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Frequency Sharing Rules (FSRs) or frequencyeties providing the fair coex-
istence of the two broadband communication standards ER&NBHiperLAN/2
and the IEEE 802.11a are discussed in this document. Botbrsgsare invented to
operate in the license exempt band 5.1 .. 5.8 GHz in Europsiaritir U-NII bands
in the U.S. and Japan. Both systems focus on high speed WLAd®&®@adband
wireless access with or without connection to a certain oetevork. Although the
standards are mainly designed for conventional packetidatamission without de-
lay constraint, they nevertheless enable, to a certaimgxeguarantee of Quality
of Service (Qo0S). A scenario where both types of standards teashare the same
frequencies is of considerable interest also for standation of the Fixed Wire-
less Access Networks IEEE 802.16 and HiperACCESS, as tlothestandards are
likely to get into the same field of coexistence problems.hia paper, the already
upcoming standards for high speed LANs are discussed. Sgsued for a better
understanding of Frequency Sharing Rules are presented.

Frequency Sharing Rules, Decentral Radio Resddanagement, Game Theory
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ABSTRACT gies and measures taken by the systems to support QoS
although competitively working with shared resources
Frequency Sharing Rules (FSRs) or frequency eti- are yet to be defined by the standardization bodies. Dy-
quettes providing the fair coexistence of the two broad- namic spectrum sharing within radio systems, between
band communication standards ETSI BRAN Hiper- uncoordinated systems of the same standard or even
LAN/2 and the IEEE 802.11a are discussed in this doc- between systems using different technologies is attract-
ument. Both systems are invented to operate in the li-ing an increasing interest [1].
cense exempt band 5.1 .. 5.8 GHz in Europe and sim-
ilar U-NIl bands in the U.S. and Japan. Both systems
focus on high speed WLANs and broadband wireless
access with or without connection to a certain core net-
work. Although the standards are mainly designed for
conventional packet data transmission without delay
constraint, they nevertheless enable, to a certain ex
tent, a guarantee of Quality of Service (Qo0S). A sce-
nario where both types of standards have to share th
same fre_quqncies s Of. considerable interest also foryqyeen differently developed regions within a coun-
standardization of the Fixed Wireless Access Networkstry_ Broadband wireless access technologies allow the

IEEE 802'1.6 and Hlper_ACCESS, as these both St.an'convergence of various services such as multimedia.
dards are likely to get into the same field of coexis-

: >~ Wireless access technologies are opening new perspec-
tence problems. In this paper, the already upcoming g P g Persp

standards for high speed LANS are discussed. Som tives to the global information society, providing op-

. ¢ bett derstandi fE Shari ortunities for tele-education, tele-medicine, and many
ISSUES Tor a better understanding of Frequency Shafing,y, o applications which are highly beneficial for the
Rules are presented.

social and economic development [8]. The approach of
the license exempt frequency allocation as discussed in
INTRODUCTION this work may bg a strategic plan for an efﬁuent radio
spectrum policy in the future, as required in [9].

Massive growth in wireless and mobile communica-
tion, the emergence of multimedia applications as well
as the demand on high-speed Internet access including
mobile terminals, and the deregulation of the telecom-
munications industry are the key drivers towards a new
demand for radio-based broadband access networks [5,
6]. According to [7], wireless communications driving
the market have the potential to close the gap not only
etween developing and developed countries, but also

To support QoS in an environment where the dif-  In this document, some first approaches to support
ferent system types are also operating at the same timéhe coexistence of HiperLAN/2 and IEEE 802.11a are
and frequency has up to now only a little been inves- discussed. Performance results from simulation of both
tigated [1-4]. How the two Wireless LANs (WLANs) standards are presented. The next section discusses
IEEE 802.11a and the European ETSI BRAN Hiper- the approach of shared frequency bands, Sect. shortly
LAN/2 may fairly coexist without being able to com- summarizes the key functionalities of the two involved
municate and without exchanging resource requestssystems. Following, Sect. explains why the etiquettes
or grants, and what problems may arise if the sys-are required, and Sect. presents first approaches and
tems just work according to their local requirements, results of the simulations. During this research work
is highlighted in this contribution. Procedures, strate- it has been understood that mathematics taken from



