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TBANSM!SSION TSCHNIOUES 

This invention :-elates to signal transmission 

techniques and in particular to techniques for transferring 

5 a modulated radio frequency signal from a central site to a 

remote transmitter by radio. 

There are a number of scenarios in the provision of 

mobile radio communication in which it is desirable to 

provide a copy of a modulated radio frequency signal 

10 transmitted from a first site, at a second site remote from 

the first. For example, in a cellular radio communications 

-· network it is often found that part of a cell is not well 
-

served by transmissions from the cell's central base station 

ant-enna, ~nd a further, remote antenna is positioned in this 

15 part of° the cell to reproduce the base station antenna's 

transmissions. Clearly given the stringent frequency control 

requirements of such cellular radio networks it is essential 

that the remote antenna transmits a substantially identical 

RF signal to that transmitted by the base station antenna. 

20 Another use of remote antennas occurs in micro-

cellular mobile radio communications networks. Normally the 

modulated _RF signal for transmission in the micro-cell is 

formed at the micro-cell's base station from baseband signals 

sent to it from the macro-ce~l base station. If however the 

25 micro-cell base station is replaced by a remote antenna the 

fufly formed modulated RF signal for transmission by the 

remote antenna can be supplied from a central site, perhaps 

located at a macro-cell base station. This would allow all 

signal~ing and multiplexing equipment serving the micro-cell 

30 to be centrally located thus reducing remote site 

requi=ements and cos~s. and furthermore would allow changes 

to the micro-cell f=equency plan and/or modulation format to 

be done at the central location. 

Macro-cellular networks utilising sectored cells could 

35 also benefit from the use of remote antennas for similar 
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·rea·sons ... These uses are discussed by Fye in his paper 

-
"Design of Fiber Qptic Antenna Remoting Links for Cellular--

Radio Applications" given at The Vehicular Technology 

Conference 1990, and subsequently published by the IEEE. 

A known technique, discussed in the paper by Fye, for 

transferring a modulated RF signal from a central site to a 

remote transmitter comprises provi""diag an optical fibre link 

between the central site and the remote transmitter . 
. 

The link has an optical transmitter (a laser), a 

10 transmission line (an optical fibre) and a receiver (a 

photodiode). The modulated RF signal is applied directly to 

the laser and amplitude modulates the optical output of the 

laser. This output is carried by the optical fibre to the 

photodiode whe;e the ~F s~gnal is recovered from the optical 

15 carrier. 

Since the RF signal directly modul~tes the laser it 

can be seen that the bandwidth of the optical signal 

generated will be much greater than the bandwidth of the RF 

signal. For example J.f the RF signal has a frequency of 

20 approximately 900 MHz and a bandwidth of approximately 10 MHz 

the bandwidth of the optical signal will be approximately 

1800 MHz. Thus although this known technique for 

transferring a modulated RF signal from a first site to a 

second site is conceptually very simple and has practical 

25 aavantages, the use made of the transmission capacity of the 

communications link is ~ery inefficient. 

This may not in the short term be a limiting fa·ctor in 

the use of this technique with optical fibre links since they 
-

have ~ very great transmission capacity. However, in some 

30 circumstances there is a need to provide a link between the 

central site and remote transmitter wholly or partly by 

radio. The large bandwidth required by . the technique 

discussed above is a severe limitation if such a radio link 

is to be used. !n addition to the generally lower 

35 transmission capacity of such links, because they are free­

space links, spectral efficiency is an important 

consideration. 
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An object of the present invention is to provide a 

simple method of transferring a modulated RF signal from a 

first site to a second site via a communications link which, 

at least to some extent, ameliorates the requirements placed 

5 on the communications link by prior art methods. 

It is known to reduce the effects of phase noise and 

drift in a radio transmission system by transmitting pilot 

signals over the radio link; see for example the United 

States ·patent 5109532 to Petrovic. In this United States 

10 patent a pilot signal is added to the modulated signal. In 

the_ receiver the local oscillator used to downconvert the 

incpming signal is controlled such that the sum of the 

downverted carrier frequency and the pilot frequency is held 

-- constant. The resulting signal includes a drift-free 

15 component. However, this system requires a local oscillator 

anc:l a reference frequency generator at the receiving end. 

Moreover, the drift-free component is not at the input 

carrier_ frequency. 

