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Abstract:

, Based on spectrum sensing, dynamic spectrum allocation and reconfiguration technologies in Cognitive Radio (CR), this
paper fully considers the matching issues between short—term spectrum characteristic and service characteristic. In the
communication process, the network—side selects switch terminals to initiate handover command to solve problems due to
limited capacity of the system, such as overload and new session decline, improving the success rate of switching on the
premise of ensuring user’s QoS, reducing blocking probability with more session admission, eliminating overload,
increasing system throughput, and improving the whole system performance.

1 Research Background

he radio spectrum is a precious
and limited resource that is
allocated and authorized for use by
the state authorities. Usually one
frequency band is used for long term by
one wireless communication system
exclusively, and therefore, different
wireless communication systems use
different frequency bands, and no
interference is produced in between.
However, the spectrum resource is
becoming increasingly scarce because
the spectrum-based services and
devices are growing markedly as a
response to the rapidly developing
wireless communication. With the static
spectrum management approach, the
spectrum is allocated in the first place for
long—term authorized use and the
authorized system capacity is invariable
and limited. In some frequency band, the
service comes in great volume as most
mobile terminals using the network
resource can only use the services (voice
and data) on the band allocated to its
system. With the growing terminal
number, the system suffers from frequent
overload which will inevitably result in
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downgraded performance of network
service and hence lowered user
satisfaction. This is a problem to be
solved by all present network operators.
On the one hand, although some
technologies, for example, admission
control, load balancing® and frequency
hopping®, are introduced as an attempt
to eliminate the overload, the
conventional spectrum allocation policy
is still producing the bottleneck of
network performance. This is because
when the system capacity is of an
invariable value, the number of users to
be carried by the network can easily
reach the upper threshold. On the other
hand, the spectrum resource is also
wasted as some other frequency bands
stay unused for most of the time. The
traffic of communication in a radio system
changes with the time and place, but the
spectrums of most current radio systems
are allocated in light of the peak—hour
traffic, hence the waste of the spectrum
resource at non—peak hours, which are
not made full use of.

The idea of spectrum sharing based
on Cognitive Radio (CR) was first
proposed by Joseph Mitola®. The CR
technology makes it possible to flexibly
use the spectrum resource anytime and
anywhere. It is widely deemed to be the
optimal solution to the low utilization of

wireless spectrums and can ease the
conflict between growing wireless
services and increasingly scarce
spectrum resource. The technology will
not only change the work mode (from
manual configuration to intelligent
control) of the wireless communication
system, making the system one part of
market economy instead of planned
economy, but also change the
management mode of the current
wireless network and the spectrum
management regulations and rules as
well. Meanwhile, the technology is posing
new challenges for device
manufacturers, service users and
network operators.

To make efficient use of the spectrum
resource, the dynamic spectrum
allocation technology® is introduced so
that less precious spectrum is are
wasted. The research work covers both
technological and economical issues.
The technological issue includes a series
of additional technologies needed to
perform dynamic spectrum allocation, for
example, spectrum sensing
technology ©#, interference suppression
technology®'" and power control
technology!™>*¥. The economical issue
refers to the way the economic returns
related with a spectrum allocated
between the spectrum owner and user in
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the process of dynamic spectrum
management. This would involve the
spectrum allocation algorithms and
mechanisms, for example, the auction
algorithm and spectrum leasing
mechanismt*,

Under this development trend, both
the terminals and network devices should
be able to reconfigurel™, that is, they
should support the conversion from a
working frequency to technical
parameters so that they will be able to
use more wireless resources than what
the conventional spectrum allocation
could provide them with. Besides, the
implementation of reconfiguration
technology makes it flexible and simple
to perform dynamic and fast frequency
allocation and spectrum handover within
a cell (a single base station). Meanwhile,
the former un—reconfigurable mobile
terminals will coexist with the
reconfigurable mobile terminals for a
quite long time while the technologies
evolve and even though the terminals
support reconfiguration, its service types
need to set some requirements on the
characteristics of the target frequency of
handover.

