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Consultation on Maximising the benefits of 700 MHz Clearance – 
enabling acceleration and use of Centre Gap 
 
1. Summary 
 
Arqiva welcomes the opportunity to respond to Ofcom’s consultation, Maximising the 

benefits of the 700 MHz clearance published on the 11th March 2016. As the owner 

and operator of the UK’s DTT network, we have a clear interest in an orderly clearance 

of broadcasting from the 700 MHz band. In addition, as the licence holder of the 

interim HD multiplexes we have significant insights into the value of the services to TV 

viewers, broadcasters and the DTT platform and how their interests should be 

considered effectively alongside those of mobile consumers. 

In this response we set out a number of areas where, in our view, Ofcom’s proposals 

should be modified to secure a better outcome for UK citizens and consumers. 

However, we are in broad agreement on the key thrust of the consultation, namely 

Ofcom’s ambitions to expedite the clearance of the 700 MHz band to secure benefits 

for UK citizens and consumers. 

Our support on the acceleration of 700 MHz clearance comes with the caveat that 

Ofcom needs to recognise that accelerating could increase some risks related to the 

clearance programme itself and that Ofcom should avoid a situation where it has not 

given itself sufficient flexibility on the end date to allow for contingencies (e.g. owing 

to the risk of bad weather during the summer build seasons). To manage this risk, 

work should start at the earliest realistic date and a flexible approach to programme 

management be adopted throughout. During the clearance programme it is vital that 

the interests of TV viewers are considered and action taken to minimise any 

disruption to them.   

Ofcom has proposed that the most valuable long term use of the 700 MHz centre gap 

is likely to be LTE based supplemental downlink service (SDL). We have some real 

concerns with Ofcom’s proposal to allocate this spectrum to SDL. In the consultation 

document Ofcom has failed to present evidence supporting its proposal. In this 

consultation response document we present a body of evidence which both questions 

the demand for SDL in the UK and supports the continued use of DTT in the centre gap 

spectrum.   

Specifically, our research strongly suggests that there will be insufficient SDL-enabled 

handsets in the market by 2020 to support the service particularly as other European 

markets do not appear to be focusing on SDL in the same timeframe. At the same 

time, there is unresolved uncertainty as to the technical compatibility of SDL with 

other candidate services for using the centre gap. In addition, given the range of other 

options open to mobile operators to increase network capacity, many of which our 
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research suggests are well advanced, we do not believe that mobile operators will be 

ready to deploy SDL by 2020, or even ever have the intent to do so given the broader 

longer-term development of mobile network technologies such as 5G.  

As a result, Ofcom risks creating a regulatory failure whereby a valuable DTT service 

that is serving viewers, and helping to promote the uptake of DVB-T2, is removed and 

25 MHz of “beachfront” spectrum is left unused for a period of two years or possibly 

even longer. We are mindful of the need for Ofcom to fulfill its statutory duties in the 

efficient use of spectrum and to be evidence-based, and also of the potential 

reputational implications were such an outcome to occur. 

We welcome Ofcom’s proposal to allow the interim HD multiplexes to continue 

beyond the end of December 2018 and that sites required to move prior this date will 

be funded to move to the centre gap.  

However, we are concerned that Ofcom appears to have prematurely dismissed our 

proposal to permit the multiplexes to use the centre gap for an extended period of 

time, until at least the end of 2022, by which point the platform could more 

realistically consider a wider migration to DVB-T2 and the case and any evidence for 

SDL may be more developed. In this response we set out evidence that supports the 

strategic importance that this continued availability of channels and HD services has 

for the DTT platform, for viewers and TV platform competition in general and how 

Ofcom’s static analysis underplays the role that these multiplexes are likely to play by 

2020.    

Finally, one of the key arguments that Ofcom puts forward for the removal of DTT 

from the centre gap in 2020 is a perceived risk of interference into LTE in the 700 MHz 

band. Our detailed technical analysis supported by work by telecom experts PA 

Consulting suggests that this concern is significantly overstated. Standard and 

inexpensive filtering within base station equipment can mitigate risks on that side and 

will be needed in any event for any use of the centre gap (including SDL). Handset 

interference would be primarily theoretical in nature and, if it did occur, would be 

limited to a very small number of locations given the likely rollout and deployment 

methodology of LTE networks which will mitigate any interference. It also notes that 

SDL use poses a greater risk of interference into LTE in the 700 MHz band than DTT. 

Given these concerns we request that Ofcom reconsiders its proposals and considers 

the following framework: 

 That Arqiva is granted an additional period of time for the DTT multiplexes to 

remain in the centre gap after 2020. The proposed period to the end of Q1 2020 is 
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insufficient for Arqiva to be able to justify the necessary investment to move the 

sites that would be required to move to the centre gap after 20191. As a result, 

only those sites that clear before that date would migrate to the centre gap, the 

rest would turn off as the clearance programme reaches their area;  

 Given the lack of evidence that there will be a market demand for SDL in the short 

to medium term and the need for certainty to justify additional investment and 

recover financial losses caused by the early move of the interim HD multiplexes, 

Arqiva requests that the minimum licence period be extended to at least the end 

of 2022. On this basis we would be willing to fund the move of the post-2018 sites 

to the centre gap; 

 We would suggest that Ofcom may wish to conduct regular reviews of the market 

to gather sufficient evidence to consider making an award for the 700 MHz centre 

gap after 2022; 

 Parallel to the above, Ofcom should consider mechanisms that might be adopted, 

for example in the award of spectrum, to avoid the spectrum sitting fallow, and a 

regulatory failure occurring, in the event that SDL was still not ready to launch 

commercially after 2022. This should include permitting the interim HD 

multiplexes to stay in the centre gap until such time as SDL (or whatever the 

ultimate chosen service) is ready for launch, up to the point of the end of the 

interim HD multiplex licence, potentially on a twelve month rolling notice period 

after 2022. Ofcom could also consider encouraging bidders to work with Arqiva as 

the interim HD multiplex licence holder to put forward solutions that would avoid 

spectrum being unused; and 

 This outcome can be made subject to confirmation on the interference point. If 

DTT was found to cause significant interference in specific locations, to a level to 

be agreed and monitored by Ofcom, then we would not expect the interim HD 

multiplexes to remain operating in those areas if an alternative satisfactory 

solution could not be found. 

In order to build in the movement of sites after December 2018 into the clearance 

programme we would ideally like to know about the duration of an extension by the 

end of this calendar year. We believe that this gives Ofcom sufficient time to monitor 

the EU legislative process. The latest reports2 suggest that member states may well 

have until 2022 to complete 700 MHz Clearance and flexibility after on the use of the 

centre gap, including for DTT. This supports the adoption of our proposed solution. 

We note that Ofcom has suggested that there may be a scope for a commercial 

mechanism whereby DTT simply negotiates with one or more winners of the spectrum 

                                                 
1
 We also note that there is no technical reason why a date of Q12020 was adopted as any end of the 

interim HD Multiplex could be enacted very quickly without any technical work. 
2
 European Council draft of UHF legislation, May 2016. 
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auction. Whilst we can see that this is attractive in principle to Ofcom we believe that 

there are serious obstacles to using market mechanisms in this case. First, the 

timetable for investing in order to migrate the post-December 2018 sites is not 

consistent with a timetable for a spectrum auction and subsequent negotiations with 

an eventual winner. Second, the auction design itself and a licence award to up to four 

different players would make it virtually impossible for Arqiva to achieve a satisfactory 

conclusion with all the new spectrum holders. Third, the principal benefit of the 

interim HD multiplexes rests with viewers and the wider platform. Ofcom itself 

recognised, when awarding the licence to Arqiva, that the financial case for the 

interim multiplexes is challenging and it did not assume that Arqiva would need to pay 

for access to the spectrum. As a result, any situation whereby Arqiva had to pay for 

the spectrum would probably result in a failure to agree to its continued use. Ofcom 

should also note that Arqiva has a licence for its interim HD multiplexes until the end 

of 2026 which Ofcom should seek to honour, particularly if the envisaged alternative 

use is clearly not ready. 

Finally, we are concerned with the approach that Ofcom has taken in relation to the 

proposal to amend Arqiva’s licence for the interim HD multiplexes.  As we show in 

section 6 it appears that Ofcom has not followed the mechanisms set out in its policy 

statement to allow for the varying of frequencies used by the interim HD multiplexes. 

Furthermore, the basis on which it is seeking to modify our licence appears to be 

explicitly economic in nature (as opposed to being in response to, say, any 

international obligation or breach of licence condition) and therefore, in our view, this 

intervention is being proposed for spectrum management purposes which is in 

conflict with the terms of our WT Act licence. This could set an unwelcome precedent, 

elsewhere, for licences issued under the WT Act.   
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2. Introduction 

Arqiva is a communications infrastructure and media services company, operating at 
the heart of the broadcast and mobile communications industry.  Arqiva provides 
much of the infrastructure behind television, radio, mobile and other wireless 
communications in the UK and we are at the forefront of network solutions and 
services in an increasingly digital world. 

The company supports cellular, wireless broadband, video, voice and data solutions 
for public and private sector customers. 

In the TV space, Arqiva is a founder member and shareholder of Freeview, Youview 
and Digital UK.  Freeview is the largest TV platform in the UK delivering over 60 digital 
TV channels, including 15 HD channels, and 24 radio stations free to the UK public. 
Arqiva owns and operates the networks for all of the Freeview multiplex licence 
holders and is the licence holder for four of the DTT multiplexes, including the two 
interim HD multiplexes – Com 7 and 8 – the lifespan of which is addressed in the 
consultation document. Our networks cover 98.5% of UK households with the public 
service channels, around 90% of households with commercial national services and 
76%3 for the services on the interim HD multiplexes.   

Our major customers include the BBC, ITV, Channel 4, Five, BSkyB, UKTV, Sony, AMC, 
Ideal World, QVC, Russia Today, Al Jazeera Networks, Global Radio, Bauer Media, BT 
and the four UK mobile operators.   

Arqiva is owned by a consortium of infrastructure investors and has its headquarters 
in Hampshire, with major UK offices in London, Buckinghamshire and Yorkshire and 
operational centres in Greater Manchester, West Midlands and Scotland.   

This document is structured as follows: 

 Section 3 provides evidence of the growing strategic value of the interim HD 

multiplexes to the DTT platform and to viewers more generally; 

 Section 4 outlines why DTT could use the centre gap in a way that would not cause 

any real interference into LTE’s use of the 700 MHz band; 

 Section 5 sets out the high likelihood that SDL services will not be available to use 

the centre gap by 2020;  

 Section 6 sets out our perspective on the decision-making process reflecting 

Ofcom’s proposals to vary Arqiva’s interim HD multiplex licence and international 

considerations; 

 Section 7 provides specific answers to the questions raised by Ofcom; and 

 Section 8 provides supporting Appendices covering our technical analysis on 

interference and the likely readiness of SDL by 2020 . 

  

                                                 
3
 Ofcom ‘Connected Nations 2015’, December 2015. 
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3. The strategic value of the HD multiplexes to the DTT platform and to viewers  

In this section we set out the case for the interim HD multiplexes to remain on the 
DTT platform for an extended period of time, until at least the end 2022, by which 
point we may be in a position to migrate, most likely, one of our other multiplexes to 
DVB-T2 and accommodate some the channels from the interim HD multiplexes thus 
protecting the DTT platform and viewers. 

In general, we believe that Ofcom has been unduly dismissive of the on-going 
requirements of the DTT platform to both viewers and the TV ecosystem and the 
valuable and growing role that the interim HD multiplexes play within it. 

The DTT platform is the largest TV service in the UK: 11.2m UK homes rely on it as the 
primary source of TV, and a total of 19.8m homes use DTT to receive TV on at least 
one TV set in the home. Of these homes, over 50% now have equipment capable of 
receiving HD4. Within DTT the interim HD multiplexes account for two of the, now, 
nine multiplexes5 if we include local TV and currently account for 17 (approximately 
15%) of the TV services carried on the platform and 60% of the HD channels6. The 
notion that these services can just be removed without consequences and without 
some damage for viewers and to the platform is misguided. 

We wish to make a number of points to support the case for a solution being found 
which would enable the interim HD multiplexes to continue at least until the end of 
2022: 

 The multiplexes provide valuable choice for viewers, particularly around HD 
content; Ofcom has underplayed the contribution of the existing line-up and 
viewing and crucially, how this is likely to change by 2020; 

 The multiplexes provide access to a wide set of broadcasters to DTT viewers 
enabling them to build their businesses, particularly if they offer HD services. Early 
closure ahead of a wider switch to DVB-T2 will hinder their ability to compete and 
restrict opportunities for both broadcasters and production companies; 

 Removing HD capabilities and channel choice will undermine the competitiveness 
of DTT and the wide range of TV platforms (Freeview, Youview, BT, TT, EE and 
shortly Now TV) that rely on it and enable other TV platforms, particularly those 
likely to market heavily on the basis of a HD offer, to gain share, altering the 
competitive dynamics in the TV sector; and 

 The multiplexes are helping to drive the uptake of DVB-T2 devices and pave the 
way for an eventual migration for the wider DTT platform. This supports all 
viewers eventually getting access to a wide range of connected services and also 
the increasing efficient use of spectrum. An additional couple of years of the 
interim HD multiplexes providing services would be crucial to aiding the transition 
to DVB-T2. 

 
Looking at each of these areas in turn: 
 

                                                 
4
 Source: Mediatique. 

5
 Includes Local Multiplexes but excludes Regional Multiplexes (G-Man and Northern Ireland). 

6
 Excludes regional variations, data, interactive and radio services. 
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a. Channel variety, HD choice and viewing 

In its consultation document Ofcom states that the “interim HD multiplexes only 
account for 0.5% of DTT viewing”. Given that the services only launched towards the 
end of 2013 it is not surprising that they will take time to build viewing share. The 
latest data from BARB suggests that measured viewing has now reached 0.7% 
indicating their share is increasing even since Ofcom reported its numbers. It should 
also be pointed out that over a quarter of the channels on the interim HD multiplexes 
are not BARB registered (e.g. if they are a HD variant the broadcaster may not feel the 
need to pay for separate reporting and the viewing is simply included by BARB within 
the overall channel share). As a result, Ofcom’s analysis ignores many of the channels 
that are currently on the multiplexes (e.g. Al Jazeera English HD, Al Jazeera Arabic, 
Russia Today HD, QVC+1 and QVC Beauty). The multiplexes also support the 
broadcasting of major events, for example, providing additional capacity for the PSB’s 
to cover the Olympics, which otherwise would not have the same comprehensive 
multiscreen coverage on DTT. 

Furthermore, it is wrong to claim that viewing at the current levels is not valuable to 
DTT viewers. If this argument was extended to other platforms we would find that 70 
of Sky’s 320 main channels with a BARB listing would collectively fall within the 0.5% 
viewing share figure that Ofcom seems to believes makes them not important7. The 
notion that Sky could afford to remove 70 channels from its offering without a 
discernible impact on its platform or viewers is not credible. Equally, if we take one 
example – Sky Atlantic – which recently had a share of 0.3% across platforms8, Ofcom 
would be suggesting that that channel is not important to Sky or its viewers. We do 
not believe that this is the case.  

Ofcom should also consider that the current viewing share of 0.7% has been achieved 
via only 50% of the primary sets (i.e. only those which are capable of receiving the 
DVB-T2 transmissions) and in a geographically constrained area covering 76%9 of the 
UK population.  If these figures are therefore normalised for comparative purposes 
with the other channels on the DTT platform which broadcast in DVB-T and have 
higher coverage, the equivalent viewing share of the interim HD multiplexes would be 
above 1.6%.  Again, in comparative terms, that would be equivalent to the viewing 
share of many of the popular channels on Sky or DTT. The interim HD multiplexes are 
therefore providing valuable content to viewers whose TV’s are equipped to receive 
them and where they live in the coverage area. 

Current measurement and performance aside, Ofcom’s approach is also not 
appropriate because we cannot equate the existing performance of the interim HD 
multiplexes and their value to viewers with their likely value by 2020. By this point the 
uptake of DVB-T2 equipment means that many more viewers will be able to access 
the services, HD will have become a greater requirement and expectation for viewers, 
the existing services will be more established and we can expect the line-up to 

                                                 
7
 BARB: period 01-02-16 to 28-02-16. 

8
 BARB: February 2016. 

9
 Ofcom ‘Connected Nations 2015’, December 2015. 
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strengthen over time. Arqiva is still marketing capacity on one of the interim HD 
multiplexes – Com 8 – and the general mix will change over time. 

Arqiva commissioned consultancies Mediatique and 3Reasons who specialise in the TV 
sector to comment on this area and provide their view on the role of the interim HD 
multiplexes to the DTT platform.  Both note that Sky’s approach to affiliate fees is 
changing with many channels facing reductions or an end to fees they can receive 
from Sky. They argue that as HD on Sky matures we can also expect the fees it pays for 
HD to be cut. This is likely to lead to a wider group of channels, potentially including 
further PSB variants seeking access to the DTT platform. We have already seen this 
trend with a number of previous pay-tv only channels from the like of UKTV and US 
broadcasters and Arqiva’s discussions with potential customers suggests we will see 
other major brands seeking to move more of their content to FTA DTT over time once 
their HD exclusivity deals expire.   

Mediatique  suggests that by 2020 the channels on the interim HD multiplexes will 
represent a much higher share of viewing on the DTT platform than is currently the 
case today. 

b. Market access for broadcasters and alternative options 

The FTA advertising market is booming, growing at 7% last year. It also continues to 
hold its own against other forms of advertising and pressure from online. TV accounts 
for 27% of advertising; the same share it accounted for 20 years ago10. These statistics 
demonstrate why broadcasters are able to build their businesses around free to view 
TV with the DTT platform as the key component. On this basis we can anticipate on-
going demand with new broadcasters seeking to enter the market to capture a share 
of TV advertising revenues. 

The interim HD multiplexes currently carry 17 services from 11 different broadcasters. 
In seeking to sell DTT capacity Arqiva engages with both domestic and international 
broadcasters and is currently in active dialogue with multiple parties who have 
expressed a significant interest in launching FTA channels, supported by an advertising 
based revenue model, on the interim HD multiplexes. 

The interim HD multiplexes are now established as an important route to market for 
broadcasters. For a commercial broadcaster with HD channels, the multiplexes are the 
only realistic option for mass market delivery given that the BBC is the operator of the 
only other DVB-T2 multiplex and the capacity on that is used as a shared platform for 
distribution of the primary PSB services such as BBC1, BBC2, ITV, C4 and C5. 
Furthermore, capacity on DTT overall is in relatively short supply. Arqiva’s other DVB-T 
multiplexes are all currently full and whilst channel slots do become available, on both 
Arqiva and SDN’s multiplexes from time to time, the interim HD multiplexes add 
considerably to the capacity and options for broadcasters.  

Ofcom suggests that broadcasters have an alternative to DTT to reach viewers and can 
simply switch to IP for delivery. We do not believe that IP delivery represents a 
credible alternative for channels seeking a mass market audience in the timeframes 

                                                 
10

 Source: Mediatique, ZenithOptimedia, Ofcom. 
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under discussion here. As Mediatique sets out in its report, whilst superfast 
broadband coverage is improving take-up remains low and as of June 2015 only 36% 
of UK connections were superfast with speeds of more than 30 Mbps and almost 20% 
of UK premises – almost 5m households/businesses cannot receive superfast 
broadband at all as the network has not been built out, a particular limitation in 
reaching rural areas11. The cost of high speed broadband is also a challenge for many 
consumers which would need to be addressed were IP to ever be truly considered for 
mass market channels. There are also on-going question marks on the performance of 
IP networks and its reliability for TV distribution, including as a result of the quality of 
in-home distribution. IP is not set to be a credible replacement for DTT capacity for 
many years (if at all) and this view is clearly supported by our channel customers who 
have the ability to distribute over IP already but chose not to for all of the reasons 
stated above.  

In order to support the broadcast community, those investing in HD content and 
services and the wider production sector which makes the content for broadcasters 
Ofcom should reconsider its approach to the interim HD multiplexes.    

c. Negative impact on the DTT platform and TV platform competition 

The interim HD multiplexes play an important role in the overall offer of DTT to the 
viewer. They cover all of the nations, each capital city and virtually all major 
conurbations across the UK. When a consumer selects which platform to adopt they 
consider the overall range of channels, the HD capabilities, wider functionality and the 
cost. It is widely accepted across the TV industry, and consistently supported by 
research, that even if channels are not heavily watched the overall offer of the 
platform is an important factor in the choice made by consumers12.  

If the interim HD multiplexes were to close in 2020 ahead of the platform being in a 
position to migrate one of more of the other multiplexes to DVB-T2 to continue to 
offer HD services and accommodate the interim HD multiplex channels, we can expect 
DTT-related platforms, in particular Freeview, to face the loss of households to 
competing platforms. This is a particular risk given the proposed timing of switch-off 
which would be in the midst of the 700 MHz Clearance programme. We can expect 
competing platforms to seek to exploit any disruption that arises as a result of the 
programme, in particular the fact that some viewers required to change their aerials 
and retune. If at the same time, the Freeview platform is seen to be withdrawing 
services and radically altering its HD offer this will represent an opportunity for other 
platforms to target those platforms that rely on DTT, in particular Freeview.  

As well as being damaging for all broadcasters and multiplexes on DTT we believe that 
any weakening of DTT would also be damaging for TV platform competition in the UK. 
The DTT platform has emerged in recent years as a key component of competition 
between platform operators. Whilst traditionally we have had Freeview relying on 
DTT, we now have Youview with BT and Talk Talk offering TV services built around a 

                                                 
11

 Source: Mediatique, Ofcom. 
12

 For example, DUK survey work previously shared with Ofcom around channel choice and platform 

selection. 
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hybrid DTT/IP platform, EE has a DTT/IP box and Sky has announced plans to launch, 
this summer, a version of its Now TV service with a DTT tuner built in. We also 
understand that Vodafone plans to launch a hybrid DTT/IP TV service.  

Given that DTT is set to support such a wide range of TV platforms in the coming years 
and these offers will drive competition between TV players, fixed and mobile 
operators seeking to offer triple-play and quad-play offers, it seems unwise to 
diminish the capabilities of the DTT platform and could lead to some players having an 
advantage over others distorting the competitive landscape and leaving customers 
exposed to, for example, higher prices if they have less platform choice in the future.  

  

d. Role of the interim HD multiplexes in supporting a wider move to DVB-T2 

One of the original rationales for launching the interim HD multiplexes was to support 
the uptake of DVB-T2 consumer equipment and, we believe, they are contributing to 
uptake in the market.  

DTT stakeholders have supported this strategy to promote DVB-T2 as witnessed by 
Freeview’s decision to withdraw the Freeview TML from devices from non-DVB-T2 
devices from 2017 for specific screen sizes and the whole market thereafter. DUK has 
also been supportive in facilitating a dialogue around wider platform plans to migrate 
to DVB-T2. 

  

Retaining the interim HD multiplexes to at least the end of 2022 would enable the 
platform to plan for a smooth migration of some of the channels on the interim HD 
multiplexes to one or more alternative multiplexes and support the HD requirements 
of the platform. Viewers would be able to retain services (subject to rescan), 
broadcasters would be able to retain access to the DTT platform and TV platform 
competition would not be compromised.  

In the past Ofcom has recognised these arguments. In its UHF strategy statement it 
stated that “we would support any longer term market-led transition of the DTT 
platform to more efficient broadcast standards, and that this may be beneficial in 
enabling a smooth release of the 700 MHz band”13.  

We would expect Ofcom to re-evaluate its position and consider options which would 
deliver a solution that enables the interim HD multiplexes to operate for at least a 
couple more years until at least the end of 2022 as a minimum and for longer, up until 
the end of their licence in 2026, if SDL is still not ready for commercial launch.    

  

                                                 
13

 Source: Reference in Implementing Ofcom’s UHF strategy, 5.16. 
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4. Interference arguments 

In its consultation document Ofcom highlights a concern that were DTT to remain in 
the centre gap after the end of clearance that there is a risk that it would cause 
interference to mobile data services in the paired part of the 700 MHz band. It is 
suggested in paragraph 4.41 that there is a “significant risk it would materially 
degrade the performance of mobile data services carried in the 700 MHz band.” 

We note that Ofcom does not present any evidence to support its concerns in this 
area and, further, if it is concerned about interference arising from use of the centre 
gap it fails to acknowledge that its proposed use of SDL or indeed other uses of the 
centre gap might also carry such interference risks. Such unequal treatment towards 
different potential uses and the lack of an evidence-based approach undermines, in 
our view, the case put forward by Ofcom. 

In order to investigate this issue Arqiva has undertaken its own technical analysis and 
it has also commissioned technical consultants PA Consulting to evaluate the potential 
for interference arising from both DTT and SDL uses of the centre gap. It focused on 
both the risk to mobile base stations and to mobile handsets. Both Arqiva’s detailed 
work and the PA Consulting report are attached as an Appendix to this response. They 
reach the following conclusions: 
 

 Interference from DTT to mobile base station uplink receivers is possible when 
local to a DTT transmitter but this would also arise from SDL or other uses of 
centre gap in any event and, for both DTT and SDL, can be mitigated easily by 
fitting filters to the base stations at a cost of only a few hundred pounds each14; 

 As with 800 MHz LTE, there is a theoretical risk of interference from both DTT and 
SDL to 700 MHz mobiles where LTE 700 MHz network coverage is approaching 
edge of service. However, SDL poses a greater risk of interference than DTT in this 
respect as there will be in the order of 300 times more SDL sites than DTT sites; 
and 

 Crucially, this risk, as demonstrated by the experience with 800 MHz LTE where no 
interference has been reported, is unlikely to materialise in practice. Areas of 
better mobile network coverage where the mobile operators are most likely to 
require additional capacity will not be liable to interference from either source in 
the first place and as mobile networks are rolled out more widely any other areas 
of potential interference will disappear. Furthermore, if interference did arise in 
limited geographic areas handsets would in most cases be able re-scan to other 
LTE bands meaning any user impact would be limited.   

 

Importantly on handset interference, PA Consulting state: “the area of the UK affected 
by such interference would be very small, since it requires that the user is both in an 
area of poor coverage for 700 MHz LTE and a strong DTT signal in the centre gap. The 
overlap between these two represents a small geographic area. In addition the 
affected areas will reduce over time as the LTE network matures.”  

                                                 
14

 High Q Filter Feasibility Study. Isotek Electronics ltd, report for Ofcom, 2009. 
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Arqiva’s detailed analysis of impacts across the UK – full details of which are set out in 
the Appendix - suggests that, under a worst case scenario with modest rollout of LTE, 
any interference would be restricted to less than 0.01% of the country geographically 
affecting less than 0.003% of households and that even in these cases there would 
only be partial interference, so some service will still be able to be received. For the 
few locations where there could be some level of interference, handsets would have 
the option of rescanning to other bands to retain services. 

In summary, the work does not support the scale of Ofcom’s concerns and we see no 
evidence that an on-going use of the centre gap by DTT until at least the end of 2022 
would have any meaningful impact on the performance of mobile data services or, by 
extension, the value of or ability of the mobile community to use the paired part of 
the 700 MHz band. Ofcom has yet to provide any evidence to support its conclusions 
regarding potential interference.     
 

a. Interference to mobile base stations 

Both PA Consulting and Arqiva have reviewed the case for interference from DTT to 
mobile base stations in the 700 MHz band. The analysis consisted of looking at LTE 
700 MHz uplink and down link performance in the presence of an SDL deployment 
and a DTT deployment in the centre gap. The two mechanisms that impact LTE FDD 
performance were modelled, in band noise and receiver blocking. The relevant 
parameters for the LTE base station and the UE were based on 3GPP standards as 
used inside the CEPT for compatibility studies. These were also used for LTE SDL. The 
DTT parameters were based on ITU reports as used inside the CEPT for modelling 
studies. To provide an upper limit on potential interference, and to assess the area of 
impact around an SDL base station and a DTT transmitter, a minimum coupling loss 
approach using standard geometries and free space propagation was used.  

The work concludes that there would be some interference from DTT or SDL to mobile 
base stations but that this is a common situation between spectrum bands and can be 
easily mitigated by fitting filters to base station uplink receivers. These filters will be 
standard equipment which will be available at a cost of a few hundred pounds each. 
Such filters will be required if the centre gap is used for SDL as in many cases SDL will 
be co-sited with, or will be close to, 700 MHz FDD base stations; in such cases the UL 
receiver will need to reject high levels of SDL to ensure sufficient receiver sensitivity.  

We also note that around one third of mobile base stations will be in areas subject to 
interference from the upper end of the new DTT range of frequencies, namely channel 
48. These stations will need additional filtering in any event and making this filtering 
able to protect against both channel 48 and services in the centre gap is likely to have 
limited, if any, incremental cost. 
 

b. Interference to mobile handsets – comparing SDL vs. DTT  

There is the potential for any use of the centre gap to interfere with the LTE mobile’s 
receiver. It could occur from the DTT transmitter or from SDL transmissions from a 
different MNO’s base stations. In these cases mitigation by filtering in the mobile 
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handset is not practical. The detailed network analysis undertaken by Arqiva and PA 
Consulting has analysed the potential for and conditions under which this interference 
might arise. 

