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RF/MICROWAVE CIRCUIT
DESIGN FOR WIRELESS

APPLICATIONS



1

INTRODUCTION TO WIRELESS
CIRCUIT DESIGN

1-1 OVERVIEW
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Figure 1-1 Simulated antenna radiation of a Motorola flip phone.

2  INTRODUCTION TO WIRELESS CIRCUIT DESIGN
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1-2 SYSTEM FUNCTIONS
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1-3 THE RADIO CHANNEL AND MODULATION REQUIREMENTS

1-3-1 Introduction
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Figure 1-3 Single-chip direct-conversion transceiver by Alcatel. Channel selection is accomplished at
baseband by low-pass switched-capacitor filters in a companion mixed-signal complementary metal-ox-
ide semiconductor (CMOS) IC. A trimmed resistance-capacitance/capacitance-resistance (RC/CR)
network generates the necessary quadrature signals for the chip’s mixers.
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Figure 1-4 Mobile receiver affected by fading.

6  INTRODUCTION TO WIRELESS CIRCUIT DESIGN



3����@����������������
�����
����
����
���HK@!����������������
��������
� �����

�
���HK@

����������
�������
��/�	�������
�����&�/C!����������7��	���=�I!�

1-3-2 Channel Impulse Response

������������
�����������
��
��
������������
��
������������� 	������� 
�����?�
L�����	��


��
����������
�
� 	����
���$
�������������� ��
	���:���
�����������������A����� 	����δ��!;���
���
����
���
������

������
������
���
�����)�Q�)������� 	�������������
�
���������������
����

�����
��������
����
���
��������
�
�����
����������
��������τ��������������
��� ��
	��������	��


�� �
���
������������ 	������� 
����
��
�������
������������
����	��
��������������� 	����

�7��	���=�J!��������
����
���������������������
��
���
��
���������
����
�0��
�������
�����


������������� 	������� 
����������	��
�
��
��
��������
���������τ�"�
��
������
��
���� 
����



Figure 1-5 Receive signal as a function of time or position.

Figure 1-6 Rayleigh and Rice distributions.
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Figure 1-7 BER in a Rayleigh channel.

Figure 1-8 Channel impulse response.
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Figure 1-9 Calculation of delay spread.
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Figure 1-11 Channel estimation.

Figure 1-12 Channel equalization.
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Figure 1-13 BERs after the channel equalizer in different areas.

Figure 1-14 Fading simulator.
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Figure 1-15 Typical landscape profiles.
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Figure 1-16 Doppler spread.
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1-3-5 Time Response of Channel Impulse Response and Transfer Function
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Figure 1-17 Effect of transfer function on modulated RF signals.

Figure 1-18 Channel impulse response and transfer function as a function of time.
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Figure 1-19 Phase uncertainty caused by Doppler effect.

Figure 1-20 Effect of bandwidth on fading.
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Figure 1-21 Band spreading by frequency hopping and CDMA.
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Figure 1-22 Channel spacing in broadband/narrowband systems.

Figure 1-23 Frequency-division multiple access (FDMA).
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Figure 1-24 Time-division multiple access (TDMA).

Figure 1-25 Code-division multiple access (CDMA).
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Figure 1-26 Duplex spacing of transmission and reception.
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Figure 1-27 Timeslot, frame, and multiframe.

Table 1-2 Superframes and hyperframes
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Figure 1-28 Normal burst.
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Figure 1-29 Multipath reception due to reflection and diffraction. The base transceiver station (BTS) is
transmitting to the mobile station (MS).
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Figure 1-30 Channel impulse response.
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Figure 1-31 Guard period at the end of each timeslot.

Figure 1-32 Signal delay and its effect.
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1-4 ABOUT BITS, SYMBOLS, AND WAVEFORMS
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Figure 1-33 Burst types.
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Figure 1-34 At base, digital modulation involves frequency shifting a baseband digital signal to RF. In
practice, the process is more complicated than this because of bandwidth constraints on the resulting
RF signal.

Figure 1-35 Digital modulator.
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s(t) = a(t) cos[2πfct + ϕ(t)] �=�J!
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Figure 1-36 The information channel.
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a(t) cos[2πfct + ϕ(t)] = cos[ϕ(t)]a(t)cos(2πfct)

− sin[ϕ(t)]a(t)sin(2πfct) �=�,!
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Figure 1-37 The bandpass signal and the I/Q representation of a carrier.
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Figure 1-38 Different forms of signal representation.