Game Theory apparently have the capabilities to modelTHE TWO SYSTEM TYPES

the competitive scenarios quite appropriately, leading

to completely new ways of analysis and synthesis of The key functionalities of the two system types

Frequency Sharing Rules. This issue is discussed irare described in [11,12]. The ETSI Project (BRAN)

Sect. .B. The paper ends up with a conclusion and anfocuses on standards for different types of wireless

outlook on following work. broadband access networks. One of these systems
called HiperLAN type 2 (HiperLAN/2) shall provide
high-speed communications with a bit rate of up to

OPEN ACCESS AND THE APPROACH OF FRE- 54 Mbit/s between mobile terminals and various broad-

QUENCY SHARING RULES band infrastructure networks. In the U.S., a high-speed

physical layer at 5 GHz is being developed to extend

Up to now, exclusive frequency bands have been asy- 2 ='ar5 14\ hich will reuse the HiperLAN/2 MAC

signed to radio systems of multiple operators with dif- e
ferent standards are typically. These frequency bandéayer' 802.11a accepted the same OFDM transmission

are furthermore separated by unused frequency bandg(:heme leading t_o easier sp_ectrum coemstgnce. There-
in order to avoid mutual interference. But the unused SPECUVe System in Japan will have three different pro-

frequency bands between the systems and the fact thatf)COIfhfor three different Sr? rv_|ce|s|, but it will be based
parts of the assigned frequencies are very often not rg 2N @ th€ same commoq physical fayer.
The three systems in Europe, the U.S. and Japan

quired by one system every time and at any place re- : :
will operate in the 5 GHz band. All three physical lay-

sults in a low spectrum efficiency. - -
ers will be harmonized to a large extend. The two pos-

An economically better solution considers the loca- * ;
tion and time dependent requirements on frequenciesSIP/€ Network topologies are referred to as on the one
dand "infrastructure- based”, that is, terminals com-

of the radio systems and therefore assigns the sam ’ > i
municate with the core network via a so-called access

frequencies to more than one operator system stan- " y " !
dard [10]. point, and on the other hand "ad-hoc”, where terminals

From this approach the problem arises, how to guar_communicate with each other without the connectivity
) to the wired core network.

antee the QoS and how to apply a fair resource shar- _ _ .
ing between systems competing for the same radio re- HIPErLAN/2 is basically centrally controlled an-
source. The problems of coexisting radio systems shar"ouncing the time structure at the beginning of each
ing a common spectrum have not yet been well under-MAC frame. IEEE 802.11a in contrast applies
stood, and appropriate rules for the coordination of dif- CSMA/CA, which is understood as a simple listen-
ferent systems have not been investigated. before-talk scheme. To support QoS and to carry real-

A fixed spectrum allocation of different operators tme services, some priority schemes are optionally
leads to another form of inefficient spectrum use. If included (Point Coordination Function). For coexis-
they have unequal market shares, there may be sysl€NC€, two issues have to_be mentioned. HlpgrLANIZ
tems operating at high spectrum efficiency with short allows the dynamic allocating of new frequencies (Dy-
frequency reuse distances, and at the same time therBaMmic Frequency Selection, DFS), as well as Transmit-
may be other systems of operators having smaller mar{er Power Control (TPC). The |EEE 802.11a systems
ket shares using the exclusive resources less efficientlyk€€p Operating at one single carrier once it has been se-

