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Abstract— If technological trends are any indication, we are The research in dynamic spectrum allocation has been
coming upon a future where we will have highly-cognitive trans-  pifurcated. On one hand, the XG project [4] by the Department
mitters and receivers capable of using many different frequenci®  ,t pefense proposes an architecture by which nodes oppor-
transmission powers, modulation schemes and MAC protocols. o . . .

Future generations of mobile devices will be able to bid for the .tun|st|cally use the gntlre available spectrum, withoutszdt-
spectrum that they require from a broker, or will have ways Ing a central authority. On the other hand, the DIMSUMnet
of automatically reducing interference by negotiation with other architecture [5] argues that completely ad hoc, opportignis
devices. Despite the many different algorithms and policies that network access is the most optimistic situation, and that in
could be used to support this, to the best of our knowledge, there between the current state of wireless technology and tleal id

is currently a lack of a unified protocol to allow negotiation of . . -
spectrum for brokered and non-brokered environments. The po- there exists Coordinated Dynamic Spectrum Access Networks

posed protocol, PREDATOR (PRotocol for Equitable, Dynamic [N this network architecture, all clients wishing to use atjon
AllocaTion of Radio spectrum), accommodates both brokered of the spectrum communicate with authoritative brokers. A

and a_d _hoc configurations. In this paper, we provide a detailed detailed survey of the area can be found in [6], [7].
description of how the protocol works, as well as results from a We propose a protocol, called PREDATOR (PRotocol for
sample application environment to show its efficacy. . - - .

Equitable, Dynamic AllocaTion of Radio spectrum), that ac-
commodates both brokered and ad hoc configurations. We
assume a paradigm where, in licensed bands, nodes must talk

Currently, there is a proliferation of wireless devices an@ a coordinating central authority, while in unlicenseadd,
users. Cells phones and the wireless Internet have mada hode can make an effort to negotiate with other nodes to
clear that people want to be connected to each other andatthieve a mutually beneficial network configuration. While
the information they need, no matter where they go. Asdevices operate in the unlicensed portion of the spectroey, t
rapidly increasing number of mobile devices employ wirelesnay also voluntarily use a local, non-authoritative broker
communications for transmitting data and voice signals, tibetter optimize or prioritize access. In this paradigmtaiar
conflict for available wireless spectrum is becoming mongodes may be capable of communicating in both unlicensed
fierce. Traditionally, the Federal Communications Comiuiss and licensed bands, potentially seeking to reduce cost or
has established strict divisions across the entire spacfrom increase bandwidth.

3 KHz up through300 GHz [1], and either reserved segments The rest of the paper is organized as follows. Related work
for public use or licensed segments to private companiesi@tpresented in Section Il. Section Ill presents PREDATOR
very high prices. However, certain segments such as5theprotocol in every aspects. Section IV describes the sirmat

GHz U-NII band remain unlicensed and freely available fasnvironment and presents the results of the simulationystud
public use. The FCC intends this band to be used in a frage conclude in Section V.

for-all manner by private individuals and has not estalelish

requirements for access methods [2]. The aforementioned Il. RELATED WORK

spectrum conflict is quickly saturating these open bands,

leading to degradation in signal quality and throughpugnev Due to the increased number of mobile devices, the spec-
though the majority of the spectrum bel®vGHz is under- trum tends to be very busy in certain spots and underutiiized
utilized [3]. This varying degree of spectrum utilizatios i others. What is needed is a method not only to more efficiently
a challenge in both licensed and unlicensed bands. Onedigtribute spectrum in the free bands among localized users
the solutions that have been proposed for this problem kst also to leverage unused spectrum throughout the wide
the dynamic and automatic allocation of spectrum to devicaange of radio frequencies available.

Devices with software defined radio components, capable ofCurrent methods proposed by others include simple local-
switching frequency and modulation could use schemes tlietd bandwidth-portioning [2], [3], [8]-[10] and also sches
modify their transmission characteristics to reduce fetence for dynamic spectrum allocation using an authoritativekbro

or increase bandwidth. [5]. The proposed protocol combines both the ad hoc operatio

