of 218.3
of sub 6GHz SWAED MHz while Optus has 106.1, Telstra alone has 170.9, and TPG

alone has 68. | understand this is a measure of MHz per site.

119.  In my 27 years of experience in the industry, including in respect of spectrum valuations,

analysing network dimensioning and spectrum planning, | have not encountered Aetha's

SWAED approach. | consider that it does not provide meaningful insight into the

comparative spectrum position of MNOs for the following reasons:

(@)

(b)

Aetha uses the SYWAED method to average the spectrum from all sites available
to an MNO across the RCZ. This is a large geographical area across which
MNOs have varied spectrum holdings across multiple spectrum licences and
licence boundaries, meaning that those holdings cannot be used across the entire
RCZ. This means the SWAED method does not account for the fact that the
spectrum held by an MNO can only be deployed in certain parts of the RCZ.

The SWAED method also does not account for the spread of traffic across the
RCZ. By simply summing all spectrum available in the RCZ and dividing it by the
number of sites in the RCZ, it incorrectly assumes the average spectrum that
results will be capable of servicing all customers equally across the regional area.
That assumes uniform customer distribution across the entire regional area:
Aetha Report, p21. However, according to Australian Bureau of Statistics (ABS)
2016 census data, approximately 70% of the population in the RCZ is located
within 0.32% of the total RCZ area (see Table 14 at paragraph 93 and examples

of population distribution in regional towns at paragraphs 104 to 106).

In calculating SWAED, Aetha has omitted remote apparatus licenced spectrum
available to Telstra and TPG in the 2.1GHz band. Ifthe SWAED method is
accepted, including these apparatus licences it will increase the combined
SWAED of TPG / Telstra by around 4%, Telstra's standalone SWAED by around
3%, and TPG's by around 6%. My calculations are presented in Table 16 below:

Table 16

| s I
Analysis Aetha +remote apparatus Aetha +remote apparatus Aetha +remote apparatus Aetha +remote apparatus
Band Min [Max |SWAED|Min | Max [SWAEDIMin |Max | SWAED|Min [Max [SWAEDIMin [IVax | SWAED [Min |Max |SWAED|M in | Max | SWAED |Min [Max |SWAED)
7004 10 10 10 10 10 0 20| 20 200 200 20 2y 15| 15 15| 15| 15 151 30 30 3
85| 0 ¢© o O 0 0 20| 25| 247 200 25| 247 5 10 55| 5| 10 55| 30 30 BCI
900 20| 20 0 200 20 . 0 o 0O 0 o 0 0 o 0O 0 o 0 0 S-I
1800 15| 5 22| 15 25 2] 15| &) 3.8 15| 40 338 0 30 133 0| 30 13.3] 15 : 40 33.8
20| 5| 2]  soflEN =0 1] 2 wafH 30 sEEEEEEE 1o 3 IEC TE Eq
23000 0] 735 3.6 o 3.5 36 0 0| 0 0 0 o 0 0 o 0 [t o 0O | 0|
26001 20| 20 20 200 20 2 40 A 40 40| 40 2 0 0 a 0 O i 20 40| a1
M 0O 26| 0O 54 2.EI 0] 244 25 0] 44 25 0 0 o 0 O o 0 244 25
36001 0| 263 209 0O 263 Al J] &0 31 0 60 391 0] 713 269 0[713 269 O 938 6. 2|
Total SWAED | 1060 ﬁ 709 5.1 7.
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120.

121.

122.

123.

For these reasons, | do not consider the SWAED method to be an accurate indicator of
what an MNO can achieve with the spectrum available to it. It does not account for
several practical realities, including in respect of how spectrum can be deployed. On that

basis | do not consider it an appropriate way to compare spectrum holdings of MNQOs.