With the above technology employed,
the system can, on the one hand, obtain
short—term leased spectrum through
inter—network negotiation, and on the
other, detect the spectrum holes with the
CR technology and accesses available
spectrums when the chance comes so
as to have the system capacity
replenished. The existing dynamic
spectrum allocation approach is used to
dynamically allocate the frequencies only
when there is no interference, without
addressing the issue of frequency use
after the allocation. With the current
technology scheme, however, the use
and management of the spectrum
resource are performed on the basis of
known and long-available spectrum
resource information. The use of
temporarily available resource differs
markedly from that of the resource
allocated for long—term and invariable
use. This is because the newly allocated
resource is make—shift and
heterogeneous, especially the
acquisition of the spectrum resource
information, as the resource obtained by
way of spectrum sensing is short—term
and unstable, is also incomplete and

uncertain. Because the spectrum
handover will bring in some delay and
affect the network structure, the QoS of
applications should be guaranteed as
much as possible during the process of
spectrum handover. As the current
system is concerned, most user terminals
(including hardware and software) do not
support other frequency bands and
therefore the available spectrum
resources can be useless for them. Even
if the terminals (including hardware and
software), moving speed and bandwidth
meet the conditions of spectrum
handover, some services are not suitable
for the frequencies because the
frequencies are make—-shift and unstable
and therefore not good enough for the
QoS requirements of those services. If a
handover is forced in this case, call
drops and other unwanted faults will be
produced as a result. To conclude, the
first problem to be solved is to make use
of the newly obtained spectrum resource,
to allow more user accesses and boost
system throughput.

In the scenario of single cells of
wireless communication system, the
system capacity will be exhausted with
growing users and hence the overload of
system and refusal of new sessions. To
solve this problem caused by limited
system capacity, this paper proposes a
cognition—based spectrum handover
approach that makes use of the
spectrum sensing, dynamic spectrum
allocation and reconfiguration
technologies and takes into full
consideration the features of short—term
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frequency and service features. With this
approach, the handover success rate is
expected to be enhanced, the blocking
rate to be lowered and performance of
the communication system to be
improved with guaranteed user QoS.

2 Cognition—-Based

Spectrum Handover
Suppose the system is available with its
own invariable frequency allocated for
long—term use, the base stations and
some terminals support the function of
frequency reconfiguration, and the
detectable frequency resource is
sufficient. In the scenario of single cells,
when the system load exceeds a certain
threshold, the system obtains short—term
available spectrum resource to ease the
load pressure, replenish system capacity
and realize dynamic allocation of
spectrum resource through inter—network
negotiation and resource leasing, or
sensing of spectrum holes by terminals.
However, the frequency resource
acquired by way of dynamic spectrum
allocation is make-shift and the resource
information is incomplete, uncertain and
unstable. Also if the resource is acquired
through spectrum sensing, a system
authorized for the resource can take up
the resource at any time and this means
that the system accessing the make-shift
resource at a secondary chance has to
get ready for a handover to another idle
frequency at any time. In other words, a
bunch of new problems may arise from
using the newly allocated short—term



resource. For example, whether the
terminals support the frequency, whether
the service type matches the frequency
features, that is, whether the service can
be carried on the frequency band, and
what the different resource reallocation
flows resulted from the time effectiveness
of the spectrum are. To prevent these
problems and possible call drops after a
handover, when a terminal is selected for
the spectrum handover, some issues
should be taken into consideration.
These issues include: the hardware and
software re—configurability of the
terminal, service bandwidth and moving
speed, whether the type of service
carried by the terminal is suitable for the
features of the target frequency. Since
common non-reconfigurable mobile
terminals cannot use new spectrum
resource and thus spectrum efficiency
cannot be improved in this respect, it is
unnecessary for the new resource to wait
for new sessions. Instead, the
reconfigurable mobile terminal with live
sessions in the original frequency band
can be selected to adapt to and handed
over to the new spectrum resource. In
this way, the handover success rate can
be improved and the original authorized
frequency band can admit more common
non-reconfigurable mobile terminals,
hence the higher system capacity and
throughput.

2.1 Features and classification of

spectrum resource
By different features, the spectrum
resources available on network side
come in three types:

(1) Inherent long—term spectrum
resource of system

Such spectrum resource is allocated
invariably, available for long—term stable
use, and with complete information.

(2) Leased spectrum resource

Such spectrum resource is acquired
by way of purchasing, leasing or network
negotiation. It is dynamically allocated,
available for short terms, stable and with
complete information.