I. INTRODUCTION AND MOTIVATION



of the former with the brokered structure of the latter,\allmy nodes only utilize the CSCC when requesting spectrum, the
it to be very flexible. channel can be narrow and use low bandwidth. For example,
One scheme for portioning localized bandwidth (e.g.2He a1 Mbps 802.11 channel has enough bandwidth and range to
GHz ISM band) is to use graphs to select channel assignmetaser an indoor or outdoor region 660 — 100m. Experiments
resulting in the lowest interference and highest bandwidthave shown that an ISM band with conflicting 802.11b and
given a reasonable amount of time to calculate the graph [BJuetooth networks had improved throughput and lower delay
[8]. By considering each node in the wireless network to behen the CSCC scheme was applied [2].
a vertex in a graph, an iterative method can be employed toAlthough these methods work well for ad hoc networks, it
color the vertices of the graph, i.e. assign a discrete gpact is difficult to assimilate them into existing infrastructdpased
channel to that node. A greedy algorithm will assign colomsetworks. The concept of equitably distributing unlicehse
(channels) starting with the vertices (nodes) with the mokandwidth is important, and this can be realized by using
unassigned partners and work through in order until eithBrynamic Spectrum Allocation Protocol [10]. DSAP introdace
all of the vertices are colored, or there are no more colofse concept of a lease, a short-term allocation of a wireless
to assign [8]. A refinement of this method is to apply a faichannel to a particular node. Using a radio manager, DSAP
algorithm, which instead assigns colors based on need $uit alacks the nodes in a local network, including attributeshsas
assuring that each node will end up with a relatively eveawvailable frequencies, transmission power, modulatiatopr
amount of usable bandwidth. If a coloring solution is foundols, and (optionally) location. Client nodes send a Chimne
to be unfair, available colors all utilized before bandwidtiscover message, to which a DSAP server node responds with
is evenly distributed and the process is restarted. Becaas€hannelOffer message, which includes a suggested spectru
this process can take many iterations before an optimaity fand transmission power to utilize. A negotiation process ca
solution is chosen, the Randomized Distributed Algorithasw take place if the initial offer is unacceptable, and evelhjua
devised. This behaves like a raffle, assigning the colors loth parties agree on a configuration. When client nodes
random order so that each node has an equal chance to wimigbehave, causing interference, the DSAP server can send a
channel. Each time a node loses a raffle, it picks a higher ra@hannelReclaim to force it off of the network. Unresponsive
dom number to increase its chance of winning [3]. Calcutatiror malicious nodes can be routed around by instructing the
the optimum distribution of colors for a given graph is an NRelient nodes to choose different channels. When a node’s leas
complete problem, and thus not possible to compute in rdss expired, it is expected to stop operating on that channel
time. However, simulations have shown that the Randomizadd request a new lease. Initial experiments show that DSAP-
Distributed Algorithm can result in a spectrum distribatio enabled clients outperform non-DSAP-enabled clients.[10]
nearly as efficient as the optimum distribution, in a fractad DSAP can be implemented at the endpoint of an
the time and with low overhead [3]. infrastructure-based network, i.e. if the DSAP server ia-co
Instead of a central managing unit applying graph theonected to an Internet gateway, however DSAP does not alle-
to assign channels from unlicensed spectrum to nodesviate the problem of allocating frequencies across thereenti
a network, it is possible for the nodes themselves to sethdio spectrum or over wide geographic areas. To address
organized through competitive or cooperative processhs. Tthis, the Dynamic Intelligent Management of Spectrum for
nodes can greedily acquire bandwidth, based on game theUhjiquitous Mobile-access network architecture was devise
[9] or democratically acquire bandwidth using negotiasion5]. The DIMSUMnet architecture centers around the concept
based on each nodes available protocols and abilities [2]. Aof coordinated access bands: sections of spectrum that are
plying game theory to a non-cooperative method of spectriemailable for dynamic leasing by a central authoritativekier.
utilization results in a zero-sum game (i.e. for any one noddeally, CABs would be located adjacent to existing, fixed
to own a particular channel, another node must lose it, thegectrum bands (e.g. cellular, broadcast television) and t
the total ownership is zero). In this greedy method, nodexlude an overflow capability to load-balance high utiliaa
freely interfere with other nodes competing for their spatt, conditions. Spectrum in the CABs would be leased over
punishing them until they stop infringing on the bandwidthRadio Access Networks by RAN managers. Client nodes
Eventually, the overall spectrum use will stabilize as theommunicate with the RANMANS using SPectrum Informa-
nodes seek an optimal balance between owning spectrum &od channels (SPIs), similar to the CSCCs of DSAP. Each
being unable to use a desired channel because of intereere®RANMAN controls a specific geographic region, but fallback
Simulation has shown that this method can result in an efficieedundancy is built into the system by cloning the lease
configuration even with little or no inter-node communioati tables to neighbor RANMANSs. By adding more CABs and
or central authority [9]. RANMANS, the DIMSUMnet can be expanded across an
Conversely, a cooperative method of self-organization cambitrarily large geographic and spectral area.
be applied using a Common Spectrum Coordination Channelldeally, at some point most or all radio spectrum will
Each node in the network broadcasts onto the CSCC its pbe deregulated by the FCC and a dynamic leasing architec-
ticular abilities (e.g. available frequencies, powersdmation ture based on similar to DIMSUMnet will be implemented
schemes), and then as a group the nodes allocate spectroingsontrol spectrum allocation in real time. The advantage
equally. Because this data is made up of small bursts améit PREDATOR offers, and allows it to inter-operate with



