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Abstract—Based on the cognitive radio approach, auctions sequence as
a_PotentlaI_ spectrum allocation mechanism is introduced. The auctions
will be perlodlcaIIK repeated in short-term within seconds or even millisec-
onds. Because of thishard time constraint, agentslocated in the M AC-layer
have to arrange the auction automatically. A special class of auctions, the
multi-unit ed-bid auctions, saves signaling effort in comparison to the
multi-unit open auction and the multi-unit sequential auction and thus is
suitable for communication systems. This proposed auction sequence pos-
sesses two important advantages: First, an auction instantaneously reacts
on the market and customers” demand. Second, as shown in a simulation,
the operator’s gain is almost always higher than for the billing mechanism
in established communication systems. A simulative comparison between
a Vickrey auction and a unif_orm—ﬁrice auction shows both the economical
and technical behavior of this hig Ig d%/namlcal stochastic auction process
for an OFDMA/TDD system like |EEE 802.16. Furthermore, an optimal
biddin Istrat'egy for both auctionsisanalytically deduced maximizing spec-
trum allocation.
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I. INTRODUCTION

IN communication systems the radio functionalities tend to-
ward more and more intelligent algorithms. Their ability to
react on different influences in an appropriate and sophisticate
manner will increase more and more. In the future these radios
will recognize their environment and learn about it, by gaining
information from the environment. The learning process results
in modified optimized actions and adaption to the environment.
This cognition and the following execution can be realized in
a cognitive radio [1]. One of the first steps toward a cognitive
radio will beintroduced in this paper by simultaneously allocat-
ing spectrum and determining the price per bandwidth at peri-
odically repeated auctions.

In established billing systems the prices are fixed and the cus-
tomers who demand first will be served first. Auctions alow
the customers to incorporate their needs and demands instanta-
neously into the good allocation at the current market situation.
Therefore, the price depends on the willingness of a customer
to pay for goods offered at the moment. Clearly, the auctioneer
has also the possibility to influence the market situation by an-
nouncing areserved price. Each bid hasto exceed thislimitation
in order to be accepted to the auction. Both sides, thus, have the
opportunity to play a part in influencing the market progressin
real time.

In this paper an auction mechanism will be applied to offer
spectrum to users and allocate it after the auction. The spectrum
is divided in discrete parts like subcarriers in Orthogonal Fre-
guency Division Multiplexing (OFDM) [2], [3]. A multi-unit
auction assigns these spectrum parts to users according to their
bids and at the same time determines the price depending on
the bids and the auctioneer’s reserved price. Hence, the auction
mechanism incorporates both spectrum allocation and billing.

Since the repetition duration should be very small like sec-
onds or even milliseconds, signalling effort represents a very
important constraint concerning the use of auctions for the
ressource allocation in wireless communication systems. Auc-
tion typeslike open auctions and sequential auctionsare not suit-
able, because the undetermined number of iterations leads to an
unpredictable auction duration. On the other hand, the sealed-
bid auctions are very fast. The auction duration isonly a linear
function of the amount of bidders. The signaling commands are
short and can be piggybacked into some free space of the header
or the data packets. Therefore, the seal ed-bid auction can beim-
plemented under a heavy time and signaling constraint.
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This paper is organized as follows: The reason for the use
of auctions sequences as spectrum allocation mechanisms and
a possible implementation within the MAC-layer will be high-
lightedin Section I1. In Section 111 the auction will be described
in general. In Section 1V the multi-unit sealed-bid auctions
are explained by considering the uniform-price auction and the
Vickrey auction. The behavior of the auction sequences applied
inan OFDMA/TDD scenario will be discussed concerning both
the technical and the economical point of view in Section V. Fi-
nally, the important findingswill be summarized in Section VI.

Il. AUCTIONS AS MAC ENTITIES

In communication systems an auction can occur periodically
in alocal region. The operator represents the auctioneer’s side
and the users are the bidders. The entity responsible for the
auctionislocated in the Medium Access Control layer (MAC) of
aRadio Access Technology (RAT) in aspecific cell and controls
the bandwidth allocation by auctions. Itscounterpart, the bidder,
is located in the MAC-layer of the user terminal. The goods
offered are bandwidths A f leased for a certain time AT'. This
goods can also be datarate or an amount of data. Every duration
AT an auction takes place in which the free spectrum is offered.
At the auction both the currently served users and the new yet
unserved users participate.

