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For the second scenario where primary and secondary systems are to share the same
frequency channel, it is important for the secondary system to be capable of detecting
primary systems that may be attempting to utilize the shared spectrum. The key
technologies that need to be used in order to resolve such issues are spectrum sensing and
geolocation.

An alternative to sensing is for a CR to have a database available of the frequencies that can
be used at certain locations as well as the applicable rules (transmit power). To use the
database, the CR needs to know its own location. Such a concept, also known as a
geolocation database, could help to overcome most of the problems associated with
standalone sensing.

There are five key issues to be addressed in developing a geolocation database:

e The information to be provided by the device to the database;

e The information returned from the database to the device. An intelligent
database could return to the CR device not only the spectrum but also the
transmit powers that could be used in each channel, decreasing complexity on
the CR terminal side;

e The frequency of update of the database and hence the periodicity with which
devices will need to update from the database;

e The modeling algorithms and device parameters to be used to fill the
database;

e The maintenance of the database.

3.5 TDD / FDD Operation Mode

There are many issues that could be considered due to the new spectrum allocation trend
where more and more spectrum are being assigned (including auctions) as unpaired and
thus increasing the flexibility of users of the spectrum. What is apparent at this moment is
that FDD mode has been is still in favor with most standards with legacy cellular
background (e.g. LTE, LTE Advanced) while TDD mode is favored by emergent standards
that have a data traditional background (e.g. WiMAX). Hybrid division duplex (HDD) had
been proposed in the past [11] and the viability of the technology may be increasing due to
the current trend in the spectrum allocation that allows for technological neutrality in
assigning new and refarmed spectrum.

ECC Decision of 30 October 2009 on harmonised conditions for mobile/fixed
communications networks (MFCN) operating in the band 790 - 862 MHz:

WRC-07 allocated on a primary basis the 790-862 MHz band to mobile services in Region
1 as from 17 June 2015, and in some CEPT countries it is possible to utilise this band for
mobile services before 2015, in accordance with the provisions of the Radio Regulations.
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All duplex methods TDD, FDD full duplex (FDD-FD) and FDD half duplex (FDD-HD)
have been initially considered with the aim to define a solution to accommodate spectrum
for operators who would wish to use different technologies, while paying due attention to
coexistence issues and spectrum efficiency. Recognizing the advantage of a single
harmonised frequency arrangement, the preferred frequency arrangement is based on FDD.
TDD frequency arrangements and other approaches can be used on a national basis.

The harmonised frequency arrangement is 2 x 30 MHz with a duplex gap of 11 MHz, based
on a block size of 5 MHz, paired and with reverse duplex direction, and a guard band of 1
MHz starting at 790 MHz. The FDD downlink starts at 791 MHz and FDD uplink starts at
832 MHz.

790- 791- 796- 801- 80e- 811- 816- 821- 832- 837- 842- 847- 852- 857-
791 796 801 806 811 816 821 832 837 842 847 852 857 862

Guard Downlink op Uplink

M:-Iz 30 MHz (6 blocks of 5 MHz) 11 MHz 30 MHz (6 blocks of 5 MHz)

Figure 1. Preferred harmonised frequency arrangement [12]

3.6 Region Specific issues

The result of WRC-07 has shown that although spectrums for IMT-Advanced applications
have been identified, only a fraction of the bands most sought out have been made available
globally. Only 20MHz (450-470 MHz) of the UHF bandwidth has been identified and also
2300-2400MHz band has been identified for new IMT spectrum. The implication is that
regional differences in allocation of spectrum will continue in order to satisfy the needs of
spectrum for each location.
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4 Spectrum for Mobile Services in the UHF band

4.1 Broadcasting (propagation path loss versus antenna gain)

The benefits of using a lower frequency band were developed in a former WWRF White
Paper: “Considerations in the Choice of Suitable Spectrum for Mobile Communications”
[13].

A higher the frequency results in a higher propagation loss. In a first approach the
additional loss (AL) can be estimated as a function of the frequency difference (AF),

AL =26 log AF.
As an example comparing 700 MHz to 2.1 GHz means a difference of at least 13 dB.

This represents a huge amount if we compare the respective number of sites required for a
given coverage in the two bands. In mobile, with an average base station antenna height of
30m, the path loss difference versus coverage distance Ad is given by:

AL =35 log Ad.

Thus 13 dB gain means in theory a distance reduced by a factor of 2.3 and a number of
sites divided by 5 when using UHF band compared to present 3G band.

Nevertheless this gain could be seriously reduced when we take into account the respective
antenna gains on both sides:

Base station: On most cellular sites the size of antennas is limited due to environment
constraints (which is not the case for high power broadcasting sites). In this example, for a
given antenna size, the gain in UHF will be 5 dB lower than in 2 GHz band.