The SWAED method is, however, further relied on by Aetha to compare the spectrum

holdings of the MNOs using different metrics. | consider this in further detail below.
SWAED spectrum per SIO

One of the metrics that Aetha uses to compare spectrum is SWAED bandwidth (or
spectrum) per subscriber (SIO): Aetha Report, pg 21 Figure 3-7. | understand that Aetha
refers to this metric on the basis that it is important to consider spectrum bandwidth per
SIO as 'demand for capacity scales with the number of SIOs" p 27. | take that to mean
that Aetha has used the bandwidth per SIO metric to show the capacity of MNO

hetworks to service their existing customer base.

| do not, however, consider that this metric accurately achieves that result. In any event,
| do not consider that SWAED bandwidth per SIO to be an appropriate means by which

to compare the competitiveness of MNOs because:

(a) The SWAED method averages spectrum across sites in the RCZ, without
considering the license boundaries to which that spectrum applies, and the
spread of traffic across those regions, as | have described above. Without
properly accounting for the spread of traffic across the regions, | do not consider
that Aetha has achieved the outcome of determining whether MNOs can meet the
capacity of their existing customer base with the spectrum that is already
available to them. A more accurate approach by which to measure the capacity
of MNOs to service their existing customer base using their existing spectrum
holdings would be to compare MNOs on a region by region basis having regard to
the boundaries applicable to their spectrum licences and the mobile sites that they

have access to within those particular boundaries.

(b) Calculating bandwidth on an SIO basis is of limited utility when comparing the
spectrum advantage that an MNO may have in terms of capacity. In my
experience, considering a bandwidth per population count more accurately shows
the ability of MNOs to compete when considering spectrum alone because:

0] Comparing spectrum holdings on an SIO basis assumes a static market
and only indicates the ability of a hetwork to meet current demand. |n
order to accurately show the impact of an MNQO's spectrum holdings on its

ability to compete with other MNOs on capacity, it is important to consider
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an MNO's ability to provide services beyond its existing customer base (ie

an MNO's ability to service new customers with the spectrum available).

(ii) By way of contrast, bandwidth per population count acknowledges that
MNOs have the ability to build (or lose) their customer base and allows for
a comparison across MNOs using a common denominator. Spectrum
auctions in Australia determine the value of spectrum based on population
count. For example, | am aware of the ACCC's allocation limits advice in
the context of the recent 850/900MHz auction, where the ACCC noted:

'...determining the spectrum requirements of an operator based on its
existing customer base at any given point risks entrenching existing market
structure, and restricts the ability of operators to improve their services in
order to gain market shares over time.! (ACCC, 'Allocation limits advice for
the 850/900 MHz spectrum allocation', ACCC March 2021, p 15)

| agree with the ACCC's observation and consider that Aetha's SWAED
method focuses on existing market structure and, as a result, fails to

account for the possibility of MNOs gaining market share over time.

124. In applying the SWAED Bandwidth per SIO methodology, the Aetha Report concludes
that 'the MOCN remains inferior to Optus on this measure when considering total mobile
spectrum below 6GHz, and when considering only spectrum below 3GHz and only

spectrum below 1GHz' (pg 21). | do not agree with Aetha's conclusion.

125. The limited utility of the 'SWAED Bandwidth per SIO' approach is further demonstrated
by the fact that Aetha's results (p 21) show that TPG without the Proposed Transaction
enjoys a spectrum advantage over Optus, Telstra and the proposed Telstra / TPG
MOCN. That is because 'SIO' forms the denominator in Aetha's calculation, and TPG
has fewer SlOs than Optus and Telstra. | consider, however, that it is inaccurate to
suggest TPG is at an advantage in providing customers in the RCZ with a superior
network experience compared to Optus and Telstra (with or without the Proposed
Transaction) as a result of its spectrum holdings. This is because TPG’s spectrum is not
necessarily deployed on all of its sites; nor are the site counts for each respective MNO

considered in this metric.

126. Despite the criticisms | have set out above, | have applied the SWAED method below for
the purposes of showing the alternate outcome if a 'per population count' approach was
applied by Aetha (as opposed to a 'per SIC' approach). Using the SWAED MHz
attributed to each MNO across Figures 3-2 to 3-5 of the Aetha Report and applying the

SWAED method on a regional population count basis results in; (1) Telstra having
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access to 1.6 times as much effective spectrum as Optus in regional areas and (2) the
proposed TPG / Telstra arrangement benefiting from a 2.1 times advantage when
compared to Optus in regional areas. That is illustrated in Table 17 below using the
same regional population count referenced by Aetha (4,324,000). | have assumed this
was divided by a customer penetration count to arrive at the SI1O figures that is used in
the Aetha calculations (Aetha Report, p 16).

