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ALLOCATION OF FREQUENCY SPECTRUM
IN SPECTRUM-ON-DEMAND SYSTEMS

TECHNICAL FIELD

The invention relates to the allocation of data traffic of a
wireless communication system to different frequency spec-
trum resources being available to the communication system.
Particular aspects of the invention relates to the allocation of
data trailic to spectrum resource where a wireless communi-
cation system has primary access to some of the resources 1n
use, and accesses other spectrum resources 1n use on a sec-
ondary basis.

BACKGROUND

Today, wireless communication 1s widely used and a mul-
titude of wireless communication systems have been devel-
oped to accomplish such communication. Well known wire-
less communication systems are ¢.g. the Global System for
Mobile communications (GSM), the General Packet Radio
Service (GPRS), the Universal Mobile Telecommunications
System (UMTS) and other cellular technologies or simailar.
Other well known examples of wireless communication sys-
tems are the Wireless Local Access Networks (WLAN) and
the Worldwide Interoperability for Microwave Access
(WiIMAX).

As 1s well known, the assignment of a relevant frequency
spectrum resource to be used 1s a fundamental precondition
for substantially any wireless communication system.

However, the usage of frequency spectrum has been liber-
alized 1n that frequency resources may no longer be exclu-
stvely assigned to a particular wireless communication sys-
tem, largely based on the observation that frequency
resources assigned by licenses to licensees are not used, e.g.
not at all or not to the full extent. For example, one possible
approach pursued in regulations i1s to license a frequency
resource to a licensee (primary user), while the frequency
resource can be simultaneously used by other users (second-
ary users ) under the condition that they do not cause harmiul
interference to the wireless communication system of the
primary user. In the future there will be a multitude of spec-
trum usage regimes applied for different resources/portions
of the electro-magnetic spectrum.

One example 1s a dedicated licensed spectrum operation.
Here, the licensee (typically the operator of the communica-
tion system 1n question) receives an exclusive license for
using a certain spectrum resource for his communication
system. The license 1s typically valid within a certain region
and/or for a certain period of time. A dedicated licensed
spectrum 1s €.g. used by today’s 2G/3G cellular communica-
tion systems.

Another example 1s the licensed spectrum operation with
opportunistic spectrum access by secondary user systems.
Here, a primary user receives a non-exclusive license for
using a certain spectrum resource for his communication
system. The non-exclusive license 1s typically valid within a
certain region and/or for a certain period of time. Other sys-
tems are allowed to use the licensed spectrum resource under
a secondary license and/or under certain usage regimes. A
secondary system may e.g. be required to sense 1f the primary
system uses the spectrum resource. A detection of a primary
usage—e.g. within a certain region and/or during a certain
period of time—may require the secondary system to (at least
temporarily) withhold from or cease usage of the licensed
spectrum resource. This may e.g. be the case 11 the interfer-
ence caused from the secondary system to the primary system
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exceeds a certain threshold. An example of the above can be
found 1n the secondary usage of white space spectrum 1n US
TV bands, as developed 1n IEEE 802.22.

Still another example 1s the licensed spectrum operation
with allowance for spectrum trading. Here, a primary licensee
receives an exclusive license for using a certain spectrum
resource for his communication system with the option for
renting out the usage of the licensed spectrum 1n exclusive
secondary licenses. The license 1s typically valid within a
certain region and/or for a certain period of time. A spectrum
trading opportunity may e.g. occur when the primary licensee
has the spectrum usage right for a certain spectrum resource
1n a specific region for 20 years, but is only using the spectrum
at certain time periods. The primary user may then lease the
temporal/regional usage of the spectrum resources to second-
ary users; €.g. on a yearly or monthly basis, or only during
daily time periods. An example may be the renting of TV
spectrum resource to cellular systems during times when no
TV-programs are transmitted, e.g. during night.

Naturally, a further example 1s the un-licensed spectrum
operation. Here, the usage of a certain spectrum resource 1s
allowed to any system which fulfils certain usage regimes,
¢.g. maximum allowed transmission power, sharing rules, etc.
The allowance 1s typically valid within a certain region and/or
for a certain period of time.

Of course, the examples above are not exhaustive and the
invention 1s applicable to other examples of spectrum usage,
which may result in different availability and usability for a
certain spectrum user.

It should be added that the frequency spectrum resources
mentioned above may comprise any spectrum portion within
which a wireless communication may be accomplished. In
addition, a frequency spectrum resource may €.g. Comprise a
single continuous spectrum portion or several partitioned
spectrum portions.

With the independence of spectrum usage from specific
service types 1t 1s possible for communication systems to
combine the usage of a multitude of spectrum resources, as
long as the spectrum usage regime for each spectrum resource
1s applied. A service type may e.g. be the transmission of a
message or sumilar (e.g. SMS, e-mail or similar), the trans-
mission of voice and/or video or similar (e.g. conversations,
music and/or movies or similar), or the transmission of data
(e.g. data files or similar) etc. In addition, A service type may
¢.g. be broadcasted and/or unicasted or similar. The services
may also be categorized 1n to Quality of Service (QoS) classes
or similar, €.g. such as Conversational, Streaming, Interactive
and Background or similar as defined by the standards of the
3GPP.

A spectrum-on-demand system can be defined as a system
that acquires spectrum resources based on the current
demand, 1.e. a system that can acquire additional resources
when this 1s considered to be beneficial. An example of a
spectrum-on-demand system 1s a wireless communication
system which, 1n addition to primary spectrum resources
(possible exclusively licensed), makes use of secondary spec-
trum resources (typically not exclusively licensed) 1n case the
current demand so requires. An exemplilying spectrum-on-
demand system may e.g. have access to a primary spectrum
resource on exclusive basis and to one or several secondary
spectrum resource on opportunistic basis or similar. Another
exemplilying spectrum-on-demand system may e.g. only
have access to one or more secondary spectrum resource on
opportunistic basis or similar.