Terminal: Due to the large span of the UHF range (470 — 862 MHz) a tunable antenna is
not possible if the entire band must be scanned. In consequence the gain for an integrated
antenna is very poor, in the order of -7 dBi. This is to compare with a classical gain of 0
dBi in most GSM/3G handsets.

Presently this represents a strong disadvantage for a technology like DVB-H where no
harmonized sub band was possible to achieve in UHF due to existing TV services.

A globally or regionally harmonized sub-band for mobile services also facilitates the
handset design, with respect to the different filters that have to be implemented in order to
mitigate interference from the adjacent broadcasting band, or from nearby handsets
operating on two different band plans. Finally, harmonized band plans facilitates global
roaming and the development of handsets that are affordable to the widest range of users
(including users in developing countries with lower income).
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In conclusion we can say that for future mobile services a harmonized sub band in UHF is
strongly recommended.

4.2 Digital dividend, when available

4.2.1 The Challenge

The ITU World Radio communications Conference in October 2007 (WRC-07) was an
opportunity for the telecom industry to have access, in a reasonable timescale, to part of the
UHF spectrum which has been for decades attributed to broadcast TV services only.

In Europe for example, the band, at the moment, is fully used by these services, but the
switch-off of analogue TV systems, around 2012 for most European countries, following
the transition to full digital transmission of terrestrial television will allow the release of
valuable spectrum called “digital dividend” for other uses.

The benefits for the telecom operators are important; the release of a portion of the UHF
band for non-broadcasting services could be the key to provide wireless broadband to rural
areas. The propagation characteristics of UHF could facilitate the deployment of networks
reaching sparsely populated areas that are uneconomic to cover with networks operating at
higher bands.

Without a common band agreed at European level, it is unlikely that the economies of scale
will be sufficient to justify the deployment of mobile services on a spectrum plan unique to
a specific country. Network equipment and terminals will simply be too expensive, if
available at all. Co-ordination in this context means that similar quantities of contiguous
spectrum is identified in broadly similar frequencies across all or at least most European
markets, and that this spectrum is released in similar timeframes.

In 2006, during the ITU Regional Radio communications Conference (RRC-06), a general
agreement in Europe was achieved on a new frequency plan for digital broadcast services in
VHF and UHF taking into account the analog switch off transition period.

Unfortunately at that time no provision was taken for mobile services except mobile
broadcast TV. For the partitioning of allotments between countries, the planning was based
on existing DVB-T and T DAB standards and new mobile broadcast technologies like
DVB-H or T DMB. In UHF, the whole spectrum was considered without any provision for
future duplex mobile services.

Before WRC 07, some countries like UK had already identified a 112 MHz potential digital
dividend, while some others like Germany were strongly considering using the whole UHF
band for broadcast only services according to the RRC-06 agreement.

From a MNO perspective, the mobile allocation is a necessary, but not sufficient, step in
order to open any options for a use of the digital dividend. Even with a mobile allocation of
the band, European and national regulators could still decide that the best use of the
spectrum is for broadcasting. However, without an allocation the possibilities of having a
pan-European band will be slim since there would be no protection for mobile services
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from interference, and vice versa, interference protection should be guaranteed to
broadcasters.

In consequence at the beginning of WRC-07 a compromise between countries, broadcast
and telecom communities seemed to be very difficult to reach, especially for Europe.

4.2.2 The status of the digital switchover in Europe

Due to the spectrum efficiency of Digital Television (DTV), some of the spectrum bands
used for analog TV will be cleared and made available for other usage. Moreover, DTV
spectrum allocation is such that there are a number of TV frequency bands which are left
unused within a given geographical location so as to avoid causing interference to co-
channel or adjacent channel DTV transmitters; that is to say, the spectrum bands are
geographically interleaved. The cleared bands and the unused geographical interleaved
spectrum bands provide an opportunity for deploying new wireless services. These
opportunities create what is called the “Digital Dividend” in the literature [14] [15] [16]
[17] [18] [19]. In other words, the digital dividend refers to the “leftover” frequencies
resulting from the change of TV broadcasting from analog to digital.

The UK regulator, Ofcom, has led Europe in creating a digital dividend. As illustrated in
Figure 2, the UK’s digital dividend comprises:

Channel
Frequency
(MHz)

31 32
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: Cleared Program Making and
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Figure 2. Spectrum allocation after the Digital switchover in the UK
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e Cleared spectrum -128 MHz that will become available for new uses
primarily as a result of digital switchover;

e Geographical interleaved spectrum (or Television White Spaces - TVWS) —
the capacity available within the spectrum that will be retained for digital
terrestrial TV after switchover. This is known as interleaved spectrum
because not all this spectrum in any particular location will be used for digital
terrestrial TV and so is available for other services on a shared (or
interleaved) basis.

