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RF Signal Propagation and Reception



Basics and Keywords
 Transmitter Power and Receiver Sensitivity
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Transmitter Power
 Transmitter Power (PTX)
 Watt and dBm

( )mWinPowerlog10dBm 10⋅=

dBm: power relative to 1 mW



Antenna Gain
 dBi, GTX, GRX

Dipole directional (Yagi)

dBi: antenna gain compared with the hypothetical “isotropic” antenna
GTX: transmitter antenna gain [dB]
GRX: receiver antenna gain [dB]



Antenna Gain (cont.)
 Chap.3, p.56



Receiver Sensitivity
 SNR (Signal to Noise Ratio) and BER (Bit Error Rate)

( ) ( )WfNESNR bb /*/ 0=

Eb: energy per bit (Joules/bit)
No: noise power density per Hz (Watt/Hz) 

fb: channel data rate (bit/s)
W: channel bandwidth (Hz)

(Watt = Joules/s, Hz = 1/s)

SNR per bit

depending on modulation

( )SNRBER erfc
2
1

= (from Information Theory)



Receiver Sensitivity (cont.)
 BER Characteristics



Receiver Sensitivity (cont.)
 MATLAB code for Eb/No-BER Characteristics

clear all; 
SNR = [0:18];
snr = 10.^(SNR/10);
ber1 = 1/2 * erfc(sqrt(snr));
ber2 = 1/log2(4) * erfc(sqrt(log2(4)*snr) * sin(pi/4) );
ber3 = 1/log2(8) * erfc(sqrt(log2(8)*snr) * sin(pi/8) );
ber4 = 1/log2(16) * erfc(sqrt(log2(16)*snr) * sin(pi/16) );
plot(SNR,log10(ber1),'o-',SNR,log10(ber2),'*-',SNR,log10(ber3),'s-',SNR,log10(ber4),'d-');
legend('BPSK', 'QPSK', '8PSK', '16PSK');
xlim([0 18]); ylim([-8 0]);
xlabel('Eb/No (dB)'); ylabel('BER (dB)');
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Receiver Sensitivity (cont.)
 Receiver Noise Floor (RNF)
 thermal noise floor (N)
 receiver noise figure (NF)

kTWN = k: Boltzmann constant
T: temperature in K°
W: bandwidth (Hz)

dB15to6:NF noise due to amplifier etc. 

NFNRNF += ～ -100dBm

thermal noise



Receiver Sensitivity (cont.)
 Receiver Sensitivity (PRX)
 power required to achieve desired BER

SNRRNFPRX +=



Receiver Sensitivity (cont.)
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-80～-90 dBm



RF Signal Propagation and Losses
 Free Space Loss (LFS)
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D: transmitter to receiver distance [m]
λ: wavelength of the radio [m]

fc /=λ c: speed of light [m/s] 
f: signal frequency [Hz]

radio signal attenuates in proportion to square of the distance, and
also does in proportion to square of the frequency



RF Signal Propagation and Losses (cont.)
 Free space loss of 2.4GHz and 5.8GHz



RF Signal Propagation and Losses (cont.)
 Friis’s Equation
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D: transmitter to receiver distance [m]
λ: wavelength of the radio [m]

pTX: transmitter power [W]
pRX: receiver sensitivity (receiver power) [W]
gTX: transmitter antenna gain
gRX: receiver antenna gain

pTX

pRX

gTX

gRX

D

TXTX pP 10log= RXRX pP 10log=

TXTX gG 10log= RXRX gG 10log=
FSRXTXTXRX LGGPP −++=



RF Signal Propagation and Losses (cont.)
 Fresnel Zone

If Fresnel zone is ensured, free space loss assumption comes into effect. 
If obstacles exist in the Fresnel zone, heavy losses might happen. 

( )DnRn ⋅⋅= λ5.01R



RF Signal Propagation and Losses (cont.)
 Multipath Fading

Signals arriving along different paths cause interference, which can be
as much as 20 to 30 dB loss. 



RF Signal Propagation and Losses (cont.)
 Signal Attenuation Indoors

Indoor obstructions such as walls, floors, furniture and so on cause
3 to 6 dB or more signal attenuation.  