An example of a spectrum-on-demand system 1s depicted
in FIG. 1a. Here a spectrum resource aggregation function of
a wireless communication system performs an aggregation of
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different spectrum resources F1-F4 and performs common
resource management for these resources. One spectrum
resource F1 may for example be the licensed spectrum of the
operator ol the communication system 1n question with
exclusive usage right according to a dedicated licensed spec-
trum operation; another spectrum resource F2 may be avail-
able for the system 1n question with a temporarily exclusive
usage right according to a secondary license that was bought
from another communication system operator or a TV broad-
cast operator or similar; a third spectrum resource F3 may be
available as a non-exclusively resource licensed by the opera-
tor of another system (e.g. a'TV broadcast operator or a radar
system) which 1s used opportunistically by the communica-
tion system 1n question; a fourth spectrum resource F4 can be
available as an unlicensed spectrum resource that 1s used by
an unknown amount of systems. Naturally, the spectrum
resources F1-F4 may be of other types and there 1s nothing,
preventing that one or several of the spectrum resources are of
the same type.

In a spectrum-on-demand system a common resource man-
agement 1s typically performed for the total resources com-
prising the different resource components provided by the
individual spectrum resources. However, this does not
exclude that further resource management functions are per-
formed within each system resource, like for example, power
control, congestion control, scheduling, resource-specific
admission control, etc. The common resource management
may ¢.g. include functions like common admission control of
services, transmission capacity management and service allo-
cation. The transmission capacity management comprises the
capability to decide when to change the current transmission
capacity situation, 1.e. acquiring or releasing secondary spec-
trum resources. The service allocation comprises the capabil-

ity to allocate different services to different spectrum
resources.

In a spectrum-on-demand systems the amount of capacity
that a particular spectrum resource can provide may fluctuate
(e.g. according to external factors, like the number of other
systems that make use of this spectrum or dynamic overhead
for determining availability/usability of the spectrum
resource). Thus, the transmission capacity required for a par-
ticular service may not be available at every instance of the
lifetime of the session. For example, 1I many users are
assigned to a variable spectrum resource 1t may happen that
the negotiated bit rate and service performance i1s not
achieved.

Hence, 1n view of the above there seems to be a need for
improvements directed to the allocation of transmission
capacity for the services provided 1n a wireless communica-
tion system.

SUMMARY OF THE INVENTION

In general the amount of transmission capacity that 1s
demanded for a certain service 1s elastic. For example, a
service may require a minimum amount of transmission
capacity that 1s guaranteed by the communication system,
which 1 addition may provide mnformation about the maxi-
mum amount of transmission capacity the service may utilize.
This 1s for example the case for scalable video, which can
provide a better quality when so-called enhancement layers
are transmitted 1n addition to the basic quality.

By utilising a possible elasticity of the services provided in
a communication system 1t 1s possible to provide a solution
that eliminates or reduces at least one of the disadvantages
discussed 1n the background section above. Thus, it 1s pos-

10

15

20

25

30

35

40

45

50

55

60

65

4

sible to 1ncrease the probability of higher performance pro-
vided to users and/or higher system capacity and/or required
quality provided to services.

Hence, the present invention provides at least one improve-
ment with respect to the discussion above, which improve-
ment 1s accomplished according to a first embodiment of the
invention directed to a method 1n a wireless communication
system for allocating communication of one or several ser-
vices to at least one of several available frequency spectrum
resources. The method comprises the steps of categorizing
said available frequency spectrum resources with respect to
volatility, and categorizing said one or several services with
respect to compressibility, and assigning said one or several
services to the available spectrum resources such that com-
pressible services are assigned to volatile spectrum resources.

The services may be assigned to the available spectrum
resources 1n a decreasing order, such that services of higher
compressibility are assigned to spectrum resources with
higher volatility and services of lower compressibility are
assigned to spectrum resources with lower volatility. For
example, a first service with a high compressibility may be
assigned to a first spectrum resource with a high volatility,
whereas a second service with a lower compressibility 1s
assigned to a second spectrum resource with a low volatility.

Possible uncompressible services may be assigned to non-
volatile spectrum resources.

The services may be assigned to the available spectrum
resources based on the properties of a single service. The
services may €.g. be assigned to one or several volatile spec-
trum resources i1 the single service 1s compressible or the
services may e.g. be assigned to one or several non-volatile
spectrum resource if the single service 1s uncompressible,
though other possibilities are conceivable.

The services may be assigned to the available spectrum
resources based on the single joint compressibility of the
services. The services may e.g. be assigned to one or several
volatile spectrum resources 11 the joint compressibility of the
services 1s compressible or the services may e.g. be assigned
to one or several non-volatile spectrum resource if the single

service 1s uncompressible, though other possibilities are con-
ceivable.

One or several services may be categorized such that sub-
flows of the services are categorized with respect to com-
pressibility. One or several services may then be assigned to
the available spectrum resources such that compressible sub-
flows of the services are assigned to one or several volatile
spectrum resources. Uncompressible sub-flows may e.g. be
assigned to one or several non-volatile spectrum resources.
Sub-tlows may e.g. transport different parts of data within the
service data flow, which can differ in their relevance and
characteristics. Sub-flows can be e.g. discriminated by fields
in headers of the data packets, such as packet type fields,
protocol type fields, port number fields, address fields, type of
service fields, or specified label fields.

In addition, the present invention provides at least one
improvement with respect to the discussion above, which
improvement 1s accomplished according to a second embodi-
ment of the invention directed to a Radio Resource Manage-
ment arrangement configured to be operative 1n a wireless
communication system and to operatively allocate commu-
nication of one or several services to at least one of several
available frequency spectrum resources. The Radio Resource
Management arrangement 1s further configured to opera-
tively categorize said available frequency spectrum resources
with respect to volatility, and to categorize said one or several
services with respect to compressibility, and to assign said
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one or several services to the available spectrum resources
such that compressible services are assigned to volatile spec-
trum resources.

The Radio Resource Management arrangement may be
turther configured to operatively assign the services to the
available spectrum resources 1n a decreasing order, such that
services of higher compressibility are assigned to spectrum
resources with higher volatility and services of lower com-
pressibility are assigned to spectrum resources with lower
volatility.

The Radio Resource Management arrangement may be
turther configured to operatively assign possible uncom-
pressible services to non-volatile spectrum resources.

