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(57) ABSTRACT 

Atest method in an RF communication system is described. 

In the communication system, at least one RF communica 

tion channel lies about a knoWn carrier frequency in an RF 

communication band. According to the method, a diagnostic 
signal is introduced into a circuit to be tested, such as a linear 

poWer ampli?er, the diagnostic signal having an RF diag 
nostic frequency lying Within the communication band. The 
diagnostic signal is doWn converted to an intermediate 

frequency for diagnostic purposes so that DSP is simpli?ed. 
The diagnostic frequency is selected based on the knoWn 
carrier frequency of the communication channel so that the 

communication channel is not doWn converted as an image 

band With the diagnostic signal. A transmitter and an alter 
native test method are also described. 



Patent Application Publication Dec. 6, 2001 Sheet 1 0f 2 US 2001/0049270 A1 

LO 

DB \5 A (1 CB 

CARRIER 

DSP 



Patent Application Publication Dec. 6, 2001 Sheet 2 0f 2 US 2001/0049270 A1 

[(8 
I ____ _ _ ‘L _ I 10 

CARRIER I l 
FREQUENCY:T_) :) 1, ~ -—>fp 

DATA l \ x | 

L__28__.___?£_I 

FIG. 4 

fTXI fLO fTX2 
r‘ v f 
I 24 I p 

I 2110 I f f 
I I I MHZ I x -> y 

O J. ' I- : 

\ fc Hfm \_Y__J 
DOWN CONVERTED FR 

1’ 
p FIG. 5 

fLO fLO 
A =75 MHz 

3’ '3 
FIG. 6a FIG. 6c 

‘10 fLo 

‘A,’ / 1-: 
Z :: 

FIG. 6 FIG. 6d 



US 2001/0049270 A1 

TESTING IN AN RF COMMUNICATION SYSTEM 

[0001] The present invention relates to testing in an RF 
communication system, in particular in a mobile communi 
cation network Where a base station communicates With a 
plurality of mobile stations (for example mobile telephones) 
using a plurality of communication channels Within a com 
munication band. 

[0002] In the following, the present invention is discussed 
in the context of a transmitter at a base station Which 
operates to transmit data to one or more mobile stations, 
each of Which is equipped With appropriate receiving cir 
cuitry. It Will be apparent hoWever that the mobile stations 
are also equipped With transmission circuitry and that the 
base station is equipped With appropriate reception circuitry 
and that therefore the aspects of the invention discussed 
herein may be applied either in base stations or mobile 
stations as appropriate. 

[0003] In addition, the invention is discussed herein in the 
context of Wide band code-division multiple access 
(W-CDMA) communication. According to W-CDMA com 
munication, data to be transmitted is generated in the form 
of a modulation signal Which is modulated onto a selected 
carrier frequency at the transmitter. The carrier frequency 
With its modulation forms a transmission channel of a 
predetermined bandWidth centred about the selected carrier 
frequency. A predetermined transmission band is allocated 
for each transmitter Within Which the carrier frequencies and 
consequent transmission channels have to lie. A controller 
Within the transmitter governs selection of appropriate car 
rier frequencies for transmission. The bandWidth of the 
transmission band and the bandWidth of the modulation 
signal for each transmission channel is governed by appro 
priate Standards. According to one Standard, a transmission 
band has a bandWidth of 60 MHZ lying betWeen 2.11 GHZ 
and 2.17 GHZ and the bandWidth of the modulation signal is 
5 MHZ. 

[0004] There are many occasions When it is required to 
test transmission circuitry. One example Would be a set-up 
or initialise phase of transmission circuitry required for 
processing the communication channels prior to transmis 
sion. Another example Would be to monitor operation of the 
transmission circuitry during normal use. Yet a further 
example might be to diagnose faults in the transmission 
circuitry. For these and other similar test purposes, it is 
knoWn to use a diagnostic signal Which is introduced into the 
transmission circuitry, processed by the transmission cir 
cuitry and then further processed according to a diagnostic 
or test procedure. 

[0005] It is clearly advantageous if the diagnostic signal 
lies at a frequency Which is close to the normal operational 
frequency of the transmission circuitry. Thus, it is advanta 
geous if the diagnostic signal lies at a frequency Within the 
chosen transmission band Within Which the transmitter oper 
ates. HoWever, for RF frequencies at the level exempli?ed 
above, or more generally in the range for example of 400 
MHZ to 2.4 GHZ, it is dif?cult to carry out diagnostic or test 
procedures on a diagnostic signal because the frequency is 
too high for normal digital signal processing equipment to 
operate. 