RF Signal Propagation and Losses (cont.)
 Link Budget
 Friis’s equation + fade margin (LFM)

Transmitter power (PTX) required to deliver a signal to a receiver at its
sensitivity limit (PRX)

to compensate multipath fading, obstacle losses, …

FMFSRXTXRXTX LLGGPP ++−−=

The signal at the receiving antenna has to be above the receiver 
sensitivity (PRX)

dBm6dBm36dB80dBi6dBi14dBm90e.g. +=++−−−=TXP
… 4mW



RF Signal Propagation and Losses (cont.)
 Link Budget (cont.)



RF Signal Propagation and Losses (cont.)
 Link Budget (cont.)
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- antenna gain: GTX, GRX



RF Signal Propagation and Losses (cont.)
 Ambient Noise



RF Signal Propagation and Losses (cont.)
 Interference Mitigation

power control

modulation control

packet size control

channel selection
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Ultra Wideband Radio
 Originally for military applications
 impulse radio by extremely short pulses less than 1ns, 

which result in wideband from 500MHz to several GHz



Ultra Wideband Radio
 Time Hopping PPM UWB (Impulse Radio)

TH code determines time
hopping pattern

early/late pulse position (PPM) 
signifies 1 or 0

used in IEEE 802.15.4



Ultra Wideband Radio
 Multiband UWB

used in Wireless USB

• Within each 528MHz band, 128 ODFM subcarriers are transmitted. 
• Time-frequency interleaving (TFI) code defines frequency hopping 
within a band group. 
• Fixed frequency interleaving (FFI) code defines continuous transmission
on a single OFDM band. 
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MIMO Radio
 Multiple-input multiple-output (MIMO)
 sends multiple data streams across multiple transmitter 

to receiver paths in order to achieve higher data capacity.
 carries data in parallel on different spatial paths and on 

the same frequency (SDM: spatial division multiplexing).  
 can increase data capacity linearly with the number of 

independent paths (minimum of M transmitters and N 
receivers). 

 characterizes each path by estimating its singular value 
by using a training period (CSI: channel state 
information). 

used in IEEE 802.11n
M=2 N=2



MIMO Radio
 Multiple-input multiple-output

M transmitters
N receivers
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Near Field Communication
 Near field communication (NFC)
 is a very short range radio communication. 
 relies on direct magnetic field coupling between 

transmitter and receiver devices. 

 two types of NFC devices
 active device
 has an internal power source

 passive device
 derives power by inductive coupling with an active device
 transfers data to an active device by “load modulation”

used in SUICA, PASMO, etc. in Japan



Near Field Communication
 Inductive Coupling and Load Modulation

• On/off switching of a load resistance at the responder causes voltage 
change in the transmitter’s carrier wave.
• This “load modulation” creates amplitude modulated sidebands.  


	Chapter 4�Radio Communication Basics
	Chapter 4�Radio Communication Basics
	Basics and Keywords
	Transmitter Power
	Antenna Gain
	Antenna Gain (cont.)
	Receiver Sensitivity
	Receiver Sensitivity (cont.)
	Receiver Sensitivity (cont.)
	Receiver Sensitivity (cont.)
	Receiver Sensitivity (cont.)
	Receiver Sensitivity (cont.)
	RF Signal Propagation and Losses
	RF Signal Propagation and Losses (cont.)
	RF Signal Propagation and Losses (cont.)
	RF Signal Propagation and Losses (cont.)
	RF Signal Propagation and Losses (cont.)
	RF Signal Propagation and Losses (cont.)
	RF Signal Propagation and Losses (cont.)
	RF Signal Propagation and Losses (cont.)
	RF Signal Propagation and Losses (cont.)
	RF Signal Propagation and Losses (cont.)
	RF Signal Propagation and Losses (cont.)
	Chapter 4�Radio Communication Basics
	Ultra Wideband Radio
	Ultra Wideband Radio
	Ultra Wideband Radio
	Chapter 4�Radio Communication Basics
	MIMO Radio
	MIMO Radio
	Chapter 4�Radio Communication Basics
	Near Field Communication
	Near Field Communication