According to a first aspect of the present invention 

20 there is provided a method of transferring a modulated radio 

frequency signal from a first site to a second site, the 

method comprising the steps of: 

25 

30 

1) at the first site, downconverting the modulated 

_signal by mixing the modulated signal with a first 

conversion signal derived from a reference 

oscillator, 

2) deriving a pilot signal from the reference 

oscillator, 

3) sending both the downconverted modulated signal 

and the pilot signal from the first site to the 

second site via a common communications link, 

4) at the second site, deriving a second conversion 

signal from the ?ilot signal, which second 

conversion signal ~s of a substantially identical 

35 frequency to the first conversion signal, and 
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5-) reforming the modulated radio frequency signal by 

mixing 'f'he downconverted modulated signal with the 

second conversion signal. 

An advantage of downconverting the modulated RF signal 

5 before transmission over the communications link is that the 

bandwidth required of the link is considerably reduced. Thus 

taking the previous example if the 900 MHz RF signal is 

downconverted to lOMHz the bandwidth required of the 

communications link will be approximately 20 MHz. However if 

10 the refor~ed modulated RF signal at the second site is to be 

accurate then the conversion signal used at the second site 

must be substantially identical in frequency to that used at 

the first site . To ~chieve this the invention provide! at 

the first site··a r~ference -<>scillator from which is derived 

15 both the conversion signal used to downconvert the modulated 

RF siq~al, and a pilot signal. The downconverted RF signal 

and the pilot signal are sent via the same communications 

link to the second site where the pilot signal is used to 

derive a substantially-identical conversion signal to that 

20 used at the first site. 

It should be noted that the frequency stability of the 

modulated RF signal transmitted at the second site is not 

affected by the frequency stability of the reference 

o~cillator since any variation in the reference oscillator. 

25 frequency will b~ refJ.ected ..:..n both the conversion slgnal and 

the pilot signal frgquencies. 

Although the method of the present invention may be 

used with an optical fibre communications link, preferably. 

the link is provided by a free-space radio frequency 

30 transmission system such as an FM microwave system. In this 

case the method provides particular.ly efficient use of the 

microwave spectrum while allowing access to the known 

linear~ty and noise advantages given by FM techniques, and 

ensuring that a substantially identical copy of the modulated 

35 RF signal is transferred from the first site to the second 

site. 

\, 
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The pilot frequency is preferably selected to be of a 

lower frequency t~an the down converted radio frequency 

signal so that they can be readily separated in the receiver 

by filters. The radio frequency signal typically comprises 

5 a plurality of multiplexed radio frequency channels, each 

channel being suitable for use in a mobile cellular radio 

communications system. 

i\ccording to a second aspect of the invention there is 

provided apparatus for use, at the first site, in a method 

10 according to the invention, comprising: 

a reference oscillator, 

downconve~ting means, 

means for deriving a conversion signal from the 

reference O$Cillator for use with the downconverting means, 

15 means for deriving· a pilot signal from the reference 

oscillatoP-, 

and transmitting means for transmitting a RF signal. 

Kccording to a third aspect of the invention there is 

provided apparatus for use at the second site, in a method 

20 according to the invention, comprising: 

receiving means for receiving a RF signal, 

generating means for generating a conversion signal 

from a received pilot signal, and 

up ~onverting means responsive to the conversion 

25 signal. 

Preferred embodiments of the invention will now be 

described, by way of example only, and with reference to the 

accompanying figures, in which: 

Figure 1 shows a prior art system, using an optical 

30 fibre communications link, 

35 

Figure 2 shows a prior art system using a radio 

frequency communica~ions link, 

?igure 3 shows a =irst arrangement according to the 

present invention, and 

Figure 4 shows a second arrangement according to the 

present invention. 
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The prior ~rt system shown in Figure l comprises a 

macrocell base sta~ion (10), a microcell base station (13) -

and an optical fibre communications link (12). The macrocell 

and microcell base stations comprise respective antennas (14) 

5 and (15) and the op't:ical fibre communications link (12) 

comprises a laser (16), an optical fibre (17) and a PIN 

photodi ode C 18 ) . 

A modulated RF signal at 900 MHz (shown schematically 

in Figure 1 (a)) transmitted -by the macrocell base station 

10 antenna (14) is sampled within the macrocell at (11) and this 

signal is applied directly to the laser (16) of the optical 

fibre communications link (12): The output of the laser (16) 

(shown schematically in Figure l(b)) has a modulation 

bandwidth of approximately J800 MHz. This laser output-is 

15 carried to the PIN photodiode (18) by the optical fibre (12}. 

Here the_900 MHz modulated RF signal is recqvered, passed to 

a linear power amplifier (19) and transmitted by the 

microcell base station antenna (15). Frequency accuracy of 

the retransmitted modul.ated RF signal is ensured because the 

20 whole of the signal transmitted by antenna (14) is used to 

modulate the laser (16). 