Figure 1-39 Principle of a digital I/Q modulator.
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Figure 1-40 I/Q modulation (MSK and GMSK).
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Figure 1-41 Constellation diagram, and baseband and RF signals of 16-QAM.

Figure 1-42 4PAM/FM.
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Figure 1-43 Occupied bandwidth in the baseband and the RF range.
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Figure 1-44 Correlation receiver.

Figure 1-45 Coherent demodulation.
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Figure 1-46 Amplitude shift keying (ASK) and phase shift keying (PSK) in the time domain.
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Figure 1-47 ASK and PSK in the I/Q plane.

Figure 1-48 ASK and BPSK in the frequency domain.
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Figure 1-49 Quadrature PSK (QPSK) modulator (I/Q modulator).

Figure 1-50 QPSK constellation diagram (left) and modulator (right).
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Figure 1-51 Result of QPSK modulation in the time and frequency domains.

Figure 1-53 Bit error rate (BER) in terms of Ebit/N0 for BPSK, QPSK, and ASK.

Figure 1-52 QPSK spectrum.
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Figure 1-54 Maximum interference voltages for BPSK and QPSK, where VC is the carrier voltage of
the desired signal and Vinterfere is the carrier voltage of the interfering signal.

Figure 1-55 Bandwidth requirements (left) and constellation diagrams (right) for BPSK and QPSK. For
each emission, all symbols are transmitted at the same amplitude, as is indicated by their equidistance
from the constellation origin.
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Figure 1-56 Quadrature amplitude modulation (QAM), with constellation diagram for 16-state QAM
(16-QAM). Because transitions between QAM symbols involve shifts in phase and amplitude; even
unfiltered QAM is a combination of amplitude and angle modulation.

Figure 1-57 Bit error rate versus Ebit/N0 for BPSK/QPSK, 16-QAM, and 64-QAM, showing the
significantly greater SNR necessary for a given BER as the number of signal states is increased. In
64-QAM, each symbol represents 6 bits.
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Figure 1-58 QPSK spectrum resulting from pseudorandom binary sequence (PRBS) data. Most of an
angle-modulated emission’s infinite sidebands are unnecessary for communication and can be removed
by filtering—at the cost of introducing amplitude variations that must be sufficiently preserved to keep
the bit error rate low.

Figure 1-60 Spectrum of a band-limited QPSK signal.

Figure 1-59 Baseband filtering. Figure 1-60 shows the result for QPSK.
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Figure 1-62 Comparison of QPSK, MSK, and GMSK.
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1-5 ANALYSIS OF WIRELESS SYSTEMS

1-5-1 Analog and Digital Receiver Designs
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Figure 1-63 Dual-downconversion receiver schematic.
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Figure 1-64 Receiver sensitivity measure showing required C/N.

Figure 1-65 C/N ratio versus input RF power level.
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Table 1-6 Spur output powers and the
corresponding RF and LO harmonic indices
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Figure 1-66 4FSK signal generated in Symphony.

Figure 1-67 Mixed RF/DSP MFSK communication system simulated in Symphony.
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Figure 1-70 Clock recovery circuitry.

Figure 1-71 Input data, filtered input data, recovered clock, and final output data for the MFSK
communication system.
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Figure 1-72 BER versus SNR for the MFSK system.

Figure 1-73 Block diagram of a CAD-based PLL system.
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Figure 1-74 Open- and closed-loop phase noise for a CAD-based test phase-locked loop.

Table 1-7 Cellular and cordless standards
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Figure 1-75 Multiplexing schemes.

Table 1-8 Parameters of cellular and cordless systems
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Figure 1-76 Cellular structure. W = N × BC, where W is the full bandwidth and BC is the bandwidth per
cell. The number of channels/cell = BC/BU, where BU is bandwidth per user (FDMA) or N users (TDMA).
D = R√3N.
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Figure 1-78 Mathematical representation and hardware implementation of I/Q modulator.

Figure 1-77 SA900 transmit modulator.
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Figure 1-79 QPSK and π/4-DQPSK baseband generator.
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Figure 1-80 Serial-to-parallel conversion.

Figure 1-81 Signal constellation of QPSK and π/4-DQPSK.
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Figure 1-82 Digital FM (e.g., GMSK) baseband I/Q generator.
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Figure 1-83 Baseband processing for SSBSC AM.