Crucially, the work suggests that handset interference would only occur when the LTE 
power levels received in the 700 MHz band are low and the receiver cannot cope with 
higher levels of DTT or SDL in the centre gap. This is only likely in remote locations, 
where there is limited rollout of LTE networks and, as such, is more of a theoretical 
risk as these are unlikely to be areas where additional downlink capacity is required. In 
most areas the LTE network will provide higher power levels to ensure coverage in 
vehicles and buildings. Arqiva’s work indicates that under a worst case with modest 
rollout of LTE, any interference would be restricted to less than 0.01% of the country 
geographically and affecting less than 0.003% of households. 

The work finds that if the mobile is in a fringe LTE coverage area then it potentially 
could experience the first effects of interference up to 11km from a DTT site or 900m 
from an SDL site. The difference in ranges is due to the difference in radiated power 
(ERP) of the two transmitters. It is important to note that although DTT interference 
could occur at distances of up to 11 km, in practice this will only happen at points 
where the LTE received power is close to the minimum required. At most points 
within the 11 km radius the LTE power will be much higher, meaning there are no risks 
of interference from DTT to LTE downlink reception. 

The work estimates that when LTE networks mature there will be around 10,000 
macro base station sites supporting LTE FDD in the 700 MHz band, SDL could also be 
radiated from a similar number of sites but not all co-sited. This compares to the 30 
DTT sites used by the interim HD multiplexes. This difference in scale in the number of 
sites means that the combined effect of thousands of smaller areas of potential 
interference around SDL sites creates a potentially larger and more widespread 
affected area than the small number of individually larger areas around DTT sites. 

On this topic we also refer to the equivalent experience with LTE in the 800 MHz band. 
This is now rolled out across Europe and is adjacent to DTT in channel 60. We have not 
noted any reports of interference suggesting it has been at a very low level if at all 
and, that the contrary seems to be the case with mobile operators reporting positively 
to us that there has been no interference from DTT to the mobile receiver. 
 

c. The likely scale of handset interference 

Whilst there is a theoretical risk of handset interference that is greater from SDL than 
DTT use in the centre gap, there are strong reasons why this risk will not materialise in 
practice and any impacts would be limited. 

Operation of LTE downlinks adjacent to DTT is already common in the UK and across 
Europe, with the 800 MHz band being adjacent to DTT channel 60. There are no 
reports of problems, suggesting that any impact is insignificant. The proposed DTT in 
the centre gap would transmit at lower power levels than the most powerful channel 
60 transmitters operating in the current network. 
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Given that areas of better mobile network coverage will be less liable to interference 
from either source the potential for interference in practice will diminish over time.  
Initially LTE coverage in the 700 MHz band will be rolled out on a regional basis with 
reliable coverage within that city or region. The next phase will be to link these 
regions with wide area coverage. This means there may be a small number of 
subscribers who experience some restriction in service as a result of interference from 
services in the centre gap due to the immaturity of the network. As the rollout 
progresses the coverage improves and so the potential for interference shrinks. 

The rollout of the LTE network at 700 MHz is likely to follow the precedent of other 
bands and technologies. It will be rolled out over a period of years until most of the 
UK population is covered. During the earlier stages there will be islands of coverage 
and plenty of gaps between them. However, urban areas will typically be covered 
early as they have the greatest user density and so give the fastest return on 
investment. These areas will be unlikely to experience any interference and these are 
also the areas where additional capacity is needed. 

Another factor is that broadcast transmitter towers are typically shared with mobile 
operators. Most large DTT transmitter sites also have existing mobile operator 
antenna installations either on the same tower or on a separate tower at the same 
location. If these sites are also used for LTE at 700 MHz then there will be high LTE 
signal strengths in the areas near to the DTT transmitter where the DTT signals for 
some sites can be the strongest. This minimises the risk of any interference arising. 

It should also be noted that in the unlikely event of interference, handsets can switch 
to other frequencies. All four UK operators have already deployed LTE in the 800MHz 
and/or 1800MHz bands with coverage continuing to expand.  If a handset happened 
to be at a location of poor LTE 700 MHz coverage that is also subject to interference 
from the centre gap, as could theoretically occur in a small number of locations in the 
early stages of its rollout, the fact that handsets are multi-band means they could 
automatically switch to one of the other LTE bands with better coverage. In these 
circumstances the user is unlikely to notice any change in service. 

The net effect is that, in practice, end users are unlikely to be affected by any areas of 
interference since these would only occur at the edges of gaps in coverage that exist 
anyway. The handsets response would be the same in both cases; it will switch 
carriers to another band with better signal quality, if necessary. As the gaps in 
coverage disappear over time, so would areas of interference. 

We conclude from this analysis that there is unlikely to be any real issue with 
interference from DTT in the centre gap to mobile handsets. If it did occur it would 
only be in specific areas around DTT transmitters where there is limited rollout of LTE 
networks in the 700 MHz band where, in any event, a mobile user would not be 
receiving a good quality mobile service. These areas are unlikely to overlap with areas 
where 700 MHz spectrum is required to meet capacity requirements, hence, handsets 
facing this situation will most likely have the option to simply retune to other LTE 
frequencies to secure a service. In any event, Ofcom needs to accept that DTT appears 
to pose a more limited interference risk in this respect than SDL.   
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5. Readiness of SDL by 2020 and thereafter 

A key part of Ofcom’s proposals is that the centre gap should be allocated to SDL from 
Q2 2020. We note that the consultation document does not present any evidence to 
support the hypothesis that (1) SDL is the most appropriate use of the centre gap; nor 
(2) that SDL will be ready by that date and that MNOs will definitely rollout the 
networks in that time period, or at all, if allocated the spectrum. 

Even in the event that Ofcom produce sufficient evidence that SDL is the most 
appropriate long term user of the centre gap spectrum, our view is that 2020 is likely 
to be too early for the commercial deployment of the technology and there would be 
limited downsides in delaying the release of the centre gap until at least the end of 
2022. Equally, mechanisms should be explored which permit DTT to stay in the centre 
gap until the long term user is definitely in a position to rollout and turn on their 
network, with appropriate notice period arrangements.   

Arqiva commissioned PA Consulting, alongside its work on interference, to evaluate 
this issue for us and assess the readiness of SDL by 2020. Its report is attached as 
Appendix to this response and Arqiva agree with its findings. The key points PA 
Consulting make are: 

 UK mobile operator interest in SDL in 700 MHz is unproven with no evidence that 
they are focusing on it and planning in the 2020 timeframe proposed by Ofcom; 

 The availability of handsets is crucial to the viability and likely timing of SDL – 
international co-ordination on SDL is vital to this and if the UK moves ahead of 
other European countries on the timing of SDL, as Ofcom proposes, then there are 
unlikely to be sufficient handsets in the market by 2020 to make the service 
commercially viable; 

 There are a wide range of other options open to mobile operators to meet 
capacity requirements which are likely to be pursued, based on commercial 
viability, ahead of SDL particularly given the handset availability point. This brings 
in to question the need for SDL by 2020 and even for some time beyond; 

 Mobile operators have a track record of securing but not using unpaired spectrum, 
including SDL, in other bands. This reinforces the risk that this spectrum could sit 
fallow if awarded as Ofcom propose resulting in regulatory failure; and 

 In addition, Arqiva’s own review of developments internationally finds no 
evidence of a harmonized approach and suggests that there is considerable 
uncertainty as to whether SDL will be adopted in other countries and, if so, the 
timing of this. 

Taking each of these points in turn: 

a. Unproven demand and planning for SDL in the centre gap 

Mobile operators in the UK currently collectively hold over 600 MHz of spectrum. 
These considerable holdings cover a range of networks and frequencies and provides 
context to the 25 MHz of spectrum being discussed in the centre gap.  
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PA Consulting searched a wide range of analyst reports, reports by the GSMA, white 
papers from equipment suppliers and reports on the demand for spectrum in 
different bands. They found no reports on planning for future commercial 
deployments of SDL in the UK and whilst there is considerable material on demand for 
spectrum in other bands they found no mention of SDL in the 700 MHz centre gap. 
This lack of material suggests a market that is not focused on SDL and one in which 
there is considerable uncertainty that it will be a priority for a service launch by 2020. 

We do not consider it to be in the interests of efficient use of spectrum for citizens 
and consumers for Ofcom, in designing spectrum allocations, to move ahead with a 
proposed use when there is little or no evidence of likely market demand in the 
timescale envisaged. This is particularly the case when the band will, by that stage, be 
used by DTT and enjoyed by millions of citizens and consumers. 

b. Availability and uptake of handsets to make SDL commercially viable by 2020  

The availability of handsets to support SDL by 2020 is an important consideration. 
Here, it is very relevant whether the UK intends to move ahead of other European 
markets, which appears to be Ofcom’s intention. 

PA Consulting notes that historically the determining factor for rollout of services has 
been the availability and mass take-up of suitable handsets. Mobile devices come in a 
wide variety of permutations of bands and technologies to suit different markets 
globally. PA found that amongst these are the key features needed to make a handset 
capable of 700 MHz SDL operation, but no model currently combines them all. The 
impetus for manufacturers to produce such a model depends on the overall size of the 
potential market.  

PA Consulting believes that a band plan, not harmonized across Europe, which related 
to the UK market only, would be a low priority for handset and chipset manufacturers. 
This would likely delay the availability of a wide range of handsets until more 
countries had adopted the same band plan as the UK. 

PA Consulting assessed the handset market and it believes that the earliest an SDL 
capable handset is likely to be sold is 2019. Based on typical replacement cycles they 
forecast that by 2020 that around 13% of handsets will be capable of receiving SDL. 
On this basis it is not clear that the service would be commercially viable particularly 
relative to other methods of delivering additional capacity.  

They further highlight that if the UK moves ahead of other markets to introduce SDL 
that it is possible that even this penetration might not occur and that there could be a 
further delay of around two years in handsets coming to market. This could create a 
situation where handsets only appear in the market in 2021 in which case, even by 
2022, there might be low levels of uptake, of around only 13%. In these circumstances 
it is possible that there might still not be a commercial case to deploy SDL for some 
time after 2022. 
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c. Availability of other methods of delivering additional capacity and likely 
prioritisation relative to SDL 

If SDL is to be deployed it would be one of many solutions to providing additional 
network capacity. PA Consulting highlight that there are a multitude of other options 
open to mobile operators to add capacity on their networks and many of these uses 
are either already starting to be deployed or are more advanced in their planning than 
SDL. These include carrier aggregation, Wi-Fi offload, small cells, enhanced MIMO, co-
ordinated multi-point (CoMP), LTE in unlicensed spectrum (LTE-U) and LTE Licenced 
Assisted Access (LTE-LAA).  

There is also scope for re-farming of existing spectrum bands many of which are 
under-utilised or not used efficiently. If only a fraction of potential re-farming were to 
take place then it would release orders of magnitude more spectrum than the 25 MHz 
of spectrum the centre gap would offer (e.g. if by 2020 the majority of 900MHz and 
1800MHz spectrum is re-farmed it could amount to around 150MHz of spectrum and 
if 2100MHz spectrum is re-farmed this could provide an additional 120MHz).   

PA consulting makes the point that these options will be prioritised according to their 
commercial viability, the business case and the technical and market readiness which 
will be influenced heavily by the availability of handsets. From their assessment they 
believe that mobile operators will: 

 Focus first on the continued use of existing deployed LTE paired spectrum to 
increase network capacity which includes the full use of 800MHz and 2.6GHz 
spectrum allocations, the re-farming of existing 2G and 3G spectrum and wider 
support of LTE-A enhancements in base stations to make full use of the capabilities 
of new devices; 

 They will then focus on the use of spectrum already licensed but not yet in use 
which includes the deployment of FDD/TDD carrier aggregation by some operators 
and potentially the use of 1.4GHz SDL spectrum by some; and 

 Only then are they likely to prioritise the use of newly licensed spectrum which 
could include SDL in the centre gap.  

Given this, it seems that SDL in the centre gap is highly unlikely to be the focus for 
mobile operators by 2020 or even after given wider developments in mobile 
technologies such as 5G which might emerge as alternatives to deliver additional 
capacity. 

d. Track record of using unpaired spectrum and the risk of spectrum sitting fallow  

A final point is that Ofcom has allocated unpaired spectrum in the past which would 
be akin to SDL in the centre gap and there is not a strong track record of such 
allocations having been used. This is particularly relevant to the arguments on 
efficient use of spectrum and regulatory failure. Examples include: 

 The 1900 MHz (1900 – 1920 MHz) unpaired spectrum which was auctioned back in 
2000. This spectrum is now held by H3G, O2 and EE. It supported TD-CDMA that 
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was standardised by 3GPP and although equipment was available it was never 
commercially launched within the UK; 

 The 2.6 GHz unpaired spectrum which was auctioned in 2013 with the licences 
held by BT and Vodafone but which has yet to be commercially deployed in the 
UK; and  

 The 3.5 GHz (3.48 – 3.69 GHz) spectrum owned by UK Broadband which included 
elements of unpaired spectrum and is now open for use by mobile services. This 
has not been used effectively with only limited use for TDD WiMAX and TDD LTE in 
a few locations. 

Given that the centre gap would be being used by DTT and providing value to citizen 
and consumers the onus is on Ofcom to avoid a similar situation arising with the 
centre gap spectrum. 

e. Current evidence for adoption of SDL by other countries in the 2020 timeframe 

We believe that the combination of the above factors would strongly suggest a limited 
appetite among MNOs and administrations to roll out SDL-based services as early as 
2020. This is reflected in the international discussions surrounding the clearance of 
the 700 MHz band. In particular, whilst it may be possible to argue that SDL may prove 
to be the long–term favoured use of the centre gap, it is noteworthy that views and 
opinions among EU administrations are relatively unformed and, if anything, appear 
to be fragmented. Moreover there does not appear to be any real evidence to suggest 
that MNOs are gearing up to provide services based on SDL spectrum in the 2020 
timeframe.  

This matters as Ofcom’s cost benefit analysis sets out a benefit for SDL use of the 700 
MHz centre gap which is predicated on total EU-harmonisation of the frequencies for 
SDL. This is equivalent to the value ascribed to the EU-wide harmonised L-Band. 
However, the reality is that there will be significant hurdles to overcome before such 
harmonised conditions will be met and these will likely mean that centre gap SDL-
based services will not be available anywhere close to 2020. 

Ofcom itself admits that “it is not yet clear what decisions individual member states 
will take about future use of the centre gap”. We agree with this and are, therefore, 
unclear whether the harmonised L-Band is an appropriate proxy for the value of the 
centre gap and/or whether the supposed availability in 2020 can be substantiated.   

The European Commission harmonisation Decision on the 700 MHz band was agreed 
at the Radio Spectrum Committee on 27 April 2016. That Decision set out four 
possible uses of the centre gap, namely SDL, Machine to machine, PPDR and PMSE. 
The RSC, additionally, provided for interim extended DTT use of the centre gap under 
certain conditions.  

At the 30 November 2015 meeting of the RSC, Member States gave their views on the 
draft Decision on the harmonised conditions for using the centre gap. One of the 
striking outcomes of that discussion was the variety of views that Member States set 
out for how that spectrum should be used and the commitment that the use of this 
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spectrum should reflect national factors as opposed to a one-size-fits-all approach. Of 
those few Member States who expressed a preferred use for the spectrum, there was 
by no means a consensus at that stage that SDL would be the widespread use. For 
example, Austria and Portugal suggested that their focus would be to open up the 
spectrum for PMSE use.  

Germany is one country which has signalled an intention to use the centre gap for 
SDL-based services. It is likely to auction the frequencies next year. However, it is 
striking that the legal, regulatory and technical conditions for the award have not yet 
been formally discussed and that exploratory workshops with industry will not begin 
on this until later this year. Ofcom should note that L-Band spectrum was auctioned in 
Germany in June 201515 and, to date, no respective SDL-based services have been 
introduced.  

This strongly suggests (in the context of the evidence provided by PA Consulting) that 
the prospect of parallel SDL-based services, supported by centre gap spectrum, being 
available for consumers as early as 2020 is highly unlikely. 

By contrast, France has given a far firmer view on what its principal use of the centre 
gap should be and is pushing the PPDR option at a number of international forums. 
For example, in CEPT group FM49, France is leading the efforts to secure a 
harmonised approach to PPDR deployment using both the guard band spectrum 
between 694-703 MHz and the 700 MHz centre gap. 

The PPDR approach is gaining traction with other Member States. We consider that 
this growing interest is highly significant. Ofcom states in paragraph 2.19 of its 
consultation that the four candidate services for use of the centre are “not mutually 
exclusive” and then goes on to state that: “For example, member states could choose 
to use 15MHz of the centre gap for SDL and 5MHz for emergency services 
communications.”        

Ofcom may be premature in asserting this. CEPT report 239 looked at this issue and 
assessed whether PPDR could co-exist with SDL services in the 700 MHz centre gap. 
According to the Executive Summary of that Report: “Compatibility between PPDR UL 
and SDL (MFCN Supplemental Downlink) depends on the scenario which is targeted. It 
is feasible for an SDL BS to fulfil the out-of-block power limit defined in 
ECC/DEC/(15)01 [1] towards PPDR UL in 733-736 MHz, assuming a 15 dBi antenna 
gain. There is no blocking requirement for PPDR UL Rx in the ECC Decision and thus the 
PPDR BS Rx filter was not analysed for this scenario. However, it is recognised that the 
PPDR BS Rx filter is needed.  

If the 3GPP minimum requirements for coexistence are to be fulfilled, it is feasible to 
create SDL Tx and PPDR BS Rx filters with enough rejection. However, the insertion loss 
in PPDR UL will be higher than standard. In the case of colocation between PPDR and 
SDL, then more than 2 MHz separation is needed [our emphasis]. The exact level of 
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 L-Band was auctioned in Germany with the 700, 900 and 1800 MHz bands 
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guard-band beyond 2 MHz for site solutions with external filters has not been 
investigated in this report. Another way to manage colocation may be to rely on 
different site solutions, e.g. by using appropriate antenna physical separation.”  

What the above means, in essence, is that compatibility is not clear cut at all between 
PPDR and SDL. The necessary studies have not yet taken place and the 2 MHz guard 
band being proposed may not be enough to prevent harmful interference between 
services. As a result, it is unclear whether all 15 MHz of spectrum (3x 5 MHz blocks) 
identified for SDL would be available in reality. Some initial discussions within CEPT 
have suggested that one or even two of the 5 MHz blocks may need to be suppressed 
to avoid harmful interference to adjacent PPDR services.  

It is, therefore, unclear under what circumstances PPDR and SDL could co-exist in 
reality. Certainly, a great deal of technical work needs to be undertaken before any 
deployment of either service would be viable. This is a time consuming process taken 
at CEPT level and which will doubtless be contentious as competing interests promote 
their favoured services. 

One point which is clear, however, is that France (in particular) and other countries 
are focusing on PPDR as a priority service and any parallel commitment to SDL is (at 
best) weak at present. In the event that there proves to be compatibility issues 
between PPDR and SDL, then we believe on existing evidence that a number of 
administrations may pursue PPDR and forego SDL. This would clearly have a significant 
impact on the value and benefit of SDL services across the EU.   

These developments speak more broadly to the general uncertainty of the use of this 
spectrum, particularly in the ambitious timelines that Ofcom’s proposals sit within. 
They support our view that Ofcom needs to reconsider its approach and provide 
additional certainty to DTT to access the centre gap for an extended period. 
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6. Perspectives on the decision-making context 
 
In this section we set out our perspective on Ofcom’s approach to its decision-making 
on varying the terms of Arqiva’s interim HD multiplex licence and the international 
context. In general, we are concerned at the approach followed from both a legal and 
policy perspective and worried about the precedent it sets around future licensing of 
WT Act licences. We also review the latest developments in international discussions 
around 700 MHz Clearance and the use of the centre gap which, in our view, confirm 
that Ofcom has flexibility in the decision it takes in this area and that it can opt to 
extend the use of the centre gap by DTT if it is so minded.  

a. The domestic perspective to Ofcom’s decision  

Ofcom’s proposal to vary our WT Act licence raises a number of concerns for us from 
both a legal and policy perspective.  

Our concerns are in the context of our current best estimates suggesting that moving 
the interim HD multiplexes from their current spectrum will lead to a loss in 
performance, in terms of coverage, capacity of the multiplexes and reach given that 
some viewers will not be able to receive the multiplexes with their existing aerials.   

 

We would remind Ofcom that it stated in its 2013 statement, Award of the 600 MHz 
band:  “we believe the commercial case for establishing temporary DTT multiplexes is 
marginal at best.16”  

As a result of this, any action which reduces capacity, coverage and reach has a clear 
impact on the commercial viability of the services being provided  

As set our below we also have specific legal and policy concerns and on the potential 
precedent it sets in the award of licences. 

Legal concerns 

In July 2013, Ofcom issued Arqiva with a WT Act licence to enable the use of the 600 
MHz band for DTT services. That licence clearly set out that Ofcom would not revoke 
the licence on spectrum management grounds until 31 December 2018 at the earliest. 
Our clear expectation was therefore that we would be allowed to monetise our 
investments in the 600 MHz band for that whole period. 

Also in July 2013, Ofcom stated in Award of the 600 MHz band that it wished to 
introduce flexibility into our licence by enabling substitute frequencies to be given to 
us to expedite clearance of the 700 MHz band. At that time, Ofcom stated: “whilst it is 
possible that we may require early access to some 600 MHz frequencies under certain 
scenarios, these are not the most probable scenarios.”   

Given that there are no existing international obligations in place to clear the 700 MHz 
band earlier than the originally planned date of 2021, it is unclear to us what triggered 
Ofcom to change its approach and seek to accelerate clearance. In other words, 
Ofcom does not “require early access” to the 600 MHz band. Our assumption, 
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 Paragraph 2.66. 
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therefore, is that the proposed variations are for economic reasons alone. We 
consider that this can reasonably be construed as spectrum management purposes.  

Given the reduction in capacity, coverage and reach that will occur as a result of 
Ofcom’s proposal from the start of accelerated clearance events (early 2018) until 
December 2018 this will have a material impact upon our ability to realise the original 
investment case which Ofcom itself stated was marginal; therefore, this proposal sits 
very uneasily with the terms of the original award.      

Policy concerns 

In the Award of the 600 MHz band statement Ofcom set out a clear process that it 
would seek to follow in the event that it decided to vary our licence. It stated that “it 
would be in the interests of all parties involved in any DTT re-planning, including the 
holder of the 600MHz interim DTT licence, for progress to be made with mutual co-
operation.”17 

Ofcom then went on to state that it would adopt three principles before pursuing the 
process of variation, namely: 

 If retuning activity becomes necessary, Ofcom would aim to commence this in 

areas of the country where there are no 600MHz interim HD multiplexes being 

broadcast;  

 If access to 600MHz frequencies was required where interim HD multiplexes are 

being broadcast, Ofcom would seek to avoid the most populous areas (i.e. those 

areas of most significance for the licensee) until after 2018; and  

 Where it was unavoidable for Ofcom to have access to frequencies in the 600MHz 

band Ofcom would, where possible, seek to make alternative frequencies available 

for the DTT services provided under the 600 MHz licence. 

It is, therefore, regrettable that Ofcom has not engaged with us on the proposed 
policy of this variation in line with the first two principles it set out in 2013. It has, 
furthermore, to date, not sought our consent for the variations as it suggested it 
would do in paragraph 3.7 of the same document. 

Precedent 

Asides from the specific concerns that we have outlined above, this has added 
additional risk to the commercial basis for our investment. Ofcom may wish to 
recognise the potential for an unhelpful precedent in its future issuing of WT Act 
licences. Licences enable investment decisions to exploit commercial opportunities by 
providing regulatory certainty. In this circumstance, Ofcom may consider that it is 
acting within the letter of the law, but the way it is proposing to intervene in this case 
is certainly against the spirit of the original award.   
 
b. International context to the decision  

                                                 
17 Paragraph 3.8 
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Ofcom sets out the international background to 700 MHz harmonisation discussions in 
Section 2 of its consultation. In the period since that consultation was published the 
various international work strands have progressed.  

As described by Ofcom there are two distinct but clearly related primary Decisions on 
the UHF band under discussion within the EU institutions, namely: 

 The draft proposal on future use of UHF, including the deadline for releasing the 

700 MHz band; and 

 The harmonisation Decision on the technical conditions for the 700 MHz band, 

including the centre gap.  

We recognise the importance of these Decisions as they will set the parameters for 
future UK decisions on when the 700 MHz band will be cleared and what future 700 
MHz services will look like. We accept that it will ultimately be for the UK to decide 
what services will be allowed to use the centre gap, within the constraints set out by 
the EU. However, our reading of these processes is that, at this current time, there is 
nothing that prevents the interim HD multiplexes from remaining in the centre gap 
beyond the end of Q1 2020 and proposals for them to remain there until at least the 
end of 2022 are consistent with the developing international picture.  

Draft proposal on future use of UHF 

The European Commission’s original consultation proposal in January 2016 on clearing 
the 700 MHz band set out, amongst other things, that the deadline for clearing the 
700 MHz band should be 30 June 2020. Since that time, we have met with key 
stakeholders in the European Commission, European Parliament and (together with 
our colleagues at the EBU and BNE) engaged with individual administrations. We have 
also monitored outputs from the European Council working groups and relevant 
Parliament committees who are dealing with this proposal. 

There is clearly a great deal of work to be done in securing an agreed position. 
However, it is apparent that there is strong support for a counter proposal for a 700 
MHz deadline which is aligned with the principles of the Pascale Lamy High Level 
Group in 201418 and the Radio Spectrum Policy Group opinion on the UHF band. This 
would see a deadline for clearing DTT from the 700 MHz band in 2022. For example, 
the recent draft proposal from the EP Culture Committee clearly set out a late 2022 
deadline for 700 MHz clearance19. We also understand that the relevant Council 
Working Group will publish its proposed amendments to the legislation in late May 
and this will also include reference to the 2022 deadline date. 

We cannot pre-empt the final legislative details but it is clear that we cannot at this 
stage preclude the very real possibility of a later deadline for 700 MHz clearance than 
that set out by the European Commission in its consultation document. 

Harmonisation Decision on the technical conditions for the 700 MHz band 

                                                 
18

 Results of the work of the High Level Group on the future use of the UHF band (470-790 MHz) by 
Pascal Lamy. 
19

 http://www.europarl.europa.eu/committees/en/CULT/home.html.  
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In Ofcom’s consultation, it stated that the Radio Spectrum Committee (RSC) draft 
decision on 700 MHz harmonised technical conditions was restricting use of the 
centre gap to four services, namely Public protection and disaster relief (PPDR), 
Programme making and special events (PMSE), Machine to Machine communications; 
and LTE Supplemental downlink (SDL). 

This Decision was finalised at the 27 April RSC meeting and confirmed these uses. 
However, we also note that the final explicitly allowed for the extended use of DTT in 
the centre gap for an interim period and under exceptional circumstances.20  

Given that Arqiva has a licence to transmit DTT services in the 600 MHz band which 
expires at the end of 2026 and this was issued to deliver public policy goals relating to 
the take up of HD services on the DTT platform, we consider that this can reasonably 
be designated as an exceptional circumstance, particularly if the designated 
alternative long-term use is not yet proven or likely to be ready.  
 

  

                                                 
20

 Recital 9 states that “Member States may exceptionally and on an interim basis use for DTT services 
portions of the 700 MHz frequency band outside the core arrangement in order to facilitate the timely 
transition from terrestrial television broadcasting in the band, as appropriate in light of national 
circumstances for example in regard to modifying rights of use of spectrum for DTT services”  
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7.  Specific responses to Ofcom’s questions 

Question 1: Do you agree with our provisional assessment of the case for 
accelerating completion of the 700 MHz clearance programme by varying the 
frequencies allocated to the interim HD multiplexes?  

Arqiva has been supportive towards Ofcom with its objectives to accelerate the 
clearance programme. We have worked, along with the other multiplex operators and 
in our capacity as a transmission provider and multiplex licence holder to design a 
timetable and programme of works that aims to deliver Ofcom’s objectives.  

Whilst we are cautiously supportive of Ofcom’s proposals on acceleration we wish to 
note a number of points: 

 If Ofcom wishes to accelerate the 700 MHz programme it needs to ensure that the 

DTT platform, viewers and channels are protected as far as they can be and no 

undue risks are taken over service reliability and platform performance. To this 

end, to allow time for detailed analysis and design, it is vital that the overall 

requirements are stabilised as soon as possible to avoid rework and delay;  

 The relocation of the interim HD multiplexes to the centre gap throughout the 

Clearance Programme is an intrinsic element of the current rollout plan (version 

D22) and implementation and planning activities are based upon this requirement. 