In [10], the United States Unlicensed PCS Band is |ected. Both systems apply Link Adaptation (LA), i.e.
explained where an etiquette is used to allow differ- thg flexible mt_erference-dependent selection of modu-
ent system types to coexist with each other. Unfortu- lation and coding.
nately, approaches as Listen-Before-Talk being used in WLANSs as IEEE 802.11a and H/2 in the U.S., will
this band do not allow one terminal taise its hand work in the Unlicensed National Information Infras-
and to require spectrum for a certain time with higher tructure (U-NIl) band illustrated in Figure 1. In this
priority. That is the point where more sophisticated unlicensed band, essentially every radio system is al-
sharing rules are required, as discussed in this contrilowed to operate, provided that it does meet transmis-
bution. sion power and spectrum efficiency requirements.

The 5 GHz U-NII band is divided into three parts



e | oo us. P over several compounds that are free of interference.
- Further, to allow the new systems to share the fre-
e | Japan guencies with other new or existing systems, the new
o U e systems should possess some innovative approaches,
which can make the new systems more capable to sur-
3 3 3 > vive in the extreme situation where only a small spec-
515 5.25 5.35 5.47 5.725 5.825 . .
freq[GHz] trum is available.

Figure 1: 300 MHz spectrum are released for the Unli- FSRS_P;I“S'[(?? deEnedlto allow various SyStimeto
censed National Information Infrastructure at 5 GHz in CO€XISt. They drive the telecommunication market by

the U.S. Similar bands are available in the Europe ang@!oWing the different systems to work in the deregu-
Japan. lated band. Only systems obeying a defined etiquette

and, thus, applying respective FSRs, will be able to

with different allowed EIRP (Effective Isotropically ~Provide quality for supported services, as there will
Radiated Power) values. The EIRP is calculated ashot be an exclusively reserved spectrum for any type
the product of the transmitted power (in Watt) times Of system. In the considered spectrum, HiperLAN/2,
the gain of the antenna (as a power ratio). Thus, thelEEE 802.11a, to a certain extent the Japanese MMAC,
200 mW band provides in-building operation, the 1 W satellite communication systems and some scientific
band allows campus or small neighborhood servicesapPplications have to share the spectrum. All these

and the 4 W band will allow scenarios of up to 10 km Systems operate in an unlicensed band, uncoordinated.
radius, approximately. They all individually need to be protected. As the ad-

The U-NII solution considers the location and time Nhoc and infrastructure-based systems are likely to work

dependent requirements on frequencies of the radigon their own without any synchronization to other sys-

systems and therefore assigns the same frequencies {§MS which are working in the same or adjacent areas,
more than one system standard. HiperLAN/2 must be protected against HiperLAN/2,

IEEE 802.11a against IEEE 802.11a, as well as both

the different systems against their foreign counterparts.
WHY THE FAIR COEXISTENCE REQUIRES  There is no reason to argue that if two customers both
AN ETIQUETTE purchased HiperLAN/2 and a third one decided to use
IEEE 802.114, that the first two are interested to coex-
ist by at the same time not allowing the third system to
work simultaneously. In other words, each system will

The uncoordinated operation of coexisting radio
systems has been started within the 5 GHz band open

Ing 300 MHZ by the FCC for the U-NIl and at the . trying to get as much resources as possible (if re-
fr_equenmes of the ISM band 2.4 GHz. . For the Ser- quired by the offered traffic) where all other systems
vices that are offered in these 'frequenme_:s N0 QOS I8y pe interpreted as competitors, having equal rights,
supp_orted bl_ﬂ a best-_effort SErvice IS provided. regardless what kind of system it will be. In a conser-

With the introduction of HiperLAN/2 systems as | ative approach, all systems try to be as selfish as pos
transparent wireless extension of M, UMTS,  gjpa |eading to non-cooperative not very spectrum-

IE.EE 1394,kandIP,fofferirrlwg ]fer\éi(f_?MWith quall(ity rer; efficient scenarios. FSRs will be the means to achieve
quirements known from the fixe hetwork to the .,y neration among the uncoordinated systems.

end-user, and with the introduction of IEEE 802.11a,

basically as wireless extension of Ethernet, means have

to be found to provide the fairness and the opportunity

to the individual systems to protect their active terminal SiMULATIONS

during communication phases and to guarantee a cer-

tain QoS. This is obviously not an easy task as all sys-

tems are going to operate at the same frequency band. To show how severe the mutual interferences may
Since future services require large bandwidths, thedestroy the communication of the systems, some initial

systems may have to use frequencies that are spreagimulations have been performed.