Figure 1-84 FDD system using SA900.
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Figure 1-85 TDD system using SA900.
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Figure 1-87 VCO tank circuit.

Table 1-9 Possible configurations for IS-54 handsets
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5��4��	�345
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;I�$O +01 $A;�$O +01 O A$�IO +01

%$�O2 +01 $$O�O2 +01 O $��22 +01

28 +01 �� +01 O $8 +01

;2�O +01 $A��O +01 � $2�2 +01
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Figure 1-88 DUALTX output matching network.
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Performance of the SA900
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Table 1-10 Possible SA900 clock outputs
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Figure 1-90 In-phase and quadrature modulation test.
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Amplitude and Phase Imbalance. ,
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Figure 1-91 Typical SA900 output spectra.
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Figure 1-92 SSB suppression contours.
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Figure 1-93 SA900 ADC, PDC, and GSM outputs.
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Figure 1-93 Continued

Figure 1-94 Power ON time measurement.
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Figure 1-95 Output spectra of the SA900 in the 902-MHz ISM band.
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Figure 1-96 MC13109FB universal cordless telephone subsystem IC.
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Figure 1-97 Equivalent model of a film resistor above a ground plane.
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1-7 SYSTEM SPECIFICATIONS AND THEIR RELATIONSHIP TO CIRCUIT
DESIGN
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Figure 1-98 Graphical and mathematical explanation of the noise bandwidth from a comparison of the
Gaussian-shaped bandwidth to the rectangular filter response.

84  INTRODUCTION TO WIRELESS CIRCUIT DESIGN



���
��	��
�
��
��������
���	��������
��#�������������
������	���
�%�	���'
�����
��
��������

	���?��	�������������	�����	� 

SINAD Ratio. G,������������
�
����
����	������
��������	�����	��	�����	�������������

�	���	�� �������� ���
��������	��
������
����������� �����
��������	����
�������	���	��%��	
�


	��#�
��������	�3;����������)

SINAD = 10 log10 




S + N + D

N + D




���4��

��������������������������%����������
���	���%�������	�����	���%�
������������	���	���	��� 

!��
�:9@!H��
��	�	������'�
��	

	����������
��	�������	����
�������	���	���	������

�EI���
��	������������������
� �!����������	���:A@�?@%�:9@!H���	���#�
���	,�

����:?@�
�

������
��	��	������
���	��	��� 

Bit Error Rate and Noise. 3	�������
���#���
�%�����
���	��	�����
��	�
����������	���
��


������
��� �!������	�������
�����%�����������	�������
���	�
%��	����%�
������������%����������

'GB��
������
�����	��
������
��:@B���3��������--� �(���:@B�
��	���������	������������������

��	
������#������5��%�
���������������������������	��	��
�F
�������
������	�����
��	��!1JB� 

:����� 
� �����
�� ��
��
������ ��� 
��
#�� ���	����%� ��� ���� 	������
��� �������� ���� �
�	�
�	�#


�
����
����	��:9@!H��
��	��$���������	����
��� �!������93������%��������������
��	���

�	���� �������� ���� ��
��������+�� 
�
�	�� ��	��� ���� 
��� ���� �����
�� �	���	�%� 
��� 
� ��
��
��

�	���������������������%������
������	����#�8�������J
�*
��%����������
��
��
����������
�����	�

��
��
������	�����������
�������
���	��	�����
��	 

8�������
���,

�����	��
������
��
�
����
���)�!���
����
���������
�����������
�	����*�

����:;9K��	���
��
���
���	��������
�����
��� ���'��	���������� �!�4�7�*����π?7�HKJ:.

�����
��
	���
��	������
����E��'
�����
��������	�������
�����������	������ �(�������
��� 7/

&85%�����������
���������	������	��

���������G>;"����������
�����������������	������
�	��

4 �-I������
��
���
���
�	���� 4/I����������� �(	������
��������������������������#�	������B3

��	������%���������
����	
����������
��#�
	���
���������
�	���
���-E��'
�����
��������	����

Figure 1-99 Bit error rate versus Ebit/N0 for BPSK/QPSK, 16-QAM, and 64-QAM, showing the
significantly greater SNR necessary for a given BER as the number of signal states is increased.
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Figure 1-100 The higher the frequency, the more quiet the RF environment becomes, although the
noise profile of specific sources may contradict this general rule.
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y = k1f(x) + k2[f(x)]2 + k3[f(x)]3 + higher-order terms ���7��
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Figure 1-101 Spectral regrowth results when a variable-envelope emission, π/4-DQPSK in this case,
is subjected to significant nonlinear distortion. This graph shows the simulated performance of a MESFET
power amplifier operating at 1 GHz; the amplifier is 6 dB into compression when driven at 15 dBm.