[0006] It is an object of the present invention to overcome 
these difficulties by alloWing diagnostic or test procedures to 
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be conducted at an intermediate frequency Which is signi? 
cantly loWer than the RF frequencies utilised for transmis 
sion. 

[0007] One problem Which arises in attempting to achieve 
this objective is that a diagnostic signal Which lies at a 
frequency Within the transmission band cannot simply be 
doWn converted to a loWer intermediate frequency. The 
reason for this is described With reference to FIG. 1. FIG. 
1 is a diagrammatic frequency chart With the break in the 
horiZontal axis indicating a change in frequency range from 
a loW frequency of the order of 100 KHZ or a feW MHZ to 
a high frequency range of the order of several hundred MHZ 
to GHZ. CB represents a communication band and LO 
represents a local oscillator signal Which is used to doWn 
convert the communication band CB. The frequency differ 
ence A betWeen the local oscillator signal LO and the 
communication band CB is selectable according to the 
desired intermediate frequency after doWn conversion. 
HoWever, existing doWn conversion circuits doWn convert 
not only the communication band but also a so-called image 
band IB Which is located a similar frequency distance A to 
the other side of the local oscillator signal LO. Thus, as the 
arroWs in FIG. 1 indicate, not only the desired communi 
cation band, but also an undesired image band are simulta 
neously doWn converted to form the doWn converted band 
DB at the loWer intermediate frequency. 

[0008] Thus, if a diagnostic signal is placed Within a 
communication band, an attempt to doWn convert it runs a 
risk of doWn converting a useful transmission channel Which 
happens to lie in the image band during doWn conversion. 

[0009] According to one aspect of the present invention 
there is provided a test method in an RF communication 
system in Which at least one RF communication channel lies 
about a knoWn carrier frequency in an RF communication 
band, the method comprising: 

[0010] introducing into circuitry to be tested a diag 
nostic signal at an RF diagnostic frequency lying 
Within the communication band, and 

[0011] doWn converting the diagnostic signal to an 
intermediate frequency for diagnostic purposes after 
processing by the circuitry to be tested, Wherein the 
diagnostic frequency is selected based on the knoWn 
carrier frequency of the at least one communication 
channel such that the communication channel is not 
doWn converted as an image band With the diagnos 
tic signal. 

[0012] The method is particularly applicable When oper 
ated at a transmitter When the diagnostic signal is introduced 
into transmission circuitry. In the example described herein, 
the transmission circuitry comprises a linear poWer ampli?er 
Which processes the at least one communication channel 
prior to transmission. The invention is particularly useful in 
this context because the linearity of a linearised poWer 
ampli?er is designed to be optimiZed around the operational 
communication band. In that context, the diagnostic signal is 
removed from the communication band prior to transmis 
sion. 

[0013] The test method can hoWever also be operated at a 
receiver in a diagnostic environment Wherein the diagnostic 
signal is received at receiving circuitry to be tested Which 
also receives the at least one communication channel. 
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[0014] In the context of a diagnostic signal for a linear 
power ampli?er, it is likely that a single frequency or pure 
tone Will be used. 

[0015] In the context of a diagnostic signal for receiving 
circuitry, it is likely that test data Will be transmitted using 
an operational transmission channel of a predetermined 
bandWidth. 

[0016] According to another aspect, the invention pro 
vides a transmitter for an RF communication system com 
prising: 

[0017] transmission circuitry for processing commu 
nication channels Within an RF transmission band 
prior to transmission; 

[0018] a controller for selecting the carrier frequency 
of at least one communication channel for transmis 
sion, the carrier frequency lying Within an RF com 
munication band, said controller also being operable 
to select a diagnostic frequency Within the RF com 
munication band for introducing a diagnostic signal 
at the diagnostic frequency into the transmission 
circuitry for test purposes; and 

[0019] means for doWn converting the diagnostic 
signal to an intermediate frequency for diagnostic 
purposes after processing by the transmission cir 
cuitry Wherein the diagnostic frequency is selected 
based on the knoWn carrier frequency of the at least 
one communication channel such that the commu 
nication channel is not doWn converted With the 
diagnostic signal. 

[0020] Preferably the controller also selects the frequency 
of a local oscillator signal used to doWn convert the diag 
nostic signal. This could hoWever be selected by another part 
of the circuitry or could be preset. It is desirable hoWever 
that it varies in dependence on the diagnostic frequency so 
that the doWnconverted intermediate frequency is ?xed 
(being the difference betWeen the diagnostic frequency and 
the local oscillator frequency). 

