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Fig. 2. Examples of envelope statistic measures: a) the example signal vector diagram, and the corresponding curves for b) the PDF, c) the
CDF, and d) the CCDF; e) It is more common to normalize the CCDF curve to rms signal power and to show the probabilities on a logarithmic
scale.

The peak to average power ratio (PAPR) is taken as the ratio of the signal peak to its rms value. It is customary to define the
signal peak as the magnitude value where the CCDF curve passes through 0.0001 probability. The signal from Fig. 2e has a
PAPR of 10log10(1.452) = 3.2 dB.

ACP (OBW)
The occupied bandwidth (OBW) of a signal is a critical measure since this is often strictly regulated by a licensing or type-

approving authority. It is clearly desired to only transmit signal power within the assigned bandwidth. Practically all transmitters
do however transmit some power outside of the assigned bandwidth. If the outside power lies within the adjacent signal channel
(see Fig. 3), this is called adjacent channel power (ACP). If there is any transmitter output power in the next channel further
removed, this is called alternate channel power (AltCP). Some applications are more tolerant of adjacent- or alternate-channel
power than others. It is usual to measure the ACP and AltCP using the same filter bandwidth that is used in measuring the main
signal power. However there are some standards which use different measurement bandwidths, so extreme care is required to be
sure that the measurement is made properly. Common names for this test are adjacent channel power ratio (ACPR) and adjacent
channel leakage ratio (ACLR).
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Fig. 3. Definitions of adjacent channel power and alternate channel power







(a) (b)
Fig. 5. The EDGE 8PSK signal: a) power spectral density, and b) vector diagram showing envelope varying characteristics

UMTS (Wideband CDMA) [4]
What is called “3G”, the Universal Mobile Telephone Service (UMTS) uses a large set of QAM signals for modulation. These

are linearly filtered with a spectral root-raised cosine filter, so the signal PSD is much more defined (shown in Fig. 6a) than for
GSM/GPRS and EDGE. This signal by nature has zero crossings, where the modulated signal phasor temporarily has a magnitude
of zero (and undefined phase), as seen in the vector diagram in Fig. 6b. The symbols however are not completely independent
from each other. There is intentional correlation among symbols to reduce the number of zero crossings which is seen in the PDF
curve of Fig. 6c. This correlation technique is called Hybrid PSK (HPSK). [5]
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Fig. 6. The UMTS signal: a) power spectral density, b) one representative vector diagram showing envelope varying characteristics, and c) a
PDF curve

By adopting a QAM style modulation, PAPR for the UMTS signal now has contributions from the signal constellation as well
from the root raised cosine filtering used. Typical values for the PAPR of UMTS signals range within 3.5 to 5.5 dB, slightly
larger than seen in the EDGE signal.

HSPA
High speed packet access (HSPA) is an extension to UMTS intended to significantly increase payload data rates. The signal

PSD is identical to that of UMTS, but the higher data rates require that the order of the QAM modulation be increased. The
number of zero crossings is significantly increased, as we see from the vector diagram in Fig. 7a and its corresponding PDF curve
in Fig. 7b.
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Fig. 7. Representative HSPA signal characteristics: a) a vector diagram, and b) a PDF curve

The shape of this PDF curve is quite different than that for UMTS in Fig. 6c. The mean envelope value is noticeably lower for
HSPA than for UMTS, meaning that the PAPR is higher for this higher data rate signal. Like in UMTS, this PAPR is a
consequence of both the elaborate QAM constellations and the long impulse response of the bandlimiting filter. PAPR values for
uplink signals vary from 4.9 to 7.2 dB, depending which of the more than 300,000 signal options is used.