The Radio Resource Management arrangement may be
turther configured to operatively assign said several services
to the available spectrum resources based on the properties of
a single service. The services may e.g. be assigned to one or
several volatile spectrum resources 1f the single service 1s
compressible or the services may e.g. be assigned to one or
several non-volatile spectrum resource if the single service 1s
uncompressible, though other possibilities are concervable.

The Radio Resource Management arrangement may be
turther configured to operatively assign said several services
to the available spectrum resources based on the single joint
compressibility of the services. The services may e.g. be
assigned to one or several volatile spectrum resources 1f the
joint compressibility of the services 1s compressible or the
services may e.g. be assigned to one or several non-volatile
spectrum resource if the single service 1s uncompressible,
though other possibilities are conceivable.

The Radio Resource Management arrangement may be
turther configured to operatively categorize said one or sev-
eral services such that sub-flows of the services are catego-
rized with respect to compressibility, and to assign said one or
several services to the available spectrum resources such that
compressible sub-tlows of the services are assigned to vola-
tile spectrum resources. Uncompressible sub-flows may e.g.
be assigned to one or several non-volatile spectrum resources.

Further advantages of the present invention and embodi-
ments thereof will appear from the following detailed
description of the invention.

It should be emphasized that the term “comprises/compris-
ing” when used 1n this specification 1s taken to specily the
presence of stated features, integers, steps or components, but
does not preclude the presence or addition of one or more
other features, integers, steps, components or groups thereof.

It should also be emphasised that the steps of the exempli-
tying methods described herein must not necessarily be
executed in the order in which they appear. In addition,
embodiments of the exemplifying methods described herein
may comprise more or less steps without departing from the
scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a 1s a schematic illustration of frequency spectrum
resources F1-F4 and their management 1n a spectrum-on-
demand system.

FIG. 15 1s a first schematically illustrated example of an
allocation of services Sel, Sel, Se2, Se3 to frequency spec-
trum resources F1-F4 1 a spectrum-on-demand system
according to an embodiment of the present invention,

FIG. 1¢1s a second schematically 1llustrated example of an
allocation of services Sel, Sel, Se2, Se3 to frequency spec-
trum resources F1-F4 1 a spectrum-on-demand system
according to an embodiment of the present invention,
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FIG. 2a 1s a schematic 1llustration of an exemplitying wire-
less communication system 100 according to a first embodi-

ment of the present invention.

FIG. 26 1s a schematic illustration of an exemplifying wire-
less communication system 200 according to a second
embodiment of the present invention.

FIG. 2¢1s a schematic 1llustration of an exemplitying wire-
less communication system 300 according to a third embodi-
ment of the present invention.

FIG. 3 1s a schematic flowchart 1llustrating the operation of
an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Structure Of Embodiments

A First Exemplifying Communication System

FI1G. 2a 1s a schematic illustration of an exemplifying wire-
less communication system 100 according to a first embodi-
ment of the present invention. The wireless communication
system 100 may e.g. be a cellular or a non-cellular commu-
nication system.

As can be seen 1n FIG. 2a, the communication system 100
comprises a plurality of user devices 120 and a wireless
communication network 110, which in turn comprises at least
one wireless access arrangement 112 as will be further
described below.

It 1s preferred that the user devices 120 are mobile wireless
terminals configured to operatively communicate user data
with the wireless access arrangement 112 via an air interface
130. Various mobile devices of this kind are well known per se
to those skilled 1n the art and they need no detailed description
as such. Well known examples are cell phones or similar
according to the standards of the 3" Generation Partnership
Project (3GPP, see e.g. www.3gpp.org) or similar, or laptop
computers or similar provided with communication ability
according to the standards of the 3GPP or similar or the IEEE
802.11 or IEEE 802.16 or similar.

It 1s further preferred that the wireless access arrangement
112 in FIG. 2a comprises a base station arrangement or a
similar wireless access node arrangement. The wireless
access arrangement 112 may comprise further components,
¢.g. for controlling a plurality of base stations or similar. As
already indicated, the wireless access arrangement 112 1s
preferably configured to communicate user data with one or
several user devices 120 via the air interface 130. Various
wireless access arrangements such as the wireless access
arrangement 112 or similar are well known per se to those
skilled in the art and they need no detailed description as such.

In addition to the known features of such systems as the
system 100 1t should be emphasised that the system 100 1s
configured to assign one or several services provided by the
system 100 to various available spectrum resources such that
compressible services are assigned to volatile spectrum
resources, as will be elaborated in more detail later when
discussing the operation of embodiments of the invention. It
1s preferred that possible uncompressible services are
assigned to non-volatile spectrum resources. However, cer-
tain embodiments may assign uncompressible services to
volatile spectrum resources.

It 1s particularly preferred that the access arrangement 112
of the system 100 1s configured to perform this allocation.
More particularly, the allocation may be performed by a
Radio Resource Management (RRM) arrangement 112¢ 1n
the access arrangement 112. The RRM 112c¢ 1s preferably
implemented by means of software and/or hardware, and 1t
may e.g. be a separate unit and/or 1t may be implemented in a
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base station or similar and/or a base station controller or
similar of the wireless access arrangement 112. The assign-
ment of services to spectrum resources will be elaborated
later 1n connection with the description of the operation of
embodiments of the invention.

To enable the use of a different spectrum resources 1t 1s
preferred that transcetvers or similar of the user devices 120
and the wireless access arrangement 112 are configured so as
to be able to transmit and receive user data by using different
spectrum resources. This may be accomplished by means of a
single transcerver configured to operate over all the spectrum
resources in question and/or by means of a plurality of trans-
ceivers each configured to operate over a single or a few of the
spectrum resources 1n question.

It should also be added that the wireless communication
network 110 in FIG. 2a may comprise a core network
arrangement 114. The core arrangement 114 may e.g. com-
prise a core node arrangement comprising one or several
nodes. Indeed, some embodiments may have the RRM 112
partly or fully implemented 1n the core network 114. The core
network arrangement 114 1s preferably configured to opera-
tively act as an interface between the wireless access arrange-
ment 112 and various external data networks or similar, e.g.
such as a Packet Data Network (PDN) 350 or similar. The
Internet 1s a well known example of a PDN.

