
METHOD AND SYSTEM FOR SHARING RADIO SPECTRUM 

The object of the invention relates to a method and a system that 
make it possible to share the radio spectrum between several systems or 

between several networks which, in operation, are required to use one and 
the same spectral band or a portion of a spectral band. 

One of the main problems linked to the management of the radio 
spectrum lies in the interferences that the transmission systems of a mobile 
network generate on the receiving systems of another broadcast network or 

of another mobile network. These interferences reduce the range and/or the 

quality of the transmissions. 
The prior art known to the applicant consists, for example, in 

managing the spectrum statically, by conducting upstream studies of 
compatibility that make it possible to determine the conditions of use of these 

systems. The role of the international telecommunication union, or ITU, and 

of the CEPT (European Conference of Postal and Telecommunications 
Administrations) at the European level is to manage this coexistence. The 
coexistence is generally ensured by defining a transmission mask for each of 
the systems, and by adding thereto a guard band that makes it possible to 

consider the adjacent systems as isolated on the wireless plane. The 
problem resulting from this approach is two-fold: the spectrum is shared only 
statically and the guard band is generally significant. 

Numerous studies are conducted on cognitive radio in general, the 
aim of which is to scan the wireless environment and exploit this information 

to use the spectrum that is left vacant. The main problem with this approach 
stems from the fact that the adjacent systems do not know one another, a 

priori, and that the spectrum access priority rules are generally not defined, 

unless a licence agreement, called LSA (licence scheme agreement), 

between a main user and a secondary user is defined. This agreement is 
specific between two users who use manual management to allocate the 
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Another approach lies in the LTE technology (standardized by the 
Long Term Evolution 3GPP) known from the technical domain which has 

introduced a semi-static spectrum sharing technique between adjacent base 
stations. The spectrum allocation, or "load sharing", protocol is transported by 

5 an IP internet network, to which the base stations are connected. Each 
operator defines the rules for sharing the spectrum that it wants to use. In 
particular, the LTE offers the possibility of creating a broadcast sub-network 
over a predetermined set of geographic areas. This sub-network shares the 

spectrum and the physical layer with the point-to-point or unicast 
10 transmissions, over all the base stations of a geographic area. In the context 

of this technology, the semi-static spectrum sharing takes place only within a 
single system for which the spectrum access priority rules are identical. The 

broadcast sub-network uses the same transmission standard and the same 

equipment as the LTE. 
15 Hereinafter in the description, the expression "constrained system" 

will denote a system for which the frequency band is fixed, and "a non-
constrained system" denotes a system for which the frequency band is 

flexible, in width and/or in position in the spectrum, without needing to switch 

it off. The LTE technology particularly addresses this criterion. 
20 In practice, such a system is commonly implemented by using an 

orthogonal sub-carrier modulation, but this type of implementation is not 

obligatory. The expression "adjacent" corresponds to an adjacency in the 

spectral sense of two systems having a common radio coverage area. 
The term channelization is here synonymous with radio channel 

25 width. For a given radio system, the channelization is defined by the quantity 

of spectrum necessary for the transmission and includes necessary guard 
bands that make it possible to avoid interference with the adjacent systems. 

In the LTE system, the channelization is quantized and adopts a value from 
the set {1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, 20 MHz}. The LTE 

30 system can be positioned in different frequency bands, typically the civil 

mobile communication bands allocated by the ITU, but can also be deployed 
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in other bands defined by each band-owner state or official organization 
(e.g. NATO). 

One of the objectives of the present invention is to propose a 
method that makes it possible to manage the dynamic sharing of the 

5 spectrum between several systems or between two networks which will be 
led to use the same base band. 

The invention relates to a method for sharing spectrum in a 

communication network comprising at least one first network comprising first 

transmission systems Si and one second network comprising second 
10 transmission systems S2, the networks working in frequency ranges that can 

overlap at least partially and in one and the same geographic area, resulting 

in the sharing of a spectral band, characterized in that it comprises at least 

the following steps: 

• affiliating the at least first system and the at least second system with 
15 a server and communicating spectrum sharing rules thereto, 

• determining whether there is a constrained system and, if there is, 

assigning said constrained system a first spectral sub-band of the 
shared spectral band, for a given geographic area, generating an 

alarm if this is not possible, 

20 • performing this assignment for all the geographic areas covered by 

said constrained system, 

• identifying the non-constrained systems and, by applying the spectrum 
sharing rules, assigning each of the non-constrained systems and 

each defined geographic area a spectral sub-band for each of the 
25 systems as a function of the geographic area covered by the network, 

and in the case where it is impossible to find a spectral sub-band, 
generating an alarm. 