Figure 1-102 NADC signal and parameters, including channel spacing and channel bandwidth.
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Figure 1-103 The power level at which a network’s power output is down 1 dB relative to that of its
ideally linear equivalent is a figure of merit known as the 1-dB compression point (P–1dB). The 1-dB
compression point can be expressed relative to input power (P–1dB,in) or output power (P–1dB,out). For the
amplifier simulated here, P–1dB,in ≈ –14.5 dBm and P–1dB,out ≈ –1.3 dBm.

Figure 1-104 Influence of differential amplitude error (compression) on a QAM constellation.
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Figure 1-105 Relationships between fundamental and spurious signals, including harmonics and
products of intermodulation.
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Figure 1-106 The level at which the power of one of a network’s IM products equals that of the network’s
linear output is a figure of merit known as the intermodulation intercept point (IP). The intercept point for
a given IM order n can be expressed, and should always be characterized, relative to input power (IPn,in)
or output power (IPn,out); the IPin and IPout values differ by the network’s linear gain. For the amplifier
simulated here, IP2,in ≈ 1.5 dBm, IP2,out ≈ 14.5 dBm, IP3,in ≈ –2.3 dBm, and IP3,out ≈ 10.7 dBm. Each
curve depicts the power in one tone of the response evaluated.
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Figure 1-107 Measured distortion components in a wideband (5–1000 MHz) amplifier. Figure 1-108
shows a magnified view of the gain-compression region [15].
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Figure 1-108 Measured multiple-signal gain compression of the 5- to 1000-MHz amplifier [15].
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Figure 1-109 Determining a network’s noise power ratio (NPR) involves the application of a test signal
consisting of thermal noise [15]. (a) The reference measurement-channel noise power, P1, is then
measured. (b) Next, a bandstop filter is placed between the noise generator and network under test to
keep the test signal out of the measurement channel. Assuming sufficient filter attenuation, if the network
were absolutely noiseless and linear, the ideal noise power in the measurement channel, P2, would then
be zero. (c) In practice, the network’s own thermal noise and intermodulation between noise components
outside the measurement channel result in an actual measurement-channel noise power (P3) greater
than zero. The noise power ratio equals P1/P3.
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Figure 1-110 As a network is driven into compression, IM products at odd orders higher than 3 become
significant, and phase shifts in power-dependent device capacitances cause curves and dips in the IM
characteristics. The onset of these departures from IM-response linearity occurs at generally lower input
power levels for higher IM orders; their severity, and their position on the IM curves, differs among the
various products of a given order and varies with network topology and tone spacing. Figures of merit
based on straight-line IM responses fail to usefully predict nonlinear network behavior under these
conditions. This graph shows the simulated performance of a single-BJT broadband amplifier driven by
two equal-amplitude tones at 10 and 11 MHz.

Figure 1-111 Driving a network into compression and saturation shifts the bias point(s) of its active
device(s), changing their drive-dependent reactances and shifting the phase of the output signal relative
to its value at input levels below compression. This graph shows the simulated performance of a
single-BJT broadband amplifier driven by a single tone at 10 MHz.
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Figure 1-112 Influence of differential phase error (AM-to-PM conversion) on a QAM constellation.
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Figure 1-113 Keeping adjacent-channel interference under control can involve a critical trade-off
between a wireless transmitter’s power-added efficiency (PAE) and ACPR, as shown in this graph of the
simulated behavior of the 1-GHz MESFET power amplifier introduced into Figure 1-101. As the amplifier
is driven into compression, a peak occurs in the PAE response—in this case, at P–1dB—and the ACPR
rises sharply.

Figure 1-114 Close-in amplitude and group-delay responses for a 246-MHz SAW filter designed for
GSM applications [19]. This filter is well within its 3.0-µs differential group-delay specification across its
passband (160 kHz at –3 dB); the peaks just outside the passband limits are characteristic of a network’s
transition-band phase response.