The wireless access arrangement 112 and the core network
arrangement 114 are shown as separate units in FIG. 2, which
may be true for certain embodiments of the present invention.
However, other embodiments may have these arrangements
112, 114 fully or at least partly arranged 1n the same physical
and/or logical unit or units.

A Second Exemplifying Communication System

The attention 1s now directed to another exemplifying
wireless communication system 200 according to a second
embodiment of the present invention, as schematically 1llus-
trated 1 FIG. 2b. It 1s preferred that the system 200 1s a
cellular communication system, e.g. according to the Global
System for Mobile communications (GSM) or the General
Packet Radio Service (GPRS) as defined by the 3GPP.

As can be seen 1n FIG. 25, the communication system 200
comprises a plurality of user devices 220 or similar and a
wireless communication network 210. The wireless commu-
nication network 210 comprises a radio access network 212
and a core network 214. The observant reader realises that the
system 200 1n FIG. 25 15 a specific embodiment of the system
100 1n FIG. 2a. Thus, the user devices 220 correspond to the
user devices 120, the communication network 210 corre-
sponds to the communication network 110, the radio access
network 212 correspond to the wireless access arrangement
112 and the core network 214 correspond to the core network
arrangement 114.

The structure and operation of a communication system
such as the exemplifying system 200 in FIG. 26 are well
known per se to those skilled in the art and they need no
detailed explanation. However, a brief overview 1s provided
below.

It 1s preferred that the user devices 220 are Mobile Stations
(MS) or User Equipments (UE) as defined by the 3GPP, or
similar devices with a similar function. Such devices are well
known per se to those skilled in the art and they need no
detailed description as such.

It 15 also preferred that the radio access network 212 com-
prises one or several base stations 212a or similar radio access
arrangements, e.g. Base Transceiver Stations (BTS) or
NodeB (NB) or similar as defined by the 3GPP. Preferably the
base stations 212a are configured to operatively communicate
user data with one or several user devices 220 via an air
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interface 230. Radio access arrangements such as the base
stations 212a are well known per se to those skilled 1n the art
and they do not need any detailed description as such.

It 1s further pretferred that the radio access network 212
comprises one or several base station controller arrangement
2125 or similar. The base station controller arrangement 2125
1s preferably configured to operatively control the radio
resources of a group of base stations 212a. The base station
controller arrangement 2125 1in FIG. 26 may e.g. be a Base
Station Controller (BSC) and/or a Radio Network Controller
(RNC) or similar as defined by the 3GPP. Various base station
controller arrangements such as the controller 2125 1n FIG.
2b are well known per se to those skilled 1n the art and 1t needs
no detailed description as such.

In addition, the system 200 comprises a Radio Resource
Management (RRM) arrangement 212c¢ that 1s configured to
assign one or several services provided by the system 200 to
various available spectrum resources such that compressible
services are assigned to volatile spectrum resources. It 1s
preferred that possible uncompressible services are assigned
to non-volatile spectrum resources. However, certain
embodiments may assign uncompressible services to volatile
spectrum resources. This will be elaborated later 1n connec-
tion with the description of the operation of embodiments of
the mvention. The RRM 212c¢ 1s preferably implemented in
the radio access network 212 by means of software and/or
hardware. The RRM 212¢ may e.g. be a separate unit and/or
it may be implemented 1n a base station 212« or similar and/or
in a base station controller 2125 or similar. Some embodi-
ments may have the RRM 212¢ partly or fully implemented in
the core network 214.

The RRM 212¢ may e.g. be configured to operatively man-
age the transmission capacity of one or several base stations
2124, e.g. so as to acquiring or releasing secondary spectrum
resources. Similarly, the RRM 212¢ may additionally or alter-
natively be configured to operatively manage the allocation of
services, e.g. comprising the capability to allocate different
services to different spectrum resources. For example, the
services provided by the system 210 to a user device 220 may
be allocated by the RRM 212¢ to different frequency spec-
trum resources. Each particular service may e.g. be allocated
a particular frequency spectrum resources and/or a particular
service may be allocated such that 1t uses a plurality of fre-
quency spectrum resources.

The user devices 220 are preferably configured to operate
in a corresponding manner, €.2. so as to occupy or release
secondary spectrum resources and additionally or alterna-
tively to allocate different services to different spectrum
resources.

It 1s also preferred that the core network 214 1n FIG. 25
comprises a Serving Node 214a and a Gateway Node 2145 or
similar core network node arrangements. The Serving Node
may e.g. be a Serving GPRS Support Node (SGSN) and the
Gateway Node may e.g. be a Gateway GPRS Support Node
(GGSN) as 1s well known to those skilled 1n the art. In the
exemplitying FIG. 25 it can be seen that the Gateway Node
214b operates at one end of the core network 214 as an
interface between the core network 214 and various external
data networks 350, e.g. such as a Packet Data Network (PDN)
350. The Internet 1s a well known example of a PDN. At
another end of the core network 214 the Serving Node 214qa
operates as an interface between the core network 214 and at
least one radio access network 212. The Serving Node 214qa
and the Gateway Node 2145 are shown 1n FIG. 25 as separate
units. However, other embodiments may have the Serving
Node 214q and the Gateway Node 2145 fully or at least partly
arranged 1n the same physical and/or logical unit or units.
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A Third Exemplitying Communication System

The attention 1s now directed to an exemplitying wireless
communication system 300 according to a third embodiment
of the present mvention, as schematically 1llustrated in FIG.
2c¢. It 1s preferred that the system 300 1s a cellular communi-
cation system, €.g. according to the Universal Mobile Tele-
communication System (UMTS) as defined by the 3GPP, or
rather enhancements of the UMTS such as the Long Term
Evolution (LTE) or similar.

As can be seen 1n FI1G. 2¢ the communication system 300
comprises a plurality of user devices 320 or similar and a
wireless communication network 310. The wireless commu-
nication network 310 comprises a radio access network
arrangement 312 and a core network arrangement 314. The
observant reader realises that the system 300 in FIG. 2¢ 1s a
specific embodiment of the system 100 1n FIG. 2a. Thus, the
user devices 320 correspond to the user devices 120, the
communication network 310 corresponds to the communica-
tion network 110, the radio access network 312 correspond to
the wireless access arrangement 112 and the core network
314 correspond to the core network arrangement 114. The
system 300 in FIG. 2¢ 1s similar to the system 200 1n FIG. 25,
however there 1s no base station controller arrangement 2125
or similar in the radio access network arrangement 312 of the
system 300.