Table 17

Operator Optus | Telstra TPG | MOCN
Population 4324000
| Telstra 1.6 x advantage over Optus | swaED/Pop | 25| 08| 18] 525

127. In addition to the approach taken by Aetha above, | have read the Applicants' Response
and understand the Applicants have sought to illustrate the 'SWAED bandwidth per SIO’
regional advantage which the Aetha Report suggests that Optus enjoys. In particular, at
paragraph [65] of the Applicants' Response the Applicants refer to speed comparisons
using third party network speed data provided by Ookla. The Applicants use that data to
suggest that Optus' average download speed on low band spectrum in the RCZ is
33.5Mbps, while Telstra's is only 28 9Mbps.

128. | do not consider the Ookla data used to be an appropriate indicator of Optus having a

speed advantage as a result of a claimed spectrum per SIO advantage. This is because:

(a) The Applicants’ Response refers only to Ookla data comparing low band
spectrum. Based on my experience, an accurate assessment of user speeds
should address all users, not just those on a particular set of spectrum bands.
Most customers in the RCZ will typically experience multi band deployment (not
just low band spectrum), as regional customers are concentrated in populated
areas that are proximate to mobile sites. As a result, most regional customers are
able to be reached by various spectrum bands (not just low bands), and as a
consequence will receive better speeds through multi band deployment. Almost

all mobile phones in the market support aggregation of multiple bands deployed.

(b) Telstra's low band only assessment is further limited as the samples used were

only from Android devices. iPhone users were not included in that comparison.

129. | instructed my team to analyse the same Ookla data source for all users, using all
available spectrum, testing within the RCZ which, for the reasons noted above, | regard
as a more accurate approach. On that approach it is clear Telstra is significantly ahead
of Optus in average download speed (by _ since November 2021. That

analysis is set out in Figure 32.
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130.

131.

SWAED spectrum per site per 510

| understand the Aetha Report then proceeds to take the analysis one step further by
multiplying SWAED spectrum per SIO by MNO site count. That is, Aetha applies the
following calculation: [(SWAED x site count) / (S10)]. | have already set out the
shortcomings of the SWAED spectrum per SIO approach. As a result, in the following
paragraphs | focus on the new factor introduced to the calculation, being the site count.

| have considered the site count provided per MNO at Figure 3-8 of the Aetha Report and
the conclusions reached in Figure 3-9 regarding Sub-6GHz spectrum. By applying the
equation above | arrive at different results to Aetha in relation to both Telstra and the
proposed TPG / Telstra arrangement. My analysis is summarised in Table 18 below.

Table 18
' (Sites x SWAED)/SIO{m)
SWAED | Sites x SWAED|SIO (m)

Aethareport|Calculated
106 290758 140 021 0.21 = —l Directly calculated from Aetha site numbers |

170.9 658820 in 0.14 0.18 J*

68 56712 0.35 0.16 0.16 I

218.2 geraane|  a0s 0.16 0.21 le 1 Require modified site counts to achieve |

132.

Table 18 above shows that by using the same data and calculations as those presented
in Figure 3-9 of the Aetha Report, | arrived at a different figure for both Telstra and the
proposed Telstra / TPG arrangement (represented in the last column of Table 18 above)
compared to Figure 3-9 of the Aetha Report (shown in the second last column of

Table 18).
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133. In order to determine the reason for this difference, | considered and then derived the

site numbers that | expect Aetha will have used to arrive at the figures in Figure 3-9 for

Telstra alone and the MOCN arrangement. |n determining those figures, | assumed

there had been a discounting of Telstra sites only {(as | achieved the same results for

TPG as those in Figure 3-9 of the Aetha Report using the site count in Figure 3-8 of the

Report).

134. Taking that approach it appears that in order to achieve the results for Telstra and the

MOCN arrangement set out in Figure 3-9 of the Aetha Report, Telstra's site counts have

been discounted by between 18% and 23% from those presented in Figure 3-8 of the

Aetha Report. The details of my analysis are presented in Table 19 below.

