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DSA from major commercial deployment. We
believe that, to address these challenges, a new
DSA model is critical, where PUs are incen-
tivized to cooperate in DSA, and hence flexible
spectrum sharing is possible. For example, spec-
trum sensing can be much simplified, and SUs
are allowed to transmit on a spectrum band
simultaneously with PUs. Furthermore, the
future DSA model should consider the political,
social, economic, and technological factors all
together. To support the future DSA model,
additional components and capabilities are need-
ed to enhance the current cognitive radio. We
call the future cognitive radio with the expanded
capabilities a network radio.

The remainder of the article is organized as
follows. We introduce the DSA models. We dis-
cuss spectrum sensing, and describe spectrum
sharing and access. We discuss the current chal-
lenges of DSA and possible breakthrough. We
describe our vision to the future DSA and net-
work radio. We then conclude the article.

DYNAMIC SPECTRUM ACCESS (DSA)
MODELS

There are three DSA models, interweave, under-
lay, and overlay [2], illustrated in Fig. 1. The
interweave DSA model is the one predominantly
studied in the literature, and the de facto stan-
dard for DSA. It is different from the overlay
and underlay DSA models in that an SU cannot
access a licensed spectrum band as long as a PU
is active on the band. Furthermore, the PU has
the absolute priority on the spectrum band, and
an SU that is accessing the spectrum band must
yield to the PU whenever the PU starts to access
the band. Hence, the interweave DSA model is
also called opportunistic spectrum access in that
SUs are constrained to opportunistically utilize
the spectrum holes or white spaces in the tempo-
ral, spatial, and/or frequency domain. With the
interweave DSA model, an SU uses the cogni-

tive radio to sense the surrounding spectrum
environment, then selects one or more idle spec-
trum band(s), and switches the cognitive radio to
the selected band(s) to transmit. Figure 1a illus-
trates the dynamics of spectrum availability and
how SUs search and access idle spectrum bands
with the interweave DSA model.

The underlay DSA model allows SUs to
transmit on a licensed spectrum band regardless
of the PU accessing the band or not, subject to a
constraint that the accumulated interference
from all SUs is tolerable by the PU, i.e., below
some threshold. There are two approaches to
meet this constraint. In the first approach, the
SU transmit power spreads over a wide range of
spectrum such that the interference to the (nar-
rowband) PU on each licensed band is well
below the threshold. This is the approach taken
by the ultra-wide band (UWB) technology. This
approach is primarily for short range communi-
cations. The second approach is called interfer-
ence temperature. With this approach, SUs can
transmit with a higher power on a licensed spec-
trum band, as long as the total interference from
all SUs on the band is below a threshold. The
challenge is how to measure the total interfer-
ence to the PU and how to impose this con-
straint on SUs. Due to this challenge, the
Federal Communications Commission (FCC)
has tabled the interference temperature
approach. Figure 1b illustrates how an SU shares
a wide range of spectrum with PUs on each
band, in the underlay DSA model.

The overlay DSA model is a more recent
development of DSA. Similar to the underlay
DSA model, the overlay DSA model also allows
SUs to transmit on a licensed spectrum band
even when the PU is accessing the band. Howev-
er, the constraint is different. Instead of con-
straining the interference from SUs to PU
through limiting the transmit power of SUs, the
overlay DSA model targets maintaining the PU
performance. SUs are allowed to transmit simul-
taneously with PUs as long as there is no perfor-

Figure 1. DSA models: a) interweave DSA model; b) underlay DSA model; c) overlay DSA model. In the interweave DSA model, an SU
can transmit only on a spectrum band where the PU is not active, and has to jump onto different bands over time. In the underlay DSA
model, an SU can transmit on a spectrum band no matter the PU is active or not, but at a low power on each band to limit interfer-
ence. In the overlay DSA model, an SU can transmit on a spectrum band with a large power even when the PU is active.
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DSA from major commercial deployment. We
believe that, to address these challenges, a new
DSA model is critical, where PUs are incen-
tivized to cooperate in DSA, and hence flexible
spectrum sharing is possible. For example, spec-
trum sensing can be much simplified, and SUs
are allowed to transmit on a spectrum band
simultaneously with PUs. Furthermore, the
future DSA model should consider the political,
social, economic, and technological factors all
together. To support the future DSA model,
additional components and capabilities are need-
ed to enhance the current cognitive radio. We
call the future cognitive radio with the expanded
capabilities a network radio.