In such a highly dynamical process the user cannot bid by
himself. An agent located in the MAC-layer should represent
the bidder’s behaviour. This behaviour hasto be expressed in a
suitable form, which an algorithm can handle. Therefore, users
wishes, demands and behaviours should be expressable in a set
of parameters or functions like QoS-graphs. Not only private
information can influence the bidding strategy, but also the ex-
perience of past auctions. Since a user participates on serveral
auctions, the information of past allocation and price develop-
ment may be the input to a predictor in order to improve the
bidding strategy.

On the operator’s side an auctioneer’s agent located in the
proper MAC-layer represents the operator’s behaviour. Its tasks
include the announcement of an auction after every time AT,
calculating and predicting the reserved price based on fixed
costs and executing the auction mechanism.

Auctioneer’'s and bidders' agents act and react in a highly re-
peated auction sequence. In the past the focus in auction theory
was mainly on auctions which occur once. This spectrum al-
location apﬁroach needs a more sophisticated consideration of
auctions. This sequence has to be considered as a dynamic pro-
cess. The intention of maximizing expectations can be directly
applied in this process, because a user takes part as often as his
gain and his good allocation can be approximated by the expec-
tations. Therefore, optimizing the bidding strategy with respect
to the expectations makes sense.

From the economical point of view, this auction process is
more suitable than established billing strategies concerning the
revenuein afrequently visited cell.

I11. AUCTION THEORY

The auction mechanism can be organized into bidding, as-
signment and pricing as described below.

Bidding: In an auction an auctioneer a offers K goods to
B bidders. Each bidder b € {1,...,B} values each good
g € {1,..., K} by assuming his signal x; 4. All signal val-
ues xy 4 Of bidder b are summarized in the signal vector x;. In
other words, x; , represents the need and willingness of bidder



b to pay a certain amount of money for a good g. The signa
vectorsx, = (Xp.1, - - -, Xp, k) @€ mapped to bidder’s b bidding
vector by, by bidder's b bidding strategy 55 (x1, . ..,x5) = by.
It is assumed that the bidder rationally bids, that is by, < xp,
k e {1,...,K}. If the bidding strategy (3;(-) depends only on
the bidder'ssignal vector x;,, bidder b submitsthe bidding vector
by, only with respect to his private information. Generally, the
bidding strategy 3 does not only incorporate bidder’s b signal
vector x;, but also other information. That is, the knowledge
of price development in the past, the amount of other bidders
and the quality of good may influence the bidding vector and
therefore should be included in the bidding strategy. If acertain
bidder knows the signaling vector or just some Earts of it from
other bidders, the bidder strategy is influenced by this interde-
pendent information.

Assignment and Pricing: After all B bidders have submit-
ted their B bidding vectors by, ..., bp to the auctioneer «,
the bidding vectors b, are summarized in the bidding matrix

B = (bl,...,bB)T . An assignment .mechanism a exactly
assigns one good to at most K bids by, summarized in the
winner set byi:

_ g =1 by 4 € bgj;n
« (B) - (ab,g) = { Qg =0 bb,g ¢ bi’f;" (1)

The matrix o consists of zeros and ones. An entry being one
indicatesthat thisbid winsagood. Thefirst index b showswhich
bidder wins and the second index which good g hewins. Finally

the billing mechanism computes the price py;” for each byt

IV. MULTI-UNIT SEALED-BID AUCTION

Sealed-bid auctions are very fast and based on the revenue
equivalence principle 4Lcomparableto the other auction types.
In this section two well-known seal ed-bid auctions the uniform-
price auction and the Vickrey auction are described. |mportant
variables and terms will be determined describing auctions as
spectrum allocation mechanisms in communication systems.

A. Uniform-price Auction

The uniform-price auction belongs to the sealed-bid auction
class. The bidder's b bids by, , are summarized in the bidding
vector by,. No other bidder than bidder b knows the content of
the bidding vector by. This property characterizes a sealed-bid
auction. Furthermore, in a uniform-price auction all winning
bidders have to pay the same price per good.

The auctions mechanism starts by the announcement of the
auction (see fig. 1). The auctioneer proclaims at least the
amount of identical goods K and the reserved price r. Fur-
ther information, such as the amount of bidders participating,
is voluntary and serves as the input of a prediction mechanism
or as the input of the bidding strategy. All bidders receive the
announcement and submit a K -valued bidding vector by, to the
auctioneer. To smplify matters, it is assumed that the bidders
have only private information and the auction is efficient.

