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Description

[0001] The present invention relates to signal interference measurement, and is more particularly concerned with
measuring the amount of wanted signal power and interfering signal power in a GSM signal.
[0002] In cellular telephone networks, where there are multiple base stations, it is often necessary to resort to the
frequent re-use of frequency channels due to the limited amount of frequency spectrum made available to the operators
by the regulatory authorities. Thus, the situation will arise where significant interference from signals transmitted from
a plurality of base stations using the same channel is present on a wanted signal at the receiver. Such interfering signals
will have the same general characteristics as the wanted signal, but will be unsynchronised in time.
[0003] It is a common requirement to be able to measure the level of the wanted signal together with the total level of
interference present, for example to perform surveys of system coverage, frequency re-use patterns and to assess
degradations in system performance due to such interference.
[0004] A particular difficulty associated with the measurement of such interference is that the wanted signal is trans-
mitted continuously or with very short breaks and may be received at a significantly higher power level than the interfering
signals. For example, such interference may be around 30dB or more below the level of the wanted signal.
[0005] Whilst it may be possible to carry out measurements during guard periods of the wanted transmission, practical
experience demonstrates that power assessment is difficult due to the short duration of these guard periods. Moreover,
power measurements during the guard periods may be compromised by the response time of the receiver itself, and
also by the transmitter transmitting the wanted signal not reducing its power significantly during those periods.
[0006] WO-A-99/38270 describes a receiver for receiving a spread spectrum signal which may include unwanted
narrow band signals. The technique
[0007] disclosed processes a narrow band signal that is received by decoding and regeneration prior to signal de-
spreading.
[0008] US-A-2004/0161065 describes a method for reducing interference in a GSM communication system using a
Finite Impulse Response (FIR) filter. Complex training software is required and the technique described demands sig-
nificant processing capabilities.
[0009] US-A-6369758 discloses a method of training an adaptive antenna array to cancel unwanted multipath signals
and suppress interfering signals. Pseudo random training symbols are used to effect the training signal power and power
variance can be determined when certain training symbols are used.
[0010] The present invention relates to a technique whereby the interference level may be accurately measured over
a wide dynamic range of both wanted and interference power levels in the receiver whilst the wanted signal is being
continuously received.
[0011] According to one aspect of the present invention, there is provided a method of determining the amount of
signal power and interference power in a received signal, the received signal having a wanted signal and a plurality of
interfering signals, the method comprising the steps of:

a) selecting a plurality of first known structures in the wanted signal;

b) processing the received signal in accordance with said plurality of first known structures to derive a set of amplitude
values corresponding to the said first known structures; and

c) using the set of amplitude values to determine the power level for at least a portion of the received signal;