The prior art method could, as shown in Figure 2, be 

used with a radio frequency communications link. Thus the 

communications link could comprise a microw~ve source (23), 

25 an amplitude modulator (24), a pair of microwave dish 

antennas (25), and a receiver (26). In this case the 

modulated RF signal f~d to the amplitude modulator (24) is 

modulated onto a 6 GHz signal produced by the microwave 

sourc\! ( 23 )-, and transmitted between the microwave dish 

30 antennas (25). At the receiver (26) the modulated RF signal 

is· recovered by envelope detection, amplified and supplied to 

the antenna (29) for retransmission. However the consequent 

1800 ~'1Hz modulation bandwidth required of the radio 

communica'Cions link (shown in Figure 2 (b)) is a very 

35 inefficien'C use of the available radio spectrum and there are 

few circumstances in which such a large bandwidth requirement 

would be acceptable. 
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In a first embodiment according to the present 

invention, shown in Figure 3, the macrocell base station (30) 

is provided with a· down converter (33), a local oscillator 

(34) and a divider (35). The modulated 900 MHz RF signal 

5 transmitted by the rnacrocell base station ( 30) via antenna 

( 43) ·(shown schematically in Figure 3 (a)) is sampled at ( 44) 

and fed to the down converter (33). This signal is mixed 

with a conversion signal from the local oscillator (34) which 

is at a· frequency which differs from 900 MHz by at least the 

10 modulation bandwidth of the RF signal. The resulting low 

frequency (typically -10 MHz), modulated signal is fed to the 

6 G!!z transmitter (36) of a FM microwave transmission system. 

Derived from the same local oscillator (34) by means of the 

divider (35) is a 500 KHz pilot signal. This pilot signal is 

15 also fed to the same transmitter (36). The signal 

20 

transmitted by the FM system (shown schematically in Figure 

3(b)) thus has a bandwidth of typically 40 MHz; due to FM 

side bands. For an AM system the bandwidth would be 

approximately 20 MHz. 

At the FM receiver (38) this signal is demodulated in 

the conventional manner and the 10 MHz downconverted 

modulated signal and 500 KHz pilot signal are passed to the 

microcell base station. 

The microcell base station (32) is provided with an 

25 upconverter (40), a phase locked oscillator (39), a linear -power amplifier (41) and an antenna (42). 

The 10 MHz signal is passed directly to the 

upconverter (40) whereas the 500 KHz pilot is used to derive 

a 890 MHz conversion signal for use with the upconverter. 

30 The phase locked oscillator comprises a voltage controlled 

oscillator (45) operating at approximately 890 MHz, a divider 

(35), mixer (48) and a low pass filter (47). The pilot 

signal at 500 KHz is used by the phase locked oscillator to 

exaci:ly reproduce the conversion signal used in the macrocell 

35 base station (30). The pilot signal and the divided output 

of the oscillator are mixed at the mixer (48) and the 

resulting difference signal is passed, via the low pass 
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filter, -to the voltage controlled oscillator. The resulting 

conversion signal ~s fed to the upconverter (40) and, with 

the 10 MHz signal, precisely reforms the macrocell's 

modulated RF signal. The reformed signal is amplified to the 

5 required transmit power level by linear power amplifier (41) 

and transmitted by antenna (42). 

Preferably the local oscillator (34) at the macrocell 

base station is also a voltage controlled oscillator and is 

locked to the output of a 500 KHz quartz crystal osc~llator. 

10 This has ~he advantage of allowing the same circuitry to be 

used at both the macrocell and microcell base stations. At 

the macrocell base station the oscillator is locked to a 500 

KHz crystal, while at the microcell base station the 

oscillator is xock~d to th& incoming 500 KHz pilot signal, 

15 which is derived from the same 500kHz crystal. 

~he use of a low frequency for the pilot signal 

minimises phase and amplitude noise since in an FM system 

noise increases linearly with frequency. 

Use of an FM rather than an AM radio system has the 

20 advantages of not requiring a linear transmitter, having 

high overall linearity over the system, and the well known FM 

noise advantage. 

In a second embodiment of the invention, shown in 

F~gure 4, the macrocell base station (50) is-provided with a. 

25 multiplier (51) rather t~an a divider, and the local 

oscillator (52) is operated at the low pilot signal frequency 

of 500 KHz. Hence the pilot signal is supplied to the FM 

transmitter ( 3 6) directly from the local oscillator while the-

890 MHz conversion signal for use with the downconverter is 

30 generated by the multiplier (51). The microcell base station 

is provided with an identical multiplier (51) and the need 

for an oscillator at this base station is thus eliminated. 

At the :microcell !Jase station the 500 KHz pilot signal is 

simply passed through the multiplier (51) to generate a 890 

35 MHz conversion signal for use with the up converter. This 

second embodiment has the further advantage of being less 

susceptible to phase noise. 
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!n further embodiments of the invention a divider 

could :!::le used at the first site and a multiplier at the 

second site, and vice versa. 