Should the centre gap not be available to the interim HD multiplexes, the rollout 

plan would need to be revised and Clearance events will be unable to commence 

prior to 2019; 

 The interests of viewers need to be paramount and, as the programme develops, if 

there is a choice between imposing unnecessary disruption and speed of 

execution, Ofcom needs to prioritise the former. There remains a possibility that 

potential disruption caused by 700 MHz Clearance may lead to a requirement to 

review of the pace of Clearance events;  

 700 MHz Clearance is not like digital switchover; viewers and the platform does 

not benefit from the changes. This needs to be borne in mind through the design 

of the programme and Ofcom and DCMS needs to ensure that whilst acceleration 

is the objective that the parties who do not gain any benefit are not expected to 

pick up any of the costs or face undue disruption as a result; 

 The proposed accelerated timetable contains limited or no real contingency and 

therefore contains increased delivery risks. This includes the removal of much of 

the weather contingency. As such, delivery risks are higher than in any previous 

clearance programme. If serious issues such as extended period of poor weather 

over multiple seasons then there is a substantial possibility that the accelerated 

timetable cannot be met; 

 To minimise these risks Ofcom needs to ensure that the 700 MHz work is able to 

commence as soon as possible and that a flexible approach to programme 

management is adopted to avoid any unnecessary delays throughout the 

programme. Ofcom and DCMS must also ensure the appropriate levels of 
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resources to deliver the programme and address any unforeseen challenges that 

might arise as the programme develops; 

 The complexity of the 700 MHz programme and potential delays (caused by 

weather or planning complications) makes it beneficial to plan for a Clearance 

start date as soon as reasonably possible which necessitates the use of the centre 

gap for the interim HD multiplexes. An earlier start date provides some degree of 

flexibility during the Clearance Events to accommodate unexpected issues (e.g. 

including those relating to viewer support and unscheduled protected events) 

whilst allowing completion by a reasonable end date. If there are delays to the 

start date this would be highly likely to cause the end date to be delayed further 

into the future. Ofcom will need to keep this under close review and ensure it has 

some flexibility as to the end date and release of spectrum. 

Question 2: Do you have any comments on our provisional assessment of the 
implications the proposed accelerated clearance would have for PMSE users?  

Arqiva does not have any points it wishes to make around PMSE. 

Question 3: Do you agree with our provisional assessment that SDL is likely to 
represent the optimal use of the centre gap?  

We do not believe that Ofcom has presented sufficient evidence to make the case 
that SDL represents the optimal use of the centre gap, and has certainly presented no 
evidence that such services would be ready or required by 2020. As presented by the 
evidence in this response, we believe there is significant uncertainty as to whether 
SDL will be commercially viable by 2020 and there is a lack of evidence of demand 
particularly given other more established and well developed options mobile 
operators have to deliver additional network capacity. This issue is covered in section 
5 and in the supporting Appendix in the report prepared by PA Consulting. 

Question 4: When is the demand for spectrum for SDL first likely to arise?  

We believe that demand for spectrum for SDL is unlikely to occur until after 2022 and 
potentially some time beyond. We address this issue in detail in section 5 of our 
response and in the supporting Appendix in the report prepared by PA Consulting. 

Question 5: Do you agree with our provisional view that the interim HD multiplexes 
should not operate in the centre gap beyond the end of Q1 2020 (that is, shortly 
before we expect the 700 MHz band to become available for mobile data, in line 
with our proposals)?  

No. We do not agree with this view for the reasons set out in the body of our 
response. In section 3 we make the case that the interim HD multiplexes provide 
considerable value to viewers, broadcasters and that they support the health of TV 
platform competition in the UK and there are risks that DTT would be damaged if they 
end before the platform or individual multiplexes could realistically migrate to DVB-T2 
which, we estimate, will be the end of 2022 at the earliest. Furthermore as we cover 
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in section 4 and section 5 we do not agree with Ofcom’s assessment as to the demand 
and readiness of SDL by 2020 and its concerns around potential interference from DTT 
into the 700 MHz band. Ofcom does not present sufficient evidence to support either 
its view or its concerns.   

In seeking to facilitate an earlier rollout programme Ofcom is proposing to relocate 
the interim HD multiplexes into the 700 MHz centre gap; this will enable the 
multiplexes to continue to deliver over 60% of the HD channels on the platform as 
well as a variety of SD channels bringing new channel choice and continuing to drive 
up DVB-T2 reception equipment.  In subsequently proposing to withdraw the centre 
gap spectrum from the interim HD multiplexes in 2020 Ofcom must present evidence 
that proves significant demand for SDL, with committed roll-out timescales and which 
matches the availability of technology and commitment to invest by the operators 
before it withdraws the spectrum from use by the interim multiplexes. 

We believe there is a significant risk that the centre gap spectrum will remain fallow 
for many years if Ofcom awards it to SDL for use from 2020.  Ofcom must be certain, 
and take all appropriate steps to prevent regulatory failure occurring in this instance. 

Question 6: Do you have any evidence/analysis on the scale of the risk of DTT 
services in the centre gap causing harmful interference to mobile data services in 
the paired part of the 700 MHz band?  

We do not believe that there will be unmanageable or significant interference into the 
paired part of the 700 MHz band arising from DTT’s continued use of the centre gap. 
We cover this issue in detail in section 4 of our response and provide supporting 
evidence and analysis in the accompanying papers in the Appendix to our response 
prepared by both Arqiva and PA Consulting. 

We do not believe that Ofcom has presented sufficient evidence or made the case 
that DTT will cause harmful interference into the paired part of the 700 MHz band and 
therefore in the light of the evidence presented in this document request that Ofcom 
reconsiders its own analysis in this area. 

Question 7: Do you agree with our working assumption that there will be significant 
demand for SDL spectrum in the centre gap in the early 2020s?  

No. See question 4 above and section 5 of our response for a detailed discussion on 
this topic and supporting information in the Appendix in the report by PA Consulting. 

Ofcom’s consultation document presented very little evidence to support its working 
assumption. We request that Ofcom reconsider its working assumption in the light of 
evidence received during this consultation and performs adequate investigative 
checks in relation to any evidence presented which supports release of the capacity 
for SDL from 2020. 

Question 8: Do you have any further comments or views on other aspects of this 
consultation which are not covered above? 

See the main body of our response.  
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8. Appendices / supporting information 
 
A. DTT in the centre gap compatibility with LTE – technical report by Arqiva 
 
B. The readiness of SDL and interference issues – report by PA consulting 
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A1:1 Summary 

This report provides an overview and description of analysis undertaken by Arqiva to investigate 
the potential for interference from the use of DTT in the 700 MHz centre gap. We have looked in 
detail at the potential impact on the operation of LTE base stations and handsets in the 700 MHz 
spectrum. The results indicate that DTT can co-exist in the centre gap alongside 700 MHz LTE FDD 
services. The risks of interference are limited and straightforward to manage. 

On the base station side, we find that although base station filtering needs to be improved relative 
to the 3GPP minimum specification, improvement is also needed to allow co-existence with DTT 
operation in channel 48 and any operation of SDL in the centre gap. Filtering to enable co-
existence with DTT in channel 48 could easily protect the 700 MHz LTE base station receiver from 
DTT deployed in the centre gap without adding to cost or losses normally associated with 
deploying additional filtering. Similarly, filtering deployed to protect 700 MHz FDD from SDL in the 
centre gap would protect 700 MHz FDD from DTT. As filtering is required to protect the base 
station receiver from services operating both above and below the 700 MHz LTE FDD uplink band 
it would appear sensible to install a single band pass filter when the base station is deployed. 

On the handset side, the 700 MHz LTE downlink is constrained by the relatively poor filtering of 
the LTE handset whether the interfering service is LTE FDD, LTE SDL or DTT in the centre gap. 
Analysis using generic parameters shows a risk of DTT blocking interference to LTE handsets at 
locations with low LTE signal strengths. But, as practical mobile networks are planned to provide 
the higher signal levels needed to penetrate vehicles and buildings, in practice very few locations 
will be at risk of DTT blocking interference.  

Coverage prediction studies based on realistic mobile and DTT network site locations show 
potential impact to LTE handsets at only a few scattered locations, which represent less than 
0.01% of the UK area and less than 0.003% of the population. Locations at risk of interference are 
those with relatively poor LTE coverage, which generally are those with little or no population.  

This is consistent with the experience of 800 MHz LTE where LTE handsets are already operating in 
spectrum adjacent to DTT services. 800 MHz LTE has been rolled out across Europe and there have 
been no reported problems. The DTT adjacent to 800 MHz is transmitted at higher powers than 
those proposed for DTT in the centre gap, so it is not expected that DTT in the 700 MHz centre gap 
will cause problems. 

Our analysis of the potential impact of SDL in the centre gap indicates that ‘hole punching’ in the 
LTE FDD coverage around SDL base stations is likely if the FDD and SDL base stations of different 
operators are not co-located. We note that the number of SDL base stations will be much larger 
than the number of centre gap DTT sites, so any interference risk is spread over the whole 
country. This means the impact is potentially larger in scale than any risk of interference from 
centre gap DTT, which will only be around a limited number of DTT transmitter sites. 

We also note that there is potential for problems with intermodulation products if 700 MHz SDL 
and 700 MHz FDD base stations are co-located. We believe that resolving the technical issues of 
SDL and FDD coexistence will slow down any introduction of SDL. 
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A1:2 Introduction 

Following WRC-12 the frequency range 694 – 790 MHz was allocated on a co-primary basis to 
LTE in Region 1 (Europe, Africa, Arab states and the Russian Commonwealth); the allocation 
becoming effective following WRC-15. Whilst 96 MHz of spectrum has been identified for use 
by LTE, within Europe, to align with Asia and benefit from economies of scale, LTE services will 
align with the lower duplex pair of LTE Band 28, Figure 1.  
 

Figure 1 
Existing Spectrum usage, Band 28 arrangement and European 700 MHz band 

 
 
In Asia, with no deployment of 800 MHz LTE Band 20, Band 28 can be deployed in full, i.e. 2 x 45 
MHz with a 10 MHz centre (duplex) gap – an efficient use of valuable spectrum. The European 
arrangement, because of the prior deployment of 800 MHz LTE, assigns 2 x 30 MHz to LTE with 
a 25 MHz centre gap between the uplink and downlink frequencies and a 9 MHz guard band 
between the lower edge of LTE at 703 MHz and the upper edge of DTT channel 48 at 694 MHz. 
The European arrangement with such a large centre gap is not effective use of this valuable 
spectrum. 
  
To improve spectrum usage a number of potential additional applications have been identified 
that could make use of the centre gap and guard bands, the unused spectrum at either end of 
the 700 MHz LTE FDD band. As yet, though no decision has been formally made as to how the 
centre gap will be used, options are being limited to LTE specific solutions by decisions which 
seek to harmonise usage of the 700 MHz band across Europe.  
 
Whilst the long term aim is to use the 700 MHz band for applications based upon LTE, in the 
short to medium term there would be benefit to the UK in allowing broadcast services 
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continued access to channels 55 and 56. These channels, which sit within the centre gap, could 
continue to be used by DTT services whilst operating in parallel with Band 28 LTE services 
without causing undue interference, Figure 2. 
 

Figure 2 
Proposed DTT transitional use of the centre gap 

 

 
 
Continued access to these channels by DTT would enable early clearance of the 700 MHz band 
whilst maintaining the full range of existing DTT services. It would also permit continued 
operation of the interim HD multiplexes – Com 7 and 8 - beyond clearance up to a point that a 
full transition of all or some of the DTT platform to the more efficient DVB-T2 standard could be 
made. 
 
Use of the centre gap for DTT raises a number of questions about co-existence with LTE. This 
technical annex to Arqiva’s response to Ofcom’s consultation provides generic calculations that 
demonstrate that use of the centre gap for DTT should not be a problem. The annex contains 
six papers: 

 Four papers are generic studies, based on parameters used for modelling DTT to LTE and 

LTE to DTT compatibility in the ITU and CEPT, that use a minimum coupling loss 

approach, these papers cover: 

o Calculation of in-band noise in the LTE FDD uplink  

o Calculation of in-band noise in the LTE FDD downlink 

o Calculation of DTT blocking of the LTE FDD uplink  

o Calculation of DTT blocking of the LTE FDD Downlink 

 One paper is a more sophisticated study that assesses the potential impact of DTT on to 

the LTE downlink, based on a potential 700 MHz LTE deployment and the proposed 30 

site DTT deployment in the centre gap: 

o Coverage prediction analysis of potential interference from DTT in channel 56 to 

700 MHz LTE FDD Downlink 
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 One paper considers one of the practical issues associated with an LTE deployment, the 

management of inter-modulation products generated between services at an LTE base 

station: 

o Practical considerations for the deployment of 700 MHz FDD and SDL: The 

generation of intermodulation products 

Below we present an overview of the work:  

A1:3 Potential for interference into LTE 

In the absence of any other source of interference the ability to receive and decode a digital 
radio signal is determined by the system noise floor. Other unwanted radio signals that fall 
within the frequency range being received, raise the noise floor and reduce the ability to 
receive and decode the wanted signal. Equally a receiver, to avoid blocking, must be able to 
reject signals that belong to services in adjacent frequency bands. 
 
Ideally radio systems operating in adjacent radio frequency bands would not interfere with 
each other but practical limits on systems, in particular filter design, mean some signals ‘leak’ in 
to the adjacent band causing interference; effectively a raising of the noise floor desensitising 
services operating in adjacent band. This interference can be due to leakage in to the wanted 
band from the adjacent service (in-band noise) caused by the filter response of the adjacent 
service transmitter (sometimes also referred to as receiver desensitization) or because the 
wanted service receive filter doesn’t reject the adjacent service (referred to as receiver 
blocking) or, it can be a combination of both.  
 
The limitations imposed by filter designs are recognised and to manage operation in the same 
territory between adjacent services, guard bands or centre gaps are specified between services 
with limits being set on permissible levels of interference. 
 
For the efficient use of spectrum, whilst meeting permissible interference levels, filter response 
should be chosen to minimise the size of guard bands and centre gaps as these are effectively 
bands of ‘sterile spectrum’ that cannot be used for other applications; wasted spectrum. 
 
Even if circumstances dictate that a guard band or centre gap is unnecessarily large, for efficient 
use of spectrum, filter response should be such that another service could be accommodated 
within it without causing interference beyond permissible levels. An example of an 
unnecessarily large gap is the 25 MHz centre gap between the uplink and downlink in the 
European 700 MHz band.  
 
Without proper filtering, the centre gap would be sterile – a waste of 25 MHz of prime 
spectrum. Any service that wanted to operate within the centre gap, in order not to cause 
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undue interference to the 700 MHz base station uplink receivers, would be severely limited in 
the power it could operate at. Equally any receiver operating in the centre gap would be subject 
to high levels of interference from the 700 MHz base station downlink transmitters. 

To make better use of the 700 MHz spectrum within Europe, it has been proposed to use 20 
MHz of the centre gap for either supplementary downlink (SDL), Machine to Machine, PPDR, 
PMSE or interim extended use of DTT under certain circumstances.  

If used for SDL this could be split as 4 x 5 MHz blocks as set out in Figure 3, or fewer larger 
blocks.  
 

Figure 3 
Proposed SDL use of the centre gap 

 

 
 
In its consultation document, Ofcom1 sets out its view that SDL is the longer-term optimal use 
of the centre gap. Furthermore Ofcom don’t believe there will be a problem between SDL and 
the LTE uplink receivers §4.29 
 
‘…we have not identified any evidence of concerns relating to interference with mobile services 
that will be operating in the paired spectrum…’ 

It may be that no one has expressed a concern about interference but, with the gap between 
the upper edge of the 700 MHz uplink block (733 MHz) and the lower edge of the lowest SDL 
block (738 MHz) only being 5 MHz, for SDL to co-exist with the paired spectrum the filtering of 
the 700 MHz LTE base station receiver equipment will need to be improved well beyond the 
basic filtering detailed in the 3GPP specification. Without this additional filtering there is a 
significant risk that SDL will interfere with the 700 MHz LTE FDD uplink receiver.  

Non co-sited SDL will also have an impact on the 700 MHz LTE FDD downlink as a result of ‘hole 
punching’. 

 

                                                 
1
 ‘Maximising the benefits of 700 MHz Clearance’, Ofcom consultation, 11 March 2016. Pg27 §4.29 
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A1:3.1 Potential for DTT interference into Base Stations 

With respect to the uplink, whilst the generic studies show potential issues with blocking from 
services in the centre gap, operationally this would not be a problem. The potential for blocking 
applies to any adjacent service LTE SDL or DTT in the centre gap, because of relatively poor 
receiver filtering required by the basic LTE specification; in practice much better filters will be 
installed. 

Our studies described in papers 1 and 2 show that there is a theoretical risk of interference 
from centre gap DTT into LTE uplink but we find that there should be no impact in real 
networks. This applies to both uplink desensitization and blocking at the base station receiver. 

Paper 1 addresses desensitization caused by out-of-band DTT emissions (in-band noise) in the 
LTE uplink spectrum band. Analysis shows that desensitization would only have an impact 
where DTT transmitters operate at very high powers, or where low power (low tower) DTT sites 
are adjacent to LTE base stations. In practice this will not be a problem because DTT services in 
the centre gap do not operate at the maximum permissible powers and none of the interim HD 
multiplexes operate from stations employing low antenna heights. We also note that the 
potential impact is well below that expected from SDL. 

Blocking at the LTE base station receiver is discussed in paper 2. This is interference caused by 
the inability of the LTE base station receiver to reject unwanted signals from adjacent channels. 
Blocking from centre gap DTT is shown to be a potential risk only when the base station 
receiver filtering conforms to the basic LTE specification. However, this is unlikely to be the case 
as the base station filtering will need to be improved to allow operation with DTT services in 
channel 48 and below and with SDL, or any other, services if they are to be deployed in the 
centre gap at some stage. Such filtering would be sufficient to prevent blocking by DTT. As such, 
if a mobile network operator wishes to protect their service from SDL, at any future point, then 
there would be no additional cost or risk associated with an interim deployment of DTT in the 
centre gap.  

The results of the studies indicate that DTT in the centre gap can co-exist and operate alongside 
700 MHz LTE FDD services. Filtering will be required on the base station uplink receiver, but 
such filtering will, in any case, be required to protect the service from both DTT in channel 48 
and any eventual use of SDL or other services in the centre gap. 

A1:3.2 Potential for DTT interference into handsets 

With respect to the downlink, whilst the generic studies show potential issues with blocking 
from services in the centre gap, operationally this would not be a problem other than in a 
limited number of remote areas. The potential for blocking applies to any adjacent service LTE 
FDD, LTE SDL or DTT in the centre gap, because of relatively poor handset receiver filtering. The 
situation with 700 MHz LTE downlink is similar to the case of DTT transmitted adjacent to 800 
MHz LTE downlink where the service has been deployed across Europe with no reported 
problems. 
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Our studies described in papers 3, 4 and 5, show that there whilst there is a theoretical risk of 
interference from centre gap DTT into LTE downlink we find that there should be minimal 
impact in real networks that are actually deployed. This applies to both downlink 
desensitization (in-band noise) and blocking at the handset. 

Paper 3 addresses desensitization caused by out-of-band DTT emissions in the LTE downlink 
spectrum band. The analysis shows that desensitization could only have an impact where high 
DTT signal strengths are received at the handset. In practice, this will not be a problem because 
DTT signal levels are reduced close to the transmitter site by the narrow vertical pattern of the 
DTT antenna and by propagation losses due to local clutter. DTT signal strengths will be well 
below permissible levels. We also note that the potential impact is well below that expected 
from a LTE base station operating in an adjacent block. 

Blocking at the LTE handset is discussed in paper 4. This is interference caused by the inability 
of the LTE handset receiver to reject unwanted signals from adjacent channels. Blocking from 
centre gap DTT is shown to be a potential risk only in simplified generic scenarios. In principle, 
there could be blocking at locations where DTT signal levels are high and LTE signals are low 
and close to the minimum viable level. But, low LTE powers will be rare in practice because 
mobile networks are planned to provide the higher signal levels needed to penetrate vehicles 
and buildings and provide good network coverage. So, in practice very few locations will be at 
risk of DTT blocking interference. 

The analysis of downlink blocking is extended in paper 5, using predictions for networks with 

real site locations and realistic antenna patterns. Blocking interference is calculated using 

coverage predictions for nominal LTE and DTT networks. The assumed LTE base station network 

is based on an existing 900 MHz mobile network in the Ofcom sitefinder data. The scale of the 

predicted impact is small, representing less than 0.01% of the UK land area and less than 

0.003% of the population (amounting to around 646 households), primarily in remote areas. 

The reason for this small impact is that mobile network site density generally provides 

predicted LTE signal strengths higher than the minimum threshold used in the generic 

calculations of paper 4. Mobile base station sites are planned to ensure in-car and indoor 

coverage which requires higher signal levels to overcome penetration losses. This means that 

the DTT signal strengths from a realistic centre gap DTT network are not high enough to cause 

blocking problems. The few areas that are affected are small clusters of pixels scattered around 

the DTT transmitter sites. Many of these clusters of pixels are in remote open areas, away from 

roads and buildings.  
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Paper1: Calculation of DTT in-band noise in the LTE uplink based on MCL 

methodology 

1.0 Introduction 

The proposal to continue operation of the interim HD multiplexes in the centre gap beyond the 
start of 700 MHz FDD LTE would mean DTT channel 55 would be separated from the 700 MHz 
LTE uplink by 9 MHz. This is a similar situation to that which will exist between DTT channel 48 
and the lower edge of the 700 MHz LTE FDD uplink. Though the relationship with the uplink is 
the same as DTT channel 48, Ofcom have raised concerns about the compatibility between DTT 
in the 700 MHz centre gap and 700 MHz LTE FDD.   

Two mechanisms affect the LTE BS receiver performance, blocking caused by the inability of a 
receiver to reject unwanted signals from transmissions working on frequencies adjacent to the 
wanted, and desensitization caused by out-of-band emissions from adjacent band transmitters 
landing on the wanted frequencies (in-band noise). This paper deals with desensitization which 
is a function of the DTT transmitter out-of-band performance. 

CEPT Report 532, using a minimum coupling loss approach (MCL), established the baseline 
requirements for LTE base station (BS) out-of-band (OOB) emissions needed to protect LTE BS 
uplink receivers from LTE BS downlink transmitters. A similar methodology can also be used to 
assess whether a DTT transmitter, operating adjacent to the LTE uplink frequency block, would 
cause interference to the LTE uplink. This note summarises the result of such an MCL study 
based on generic DTT station parameters.  

2.0 Method 

Using an MCL approach the interfering signal at the LTE BS receiver due to a DTT transmitter 
located at distances ranging between 100 – 9000 metres from the LTE BS has been assessed.  
Calculations over a range of distances are required as the point of minimum coupling loss will 
depend on the vertical radiation pattern of the transmitting antenna and the difference in 
height between the DTT transmitting antenna and the LTE BS antenna. As this is a generic 
calculation with no information on terrain or clutter, a free space, ‘flat earth’, approach is used 
for calculating the path loss. As such levels of interference predicted will be higher than those 
typically encountered in a real environment; this is a ‘worst case’ analysis. Whilst such an 
approach may not be entirely representative of actual signal levels ‘on the ground’ it provides 
information on the upper bound of interference levels. Consequently if MCL calculations 
indicate that there isn’t a problem, one can have confidence that a ‘real world’ deployment will 
not cause interference.  

                                                 
2
 CEPT Report 53, Annex 3, Page 46, Derivation of BS baseline requirements for FDD uplink frequencies 
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3.0 LTE Base Station Parameters 

3.1 Base Station Baseline Requirements for FDD Uplink Frequencies 
For 700 MHz LTE BS, CEPT Report 53 adopted the same approach as used for 800 MHz LTE in 
CEPT Report 303 [2] for establishing the baseline requirements (BR) for FDD uplink frequencies. 
This approach is based on the MCL method for assessing a base station to base station, line-of-
sight interference scenario between a transmitting base station (BS) and a receiving BS from 
another operator separated by 100 m. Table 1: summarises the MCL calculation based on the 
principles in CEPT Report 30, although the frequency is changed to reflect the studied band. The 
main difference with CEPT Report 30 is the propagation loss which is 69.9 dB (instead of 71 dB); 
the feeder link loss it is not considered as measurements are made at the antenna connector. 

Table 1: 
Parameters for MCL calculation of BS to BS interference4 

Parameters Value 

Receiver bandwidth 
(nominal for 5 MHz channel BW)  

4.5 MHz 

Receiver noise figure 5 dB 

Receiver noise floor -102.5 dBm/5 MHz 

Protection ratio (INR) -5.8 dB 

Maximum received interference -108.3 dBm 

Pathloss 
(freespace, 750 MHz, 100m) 

69.9 dB 

Receiver antenna gain [including feeder loss] 15 dBi 

Receiver antenna gain at 0 degrees -3 dB 

Transmitter antenna gain at 0 degrees -3 dB 

The BS baseline requirement (BR) for the uplink frequencies is obtained using the assumptions 
in Table 1: 
Considering the following notations: 

ACIR  Adjacent Channel Interference Ratio 
ACLR  Adjacent Channel Leakage Ratio 
ACS  Adjacent Channel Selectivity 
e.i.r.p.tx5   Base station in-block e.i.r.p. 
GArx  Receiver Antenna Gain 
Gtxtilt  Tilting Gain of the TX antenna 
Grxtilt  Tilting Gain of the RX antenna 

                                                 
3
 CEPT Report 30, Section 6.4.1, Page 20, BEM baseline requirement for base stations 

4
 Based on CEPT Report 53, Annex 3, Table 54  

5
 CEPT Report 53, Annex 2, Section A2.1 Technical conditions for base stations, Page 42, ‘…The adoption of in-block power 

limits is not mandatory. In case an upper bound is desired by an administration, a value of 64 dBm/5 MHz per antenna may be 

applied…’  
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PL  Path-Loss  
NF  Noise Floor 
INR  Interference over Noise Ratio 

 
It is obtained: 

ACIR = e.i.r.p.tx +Gtxtilt -PL+GArx+ Grxtilt – (NF+ INR) 
ACIR= e.i.r.p.tx -3 -69.9+15 -3 – (-102.5 –5.8) = e.i.r.p.tx + 47.4 dB 

Considering;  

ACS=ACLR  

Then;  

ACLR = ACIR+3 = e.i.r.p.tx + 47.4 +3 = e.i.r.p.tx + 50.4 dB 

The BS baseline requirement (BR) can be therefore derived as: 

BR = e.i.r.p.tx – ACLR = e.i.r.p.tx – (e.i.r.p.tx + 50.4) = -50.4 dBm/ 5MHz 

[ACLR = ACS = e.i.r.p.tx – BR = 64– (-50.4) = 114.4 dB] 

The figure of interest in this calculation is the maximum received interference -108.3 dBm. 
If we allow for the receiver ACS, and assume that ACS = ACLR, then the maximum6 a DTT 
transmitter can put into an LTE receiver is -111.3 dBm.  

3.2 LTE BS to BS Geometry 
In establishing the baseline requirement the BS to BS receive and transmit antenna heights are 
the same, see Figure 1.  

Figure 1 
Basic Requirement BS to BS geometry 

 
 

  

                                                 
6
 LTE receiver ACS (111.3 dB) is significantly higher than the DTT transmitter ACLR so interference is dominated 

by the DTT ACLR. As such the limit on permissible interference from DTT can be higher and approach -108.3 dBm 

rather than -111.3 dBm. 

                                                                     

100 m 

LTE Tx LTE Rx 

30 m 
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3.3 LTE BS Antenna 
With respect to DTT, in particular the High and Medium power reference transmitters, the DTT 
antenna is significantly higher than the LTE antenna. Therefore knowledge of the LTE antenna 
VRP is required, this is documented in Table 2 & Figure 2. 

Table 2: 
Parameters for MCL calculation of BS to BS 

BS Antenna 

BS antenna pattern ITU-R F1336 with k=0.7 

BS antenna gain on horizon (down tilt) -3 dB (nominal 6° beam tilt)7 

BS antenna height 30m a.g.l. 

 
It should be noted that the ITU-R F1336 pattern represents an envelope which will not be 
exceeded by typical cellular antenna deployments. 

Figure 2 
ITU-R 1336 Tilted LTE Antenna Vertical Radiation Pattern above the horizon K=0.7 

 
  

                                                 
7
 Nominal 6° beam tilt based on value used in CEPT Report 53, Annex 6, Table 66. 
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4.0 DTT Reference Transmitter Configuration 

4.1 Generic DTT station configuration 
ITU-R Report 2383-0 provides generic reference broadcast transmitter configurations for use in 
compatibility studies. 

 High power 

 ERP: 200 kW 

 Effective antenna height: 300 m 

 Antenna height a.g.l.: 200 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical antenna aperture: based on 24 aperture with 1° 
beam tilt 

 Medium power 

 ERP: 5 kW 

 Effective antenna height: 150 m 

 Antenna height a.g.l: 75 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical: based on 16 aperture with 1.6° beam tilt 

 Low power  

 ERP: 250 W 

 Effective antenna height: 75 m 

 Antenna height a.g.l: 30 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical: based on 8 aperture with 3° beam tilt 
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4.1.1 Antenna Height 
ITU-R 1546-4 provides information on how to interpolate between antenna height above 
ground level and effective antenna height where no terrain information is available. When 
propagation predictions are being made, the height h1 (m) of the antenna above ground is 
calculated according to path length, d (km), as follows: 

 ahh 1     m for d  3 km  

 12/)3)((1  dhhhh aeffa    m for 3 km <d < 15 km  

Where: 
ha      is the antenna height above ground level. 
heff    is the effective antenna height   

4.1.2 Vertical radiation patterns 
The field strength in the vicinity of the broadcast transmitting station is a function of the 
vertical radiation pattern of the transmitting antenna. The equation below is an approximation, 
provided in ITU-R Report 2383-0, to be used for sharing studies. 