The non-constrained systems use, for example, an OFDM 
modulation with a bandwidth that is variable from one system to the other 

30 and a guard band is inserted at the level of the sub-band or sub-bands 

assigned to a system. 
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For the implementation of the method, an IP link is, for example, 
used between the server and said systems. 

According to a variant embodiment, the method can implement 

spectrum sharing rules between two or more systems as a function of the 
5 date and time. 

The method according to the invention is used for radio networks. 
According to one embodiment, the method implements a spectrum 

allocation algorithm implemented by the server comprising the following 

steps: 
10 Radio transmission system affiliation request 

Decoding: 

• Of the area or areas of coverage provided, Zk, 

• Of the frequency range in which the network operates, Bk, 

• Of the capacity of the network to change frequency in the range, 

15 • Of the capacity of the network to work with a variable bandwidth. 

Identification of the spectrum sharing networks as a function: 

• Of the geographic area Zi, 

• Of the frequency range Bi, 
For each geographic area Zi affected by the new network: 

20 • Positioning the frequency-constrained systems, 

• Determining, in the common frequency range, the best frequency of 
the new network, the one providing the greatest bandwidth, by taking 

into account its spectral capabilities, 

• Determining the pairs of systems spectrally adjacent to the new 
25 network, 

For each system adjacent to the constrained system: 

• Computing the necessary guard band taking into account the 

characteristics of the two types of systems, 

• If both have fixed bandwidths, checking that this band is available, 

30 otherwise returning an alarm, 



• If one has a variable band and the other has a fixed band, computing 
the maximum bandwidth of the system with variable bandwidth 
talcing into account the guard band and taking into account the 
possibility of fixing or not fixing the width of the sub-carriers, 

• If both have a variable band, computing the maximum bandwidths 

applicable to each of the systems. 

For each system with variable width: 

• Taking into account adjacencies, computing the authorized 
channelization widths, 

• Indicating to the system the frequency, the channelizations, the IP 

access point, for example, of the system or systems with which the 
spectrum will be shared and the protocol applicable for the semi-
static management of the inter-system spectrum. 

The initialization step is, for example, executed as follows: 

Reception of configuration from the server: 
The server will indicate to each system the other systems that it will interact 

with: 

• establishment of an IP link with the spectrum management sub-system 
of each of the systems present in the adjacent bands, 

• starting up of the system with the previously computed sub-carrier 

frequency, bandwidth and channelization parameters, 

• starting up of the spectrum sharing protocol with the other system with 

which the link is established. 
Other features and advantages of the device according to the 

invention will become more apparent on reading the following description of 
an exemplary embodiment given as a nonlimiting illustration with figures 

attached where: 

• Figure 1 represents an exemplary implementation of the method 
according to the invention, 

• Figure 2 represents an example of spectrum allocation, and 



• Figure 3 represents another exemplary implementation of the method 
according to the invention. 

Figure 1 schematically represents an exemplary implementation of 
the method according to the invention for managing spectrum sharing by 

5 means, for example, of a server 13 linked to a first network 10 of Satcom 
type operated by a first operator communicating with a satellite 11 by 
appropriate means, and a second network 12 of LTE type operated by a 
second operator, available for users of an aeroplane A for example. The 
shared spectral band is, for example, the frequency interval [15-20 MHz]. The 

10 aeroplane A listens, for example, to the LTE ground network, or the Satcom 
network or even both and can be connected with both. In this context, first 
radio transmission systems Si will seek to be affiliated with the first network 

10 and second radio transmission systems S2 with the second network 12. 
The server 13 comprises, for example, a processor 14 adapted for 

15 executing the steps of the method according to the invention, a system 

affiliation management module 15, a communication module 16 or module for 
data exchanges with Satcom and with the LTE-network. The server 13 has in 
memory 17 a set of spectrum allocation rules which are communicated by the 

systems which will be affiliated. The server will use these rules to allocate the 
20 spectrum and compute the guard bands, if necessary, to be inserted for the 

constrained systems, for example. Upon the affiliation of a system, the server 

will memorize the characteristics of the different systems at the time of their 

affiliation. 
In the example given, the server 13 is centralized and globally 

25 manages the spectrum, in a given spectral range, over a given geographic 

area. 
The first network and the second network are required to share a 

spectral band Bi which can be divided into N sub-bands SBI. 
According to another variant embodiment, it could be possible to 