(3) Sensed spectrum resource

Such spectrum resource is acquired
through spectrum sensing. Itis
dynamically allocated for chance access,
available for short terms, unstable and
with incomplete information.

Both type (2) and type (3) are
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short—term spectrum resources whose
features can be indicated with statistical
parameters. The statistical parameters
are as follows:

(1) Availability

It indicates whether the resource is
currently available or not, including:
whether the spectrum is idle and allows
for chance access, how good the
spectrum quality is (frequency features,
signal-to-noise ratio) and what the price
of the spectrum is.

(2) Duration of availability

It indicates the duration of leased use
of the leased spectrum resource, and the
available duration with a certain
probability of the sensed spectrum
resource.

(8) Stability

It indicates the continuous stableness
of the resource. It is a function of the
available duration and it can be
expressed with the two—state Markov
process.

Different sensed spectrum resources
can be sequenced by the available
duration.

2.2 Features and Classification of Service
There are four major service types in the
present wireless communication system:
conversational service, streaming
service, interactive service, and
background service. The four types have
many different requirements on the
transmission delay. The conversational
service and streaming service are
delay—sensitive, while the interactive
service and background service are not
very sensitive to delay.

Parameters for describing the service
features are as follows:

® Delay requirement

e Estimated service duration

® Service bandwidth

Different user terminals carry different
service types, which come with different
requirements on the delay
(DL;, i=1---Kms). DL, reflects the
requirement of a service type on
spectrum stability. By different delay
requirements, the services are classified
and adapted to the spectrum resource.
Namely, the smaller the DL, is, the more
stable the frequency is required to be,
and the service is more suitable for the
spectrum with complete information and
in very stable status. For example, the
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delay—sensitive services (conversational
and streaming services, for instance) will
be selected and handed over, with
preference to the short—term
highly—stable spectrum with definite
information as indicated in the list of
available frequencies. But the
delay—insensitive services (interactive
and background services, for instance)
will be selected and handed over to the
short—term spectrum with uncertain
information that is comparatively stable.
For service types that do not require
highly stable frequency, the service
duration is estimated and then the
services carried by the terminal are
sequenced by their duration.

2.3 Resource Adaptation

Various factors are involved in resource
adaptation. The factors include but are
not limited to the following:

® The service delay requires to adapt
to the stability feature of the short—term
spectrum

® The estimated service duration
adapts to the available duration of the
short—term spectrum

® The service bandwidth requirement
adapts to the capacity of the short—term
spectrum resource

@is delay requirement
threshold/frequency stability requirement
threshold, which is adjustable.

First, the target handover resource is
selected according to different delay
requirement so that the service—carrying
terminal is directed to different types of
short—term spectrum resources.

When DL, <@, the type of service is
adapted during the handover process to
the leased spectrum.

When DL, = @, the type of service is
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T: Overload Threshold
T’: Threshold in Light of Past Statistical Experience

AFigure 1. System load container for single cells.

adapted to the sensed spectrum during
the handover process.

For a terminal whose target handover
resource is the leased spectrum, the
process of spectrum leasing is initiated in
light of the needed capacity and
estimated service duration and then the
leased spectrum that meets the capacity
requirement and leased duration
requirement is selected.

The spectrum obtained from
spectrum sensing is usually applied for
carrying the delay—insensitive services. If
possible, the terminal with long estimated
service duration (7y;) is handed over to
the target spectrum with long statistical
interval (that is, the available duration of
spectrum, indicating the spectrum
stability), till the spectrum cannot be
allocated with more service bandwidth.
That is to say, the following formula is
satisfied:

S b<Bi=1mnj=1C

Where, b;is the bandwidth for the
terminal / to carry services; B; is the
capacity of the frequency f configured for
a base station; and C is the number of
frequencies (enough for handover) for
sensed spectrum resource configured
for the base station.

2.4 Spectrum Handover Flow
If the load of a cell exceeds the
threshold, terminals will be selected for
handover to the spectrums whose
features match the service type of the
terminals.

Because the spectrum leasing
process involves economical issues and

inter—network negotiation, the spectrum
resource obtained through spectrum
sensing instead of spectrum leasing is
used if a chance access is possible. This
applies to terminals whose service types
are delay—insensitive and the number of
handovers can ease the overload.

