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AbstractThis artile develops an intuitionisti fuzzy estimation of the availability of a radio signalfrom a mobile unit to the base station in a shadowing and multipath propagation environ-ment. This estimation method provides a way to optimally manage the swithing strategyof the base station depending on the signal level of the di�erent mobile units served bythat base station.
Index terms - Intuitionisti fuzzy sets, multipath hannels.IntrodutionIn mobile ommuniation systems a base station serves several mobile units in its overagearea (ell). In order to alloate resoures optimally, the base station estimates the reeivedsignal power from the mobile units. For example, if the signal power drops below a ertainthreshold level of minimum power, the orresponding mobile unit has to be disonnetedto release the urrent hannel for use by another mobile unit that needs a hannel inthe ell. Also, in systems like those based on the wideband ode division multiple aess(WCDMA) standard [1℄ ertain ell sizes with orresponding threshold levels are de�nedto provide faster onnetion speeds for higher power levels.As the mobile unit moves, the signal level experienes slow variation due to manyobstales bloking the signal within the radio propagation environment [2℄. Due to theslow variation there is a fration of time when the signal is available, and a frationof time when the signal is not available above a ertain threshold level. The signallevel experienes also fast �utuation as the mobile unit moves due to many propagationpaths of the radio signal. The di�erent paths add to produe onstrutive and destrutiveinterferene. This �utuation plaes the signal rapidly in and out of the availability regionand is too fast for the base station to perform any e�etive swithing ation regarding thesignal availability.For handling this kind of a situation, an intuinitionisti fuzzy set (IFS) framework[3℄ is proposed. The IFS approah has been used in evaluation of ommuniation links[4, 5, 6℄. Here, it will be used to detet the signal availability above a ertain thresholdlevel in presense of signal variation and rapid �utuation.24



Signal Variation and FlutuationThe signal power level drops beause of three major fators: path loss, shadowing andmultipath propagation. The path loss is a deterministi dependene of the signal strengthat the reeiver versus the distane from the transmitter. The shadowing is aused bybloking the signal power at some plaes and onentrating it at other plaes by randomlyplaed obstales within the region, overed by the transmitter. The signal variation dueto shadowing ours over distanes on the order of the size of the surrounding objets andthis is why this kind of variation of the signal strength is also alled large-sale fading.The multipath propagation is aused by sattering of the transmitted signal on its way tothe reeiver, so the reeiver gets di�erent replias of the transmitted signal with di�erentsaling oe�ients and phase shifts. The di�erent replias add to produe a onstrutiveand destrutive interferene. As a result, the signal strength �utuates over distanes onthe order of the wavelength and this is why this kind of �utuation of the signal levelis also alled small-sale fading. In mobile ommuniations the traveled distane d istransformed to an elapsed time t by the well known dependene d = vt, with v beingthe mobile unit veloity, and the large-sale and small-sale fading beome long-term andshort-term fading, respetively. A typial radio propagation hannel is shown in Fig. 1(a).The mean signal level depends on the distane of the mobile unit to the base stationthrough the path loss mehanism. Superimposed on the mean level of the signal at thegiven distane is the variation due to shadowing. Then, when the signal level drops belowa ertain level Pt as shown in Fig. 1(b) with the thik line representing the shadowingvariation, the base station performs some kind of a swithing ation (drops the all,hanges the transmission rate, et.). Superimposed on the slow variation is the fast signal�utuation due to the multipath fading. The mltipath signal �utuation is also shown inFig. 1(b).Intuitionisti Fuzzy SetsThe IFS theory has been developed in [3℄ as a generalization of the ordinary fuzzy settheory [7℄. As an extension to the onventional Boolean set theory with its two possiblevalues, true and false, the fuzzy set theory handles values that are partially true - partiallyfalse. In laassial set theory the membership of an element to a given set is assessed byan indiator funtion that an be either 0 for non-membership, or 1 for membership.By onstrast, in the fuzzy set theory the membership of an element to a given set isassessesd by a membership funtion that an take any real value in the interval [0, 1]. Thismembership funtion, denoted by µ is termed degree of membership. The omplement ofthe membership funtion to 1, denoted by ν, is termed degree of non-membership. Both
µ and ν an take real values in the interval [0, 1], suh that µ + ν = 1. In the lassialset theory either µ = 1 and ν = 0, or µ = 0 and ν = 1.The IFS theory further generalizes the ordinary fuzzy set theory by allowing the de-grees of membership and non-membership not neessarily add up to 1, so that µ+ν ≤ 1.The omplement of the sum of the degrees of membership and non-membership to 1,denoted by π, is termed degree of unertainty about membership or non-membership.All the three degrees µ, ν and π, an take real values in the interval [0, 1], suh that25