30 imagine, after the server has managed the spectrum sharing, that the 
affiliated systems or the networks communicate directly with one another to 
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define the sub-bands that they will use. In this case, the networks or systems 
will communicate with one another by using the spectrum sharing protocol 

and rules that the server will have transmitted to them. 
A system Sk is notably characterized by a frequency band Bk that 

5 it uses, a geographic area Zk and a waveform Mk for the communications, 

possibly by a priority criterion. For example, the priority could be linked to a 
time band of use in the day, assigned for each network. Each system 
considered in the description comprises transmission/reception means, a 
processor, means for communicating with at least the server and possibly 

10 with other affiliated systems which will use one and the same spectral band. 

At a given instant, the server looks at the radio transmission 
systems or networks which generate an affiliation request. The server will 
memorize, for a given system Rk, its nature, whether it is a constrained 

system RCk, or a non-constrained system Rnck, the frequency band that it 
15 needs Bk, the waveform that it uses Mk and the geographic area Zk that it 

covers. The spectrum sharing rules and modalities are communicated to the 

server by each network or system after their affiliation. 
To sum up, for each system or for each network, Rk, the server will 

execute, for example, the following steps: 

20 For any affiliated Rk 

is Rk a constrained system? 
If yes, then the server takes into account the requested spectral 

band Bk and the geographic area Zk, and looks to see if a sub-band of the 

shared spectrum Bi corresponds to the request from Rck) if it does, it 
25 allocates the sub-band to the system Rck, and determines the guard bands to 

be inserted, 
if it is not a constrained system, then the server will search to see 

if there is another affiliated constrained network, if there is, it will search to 
see if it is possible to assign it a sub-band of the spectrum, 

30 after having considered all the systems which are affiliated to it, the 

server has assigned the affiliated constrained systems Rck one or more 
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spectral sub-bands, 21 in Figure 2, as a function of the geographic area 
associated with the system, 

the server then considers the non-constrained systems RnCk. it applies 
the assignment rules, considers the available sub-bands remaining after 

assignment for the constrained systems, areas 21 in Figure 2 and will look, 
for each non-constrained system RnCk to see if there is, for a geographic area 
Zk, an available frequency sub-band of SBk, if there is, then it assigns to this 

system RnCk a sub-band SBk, otherwise it will return an alarm reflecting the 
inability to assign a sub-band of the spectrum. 

The spectrum allocation algorithm implemented by the server 
comprises, for example, the steps described below. 
Radio transmission system affiliation request, for example 
Decoding: 

• Of the area or areas of coverage provided, Zk, 

• Of the frequency range in which the network operates, Bk, 

• Of the capacity of the network to change frequency in the range, 

• Of the capacity of the network to work with a variable bandwidth 

Identification of the spectrum sharing networks as a function: 

• Of the geographic area Zi, 

• Of the frequency range Bi. 
For each geographic area Zi affected by the new network: 

• Positioning the frequency-constrained systems (e.g. operator), 

• Determining, in the common frequency range, the best frequency of 
the new network, the one providing the greatest bandwidth, by taking 

into account its spectral capabilities, 

• Determining the pairs of systems spectrally adjacent to the new 

network. 
For each system adjacent to the constrained system: 

• Computing the necessary guard band taking into account the 

characteristics of the two types of systems, 
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• If both have fixed bandwidths checking that this band is available, 
otherwise returning an alarm, 

• If one has a variable band and the other has a fixed band 
computing the maximum bandwidth of the system with variable 

5 bandwidth taking into account the guard band and taking into 
account the possibility of fixing or not fixing the width of the sub-
carriers, 

• If both have a variable band * computing the maximum bandwidths 
applicable to each of the systems. 

10 For each system with variable width: 

• Taking into account adjacencies, computing the authorized 
channelization widths, 

• Indicating to it the frequency, the channelizations, the IP access point, 
for example, of the system or systems with which the spectrum will 

15 be shared and the protocol applicable for the semi-static 
management of the inter-system spectrum. 

Without departing from the framework of the invention, it could 
also be possible to apply these different steps to the affiliation of a network. 