The process of spectrum leasing
should be initiated for the
delay—sensitive services with low DL,
which are not suitable (as call drops will
be produced) for the unstable short—term
spectrum resource obtained through
spectrum sensing. The short—term stable
spectrum with complete information is
leased in this case. However, for services
not very sensitive to delay, the service
duration is estimated, and then the
terminal is adapted to the sensed
spectrum with long available duration.

The whole handover flow comprises
two parts: First, the resource adaptation
and handover process initiated on the
network side when the load exceeds the
threshold 7 ’; Second, the handover
process initiated on the network side
when the short—term spectrum resource
expires or is otherwise unavailable.

For new arrived sessions, the
admission control process is
implemented only on the inherent
long—term spectrum resource.

The schematic diagram in Figure 1
shows a container of system load for
single cells. In the figure,

e T refers to the overload threshold.
That is, if the load exceeds this threshold,
the system is overloaded.

e 7’ refers to the threshold set in
light of past statistical experience. The
system stays in optimal status under this
threshold.

e [ refers to the current load, which
can be indicated with bandwidth.

e M refers to the number of users
that support handover. With the
information reported by terminals,
including terminal’s reconfiguration
ability, delay requirement, bandwidth
need, and moving speed, the users are
sequenced by delay sensibility with the
least sensible ones put on top. The users
with low delay requirement are selected
first as the candidate terminals for
handover. (A user who supports
handover means that the user is

Load Measurement

Whether the Load Carried by
the Inherent Spectrum Allocated for Long-Term
Use Exceeds the Threshold 7

The Network Selects the First K Number of
High-Priority Terminals for Handover with
Various Factors Considered

Where Some Senvice Types Whose DL <@
(Threshold of Spectrum Stability) are Carred by the First K
lumber of Terminals o be Handed ove

hether There are Enough Available
Frequencies in the Leased Spectrum List

The Network Initiates
the Spectrum Leasing Process

|

The Network Obtains Short-Term

No

No

Update the Resource Set List ‘

Select Terminals Requring Highly Stable
Spectrum to Hand over to the Leased Frequency

l

[

The Network Selects the First C Number of Resource Sets

Available Leased Frequency and
Performs Base Station Reconfiguration

from the Sensed Spectrum List to Perform Base Station
Reconfiguration

The Network Initiates Intra—Cell Inter-Frequency
Handover, and Adapts the First K Number of Terminals in
Need of Handover to the Target Spectrum

’ Update the Resource Set List ‘

AFigure 2. Flow of leasing initiation decision, reconfiguration and handover.
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When the Short-Term Available Leased
Frequency Resource is about to Expire

Hand the Unfinished Session to the
Unexpired Resource in the
Short-Term Available Leased
Frequency Resource List

Judge Whether the Carried
Service is Finished or not

Judge Whether There areu(r)nfﬁréi
Available Resource in the Short-Term
Leased Resource Set List

udge Whether There is Enoug
Available Resource in the Inherent
ong-Term Frequency Lis

i

—»’ Update the Resource Set List

The Network Initiates
«<—| the Spectrum Leasing
Process

Hand the Unfinished Session Back

to the Inherent Long-Term
Frequency Resource

AFigure 3. System flow when the leased spectrum resource is about to expire.

reconfigurable, besides, it is not very
sensible to delay and is moving quite
slowly.)

Suppose N is the number of users
with load of L =7, K is the number of
users expecting for handover, then
K=min(N,M)=np <¢p+np = ¢.

Figure 2 shows the flow of leasing
initiation decision, reconfiguration and
handover. Figure 3 shows the system
flow when the leased spectrum resource
is about to expire. Figure 4 shows the
system flow when the system authorized
for the sensed resource reoccurs.

3 Conclusion

The most fundamental difference in
resource management between the
cognitive wireless network and current
network lies in the time—varying feature of
the spectrum resource in the cognitive
wireless network. To initiate handover
and perform admission control in the
cognitive radio network, this feature
should be taken into consideration in a
bid to find the rules in disorderly
changes, guarantee basic QoS level,
maximize system throughput, decrease
system overhead and avoid the
interference from authorized system.
Furthermore, because the spectrum
resources are heterogeneous, the
research of admission control may

| D\EMAG\2009-05-22)VOL7\F8. FIT——5PPS/P5

consider user preferences and service
features so that the users are allocated
with suitable wireless resources, and the
inter—layer design can be optimized.
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