:n a typical mobile communications system, in which 

5 radio transmissions pass in both directions over the radio 

link, a similar up and down conversion is required for each 

direction of transmission. For this purpose the base station 

and rem~te site may each be equipped with a local oscillator 

to provide the down conversion reference frequency and the 

10 pilot signal for transmission to the other station for the 

upconversion of the signal received there. However, 

alt&rnatively the pilot signal sent from the first site to 

the second site may be used at the second site both for up 

conversion ~f ~he signals received at the second site, as 

15 described above, and for·the reference signal for the down 

conversion. of the signals that the second site trans mi ts 

itself. The reference oscillator at the first site will then 

provide· the reconversion reference frequency at the first 

site directly. The reference oscillator may be located at 

20 either the base station or the remote site, however, if the 

base station communicates with more than one remote site the 

same reference oscillator, if located at the base station, 

may be used for all the links. 

This- arrangement removes the need to have a local 

25 oscillator at the second si~e. 
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CLAIMS 

l. A method of transferring a modulated radio frequency 
signal from a first: site to a second site, the method 
comprising the steps of: 

1) at the first site, downconverting the modulated 
signal by mixing the modula:Eed signal with a first 
conversion signal derived from a reference 
oscillator, 

2) deriving a pilot signal from the reference 
·oscillator, 

3) sending both the d:ownconverted mo·dulated signal 
and the pilot signal from the first site to the 
second site-via a common communications link, -

4) at the second site, deriving a_second conversion 
signal from the pilot signal, which second 
conversion signal is of a substantially identical 
frequency to the first conversion signal, and 

5) reforming th! modulated radio frequency signal by 
mixing the downconverted modulated signal with the 
second conversion signal. 

2. A method as claimed in claim 1, wherein the common 
communications link comprises a free-space radio frequency 
transmission system. 

3. A method as claimed in claim 2, wherein a carrier 
frequency of the transmission system is frequency modulated. 

4. A method as claimed in claim 2 or 3, wherein the 
carrier is at microwave frequency. 

5. .~ met:hod as claimed in any preceding claim, wherein 
the conversion signal is at the same frequency as the 
reference oscillator and the pilot signal is derived from the 
reference oscillator by means of a divider. 
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6. A method as claimed in claim 5, wherein at the second 

site the conversion signal is derived from the pilot signal 

by means of a divider. 

7. A method as claimed in claim 6, wherein a phase locked 

oscillator is used to derive the conversion signal from the 

pilot signal. 

8. A method as claimed in any one of claims 1 to 4, 

wherein the pilot signal is at the same frequency as the 

reference oscillator and the conversion signal is derived 

from the reference oscillator by means of a multiplier. 

9. A method as claimed in claim 8, wherein at the second 

site the conversion signal is derived from the pilot signal 
by means Q.f a multiplier. 

10. A- method as claimed in any previous claim wherein the 

pilot signal is of a lower frequency than the downconverted 
modulated RF signal. 

11. A method as claimed in any preceding claim, wherein 

the modulated RF signal comprises a plurality of multiplexed 

RF channels, each channel being suitable for use in a mobile 

cellular ra~io communicatio~s system. 

12. A method as claimed in any preceding claim wherein the 

method also comprises the transfer of a second modulated 

radio frequency signal from the second site to the first 

site. 

13. A method as claimed in claim 12 comprising the 

additional s~eps of. at ~he second site 

deriving a -:hi:d conversion signal from the pilot 
signal, 
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down conve~tinq the second modulated radio frequency 
signal by mixing the second modulated signal with the third 
conversion signal, 

sending the down convert:ed second modulated radio 
frequency signal from the second site to the first site, 

at the first site, deriving a fourth conversion signal 
from the reference oscillator, which fourth signal is of 
substantially id,entical frequency to the third conversion 
signal, and re-forming the second modulated radio frequency 
signal by_mixing the down converted second modulated signal 
with the fourth conversion signal. 

14. Apparatus for use at the first site in a method as 
claimed in any-pre~eding claim, the apparatus comprising: 

a reference oscillator, 

downconverting means, 

means for deriving a conversion signal from the 
reference oscillator for use with the downconverting means, 

means for deriv.i:-ng a pilot signal from the reference 
oscillator, 

and transmitting means for transmitting a RF signal. 

15. Apparatus for use at the second site in a method as 
claimed in any one of claims 1 to 11,. the apparatus 
comprising: 

receiving means for receiving a RF signal, 
generating means for generating a conversion signal 

from a received pilot signal, and 

upconverting means responsive to the conversion 
signal. 