Table 19

Solve for Telstra 0.14

Solve for MOCN 0.16

Sites

Redu}tion

% down

Sites |Reduction |% down

3145

| 710 |

18.4%

2955 500 23.3%

[3254]

710

| 17.9%

Site count reductions required to achieve
numbers from Figure 3-9 of the latest
Aetha report

3064] | 900 | | 22.7%
1

135. In any event, the site count provided in respect of Optus by Aetha at Figure 3-8 (2743

sites) is overstated by a measure of approximately 500 sites. While | do not know why it

is that Aetha came to apply that particular site count for Optus, | expect that it may be

because Aetha included sites within the Optus-TPG passive sharing zone. That area

covers the metropolitan zone rather than the RCZ as is suggested by Aetha. Whatever

the reason for this site input, it is a material error which impacts Aetha's conclusions.

136. In light of that significant error, and the discounting that appears to have been applied by

Aetha to Telstra's site count which | referred to above, | have attempted to replicate

Aetha's approach by resorting to an accurate public source of site counts. Specifically, in
Table 20 below, | have:

(a) used site information provided by each MNO in their 2020 Internet Activity Record

Keeping Rule (RKR) submissions to the ACCC; and

(b) | have then re-applied Aetha's calculation.

137. This analysis shows that absent the Proposed Transaction Telstra is, at worst, equivalent

to Optus. If the Proposed Transaction proceeds, Telstra and TPG would then enjoy an

advantage over Optus.

ME_203565265_1
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Table 20

ACCC sites |SWAED |Sites x SWAED (SI10 (m) |(Sites x SWAED)/SI0(m) | 710 site discount |9w site discount
2458 106 260548 1.40 0.19
4760] 1709 g13484| 371 » 0.22 o9 ] |
834 08 56712 0.35 0.16 ]
4869 2182 1062416 4.05 0.26 I 0.21 ]
| Equivalent |

I Telstra advantage I

138. Ifl apply a further step to this analysis, to correct some of the other issues | have
described in above, namely to:

(a) apply the Aetha calculation on the basis of population count as opposed to SIO;
and

(b) correct the amount of spectrum contemplated per S1O to include the 2.1GHz
apparatus licences,

the disparity becomes even greater compared to the conclusion reached at Figure 3-9 of
the Aetha Report. That further correction is provided in my analysis in Table 21 below.

Table 21
|ACCC sites |SWAED |Sites x SWAED |Pop (m) | (Sites x SWAED) /pop{m) | 710site dismuntlgn site discount
2458| 110.4 271363 0.06
4760/ 175.7 83633 —  0.19 | | 016 | |
83| 725 60465 0.01 | |
4869| 2271 1105750 0.26 I 0.21

Telstra advantage :

139. Together with my team, | have considered Aetha's reconstruction of the calculation
presented in Optus' Submission which Aetha sets out at 3-10 of their Report. |
understand that the errors in underlying facts | have noted above (notably in respect of

Optus' regional site count and the 2.1GHz apparatus licence), carry over into Aetha's
recalculation at Figure 3-10.

B. Aetha's network dimensioning methodology

140. Aetha also presents a model, which | understand is intended to assess the impact of the
Proposed Transaction on the ability of each MNO to deliver services in the context of

sustained growth in network traffic over a five year period commencing 1 July 2023 and
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ending 30 June 2028. That modelling is set out at pages 25 to 45 of the Aetha Report

and is summarised at paragraphs [71] to [76] of the Applicants' Response.

141. | understand that the results of the modelling are summarised at page 40 of the Aetha
Report. Relevantly, Aetha finds that 'Optus has a slight superiority to the MOCN in the
rate of growth in usage per SIQ that it can sustain...based on a constant market share

for each of the network operators.'

142. | have considered Aetha's model and the underlying assumptions on which it is based.
In my view, there are a number of errors in the underlying assumptions that undermine
the conclusions reached by Aetha. | consider that Aetha's spectral efficiency

calculations, and the 'frequency zone method' to be particularly significant. Specifically:

(a) Aetha uses a 'frequency zone method' which attributes a percentage to each mid
band to show the proportion of low band coverage and capacity that the particular
mid band can achieve on a single sector. Compared to low band, Aetha claims
1,800/ 2,100 MHz spectrum achieves the highest and 3,600MHz spectrum

achieving the lowest proportion of coverage and capacity.

(b) Those proportions are then applied to the spectral efficiency of each band by
Aetha resulting in spectral efficiency that is in my view discounted. This has an
impact on Aetha's claim about the capacity of each mid band in its modelling. The

greatest discount is applied to the 3,600MHz spectrum band.