The auctioneer collects all bids in the bidding matrix B and
chooses the m.,.. < K highest bids exceeding the reserved

price r according to the following algorithm:
L ={(bbg,b,9)[bpg >1};
M = 0;
for j=1to min{|L|, K}
(byy 7, b,g) = maxi {L\M}
M= {(bgi;n’m,b, g)m=1.5-1}
end

The maximum function max; returnsthetriple (b, 4, b, g) with
the biggest first component by, 4.

auctioneer bidder b, bidder by,
number of subcarriers K,
number of bidder B,

reserved price r

computing bit
according to
his strategie b

bid request
bidding vector by,

bid request

Bidding vector by,

Tos|
Bidding vector b,
Ty < & B

computing who gets
how many goods

announcing winers and allocatiop of subcarriers

Fig. 1. Signaling in asealed-bid auction

Another step of this algorithm cal culates the market clearing
uniform price p per good:

M= {(b;‘j;"’m,& g)m=1.Mmax}

(byy ™ 1 b, g) = maxy {L\M}
p = max{r, bz};”’m’”'”H}

The price p per good is the maximum of the reserved price and
the highest loosing bid by/;" ™=,

The bidding strategy is important to optimize both auction-
eer's gain, bidder’s gain and the good allocation efficiency. A
good compromise between auctioneer’s gain and bidder’'s gain
should be found in order to satisfy both parties.

A.1 Expected gains, revenue and efficiency
Consider a bidder b wins the good g, bidding by, , and evalu-
ating g with the signal x,, ,; this bidder getsthe gain gy, ,:

_ Xpg —P bb eM
8b,g —{ 0 ! , otherwise @

Summing up all gy 4 resultsin the bidder’s total gain gy:

K
2= 8y ©)
g=1

gy isthegainof an‘experiment’, that is, an auction occursand
the auctioneer allocated the goods g. In order to predict the bid-
der'sgain g; and auctioneer’'sgain g, and to design a judicious
strategy, their expectations T’ shoulc? be determined relating to a
proper auiction model:

Iy =FE{g}=F {Zgb,g} 4

k=1

In the same way the auctioneer’s gain can be determined by
subtracting all prices paid per good won fromthesignal x,, 4 the
auctioneer values the good:

Mmax

Ja = Z (p— Xa,m) ©)

m=1



Creating the expectation, it must be taken into account that all
bids winning with a proper probability.

I'a = E{ga} (6)

All money an auctioneer gets from bidders is expressed by the
auctioneer’srevenue R:

R = Mmazx * P (7)
and its expectation P:
P = E {mmaa: : P} (8)

Another im Portant criterion concerning the selling processis

the number of goods allocated. This can be described by the
good allocation efficiency &:
mmaw
§= ©)

which can be described as the quotient of the goods allocated to
the number of goods offered. Maximizing allocation by auction
seguences leads to maximizing the expectation of (9):

g = E{¢}. (10)

A.2 Bidding Strategy

In order to evaluate different approaches of bidding strategies,
a stochastical bidder model isintroduced.

The bidder b has a stochastic signal vector X, =
(Xp,1y---, Xp, K)T possessing K components, represented by
random variables, if K goods are offered. Concerning identi-

cal goods and standard auctions, the probability variables can
be assumed to be sorted in a decreasing manner:
Xp1>Xp2>...2 Xk (11)

To get the stochastic characteristics of the signal vector X,
first, a K-dimensional stochastic vector § = (6, ,0)T is
assumed whose components are identically and mdependently
distributed in the interval [0,w]. Using a function which sorts
the components 6, of ¢ leadsto (11). Thetheory of order stetis-
tics allows to describe the probability behavior of X.

If 8, has the probability density function (pdf) fe(6) and
the cumulative distribution function (cdf) Fg(6), the probabil-
ity density fx, , (xs,4) and the cumulative distribution function
Fx, ,(xs,4) can be described as:

K

£, 0= 3 (1) e 0 - Fa) @)

Kf@<c>(f 1) (Fo(@)*™"  (13)

(1= Fo(e)’",

respectively. In other words, (12) describes the probability that
the g*" signal X, isat most ¢, implying g — 1 signals are greater
than X,. A redlization of X, shows the bidder’s appreciation if

he gainsthe g*" good.

Coming back to the original question and looking for the op-
timal bidding strategy, the optimization focuses on maximiza-
tion of the expected amount of goods a certain bidder gets. The
use of the expectation is mandatory, because based on the as-
sumption of private information, the bidder can only guess how

the other bidding vectors look like. Nevertheless, the intention
holds even if the bidder does not know the cdf of the other bid-
ders' bids.