The structure and operation of communication systems
such as the exemplifying system 300 in FIG. 2¢ are well
known per se to those skilled in the art and they need no
detailed explanation. However, a brief overview 1s provided
below.

In case of an LTE-system then the core network 314 cor-
responds to the Evolved Packet Core (EPC), whereas the
radio access network 312 corresponds to the Evolved UMTS
Terrestrial Radio Access Network (E-UTRAN).

In addition, 1n case of an LTE-system, 1t follows that the
user devices 320 are cell phones such as User Equipments
(UE) or similar devices with similar functions. Thus the
devices 320 are the same or similar as the devices 220
described above with reference to FIG. 2b.

In case of an LTE-system 1t also follows that the radio

access network 312 comprises a plurality of base stations
312a 1n the form of enhanced NodeB (eNB) or similar as

defined by the 3GPP. The eNB 3124 1s similar to the NB 2124
described above with reference to F1G. 25. However, as men-
tioned above, there 1s no base station controller 21254 1n the
radio access network 312. Instead, the radio functionality or
similar of the base station controller 2125 1n system 200 1s
distributed and implemented in each eNB 320 of the system
300.

Ascanbeseen in FIG. 2¢1t1s preferred that the radio access
network 312 comprises a Radio Resource Management
(RRM) arrangement 312¢. The RRM 312c¢ 1s preferably con-
figured 1n the same or similar manner as the RRM 212¢ of the
radio access network 212 in FIG. 2b. In particular, 1t 1s pre-
ferred that the RRM 312c¢ 1s configured to assign one or
several services provided by the system 300 to various avail-
able spectrum resources such that compressible services are
assigned to volatile spectrum resources. It 1s preferred that
possible uncompressible services are assigned to non-volatile
spectrum resources. However, certain embodiments may
assign uncompressible services to volatile spectrum
resources. The RRM 312c¢ is preferably implemented 1n the
radio access network 312 by means of software and/or hard-
ware. The RRM 312¢c may e.g. be a separate unit and/or it may
be implemented 1n a base station 312a or similar. However,
this does not preclude that some embodiments have the RRM
312c¢ partly or tully implemented in the core network 314.
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In addition, 1n case of an LTE-system, the EPC 314 com-
prises at least one Serving Gateway 314a (S-GW ) and at least
one PDN Gateway (P-GW) 314b and at least one Mobility
Management Entity (MME) 314c¢. The main task of the
S-GW 314a 15 to tunnel user-data between a P-GW 31456 and
an eNB 312a. The P-GW 3145 1s the interface between the
internal IP network of the EPC 314 and various external
Packet Data Networks (PDN) 350, e.g. various IP networks
such as the Internet or similar. It may be added that a S-GW
and a P-GW can be combined and collocated 1in the same or
neighbouring hardware as a matter ol implementation for
vendors of core networks. The main task of the MME 314c¢ 1s
to manage the data bearers for services within the EPC, and
provide mobility management and security functions like
authentication for user devices
The above described user devices 120, 220, 320 and/or the
wireless access arrangements 112, 212, 312 and/or the core
networks 114, 214, 314 acting as an interface between the
access network arrangements and various external data net-
works may, without departing from the present mvention,
have other configurations departing from those described
above.

Operation of Embodiments

Overview of the Operation of Certain Embodiments

In embodiments of the present invention different spec-
trum resources are allocated to user devices 120, 220, 320 of
a wireless commumnication system 100, 200, 300 such that the
likelihood of a user device 120, 220, 320 not achieving the
minimum guaranteed service 1s minimized. To that end, ser-
vices provided to a user device 120, 220, 320 are categorized
according to the amount of compressibility of the service 1n
question. Further, the spectrum resources available for com-
munication with the user device 120, 220, 320 are categorized
according to the volatility of the spectrum resources 1in ques-
tion. The services are then allocated to the available spectrum
resources such that compressible services are allocated to
volatile spectrum resources. This will be further elaborated
below.

The services provided by a system 100, 200, 300 to a user
device 120, 220, 320 can be categorized according to their
clasticity. The elasticity can be understood as the compress-
ibility of the service (typically to a lower but still suificient
performance), or i other words as the sensitivity towards
variations in the spectrum resources that may be assigned to
the service. Here, the expression spectrum resources should
preferably be interpreted 1n a broad sense as generally defin-
ing the transmission capacity provided or allocated for a
Service.

A service may, in accordance with well known definitions,
be described by the following requirements, which also 1s in
accordance with the 3GPP definitions:

Maximum bit rate (MBR)

Guaranteed bit rate (GBR)

(Given the above, the compressibility of a service may e.g.
be described as:

C=MBR/GBR (1)

It 1s preferred that the variable C relates to the compress-
ibility of a service 1n the following manner:
C=~1: uncompressible service, MBR~GBR
C>>1: compressible service, MBR>>GBR
C=c0: non-GBR service, GBR=0

A compressible service may e.g. have a variable C that 1s
above 50, or above 100, or above 200, or above 400, or above

800, or above 1000, or above 1500, or above 2000, or above
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3000, or above 4000, or above 6000, or above 8000, or above
10,000, or above 15,000, or above 20,000 or even higher.
Other services may be considered as uncompressible.

In 3GPP the GBR and MBR are used for guaranteed-bit-
rate services/bearers. In addition there are non-GBR or best-
elfort services/bearers without an assigned GBR value. This

can be described as a GBR service/bearer with a GBR of O
kb/s.

In addition, the spectrum resources available for wireless
transmission between a user device 120, 220, 320 and a
wireless access arrangement 112, 212, 312 over the air inter-
face 130, 230, 330 may be assigned a volatility V. The vola-
tility describes the reliability of the resource to be available
and usable by the communication system 100, 200, 300.
There are many ways of determining the volatility. It may e.g.
depend on the type of usage of a particular spectrum resource,
its size (e.g. bandwidth), how the spectrum resource 1s shared
among the users of the resource etc. In addition or alterna-
tively, the volatility may be based on variations of spectrum
availability experienced 1n the past and/or 1t may be based on
information recerved from a spectrum usage database or some
other information source (e.g. maintained by a regulator)
and/or 1t may e.g. depend on the number and type of other
systems that have denoted interest in using the spectrum
resource, €lc.