characterised in that step a) includes identifying said plurality of first known structures using a further known structure
within the wanted signal.
[0012] Whilst the present invention allows the determination of the power level for at least a portion of the received
signal, it is preferred that both the wanted signal power and the interfering signal power are determined.
[0013] Step a) may include identifying locations of a further structure within the wanted signal, and using the identified
locations to derive the locations of said plurality of first known structures.
[0014] In a GSM signal, said plurality of first known structures may comprise Frequency Correction Bursts (FCBs).
The further known structure may then comprise sync bursts.
[0015] Preferably, the step of identifying said plurality of first known structures includes using pointer values selected
by said further known structure. These values may be derived by access to a Look Up Table (LUT), and step a) may
include using said pointer values to select said plurality of first known structures in said received signal.
[0016] Optionally, step b) comprises correlating the received signal with said selected plurality of first known structures
to derive said set of amplitude values. Naturally, the type of processing will depend on the type of signals that are being
processed. In the case of GSM, a FIR filter can be used to correlate the received signal with the FCBs as described above.
[0017] As part of the determination of the power value for at least a portion of the received signal, step c) comprises
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determining mean and variance values for said set of amplitude values. If absolute power values are required, then step
c) further comprises using calibration factors to produce an absolute power value for the wanted signal. Furthermore,
the calibration factors can be used to produce an absolute power value for the interfering signals.
[0018] It will be appreciated that apparatus suitable for carrying out the method described above may comprise an
antenna for detecting a received signal that includes a wanted signal and a plurality of interfering signals, means for
detecting the first known structure within the wanted signal received at the antenna, and means for processing the
received signal to obtain a measure of the amount of interference present in the received signal.
[0019] Preferably the known structure, feature or portions of the signal which are detected with in the present embod-
iment relating to GSM systems are Frequency Correction Bursts (FCBs). Alternative embodiments could exploit other
elements of the GSM signal. FCBs are a particular type of bursts of modulation which are incorporated in signals at
intervals and are primarily intended for frequency correction purposes in low stability receivers. A particular characteristic
of an FCB is that to create the burst, a string of typically 142 modulating bits all with "zero" state is applied to the GMSK
modulator at the transmitter in accordance with the relevant ETSI specifications for GSM systems. By identifying the
positions of a plurality of such bursts in the wanted signal received at the antenna, and applying these identified portions
of the total received signal to an appropriately configured Finite Impulse Response Filter (FIR) or equivalent correlator
or other equivalent process, and applying standard statistical analysis techniques to a selected plurality of the amplitude
outputs of the FIR, it is possible to obtain estimates of the power levels of the wanted signal as well as the interfering signals.
[0020] Furthermore, if the receiver is calibrated using an appropriate test signal with a known, defined power level, it
is possible to derive and apply factors to the results of the statistical analysis to obtain estimates of both the wanted
signal level and the total interference level in the receiver in terms of absolute power units, preferably dBm.
[0021] The positions of the FCBs in the wanted signal are preferably obtained through exploiting other known char-
acteristics of this signal, preferably by identifying the locations of a plurality of synchronisation bursts in the wanted
signal, by using well-known techniques commonly employed by GSM receivers, for example by using an FIR or correlation
process. Once the positions of a plurality of synchronisation bursts have been established, the positions of all FCBs of
interest are obtained from published knowledge of the structure of the transmitted signal.
[0022] In many applications of interest, the corruption of the wanted signal by interference will be such that the positions
of the synchronisation bursts may be directly identified with the required fidelity. In order to extend the applicability of
the invention to cases where the interference levels are such that the synchronisation bursts cannot be so identified,
the required information can be preferably obtained using an auxiliary antenna and receiver which is so deployed as to
receive a high quality version of the wanted signal from the base station of interest. A particular but not exclusive
embodiment of this procedure would be if a directive antenna is used in conjunction with the measurement receiver to
perform an azimuthal power scan. In this embodiment an auxiliary receiver with a directive antenna oriented in the
direction of the strongest received level of the wanted signal may be used with advantage to ensure that synchronisation
burst positions can always be identified, irrespective of the signal and interference levels extant at the antenna of the
measurement receiver.
[0023] For a better understanding of the present invention, reference will now be made, by way of example only, to
the accompanying drawings in which:-

Figure 1 illustrates a block diagram of a signal measurement system in accordance with the present invention; and

Figure 2 illustrates the signal measurement in terms of wanted signal level, applied interfering signal level and
measured signal level.