Considering the strategy for a certain bidder, thereare B — 1
other bidders. Their (B — 1) - K bids can be sorted into the
components of avector called C (comp. (11)). The component
C, of C possessesacdf F¢, (c;) according to the order statistic.

Without loss of generality the reserved price equals zero and
bidder b;’s bidding strategy is the one to be optimized. The
bids do not exceed the signals because a bidder does not want
a negative gain. In a standard auction the K highest bids win.
Therefore, the probability that bidder b; wins at least one good

is ;""" (by,1), being the probability that bid by ; is larger
than the I*" bid of the other bidders. Consequently, the proba-
bility that he wins at least two goodsis Féiill)'K(bLg). Com-
bining both by subtracting the probability of gaining at |east one
good from the probability of gaining at least two goods results

inthe probablllt?/1 to get exactly onegood. Generalizing thisfact,
the probability that bidder b, wins exactly k& goodsis:

(B-1):

F(B 1>K(b7) CKk

Cre—pis K (b1kt)-
Let x be the number of goods bidder b, wins, then the expecta-
tion of the goods allocated, E{x}, isthe sum of the probability
to get k goods multiplied by &:

K
Sk (FE 0K (i) -

k=1
(B 1)K
ZFCK k41

The expectation sums up K CDFs. Each CDF has a different
bid by ;, asaninput argument. A CDF is anon-decreasing func-
tion. That is, the higher the bids, the higher the expectation.
Therefore, with respect that a bid does not exceed its signal the
expectation of the goods allocated is maximized if the bidder

bids his signal,
by = B(xp) = xp. (16)

This strategy is called true bidding. The result assumes nei-
ther asymmetric nor symmetric bidder nor interdependent val-
ues among the other bidders. That is, the result (16) can be used
in avery general manner.

Optimizing other parameterslike gain or revenue may lead to
other bidding strategies. If the optimization focuses on expected
bidder'sgainT';, it can be shown that aproger solution can only
be found for the highest bid by ;. This bid has to equal the
highest signal x; ;. Concerning the other components a general
statement is not possible. Generaly, in an efficient uniform-
price auction, an optimal bidding strategz optimizing bidder’'s
gain does not exist. For special cases of the probability charac-
teristics of C, an optimal bidding strategy can be specified.

(14)

B{r} = Fo D (brg) )

(15)

B. Vickrey Auction

The Vickrey auction is another type of multi-unit sealed-bid
auction and can be considered asthe generalization of thesingle-
unit second-price auction. It possesses the same procedure as
described in the uniform-price auction. The two auctions differ
only in the pricing strategy.

The auctioneer offers K goods and announces the reserved
price r. Each bidder submits a bidding vector b; the compo-
nents are arranged in decreasing order. The auctioneer chooses
the K highest bids and if they exceed the reserved price, agood
isassigned to each winning bid.

If abidder wins k %oods he hasto pa?/ the sum of the k high-
est loosing bids of the other bidders it these bids exceed the
reserved price, otherwise the reserved price.



The bidding strategy, mapping the signals to bids, should op-
timize both the expectation of goods allocated and the expecta-
tion of bidder'sgain T';,. Firstly,(15) holds for Vickrey auctions
aswell. That is, true bidding (16) maximizes the expectation of
goods allocated. Secondly, as shown in [4], the expectation of
bidder’s gain gets a maximum if the bidder also follows the true
bidding strategy. Summarizing this issues, true bidding max-
imizes both expectation of goods allocated and expectation of
bidder'sgain T',.

V. SIMULATION OF AN OFDMA/TDD SCENARIO

To get more familiar with the mechanism which allocates
spectrum and regulates pricing, an Orthogonal Frequency Divi-
sion Multiplex Access/ Time Division Duplex (OFDMA/TDD)
scenario is simulated. A well-known representative of this ac-
cess mechanismisthe Metropolitan Area Network (MAN) stan-
dard IEEE 802.16ac[gl] for 2-11 GHz. The Base Station (BS) au-
tomatically periodicelly assigns the Service Station (SS) a cer-
tain number of subcarriersfor acertain time with respect to QoS
classes[6].