DIMSUMnet, is that it can scale to work on a brokeredBd. Protocol design

infrastructure-based system down to an ad hoc configuration
The PREDATOR protocol works over standard 802.11 MAC

I1l. PROPOSED PROTOCOL layer. This is a preliminary design choice, made for ease
A. Preliminaries and scenarios of testing and implementation. In future implementatioris o

The wireless nodes referred to in this paper are suppoggﬁ prc_Jto_coI, specifications for _the data rate, frequencies
{fansmission power, and modulation schemes may need to be

to have highly agile software defined radios (SDRs). Withialtered for flexibility, to make the protocol general enough
tai ified by th biliti f the indizid '
ceriain ranges specitied by the capaoiities of the in . perate throughout the spectrum. The PREDATOR protocol

nodes’ hardware, they are able to modify their frequency; =~ : s of I tvpicall I ket t back andfi
transmission powers, modulation scheme, and MAC lay; pnsISts of several, typically Smail packets sent back ad
between nodes wanting to negotiate spectrum use.

protocols. They are capable of receiving in certain fregyen
ranges with certain associated receiver sensitivites tur-
rently assumed that the amount of time for the node to change
its operating parameters is negligable. These agile veisele

TABLE |
FIELDS IN THE PREDATORPACKET

nodes may potentially operate in two different scenarios. ~Field Size Description

In the first scenario, nodes are operating with the help of (bytes) - ' -
a broker, as specified in the DIMSUM [5] wireless access(T%’f;SE) 1 (Tseité%?eou)PREDATOR packet
model. Here, we will have brokers, which arbitrate the pssceControl 1 Contains two control flags.
of allocating a communications channel and client nodes(CTL) Tth_Broksr I((BR*é) flag Sigbnifilfs V\éhether_ _

H H H this Is a brokered or non-brokered negotiatior
which ne(_ad to use that channel, either tp communlqate to a The Auction (AUC) flag specifies that there
base station or to each other. A scenario where this would is an auction packet attached to the end of
apply would be for cell phone providers or mobile Internet . the PREDATOR packet
providers. To use the communication channel (with specifie(?‘eg"“a“o” T 1 Limits the number of rounds that a

. . . NEG.TTL) negotiation can continue

area,_fre_quenmes, power, etc), the_ client nodes musvet® —Number of 1 Specifies the number of
permission of the broker. These clients nodes may (but will n Frequency Ranges ranges that specified in the next field

necessarily) be mobile devices, and therefore may encount&¥R i
y) y Frequency Ranges  0-2040 These are a series of ranges, the number