  
  














Sin
absE 

 
Where; 

    SinA  
and; 
 A = the antenna vertical aperture in wavelengths; 

  = the beam tilt below the horizontal. 

To allow for null fill the value of E() should not go below the value shown in Table 3. 

TABLE 3 

Null fill values to be applied to vertical radiation patterns 

 Limit on E() 

First null 0.15 

Second null 0.1 

 

For the third null and at all angles of   beyond the third null the value of E() should not fall 
below 0.05, see Figure 3. 

E() given above are linear values, to convert them to reduction values in dB the following 
equation is used: 

                        { ( )} 
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Figure 3 
Vertical pattern of DTT reference transmitters 

 

4.1.3 Depolarisation 
LTE systems are typically slant polarised, DTT systems are either vertically or horizontally 
polarised. When assessing the compatibility between DTT and LTE, 3 dB is normally included for 
polarisation discrimination between the slant LTE and either vertical or horizontal DTT systems.  
A value of 3 dB is arguably valid for all angles of elevation for a vertically polarised DTT system 
but will be less than 3 dB for horizontally polarised systems when the elevation angle (LTE to 
DTT) is more than a few degrees. The reduction in signal due to depolarisation when the DTT 
system is horizontally polarised at large angles is complicated but can be approximated by; 

DePolh = 3 * Cos(LTE) dB 
Where; 

LTE  = The elevation angle (+ve) from the LTE base station antenna to the DTT transmit 
antenna 

4.2  DTT to LTE BS Geometry 
With the BS to BS calculation the antenna are at the same height so the signal varies simply as a 
function of the separation of the two BS.  
With DTT as there is a height difference between the DTT antenna and LTE antenna the 
calculation is a little more complicated. With changing distance the elevation angle between 
the LTE and DTT antennas changes, Figure 4. This alters the vertical pattern discrimination 
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meaning the point of minimum coupling loss (maximum interference) may occur when there is 
some distance between the LTE BS receiver and the DTT transmitter. 

Figure 4 
DTT to BS geometry 

 

4.3  DVB Mask 
Out of band (OOB) emission limits of DTT transmitters used in compatibility studies are based 
on ETSI EN 302 2968. 

4.3.1 Out-of-band emissions 

4.3.1.1 Definition  
Out-of-band emissions are unwanted emissions which fall at frequencies separated from the 
centre frequency of the wanted emission by less than or equal to 250 % of the channel 
bandwidth. For the purposes of compatibility studies out-of-band emissions are emissions at 
frequencies outside the necessary bandwidth and within the frequency ranges f0 ± 20 MHz for 8 
MHz DTT channels where f0 is the centre frequency of the DTT channel, irrespective of the 
number of carriers employed. 

4.3.1.1 Out-of-band limits 
Out-of-band emissions limits are given as mean power level measured at the antenna port in a 
3 kHz bandwidth for the non-critical (Table 4) and critical (Table 5). It should be noted that 
these are the same as the GE06 masks but are referenced to a 3 kHz not 4 kHz measurement 
bandwidth and they extend to +/- 20 MHz not +/- 12 MHz. 
With respect to either DTT ch48 or ch55, across the first 5 MHz of the 700 MHz LTE uplink band 
the non-critical mask provides 78.8 dBc/5MHz and the critical mask 88.8 dBc/5 MHz.  

                                                 
8
 Draft ETSI EN 302 296v1 (2016), ‘Electromagnetic compatibility and Radio spectrum Matters (ERM); 

Transmitting equipment for the digital television broadcast service, Terrestrial (DVB-T and DVB-T2); Harmonized 

EN covering the essential requirements of article 3.2 of the Directive 2014/53/EU’  
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Table 4 

OOB emission limits for DVB-T/T2 transmitter non-critical 

Classification  8 MHz Channel, 
frequency difference 

from the centre 
frequency 

(MHz) 

Relative level  
(dBc/3kHz) 

Non-critical 
cases 

3,9 -34 

4,2 -74 

6 -86 

12 -111 

20 -111 

 

Table 5 

OOB emission limits for DVB-T/T2 transmitter critical  

Classification  8 MHz Channel, 
frequency difference 

from the centre 
frequency 

(MHz) 

Relative level  
(dBc/3kHz) 

Critical cases 3,9 -34 

4,2 -84 

6 -96 

12 -121 

20 -121 
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5.0 DTT compatibility with LTE 
As with the assessment of BS to BS compatibility carried out in CEPT Reports 53 and 30, a 
similar MCL calculation can be carried out between the reference DTT configurations and the 
LTE BS receiver. Whereas the BS to BS calculations were aimed at deriving an OOB limit for 
compatibility, in the case of DTT to BS we are checking, assuming the BS meets the base line 
requirements, whether DTT causes more interference than LTE. 

The interfering signal level at the LTE BS receiver is given by; 

IntSigLTERX = EiRPDTT - DTTfilter + DTTpattern() - Pol() - PathLoss(d,Freq) + LTEpattern() + LTEgain     dBm  
Where; 

IntSigLTERX Interfering signal level at the LTE Receiver due to the DTT transmitter 

EiRPDTT Maximum Radiated power of the DTT transmitter (dBm) 

DTTfilter Protection offered by the DTT filter (79dB Non-critical, 89dB critical) 

DTTpattern() Protection offered by the LTE antenna vertical radiation pattern (-ve 
value dB) 

Pol() Polarisation discrimination (typically between 0 - 3dB) 
PathLoss  Free space path loss 20*LOG10(d) + 20*LOG10(Freq) – 27.56 (dB) 

LTEpattern() Protection offered by the LTE antenna vertical radiation pattern (ITU-R 
F1336) (-ve value dB) 

LTEgain Gain of the LTE antenna including feeder losses (typically 15 dB) 

 Elevation angle LTE to DTT or declination DTT to LTE 

d Slant distance between DTT and LTE antennas (metres) 
Freq LTE 5 MHz block centre frequency (MHz) 
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6.0 Results 
The calculated signal from the DTT transmitter at the LTE receiver for the three DTT station 
reference configurations assuming the use of filters that meet the critical mask over LTE 
frequencies is shown in Figure 69. As the DTT channels in the centre gap will operate at lower 
powers than the reference configuration the levels of interference will be reduced, Figure 7. 

Figure 6 
DTT signal level at LTE BS receiver on the LTE frequency: DTT Critical Mask 

 

                                                 
9
 The irregularities in the plotted curves are a consequence of discrete sampling of the VRP and the use of the 

vlookup function in Excel. 
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Figure 7 
DTT signal level at LTE BS receiver on the LTE frequency: DTT Critical Mask and 6 dB reduction 

in DTT ERP 

 

7.0 Discussion 
The calculations, based on generic reference parameters, show that to limit interference to the 
same level as LTE BS baseline (CEPT Report 53) the radiated power of DTT transmitters will 
need to be reduced relative to the reference ERPs.  

- High power sites would need to be limited by 6 – 9 dB (ERP = 50 – 25 kW) 

- Medium power sites would need to be limited by 6 – 9 dB (ERP = 1.25 – 0.4 kW) 

- Low power sites would need to be limited by 10 – 13 dB (ERP = 25 – 12.5 W) 

Whilst a study based on generic parameters is of interest and shows that DTT can co-exist with 
LTE, as the level of interference is strongly dependent on the DTT and LTE vertical radiation 
patterns and the height difference between the DTT and LTE antennas, the impact from each 
DTT station should be considered on a case by case basis. Such analysis can use the same 
methodology but needs to consider actual DTT antenna patterns and real terrain. In either case, 
particularly with respect to the Medium and High power DTT scenarios, real life LTE antenna 
will typically provide more protection than assumed in these studies. 
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8.0 Conclusion 
CEPT Report 53 established the baseline requirements for LTE BS. This study shows that DTT 
deployed in the centre gap, albeit with some restrictions, will not cause more interference to 
LTE BS receivers than LTE BS transmitters conforming to the baseline requirement established 
in Report 53.  

However, as the interference is strongly dependent on the DTT and LTE vertical radiation 
patterns and the height difference between the DTT and LTE antennas each DTT station should 
be considered individually. 
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Paper 2: Calculation of DTT blocking of the LTE uplink based on MCL 

methodology 

1.0 Introduction 
The proposal to continue operation of the interim HD multiplexes in the centre gap beyond the 
start of 700 MHz FDD LTE would mean DTT channel 55 would be separated from the 700 MHz 
LTE uplink by 9 MHz. This is a similar situation to that which will exist between DTT channel 48 
and the lower edge of the 700 MHz LTE FDD uplink. Though the relationship with the uplink is 
the same as DTT channel 48, Ofcom have raised concerns about the compatibility between DTT 
channel 55 in the 700 MHz centre gap and 700 MHz LTE FDD.   

Two mechanisms affect the LTE BS receiver performance, blocking caused by the inability of a 
receiver to reject unwanted signals from transmissions working on frequencies adjacent to the 
wanted, and desensitization caused by out-of-band emissions from adjacent band transmitters 
landing on the wanted frequencies. This paper deals with blocking which is a function of the LTE 
BS receiver performance. 

Calculating the impact of blocking will depend on the assumptions made about LTE BS receiver 
adjacent channel selectivity (ACS) and the receivers blocking performance. ETSI TS 136 10410 
details the minimum requirements, the specification, for LTE base station (BS) receivers. 
However, BS that use equipment that only just meets this specification would be subject to 
interference from other operators 700 MHz base stations, FDD or SDL, that are located close by.  

To avoid such interference filtering on LTE BS receivers needs to be significantly better than the 
ETSI specification. An indication of how much better is provided in CEPT Report 5311. Report 53 
derives a Baseline Requirement (BR) for the level of out of block signal that an LTE BS 
transmitter can radiate and not cause interference to another base station receiver located at 
100m or more away. Interestingly, Report 53 provides no direct information on the level of 
filtering required at the BS receiver to co-exist with LTE BS transmitters of other operators. 
However, using the BR and the premise generally used in CEPT compatibility studies that 
systems are balanced, that is the burden of protection from interference is placed equally on 
the interferer and victim, the ACS/blocking performance of an LTE BS receiver can be derived. 

Report 53 used a minimum coupling loss approach (MCL) to establish the baseline 
requirements for LTE BS out-of-block emissions needed to protect LTE BS uplink receivers. A 
similar methodology, using LTE BS receiver ACS/blocking performance in the ETSI specification 
or derived from Report 53, can also be used to assess whether a DTT transmitter, operating 
adjacent to the LTE uplink frequency block, would cause interference to the LTE uplink.  

                                                 
10 ETSI TS 136 104, LTE; Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and 

reception 
11

 CEPT Report 53, Report A from CEPT to the European Commission in response 

to the Mandate, “To develop harmonised technical conditions for the 6941-790 MHz ('700 MHz') frequency band in the EU for 

the provision of wireless broadband and other uses in support of EU spectrum policy objectives” 
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This note summarises the result of such an MCL study based on generic DTT station 
parameters.  

2.0 Method 

Using an MCL approach the interfering signal at the LTE BS receiver due to a DTT transmitter or 
an LTE BS of another operator, located at distances ranging between 100 – 9000 metres from 
the LTE BS has been assessed.  Calculations over a range of distances are required as the point 
of minimum coupling loss will depend on the vertical radiation pattern of the transmitting 
antenna and the difference in height between the DTT transmitting antenna and the LTE BS 
antenna. As this is a generic calculation with no information on terrain or clutter, a free space, 
‘flat earth’, approach is used for calculating the path loss. As such, levels of interference 
predicted will be higher than those typically encountered in a real environment; this is a ‘worst 
case’ analysis. Whilst such an approach may not be entirely representative of actual signal 
levels ‘on the ground’ it provides information on the upper bound of interference levels. 
Consequently if MCL calculations indicate that there isn’t a problem, one can have confidence 
that a ‘real world’ deployment will not cause interference.  

3.0 LTE Base Station Parameters 

3.1 Base Station Adjacent Channel Selectivity and Blocking 
There is a considerable difference between the filtering required to meet the ETSI specification 
for LTE BS receiver ACS and blocking performance, which represents a minimum requirement, 
and the filtering required to allow co-existence with with other 700 MHz LTE BS as implied by 
CEPT Report 53. 

3.1.1 ETSI Specification 

Information on adjacent channel selectivity and blocking performance is provided in ETSI TS 136 
104, Section 7.6 and was defined as a mask in CEPT Report 53, Annex 6 Table 67, this is 
reproduced below, Table 1. 

Table 1 
LTE BS receiver mask based on ETSI TS 136 104 

Frequency offset (MHz) Rejection (dB) 

< -25 79.7 

-25 to -10 51.7 

-10 to -5 42.7 

-4.5 to 4.5 0 

5 to 10 42.7 

10 to 25 51.7 

>25 79.7 
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3.1.2 CEPT Report 53 

Whilst CEPT Report 53 does not directly define LTE BS receiver performance (ACS), it can be 
derived from the calculation provided for the transmitter BR. 

With respect to the BR for 700 MHz LTE BS CEPT Report 53 adopted the same approach as used 
for 800 MHz LTE BS in CEPT Report 3012. This approach is based on the MCL method for 
assessing a base station to base station, line-of-sight interference scenario between a 
transmitting BS and a receiving BS from another operator separated by 100 m. Table 2, 
summarises the MCL calculation based on the principles in CEPT Report 30, although the 
frequency is changed to reflect the studied band. The main difference with CEPT Report 30 is 
the propagation loss which is 69.9 dB (instead of 71 dB); the feeder link loss it is not considered 
as measurements are made at the antenna connector. 

Table 2 
Parameters for MCL calculation of BS to BS interference13 

Parameters Value 

Receiver bandwidth 
(nominal for 5 MHz channel BW)  

4.5 MHz 

Receiver noise figure 5 dB 

Receiver noise floor -102.5 dBm/5 MHz 

Protection ratio (INR) -5.8 dB 

Maximum received interference -108.3 dBm 

Pathloss 
(freespace, 750 MHz, 100m) 

69.9 dB 

Receiver antenna gain [including feeder loss] 15 dBi 

Receiver antenna gain at 0 degrees -3 dB 

Transmitter antenna gain at 0 degrees -3 dB 

The BS baseline requirement (BR) for the uplink frequencies is obtained using the assumptions 
in Table 2: 

Considering the following notations: 
ACIR  Adjacent Channel Interference Ratio 
ACLR  Adjacent Channel Leakage Ratio 
ACS  Adjacent Channel Selectivity 
e.i.r.p.tx14   Base station in-block e.i.r.p. 
GArx  Receiver Antenna Gain 

                                                 
12

 CEPT Report 30, Report from CEPT to the European Commission in response to the Mandate on “The identification of 

common and minimal (least restrictive) technical conditions for 790 - 862 MHz for the digital dividend in the European Union”, 

Section 6.4.1, Page 20, BEM baseline requirement for base stations 
13

 Based on CEPT Report 53, Annex 3, Table 54  
14

 CEPT Report 53, Annex 2, Section A2.1 Technical conditions for base stations, Page 42, ‘…The adoption of in-block power 

limits is not mandatory. In case an upper bound is desired by an administration, a value of 64 dBm/5 MHz per antenna may be 

applied…’  
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Gtxtilt  Tilting Gain of the TX antenna 
Grxtilt  Tilting Gain of the RX antenna 
PL  Path-Loss  
NF  Noise Floor 
INR  Interference over Noise Ratio 
 

It is obtained: 
ACIR = e.i.r.p.tx +Gtxtilt -PL+GArx+ Grxtilt – (NF+ INR)    
ACIR= e.i.r.p.tx -3 -69.9+15 -3 – (-102.5 –5.8) = e.i.r.p.tx + 47.4 dB 

Considering;  

ACS=ACLR  
Then;  

ACLR = ACIR+3 = e.i.r.p.tx + 47.4 +3 = e.i.r.p.tx + 50.4 dB 

The BS baseline requirement (BR) can be therefore derived as: 

BR = e.i.r.p.tx – ACLR = e.i.r.p.tx – (e.i.r.p.tx + 50.4) = -50.4 dBm/ 5MHz 

ACLR = ACS = e.i.r.p.tx – BR = 64– (-50.4) = 114.4 dB 

The figures of interest in this calculation are the maximum received interference -108.3 dBm 
and the baseline requirement of -50.4 dBm.  

The former defines the interfering signal level at the LTE BS receiver that should not exceed, 
whilst the later provides an indication of the necessary LTE BS transmitter ACLR and, if we 
assume a balanced system - one where the burden of protection from interference is placed 
equally on the interferer and victim, the LTE FDD BS receiver ACS. 

In such a case, with the ACS = ACLR, then the maximum15 an interfering transmitter can put into 
an LTE BS receiver is -111.3 dBm.  

  

                                                 
15

This figure derived for LTE receiver ACS (114 dB) is significantly higher than the DTT transmitter ACLR so 

interference in this case would be dominated by the DTT ACLR. As such, if the BS receiver has such an ACS then 

the limit on permissible interference from DTT can be higher and approach -108.3 dBm rather than -111.3 dBm. 
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3.2 LTE BS to BS Geometry 
In establishing the baseline requirement the BS to BS receive and transmit antenna heights are 
the same, see Figure 1.  

Figure 1 
Basic Requirement BS to BS geometry 

 

3.3 LTE BS Antenna 
With respect to DTT, in particular the High and Medium power reference transmitters, the DTT 
antenna is significantly higher than the LTE antenna. Therefore knowledge of the LTE antenna 
VRP is required, this is documented in Table 3 & Figure 2. 

Table 3 
Parameters for MCL calculation of BS to BS 

BS Antenna 

BS antenna pattern ITU-R F1336 with k=0.7 

BS antenna gain on horizon (down tilt) -3 dB (nominal 6° beam tilt)16 

BS antenna height 30m a.g.l. 

 
It should be noted that the ITU-R F1336 pattern represents an envelope which will not be 
exceeded by typical cellular antenna deployments. 
  

                                                 
16

 Nominal 6° beam tilt based on value used in CEPT Report 53, Annex 6, Table 66. 
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Figure 2 
ITU-R 1336 Tilted LTE Antenna Vertical Radiation Pattern above the horizon K=0.7 
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4.0 DTT Reference Transmitter Configuration 

4.1 Generic DTT station configuration 
ITU-R Report 2383-0 provides generic reference broadcast transmitter configurations for use in 
compatibility studies. 

 High power 

 ERP: 200 kW 

 Effective antenna height: 300 m 

 Antenna height a.g.l.: 200 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical antenna aperture: based on 24 aperture with 1° 
beam tilt 

 Medium power 

 ERP: 5 kW 

 Effective antenna height: 150 m 

 Antenna height a.g.l: 75 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical: based on 16 aperture with 1.6° beam tilt 

 Low power  

 ERP: 250 W 

 Effective antenna height: 75 m 

 Antenna height a.g.l: 30 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical: based on 8 aperture with 3° beam tilt 
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4.1.1 Antenna Height 
ITU-R 1546-4 provides information on how to interpolate between antenna height above 
ground level and effective antenna height where no terrain information is available. When 
propagation predictions are being made, the height h1 (m) of the antenna above ground is 
calculated according to path length, d (km), as follows: 

  ahh 1                    m for  d  3 km  

  12/)3)((1  dhhhh aeffa                    m for 3 km < d < 15 km  

Where: 
ha      is the antenna height above ground level. 
heff    is the effective antenna height   

4.1.2 Vertical radiation patterns 
The field strength in the vicinity of the broadcast transmitting station is a function of the 
vertical radiation pattern of the transmitting antenna. The equation below is an approximation, 
provided in ITU-R Report 2383-0, to be used for sharing studies. 

  
  














Sin
absE 

 
Where; 

    SinA  
and; 
 A = the antenna vertical aperture in wavelengths; 

  = the beam tilt below the horizontal. 

To allow for null fill the value of E() should not go below the value shown in Table 3. 

TABLE 3 

Null fill values to be applied to vertical radiation patterns 

 Limit on E() 

First null 0.15 

Second null 0.1 

 

For the third null and at all angles of   beyond the third null the value of E() should not fall 
below 0.05, see Figure 3. 

E() given above are linear values, to convert them to reduction values in dB the following 
equation is used: 

                        { ( )} 
 
  



Consultation on Maximising the benefits of 700 MHz clearance  

   
 

  Page 33 of 83 

 

Figure 3 
Vertical pattern of DTT reference transmitters 

 

4.1.3 Depolarisation 
LTE systems are typically slant polarised, DTT systems are either vertically or horizontally 
polarised. When assessing the compatibility between DTT and LTE, 3 dB is normally included for 
polarisation discrimination between the slant LTE and either vertical or horizontal DTT systems.  
A value of 3 dB is arguably valid for all angles of elevation for a vertically polarised DTT system 
but will be less than 3 dB for horizontally polarised systems when the elevation angle (LTE to 
DTT) is more than a few degrees. The reduction in signal due to depolarisation when the DTT 
system is horizontally polarised at large angles is complicated but can be approximated by; 

DePolh = 3 * Cos(LTE) dB 
Where; 

LTE  = The elevation angle (+ve) from the LTE base station antenna to the DTT transmit 
antenna 
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4.2  DTT to LTE BS Geometry 
With the BS to BS calculation the antenna are at the same height so the signal varies simply as a 
function of the separation of the two BS.  
With DTT as there is a height difference between the DTT antenna and LTE antenna the 
calculation is a little more complicated. With changing distance the elevation angle between 
the LTE and DTT antennas changes, Figure 4. This alters the vertical pattern discrimination 
meaning the point of minimum coupling loss (maximum interference) may occur when there is 
some distance between the LTE BS receiver and the DTT transmitter. 

Figure 4 
DTT to BS geometry 
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5.0 DTT compatibility with LTE 
As with the assessment of BS to BS compatibility carried out in CEPT Reports 53 and 30, a 
similar MCL calculation can be carried out between the reference DTT configurations and the 
LTE BS receiver. Whereas the BS to BS calculations were aimed at deriving an OOB limit for 
compatibility, in the case of DTT to BS we are checking whether DTT causes more interference 
than LTE. 

The interfering signal level at the LTE BS receiver from the DTT transmitter is given by; 

IntSigLTERXDTT = EiRPDTT + DTTpattern() - Pol() - PathLoss(d,Freq) + LTEpattern() + LTEgain- LTEfilter     dBm  

The interfering signal level at the LTE BS receiver from the LTE BS transmitter is given by; 

IntSigLTERXLTE = EiRPLTE + LTEpattern() - PathLoss(d,Freq) + LTEpattern() + LTEgain- LTEfilter     dBm  

Where; 

IntSigLTERXDTT Interfering signal level at the LTE Receiver due to the DTT transmitter 
IntSigLTERXLTE Interfering signal level at the LTE Receiver due to the LTE transmitter 

EiRPDTT Maximum Radiated power of the DTT transmitter (dBm) 
EiRPLTE Maximum Radiated power of the LTE transmitter (64 dBm) 

LTEfilter ACS/Blocking performance of the LTE BS receiver 

DTTpattern() Protection offered by the LTE antenna vertical radiation pattern (-ve 
value dB) 

Pol() Polarisation discrimination (typically between 0 - 3dB) 
PathLoss  Free space path loss 20*LOG10(d) + 20*LOG10(Freq) – 27.56 (dB) 

LTEpattern() Protection offered by the LTE antenna vertical radiation pattern (ITU-R 
F1336) (-ve value dB) 

LTEgain Gain of the LTE antenna including feeder losses (typically 15 dB) 
 Elevation angle LTE to DTT or declination DTT to LTE 

d Slant distance between DTT and LTE antennas (metres) 
Freq LTE 5 MHz block centre frequency (MHz) 
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6.0 Results 
The calculated signal levels, from an LTE BS (FDD or SDL) and DTT transmitters at the LTE BS 
receiver for the three DTT station reference configurations assuming that the LTE BS receiver 
meets the ETSI receiver specification are shown in Figure 617. Similarly, the signal levels at the 
LTE BS receiver, assuming that the LTE BS receiver has an ACS equal to the ACLR of the LTE BS 
transmitter as set out in the Baseline Requirement in Report 53, are shown in Figure 7. 

Figure 6 
DTT and LTE BS signal levels at LTE BS receiver: 3GPP LTE receiver specification 

  

                                                 
17

 The irregularities in the plotted curves are a consequence of discrete sampling of the VRP and the use of the 

vlookup function in Excel. 
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Figure 7 
DTT and LTE BS signal levels at LTE BS receiver: Based CEPT Report 53

  

7.0 Discussion 
The calculations show that for either scenario, when compared with DTT interference, LTE BS to 
BS interference dominates at distances up to 900m. The calculations also show that the basic 
ETSI receiver specification is insufficient to protect 700 MHz LTE BS receivers from interference 
from other 700 MHz FDD or SDL networks. If however, receiver filtering is based on the ACS 
derived from the Report 53 BR, i.e. ACS = ACLR = 114.4 dB, the LTE BS receivers will be 
protected from LTE and, if this filtering is designed to protect against SDL in the centre gap, it 
will also protect against DTT services. In this later case interference to the LTE BS receiver 
would be dominated by the DTT transmitter ACLR. 

Given the density of BS and the fact that different operators BS are usually sited within a few 
hundred metres or less of each other, some filtering will be required. It could be argued that if 
SDL were not deployed, then BS receive filter’s required to protect against 700 MHz LTE FDD 
transmitters will not have rolled off sufficiently to protect against DTT. Whilst this would be the 
case it is not aligned with Ofcom’s view of use of the centre gap. It must also be noted that 
filters will be required to protect LTE BS receivers from DTT services operating in channel 48.  
Whilst these filters could be asymmetrical in response and not protect against SDL, DTT or 
other services in the centre gap this would mean that the best part of 25 MHz of prime 
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spectrum would remain unused. Given the scarcity of spectrum this would be regulatory failure 
in the extreme.  

As some sort of filter has to be deployed it would be sensible to ensure that it protects against 
both DTT in channel 48 and any potential services that could be deployed in the centre gap. 
Such an approach would offer most flexibility and efficient use of scare radio spectrum. 

8.0 Conclusion 
For a 700 MHz LTE network to function, in the presence of other 700 MHz FDD or SDL networks 
the BS receiver filtering must be significantly better than required by the ETSI specification. 
Filtering deployed to protect against SDL transmitters operating in the centre gap would ensure 
that LTE FDD BS receivers are protected from DTT services deployed in the centre gap. 
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Paper 3: Calculation of DTT in-band noise in to the LTE FDD downlink 

based on MCL methodology 

1.0 Introduction 
The proposal to continue operation of the interim HD multiplexes in the centre gap beyond the 
start of 700 MHz FDD LTE would mean DTT channel 56 would be operating adjacent to the 700 
MHz LTE downlink with a 1 MHz guard band. This is a similar situation to that which currently 
exists between DTT channel 60 and the 800 MHz LTE downlink; where to date there have been 
no reports of interference18. Despite the similarities with 800 MHz LTE and even though the 
interim HD multiplexes operate at lower powers than the main multiplexes using channel 60, 
Ofcom have raised concerns about the compatibility of DTT with the LTE downlink.   

As the upper edge of DTT channel 56 aligns with the lower edge of the 700 MHz downlink 
frequencies, to provide a 1 MHz guard band between the two services – the same as between 
DTT channel 60 and 800 MHz LTE - it has been proposed to clip the top 1 MHz of the 8 MHz 
wide DTT channel. DTT channel 56 then effectively becomes a 7 MHz wide DTT channel, Figure 
1. 

Figure 1 
DTT channel 56 

 
Two mechanisms affect the LTE UE receiver performance, blocking caused by the inability of a 
receiver to reject unwanted signals from transmissions working on frequencies adjacent to the 
wanted, and desensitization caused by out-of-band emissions from adjacent band transmitters 
landing on the wanted frequencies. This paper deals with blocking which is a function of the 
DTT transmitter out-of-band performance. 

With respect to the out of band emissions (OOBE) of the DTT service interfering with LTE a 
minimum coupling loss (MCL) analysis, based on generic LTE & DTT station parameters has 
been carried out to determine both the DTT signal level and that of an adjacent LTE base station 
(BS) at the LTE user equipment (UE). Interference from the LTE base station has been calculated 

                                                 
18

 Contributions to CEPT SE7 by Orange document SE7(14)145, November 2014 and SE7(14)209, December 2014. 
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to allow a comparison between proposed supplementary downlink (SDL) use of the centre gap 
and DTT use of the centre gap. This note summarises the result of this analysis. 