Keeping this system in mind and abstracting this to investi-
gate auctions as aperiodically repeated spectrum algorithm, one
cell is considered in the following ssimulation. A BS offers 50
OFDM subcarriers to user within a cell. The subcarriers can
be rented within a multi-unit sealed-bid auction occuring every
AT = 1s (seefig. 2). That is, aperiodicall reﬁeated spectrum
allocation mechanism processis considered. The auction dura-
tion is negligible in comparison to AT" because the simulation
focuses on gain, revenue and efficiency considerations.

IHCD)| L

auction 4, 4AT
auction 3, 3AT
auction 2, 2AT

auction 1, 1AT

\ [ \ [ \
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Fig. 2. Auctioning of subbands A f in OFDMA/TDD

f

The users enter the cell according to Poisson proccesses with

arrival rates \; = zi-, A2 = - and A3 = g-. Each user
wants to do a video conference (VC) and to set up an FTP ses-
sion. The duration of VC is Gaussian distributed with mean
pve = 300s and variance o~ = 60s. In the same way, the
amount of data of the FTP session is uniformly distributed with
mean pprp = 128 M bit and variance 0%, » = 54, 6 M bit. De-
pending on the duration of the VC, the amount of data of FTP
and their QoS, the user wants to transmit a certain amount of
data using a minimum data rate. To generate different bidders
for simulation, the evaluation of the subcarriers follows the or-
der statistics and the signals x; 4, are normalized to be between
0 and 1. To maximize his data rate (see (9) and (15)) involving
higher QoS, each bidder uses true bidding.

Coming into the cell a bidder tries 180s to get access to the
network. If he does not succeed, he leaves the cell. After a
user has won subcarriers his communication can start. During
this communication he participates in further auctions in order
to get ahigher datarate in order to increase the QoS.

The spectrum, which was won by a bidder, can be used exclu-
sively and is not offered at auctions until a certain time limit is
reached or the user finishes his communication, i.e. if both VC
and FTP session are closed.

In this simulation the auctioneer’s gain g,, the sum of bid-
der'sgains ) g, and the unused subcarriers s; = K — mupax
arei nveﬂigatef% depending on avariation of the reserved pricer.
The reserved price r ranges between 0 and 1. That is the same
range asthe signals. It is assumed that the reserved ﬂri ceequals
the fixed costs. Thisis reasonable when assuming that the auc-
tioneer wants the fixed costs to be covered per subcarrier. The
difference between the market clearing price and the fixed costs

t
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» total auctioneer’s gain 1“l at UPA
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Fig. 3. Averaged total auctioneer’s gain I'y depending on the reserved price r

per subcarrier represents his gain per subcarrier. Therefore, this
market model can be more convenient for the auctioneer com-
pared with the established one. Furthermore, the Uniform-Price
Auction (UPA) and the Vickrey Auction (VA) are compared and
the differences between auctioneer’s gain in the proposed auc-
tion sequences and the normal established market are shown.

An economical question arises over the auctioneer’s overall
gain after subtracting the additional fixed costs of the unused
spectrum. This averaged auctioneer’s total gain as a function
of the reserved price is depicted in Fig. 3. For the following
discussion, we assume that the reserved price equals the fixed
costs per subcarrier.

The averaged total auctioneer’sgain per auction I'; decreases
if the reserved price r increases (as shown in Fig. 3), since the
probability decreases that the last unserved bid at the uniform-
price auction and the relevant last unserved bids at the Vickrey
auction are higher than the reserved price. The smaller the ar-
rival rate \, the lower the auctioneer’s gain, because a smaller
amount of bidders results in a smaller probability that the rele-
vant last unserved bids are higher than the reserved price.

The total auctioneer’s gain at a Vickrey auction is aways
smaller than the one at a uniform-price auction. The reason for
thisis as follows, by assuming that a bidder wins & subcarriers,
abidder at the Vickrey auction hasto an the sum of the & high-
est unserved bids of the other ones what is aways smaller than
k times the highest unserved bid. Consequently, an auctioneer
would favour the uniform-priceauction over the Vickrey auction

Considering r closed to 1 in comparison to small r values, the
graphs decrease faster when the reserved price increases, sincea
higher reserved price results in a lower probability that enough
bids exceed the reserved price in order to fully assign the spec-
trum to users. That is, the probability increases that subcarriers
are unused and their fixed costs are not covered. Each total gain
graph has a zero crossing. Considering the total gain character-
ized by )3, the operator has to push his fixed costs per subcar-
rier under 0.7 of the maximum bidder’s signal in order to gain
money. The lower the relative fixed costs are in comparison to
the maximum bidder’s signal, the higher histotal gainis.