Following the UK’s leadership, it is now clear that a growing number of other European
countries will release a digital dividend, but within a slightly wider block of spectrum than
the UK’s, at 790-862 MHz (the so-called 800 MHz band). For example:

e In Sweden, a governmental decision taken in 2007 came into force on
January 1, 2009;

¢ In Finland, the Government allocated the band 790-862 MHz to digital
broadband mobile networks; the decision came into force on July 1, 2008;

¢ In France, the government announced the allocation of the 790-862MHz band
to digital broadband mobile networks; with auctions/beauty contest
announced for 2009.

As Finland, France and Sweden have already decided to release this wider block of
spectrum of 72 MHz, a number of other countries are expected to do likewise. On the other
hand, the European Commission is under consultation on how to harmonize the realization
of the digital dividend over the whole of Europe so as to avoid fragmentation in terms of
policies among member states [14] [15] [16] [17] [19]. As we have seen above, the Ofcom
on its part is already aligning its digital dividend to the 72 MHz wider block so that devices
can operate all over member states.

For the European Commission, the Digital Dividend (Cleared spectrum and geographical
interleaved spectrum) constitutes a great opportunity to realize significant elements of the
EU Lisbon strategy, e.g. providing significant improvements in mobile broadband,
multimedia and Internet access.

4.2.3 UHF spectrum for future LTE development

The ability to take advantage of new spectrum allocations and the opportunity to potentially
reform existing GSM spectrum are two key areas that will enable LTE deployments.
Enhancing network capabilities presents new deployment opportunities, economies of scale
and opens up markets that were previously inaccessible. The transition from analog to
digital terrestrial television will release large amounts of spectrum potentially for mobile
broadband deployments — the so-called Digital Dividend.

The oncoming spectrum auctions in the (700 MHz and 2.5-2.6 GHz bands) will have a
direct influence on the LTE ecosystem and in which band LTE will be deployed.
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Furthermore, the identification of new IMT mobile bands at WRC-07 (450-470 MHz,
2300-2400 MHz, 698-862 MHz and 3400-3600 MHz) will help fulfills the projected need
for future bandwidth as well as facilitates global roaming. In fact, over the next several
years the spectrum landscape will change significantly

2009 2009-2010 2011

Japan: 2100 MHz 125-2. Europe: 1800 MHz

2012+

Europe: 470854 MHZ

NA: 850 MHz
NA: 1900 MHz

NA- AWS 1.7/2.1 GHz
NA-700 MHz Europe: 2100 MHz

Figure 3. LTE development scenario.

A key characteristic of LTE technology is its suitability for deployment in scalable
bandwidths ranging from 1.4 MHz to 20 MHz. What is more, it can operate in all 3GPP
frequency bands in paired and unpaired spectrum allocations. In practical terms, the actual
performance achievable with LTE depends on the bandwidth allocated for services, and not
the choice of spectrum band itself. This gives operators considerable flexibility in their
commercial and technical strategies. Deployed at higher frequencies, LTE is attractive for
strategies focused on network capacity, whereas at lower frequencies it can provide
ubiquitous cost-effective coverage.

LTE’s flexibility to operate at a scalable bandwidth also allows operators to deploy LTE in
their existing spectrum allocations. This could be achieved via re-farming, considered by
many parties in the mobile telecommunications value chain as a cost-efficient option to
address increasing traffic demands.

The characteristics of LTE as described below shows that this system can be deployed
easily and with significant gains on the Digital Dividend bands:

e Increased downlink and uplink peak data rates;

e Scalable channel bandwidths of 1.4, 3, 5, 10, 15, and 20 MHz in both the
uplink and the downlink;

e Spectral efficiency improvements for downlink and uplink;

e Sub-5ms latency for small internet protocol (IP) packets;

e Performance optimized for low mobile speeds from 0 to 15 km/h, supported
with high performance from 15 to 120 km/h; functional support from 120 to
350 km/h, under consideration for 350 to 500 km/h;

e Co-existence with legacy standards while evolving toward an all-IP network;

e Frequency spectrum choice and flexibility of deployment in GSM, CDMA,
UMTS bands (450, 700, 850, 900, 1700, 1800, 1900, 2100, 2500MHz) means
that global roaming will be possible;

The combination of LTE’s increased spectral efficiency and flexibility, added capacity and
simpler network architecture offers a very cost effective value proposition. Combined with
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UHF bands and using advanced antenna systems, LTE networks will provide to the service
providers a significant improvement on cost per bit delivered.