2.0 Method 

Using an MCL approach the interfering signal at the LTE UE has been assessed from both an LTE 
BS transmitting SDL and a DTT transmitter with the LTE UE located at distances ranging 
between 100 – 9000 metres from the interferer.  Calculations over a range of distances are 
required as the point of minimum coupling will depend on the vertical radiation pattern of the 
transmitting antenna and the difference in height between the transmitting antenna and the 
LTE UE. As this is a generic calculation with no information on terrain or clutter, a free space, 
‘flat earth’, approach is used for calculating the path loss. As such levels of interference 
predicted will be higher than those typically encountered in a real environment; this is a ‘worst 
case’ analysis. Whilst such an approach may not be entirely representative of actual signal 
levels ‘on the ground’ it provides information on the upper bound of interference levels. 
Consequently if MCL calculations indicate that there isn’t a problem, one can have confidence 
that a ‘real world’ deployment will not cause interference.  

3.0 LTE Base Station Parameters 

Using an MCL approach, the maximum e.i.r.p provided in Table 1, the UE parameters in Table 2 
and the LTE BS antenna characteristics in Table 3. The interfering signal level at an LTE UE from 
a BS operating on the adjacent block can be determined from these three tables. 
 

3.1 LTE BS Transition Requirements 
For 700 MHz LTE CEPT Report 5319 provides information on the BS transition requirement (the 
power an operator is allowed to radiate in an adjacent block).  

‘The transitional region applies from 0 to 10 MHz below and above the block 
assigned to the operator, except in the uplink region of MFCN (703-733MHz)’ 

Table 1: 
BS transition requirements in the range 733 – 788 MHz 

Frequency Range Maximum e.i.r.p Measurement 
Bandwidth 

–10 to –5 MHz from lower block edge 18 dBm per antenna 5 MHz 

–5 to 0 MHz from lower block edge 22 dBm per antenna 5 MHz 

0 to +5 MHz from upper block edge 22 dBm per antenna 5 MHz 

+5 to +10 MHz from upper block edge 18 dBm per antenna 5 MHz 

 

                                                 
19

 CEPT Report 53, Section 3.3.2 ‘out of block e.i.r.p. limits’ ,Pg19, Table 17 - Transition requirements in the range 733 – 788 

MHz 
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3.2 LTE UE Parameters 
Table 2: 

UE Parameters for MCL calculation of interference 

Parameters Value Reference 

Receiver bandwidth 
(nominal for 5 MHz channel BW)  

4.5 MHz  

UE receiver reference sensitivity -98.5 dBm/5 MHz ETSI TS 136.101 table 7.3.1-1 
Reference Sensitivity Band 28 

Protection ratio (INR) -6 dB 1 dB desensitization 

Maximum received interference -104.5 dBm  

UE antenna pattern Omnidirectional CEPT Report 53 Table 59 

UE antenna gain  -3 dBi CEPT Report 53 Tables 59 & 66 

Body Loss 4 dB CEPT Report 53 Tables 59 & 66 

UE antenna height  1.5 m a.g.l. CEPT Report 53 Table 59 

 
The figure of interest is the maximum received interference -104.5 dBm. A further allowance 
has to be made for the receiver ACS. If it is assumed that ACS = ACLR20 in the receiver, then in 
the absence of any other sources of interference, the maximum an interfering transmitter can 
put into an LTE UE receiver to limit desensitization to 1 dB is -104.5 dBm – 3dB (Allowance for 
ACS) = -107.5 dBm.  

3.3 LTE BS to UE Geometry 
As the UE is below the height of the BS transmit antenna the signal level at the UE will vary with 
distance and change in the angle between the UE and the BS antenna, this is shown in Figure 2. 
As knowledge of the LTE antenna height and VRP is required to do the calculation this data can 
be found in Table 3 & Figure 3. 

Figure 2 

BS to UE geometry 

 
                                                 
20

 CEPT Report 30, Section 6.4.1, pg 21, ‘..the burden of protection from interference is placed equally on the 

interferer and victim...’. If ACS does not equal ACLR interference will be dominated by whichever is lower. 
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3.4 LTE BS Antenna 
Table 3: 

Parameters for MCL calculation of BS to UE 

BS Antenna 

BS antenna pattern ITU-R F1336 with k=0.7 

BS antenna gain on horizon (down tilt) -3 dB (nominal 6° beam tilt)21 

BS antenna height 30m a.g.l. 

It should be noted that the ITU-R F1336 pattern represents an envelope which will not be 
exceeded by typical cellular antenna deployments. 

Figure 3 
ITU-R 1336 Tilted LTE Antenna Vertical Radiation Pattern below the horizon K=0.7 

 
 

  

                                                 
21

 Nominal 6° beam tilt based on value used in CEPT Report 53, Annex 6, Table 66. 
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4.0 DTT Reference Transmitter Configuration 

Using an MCL approach, the DTT reference parameters (in this section) and the UE parameters 
in Table 2 the interfering signal level at an LTE UE from a DTT station operating on channel 56 
can be determined. 

4.1 Generic DTT station configuration 
ITU-R Report 2383-0 provides generic reference broadcast transmitter configurations for use in 
compatibility studies. 

 High power 

 ERP: 200 kW 

 Effective antenna height: 300 m 

 Antenna height a.g.l.: 200 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical antenna aperture: based on 24 aperture with 1° 
beam tilt 

 Medium power 

 ERP: 5 kW 

 Effective antenna height: 150 m 

 Antenna height a.g.l.: 75 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical: based on 16 aperture with 1.6° beam tilt 

 Low power  

 ERP: 250 W 

 Effective antenna height: 75 m 

 Antenna height a.g.l.: 30 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical: based on 8 aperture with 3° beam tilt 
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4.2 Antenna Height 
ITU-R 1546-4 provides information on how to interpolate between antenna height above 
ground level and effective antenna height where no terrain information is available. When 
propagation predictions are being made, the height h1 (m) of the antenna above ground is 
calculated according to path length, d (km), as follows: 

  ahh 1                    m for  d  3 km  

  12/)3)((1  dhhhh aeffa                    m for 3 km < d < 15 km  

Where: 
ha      is the antenna height above ground level. 
heff    is the effective antenna height   

4.3 Vertical radiation patterns 
The field strength in the vicinity of the broadcast transmitting station is a function of the 
vertical radiation pattern of the transmitting antenna. The equation below is an approximation, 
provided in ITU-R Report 2383-0, to be used for sharing studies. 

  
  














Sin
absE 

 
Where; 

    SinA  
and; 
 A = the antenna vertical aperture in wavelengths; 

  = the beam tilt below the horizontal. 

To allow for null fill the value of E() should not go below the value shown in Table 3. 

Table 4 
Null fill values to be applied to vertical radiation patterns 

 Limit on E() 

First null 0.15 

Second null 0.1 

 

For the third null and at all angles of   beyond the third null the value of E() should not fall 
below 0.05, see Figure 3. 

E() given above are linear values, to convert them to reduction values in dB the following 
equation is used: 

                        { ( )} 
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Figure 3 
Vertical pattern of DTT reference transmitters 
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4.4 DTT to UE Geometry 
With a height difference between the DTT antenna and LTE antenna the calculation is a little 
more complicated. With changing distance the elevation angle between the LTE and DTT 
antennas changes, Figure 4. This alters the vertical pattern discrimination meaning the point of 
minimum coupling (maximum interference) may occur when there is some distance between 
the LTE UE receiver and the DTT transmitter. 

Figure 4 
DTT to UE geometry 

                                    
 

4.5 Depolarisation 
LTE UE systems have no polarisation so for compatibility calculations are assumed to be 
co-polar.  

4.6  DVB Mask 
Out of band (OOB) emission limits of DTT transmitters used in compatibility studies are based 
on ETSI EN 302 29622. 

4.6.1 Out-of-band emissions 

4.6.1.1 Definition  
Out-of-band emissions are unwanted emissions which fall at frequencies separated from the 
centre frequency of the wanted emission by less than or equal to 250 % of the channel 
bandwidth. For the purposes of compatibility studies out-of-band emissions are emissions at 
frequencies outside the necessary bandwidth and within the frequency ranges f0 ± 20 MHz for 8 
MHz DTT channels where f0 is the centre frequency of the DTT channel, irrespective of the 
number of carriers employed. 

                                                 
22

 Draft ETSI EN 302 296v1 (2016), ‘Electromagnetic compatibility and Radio spectrum Matters (ERM); 

Transmitting equipment for the digital television broadcast service, Terrestrial (DVB-T and DVB-T2); Harmonized 

EN covering the essential requirements of article 3.2 of the Directive 2014/53/EU’  
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4.6.1.1 Out-of-band limits 
Out-of-band emissions limits are given as mean power level measured at the antenna port in a 
3 kHz bandwidth for the non-critical (Table 5) and critical (Table 6). It should be noted that 
these are the same as the GE06 masks but are referenced to a 3 kHz not 4 kHz measurement 
bandwidth and they extend to +/- 20 MHz not +/- 12 MHz. 

With respect to DTT channel 56 clipping the channel to 7 MHz and offsetting the upper edge of 
the mask by 1 MHz, across the first 5 MHz of the 700 MHz LTE downlink band the non-critical 
mask provides 53.9 dBc/5 MHz and the critical mask 63.9 dBc/5 MHz.  

Table 5:  
OOB emission limits for DVB-T/T2 transmitter non-critical 

Classification  8 MHz Channel, 
frequency difference from 

the centre frequency 
(MHz) 

Relative level  
(dBc/3kHz) 

Non-critical cases 3,9 -34 

4,2 -74 

6 -86 

12 -111 

20 -111 

Non-critical cases 
ch56 clipped  

-3,9/+2.9 -34 

-4,2/+3.2 -74 

-6/+5 -86 

-12/+11 -111 

-20/+19 -111 

Table 6: 

OOB emission limits for DVB-T/T2 transmitter critical  
Classification  8 MHz Channel, 

frequency difference 
from the centre 

frequency 
(MHz) 

Relative level  
(dBc/3kHz) 

Critical cases 3,9 -34 

4,2 -84 

6 -96 

12 -121 

20 -121 

Critical cases 
ch56 clipped 

-3,9/+2.9 -34 

-4,2/+3.2 -84 

-6/+5 -96 

-12/+11 -121 

-20/+19 -121 
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5.0 DTT and SDL compatibility with LTE downlink 

The interfering signal level at the LTE UE receiver (IntSigLTERX) due to the DTT transmitter is 
given by; 

IntSigLTERX = EiRPDTT - DTTfilter + DTTpattern() - PathLoss(d,Freq) + LTEUEgain - Bodyloss   dBm  

The interfering signal level at the LTE UE receiver (IntSigLTERX) due to the LTE SDL BS transmitter 
is given by; 

IntSigLTERX = LTEBSTReqEiRP + LTEBSpattern() - PathLoss(d,Freq) + LTEUEgain - Bodyloss   dBm  

Where; 

IntSigLTERX Interfering signal level at the LTE UE receiver due to the DTT transmitter 

EiRPDTT Maximum Radiated power of the DTT transmitter (dBm) 

DTTfilter Protection offered by the DTT filter (63.9 dB critical) 

DTTpattern() Protection offered by the LTE antenna vertical radiation pattern (-ve 
value dB) 

LTEBSTReqEiRP Transition requirement Maximum Radiated power of the LTE BS 
transmitter (dBm) 

LTEBSpattern() Protection offered by the LTE antenna vertical radiation pattern (-ve 
value dB) 

PathLoss  Free space path loss 20*LOG10(d) + 20*LOG10(Freq) – 27.56 (dB) 
LTEUEgain Gain of the LTE UE antenna including feeder losses (typically -3 dB) 
Bodyloss dB 

 Declination angle DTT to LTE UE 

d Slant distance between DTT and LTE UE antenna (metres) 
Freq LTE 5 MHz block centre frequency (MHz) 
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6.0 Results 

The calculated signal from an LTE BS and from a DTT transmitter at the LTE UE receiver for the 
three DTT station reference configurations assuming critical mask filters are shown in Figure 
623. As channels 55 and 56 will operate at lower powers than the reference configuration the 
levels of interference will be reduced, Figure 7. 

Figure 6 
DTT and adjacent block LTE signal level at LTE UE receiver on the LTE frequency: DTT Critical 

Mask 

 
  

                                                 
23

 The irregularities in the plotted curves are a consequence of discrete sampling of the VRP and the use of the 

vlookup function in Excel. 
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Figure 7 
DTT and adjacent LTE block signal level at LTE UE receiver on the LTE frequency: DTT 

Critical Mask and 9 dB reduction in DTT ERP 
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7.0 Discussion 

The calculations, based on reference parameters, show that the base station transition 
requirement as outlined in CEPT Report 53 results in significant desensitization of the LTE UE. 
Based on the MCL calculations the OOBE of the interfering base station would need to be 
reduced by more than 45 dB in the adjacent 5 MHz block (maximum out of block e.i.r.p < -
23dBm/5 MHz) to avoid desensitization of the UE by interfering adjacent block LTE BS.  

From an operational point of view this level of desensitization is generally not a problem if 
adjacent networks are homogeneous and the signal level from the adjacent interfering LTE 
block is similar to and not significantly higher (>30dB) than the wanted LTE signal. The base 
station requirement transition means that the radiated interfering-in-block-power, subject to 
operational e.i.r.p, is lower than the wanted by up to 42 dB24. The limit on compatibility 
between adjacent LTE systems is the LTE UE adjacent channel selectivity25 (ACS) which provides 
about 33 dB protection against blocking.  If the wanted and interfering LTE BS are co-located 
then the signal level at any location would be expected to be the same, i.e. they are correlated. 
Problems can occur when an LTE BS operating on an adjacent block is not co-located. In such a 
case, immediately around the interfering BS ‘hole punching’ will occur and because of local 
shadowing, across the coverage area, the ratio of wanted to unwanted signal may result in a 
reduction or loss of throughput. 

By comparison the level of desensitization due to DTT is marginal and in practical terms, when 
local clutter is taken in to account (the MCL calculations are based on free space path loss), DTT 
signal levels at the LTE UE would be well below permissible levels26 (-104.5 dBm). This result 
aligns with the experience of DTT compatibility with 800 MHz LTE downlink where no 
interference from DTT to LTE has been reported. 

Whilst a study based on generic parameters is of interest and shows that DTT can co-exist with 
LTE UE, as the level of interference is strongly dependent on the DTT vertical radiation patterns, 
the height difference between the DTT antenna and the UE and local clutter, the impact from 
each DTT station should be considered on a case by case basis using a more sophisticated 
prediction model; though such calculations are likely to show lower levels of interference than 
the MCL calculations presented in this note which are based on line of sight (free space loss). 

  

                                                 
24

 Based on an LTE ERP 64 dBm (CEPT Report 53, Annex 2, Section A2.1 Technical conditions for base stations, 

Page 42) and a BS transition requirement of 22 dBm (64 – 22 = 42) 
25

 ETSI TS 36.101section 7.5.1 
26

 Interference is dominated by the LTE Receiver ACS. 
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8.0 Conclusion 

This study shows that DTT out of band emissions from channel 56, as it is proposed to be 
deployed in the centre gap, will not be a source of interference to the 700 MHz LTE downlink. 
The desensitization of the LTE UE due to interference from DTT deployed in the centre gap is 
well below that expected from LTE base station operating in an adjacent block and would, in a 
flat world with no obstructions, result in a marginal desensitization of the LTE UE receiver. In a 
real environment with local clutter reducing DTT signal levels at ground level, there would be 
no impact to the LTE downlink.  
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Paper 4: Calculation of DTT blocking of the LTE FDD downlink based on 

MCL methodology 

1.0 Introduction 
The proposal to continue operation of the interim HD multiplexes in the centre gap beyond the 
start of 700 MHz FDD LTE would mean DTT channel 56 would be operating adjacent to the 700 
MHz LTE downlink with a 1 MHz guard band. This is a similar situation to that which currently 
exists between DTT channel 60 and the 800 MHz LTE downlink; where, to date, there have been 
no reports of interference27. Despite the similarities with 800 MHz LTE and even though the 
interim HD multiplexes operate at lower powers than the main multiplexes using channel 60, 
Ofcom have raised concerns about the compatibility of DTT with the LTE downlink.   

As the upper edge of DTT channel 56 aligns with the lower edge of the 700 MHz downlink 
frequencies, to provide a 1 MHz guard band between the two services – the same as between 
DTT channel 60 and 800 MHz LTE downlink- it has been proposed to clip the top 1 MHz of the 8 
MHz wide DTT channel. DTT channel 56 then effectively becomes a 7 MHz wide DTT channel, 
Figure 1. 

Figure 1 
DTT channel 56 

 
Two mechanisms affect the LTE UE receiver performance, blocking caused by the inability of a 
receiver to reject unwanted signals from transmissions working on frequencies adjacent to the 
wanted, and desensitization caused by out-of-band emissions from adjacent band transmitters 
landing on the wanted frequencies. This paper deals with blocking which is a function of the LTE 
UE receiver performance. 

To assess the potential for interference from DTT in the 700 MHz centre gap to LTE downlink 
due to the selectivity of the LTE user equipment, a minimum coupling loss (MCL) analysis, based 
on generic LTE & DTT station parameters, has been carried out to determine both the DTT 

                                                 
27

 Contributions to CEPT SE7 by Orange document SE7(14)145, November 2014 and SE7(14)209, December 2014. 
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signal level and that of an adjacent LTE base station (BS) at the LTE user equipment (UE). 
Interference from the LTE base station has been calculated to allow a comparison between 
proposed supplementary downlink (SDL) use of the centre gap and DTT use of the centre gap. 
Though it should be noted that like SDL, any LTE FDD adjacent to the wanted service is a 
potential source of interference. 

This note summarises the result of this analysis. 

2.0 Method 

Using an MCL approach the signal at the LTE UE has been assessed from both an LTE BS 
transmitter and a DTT transmitter, with the LTE UE located at distances ranging between 100 – 
9000 metres from the interferer.  Calculations over a range of distances are required as the 
point of minimum coupling loss will depend on the vertical radiation pattern of the transmitting 
antenna and the difference in height between the transmitting antenna and the LTE UE. As this 
is a generic calculation with no information on terrain or clutter, a free space, ‘flat earth’, 
approach is used for calculating the path loss. As such levels of interference predicted will be 
higher than those typically encountered in a real environment; this is a ‘worst case’ analysis. 
Whilst such an approach may not be entirely representative of actual signal levels ‘on the 
ground’ it provides information on the upper bound of interference levels.  

3.0 LTE Base Station Parameters 

Using an MCL approach, the UE parameters in Table 1 and the LTE BS antenna characteristics 
and maximum e.i.r.p provided in Table 2, the interfering signal level at an LTE UE from a BS 
operating on the adjacent block can be determined.  

3.2 LTE UE Parameters 
Table 1 

UE Parameters for MCL calculation of interference 

Parameters Value Reference 
Receiver bandwidth 
(nominal for 5 MHz channel BW)  

4.5 MHz  

UE receiver reference sensitivity -98.5 dBm/5 MHz ETSI TS 136.101 table 7.3.1-1 
Reference Sensitivity Band 28 

Protection ratio (INR) -6 dB 1 dB desensitization 

Maximum received interference -104.5 dBm  

UE antenna pattern Omnidirectional CEPT Report 53 Table 59 

UE antenna gain  -3 dBi CEPT Report 53 Tables 59 & 66 

Body Loss 4 dB CEPT Report 53 Tables 59 & 66 

UE antenna height  1.5 m a.g.l. CEPT Report 53 Table 59 

UE receiver Adjacent Channel 
Selectivity (ACS) 

33 dB ETSI TS 136.101 table 7.5.1-1 
Adjacent channel selectivity 
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The figure of interest is the maximum received interference -104.5 dBm. In a balanced 
system28, one where the burden of protection from interference is placed equally on the 
interferer and victim, an allowance should be made for both the receiver ACS the transmitter 
adjacent channel leakage ratio (ACLR).  

If it is assumed that ACLR = ACS, then in the absence of any other sources of interference, the 
maximum an interfering transmitter can put into an LTE UE receiver to limit desensitization to 1 
dB is -104.5 dBm – 3dB (Allowance for ACLR) = -107.5 dBm.  

If the receiver ACS does not equal the transmitter ACLR interference will be dominated by 
whichever is lower. Consequently, because of the poor ACS of the LTE UE (33 dB) relative to the 
LTE transmitter ACLR (45 dB29) or DTT transmitter ACLR (64 dB30), system performance is 
dominated by the LTE UE ACS and no allowance needs to be made for either the DTT or LTE 
transmitter ACLR.  

3.3 LTE BS to UE Geometry 
As the UE is below the height of the BS transmit antenna the signal level at the UE will vary with 
distance and change in the angle between the UE and the BS antenna, this is shown in Figure 2. 
As knowledge of the LTE antenna height and VRP is required to do the calculation this data can 
be found in Table 2 & Figure 3. 

Figure 2 
BS to UE geometry 

 
  

                                                 
28

 CEPT Report 30, Section 6.4.1, pg 21,  
29

 ETSI 36.104, section 6.6.2 Adjacent Channel Leakage power Ratio (ACLR) 
30

 DTT critical mask 

 

                    

 

LTE BS 
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3.4 LTE BS Antenna 
Table 2 

Parameters for MCL calculation of BS to UE 

BS Antenna 

BS antenna pattern ITU-R F1336 with k=0.7 

BS antenna gain on horizon (down tilt) -3 dB (nominal 6° beam tilt)31 

BS antenna height 30m a.g.l. 

BS e.i.r.p. 64 dBm32 

It should be noted that the ITU-R F1336 pattern represents an envelope which will not be 
exceeded by typical cellular antenna deployments. 

Figure 3 
ITU-R 1336 Tilted LTE Antenna Vertical Radiation Pattern below the horizon K=0.7 

 
 

  

                                                 
31

 Nominal 6° beam tilt based on value used in CEPT Report 53, Annex 6, Table 66. 
32

 CEPT Report, pg29 Table 30 ‘BS in-block power limit’ 
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4.0 DTT Reference Transmitter Configuration 

Using an MCL approach, the DTT reference parameters (in this section) and the UE parameters 
in Table 1 the interfering signal level at an LTE UE from a DTT station operating on channel 56 
can be determined. 

4.1 Generic DTT station configuration 
ITU-R Report 2383-0 provides generic reference broadcast transmitter configurations for use in 
compatibility studies. 

 High power 

 ERP: 200 kW 

 Effective antenna height: 300 m 

 Antenna height a.g.l.: 200 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical antenna aperture: based on 24 aperture with 1° 
beam tilt 

 Medium power 

 ERP: 5 kW 

 Effective antenna height: 150 m 

 Antenna height a.g.l.: 75 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical: based on 16 aperture with 1.6° beam tilt 

 Low power  

 ERP: 250 W 

 Effective antenna height: 75 m 

 Antenna height a.g.l.: 30 m 

 Antenna pattern: 

 Horizontal: Omnidirectional 

 Vertical: based on 8 aperture with 3° beam tilt 
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4.2 Antenna Height 
ITU-R 1546-4 provides information on how to interpolate between antenna height above 
ground level and effective antenna height where no terrain information is available. When 
propagation predictions are being made, the height h1 (m) of the antenna above ground is 
calculated according to path length, d (km), as follows: 

  ahh 1                    m for  d  3 km  

  12/)3)((1  dhhhh aeffa
                   m for 3 km < d < 15 km  

Where: 
ha      is the antenna height above ground level. 
heff    is the effective antenna height   

4.3 Vertical radiation patterns 
The field strength in the vicinity of the broadcast transmitting station is a function of the 
vertical radiation pattern of the transmitting antenna. The equation below is an approximation, 
provided in ITU-R Report 2383-0, to be used for sharing studies. 

  
  














Sin
absE 

 
Where; 

    SinA  
and; 
 A = the antenna vertical aperture in wavelengths; 

  = the beam tilt below the horizontal. 

To allow for null fill the value of E() should not go below the value shown in Table 3. 

Table 3 
Null fill values to be applied to vertical radiation patterns 

 Limit on E() 

First null 0.15 

Second null 0.1 

 

For the third null and at all angles of   beyond the third null the value of E() should not fall 
below 0.05, see Figure 3. 

E() given above are linear values, to convert them to reduction values in dB the following 
equation is used: 

                        { ( )} 
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Figure 3 
Vertical pattern of DTT reference transmitters 
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4.4 DTT to UE Geometry 
With a height difference between the DTT antenna and LTE antenna the calculation is a little 
more complicated. With changing distance the elevation angle between the LTE and DTT 
antennas changes, Figure 4. This alters the vertical pattern discrimination meaning the point of 
minimum coupling (maximum interference) may occur when there is some distance between 
the LTE UE receiver and the DTT transmitter. 
 

Figure 4 
DTT to UE geometry 

 

                                    
 

4.5 Depolarisation 
LTE UE systems have no polarisation so for compatibility calculations are assumed to be 
co-polar.  
  

DTT Tx 

200, 75 

or 30m 

1.5

mm 

100 – 9000 

m 

 



Consultation on Maximising the benefits of 700 MHz clearance  

   
 

  Page 61 of 83 

 

5.0 DTT and SDL compatibility with LTE downlink 

The interfering signal level at the LTE UE receiver (IntSigLTERX) due to the DTT transmitter is 
given by; 

IntSigLTERX = EiRPDTT + DTTpattern() - PathLoss(d,Freq) - LTEUEfilter + LTEUEgain - Bodyloss   dBm  

The interfering signal level at the LTE UE receiver (IntSigLTERX) due to the LTE SDL BS transmitter 
is given by; 

IntSigLTERX = LTEBSEiRP + LTEBSpattern() - PathLoss(d,Freq) - LTEUEfilter + LTEUEgain - Bodyloss   dBm  

Where; 

IntSigLTERX Interfering signal level at the LTE UE receiver due to the DTT transmitter 

EiRPDTT Maximum Radiated power of the DTT transmitter (dBm) 

DTTpattern() Protection offered by the LTE antenna vertical radiation pattern (-ve 
value dB) 

LTEBSEiRP Maximum Effective Radiated power of the LTE BS transmitter (dBm) 

LTEBSpattern() Protection offered by the LTE antenna vertical radiation pattern (-ve 
value dB) 

LTEUEfilter Protection offered by the LTE UE filter (33 dB) 
PathLoss  Free space path loss 20*LOG10(d) + 20*LOG10(Freq) – 27.56 (dB) 
LTEUEgain Gain of the LTE UE antenna including feeder losses (typically -3 dB) 
Bodyloss dB 

 Declination angle DTT to LTE UE 

d Slant distance between DTT and LTE UE antenna (metres) 
Freq LTE 5 MHz block centre frequency (MHz) 
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6.0 Results 

The calculated signal from an LTE BS and from a DTT transmitter at the LTE UE receiver for the 
three DTT station reference configurations, assuming critical mask filters, are shown in Figure 
633. As channels 55 and 56 will operate at lower powers than the reference configuration the 
levels of interference will be reduced, Figure 7. 

Figure 6 
DTT and adjacent block LTE signal level at LTE UE receiver 

 
  

                                                 
33

 The irregularities in the plotted curves are a consequence of discrete sampling of the VRP and the use of the 

vlookup function in Excel. 
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Figure 7 
DTT and adjacent LTE block signal level at LTE UE receiver: 9 dB reduction in DTT ERP 
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7.0 Discussion 

The calculations, based on reference parameters, show that an LTE base station operating in an 
adjacent block, whether SDL or FDD, can cause significant desensitization of the LTE UE because 
of blocking. Based on the MCL calculations the ACS of the LTE UE would need to be improved by 
more than 50 dB across the adjacent 5 MHz to avoid desensitization of the UE due to blocking 
caused by an LTE BS operating in an adjacent frequency block.  

From an operational point of view, improving the LTE UE ACS is not necessary as this level of 
desensitization is generally not a problem if adjacent networks are homogeneous and the signal 
level from the adjacent interfering LTE block is similar to and not significantly higher (>30dB) 
than the wanted LTE signal. If the wanted and interfering LTE BS are co-located then the signal 
level at any location would be expected to be the same, i.e. they are correlated. Problems can 
occur when an LTE BS operating on an adjacent block is not co-located. In such a case, 
immediately around the interfering BS ‘hole punching’ will occur and because of local 
shadowing, across the coverage area, the ratio of wanted to unwanted signal may result in a 
reduction or loss of throughput. As such to avoid ‘hole punching’ it would appear desirable to 
co-locate 700 MHz SDL with 700 MHz FDD services and in a similarly manner as they are 
adjacent, co-locate 700 MHz FDD and 800 MHz FDD.  

However, doing so will require very careful management of intermodulation products which 
could occur when co-siting these services as they would significantly degrade LTE BS receiver 
performance34.  

In this respect the mobile operators are in a ‘Catch 22’ situation, they should co-site to avoid 
‘hole punching’ but this then leads to problems managing intermodulation products. To avoid 
intermodulation products operators should avoid co-siting services which brings us back to 
‘hole punching’. Consequently, careful consideration will need to be given as to how to deploy 
700 MHz SDL without degrading 700 MHz FDD and 800 MHz FDD services. 