A. Scenario

Using Telelogic’s specification and simulation tool
SDT, a simulation environment has been built for IEEE
802.11a and HiperLAN/2. This tool allows accurate
stochastic simulations of both systems. Fig. 2 shows
the basic architecture of the simulator. All relevant pro-
tocols are included. Accurate traffic models and radio
channels will lead to reliable simulation results [13],
but are at this point of time only roughly implemented.

System YouShig88 Descr(4)
*********
S
I
,,,,,,,,,
traffic |
SimControl:
gener ators btSimControl
gtIEEE gMT gAP
sSysRegist, 1 [(SIMTZSimComruI)] [(slAPZSi Comrc\)]
sSysGenerate.confirm
simctr| IEEE chSimMTSimControl  chSimARSimControl
sSysGenerate.request’ [(sl&mcr ntroIZMT)J [(slSAch nlro\zAP)]
gtSimCtrl gSimControl gSimControl
IEEE802.11(3): EE&ATT @ Ef:; @
btIEEE
gtChan gChannel gChannel
sRegist.confirm, 1 (sIChannel2MT) (sIChamnel2AP)
UpdatePower.confirm, 802 11a [ ] [ ]
RxData H /2
Chan] IEEE chChannelMT chChannelAP
sRegistMT.request,
sRegistAP.request,
UpdatePower.request,
TxData
[(SIMTZChanne\)J |:(S|AP2 :hannel)}
gtlIEEE gtHP2MT gtHP2AP
radio- Channels:
btChannel
channel

Figure 2. The simulation environment. The proto-
cols are formally specified using SDL. As HiperLAN/2
("H/2") is centrally controlled, two different blocks are

included.

Figure 3 illustrates a simulation scenario, where two
HiperLAN/2 mobile stations and one AP have to coex-
ist with an IEEE 802.11a system including an AP and
two mobile stations.

The distance between both systems is kept small.
All stations are located no more than 5 m away from
each other in order to simulate scenarios with harsh in-
terference. Simple best-effort Poisson traffic is simu-
lated. All terminals are transmitting packets with the

HiperLAN/2 T N
MT2 A\Y
5.01m N\ N
N N
\

N HiperLAN/2 he
A \ AP
N [ ]
N variable a1zm\ =
distance HiperLAN/2

MT1

N
N\
N
\
N
\\\\\
A\
IEEE 802.11a N
AP N
3.6m
IEEE 802.11a
L

MT1

Figure 3: Typical scenario.

power of 200 mW, TPC, LA, and DFS are not ap-
plied. Each of mobile stations has a duplex connection
with its corresponding AP. The HiperLAN/2 system
transmits all BCH-, FCH-, and RCH-PDUs with BPSK
modulation with coding rate of 1/2 (i.e. 6 Mbit/s),
and all SCH- and LCH-PDUs are transmitted by us-
ing 16QAM modulation method with a coding rate of
9/16 so that the transmission rate up to 27 Mbit/s is
possible. The IEEE system transmits the RTS, CTS
and ACK PDUs with BPSK1/2 (6 Mbit/s) and the data
packets are sent with 16QAM1/2 (i.e. 24 Mbit/s). Both
systems transmit their packets at the same frequency
using the same carrier.