[0021] When the diagnostic signal is used for a linear 
poWer ampli?er, the transmitter can include circuitry for 
cancelling the diagnostic signal prior to transmission. 

[0022] In a mobile communication environment, the trans 
mitter includes means for modulating the selected carrier 
frequency With a modulation signal representing data to be 
transmitted. As already mentioned, the invention is particu 
larly appropriate for use in a Wide band CDMA environ 
ment. 

[0023] According to a further aspect of the invention there 
is provided a test method in an RF communication system in 
Which at least tWo RF communication channels respectively 
lying about knoWn carrier frequencies are present in an RF 
communication band, the method comprising: 

[0024] doWnconverting one of said RF communica 
tion channels to an intermediate frequency for diag 
nostic purposes using a doWnconverting signal, 
Where the frequency of the doWnconverting signal is 
selected based on the knoWn carrier frequencies of 
the communication channels such that the other 
communication channel is not doWnconverted With 
the doWnconverted communication channel as an 
image frequency. 
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[0025] For a better understanding of the present invention 
and to shoW hoW the same is to be carried into effect, 
reference Will noW be made by Way of example to the 
accompanying draWings in Which: 

[0026] FIG. 1 illustrates the effect of doWn conversion of 
a high frequency; 

[0027] FIG. 2 is a diagram illustrating the context of the 
invention; 

[0028] FIG. 3 is a circuit diagram illustrating one example 
of diagnostics in a linear poWer ampli?er at a transmitter; 

[0029] FIG. 4 is a block diagram of the components of a 
controller for use in the transmitter of FIG. 3; 

[0030] 
[0031] FIGS. 6a to 6d represent different examples for 
selection of a doWnconverting local oscillator frequency. 

FIG. 5 is one example of frequency selection; and 

[0032] The present invention Will be described in the 
context of a mobile communication environment as illus 
trated diagrammatically in FIG. 2. A base station BTS can 
communicate With a plurality of mobile stations MS via RF 
communication channels CC. The base station and mobile 
stations transmit data using transmission channels based on 
preselected transmission carrier frequencies onto Which data 
to be transmitted is modulated. 

[0033] FIG. 3 is a circuit diagram of the relevant circuitry 
Within a transmitter Which can be located either at the base 
station BTS or Within each mobile station MS. The circuitry 
comprises a data generator 2 Which generates a modulation 
signal ?n having a predetermined bandWidth, for example 5 
MHZ, and Which represents the data to be transmitted. A 
mixer 4 receives the modulation signal ?n and a carrier 
frequency fc generated by a ?rst oscillator 6. The ?rst 
oscillator 6 is controlled by a controller 8. The controller 8 
also controls a second oscillator 10 Which generates a signal 
at a diagnostic frequency fp and a third oscillator 12 Which 
generates a local oscillator signal LO. A linear poWer 
ampli?er 14 receives the transmission channel fT X Which 
comprises the carrier frequency fc and the modulation signal 
fm. The output of the ampli?er 14 is supplied via a coupler 
16 to a cancellation circuit 18 and ?nally to an antenna 20 
for transmission. 

[0034] As is knoWn in the art, suitable ?lters are included. 
The signal fp generated by the second oscillator 10 acts as 
a pilot tone for the linear poWer ampli?er 14. Part of the 
output of the linear poWer ampli?er 14 is extracted at the 
coupler 16 and supplied to a doWn conversion circuit 22 
Which receives the local oscillator signal LO. The doWn 
conversion circuit 22 uses the local oscillator signal LO to 
generate a diagnostic signal 24 at a loW intermediate fre 
quency. The diagnostic signal 24 is supplied to a digital 
signal processor 26 for carrying out diagnostic procedures. 
The cancellation circuit 18 removes the pilot tone from the 
transmission signal fT X prior to transmission at the antenna 
20. 

[0035] The controller receives carrier frequency data from 
a central system on line 28. As illustrated in FIG. 4, this data 
is used to control the frequency of the pilot tone by con 
trolling the frequency of the oscillation signal generated by 
the second oscillator 10. The controller 8 selects an appro 
priate carrier frequency fc for generating the transmission 
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signal fT X in line With the predetermined set up for that 
particular base station or mobile station. In order to do this, 
the controller holds information about the bandWidth of the 
transmission band and the upper and loWermost frequencies 
of the transmission band, together With information about 
the transmission channels Which are alloWed to be used 
Within that band. Control logic 28 analyses this information 
and determines an appropriate frequency for the pilot tone 
such that, When the pilot tone is doWn converted, no other 
transmission channel in use lies in the image band during 
doWn conversion. The appropriate selection made by the 
control logic 28 is supplied to a frequency synthesiZer 30 
Which controls the second oscillator 10 accordingly. 

