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Abstract—Wireless LANs increasingly experience interference ALOHA, although we do not necessarily assume that all
from other users operating in the same frequency band. In packets have a common destination. A packet is send at
this paper, the aim is to develop techniques to learn from e peginning of a time slot and consecutive packets do not
the interference environment in order to find the best strategy
for radio transmissions. An analytical model is proposed to overlap. Furthermore, We.assume that a!l packgts are egual t
characterize the radio environment around a particular node. the slot length. We consider an observing nadseparated
A compensated estimator is derived for the activity of nodes. from a source nods by a distance oD;. This pair is being

Simulations show that the proposed estimators are reasonably surrounded byN other possible interfering nodes, each node

accurate, particularly for high capture thresholds. is indexed asn = {1...N}. Radio signals propagate by
means of reflection, diffraction, and scattering, whichutes
I. INTRODUCTION in three effects a radio signal experiences: attenuatanget

scale shadowing, and small-scale fading. For our simulatio

Wireless networks are in wide use today, and it is I'kel%e do not consider shadowing. Signal attenuation is mainly

that n t.he future more and more radio ldeV|ces wil hav.e.tk?ased on the location of both source and destination node. Th
coexist in the same frequency band. This makes the effici

) _ %‘Fal-mean received power at nodl&om the source, is linked
use of the available spectrum by many users a technical chal-

. . 18 the signal attenuation by
lenge. For devices that operate in the same network, various

medium access control (MAC) schemes have been developed P, = P, D;°, (1)

to coordinate their transmissions. However, the preventid whereq is the pathloss exponent. We do no need to introduce

interference from conflicting simultaneous transmissiams .. pathloss in a realtime environment, but for our simula
different networks appears to be more difficult. The term 'Cogons it is essential '

_n|t|veh_Rre]1d(|jo [.1] hag, 2?‘?(;‘ atln:oplted for gommrt:n_lca_ttmn fsystergﬁqa” scale fading of a signal is caused by multiple received
in whic evlljces Incivi uha yhearn Ia Od”t their inter e;en versions of a transmitted signal with different delay tirsash
envwonment y sensing the channel an opportumstlc Q/ %hat the signal has both time and location varying propertie
the radp resources, but tre.at the spectr'um In an ecold)glcq our model, the instantaneous received power from a rpde
[resp;onsmlebmannﬁzr ac_colrdlng to prescribed rules. di Py, is exponentially distributed around its local-meBn We

0 leamn a .OUt the WITEIess environment, cognitive ra '(?i%knowledge that Rayleigh fading is not always an accurate
observe radio transmissions of other nodes, even when thﬁﬁ?del particulary not for line of sight communications 4o

nodes are not cooperative. The activity of a node and itsl—locgver, due to the nice mathematical properties of its expiaien
mean received power are of interest, since these quamitﬂﬁ&ribution we use this model in this paper

are a measure for their mterferencel on other transmissio Sthe instantaneous received power for a specific message
An estimator for the local-mean received power from a no

be biased f | Ei £ al K ceeds the total power of all other received messages by at
can be biased for several reasons. First of all, packets gl 5 certain threshold, we model the message to be decoded

collide due to simultaneous transmissions of multiple sotte correctly. We call this the threshold Thus, a capture event

these cases, particulary the weaker packets are lost. dlgz,corbs from source node by the observing node occurs when

channel conditions fluctuate over time. Both effects cad Iefzﬁ
e

to an underestimated activity per node and an overestima
local-mean received power per node. SINR = Pt By > z. (2)
This paper aims at proposing a better, i.e. compensated, ) ) Mo n=lom )

estimation method for the transmission probability. Weoald1€re, Px, is the noise power and’, is the instantaneous
investigate whether one can rely on the measured incomiffgeived interference power from node

power during a capture event as a reasonable estimate of the
local-mean power of a specific node.

Py

Ill. CAPTURE PROBABILITY

Given the local-mean received power from noslethe
capture probability for a transmitted packet can be deteethi
om:

Il. SYSTEM MODEL

fr
Throughout this paper we will consider a randomly arriving

_ P, _
packet traffic, similar to assumptions used to study slotted Pr(CslPs) = Pr <Pt - Z|PS> ‘ ©)
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Here, P, is the total received interference power, which equals Estimate of £, ()

the noise power plus the received power from all interfering several options exist for estimating the Laplace transform
nodes. Assuming Rayleigh fading channels, it was shown in (=) As proposed for the IEEE 802.11k [4] standard, we
[3] that this conditional capture probability can be exsezh could use a histogram for the received power to derive an
as: estimate for the PDF op; and the corresponding Laplace

Pr (Cs|Ps) :/ exp{lg}fm(w) dw. ) transform.
0 s

Since the Laplace transform of a functienis defined by ~ Another option is to use an approach which includes
the Law of Large Numbers (LLN) [5]. The idea is that we do

L.(s) = / x(t) exp {(—ts)} dt, (5) not need to know the complete function but only the function
0