The remainder of the article is organized as
follows. We introduce the DSA models. We dis-
cuss spectrum sensing, and describe spectrum
sharing and access. We discuss the current chal-
lenges of DSA and possible breakthrough. We
describe our vision to the future DSA and net-
work radio. We then conclude the article.

DYNAMIC SPECTRUM ACCESS (DSA)
MODELS

There are three DSA models, interweave, under-
lay, and overlay [2], illustrated in Fig. 1. The
interweave DSA model is the one predominantly
studied in the literature, and the de facto stan-
dard for DSA. It is different from the overlay
and underlay DSA models in that an SU cannot
access a licensed spectrum band as long as a PU
is active on the band. Furthermore, the PU has
the absolute priority on the spectrum band, and
an SU that is accessing the spectrum band must
yield to the PU whenever the PU starts to access
the band. Hence, the interweave DSA model is
also called opportunistic spectrum access in that
SUs are constrained to opportunistically utilize
the spectrum holes or white spaces in the tempo-
ral, spatial, and/or frequency domain. With the
interweave DSA model, an SU uses the cogni-

tive radio to sense the surrounding spectrum
environment, then selects one or more idle spec-
trum band(s), and switches the cognitive radio to
the selected band(s) to transmit. Figure 1a illus-
trates the dynamics of spectrum availability and
how SUs search and access idle spectrum bands
with the interweave DSA model.

The underlay DSA model allows SUs to
transmit on a licensed spectrum band regardless
of the PU accessing the band or not, subject to a
constraint that the accumulated interference
from all SUs is tolerable by the PU, i.e., below
some threshold. There are two approaches to
meet this constraint. In the first approach, the
SU transmit power spreads over a wide range of
spectrum such that the interference to the (nar-
rowband) PU on each licensed band is well
below the threshold. This is the approach taken
by the ultra-wide band (UWB) technology. This
approach is primarily for short range communi-
cations. The second approach is called interfer-
ence temperature. With this approach, SUs can
transmit with a higher power on a licensed spec-
trum band, as long as the total interference from
all SUs on the band is below a threshold. The
challenge is how to measure the total interfer-
ence to the PU and how to impose this con-
straint on SUs. Due to this challenge, the
Federal Communications Commission (FCC)
has tabled the interference temperature
approach. Figure 1b illustrates how an SU shares
a wide range of spectrum with PUs on each
band, in the underlay DSA model.

The overlay DSA model is a more recent
development of DSA. Similar to the underlay
DSA model, the overlay DSA model also allows
SUs to transmit on a licensed spectrum band
even when the PU is accessing the band. Howev-
er, the constraint is different. Instead of con-
straining the interference from SUs to PU
through limiting the transmit power of SUs, the
overlay DSA model targets maintaining the PU
performance. SUs are allowed to transmit simul-
taneously with PUs as long as there is no perfor-

Figure 1. DSA models: a) interweave DSA model; b) underlay DSA model; c) overlay DSA model. In the interweave DSA model, an SU
can transmit only on a spectrum band where the PU is not active, and has to jump onto different bands over time. In the underlay DSA
model, an SU can transmit on a spectrum band no matter the PU is active or not, but at a low power on each band to limit interfer-
ence. In the overlay DSA model, an SU can transmit on a spectrum band with a large power even when the PU is active.
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DSA from major commercial deployment. We
believe that, to address these challenges, a new
DSA model is critical, where PUs are incen-
tivized to cooperate in DSA, and hence flexible
spectrum sharing is possible. For example, spec-
trum sensing can be much simplified, and SUs
are allowed to transmit on a spectrum band
simultaneously with PUs. Furthermore, the
future DSA model should consider the political,
social, economic, and technological factors all
together. To support the future DSA model,
additional components and capabilities are need-
ed to enhance the current cognitive radio. We
call the future cognitive radio with the expanded
capabilities a network radio.