For the purpose of the embodiments described herein the
volatility of each available spectrum resource may be consid-
ered as a pre-determined value. The values may be updated
occasionally. However, even 1f pre-determined volatility val-
ues may be suflicient in certain embodiments 1t should be
understood that the invention 1s not limited to pre-determined
volatility values. On the contrary, a skilled person having the
benefit of this disclosure realises that the volatility of the
available spectrum resources may be determined 1n many
other ways, e.g. as indicated above.

Before we proceed 1t should be added that the volatility of
a spectrum resource may be confined to a certain geographic
region or to certain geographical regions or similar. Thus, the
same spectrum resource may e.g. have different volatility
values 1n different geographic regions.

In view of the above we may assume that the spectrum

resources available to an embodiment of the present invention
have the volatility values “involatile”, “low”, “medium” or
“high”. It should be mentioned that a typical example of an
“mmvolatile” spectrum resource 1s a dedicated spectrum
resource exclusively licensed to a user to be used for his
communication system(s). For example, today’s 2G/3G cel-
lular communication systems use such “involatile” spectrum
resources.

As indicated above with reference to FIG. 2a-2¢, the allo-
cation of services to frequency spectrum resources 1s prefer-
ably performed by a wireless access arrangement 112, 212,
312 and/or by an RRM 212c¢, 312c¢ or similar 1n the wireless
access arrangement 112, 212, 312. As also indicated above,
the purpose of the allocation 1s to assign services to the
available frequency resources such that the end users obtain
highest performance, the highest capacity 1s achieved and the
services obtain their required quality. As indicated at the
beginning of this overview section, to achieve this for a sys-
tem with available spectrum resources of different volatility
the following approach is preferred:

Categorize spectrum resources according to volatility

Categorize services according to compressibility

The larger the volatility of spectrum resources, only assign

services with larger compressibility.
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An embodiment of the present invention may e.g. be based
on the following decision table (see table 1 below) to be

applied for each spectrum resource:

If volatility V = “involatile™
If volatility V = “low”

Assign any service C = ¢l
Assign only services with
compressibility C > ¢l
Assign only services with
compressibility C > ¢2
Assign only services with
compressibility C > ¢3

If volatility V = “medium”™

If volatility V = “high”

wherein ¢l < ¢2 < ¢3.

It 1s preferred that the allocation algorithm assigns the
services to spectrum resources such that services are in
decreasing order of compressibility assigned to spectrum
resources 1n decreasing order of compressibility, see FIG. 3.
In other words, services of higher compressibility are
assigned to spectrum resources with higher volatility and
services of lower compressibility are assigned to spectrum
resources with lower volatility.

This ensures that the spectrum resources with the lowest
volatility will be reserved for the services with the lowest
compressibility. This ensures that the largest amount of users
1s likely to achieve the required service level.

Embodiments of the present invention may be combined
with other service prioritization methods. For example, dii-
ferent services can be assigned a certain service priority,
pre-emption priority, or a user priority (e.g. gold/silver/
bronze users). In this case it may be that a gold user should see
a different threshold for a certain service (be rather admatted
to less volatile resources) than the same service of a bronze
user. Also a service with a higher pre-emption priority should
be rather put to a more volatile resource than another service
with the same compressibility but a lower pre-emption prior-
ity. A person skilled in the art having the benefit of this
disclosure realises that this can be achieved by having differ-
ent V-C assignment tables or by scaling C values or V thresh-
olds. It 1s easy for someone skilled in the art to extend our
method accordingly.

In case a user has multiple services different approaches
may be applied:

Each service 1s independently assigned to spectrum
resources according to the above decision table. How-
ever this may require that the user device 120, 220, 320
1s active on multiple spectrum resources. This may have
several disadvantages for the user device, e.g. higher
peak-to-average transmit power, larger energy con-
sumption of the battery, possibly local interference
between simultaneous transmission on different spec-
trum resources, higher capability requirement on the
user device.

The assignment of services to spectrum resources 1s based
on the properties of only one single service. This can be
the service which has been assigned a highest priority
value. Alternatively, 1t can be the service with the highest
requirement, e.g. largest GBR value and or MBR value.
Alternatively, it can be the service with the lowest com-
pressibility. Here, 1t 1s preferred that all the services are
assigned to one or several volatile spectrum resources 1f
the single service 1s compressible.

The assignment of services to spectrum resources 1s based
on a single joint compressibility of all services. The
compressibility may e.g. be described for multiple ser-
viCes 1 as:

C=SUM(MBR__;)/SUM(GBR_ i) (2)
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If user devices 120, 220, 320 and the wireless access
arrangement 112, 212, 312 are capable of simultaneously
using multiple spectrum resources a service can be split on the
spectrum resources. This could be e.g. applied to partition
scalable video streams into the base layer part and the
enhancement layer part on different sub-flows. In this case the
same basic 1dea can be applied. However, 1t 1s not applied for
the service data flow but rather to sub-tlows of the service data
tlow.

For example, a service data flow with requirements MBR
and GBR can be split into two sub-flows which could get the
sub-tlow requirements:

Sub-flow 1: GBR_1=GBR, MBR_1=GBR

Sub-flow 2: GBR_ 2=0, MBR_2=MBR-GBR

Note that sub-flow 1 contains the uncompressible part of
the service data flow which already fulfils the service require-
ments. Sub-tlow 2 1s fully compressible. However, the form
could be partitioned 1nto sub-flows 1n many forms (e.g. with
a maximum allowed value for GBR). Typically the partition-
ing 1s such that for j sub-tflows

SUM (GBR_j)=GBR,

SUM (MBR_j)=MBR.

The assignment 1s preferably done per sub-tlow.

FIG. 15 1s a exemplitying schematic illustration of an
exemplitying allocation of services Sel, Sel, Se2 and Se3 to
frequency spectrum resources F1-F4 1n a communication
system according to an embodiment of the present invention,
¢.g. such 1n any one of the systems 100, 200 or 300 described
above. The spectrum resources F1-F4 may e.g. be the same or
similar to as those described 1n the Background section with
reference to FIG. 1a.