[0024] The present invention exploits pre-defined modulation characteristics of certain elements of a GSM signal. For
example, the use of Frequency Correction Burst (FCB) is described below, but it will be appreciated that other elements
of a GSM signal can be used. Moreover, the present invention is not limited to GSM signals and may have application
in other digital cellular systems.
[0025] FCBs occur on a regular basis in the BCCH channel of a GSM signal. Each FCB typically has a length of 142
symbols with a specified modulation pattern. This gives known periods of a received signal with defined properties from
the wanted transmitter during which signal power measurement can be performed.
[0026] The receiver synchronises to the BCCH channel in the normal way using the synchronisation bursts and then
locates the positions of the FCBs in the wanted signal component of the received signal. Each received FCB location
in the received signal is filtered with a finite impulse filter (FIR) whose weights are the complex conjugate of the FCB
signal modulation applied at the transmitter. The output from the filter is then analysed statistically.
[0027] If no interference is present, the sequence of outputs will have a constant value which is directly proportional
to the amplitude of the wanted received signal. If interference is present, the sequence of outputs will have an additional
noise-like component superimposed on them which is generated by the correlation of the FCB filter weights with the
essentially independent pseudo-random modulation of the interfering signals.
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[0028] By measurement of the mean and variance of the filter output over a received signal span including a number
of FCBs, the wanted signal and interfering signal levels can be estimated to a high degree of accuracy over a wide
dynamic range. Provided that propagation conditions remain stable, measurement accuracy is increased as the meas-
urement timespan is increased.
[0029] Referring now to Figure 1, a GSM signal interference measurement system is shown. The system comprises
a sync burst location detector 12, an array of memory cells 14, a look-up table (LUT) 15, an FIR filter 16, a result buffer
18, a result analysis processor 20, a wanted signal power calculator 22, an interference power calculator 24 and a table
of receiver calibration factors 26.
[0030] A suitable set of samples of the total received signal 100 from the measurement receiver having an antenna
from which it is fed (not shown) is passed to the sync burst location detector 12 so that the sync burst locations in the
wanted signal can be detected and fed to LUT 15. The received signal 100 is also fed to the memory cell array 14 where
it is stored.
[0031] As the LUT 15 is connected to the memory cell array 14, information on the locations of sync bursts is supplied
by the sync burst location detector 12 to the LUT 15. The LUT 15 contains published information on the structure of the
GSM signal and permits the locations of the FCBs in the sample sets in the total set of signal samples stored in the
memory array 14 to be determined.
[0032] It will be appreciated that although only four FCBs are shown in Figure 1, any number of FCBs can be utilised
but it is preferred that the number is as great as possible to enhance the subsequent statistical processing.
[0033] Each of the plurality of sample sets that contain FCB symbols in the wanted signal component of the received
signal is extracted and passed from the memory array 14 to the FIR filter 16. The purpose of the of the FIR filter 16 is
to cross-correlate the known signal structure of an FCB with a set of received signal samples and compute the amplitude
of the result.
[0034] After filtering in the FIR filter 16, the resulting plurality of FIR amplitude output values is stored in the result
buffer 18. These stored values are then supplied to the result analysis processor 20. (It is well known in the art that a
FIR filter also operates as a correlator.)
[0035] The result analysis processor 20 calculates the mean and variance values of the amplitude values stored in
the result buffer 18.
[0036] If no interference is present, the amplitudes of the succession of a plurality of outputs of the FIR filter 16 will
have a substantially constant value when a plurality of received signal sample sets containing FCB data is supplied to
it. The mean of the set of amplitude values so obtained is proportional to the amplitude of the wanted received signal.
[0037] If interference is present, however, each of the set of amplitude values will have an additional random component
superimposed thereon. The random component is generated by the cross-correlation of the known signal structure of
an FCB with the essentially pseudo-random modulation present on interfering signals. The variance of the set of amplitude
values so obtained is proportional to the power of the interfering signal.
[0038] The present invention exploits the fact that GSM base stations are not time synchronised to each other and
the proportion of the transmitted signal dedicated to FCBs is very small, so that the probability of the FCBs in the wanted
signal being in, and remaining in, alignment with the FCBs in the interfering signal is small and can be discounted for
practical purposes.
[0039] The mean value is supplied to the wanted signal power calculator, which converts the mean value to a power
value and preferably also applies calibration factors from the receiver calibration table 26 to convert the wanted signal
power value to absolute power units, preferably in dBm.
[0040] Similarly, the variance value is supplied to the interference power calculator, which converts the variance value
to a power value and preferably also applies calibration factors from the receiver calibration table 26 to convert the
interference power value to absolute power units, preferably in dBm.
[0041] In a further embodiment of the invention, if the antenna is located such that it may not receive a significant level
or any of the wanted signal, for example, if the antenna has directive gain and is scanned in azimuth, a second received
signal 102 is required for feeding wanted signal to the sync burst location detector 12. The second received signal 102
may be a time co-incident set of signal samples of the wanted signal from the base station supplied from an auxiliary
receiver (not shown).
[0042] From tests carried out at different reference power levels, it has been determined that the dynamic range and
linearity of the system illustrated and described with reference to Figure 1 is typically as shown in the table of the results
below:

Interference Power dBm Ref = -36 Ref = -56 Ref = -76 Ref = -96

-36 -37

-46 -47
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[0043] The ’Ref’ column headings identify the various wanted signal power levels used in the tests, and the results
are illustrated graphically in Figure 2. Reference numeral 30 refers to ’Ref = -36’; reference numeral 32 refers to ’Ref =
-56’; reference numeral 34 refers to ’Ref = -76’; and reference numeral 36 refers to ’Ref = -96’.

Claims

1. A method of determining the amount of signal power and interference power in a received signal (100), the received
signal (100) having a wanted signal and a plurality of interfering signals, the method comprising the steps of:

a) selecting a plurality of first known structures (FCB1, FCB2, FCB3, FCB4) in the wanted signal;
b) processing the received signal in accordance with said plurality of first known structures (FCB1, FCB2, FCB3,
FCB4) to derive a set of amplitude values (AMP1, AMP2, AMP3, AMP4) corresponding to the said first known
structures (FCB1, FCB2, FCB3, FCB4); and
c) using the set of amplitude values (AMP1, AMP2, AMP3, AMP4) to determine the power level for at least a
portion of the received signal (100).
characterised in that step a) includes identifying said plurality of first known structures (FCB1, FCB2, FCB3,
FCB4) using a further known structure within the wanted signal.

2. A method according to claim 1, wherein step a) includes identifying locations of said further structure within the
wanted signal, and using the identified locations to derive the locations of said plurality of first known structures
(FCB1, FCB2, FCB3, FCB4).

3. A method according to claim 1, wherein said plurality of first known structures comprises Frequency Correction Bursts.

4. A method according to claim 2, wherein said further known structure comprises sync bursts.

5. A method according to any one of the preceding claims, wherein the step of identifying said plurality of first known
structures (FCB1, FCB2, FCB3, FCB4) includes using pointers selected by said further known structure.

6. A method according to claim 5, wherein said pointers are stored in a look-up table (15), and step a) includes using
said pointers to select said plurality of first known structures (FCB1, FCB2, FCB3, FCB4) in said received signal (100).

7. A method according to any one of the preceding claims, wherein step b) comprises correlating the received signal
(100) with said selected plurality of first known structures (FCB1, FCB2, FCB3, FCB4) to derive said amplitude
values (AMP1, AMP2, AMP3, AMP4).

8. A method according to any one of the preceding claims, wherein step c) comprises determining mean and variance
values for said amplitude values (AMP1, AMP2, AMP3, AMP4).

9. A method according to any one of the preceding claims, wherein step c) further comprises using calibration factors
to produce an absolute power value for the wanted signal.

(continued)

Interference Power dBm Ref = -36 Ref = -56 Ref = -76 Ref = -96

-56 -57 -58

-66 -67 -67

-76 -77 -77 -78

-86 -87 -87 -87

-96 -96 -97 -97 -98

-106 -100 -106 -106 -106

-116 -101 -109 -110 -110

-126 -110 -111 -111
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10. A method according to claim 9, wherein step c) further comprises using said calibration factors to produce an absolute
power value for the interfering signals.

11. A method according to any one of the preceding claims, wherein step a) comprises receiving a second received
signal (102) that is a time co-incident set of signal samples of the wanted signal to ensure selection of said plurality
of first known structures (FCB1, FCB2, FCB3, FCB4) in the wanted signal.

12. A method according to claim 11, wherein said second received signal (102) is received from a directive antenna
oriented in the direction of the strongest received level of the wanted signal.