(©) Based on calculations conducted by my team which | have verified, applying the
data used for Aetha's frequency zone method and the spectral efficiency
calculations, would require an average distance between mobile sites of 9.5km.
However, on average, MNOs have a distance of 1.5 — 2.5km distance between
cell sites in the RCZ. That discrepancy is significant because it has an impact on
the purported ability of mid bands to provide coverage and capacity in the RCZ
and the overall ability of MNOs to sustain capacity over the five year period

considered by Aetha.

143. In my view these errors lead to Aetha forecasting Telstra's network congestion over a
five year period in a way that is disproportionately inflated compared to other MNOs by
Aetha. While the frequency zone method and spectral efficiency calculations are applied
to each MNO, they disproportionately affect Telstra because of the significant
discounting applied to the 3,600Mhz band (of which Telstra holds significantly more than
Optus and TPG).

144. My detailed analysis of Aetha's frequency zone method and spectral efficiency

calculations are set out below.
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Frequency zone method

145. Aetha describes the sector traffic coverage (reach of each sector on a base station) in
respect of each mid band spectrum frequency (expressed as a percentage of low band
spectrum and referred to by Aetha as 'frequency zones') as an important input into the
model: pg 26. | understand that the frequency zones are an input used in Aetha's
network dimensioning model to determine the capacity at different distances that can be

handled by a sector (and as aggregated, by the network in the RCZ).

146. The Aetha Report at page 50 assumes that low band spectrum covers 'the entire area
and traffic served by a sector and each of the other bands as covering a propottion of the
area and traffic served by the sector’. That is reflected in Figure A-5 of the Aetha Report,
which, for ease of reference, | have extracted below.

Figure A-5: Site category 54 characterising parameters

700/ 860/ BH-BS traffic

100 0% 69.8% 60.4% 29.2% 0.38%
100.0% 75.0% 65.0% 31.4% 0.33%
100.0% 86.5% 75.4% 35.8% 067%
100.0% 76.1% 65.8% 31.9% 0.43%
100.0% 70.2% 60.8% 29.4% 0.33%
100.0% 75.5% 65.5% 31.5% 214%

147. | understand that 'category 54' in Figure A-5, is a site archetype used to demonstrate
coverage, and sites 1 to 5 are examples of sites within that archetype. On that basis the
row labelled 'category 54' below is showing the average coverage achieved on mid
bands for that site archetype. That is an input into the modelling for all regional sites in

Aetha's modelling.

148. For example, Aetha suggests that the 1,800/2, 100MHz bands achieve 75.5% capacity
and coverage from a single sector compared to low band spectrum (700 / 850 / 900
MHz) and that the 3,600MHz band achieves only 31.5% capacity and coverage from a
single sector compared to low band spectrum. These percentages are then applied to
Aetha's valuations of spectral efficiency to determine the capacity achievable by the

entire regional network.
Spectral efficiency

149. The spectral efficiency (expressed in bps/Hz) that can be achieved by combinations of
spectrum bands and technology, is also described by Aetha as an important input into its
network dimensioning model: pg 26. | understand that spectral efficiency is used in the

model to determine the amount of data that can be transmitted over a specific bandwidth.
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The higher the spectral efficiency, the more data that can be transmitted and the more
capacity that becomes available for any given bandwidth of spectrum.

150. Page 50 of the Aetha Report (Figure A-4), sets out the spectral efficiencies for each
technology type and relevant spectrum band used in the model. For example, |
understand that Aetha has assumed a spectral efficiency of Sbps / Hz for 3,500 /
3,600MHz spectrum using 64T64R technology. That is reflected in Table 22 under the
heading 'Aetha SE assumptions'. It is unclear what the source of this spectral efficiency

rate is. Whatever the source, it is at odds with:

(a)  theindustry recommended value for that technology of around 10bps / Hz
(Chapter 10.4, 5G Technology 3GPF New Radio, 2020, Harri Holma, Antti

Toskala, Takehiro Nakamura); and

(b) Optus' own estimation for that technology o-l Hz based on modelling in
live regional networks.

151. Aetha has then applied the frequency zone ratios identified in Figure A-5 above, to its
spectral efficiency estimates, further discounting them from the industry standards and

Optus' own estimates.

152. linstructed my team to prepare Table 22 below to show the other difference between
Optus' spectral efficiency data and that presented in Figure A-4 of the Aetha Report and
the way in which the frequency zone ratios have been applied to further discount spectral
efficiency in the Aetha model.