4.2.4 The Outcome for the Different Regions

At the start of the conference a 112 MHz contiguous band was requested for IMT services
with a national coverage and protection against broadcast interference. This was obviously
too much for the broadcast community which already, besides SD TV, had plans to deploy
HD TV and mobile TV in the remaining spectrum.

The situation in the UHF band varying from country to country, a compromise was finally
achieved leaving a necessary degree of flexibility in the band plan.

Region 1: (Europe, Middle East, Africa, Russia): 470-790 MHz band remains allocated
only to broadcast and a 790-862 MHz band was allocated on a co-primary basis to the
mobile service. This part of the digital dividend can be used by either broadcast or telecom
services, leaving the possibilities to neighboring countries to discuss harmonization to
minimize mutual constraints. WRC 07 decision is open in this regard but it is a strong
indication to the telecom industry to start developing products in this band well before full
effect of this dividend in 2015. However, mobile can be deployed before then, or below
790MHz, provided that a country gets the agreement of others that might be affected by
interference.

The technical conditions (channelization, type of duplex, interference protection...) are
discussed at CEPT level with a final report expected by mid 2009. The GSMA has
commissioned a study to analyze the extent of the potential interference and the regulatory
burden of gaining agreement from neighboring countries. At the time of writing a 2x30
MHz resource with some guard band provision for various duplex scenarios is under study.

Region 2: (North & South America): In some countries like US, part of UHF spectrum was
already allocated to mobile services (PCS: 806-890 MHz). The US also had very advanced
national plans for auctioning the band 698 — 806 MHz for mobile services. WRC-07
decided to allocate a possible additional spectrum 698-806 MHz to IMT in Region 2.
Variations between countries will result as broadcasting is still possible in this band.

Region 3: (Asia, Pacific): The Asia Pacific countries mainly followed the decisions for
Region 1. Many of these countries in Region 3 are using GSM in the 900 MHz / 1800 MHz
bands and it was straightforward for them to align their digital dividend plans to the
European ones. Nine Asia Pacific countries were more ambitious and allocated the band
698 — 790 MHz to the mobile service, in addition to 790 — 862 MHz. This leaves them the
choice to either follow the US band plans or the European ones in future, depending on
their main diplomatic and economic relations or simply the availability of suitable
equipment. These nine countries are China, Korea, Japan, India, New Zealand, Bangladesh,
Papua New Guinea, Philippines and Singapore.
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5 Conclusions

This white paper presented the outcome of the World Radiocommunication Conference
2007(WRC.07). The identifications are different for different regions, at a high level the
identifications can be summarized as follows:

e 450-470 MHz band

e 698-862 MHz band in Region 2 and nine countries of Region 3
e 790-862 MHz band in Regions 1 and 3

e 2.3-2.4 GHz band

e 3.4-3.6 GHz band (no global allocation, but accepted by many countries)
Full details about the outcome of the conference can be found in the Radio Regulations [2].

These identifications make new parts of spectrum available for wireless services, allowing
mobile services to accommodate more traffic. The amount of identified spectrum however
is not sufficient to accommodate all predicted spectrum usage scenarios by the ITU.

The identifications pose several challenges on the design of future wireless systems. These
challenges include:

e Technologies for sharing the available spectrum: These could include techniques to
share the spectrum on a ‘static’ basis where different technologies co-exist in the
same part of the spectrum, e.qg. this is the case in the 790-862 MHz band. They can
also include techniques to share the spectrum in a more dynamic manner including
dynamic sharing of the spectrum.

e Infrastructure sharing in case of limited available spectrum:

e Challenges in Radio interface design: Radio technology that is capable of handling
new frequency bands, possibly non- contiguous, with varying propagation
properties.

e Need for flexibility and scalability of carrier bandwidths, technical implications

e Both time division and frequency division multiplexing should be supported. Time
division duplexing is gaining importance and well integrated approached are

needed. Technology neutrality allowing the use of both techniques close to each
other should carefully consider interference scenarios.
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At WRC-07 for some regions part of the UHF band has been allocated to mobile services
as well as to traditional broadcasting services. This results in new innovative ways of using
the spectrum. The use of these bands varies from country to country, they can be allocated
statically or dynamically. Recently in the USA dynamic sharing of channels not used by
broadcasters (so called white spaces) has been allowed [12].

Future systems solutions are currently still very much worked upon in various research

initiatives all over the world, we believe that this white paper provides valuable input to
these initiatives.
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