several different.l:')rokers within its travels. The clien'gdao (FR) of which is specified by the NFR field. For
may have the ability to connect to brokers owned by different each range, there are two, 32-bit IEEE 754
parties. It may do this, for instance, to find the best prige fo floating point numbers that represent the
. . . . beginning and end of the specific block
the c_hannel access that it needs. In this scenario, reggesti of allocated spectrum (in Hertz)
permission to access the channel may be mandatory by [amaximum 0-1020 A number of maximum transmission power
(for instance, coming from the FCC or parties that are lieens Transmission Powers ranges for each of the specified frequency
. . (MrP ranges, given by a 32-bit floating point
on a portion of the spectrum) or mandatory by network policy number.
(for instance, at a University level). Minimum Reception 0-1020 A number of minimum powers that the
In the second scenario, there is no broker, but there argowers feceiver 1o Cda?ab'e of receiving for eacbh of
collections of wireless nodes which communicate. This doul ¢ agzs_%ic;lg;tin;e(g%?rﬂcxuﬁgge?_s' gven by
represent a wireless sensor network, or a collection of1802. Number of Protocols 1 Specifies the number of protocols that are
devices (access points and NICs) in a University. There ma{\P) given in the next field -
be many pairs of transmitters and receivers, all of whom may2l0cIs 0-510 C/zr:‘t‘rj;‘k:géi‘S’Irs)r?g’pcgsgste(g‘s;ma'”ed na
be utilizing the same portions of the spectrum (for instance 16 bit unsigned integers.
the 2.4GHz ISM band for 802.11b and g). If the nodes haveNumber of Networks 1 Specifies the number of networks that are
agile SDRs, they may negotiate with their transmitter/nege (NN::)WWKS S5 ?\Il\:eet\r/]vé?ktsh?ontfgt;éecfsse -
cqu_nte_rpa_rt, or even with oth_er uninvqlved nodes to try toners) (maintained in a central registry)
minimize interference. Transmitter/receiver pairs mayia represented by 16 bit unsigned integers. This
enter these negotiations in order to change data ratesaser may represent the Interet, or any
. . - . L number of wireless network providers.
ranges, or reducg their processing Iqad (in times of h|g.h C'_D\Number T RAV 1 Specifies the number of
load, switch to simpler communication schemes). This willFrequency Ranges ranges for the Resource Allocation Vector
typically be a scenario where nodes are communicating of\-R-RAY) (RAV)
: . RAV Frequency 0-2040  Similar to above frequency ranges.
the unlicensed portion of the spectrum. Ranges
In a wireless communications scenario, let there be twg@rRrRRAV)
wireless nodegv; andN,. These two nodes can communicate RAV Traffic 0-2040 32 bit floating point numbers
tri ireless connection. In the non brokeredCharactenzatlon specifying the amount of activity observed
over a_ Symetric wire : {TRRAV) in certain bands.
scenario, we assume that both of these nodes are peer&av Power 0-2040 32 bit floating point numbers
speaking on some non-brokered portion of the spectrum. Ifharacterization specifying the average transmission
(PONRAV) power observed in certain bands.

the brokered scenario, a no@§ gains access to the channel
from a broker,N,.



TABLE Il

TvPES OFPREDATOR RCKETS traffic observed for certain bands of the spectrum scanned by

the node. The nodes can use this information to find a band

Type Description to use where interference would be minimal. The ability to
(F;IEEX% _P?Cket t'_S a bea??”(;h;t {'r‘]c'Udesk Sttﬁfmda“: characterize wireless traffic or interference in differbanhds
| Information specifie Yy the packet forma . . . ., ..
Reference Beacon Packet is a beacon that only includes will be predicated on the avallaplllty F’f a SUff'_C'e”“Y cafa
(R.BEACON) information about how to get onto the RF frontend. We assume that this exists and is availablegto th
negotiation channel network node utilizing the PREDATOR protocol. The node
Negotiation Initiation Initiating the negotiation after

i will observe what frequency ranges are active, and what the
(NEGOT.I NI T) receiving a beacon. o X .
Negotiation Suggestion Suggest new Operating parameters for the a.Vera.ge transmission pOWGI‘ was over the time Observed” |t Wi

(NEGOT_SUGGEST) recipient. then insert into the PREDATOR packets which bands it found

Negotiation Acceptance Accept the operating parameters suggested active and the average power over that time
(NEGOT _ACCEPT) by the sender. . ’
Negotiation Acceptance Reject the operating parameters suggested ~ 1N€ PREDATOR protocol stands independently of what

(NEGOT _REJECT) by the sender. algorithms or policies are used to select RF operating char-
acteristics. In brokered situations, PREDATOR will be able
to support various brokering schemes and algorithms. In the

The PREDATOR protocol is intended to support commuion-brokered situations, the PREDATOR protocol will besabl
nications channel negotiations between nodes. The reastmsupport algorithms for channel allocation and coopeeati
for performing this negotiation may vary and be governespectrum sensing. In the non-brokered scenario, the cycle o
by different algorithms and policies. Let us suppose tNat suggestions is simply based on the operational capabilitie
begins the negotiation process with a beacon packet. This mhe nodes. However, in the brokered scenario, packets in an
come in two different situations. In the brokered scendhi®s as of yet unspecified auction format will be exchanged. The
beacon may be continually transmitted from a broker or BREDATOR protocol may actually be used to specify many
client node. In the non-brokered scenario, the node thatldec different types of auction protocols. The auction protogil
to begin a negotiation will send this packet. provide bids or quotes for certain parts of the spectrum.