Table 22

SE ratio to Optus

5G Spectral Efficiency(SE) | Optus SE estimation'? Aetha SE assumptions

bps/Hz Band coverage bps/Hz

Bt Oy phn (non-FZ34) ratio (FZ) 5
700/800/900 2T2R 150 : 100.0% 150
1800/2100 . 4T4R 225 | 75.5% . 1.70
2600 . 4T4R 225 I 65.5% . 147
3500/3600 | b4TE4LR 5.00 I 3.5% . 1.58

Mote T: Industry reference: chaprer 10.4, 5G Technology 3GPP New Radie, 2020, Harri Holma, Antti Toskala, Takehire Nakemura

Note 2: Optus spectral efficiency estimation in reglonal populated areas, based on Optus’ modelling in live regional 4G network and industry references

Mote 3: Mobile troffic ratios that the mid-bonds could serve from one Aetha's example, page 50-51, [Applicants (Expert report of Aetho) - 27.07.22 - PR VERSION - MAT000021 Telstra
TPG.pdf]. Optus understands the values used in other areas of regional Australia are very similar based on Figure 4-11, page 37, [Applicants (Expert report of Agthg) - 27.07.22 - PR VERSION
- MA1000021 Telstra TPG.pdf]

Mote &4: FZ-Frequency zone applied by Aetha to define the traffic ratio for each band type occording to its coverage ratio to the low-band coverage footprint. The spectral efficiency with
band ratio applied is calculated as spectral efficiency times the band ratio, which is used by Aetha to calculate the offered spectrum capacity

1563. Using Optus' more conservative estimates compared to the industry recommended value
by Holma (5G Technology 3GPP New Radio, 2020), the table above still shows that
Aetha has adopted what | consider to be discounted spectral efficiency values. For
example, using the 3.5Ghz spectrum and 64T64R MIMO technology, Aetha estimates a
‘non-frequency zone' or standard spectral efficiency of Sbps / Hz for 64T64R technology.
Aetha then appears to multiply that spectral efficiency rate by the coverage ratios
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154

155.

Sector coverage per band Band coverage weighting
(standalone site) [frequencv zones)

156.

157.

presented in Figure A-5 and set out above for the 3,500 / 3,600 MHz spectrum. This
leads Aetha to conclude that 3,500 / 3,600 MHz spectrum using 64T64R technology and
applying the relevant 'frequency zone' ratic has a spectral efficiency of 1.58bps/Hz. That
iS just- of Optus' estimate o-/Hz, which was derived using live regional
network statistics.

The Aetha model multiplies the discounted spectral efficiency (as reflected in the column
'‘bps f HZ (FZ) in Table 22 above) for each spectrum band by the available spectrum in

each band, to determine the overall capacity per Telstra site in the RCZ.
Overall impact of deficiencies on Aetha's network dimensioning model

| prepared Figure 33 to summarise a simplified view of how the frequency zone coverage
ratios and Aetha's discounted spectral efficiency drive Aetha's modelling of capacity. |t
shows that the coverage per band per sector set out in the frequency zone method is
applied on a per sector basis in the model in order to determine the need for capacity
greenfield site builds across the whole regional network of an MNO — that is, new sites

that must be built across the regional network to manage capacity related constraints.

Figure 33

Assumed spectral efficiency
per band

Applied to Telstra/MOCN sites

The error in this approach can be seen when Aetha's frequency zone' and spectral
efficiency data is applied to determine the inter-site distance required to achieve those
data points. Specifically, that shows a required average distance between mcbile sites
of 9.5km. However, based on RFNSA site location data, on average there is a distance
of 1.5km-2.5km between cell sites for both Telstra and Optus in densely populated
regicnal centres where 70% of the regional population resides. That error has an impact
on how much coverage and capacity can be provided by an MNO on mid band spectrum

in regional areas.

To illustrate this, | instructed my team to prepare:

(a) Table 23 below which shows the difference between Telstra's and Optus'
estimates of the maximum distance from a base station where a user can expect
service from the network for each spectrum band (I refer to this from hereon as
the 'serving distance’). Telstra's estimate of serving distance was determined

using:
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(i) the 6.3km serving distance of low band that is depicted in the Applicants'
Response (at page 35, Figure 5); and

(i) applying to that the formula of a standard three-sector hexagon cell radius,
which is, in my experience standard industry practice when assessing site

and spectrum requirements.