B. Results

Results in coexistence simulations highly depend on
the scenarios. The results found in this contribution
can only give a rough view on what problems may oc-
cur when FSRs are not taken into account. For exam-
ple, the following two figures show the HiperLAN/2
throughput for two different configurations.

Figure 4 shows the records of two simulations.
Results of a simple simulation scenario indicate the
problems arising when HiperLAN/2 and 802.11a oper-
ate simultaneously without applying any sharing rule.

Both terminals have to carry the same loads of about
5 Mbit/s. Two configurations have been simulated,
one in which the 802.11a is sending long packets of
1024 bytes without fragmentation (bottom) and one in
which the 802.11a is sending short packets of 53 bytes,
equivalent to the HiperLAN/2 LCH PDUs (top). No



2ms HiperLAN/2 MAC Frame random access
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Figure 4: Simulated MAC frames with short and long

data packets of IEEE 802.11a
A Technique to guarantee QoS of HiperLAN/2 inter-
fered by |IEEE 802.11a Systems

DFES, LA, or TPC is simulated. The simulation results Various coordination strategies across systems as
indicate the following: with both configurations, with well as QoS support strategies may be followed based
small to medium load the systems do not perform well. on TPC, LA, and DFS. One approach in HiperLAN/2
The 802.11a packets sent after carrier sensing and aftewhen sharing the spectrum with 802.11a is explained
Ready To Send (RTS) and Clear To Send (CTS) burstsin this section. One method to allow real-time traffic in
very often interfere with the BCH PDU of HiperLAN/2  a shared scenario is illustrated in Figure 5.

at the beginning of the MAC frame. Once the BCH of

HiperLAN/2 is corrupted, the related MAC frame gets ™™

lost and no traffic can be carried in the uplink (UL), see [ eon | pren | vren | Jmpdn] |
top figure. This is due to the fact that the BCH of Hiper- pically used: \, \,
LAN/2 with this configuration is interfered by many \ BCH \ bLCH \ uLcH M\ \ \\V/MH\ \
802.11a packets. Although the whole transmission pe- \/ tree periods, LeT
riod of an 802.11a packet fits into the Not used PArts send busy tones in order to hold resources: systems may fransmit

of the HiperLAN/2 frame at least with small loads, i.e. ‘ BcH ‘ bLCH ‘ ULcH ‘ H H H H H‘HHHHWH

longer periods in the HiperLAN/2 MAC frame which
are not used, the BCH is very often corrupted In con- g e 5. Resource allocation by filling the Hiper-
trast, if the traffic load to both systems is close to its LAN/2 frame

maximum (in this scenario 20 Mbit/s), i.e. the Hiper-

LAN/2 frame is filled up well, the 802.11a system fails

to operate and the HiperLAN/2 system reaches nearly In order to avoid the transmission of a competing
its optimum. Following these preliminary results it can IEEE 802.11a terminal in not used parts of the Hiper-
be concluded that without appropriate sharing rules, LAN/2 MAC frame, LA is applied and a modulaton
the mutual interferences would lead to a poor QoS for and coding scheme is selected that fills up the MAC
both system types. frame as much as possible. If this measure does not



suffice to fill the MAC frame completely, the AP would The topic of Game Theory is the investigation of
broadcast system related management information instrategies of individuals having contrary or conflict-
not used parts of the MAC frame to fill it completely ing interests. Hence it is also classified as "Science
and avoid a 802.11a terminal to start its own trans- of Strategy”. The aim is to explain existing and to pre-
mission. Since the random access slots of the RACH(dict future behavior for the design of improved strate-
might be unused in HiperLAN/2 and could therefor al- gies. Mathematical models, used to express the ideas
low the transmission of an 802.11a terminal, the AP of Game Theory formally, provide a basis on which
will transmit negative acknowledgement (NAK) at the analytical and simulative investigations are possible.
slots as soon as it has detect an unused random acced3$ws it is possible to verify the superiority of certain
slot. This could be performed by transmitting energy strategies over others by means of computer simula-
bursts after detecting that no access happened. No idléions [14]. For complete information about all possible
periods longer than the inter frame space necessary foequilibria, i.e. operating points where all systems do
starting a transmission of 802.11a (Distributed Coordi- not require to change their strategies as they are able to
nation Function Inter Frame Space DIFS;8%occur,  carry their individual traffic, refer to [15] and [16].
and the 802.11a systems do not interfere in times when  The objectives in framework for future work there-
HiperLAN/2 is required to guarantee QoS for real-time fore are to develop new approaches based on Game
traffic as voice or multimedia. Theory for both HiperLAN/2 and IEEE 802.11a sys-
tems, and to build the accurate abstract models, in-