With respect to DTT, whilst signal levels are high they are, given the large number and 
distributed nature of LTE networks, expected to be well below both levels of LTE wanted signal 
and levels of the LTE adjacent block interferers. As such though DTT levels are well above the 
LTE UE receiver noise floor they should not, because of the high LTE site density relative to DTT 
and high levels of wanted LTE signal required to provide indoor coverage, have a detrimental 
effect on the LTE downlink. This is borne out by the fact that there have been, to date, no 
reported problems with DTT channel 60 interfering with 800 MHz FDD.  

Whilst a study based on generic parameters is of interest and shows that DTT levels of 
interference are likely to be lower than those of an SDL or 700 MHz FDD network a better view 

                                                 
34

 ‘Practical considerations for the deployment of 700 MHz FDD and SDL: The generation of intermodulation 

products’, Annex 1, paper 6 of Arqiva’s response to Ofcom’s consultation on ‘Maximising the benefits of 700 MHz 

Clearance’, 11 March 2016. 
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on potential interference can be had using a more sophisticated prediction model which we 
present in the paper in the next section35. 

8.0 Conclusion 

This study shows that DTT channel 56, as it is proposed to be deployed in the centre gap, whilst 
exceeding the raw signal levels required to block the LTE UE, should not be a source of 
interference to the 700 MHz LTE downlink.  
 
  

                                                 
35

 ‘Coverage prediction analysis of potential interference from DTT in channel 50 to 700 MHz LTE FDD downlink’, 

Annex 1, paper 5 of Arqiva’s response to Ofcom’s consultation on ‘Maximising the benefits of 700 MHz 

Clearance’, 11 March 2016. 
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Paper 5: Coverage prediction analysis of potential interference from 

DTT in channel 56 to 700 MHz LTE FDD downlink 

1.0 Introduction 

The purpose of this element of the study is to evaluate the potential for interference from DTT 
in the 700 MHz centre gap to LTE downlink due to the selectivity of the LTE user equipment. 
Building on the analysis in paper 4 we extend the generic study to a more detailed analysis 
using coverage predictions for realistic mobile and DTT site locations rather than simplified 
reference geometries. The interference mechanism investigated here is adjacent channel 
interference to the LTE downlink receiver when the in-band DTT emissions are not sufficiently 
suppressed by filtering in the LTE user equipment. Interference due to out of band DTT 
emissions in the LTE channel is not considered in this section but is covered in the papers 
dealing with in-band noise. 

The extent of potential interference problems is evaluated using coverage predictions for the 
anticipated DTT network in channel 56 and a nominal LTE network to represent the 700 MHz 
deployment. 

2.0 Network Assumptions 

2.1 LTE 
Network plans for future 700 MHz deployments are not available so a representative nominal 
network has been constructed based on data from the Ofcom sitefinder database36. Sector and 
omnidirectional sites have been selected from the sitefinder data for a single GSM900 operator 
(O2). This information dates from 2012 but should be representative of real base station 
locations. Sites with antenna height less than 14 metres have been eliminated leaving 6463 
locations. The site locations used are shown in Figure 1. This nominal network excludes a large 
number of smaller sites which may also use 700 MHz eventually, taking the likely number of 
sites up to over 10,000.  

Antenna heights are assumed to be the height listed in the sitefinder data. The base station 
antenna configuration is assumed to be a three sector pattern, with the detailed pattern taken 
from an 800 MHz antenna (Kathrein 80010669) with 3° downtilt. 

The assumed LTE base station radiated powers are based on the sitefinder GSM900 power. We 
assume that the maximum EIRP for GSM is 32 dBm and the maximum EIRP for LTE is 64 dBm. 
Where the GSM power listed is lower than 32 dBm then the LTE power is scaled down by an 

                                                 
36

 Ofcom sitefinder dataset, http://stakeholders.ofcom.org.uk/sitefinder/sitefinder-dataset/ 

http://stakeholders.ofcom.org.uk/sitefinder/sitefinder-dataset/
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equivalent amount. The maximum EIRP for LTE of 64 dBm/5 MHz is from CEPT Report 5337. This 
assumption is cautious because nearly all base stations are assumed to be transmitting at a 
lower power than the expected licenced power. If the higher licenced power is used then the 
LTE signal strengths will be higher reducing the risk of DTT impact. 

2.1 DTT 
A DTT network for a multiplex in channel 56 has been used. This is derived from the current 
COM 8 interim HD multiplex DTT plan shifted to channel 56, but with some adjustments based 
on the results of initial evaluation of implementation issues. The site locations used are shown 
in Figure 1. 

Updated DTT antenna patterns calculated for the appropriate frequency have been used. DTT 
powers have been adjusted to comply with possible restrictions due to test points at the 
borders of neighbouring countries. These transmit powers are subject to future international 
coordination processes. 

Figure 1 
Nominal site networks used: Red crosses are DTT sites, blue circles are LTE sites 

 
 

                                                 
37

 CEPT Report 53, Report A from CEPT to the European Commission in response to the Mandate “To develop 
harmonised technical conditions for the 694-790 MHz ('700 MHz') frequency band in the EU for the provision of 
wireless broadband and other uses in support of EU spectrum policy objectives”, ECC 2014,  Annex 2, Section A2.1 
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3.0 Propagation model 

The coverage predictions have been calculated using ATDI ICS Telecom software tool, with the 
ITU-R P.1812-2 propagation model. The calculation is based on terrain and clutter data at 
50 metre resolution, with seven clutter categories. The ITU-R P.1812-2 propagation model was 
specified in the 2012 Ofcom 4G Coverage Verification Methodology38. The clutter heights 
specified in the Ofcom document have been used. 

All predictions are for UE height of 1.5 metres, with the same propagation model being used for 
both LTE and DTT. 

 

4.0 Calculation Method 

4.1 LTE Coverage 
Potential interference is only calculated in pixels where the predicted LTE coverage meets a 
minimum signal level. The assumptions to determine this threshold are in Table 1. This is a 
noise limited definition of coverage which does not take into account interference from other 
base stations in the LTE network.  

Table 1 
 LTE UE Coverage parameters 

Parameters Value Reference 

Receiver bandwidth 
(nominal for 5 MHz channel BW)  

4.5 MHz  

UE receiver reference sensitivity -98.5 dBm/5 MHz ETSI TS 36.101 table 7.3.1-1 [4] 
Reference Sensitivity Band 28 

UE antenna gain  -3 dBi CEPT Report 53 Tables 59 & 66 

Body Loss 4 dB CEPT Report 53 Tables 59 & 66 

Minimum field strength at 1.5m 43.7 dBµV/m  

4.2 Interference calculation 
The Adjacent Channel Selectivity (ACS) of the LTE UE is specified in 3GPP 36.10139. The required 
ACS for 5 MHz and 10 MHz LTE is 33 dB. In this study we assume that this ACS is appropriate for 
interference from the proposed DTT in channel 56, although this may be cautious because the 
DTT will be offset by 1 MHz and the DTT power will be spread over 7 MHz rather than the 
reference 5 MHz. 

                                                 
38

 4G Coverage Obligation Notice of Compliance Verification Methodology: LTE, Ofcom, 2012 
39

 3GPP TS 36.101 V13.3.0 3rd Generation Partnership Project; Technical Specification Group Radio Access 
Network; Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and 
reception, Table 7.5.1-1 
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For this analysis we assume that the interference impact is shared with other interference 
mechanisms so the ACS has been reduced by 3 dB to an assumed protection ratio of -30 dB. The 
LTE and DTT predicted field strengths are compared in each pixel. Pixels where the difference is 
less than -30 dB are assumed to suffer interference.  

The minimum requirement for the LTE UE in the 3GPP document is that the throughput shall be 
≥ 95% of the maximum throughput when the test signals are applied. So the interference 
threshold used here should indicate the areas where the impact on the LTE reception is a drop 
in throughput of 5% or more. 
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5.0 Results 

Predicted impact has been calculated for each of the proposed DTT transmitters in channel 56. 
Table 2 lists the land area and population predicted to be affected for each of the DTT 
transmitters. The population impact is calculated in terms of households in 50 metre pixels 
from address based data. 

Example maps for Crystal Palace (London) and Sutton Coldfield (Birmingham), Pontop Pike 
(Consett/Newcastle) and Wenvoe (Cardiff) are shown in Figures 2 to 5. Pixels are coloured red 
where DTT field strength is more than 30 dB greater than the LTE field strength. 

Table 2 
Area where LTE-DTT  < -30 dB 

DTT Transmitter Area affected km2 Households 
affected 

Area type 

Angus 0 0  

Beacon Hill 0 0  

Belmont 0.8475 1 Rural 

Bilsdale 0.0775 0  

Black Hill 0.325 1 Rural 

Bluebell Hill 0 0  

Caldbeck 0.2525 1 Rural 

Craigkelly 0.0025 1 Rural 

Crystal Palace 0.0375 14 Urban/Suburban 

Darvel 1.535 3 Rural 

Divis 0.14 1 Rural 

Durris 0.065 1 Rural 

Emley Moor 0.285 13 Rural 

Fenham 0 0  

Hannington 0.8 15 Rural 

Mendip 0.135 8 Rural 

Moel y parc 0.0125 0  

Oxford 0.005 0  

Pontop Pike 1.5875 307 Rural 

Ridge Hill 0.615 7 Rural 

Rowridge 2.8225 25 Rural 

Sandy Heath 4.4425 51 Rural 

Sheffield 0 0  

Sutton Coldfield 0.71 46 Rural/Suburban 

Tacolneston 0.5775 52 Rural 

Waltham 0.32 1 Rural 

Wenvoe 0.5275 85 Rural 

Winter Hill 1.185 13 Rural 

Total 17.3075 646  

Percentage of UK 0.007% 0.0023%  
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Figure 2 
Predicted impact at Crystal Palace 

Red pixels are areas where DTT field strength is >30dB greater than LTE 

 
Figure 3 

Predicted impact at Sutton Coldfield 
Red pixels are areas where DTT field strength is >30dB greater than LTE 
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Figure 4 
Predicted impact at Pontop Pike 

Red pixels are areas where DTT field strength is >30dB greater than LTE 

 

Figure 5 
Predicted impact at Wenvoe 

Red pixels are areas where DTT field strength is >30dB greater than LTE 
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6.0 Discussion 

The scale of the predicted impact is small 

The total affected area is 17.3 km2 which represents less than 0.01% (0.007%) of UK land area. 
The total predicted impact on populated pixels is 646 households which represents less than 
0.003% (0.0023%) of UK households in the dataset used. The maps in Figures 2 to 5 show that 
the areas affected are small clusters of pixels scattered around the DTT transmitter sites. Many 
of these clusters of pixels are in remote open areas away from roads and buildings. The main 
contributor to the total interference households is Pontop Pike. This is because a cluster of 
affected pixels are in the nearby village of Annfield Plain. 

Interference areas have low LTE signal strength, but low LTE signal strengths should be rare 

Interference is only predicted when the DTT signal strength is high and the LTE signal strength is 
low. This means that the affected pixels are near to the DTT transmitter and at the edge of LTE 
coverage. These fringe LTE areas are typically in open and un-populated areas. LTE coverage at 
signal strengths close to the minimum will not give practical coverage in vehicles or buildings so 
we would expect base station site deployments to be planned to ensure good overlapping 
coverage. This means the low LTE signal strengths which are required for there to be a risk of 
interference from DTT are unlikely to be found in important areas. 

Interference areas are mainly in rural areas with little or no population 

Most major DTT transmitter sites are in rural areas on hill-tops and the predicted interference 
tends to be near to the DTT sites. The overall population impact is small both because the 
number of affected pixels is small and because the majority of those pixels are in un-populated 
rural areas. 

The majority of DTT transmitters are co-sited with LTE which mitigates the risk of interference 

The worst case of predicted interference found in this analysis is Pontop Pike. Pontop Pike is 
one of the sites which does not have a 900 MHz mobile installation, so a nominal LTE base 
station at that location is not included in this study. The tower does currently support an 
1800 MHz operator. Including at 700 MHz LTE base station located at the Pontop Pike site 
would reduce the effect of DTT interference in the immediate area. 
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7.0 Conclusions 

The potential for blocking impact on 700 MHz downlink reception from DTT in channel 56 has 
been evaluated using coverage predictions for nominal LTE and DTT networks, based on real 
sites and realistic antenna patterns. 

Interference is expected in areas where the predicted DTT signal strength is at least 30 dB 
greater than the LTE level. This threshold corresponds to a 5% drop in LTE downlink throughput 
in the tests specified in the 3GPP standard documentation. 

The scale of the predicted impact is relatively small, representing less than 0.01% of UK land 
area. This area includes 646 households (less than 0.003% of the UK population). 

The predicted impact is small because predicted LTE signal strengths are generally higher than 
the minimum threshold because base station sites are planned to ensure in-car and indoor 
coverage. This means that higher DTT signal strengths are necessary to cause interference 
problems. 

A further reason for the small predicted impact is that the predicted interference is typically in 
rural areas of low or zero population. 

Another helpful factor is that broadcast transmitter towers are typically shared with mobile 
operators. Of the 30 DTT sites included in this study, 28 sites have existing 900 MHz antenna 
installations either on the same tower or on a separate tower at the same location. If these 
sites are also used for 700 MHz then it is likely that there are high LTE signal strengths in the 
areas near to the DTT transmitter where the DTT signals are also strongest. This minimises the 
risk of interference problems. Of the 30 DTT sites included in this study, 28 sites have existing 
900 MHz antenna installations either on the same tower or on a separate tower at the same 
location. If these sites are also used for 700 MHz then it is likely that there are high LTE signal 
strengths in the areas near to the DTT transmitter where the DTT signals are also strongest. This 
minimises the risk of interference problems. 
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Paper 6: Practical considerations for the deployment of 700 MHz LTE 

FDD and SDL: The generation of intermodulation products 

1.0 Introduction 

When two signals combine in a non-linear device they mix and inter modulation products (IP) 
are created. If these fall onto receive frequencies they can lift the noise floor and reduce the 
performance of the system. In mobile systems with transmission (downlink) and reception 
(uplink) being on the same site typically from the same antenna management of IP has always 
been important for MNOs. With site sharing and a proliferation of frequency bands being used 
by MNOs management of IP is an ever increasing problem. Whereas IP generation in equipment 
owned by MNOs is under their control, IP can also be generated in systems not controlled by 
MNOs and in surrounding objects due to non-linear effects. As IP can significantly desensitize 
the uplink receiver, understanding how IP can occur and which frequencies will be affected is 
important. Having 700 MHz FDD and SDL systems on the same site possibly with 800 MHz LTE 
and 900 MHz GSM introduces a raft of potential problems. 

This paper looks at the mechanisms that could produce IP on a 700 MHz FDD LTE installation 
when combined with an LTE SDL installation. 

2.0 IP generation mechanisms 

IP can be generated either by mixing in the output stage of a power amplifier (PA) or by 
corroded components on the structure having the electrical characteristics of a diode and 
therefore rectifying which has a non-linear characteristic which then generates IP, this is 
sometimes referred to as the rusty bolt effect.   

3.0 Band plan 

In the 700 MHz FDD band it is assumed that Ofcom will auction the FDD part of the band as 
three 10 MHz uplink (UL) and down link (DL) pairs, A to C, and the duplex gap for supplemental 
downlink as four 5 MHz blocks, A to D, see Figure 1 and Table 1 below. 
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Figure 1  
700 MHz band plan 

 
 

Table 1 
 Band plan for FDD and SDL in the 700 MHz band 

  UL DL 

FDD Block 
A 

703 MHz to 713 
MHz 

758 MHz to 768 
MHz 

FDD Block 
B 

713 MHz to 723 
MHz 

768 MHz to 778 
MHz 

FDD Block 
C 

723 MHz to 733 
MHz 

778 MHz to 788 
MHz 

      

SDL Block 
A  

738 MHz to 743 
MHz 

SDL Block 
B  

743 MHz to 748 
MHz 

SDL Block 
C  

748 MHz to 753 
MHz 

SDL Block 
D  

753 MHz to 758 
MHz 

4.0 FDD Deployment 

The FDD UL and DL systems typically share the same antenna on the base station, Figure 2. The 
UL and DL systems are combined into the antenna through a centre filter. The separation 
between the 700 MHz FDD UL and DL is 55 MHz and the two filters which make up the centre 
filter need to ensure that energy from the PA does not get into the receiver front end. 
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Figure 2 
700 MHz FDD deployment 

 

 
The antenna gain (including feeder losses) will be in the order of 15 dBi so the PA will be 
generating +50 dBm. ( 64 dBm – 15 dBm (antenna gain) + 1 dB (filter loss)). 
The receiver sensitivity40 is -98.5 dBm/10 MHz and a good RF design will try and limit the noise 
from the PA to 10 dB below the minimum receive level. 

So the target noise from PA into the UL receiver in 10 MHz should be no more than -108.5 dBm. 
The centre filter target isolation will depend on the out-of-band noise from the PA if this is 
assumed to be -30 dB below the PA power the centre filters plus the out-of-band noise roll-off 
of the PA need to achieve: 

-108.5 dBm = 50 dBm – 30 dB – Filter isolation superimposed on the out of band PA noise 
characteristic. 

Filter isolation + noise roll-off = - 128.5 dB 

With 55 MHz frequency separation between the UL and DL and the filter band width being 10 
MHz this is perfectly achievable. 

5.0 Adding SDL in the centre gap 

The most cost effective solution will be to combine the SDL signal into the antenna used for the 
700 MHz FDD signals. The SDL 700 MHz system is paired with 800 MHz FDD system so to get 
the optimum network design is for 700 MHz and 800 MHz systems to share the same sites and 
as 800 MHz will be fully deployed by 2020 then to combine the 700 MHz SDL and FDD systems 
into the same antenna. 

  

                                                 
40

 3GPP TS 36.104 v 13.3.0 E-UTRA BS radio transmission and reception 

Antenna 

Duplexer 

DL Filter 

UL Filter 
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 Figure 3  
Possible 700 MHz FDD and SDL deployment using a shared antenna 

 
 
If as an example FDD pair C is being combined into the same antenna as SDL block D. This gives 
the best frequency separation for the filters to roll off and give the best isolation between 
systems. 

The SDL PA is 30 MHz above the UL receive block as the SDL is a 5 MHz channel bandwidth the 
calculations will be done in 5 MHz bandwidths. 

The FDD UL and SDL systems share the same antenna on the base station.  

The antenna gain will be in the order of 15 dB so the SDL PA will be generating +47 dBm. ( 61 
dBm – 15 dBm (antenna gain) + 1 dB (filter loss)). 

The FDD UL receiver will be receiving at -101.5 dBm/5 MHz so a good RF design will try and 
make the noise from the SDL PA -10 dB below the minimum receive level. 

So the target noise from PA into the UL receiver in 5 MHz will be -111.5 dBm. So the triplex 
filter target isolation will depend on the out of band noise from the SDL PA if this is assumed to 
be -30 dB below the PA power the centre filters need to achieve: 

-111.5 dBm = 47 dBm – 30 dB – (Filter isolation + PA noise role off) 

Filter isolation + PA noise role off = - 128.5 dB 

With 30 MHz frequency separation and the filter band width being 5 MHz for the SDL PA filter 
this is achievable with good filters. 

Triplexer 

DL Filter 

SDL Filter 

UL Filter 

Antenna 
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6.0 IP generation  

Table 1 shows the frequency band plan for 700 MHz FDD and SDL. IP can be calculated by the 
simple relationship 2F1 – F2  

Table 2  
IP generated form the FDD DL frequencies mixing with the SDL frequencies. 

 
 

The IP shown in red in Table 2 fall into the UL receive channels but this is not enough to 
understand the impact, the power of these IP need to also be considered. 

If the same example is used as above, example FDD pair C is being combined with SDL block D 
and the mechanism of IP generation is in the PA of the FDD DL or the SDL PA. 

Table 3 shows a possible calculation of the IP levels, this is an estimate as there is no 700 MHz 
equipment to measure.  A further 24 dB of loss is required to make these IP inconsequential 
and this could be done by fitting circulators into the PA (s) or increasing the filter performance.  

A second mechanism of IP generation is possible, called the rusty bolt effect Table 4 shows 
possible IP levels into the front end of the FDD receiver. 

 

  

DL CF (2 x DL) - SDL (2 x DL) - SDL (2 x DL) - SDL (2 x DL) - SDL

Cf B1 DL 763 785.5 780.5 775.5 770.5

Cf B2 DL 773 805.5 800.5 795.5 790.5

Cf B3 DL 783 825.5 820.5 815.5 810.5

SDL CF (2 x SDL) - DL (2 x SDL) - DL (2 x SDL) - DL

Cf SDL B1 740.5 718 708 698

Cf SDL B2 745.5 728 718 708

Cf SDL B3 750.5 738 728 718

Cf SDL B4 755.5 748 738 728

UL CF

Cf B1 UL 708

Cf B2 UL 718

Cf B3 UL 728
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Table 3 
 IP power levels when using a triplex filter arrangement 

 
 

Table 4 
 IP power levels from a corroded component on the structure 

 
 
This is 50 dB higher than the wanted IP power level to have inconsequential impact on the FDD 
receiver performance. 

This is a significant amount of power 100,000 times too much power, even if the levels in Table 
4 are 20 to 30 dB on the high side there is still desensitization of the FDD receiver. 

As the IP are being generated on the structure and they then fall on the wanted frequencies of 
the FDD receiver there are no practical measures except to build the structures out of 
noncorrosive materials which is very expensive and in practice impossible.  

SDL power in 5 MHz block 61 dBm

DL power in 10 MHz block 64 dBm

Cross coupling from the antenna to the 

corroded fixing (rusty bolt) 40 dB

Mixing loss in the rusty bolt 40 dB

Cross coupling from the corroded fixing (rusty 

bolt) back to the antenna 40 dB

Energy spreading as part of IP generation 

(approximately double BW) 3 dB

IP Level -62 dBm
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7.0 Conclusions 

If the IP are not controllable by physical electronic components in the FDD and SDL systems 
then the only choice is to be very carefully as to which frequencies are used on which site. 
Table 2 shows the combinations of SDL and FDD DL frequencies which combine to generate IP it 
can be seen that all FDD DL frequencies and all SDL frequencies have a combination which falls 
on FDD UL frequencies. 

This will only slow down the deployment of SDL as it will have to be planned very carefully and 
site sharing of 700 MHz FDD technology and 700 MHz SDL technology may not be possible. One 
possible way forward may be to turn down the SDL power if co-siting is the only way forward 
but this will dramatically increase the site count.     

If the 700 MHz SDL system can be removed from the 700 MHz FDD deployment and does not 
have to be co-sited then the IP risk goes away. Again this increases the operators deployment 
cost as they now have to deploy two sites one for FDD and one for SDL. 

If the IP are not controllable by physical electronic components in the FDD and SDL systems 
then the only choice is to be very carefully of what frequencies are used on which site. Table 2 
shows the combinations of SDL and FDD DL frequencies which combine to generate IP, it can be 
seen that all FDD DL frequencies and all SDL frequencies have a combination which falls on FDD 
UL frequencies. 

In 800 MHz LTE there is one pair of FDD 10 MHz BW DL frequencies which combine to create an 
IP which falls onto an FDD UL frequency but deploying SDL in the centre gap in 700 MHz creates 
eight possible combinations, this is an order of magnitude greater. 

The implications of this are that any deployment of SDL is likely to take a considerable amount 
of time as it will have to be planned very carefully and site sharing of 700 MHz FDD technology 
and 700 MHz SDL technology will cause some UL receiver desensitization. One possible way 
forward may be to turn down the SDL power if co-siting is the only way forward but this will 
dramatically increase the site count and complicated the planning even further. We believe that 
this reinforces the view that SDL is unlikely to be ready for deployment in the timescales 
currently envisaged by Ofcom. 
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Glossary 
 

3GPP Third Generation Project partnership 

4G Fourth generation mobile phone standards 
and technology  

ACLR Adjacent Channel Leakage Ratio 

ACS Adjacent Channel Selectivity 

BS Base Station 

BW Bandwidth 

CEPT The European Conference of Postal and 
Telecommunications Administrations 

COM Commercial (multiplex) 

dB Decibel 

dBm Decibel relative to a milliwatt 

DL Downlink 

DTT Digital Terrestrial Television - Broadcasting 
delivered by digital means. In the UK and 
Europe, DTT transmissions use the DVB-T and 
DVB-T2 technical standards.  

ERP Effective Radiated Power relative to a dipole 

EiRP Effective Radiated Power relative to an 
isotropic antenna 

ETSI European Telecommunications Standards 
Institute 

FDD Frequency Division Duplex – A transmission 
method where the downlink/downstream 
path and the uplink/upstream path are 
separated by frequency 

GSM Global System for Mobile communications 

GSM900 Global System for Mobile communications 
operating at 900 MHz 

HD High Definition 

HRP Horizontal Radiation Pattern 



Consultation on Maximising the benefits of 700 MHz clearance  

   
 

  Page 83 of 83 

 

INR Interference to Noise Ratio 

IP Intermodulation products 

ITU International Telecommunications Union - 
Part of the United Nations with a membership 
of 193 countries and over 700 private-sector 
entities and academic institutions. ITU is 
headquartered in Geneva, Switzerland.  

LTE Long Term Evolution – Part of the 
development of 4G mobile systems that 
started with 2G and 3G networks. Aims to 
achieve an upgraded version of 3G services 
having up to 100 Mbps downlink speeds and 
50 Mbps uplink speeds. 

MCL Minimum Coupling Loss 

MHz Megahertz. A unit of frequency of one million 
cycles per second  

MNO Mobile network operator  

PA Power Amplifier 

SDL Supplemental downlink – where a separate 
spectrum block is used to provide additional 
downlink resource to support the normal 
symmetrical arrangement. 

UE User Equipment (the LTE handset) 

UL Uplink 

VRP Vertical Radiation Pattern 

WRC World Radio Conference 
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Ofcom stated in November 2014 that it had decided to reallocate spectrum in the 700MHz range from 

DTT to mobile data by the end of 2021. In that statement it noted that there would be additional 

benefits from using the centre gap but had not decided what that use should be. It is now proposing to 

bring forward to Q1 2020 the clearance of the spectrum in that plan in order to enable the earlier 

introduction of mobile data. The proposal includes the view that the centre gap should also be used for 

mobile data. In practical terms this would be Supplemental Downlink (SDL), a capacity enhancement 

for LTE networks. 

Clearing DTT out of this block of spectrum will reduce the availability of some channels to consumers. 

Arqiva has asked PA to consider the merits of an alternative plan, to retain channels 55 and 56 of the 

DTT service in the centre gap until 2022/3. This would entail these DTT channels operating in the 

centre gap instead of SDL and simultaneously with LTE networks in the paired spectrum. 

PA’s approach was to consider three questions: 

 Is there evidence of demand for SDL at 700MHz in the accelerated timeframe? 

 Will suitable handsets be available in that timeframe? 

 Would there be any interference problems and if so how do they compare between the two 

approaches? 

Mobile operator interest in SDL at 700MHz is unproven 

The demand for 700MHz paired spectrum as per Ofcom’s current plan is likely to be strong. But we 

have found no evidence that SDL is likely to be used in the same timeframe. SDL in other bands, for 

example L-band, has had no known commercial deployments so far. Other unpaired spectrum has 

also had little or no use in the UK. Operators are meeting the growing traffic demand through several 

other capacity enhancement techniques. 

Handset availability in 2020-2022 depends on co-ordination with other countries 

Handset availability will depend on whether manufacturers find the market sufficiently attractive to 

invest in developing suitable models. Handset technology is unlikely to be a limiting factor in the timing 

of SDL at 700MHz. The key technologies needed to support it are all present in some form in various 

models of handset that are available today. It would be relatively easy for these to be combined in the 

right configuration to support the proposed 700MHz SDL. 

The factor that will determine handset availability is the willingness of manufacturers to invest in 

developing suitable models and putting them into production. That in turn depends on whether the UK 

market ends up with a common specification of handset as other markets, i.e. whether Ofcom co-

ordinates its plans with a larger market area such as CEPT countries. Any UK-only band plan is liable 

to delay the availability of such handsets. 

Interference to 700MHz mobiles will be minor and could occur from either DTT or SDL 

transmissions 

Interference between different networks and services occurs often but usually at such a low level that 

it is not significant to either the network operator or end user. Assuming normal engineering practices 

are followed then the dominant interference effect is that of blocking in the mobile’s receiver. This 

could occur when the mobile has poor coverage from its LTE network and is subject to a strong signal 
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from another transmitter on a nearby frequency. The effect occurs whether that transmitter is DTT or 

SDL. 

SDL would have a larger number of sites each with a smaller radius of potential interference 

compared to DTT. Our predictions are that the total area that could be affected by inter-network 

interference from SDL is larger than from DTT. In both cases the total affected area would be small 

and would reduce as the main LTE network deployment matures. Arqiva’s own simulations show just 

646 households across the UK would be affected by interference from DTT once the LTE network at 

700MHz is mature. 

We consider that the case for clearing the duplex gap in 2020 has not been made  

The demand for SDL is unproven, and the evidence points to SDL spectrum remaining unused for 

some years after the paired spectrum has been made available. 