[0036] The frequency of the local oscillator signal LO may 
also be selected by the controller 8 through control of the 
third oscillator 12 in order to doWn convert the pilot signal 
to a prede?ned intermediate frequency. This has the advan 
tage that it alloWs the intermediate frequency to be ?xed so 
that ?lters such as ?lter 29 and other circuitry may be set up 
to operate at a prede?ned frequency. It also simpli?es 
operation of the digital signal processor 24 to receive a 
signal at a ?xed, prede?ned frequency. 

[0037] In the described example, selection of the frequen 
cies is carried out by the controller 8 in line With the 
folloWing: 

[0038] fc lies in the range 2110 MHZ to 2170 MHZ 

[0039] each transmission channel has a bandWidth of 5 
MHZ (fm=2.5 MHZ) 

[0040] fp=fc:(fm+fx), Where fx lies for example in the 
range of 100 KHZ to 2.5 MHZ for a W-CDMA system 

[0041] fLO=fp:fy, Where fy is chosen according to the 
processing capability of the DSP 26 lies for example in 
the range of 100 KHZ to 1.25 MHZ in a W-CDMA 
system 

[0042] FIG. 5 illustrates one example of selections of the 
frequencies fc, fp and fLO. In FIG. 5, tWo transmission 
channels fTX1 and fTX2 are illustrated, each having a 
bandWidth of 5 MHZ and a carrier frequency fc. FR denotes 
the frequency range Within Which fp and fco are selected 
according to the above described criteria. The doWn con 
verted diagnostic signal is designated 24 and is surrounded 
by a dotted line denoting the pass band of the baseband ?lter. 
It Will be appreciated that the frequency of the doWn 
converted diagnostic signal 24 is the difference frequency fy 
used to generate the doWnconverting signal fLO for the 
doWnconversion circuit 22. 

[0043] Thus, in the described example, a linearised poWer 
ampli?er 14 uses a narroW band pilot tone for calibration 
purposes. The transmit channel fT X can be any of a number 
of channels inside a Wide frequency band (60 MHZ as 
described in the example herein). The calibration tone is 
placed inside the frequency band for transmission, but 
cannot overlap the transmission channel itself. Thus, the 
location of the calibration tone is not ?xed, but instead is 
placed at a frequency Which is free from transmission and 
Which has no transmit channel at its image frequency in 
doWn conversion, using the available information about the 
transmit frequency. 

[0044] Selection of the doWn converting oscillator fre 
quency fLO can be used for another purpose. That is, the 
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transmission channel fT X itself can be doWn converted after 
the linear poWer ampli?er 14 for diagnostic purposes. Thus, 
consider the situation Where it is needed to doWn convert a 
single transmit channel at an RF frequency (eg in the range 
2.11%217 GHZ) of bandWidth 5 MHZ into an intermediate 
frequency of 7.5 MHZ for diagnostic procedures. In addi 
tion, consider the case Where tWo transmit channels can be 
simultaneously present inside a sub band Within the trans 
mission band, the sub band having a Width of 20 MHZ and 
the transmission band having a Width of 60 MHZ. FIGS. 6a 
to 6d illustrate some of the possible combinations of the 
transmit channels and the frequency of the oscillator signal 
LO used for doWn conversion. 

[0045] In each case, the local oscillator signal LO is 
chosen in such a Way that there is no other transmit channel 
at the image frequency of doWn conversion. As already 
described, the image frequency lies at the same frequency 
distance (A in FIG. 1) on the other side of the local oscillator 
signal as the doWn converted channel. In each of FIGS. 6a 
to 6d, the transmit channel to be doWn converted is shoWn 
shaded. The image frequency in each case is shoWn as a 
dotted line. In each case it can readily be seen that the image 
frequency does not overlap the other transmission channel 
Which is present in each case. It Will be noted that FIGS. 6a 
and 6b illustrate high injection for the doWn conversion 
circuit 22. That is the local oscillator signal is at a higher 
frequency than the channel to be doWn converted. FIGS. 6c 
and 6d represent loW injection, that is the local oscillator 
signal is at a frequency loWer than that of the channel to be 
doWn converted. In each case, the image frequency lies on 
the other side of the local oscillator signal With respect to the 
channel to be doWn converted. 

