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THE PROBABILITY OF AGING PACKETS IN A CHANNEL WITH
ADDITIVE WHITE GAUSSIAN NOISE FOR M-QAM MODULATED
SIGNALS

Based on theories of teletraffic, transmission of digital signals and the Shannon-Hartley
theorem the generalized analytical model and the probability of aging packet for M-QAM
modulated signals are given.
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Introduction. In the analytical models with packet switched communication
channels using the theory of queueing systems the main output parameters are time-
probability characteristics (probability of packet delivery up to aging, delays and so
on) and other characteristics based on them (load, «functional good quality») [1]. In
these analytical models the channel noise implicitly and indirectly affect the
probability of packet delivery up to aging. Let's try to identify this connection.

Theoretical part. In the physical environment the upper limit of the data
transmission speed, which is the minimum required amount of channel bandwidth is
determined by the Shannon-Hartley theorem:
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where B is the channel bandwidth (Hz), S is the signal power (W), N is the noise
power (W).

But in digital systems it will be more correct to place S/N using a normalized
version of this ratio, which represents the ratio of the energy of one data bit (Ey) to
noise power in 1 Hz [2]:
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where vs is the bit rate of modulated signal. In QAM modulation case vg can be
represented as the product of symbol rate fs, and mapping rate m (number of bits
transmitted by the same symbol):
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In this way we can approve (the formulas (1) and (3)) that the minimum

required amount of channel bandwidth depends on the ratio E,/Ny:

v= Blogz(l +%j . (4)

Using the results of [1] for the probability of packet delivery up to aging, we
obtain:
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where A is the intensity packet generation (1/s), b is the packet size (bits), ¢ is the
intensity of the aging packages (1/s), 0 is the time recovery (s), R is the restitution
coefficient of the channel.

On the other hand, in a channel with Additive White Gaussian Noise the
dependece of the probability of bit error rate (losses) on the Ey/Nj ratio with an
accuracy of 0,1 dB is described by the following expression [3]:
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where M is the modulation format, and erfc is the non-elementary Error function (also
called the Gauss error function):
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Based on formulas (3), (4) and (5), we can construct a generalized analytical
model of the aging packet probability in a channel with additive white Gaussian noise
and M-QAM modulated signals. This model can be represented as the product of
P, =(1-P,) Py . The structure of this model is shown in Fig. 1.
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Fig. 1. T—Terminal - packet generator, Mod - QAM modulator, F - Gaussian matched
filter, Dem — QAM Demodulator

In this model it is beforehand assumed that Forward Error Correction (FEC) and
Reed Solomon encoding, are not performed; the loss of one bit information and
delivery of the outdated packet (i.e. after the loss of packet relevance) are equivalent
events.

In MathCad environment, in a channel with Additive White Gaussian Noise for
M-QAM modulated signals the dependence of the aging packet probability on the
Ew/Ny ratio (Fig. 2) is built. In a channel the probability of aging packets is a more
universal way to measure the channels’ quality than the probability of a bit error.
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Fig. 2

Conclusion. This assertion is based on the fact that the packet could be
delivered to the destination unharmed, but already outdated and with lost relevance.
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w.u. £NYUGP3UL
dUuftELEMP OMrUSUUL <UdULUUULNME3NRLE M-QAM
UninNhLUSUUWU R URHULTULLEMNY B4 GUNKRU3UL UMhSUY
uaunrund yunnrhnhy

Ptpjwsé 5u M-QAM wgnwtpwuubipny Yuwwninnt thwpebprubph dtpwgdwu hwjwuwyw-
unggniup U punhwupwlwt wuwjhwply dnnbp' Yunngqus wnbtupwdbhyh, pdwht wg-
nwuowuubph hwnnpndwu wnbunieiniuttiph W Skunu-Lwppeihh ptinptdh hhdwu Jpw:

Unwugpuyhti pwnbp. dnnk|, hwebp, phe, wndnty, hwjwuwlwunieniu:

A.K. OBCEIISIH
BEPOATHOCTD CTAPEHUS TAKETOB B KAHAJIE C AJIMTUBHBIM
BEJIBIM T'AYCCOBCKHUM IIYMOM JJIs1 M-QAM
MOJYJIUPOBAHHBIX CUT'HAJIOB

ITpuBenensl 0000IIEHHAs aHAIUTUYECKas MOJAEIb U BEPOATHOCTb CTAPEHHs IAKETOB
it M-QAM MoJynHMpOBaHHBIX CHUTHAJIOB, TOCTPOCHHAS HAa TEOPUsX TeneTpaduka, nepegadu
udpoBbIX curHanos u Teopeme Illennona-Xaptnu.

Kniouesvle cnosa: monens, KaHa, NakeT, OUT, IIyM, BEPOSTHOCTb.
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