The beacon will be one of two types. THalll Beacon If after this cycle of information sharing and suggestion
(F_.BEACON) contains some portion of the frequency or trarthe nodes finally reach an agreement for operational pa-
mission/reception power information as specified in thekpac rameters, the agreeing node will send\Nagotiation Accept
format. For nodes that are already engaged in some kind(BNEGOT_ACCEPT) packet. If on the other hand, the nodes
communication, or are at least typically synchonized on gannot come to an agreement or the Negotiation TTL has
negotiation channel can use this type of beacon to shorten been exceeded, the node first aware of the impasse will send
negotiation process. THeeference BeacofiR BEACON) only a Negotiation Rejec(NEGOT_REJECT) packet. This ends the
contains information on where to find a negotiation channeurrent negotiation.

This provides short beacons, most probably for use by bsoker In the brokered scenario, the amount of time that a node
The fact that the negotiation channel is specifieRIBEACON is allowed to keep some set of operational characteristics
can provide for robustness of the negotiation channel.olf, fis determined by the auction process. In the non-brokered
instance, a broker had a problem with a negotiation channehvironment, all negotiations are kept in time out vector
(i.e. interference or overloading) it could specify difat (TOV). The TOV will age the negotiations until at some point,
negotiation channels for different client nodes. Tableswd athey are no longer valid. This allows the nodes to adapt to a
Il summarizes the fields in the data packet and the types dfanging environment where mobile devices could come and
data packets of PREDATOR protocol respectively. go.

Once this beacon is received; responds with a\egoti- Next, we give an illustrative example of how a simple
ation Initiation (NEGOT_I NI T) packet. This sends along allnegotiation may work in Figure 1. In this scenario, 6 nodes
of the information specified in the packet format. Wh&h were used, with CBR transfers between each pair. All started
receives this packet, both nodes will have some informati@ut on the same channel. They were spaced in a dumbell shape
about the capabilities of the other. However, these packats with a pair of nodes on each end and one pair in the middle.
not contain complete information about the capabiliteshef t In addition to having a CBR data transfer, the center paw als
nodes. To keep packet size down, the nodes may only put these the PREDATOR protocol while the other pairs do not.
preferred communications information into the packet. For To begin with, node 2, perhaps upon sensing a large number
instance, if there is a frequency range that the node clyrendf MAC collisions begins the process of seeking another
finds optimal, it may suggest those ranges first. To sewtlannel by scanning the radio environment for information
more information about capabilities, or to suggest openafi about other transmitters and interference. This may be done
parameters to the other node, the nodes will use some numpegh an additional receiver or by time sharing a single reeei
of Negotiation Suggestion packets. In additional to segpdimNode 2 scans and discovers the presence of node 0 and
information about the nodes’ capabilities, the node maylsenode 1. It inserts this information into the RAV and sends
spectrum usage information in the form of a Resource All@a F_BEACON containing the pertinent information to node
cation Vector (RAV). The RAV specifies average power ang8l. Node 3, upon receiving th&_BEACON, does its own




scan of the air around it, discovering node 4 and 5. No@d# arranged in pairs withi200m from each other. The pairs

3 then se

nds &NEGOT_| NI T packet with this information are placed randomly and are at random angles to each other.

and its own operating characteristics to node 2. Assumifidnie nodes can hear and be heard by other nodes within a
that the nodes have managed to fit all of their operationz80m radius. Each pair of nodes is randomly selected to start
parameters into this single packet, node 2 will have all ef thout on one of the three available channels. The channels are
information that it needs upon receiving ttNEGOT_I NI T. assumed to be non-interfering. Each pair participated émce
Through some mechanism, node 2 now decides what will BePREDATOR negotation cycle, at a random time during the
the best operating parameters to use. It puts this infoomatifirst 50 seconds of the simulation. Each pair of nodes runs
into an NEGOT_SUGCEST packet sent to node 3. Node 3both a CBR source at48 Kbps. The 802.11 operating speed
looks at the suggestion and decides to accept. It sends backet tol Mbps.