[0046] Thus according to this use of the oscillator signal 
LO, knoWledge of a Well de?ned radio environment is used 
to implement simple and ef?cient doWnconversion by 
arranging the location of the doWnconverting local oscillator 
signal suitably. The frequency of the signal fLO involved in 
doWnconversion is controlled in such a Way that the image 
rejection in doWnconversion is maximised Without pre 
?ltering. The transmitter uses the information about the 
transmit frequencies Which is necessary for determining 
transmission channels. This information is employed to 
determine Where it is best to place the doWnconverting 
signal fLo in order to avoid converting doWn a strong 
frequency component, that is another transmit channel, as an 
image frequency. 

1. Atest method in an RF communication system in Which 
at least one RF communication channel lies about a knoWn 
carrier frequency in an RF communication band, the method 
comprising: 

introducing into circuitry to be tested a diagnostic signal 
at an RF diagnostic frequency lying Within the com 
munication band; and 

doWn converting the diagnostic signal to an intermediate 
frequency for diagnostic purposes after processing by 
the circuitry to be tested and Wherein the diagnostic 
frequency is selected based on the knoWn carrier fre 
quency of the at least one communication channel such 
that the communication channel is not doWn converted 
With the diagnostic signal. 
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2. A test method according to claim 1 When operated at a 
transmitter Wherein the diagnostic signal is introduced into 
transmission circuitry. 

33. A test method according to claim 2 Wherein the 
transmission circuitry comprises a linearised poWer ampli 
?er Which processes the at least one communication channel 
prior to transmission and Wherein the diagnostic signal is 
removed from the communication band prior to transmis 
sion. 

4. A test method according to claim 1 When operated at a 
receiver in a diagnostic environment Wherein the diagnostic 
signal is received at receiving circuitry to be tested Which 
also receives the at least one communication channel. 

5. A test method according to claims 1, 2, 3 or 4 Wherein 
the diagnostic signal is a tone. 

6. A test method according to claim 1, 3 or 4 Wherein the 
diagnostic signal is a test channel having a bandWidth 
comparable to a communication channel. 

7. A test method according to any preceding claims 
Wherein the diagnostic signal is doWncoverted using a 
doWnconverting signal at a frequency Which is selected so 
that the intermediate frequency is ?xed regardless of the 
diagnostic frequency. 

8. A transmitter for an RF communication system com 
prising: 

transmission circuitry for processing communication 
channels Within an RF transmission band prior to 

transmission; 
a controller for selecting the carrier frequency of at least 

one communication channel for transmission, the car 
rier frequency lying Within an RF communication band, 
said controller also being operable to select a diagnostic 
frequency Within the RF communication band for intro 
ducing a diagnostic signal at the diagnostic frequency 
into the transmission circuitry for test purposes; 
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and means for doWn converting the diagnostic signal to an 
intermediate frequency for diagnostic purposes after 
processing by the transmission circuitry Wherein the 
diagnostic frequency is selected based on the knoWn 
carrier frequency of the at least one communication 
channel such that the communication channel is not 
doWn converted With the diagnostic signal. 

9. A transmitter according to claim 8 Wherein the con 
troller also selects a doWnconverting frequency for doWn 
converting the diagnostic signal such that the intermediate 
frequency is ?xed regardless of the diagnostic frequency. 

10. A transmitter according to claim 8, Wherein the 
transmission circuitry comprises a linearised poWer ampli 
?er. 

11. A transmitter according to claim 8, 9 or 10 Which 
comprises circuitry for cancelling the diagnostic signal prior 
to transmission. 

12. Atransmitter according to claim 8, 9, 10 or 11 Which 
comprises means for modulating the selected carrier fre 
quency With a modulation signal representing data to be 
transmitted. 

13. A test method in an RF communication system in 
Which at least tWo RF communication channels respectively 
lying about knoWn carrier frequencies are present in an RF 
communication band, the method comprising: 

doWnconverting one of said RF communication channels 
to an intermediate frequency for diagnostic purposes 
using a doWnconverting signal, Where the frequency of 
the doWnconverting signal is selected based on the 
known carrier frequencies of the communication chan 
nels such that the other communication channel is not 
doWnconverted With the doWnconverted communica 
tion channel as an image frequency. 