In FIG. 15 the communication system (e.g. 100, 200 or
300) has determined the volatility of the spectrum resources
F1-F4 and the compressibility of the services S0-S3 such that
service Sel and a part (e.g. a sub-flow) of service Sel are
assigned to resource F1, whereas another part of service Sel
1s assigned to resource F4. Service Se2 1s in the same manner
assigned to resource F3 and service Se3 1s assigned to
resource 4.

FIG. 1¢ shows the same or similar spectrum resources
F1-F4 and the same or similar services S0-5S3 as 1n FIG. 15.
However, the volatility of the resources F1-F4 and/or the
compressibility of the services S0-S3 has changed such that
the system (e.g. 100, 200 or 300) has assigned service Sel to
resource F1 and service Sel to resource F2, whereas services
Se2 and Se3 are assigned to resource F3.

Naturally, the system only assigns services to spectrum
resources that are currently available. Thus, the availability of
the spectrum resources F1-F4 1n FI1G. 15 must not necessarily
be the same in FIG. 1¢. For example, resource F2 may be
available 1n the second example butnot in the first example. A
reassignment ol one or several services may occur 1if the
availability of the spectrum resources changes. For example,
a new spectrum resource may become available or an existing
spectrum resource may become unavailable, or an existing
spectrum resource might become more or less available, e.g.
more or less volatile. A reassignment may also occur if one or
more services change their compressibility, e.g. become more
or less compressible.

Specific Operations of Embodiments

The attention 1s now directed to a schematic tlowchart
shown 1n FIG. 3, which illustrates the operation of an exem-
plifying embodiment of the present invention. The operation
1s preferably performed by a radio access arrangement 112,
212, 312 or by a possible RRM 112¢, 212¢, 312¢ arranged 1n
said access arrangement 112, 212, 312. However, this does
not preclude that the operation can be at least partly per-
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formed by the core network arrangement 114, 214, 314 being
a part of the communication system 100, 200, 300 to which
the access arrangement 112, 212, 312 1n question belongs.

The steps of the exemplitying operation illustrated by the
flowchart 1n FIG. 3 will now be discussed 1n more detail
below.

In a first step S1 1t 1s preferred that a wireless communica-
tion system 100, 200, 300 1s activated. It 1s also preferred that
a plurality of user devices 120, 220, 320 of the communica-
tion system 100, 200, 300 1n question 1s within the range of at
least one wireless access arrangement 112, 212, 312 1n the
communication system 100, 200, 300. Moreover, 1n the first
step S1 1t 1s also assumed that at least one and possibly a
plurality of services Sel-Sem 1s provided by the system 100,
200, 300 for at least one user device 120, 220, 320 and that at
least two and possibly more frequency spectrum resources
FO-Fn are available for communicating the provided services
Sel-Sem between the system 100, 200, 300 and the user
device 120, 220, 320 in question over an air interface 130,
230, 330. It 1s also assumed that the services Sel-Sem can be
assigned to the spectrum resources F0-Fn on demand, 1.e. a
spectrum-on-demand system 1s assumed.

In a second step S2 1t 1s preferred that the available fre-
quency spectrum resources FO-Fn are categorized according
to the volatility of the resource 1n question. We may e.g.
assume that the volatilities are categorized as follows (see

table 2 below):

Frequency Spectrum Resource

FO F1 F2 F3 Fn

Volatility VO Vi V2 V3 Vn

Here 1t 1s assumed that there are at least four available
frequency spectrum resources F0-F3. However, there may be
less or additional frequency spectrum resources, €.g. from
two (2) up to a total of n such resources. As can be seen in the
above table, a volatility V0-Vn has been determined for each
resource FO-Fn respectively.

We may assume that the volatilities relate to each other 1n
the following manner:

O=sVO<VIV2<V3. .. <Vn

In other words, the volatility Vn 1s the highest and the
volatility VO 1s the lowest.

In a third step Se3 1t 1s preferred that the provided services
Sel, Sel, Se2, Se3 are categorized according to the amount of
compressibility of the service in question. We may e.g.

assume that the services are categorized as follows (see table
3 below):

Service
Sel Sel Se2 Se3 Serm
Compressibility Cs0 Csl Cs2 Cs3 Csm

Here, 1t1s assumed that four services Se0-Se3 are provided.
However, there may be less or additional services, e.g. from
two (2) up to a total of m such services. As can be seen in the
above table, compressibility Cs0-Csm has been determined
for each service Sel-Sem respectively.

We may also assume that the compressibility Cs0-Csm of
the services Se0-Sem are of an increasing order. In other
words, the compressibility Cs0 of the service Sel 1s the lowest
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and compressibility Csm of the service Sem 1s the highest.
The compressibility Cs0 may even be 1, 1.e. the service Sel
may be uncompressible as indicated by MBR/GBR~1 in
expression 1 above. It follows that the compressibility Csm of
the service Sem 1s the highest. The compressibility Csm may
even be o, 1.¢. the service Sem may be fully compressible as
indicated by GBR=0 1n expression 1 above

In a fourth step S4 1t 1s preferably determined whether the
service compressibility of a service exceeds a first highest
compressibility threshold Csm, e.g. Csm=ce. ITthat 1s the case
it 15 preferred that the service in question 1s assigned 1n step
S4' to a spectrum resource Vn with the highest volatility. The
method will then proceed to step S9 where it 1s determined
whether another service should be assigned to a spectrum
resource. If that 1s the case then the method will start over at
step S4. If no other service should be assigned then the
method will end at step S10. However, 11 the compressibility
of the first service does not exceed the first highest compress-
ibility threshold Cm 1t 1s preferred that the method proceeds to
the fifth step S5.

Before we proceed to the fifth step S5 1t should be clarified
that—as indicated by the dotted arrow in FIG. 3—there may
be further thresholds in respect to which 1t 1s determined
whether the service compressibility of a service exceeds the
threshold 1n question 1n the same or similar manner as
described above with reference to steps S4 and S4'.