_ N _evaluated at a certain point. Denoting the total receivedepo
and by using 4 and 5 the conditional capture probability 5 gjot asp;[m], m = 1,2,---, M. then we get:

can now be expressed as a multiplication of the Laplace
transforms of all Probability Density Functions (PDFs) @f a Ly, (p_) E [exp {_p_pt[m]}]
J s

the interfering links individually, namely:
N ; 1 Y { z [ ]} (11)
7:” A %fgexp ——pe|m] ¢ .
Pr (CS|N> Ps) 1 L {fpn,v Ps } (6) M -~ Ds

The probability that a node transmits in an arbitrary time . -
slot is Pr (7,,). We assume that this probability is stationar;? . Estimate of the Capture Probability Pr (C%)

over all slots, at least during the observation period, andLet us first prove that the Maximum Likelihood (ML)
independent for different nodes. The received power is zeggtimator for the capture probability is equal to the nundfer
when the node does not transmit. So, the Laplace transfogaPtured messages)(divided by the total number of observed
of the received power PDF of nodeat the observing node slots ¢).

in a point £ is: Pr(C,) £ arg Prrn(acx)Pr (ulPr (Cy))

z 1 s
L{fp,, =} =1-Pr(T,) + ———=Pr (T,). 7 = ,
{fpn Ps} (Tn) + 1+ 2P, (Tn) ) argprlp(aé)logpr (ulPr (Cy))
IV. ESTIMATORS FOR INTERFERENCE = arg Prlp(ac)’() {log (%) + ulog(Pr (Cs)) +

To estimate the transmission probability of node we
initially count the number of :slotsIO in whi(% a packet from (v = u)log(1 — Pr (Cy)}. (12)
node s captures the observation nodeand divide it by the The first step in these equations is the definition of a ML
total number of observation slots. This approach of estilgat estimator. The logarithm is introduced so that the binomial
the activity of nodes is biased since we can only count theiistribution in the third step can be expressed as a sum.
number of packets that are recovered. Packets lost, dueTte maximum of the final expression is foundSEt(CS) =4,
collisions or channel conditions, are not taken into actoun
Note that the transmission probabilityy (75), is connected

to the capture probability with: C. Estimate of j

Pr(Cs) = Pr(Cs,Ty) We propose to use the total received power as input for the
= Pr (Cs|Ts)Pr (Ts). (8) local-mean power of node, given that a packet from node

A reliable estimate folPr (Cs|Ts) is needed if we desire an'® captured correctly:

accurate estimate fder (7). Using Eqn. 6 and 7 we get: Dtle, = E[pi|Cs]
Ly, (£ e
pr (G = 25 = / Pe . (p1|C)lpy
ﬁps(i) 0
11— = Pr (Ts) ' If we use this approach to estimate the local-mean powersa bia

Finally, substituting Eqn 9 into Eqn 8 and rearranging thi§ present. This is because capture typically occurs when th

expression to solve for the transmission probability, we ge received signal power is high and because interference powe
is included in the received signal. However, the impact due t

Pr (T) = — Pr(Cs) — (10) the second contribution appears to be low if the threshold is
Lp(5;) +Pr (Co) = sufficiently large:
The transmission probability of a certain node can be deter- ) foo P, fp. (P,)dP
mined using 10. We assume thais known, since it is merely P, ~ “Pmin STter V0
a function of the chosen data-rate. Therefore, we need real- fpmm fp.(Ps)dPs
time estimations forZ,, (=) and the scalar®r (C;), ps. ~ Puin+ Ps. (14)
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For our simulations we added both estimation methods for
Pr (Ts):

(1>

1 M
o = 57> HO(m) (15)

— 4 . (16)
A7 2m=1 XP {—ﬁ%m [m]} ta 1iz)

whereI{C,(m)} is the event of capture by nodein slot m.

(1>

q2

V. SIMULATIONS

The network scenarios and the results are depicted dg. 3.
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Figures 1-6. We used the Law of Large Numbers to estimatiity of source nodes, z = 12, Pr (T;) = 0.2

the Laplace transform in a single poincﬁpc(ﬁis)). The first
figure illustrates a scenario with relatively low traffic. |Al
interfering nodes transmit with probability 0.1. The ohseg
node estimates the transmission probability of neded its
local-mean received power.

In the second scenario the wireless environment is more
hostile. The interfering nodes transmit with probability @n
every time slot. In both scenarios we added the biased as wel
as the compensated estimator for the transmission prdtgabil
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High interference probability: Estimator for the labenean power
received from source node z = 12, Pr (Ts) = 0.2

VI. CONCLUSIONS

By measuring channel traffic and performing a compensated
algorithm we can estimate the average activity of a node.
Although a bias is present, simulations show that the pregos
estimator for the local-mean power is reasonable accuaate,

10 1 least for high capture thresholds. The results are lessatecu

Packet index
Fig. 2. Low interference probability: Estimator for the Lécaean power
received from source node z = 12, Pr (Ts) = 0.2

average activity fairly accurately.

0 o5 n s ) for low capture thresholds and/or very high interference.
x10° Results show that even for situations when only 10% of the
traffic for a certain node is observed, we can still estimtge i
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probability of source node, z = 12, Pr (Ts) = 0.2
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