104  INTRODUCTION TO WIRELESS CIRCUIT DESIGN



����� ������ 	�� �	����� ��
����	���� �����
��%� ��� 
� ��85��
�����������������
�� 
� ���������

���$����#�	��������	
�����	�����
�	���
�����%��	������
�������	�����3����������/�"�
�����
�����#%

���

#��������������������������
� �!�
���	�
����	��
����	���	�����	�����
�	�%��	������
���%


������,������
��::'���
����	����	���-E��'�?85�
�����*85 �M�����
�	����
����	����

#



������� ������%� ���	���� 
� 
���
���
� *�	��� 
�� 	����	����� 
�$���%� 
�� ���� �
����	�� 	�

��
�����
��#����	����	����	�������
���
��
�����+��	���������
��������	��
��
�������
�����

��������� �	���� ��		� � J�
��� �	���� 

#� 
��	� �������#� ����	����� ��
��� ���	��� ��
�� ������� ��


	���
��	��
�����
	���
��	�����	�� 

'��
���� ����	�����
�	��� ����� �	�� ���$����#� ��
���
��	�� ������������ �#���
�� 
������
��#

�
������������
����	�*����		��%���������
����	������
�
��������������������	
���	���	��<�
��=

	�����
�	���
����	������3�������������
�������- �3�������������
�����������	������
�
�����

��
����	����	�� ����B	����O�:���
�5�:;L�
���:;9K�����
�������
�	�� �(���:;L����


�	���	�������
���	����%�����������:;9K����
����#����������	�

��������
�������
�	���
�
���

	�� ������ ��	��


��� �	�� 
��� �����
�� 
	���
��	��"� ������	��%� ������ JQQ� �#���
�� �,�����

������������
����	��������������$����#�����	�����
������
�
����������������	� 

Reciprocal Mixing. 9�� ������	�
�� 
�,���%� ���	
���� ����
��� 
�,� ����� QM� �����
��

�����#��	���	�����93�	�������3������������ �'��
����	���	��������	�����
���������
��#��	���%

��������������93�	������������
��#��	��� ��B�����	�
��
�,������������
����	����
������	��	���"

Figure 1-115 SSB phase noise. (a) An ideal signal generator would produce an absolutely pure carrier.
(b) A real signal generator acts like an ideal generator driven by a noise generator, producing a
noise-modulated carrier.

Figure 1-116 Oscillator noise can be split into amplitude and phase components.
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Figure 1-117 Phase noise calculation.

Figure 1-118 Phase noise of an oscillator controlled by a phase-locked loop.

Figure 1-119 Effect of improper loop-filter design.
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Figure 1-120 Measured phase noise of the Rohde & Schwarz SMY signal generator at 1 GHz. This
signal generator has no provision for digital modulation and therefore shows the best possible phase
noise in its class.

Figure 1-121 Measured phase noise of the Rohde & Schwarz SMIQ signal generator at 1 GHz. This
signal generator is optimized for all digital modulation capabilities and can be configured via appropriate
programming. Above 10 kHz, the influence of the wideband loop becomes noticeable; above 200 kHz,
the resonator Q takes over.
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Figure 1-122 Reciprocal mixing occurs when incoming signals mix energy from an oscillator’s side-
bands to the IF. In this example, the oscillator is tuned so that its carrier, at A′, heterodynes the desired
signal, A, to the 455 kHz as intended; at the same time, the undesired signals B, C, and D mix the
oscillator noise sideband energy at B′, C′, and D′, respectively, to the IF. Depending on the levels of the
interfering signals and the noise sideband energy, the result may be a significant rise in the receiver noise
floor.

Figure 1-123 Block diagram of an analog/digital receiver showing the signal path from antenna to audio
output. No AGC or other auxiliary circuits are shown. This receiver principle can be used for all types of
modulation, since the demodulation is done in the DSP block.
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Figure 1-124 Principle of selectivity measurement for analog receivers.

Figure 1-125 Principle of selectivity measurement for digital receivers.
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Figure 1-126 Dynamic selectivity versus IF bandwidth for (a) the Rohde & Schwarz ESH2 test receiver
(9 kHz to 30 MHz) and (b) the Rohde & Schwarz ESV test receiver (10 MHz to 1 GHz). Reciprocal mixing
widens the ESH2’s 2.4-kHz response below –70 dB (–100 dBm) at (a) and the ESV’s 7.5-, 12-, and
120-kHz responses below approximately –80 dB (–87 dBm) at (b).