cluding mobility, radio propagation details, and real-
TOWARDS KNOWLEDGE BASED GAME THE-  jstic traffic models, to investigate coexistence of both

ORETICAL APPROACHES systems.

_ _ The models of Game Theory are abstract represen-
Conservative Frequency Sharing Rules as currentlytations of classes of real-life situations. This abstract-
tain times some systems require more resources thagye already many applications of Game Theory in fixed

th'e others due to the instantaneous QoS demands. Faputing problems [17] and wireless decentral radio re-
HiperLAN/2 and the IEEE 802.11a, more advanced ap-source control, some interesting approaches can be

proaches have to be defined. Derived from the mathefoynd in [18].

matics of Game Theory, which are established in neo- e that it is the Dynamic Non-Cooperative Game
plass_lc.al economics for modeling comp_etltlon Scen"’_‘r'Theory which may lead to most promising results, re-
ios, it is possible to study the competitive uncoordi- ¢ iring for some sophisticated cognitive knowledge
nated scenarios analytically. Strategies for the Var'ousmanagement being implemented in the communication

systems and simple procedures for TPC, LA, and DFSqy qtems. Approaches to cognitive software radio can
will be derived. For this, analytical results will be eval- o ¢ nd in [19].

uated by the simulation tool used also for the conser-
vative FSRs.

Game Theory is a set of analytical tools designed CONCLUSION AND OUTLOOK

to understand the phenomena that can be observed

when competing players, i.e. decision-makers interact. Industry, manufacturers, standardization institutes,
The basic assumptions that underlie the theory are thatis well as regulatory bodies require for more research
decision-makers pursue well-defined exogenous objectowards the understanding of FSRs. There is a consid-
tives (they arerational) and take into account their erable gain in all aspects of decentral resource sharing
knowledge or expectations ofher decision-makers’  resulting from the discussed approaches. Major sec-
behavior (they reasortrategically). That is one of  tions of the rules need to be developed in concert with
the most critical issues when applying Game Theory industry. Therefor, the authors are going to continue to
on human decision problems such as in economics, butvork on the set of rules and procedures for standard-
can be neglected in technical applications like wirelessization of both the HiperLAN/2 and the IEEE 802.11a
communication. types. The work will disseminate the following results:



¢ arationale for the rules and background scenarios to [7] ITU, “World Telecommunication Development Conference
aid understanding of the new rules

¢ an implementation guide for the rules and strategies (8]
¢ a help for regulator bodies, hamely ERO, RegTP,

ETSI, FCC, ARIB

e a set of conservative FSRs, based on schemes as[g]

Listen-Before-Talk

¢ a set of advanced coordination procedures based offiL0]

Game Theory

In addition to the discussed autonomous allocation [11]
techniques, sharing rules are currently under investiga-

tion in order to find an etiquette. The etiquette will
allow the spectrum efficient and fair coexistence of
HiperLAN/2 and IEEE 802.11a in the U-NII and li-

cense exempt bands at 5 GHz, under consideration of

QoS.

ACKNOWLEDGEMENT

The authors would like to thank Prof. B. Walke of

ComNets for his support and his friendly advices and [14]

inspirations to this work. The many discussions with

our fellow colleagues M. Lott and A. Hettich have been [15]

exciting and are highly appreciated.