Whether handsets that support SDL at 700MHz will be available in 2020 is uncertain. The limitation is 

one of market size rather than technology, and that depends on the extent to which the UK’s band 

plan aligns with other countries’. 

The potential for interference between DTT and LTE is limited to small geographic areas and is likely 

to be smaller than for similar interference from the SDL transmissions. 
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This section describes the general status of spectrum at 700MHz, Ofcom’s plans and 
current consultation on the use of that spectrum, and describes the SDL technology. 

1.1 The 700MHz band around the world 

The 700MHz spectrum is split into several LTE bands within the 3GPP standards. This covers FDD, 

TDD and SDL spectrum. These are shown in Figure 1 together with (at top of diagram) the band plan 

that Ofcom has already decided for the UK.  

Figure 1. 700MHz spectrum 
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The current usage of these LTE bands around the world is understood to be: 

 Band 17 – Used in North America and Latin America. It has a narrower band width and duplex 

spacing than Ofcom’s plan 

 Band 28 – Used in Latin America, Asia and Oceania. It has a wider band width and same duplex 

spacing, i.e. Ofcom’s band plan is a subset of this one 

 Band 29 – No deployments, but AT&T and Dish are potential operators in this band. It is an SDL 

band within Ofcom’s uplink band 

 Band 44 – No deployments. It is a 100MHz wide TDD band that covers all of Ofcom’s 700MHz 

band plan and extends up into the 800MHz band 

 Band 67 – No deployments. It is an unpaired band corresponding to Ofcom’s proposed SDL band 

1.2 Ofcom’s plans and latest consultation 

Ofcom indicated in 2014 a long-term plan to reallocate a large block of spectrum at 700MHz from DTT 

broadcast to cellular mobile services. This allocation is a subset of 3GPP band 28. This is reflected in 

Figure 1. On 11th March 2016 Ofcom opened a consultation on “Maximising the benefits of 700MHz 

clearance”. A key area that this consultation focusses on is how best to use the planned 25MHz 

duplex gap in the mobile allocation.  

Ofcom’s proposal is that all DTT services should be cleared from this spectrum by Q1 2020. In the 

longer term the gap would be used for Supplemental Downlink (SDL) channels for the mobile service. 

The SDL allocation would correspond to 3GPP band 67. 

Alternatively two DTT channels, with guard bands, could fit in the duplex gap between the mobile sub-

bands. This is the arrangement that Arqiva would prefer. The various options are shown in Figure 2. 
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Figure 2. Spectrum allocations being considered 

 

1.3 Description of SDL 

Supplemental Downlink (SDL) was introduced in Release 91 of the 3GPP standards, initially for 3G 

Evolved High-Speed Packet Access (HSPA+). It can also be used in LTE with the Carrier Aggregation 

(CA) feature that was introduced in Release 10. Standardisation work is continuing [1]. This report will 

only focus on the use of SDL for LTE due to the potential for 3G networks to be switched off in the 

2020 – 2025 period. 

An SDL carrier uses unpaired spectrum for the downlink communication only, there is no uplink 

equivalent. Because a cellular mobile system requires two-way communication an SDL carrier must 

be linked to a conventional uplink and downlink pair of carriers in another band. The carrier pair is 

called the Primary cell (Pcell) and the SDL carrier is called the Secondary cell (Scell). So although the 

SDL spectrum itself is unpaired, it must be linked to a paired spectrum allocation for the Pcell. 

The LTE SDL bands are standardised in [2] section 5.5 “Operating Bands”. Three LTE SDL bands are 

defined: 

                                                      

1 Reference is made throughout this document to 3GPP Release numbers. These are major increments of the standards 

documents that occur typically every 1-2 years. For example Release 8 introduced LTE and Release 10 added CA. At the time 

of writing Release 13 is nearing completion and work has begun on Release 14. 
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 Band 29 

– 717MHz to 728MHz 

 Band 32 

– 1452MHz to 1496MHz 

 Band 67 

– 738MHz to 758MHz 

Band 29 is not relevant to the UK as it is incompatible with the 700MHz paired spectrum that Ofcom 

has already announced. The paired bands are defined in section 5.5A “Operating bands for CA”. This 

shows that bands 32 and 67 are linked to band 20 (800MHz) only. This is illustrated in Figure 3. 

Figure 3. SDL paired spectrum 
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The first question to be addressed is whether there will be a demand for SDL at 
700MHz in the 2020-2022 timeframe. This depends on the end-user demand for data 
combined with the operators’ prioritisation of this versus other techniques for 
providing that capacity. Our research shows that the operators’ use of unpaired 
spectrum in general has been low and previously licensed SDL spectrum remains 
unused. There are alternative capacity enhancement techniques that are receiving 
higher priority from the mobile operators. 

2.1 The UK mobile spectrum allocations 

LTE (Long Term Evolution) was standardised by the 3GPP in Release 8. The LTE standards were 

finalized in December 2008 and the first commercial service launched in December 2009. EE was the 

first to deploy LTE in the UK using 1800MHz spectrum in October 2012. 

Further LTE spectrum was auctioned in February 2013 in 800MHz and 2.6GHz band with both paired 

and unpaired spectrum, see Table 1. There have been no deployments of LTE in the unpaired 

spectrum. 

Table 1. LTE UK spectrum auction results 

Winning bidder Spectrum awarded 

Everything Everywhere Ltd 

 

2 x 5MHz of 800MHz and 

2 x 35MHz of 2.6GHz 

Hutchison 3G UK Ltd 2 x 5MHz of 800MHz 

Niche Spectrum Ventures Ltd (a subsidiary of BT Group plc) 2 x 15MHz of 2.6GHz and 

1 x 20MHz of 2.6GHz (unpaired) 

Telefónica UK Ltd 2 x 10MHz of 800MHz 

Vodafone Ltd 

 

2 x 10MHz of 800MHz 

2 x 20MHz of 2.6GHz and 

1 x 25MHz of 2.6GHz (unpaired) 

 

LTE Advanced (LTE-A) was first standardised in 3GPP Release 10 which was frozen in April 2011. 

LTE-A introduced several new enhancements to LTE, one of which was Carrier Aggregation (CA). 

EE’s LTE-A CA service was launched at the end of October 2014 as was Vodafone’s. 

In September 2015 there was a trade of frequencies in the 1452 – 1492MHz band with Vodafone and 

H3G. This has resulted in: 

 Vodafone in respect of 1452 – 1472MHz frequencies 

2 IS SDL AT 700MHZ NEEDED OR 
WANTED? 
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 Hutchinson 3G in respect of 1472 – 1492MHz frequencies 

This frequency range is within Band 32 (1452 – 1496MHz) as defined in [2]. This, although shown as 

FDD duplex mode, has the following note: 

– Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating 

band is linked with the uplink operating band (external) of the carrier aggregation configuration 

that is supporting the configured Pcell. 

The other equivalent E-UTRA bands are: 

 29: 717 - 728MHz (In 3GPP Release 11) 

 67: 738 - 758MHz (Only in 3GPP Release 13) 

In the Inter-band CA operating bands: 

 Band 29 is in with bands 2 or 4 or 23 or 30 

 Band 32 is in with band 20  

 Band 67 is in with band 20 

After the trade of frequencies the total allocation of spectrum to MNOs is currently shown in Table 2. 

We have only shown the spectrum holdings of the four MNOs. In addition to the MNOs spectrum 

holdings UK Broadband holds 3.4GHz spectrum. 

Table 2. Total UK mobile spectrum allocations (MHz) 

Spectrum Band Type EE + BT Vodafone O2 H3G Total 

800MHz FDD 10 20 20 10 60 

900MHz FDD 0 34.8 34.8 0 69.6 

1452-1492MHz SDL 0 20 0 20 40 

1800MHz FDD 90 11.6 11.6 30 143.2 

2100MHz FDD 40 29.6 20 29.5 119.1 

2.6GHz (paired) FDD 70 + 30 40 0 0 140 

2.6GHz (unpaired) TDD 0 + 20 20 0 0 40 

Total (MHz)   260 176 86.4 89.5 611.9 

  

2.2 The UK MNOs’ historic appetite for unpaired 
spectrum/networks 

Although there have been several auctions of unpaired2 spectrum by Ofcom for mobile use there has 

been no large deployments of networks that have used these frequencies. This has shown that UK 

MNOs have preferred to deployed FDD spectrum and this was reflected in the values of the licenses 

with and without TDD in the UK 3G spectrum auctions. 

                                                      

2 Our definition of unpaired spectrum here only covers TDD networks. Although SDL is unpaired spectrum that can be used for 

mobile networks it has not been deployed before so this section only discusses TDD. 
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The TDD spectrum auctioned has included: 

 1900MHz (1900 – 1920MHz) unpaired – this was auctioned in 2000 [3]. This spectrum is now held 

by H3G, O2 and EE. It supported TD-CDMA that was standardised by 3GPP and although 

equipment was available from suppliers such as IPWireless it was never commercially launched 

within the UK. A National Audit Office report in 2001 [33] stated that “Though each licence except 

"B" also had one-way "unpaired" spectrum, this is currently of much less value than the paired …” 

 2.6GHz unpaired – this was auctioned in 2013 and has not yet been commercially deployed in the 

UK. The licences were bought by BT and Vodafone. 

 3.5GHz (3.48 – 3.69GHz). This spectrum is owned by UK Broadband [4]. It was originally 

auctioned as paired spectrum but in practice has been used as unpaired. It consists of 3480-

3500MHz paired with 3580-3600MHz and 3605-3689MHz paired with 3925-4009MHz. This has 

been used for TDD WiMAX and is now used for TDD LTE in bands 42 and 43 in a few3 urban sites. 

This was originally auctioned as fixed spectrum, but there were changes to the licence to include 

mobile services [31]. The services offered by UK Broadband/Relish [32] include fixed and mobile 

broadband services. The mobile broadband, however, has only limited 4G coverage due to the 

small number of sites and uses a Pocket Hub rather than mobile handsets. 

2.3 What may be the likely interest in SDL? 

There has been standardisation of SDL within 3GPP standards since 2012 but there have been no 

commercial deployments and limited trials. This shows that currently MNOs focus has not yet been on 

SDL. This may change with the predicted large, asymmetric growth of mobile data demand. 

The MNOs’ appetite for deploying SDL in the 700MHz centre band will be driven by the following: 

 The largest driver will be the increase in bandwidth capacity. Currently 70% of traffic is in the 

downlink direction. This may rise with the increase of HD video traffic. The video bandwidth 

consumption maybe mitigated by trans-coding. 

 Although there is a clear demand for 700MHz paired spectrum by MNOs due to its increased range 

and higher data rates at distance compared to higher LTE deployments frequencies. This is clearly 

shown in the GSMA public policy document [25]. There is less clear demand for SDL spectrum, 

which is not mentioned in the GSMA paper. 

 If 700MHz SDL spectrum was put up for auction then MNOs would buy licenses as shown by 

Vodafone’s and H3G’s purchase of the L-Band (1.4GHz) spectrum, but the timescales for its use 

would depend on the use of this spectrum band being consistent within Europe and other areas. If 

this spectrum was only available in a number of limited locations this would extend the time it would 

take for a large uptake of devices for both roaming and non-roaming users. 

We have searched analyst reports, GSMA reports, and white papers from network equipment 

suppliers. We did not find anywhere any reports of commercial SDL deployments by any network 

operators, including specifically in the UK. In the 3GPP work programme on SDL we found that 

Orange had contributed to the Technical Report on SDL at L-band [27]. They have carried out a field 

test of the same [28] in conjunction with Ericsson and Qualcomm. AT&T is also reported to have 

trialled SDL at L-band [29]. 

                                                      

3 A UK Broadband presentation in 2011 stated that there were 2 bases station sites in Reading, 8 in London and that 12 sites in 

Swindon were being constructed. Relish advertise as providing coverage to central London only. We do not know the current 

number of sites, but believe that it is only a small number. 
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2.4 700MHz SDL is just one means of meeting DL capacity 
demand 

To meet the growing demand for uplink and downlink data capacity within the mobile operators there 

are several technologies that have been standardised. Some of these, such as Carrier Aggregation, 

have already been deployed and are in a growing number of UK mobile handsets. Other technologies 

such as Coordinated Multi-Point (CoMP) have been only been trialled in a few countries while others 

are still being standardised. Each of these technologies will enhance the capacity of the network in 

different ways. 

The following capacity enhancing technologies that have been standardised are detailed below: 

 Carrier Aggregation (CA) 

 Wi-Fi offload 

 Small cells 

 Enhanced MIMO 

 Coordinated Multi-Point (CoMP) 

 LTE in unlicensed spectrum (LTE-U) / LTE Licensed Assisted Access (LTE-LAA) 

Carrier Aggregation 

The first phase of carrier aggregation combined two FDD or two TDD frequencies. The next phase 

allows of the aggregation of the FDD and TDD frequencies. This FDD/TDD aggregation was 

standardised by 3GPP in Release 12. The first practical implementations have FDD as Pcell (Primary 

Cell) and TDD as Scell (Secondary Cell). 

Nokia were the first with a TDD/FDD CA (Carrier Aggregation) demo in February 2014. Ericsson 

announced the first commercial implementation of FDD/TDD carrier aggregation on Vodafone’s 

network in Portugal. This trial uses 15MHz of band 3 (FDD 1800MHz) and 20MHz of band 38 (TDD 

2600MHz). 

3 Hong Kong is another operator that has revealed plans to launch FDD-TDD CA in early 2016 after 

trials on its network. They used an FDD carrier in either the 1800MHz or 2.6GHz bands with a TDD 

carrier in the 2.3GHz band for the trials and expect devices that can support this to be available in 

early 2017. 3 Hong Kong are also reported to have plans for a commercial launch of tri-carrier LTE-A 

in the second half of 2016 with further CA by refarming its 900MHz and 2.1GHz spectrum. 

Wi-Fi offload 

Ofcom reports [14][26] have the Wi-Fi offload proportion in 2015 at either 42 or 64% growing to either 

46 or 76% in 2025. That number is driven by the increasing number of smartphones that support Wi-Fi 

and the way in which smartphones can be configured to only download some files such as podcasts 

when they are on a Wi-Fi rather than cellular connections. 

As well as access from home and office areas there has also been development to make roaming on 

to public Wi-Fi more seamless in more locations. This has been shown in the deployment of Wi-Fi on 

the London underground where EAP-SIM is used to authenticate users on EE’s [6] and others’ 

networks without having to manually enter a user name and password. This approach is also part of 

Passpoint/Hotspot 2.0 standard from the Wi-Fi alliance that aims to streamline network access in 

hotspots and eliminate the need for users to find and authenticate a network each time they connect. If 

this approach is adopted by more venues and by public Wi-Fi operators such as The Cloud [7] and BT 

Wi-Fi [8] the amount of traffic offloaded may grow further. 

Free Wi-Fi has also been added to some stadiums such as Wembley [9] and streets in cities with a 

large number of pedestrians. This can be extended to broadcast signals. However due to range 

limitations this capacity is only used in a small number of locations and cannot be used for wide area 

coverage in rural and suburban areas. 
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Sectorisation/Small cells 

Another area of capacity growth that has been discussed is increased sectorisation and small cells. 

There are roughly 52,000 base station sites [10] in the UK. These may use omnidirectional antennas 

or be split into sectors, typically 3 or 6 per site. Increasing the number of base stations with sectors 

and their number of sectors can increase the capacity by 50% in some results [30]. 

Another method for increasing network capacity is the deployment of both large and small cells, 

potentially of different Radio Access Technologies (RATs). This is often referred to as heterogeneous 

networks (HetNets). This can take advantage of the availability of small cell equipment from network 

equipment manufacturers, such as Nokia’s FlexiZone, and 3GPP enhanced Inter-cell Interference 

Coordination (eICIC) to make co-channel deployment of macro and small cells simpler. These 

additional sites will increase both Capex and Opex and may be more expensive for comparable 

capacity gains than some of the other techniques listed here. 

Enhanced MIMO 

Although MIMO was part of the original 3GPP Release 8 LTE standards there have been 

enhancements to both the downlink and uplink MIMO in Release 10. These have increased the 

spectral efficiency from 2.7 bps/Hz/cell to 4.7bps/Hz/cell [30]. 

CoMP/Cloud RAN 

Coordinated Multipoint transmission and reception (CoMP) was standardised in 3GPP Release 11. 

There are three CoMP options: 

 Coordinated Scheduling and Beamforming (CS/CB) 

 Dynamic Cell Selection (DCS) 

 Joint Transmission (JT) 

In an Ofcom study on 4G capacity gains [11] CoMP is shown to have benefits over Single User MIMO 

of between 20% and 50%. To maximise the performance of inter-site CoMP the signalling delay 

between sites must be very low. This benefit may only come with the deployment of Cloud RANs that 

will place large demands on the front-haul bandwidth that may increase costs for a UK deployment. 

LTE-U/LTE-LAA 

There is currently a large amount of work on LTE-U (LTE in Unlicensed spectrum) and LTE-LAA (LTE 

License-Assisted Access). This may allow 400MHz of 5GHz unlicensed spectrum to be used. This 

spectrum is also used by Wi-Fi and there is a lot of work at the moment to make sure that there is fair 

use between LTE-U/LTE-LAA and Wi-Fi. 

A recent publication from the LTE-U Forum [34] shows that LTE-U can operate as an SDL carrier 

attached to a primary carrier in licensed spectrum. Although it may make the use of the 5GHz 

unlicensed spectrum more seamless and provide extra capacity, this report will not consider it further 

as it is too early in the standardisation process. 

Refarming 

The spectral efficiency of GSM/EDGE is typically 0.33 bps/Hz/cell [12]. The spectral efficiency of 

HSDPA is typically 0.5bps/Hz/cell, which can rise to 1.0 bps/Hz/cell with 64QAM dual carrier [13]. 

Changing the use of the spectrum from one RAT to a newer one, known as refarming, increases the 

capacity of that spectrum. 

Refarming has already taken place in the UK. EE has refarmed some of its 1800MHz spectrum from 

GSM to LTE, and both Vodafone and O2 have refarmed some of their 900MHz spectrum from GSM to 

3G. 

There have been discussions about switching off both GSM and 3G networks by 2020 to use this 

spectrum for LTE. As O2 has a contract to provide cellular connections to smart meters in England 

that currently use GSM/GPRS then not all of their 900MHz spectrum can be refarmed. However, if by 
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2020 the majority of 900MHz and 1800MHz spectrum is made available to LTE-A then the amount of 

spectrum can be increased by around 150MHz. If 2100MHz spectrum is re-farmed this will provide an 

additional 120MHz. 

2.5 Where SDL is likely to be prioritised in rollout plans of MNOs? 

Capacity enhancements to the mobile network can be achieved by all of the means described above. 

In PA’s opinion these will be implemented in an order that maximises the return on investment for the 

operator. This will be driven by minimising new investment and by the availability of appropriate 

handsets. Handset availability is discussed in section 3. 

Capacity enhancements will happen in three areas: 

 The continued use of existing deployed LTE paired spectrum to increase network capacity: 

– The full use of 800MHz and 2.6GHz spectrum allocations 

– The re-farming of existing 2G and 3G spectrum 

– Wider support of LTE-A enhancements in base stations to make full use of the capabilities of 

new devices 

 The use of spectrum already licensed but not yet in use: 

– Deployment of FDD/TDD carrier aggregation by some operators 

– This may include the use of 1.4GHz SDL spectrum for some operators, but it will be highly 

dependent on handset availability. 

 The use of newly licensed spectrum: 

– The use of 700MHz FDD spectrum 

– The use of 700MHz SDL spectrum. Although the baseband part of the standards has been 

completed, the RF LTE band numbers for the proposed UK 700MHz SDL CA were only 

finalised in the last 3GPP standard released in July 2015. 

The deployment timescales for the last two areas will be dependent on future traffic growth, handset 

availability and the business cases that will assign MNO’s priority for deployment.  

Analysys Mason has previously carried out a study [14] for Ofcom on the benefits of using 700MHz for 

mobile. The present value (PV) of network cost savings identified are shown in Figure 1.5 of that 

report and in Figure 4 below. 
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Figure 4. PV of network costs savings of spectrum to the generic operator under a change of spectrum 

use in 2020 and 2022 

 

Source: Analysys Mason “Assessment of the benefits of a change of use of the 700MHz band to mobile” Oct.2014 

The report shows that delaying the spectrum availability from 2020 to 2022 will reduce the benefits to 

the operator. However this is only by 6% at most and may be as low as 1.5% depending on the traffic 

and deployment scenarios that are listed in Figure 1.4 of the report. One of the differences between 

the high and low scenarios is the traffic forecast. There has been strong traffic growth in the last few 

years, see Table 3. 

Table 3. Mobile data use continues to grow 

Year Active 

connections 

(millions) 

Total data 

uploaded/downloaded  

(GB, millions) 

Data per active 

connection (GB) 

Total data 

percentage 

growth 

Mar-11 81.1 9 0.11  

Jun-12 82.2 19.7 0.24 119% 

Jun-13 82.7 28.9 0.35 47% 

Jun-14 83.2 44.3 0.53 53% 

Jun-15 83.7 72.9 0.87 65% 

Source: Ofcom “Connected Nations 2015” Dec. 2015 

We expect the traffic rate to continue to grow strongly. EE’s response to an Ofcom call for input [34] 

gives a figure of 23% CAGR in the period 2015-2030. Video makes up the majority of monthly data 

demand, but the growth rate forecast is lower than the current growth rate. The document states that 

the change in growth rate is explained by a number of factors including: 

 Saturation in penetration of high-end smartphones 

 Stabilisation of growth in average usage 
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This may be an indicator that traffic forecasts will be in the low scenarios of the Analysys Mason 

forecasts. This is supported by the recent news [36] that smartphone shipments have fallen for the first 

time ever. 

In addition, that report considered only the paired spectrum and not SDL. The proposed SDL spectrum 

is 20MHz against 60MHz of paired spectrum. It is reasonable to assume that any loss of benefit due to 

later release will be commensurately smaller than for the paired spectrum. The hardware needed to 

support SDL is an extended frequency range version of the FDD hardware. This could be installed 

during the initial rollout but with the SDL carriers switched off. In this case the costs incurred by 

releasing the duplex gap for SDL later than the paired spectrum would be minimal, consisting mainly 

of a reconfiguration in the Network Operation Centre. 

On the basis of the above points, PA believes that retaining DTT in channels 55 and 56 will not cause 

any significant reduction in the benefits forecast for MNOs or their customers in the 700MHz band. 
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If there is demand, then the next question is whether it could be met by 700MHz SDL 
in the required timeframe. Historically the limiting factor on the speed of such rollouts 
has been the availability of suitable handsets. 

Mobile devices come in a wide variety of permutations of bands and technologies to 
suit different markets globally. PA has found that amongst these are the key features 
needed to make a handset capable of 700MHz SDL operation, but no model that 
combined them all. The impetus for manufacturers to produce such a model depends 
on the potential market.  

A band plan that related only to the UK market would be a low priority for handset 
and chipset manufacturers. This would likely delay the availability of a wide range of 
handsets until more countries had adopted the same band plan as the UK. 

3.1 The handset suppliers’ adoption of Band 28 (700MHz FDD) 

There are three 700MHz FDD LTE bands within the 3GPP standards: 

 Band 12 

– 698 - 716MHz uplink 

–  728 - 746MHz downlink 

 Band 17 

– 704 - 716 MHz uplink 

–  734 - 746MHz downlink 

 Band 28 

– 703 - 748 MHz uplink 

– 758 - 803MHz downlink 

There is support for all of these bands currently within Samsung and Apple handsets. Band 28 is the 

one that is closest to the Ofcom plans and this is supported by 100 handset models [15]. This 

includes: 

 Samsung Galaxy S6 Edge 

 Apple iPhone 6s and SE 

 HTC One M9s 

Hence the handset suppliers’ adoption of Band 28 is already current and is likely to grow over the next 

4 years. It should be noted however that Band 28 is not identical to the Ofcom proposed plan as the 

top 2x15MHz is not used, see Figure 1. If the UK adopts this band plan before other countries then the 

start of availability could be pushed back a few years as manufacturers wait for a larger market to 

appear. 

3.2 The handset suppliers’ adoption of SDL 

Looking at handset models available around the world, there is already support for SDL frequencies 

(LTE band 29) in the Samsung Galaxy S6 Edge, S7 and Apple iPhone 6, 6s and SE handsets [15]. 

3 WHEN COULD SDL BE DEPLOYED 
COMMERCIALLY AT 700MHZ? 
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There is no support at the moment for bands 32 (1.4GHz) or 67 (SDL: 738-758MHz). As band 32 was 

in the 3GPP standards earlier than band 67 we expect that this will start to become available in 

handsets in the next two years. On that basis band 67 may only appear in 2019. 

There is already support for band 29 (FDD/SDL 700MHz) in several Apple and Samsung handsets 

and so we forecast that there will be many SDL capable handsets in the market by 2020. 

3.3 Consumer adoption rates and replacement cycles 

Our forecast of the consumer adoption of 700MHz SDL handsets is shown in Figure 5. To work out 

when handsets will start to become available, we looked at the example of SDL in band 29. This was 

standardised in 2012 and the first handsets to include it went on sale in 2015, a delay of 3 years. 

Applying this to band 67, we expect the first 700MHz SDL capable handset to be sold in 2019. 

Following the first introduction there will then be an uptake curve. Currently the UK smartphone market 

share [16] is dominated by Samsung and Apple each with around a 33% market share. Samsung and 

Apple already support LTE band 29 SDL. If they were both to support SDL in band 67 throughout their 

model ranges then we would expect an adoption rate above the medium curves shown in Figure 5. 

Alternatively if the SDL functionality is omitted from the cheaper handsets from those manufacturers 

and ‘me-too’ Android handsets then the uptake will be below the medium curves. If it is a UK-only 

band plan then there may be a delay to the availability of handsets that is shown as on the graph as 

an uptake curve delayed by two years. 

The uptake curves are also dependent on the handset churn rate. In 2015 the total number of 

smartphones sold was roughly 30 million which gives an average handset life of 2.75 years. The sales 

in Q1 2015 were down 1.5% on Q1 2014. We expect that the average handset life will increase to 3.3 

years by 2019 and this is reflected in our model. 

Figure 5. Consumer adoption of 700MHz SDL capable handsets 
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If there is demand that can be met by deploying 700MHz SDL in the 2020-2022 
timeframe, then the remaining question is the potential for interference. This section 
looks at the main interference mechanisms and quantifies them for both DTT and 
SDL transmissions in the duplex gap. 

The conclusion is that some of the potential interference can be mitigated easily by 
fitting filters to affected base stations at a cost of a few hundred pounds each. The 
limiting factor is blocking of the LTE mobile’s receiver by strong signals from either a 
DTT transmitter or by SDL transmissions from a different operator’s base stations. 
Mitigation by filtering is not practical in this case.  

The interference from SDL covers a smaller area from each site than DTT, but from a 
larger number of sites. The net result is that interference from SDL would affect a 
larger overall area than that from DTT. In addition the progressive rollout of the 
network will mitigate any interference that does occur. 

4.1 Interference Mechanisms 

There are broadly two mechanisms by which a transmitter can cause interference to a receiver on a 

different channel. It can either emit noise on the receiver’s channel (out of band noise) or it can 

overload the receiver (blocking). 

Improved filtering, modulation or lower noise components in the transmitter can mitigate out of band 

noise, but improvements at the receiver will have little or no effect. Conversely improved filtering or 

higher dynamic range in the receiver can mitigate blocking but improvements at the transmitter will 

have little or no effect. 

The transmitter is either an LTE base station or a DTT broadcasting transmitter. For the LTE downlink 

the receiver is in a mobile device (UE), for the LTE uplink it is in a base station. This means that the 

propagation paths involved are static for uplink interference and mobile for downlink interference. 

The different scenarios are illustrated in Figure 6. 

Figure 6. Interference scenarios 
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4.2 Transmitted Out-of-Band Noise 

The specifications relevant to the out-of-band noise problem are given below.  

4.2.1 DTT Transmitter 

The proposed use of channel 55 and 56 in the duplex gap would be for multiplexes 7 and 8. The 

highest power transmitter of these multiplexes currently is Sutton Coldfield, which transmits multiplex 7 

at 89kW ERP. There are seven stations in the UK that transmit multiplex 7 at 40kW ERP or greater 

[20]. The out-of-band emission masks are defined in detail in Appendix B.1. 

Channel 55 would be on its nominal frequency with a bandwidth of 8MHz. Channel 56 would be offset 

by 166kHz from its nominal frequency with a bandwidth of 7.166MHz. This is to provide a 1MHz gap 

between the edge of channel 56 and the downlink sub-band. 

The wider bandwidths used for DTT mean that only a proportion of their power falls within the 5MHz 

bandwidth used for the tests in the LTE standards. This effect means that the power of an 8MHz DTT 

signal is reduced by 2dB to give the power within the LTE receiver’s channel, and by 1.6dB for a 

7.166MHz DTT signal. 