In a fifth step S5 it 1s preferred to determine whether the
service compressibility of a first service exceeds a high com-
pressibility threshold Cs3. This corresponds to the situation
where V="ligh” and C>c3 1n decision table 1 above. If the
compressibility exceeds threshold C3 it 1s preferred that the
service 1n question 1s assigned to a spectrum resource V3 with
a high volatility 1n step S5'. The method will then proceed to
step S9 where it 1s determined whether another services
should be assigned to a spectrum resource. If that 1s the case
then the method will start over at step S4. If no other service
should be assigned then the method will end at step S10.
However, 1f the compressibility of the service does not exceed
the high compressibility threshold Cs3 1t 1s preferred that the
method proceeds to the sixth step S6.

In a sixth step Sé6 it 1s preferred to determine whether the
service compressibility of a service exceeds a medium com-
pressibility threshold Cs2. This corresponds to the situation
where V="medium” and C>c¢2 in decision table 1 above. IT
the compresmblhty exceeds threshold Cs2 1t 1s preferred that
the service 1n question 1s assigned to a spectrum resource V2
with a medium volatility 1n step S6'. The method will then
proceed to step S9 where it 1s determined whether further
services should be assigned to a spectrum resource. If that 1s
the case then the method will start over at step S4. If no further
service should be assigned then the method will end at step
S10. However, 11 the compressibility of the service does not
exceed the medium compressibility threshold Cs2 it 1s pre-
terred that the method proceeds to the seventh step S7.

In a seventh step S7 1t 1s preferred to determine whether the
service compressibility of a service exceeds a low compress-
ibility threshold Cs1. This corresponds to the situation where
V="low” and C>cl in decisiontable 1 above. If the compress-
ibility exceeds threshold Csl1 1t 1s preferred that the service 1n
question 1s assigned to a spectrum resource V1 with a low
volatility 1in step S7'. The method will then proceed to step S9
where 1t 1s determined whether further services should be
assigned to a spectrum resource. If that 1s the case then the
method will start over at step S4. If no further service should
be assigned then the method will end at step S10. However, 1

the compressibility of the service does not exceed the low

5

10

15

20

25

30

35

40

45

50

55

60

65

16

compressibility threshold Csl1 it 1s preferred that the method
proceeds to the eighth step S8.

In an e1ghth step S8 1t 1s preferred that services with com-
pressibility below said low compressibility defined by thresh-
0ld Cs1 (e.g. uncompressible services) are assigned to a spec-
trum resource V0 with no or negligible volatility. This
corresponds to the situation where V="1nvolatile” and C>cl1
in decision table 1 above.

The present invention has now been described with refer-
ence to exemplifying embodiments. However, the invention
1s not limited to the embodiments described herein. On the
contrary, the full extent of the invention 1s only determined by
the scope of the appended claims.

The mvention claimed 1s:

1. A method m a wireless communication system for allo-
cating communication of one or several services to at least
one of several available frequency spectrum resources,
wherein each service provides data communication for a user
device, wherein the method comprises:

categorizing e¢ach of said available frequency spectrum

resources with respect to volatility, wherein the volatil-
ity of each available frequency spectrum resource cor-
responds to the variability of spectrum availability for
data communication on that frequency spectrum
resource;

categorizing each of said one or several services with

respect to compressibility, wherein the compressibility
ol a service corresponds to a maximum bit rate divided
by a guaranteed bit rate; and

assigning said one or several services to the available spec-

trum resources such that compressible services are
assigned to volatile spectrum resources.

2. The method of claim 1, comprising the additional step
of:

assigning the services to the available spectrum resources

in a decreasing order such that services of higher com-
pressibility are assigned to spectrum resources with
higher volatility and services of lower compressibility
are assigned to spectrum resources with lower volatility.

3. The method of claim 1, comprising the additional step
ol: assigning possible uncompressible services to non-vola-
tile spectrum resources.

4. The method of claim 1, comprising the additional step
of: assigning said several services to the available spectrum
resources based on the properties of a single service from
among the several services.

5. The method of claim 1, comprising the additional step
of: assigning said several services to the available spectrum
resources based on the single joint compressibility of the
SErvices.

6. The method of claim 1, comprising the additional steps
of:

categorizing said one or several services such that sub

flows of the services are categorized with respect to
compressibility; and

assigning said one or several services to the available spec-

trum resources such that compressible sub flows of the
services are assigned to volatile spectrum resources.

7. A Radio Resource Management (RRM ) node configured
to be operative 1n a wireless communication system and to
operatively allocate communication of one or several services
to at least one of several available frequency spectrum
resources, wherein each service provides data communica-
tion for a user device, wherein the RRM node i1s further
configured to, operatively:

categorize each of said available frequency spectrum

resources with respect to volatility, wherein the volatil-



US 9,271,299 B2

17

ity of each available frequency spectrum resource cor-
responds to the corresponds to a maximum bit rate
divided by a guaranteed bit rate;

categorize said one or several services with respect to com-

pressibility, wherein the compressibility of a service
corresponds to a maximum bit rate divided by a guaran-
teed bit rate; and

assign said one or several services to the available spectrum

resources such that compressible services are assigned
to volatile spectrum resources.

8. The RRM node of claim 7, wherein the RRM node 1s
turther configured to operatively assign the services to the
available spectrum resources in a decreasing order such that
services of higher compressibility are assigned to spectrum
resources with higher volatility and services of lower com-
pressibility are assigned to spectrum resources with lower
volatility.

9. The RRM node of claim 7, wherein the RRM node 1s
turther configured to operatively assign possible uncom-
pressible services to non-volatile spectrum resources.
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10. The RRM node of claim 7, wherein the RRM node 1s
turther configured to operatively assign said several services
to the available spectrum resources based on the properties of
a single service from among the services, such that the ser-
vices are assigned to volatile spectrum resources 1f the single
service 1s compressible.

11. The RRM node of claim 7, wherein the RRM node is
turther configured to operatively assign said several services
to the available spectrum resources based on the single joint

compressibility of the services.
12. The RRM node of claim 7, wherein the RRM node is

turther configured to operatively:
categorize said one or several services such that sub tlows
of the services are categorized with respect to compress-
ibility; and
assign said one or several services to the available spectrum
resources such that compressible sub flows of the ser-
vices are assigned to volatile spectrum resources.
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