REFERENCES

[1] A. Hettich, et. al,

“Frequency Sharing Rules for
HIPERLAN-/ U-NII-Systems,” in ACTS Mohile Com-
munications Summit, pp. 133-137, October 1997.

[2] S. Mangold, M. Siebert, C. Kiesel, “Fair coexistence of

(3]

(4]

(5]
(6]

DECT and PHS working in the same Frequency Band in
Fixed Wireless Access Networks,” iRroceedings of the
PIMRC 99, (Osaka, Japan), IEEE, Sep. 1999.

S. Mangold, M. Siebert, “Sharing Rules for DECT and PHS
Providing Fair Access to the Commonly Used Frequency
Band,” in Proceedings of the European Wireless, (Munich,
Germany), Oct. 1999.

D. Raychaudhuri, “Wireless ATM Considerations for FGC’
5 GHz NIll/Supernet NPRM,” tech. rep., ATM Forum, June
1996.

B. Walke, Mobile Radio Networks. Chichester, Sussex, U.K.:
Wiley & Sons Ltd., 1. ed., 1999.

S. Mangold, R. Easo, I. ForkeEval uation of Dynamic Chan-

nel Allocation Schemes for TDMA and Comparison with
CDMA Systems for Broadband Wreless Local Loop Envi-
ronments. accepted for the IEEE reprint book based on the
Special Issue on WLL, IEEE, 2000.

Final Report,” April 1998. available at ITU.

S. Mangold and I. Forkel, “Optimal DLC Protocol Config-
uration for Realistic Broadband Fixed Wireless Access Net-
works based on ATM,2nd International |EEE Conference

on ATM (ICATM’99), pp. 15-21, June 1999.

Commission of the European Communities, “Green Pa-
per on Radio Spectrum Policy,” Dec. 1998. available at
http://www.ispo.cec.be/spectrumgp/welcome.html.

David G. Steer, “Coexistence and Access Etiquette & th
United States Unlicensed PCS Band,” IBEE Personal
Communications, pp. 36-43, 1994.

A. Hettich and M. Schrother, “IEEE 802.11 or ETSI BRAN
HIPERLAN/2: Who will win the race for a high speed wire-
less LAN standard?,” ifProceedings of the European Wre-
less, (Munich, Germany), pp. 169174, Oct. 1999.

Jamshid Khun-Jush, Peter Schramm, Udo Wachsmann,
Fabian Wenger, “Structure and Performance of the HIPER-
LAN/2 Physical Layer,” inProceedings of the VTC Fall-
1999, (Amsterdam, The Netherlands), pp. 2667-2671, Sep.
1999.

S. Mangold, M. Lott, D. Evans and R. Fifield, “Indoor

Radio Channel Modeling - Bridging from Propagation De-
tails to Simulation,” inPIMRC 98, (Boston, Massachusetts),

pp. 625-629, IEEE, Sep. 1998.

R. Axelrod, The Evolution of Cooperation. NewYork: Basic
Books, Inc., 1984.

D. Fudenberg and J. Tirol&ame Theory. MIT Press, 1998.

M. J. Osborne and A. RubinsteiA,Coursein Game Theory.
MIT Press, 1997.

Richard J. La and Venkat Anantharam, “Optimal Routing
Control: Game Theoretic Approach,” IlEEE Proceedings

of the 36th Conference on Decision & Control, (San Diego
CA., USA), pp. 2910-2915, Dec. 1997.

David Goodman, Narayan Mandayam, “Power Control for
Wireless Data,” ir6th Int. Workshop on Mobile Multimedia
Communications, Nov. 1999.

9] Joseph Mitola, “Cognitive Radio for Flexible Multimiad

Communications,” iréth Int. Workshop on Mobile Multime-
dia Communications, Nov. 1999.