110  INTRODUCTION TO WIRELESS CIRCUIT DESIGN



!���	����
�����	�
��B3�����������#��
���������������
����	������
�����
���	����������	����

�	���%� �
��	����� ����QM+�� ������
�� �����#� ��� ����	��#� �����������
#� �	� ������� ������	�
�


�,�����	������	
���������
�����������
��
�
�,��+��B3��	�� 

3
��	�������������������	����������������	�������
����������
��	��	�����
�	����
����	���

�
�� ����� ��� ���� ������� �#�

��� �
���� 	�� ������ 
�� ������
���� 	�� ��������� ��� �
�
���

�3����������/� 

9����
��
�������������	�

����	�������
������������#���
�%����
����������������������
�����


���������+��������
�����	�
�F
�������
���������
�� 

Phase Errors. 9��J;��#���
�%�������
��#���	����
��	#���������
��
	���
��	�%�	�����
�	�

��
��� �	���� �	���������� �������#� �	� 
	���
��	�� 
��� ��
	���
��	�� ���	��� �#� ����	������

�
��	
� ��
��� �
��
��	��� ��
�� �
��	�� ��� �	�������� �#� ��
����	�*���� ������$���� �3�����

������ �(������
����������
����	����
�����
����
�
	���
��	������
�����
���%��������
�������

����������#��	���
����	��� 

����� 
�� 	������ ����
�� ��� ��	������ �#� 
�,���� ��	� ����
��%� ���� ���������� ��
��� �	���

�������� 	�� �������� ���� ������ ����
��� 
��� ��		���
���
��� ��������� �	� ���� �

�� �#���


��	�*�	�����	����
���%�
����	������3����������- 

Error Vector Magnitude. :����
���
�������������������7%������%�
�����������
�����	��

�	�� �
������
�� �	������ 	�� 

�������� 
��?	�� ��
��� ���	�� �
�� ������ ���� �
����� 	�� 
� �����
�

�
����	�+�� �
�
� ��
���� �	�
��� ������	�� �	���
����%� ���������� ��� �����
���� 'GB� ���� �	

������#
�	�������������� �3����������4�%����4�%�
������4����	��������
�����	�
���	������	�

��������	�� 

!��������	��
�����*�	���
���		�	����
�	�
����
����� -����
������������	����
��
����������

�����
�	��	���������������
����������#�	����������	�� �!���
����	�+�����	������	��

��������������



��������	��������
�	�������������
��
�������	��	����
����������
�����
����������������
��
��

����
�
��������
��
����������
��
�����������
���%�

�������%����$����#%���
��%�
������	�������
��

�����
	��������#���������#�
��?	����	�
�
��	� �3���������44��������
��������G>;��	����� 

Figure 1-127 This graph shows the available dynamic range, which is determined either by the masking
of the unwanted signal by phase noise or by discrete spurious signals. As far as the culprit synthesizer
is concerned, it can be either the local oscillator or the effect of a strong adjacent-channel signal that
takes over the function of the local oscillator.
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Figure 1-129 The noise sideband power of a signal that results from mixing two signals depends on
whether the signals are correlated—referenced to the same system clock—or uncorrelated.

Figure 1-130 Effect of gain imbalance between I and Q channels on a data signal’s phase constellation.

Figure 1-128 Phase noise is critical to digitally modulated communication systems because of the
modulation errors it can introduce. Intersymbol interference (ISI), accompanied by a rise in BER, results
when state values become so badly error-blurred that they fall into the regions of adjacent states. This
drawing depicts only the results of phase errors introduced by phase noise; in actual systems, thermal
noise, AM-to-PM conversion, differential group delay, propagation, and other factors may also contribute
to the spreading of state amplitude and phase values.
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Figure 1-131 Effect of quadrature offset on a data signal’s phase constellation.

Figure 1-132 Effect of LO-feedthrough-based IQ offset on a data signal’s phase constellation.

Figure 1-133 Representing errors in a digitally modulated signal’s in-phase (I) and quadrature (Q)
values relative to the ideal as a single error vector allows us to derive the resulting error vector magnitude
(EVM), a sensitive indicator of transmission quality [20].
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1-8-2 Transmission and Reception Quality
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Figure 1-134 The Rohde & Schwarz CMD 65 digital radiocommunication tester can be used to measure
all the relevant specifications of cellular telephones.

Table 1-13 Digital radiocommunication tester model CMD 80
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Table 1-13 (Continued)
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1-8-3 Base-Station Simulation
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Figure 1-135 Conversion of C/N or BER to Eb/N0.
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