The remainder of the article is organized as
follows. We introduce the DSA models. We dis-
cuss spectrum sensing, and describe spectrum
sharing and access. We discuss the current chal-
lenges of DSA and possible breakthrough. We
describe our vision to the future DSA and net-
work radio. We then conclude the article.

DYNAMIC SPECTRUM ACCESS (DSA)
MODELS

There are three DSA models, interweave, under-
lay, and overlay [2], illustrated in Fig. 1. The
interweave DSA model is the one predominantly
studied in the literature, and the de facto stan-
dard for DSA. It is different from the overlay
and underlay DSA models in that an SU cannot
access a licensed spectrum band as long as a PU
is active on the band. Furthermore, the PU has
the absolute priority on the spectrum band, and
an SU that is accessing the spectrum band must
yield to the PU whenever the PU starts to access
the band. Hence, the interweave DSA model is
also called opportunistic spectrum access in that
SUs are constrained to opportunistically utilize
the spectrum holes or white spaces in the tempo-
ral, spatial, and/or frequency domain. With the
interweave DSA model, an SU uses the cogni-

tive radio to sense the surrounding spectrum
environment, then selects one or more idle spec-
trum band(s), and switches the cognitive radio to
the selected band(s) to transmit. Figure 1a illus-
trates the dynamics of spectrum availability and
how SUs search and access idle spectrum bands
with the interweave DSA model.

The underlay DSA model allows SUs to
transmit on a licensed spectrum band regardless
of the PU accessing the band or not, subject to a
constraint that the accumulated interference
from all SUs is tolerable by the PU, i.e., below
some threshold. There are two approaches to
meet this constraint. In the first approach, the
SU transmit power spreads over a wide range of
spectrum such that the interference to the (nar-
rowband) PU on each licensed band is well
below the threshold. This is the approach taken
by the ultra-wide band (UWB) technology. This
approach is primarily for short range communi-
cations. The second approach is called interfer-
ence temperature. With this approach, SUs can
transmit with a higher power on a licensed spec-
trum band, as long as the total interference from
all SUs on the band is below a threshold. The
challenge is how to measure the total interfer-
ence to the PU and how to impose this con-
straint on SUs. Due to this challenge, the
Federal Communications Commission (FCC)
has tabled the interference temperature
approach. Figure 1b illustrates how an SU shares
a wide range of spectrum with PUs on each
band, in the underlay DSA model.

The overlay DSA model is a more recent
development of DSA. Similar to the underlay
DSA model, the overlay DSA model also allows
SUs to transmit on a licensed spectrum band
even when the PU is accessing the band. Howev-
er, the constraint is different. Instead of con-
straining the interference from SUs to PU
through limiting the transmit power of SUs, the
overlay DSA model targets maintaining the PU
performance. SUs are allowed to transmit simul-
taneously with PUs as long as there is no perfor-

Figure 1. DSA models: a) interweave DSA model; b) underlay DSA model; c) overlay DSA model. In the interweave DSA model, an SU
can transmit only on a spectrum band where the PU is not active, and has to jump onto different bands over time. In the underlay DSA
model, an SU can transmit on a spectrum band no matter the PU is active or not, but at a low power on each band to limit interfer-
ence. In the overlay DSA model, an SU can transmit on a spectrum band with a large power even when the PU is active.
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  individual	
  testbeds	
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  to	
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  and	
  use	
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  components	
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  components	
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  sooware	
  and	
  hardware	
  en,,es	
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  API	
  for	
  SDR	
  architectures	
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  within	
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■  crea,on	
  of	
  open	
  data	
  sets	
  	
  
●  a	
  common	
  data	
  structure	
  based	
  on	
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  1900.6	
  standard	
  enabling	
  