The initialization of the method can be executed as follows: 
20 Reception of a configuration from the server: 

The server will indicate to each system the other system with which it will 
interact: 

• establishment of an IP link with the spectrum management sub-system 
of each of the systems present in the adjacent bands, 

25 • starting up of the system with the previously computed sub-carrier 
frequency, bandwidth and channelization parameters, 

• starting up of the spectrum sharing protocol with the other system with 
which the link is established. 

According to a variant embodiment, the spectrum sharing can be 

30 dynamic and the server can apply spectrum sharing rules between two 

systems as a function of the date and time. 
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In the case of a constrained system, the type of modulation used 
need not be an OFDM modulation, and, in this case, the server will determine 
the guard band to be inserted for a given constrained system by taking into 

account spectrally adjacent systems of the system. 
In the case of adjacent non-constrained systems which use the 

OFDM modulation but with bandwidths that are variable from one system to 
another, it will in certain cases be necessary to introduce a guard band as a 
function of the respective radio characteristics of the systems. 

In the case of adjacent non-constrained systems, which would, in 
addition, be inclined to dynamically set the channelization of the sub-carriers, 
the implementation of the negotiation protocol can make it possible to fix the 

value of the channel width of the sub-carriers between two systems for each 
geographic area. This advantageously makes it possible to produce an 
orthogonalization in the geographic areas where two systems are 

simultaneously present, without needing to introduce any guard band 
between the two systems. 

The implementation of an automatic inter-system negotiation 
protocol makes it possible to fix the absolute frequency of one relative to the 
other in such a way that the sub-carriers are effectively orthogonal. 

The system will be able to use a modulation of SOFDM type. 

The examples described previously apply for systems with a 15 
KHz OFDMA frequency modulation, as applied by the LTE technology. 

Figure 3 schematically represents an exemplary implementation 

of the method according to the invention in the case of a temporary and 
localized reduction of the broadcast capacity for digital television or TNT. In 
this example, a broadcast system, 31, will for example be used with an 

orthogonal frequency compatible with the physical layer, PHY, of the LTE 

network, an OFDM modulation with 15 KHz sub-carrier. In this figure, the 
interference without implementation of the method occurs on the TNT 

receiver, 33, which receives both the broadcast originating from the 

system 31 and between the uplink UL transmission, 34, of the mobile 
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terminals. The transmission band of the terminal is in fact adjacent to the 

reception band of the TNT receiver. 
In case of necessity, and if the spectrum sharing rules prioritize a 

use for civil safety, the TNT broadcast will free up a part of the spectrum in 
the geographic area concerned. This spectrum will be able to be used for 
security networks, for example for civilian security, video surveillance, etc. In 

a particular exemplary deployment, the spectrum shared between the TNT 
and the LTE system over the national territory covers a band of 9 MHz. The 
TNT has frequency capacities below this band, covering a spectrum of 
several tens of MHz. The LTE system, used by the civil security forces, has a 
specific spectrum of 3 MHz above this 9 MHz band. In normal times, this 

spectrum is used only by the TNT transmitters. In case of important 
intervention requiring the use of critical communications, the security forces 
may ask, via the system 35, for the TNT transmitters broadcasting over the 

area of intervention to free up spectrum, up to 9 MHz, in favour of the LTE 
system for the duration of the intervention. At the end of the intervention, the 
LTE system indicates that the spectrum is once again available, only the 

specifically dedicated 3 MHz remain useable by the security forces. This 
variant allows for a dynamic sharing of the spectrum for the downlink DL or 

uplink UL direction. It will be possible to use the standardized X2 interface of 

the LTE 

The method according to the invention is notably used to provide a 
spectrum management interface that takes on board the spectrum sharing of 

the 3GPP TS 36.423 form that is known to those skilled in the art and that 

extends this standard: between 3GPP (LTE) and non-3GPP systems, 
i.e. Satcom, broadcast TV. The method will allow this communication, not as 

a function of an X2 link between two transmission equipment items but 

between two spectrum management and supervision equipment items in the 
geographic areas in which these systems transmit. 