Patentansprüche

1. Ein Verfahren zum Bestimmen der Menge an Signalleistung und Störleistung in einem empfangenen Signal (100),
wobei das empfangene Signal (100) ein Nutzsignal und eine Vielzahl von Störsignalen aufweist, wobei das Verfahren
die folgenden Schritte beinhaltet:

a) Auswählen einer Vielzahl von ersten bekannten Strukturen (FCB1, FCB2, FCB3, FCB4) in dem Nutzsignal;
b) Verarbeiten des empfangenen Signals gemäß der Vielzahl von ersten bekannten Strukturen (FCB1, FCB2,
FCB3, FCB4), um einen Satz Amplitudenwerte (AMP1, AMP2, AMP3, AMP4), die den ersten bekannten Struk-
turen (FCB1, FCB2, FCB3, FCB4) entsprechen, zu erlangen; und
c) Verwenden des Satzes Amplitudenwerte (AMP1, AMP2, AMP3, AMP4), um den Leistungspegel für minde-
stens einen Teil des empfangenen Signals (100) zu bestimmen;
dadurch gekennzeichnet, dass Schritt a) das Identifizieren der Vielzahl von ersten bekannten Strukturen
(FCB1, FCB2, FCB3, FCB4) unter Verwendung einer weiteren bekannten Struktur innerhalb des Nutzsignals
umfasst.

2. Verfahren gemäß Anspruch 1, wobei Schritt a) das Identifizieren von Stellen der weiteren Struktur innerhalb des
Nutzsignals und das Verwenden der identifizierten Stellen, um die Stellen der Vielzahl von ersten bekannten Struk-
turen (FCB1, FCB2, FCB3, FCB4) zu erlangen, umfasst.

3. Verfahren gemäß Anspruch 1, wobei die Vielzahl von ersten bekannten Strukturen Frequenzkorrektur-Bursts be-
inhaltet.

4. Verfahren gemäß Anspruch 2, wobei die weitere bekannte Struktur Synchron-Bursts beinhaltet.

5. Verfahren gemäß einem der vorhergehenden Ansprüche, wobei der Schritt des Identifizierens der Vielzahl von
ersten bekannten Strukturen (FCB1, FCB2, FCB3, FCB4) die Verwendung von durch die weitere bekannte Struktur
ausgewählten Zeigern umfasst.

6. Verfahren gemäß Anspruch 5, wobei die Zeiger in einer Verweistabelle (15) gespeichert sind und Schritt a) das
Verwenden der Zeiger zur Auswahl der Vielzahl von ersten bekannten Strukturen (FCB1, FCB2, FCB3, FCB4) in
dem empfangenen Signal (100) umfasst.

7. Verfahren gemäß einem der vorhergehenden Ansprüche, wobei Schritt b) das Korrelieren des empfangenen Signals
(100) mit der ausgewählten Vielzahl von ersten bekannten Strukturen (FCB1, FCB2, FCB3, FCB4), um die Ampli-
tudenwerte (AMP1, AMP2, AMP3, AMP4) zu erlangen, beinhaltet.

8. Verfahren gemäß einem der vorhergehenden Ansprüche, wobei Schritt c) das Bestimmen von Mittel- und Abwei-
chungswerten für die Amplitudenwerte (AMP1, AMP2, AMP3, AMP4) beinhaltet.

9. Verfahren gemäß einem der vorhergehenden Ansprüche, wobei Schritt c) ferner das Verwenden von Kalibrierfak-
toren zum Produzieren eines absoluten Leistungswerts für das Nutzsignal beinhaltet.

10. Verfahren gemäß Anspruch 9, wobei Schritt c) ferner das Verwenden der Kalibrierfaktoren zum Produzieren eines
absoluten Leistungswerts für die Störsignale beinhaltet.

11. Verfahren gemäß einem der vorhergehenden Ansprüche, wobei Schritt a) das Empfangen eines zweiten empfan-
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genen Signals (102), das ein zeitlich koinzidenter Satz Signalproben des Nutzsignals ist, beinhaltet, um die Auswahl
der Vielzahl von ersten bekannten Strukturen (FCB1, FCB2, FCB3, FCB4) in dem Nutzsignal sicherzustellen.

12. Verfahren gemäß Anspruch 11, wobei das zweite empfangene Signal (102) von einer Richtantenne, ausgerichtet
in die Richtung des stärksten empfangenen Pegels des Nutzsignals, empfangen wird.