–  sharing	
  of	
  experiment	
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  traces,	
  data	
  processing	
  scripts…	
  
–  spectrum	
  sensing	
  using	
  heterogeneous	
  sensing	
  hardware	
  

■  benchmarking	
  framework	
  	
  
●  enabling	
  experiments	
  under	
  controlled	
  and	
  reproducible	
  test	
  condi,ons	
  
●  allowing	
  fair	
  comparison	
  
●  offering	
  automated	
  procedures	
  for	
  experiments	
  and	
  performance	
  evalua=on	
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  federated	
  plaNorm:	
  key	
  aspects	
  

■ common	
  portal	
  
●  www.crew-­‐project.eu	
  	
  
	
  
	
   	
   	
   	
  	
  
	
  
	
  
	
  

	
  
	
  
	
  

●  descrip=on	
  of	
  the	
  facili=es,	
  cogni=ve	
  components	
  and	
  tools	
  
●  usage	
  policies	
  
●  reques=ng	
  accounts	
  
●  gepng	
  started:	
  tutorials	
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■ Novel	
  cogni,ve	
  components	
  	
  
●  reloca,on	
  of	
  components	
  
●  linking	
  together	
  sooware	
  and	
  hardware	
  en,,es	
  from	
  different	
  partners	
  

CREW	
  Federated	
  plaNorm:	
  key	
  aspects	
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■ Novel	
  cogni,ve	
  components:	
  imec	
  Sensing	
  Agent	
  
●  Versa=le	
  spectrum	
  sensing	
  engine	
  building	
  on	
  reconfigurable	
  radio	
  elements	
  
●  Low	
  power/area/cost	
  targeted	
  to	
  enable	
  use	
  in	
  mobile	
  devices	
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■ Novel	
  cogni,ve	
  components:	
  transceiver	
  API	
  
●  standardized	
  API	
  for	
  SDR	
  architectures	
  (developed	
  within	
  WINNF)	
  
●  func=onal	
  specifica=on	
  for	
  command	
  and	
  control	
  of	
  RF	
  hardware	
  plaqorms	
  

 

Upper 
Layers 

Antenna Modem  

PHY 

Transceiver  

Air interface 

Applicative Functionalities Platform Functionalities 

Transceiver API 

Linux PC 

USRP2 

Modem 
(Ex: Radio standard 
protocol, sensing 

engine) 

Transceiver 
Façade 

Implementing 
The APIs 

(UHD 
wrapper) 

UHD 
Driver 

(PC) 

UHD 
Driver 
(Board) 

FW+HW 

Linux OS 

27	
  



CREW
CREW	
  Federated	
  plaNorm:	
  key	
  aspects	
  

■  common	
  portal	
  
●  comprehensive	
  descrip,on	
  of	
  the	
  individual	
  testbeds	
  
●  guidelines	
  on	
  how	
  to	
  access	
  and	
  use	
  the	
  federated	
  testbed	
  	
  

■  novel	
  cogni,ve	
  components	
  	
  
●  reloca,on	
  of	
  components	
  
●  linking	
  together	
  sooware	
  and	
  hardware	
  en,,es	
  from	
  the	
  different	
  partners	
  
●  standardized	
  API	
  for	
  SDR	
  architectures	
  (developed	
  within	
  WINNF)	
  

■  crea,on	
  of	
  open	
  data	
  sets	
  	
  
●  a	
  common	
  data	
  structure	
  based	
  on	
  IEEE	
  1900.6	
  standard	
  enabling	
  

–  sharing	
  of	
  experiment	
  descrip=ons,	
  traces,	
  data	
  processing	
  scripts…	
  
–  spectrum	
  sensing	
  using	
  heterogeneous	
  sensing	
  hardware	
  

■  benchmarking	
  framework	
  	
  
●  enabling	
  experiments	
  under	
  controlled	
  and	
  reproducible	
  test	
  condi,ons	
  
●  allowing	
  fair	
  comparison	
  
●  offering	
  automated	
  procedures	
  for	
  experiments	
  and	
  performance	
  evalua=on	
  	