4.2.2 SDL Transmitter 

In 2011 there were 51,362 cellular base station sites recorded in Ofcom’s Sitefinder database, an 

average of one per 4.7km2 across the UK. This average covers a considerable variation between 

urban and rural areas. In Greater London the figure is one per 0.23 km2, in Herefordshire it is one per 

15km2. It also covers a mixture of macrocells and microcells and all the mobile frequency bands then 

in use. 

The LTE rollout has taken place since then, and is still not mature. However in the long term it is 

assumed that most of these sites and possibly more will have LTE base stations installed. 

The transmitter performance of a LTE BS is defined in [17], the spurious emissions limit in the uplink 

band is specified in section 6.6.4.2. The limit for a Wide Area BS is -96dBm in a 100kHz bandwidth. 

This equates to -76dBm in a 10MHz channel or -79dBm in a 5MHz channel.  

The standard does not currently specify SDL channels in the duplex gap. We assume these will 

generally have the same characteristics as the paired downlink channels in the same band. The 

adjacent channel leakage ratio in [17] is 45dB. For a 40W transmission this implies +1dBm adjacent 

channel power. To get the power in the uplink band down to -79dBm in 5MHz, an extra filter with a 

roll-off of 80dB in 5MHz is required. At band 28 this implies a Q factor of around 2000 which is high 

but achievable. A previous report [22] for Ofcom indicated that filters with a roll-off of 67dB in a 2MHz 

bandwidth at the 800MHz band could be made for around £330 in volumes of 1000. 

4.2.3 LTE BS Receiver 

The receiver performance of a LTE BS is defined in [17] section 7. The reference sensitivity required 

for a Wide Area BS is -101.5dBm for a 5MHz channel. 

4.2.4 LTE UE Receiver 

The receiver performance of a LTE mobile is defined in [2] section 7. The reference sensitivity 

required for a mobile in band 28 is -98.5dBm for a 5MHz channel. 

4.2.5 Frequency Offset 

The upper end of the uplink sub-band is at 733MHz. This means frequency offset from the lower edge 

of channel 55 is 9MHz. The proposed DTT arrangement is that the frequency offset from the upper 

edge of channel 56 to the downlink sub-band is 1MHz. 

The lower edge of the proposed SDL sub-band is 738MHz, giving an offset of 5MHz from the uplink. 

The downlink sub-band and the proposed SDL sub-band are contiguous. 
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4.3 LTE Receiver Blocking 

The specifications relevant to the blocking problem are given below.  

4.3.1 DTT Transmitter 

The DTT Transmitter is as described in section 4.2.1. In this case it is the transmitter ERP that is 

directly relevant not the out-of-band mask. 

4.3.2 SDL Transmitter 

The distribution of LTE BS is as described in section 4.2.2. A wide area BS has no upper limit on its 

transmit power specified in [17], and the power can be controlled dynamically according to traffic load 

and path loss to the mobile. In practice a typical power rating for a macrocell BS is 20W to 40W. 

4.3.3 LTE BS Receiver 

The performance of the LTE BS receiver is defined in [17] section 7. The extracts below are for a Wide 

Area BS with a channel bandwidth of at least 5MHz. 

The reference sensitivity specification is for the BS to receive a 5MHz LTE signal at -101.5dBm in the 

absence of any interference. 

The adjacent channel selectivity specification is to receive the wanted signal at -95.5dBm with a 5MHz 

LTE interferer at -52dBm in the adjacent 5MHz channel 

There are two specifications for blocking of the receiver outside of the adjacent channels. The BS 

must receive the wanted signal at -95.5dBm with either: 

 A 5MHz LTE transmission at -43dBm as the interferer. This applies with the centre frequency of the 

interferer offset from the edge of the uplink sub-band by 7.5MHz to 20MHz 

 A CW signal at -15dBm as the interferer. This applies with the centre frequency of the interferer 

offset from the edge of the uplink sub-band by 20MHz and more. 

4.3.4 LTE UE Receiver 

The performance of the LTE UE receiver is defined in [2] section 7. The extracts below are for a 

channel bandwidth of 5MHz. The power levels are per antenna port in the case of a multi-antenna 

receiver. 

The reference sensitivity specification is for the UE to receive a 5MHz LTE signal at -98.5dBm in the 

absence of any interference. 

The receiver must be capable of correctly receiving the LTE signals at up to -25dBm for a 64QAM 

signal and -27dBm for a 256QAM signal. 

There are two specifications for adjacent channel selectivity. The UE must receive the wanted signal 

at: 

 -56.5dBm with a 5MHz LTE interferer at -25dBm in the adjacent 5MHz channel, a rejection ratio of 

31.5dB 

 -84.5dBm with a 5MHz LTE interferer at -53dBm in the adjacent 5MHz channel, a rejection ratio of 

31.5dB 

There are two specifications for blocking of the receiver outside of the adjacent channels. The UE 

must receive the wanted signal at -92.5dBm with either: 

 A 5MHz LTE transmission at -56dBm as the interferer. This applies with the centre frequency of the 

interferer offset from the wanted frequency by 10MHz 

 A 5MHz LTE transmission at -44dBm as the interferer. This applies with the centre frequency of the 

interferer offset by 15MHz from the wanted frequency up to 15MHz from the edge of the downlink 

sub-band 
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4.3.5 Frequency Offset 

The frequency offsets for interference are as given in section 4.2.5. 

4.4 Potential for Interference  

The potential for interference in each case will depend on the specifications given above plus the path 

loss, antenna gains and interference threshold. The maximum distance from the transmitter at which 

interference could potentially happen is calculated. 

4.4.1 Path Loss 

The distance will vary substantially between transmitter / receiver pairs and in the case of the LTE 

mobiles will vary with time. The interference will be worst when the interfering transmitter and the 

receiver are close together. Base station and broadcasting antennas are usually above local clutter 

which, if reasonably close, means there will be line of sight (LoS) between the respective antennas. 

The path loss in this case is given by the free space loss: 

𝐿𝑜𝑠𝑠 (𝑑𝐵) = 20 𝑙𝑜𝑔10 𝑑(𝑘𝑚) + 20 𝑙𝑜𝑔10 𝑓(𝑀𝐻𝑧) + 32.44  

Any non-LoS paths will incur a higher path loss and thus less interference. 

Mobiles tend to be lower down and amongst local clutter. The propagation models used by 3GPP for 

mobile coverage estimates are based on the Okumura-Hata model and its derivatives [23]. 

4.4.2 Antenna Patterns 

Both DTT transmitters and cellular base stations use antennas with a narrow vertical beam-width. The 

boresight of the antenna is typically a few degrees below horizontal. This achieves the desired effect 

of directing most of the radiated power towards the edge of the coverage area and not wasting it either 

upwards or towards nearby users that have a low path loss. 

Cellular base stations and broadcasting transmitters typically use antennas consisting of an array of 

vertically stacked dipoles to give the above radiation pattern. This arrangement produces a main lobe 

in the horizontal plane with sidelobes above and below. Detailed engineering can minimise the upper 

sidelobes whilst leaving the lower sidelobes for providing coverage to nearby users. 

The ITU has published a recommendation [21] for antenna patterns to be used in interference 

assessments for sites such as cellular base stations. Arqiva has similarly generated a model of the 

radiation pattern of a typical DTT antenna. 

The antenna gain for a cellular base station varies between macro, micro and picocells. For a typical 

macrocell with sectored antennas the peak gain is around 15dB. The power radiated from a DTT 

transmitter is given as ERP and so has the antenna gain included. 

4.4.3 Interference Thresholds 

Out-of-band noise 

To ensure that any degradation in sensitivity is less than 1dB, the level of interference must be kept to 

a maximum of 6dB below the existing noise. The thermal noise density is -174dBm/Hz at ambient 

temperature, so the noise power is -107dBm in a 5MHz channel. The thermal noise is then raised by 

the receiver’s noise figure. This is not specified directly in the standards, we have taken 3dB for the 

BS and 6dB for the UE as reasonable assumptions. This means the out-of-band power at the BS input 

must be kept to a maximum of -110dBm within a 5MHz LTE channel, and -107dBm at the UE input. 

In practice the noise floor in many cellular networks is higher than this due to interference from other 

cells in the network. However we will take the noise-limited case as a conservative assumption. 
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Receiver blocking 

The minimum frequency separation between DTT and the LTE uplink is 9MHz. At this offset the 

blocking requirement is for the BS to withstand an interferer of at least -43dBm in a 5MHz channel. 

The minimum frequency separation between an SDL block of 20MHz and the uplink is 5MHz. At this 

offset the blocking requirement is for the BS to withstand an interferer of at least -56dBm in a 5MHz 

channel. 

The minimum frequency separation between DTT and the LTE downlink is 1MHz. At this offset the 

blocking requirement is for the UE to reject a signal at 31.5dB above the wanted signal. If referred to 

6dB above the sensitivity level as for the other tests, this implies a limit of -61dBm in a 5MHz channel.  

The proposed SDL channels are extensions of the paired downlink sub-band and will presumably be 

transmitted at a similar power from the same BS. The interference threshold is therefore the adjacent 

channel selectivity requirement, which as above is -61dBm. 

4.4.4 Link budgets 

The full calculations for link budgets are given in Appendix B.2. Twelve link budgets have been 

calculated for the different possible interference mechanisms, covering the permutations of: 

 Transmitted signal: DVB-T critical mask, DVB-T measured performance, SDL 

 Receiver: LTE BS, LTE UE 

 Mechanism: transmitter out-of-band noise, Receiver blocking 

The range at which the interference would start to occur was calculated. This is where the duplex gap 

transmission would start to degrade the BS or UE sensitivity. If the BS or UE was already operating 

above its sensitivity threshold due to being in a good coverage area, then the duplex gap transmission 

would not cause interference at such a large range. 

For base station to base station and DTT to base station paths it is assumed that there is line of sight 

and so the free space path loss is used. For Base station or DTT to mobile then the Okumura-Hata 

path loss is used. This is based on the mobile being 1m above ground in a suburban area. In both 

cases the vertical radiation pattern of the respective antennas is taken into account, the DTT antenna 

being at 200m above ground and the base station being at 30m above ground. 

Blocking of the base station receiver is a particular concern since the duplex gap has been narrowed 

from to just 5MHz in the case of SDL, or 9MHz for DTT. Both of these are within the range in which 

the BS receiver has a reduced level of rejection (see section 4.3.3). To mitigate this, the effect of 

filtering at the receiver input was also calculated. Filters with 20dB and 40dB rejection at the problem 

frequency were allowed for and the ranges re-calculated. This was not applied to receiver blocking at 

the UE since it would not be practical to fit filters to every mobile. The summary results for uplink and 

downlink interference are given in Table 4 to Table 7. 

Table 4. Interference ranges to LTE base station from transmitter noise 

Transmitter DVB critical  DVB measured SDL 

Receiver LTE uplink LTE uplink LTE uplink 

Interference mechanism Tx OoB noise Tx OoB noise Tx OoB noise 

    

Tx EiRP in 5MHz bandwidth (dBm) -11.0 -12.8 -21.0 

Rx ant gain 15 15 15 
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Interference threshold -110 -110 -110 

    

Min path loss incl. antenna 

discrimination (dB) 

114.0 112.2 104.0 

Free Space distance (km) 0.13 0.15 2.53 

With 20dB filter on BS transmitter (km)   0.25 

 

Table 5. Interference ranges to LTE mobile from transmitter noise 

Transmitter DVB critical  DVB measured SDL 

Receiver LTE downlink LTE downlink LTE downlink 

Interference mechanism Tx OoB noise Tx OoB noise Tx OoB noise 

    

Tx EiRP (dBm) 12.3 15.2 13.0 

Rx ant gain -3 -3 -3 

Interference threshold -107 -107 -107 

    

Min path loss incl. antenna 

discrimination (dB) 

116.3 119.2 117.0 

Okumura-Hata distance (km) 0.36 0.45 0.95 

With 20dB filter on BS transmitter (km)   0.26 

 

Table 6. Interference ranges to LTE base station from receiver blocking 

Transmitter DVB critical  DVB measured SDL 

Receiver LTE uplink LTE uplink LTE uplink 

Interference mechanism Rx Blocking Rx Blocking Rx Blocking 

    

Tx EiRP (dBm) 76.2 76.2 58.0 

Rx ant gain 15 15 15 

Interference threshold -43 -43 -56 
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Min path loss incl. antenna 

discrimination (dB) 

134.2 134.2 129.0 

Free Space distance (km) 115 115 45 

With 20dB filter on BS receiver (km) 0.19 0.19 4.5 

With 40dB filter on BS receiver (km) 0.01 0.01 0.45 

 

Table 7. Interference ranges to LTE mobile from receiver blocking 

Transmitter DVB critical  DVB measured SDL 

Receiver LTE downlink LTE downlink LTE downlink 

Interference mechanism Rx Blocking Rx Blocking Rx Blocking 

    

Tx EiRP (dBm) 76.2 76.2 58.0 

Rx ant gain -3 -3 -3 

Interference threshold -61 -61 -61 

    

Min path loss incl. antenna 

discrimination (dB) 

134.2 134.2 116.0 

Okumura-Hata distance (km) 10.7 10.7 0.88 

The ranges at which interference can occur are either inherently small or can be reduced to negligible 

levels by filters. A 20dB filter on the LTE base station receiver will reduce to 190m the range at which 

blocking from DTT occurs. By comparison a 40dB filter on the base station would be needed to reduce 

the blocking range from other base stations using SDL to 450m. Examples of similar filters are given in 

Appendix B.3. 

The dominant interference effect however is the one that cannot be mitigated by filtering, blocking of 

the UE receiver. The range at which this could occur due to a high power DTT station is 11km, or 

900m due to an LTE base station using SDL. 

PA and Arqiva estimate that when the LTE 700MHz networks are mature there will be around 10,000 

macrocell base station sites, whereas there are just 30 DTT sites broadcasting the relevant multiplex 

at high power. The potential interference from SDL therefore affects more than twice the area 

compared to DTT. As discussed below the actual area affected would vary as the rollout of 700MHz 

progresses, but it is likely that the total area affected by SDL interference would be larger than that 

affected by DTT interference. 

4.5 Variation over Time 

The LTE network at 700MHz is likely to follow the precedent of other bands and technologies, it will be 

rolled out over a period of years until most of the UK population is covered. During the earlier stages 

there will be islands of coverage and plenty of gaps between them. Typically urban areas will be 

covered early as they have the greatest user density and so give the fastest return on investment. 
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By 2014 all four UK operators had already deployed LTE in the 800MHz or 1800MHz bands [24]. The 

LTE coverage has extended since then and is highly likely to do so further by 2020. Gaps in 700MHz 

coverage in the early stages of its rollout would not be important – and may not even be noticeable - to 

the user as the handsets are multi-band and would automatically switch to one of the other bands with 

better coverage. The coverage of an LTE cell at 700MHz is likely to be similar to that at 800MHz. 

Interference from DTT, or another MNO’s SDL, will only be apparent in areas of poor LTE coverage. 

For the reasons above this is unlikely to be significant to the end user during the early stages of 

rollout. It is only when use of 700MHz becomes necessary for capacity reasons that this could become 

a problem. But as the operators improve their coverage at 700MHz to meet the capacity demand, so 

the interference effects will naturally disappear.  

The net effect is that the end user is unlikely to be affected by any areas of interference since these 

would only occur at the edges of gaps in coverage that exist anyway. The handsets response to a gap 

in coverage or interference is the same; it will switch to another carrier, in another band if necessary, 

with better signal quality. As the gaps in coverage disappear over time, so do the areas of 

interference. 

4.6 Overall Result 

Both DTT at channel 55/56 and SDL at band 29 can interfere with mobile operation in the forthcoming 

700MHz band. The dominant mechanism for this is blocking of the mobile’s receiver by strong signals 

close in frequency to the FDD downlink band. This cannot realistically be mitigated by fitting additional 

filters because this would need to be done to every mobile. 

If the mobile is in a fringe coverage area then potentially it could experience the first effects of 

interference at around 11km from a DTT site or 900m from an SDL site. The difference in ranges is 

due to the difference in ERP of the two transmitters. 

The LTE networks will have orders of magnitude more base station sites then there are high power 

DTT sites. The combined effect of thousands of smaller areas of potential interference around SDL 

sites creates a larger and more widespread affected area than the small number of individually larger 

areas around DTT sites. In addition the main DTT sites are usually on hilltops and in other areas with 

a low population close by whereas many LTE sites in or close to populated areas.  

Areas of better mobile network coverage will be less liable to interference from either source. This 

means that the impact of any interference will remain small over time. Initially the FDD coverage will 

be patchy. This means there will be a smaller number of subscribers and they will experience black 

spots in any case due to the immaturity of the network. As the rollout progresses the coverage 

improves and so the potential for interference shrinks. Arqiva has carried out detailed simulations [37] 

that show just 646 households across the UK would be affected by DTT to LTE UE interference once 

the LTE networks are mature. 
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We have found the case for reserving the duplex gap at 700MHz for SDL as early as 
2020 is unproven. Whilst it could be deployed at that time, we believe that there are 
other capacity enhancements that are likely to be deployed first. The ability to deploy 
SDL will depend on handset availability, which in turn is dependent on whether the 
UK’s plans are co-ordinated with other countries. When SDL is eventually deployed 
at 700MHz it is likely to create a similar localised interference effect to DTT but 
covering a larger overall area and with that area more focussed on populated areas. 

5.1 Mobile operator interest in SDL at 700MHz is unproven 

Spectrum is a key asset for the mobile operators and there is an ever-increasing demand for it due to 

the rising end-user demands for mobile data. 700MHz has good propagation characteristics with 

sensible antenna sizes for handheld devices. Its release for mobile networks would therefore be 

welcomed by the mobile operators. The nearby 800MHz band was put into use for LTE soon after it 

became available. 

PA has not found similar indicators regarding SDL. Its progress through standardisation is less 

advanced than for FDD or TDD. SDL spectrum that is already available at 1.4GHz has not yet been 

used in the UK, and previously released TDD spectrum has similarly had little or no use. There are 

alternative methods of capacity enhancement that are actively being pursued by the mobile operators. 

Our conclusion is that whilst the 700MHz FDD band is likely to see network deployments soon after 

being licensed, there is no strong case for accelerating the clearance of the duplex gap to enable early 

introduction of SDL. 

5.2 Handset availability in 2020-2022 depends on co-ordination 
with other countries 

In advance of the release of this spectrum there are no handsets currently supporting the band plan 

proposed by Ofcom. That is not surprising in itself as the investment in developing suitable handsets 

would only be made once the market for such devices is clear. 

PA has instead looked at the use of similar techniques and frequency ranges in current handsets. 

Current handsets have many operating bands, TDD and FDD operation, carrier aggregation, and in 

some cases SDL in other bands. Various bands in the 700MHz range are currently available. The one 

exception is the filtering needed to achieve the duplex spacing of 5MHz, which is beyond current 

handsets in the 700MHz range.  

With the exception of the filtering problem, the difficulty is not a technical one. It is whether the 

investment in developing the specific combination of features is worth it and that depends on the 

market size. If the UK were to go it alone in its plans for the duplex gap, it would be less likely that 

handset manufacturers would see this as an attractive proposition. Discussions between Arqiva and 

representatives of other European countries suggest that such market fragmentation is probable. 

5 CONCLUSIONS 
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5.3 Interference to 700MHz mobiles will be minor and could occur 
from either DTT or SDL transmissions 

The limiting case of interference from DTT transmissions is that of blocking the receiver in a UE that is 

in a fringe area of its network coverage. This is because the LTE standard for the UE specifies a 

relatively low level of rejection of signals in most of the duplex gap. Interference from other 

mechanisms, i.e. due to blocking of the base station receiver or from out of band noise from the DTT 

transmitter, is either inherently low or can easily be mitigated by filters. 

However the area of the UK affected by such interference would be very small, since it requires that 

the user is both in an area of poor coverage for 700MHz LTE and a strong DTT signal in the duplex 

gap. The overlap between these two conditions represents a small geographic area. In addition the 

affected areas will reduce over time as the LTE network matures. 

There is a similar interference mechanism between LTE base stations where the mobile is close to a 

site using SDL whilst operating in a poor coverage area for its own network. The range at which an 

LTE base station can interfere with another network’s mobile is smaller than for DTT. But because 

there are many more LTE sites than DTT sites, the total area affected is likely to be larger than for 

DTT interference. In addition the area affected by DTT would largely unpopulated whereas the area 

affected by SDL would include more built-up areas. 

  



 

 PAGE 30 

For publication by Arqiva 

 

 

A ARQIVA’S QUESTIONS 31 

B TECHNICAL APPENDIX 32 

B.1 DTT Emission Masks 32 

B.2 Link Budgets 33 

B.3 High Q Filters 34 

 GLOSSARY 35 

 REFERENCES 37 

 

 

APPENDICES 



 

 PAGE 31 

For publication by Arqiva 

 

Arqiva asked PA to consider the following questions: 

1. In the consultation Ofcom’s view is that the most likely use of the Duplex Gap long term is for 

SDL in 4 x 5MHz allocations; 

a. What is the MNOs appetite for doing this? 

b. What technical demands does this put on the handsets and 700MHz FDD base stations? 

Handsets are getting more and more bands to have to operate in, will the 700MHz duplex 

gap be of big enough capacity value ever to be implemented in a hand set or can it be paired 

with 1800MHz for example and the 700MHz Rx for FDD be tuned across? 

c. When would the MNOs want to deploy SDL? 

2. If the 700MHz base stations where SDL ready in the duplex gap what would be the duplex filter 

specifications? (Arqiva are set up to do the co-existence study with DTT in channel 55 & 56 once 

these filter specifications are agreed but would want the method to be peer reviewed) 

3. If SDL is not the favoured technology to be deployed in the duplex gap by the MNOs, what is a 

reasonable 700MHz FDD base station duplex filter specification so that long term the gap can be 

used in a spectrally efficient way which does not put significant cost onto the 700MHz FDD base 

station deployment for a yet unidentified long term use? 

 

A ARQIVA’S QUESTIONS 
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B.1 DTT Emission Masks 

ETSI publishes out-of-band emission limits in the DVB-T standard [18] section 4.8.2. These are 

defined according to the legacy analogue TV standard in use. For the UK this is system I, PAL and 

NICAM. Two emission masks are defined, one for normal cases and one for critical cases. The latter 

can be used in cases “such as television channels adjacent to other services (low power or receive 

only)”. 

Additionally Ofcom defines mandatory out-of-band emission masks for broadcasting in the UK, 

including DTT, in [19]. The Ofcom mask that applies to high power (ERP > 1kW) transmitters in 

channels 55 and 56 is more restrictive than the DVB-T standard mask, but less than the critical mask. 

The DVB-T critical mask is therefore used in this analysis. 

The emission limits for the DVB-T critical mask is given in Table 8 below. The Ofcom mask is also 

given for comparison. 

Table 8. Emission mask values 

DVB-T critical mask     Ofcom ERP>1kW   

Frequency 

offset, MHz 

Level, dBc in 

4kHz Level, dBc   

Frequency 

offset, MHz 

Level, dBc in 

4kHz Level, dBc 

-12 -120 -87.2   -12 -110 -77.2 

-6 -95 -62.2   -6 -85 -52.2 

-4.2 -83 -50.2   -4.2 -67.8 -35 

-3.8 -32.8 0   -3.9 -32.8 0 

3.8 -32.8 0   3.9 -32.8 0 

4.2 -83 -50.2   4.2 -67.8 -35 

6 -95 -62.2   6 -85 -52.2 

12 -120 -87.2   12 -110 -77.2 

 

B TECHNICAL APPENDIX 
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Figure 7. Emission masks 

 

A separation of 9MHz from the edge of the DVB-T channel is an offset of 13MHz, which is just beyond 

the edge of the mask. The level at the edge of the mask of -87dBc is assumed in this case. 

A separation of 1MHz from the edge of the DVB-T channel is an offset of 5MHz. Integrating the power 

across a 5MHz LTE channel width gives a level of -63.9dBc for the DVB-T critical mask. 

 

B.2 Link Budgets 

Table 9. Interference link budget for transmitter out-of-band noise 
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Tx DVB critical DVB actual SDL DVB critical DVB actual SDL

Rx LTE uplink LTE uplink LTE uplink LTE downlink LTE downlink LTE downlink

Mechanism Tx noise Tx noise Tx noise Tx noise Tx noise Tx noise

Tx EiRP -11.0 -12.8 -21.0 12.3 15.2 13.0

Rx ant gain 15 15 15 -3 -3 -3

Int. threshold -110 -110 -110 -107 -107 -107

Min path loss inc. 114.0 112.2 104.0 116.3 119.2 117.0

antenna discrim.

Tx antenna discrimination 26 26 3 26 26 3

Rx antenna discrimination 15.7 12.7 3 0 0 0

Free Space distance (km) 0.13 0.15 2.53 1.04 1.45 15.98

Okumura-Hata distance (km) 0.36 0.45 0.95
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Table 10. Interference link budget for receiver blocking 

 

 

B.3 High Q Filters 

A previous study for Ofcom by Isotek Electronics [22] illustrated various combinations of performance, 

size and estimated cost for antenna filters of the type used on cellular base stations. Several of these 

were for the 800MHz mobile band and were assessed for compatibility with adjacent DTT broadcasts. 

The filters under consideration are made by machining cavities into a block of aluminium. These are 

designed to form resonant elements that, when coupled together, create typically a bandpass filter 

response. The use of air-filled cavities with metal surfaces gives a very high Q factor and thus a rapid 

change in attenuation with frequency can be achieved. 

The dimensions are largely determined by the performance of the filter and its centre frequency. For a 

change from 800MHz as in the study to 750MHz for the 700MHz duplex gap, this would increase the 

linear dimensions by approximately 7% for the same performance. The cost is driven mainly by the 

processing steps rather than raw material costs. These would be the same for a filter of the same 

performance at 750MHz as at 800MHz. PA has therefore taken the sizes and costs cited in the Isotek 

report as being representative of the filters that may be required for the 700MHz duplex gap also. 

Examples of these (with original sizes) are: 

 37dB attenuation and 2MHz guard band: 140 x 280 x 75mm, estimated price £240 in 10k volume 

 17dB attenuation and 2MHz guard band: 100 x 150 x 75mm, estimated price £180 in 10k volume 

 37dB attenuation and 1MHz guard band: 140 x 280 x 75mm, estimated price £240 in 10k volume 

 17dB attenuation and 1MHz guard band: 140 x 210 x 75mm, estimated price £210 in 10k volume 

 

Tx DVB critical DVB actual SDL DVB critical DVB actual SDL

Rx LTE uplink LTE uplink LTE uplink LTE downlink LTE downlink LTE downlink

Mechanism Rx Blocking Rx Blocking Rx Blocking Rx Blocking Rx Blocking Rx Blocking

Tx EiRP 76.2 76.2 58.0 76.2 76.2 58.0

Rx ant gain 15 15 15 -3 -3 -3

Int. threshold -43 -43 -56 -61 -61 -61

Min path loss inc. 134.2 134.2 129.0 134.2 134.2 116.0

antenna discrim.

Tx antenna discrimination 0 0 3 0 0 3

Rx antenna discrimination 3 3 3 0 0 0

Free Space distance (km) 115.32 115.32 45.03 162.90 162.90 14.22

Okumura-Hata distance (km) 10.7 10.7 0.88

20 dB filter on Rx Not possible Not possible Not possible

Tx antenna discrimination 26 26 3

Rx antenna discrimination 12.7 12.7 3

Free Space distance (km) 0.19 0.19 4.50

Okumura-Hata distance (km)

40 dB filter on Rx Not possible Not possible Not possible

Tx antenna discrimination 26 26 3

Rx antenna discrimination 15.7 15.7 3

Free Space distance (km) 0.01 0.01 0.45

Okumura-Hata distance (km)
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3GPP 3rd Generation Partnership Project 

BS Base Station 

CA Carrier Aggregation 

CAGR Compound Annual Growth Rate 

Capex Capital expenditure 

CEPT European Conference of Postal and Telecommunications Administrations 

CoMP Coordinated Multipoint 

DTT Digital Terrestrial Television 

DVB-T Digital Video Broadcast – Terrestrial 

EAP-SIM Extensible Authentication Protocol – Subscriber Identity Module 

EIRP Effective Isotropic Radiated Power 

ERP Effective Radiated Power 

E-UTRA Evolved UMTS Terrestrial Radio Access 

FDD Frequency Division Duplex 

IP  Internet Protocol 

LoS Line of Sight 

LTE Long Term Evolution 

LTE-LAA LTE Licence-Assisted Access 

LTE-U LTE in Unlicensed spectrum 

MIMO Multiple Input Multiple Output 

MNO Mobile Network Operator 

Opex Operating expenditure 

PV Present Value 

QAM Quadrature Amplitude Modulation 

RAN Radio Access Network 

RAT Radio Access Technology, e.g. GSM, UMTS, LTE 

 GLOSSARY 



 

 PAGE 36 

For publication by Arqiva 

 

Rx Receiver 

SDL Supplemental downlink 

TDD Time Division Duplex 

Tx Transmitter 

UE User Equipment 

UMTS Universal Mobile Telecommunications System 
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