Revendications

1. Une méthode pour déterminer la quantité de puissance de signal et de puissance de brouillage dans un signal reçu
(100), le signal reçu (100) présentant un signal utile et une pluralité de signaux brouilleurs, la méthode comprenant
les étapes de :

a) sélectionner une pluralité de premières structures connues (FCB1, FCB2, FCB3, FCB4) dans le signal utile ;
b) traiter le signal reçu conformément à ladite pluralité de premières structures connues (FCB1, FCB2, FCB3,
FCB4) afin de dériver un ensemble de valeurs d’amplitude (AMP1, AMP2, AMP3, AMP4) correspondant auxdites
premières structures connues (FCB1, FCB2, FCB3, FCB4) ; et
c) utiliser l’ensemble de valeurs d’amplitude (AMP1, AMP2, AMP3, AMP4) afin de déterminer le niveau de
puissance pour une portion au moins du signal reçu (100)
caractérisée en ce que l’étape a) inclut le fait d’identifier ladite pluralité de premières structures connues
(FCB1, FCB2, FCB3, FCB4) à l’aide d’une structure connue supplémentaire à l’intérieur du signal utile.

2. Une méthode selon la revendication 1, dans laquelle l’étape a) inclut le fait d’identifier des emplacements de ladite
structure supplémentaire à l’intérieur du signal utile, et le fait d’utiliser les emplacements identifiés pour dériver les
emplacements de ladite pluralité de premières structures connues (FCB1, FCB2, FCB3, FCB4).

3. Une méthode selon la revendication 1, dans laquelle ladite pluralité de premières structures connues comprend
des rafales de correction de fréquence.

4. Une méthode selon la revendication 2, dans laquelle ladite structure connue supplémentaire comprend des rafales
de synchronisation.

5. Une méthode selon l’une quelconque des revendications précédentes, dans laquelle l’étape d’identifier ladite pluralité
de premières structures connues (FCB1, FCB2, FCB3, FCB4) inclut le fait d’utiliser des pointeurs sélectionnés par
ladite structure connue supplémentaire.

6. Une méthode selon la revendication 5, dans laquelle lesdits pointeurs sont stockés dans une table de recherche
(15), et l’étape a) inclut le fait d’utiliser lesdits pointeurs pour sélectionner ladite pluralité de premières structures
connues (FCB1, FCB2, FCB3, FCB4) dans ledit signal reçu (100).

7. Une méthode selon l’une quelconque des revendications précédentes, dans laquelle l’étape b) comprend le fait de
corréler le signal reçu (100) avec ladite pluralité sélectionnée de premières structures connues (FCB1, FCB2, FCB3,
FCB4) afin de dériver lesdites valeurs d’amplitude (AMP1, AMP2, AMP3, AMP4).

8. Une méthode selon l’une quelconque des revendications précédentes, dans laquelle l’étape c) comprend le fait de
déterminer des valeurs de moyenne et de variance pour lesdites valeurs d’amplitude (AMP1, AMP2, AMP3, AMP4).

9. Une méthode selon l’une quelconque des revendications précédentes, dans laquelle l’étape c) comprend en outre
le fait d’utiliser des facteurs d’étalonnage afin de produire une valeur de puissance absolue pour le signal utile.

10. Une méthode selon la revendication 9, dans laquelle l’étape c) comprend en outre le fait d’utiliser lesdits facteurs
d’étalonnage afin de produire une valeur de puissance absolue pour les signaux brouilleurs.

11. Une méthode selon l’une quelconque des revendications précédentes, dans laquelle l’étape a) comprend le fait de
recevoir un deuxième signal reçu (102) qui est un ensemble d’échantillons de signal co-incident dans le temps du
signal utile afin de garantir la sélection de ladite pluralité de premières structures connues (FCB1, FCB2, FCB3,
FCB4) dans le signal utile.
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12. Une méthode selon la revendication 11, dans laquelle ledit deuxième signal reçu (102) est reçu d’une antenne
directionnelle orientée dans la direction du niveau reçu le plus fort du signal utile.
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