Optus' estimates of serving distances were derived from Optus' own live network
statistics in regional Australia (as described at paragraph 28(b)). For the
purposes of this Table and further calculations derived from it, a conservative
approach was adopted by applying the lower end of the range which is noted at
paragraph 28(b).

(b) Figure 34 which depicts the inter-site cell distance that would result if Aetha's
frequency zoning and spectral efficiency data, and Telstra's serving distances in
Table 23 were applied. Figure 34 was developed by calculating the relative
serving distances per band that would be required to deliver the 'frequency zone'
multipliers that Aetha presented in Figure A-5. If 6.3km represents 100% of the
cell radius of Telstra's low band, then the inter-site distance needs to be at least
9.45km to ensure that cther bands satisfy the coverage percentage ratios

proposed by Aetha.

Table 23
Telstra estimations Optus estimations
| Band ti Serving dist. =
Bands (MHz) . L C"?VFE;C;QE ratio . Zef::gd '(‘1:3;:9 Serving distance (km)
700/800/900 | 100% 6.3km 14.5km+
1800/2100 | 75.5% 5.5km 6.6km
2600 | 65.5% S5.3km 3.5km
3500/3600 | 31.5% 3.5km 3.5km

MNote 1: Mobile traffic ratios that the mid-bands could serve from one Aetha's example, page 50-51, [Appliconts (Expert report of Aetha) - 27.07.22 - PR VERSION - MA1000021 Telstra TPG.pdf].
Optus understands the volues used in other areos of regional Australia are very similar. based on Figure 4-11, poge 37, [Applicants (Expert report of Aetha) - 27.07.22 - PR VERSION - MA1000021
Telstra TPG.pdf] . FZ-Frequency Zone

Note 2: page 35, figure 5, para B4, Applicants (Tranche 2 response to Optus’ interested party submission and ors) - 28.07.22 - PR VERSION - MA1000021 Telstra TPG.pdf. The low band cell rodius is
used for this calculation. Telstra's mid-band cell radius of 1.5km is on apporent mistake as it Is inconsistent with its mid-band coverage ratios

Figure 34

Telstra-Aetha mid-band coverage ratio illustration

700/800/900MHz
1800/2100MHz 100%

= 2600MHz

= 3500/34600MHz

Cell radius: 6.3km

Page 58

ME_203585753_1



158.

159.

160.

161.

162.

163.

164.

Taking the typical inter-site distance of 1.5km-2.5km in populated regional areas, the
coverage from 3,500/ 3,600MHz mid bands with an average cell radius of 3.5km, can
still overlap between sites to cover those areas. That is demonstrated in the examples of

regional mid band coverage | provided above, including at paragraphs 103 to 106 above.

By applying the frequency zone coverage ratios and discounting spectral efficiency in
this way, Aetha reaches a conclusion of lower traffic carrying capacity on mid band
spectrum in accordance with their proposed 'frequency zones'. Notably, the band most
affected by discounted coverage (in the frequency zone method) and discounted spectral
efficiency is the 3,500/ 3,600Mhz band, where Telstra has the greatest spectrum holding

advantage over Optus in regional areas.

As a result, the errors in the frequency zone method and spectral efficiency calculations
in Aetha's Report have a disproportionate impact on Telstra's forecast network capacity

compared to other MNOs.

To illustrate this, | instructed my team to develop a similar dimensioning method based
on spectral efficiency (Optus SE method) to Aetha's which was applied to account for
FY24 to FY28 network traffic growth. My team, however, used Optus' own spectral
efficiency values (set out in Table 23 above) and did not apply the frequency zoning

method. | have described above the various flaws that | consider that method to suffer.
This analysis tests the impact of Aetha's methodology on the:

(a) Typical average sector spectrum capacity (Mbps), calculated by multiplying, for
each band present on that sector, the spectrum bandwidth available at a typical
regional sector (MHz) by the spectral efficiency associated with that band (bps /
Hz) then summing the results for each band present on that sector. Typical

bandwidths per band are set out in Table 24 below.