L eaving the auctioneer’s point of view and turning over to the
averaged sum of bidder’'s gain per auction, the graphs show a
contrary behavior as expected. The averaged sum of bidder’'s
gain per auction IT';, depending on the reserved priceis shownin
Fig. 4. Thehigher thereserved priceis, the lower the probability
becomesthat the relevant last unserved bids exceed the reserved
price, this causes the sum of bidder’sgain to get lower.

Comparing the graphswith respect to different arrival rates \;
two main influences have to be taken into account. For small re-
served prices the probability that the reserved price determines
the market clearing price is very small and second, the proba-
bility that enough bids are higher than the reserved priceis very
high. Consequently, the more bidders take part at the auction,
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Fig. 4. Averaged sum of bidders' gain I", depending on reserved price r

the higher the price. Thisis expressed by the higher arrival rate.
Therefore the sum of bidders' gain for \; is smaller than that

2.

Toward higher reserved prices another influence becomes
dominant. This influence leads to an inversion of the set of
curvesin Fig. 4. The higher the reserved price is, the lower the
probability gets that enough bids exceed the reserved price and
the smaller the sum of bidder’'s gain. The lower the arrival rate
is, the smaller the amount of bids becomes and the smaller the
probability that enough bids exceed the reserved price. There-
fore, the sum of bidders's gain gets smaller when the arrival rate
decreases for high reserved prices.

The comparison of the two types of auctions shows that true
bidding leadsto ahigher bidder’'sgainin Vickrey auction thanin
uniform-priceauction. Onereasonisthat at Vickrey auction true
bidding is also a weakly dominant strategy to optimize bidder’s
gain. Thisfact cannot be confirmed for uniform-price auction.
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Fig. 5. Comparison between Auction Sequence market model (AS) and fi xed-
cost Established Market model (EM) concerning averaged auctioneer’s gain I,
depending on reserved price r

An interesting question is still open, concerning the compari-
son between the auction sequence market model and the estab-
lished market model. As mentioned before by the discussion of
Fig. 3 the reserved price equals the fixed costs and the auction-
eer’'sgain per subcarrier isthe substraction of the fixed costs per
subcarrier from the market clearing price per subcarrier. The
gain of the established market model is usually chosen to be 0.3
timesthefixed costs. That is, the priceis calculated multiplyin
the fixed costs by 1.3 in order to get a 30 % gain. The graphs o
the auctioneer’s gain using this two models are depicted in Fig.

5. The gain of the established market model is only greater than
the one of the auction sequence model in a short intervall. That
is, from the seller’s point of view the auction sequence model re-
acts more efficiently to the market and consequently gets higher
gain. It adapts the price instantaneoudly if the customers want
to pay morein order to get spectrum.

The lower the arrival rateis, the bigger the interval becomes
in which the established market should be preferred concernineg?
the seller’'s gain. Therefore, the auction sequence market mod
is more suitable than the established market model in a well-
attended cell like hotspots or pico cellsin downtown.

VI. CONCLUSION

An auction is a specia mechanism including both billing
strategy and spectrum allocation. The new proposed common
allocation and billing mechanism consists of a fast periodically
repeated auction sequence. This mechanism is executed decen-
tralized, e.g, in aWLAN for each hotspot. Because of the high
repetition rate and the limited channel capacity in communica-
tion systems, multi-unit sealed-bid auctions are suitable, reduc-
ing signaling tremendously in contrast to multi-unit open auc-
tionsand multi-unit sequential auctions. Theduration of amulti-
unit sealed-bid auction is only a linear function of the number
of bidders and, therefore, predictable.

In contrast to fixed-price billing in established communica-
tion systems, thiskind of medium access control instantaneously
reacts to the current market situation and customers’ demands.
Furthermore, the customers can influence the alocation by map-
ping their evaluation of datarate, QoS, amount of data and ur-
gency of connection to their bidding vector. Thus, the flexibil-
ity and the freedom concerning spectrum allocation is increased
an? the functionalities can be incorporated in a cognitive radio
in future.

This new medium access control increasesthe operator'sgain
in most cases based on the instantaneous reaction on the market
and the competition among the customers. The operator can also
influence the market behaviour by varying the reserved price.

In future work the signaling effort for different system con-
cepts, the improvement of the repetition time, the reduction
of control traffic and the investigation of new auction mecha-
nisms with respect to communication systems and signaling ef-
fort should be further investigated in order to optimize opera-
tor's and customer’s economical gain, spectrum efficiency and
customer’s QoS.
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