The method according to the invention makes it possible to 
manage spectrum sharing between several radio means established in 
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adjacent bands. The invention thus offers more availability of the spectrum 
for critical communications. When the systems have the same physical layer, 
the use of a guard band can be avoided. 
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CLAIMS 

1 - Method for sharing spectrum in a communication network comprising at 
least one first network (10) comprising first transmission systems Si and one 
second network (12) comprising second transmission systems S2, the 
networks working in frequency ranges that can overlap at least partially and 
in one and the same geographic area, resulting in the sharing of a spectral 

band, characterized in that it comprises at least the following steps: 

• affiliating the at least first system and the at least second system with 

a server (13) and communicating spectrum sharing rules thereto, 

• determining whether there is a constrained system and, if there is, 

assigning said constrained system a first spectral sub-band of the 
shared spectral band, for a given geographic area, generating an 

alarm if this is not possible, 

• performing this assignment for all the geographic areas covered by 

said constrained system, 

• identifying the non-constrained systems and, by applying the spectrum 
sharing rules, assigning each of the non-constrained systems and 

each defined geographic area a spectral sub-band for each of the 
systems as a function of the geographic area covered by the network, 
and in the case where it is impossible to find a spectral sub-band, 

generating an alarm. 

2 - Method according to Claim 1, characterized in that the non-constrained 

systems use an OFDM modulation with a bandwidth that is variable from one 

system to the other and in that a guard band is inserted at the level of the 

sub-band or sub-bands assigned to a system. 

3. Method according to one of the preceding claims, characterized in that 

an IP link is used between the server and said systems. 
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4 - Method according to one of Claims 1 to 2, characterized in that spectrum 
sharing rules are used between two or more systems as a function of the date 
and time. 

5 5 - Method according to one of the preceding claims, characterized in that the 
networks are radio networks. 

6 - Method according to one of the preceding claims, characterized in that the 
systems use a 15 KHz, OFDMA frequency modulation, as applied by the LTE 

io technology. 

7 - Method according to one of Claims 1 to 6, characterized in that it 
implements a spectrum allocation algorithm implemented by the server 
comprising the following steps: 

15 

Radio transmission system affiliation request 
Decoding: 

• Of the area or areas of coverage provided, Zk, 
• Of the frequency range in which the network operates, Bk, 

20 • Of the capacity of the network to change frequency in the range, 
• Of the capacity of the network to work with a variable bandwidth. 

Identification of the spectrum sharing networks as a function: 
• Of the geographic area Zi, 
• Of the frequency range Bi, 

25 For each geographic area Zi affected by the new network: 
• Positioning frequency-constrained systems 
• Determining, in the common frequency range, the best frequency of the 

new network, the one providing the greatest bandwidth, by taking into 
account its spectral capabilities, 

30 • Determining the pairs of systems spectrally adjacent to the new network, 
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For each system adjacent to the constrained system: 
• Computing a necessary guard band taking into account the 

characteristics of the two types of systems, 
• If both have fixed bandwidths, checking that this band is available, 

otherwise returning an alarm, 
• If one has a variable band and the other has a fixed band, computing a 

maximum bandwidth of the system with variable bandwidth taking into 
account the necessary guard band and taking into account the 
possibility of fixing or not fixing the width of the sub-carriers, 

• If both have a variable band, computing the maximum bandwidths 
applicable to each of the systems, 

For each system with variable width: 
• Taking into account adjacencies, computing authorized channelization 

widths, 
• Indicating to the system a frequency, the channelization widths, IP 

access point, for example, of the system or systems with which the 
spectrum will be shared and the protocol applicable for semi-static 
management of inter-system spectrum. 

8 - Method according to Claim 7, characterized in that, for the initialization step, 
the server will indicate to each system the other systems with which it will 
interact, then the step is executed as follows: 

• establishment of an IP link with spectrum management sub-system of 
each of the systems present in the adjacent bands, 

• starting up of the system with previously computed parameters: sub-
carriers frequency, bandwidth of the system and the channelization 
widths, 

• starting up of the spectrum sharing protocol with the other system with 
which the link is established. 

9 - System for implementing the method according to one of Claims 1 to 8 
comprising a server (13) linked to a first network (10) operated by a first 
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operator communicating with a satellite (11) by appropriate means, and a 

second network (12) operated by a second operator, the server (13) 
comprising a processor (14) suitable for executing the steps of the method 
according to the invention, a system affiliation management module (15), a 
communication module (16), a memory (17) of a set of spectrum allocation 
rules which are communicated by the systems which will be affiliated. 

10 - System according to Claim 9, characterized in that the second network 

is an LTE network. 