an NEGOT_ACCEPT packet. Both nodes then change their The negotiations in this scenario took place very similar

operating characteristics accordingly. to the simple scenario described in Section 1lI-B. The nodes
__________ gather a RAV vector of channel usage that is within their
sensing range. The data in the RAV is represented in a
simplified manner. There are three elements in the vector,
Node XS . S
Ao CBR @ v one for each of the available channels, indicating how many
, ' nodes it can hear transmitting within the specified ranges0f 2

meters. To pick a new channel, the nodes simply add together
these usage vectors, and choose the channel with the lowest
usage. In future implementations, this selection mechanis
may be replaced by more sophisticated processes, and may
involve engaging in recursive negotiations to achieve #ebet

- overall channel allocation.
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A. Simulation environment and setup

For the

Using an identical scenario with regard to node placement
and channel allocation, the simulation is run with and witho
using the PREDATOR protocol. The simulation timeli¥)s,
but in the experiments, the first seconds are ommitted to

N allow the network time to calm down from the initial ARP
traffic. Finally, collisions and packet throughput over ¢irare
CBR extracted from the log files.

The scenario used is shown in Figure 2. This was produced
by the Network Animator (NAM) extension to ns-2.
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Fig. 1. lllustration of Scenario 1

IV. SIMULATION STUDY

simulation, a simplified version of the protocol i

f

utilized to illustrate its efficiacy in dealing with the sifep
problem of channel allocation. The nodes in the simulati
only exchange information about their available channe
and observed channel usage, ignoring power, modulation & B0

more complex frequency issues. These issues will be m ke Do e Nyl

extensively evaluated in future work. ’j‘,, R 5”%@%{“‘;@%"\
The protocol was implemented as an extension to the ns .l{l}‘m,* q\““@,‘ ' ‘w‘ﬁ‘% 0\
,4‘1\ !\‘: /}\\N »«.‘ |
Rk A‘@ﬂ‘ ‘p
! v ,‘ )
-

gi 2 A :
simulator. The main portion of the protocol was done in C+- .f.ié‘\{e’ “ !' )’ :
Some extensions were made to the ns-2 source code itsel "‘“\‘“\.‘\ o \l@“‘\‘ﬂ’ 2 v ‘

\m‘!\\\\ W ‘4\%‘%&( ’L
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make it more stable for allowing nodes to switch channel ’;&‘;-;‘.;‘ J
Unfortunately, ns-2 currently has only limited support éat- % "\‘!i'.’, 27T R
vanced testing of software defined radio and 3G/4G concer. A< ] :(f’),
More robust extensions to support this type of research mi N N———— '
in the future, be incorporated into ns-2 or another simulato
package.

The scenario used to evaluate the PREDATOR protocol is

a 500ma500m square grid with 100 nodes. The nodes are

Fig. 2. 100 nodes with CBR and PREDATOR connections.



B. Si mulatlon reSuItS w00 CBR Aggregate Throughput With and Without PREDATOR
T T T T T

T T T
Without PREDATOR —+—

The number of collisions and throughput have been shown With PREDATOR -
with and without PREDATOR protocol with respect to time s
in Figures 3 and 4 respectively. It is observed that there is a
decrease in collisions and increase in the throughput in the s
early stages of the simulation experiment with PREDATOR
protocol.

In a situation with even a moderate rate of traffic, the
PREDATOR protocol managed to provide reduced collisions
and increased throughput. In terms of applying to a real
situation, the protocol may act even more favorably. Ineeela 1000

T

T

2000

hput P:
T

T

T

data rates may lead to more interference, which would be | R RRESSEemeasnos
better handled by the PREDATOR protocol. The initial channe 1 1 s s 1 s 1 1 1
allocations were made from a uniform random distributidn. | A

for instance, this were a collection of Wi-Fi base stationd a
cards, the channel allocation would likely be heavily weggh Fig- 4. Aggregate packets throughput over time with and witfRREDA-
toward whatever comes as the default channel. Finally, TRR:

more sophisticated scenarios, the nodes may be able to make

additional choices to reduce interference, such as chgngin

modulation schemes and MAC layers. For instance, the @2 Finally, the PREDATOR protocol needs a more sophisti-
duced interference negotiation by the PREDATOR protoc@fﬂed base than standard IEEE 802.11, in order to facilitate
may have allowed the nodes to turn off thé¥TS- CTS operation across a wide area of the spectrum.

mechanisms for increased throughput.
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to some degree, reduce interference between peer nodes. The

future work include the need for the simulation tools to be
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ing of operational parameters. Perhaps a current SDR device
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for actual test runs. When more sophisticated simulatiotstoo
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transmission power, modulation schemes, MAC layers, and so
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