(b) Total RCZ network capacity achievable (Tbps) by aggregating the multiplication

set out in (a) for all of an MNO's sectors in the RCZ.

This analysis assumes 3 sectors per Telstra site, which was the approach taken in the
Aetha Report.

The difference in the results between this approach and that taken in the Aetha Report is
set out in Figure 35 below. The results show that the conclusions in the Aetha Report
regarding sector and overall network capacity were effectively downplayed for each of
Optus, Telstra and the MOCN arrangement (ie inflating forecast network congestion).
There was, however, a particular impact in relation to Telstra and the MOCN
arrangement. Specifically, the difference between these calculations and the Aetha

Report shows:
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(@) Aetha discounted Optus' future average sector capacity in the RCZ by 55%, but
Telstra's by 63% and the MOCN arrangement by 65%;

(b) Aetha discounted Optus' future total network capacity in the RCZ by 56%, but
Telstra's by 58% and the MOCN arrangement by 61%.

Table 24
Typical regional sector downlink bandwidth in RCZ
(MH2z)
Spectrum bands | Telstra Optus Legg:
700MHz 20 10 30
850MHz 25 30
900MHz 25
1800MHz 40 25 40
2100MHz 20 15 35
2600MHz 40 20 ‘ 40
3500/3600MHz 80 30 120
| Total 25 | 125 295 |
Figure 35
Downlink spectrum capacity of typical Total downlink network capacity achievable
regional sector in RCZ on existing infrastructure in RCZ
Unit: Mbps Unit: Thps
-65%, -61%,
-882 Mbps -8.5 Tbps
-63%
s \ o \
-55% \
-240 Mbps 56% \
‘ 7 -1.9 Thps
354 B | o
07 B
Optus Telstra Telstra MOCN Optus Telstra Telstra MOCN
QptwiEMaettiod Witk -AxthaMethad (£5) Optus SEMethod ~ mTelstra-Aetha Method (FZ)
FZ - Frequency Zone: SE - Spectrol Efficency: RCZ - Telstra-TPG MOCN Regional Coveroge Zone

Note T: The average sector spectrum capacity, is calculated by aggregating the bandwidth (MHz) x band spectral capacity (bps/Hz) for all the available bands on sector level
Note 2: Total RCZ network capacity achievable is the sum of the average sector spectrum capacity of all existing sectors within the RCZ by activating all the available spectrum
bands. Optus assumed 3-secter across all Telstra sites for this dimensioning, which is a comman industry practice. Aetha also used this approach in their dimensioning

165. The Aetha Report then applies the results depicted above on an SIO basis and assumes

a constant market share for each network operator in order to conclude that 'Optus has a

slight superiority to the MOCN in the rate of growth in usage per S0 that it can
sustain.. based on a constant market share for each of the network operators.’

166. | have already described the limitations of a bandwidth or capacity per 'SIO’ approach to

comparing MNOs above.
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167 Totestthe validity of my understanding of the behaviour of Astha's capacity and growth
modelling and demonstrate my concerms with it, | asked the team to compare Optus’ -

yvear capacity greenfield build program using:
(a) Optus’ internal (EANCARP) model,

ib) a standard unweighted spectral efficiency and sector spectrum capacity model
(Optus SE method ), and

() the methods employed by Astha in their report, including “frequency zones”, their

proposed spectral efficiencies and the resultant capacity reductions

168. As can be seen in Figure 36 the standard, unweighted spectral efficiency method
delivers an outcome that is within 30% of Optus’ actual plans. | consider this to be a
satisfactory outcome as the Optus RANCAP model has been developed and optimised
over more than 20 years. An "offthe shelf” method with this level of accuracy is, in my

view, perfectly acceptable.

169 The Aestha method, in contrast, produces a result that requires Optus to increase its
capacity greenfield rollout by a factor of 7.2 over the projected perod. In my professional
view, this output indicates an unreliable model whose results should not be accepted.
The compounding nature of the low starting spectral efficiency for a band with a high
proportion of the spectrum on a cell and the use of the "frequency zone" concept to
heavily reduce the capacity of a cell are the reasons for this significant over-statement of

the need to build capacity greenfield sites.

Figure 36
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170. On the basis of this result and my assessment of the inputs assumptions and technigues

| have presented in this statement, | do not consider Aetha’s modelling to be reliable.

Signature of withess

Steve Turner
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