  

28	
  



CREW
CREW	
  Federated	
  plaNorm:	
  key	
  aspects	
  

■ Crea,on	
  of	
  open	
  data	
  sets	
  
●  CREW	
  repository	
  (www.crew-­‐project.eu/repository)	
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■ Benchmarking	
  
●  is	
  the	
  act	
  of	
  measuring	
  and	
  evalua=ng	
  

–  cogni=ve	
  hardware	
  components	
  
–  cogni=ve	
  sooware	
  components	
  

●  under	
  reference	
  condi=ons	
  
●  rela=ve	
  to	
  a	
  reference	
  evalua=on	
  

●  Primary	
  goal	
  
–  Enable	
  fair	
  comparison	
  	
  
à	
  objec=ve	
  performance	
  indica=on	
  of	
  CR/CN	
  concepts	
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The	
  CREW	
  offer	
  

■ Open	
  access	
  to	
  5	
  different	
  testbed	
  islands	
  and	
  advanced	
  cogni,ve	
  
components	
  
●  different	
  wireless	
  technologies	
  
●  different	
  spectrum	
  bands	
  
●  mature	
  testbeds	
  
●  methodologies	
  and	
  tools	
  for	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  

experimenta=on	
  
●  reproducible	
  test	
  condi=ons	
  
●  exper=se	
  from	
  PHY	
  layer	
  	
  
	
  to	
  applica=on	
  layer	
  	
  

■  Portal	
  with	
  detailed	
  informa,on	
  and	
  guidelines	
  on	
  access	
  and	
  use	
  
of	
  the	
  facili,es	
  (www.crew-­‐project.eu)	
  

■  Technical	
  support	
  &	
  assistance	
  to	
  experiments	
  
●  Training	
  &	
  best	
  prac=ces	
  for	
  experimenta=on	
  
●  open	
  call	
  3	
  /	
  open	
  access	
  for	
  free	
  and	
  guaranteed	
  support	
  to	
  experiments	
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CREW	
  provided	
  a	
  great	
  opportunity	
  to	
  test	
  and	
  validate	
  advanced	
  
cogni,ve	
  radio	
  technical	
  developments,	
  which	
  was	
  extremely	
  
difficult	
  without	
  CREW.	
  

CREW	
  has	
  allowed	
  us	
  to	
  learn	
  great	
  
lessons	
  about	
  testbed	
  usage!	
  

Thanks	
  to	
  CREW,	
  we	
  could	
  have	
  
access	
  to	
  state-­‐of-­‐the-­‐art	
  spectrum	
  
sensing	
  equipment.	
  

The	
  WINNF	
  transceiver	
  API	
  is	
  an	
  
extremely	
  efficient	
  way	
  of	
  controlling	
  
USRP2	
  devices,	
  providing	
  a	
  
significantly	
  beher	
  performance	
  
comparing	
  to	
  previous	
  drivers	
  we	
  have	
  
employed	
  

The	
  framework	
  for	
  controlling	
  wireless	
  
test	
  infrastructure	
  is	
  very	
  powerful.	
  While	
  
such	
  framework	
  is	
  originally	
  designed	
  for	
  
describing	
  and	
  running	
  experiments,	
  it	
  
can	
  be	
  also	
  readily	
  used	
  for	
  radio	
  and	
  
network	
  control,	
  as	
  part	
  of	
  the	
  wireless	
  
cogni,ve	
  solu,on	
  under	
  test..	
  

	
  IRIS	
  SDR	
  plaNorm	
  is	
  extremely	
  easy	
  to	
  use	
  and	
  is	
  well	
  
documented.	
  The	
  first	
  integra,on	
  of	
  algorithms	
  was	
  done	
  in	
  
a	
  single	
  day!	
  IRIS	
  is	
  quite	
  stable	
  and	
  there	
  haven't	
  been	
  
detected	
  neither	
  bugs,	
  nor	
  instabili,es	
  typical	
  of	
  other	
  
frameworks.	
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