(a) Shadowing and multipath
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(b) Signal variationFigure 1: The radio propagation hannel in mobile ommuniations.
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µ + ν + π = 1. In the ordinary fuzzy set theory π = 0.Signal Availability DetetionThe signal is delared unavailable when the its power drops below a threshold level Pt andstays below that level. The ombined ation of the path loss and shadowing determines arelatively slow variation of the signal level as the mobile unit moves within the ell. Thus,the signal is not available or unavailable all the time, but is available a fration of the timeand unavailable the rest of the time. Suh a detetion an be modeled with an ordinaryfuzzy set with the metri 0 ≤ µ (Pt) ≤ 1 representing the signal availability above thethreshold Pt, and the metri ν (Pt) = 1 − µ (Pt) representing the signal unavailabilityabove that level. Note that when the mobile unit is not in motion, the wireless onnetionis �xed and in an otherwise stati hannel the signal is either available or not available allthe time. Therefore, in a stati wireless hannel the signal availability detetion beomes aproblem of the lassial set theory with either µ (Pt) = 1 and ν (Pt) = 0, or µ (Pt) = 0and ν (Pt) = 1.In addition to the slow variation determined by the path loss and the shadowing, thesignal also �utuates rapidly due to the multipath fading. Using the ordinary fuzzy setframework to detet the signal availability above the threshold level when the urrentsignal level is near the threshold, the base station has to perform swithing ations eahtime the signal drops below the threshold, thus making the ommuniation proess tooine�etive. The proposed solution is to use an intuitionisti fuzzy estimation of thesignal availability, de�nng a threshold strip with a width W symmetrially around thethreshold instead of the single threshold Pt. Within the strip the signal is delaredneither available or unavailable, that is, there is unertainty about the signal availability.In the IFS approah the elements 0 ≤ µ (Pt, W ) ≤ 1, 0 ≤ ν (Pt, W ) ≤ 1 and
π (Pt, W ) = 1 − µ (Pt, W ) − ν (Pt, W ) are used respetively for deteting the fadingsignal availability when the signal power level is above Pt + W
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. The element π (Pt, W ) representsthe unertainty whether the signal is available or not available above the threshold level

Pt based on the urrent observation of the instant signal power. The threshold stripwidth W determines the degree of unertainty and is hosen so that the essential peak-to-peak rapid �utuation falls within W . This means that a larger signal �utuationdue to multipath fading orresponds to a larger degree of unertainty about the signalavailability above the threshold level Pt.The base station performs measurement of the reeived signal power in disrete timeinstants. During a ommuniation between a base station and a mobile unit there arethree possibilities:1. The signal level is available above the threshold Pt;2. The signal level is unavailable above the threshold Pt;3. The mean signal level is near the threshold the threshold Pt and the signal �utuatesaround that threshold.These estimates of the time fration of signal availability (µ) and the signal unavailabil-27



ity (ν) are represented by ordered pairs 〈µ, ν〉 of real numbers from the set [0, 1]× [0, 1].The fration of the unertainty π = 1 − µ − ν represents the ases when the signal �u-tuates around the threshold level Pt. The ordered pairs are de�ned in the ontext ofintuitionisti fuzzy sets mentioned above.At �rst, the estimate is given initial values of 〈0, 0〉. For the disrete time index
k > 0, the urrent (k + 1)-st estimate is alulated based on the previous estimatesaording to the reurrene relation

〈µk+1, νk+1〉 = 〈
µkk + m

k + 1
,
νkk + m

k + 1
〉 (1)where 〈µk, νk〉 is the previous estimation, and 〈m, n〉 is the most reent estimation, for

m, n ∈ [0, 1] and m + n ≤ 1. Thus the �nal estimation is based on the previous andthe latest level of the signal.Four values are de�ned, Mmax, Mmin, Nmax, Nmin, so if µ > Mmax and ν <

Nmax then the signal is available above the threshold level and if µ < Mmax and ν >

Nmax then the signal is not available above the threshold level. The rest of the timewhen the signal level is not learly de�ned needs an additional approah to deide aboutthe availability. A possible solution would be the availability deision to be the same asthe previous ertain deision (either available or unavailable).ConlusionThis paper introdues intuitionisti fuzzy estimation of the signal availability above ade�ned threshold level in mobile ommuniations. It is shown that the intuitionistifuzzy set framework is naturally suited for apturing the fast signal �utuation aroundits urrent level. For larger peak-to-peak �utuation of the reeived signal, the degreeof detetion unertainty beomes proportionally larger. This kind of detetion has thepotential to optimize the swithing ations of the base station serving the mobile unitswhose signal power levels are measured by that base station.Referenes[1℄ 3GPP, Spei�ation series. Available online: http://www.3gpp.org/ftp/Spes/html-info/25-series.htm.[2℄ A. F. Molish, Wireless Communiations. Wiley, 2005.[3℄ K. Atanassov, Intuitionisti Fuzzy Sets. Springer-Verlag, 1999.[4℄ K. Atanassov, S. Sotirov and V. Kodogiannis, Intuitionisti fuzzy estimations of theWi-Fi onnetions. First Int. Workshop on IFSs, GNs, KE, London, 6-7 Sept., pp.76-79, 2006.[5℄ S. Sotirov, V. Kodogiannis and R. Elijah Blessing, Intuitionisti fuzzy estimations foronnetions with Low Rate Wireless personal area networks. First Int. Workshop onIFSs, GNs, KE, London, 6-7 Sept., pp. 81-87, 2006.28
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